
*The author gratefully acknowledge Prof. Francesco Molinari, Dr. Diego Romano and Dr. Tiziana Granato for guide 
support throughout the project. 
 

1 

Production and Purification of New Microbial Cellul ases 
Bárbara Sofia Silva Rodrigues * 

Instituto Superior Técnico / Università degli Studi di Milano / November 2011 

Abstract : Recently there has been effort on developing renewable 
alternatives to fossil fuels. One approach is to produce a liquid fuel by 
enzymatically hydrolyzing carbohydrate polymers from biomass, such as 
cellulose, to sugars and fermenting them to ethanol. Cellulases are the 
enzymes responsible for this phenomenon and despite extensive research 
there are major gaps in understanding how they hydrolyze crystalline 
cellulose and act synergistically. 

To address this matter, experiments were conducted to optimize the 
production of cellulases by two strains, A-1 and N-Y, of a fungal source: 
Aspergillus terreus. On a first approach, different concentrations of 
cellulose were tested as the sole carbon source. The maximum activity 
achieved by A.terreus A-1 strain was at the concentration of 30 g⋅L-1 of 
cellulose, whereas A.terreus N-Y better produced cellulases at 20 g⋅L-1 of 
cellulose. Both strains reached maximum cellulasic activity between 72h 
and 96h of incubation at 30ºC. The concentration of spores utilized in the 
inoculum was also optimized and proven to be best at 0.1 OD/mL. Different 
sources of nitrogen, MgSO4 concentration and optimal pH were further 
assayed and the best cellulolytic activities were obtained by using sodium 
nitrate as nitrogen source and a concentration 0. 5 g·L-1 of MgSO4·7H2O, 
at pH 6. 

Stability tests regarding the effect of temperature and the use of protease 
inhibitors on cellulase activity were also performed.  

The release of sugars from the enzymatic reaction between cellulases from 
A.terreus A-1 and commercial cellulose was further analyzed by High 
Performance Liquid Chromatography (HPLC). 
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Introduction 

Most carbohydrates in plants are in the form of lignocellulose, which can 
be converted into products that are of commercial interest, such as 
ethanol. The major polysaccharides comprising lignocellulosic residues are 
cellulose (30 to 56%) and hemicellulose (10 to 27%) (4) Cellulose is the 
most common organic polymer, representing about 1.5x1012 tons of the 
total annual biomass production through photosynthesis, and is considered 
to be an almost inexhaustible source of raw material for different products. 
(5) The basic structure of cellulose are 1,4-β-glycosidic linked D-glucose 
molecules that form un-branched chains, consisting of  several thousands 
of glucose molecules. Cellulose is a crystalline polymer, an unusual feature 
among biopolymers. Cellulose chains in the crystals are stiffened by inter 
and intra chain hydrogen bonds and the adjacent sheets which overlie one 
another are held by weak Van-der Waals forces. The result of this process 
is a crystalline structure which is very difficult to degrade. However, 
cellulose fibers are not completely crystalline, but contain several types of 
irregularities, such as micropores or kinks, with amorphous character. 
These regions are the points of attack for the cellulolytic enzymes. 

The enzymatic hydrolysis of cellulose releases soluble sugars including 
glucose, xylose, and other hexoses and pentoses. To make the sugar 
monomers available for fermentation, the cellulose and hemicellulose 
chains have to be hydrolyzed. The hydrolysis of hemicelluloses are 
catalyzed by xylanases together with other accessory enzymes, while the 
hydrolysis of cellulose can be undertaken by microorganisms that produce 
enzymes known as the cellulase systems. (2) 



2 
 

Based on mechanism, cellulases can be divided into three groups based 
on their enzymatic activities: endoglucanases; exoglucanases and β-
glucosidases. They all have in common the ability of hydrolyzing the 1,4-β-
glycosidic bond between the D-glucose molecules, but they differ in their 
starting point and substrate when hydrolyzing. (1) Endoglucanases (EG), 
also known as 1,4-β-D glucan-4-glucanohydrolases, attach to the cellulose 
at arbitrary internal amorphous sites and cleave the polysaccharide chain 
by inserting a water molecule in the 1,4-β bond. The results are 
oligosaccharides of various lengths with a reducing and a non-reducing 
end. (1) EGs activities can be measured using a soluble cellulose 
derivative with a high degree of polymerization such as 
carboxymethylcellulose (CMC). 

The exoglucanases start at either the reducing or non-reducing end of the 
oligosaccharide chains, resultant from EGs action, and release either 
glucose or a cellobiose dimer. The glucose releasing enzymes are called 
glucanases and the cellobiose releasing enzymes cellobiohydrolases 
(CBH). The exoglucanases can also work autonomously and peel cellulose 
chains from microcrystalline cellulose. Finally, the β-glucosidases 
hydrolyze the cellobiose dimers and the cellodextrins of various lengths to 
glucose. (4) These fundamentally different catalytic mechanisms allow 
different types of cellulases to interact synergistically. At high 
concentrations, cellobiose inhibits cellobiohydrolase activity. Hence, β-
Glucosidase, which converts cellobiose into glucose, is often required for 
optimal cellulase performance in conditions where cellobiose accumulates, 
preventing end-product inhibition. 

In vivo cellulase production is associated to growth and is influenced by 
various factors. Interactions amongst these factors can affect cellulase 
productivity. (5) Because cellulases are inducible extracellular enzymes, 
their rate of production is greatly influenced by nutrient medium 
composition. In the majority of commercial cellulase fermentations the 
carbon sources are cellulosic biomass including straw, spent hulls of 
cereals, rice or wheat bran, bagasse, paper industry waste and various 
other lignocellulosic residues. (5) Though fermentation conditions for the 
development of economically feasible bioprocesses are still being sought, 
combinatorial interactions of medium components with the production of 

the desired compounds are numerous, and optimum processes may be 
developed using an effective experimental design method. 

The challenges in cellulase production involve developing suitable 
bioprocesses and media for cellulase fermentation, besides identification 
of cheaper substrates and inducers. Genetic modification of the cellulase 
producers to improve cellulase activity has gone a long way to give better 
producers with high enzyme titers, but still cellulase production economics 
needs further improvement for commercial production of ethanol from 
biomass. (5) The major goals for future cellulase research would be the 
reduction in the cost of its production and the improvement of the 
performance of cellulases to make them more effective, so that less 
enzyme is needed. The former task may include such measures such as 
optimizing growth conditions or processes, while the latter requires 
directed efforts in protein engineering and microbial genetics to improve 
the properties of the enzymes. (5) 

The goal of this project is to study the use of new cellulases, produced by 
Aspergillus terreus, as catalysts for the hydrolysis of cellulose from plant 
biomass, for further use in energetic applications. Different Aspergillus 
terreus strains, various concentration of spores utilized to do the inoculum, 
different cellulose concentrations supplemented to growth media, as well 
as the use of another basal medium (with another pH and nitrogen and 
Mg2+ sources) are tested for optimum cellulase activity. Furthermore, 
stability tests are performed to analyze the influence of temperature in the 
enzymatic activity of cellulases, as well as the impact of a protease 
inhibitor cocktail and EDTA on cellulasic activity. Finally, cellulases are 
tested by HPLC for their capability of hydrolyzing commercial cellulose to 
their precursor sugars, such as glucose, xylose and cellobiose. 

Materials and Methods 

Microorganism and Cultivation Conditions 

Applied fungus was Aspergillus terreus A-1 and N-Y strains isolated from 
soil. Strains were routinely maintained on agar-malt at 30ºC until 
sporulation occurred and kept at 4ºC. The fungi were grown in 1 L 
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Erlenmeyer baffled flasks containing 150 mL of the basal medium 
supplemented with different concentrations of cellulose (Sigma Aldrich) or 
sucrose. On a first approach, spores from 10-days old cultures on malt 
slants were re-suspended with 6 mL of sterilized water and the obtained 
suspension (10 mL) was utilized to make the inoculum of the flasks. On a 
second approach, spores from slants were re-suspended with 6 mL of 
sterilized water and filtered using sterile glass-whole filters. The amount of 
spores was determined by reading the O.D. of the suspension at 595 nm in 
a UV/Visible spectrophotometer (Pharmacia Biotech, Ultrospec 1000). The 
flasks were inoculated with either 0.1, 0.2 or 0.5 OD/mL concentrations of 
spores. In both cases, the cultures were incubated at 30ºC under 
alternative agitation (120 spm) up to 216h. 

Cultivation Media 

The basal medium (without carbon source) utilized for cellulase production 
(Medium 1) had the following composition (g⋅L-1): NaNO3, 2.0, KH2PO4, 
1.0, MgSO4⋅7H2O, 0.5, and (mg.L-1) FeSO4, 10.0. The pH of the medium 
was adjusted to 6.5. In order to optimize the production of cellulases, other 
trials were made changing the nitrogen source, MgSO4 concentration and 
the pH. The new basal medium used (Medium 2) had the following 
composition (g⋅L-1): Peptone, 6.0, KH2PO4, 1.0, MgSO4⋅7H2O, 1.72, KCl, 
0.5, and (mg.L-1) FeSO4, 10.0. The pH of the medium was adjusted to 5.5. 

Harvest and Separation of Enzymes 

Samples of 6 mL were collected from each flask, under sterile conditions, 
on a 24h basis, up until 216 h. These were then centrifuged at 5000 rpm 
for 15 minutes and the supernatant was collected to 10 mL sterile tubes 
and stored at -20ºC for further use in enzyme assays. 

Cellulase Activity Assay 

a) endo-1,4-β-D-glucanase activity 

The method for the enzyme assay is specific for the endo-1,4-β-D-
glucanase activity (endo-cellulase) present in cellulose preparations. The 

substrate Azo-Alpha Cellulose (Megazyme) utilized for the enzyme assays 
was prepared by Megazyme by dyeing CM-Cellulose 4M with 
Remazolbrilliant Blue dye, to a dye content of approx. one dye molecule 
per 20 sugar residues. An aliquot of 0.1 mL of a pre-equilibrated substrate 
solution was added to 0.1 mL of enzyme solution (pre-equilibrated at 40ºC) 
and stirred on a vortex mixer. The mixture was incubated at 40ºC for 
exactly 30 minutes and the reaction was then terminated by the addition of 
0.5 mL of precipitant solution*. The reaction tubes were equilibrated to 
room temperature for 10 min and vigorously stirred for 10 sec on a vortex 
mixer. The tubes were then centrifuged (Eppendorf Centrifuge 5415D) at 
12000 rpm for 10 min. The supernatant solution was poured directly into a 
spectrophotometer cuvette and the absorbance of the reaction solutions 
was measured (Microplate Reader BIO RAD Model 3550) at 595 nm 
against the reaction blank.  

*Preparation of the Precipitant Solution : 40 g of sodium acetate trihydrate and 4 
g of zinc acetate were dissolved in 150 mL of demineralized water. The pH was 
adjusted to 5.0 with 5 M HCl and the volume to 200 mL with demineralized water. 
Two hundred milliliters of this solution was added to 800 mL of ethanol (95%), 
mixed well and stored at room temperature in a well-sealed bottle. 

b)   β-glucosidase activity 

To evaluate other eventual cellulase activities, β-glucosidase and α-
arabinosidase were also assayed. The substrates used were NPG (4-
nitrophenyl-β-glucopyranoside) and NPA (4-nitrophenyl-α-
arabinofuranoside) from Sigma-Aldrich. An aliquot (0.1 mL) of diluted 
enzyme was added to 0.9 mL of a 5 mM solution of NPG or NPA. Buffer 
was 50 mM Citrate, adjusted at the appropriate pHopt for each activity (3.6 
for α-arabinosidase and 4.8 for β-glucosidase) . After 5 min at 25ºC, the 
reaction was stopped by adding 1 mL of 200 mM Sodium Carbonate. The 
absorbance of the reaction solutions was measured at 400 nm against a 
reaction blank, on a UV/Visible Ultrospec 1100 Pro Spectrophotometer 
(Amersham Biosciences). 
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Protein Assay – Bradford Method 

Protein content was measured according to the method of Bradford (5) 
using bovine serum albumin (BSA, Sigma) as a standard. An aliquot of 100 
µL of sample was added to 1 mL of standard and the reading was made at 
595 nm on a UV/Visible Ultrospec 1100 Pro Spectrophotometer 
(Amersham Biosciences). The values of absorbance were compared with a 
standard curve for bovine serum albumin. 

Recovery and Concentration of Cellulases 

a) Vacuum Filtration 

After incubation for 96h mycelia from Erlenmeyer flasks were harvested by 
vacuum filtration using a Buckner filter. The filtrate was used in subsequent 
experiments. 

b) Ultrafiltration 

Ultrafiltration was used to concentrate the cellulase solution by recovering 
any soluble enzymes present in the culture filtrate. On a first approach, it 
was used a 4.45-cm-diameter polyethersulfone membrane disk from 
Millipore with a 50-kDa molecular weight cut-off in a stirred-cell apparatus 
(Ultrafiltration Cell Model 8050, AMICON Corp.). The stirred-cell was 
pressurized with nitrogen to a maximum pressure of 1.5 bar. After 
ultrafiltration the stirred-cell was two times washed with Tris-HCl 10 mM 
(pH=7.4) buffer. Finally, a volume of 150 mL that remained in the stirred 
cell (concentrate) was collected. The concentrate was maintained at 4ºC. 
Protein transmission during vacuum filtration and protein rejection during 
ultrafiltration were measured by spectrophotometry using the previously 
described enzyme assay for the endo-1,4-β-D-glucanase activity. A 
different approach to concentrate cellulases was made using VIVASPIN 2 
Concentrator (Viva Science) ultrafiltration devices containing a 
polyethersulfone membrane with 10 kDa molecular weight cut-off. A 
volume of 4 mL from the vacuum filtrate was centrifuged at 5000 rpm for 
15 minutes. The devices were then washed two times with buffer Tris-HCl 
2 mM (pH=7.4) and a volume of 0.5 mL was collected as the concentrate. 

Validation Methods of Cellulasic Activity 

a) Enzymatic reaction with Commercial Cellulase 

The enzymatic reaction was undertaken in glass tubes with a screw cap, in 
a water bath at 30ºC and under magnetic agitation. The reaction mixture 
consisted of 1 mL of a 10 g⋅L-1 solution of commercial cellulose (Sigma 
Aldrich) plus 500 µL of enzyme recovered from ultrafiltration. An aliquot of 
100 µL from each reaction tube was taken at different times and 
centrifuged at 13000 rpm for 3 minutes. Samples were injected in an HPLC 
system. 

b) HPLC Analysis 

HPLC analysis of hydrolytic products was performed by using a refractive 
index detector (BIO-RAD Refractive Index Monitor).  On a first approach, 
the column used for separation was Polyspher-OA HY (300 x 6.5 mm). The 
HPLC was operated at 65ºC by using H2SO4 0.0025 M as the mobile 
phase at a flow rate of 0.3 mL/min. A second HPLC analytical assay was  
performed  on  a Lichrospher 100 NH2  column  (4 x 250 mm) 5 µm + Pre-
Column (with the same stationary phase) with a degassed 85:15 (v/v) 
acetonitrile/water (Sigma-Aldrich/Milli-Q) eluent system at a 1 mL/min flow 
rate, at room temperature (23ºC). 

Stability Tests 

Temperature effects on cellulase activity (from the enzyme mixture 
recovered in the concentrate) were examined at temperatures -20ºC and 
25ºC. The effect of the addition of EDTA (2 mM) and a protease cocktail 
inhibitor on cellulase activity was also examined at 25ºC. 

Results and Discussion 

Cellulases were produced extracellularly by both strains of the fungi when 
grown on cellulose, on the contrary when grown on sucrose. As shown in 
Figure 1, the activity of cellulases produced by A.terreus A-1 strain had a 
maximum (13.2 U/mL) after 72h of incubation (30ºC) and at the 
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concentration of 30 g⋅L-1 of cellulose, the sole carbon source. On the other 
hand, the maximum production of cellulases by N-Y strain (10.2 U/mL) was 
shown to be at the concentration of 20 g⋅L-1 of cellulose, also after 72h of 
incubation (Figure 2). This value of cellulase enzymatic activity was higher 
than the one obtained from cellulases produced by A. niger grown on basal 
medium supplemented with 20 g⋅L-1 of cellulose. (6) 
 

 

Figure 1 - Effect of different concentrations of ce llulose* on the enzymatic 
activity of cellulases produced by Aspergillus terreus A-1 strain during 9 

days of incubation at 30ºC. 

*S30 – Concentration of Sucrose 30 g⋅L-1; C20 – Concentration of cellulose 20 g⋅L-1 ; C30 – Concentration 
of cellulose 30 g⋅L-1 ; C40 – Concentration of cellulose 40 g⋅L-1 ; C50 – Concentration of cellulose 50 g⋅L-1 ; 

C60 – Concentration of cellulose 60 g⋅L-1 

 

 

Figure 2 - Effect of different concentrations of ce llulose* on the enzymatic 
activity of cellulases produced by Aspergillus terreus N-Y strain during 9 

days of incubation at 30ºC. 

*S30 – Concentration of Sucrose 30 g⋅L-1; C20 – Concentration of cellulose 20 g⋅L-1 ; C30 – Concentration 
of cellulose 30 g⋅L-1 ; C40 – Concentration of cellulose 40 g⋅L-1 ; C50 – Concentration of cellulose 50 g⋅L-1 ; 

C60 – Concentration of cellulose 60 g⋅L-1 

In order to attempt at more reproducible results, a new approach using a 
specific amount of spores was conducted. 

Effect of Initializing Fungal Growth at Different Spore Concentration 
(OD/mL) on Cellulase Activity 

Figure 3Erro! Fonte de referência não encontrada.  show the activity of 
cellulases produced by A.terreus A-1 and N-Y strains using a 30 g⋅L-1 
concentration of cellulose and different concentration of spores (0.1, 0.2, 
0.5 OD/mL) along 10 days of incubation at 30ºC, respectively. For both 
strains and each concentration of spores utilized, the maximum cellulasic 
activity occurred between 72h and 96h of incubation. These results are in 
agreement with a similar study on Aspergillus glaucus XC9 where the 
optimal cultivation period for cellulase production was 3– 4 days (7), 
although time course required to reach maximum levels of activity may be 
affected by several factors, such as the presence of different ratios of 
amorphous to crystalline cellulose. (8) It is also noticeable that the cultures 
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that received higher inocula (0.5 OD/mL) showed the highest cellulasic 
activity (2.8 U/mL for either strains). 

 

Figure 3 - Effect of different concentration of spo res (0.1, 0.2, 0.5 OD/mL) on 
the enzymatic activity of cellulases produced by Aspergillus terreus A-1 

strain, along 10 days of incubation at 30ºC in alte rnative agitation. 

 

Figure 4 - Effect of different concentration of spo res (0.1, 0,2, 0.5 OD/mL) on 
the enzymatic activity of cellulases produced by Aspergillus terreus N-Y 

strain, along 10 days of incubation at 30ºC in alte rnative agitation. 

 

Effect of Medium Composition on Cellulase Activity 

Two media containing different sources of nitrogen, different MgSO4 
concentration and different optimal pH were assayed in order to achieve 
the optimal production of cellulases, in an attempt to maximize the 
cellulasic activity. The use of sodium nitrate (2 g⋅L-1) instead of peptone (6 
g⋅L-1), and a concentration 0.5 g·L-1 of MgSO4·7H2O instead of 1.72 g·L-1 , 
from Medium 1, proved to enhance the cellulolytic activities of A.terreus A-
1 and N-Y strains (Figure 5 Figure 6). The cellulasic activity obtained using 
a 0.5 OD/mL concentration of spores was similar or lower than the activity 
obtained when using a 0.1 OD/mL concentration. For this reason an 
inoculum concentration of 0.1 OD/mL was used in the following 
experiments. Also, because A. terreus A-1 strain seemed to follow a more 
regular pattern, it was chosen to perform the next experiments. 
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Figure 5 - Effect of different medium composition, using a 0.1 OD/mL 
concentration of spores, on the enzymatic activity of cellulases produced by 

Aspergillus terreus A-1 strain, along 9 days of incubation at 30ºC in 
alternative agitation.  

 

Figure 6 - Effect of different medium composition, using a 0.1 OD/mL 
concentration of spores, on the enzymatic activity of cellulases produced by 

Aspergillus terreus N-Y strain, along 9 days of incubation at 30ºC in 
alternative agitation. 

Effect of Temperature on Cellulase Activity and Stability 

The stability of an enzyme is affected by various factors, such as 
temperature, which can make them unsuitable for industrial applications. 
Experiments were conducted in order to test the thermal stability of 
cellulases present in the concentrate solution recovered from ultrafiltration. 
The results obtained suggest that proteases had some effect on enzyme 

activity, since it decreased after 48h at -20ºC. (Figure 7) For this reason, 
the effect of protease inhibitors on cellulase activity was tested. Also, it was 
decided to perform cellulase activity assays right after the harvest of the 
cells and separation of cellulases. 

 

Figure 7 - Effect of temperature on the activity of  A. terreus A-1 cellulases, 
recovered in the concentrate, after 48h at 25ºC and  -20ºC. The control 

(samples at 25ºC) was taken as having 100% activity . 

Effect of EDTA and a Protease Inhibitor Cocktail on Enzyme Activity and 
Stability 

Figure 8 indicates that the protease inhibitor cocktail and EDTA (2 mM) 
helped to stabilize cellulases, as their relative activity of is 35.4 and 41%, 
respectively, higher than the activity of cellulases present in the control 
mixture, which did not contain any additive. Other trials were performed 
with the same purpose, showing that the addition of EDTA (2mM) to the 
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mixture (after 96h of cultivation at 30ºC) increased the enzyme activity of 
A. terreus A-1 cultures growing on media 1 and 2. Despite, the enzyme 
activity was more remarkable for cellulases produced by A.terreus A-1 
when growing on Medium 1. (Figure 9) As for the enzyme mixtures that 
contained EDTA (2mM) and the ones without an additive, the results on 
cellulase activity were two-edged:  the activity of cellulases, after the 
addition of EDTA, remained almost constant and enzymes were apparently 
stable, yet the activities achieved were lower than those obtained for the 
control mixture (without the addition of EDTA).  

 

Figure 8 - Effect of a protease inhibitor cocktail and EDTA on the activity of 
cellulases from Aspergillus terreus A-1 strain after 48h at 25ºC. 

 

Figure 9 - Effect of EDTA (2mM) on the activity of cellulases produced after 
96h of cultivation at 30ºC of Aspergillus terreus A-1 cultures in basal media 1 

and 2. After 96h of growth cultures were vacuum fil tered and ultrafiltrated, 
and left at 25ºC for the next 11 days.  

 

Evaluation of the Cellulase System 

It was investigated whether existed other cellulase activities besides endo-
1,4-β-D-glucanase in the enzyme mixture collected after 96h of incubation 
of Aspergillus terreus A-1 cultures. Cellulases produced by A.terreus A-1 
showed  β-glucosidase and α-arabinosidase activities besides endo-1,4-β-
D-glucanase, confirming the synergism of the cellulase system. (Figure 10) 
The activity of cellulases growing on Medium 1 was considerably higher 
compared to those growing on Medium 2, suggesting that the former 
medium is optimal for the production of cellulases from A.terreus A-1 
(Figure 10). It was also noted that the addition of EDTA (2 mM) at the 
beginning of cultivation (t=0h) of A. terreus A-1 inhibited cellulase 
production, since the activities observed were much lower than the ones 
obtained by cellulases growing without any additive. 
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Figure 10 - Activity of cellulases produced by Aspergillus terreus A-1, using 
different substrates (Azo-CMcellulose, NPG and NPA) , different media (1 and 
2), and with or without the addition of EDTA (at 0h  and at 96h of incubation at 
30ºC). Samples were taken from assays 8, 9 and 10, that were conserved at -

20ºC. 

Identification of sugars released from the enzymatic hydrolysis of cellulose 
– HPLC Analysis 

In order to evaluate the capability of cellulases produced by Aspergillus 
terreus to release fermentable sugars when reacting with commercial 
cellulose, the products of the reaction were qualitatively analyzed, at 
different times, by HPLC using refractive index detection. Overall, the 
results from HPLC analysis confirm the presence of cellulases in the 
enzyme mixture produced by Aspergillus terreus A-1, that act 
synergistically to release sugars, such as xylose and cellobiose. (Figure 
11Erro! Fonte de referência não encontrada. ) Samples containing 
EDTA (2mM) in the concentrate released the same sugar as the ones that 
did not contain any additive (“Control”), when reacting with commercial 
cellulose, although lower intensities of the peaks were observed in the 

former case. (Figure 11Figure 12) It should be mentioned, however, that it 
is possible that these results are not very realistic, since the sensibitivity of 
the refractive index detector was seriously affected. 

 

Figure 11 - HPLC chromatogram for 24h of reaction b etween commercial 
cellulose (10 g ·L-1) and the enzyme mixture present in the concentrate  

solution, recovered from ultrafiltration of cellula ses produced by A. terreus 
A-1 growing on Medium 1 (“Control”). Column: Lichro spher 100 NH 2 ; Mobile 
phase: 85%Acetonitrile/15%Water ; Flow rate 1 mL/mi n at 23ºC. The identified 

peaks correspond to: Millipore Water (3.2 min) and Xylose (11.2 min). 
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Figure 12 - HPLC chromatogram for 24h of reaction b etween commercial 
cellulose (10 g·L -1) and the enzyme mixture present in the concentrate  

solution recovered from ultrafiltration, which cont ained EDTA (2mM), added 
at 96h of cultivation of A. terreus A-1 growing on Medium 1. Column 

:Lichrospher 100 NH 2  ; Mobile phase: 85%Acetonitrile/15%Water ; Flow r ate 
1 mL/min at 23ºC. The identified peaks correspond t o: Millipore Water (3.3 

min) and Xylose (9.8 min).  

Conclusion 

In this work cellulases were successfully produced by two strains, A-1 and 
N-Y, of Aspergillus terreus isolated from soil. To maximize the cellulase 
activity, optimal conditions, such as cellulose concentration; concentration 
of spores; different nitrogen and Mg2+ sources; storage temperature; and 
the addition of protease inhibitors, were tested. The production of cellulase 
was assayed and optimized.  
This study showed evidence that the maximum enzyme activity of 
cellulases produced from A.terreus A-1 occurred at the concentration of 30 

g⋅L-1 of cellulose, whereas the production of cellulases by N-Y strain was 
maximum at the concentration of 20 g⋅L-1 of cellulose. For both strains the 
maximum cellulasic activity occurred between 72h and 96h of incubation of 
the fungi at 30ºC. Furthermore, when testing different concentration of 
spores to do the inoculum, the cellulasic activity obtained using a 0,5 
OD/mL concentration of spores was similar or lower than the activity 
obtained when using a 0.1 OD/mL concentration. In addition, the use of 
sodium nitrate (2 g⋅L-1) instead of peptone (6 g⋅L-1), and a concentration 0.5 
g·L-1 of MgSO4·7H2O instead of 1.72 g·L-1 proved to enhance the 
cellulolytic activities of A.terreus A-1 and N-Y strains.  
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Results regarding cellulase thermal stability suggest that proteases had 
some effect on enzyme activity when keeping samples at -20ºC. When 
testing the effect of EDTA (2mM) and a protease inhibitor cocktail on 
cellulase activity and stability, the results showed evidence that these 
reagents helped to stabilize cellulases. 

Moreover, cellulases produced by A.terreus A-1 showed β-glucosidase 
and α-arabinosidase activities in addition to endo-1,4-β-D-glucanase, 
confirming the synergism of the cellulase system. In these experiments, 
the activity of cellulases growing on Medium 1 was considerably higher 
compared to those growing on Medium 2, suggesting that the former 
medium is optimal for the production of cellulases from A.terreus A-1. 

Finally, results from HPLC analysis confirm the presence of cellulases in 
the enzyme mixture produced by Aspergillus terreus A-1, that act 
synergistically to release sugars, such as xylose and cellobiose.  
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