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Abstract:  Out of 15 Aspergillus fumigatus strains isolated from the air at waste 
landfills, all revealed cellulolytic and lipolytic activities. Eleven out of 15 strains 
showed very strong cellulolytic properties, as assessed by the viscosimetric test for 
endo-1,4-β-glucanase activity (EGA). None of the examined strains revealed a well-
expressed proteolytic activity. The results suggest that Aspergillus fumigatus strains 
developing in stored wastes produce strong cellulotytic enzymes which need further 
studies for the potential allergenic and/or immunotoxic effects of these proteins on 
exposed workers. 
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INTRODUCTION 
 
Aspergillus fumigatus is the most prevalent airborne 

fungal pathogen in developed countries [9, 2l]. 
Physiological peculiarities such as enzymatic activities 
and toxicity enable the fungus to colonize and assimilate 
various organic substrates, and to suppress development 
of other microorganisms. High sporulation capacity not 
only promotes distribution of the fungus but leads to high 
concentrations of conidia in the air indoors and outdoors, 
ranging within 101-107 cfu/m3 [8, 12, 18, 21]. 

Aspergillus fumigatus may cause in man infection of the 
lung (bronchopulmonary aspergillosis, aspergilloma), 
allergic alveolitis, asthma, organic dust toxic syndrome and 
allergic rhinitis [12, 15, 16, 17, 21]. Moreover, it is able to 
produce tremorgenic mycotoxins that could be hazardous 
for exposed individuals [9, 19]. A. fumigatus conidia are 
continuously inhaled by humans but rarely cause an 

infection because usually they are effectively eliminated 
by the immune response. However, due to the increasing 
number of immunocompromised individuals such as 
AIDS patients, diabetics, and patients undertaking 
chemotherapy, the risk of aspergillosis has increased over 
the past two decades [6, 20]. 

Aspergillus fumigatus is widely known as an agent of 
occupational hazard and has been described as the cause of 
cases of occupational disease in many industries, including 
primary aspergillosis and allergic alveolitis in workers in 
the tobacco industry [10, 22], primary aspergillosis in a 
worker in a animal feed production plant [22], allergic 
alveolitis in workers exposed to infected wood chips [21, 
23], and allergic alveolitis due to exposure to infected 
compost [39]. The abundant development of A. fumigatus 
in waste and compost is a matter of particular concern [12, 
17, 18, 21]. The concentrations of spores and hyphal 
fragments of this fungus in the air of waste handling and 
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composting facilities may reach the levels of 103-106 
cfu/m3 [3, 4, 12, 14, 17, 18, 21, 25]. Though a direct 
dose/response relationship has not been established as yet 
[21], the consistent exposure to the inhalation of fungal 
particles poses a risk of the disease, mostly of the allergic 
and/or immunotoxic character, among the workers of 
these facilities.  

Results of recent investigations show that extracellular 
enzymes, released into the environment by A. fumigatus 
are putatively involved in the mechanisms of 
pathogenicity [13, 14, 20, 23]. Accordingly, the aim of 
this study was to examine cellulolytic, proteolytic and 
lipolytic enzymatic activities of 15 strains of Aspergillus 
fumigatus isolated from the air at waste landfills for better 
assessment of the risk caused by exposure of the workers 
to airborne particles of this fungus.  

 
MATERIALS AND METHODS 

 
Isolation of strains. Fifteen strains of Aspergillus 

fumigatus were isolated from the air of two waste landfills 
in the localities “F” and “C” in central Poland [27]. The 
air samples were collected in June 2000 on glass fibre 
filters with the use of personal samplers AP-2a 
(TWOMET, Zgierz, Poland) worn by workers while 
performing various activities at landfills, such as 
weighing of waste and operating pressing and sweeping 
machines (Tab. 1). Samples were collected for 4-6 hours 
at the airflow of 1.9 l/min.  

After transporting to laboratory, filters were extracted 
for 1 hour in 3-5 ml of saline (0.85% NaCl) containing 

0.05% ml (v/v) of Tween 80 and after vigorous shaking, 
serial 10-fold dilution in saline were made up to 10-8. The 
0.1 ml aliquots of each dilution were spread on duplicate 
sets of malt agar (Difco) plates for isolation of fungi. 
After subsequent incubation for 4 days at 30oC and four 
days at 37oC, the grown colonies were counted and 
differentiated for determination of the concentration of 
fungi in the air (cfu/m3) and the species composition of 
the air mycobiota. Fifteen strains of Aspergillus fumigatus 
were subcultured on malt agar slants for further 
examination. The strains originated from the air samples 
taken at two sites in locality “F” and at seven sites in 
locality “C” (Tab. 1). All the strains were isolated 
outdoors, except for strain No. 5 which was isolated 
inside the cabin of compactor’s operator.  

The concentrations of Aspergillus fumigatus in the air 
of the examined landfills in the localities “F” and “C” 
ranged within 1.1 × 102 - 2.2 × 103 cfu/m3 and 1.7 × 102 - 
9.9 × 104 cfu/m3, respectively. Aspergillus fumigatus 
strains formed on average 30.4% and 86.9% of the fungal 
strains isolated from the air of the landfills in the localities 
“F” and “C”, respectively (79.4% of the total strains for 
both localities).  

 
Determination of enzymatic activity 

 
Qualitative tests for capability of 15 strains of 

Aspergillus fumigatus to produce cellulases, proteases and 
lipases were performed by inoculating Czapek medium 
containing respectively cellulose, collagen and fatty acids 
as the sole sources of carbon. Cultures were incubated for 

Table 1. Source of isolation of 15 strains of Aspergillus fumigatus examined in this study. 
 

Sampling site Strain Landfill locality Sampling date 

No. Description 

1 F 06-06-2000 I-A Weighing site 

2 F « « IV-A Operator/driver 

3 C 14-06-2000 I-B Sweeping machine 

4 C « « II-B Operator of compactor (pressing machine) 

5 C « « III-B Operator of compactor (inside cabin) 

6 C « « IV-B Weighing site 

7 C « « « « « « 

8 C « « « « « « 

9 C « « « « « « 

10 C « « V-B Compactor (pressing machine) 

11 C « « VI-B Weighing site 

12 C « « « « « « 

13 C « « VII-B Edge of the area (enclosure) 

14 C « « « « « « 

15 C « « « « « « 
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28 days at 25oC. The ability of fungi to assimilate these 
substances for their development was assessed by direct 
observation of growth and sporulation of cultures and 
changes of the substrates. Classification of the intensity of 
growth and substrate changes in the scale + - +++++ 
enabled evaluation of the enzymatic activity. 

In addition, a quantitative EGA test for measurement of 
the activity of endo-1,4-β-glucanase, an important 
enzyme engaged in mid-stage cellulose degradation, was 
applied. According to Reese et al. [29] and Reese [30], at 
least three groups of enzymes are involved in cellulose 
degradation processes. The breaking of hydrogen linkages 
between fibres of native cellulose is catalysed by C1 
enzyme – exo-1,4-β-glucanase. Then, reactivated 
cellulose is further decomposed by hydrolytic enzymes 
Cx, such as endo-β-1,4 glucanase, which break separate 
cellulose polymers into disaccharide cellobiose. 
Cellobiose is converting to glucose by enzyme β-
glucosidase. 

In this study, quantitative analysis of endo-1,4-β-
glucanase activity (EGA) was carried out based on the 
measurement of the decrease of viscosity of the water 
soluble cellulose derivative – sodium salt of 
carboxymethylcellulose (Na-CMC) exposed to broth 
culture of A. fumigatus in a water bath. Na-CMC is the 
most suitable substrate for the evaluation of EGA activity 
because of its availability only to Cx enzymes.  

 

Qualitative determination of cellulase production. 
For the detection of cellulase producers, A. fumigatus 
strains were cultivated on filter paper (Filtrak No. 88) 
immersed in Czapek agar without carbohydrates. The 
intensity of fungal growth and changes of filter paper 
were recorded after 5, 10, 15, 21, and 28 days of 
incubation at 25oC [34]. 

 
Quantitative analysis of endo-1,4-ββ-glucanase 

activity. The test was carried out by measurement of the 
decrease of viscosity of Na-CMC (Sigma C4888) after the 
hydrolysis reaction according to the viscosimetric method 
described by Sivers et al. [34]. All-glass viscosimeter 
VPZ-2 (produced in the former Soviet Union) was 
applied for the test. The reaction mixture constituted: 5 ml 
of aqueous 0.3 % Na-CMC solution; 0.7 ml of the filtrate 
of A. fumigatus culture in liquid Czapek medium with 
0,7% cellulose as the sole carbon source, incubated for 
10, 15 and 21 days at 25oC; and 0.3 ml of citrate 
phosphate buffer (pH 5.0). The mixture was incubated for 
10 min at 25°C and flowed immediately through the 
viscosimeter at 25°C. A. fumigatus culture inactivated by 
heating was used as a control. Decrease of viscosity in 
percent was calculated from the formula: 

;
100)( 0

t

tt
EGA

×−=  

where: t = time of control solution flow, s; 
t0 = time of enzyme solution flow, s. 

Table 2. Ability of 15 Aspergillus fumigatus strains to develop on Czapek agar and assimilate cellulose as the sole source of carbon. 
 

Strain 
No. 

Evaluation of fungal growth and sporulation intensity, visible changes of filter paper 

  5 days 10 days 15 days 21 days 28 days 

1 ++ ++ +++++ +++++ +++++ 

2 ++ +++ +++++ +++++ +++++ 

3 + +++ ++++ ++++ ++++ 

4 ++ +++ ++++ +++++ +++++ 

5 ++ +++ ++++ ++++ ++++ 

6 ++ ++ +++++ +++++ +++++ 

7 ++ +++ ++++ +++++ +++++ 

8 ++ +++ +++ +++++ +++++ 

9 + +++ ++++ +++++ +++++ 

10 ++ +++ +++++ +++++ +++++ 

11 ++ ++ ++ ++ +++ 

12 ++ ++ ++++ +++++ +++++ 

13 ++ +++ ++++ +++++ +++++ 

14 ++ +++ ++++ +++++ +++++ 

15 ++ ++ +++ +++++ +++++ 
 

+: single non-sporulating hyphae; ++: poorly developed and sporulating mycelium; +++: moderately developed and sporulating mycelium; ++++: 
good developed, abundantly sporulating mycelium; +++++: very good developed, abundantly sporulating mycelium, evident changes of filter paper. 
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Figure. 1. Growth of the A. fumigatus strain No. 12 on filter paper immersed in Czapek’s agar after 28 days (A), compared to non-inoculated (control) 
plate (B).  
 

 
 
Figure 2. Growth of the A. fumigatus strain No. 9 on Czapek’s agar without a carbon source supplemented with 0.3% of stained leather powder after 
28 days (A), compared with non-inoculated (control) plate (B). 
 

 
 
Figure 3. Growth of the A. fumigatus strain No. 12 on Czapek’s agar without a carbon source supplemented with 2.0% of olive oil after 28 days (A), 
compared to non-inoculated (control) plate (B). 
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Analysis of endo-1,4-β-glucanase activity were performed 
using ANOVA. In the graphs the 95% confidential 
interval ]x96.1x[ σ±  was presented. Homogeneity of 
variances was determined by Levene test, and post-hoc 
procedure for the detection of a homogenous group of 
means was carried out by Scheffe test. All statistic 
procedures were performed using SPSS software [2, 11]. 

 
Qualitative determination of protease production. 

A. fumigatus strains producing proteases were identified 
by the assessment of ability to grow on Czapek agar 
supplemented with 0.3% of leather powder stained with a 
chromium salt (obtained from the Institute of 
Biotechnology, Vilnius, Lithuania) as the sole carbon 

source. The intensity of fungal growth and changes of 
medium were recorded after 5, 10, 15, 21, and 28 days of 
incubation at 25oC [1]. 

 
Qualitative determination of lipase production. A. 

fumigatus strains producing lipases were detected by 
cultivating on Czapek agar supplemented with 2.0% of 
olive oil as the sole carbon source. The intensity of fungal 
growth and changes of medium were recorded after 5, 10, 
15, 21, and 28 days of incubation at 25oC [32, 40]. 

 
RESULTS 

 
Production of cellulases on Czapek medium. As seen 

in Table 2, all the examined strains of Aspergillus 
fumigatus were able to develop on the filter paper. After 
five days of incubation, slow growth and conidiogenesis 
beginning in the centre of colonies were observed in all 
cultures except strains No. 3 and 9 which showed a 
delayed development. Moderately developed mycelium 
and limited sporulation were observed in most of the 
cultures at the age of 10 days but no changes of the 
substrate were recorded. First pigmented spots on paper 
filters caused by developing strains No. 1, 2, 6, and 10 
were recorded after 15 days. At this time, well developed 
mycelium and abundant sporulation were seen in most of 
the cultures, except strain No. 11 which showed a delayed 
development. 

Well developed mycelium and expressed conidiogenesis 
characterized the vast majority of tested cultures at the 
age of 21 day. At this time, changes of paper filters such 
as pigmented spots, and intertwinement of cellulose fibres 
with fungal hyphae were recorded. The abundant growth 
of tested cultures and changes of the substrate were also 
recorded after 28 days (Fig. 1). 
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Figure 4. Endo-1,4-β-glucanase activity of A. fumigatus strains after10-
day development at 25°C. 
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Figure 5. Endo-1,4-β-glucanase activity of A. fumigatus strains after15-
day development at 25°C. 
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Figure 6. Endo-1,4-β-glucanase activity of A. fumigatus strains after 21-
day development at 25°C. 
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Quantitative measurement of endo-1,4-ββ-glucanase 
activity. All 15 strains of Aspergillus fumigatus were able 
to develop in liquid Czapek medium with 0.7% of 
cellulose as the sole carbon source under submerged 
conditions. Analysis of the EGA test revealed that 11 out 
of 15 cultures produced endo-1,4-β-glucanase (EGA) 
after 10 days of development. The activities significantly 

differed among strains (F(14.30)=366.86; p<0.0001). 
According to Scheffe test, strains No 3, 4, 5, 7, 9, 13, 14, 
and 15 fell into a homogenous group by means and 
showed the highest activity levels; strains No 6 and 11 
showed medium activity, while strain No. 8 showed least 
expressed enzymatic activity. Strains No 1, 2, 10, and 12 
did not show the presence of EGA (Fig. 4). 

Table 3. Ability of 15 Aspergillus fumigatus strains to develop on Czapek agar and assimilate collagen as the sole source of carbon. 
 

Evaluation of fungal growth and sporulation intensity, visible changes of stained leather powder Strain 
No. 

5 days 10 days 15 days 21 days 28 days 

1 ++ ++ ++ ++ ++ 

2 ++ ++ ++ +++ +++ 

3 ++ ++ ++ ++ ++ 

4 ++ ++ ++ ++ ++ 

5 ++ ++ ++ ++ ++ 

6 ++ ++ ++ +++ +++ 

7 ++ ++ ++ ++ ++ 

8 ++ ++ ++ ++ ++ 

9 ++ ++ ++ ++ ++ 

10 ++ ++ ++ ++ ++ 

11 ++ ++ ++ ++ ++ 

12 ++ ++ ++ ++ ++ 

13 ++ ++ ++ ++ ++ 

14 ++ ++ ++ ++ ++ 

15 ++ ++ ++ ++ ++ 
 

+: single non-sporulating hyphae; ++: poorly developed and sporulating mycelium; +++: moderately developed and sporulating mycelium; ++++: 
good developed, abundantly sporulating mycelium; +++++ very good developed, abundantly sporulating mycelium, evident lysis of leather powder. 
 
Table 4. Ability of 15 Aspergillus fumigatus strains to develop on Czapek agar and assimilate fatty acids as the sole source of carbon. 
 

Evaluation of fungal growth and sporulation intensity, visible changes of droplets of olive oil Strain 
No. 

5 days 10 days 15 days 21 days 28 days 

1 +++ ++++ ++++ ++++ ++++ 

2 +++ +++ ++++ ++++ ++++ 

3 +++ ++++ ++++ ++++ ++++ 

4 ++ ++++ ++++ ++++ ++++ 

5 +++ ++++ ++++ ++++ ++++ 

6 +++ ++++ ++++ +++++ +++++ 

7 + ++++ ++++ ++++ ++++ 

8 + +++ ++++ ++++ ++++ 

9 +++ ++++ ++++ ++++ ++++ 

10 +++ ++++ ++++ ++++ ++++ 

11 +++ ++++ ++++ ++++ ++++ 

12 ++ +++ ++++ ++++ +++++ 

13 +++ ++++ ++++ ++++ ++++ 

14 ++ ++++ ++++ ++++ ++++ 

15 +++ ++++ ++++ ++++ ++++ 

 
+: single non-sporulating hyphae; ++: poorly developed and sporulating mycelium; +++: moderately developed and sporulating mycelium; ++++: good 
developed, abundantly sporulating mycelium; +++++: very good developed, abundantly sporulating mycelium, evident lysis of droplets of olive oil. 



 Enzymatic activities of Aspergillus fumigatus 233 

Analysis of the EGA test after 15 days of cultivation 
revealed that all the values fell into two groups: strains 
No. 1, 3, 4, 5, 6, 7, 9, 11, 13, 14, and 15 showed high 
enzymatic activities and fell into a homogenous group by 
means, while values of enzymatic activities of cultures 
No. 2, 8, 10, and 12 were lower (Fig. 5). Achieved values 
significantly differed among the strains (F(14.30)=182.48; 
p<0.0001). 

The highest values of enzymatic activity were detected 
after 21 days of cultivation. EGA produced by the strains 
No. 1, 3, 4, 5, 7, 9, 10, 11, 13, 14, and 15 decreased 
viscosity of CMC solution more than 50%, and the values 
fell into one homogenous group by means. The strains 
No. 6 and 8 showed medium activity levels whereas the 
strains No. 2 and 12 showed the lowest activity (Fig. 6). 
There were significant differences among the strains in 
production of the EGA (F(14.30)=333.36; p<0.0001). 

 
Production of proteases. Almost all examined strains 

of Aspergillus fumigatus cultivated on Czapek agar with 
0.3% of stained leather powder as the sole source of 
carbon showed restrictive growth and poor sporulation 
during entire incubation time, up to 28 days (Tab. 3). The 
only exception were strains No. 2 and 6 which showed a 
moderate development and sporulating. Nevertheless, 
cases of obvious lysis of the leather powder in the 
medium were not recorded (Fig. 2). 

 
Production of lipases. The strains cultivated on 

Czapek agar with 2.0% of olive oil showed considerable 
differences in growth and sporulation intensity at the 
beginning of the test (Tab. 4). After 5 days of incubation, 
9 out of 15 strains were ascribed as fast growing and 
proliferating, and only strains No. 7 and 8 were 
underdeveloped with pigmentless non-sporulating 
mycelium. At the age of 15 days, all the cultures became 
mature with well developed mycelium and abundant 
sporulation, though lysis of the droplets of olive oil in the 
medium was not observed. Clear zones without oil 
droplets in the medium were noticed under developing 
colonies of the strain No. 6 after 21 days of cultivation, 
and under colonies of the strain No. 12 after 28 days of 
cultivation (Fig. 3). 

 
DISCUSSION 

 
Widespread occurrence of Aspergillus fumigatus and 

the ability to colonize various substrates indicate that this 
fungus possesses well-developed enzymatic systems. 
High cellulolytic activities of the examined A. fumigatus 
strains found in the present study are in accordance with 
the data published by other authors [5, 9, 12, 28, 36, 37]. 
The ability to produce thermotolerant cellulases enables 
the fungus to develop in the extreme conditions which 
exist in piles of compost, organic debris, moist hay, and 
wood pulp. 

The examined A. fumigatus strains showed no evident 
proteolytic activity when growing on Czapek agar and 
assimilating collagen as the sole carbon source. 
According to literature data, the high collagenic activity 
of A. fumigatus could play a role in the invasion of the 
tissues by the fungus [24]. Extracellular proteases 
produced by A. fumigatus are able to induce detachments 
of the epithelial cells and the release of proinflammatory 
cytokines [13, 31, 38]. Moreover, these proteins act as 
allergens [31, 33]. 

It was revealed that some of the tested strains of 
Aspergillus fumigatus are able to produce extracellular 
lipases and hydrolyze fatty acids of vegetable oil. This 
correlates with scanty published data [7, 26]. For a more 
precise evaluation of lipases more sophisticated methods 
should be applied. 

In conclusion, a strong cellulolytic activity of A. 
fumigatus strains isolated from the air at waste landfills, 
evidenced in the present study by two methods, suggest 
that the cellulolytic enzymes are abundantly produced by 
these fungi developing in waste piles. Though from the 
economic point of view the fast decomposition of waste is 
beneficial, vast amounts of cellulolytic enzymes should be 
considered as a potential adverse factor that may be a 
cause of allergy and increased virulence of A. fumigatus 
strains and hence should be the subject of further studies.  
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