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Abstract

Background: Catalase enzyme is a potential virulence factor for Aspergillus species.
Objectives: This study aimed to evaluate the catalase activity in conidium and mycelium of Aspergillus flavus and A. fumigatus iso-
lated from environmental and clinical samples.
Methods: Forty Aspergillus species (20 A. fumigatus and 20 A. flavus) were evaluated. Species were identified using the macroscopic
and microscopic criteria of the isolates on culture media and the PCR-RFLP method, using the MwoI enzyme. The activity of the
enzyme was evaluated using the Amplex red catalase assay kit. The Shapiro Wilk, Kolmogorov-Smirnov, Mann-Whitney, and Wilcoxon
Signed Rank tests were used to analyze the data.
Results: The mean conidial and mycelial catalase activities in A. flavus clinical and environmental isolates were 58.10, 57.80 mU/mL,
and 1328.30, 531.60 mU/mL, respectively. In A. fumigatus clinical and environmental isolates, the activities were 61.10 and 61.40 mU/mL,
and 1248.90 and 722.90 mU/mL, respectively. A significant difference was found between conidial and mycelial catalase activity in
Aspergillus species (P = 0.01). The mycelial catalase activity of Aspergillus species isolated from clinical samples was higher than the
environmental ones (A. flavus P = 0.01 and A. fumigatus P = 0.04).
Conclusions: The mycelial catalase activity was higher than conidia. Clinical isolates of A. flavus had similar mycelium activity to
A. fumigatus. By using the information provided in the present study, the severity of aspergillosis can be predicted, which paves the
way for identifying new antifungal agents.
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1. Background

Aspergillus species are widespread opportunistic fungi
that are commonly found in different environmental con-
ditions, particularly decomposing organic materials, soil,
and air. Inhalation of Aspergillus often causes infections
with high morbidity and mortality, particularly in im-
munocompromised individuals (1-4). Many virulence fac-
tors are developed for pathogenicity of Aspergillus species
in the human, such as secondary metabolites and efflux
pumps, which are tolerant (5, 6).

Catalase enzyme is a potential virulence factor for As-
pergillus species. It should be considered as a virulence
factor, which is a scavenger of hydrogen peroxide (H2O2).
Catalase catalyzes the decomposition of H2O2 to oxygen
and water (5). H2O2 inhibits the growth and viability of
microbial pathogens. Conidial and mycelial catalases pro-
tect the fungus against H2O2. Catalase structure of the As-
pergillus spp. is homologous to catalase of several fungi or

bacteria, and it’s no different in the mycelium or conidium
form of the microorganism.

Many catalase family genes are reported in conidium
(cat A gene) and mycelium (cat1/cat B and cat 2 genes) of the
Aspergillus fumigatus that contribute to fungal pathogens
(5, 7). The core component of the antioxidant enzyme cata-
lase (CTA1) has been reported in A. flavus (8). Conidial cata-
lase enzyme is a dimer protein with 5.84 kD subunit, and
mycelial catalase is monomeric with 82 kD, which is resis-
tant to heat, detergent, and iron (9, 10). The inhibition of
Aspergillus catalase activity by new antifungal agents can
promote antifungal immunity. Therefore, evaluation of
catalase activity is useful for treating patients infected with
Aspergillus spp. and to predict the severity of the infection.

2. Objectives

The Aspergillus encompasses several species, but infec-
tion with A. fumigatus and A. flavus are more prevalent in
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humans. This study aimed to evaluate the catalase activ-
ity in conidium and mycelium forms of A. fumigatus and
A. flavus isolated from clinical and environmental samples.
The results of the present study can be used for developing
new drugs and treating infections caused by A. fumigatus
and A. flavus.

3. Methods

In this study, 20 A. fumigatus and 20 A. flavus isolates
were evaluated for their catalase activities. That in each
group, half of the isolates were obtained from the clinical
specimen and the rest from the environment. The clinical
species were isolated from clinical samples (tissue, bron-
choalveolar lavage, and wound) of immunocompromised
patients who were admitted in university hospitals from
2017 to 2019, with clinical signs and symptoms of the fun-
gal infections. Simultaneously, soils from different regions
of public parks were collected to culture Aspergillus iso-
lates. Soil and clinical samples of patients were cultured on
Sabouraud dextrose agar medium (Merck, Germany) and
incubated at room temperature for 7 - 10 days. The isolates
were identified primarily by macroscopic and microscopic
examinations with a light microscope and lactophenol cot-
ton blue staining.

The RFLP-PCR method was used for the molecular iden-
tification of isolates (11). Hyphae grown on each culture
were used for DNA extraction. For lysis the cells, a small
number of hyphae with 500 µL lithium acetate (Sigma,
USA) and SDS (Sinagen, Iran) were put into a micro-tube
and sonicated (GMBH, Germany) three times (20 seconds
each). The mixture was centrifuged at 12000 g for 10 min-
utes. For protein precipitation, the supernatant was trans-
ferred to a new tube mixed with an equal volume of phe-
nol/chloroform and centrifuged at 12000 g for 5 minutes.
The supernatant was mixed with absolute ethanol (Merck,
Germany) and 3 M sodium acetate (Merck, Germany) and
stored at 80°C for 20 minutes. The tube was centrifuged at
12000 g for 10 minutes. The pellet was cleaned by ethanol
alcohol (70%) and dissolved in the distilled water.

For PCR amplification a pair of primers ITS1 and ITS4
(Thermo Scientific, USA) forward: 5’-TCC GTA GGT GAA CCT
GCG G -3’and reverse: 5’-TCC TCC GCT TAT TGA TAT GC-3’ with
570 bp length were used (11). To identify the DNA size of
the PCR product, it was electrophoresed on 1% agarose gel
(Bio-Red, USA). The Endonuclease digestion of PCR prod-
ucts was performed by a restricted MwoI enzyme (Thermo
Scientific, USA). Ten µL of PCR products were mixed with 2
µL of enzyme-specific buffer (Tango Buffer, Sinagen, Iran),
2µL of MwoI enzyme, and 18µL of distilled water. The mix-
ture was stored at 37°C for 16 hours and electrophoresed on

an agarose gel, visualized, and photographed using a tran-
silluminator (11). After digestion, the DNA of A. flavus and A.
fumigatus was broken to 9, 20, 40, 65, 98, 325, and 29, 108,
125, 207 bp, respectively.

Aspergillus species were grown in a liquid medium con-
taining 1% yeast extract (Merck Germany) in a shaker in-
cubator for 3 days (7). Young mycelia were collected by
the centrifugation of culture broth media. Mycelia were
rinsed twice with 0.05 M Tris-HCl buffer (pH = 7.5). The
cleaned mycelium was put on a small plate and dried with
200 µL acetone. One gram of dried mycelia was mixed
with 500µL of 10 M Tris-HCl buffer (pH = 7.8) and sonicated
for 10 minutes on ice (Branson sonifier model W-185) at a
power setting of 90 W. The tube was centrifuged at 100g
for 15 minutes, and the supernatant was used for the cata-
lase activity test. For evaluating catalase activity in coni-
dia, Aspergillus species were grown on 2% malt extract agar
medium (Merck, Germany) for one week at 25°C. Mixed dis-
tilled water and tween 80 was added to the plates, and coni-
dia was collected. The concentrations of 5× 105 to 0.5× 105

conidia/ml in Tris-HCl (10 mM, pH = 7.8) were prepared by
hemacytometer. Conidial catalase was extracted by sonica-
tion of conidia for 20 minutes on an ice bath (12). Cell de-
bris was removed by centrifugation at 100 g for 15 minutes.
The clear supernatant extract was evaluated for catalase ac-
tivity.

Catalase activities were evaluated using the Amplex®

Red Catalase Assay Kit A22180 (Invitrogen, UK) following
instructions published by the manufacturer. The catalase
standard curve was prepared by diluting an appropriate
amount of the catalase solution in the kit. Reaction buffer
without catalase was used as a negative control. The kit
can evaluate catalase activity higher than 50 mU/mL of pu-
rified catalase by fluorometry as well as spectrometry. In
this study, catalase activity was detected spectrophotomet-
rically at 560 nm twice. The kit producer defined one cata-
lase activity as the amount of enzyme decomposing 1.0
µmol of hydrogen peroxide.

Data were analyzed using SPSS version 18. A P value of
< 005 was considered statistically significant. Normal dis-
tribution of data was assessed using the Shapiro Wilk and
Kolmogorov-Smirnov tests, and the results showed that
data were not distributed normally. Therefore, the Mann-
Whitney test and Wilcoxon Signed Ranks test were used to
analyze the data.

4. Results

In the present study, 40 Aspergillus species were in-
cluded, as 20 A. flavus and 20 A. fumigatus. That in each
group, half of the isolates were obtained from the clinical

2 Jundishapur J Microbiol. 2020; 13(8):e103634.



Rouein S et al.

specimen and the rest from the environment. The stan-
dard curve of catalase activity is shown in Figure 1. As R2

= 0.997, the curve was linear. No significant difference
was found between conidial catalase activity in A. flavus
in clinical and environmental isolates (P = 0.492). The
mean of conidial catalase activity of clinical and environ-
mental isolates was 58.10 mU/mL and 57.80 mU/mL, respec-
tively. The mean levels of mycelial catalase activity of clin-
ical and environmental isolates were 1328.30 mU/mL and
531.60 mU/mL, respectively. The mean of mycelial catalase
activity in clinical and environmental A. fumigatus isolates
was, respectively, 1248.90 mU/mL and 722.90 mU/mL. Coni-
dial catalase activity in A. fumigatus in clinical and environ-
mental isolates was 61.10 mU/mL and 61.40 mU/mL, respec-
tively. Overall, in all samples, there was a significant differ-
ence between conidial and mycelial catalase activities (P =
0.01). Likewise, a significant difference was found between
mycelial catalase activity of clinical and environmental iso-
lates of A. flavus (P = 0.01) and A. fumigatus (P = 0.04) (Figure
2).
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R2 = 0.997 
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Figure 1. The standard curve of catalase activity according to the kit method

5. Discussion

This study suggested that catalase activity in the
mycelium of Aspergillus species is more than conidia. Be-
sides, the species isolated from clinical samples showed a
higher catalase activity than environmental isolates. Sev-
eral studies have mentioned the pathogenicity of A. fumi-
gatus and Candida albicans (7, 13). However, data on A. flavus
catalase activity are limited. The present study aimed to in-
vestigate the catalase activity of A. flavus and A. fumigatus,
isolated from both environmental and clinical isolates.

Catalase produced by A. fumigatus during invasive as-
pergillosis (14) and neutrophils from healthy patients is
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Figure 2. Comparison of mycelial and conidial catalase activities from clinical and
environmental isolates. A, Aspergillus; E, environmental; C, clinical.

able to kill A. fumigatus hyphae in contrast to patients with
chronic granulomatous disorders (15). The role of catalase
in the pathogenicity of different Aspergillus species is well
documented in the literature (7, 16). Paris et al. (7), by in-
ducing the mutation in catalase conidium and mycelium
genes, reported the catalase as one of the pathogenic fac-
tors in A. fumigatus mycelium. However, Chang et al. (16)
concluded that “overall, catalases do not play a significant
role in the pathogenicity of A. nidulans in p47 (phox)-/-
mice” (16). Krappmann et al. (17) reported the deletion
of a conidium morphology regulating gene (cat A) or the
mycelium-specific gene (cat1 or cat 2) was associated with
increased susceptibility to H2O2 and neutrophil killing in
vitro.

But, the deletion of these genes did not affect the viru-
lence of invasive aspergillosis in a neutropenic rat model
in vivo (17). Therefore, further research is needed to eval-
uate the role of catalase activity in each fungus. In the
present study, a significant difference was observed be-
tween mycelial catalase activity of clinical and environ-
mental isolates of A. flavus and A. fumigatus. In previous
studies, only a limited type of species was evaluated, but
we investigated different clinical and environmental As-
pergillus species in terms of mycelium catalase activity,
which requires further attention on the part of respective
researchers.

In this study, all Aspergillus species had a similar coni-
dial catalase activity. Paris et al. (7) reported that coni-
dial catalase showed no pathogenicity. Based on the find-
ings, a significant difference was found between coni-
dial and mycelial catalase activities in clinical and envi-
ronmental isolates of Aspergillus species. That is in line
with findings of the Shibuya et al. that reported higher
pathogenic activity for A. fumigatus mycelial catalase than
conidial (10). Paris et al. (7), also reported that mycelial,
rather than conidial, catalase contributes to fungal viru-
lence in A. fumigatus. In immunocompromised patients,
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especially those with chronic granulomatous disorders, re-
current infection with a catalase-positive microorganism
such as Aspergillus species is common. In such patients, As-
pergillus species are the etiologic agent of pneumonia and
osteomyelitis and account for up to 15% of infections (18,
19).

Further studies are needed to shed light on the role of
catalase as a fungal virulence factor. The current study had
limitations, including the low number of investigated iso-
lates. So that by investigating more isolates, the role of the
catalase enzyme in the pathogenicity of the microorgan-
ism can be better examined.

5.1. Conclusions

Few studies have examined catalase activity in A. flavus.
Based on the findings of the present study, the mycelial
catalase had higher levels of activity than conidium. The
mycelial catalase activities’ in clinical isolates of A. flavus
were similar to A. fumigatus. By using the information pro-
vided in the present study, the severity of aspergillosis can
be predicted, which paves the way for identifying new an-
tifungal agents.
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