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of Aspergillus fumigatus strains isolated from different sources
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The toxic activity of Aspergillus fumigatus is attributable to substances secreted by its cells.
Specific toxic compounds synthesized by the fungi such as gliotoxin, can be detected by
sensitive chemical procedures like TLC or HPLC. Measuring the total toxigenicity of a strain
extract, however, requires a bioassay. In the present study, we evaluated the possibility of
using the Microtox® bioassay to determine the toxigenicity of A. fumigatus, using 32 strains
from different sources. The Microtox® method is based on the ability of Vibrio fischeri to
produce luminescence, and their sensitivity to toxins. A. fumigatus strains, grouped
according to their original sources, showed differences in toxigenicity. Strains isolated from
invasive aspergillosis patients proved to be more toxigenic than environmental strains, or
strains from colonized patients. Since the strains that were more toxigenic were isolated
from sick patients, it is not surprising they showed more virulence than the other strains,
and as expected, virulence could be correlated with high toxigenicity. The Microtox
bioassay could be a useful tool in the study of toxigenicity of the mycelial fungi and their
possible pathogenic roles, and for rapid assessment of secreted toxic compounds.

1. Introduction

Although gliotoxin could be the most important
mycotoxin produced by A. fumigatus because of its

Aspergillus fumigatus is a ubiquitous mycelial fungus
that can cause various infections in human and animals,
among which invasive aspergillosis (IA) is the most
important because of a high mortality rate in immuno-
suppressed patients (Latgé, 1999; Lumbreras and Gavalda,
2003). Pathogenicity factors involved in IA development
are not completely defined (Latgé, 1999; Tomee and
Kauffman, 2000), although hypotheses have been proposed
about the role of mycotoxin production in the establish-
ment of illness (Sutton et al., 1996; Nieminen et al., 2002;
Watanabe et al., 2004b; Kamei and Watanabe, 2005; Sugui
et al., 2007).
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immunosuppressing activity (Murayama et al, 1996;
Watanabe et al., 2003), its effect is known to be reinforced
by other secondary metabolites, most of which are not yet
characterized (Watanabe et al., 2003). Therefore, fungal
toxic activity must be viewed in the context of all the
secreted substances that are present in the substrate where
the fungus grows (Rementeria et al., 2006). Sensitive
chemical procedures, like TLC or HPLC, can detect specific
toxic compounds. If every toxic compound is not known,
however, bioassays are more informative.

Traditional acute toxicity bioassays using multi-cellular
organismes are time-consuming, requiring lengthy exposure
periods of up to 96 h. In contrast, microbial toxicity tests,
such as the Microtox® Test, take no more than 45 min to
conduct, and can measure temporal changes in bioavail-
ability over relatively short time frames (Kaiser and



Palabrica, 1991). The Microtox® system is based on the
capacity of Vibrio fischeri to produce luminescence, and
their sensitivity to different toxic products, such as
mycotoxins.

In this study, we designed a method to measure fungal
toxigenicity by monitoring the toxicity of culture medium
in which fungi were growing. The culture filtrate toxicity
was analyzed for possible virulence. To our knowledge, this
is the first application of the Microtox® system to the study
of fungal toxigenicity.

2. Materials and methods
2.1. Fungal strains

Thirty-two isolates of A. fumigatus from different sour-
ces were used. Twelve were from invasive aspergillosis (I1A)
patients, four from aspergilloma (A) patients, seven from
environmental sources (EA) and nine from colonized (C)
patients.

2.2. Culture filtrates

Each strain was cultured on Sabouraud-Dextrose agar
(BioMerieux, Marcy I'Etoile, France) slants at 37 °C for
seven days to ensure optimal sporulation. PBS was added
to the tube, and mixed. The conidia suspension was
recovered with a 10 ml sterile syringe and transferred to
a sterile tube, where it was homogenized. Conidia were
counted in a Thoma chamber. Erlenmeyer flasks with
100 ml Czapeck-Dox liquid medium were inoculated with
10® conidia and incubated at 37 °C with shaking in the
dark. After four days of culture, medium was filtered
through filter paper no. 240 (Labcenter, Madrid, Spain),
separating the fungal mycelium from the liquid medium.
The culture filtrate was then processed through a 0.22 pm
filter (Labcenter).

2.3. Dry fungi mycelium weight

The mycelium was inactivated with 0.05% formalin and
kept at 37 °C for 48 h. After this period, the mycelium was
weighed and the dry mycelium weight (DMW) calculated
for each strain.

2.4. Toxicity test

The Microtox® Basic Test was carried out using the
following protocol from the manufacturer (Microbics
Corporation, Carlsbad, USA). Briefly, a range of culture
filtrate dilutions from 45% to 0.56% was made in solvent
supplied by the manufacturer. For the reactions, freeze-
dried V. fischeri were reconstituted with 0.01% sodium
chloride and 10 pl was mixed with 500 ul of each culture
filtrate dilution. A Microtox® Model 500 Analyser (AZUR
Environmental, Carlsbad, CA, USA) was used to measure the
luminosity from the reconstituted bacteria after 5 and
15 min of exposure to culture filtrate. The luminescence
inhibition after a 15 min exposure was taken as the
endpoint (Kaiser, 1998; Froehner et al., 2000). A 2% sodium
chloride solution was used for bacterial regeneration,

sample dilution and control. The osmotic control was made
using OAS (Osmotic Adjusting Solution) of 22% sodium
chloride.

In the Microtox® test, the inhibition of light emission
was measured in relative units of luminescence. The data
were used to calculate the ECsq, which is the mean sample
concentration that causes a 50% reduction in bacteria
bioluminescence (Chen and Que Hee, 1995; Guzzella et al.,
1996). The behaviour of the bacteria was tested with
reference toxins ZnSO4-7H>0 and phenol, according to
normative AFNOR T90-320 (AFNOR, 1991). Toxicity values
are the average of four replicates of each filtrate sample,
expressed as ECso-15 min with 95% confidence limits. To
simplify the comparison among the mean effective
concentrations obtained for each of the selected A. fumi-
gatus sets, values correspond to 100 mg of DMW. Although
the filtrate samples contain a mixture of different toxins,
to simplify the results, the values from the Microtox® test
are expressed as ppb gliotoxin, obtained by comparison
with the values obtained in a calibration curve for
gliotoxin.

2.5. Calibration curve for gliotoxin

Stock solutions of Gliotoxin (Sigma-Aldrich Chemical
Co., St. Louis, MO, USA) were prepared by dissolving pure
mycotoxin in distilled water, to a final concentration of
5 mg/ml. Serial dilutions of 0.12-, 0.25-, 0.5-, 1-, 2-, 4-, 8-,
16-, and 32-ug/ml were made in the same solvent used for
the mother solution. Each gliotoxin dilution was tested by
the Microtox® Basic Test, according to the protocol above.
Toxicity values were expressed as the percentage corre-
sponding to each gliotoxin sample in the test medium
(volume/volume %, v/v).

2.6. Statistical procedures

The inhibition effect was expressed as ECsp estimates
with 95% confidence limits (CL 95%), determined as
described by Litchfield and Wilcoxon (1949) using the
Pharmacologic Calculation System (PCS version 4.0, NY,
USA). The ECsg estimates were subjected to two-way
analysis of variance (ANOVA) with replication within the
subgroups followed by post-hoc contrast with the Bonfer-
roni test. Differences were considered to be significant at
a probability level of P < 0.05.

3. Results
3.1. Gliotoxin toxicity

Microtox® bioassays performed with a dilution series of
pure gliotoxin are shown in Fig. 1. Previous results obtained
at time exposures of 5 and 15 min showed that fluores-
cence reduction was greater at 15 min than at 5 min. Thus,
the concentration-response experiments indicated that
Microtox® test was sensitive to gliotoxin in both a concen-
tration- and time-dependent manner. The ECsq value and
corresponding confidence limit for pure gliotoxin were 0.36
(0.35-0.37) ug/ml.
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Fig. 1. Concentration-response curve obtained for gliotoxin exposures in the
Microtox® Test. Points represent means, vertical lines show SD mean (n = 4).

3.2. Toxicity effects of culture filtrates

The concentration-response relationships obtained for
each of the fungal strains are shown in Fig. 2. A comparison
among the different origins of the selected fungal strains
revealed that the Microtox® test was most sensitive to
fungal toxins in the order IA>C>EA>A. The mean of
effective values (ECso and CL) obtained for each strain
origin is shown in Table 1. The Bonferroni Test indicated
that there were significant differences (P < 0.05) in the EC5g
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Fig. 2. Concentration-response relationships of various types of Aspergil-
losis using the Microtox® Tests. Invasive Aspergillosis (1A, o, n=12), Colo-
nization (C, @, n=9), Environmental Aspergillosis (EA, A, n=7), and
Aspergilloma (A, ®, n=4). Points represent means, vertical lines show SD
mean.

Table 1
Mean values and their respective confidence limits (CL 95%) expressed in
ppb gliotoxin.

Origin of the strains n ECs0 (CL 95%)
Invasive Aspergillosis 12 2.64 (2.03-3.08)
Colonization 9 12132 (9.30-15.45)
Environmental Aspergillus 7 53.03%P (37.80-58.41)
Aspergilloma 4 120.64*P< (99.43-132.89)

¢ Significant differences (P < 0.05) among mean values corresponding
to Invasive Aspergillosis values.

b Significant differences (P < 0.05) among mean values corresponding
to Colonization values.

¢ Significant differences (P < 0.05) among mean values corresponding to
Environmental Aspergillus.

of the four origin sets studied. The data indicated that the
sensitivity obtained in the Microtox® test for IA (4.10 ppb)
was much higher than that obtained for C (18.69 ppb), EA
(48.15 ppb) or A (126.50 ppb), over at least one order of
magnitude.

4. Discussion

Risk assessment procedures are necessary for the
introduction and use of fungal biocontrol agents (BCAs)
(Blum et al., 2003; Favilla et al.,, 2006). In Europe, the
Council Directive 91/414/EEC and its successive amend-
ments state the requirements to be submitted when
applying for authorization to produce and market pesti-
cides, including those whose active substance is a BCA
(Commission of the European Communities, 2004). In
particular, the Directive requires the provision of informa-
tion on short-term toxicity, as well as ecotoxicity, of any
relevant fungal toxins.

An important characteristic of any bioassay is its
precision and reproducibility. In order to investigate the
influence of incubation time on acute toxicity, ECsg values
at 5 and 15 min were examined in all A. fumigatus filtrate
samples. The results indicated significant differences, with
ECs0-15’ values higher than those obtained after 5 min of
exposure. These results are in agreement with those
obtained by other studies. Bundy et al. (1997) reported that
Microtox® was especially sensitive to selected compounds
at ECsp-15' values, and Ruiz et al. (1997) reported that
toxicity cannot always be completed in 5 min of measure-
ment time. For these reasons the time of 15 min was
selected for our bioassays.

The Microtox® Test was sensitive in toxicity assays to
pure gliotoxin, as seen by comparing ECsg values with those
obtained in other studies, using different bioassays. Favilla
et al. (2006) obtained 24 h-ECsg values of 0.28 and
12.87 pg/ml gliotoxin in Daphnia magna and Artemia salina,
respectively. Similar results were obtained by Fornelli et al.
(2004) using in vitro exposures of SF-9 lepidopteran cells to
gliotoxin, obtaining LCsq values of 0.24 and 0.13 pg/ml by
trypan blue dye exclusion and MTT colorimetric assay,
respectively. Thus, comparison with other bioassays
showed that the Microtox® Test represents an additional
tool for screening the toxic effects of gliotoxin.

This study is the first in the literature to measure
mycelial fungus toxigenicity, in particular the toxigenicity



of A. fumigatus from its culture filtrate, using the Microtox
bioassay. Previously, the validity of the Microtox® assay was
demonstrated for studying mycotoxin toxicity indepen-
dently, with results parallel to those obtained with
mammalian cell bioassays (Yates and Porter, 1982). The
Microtox® bioassay is recognized on an international level
as a suitable means to check toxicity in liquids, like drinking
water. Its measurement is the international standard for
verifying detoxification of contaminated water (ASTM,
2004) and it is used to verify mycotoxin-associated toxicity
in agricultural dust extract (Ghosh et al., 2005).

In this study, the high toxicity of A. fumigatus is observed
as low ECsg in the bioassay. This agrees with data obtained
by other researchers on the toxigenicity of the culture
filtrate of A. fumigatus from clinical strains, using different
procedures such as a A. salina bioassay (Harwig and Scoit,
1971); mammalian cell cultures, like macrophages and
polymorphonuclear leucocytes (Murayama et al., 1996);
murine bioassays (Watanabe et al., 2003); or analysis of
culture filtrate compounds by gas chromatography (Wata-
nabe et al., 2004a).

Our study not only provides toxicological data that are
of importance in assessing the toxicological and ecotox-
icological relevance of pure gliotoxin and A. fumigatus
extracts, but also points out the possible use of the
Microtox® bioassay for obtaining a preliminary evaluation
of general toxicity. An important feature of this work is the
description of the differences in fungal toxigenicity
between isolates from IA patients and other studied strains,
with the result that IA isolates were more toxic than other
strains. This agrees with the published literature (Aufauvre-
Brown et al., 1998; Reeves et al, 2004) regarding differences
between clinical and environmental strains. Within an
isolate group, for example within environmental strains,
there are no differences in toxigenicity (Melo dos Santos
et al, 2002). Because we established a toxic gradient
between strains from different origins, we believe this
study is the first to compare the toxigenicity of isolates of
different strains and different origins, but from the same
organism, at least regarding Aspergillus. This has become
relevant in studying prokaryote microorganisms, specifi-
cally Corynebacterium diphteriae, where a relationship has
been shown between toxicity, virulence and clinical
features in the host (Tseneva and Shchederkina, 2000).

In this work, strain origin and host relationship differ-
ences could be explained by gliotoxin immunosuppressive
activity (Sutton et al., 1994; Murayama et al., 1996; Tomee
and Kauffman, 2000; Kupfahl et al., 2008). Thus, additive
and synergic effects from other compounds secreted by
A. fumigatus could add to the creation of a favourable
environment (Tomee and Kauffman, 2000; Watanabe et al.,
2003) for microorganism expansion. In addition, the
secretion of other toxic compounds besides gliotoxin was
corroborated in this study. When comparing the ECsy of
pure gliotoxin with the ECsg of culture filtrate from IA
isolates, culture filtrates were seen to produce greater
effects than the same amount of pure gliotoxin, suggesting
that there are other toxic substances in the extracts.

In conclusion, we show that isolates of A. fumigatus from
IA are significantly more toxic than isolates from other
sources. Moreover, we consider the Microtox® bioassay

a useful tool for the study of mycelial fungus toxigenicity,
because it provides a fast measure of toxic compounds
secreted by the microorganism.
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