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Abstract

There are several reports about chronic intoxications, allergies or other
pulmonary health problems of dwellers (especially babies) and workers from
buildings contaminated with microfungi. Material from presented work was
collected during the study of indoor fungal colonization of mouldy dwellings and
public buildings in Slovakia. The isolated fungi were cultivated for 10 days in
liquid media and their products — both endo- and exometabolites were isolated.
The metabolites from four isolates of Stachybotrys chartarum, two of
Aspergillus versicolor and one of Penicillium chrysogenum were used. Their
effects were studied in vitro on rat alveolar epithelial type 2 cells, from the
toxicological point of view one of the most important lung cells type. Type 2
cells were cultured for 20 hours in DMEM and then they were exposed for
24 hours to various concentrations of metabolites. The toxicity was evaluated by
staining the cells for alkaline phosphatase which is a marker for this cell type.
The toxic effect of metabolites from all isolates of Stachybotrys chartarum was
dose dependent, there were differencies in the extent of cytotoxicity. From the
tested microorganisms Stachabotrys chartarum and Aspergillus versicolor
showed high toxic effects (Stachybotrys higher than Aspergillus), while
Penicillium chrysogenum only minor toxic effects in this test.

Keywords: alveolar epithelial type 2 cells, Stachybotrys chartarum, Aspergillus
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1 Introduction

Exposure to microbes is recognized as a potential cause of inflammation related
health problems among occupants of mouldy buildings. The current
understanding is that the microbial growth affects the indoor air quality and
occupants are exposed to biological pollutants but there are not information
which components of the microbial flora are most harmful [1]. During a 5-year
study of indoor fungal colonization of mouldy dwellings and public buildings in
Slovakia, 147 wall scrapings, house dust and air samples were collected [2].
From recovered isolates of various microfungi 4 isolates of Stachybotrys
chartarum, 2 isolates of Aspergillus versicolor and 1 of Penicillium
chrysogenum were chosen for this study. As inhalation route is the possible entry
of microorganisms or their products our attention must be focused on the lung.
Lung is a very complex organ, it consists only in the bronchoalveolar region
from more than 40 cell types [3]. Alveolar epithelial type 2 cells belong (from
the toxicological point of view) to the most important cells. Type 2 cells are
cuboidal cells with lamellar body structures that cover approximately 5% of
alveolar surface area and play a critical role in preserving the functional integrity
of the alveolar surface [4]. Histochemical staining revealed that in the
bronchoalveolar region of lung alkaline phosphatase is uniquely associated with
the apical portion of alveolar type 2 cells and therefore alkaline phosphatase is
used as marker for this type of cells. In presented study we used this marker for
studying the effect of metabolites produced by fungi on alveolar epithelial type 2
cells isolated from rats.

2 Materials and methods

2.1 Isolation of fungal metabolites

Stachybotrys chartarum, Aspergillus versicolor and Penicillium chrysogenum
were inoculated on a liquid medium (2% yeast extract and 10% sucrose) and
cultivated at 25°C for 10 days. The fermented cultures were filtered through
Whatman paper No. 5 under reduced pressure. Both media and biomass filter
cakes were collected. Separated biomass (endometabolites) and cultivation
media (exometabolites) were extracted twice with chloroform, extracts were
concentrated in vacuo to dryness (Buchi 461 Water Bath, Buchi RE 121
Rotavapor, Flavil, Switzerland).

2.2 Isolation and cultivation of alveolar epithelial type 2 cells

Male Wistar rats (Velaz, Prague, Czech Republic) of about 180-200 g were used
in these experiments. Alveolar epithelial type 2 cells were isolated according to
Richards et al. [5] and Hoet et al. [6]. Cells were cultivated under standard
laboratory conditions in Dulbecco’s Modified Eagles” Medium (DMEM) with
5% fetal bovine serum (FBS) for 20 hours in the atmosphere of 5% carbon
dioxide in air at 37°C before exposure to metabolites. The metabolites were
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applied at various concentrations in fresh medium with 5% FBS and the
cultivation continued for another 24 hours. After finishing the cultivation the
medium was withdrawn, cells were washed twice with phosphate buffered saline
and the staining for alkaline phosphatase was performed.

2.3 Alkaline phosphatase staining (APh)

The cells were stained by the adapted method of Bingle et al [7]. One tablet of
naphtol AS-TR phosphate was dissolved in 10 ml deionised water and 3 tablets
of Fast Red RC were dissolved in 5 ml TRIS-HCI buffer pH 8.5. Cells were
stained in a mixture of 5 ml AS-TR and 5 ml Fast Red by incubation for 30
minutes at room temperature. Positive cells were stained bright red. Only cells
with 4 or more lamellar bodies were considered to be type 2 cells.

3 Results

3.1 Comparing the number of alkaline phosphatase positive cells after
exposure to metabolites from various Stachybotrys chartarum isolates

Staining of type 2 cells showed that endometabolites from Stachybotrys
chartarum decreased the number of alkaline phosphatase positive cells dose
dependently. The individual samples differ in the extent of changes. The greatest
inhibition was seen in sample 3 (Figure 1).
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Figure 1: Effect of endometabolites from 4 isolates of Stachybotrys
chartarum on alkaline phosphatase positivity of alveolar epithelial
type 2 cells after 24 h in vitro culture.
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3.2 Effect of metabolites from Aspergillus versicolor on alveolar epithelial
type 2 cells

Results from 24 hours exposure of type 2 cells to metabolites isolated from
Aspergillus versicolor are summarized in Figure 2. Both endo- and
exometabolites of two isolates were tested. The higher dose (2pg/ml) of
endometabolites showed greater toxicity than the same concentration of
exometabolites but the exposure to lower doses exhibited similar effects of both
types of metabolites.
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Figure 2: Effect of endo- and exometabolites from 2 isolates of Aspergillus

versicolor on alkaline phosphatase positivity of lung epithelial type
2 cells after 24 h in vitro culture. (A.v.: Aspergillus versicolor;
endo: endometabolites; exo: exometabolites.

3.3 Exposure of alveolar epithelial type 2 cells to metabolites produced by
Penicillium chrysogenum

The pilot study of influence of both endo- and exometabolites from Penicillium
chrysogenum on the type 2 cells at the concentration 0.1-2 pg/ml showed that
the exposed cells exhibited 85-97% alkaline phosphatase positivity of the control
value.

4 Discussion

The aim of the study was to compare the effect of metabolites produced by
various fungi isolated from mouldy buildings. In vitro cultured alveolar epithelial
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type 2 cells isolated from rats were used for testing their effect. Metabolites from
four different isolates of Stachybotrys chartarum, two of Aspergillus versicolor
and one of Penicillium chrysogenum were studied. The effect decreased in order
Stachybotrys chartarum, Aspergillus versicolor, Penicillium chrysogenum. The
metabolites from all isolates of S. chartarum and A. versicolor exhibited similar
results, their toxic effect was increased dose dependently, they differ only in their
extent. There is evidence [8] that microfungi can concurrently produce mixture
of metabolites, each of them has different effect and these metabolites may act
synergistically what may be the possible explanation for differencies between
individual isolates. Metabolites of P. chrysogenum showed only minor effect on
the alkaline positivity of the type 2 cells. Figure 2 gives evidence that there are
differencies between the effect of endo- and exometabolites of 4. versicolor: the
higher concentration of endometabolites were more toxic than the same
concentration of exometabolites but at lower concentration (which are more near
to the reality) there were not significant differencies. The results were same also
in case of S. chartarum (unpublished results). There are differencies not only in
the effect of particular isolates but also in response of particular lung cell type. In
the previous study [9] we have proved that alveolar macrophages are more
sensitive to the metabolites produced by S. chartarum than type 2 cells.
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