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Abstract
Background: The aim of this study was to characterize
the amino acid sequence of a selected Stachybotrys
chartarum component and to investigate human IgE
reactivity against components of S. chartarum and nine
other fungal species. Methods: Human IgE reactivity
against S. chartarum and nine other fungal extracts was
investigated by the immunoblotting method. For auto-
mated amino acid sequencing analyses, the S. charta-
rum extract was purified by ion exchange chromatogra-
phy prior to in-gel alkylation and digestion with modified
trypsin. Results: Human IgE reactivity was detected
against eight components in the S. chartarum extract.
Over 80% of the sera from the exposed subjects and less
than 50% of the control sera recognized the 33-, 48- and
50-kD S. chartarum components. The human sera de-
tected a 48- to 50-kD component from the extracts of
eight fungal species. Nineteen peptide sequences were
identified from the 48-kD component of S. chartarum. An
analysis of the peptide sequences revealed homology

with known fungal glycoside hydrolase enzymes (cellu-
lases). Conclusions: The data showed human IgE reactiv-
ity against several S. chartarum components, including
one at 48 kD. On the other hand, the human sera recog-
nized 48- to 50-kD components from seven other fungal
species, suggesting shared antigenic components (e.g.
enolase) between the fungi. Thus, to our knowledge, this
is the first antigen identified from S. chartarum.

Copyright © 2004 S. Karger AG, Basel

Introduction

Stachybotrys chartarum is a saprophytic greenish-
black fungus found worldwide and known to grow well on
cellulose-based materials such as straw, hay and paper
and cellulose-containing building materials like gypsum
board or wallpaper [1–3]. S. chartarum is assumed to be a
rare contaminant in buildings [4], since it requires high-
moisture conditions to grow [5]. Water leaks, infiltration,
condensation or flooding may, however, provide a good
starting point for S. chartarum contamination in cellu-
lose-based building materials [6–8].

S. chartarum is known to produce several potential
toxins, especially when growing on cellulose-based mate-
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rials [2, 3, 7, 9]. Thus, the risk of exposure to stachybo-
tryotoxins among occupants is usually a concern when S.
chartarum contamination is detected in wet building ma-
terials and constructions [10–12]. Much less attention has
been paid to the antigenic and allergenic properties of this
fungus. Even though the health-related impact of S. char-
tarum is believed to be derived mainly from toxin expo-
sure, immunological responses to the fungus should be
studied further.

Only a few cases of elevated Stachybotrys-specific anti-
bodies or other allergic responses to Stachybotrys expo-
sure in humans have been published so far [13–15]. Korpi
et al. [16] investigated the effects of inhalation exposure to
S. chartarum extract on the serum total immunoglobulin
(Ig) E and S. chartarum-specific IgA, IgG1 and IgG2a
antibody levels in mice. S. chartarum exposure increased
the antibody levels except for those of IgA. The human
IgE reactivity against the 34- and 52-kD components of S.
chartarum was recently reported [17]. In our previous
study [18], we characterized an antigen profile for S. char-
tarum and reported the influence of culture media and
incubation time on the antigenic composition of S. char-
tarum extracts. We also described the role of carbohy-
drate moieties in the IgE-binding capacity of S. chartarum
proteins. Additionally, cross-reactivity between S. charta-
rum and ten other fungal extracts was demonstrated using
rabbit IgG antibodies. Based on the results, a 50-kD com-
ponent in 15% acrylamide gel (shown in the present study
as a 48-kD component in 10% acrylamide gel) was proved
to be the most characteristic immunologically reactive
component of S. chartarum [18]. This component was
tentatively shown to possess human IgE reactivity in
immunoblotting analyses [19].

The aim of this study was to determine partial amino
acid sequences of the 48-kD S. chartarum component, to
further investigate human IgE reactivity against S. charta-
rum components and to compare the human IgE reactivi-
ty detected with reactivity against nine other fungal spe-
cies to which serum donors might have been exposed.

Materials and Methods

Crude Fungal Antigen Preparation
Fungal antigen crude extracts (CE) were prepared substantially as

described earlier [18]. Briefly, Alternaria alternata [Deutsche Samm-
lung von Mikroorganismen und Zellkulturen (DSMZ) 62006], Asper-
gillus versicolor [University of Kuopio (UKU) 3], Cladosporium
cladosporioides (DSMZ 62121), Memnoniella echinata (Centraalbur-
eau voor Schimmelcultures 304.54), Penicillium brevicompactum
[American Type Culture Collection (ATCC) 58606], Phialophora
rebens (National Public Health Institute RE27), Phoma sp. (UKU 8),

S. chartarum (ATCC 208877, a nontoxic strain), Trichoderma viride
(DSMZ 63065) and Ulocladium botrytis (UKU 11) were cultured in
cellulose broth for 10 days at 25°C. Mycelium was separated from
the broth by centrifugation, lyophilized and resuspended in phos-
phate-buffered saline (PBS) with 0.02% (w/v) phenylmethyl sulfonyl
fluoride and natrium azide. The mycelium suspension was homoge-
nized mechanically and extracted in a shaker at 4°C overnight. After
centrifugation, the supernatant was dialyzed (molecular weight
cutoff 14.5 kD) against ultrapure water, sterile-filtered and lyophi-
lized. Lyophilized extract was stored at –70°C and resuspended in
ultrapure water for use.

Separation of S. chartarum Protein Components by Ion
Exchange Chromatography
For separation of S. chartarum components, the extracted pro-

teins were precipitated overnight at –20°C using 3 ! volume of ice-
cold acetone. A Mono Q HR 5/5 anion exchange column (Amersham
Biosciences, UK) was preequilibrated with 20 mM Tris-HCl buffer
(pH 7.5), and the precipitated S. chartarum proteins were dissolved
in the same buffer and sterile-filtered. ÄKTApurifier 10 (Amersham
Biosciences) with a linear gradient from 0 to 1 M NaCl in 45 min
with a flow speed of 1 ml/min was used for separation of the purified
S. chartarum protein extract. Fractions were collected and identified
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and immunoblotting as described below and concentrated by
ultrafiltration. Fractions containing the 48-kD component were used
for sequencing analyses.

Human Sera
Human serum samples were collected from 23 Danish teachers

working in two schools where S. chartarum was found in indoor air
samples (‘exposed subjects’) and 23 colleagues working in a school
building where no indoor air complaints or water damage had been
reported (‘control subjects’). All three of the schools were primary
schools with about 500–600 pupils and 50–60 teachers each, and all
were located in southern Denmark within a radius of 25 km. Nine-
teen of the exposed subjects worked in the basement of a 100-year-
old brick school building, where there had been water infiltration
through the outer brick wall. The floor covering was linoleum carpet
and the brick walls were decorated with wood chip paper. The ceiling
was made of cardboard plates. An additional four exposed teachers
worked in a 43-year-old brick school building with flat roofs and
damp ceiling structures. The building was built on flagstone. The
walls were made of bricks, plastered with sand material. The roof was
composed of big plates of rough organic material and there were
holes in the membrane resulting in condensation of water in the roof
construction. In both the water-damaged schools, in addition to S.
chartarum, Penicillium spp., A. versicolor and T. viride were detected
in the indoor air in the winter. The teachers in the former school
building had been exposed for about 1 year, and those in the latter
building for about 2 or 3 years before the collection of sera. No reno-
vations had been performed in either school building in the mean-
time. The main structure of the school building where the control
subjects worked was 83 years old, with additional constructions to
increase the space available. The building was made of brick and had
gable roofs. No water damage or indoor air complaints were reported
in the school, and indoor air fungal flora was shown to reflect the
normal outdoor air flora.
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The exposed subjects (n = 23) were between 26 and 57 years of
age; 35% of them were smokers and 17% had self-reported asthma.
The controls were matched with the exposed subjects regarding their
age, sex, smoking habits and atopy. In the control group, the age dis-
tribution was from 26 to 58 years; 22% were smokers, 8.6% had self-
reported asthma and 13% had hay fever. In both groups, 20 subjects
were females and 3 males.

A written and signed consent for participation in this study was
obtained from each subject. The scientific ethical committee of the
South Danish University had approved the wording of the consent
form and the use of human subjects in the study. The sera were stored
temporarily at –20°C, transported to Finland in dry ice and stored at
–70°C before analyses.

SDS-PAGE and Immunoblotting
SDS-PAGE, electrophoretic transfer and immunoblotting analy-

ses were carried out substantially as described previously [18]. In the
SDS-PAGE analysis, 10% acrylamide gel was used under reducing
conditions. The amount of fungal protein (CE) loaded in the gel was
500 Ìg. A low molecular weight electrophoresis calibration kit and
Low-Range Rainbow Molecular Weight Markers (Amersham Phar-
macia Biotech Inc., UK) were used as molecular weight standards.
Molecular weights were determined using GS-710 Calibrated Imag-
ing Densitometer and Quantity One Software (BioRad Laboratories,
USA).

Human IgE reactivity (n = 46) to S. chartarum components was
studied by the immunoblotting method. To study the human IgE
reactivity to different fungal species, the sera of five exposed subjects
who had shown an intense reaction to the 48-kD component of S.
chartarum and their matched control sera were used. In the analyses,
the dilution used for human sera was 1:5, for the S. chartarum-
specific rabbit polyclonal antiserum [18] 1:10,000, for the rabbit
anti-human Ig (P0295, Dako, Denmark) 1:1,000 and for the peroxi-
dase-conjugated swine anti-rabbit Ig (P0399, Dako) 1:10,000. Only
the reactions clearly exceeding the intensity of the negative control
(serum was replaced with a blocking agent, gelatine-PBS-Tween)
were regarded as positive.

Enzyme-Linked Immunosorbent Assay 
The levels of IgE and IgG in human sera were analyzed by

enzyme-linked immunosorbent assays (ELISA). Microtiter plates
were coated with the S. chartarum CE at a protein concentration of
1 Ìg/ml. One hundred microliters of human sera, at dilutions of 1:10
(IgE) or 1:400 (IgG), were added in duplicate into the wells of the
plates and the plates were incubated at 37 °C for 1 h. PBS (pH 7.4)
containing 0.1% (w/v) casein and 0.5% (v/v) nonionic detergent,
Nonidet P40, was used as diluent and for washes. After three washes,
100 Ìl of rabbit anti-human IgE (A0094, Dako) or peroxidase-conju-
gated rabbit anti-human IgG (P0214, Dako) were added at dilutions
of 1:500 or 1:2,000 and incubated at 37°C for 1 h. Rabbit anti-
human IgE was detected with biotinylated goat anti-rabbit IgGs
(E0432, Dako; 100 Ìl, 1:1,000, 1 h at 37°C) followed by Vectastain
Elite ABC reagent (PK-6100, Vector Laboratories, USA; 100 Ìl,
1:500). Color reactions were developed with 1% (w/v) tetramethyl-
benzidine and 0.05% urea hydrogen peroxide in 0.1 M sodium ace-
tate buffer (100 Ìl, pH 6.0). The reaction was stopped after 15 min
(2 M H2SO4), and optical density at 450 nm was measured.

Statistical differences in the Ig levels between the subject groups
were tested with the Mann-Whitney U test.

In-Gel Alkylation and Digestion with Modified Trypsin for
Sequencing Analyses
The purified S. chartarum protein extract was run on 10% SDS-

PAGE and stained with Coomassie brilliant blue. The 48-kD protein
band and a blank region of the gel (used as a negative control) were
then excised from the gel. The gel bands were cut into small (1 !
1 mm) pieces and prewashed twice with 200 Ìl of 200 mM
NH4HCO3-acetonitrile (ACN) (1:1) to remove the Coomassie stain.
After washing, the gel pieces were shrunk by dehydration in acetoni-
trile, which was then removed, and the gel pieces were dried in a
vacuum centrifuge for about 5 min. A volume of 20 mM dithiothrei-
tol in 100 mM NH4HCO3 sufficient to cover the gel pieces was add-
ed, and the proteins were reduced for 30 min at 56°C. After incuba-
tion, the reducing reagent was removed and the gel pieces were
shrunk by dehydration in acetonitrile. A volume of 55 mM iodo-
acetamide in 100 mM NH4HCO3 sufficient to cover the gel pieces
was added, and the proteins were alkylated for 15 min at ambient
temperature in the dark. After incubation, the alkylating reagent was
removed and the gel pieces were washed once with 100 mM
NH4HCO3 and shrunk by dehydration in acetonitrile, which was
then removed. The washing and shrinking steps were repeated using
milliQ water instead of NH4HCO3 prior to drying the gel pieces in a
vacuum centrifuge for about 5 min. Finally, the gel pieces were swol-
len in 10 Ìl of digestion buffer containing 100 mM NH4HCO3-10%
ACN with trypsin (0.05 mg/ml; Promega, USA). After 10 min of
incubation, the buffer solution (100 mM Tris-HCl (pH 9.2)-10%
ACN) was added to cover the gel pieces during enzymatic cleavage
(37°C overnight). The buffer solution was recovered and the pep-
tides further extracted twice with 150 Ìl of 0.1% trifluoroacetic acid
(TFA)-60% ACN at 37°C for 30 min. The extracts were added to the
first solution and the samples were concentrated using a vacuum cen-
trifuge to a volume of about 50 Ìl, then 100 Ìl of 0.1% TFA was
added and concentrated again to the final volume of about 50 Ìl.

Amino Acid Sequence Analysis
For sequence analysis by Edman chemistry, the tryptic peptides

from the S. chartarum 48-kD protein band were separated by
reversed-phase chromatography using a 0.3 ! 150 mm PepMap
(RP18, LC-Packings, The Netherlands) column. The peptides were
eluted by a linear gradient of acetonitrile (0–40% in 100 min) in
0.07% formic acid using a flow of 2 Ìl/min. The elution was moni-
tored at 214 nm and the peptides were collected manually into 10 Ìl
of 25% acetonitrile in 0.07% formic acid. Before sequence analysis,
the peptide size and purity was analyzed by matrix-assisted laser
desorption time-of-flight mass spectrometry (Bruker Biflex, Bruker
Daltonics, Bremen, Germany). Amino acid sequencing of selected
peptides by Edman chemistry was performed using a Procise 494A
sequencer (Perkin Elmer, Applied Biosystems Division, Foster City,
Calif., USA).

For de novo sequence analysis by LC-electrospray tandem mass
spectrometry, the peptides were separated on a 0.075 ! 150 mm
PepMap (RP18, LC-Packings) column by using a linear gradient of
acetonitrile (0–50% in 50 min) in 0.07% formic acid at a flow rate of
0.2 Ìl/min.

The liquid flow was directly sprayed into a quadrupole time-of-
flight mass spectrometer (Micromass, Manchester, UK) and the frag-
ment spectra were analyzed using the BioLynx sequencing program
(Micromass). The samples were analyzed also with a LCQ ion trap
mass spectrometer (Finnigan, San Jose, Calif., USA).
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Fig. 1. Graph of 33- to 70-kD S. chartarum
components detected by the sera from ex-
posed (n = 23) and control (n = 23) subjects
in the IgE immunoblotting analyses.

Table 1. S. chartarum IgG and IgE
antibody levels among the exposed and
control subjects

Mean Standard
deviation

Median Maximum Mini-
mum

IgG, OD (optical density)
Exposed subjects (n = 23) 1.227 0.509 1.186 1.999 0.375
Control group (n = 23) 1.295 0.407 1.137 1.888 0.564

IgE, OD (optical density)
Exposed subjects (n = 23) 1.107 0.327 1.161 1.615 0.253
Control group (n = 23) 0.973 0.371 0.899 1.655 0.287

Results

Human IgE Reactivity against S. chartarum and Other
Fungi
In the IgE immunoblotting analyses, the sera of the

exposed and control subjects detected eight components
in the S. chartarum CE within the molecular weight range
of 30–70 kD. The results are presented in figure 1. Over
90% of the exposed sera recognized the 33- and 48-kD
components (the 48-kD component formerly estimated as
50 kD [18]), 180% of the sera detected the 50-kD compo-
nent and 170% of the sera recognized the 35- and 70-kD
components. In the control group, the most frequently
detected component was about 33 kD (48% of the sera).
In the ELISA analyses, no significant differences in the S.
chartarum-specific IgE and IgG antibody levels were de-
tected between the exposed and control groups (p 1 0.1,
table 1).

The components (within 30–70 kD) in the extracts of
ten fungal species detected by the sera of five exposed and
five control donors in the human IgE immunoblotting
analyses are presented in table 2. The 35- and 55-kD com-

ponents were detected from eight fungal extracts, and the
48-kD component was detected from the extracts of six
fungal species studied. All ten sera recognized the 35-, 50-
and 70-kD components from A. alternata and the 48-kD
component from C. cladosporioides. The 50-kD compo-
nent of M. echinata and the 55-kD component of A. alter-
nata were recognized by nine sera, and the 41-kD compo-
nent of U. botrytis by eight sera. In the exposed group, the
IgE reactivity to all S. chartarum components and to sev-
eral A. versicolor (35-, 40- and 70-kD) and M. echinata
(47- and 48-kD) components was distinctly more preva-
lent than in the control group (table 2).

Purification and Identification of S. chartarum Protein
Components
After the purification of the S. chartarum CE by ace-

tone precipitation and anion exchange chromatography,
the number of the components in the protein extract was
reduced to about one fourth compared to the CE, as
shown in figure 2, and the 48-kD protein could be easily
isolated from the 10% SDS-PAGE gel for the in-gel diges-
tion analysis.
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Fig. 2. SDS-PAGE analyses. Left lane: molecular weight (MW) stan-
dards (Amersham Pharmacia Biotech); lane A: crude S. chartarum
extract; lane B: purified S. chartarum extract.

The partial amino acid sequence of the 48-kD protein
component was analyzed from the in-gel digested samples
by Edman degradation and MS/MS mass spectrometry
amino acid sequencing methods. Altogether, 19 peptide
sequences were identified, covering about one third of the
total amino acid structure of the 48-kD S. chartarum pro-
tein component (table 3). The peptide sequences analyzed
were homologous with various glycoside hydrolase en-
zymes (cellulases) produced by many fungal species. Only
peptides number 12 and 13 showed no homology to glyco-
side hydrolase enzymes by homology comparison (NCBI/
BLASTP). Since slightly different sequencing methods
were used during the work, a few analyzed peptide
sequences were very similar or nearly the same. However,
at least 47% homology was found between analyzed pep-
tides and the same amino acid regions in previously iden-
tified glycosyl hydrolases (fig. 3).

Discussion

Barnes et al. [17] reported the human IgE reactivity
against the S. chartarum components of 34 and 52 kD. In
this study, eight IgE-reactive components within 30–
70 kD were detected in the S. chartarum CE. The compo-
nents of about 33, 48 and 50 kD were most often recog-
nized by both the exposed and control subjects. A higher
number of exposed subjects produced IgE antibodies
against those components compared to the control sub-
jects (83–96% versus 35–48%). However, no differences
in the IgE or IgG antibody levels were detected between

Table 2. The IgE reactivity of sera from five exposed subjects that showed an intense reaction to the 48-kD component of S. chartarum and of
their matched control subjects against components of ten fungal species

Fungal species Component, kD

31 33 35 40 41 47 48 50 55 60 65 70

Stachybotrys chartarum 1/0 5/2 5/2 4/0 5/0 0/0 5/1 5/1 5/0 0/0 0/0 3/0
Ulocladium botrytis 2/4 2/3 0/1 0/0 5/3 1/0 1/2 0/2 0/1 5/0 0/0 2/3
Alternaria alternata 2/1 1/2 5/5 0/3 0/0 0/0 0/0 5/5 4/5 0/0 4/1 5/5
Memnoniella echinata 0/0 0/0 3/0 0/0 0/0 5/0 5/1 4/5 4/2 4/3 0/0 0/0
Cladosporium cladosporioides 0/0 0/0 1/0 1/4 0/0 0/0 5/5 0/0 5/1 2/3 0/0 0/0
Aspergillus versicolor 0/0 0/0 4/0 4/0 0/0 0/0 0/0 3/4 2/0 0/0 0/0 5/0
Penicillium brevicompactum 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
Phialophora rebens 3/3 3/0 1/1 0/2 5/0 0/0 1/4 0/0 1/0 0/0 1/3 0/0
Phoma 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
Trichoderma viride 2/4 3/1 3/1 0/0 0/0 0/0 1/2 0/0 2/0 1/0 0/0 0/0

All reactions 10/12 14/8 23/9 9/9 15/3 6/0 18/15 22/17 23/9 12/6 5/4 15/8
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Fig. 3. CLUSTAL W (1.82) multiple sequence alignment between sequenced peptides of the 48-kD S. chartarum compo-
nent and the three best scored glycosyl hydrolases (Humicola grisea 1,4-beta-D-glucan cellobiohydrolase; Humicola grisea
exoglucanase; Irpex lacteus cellulase, Cel3).
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Table 3. The amino acid sequence of 19 in-gel digested peptides
from the S. chartarum 48-kD protein component

Peptide No. Sequence Number of
amino acids

1 AGTNTAETHPR 11
2 LTWSAGT 7
3 DGMEPSDNXPN 12
4 FWGGQANR 8
5 YPTNEAGVK 9
6 AKYPTNEAGAR 11
7 MGNTGFYGK 9
8 MLNVYFYGK 9
9 FTVVSQFAQNR 11

10 GFNNSVVQSE 10
11 TVVSQFASVGR 11
12 VMEDVYL/IEQR 10
13 WSVTDWVAL/IK 10
14 STDWVVL/IDN 9
15 FGTGYCDAQ 9
16 FGPL/IGSTVR 9
17 PGSTDGEVVL/IDSNW 14
18 AGTNTAETHPR 11
19 EPSDNDPNAGVGPR 14

All peptides were sequenced in the Institute of Biotechnology,
University of Helsinki, except peptide number 8, which was se-
quenced in the Department of Biochemistry, University of Kuopio,
and peptide number 9, which was sequenced in the Department of
Pharmaceutical Chemistry, University of Kuopio.

the groups in this study. Likewise, in the study of Barnes
et al. [17], 49% of the healthy blood donors showed S.
chartarum IgG reactivity. These findings suggest the pos-
sibility of fungal cross-reactivity, i.e. that several fungal
species share similar or even the same antigenic compo-
nents [20]. About 70 fungal allergens have been identified
and approved by the international Allergen Nomencla-
ture Committee [21]. Most allergens are hydrolytic en-
zymes (EC group 3), such as proteases or enolases, enzyme
inhibitors, regulatory proteins or proteins involved in
transport identified in many fungal species [22]. The
slight discrepancy between the results of the immunoblot-
ting and ELISA analyses can be explained by the fact that
the serum antibody reactivity against the total antigen
extract was measured in the ELISA, while in the immuno-
blotting analyses, the reactivity against each protein com-
ponent was detected separately.

In this study, the human sera recognized two compo-
nents (35 and 55 kD) in the CE from eight of the ten fun-
gal species studied in the IgE immunoblotting analyses.

Three components of A. alternata (35, 50 and 70 kD) and
one component of C. cladosporioides (48 kD) were de-
tected by all ten sera. This was logical because A. alternata
and C. cladosporioides are common outdoor air fungi. In
the literature, several 34-kD components of Aspergillus
and Penicillium are described as serine proteases [23]; 53-
kD components of A. alternata and Cladosporium herba-
rum are described as aldehydedehydrogenases [24]; and a
48-kD component of C. herbarum is described as an eno-
lase [24]. On the other hand, the sera of the subjects who
were known to be exposed to S. chartarum, A. versicolor,
Penicillium sp. and T. viride in their work environment
showed more prevalent reactions to several S. chartarum,
A. versicolor and M. echinata components compared to
the control group. Antigenic components of M. echinata
have not been reported in the literature, but the morphol-
ogy of the fungus closely resembles S. chartarum [25], and
thus they may also have similar antigenic components.

In our previous study [18], the 50-kD component (now
described as a 48-kD component in 10% acrylamide gel)
was shown to be the most characteristic component of S.
chartarum. In this study, the human serum IgE recog-
nized the components of about 48 or 50 kD in the extracts
from eight of the ten fungal species. Several allergens of A.
alternata, C. herbarum, Aspergillus fumigatus and Penicil-
lium citrinum have been identified as enolases with a
molecular weight of about 47–48 kD [24, 26, 27]. Nev-
ertheless, no signs of homology to enolases were seen in
the amino acid structure of the sequenced peptides of the
48-kD component isolated from S. chartarum in this
study. Instead, homology in the amino acid sequence
between 17 out of 19 peptides of the 48-kD S. chartarum
component and fully identified glycosyl hydrolases (also
known as cellulases) was observed, suggesting that the 48-
kD S. chartarum component is a glycosyl hydrolase, more
accurately a cellobiohydrolase type of cellulose-degrading
enzyme. On the other hand, it is also possible that the
sequenced peptides consist of several cellulose-like or oth-
er components with a similar molecular weight. However,
only two of the analyzed peptides showed no direct
homology to fully identified cellulases, supporting the
assumption that the 48-kD component is a cellulase.

S. chartarum is known to be a cellulolytic fungus [1–3].
Endo-1,4-ß-glucanase (cellulase) production by Stachybo-
trys elegans has been reported by Tweddell et al. [28]. A
few fungal cellulases have been identified as allergens, e.g.
1,4-(1,3;1,4)-ß-D-glucan glucanhydrolase from T. viride
and Aspergillus niger [22]. In the literature, several identi-
fied glycosyl hydrolases have a molecular weight between
45 and 55 kD, consisting of about 450–550 amino acid
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moieties [29–35]. Glycoside hydrolases are a widespread
group of enzymes that hydrolyse the glycosidic bond
between two or more carbohydrates or between a carbo-
hydrate and a noncarbohydrate moiety/ies [36]. Cellulo-
lytic enzymes have traditionally been classified as exoglu-
canases or cellobiohydrolases, endoglucanases and ß-glu-
cosidases. Classification of glycoside hydrolases into fam-
ilies is based on amino acid similarity [37].

There is very limited knowledge of identified amino
acid sequences of proteins and/or enzymes produced by S.
chartarum. Only a short N-terminal sequence of a chymo-
trypsin-like serine protease from S. chartarum was re-
ported by Kordula et al. [38]. Furthermore, tentative

characterization of the hemolysin stachylysin has been
undertaken by mass spectrometry [39]. Thus, to our
knowledge, this is the first antigen identified from S. char-
tarum.

Acknowledgements

This work was supported by the National Technology Agency
(Grants 40014/00, 4009/01 and 40156/02), Oy Medix Biochemica
Ab and the Foundation for Advanced Technology of Eastern Fin-
land. The authors thank Nisse Kalkkinen, PhD, Institute of Biotech-
nology at University of Helsinki, and Annikka Linnala-Kankkunen,
PhD, Department of Biochemistry at University of Kuopio, for pep-
tide sequencing.

References

1 Harrach B, Bata A, Bajmocy E, Benko M: Isola-
tion of satratoxins from bedding straw of a
sheep flock with fatal stachybotryotoxicosis.
Appl Environ Microbiol 1983;45:1419–1422.

2 Jarvis BB, Lee Y-W, Comezoglu N, Yatawara
CS: Trichothecenes produced by Stachybotrys
atra from Eastern Europe. Appl Environ Mi-
crobiol 1986;51:915–918.

3 Nikulin M, Pasanen A-L, Berg S, Hintikka E-L:
Stachybotrys atra growth and toxin production
in some building materials and fodder under
different relative humidities. Appl Environ Mi-
crobiol 1994;60:3421–3424.

4 Samson RA, Flannigan B, Flannigan ME, Ver-
hoeff AP, Adan OCG, Hoekstra ES (eds): Rec-
ommendations; in Health Implications of Fun-
gi in Indoor Environments. Amsterdam, Else-
vier Science, 1994, Air Quality Monographs,
vol 2, pp 529–583.

5 Domsch KH, Gams W: Fungi in Agricultural
Soils. Stuttgart, Gustav Fisher, 1972, pp 188–
191.

6 Andersson MA, Nikulin M, Köljalg U, Anders-
son MC, Rainey F, Reijula K, Hintikka E-L,
Salkinoja-Salonen M: Bacteria, molds, and tox-
ins in water-damaged building materials. Appl
Environ Microbiol 1997;63:387–393.

7 Nielsen KF, Hansen MO, Larsen TO, Thrane
U: Production of trichothecene mycotoxins on
water damaged gypsum boards in Danish
buildings. Int Biodeterior Biodegradation
1998;42:1–7.

8 Tuomi T, Reijula K, Hemmniki K, Hintikka
EL, Lindroos O, Kalso S, Koukila-Kahkola P,
Mussalo-Rauhamaa H, Haahtela T: Mycotox-
ins in crude building materials from water-
damaged buildings. Appl Environ Microbiol
2000;66:1899–1904.

9 Jarvis BB, Salemme J, Morais A: Stachybotrys
toxins. 1. Nat Toxins 1995;3:10–16.

10 Fung F, Clark R, Williams S: Stachybotrys, a
mycotoxin-producing fungus of increasing tox-
icoloxic importance. J Toxicol Clin Toxicol
1998;36:79–86.

11 Page EH, Trout DB: The role of Stachybotrys
mycotoxins in building-related illness. AIHAJ
2001;62:644–648.

12 Terr AI: Stachybotrys: Relevance to human dis-
ease. Ann Allergy Asthma Immunol 2001;87:
57–63.

13 Kozak PP, Gallup J, Cummins LH, Gillman
SA: Currently available methods for home
mold surveys. II. Examples of problem homes
surveyed. Ann Allergy 1980;45:167–176.

14 Johanning E, Landsbergis P, Gareis M, Yang
CS, Olmsted E: Clinical experience and results
of a sentinel health investigation related to
indoor fungal exposure. Environ Health Per-
spect 1999;107(suppl 3):489–494.

15 Raunio P, Pasanen A-L, Husman T, Virtanen
T: Exposure to Stachybotrys chartarum induces
immunoglobulin A antibody response in man;
in Johanning E (ed): Bioaerosols, Fungi and
Mycotoxins; Health Effects, Assessment, Pre-
vention and Control. Albany, Eastern New
York Occupational and Environmental Health
Center, 1999, pp 174–178.

16 Korpi A, Kasanen J-P, Kosma V-M, Virtanen
T, Pasanen A-L: Murine respiratory and im-
munological responses to the inhalated aerosols
of Stachybotrys chartarum extract. Ann Occup
Hyg 2002;46(suppl 1):272–276.

17 Barnes C, Buckley S, Pacheco F, Portnoy J:
IgE-reactive proteins from Stachybotrys charta-
rum. Ann Allergy Asthma Immunol 2002;89:
29–33.

18 Raunio P, Kärkkäinen M, Virtanen T, Rau-
tiainen J, Pasanen A-L: Preliminary descrip-
tion of antigenic components characteristic of
Stachybotrys chartarum. Environ Res 2001;85:
246–255.

19 Raunio P, Kärkkäinen M, Johanning E, Rau-
tiainen J, Pasanen A-L: The human IgE reactiv-
ity to components of the Stachybotrys fungus.
Proceedings of the 9th International Confer-
ence on Indoor Air Quality and Climate, Mon-
terey 2002, vol 3, pp 71–75.

20 Kurup VP, Shen HD, Banerjee B: Respiratory
fungal allergy (review). Microbes Infect 2000;2:
1101–1110.

21 Kurup V, Shen H-D, Vijay H: Immunology of
fungal allergens. Int Arch Allergy Immunol
2002;129:181–188.

22 Steward G, Thompson P: The biochemistry of
common aeroallergens. Clin Exp Allergy 1996;
26:1020–1044.

23 Kurup VA, Banerjee B: Fungal allergens and
peptide epitopes. Peptides 2000;21:589–599.

24 Achatz G, Oberkofler H, Lechenauer E, Simon
B, Unger A, Kandler D, Ebner C, Prillinger H,
Kraft D, Breitenbach M: Molecular cloning of
major and minor allergens of Alternaria alter-
nata and Cladosporium herbarum. Mol Immu-
nol 1995;32:213–227.

25 Jong SC, Davis EE: Contribution to the knowl-
edge of Stachybotrys and Memnoniella in cul-
ture. Mycotaxon 1976;3:409–485.

26 Simon-Nobbe B, Probst G, Kajava AV, Ober-
kofler H, Susani M, Crameri R, Ferreira F,
Ebner C, Breitenbach M: IgE-binding epitopes
of enolases, a class of highly conserved fungal
allergens. J Allergy Clin Immunol 2000;106:
887–895.

27 Lai H-Y, Tam MF, Tang R-B, Chou H, Chang
C-Y, Tsai J-J, Shen H-D: cDNA cloning and
immunological characterization of a newly
identified enolase allergen from Penicillium ci-
trinum and Aspergillus fumigatus. Int Arch Al-
lergy Immunol 2002;127:181–190.

28 Tweddell R, Marchall J, Jabaji-Hare S: Endo-
1,4-ß-glucanase (cellulase) production by Sta-
chybotrys elegans, a mycoparasite of Rhizoc-
tonia solani. Mycologia 1996;88:410–415.

29 Hamada N, Fuse N, Shimosaka M, Kodaira R,
Amano Y, Kanda T, Okazaki M: Cloning and
characterization of a new exo-cellulase gene,
cel3, in Irpex lacteus. FEMS Microbiol Lett
1999;172:231–237.



144 Int Arch Allergy Immunol 2004;133:136–144 Kärkkäinen/Raunio/Rautiainen/Auriola/
Hinke/Pasanen

30 Pocas-Fonseca MJ, Lima BD, Brigido MM,
Pereira IS, Felipe MSS, Radford A, Azevedo
MO: Humicola grisea var. thermoidea cbh1.2:
A new gene in the family of cellobiohydrolases
is expressed and encodes a cellulose-binding
domain-less enzyme. J Gen Appl Microbiol
1997;43:115–120.

31 Takashima S, Iikura H, Nakamura A, Hidaka
M, Masaki H, Uozumi T: Isolation of the gene
and characterization of the enzymatic proper-
ties of a major exoglucanase of Humicola grisea
without a cellulose-binding domain. J Biochem
1998;124:717–725.

32 Sexton AC, Paulsen M, Woestemeyer J, How-
lett BJ: Cloning, characterization and chromo-
somal location of three genes encoding host-
cell-wall-degrading enzymes in Leptosphaeria
maculans, a fungal pathogen of Brassica spp.
Gene 2000;248:89–97.

33 Lee CC, Wong DW, Robertson GH: Cloning
and characterization of two cellulase genes
from Lentinula edodes. FEMS Microbiol Lett
2001;205:355–360.

34 Lockington RA, Rodbourn L, Barnett S, Carter
CJ, Kelly JM: Regulation by carbon and nitro-
gen sources of a family of cellulases in Aspergil-
lus nidulans. Fungal Genet Biol 2002;37:190–
196.

35 Ahn JH, Sposato P, Kim SI, Walton JD: Molec-
ular cloning and characterization of cel2 from
the fungus Cochlibolus carbonum. Biosci Bio-
technol Biochem 2001;65:1406–1411.

36 Davies G, Henrissat B: Structures and mecha-
nisms of glycosyl hydrolases. Structure 1995;3:
853–859.

37 Henrissat B: A classification of glycosyl hydro-
lases based on amino acid sequence similari-
ties. Biochem J 1991;280:309–316.

38 Kordula T, Banbula A, Macobson J, Travis J:
Isolation and properties of stachyrase A, a chy-
motrypsin-like serine protease from Stachybo-
trys chartarum. Infect Immun 2002;70:419–
421.

39 Vesper S, Magnusson M, Dearborn D, Yake I,
Haugland R: Initial characterization of the he-
molysin stachylysin from Stachybotrys charta-
rum. Infect Immun 2001;69:912–916.


