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A strain of the common mold Stachybotrys chartarum has been isolated from the lung of a child with
pulmonary hemorrhage. We report the purification of stachyrase A, a new serine chymotrypsin-like proteinase
from S. chartarum. This enzyme cleaves major protease inhibitors, several biologically active peptides, and
collagen, all of which are found in the lung.

Neutrophil degranulation and release of powerful proteo-
lytic enzymes, including elastase and cathepsin G, comprise
one of the major mechanisms of defense against air-carried
pathogens in the lung (14). Since such enzymes can also be
destructive for the lung itself (6), specific proteinase inhibitors,
including �1-proteinase inhibitor (�1-PI), are continuously
present in fluids bathing the lung (17). However, invading
pathogens releasing their own proteinases can cleave these
inhibitors.

Stachybotrys chartarum is a common fungal organism that
normally grows on decomposing organic material but has re-
cently been found to colonize the lung (3). In the 1930s it was
held responsible for the outbreak of a new disease in animals
(4, 16). The first reports of stachybotryotoxicosis in humans
appeared in 1940 in Russia where individuals afflicted with
infection with S. chartarum have developed dermatitis, pain
and inflammation of mucous membranes, cough, fever, head-
ache, and fatigue (5). However, this organism attracted public
attention as a result of acute idiopathic pulmonary hemor-
rhage-hemosiderosis and death occurring in infants from
Cleveland, Ohio (2). The correlation between S. chartarum and
acute idiopathic pulmonary hemorrhage-hemosiderosis has re-
cently been questioned (1, 8), but simultaneously experimental
lung mycotoxicosis was found in mice exposed to spores of S.
chartarum (13). S. chartarum produces several mycotoxins, im-
munosuppressive agents, and hemolysin activity (9, 18). We
hypothesized that this fungal pathogen might also produce
proteinases that could lead to destruction of lung tissue.

S. chartarum strain JS5106 derived from the lung of an infant
with pulmonary hemosiderosis (ATCC 201859) was grown in
Luria-Bertani medium (15) containing 0.2% glucose and 0.2%
elastin with moderate shaking for approximately 3 to 4 weeks.
Cultures were assayed for amidolytic activity against 1 mM
N-Suc-Ala-Ala-Pro-Phe-pNA in 50 mM Tris (pH 7.5) at 37°C.
This analysis indicated that the medium contained proteinase,
whereas the fungus itself contained limited amounts of the
enzyme. To purify the enzyme 40% ammonium sulfate precip-

itation was applied, the pellet was redissolved in buffer A (50
mM Tris [pH 7.5] and 10 mM CaCl2) and dialyzed, and am-
monium sulfate was added to 4%. To remove dark pigment the
sample was applied to a DE-52 column, the flowthrough was
collected, ammonium sulfate was added to 15%, and the sam-
ple was applied to a phenyl-Sepharose column. The activity
was eluted in a linear gradient from 10% to 0% ammonium
sulfate in buffer A. Two separate peaks of activity were found
that contained stachyrase A and another enzyme with different
properties (unpublished data). Stachyrase A was further puri-
fied on a Mono-Q column (Amersham Pharmacia Biotech)
equilibrated with buffer A, with elution in a linear gradient of
0 to 500 mM NaCl.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) analysis (11) of the purified enzyme revealed a
protein band with a molecular mass of 32 kDa (Fig. 1). The
enzyme possessed a gelatinase activity and was easily radiola-
beled with [1,3-3H]diisopropylfluorophosphate (7, 12), indicat-
ing that it belongs to the serine proteinase family (Fig. 1).
Several attempts of amino-terminal sequence analysis yielded
an N-terminal sequence of ATQTGA (Microchemical Facility,
Emory University School of Medicine, Atlanta, Ga., and Bio-
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FIG. 1. SDS-PAGE of fractions from purification of stachyrase A
and zymography of purified enzyme. Lane a, culture medium; lane b,
40% ammonium sulfate precipitate; lane c, DE-52 flowthrough; lane d,
phenyl-Sepharose column eluate; lane e, purified stachyrase A eluted
from MonoQ; lane f, gelatin zymography of purified stachyrase A; lane
g, fluorography of purified stachyrase A labeled with [1,3-3H]diisopro-
pylfluorophosphate. Samples were reduced and boiled (lanes a to e
and g) or only boiled (lane f) before PAGE analysis.
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Centrum, Jagiellonian University, Cracow, Poland); however,
a longer sequence could not be obtained. The activity of
stachyrase A was detected over a broad pH range of 6.0 to 11.5
and the enzyme was stable for several weeks at 4°C.

Stachyrase A was inactivated by class-specific inhibitors of
serine proteinases (Table 1). Tosyl-phenylalanine chlorom-
ethyl ketone was a strong inhibitor of stachyrase A, indicating
that it is a chymotrypsin-like enzyme. The inhibition profile
obtained with orthophosphonates suggested that the enzyme
prefers phenylalanine at the P1 position and proline at the P2
position. Several chromogenic substrates were tested; however,
only N-Suc-Ala-Ala-Pro-Phe-pNA was efficiently hydrolyzed
(data not shown). Cleavage sites were further mapped using
the insulin � chain as a substrate (Fig. 2). It appears that
stachyrase A can cleave after a variety of amino acids, includ-
ing Phe, Leu, Val, Ala, Tyr, His, and Ser, indicating specificity
that is broad but is primarily towards hydrophobic amino acid
residues.

Since stachyrase A may be secreted by fungus growing within
the lung, the effect of this enzyme on substance P, bradykinin,
neurotensin, and angiotensin I and II was analyzed. Peptides
were incubated with stachyrase A (100:1) for 12 h in 50 mM
Tris (pH 7.5) at 37°C and analyzed as described previously (7).
The proteinase degraded all of the peptides, with multiple

degradation products detected. In vivo, this may lead to local
changes in blood pressure and permeability of blood vessels.

Both collagen and elastin are the major structural proteins
of the lung, and the ability to degrade these proteins is most
likely beneficial for successful growth within the lung. There-
fore, elastin and several types of collagen were incubated with
stachyrase A and samples were analyzed by SDS-PAGE. While
stachyrase A was ineffective towards elastin it efficiently de-
graded all tested types of collagen (Fig. 3). In separate studies,
we have found elastinolytic activity that is secreted by S. char-
tarum; however, this activity cannot be attributed to stachyrase
A.

Subsequently, we analyzed the effect of major plasma inhib-
itors (ART Inc., Athens, Ga.) on the activity of stachyrase A.
Figure 4 demonstrates that both �1-PI and �1-antichymotryp-
sin (�1-ACT) were cleaved by stachyrase A, whereas �2-mac-
roglobulin (�2-M) was totally degraded. Surprisingly, sequenc-
ing of cleavage products indicated that the �1-ACT cleavage
site was located at the N terminus after Val residue 21 whereas
�1-PI was cleaved at the reactive loop. Figure 5 demonstrates
the time-dependent degradation of �2-M by stachyrase A,

FIG. 2. Cleavage of insulin � chain by stachyrase A. Carboxymethy-
lated insulin � chain and stachyrase A were incubated for 24 h at 37°C
(substrate:enzyme ratio, 100:1). Degradation products were purified by
reverse-phase high-pressure liquid chromatography and analyzed by
mass spectroscopy (Electrospray) at the Chemical and Biological Sci-
ences Mass Spectrometry Facility, University of Georgia.

FIG. 3. Stachyrase A possesses collagenase activity. Ten nano-
grams of stachyrase A was incubated with 10 �g of human placenta
collagen type VI (Sigma) (a), bovine nasal septum collagen (Sigma)
(b), human placenta collagen type X (Sigma) (c), or type I rat tail
collagen (d) in 50 mM Tris (pH 7.6)–150 mM NaCl–1 mM CaCl2 for
12 h at 37°C. Samples were separated by SDS-PAGE.

FIG. 4. Effect of stachyrase A on plasma inhibitors. One micro-
gram of �1-PI, �1-ACT, or �2-M was incubated with or without
stachyrase A (200:1) for 24 h at 37°C. Samples were separated by
SDS-PAGE (left panel) or by native PAGE (right panel).

TABLE 1. Inhibition profile of stachyrase A

Inhibitor Concentration Residual
activity (%)

E64 10 mM 95
3,4-Dichloroisocoumarin 200 �M 46

1 mM 15
Bestatin 5 �g/ml 96
Leupeptin 100 �M 97
Pefabloc SC 1 mg/ml 68

10 mg/ml 28
Pepstatin 50 �g/ml 97
Aprotinin 50 �g/ml 96
EDTA 10 mM 97
Iodoacetic acid 100 �M 100
1,10-Orthophenantroline 1 mM 98
SDS 1% 86
Diisopropylfluorophosphate 10 �M 43
Tosylsulfonyl phenylalanyl chloromethyl

ketone
1 mM 65

10 mM 5
N�-p-tosyl-L-lysine chloromethyl ketone 1 mM 100
Z-Pro-Phe-(OPh)2 1 �M 9
Z-Phe-Phe-(OPh)2 1 �M 88
Z-Phe-(OPh)2 1 �M 96
Z-Leu-Phe-(OPh)2 1 �M 57
Z-Pro-Val-(OPh)2 1 �M 35
Z-Trp-CH2Cl 1 �M 85
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whereas incubation with trypsin, as expected, yielded one ma-
jor band of cleaved �2-M. In equimolar concentrations, neither
�1-ACT, �1-PI, nor �2-M had any substantial effect on enzyme
activity (data not shown). At very high concentrations of in-
hibitors inhibition could be detected, suggesting that they act
as competitive substrates. In comparison, Aspergillus-derived
seaprose was found to degrade �1-PI, form complexes, and
inactivate �1-ACT but was inhibited by �2-M (10). In addition,
we tested the effect of stachyrase A on secretory leukocyte
protease inhibitor normally present in the lung (17). This pro-
tein was also cleaved by the fungus-derived enzyme (data not
shown).

Based on the presented results we postulate that the role of
stachyrase A should now be considered together with myco-
toxins and hemolysin when pathological effects of colonization
by S. chartarum are discussed.
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FIG. 5. Time-dependent degradation of �2-M by stachyrase A. One
microgram of �2-M was incubated with or without stachyrase A or
trypsin (200:1) for 1 or 6 h (as indicated) at 37°C. Samples were
separated by SDS-PAGE.
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