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A fibrinogenolytic proteinuse has been isoluted (rom Aspergillus fiumiguius culture filtrute by ammaonium sullate precipitation followed by successive
chromatographies on Sephudex G-75 and immobilized phenylulanine, The purified proteinase exhibited a moleculur weight of ubout 33 kDa. When
anulysed by SDS-polyacrylumide gels cantuining co-polymerized fibrinogen, the proleinuse uppeured as u broad band at the top of the gels, which
could correspond to polymerization of the enzyme, us suggesied by SDS-PAGE unalysis of the unboiled eluate. The iseelestric point wus 8.75 and
the enzyme was not glycasyluted. Proteinuse uctivity was optimum at pH 9 and Letween 37 and 42°C, although a decrease in activily was observed
above 37*°C. PMSF and chymostatin markedly inhibited the proteinuse activity. and good kinetic constants were oblained for the synthetic substrate,
N-Sue-Alu-Alu-Pre-Phe-pNA. These results provide direct evidence that this enzyme belongs to the chymotrypsin-like serine proteinase group.

Enzyme purification: Serine proteinuse; Fibrinogenolytic: Aspergillus fimigaties

1. INTRODUCTION

Aspergillus proteinases are typical enzymes which
have been investigated for practical purposes such as
medicine additives, fermentation of food products and
depilation of skins [1-3). Moreover, proteinases are now
of medicul interest because there is presumptive evi-
dence tor their role in the pathogenesis of infection. The
widespread tissue damage observed in patients with as-
pergillosis suggests the involvement of extracellular
products which could degrade host proteins. The rela-
tionship between fungul proteolytic activity and inva-
sive aspergillosis was first considered by Martin and
Jénsson [4]. More specific activities. such as elasti-
nolytic and collagenolytic activitics have been described
in A. fumigatus and A. flavus [5-9). the main causative
agents of aspergillosis in humans [10-12]. In previous
studies [13,14], we demonstrated the presence at the
surface of conidia, the dissemination form of the fun-
gus, of fibrinogen receptors which could mediate attach-
ment to damaged epithelia via the fibrinogen deposits.
In addition, A. fumigatus culture filtrate exhibited a
fibrinogenolytic activity which might play an important
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role in the host tissue invasion [15]. Keeping in view the
potential role of this exoprotease in the pathogenesis of
aspergillosis. the present work was undertaken to purify
and characterize this enzyme.

2. MATERIALS AND METHODS

2.1, Microorganisin and culture conditians

A. finiganes CBS 113.26 was used and propagated on Sabouraud
agar plates, For enzyme produstion, the straln was grown in nitrogen-
depleted Czapek-Dox liquid medium supplemented with 0.1% pancre-
alic peptone as sole nitrogen source, Flasks containing 1 litre of me-
dium were inoculated with approximately 107 cells per m! and incu-
bited for 72 h at 37°C.

2.2, Enzyme purification and activity assay

Step 1. The culture medium was separated from myeelium by filira-
tion. After adding ammonium sulfate to 40% finul saturation, the
filtrute was stirred for 1 h und then centrifuged (20,000 x g. 30 min).
The resulting supernatant was then precipitated to 70% ammonium
sulfate saturation and centrifuged (20,000 x g, 30 min). The (raction
that precipitated between 40 and 70% saturation was resuspended in
distilled water a1 1:10 of the originul volume and dialysed ugainst 50
mM Tris-FIClL. 100 mM NaCl bufTer, pH 7.5 (Tris buffer saline: TBS).
After removal of the insoluble material by centrifugation at 45,000
x g for 20 min. the supernatant wis concentrated with PEG 35.000.

Siep 2. The crude enzyme was loaded onio a Sephadex G-75 col-
umn (2.5 x 100 cm) equilibrated with TBS. Samples of the efMuent,
1 ml, were collected at a flow rate of 6 muh. Fraclions with high
proteinase activily were pooled, concentrated with PEG 15,000 and
dluiysed against TBS.

Siwep 3. Finally, the dialysate was subjected to a (Na-CBZ)-np-phen-
ylalanine agarose (Pisrce) column (1.14 x 10 em) equilibrated with
TBS. Proleinase was eluted with 0.2 M acetic acid, 0.2 M sodium
acetute buffer. pH 5, ut a flow rate of 10 mlMh, To avcid enzyme
denaturation. 1 mi-gollected fractions were supplemented with 200 ul
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of 10-fold concentrated 50 miM Tris-HCl buffer, pH 10. to reach
neuteal pH. Fractions with enzyme astivity were pooled. diulysed
against 50 mM Tris-HCl, pH 7.5 (Trix bufTer). and divided into ali-
quots which were stor.d at =~20°C.

Purificution was monitored for protein by measuring the absorbs
ance at 280 nm, The enzyme activity was determined by measuring the
rate of hydrolysis of u synthetic peptide, N=Suc-Ala-Alia-Pro-Phe-pNA
(Sigma), which was dissolved in dimethyl sutfoxide (DMSO) ut a stock
congentrution of 5 mM. Unless otherwise stiated. the assay was pers
formed on polystyrent microtiter plutes und the reaction misture con-
tained, per well, 180 a4l of u suitubly diluted proteinase solution in Tris
bufTer with 20 21 of substrate. After 20 min of incubsation at 37°C, the
reastion was stopped by the uddition of 100 ul of 2% v/v acetic acid
and the umount of paraaitroaniline released was measured at 405 nm
using & Titertek Multiskan specirophotometer (Flow Luboratarics).
One unit of uetivity (U) was defined as the amount of enzyme that
liberated | nmol of paranitrouniling per min under the assay condi-
tions. Pratein concentrutions weve determined by the method of
Bradford [16] using bovine serum albumin as a standurd,

2.3, Electraphorctic procedures

SDS-PAGE was curricd out according to Laemmli [17] using 10%
polyacrylamide gels which were stained with Coomassie brilliant blue
R+250, destained in 10% w/v acetic acid and restained with silver
reagent [18]. The electrophoretic migration of the purified proteinase
was compared to moleeular weight markers from Pharmacia. Purified
proteinase wax unilysed by substrate-gel clectrophoresis adapted
from the procedure of Heussen and Dowdle [19]. The enzyme extract
wis run on u 10% polyucrylamide gel co-polymerizeed with 0.02%
human fibrinogen. The gel was rinsed, 3 x 15 min, with distilisd water
und then incubated in TBS for 16 h at room temperature, [soelectric
focusing using LKB-1EF gels (3.5-9.5) was done with un LKB Mui-
tiphor apparatus according to the company's recommendations. The
appropriate LKB calibration kit wus used and silver staining was
perforimed. Proteinase activity was detected by incubation of the gel
in Tris buffer containing 0.5 mM of the fluorogenic subsirate, N-Sug-
Ala-Ala-Pro-Phe-MCA, (Sigma), for § min at roam temperature. Dig
Protein and Glycan Detection Kits from Bochringer were used atter
clectrotrunsier of the enzyme onto Immobilon membranes (Millipore).

2.4, Charucterization of the enzyme

All assnys were run in triplicate. The proteinase activity was meas-
ured over a range of pH valyes from 3.5 to 12, using (i) 0.2 M sodiuim
acetate, pH 3.5-3, (ii) 0.2 M Tris-maleate-NaOH, pH 6-8, and (iii) 0.1
M glycine~NaOH, pH 9-12, bufTers, The optimum temperature for
enzyme activity and heat stubility of the purified proteinase were
determined at temperatures runging from 37 to 100°C. The effect of
various reagents on enzyme activity was studied, These included metal
chelatingagents (EDTA. EGTA), reducing or alkylating reagents such
as dithiothreitol (DTT), 2-mercaptocthanal (2-ME), A-cthylmalei-
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mide (NEM) und iadoacetamide, detergents (SDS, Triton X-100,
Nonidet P-40). organic solvents {methunol, ethanol, DMSO) und com.
mercially available enzyme inhibitors (phenylmethylsulfony! fluaride
(PMSF), tasyl-1-phenylalanine chloromethylketone (TPCK), N-tosyl-
1-lysine chioromethyiketone hydrochloride (TLCK). soybeuan trypsin
inhibitor (SBTI), pepstatin, feupeptin, chymostatin, bestatin, clastati.
nal}. Aliquots of the purified proteinase solution (160 g1 at 2 ug/ml in
Tris bullfer) were pre-incubated for 10 min at 37°C with 20 ul of
10-fold concentrated stock solutions of exch reagent. Then, 20 ul of
chromogenic substrate (S mM) were added and proteinase activity wus
assuyed us described above, PMSF was prepured as & stock solution
in methanol, TLCK and TPCK in cthunol, and chymostatin in
DMSO. Residuail activity was determined as 4 percentage of the active
ity in control sumples without seagent. For inhibitors requiring meth.
anol, ethunol or DMSO in stock solutions, an equivalent amount of
solvent was run us a contrel. Kinetic constants were determined using
various synthetic chromogenic substrates purchased from Sigma., Sub.
strates were prepased in DMSO to yicld concentrations in the reaction
mixture of 0.128-4 mM. Proteinuse activity was assayed as deseribed
above ut different times of incubation (8, 10, 15 and 20 min). Kinetic
consiants for each substrute were calculuted from Lineweaver-Burk
plots [20).

3. RESULTS

3.1, Purification of the fungal proteinase and its mofecu-
tar properties

The enzyme was purified from 3-day-old culture fil-
trate of A. fiunigaius by sequential chromatographies on
Sephadex G-75 and immobilized phenylalanine. In the
appropriate fractions from euch chromatography, a sin-
gle peak with proteinase activity was observed (Fig. 1),
The purification steps are summarized in Table I with
an overall recovery of 22% and 39-fold purification. The
fact that only a 39-fold purification was sufficient to
achieve homogeneity confirms that the proteinase is one
of the major secreted proteins in A. fintigatus culture
medium. SDS-PAGE analysis of the purified enzyme
disclosed, after silver staining, & major protein band
with an estimated meolecular weight of 33 kDa and
minor bands of 21 and 26 kDa (Fig. 2. lane 2). Similar
results were obtained under reducing conditions sug-
gesting the absence of disulfide bonds (data not shown).
To check the fibrinogenolytic activity, the purified pro-
teinase was analysed in SDS-polyacrylamide gels con-
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Flg. 1. Clution proliles of protein (==) and proteinusc sctivity (e=e) from Sephadex G-75 column chromatography (A) and (Na-CB2Z)-p-
phenylulaning agurose column (B). The conditions were as deseribed in sestion 2,
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Table |
Summary of purilication of the proteinuse from A, fumigaius

Purificut on

Total volume Total protein  Totul activity

Recovery  Specilic uctivity Purification

{ml) (mg) (x10* U) (%) (=10 W/mg) (fold)
Culture filtrate 4,900 24.50 24 100 9.14 1.0
Fractionated ammonium sulfate precipilation
0-40% 200 1.70 4.54 2 267 0.3
40-70% 200 7.24 104 46 14.4 1.6
Sephadex G-75 12 2.50 20.2 22 20 2.2
Affinity chromutography on immobilized 17 0.14 50 2 157 9

phenylulanine

taining co-polymerized human fibrinogen. Curiously
clear zone appeared on the top of the gel (Fig. 2. lane
3) contrasting with the 33-kDa molecular weight esti-
mated previously. However, analysis of the unboiled
enzyme by SDS-PAGE gave a single protein band with
similur relative mobility (Fig. 2, lane 5). On isoelectric
focusing. the enzyme migrated as a single sharp bund
with a pl of 8.75 (Fig. 2D). indicating the homogeneity
of the preparation. An investigation of the curbohy-
drate residues on the molecule failed, showing that the
proteinase was not glycosylated {(duta not shown).

3.2. Ensymatic propertivs

The proteinase exhibited maximal activity at pH 9
and was inactive below pH 3.5 (Fig. 3). Proteinase activ-
ity decreased drastically above pH 11. However, inacti-
vation by acid or alkaline pH was reversible. Titrating
back to neutral pH after pre-incubation of the enzvme
for 20 min in 0.2 M sodium acetate, pH 3.5.0r 0.1 M
glycine-NaOH., pH 12, buffers restored the enzyme ac-
tivity. The optimum temperature. as determined by the
synthetic substrate assay, lay between 37 and 42°C.
Only 38% of the enzyme activity remained at 56°C and
no activity was detected at 75°C (Fig. 4). To determine
its heat stability, the proteinase was subjected for 20 min
at temperatures ranging from 37 to 100°C. and a de-
crease in activity due to protein denaturation was ob-
served above 37°C (Fig. 4).

The influence of a series of compounds used for enzy-
mological characterization is summarized in Table Il
Organic solvents such as methanol, ethanol and
DMSO. or non-ienic detergents (Triton X-100, Nonidst
P-40) had no significant effect on proteinase activity. In
contrast, partial inactivation was observed at 1% SDS
and increased at higher concentrations (5% and 10%).
Among the protease inhibitors, PMSF and chymostatin
strongly inhibited enzyme activity. This inibition pro-
file allows us to classify the enzyme to the category of
serine proteinases, Moreover, synthetic substrates for
chymotrypsin proved to be excellent substrates for the
fungal enzyme. The K, of the proteinase was estimated
to be 0.62 mM against N-Suc-Ala-Ala-Pro-Phe-pNA
and 1.2 mM against N-Suc-Ala-Ala-Pro-Leu-pNA.

High k.. /K. values were obtained far both synthetic
substrates (Table III).

4, DISCUSSION

Optimum pH, inhibition profile and kinetic constants
for various synthetic substrates revealed the enzyme to
be a chymotrypsin-like serine proteinase. The enzyme
presented an inhibition profile and a substrate specific-
ity similar to those obtained for bovine pancreatic chy-
motrypsin (data not shown). As with chymotrypsin, the
fungal proteinase was sensitive to PMSF and chy-
mostatin. Both enzymes presented a high affinity for
N-Suc-Ala-Ala-Pro-Phe-pNA, a lower aflinity for N-
Suc-Ala-Ala-Pro-Leu-pNA, which is more specific for
clastase-like serine proteinases, and did not hydrolyse
substrates for subtilisins, such as N-Cbz-Gly-Gly-Leu-
pNA and N-Cbz-Ala-Ala-Leu-pNA [21]. Other experi-

Lo

Fig. 2. Electrophoretic anulyses of the protcinase. Panel A: SDS-
PAGE pattern of culture filtrate (1) and purified proteinase (2) after
silver staining. Panel B: fibrinogen substrate-gel clectrophoresis of the
unboiled (3) and boiled (4) purified proteinase, Panct C: SDS-PAGE
analysis of the unboiled (5) and boiled (6) purified proleinase after
Coomassie blue staining. Panel D: iscelectric focusing of the enzyme
after silver staining (7 and its detection with u fluorogenic substrate
(8). The apparent molecular mass (MM) was estimated using the data
shown in panel A: phosphorylase b (94 kDu), bovine serum albumin
(68 kDa). ovalbumin (44 kDa), carbonic anhydrase (30 kDa) and
soybeun trypsin inhibitor (20 kDa). The Isoclectric point was deter-
mined by co-migration with isoclectric focusing standards (pH 3.5-
9.5) indicated in panei D.
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Fig. 3. Eifect of pH on the proteinase activity. The maximal activity

observed was set us 100% relative enzyme aetivity. BufTers were 0.2

M sodium ucetate, pH 1.5-5, 0.2 M Tris-muleute~-NaOH pH 6-3, 0.1

M glyeine-NaOH. pH 9-12, Purified prawinase was diluted in the

appropriate bulfer and (he ussay wus curried aut under standard
conditions,

ments demonstrated that this monomeric enzyme was
not glycosylated. This absence of glycosylation seems to
be the case for other fungal proteinases. For example,
the elastinolytic proteinases of A. flavus and A. fiunige-
tus do not include curbohydrate residues according to
recently published reports [9.22).

This serine proteinase supports the fibrinogenolytic
uctivity previously found in 4. fiunigatus culture filtrate
{15]. Analysis of the enzyme by substrate-~gel electro-
phoresis gave a ¢lear 2ane at the top of the gel. Likewise.
a single protein band with similar relative mobility was
observed by SDS-PAGE uanalysis of the unboiled en-
zyme. These results suggested for the proteinase a high
hydrophobic churacter and its polymerization. us re-
cently reported by Frosco et al, [9], Heuting the saumple
would disintegrate the polymer and release the 33-kDa
molecule.

Our results are consistent with the findings of other
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Fig. 4. Effect of temperature on the protcinase activity, Maximal
activities observed were set as 100% relative enzvme activity, The
oplimum emperature was dstermined by ussaying enzyme aclivity in
Tris buffer in a water bath at temperatures ranging from 37 to 100°C,
Heat stability of the purified proteinase was determined by incubuting
the enzyme diluted in 1 ris buffer at 37, 42, 50, 56, 60, 70, 75, 80 und
100°C far 20 min prior o assaying the activity under standard
conditions,
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Tuble 1
Effeet of various substiunces on the uctivity of the A. finnigatus pro-
teinase
Reagent Finul concentration % residual netivity
PMSF ' mM 0
Chymostatin 100 4M i}
Elastutinal 10 4M 1
ladoucetanyide 10 mM 76
SDS 1% 62
$% 29
10% 25
Nanidet P30 1% 76
Ethanol 10%: L)

Nole: the following substances did not inhibit the enzyme activity
significantly (residual activity abave 8C%) at the concentritions tested
und indieated in parentheses: EDTA, EGTA (10 mM) Ne<thyle
maleimide (2 mM): TPCK, TLCK. pepstatin, DTT (1 mM): leupeptin
(100 M) SBTIL (50 #M); bestutin (10 #M): DMSO, methano! (L0%):
2.mercaptacthanol, Triton X-100 (15%).

laboratories who used different strains of A, fiunigatus
and other purification procedures. In spite of the differ-
ent approaches, identical results have been obtained
regarding a serine proteinase with similur molecular
weight between 20 and 35 kDa from cuiture filtrate (7-9)
or mycclial extracts [23] of A, fuunigatus. In addition,
several minor bands of molecular weight less than 32-33
kDa were detected by SDS-PAGE, attesting to the high
autolytic potential of this proteinase [7-9]. Moned et al.
(8] demonstrated a decrease in this autolytic activity by
pre-incubation of this enzyme with PMSF. Authors di-
verg: on the classification of this serine proteinase.
which could belong to the chymotrypsin [7,23] or subtil-
isin [8] group. However, amino acid sequience deduced
from the gene encoding for this proteinase, which has
recently been cloned by Juton-Ogay et al. [24] and its
comparison with those of other fungal chymotrypsins
or subtilisins suggest that it belongs to the subtilisin

Table H1

Kinetic constunts for the hydrolysis of chromogenic substrates by o4,
JSumigarus proteinise

Substrate Ko K KoK
(mM) (™" ™' - M)

Suc-Alu-Ala-Pro-Phe-pNA 062 11.02x10" 1.78x ¢

Suc-Ala-Ala-Pra.Leu-pNA 1.2 441 =0 037x10

SucsTyr-Leu-Val-pNA ND*

Suce-PhespNA ND

Ac-lie-Glu-Ala-Arg-pNA ND

AceDLPhepNA ND

Bz-L-Tyr-pNA ND

Cbz-Gly-Gly-Leu-pNA ND

Cbz-Ala-Ala-Leu-pNA ND

* ND, hydralysis not detected. Sue, Succinyl; Ac, Acetyl; Bz, Benzoyl:
Cbaz. Cuarhobenzoxy: pMA, Paranitroanilide.
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group. Furthermore, the ability of this enzyme to de-
grade elastin [7-9] or collagen (8] and to detach Vero
cells in culture from plastic substrate {7] was reported.
Likewise. Robinson et al. [23] have demonstrated that
a somatic extract from A. funtigatus induced the detach-
ment of human cpithelial cells from basement mem-
brane.

The primary function of such un extrucellular pro-
teinase is to digest proteins as a nutrient source (o allow
the fungus to grow. However, degradation of proteins.
like fibrinogen. elastin [7-9]. collugen (8] und laminin
(unpublished data). would also facilitate this organism
to invade the host tissues. Indeed, some authors have
closely related the ability of A, fumigatus to cause cere-
bral (25] or pulmonary [26] mycoses with the proteinase
production by the fungus. Studies are under way to
determine if this extracellular proteinuse pluys an im-
portant role in parasitism.
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