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An extracellular proteinase of Candida albicans was purified by a combination of 0~75% am-
monium sulfate precipitation, DEAE Sepharose Fast Flow ion exchange chromatography, and
Sephacryl S-200 HR molecular sieve chromatography. Its molecular weight was approximately
41 kDa on SDS-PAGE and isoelectric point was 4.4. The enzyme was inhibited by pepstatin A.
Optimum enzyme activity ranged from pH 2.0 to 3.5 with its maximum at pH 2.5 and a tem-
perature of 45°C. The addition of divalent cations, Ca”, Zn** and Mg*, resulted in no significant
inhibition of enzymatic activity. However, some inhibitory effects were observed by Fe™, Ag”
and Cu®. With BSA as substrate, an apparent K,, was determined to be 7x10” M and K, using
pepstatin A as an inhibitor, was 8.05x 10° M. N-terminal amino acid sequence was QAVPVTLX-
NEQ. Degradation of BSA and fibronectin was shown but not collagen, hemoglobin, im-
munoglobulin G, or lysozyme. The enzyme preferred peptides with Glu and Leu at the P, po-
sition, but the enzyme activity was highly reduced when the P; position was Phe or Pro. This en-
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zyme showed antigenicity against sera of patients with candidiasis.
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Infection with Candida albicans, a normal yeast
flora of the gastrointestinal tract and mucosa (22,
25), is ever increasing in the immunocompromised
host and in patients undergoing invasive surgical
procedures (7). C. albicans and some other patho-
genic Candida species secrete an aspartic (acid)
proteinase that can degrade a number of host pro-
teins including albumin, collagen, immunoglo-
bulins, keratin, and hemoglobin (8, 19, 27, 28) and
is potentially involved in the pathogenicity of the
organism. The evidence of this role has been prov-
ed by the fact that the deficiency in the aspartic
proteinase has been well correlated with a low lev-
el of virulence in some strains of C. albicans (11,
14, 26). The proteinase appears to facilitate adh-
erence, growth, and epithelium and tissue invasion
(9, 32).

In previous studies, extracellular proteinase of
C. albicans has been partially characterized by
the several investigators (8, 16, 19, 24, 27), but a
thorough investigation has been hampered by the
lack of purified proteinase. In this study, we have
purified the extracellular aspartic proteinase
from culture filtrate of C. albicans and charac-
terized the biochemical and immunological pro-
perties.

* To whom correspondence should be addressed

Materials and Methods

Strain and culture condition

Twenty five clinical isolates of C. albicans were
isolated from Korean patients, identified by using
API 20 C AUX Kit (BioMerieux Inc., France) and
were used in this study. To select a strain pro-
ducing high level of proteinase, BSA agar medium
containing 0.2% BSA, 1.45 g of yeast nitrogen base
(YNB; without ammonium sulfate and amino acids,
Difco Laboratories, Detroit, Mich.), 20 g of glucose
and 20 g of agar per liter was used. The agar solu-
tion was autoclaved, and the 0.22 um filter-ster-
ilized BSA-YNB broth was added to the cooled
(45°C) agar solution. The pH of agar medium was
adjusted to 4.0. Twenty five strains were streaked
on the plates and incubated at 30°C for 3 days. The
amount of proteinase produced by each strain was
determined by the size of clear zone of each colony.
The strain (KIT 1113) which showed the largest
clear zone was selected and used for further study.
The selected strain was cultured in BSA-YNB
broth as described by Homma et al (6).

Purification of enzyme

The enzyme activity in the culture filtrate reached
its maximum after 2 days growth. At this stage C.
albicans cells were removed by centrifugation at
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10,000 rpm for 10 min. The culture filtrate was pass-
ed through 0.22 um membrane filters (Gelman Sci-
ences, Ann Arbor, MI) to remove any remaining
yeast cells. Culture filtrate was precipitated with am-
monium sulfate (75%), centrifuged at 10,000 rpm for
10 min and dialyzed against 50 mM sodium phos-
phate buffer (pH 6.5). The dialysate was applied to a
column (1.6 by 13 cm) of DEAE Sepharose Fast Flow
equilibrated with 50 mM sodium phosphate buffer
(pH 6.5) and eluted with the same buffer at a flow
rate of 40 ml/h. Adsorbed proteins were eluted with
0.1, 0.2, 0.3, and 0.5 M NaCl in stepwise gradient.
Eluate (2.5 ml/fraction) was collected for meas-
urement of absorbance at 280 nm and enzyme ac-
tivity. Fractions containing maximal enzyme activity
were pooled, dialyzed against distilled water at 4°C
and lyophilized. The partially purified enzyme was
further purified by using Sephacryl S-200 HR molec-
ular sieve chromatography (16 by 65cm) equili-
brated with 25 mM Tris-HCl buffer (pH 7.0) con-
taining 10 mM NaCl. The protein concentration was
measured by the method of Lowry et al. (13) using
BSA as the standard.

Proteinase activity assay

Enzyme activity was determined spectrophoto-
metrically following the digestion of BSA as sub-
strate as described by Crandall and Edwards (2).
To 30 ul enzyme solution, 270 ul 1% (w/v) BSA in 50
mM KCI-HC] buffer (pH 2.5) was added, and the
mixture incubated at 37°C for 2h. The reaction
was then stopped by adding 700 ul ice-cold 10% (w/
v) trichloroacetic acid. Precipitated protein was re-
moved by centrifugation at 10,000 rpm for 5min.
The amount of proteolysis was determined by
measuring the A, of the supernatant. One unit of
enzyme activity was defined as the amount of en-
zyme needed to increase 0.1 O.D. unit in Ay

SDS-PAGE

SDS-PAGE was performed by the method of
Laemmli (12) using 10% (w/v) polyacrylamide gels.
Proteins in the gel were stained with 0.1% Coomas-
sie Brilliant Blue R-250 (CBB-R250) in methanol/a-
cetic acid/water (1:2:1, by vol.). To evaluate the reac-
tivity of purified enzyme to concanavalin A (Con A),
electrotransfer blot of enzyme was reacted with
peroxidase-conjugated Con A (Sigma Chemicals Co.,
St. Louis, Mo.) diluted 1:200 in PBST for 4 h. The
reaction was visualized by incubating the blot with
substrate solution of 0.05% 3,3'-diaminobenzidine
(DAB) and 0.01% H,O..

Determination of molecular weight
The molecular weight of the purified enzyme
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was determined by SDS-PAGE. The reference pro-
teins were phosphorylase b (94,000), bovine se-
rum albumin (67,000), ovalbumin (43,000), car-
bonic anhydrase (30,000), trypsin inhibitor (20,
100) and o-lactalbumin (14,400) (Sigma). The na-
tive molecular weight of the purified enzyme was
determined by molecular sieve chromatography.
The purified enzyme was applied to a column (1.6
by 50cm) of Sephacryl S-200 HR precalibrated
with calibration standards. Standard proteins
were aldolase (158,000), bovine serum albumin
(67,000), and chymotrypsinogen A (25,000) (Phar-
macia, Uppsala, Sweden).

Determination of isoelectric point

Isoelectric focusing was carried out on a Phar-
macia Phast gel (Pharmacia) containing ampholine
of the pH range of 3-10 and calibration kit proteins
(Pharmacia) were used. After electrofocusing, the
gel was stained and destained.

Determination of optimal pH

The pH optimum of purified enzyme was det-
ermined in various buffers (pH range 1.0~7.0).
Thirty microliters of enzyme solution was added
to 270 ul of 50 mM KCI-HCI buffers (pH 1.0~2.5),
50 mM sodium citrate buffers (pH 3.0~3.5), 50 mM
sodium acetate buffers (pH 4.0~5.5), and 50 mM so-
dium phosphate buffers (pH 6.0~7.0), which then
were incubated for 2 h at 37°C with BSA as the
substrate. For each pH step, blanks were measur-
ed separately.

Determination of optimal temperature and
heat stability

To determine the optimal temperature of enzyme
activity, thirty microliters of enzyme solution was
added to 270 ul of 50 mM KCI-HCI buffer (pH 2.5)
and incubated for 2 h at various temperatures from
10°C to 70°C with BSA as the substrate. Heat sta-
bility of purified enzyme was assessed by the fol-
lowing method. The purified enzyme in 50 mM KCl-
HCI buffer (pH 2.5) was preincubated in a sealed
tube for various time intervals at 45°C and 60°C
prior to the assay. And then residual enzymatic ac-
tivity was measured.

Effect of proteinase inhibitors and divalent
cations on enzyme activity

The effect of proteinase inhibitors on enzyme ac-
tivity was examined. The purified enzyme was
preincubated at 37°C for 30 min in 50 mM KCI-HCl
buffer (pH 2.5) containing inhibitors. Substrate
was then added. The reaction mixtures were in-
cubated at 37°C for 2 h and enzyme activity was
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measured. The inhibitors used in this study were
diisopropy!l fluorophosphate (DFP, 100 M), phenyl-
methyl sulfonylfluoride (PMSF, 1mM), trans-
epoxysuccinyl-L-leucylamido-(4-guanidino)butane
(E-64, 10 M), N-o-p-tosyl-L-lysine-chloromethyl
ketone (TLCK, 100uM), N-tosyl-L-phenylalanine-
chloromethyl ketone (TPCK, 100uM), iodoacetic
acid (100uM), pepstatin A (1uM), and ethy-
lenediaminetetraacetic acid (EDTA, 5 mM). All the
inhibitors were purchased from Sigma. The effect
of metal ions on enzyme activity was examined by
the following method. The purified enzyme was in-
cubated in 50 mM KCI-HCI buffer (pH 2.5) con-
taining 2, 5 and 10 mM MgCl,, CaCl,, ZnCl,, FeCl,,
CuSO0,, and AgNO; at 37°C for 2 h, respectively. Ap-
propriate blanks were treated identically without
adding divalent cations.

Kinetic studies

Kinetics were measured at pH 2.5 with BSA as
the substrate at concentration between 10® and 10*
M. The enzyme concentration was constant at 10°
M. K., and V,,,. were calculated from the Lineweav-
er-Burk plot of the results. Inhibition kinetics were
measured at constant enzyme concentration of 10°
M, and by varying substrate and pepstatin A con-
centration, ranging between 10° and 10°M and 10°
and 10° M, respectively. K; was calculated from the
Lineweaver-Burk plot of the result.

N-terminal amino acid sequencing

The purified enzyme was subjected to SDS-PAGE.
Electrotransfer of proteins to polyvinylidene di-
fluoride (PVDF) membrane was carried out ac-
cording to the method described previously (15).
Analysis of the N-terminal sequence was carried
out by the automated Edman degradation with a
MilliGen/Biosearch 6600 Prosequence system
(Millipore, Bedford, MA).

Substrate specificity

Purified collagen, type I (from bovine achilles ten-
don), fibronectin (from human plasma), hemoglobin
(from human blood), bovine serum albumin and
lysozyme (from human) were purchased from Sigma.
Immunoglobulin G was purchased from Organon
Teknika N.V. Cappel Products. These proteins were
dissolved in 50 mM KCI-HCI buffer (pH 2.5) at a
concentration of 1 mg/ml. These substrates were in-
cubated with purified enzyme at an enzyme :sub-
strate ratio (1:150) for various time intervals (0 to
12 h) at 45°C. The reactions were stopped by adding
an equal volume of denaturing sample buffer (0.125
M Tris-HCI (pH 6.8), 2% SDS, 2% sucrose, 0.1% B-
mercaptoethanol) followed by boiling the sample for
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2 min. SDS-PAGE was performed by the method
described previously. Substrate specificity was furth-
er determined by using various chromogenic pep-
tide substrates. The peptide substrates used here
were N-Acetyl-Ala-Ala-Pro-Ala f(-Naphthylamide,
No-Benzoyl-Arg-Gly-Phe-Phe-Leu B-Naphthylamide,
N-CBZ-Leu-Leu-Glu B-Naphthylamide, N-Succinyl-
Gly-Gly-Phe p-Nitroanilide, N-CBZ-Gly-Gly-Leu p-
Nitroanilide, N-Acethyl-Ile-Glu-Ala-Arg p-Nitro-
anilide, Gly-Pro-Leu B-Naphthylamide, N-Succinyl-
Ala-Ala-Pro-Phe p-Nitroanilide, N-Succinyl-Ala-Ala-
Val p-Nitroanilide, N-Methoxysuccinyl-Ala-Ala-Pro-
Met p-Nitroanilide and No-Benzoyl-p.-Arg B-Na-
phthylamide. Purified enzyme (7pug) and peptide
substrate (final concentration at 100 uM) were in-
cubated in 50 mM KCI-HCI buffer (pH 2.5) at 37°C
for 1h. After then, changes in absorbance at 400
nm, for p-Nitroanilide, and at 340 nm, for B-Na-
phthylamide, were determined with spectropho-
tometer (Beckerman, DU-600).

Immunoblotting

Electrophoretic transfer of proteinase from po-
lyacrylamide gels to nitrocellulose membrane was
performed in Tris-Glycine buffer (pH 8.3), as des-
cribed previously (31). Non-specific sites were
blocked with 3% skim milk in PBS-0.5% Tween 20
(PBST, pH 7.2). The blocked sheets were imm-
ersed in antiserum diluted 1:1,000 in 3% skim
milk in PBST for 2 h with gentle shaking and
washed with PBST three times (10 min each
wash). The sheets were incubated with perox-
idase-conjugated anti-human goat IgG (Sigma) di-
luted 1:1,000 in PBST for 2 h. The reaction was
visualized by incubating the sheets with sub-
strate solution of 0.05% 3,3'-diaminobenzidine
(DAB) and 0.01% H,0,.

Results

Purification of extracellular proteinase
Purification of an extracellular proteinase from
culture filtrate of C. albicans was performed with
ammonium sulfate precipitation and a series of
chromatographic steps. DEAE Sepharose Fast
Flow ion exchange chromatography of the am-
monium sulfate precipitates yielded one peak of
proteolytic activity (Fig. 1). The fractions which
showed proteolytic activity were pooled, con-
centrated and applied to Sephacryl S-200 HR
molecular sieve chromatography. The active frac-
tions were pooled, concentrated, and used for furth-
er studies. A typical purification step is sum-
marized in Table 1. Fig. 2 shows purified enzyme
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Fig. 1. Elution profile of proteinase on the DEAE Sepharose
Fast Flow ion exchange chromatography. The concentrated
crude extract obtained from culture filtrate of C. albicans was
applied to DEAE column (1.6 by 15 cm) preequilibrated with 50
mM sodium phosphate buffer (pH 6.5). The column was eluted
with 0.1, 0.2, 0.3 and 0.5 M NaCl in stepwise gradient (-).
Fraction volume was 2.5 ml and proteolytic activity assayed (&)
and protein concentration (O) was monitored at 280 nm.

Table 1. Purification scheme of aspartic proteinase of C. al-
bicans

Total Total Total Specific Purifi- .
. .. . . Yield
volume protein activity activity cation %)

(ml) (mg (Unit) (Unit/mg) fold ‘

CF! 2,000 2975 17,800 18.3 1 100
AS? 100 684.4 16,357 23.9 1.3 919
DEAE’® 13 4.7 8,155 1,735.1 94.8 45.8
Gel* 3 24 6,621 27758.8 150.8 37.2

' Culture filtrate

* Ammonium sulfate precipitation

* DEAE Sepharose Fast Flow ion exchange chromatography
‘ Sephacryl S-200 HR molecular sieve chromatography
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Fig. 2. SDS-PAGE analysis of purified proteinase of C. al-
bicans. Lane A, Coomassie blue stain; Lane B, Reaction
with peroxidase-conjugated Con A.

on SDS-PAGE. The enzyme had reactivity with
Con A; therefore, this enzyme was thought to be a
glycoprotein. The molecular weight of the enzyme
is approximately 41 kDa on SDS-PAGE and the na-
tive molecular weight was about 43 kDa when det-
ermined by Sephacryl S-200 HR molecular sieve
chromatography (Fig. 3). The isoelectric point was
determined to be 4.4 (data not shown).
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Fig. 3. Molecular weight determination of purified proteinase. (A) Molecular weight determination by SDS-PAGE. A-F are
standard proteins, phosphorylase b (94,000), bovine serum albumin (67,000), ovalbumin (43,000), carbonic anhydrase (30,000),
trypsin inhibitor (20,100) and o-lactalbumin (14,400), respectively. (B) Molecular weight determination by Sephacryl S-200
HR molecular sieve chromatography. A-C are standard proteins, aldolase (158,000), bovine serum albumin (67,000) and chy-

motrypsinogen A (25,000), respectively.
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Optimal pH

The purified enzyme was most active at pH 2.5
in various buffers (pH 1.0~7.0). The enzyme was ac-
tive over a narrow pH range of 2.0 to 3.5 and show-
ed no activity below pH 2.0 and above pH 4.0 (Fig.
4A). The enzyme was denaturated and inactivated
at alkaline conditions (data not shown). Alkaline
denaturation was observed definitely above pH 8.0
with some denaturation at neutral pH. The en-
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Relative activity(%)
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Temperature(°C)

Fig. 4. Optimal pH and optimal temperature of purified en-
zyme. (A) Optimal pH of purified enzyme. The activity was
assayed in 50 mM KCI-HCl buffers (pH 1.0~2.5), 50 mM so-
dium citrate buffers (pH 3.0~3.5), 50 mM sodium acetate
buffers (pH 4.0~5.5) and 50 mM sodium phosphate buffers
(pH 6.0~7.0). Maximal activity was shown as 100%. (B) Op-
timal temperature of purified enzyme. The purified enzyme
was incubated at various temperatures for 2 h and then the
proteinase activity assayed. Maximal activity was shown as
100%.

Aspartic Proteinase of C. albicans Na et al. 113

zyme activity was not recoverable after alkaline
denaturation.

Optimal temperature and heat stability

The enzyme exhibited a narrow temperature op-
timum with a maximum activity at 45°C with inac-
tivation rapidly occurring below 40°C and above
50°C; yet it was not completely inactivated (Fig.
4B). The enzyme became unstable at 45°C and resi-
dual activity after 12 h incubation was 22%. At
60°C, the enzyme was completely inactivated after 8
h (data not shown).

Effect of proteinase inhibitors and divalent
cations

The effect of a wide spectrum of inhibitors on the
activity of enzyme was determined by measuring
residual activity following preincubation of the en-
zyme with inhibitors in 50 mM KCI-HCI buffer (pH 2.
5) at 37°C for 30 min (Table 2). The enzyme was in-
hibited by pepstatin A. However, no significant in-
hibitions were observed with DFP, PMSF, TPCK
and TLCK (inhibitors of serine proteinases), E-64
and iodoacetic acid (inhibitors of cysteine pro-
teinases) and EDTA (inhibitor of metalloproteinases).
While the diavalent cations, Ca*, Zn", and Mg”
showed no significant inhibition, the Cu*, Ag”, and
Fe* exhibited some inhibitory effect, especially the
Fe™ cation. At a concentration of 10 mM of Fe”, en-
zyme activity was completely inhibited (Table 3).

Substrate specificity

The purified enzyme degraded BSA and fi-
bronectin in a time dependent manner (Fig. 5).
BSA was rapidly degraded; however, the degra-

Table 2. Effect of inhibitors on the activity of proteinase of
C. albicans

o Concentration Relative activity

Inhibitor (mM) %)
Control' 100.0
PMSF 1 104.7
DFP 0.1 105.8
TPCK 0.1 95.0
TLCK 0.1 91.8
E-64 0.01 102.7
Todoacetic acid 0.1 104.3
Pepstatin A 0.001 9.9
EDTA 5 87.6

! Control represents the activity tested without any inhibitors.
*% of control
PMSF, phenylmethyl sulfonylfluoride; DFP, diisopropyl flu-
orophosphate; TPCK, N-tosyl-L-phenylalanine-chloromethyl
ketone; TLCK, N-o-p-tosyl-L-lysine-chloromethyl ketone; E-64,
trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane;
EDTA, ethylenediaminetetraacetic acid
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Table 3. Effect of divalent cations on the activity of pro-
teinase purified from culture filtrate of C. albicans
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Table 4. Substrate specififity of purified proteinase from C.
albicans toward various chromogenic peptides

. Concentration Relative activity
Metal ions (@M) %)
Control' 100
CuSO, 2.5 89.8
5.0 75.6
10.0 59.5
AgNO, 2.5 112.8
5.0 949
10.0 75.4
CacCl, 2.5 104.2
5.0 108.2
10.0 108.3
ZnCl, 2.5 102.9
5.0 103.5
10.0 98.6
MgCl, 2.5 105.2
5.0 108.1
10.0 103.1
FeCl 2.5 73.9
5.0 50.2
10.0 0

! Control represents the activity tested without any metal
ions.
* % of control.

dation of fibrinonectin was slow in which the first
definite degradation products appeared after 12h.
Immunoglobulin G, collagen type I, lysozyme and
hemoglobin were not degraded significantly. The
enzyme preferred peptides with Glu and Leu at
the P, position; however, the enzyme activity was
highly reduced when the P, position was Phe or

BSA Fibronectin Immunoglobulin

M A BC DE MABCDE

R
- -
- -

S "
- R — - - e
Coliagen Lysozyme Hemoglobin

Fig. 5. Substrate specificity of purified proteinase. Each
reaction mixture containing proteinase was run under the
condition described in materials and methods. Lane A-E,
each substrate was incubated with proteinase for 0, 2, 4, 6
and 12 h at 37°C, respectively. Lane M, standard marker
proteins.

Peptide substrate Relative activity(%)

N-Acetyl-Ala-Ala-Pro-Ala B-NA 6.4

No-Benzoyl-Arg-Gly-Phe-Phe-Leu B-Na 46.2
N-Succinyl-Gly-Gly-Phe p-NA 13.3
N-CBZ-Leu-Leu-Glu -NA 100.0
N-Acethyl-Ile-Glu-Ala-Arg p-NA 0

N-Succinyl-Ala-Ala-Pro-Phe p-NA 7.0
N-Methoxysuccinyl-Ala-Ala-Pro-Met p-NA 15.3
N-Succinyl-Ala-Ala-Val p-NA 0

N-CBZ-Gly-Gly-Leu p-NA 76.1
Gly-Pro-Leu B-NA 8.3
Noa-Benzoyl-n -Arg 3-NA 6.2

Dehydrated chromogenic B-Naphthylamide(B-NA) subsrates
and p-Nitroanilide(p-NA) substrates(100 uM) were incubated
with purified enzyme(7 ug in 50 mM KCI-HCI, pH 2.5) from
C. albicans at 37°C for 1 h.

Pro (Table 4).

Kinetic studies

Kinetic studies were done with the purified en-
zyme. V.. and K,, for BSA were determined by car-
ring out enzyme assays with various concentration
of BSA at a constant concentration of enzyme. V..
was 1.5x10° M and K,, was 7.5x 10" M. Inhibitory
effect of pepstatin A was also investigated. Pep-
statin A exhibited competitive inhibitory effect and
Ki was 8.05x 10® M (data not shown).

N-terminal amino acid sequence

The result of N-terminal amino acid sequencing
of the enzyme is shown in Table 5. N-terminal am-
ino acid sequence was determined as QAVPVTLX-
NEQ. This showed high homology with the N-ter-
minal amino acid sequence of aspartic proteinases
of C. albicans ATCC 10231 and C. albicans ATCC
10261, but, not with those of C. albicans ATCC
2730, C. tropicalis, and C. parapsilosis.

Immunoblot analysis

Table 5. Comparison of the N-terminal amino acid se-
quences of extracellular aspartic proteinases from clinically
isolated C. albicans and other strains

Strain N-terminal sequences Reference
C. albicans
KIT 1113 QAVPVTLXNEQ In this study
ATCC 10231 QALPVTLNNEHVSYA Hube et al.(5)
ATCC 10261 QAVPVTLHNEQVTYA Wright ef al.(34)
CBS 2730 GTVQTSLINE Morrison et al.(17)
C. tropicalis SDVPTTLINEGP Togni et al.(30)
C. parapsilosis SSPSSPLYFNGP De Viragh et al(4)

An X in the sequence represents a residue that could not be
determined.
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Fig. 6. Immunoblot analysis of purified proteinase of C. al-
bicans by antibodies in different serum samples. Lane A-F,
serum samples from patients with candidiasis; Lane G-I,
normal human sera.

The immunoblot result is shown in Fig. 6. The
purified enzyme showed strong antigenicity against
sera of candidiasis patients. However, normal sera
had no reactivity with the enzyme.

Discussion

Among the member of the genus Candida, Can-
dida albicans is of the most important op-
portunistic pathogen in human. Candida invade
oral or vaginal mucosa causing oral thrush or va-
ginal candidiasis, which is commonly encountered
as fungal infection (20). A few virulence factors of
Candida have been described in connection with
the invasive candidiasis. The extracellular pro-
teinase is one of the virulence factors responsible
for proteolytic invasion by these yeasts (3, 18, 21,
33). Several purification schemes and charact-
erizations by a number of investigators have been
described in that the extracellular proteolytic ac-
tivity of C. albicans is largely attributed to a as-
partic proteinase, possessing pepsin-like and
cathepsin D-like properties (16, 19, 27, 28).

In this study, we have purified aspartic pro-
teinase of C. albicans with high purity by using a
simplified purification scheme. It was shown to be
a glycoprotein with a molecular weight of 41 kDa
on SDS-PAGE and isoelectric point of 4.4. The en-
zyme was inhibited by pepstatin A, an inhibitor of
pepsin-like proteinase. The addition of divalent ca-
tions, Ca™, Zn* and Mg showed no significant in-
hibition at low concentrations. However, Cu®* and
Ag” had some inhibitory effects on enzyme activity
at high concentrations. And Fe* showed a strong
inhibitory effect in which at the concentration of 10
mM, a ccomplete inhibition resulted. Neutral pH
showed inactivity and alkaline conditions dena-
tured it irreversibly. These properties coincide with
the previous studies (16, 19, 23, 27, 29). However,
its biochemical properties are highly different from
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previous reports in two aspects.

First, optimum activity was shown at pH 2.0 to 3.
5 with a maximum at pH 2.5 and ware inactivated
rapidly below pH 2.0 and above pH 4.0, while the
previous reports revealed optimum pH of 4.0 to 4.5.
Second, the enzyme showed narrow substrate spec-
ificity. Candida aspartic proteinase is a general
proteinase with broad substrate specificity; sub-
strates include albumin, hemoglobin, transferrin,
casein, immunoglobulins and collagen (24). Howev-
er, the enzyme purified in this study was able to
degrade BSA and fibronectin, but not collagen,
hemoglobin, immunoglobulins or lysozyme.

Porcine pepsin, one of the most well known as-
partic proteinases, has a strong primary preference
for aromatic and hydrophobic amino acids at the P,
site, especially Phe and Leu. However, this enzyme
showed low preference for Phe at the P, the site.
This enzyme showed high preference for Glu and
Leu at the P, site and the enzyme activity was high-
ly reduced when the P, site was Phe or Pro. When
the P, site was Arg or Val, no enzymatic activity
was detected. Ala and Met showed low preference
for enzyme activity. These suggest that this enzyme
has some different substrate specificity with pepsin.

Diagnosis of candidiasis, especially systemic can-
didiasis, is not easy using the serological method
due to high cross reactivity with other yeasts and
fungi. The fact that the aspartic proteinase of C. al-
bicans is an important virulence factor and nor-
mally produced by most of pathogenic strains of C.
albicans suggested that the proteinase of C. al-
bicans can be used to serodiagnosis of candidiasis.
We investigated the antigenicity of purified en-
zyme using sera of twenty candidiasis patients by
immunoblot. The purified enzyme reacted with all
patients' sera but not the sera of normal human.
Although, there was a weak reactivity with sera of
aspergillosis, another medically important fungal
infection (our unpublished data). This may be due
to the cross reactivity with aspartic proteinase pro-
duced by Aspergillus spp. (1, 10). Therefore, more
sensitive and specific diagnosis of candidiasis is
necessary and may be possible, if highly specific
monoclonal antibodies reacting with only aspartic
proteinase of C. albicans are produced.

Acknowledgment

This work was partially supported by a grant
from Chung-Ang University in 1996.

References

1. Chang, W.J.,, S. Horiuchi, K. Takahashi, M.



11

10.

11.

12.

13.

14.

15.

16.

17

6 Na et al

Yamasaki, and Y. Yamada. 1976. The structure and
function of acid proteases. IV. Effects of acid protease-
specific inhibitors on the acid proteases from Aspergillus
niger var. macrosporus. J. Biochem. 80, 975-981.

. Crandall, M. and J.E. Edwards. 1987. Segregation of

proteinase-negative mutants from heterozygous Candida
albicans. J. Gen. Microbiol. 133, 2817-2824.

. Cultur, J.E. 1991. Putative virulence factors of Candida

albicans. Annu. Rev. Microbiol. 45, 187-218.

. DeViragh, P.A,, D. Sanglard, G. Togni, R. Falchetto,

and M. Monod. 1993. Cloning and sequencing of two
Candida parapsilosis genes encoding acid proteinases. J.
Gen. Microbiol. 139, 335-342.

. Hube, B., C.J. Turver, F.C. Odds, H. Eiffert, G.J.

Boulnois, H. Kochel, and R. Ruchel. 1991. Sequence
of the Candida albicans gene encoding the secretory as-
partate proteinase. J. Med. Vet. Mycol. 29, 129-132.

. Homma, M., T. Kanbe, H. Chibana, and K. Tanaka.

1992. Detection of intracellular forms of secretory as-
partic proteinase in Candida albicans. J. Gen. Microbiol.
138, 627-633.

. Jarvis, W.R. and W.J. Martone. 1992. Predominant

pathogens in hospital infections. J. Antimicrob. Chemoth-
er. 29, 19-24.

. Kaminishi, H., Y. Hagihara, S. Hayashi, and T. Cho.

1986. Isolation and characteristics of collagenolytic en-
zyme produced by Candida albicans. Infect. Immun. 53,
312-316.

. Klotz, S.A., D.J. Drutz, J.L. Harrison, and M. Hup-

pert. 1983. Adherence and penetration of vascular en-
dothelium by Candida yeasts. Infect. Immun. 42, 374-384.
Koaze, Y., H. Goi, K. Ezawa, Y. Yamada, and T.
Hara. 1964. Fungal proteolytic enzymes. Part I. Iso-
lation of two kinds of acid proteases secreted by As-
pergillus niger var. macrosporus. Agr. Biol. Chem. 28,
216-221.

Kwon-Chung, K.J., D. Lehman, C. Good, and P.T.
Magee. 1985. Genetic evidence for role of extracellular
proteinase in virulence of Candida albicans. Infect. Im-
mun. 49, 571-575.

Laemmli, D.K. 1970. Cleavage of structural protein dur-
ing the assembly of the head of bacteriophage T4. Na-
ture 227, 680-685.

Lowry, O.H., N.J. Rosebrugh, AL. Farr, and R.J.
Randall. 1951. Protein measurement with the folin
phenol reagent. /. Biol. Chem. 193, 265-275.
MacDonald, F. and F.C. Odds. 1983. Virulence for
mice of a proteinasesecreting strain of Candida albicans
and a proteinase-deficient mutant. J. Gen. Microbiol.
129, 431-438.

Mastudaira, P. 1987. Sequence from picomole quan-
tities of proteins electroblotted onto polyvinylidene di-
fluoride membranes. JJ. Biol. Chem. 262, 10035-10038.
Morrison, C.J., S.F. Hurst, S.L. Bragg, R.J. Ku-
yhendall, H. Diaz, D.W. McLaughlin, and E. Reiss.
1993. Purification and characterization of the ex-
tracellular aspartyl proteinase of Candida albicans: re-
moval of extraneous proteins and cell wall mannoprotein
and evidence for lack of glycosylation. J. Gen. Microbiol.
139, 1177-1186.

. Morrison, C.J., S.F. Hurst, S.L. Bragg, R.J. Ku-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

J. Microbiol.

yvhendall, H. Diaz, J. Pohl, and E. Reiss. 1993. Het-
erogeneity of the purified extracellular aspartyl pro-
teinase from Candida albicans: characterization with
monoclonal antibodies and N-terminal amino acid se-
quence analysis. Infect. Immun. 61, 2030-2036.

Neely, A.L. and LA. Holder. 1990. Effect of proteolytic
activity on virulence of Candida albicans in burned mice.
Infect. Immun. 58, 1527-1531.

Negi, M., R. Tsuboi, T. Matsui, and H. Ogawa. 1984.
Isolation and characterization of proteinase from Can-
dida albicans: Substrate specificity. J. Invest. Dermatol.
83, 32-36.

Odds, F.C. 1979. Candida and candidiasis. Leicester
University Press, Leicester, England.

Odds, F.C. 1985. Candida albicans proteinase as a viru-
lence factor in the pathogenesis of Candida infections.
Zbl. Bakt. Hyg. 260, 539-542.

Odds, F.C. 1988. Candida and candidosis, 2nd ed., p.93-
114. Bailliere Tindall, London.

Ray, T.L. and C.D. Payne. 1990. Comparison pro-
duction and rapid purification of Candida acid pro-
teinase from protein-supplemented cultures. Infect. Im-
mun. 58, 508-514.

Ray, T.L., C.D. Payne, and B.J. Morrow. 1991. Can-
dida albicans acid proteinase: characterization and role
in candidiasis. Adv. Exp. Med. Sci. 306, 173-183.
Richardson, M.D. 1991. Opportunistic and pathogenic
fungi. J. Antimicrob. Chemother. 28, 1-11.

Ross, LK., F. De Bernardis, G.W. Emerson, A. Cas-
sone, and P.A. Sullivan. 1990. The secreted aspartate
proteinase of Candida albicans: physiology of secretion
and virulence of a proteinase-deficient mutant. J. Gen.
Microbiol. 136, 687-694.

Ruchel, R. 1981. Properties of purified proteinase from
the yeast Candida albicans. Biochim. Biophys. Acta 695,
99-113.

Ruchel, R., K. Uhlemann, and B. Boning. 1983. Se-
cretion of acid proteinases by different species of the genus
Candida. Zbl. Bakt. Hyg., 1. Abt. Orig. A255, 524-536.
Ruchel, R. 1984. A variety of Candida proteinase and
their possible targets of proteolytic attack in the host.
Zbl. Bakt. Hyg. 257, 266-274.

Togni, G., D. Sanglard, R. Falchetto, and M. Monod.
1991. Isolation and nucleotide sequence of the ex-
tracellular acid proteinase gene (ACP) from the yeast,
Candida tropicalis. FEBS Lett. 286, 181-185.

Tsang, V.C.W., JM. Peralta, and A. Bartlett. 1983. En-
zyme-linked immunoelectrotransfer blot techniques for
studying the specificities of antigens and antibodies separat-
ed by gel electrophoresis. Method. Enzymol. 92, 377-391.

. Tsuboi, R., Y. Kurita, M. Negi, and H. Ogawa. 1985.

A specific inhibitor of keratinolytic proteinase from Can-
dida albicans could inhibit cell growth of Candida al-
bicans. J. Invest. Dermatol. 85, 438-440.

Vartivarian, S. and B.C. Smith. 1993. in Candidiasis-
Pathogenesis, Diagnosis and Treatment (Bodey, G. P.,
Ed.) p.59-84. Raven Press, New York.

Wright, R.J., A. Carne, A.D. Hieber, LL. Lamont, G.
W. Emerson, and P. A. Sullivan. 1992. A second gene
for a secreted aspartate proteinase in Candida albicans.
J. Bacteriol. 174, 7848-7853.





