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SUMMARY: Proteinase, lipase and α-glucosidase activity in 81 clinically isolated Candida strains grown in
nutrient-restricted media were comparatively measured, and the correlation between inducible enzyme activity
and fungal growth was analyzed. Enzyme activity was assayed by colorimetric methods. Extracellular proteinase
activity was significantly higher in Candida albicans, followed by C. parapsilosis and C. tropicalis. Extracellular
lipase activity was observed in all 6 Candida spp. in the descending order of C. albicans, C. tropicalis and C.
parapsilosis. Cell surface α-glucosidase activity was significantly higher in C. tropicalis, C. albicans, and C.
parapsilosis, but was not detected in the other three species. A relatively strong correlation was observed
between proteinase activity and fungal growth (correlation coefficient: 0.72); a mild correlation was observed
between lipase activity and fungal growth (0.55); and a slight correlation was obserbed between α-glucosidase
activity and fungal growth (0.32). There was no correlation among the strains in the activity levels of the three
enzymes. These results suggest that pathogenic fungi produce larger amounts of inducible hydrolytic enzymes,
and that proteinase is most likely to be related to fungal growth in nutrient-restricted conditions.
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INTRODUCTION

Candida spp. constitute one of the major groups of patho-
genic fungi that cause superficial and systemic mycoses. In-
tensive research has been done to identify pathogenic factors
in fungi, especially Candida albicans, in order to facilitate
the diagnosis, treatment and prevention of candidiasis. To date,
phenotypic variability, adherence to host tissues, toxins and
enzymes have been listed as candidates for virulence factors
(1,2).

C. albicans secretes various hydrolytic enzymes such as
proteinase, lipase and phospholipase (1-5). Hydrolytic en-
zymes may contribute to the invasivity and proliferation
of fungi by causing the destruction of host tissues, thereby
supplying degraded materials to the organisms as nutrients
(1,4,5). We previously demonstrated that a secreted aspartic
proteinase (SAP) or keratinolytic proteinase (KPase) from C.
albicans was the key enzyme for fungal growth in a stratum
corneum-containing medium (6-8). The three essential nutri-
ents for fungal growth are carbohydrates, lipids and proteins.
During the process of searching for hydrolytic enzymes, which
degrade lipids and polysaccharides, we observed that C.
albicans produced lipase and α-glucosidase under nutrient-
restricted conditions (9,10). Extracellular lipase was induced
in a medium containing Tween as the sole carbon source, but
not in a Sabouraud medium (9). Although α-amylase was
not induced from media containing starch or dextrin, α-
glucosidase was induced in a medium containing maltose as
the sole carbon source (10).

In the present study, we comparatively measured proteinase,

lipase and α-glucosidase activity among 81 clinically iso-
lated Candida strains grown in nutrient-restricted media, and
speculated on the correlation of the activity of these inducible
enzymes with fungal growth under specific conditions.

MATERIALS AND METHODS

Strains and culture condition: Fresh clinical isolates of
Candida spp. were collected at the clinical laboratory in
Juntendo Hospital from patients suspected of harboring
superficial or deep candidiasis. However, the final diagnosis
and the time course of each case since then have not been
investigated. The isolates were identified as Candida spp.
by standard morphological and immunoantigenic analyses
(Candida check®; IATRON, Tokyo, Japan) (Table 1). We did
not obtain information regarding the clinical pathogenicity
of each strain nor information on whether these Candida spp.
were isolated singly or co-isolated with other species. These
strains were maintained in 1% peptone (Difco Laboratories,
Detroit, Mich., USA)- 2% glucose agar and precultivated in
1% peptone- 2% glucose broth at 37°C for 24 h. The organ-
isms were then washed twice with phosphate-buffered saline
(PBS) and adjusted to give the indicated number of cells in
the growth media. The organisms at 1× 106 cells/ml were
cultivated for 4 days in a liquid medium containing 1.2%
yeast carbon base (YCB; Difco Laboratories) and 0.5%

Table 1.  Number of strains of Candida spp.

Species Strains (81)

C. albicans A 25

C. albicans B 10

C. tropicalis 16

C. parapsilosis 11

C. glabrata 11

C. krusei   4

C. guilliermondii   4
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bovine serum albumin (BSA; Sigma Chemical Co., St. Louis,
Mo., USA) for the induction of proteinase (6-8). Also, they
were cultivated at 1× 106 cells/ml for 3 days in a liquid
medium containing 0.7% yeast nitrogen base (YNB; Difco
Laboratories) and 2.5% Tween 80 for lipase (9). And they were
cultivated at 2× 105 cells/ml for 16 h in a liquid medium
containing 0.7% YNB and 0.6% maltose for α-glucosidase
(10). Fifty milliliters of filtrated medium containing the organ-
isms in a 200-ml flask was shaken at 80 cycles/min at 37°C for
the indicated durations, and intact cells were used or culture
filtrate was used for the enzyme assays. Cell growth was evalu-
ated by counting the cell number using a hemacytometer.

Enzyme assays: Enzyme activities were assayed by
colorimetric methods that we have previously reported.
Briefly, proteinase activity was measured using BSA as a
substrate (6-8). Culture filtrate (0.2 ml) was incubated
with 1.0 ml of 0.1 M sodium acetate buffer (pH 4.0) contain-
ing 5 mg/ml of BSA. After 1 h incubation at 37°C, the
reaction was terminated by the addition of 1.0 ml of 10%
trichloroacetic acid (TCA; Sigma) solution. After centrifuga-
tion, TCA soluble peptides were detected by the Lowry
method at 750 nm. Lipase activity was assayed by a lipase
assay kit (Toyobo, Osaka, Japan) (9). Culture filtrate (0.3 ml)
was reacted with 1.12 mM α-naphtylpalmitate in 1.0 ml of
14 mM citric acid-74 mM Tris buffer (pH 5.5) for 1 h at 37°C.
The reaction was terminated by the addition of 0.5 ml of 0.5
N NaOH solution. Released α-naphtol was reacted with
fast Violet B, and the optical density was measured at 520
nm. The α-glucosidase activity was measured using p-
nitrophenyl-α-D-glucopyranoside (Sigma) as a substrate
(10). Intact organisms of 4× 107 cells in 0.2 ml PBS were
incubated with 5 mM substrate in 1.0 ml of 0.1 M phosphate-
citrate buffer (pH 6.0) for 30 min at 37 °C. The reaction was
terminated by the addition of 2 ml of 0.1 M Na2CO3 to the
reaction mixture, and the released p-nitrophenol was then read
at OD 405 nm.

Statistics: The results of the enzyme activity tests were
given as the mean ± the standard error of means (SEM). The
value of each correlation coefficient between enzyme activity
and cell growth was calculated using the Pearson product-
moment correlation coefficient on Microsoft Excel® version
2002.

RESULTS

The optimal culture and assay conditions of each hydro-
lytic enzyme used in the present study were obtained from
the data in our previous reports (6-10). The enzyme activities
of the Candida spp. in each nutrient-restricted medium are
indicated in Fig. 1. Extracellular proteinase activities were
significantly higher in C. albicans, followed by C. parapsilosis
and C. tropicalis (Fig. 1A). Meanwhile, extracellular lipase
activity was observed in all 6 Candida spp. in the descending
order of C. albicans, C. tropicalis, C. parapsilosis, C. krusei,
C. glabrata and C. guilliermondii (Fig. 1B). The average level
of enzyme activity was highest in C. albicans, but the varia-
tion of enzyme activity among Candida spp. was not as large
as that seen in proteinase activities (Fig. 1B). Cell surface
α-glucosidase activity was significantly high in C. tropicalis,
C. albicans and C. parapsilosis, but was not detected in the
other three species.

Since the pathogenic fungus C. albicans showed high
levels of activity for all three enzymes, the correlation
between enzyme activity and cell growth in C. albicans in

each nutrient -restricted medium was examined. The enzyme
activity and fungal growth of the 35 strains were plotted on a
graph (Fig. 2). A relatively strong correlation was observed
between proteinase activity and fungal growth (Fig. 2A;
correlation coefficient, 0.72), and nearly half of the strains
did not show fungal growth due to the lack of proteinase
activity. A mild correlation was observed between lipase
activity and fungal growth (Fig. 2B; correlation coefficient,
0.55); some strains with low lipase activity still showed
fungal growth. A slight correlation was also observed between
α-glucosidase activity and fungal growth (Fig. 2C; correla-
tion coefficient, 0.32), and some strains with α-glucosidase
activity did not show significant fungal growth. Among the
35 strains of C. albicans, no strains that exhibited high levels
of activity in all three enzymes (data not shown) were observed.
Nearly half of the strains showed high activity levels for one
or two enzymes. There was no correlation among the strains
in terms of the enzyme activities (correlation coefficient)
between proteinase and lipase (–0.17), between lipase and α-
glucosidase (0.01), and between proteinase and α-glucosidase
(–0.01).

Fig. 1.  Proteinase, lipase and α-glucosidase activities in Candida spp.

(A) Proteinase activity (OD 750 nm/0.2 ml/h). (B) Lipase activity
(OD 520 nm/0.3 ml/h). (C) α-glucosidase activity (OD 405 nm/

4× 107 cells/ 0.5 h). The activity level of each enzyme in Candida

spp. in each nutrient-restricted medium was measured as described
in the enzyme assay section. 1, C. albicans; 2, C. tropicalis; 3, C.

parapsilosis; 4, C. glabrata; 5, C. krusei; 6, C. guilliermondii. Data

were expressed as means ± SEM.
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DISCUSSION

C. albicans secretes various hydrolytic enzymes such as
proteinase, lipase, phospholipase and α-glucosidase (1-6,9,10).
Among these, proteinase has been most extensively investi-
gated and is thought to be the likeliest to be the virulence
factor. Ten SAP genes, with SAP2 as the dominant form, have
been cloned, and were found to be differentially expressed and
regulated by environmental conditions, including exogenous
peptides, via a positive feedback mechanism (5,11). The
experiments with gene-disrupted organisms or proteinase
inhibitors suggested that SAPs are involved in the attachment
to, and colonization and penetration of, the organisms in the
host tissues (5,11). Furthermore, their role as a virulence
factor was more prominent in mucocutaneous candidiasis (7,
12-14).

We previously identified an extracellular lipolytic enzyme
as an esterase (not a lipase in the strict sense of the word
since it did not hydrolyze triacylglycerol) (9). Later, a lipase
gene family (LIP1-10) was identified during the screening of
phospholipase genes from C. albicans, and the expression
profiles of LIP genes were then examined in vivo and in vitro
(15-17). Transcripts of LIP genes were observed together with
SAP genes even in the lipid-free media, where their expres-
sions were found to be less specific and constitutive (16).

Enzymes related to carbohydrate metabolism (e.g.,
chitinase, glucanase) have been isolated from C. albicans,
but a starch-degrading enzyme (α-amylase) has not been re-
ported. Meanwhile, genes corresponding to the disaccharide-
degrading enzymes (CASUC1 and CAMAL2) (18,19) have
been cloned from C. albicans. Cell surface α-glucosidase
activity was induced from the maltose-containing medium,
and the addition of glucose rapidly suppressed its activity
(10).

The taxonomy of various hydrolytic enzymes from C.
albicans has been reported (20); however, in terms of patho-
genicity, inducible hydrolytic enzymes of extracellular or
cell-surface origin were only compared in a few papers,
including one that showed proteinase and phospholipase
activity in C. albicans in strains with a specific genotype (21)
and others that showed in comparison with those in C.
dubliniensis (22,23). The idea for the present study originated
in the observation that extracellular hydrolytic enzymes were
inducible only when the organisms were cultured in nutrient-

restricted media, e.g., proteinase in a nitrogen-restricted
medium and α-glucosidase in a carbohydrate-restricted
medium (6-9). Since extracellular proteinase is well known
as one of the possible virulence factors in C. albicans (1,2),
the present study was designed to assess the activity of three
inducible hydrolytic enzymes in carbohydrate- or nitrogen-
restricted media in order to compare the properties of each
strain using proteinase activity as the positive control. The
present study is the first paper to compare the activity of three
inducible hydrolytic enzymes in various species and strains
of Candida, and to compare their activity with the growth of
Candida in each nutrient-restricted medium.

The results of the present study clearly demonstrated that
C. albicans, followed by C. parapsilosis and C. tropicalis,
showed higher proteinase, lipase and α-glucosidase activity
levels in each nutrient-restricted medium, and that C. krusei,
C. glabrata, and C. guilliermondii did not show significant
levels of enzyme activity with the exception of lipase. These
results suggest that pathogenic fungi produce larger amounts
of inducible hydrolytic enzymes.

Among the three hydrolytic enzymes, proteinase activity
was significantly highest in C. albicans and was strongly
correlated with the growth of C. albicans in the medium. The
mild correlation between lipase activity and fungal growth
coincides with the previous observation of LIP gene expres-
sion (16). These results suggest that proteinase, and not lipase
and α-glucosidase, may have a stronger correlation with
fungal growth under specific conditions. Interestingly, among
the strains of C. albicans examined, no strains were observed
that showed high activity levels in all three enzymes; nearly
half of the strains showed high levels of activity in one or
two enzymes, while the remainder showed none. Similarly,
there was no correlation among the strains in terms of their
enzyme activities.

In the present study, we failed to correlate enzyme activity
with clinical virulence since the clinical diagnosis, clinical
pathogenicity and time course of each case were not ascer-
tained. In order to produce definitive evidence that inducible
hydrolytic enzymes are pathogenic factors, mouse experi-
ments involving different infection routes, e.g., through the
skin, mucous membranes, or inhalation as well as venously,
with C. albicans strains producing various levels of hydrolytic
enzymes are necessary.

Fig. 2.  Correlation between enzyme activities and cell growth in 35 C. albicans strains. (A) Proteinase activity and cell growth
(correlation coefficient, 0.72). (B) Lipase activity and cell growth (correlation coefficient, 0.55). (C) α-glucosidase activity
and cell growth (correlation coefficient, 0.32). The activity level of each enzyme in Candida albicans in each nutrient-
restricted medium was measured as described in the enzyme assay section.
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