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Seroreactivities of Proteinases of Candida albicans,
C. tropicalis, and C. parapsilosis in Sera from
Various Candida species-Infected Mice

Kyoung-Ho Lee, Woon-Seob Shin, Hyun-Sook Park,
Joo Young Park, and Choon-Myung Koh

From the culture filtrates of C. albicans, C. tropicalis and C. parapsilosis, proteinases were
purified using a series of chromatographic steps consisting of DEAE-Sepharose, Sephacryl S-200
and size-exclusion HPLC which removed contaminating mannoproteins and extraneous proteins.
Anti-Candida proteinase antibodies in sera from mice infected with various Candida species were
detected using ELISA for serodiagnosis of candidiasis. Three proteinases were blotted by
homologous and heterologous anti-proteinase antisera on Western blot analysis. All sera from
six Candida species-infected mice were reactive with proteinases of C. albicans, C. tropicalis,
and C. parapsilosis, although C. glabrata, C. guilliermondii, and C. krusei did not secrete prote-
inase. The seroreactivities of proteinase with sera from mice infected with homologous C. albi-
cans and C. tropicalis were higher than those with sera from heterologous Candida species-
infected mice. These results suggest that three proteinases have at least one common epitope,
but its application for diagnosis of candidiasis should be considered with limits of specificity.
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Several Candida species are dimorphic fungi that
commensally colonize the cutaneous and mucosal
surfaces of humans. In settings in which the epithe-
lial barrier or host immunity, or both, are altered or
suppressed, the fungi cause both superficial and
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deep-seated diseases (Musial et al. 1988; Greenfield,
1992). Proposed virulence factors of the pathogenic
Candida species are the ability to form hyphae
(Sobel et al. 1984; Shepherd, 1985; Buckley ez al.
1986; Hubbard et al. 1986), to adhere to epithelial
cell surfaces (Calderone et al. 1985; Lehrer et al.
1986; Saxena et al. 1989), and to secrete an acid
proteinase (Macdonald and Odds, 1983; Kwon-
Chung et al. 1985; Ross et al. 1990; Louie et al
1994). Of those, the proteinase facilitates the organ-
ism in invading and colonizing host tissues (Borg
and Riichel, 1988; Ray and Payne, 1988) and in as-
similating nitrogen from proteinaceous sources (Negi
et al. 1984). Among Candida species, C. albicans,
C. tropicalis and C. parapsilosis are frequently iso-
lated in patients suffering from candidiasis. Pro-
teinases secreted by them have been found and they
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produced proteinase to a greater extent than did
other Candida species (Riichel et al. 1992).

Because of difficulties in distinguishing Candida
colonization from Candida invasion and because of
the low rate of positive blood cultures in patients
with invasive disease, there has been interest in the
serodiagnosis of invasive candidiasis (Matthews,
1996). At present, the detection of anti-Candida
"antibodies, Candida antigens and metabolites such
as mannose and arabinitol in sera are being studied
for the diagnosis of infection due to Candida species
(Jones, 1990). Of those, the use of proteinase for the
immunodiagnosis of candidal infection has been
described (Riichel and Boning, 1983; Riichel et al
1988). The advantage of a test using a virulence
factor as a marker for infection lies in its potential
to differentiate between simple colonization and in-
vasive disease. In addition, clinical isolates are more
virulent and produce larger amounts of proteinase
than commensal isolates (de Bernardis er al. 1990;
Riichel et al. 1992; Ollert er al. 1995). However, anti-
bodies used in these tests are only as specific as the
purity of the antigen used to elicit them. Therefore,
proteinase should be free of contaminating cell wall
protein and extraneous proteins which reduce speci-
ficity. )

To eliminate the possible complications associated
with the presence of contaminating proteins in pro-
teinase preparations, the proteinases of C. albicans,
C. tropicalis and C. parapsilosis were purified from
culture filtrate using a chromatographic series con-
sisting of DEAE-Sepharose, Sephacryl S-200 and
size-exclusion high performance liquid chromato-
graphy (HPLC). With these purified proteinases, we
examined antigenic cross-reactivity among the three
proteinases using Western blot analysis and also
investigated whether Candida proteinase could be a
diagnostic marker for detecting anti-proteinase anti-
bodies from mice infected with several Candida spe-
cies.

MATERIALS AND METHODS

Organism and proteinase production

Candida albicans ATCC 10231, C. tropicalis ATCC

Number 3

14056, C. parapsilosis ATCC 7330, C. glabrata
ATCC 38326, C. guilliermondii ATCC 56822, and
C. krusei ATCC 2159, were obtained from the
National Institute of Health, Seoul, Korea.

These were precultured on YEPD broth composed
of 1%(w:v) yeast extract, 2%(w:v) peptone and
2%(w:v) glucose at 37°C for 24 h, transferred into
fresh YEPD medium, and incubated at 37°C for 4 h.
The culture was centrifuged and cells washed twice
with 0.9%(w:v) NaCl. For production of Candida
proteinase, yeast cells were cultured on bovine se-
rum albumin (BSA) broth composed of yeast carbon
base (Difco Laboratories, Detroit, MI, USA), 0.2%
(w:v) BSA (Sigma Chemical Co., St Louis, Mo,
USA), 0.01%(w:v) yeast extract (Difco), and addi-
tional 0.1%(w:v) glucose. Cultures were maintained
with slight agitation in a reciprocal shaker at 37°C
for up to 72 h. At intervals, aliquots were harvested
and assayed for growth and proteinase activity.

Proteinase activity assay

Candida proteinase activity was determined spec-
trophotometrically following the digestion of BSA
as substrate as described by Crandall and Edwards
(1987). To 100 pl culture supernatant, 300 ul 1%
BSA in 50 mM sodium citrate buffer (SCB), pH 3.4,
was added, and the mixture was incubated at 37°C
for 60 min. The reaction was then stopped by adding
800 ul cold 10% trichloroacetic acid (TCA). Precip-
itated protein was removed by microcentrifugation at
12,000 rpm for 5 min followed by filtration through
a 0.45 ym filter. The amount of proteolysis was de-
termined by measuring the absorbance of the filtrate
at 280 nm. Control tubes containing 100 yl culture
supernatant were incubated for 60 min at 37°C,
followed by the addition of 800 ul TCA and then
300 ul BSA.

Purification of proteinase

When proteinase activity reached a maximum, the
culture supernatant was collected by centrifugation
at 5,000 x g for 10 miin, filtered through a 0.45 ym
porosity membrane and concentrated by vacuum
evaporation. For desalting and further concentration
of the filtrate, ultrafiltration (molecular mass cut-off,
10 kDa) was performed by adding distilled water.
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A DEAE-Sepharose (Sigma) column (2.5X30 cm)
was packed to 90 ml capacity and equilibrated with
20 mM SCB, pH 6.3. Concentrated filtrates were
applied to the column and washed with 1,000 ml of
column buffer. Elution buffer (200 mM SCB, pH
6.3) was applied and 5 ml fractions were collected.
Fractions from the resultant single A280 peak,.con-
taining proteinase activity, were pooled and concen-
trated by vacuum evaporation.

Concentrated, pooled fractions from the DEAE-
Sepharose chromatography were applied to a column
packed with Sephacryl $-200 (Pharmacia AB Bio-
technology, Uppsala, Sweden) gel of 50 ml capacity.
The column was equilibrated with 20 mM SCB, pH
6.3, charged with the sample, and eluted with the
same buffer. Fractions of 5 ml were collected.

Fractions from a single A280 peak, containing
proteinase activity, collected from gel filtration,
were applied to a size-exclusion HPLC column, a
YMC-Pack Diol-120 column (8.0 X 500 mm: YMC
Co., Kyoto, Japan) that was equilibrated with 20
mM SCB, pH 6.3. HPLC was performed at a flow
rate of 1 ml/min. The protein peaks were monitored
by A280.

Enzyme-linked immunosorbent assay

An indirect solid phase enzyme-linked immuno-
sorbent assay for the detection of antibodies against
Candida proteinase was performed as follows: Poly-
styrene microplates were coated overnight at 4°C
with 50 yl of purified proteinase (5 pg/ml in 0.1 M
carbonate-bicarbonate buffer, pH 9.8), and blocked
by incubation with 1%(w : v) BSA in PBST [50
mM potassium phosphate, pH 7.2, containing 50
mM NaCl and 0.05%(v : v) Tween-20] for 1 h at
37°C. All subsequent steps were performed at room
temperature with 50 mM PBS which was employed
for dilution and rinsing. Mouse antiserum (50 ul of
a 1 in 1,000 dilution) was added and after 2 h at
37°C the wells were rinsed twice with PBS. Rabbit
anti-mouse IgG peroxidase conjugate (Sigma; 100 ul
of 1 in 2,000 dilution) was added followed by in-
cubation for 1 h at 37°C and rinsing as above. The
substrate mixture (100 yl; 50 mM citric acid, 100
mM Na,HPO,, 2 mM H;0;, 0.4 mg/ml ortho-
phenylenediamine) was added for color reaction.
The reaction was stopped after 15 min by addition
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of 100 ul of 2.5 N sulfuric acid. Absorbance was
measured at 490 nm with ELISA reader (Dynatech,
Alexandria, VA, USA). Each sample was measured
in triplicate and normal mice sera was used as a
control.

SDS-PAGE and immunoblotting

SDS-PAGE was performed by the method ot
Laemmli (1970) using 10%(w : v) polyacrylamide gels.
After electrophoresis, a piece of wet nitrocellulose
membrane was laid on top of the gel and the layers
were assembled into a sandwich between six sheets
of transfer-buffer soaked filter paper. The SDS-
PAGE resolved bands were electrotransferred onto
the nitrocellulose membrane at 100 V for 1.5 h. Fol-
lowing this, the nitrocellulose membrane was block-
ed by incubation with 2%(w:v) BSA in PBST. The
membrane was probed for 2 h with an 1 in 500 dilution
of mouse anti-proteinase antiserum raised against
purified proteinase from C. albicans, C. tropicalis
and C. parapsilosis. Following rinsing with PBST,
the blot was incubated with a 1 in 2,000 dilution
of secondary horse-radish peroxidase conjugated
rabbit anti-mouse IgG. After the membrane was
rinsed as above, the blot was developed with 4-
chloro-1-naphthol (Bio-Rad Laboratories, Richmond,
CA, USA) and H,0,.

Experimental infection

Specific pathogen-free female ICR mice, 1U 10 12

Fig. 1. Photograph of proteolysis on B>A agar piaie oy
Candida species. C. albicans (A), C. tropicalis (B), C.
parapsilosis (C), C. glabrata (D), C. krusei (E) ahd C.
guilliermondii. Each Candida species was incubated at
37°C for 15 days.
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weeks of age, were infected by subcutaneous inje-
ction with 1x10° colony-forming units (CFU) of
various Candida species (C. albicans, C. glabrata,
C. guilliermondii, C. krusei C. tropicalis, and C.
parapsilosis; n=2) in 0.2 ml of PBS. Sera were col-
lected by tail-bleeding at 3, 4, and 5 weeks after
infection and seroreactivity was tested by ELISA.

General signs of infection, e.g. decrease in ac-
tivity, loss of hair, were shown in the infected mice.
After termination of blood sampling, establishment
of Candida infection was verified by isolation of
microorganisms in culture and touch smearing from
the infected site.

Immunization of mice with proteinases

Purified proteinases, in complete adjuvant, were

used to immunize specific pathogen-free, female
BALB/c mice at an age of 10 to 12 weeks. Mice
were immunized by intraperitoneal injection (0.5 ml)
and subcutaneous injection (0.2 ml) of the antigen-
complete Freund’s adjuvant immersion containing
50 pg purified proteinase and boosted twice by
intraperitoneal injection of 20 ug purified proteinase
in incomplete Freund’s adjuvant at an interval of 2
weeks. After 2 weeks, immunoblotting was done for
specific anti-Candida proteinases.

RESULTS
Screening of proteinase-secreting Candida species

C. albicans, C. tropicalis, C. parapsilosis, C. gla-
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Fig. 2. Chromatographic profiles .of the proteinase from culture filtrate of C. albicans. (A) DEAE-Sepharose column
chromatography. The column (2.5 X30 cm; 90 ml of packed resin) was equilibrated with 20 mM SCB, pH 6.3 and
eluted with 200 mM SCB, pH 6.3. Fractions of 5 ml were collected. Protein concentration (@) was measured at 280
nm. Proteolytic activity ((J) was measured by the amount of albumin digested. (B) Sephacryl §-200 column
chromatography of pooled proteinase fractions from DEAE-Sepharose column chromatography. The column (1.0 X75
cm; 50 ml of packed gel) was equilibrated with 20 mM SCB, pH 6.3 and eluted with the same buffer. Fractions of
5 ml were collected. (C) Size-exclusion HPLC profile of pooled proteinase fractions from Sephacryl $-200 column
chromatography. The YMC-Pack Diol-120 column was equilibrated with 20 mM SCB, pH 6.3. HPLC was performed
with the same buffer at a flow rate of 1.0 ml per min. The peak fractions monitored by absorbance at 280 nm were
collected and measured for proteolytic activity. Star symbol (*) represents the proteinase peak which had a retention
time of 13.99 min and molecular mass of 43 kDa.
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brata, C. guilliermondii, and C. krusei were cultured
on BSA agar plate at 37°C for 15 days. Proteinases
secreted by C. albicans, C. tropicalis and C. para-
psilosis allowed a clear zone to form around colo-
nies on the BSA agar plate. In C. glabrata, C. guil-
liermondii, and C. krusei, the clear zone was not de-
monstrated (Fig. 1).
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Fig. 3. Chromatographic profiles of the proteinase from
culture filtrate of C. tropicalis. (A) DEAE-Sepharose
column chromatography. (B) Sephacryl S-200 column
chromatography of pooled proteinase fractions from
DEAE-Sepharose column chromatography. (C) Size-
exclusion HPLC profile of pooled proteinase fractions
from Sephacryl S-200 column chromatography. Star
symbol (*) represents the proteinase peak which had a
retention time of 14.62 min and molecular mass of 36
kDa. Methods are described in Fig. 2. @, Protein
concentration; (), Proteolytic activity.
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Purification of Candida proteinases

The proteinases of three Candida species were
purified from culture filtrate using a chromato-
graphic series consisting of DEAE-Sepharose, Seph-
acryl S-200 and size-exclusion HPLC (Fig. 2~4).
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Fig. 4. Chromatographic profiles of the proteinase from
culture filtrate of C. parapsilosis. (A) DEAE-Sepharose
column chromatography. (B) Sephacryl S-200 column
chromatography of pooled proteinase fractions from
DEAE-Sepharose ~ column  chromatography. (C)
Size-exclusion HPLC profile of pooled proteinase
fractions from Sephacryl S-200 column chromatography.
Star symbol (*) represents the proteinase peak which
had a retention time of 14.97 min and molecular mass
of 33 kDa. Methods are described in Fig. 2. @, Protein
concentration; (O, Proteolytic activity.
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DEAE-Sepharose chromatography gave a single
peak of proteinase activity eluting at 75~95 ml in
C. albicans, 140~ 180 ml in C. tropicalis and 80~
100 ml in C. parapsilosis. The fractions containing
proteolytic activity were pooled and applied to a
Sephacryl $-200 column chromatography and a
single peak of proteinase activity was eluted at 75~
105 ml in C. albicans, 80~110 ml in C. tropicalis
and 85— 120 ml in C. parapsilosis. Finally, purified
proteinases were obtained through size-exclusion
HPLC of the highest proteinase fractions on DEAE-
Sepharose chromatography. The retention time of
proteinase was 13.99 min in C. albicans, 14.62 min
in C. tropicalis and 14.97 min in C. parapsilosis.

Difference in molecular mass between HPLC and
SDS-PAGE

The molecular mass of proteinase was calculated
by retention time on size-exclusion HPLC and was
43 kDa in C. albicans, 36 kDa in C. tropicalis and
33 kDa in C. parapsilosis (Fig. 2--4). However, on
SDS-PAGE, the molecular mass was 45 kDa in C.
albicans, 48 kDa in C. tropicalis and 38 kDa in C.
parapsilosis (Fig. 5). The molecular mass on SDS-
PAGE was larger than that on HPLC and the prote-
inase sizes of C. albicans and C. tropicalis were
reversed.

Fig. 5. Immunoblot analysis of the purified proteinases
as antigen tested with homologous and heterologous
anti-proteinase antibodies. Lane: A, anti-C. albicans pro-
teinase amtibody; T, anti-C. tropicalis proteinase anti-
body; P, anti-C. parapsilosis proteinase antibody.

Number 3

Immunoblot analysis of Candida proteinases.
Immunoblot analysis was used to investigate

antigenic differences among Candida proteinases.
Proteinases secreted by the three Candida species
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Fig. 6. Seroreactivity of Candida proteinase with sera
from mice infected with various Candida species in
ELISA. (A) C. albicans proteinase as antigen; (B) C.
tropicalis proteinase as antigen; (C) C. parapsilosis
proteinase as antigen. Sera obtained from ICR mice (n
= 2) infected with C. albicans (), C. tropicalis (4),
C. parapsilosis (@), C. glabrata ([ ), C. guilliermondii
() and C. krusei ({ ) by subcutaneous injection (1x105
CFU / 0.2 ml). Absorbance was measured at 490 nm.
Each sample was measured in triplicate and was
corrected for background with normal mice sera.

183



Kyoung-Ho Lee, et al

were related to each other antigenically since they
were blotted by homologous and heterologous anti-
proteinase antisera (Fig. 5).

Detection of antibody reacting candida protein-
ases in various candida species infected mice sera

In the mouse model, anti-Candida proteinase anti-
bodies were detected in sera using an ELISA (Fig.
6). Sera from six Candida species-infected mice
were reactive with proteinases of C. albicans, C.
tropicalis and C. parapsilosis although only three
Candida species (C. albicans, C. tropicalis and C.
parapsilosis) secreted proteinases. The seroreacti-
vities of proteinase with sera from mice infected
with homologous C. albicans and C. tropicalis were
higher than those with sera from mice infected with
heterologous Candida species. With sera from C.
parapsilosis-infected mice, however, the seroreac-
tivities of homologous proteinase were similar to
those with sera from mice infected with the different
Candida species.

The seroreactivities increased in the course of
infection after inoculation with Candida species.
The differences in seroreactivity between homolo-
gous sera and heterologous sera also increased as the
infection processed. The greatest difference was
shown at the fifth week of infection.

DISCUSSION

Unpurified culture filtrate contained significant
amounts of contaminating cell wall mannoprotein and
extraneous proteins which, if not removed, could
interfere with the production of Candida proteinase-
specific antibodies. It is important to use a purified
proteinase in studying the detection of proteinase or
anti-proteinase in infected tissues, body fluids inclu-
ding sera, or on the surface of the Candida cell be-
cause the results of the study may be misunderstood.

The purification method of Candida proteinase
used a combination of molecular sieve chromato-
graphy and ion-exchange chromatography, or either
of these individually. But there were contaminating
proteins in the resultant through these chromato-
graphic series from C. albicans (Riichel et al. 1982;
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Negi et al. 1984; Ray and Payne, 1990). After the
above purification scheme, rechromatography using
anion-exchange column (DEAE-Sephadex A2S5) re-

sulted in the removal of detectable mannoproteins

and extraneous proteins by dot blot and Western blot
analysis (Morrison et al. 1993).

We adopted HPLC instead of the anion exchange
rechromatography for purifying Candida protein-
ases. HPLC produces separation with considerably
higher resolutions than conventional column mat-
rices and is used for difficult separations requiring
high resolution for success, such as purification of
proteins or polypeptides to homogeneity. And the
time required for purifying is shorter per cycle on
HPLC. Size-exclusion HPLC was performed follow-
ed by the commonly used chromatographic scheme
to eliminate possible complications associated with
the presence of other contaminating proteins in pro-
teinase preparations, and we finally purified three
proteinases from culture filtrates of C. albicans, C.
tropicalis and C. parapsilosis by removing the man-
noprotein mentioned previously. When anion-ex-
change HPLC using a DEAE-5PW column was sub-
stituted for size-exclusion HPLC, contaminating
matter was also successfully removed. However, it
was difficult to remove autolytic products of pro-
teinases using a DEAE-5PW column if autolysis
proceeded in the course of the purification because
of the similarity of ionic strength between proteinase
and its fragments (data not shown). As a result, our
purification scheme, including the chromatographic
series composed of gel filtration and anion-exchange
chromatography following size-exclusion HPLC, is
recommended to purify Candida proteinases.

With three purified proteinases, we examined anti-
genic relationships among them using Western blot
analysis. Western blot analysis showed that all three
proteinases were blotted by homologous and hetero-
logous mice antisera. It indicates that three Candida
proteinases are antigenically related to each other
and have at least one common epitope. In the mouse
model, we detected anti-proteinase antibodies from
mice infected with several Candida species. Sera
from various Candida species infected mice were
reactive with proteinases of C. albicans, C. tropi-
calis and C. parapsilosis. The seroreactivities of pro-
teinase with sera from mice infected with homo-
logous C. albicans and C. tropicalis were higher
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than those with sera from mice infected with
heterologous Candida species. This indicates that
the detection of anti-Candida proteinase antibody in
sera could be useful in the diagnosis of candidal
infection in establishing an appropriate cut-off value
for distinguishing between Candida species.
In the present study, however, sera from mice
infected with Candida species which did not secrete
" a proteinase were also reactive with proteinases. And
C. parapsilosis proteinase was reactive with sera
from the different Candida species-infected mice as
well as sera from mice infected with the same
organism. This arose from one, or from a combina-
tion, of the following reasons why sera from pro-
teinase-nonsecreting organism infections were reac-
tive with Candida proteinases. First, in another
study with a sensitive, fluorescent assay rather than
BSA digestion assay for proteinase activity which
we adopted, the level of proteinase was found to be
in the following order C. albicans/stellatoidae >C.
tropicalis >C. kefyr >C. lusitaniae >C. krusei (Capo-
bianco et al. 1992). And C. glabrata produces only
small amounts of extracellular proteinase (Riichel et
al. 1992). But in our result, using BSA digestion
assay, a relatively insensitive method, proteinases
secreted by C. glabrata and C. krusei were not
demonstrated. Besides C. albicans, C. tropicalis and
C. parapsilosis, the other Candida species may pro-
duce small amounts of proteinase undetected by the
BSA digestion method. Second, if there was an
insufficient amount of proteinase to be detected
using an extremely sensitive assay, it could elicit its
antibody in vivo. Third, if glycosylated, this cross-
reaction between Candida proteinases could occur.
The purified proteinase demonstrated carbohydrate
positivity either through anthrone reactivity (Macdo-
nald and Odds, 1980) or periodic acid-Schiff staining
(Negi et al. 1984; Ray and Payne, 1990). The mole-
cular mass on SDS-PAGE was larger than that on
HPLC and the proteinase sizes of C. albicans and
C. tropicalis were reversed. This difference in esti-
mated molecular mass could be derived not only
from an array of amino acid sequences, structural
changes - native or denature form- but also from the
degree of glycosylation. Thus, further study on gly-
cosylation of the proteinases is required.
The usefulness of proteinase to diagnose cand-
idiasis should be considered as an alternative. Any
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anti-Candida proteinase antibody can be detected
with a kind of proteinase so that the possibility of
detection in proteinase-secreting Candida infection
could be increased. On the other hand, cross reaction
between Candida proteinase and antiserum in other
Candida species infection reduces specificity. But it
is noticeable that seroreactivities of homologous
proteinases were higher than those of heterologous
proteinases, and the seroreactivities increased in the
course of infection after inoculation with Candida
species.

We hope the low specificity can be overcome
with distinct monoclonal antibodies to species- spe-
cific proteinase epitopes and can be producing mo-
noclonal antibodies for each proteinase. However,
the application of Candida proteinases for diagnosis
of candidiasis should be considered with limits of
specificity.
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