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albicans secreted aspartyl proteinase 4,5,6
genes (SAP4-6) contribute to the

development of disseminated infections. Our
previous study demonstrated that Sap4-6
proteins are secreted during hyphae formation.



In this study, the inhibitory effect of anti-Sap4-
6 antibodies in the multiplication of C. albicans
and the interaction with fluconazole were
studies. This study demonstrated that anti-
Sap4-6 antibodies exists in serum collected
from patients recovered from disseminated
candidiasis, but not from patients with C.
glabrata fungemia, or other critically ill
patients. Anti-Sap5 antiserum provided
stronger inhibitory effect on multiplication of C.
albicans wild type strain than pre-immune
control serum. This protective effect was not
significant for C. albicans wild type strain in
the presence of aspartic proteinase, pepstatin
A, for a Asap4-6 triple mutant, or for non-
albicans Candida species. Thus, this inhibitory
effect was at least in part through modulation
of the function of Sap4-6 proteins. Besides,
anti-Sap5 antibodies enhanced fluconazole
activity, a fungistatic agent. Our data provided
a rationale in development of vaccination to
immunocompromised patients with high risk of
disseminated candidiasis or passive
immunization for treatment in combination
with antifungal agent.
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The incidence of nosocomial fungal
infection has increased substantially during
the last two decades [1,2]. Candida species
are responsible for 10% of all nosocomial
bloodstream infections [1] and became the
leading pathogens of nosocomial bloodstream
infection at National Taiwan University
Hospital (NTUH) since 1993 [2]. Nosocomial
Candida infection was an independent poor
prognostic factor for critically ill patients [3]
and nosocomial candidemia is associated with
a high mortality rate [4]. The leading cause of
candidiasis, Candida albicans, is an imperfect
diploid dimorphic fungus that resides as a
commensal of the mucosae and the
gastrointestinal tract. In facing the emerging
fungal treat and limited strategies of antifungal
therapy, explore for virulence factor against C.
albicans, as a new antifungal target is
paramount important in recent years [5].

Among several potential virulence
factors of pathogenic Candida species, C.
albicans secreted aspartyl proteinases (Saps)
under the control of a multi-gene family

(SAP1-9) are regulated differentially at the
MRNA level in vitro, and are implicated in the
breakdown of several host substrates [6].
SAP4, SAP5 and SAP6 subfamily mMRNAs
were first detected during hyphae formation
[7]. Cumulated evidences suggest that Sap4-6
might play an important role in development of
hematogenously disseminated infections [8-
12]. For examples, Sap4-6 antigens have
been found on phagocytosed Candida
blastoconidia by immunofluoresence staining
[11]. A Asap4-6 triple mutant resulted in
attenuated mortality of guinea pigs and mice
compared with macrophages than the wild-
type 53% more effectively after contact with
macrophages than the wild-type strain [11].
Furthermore, among different sap mutant
strains, only a 4sap4-6 mutant induced
significant less organ invasion and reduced
tissue damage in comparison to the wild-type
strain [12]. These results suggest that Sap4-6
might play an important role in development of
hematogenously disseminated infections.

Our previous study confirmed in the protein
level that Sap4-6 proteins were expressed and
secreted in C. albicans during hyphae formation
induced by temperature and pH shift in modified
Lee’s medium [13]. Sap5 secreted earlier than
Sap4/6 and these was only minimal amount of
Sap4/6 secreted in the absence of Sap5. Our
previous findings suggest that Sap5 play a
central role of secretion of Sap4-6 subfamily.
Recently, assessment of expression of SAP
genes by in vivo expression technology revealed
that only SAP5 was strongly activated throughout
the course of infection [14,15]. Therefore, using
these antibodies against Sap5 and Sap4/6, this
study demonstrated the presence of anti-Sap4-6
antibodies in the sera of patients recovered from
disseminated candidiasis. Furthermore, antibody
against Sap5 inhibited proliferation of C. albicans
in RPMI-1640 medium, but not C. tropicalis, C.
papapsilosis, or C. glabrata. The inhibitory effect
against C. albicans was strain-dependent. This
effect was insignificant for C. albicans wild type
strain in the presence of Sap inhibitor, pepstatin
A, or for a Asap4-6 triple mutant.

Yeast strains and growth conditions. The C.
albicans wild type strain SC5314 [16] and the
sap4,5,6 null mutant strains dsap4-6 [9] were
used in this study. C. albicans SC5314, a blood
culture isolate from a patient with disseminated
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candidiasis, was used as the DNA template for
cloning individual Sap genes and expression of
His-tagged fusion proteins. The following liquid
media were used: modified Lee's medium (pH 4.5
and pH 6.5) for induction of Sap4-6 proteins as
described previously [13], and RPMI-1640 for
determination of viability of Candida following the
treatment of sera or antifungal agent (fluconazole).
Bovine serum albumin (Sigma) was added as
indicated. C. albicans was grown in an orbital
incubator at the indicated temperatures. For
hyphae formation and expression of Sap4,5,6
proteins, C. albicans was incubated in modified
Lee’s medium (pH 4.5) at 25°C for 48 h (stationary
phase), transferred to pre-warmed PRMI-1640
(final cell density approximately 5x10° cells/ml)
with or without sera, then incubated at 37°C for 24
h. Hyphae production of different strains during
different time points was checked by microscopy.
Aspartic protease inhibitor, pepstatin (P 4265,
Sigma Chemical Co., Mo., USA) was dissolved in
95% ethanol, diluted 1:50 in sterile H,O, and
added to culture medium at a final concentration
of 10 ug/mL as indicated.

Western blot analysis. Recombinant Sap2-6 proteins
(100 ng each) prepared as described previously [13]
were separated by SDS-PAGE, transferred onto
Immobilon-P membrane (Millipore Corp.), and
incubated with either specific anti-Sap4-6 antibodies
or patient sera at room temperature for 60 min,
followed by horseradish peroxidase-conjugated goat
anti-rabbit 1gG (diluted 1:5000). Bound antibodies
were detected with the ECL system (Amersham)
according to the manufacturer’s instructions. To
determined the presence of Sap4-6 in the culture
medium, supernatants of 2 ml of Candida culture were
collected and concentrated for Western blot analysis
as described [13].

Sera collected from patients who recovered from
systemic candidiasis.  Sera were collected from
6 patients who recovered from systemic
candidiasis (blood culture grew C. albicans, and
there were symptoms and signs suggestive of
systemic infection). Control sera were collected
from three healthy volunteers and from three
hospitalized patients without invasive candidiasis
due to C. albicans (one with coronary artery
disease and idiopathic pulmonary hypertension,
one with acute myelogenous leukemia and
pulmonary tuberculosis, one with fungemia due
to Candida glabrata). For SDS-PAGE, 100 ng
each of recombinant Sap protein (Sap2-6) and
proteins precipitated from equal amounts of the
culture supernatants of C. albicans after induction
for Sap4-6 were loaded. Patient sera (1:500)

were used as first antibody and HRP goat anti-
human IgG (1:5000) (Cappel) as secondary
antibody for immunoblotting analysis.
Antimannan antibodies were determined as well
(Sentori, France).

Antifungal susceptibility testing. Antifungal
stock solutions were prepared from standard
powders and susceptibility testing were
performed according to NCCLS M27-A
guidelines [17] and as previously described
[18].

Time-kill curve determinations. C. albicans wild
type strain SC5314 was selected for 24-h Kill
curves for fluconazole, anti-Sap5 antiserum, or
both. Growth control was determined in RPMI-
1640 alone. Experiments were performed at
least in triplicate. Each culture was incubated
at 37°C and samples were collected at
indicated times and was CFU was determined
by plating on Sabouraud dextrose agar. CFU
were counted after 18-24 h of incubation at
35°C.

Inhibitory and fungicidal activity. The
percentage of inhibition of multiplication (at
time x) was calculated by the formula [1 -
(experimental CFU/control CFU)] x 100.
“Control” refers to growth at time x without
active components (control serum, anti-Sap
antibodies, or fluconazole). When the number
of experimental CFU is less than the inoculum,
this is referred to as fungicidal activity, i.e.,
reduction of inoculum (time zero) CFU, was
determined by the formula [1 - (experimental
CFUlinoculum)] x 100.

Statistical analysis. Student’s t test was used
to compare statistical differences between
groups. Bonferroni’'s adjustment to the t test
was used for multiple comparisons against a
single control group [19]. Time-kill curves
were analyzed at 0, 6 and 24 h by analysis of
variance. Statistical significance was P < 0.05
(two-tail). Time-kill curves were analyzed at
indicated time points by analysis of variance.

Presence of antibodies against Sap4-6 and mannan in
convelescent-phase sera of patients with candidiasis.
Table 1 shows that serum from 4 patients with C.
albicans fungemia reacted with either recombinant
Sap5 or Sap6 proteins. However, there were no
detectable anti-Sap4-6 antibodies in the sera collected
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from 2 patients with recurrent fungemia. All these 6
patients had anti-manna antibody. The sera from
three hospitalized patients without invasive
candidiasis due to C. albicans and 3 healthy
volunteers had no anti-Sap4-6 and anti-mannan
antibodies. All 12 sera evaluated did not react with
recombinant Sap2, Sap3 or Sap4.

Inhibition of C. albicans multiplication by most, but not
all, of human serum. Heat-inactivated human serum

(10%) in RPMI significantly inhibited multiplication of C.

albicans compared with multiplication in RPMI alone in
a 24-h assay (98.3% to 99.4%, P < 0.05; figure 1,
sample 1-3). The inhibitory effect of serum collected
from healthy volunteer was as strong as those
collected from patients treated with antifungal agents
(96.6% to 100%; figure 1, sample 4-7). However,
serum collected from a patient with acute leukemia
status post chemotherapy and from a patient with
Wagnar sarcoma did not have significant inhibitory
effect on multiplication of C. albicans (figure 1, sample
8,9).

Time-kill curves for C. albicans in RPMI alone and
RPMI containing anti-Sap5 antiserum. Twenty-four-
hour kill curves for C. albicans wild type strain SC5314
for RPMI with or without anti-Sap5 antiserum (10%)
were shown in figure 2. Multiplication of C. albicans in
antiserum became stasis over 6-24-h duration as
compared with the exponential phase of growth
control curve in RPMI alone (P < 0.06).

Inhibition of C. albicans multiplication by anti-Sap4-6
antibodies. Anti-Sap5 antiserum significantly
inhibited multiplication of the C. albicans wild type
strain and a Asap4-6 triple mutant compared with
multiplication in RPMI alone in a 2-h, 6-h, or 24-h
incubation after induction of hyphae formation
(figure 3). The inhibitory activity of anti-Sap5
antiserum for wild type strain was stronger than that
of control serum (82.8% * 0.8% vs. 89.9% + 1.9%,
P =0.004) and the difference existed at 6-h or 24-h
incubation. In the following studies, inhibitory effect
of antiserum was determined at 24-h incubation.
Anti-Sap4 and anti-Sap6 antisera had similar
inhibitory effect on multiplication of C. albicans as
anti-Sap5 antiserum did (data not shown). A Asap4-
6 triple mutant was more susceptible to inhibitory
effect of either antiserum or control serum than wild
type strain did. The difference of inhibitory effect on
multiplication of C. albicans between antiserum and
control serum existed when serum was added to
culture medium either at 6-h or 24-h after induction
for hyphae formation (figure 4). When aspartic
proteiase inhibitor, peptatin A (10 ug/mL), was
added to culture medium, the difference of inhibitory
effect of multiplication on C. albicans wild type strain

between antiserum and control serum was
insignificant (figure 5A). In the presence of peptatin
A, inhibitory effect of antiserum for wild type strain
was similar to that of either control serum or
antiserum for the Asap4-6 triple mutant (81.2% to
84.7%; figure 5A,B). Therefore, the protective
effect provided by anti-Sap5 antiserum compared
with control serum targeted on the function of Sap
proteins, particularly Sap4,5,6 proteins.

Combined effect of anti-Sap5 antiserum and
fluconazole. When fluconazole was added to
culture medium at 24-h after induction of
hyphae formation in RPMI containing 10% of
serum, inhibitory effect of antiserum and
fluconazole was stronger than control serum
and fluconazole (figure 6A, right). Besides,
inhibitory effect of antiserum and fluconazole
was stronger than antiserum alone (74.1% +
2.4% vs. 41.9% + 6.1%, P = 0.001). The
protective effect of antiserum also existed when
fluconazole was added to culture medium
(RPMI containing 10% serum) before induction
of hyphae formation (figure 6B). Besides,
inhibitory effect of combination of serum and
fluconazole was stronger when treatment given
before hyphae formation (figure 6A,B).

Strain variation of inhibitory effects of anti-Sap5
antiserum. Inhibitory effects of control serum and
anti-Sap5 antiserum on multiplication of six
bloodstream isolates of C. albicans were
determined (figure 7). Inhibitory effect of control
serum for different strains ranged from -3.3% to
78.4%. However, except for strain 2001K46,
inhibitory effects of anti-Sap5 antiserum were
relatively similar (66.7% to 79.1%). Western blot
analysis demonstrated that the expression levels of
Sap5 and Sap4/6 proteins in RPMI containing 10%
fetal calf serum varied among different isolates
(data not shown). Thus, variation in inhibitory effect
of control serum for different bloodstream isolates
might be compensated by anti-Sap5 antiserum
through modulation of Sap4,5,6 activity. Inhibitory
effect of antiserum was significant higher than
control serum for 6 or 7 bloodstream isolates of C.
albicans evaluated.

Inhibition of anti-Sap5 antibody on multiplication of
non-albicans Candida species. Comparing to the
significant inhibitory effect of anti-Sap5 antiserum
for C. albicans bloodstream isolates, there was no
inhibitory effect for C. tropicalis, C. papapsilosis and
C. glabrata (figure 7). Besides, either control serum
or antiserum did not demonstrate inhibitory effect as
they were for C. albicans. Western blot analysis
using anti-Sap5 antibody did not demonstrate any
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cross reactivity of Sap4,5,6 proteins in the culture
supernatants of these three Candida species under
the same induction condition (data not shown).

This study demonstrated that anti-Sap4-6
antibodies exists in serum collected from
patients recovered from disseminated
candidiasis, but not from patients with C.
glabrata fungemia, or other critically ill
patients. Anti-Sap5 antiserum provided
stronger inhibitory effect on multiplication of C.
albicans wild type strain than pre-immune
control serum. This protective effect was not
significant for C. albicans wild type strain in
the presence of aspartic proteinase, pepstatin
A, for a Asap4-6 triple mutant, or for other
Candida species. Thus, this inhibitory effect
was at least in part through modulation of the
function of Sap4-6 proteins. Besides, anti-
Sap5 antibodies enhanced fluconazole activity,
a fungistatic agent. Our data provided a
rationale in development of vaccination or
passive immunization to immunocompromised
patients with high risk of disseminated
candidiasis to replace widespread use of
antifungal prophylaxis and resulting
emergence of antifungal resistance.

Goal to be completed

1. Compare the inhibitory effects of anti-
Sap5 antiserum and control serum in the
presence of momocyte or macrophage.

2. Evaluate the expression of Sap4-6 during
macrophage-Candida interaction
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