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In the search of the antigenic determinants of a 65-kDa mannoprotein (MP65) of Candida albicans, tryptic
fragments of immunoaffinity-purified MP65 preparations were tested for their ability to induce lymphoprolif-
eration of human peripheral blood mononuclear cells (PBMC). Five major peptides (T1 to T5) were shown to
induce a vigorous proliferation of PBMC from the majority of the eight healthy human subjects tested. With
the use of synthetic peptides, critical amino acid sequences of the two most immunoactive (T1 and T2) peptides
were determined. Similar to what was found for the MP65 molecule, no PBMC multiplication was induced by
the antigenic peptides in cultures of naive cord blood cells. The amino acid sequence analysis of tryptic and
chymotryptic peptides of MP65 demonstrated a substantial homology with the deduced sequences of two cell
wall proteins of Saccharomyces cerevisiae, encoded by the genes YRM305C and YGR279C. However, the antigenic
peptides were those showing the least similarity with the corresponding regions of the above proteins. In
particular, the lymphoproliferation-inducing sequence of the T1 peptide scored only 20% identity with the
homologous regions of S. cerevisiae proteins. Besides disclosing the amino acid sequence of MP65, this study
provides an initial characterization of some of its antigenic determinants, as well as of synthetic peptides of
potential use to detect specific immune responses against MP65, a major target of anticandidal cell-mediated
immunity in humans.

Yeasts belonging to the genus Candida are major fungal
pathogens for the immunocompromised host. Candida albi-
cans is especially prevalent in subjects infected by the human
immunodeficiency virus with severe functional and numerical
deficits in CD41 T lymphocytes, which are critical components
of cell-mediated immunity (CMI) (24). Despite the increased
awareness of the important role that CMI plays in the defense
against this fungal pathogen (reviewed in references 1 and 38),
very few CMI antigen targets for it have so far been identified.
These include heat shock proteins, enolase, and a number of as
yet uncharacterized mannoproteins, some with adhesin func-
tion (6, 12, 15, 27, 29, 30, 40).

We have long been studying a 65-kDa mannoprotein (des-
ignated MP65) which is present in both the structural and
secretory mannoprotein material and which is recognized by T
cells of peripheral blood of practically all healthy individuals
(quasiuniversal antigen) (20, 42–44). In mice immunized with
whole fungal cells or MP65-rich mannoprotein extract (MP-
F2) (44), a vigorous lymphoproliferative response with a prev-
alent T-helper type 1 (Th1) cytokine pattern was elicited in in
vitro MP65-stimulated lymphomonocyte cultures (31). In ad-
dition, the MP-F2 extract was capable of inducing a moderate
but significant degree of protection against a challenge with a
highly virulent C. albicans strain in a model of murine dissem-
inated candidiasis. This protection was significantly increased
by coadministration of interleukin-12 (IL-12) or by treatment
with antibodies against IL-10 (32, 33).

Thus, MP65 contains Th1-inducing and potentially protec-

tive T-cell epitopes, and its further biochemical and immuno-
logical characterization could be extremely useful for devising
an immunotherapeutic or vaccination strategy. With this aim in
mind, we have sequenced a large number of peptides obtained
by enzymatic digestion of a immunoaffinity-purified antigen.
This sequencing revealed that MP65 of C. albicans, while bear-
ing substantial homology to the products of a Saccharomyces
cerevisiae gene family encoding putative glucanase enzymes
(10), also possesses rather distinctive antigenic determinants in
the N-terminal region of the protein.

MATERIALS AND METHODS

Strains and culture conditions. C. albicans BP, serotype A, from the estab-
lished stock collection of the Istituto Superiore di Sanità, was used throughout
this study. Its origin and culture maintenance have been described elsewhere
(44). It was grown in Winge broth (0.2% glucose, 0.3% yeast extract; Difco) or
modified Lee’s medium (28) buffered in 0.1 M phosphate buffer, pH 6.5, as
specified for single experiments.

Sera and MAbs. 7H6 is a mouse immunoglobulin G2b (IgG2b) monoclonal
antibody (MAb) specific for a peptide epitope of MP65. MAb 4H12 is a mouse
IgG2a specific for the protein moiety of a 70-kDa mannoprotein of C. albicans
(20). Both MAbs were prepared by fusion of the myeloma cell line X63-Ag8.653
with splenocytes of mice immunized with a secreted mannoprotein material from
hyphal cell cultures of C. albicans and purified as described in detail elsewhere
(20). Polyclonal anti-MP65 antibodies were raised in 2-month-old, female
BALB/c mice (Charles River, Calco, Italy) by immunization with the purified
MP65 coupled to concanavalin A (ConA; Sigma Chemical, St. Louis, Mo.)-
agarose beads, as follows. Thirty micrograms (polysaccharide) of MP65 was
incubated with 150 mg of ConA (12 mg of ConA per ml; Sigma) in 100 ml of
buffer containing 10 mM Tris-HCl, 150 mM NaCl, 1 mM CaCl2, and 1 mM
MgCl2 (pH 7.5) for 1 h at 25°C; the mixture was brought to 1 ml with double-
distilled H2O and emulsified into an equal volume of complete Freund’s adju-
vant. Two doses (200 ml) of this preparation were administered intraperitoneally
to four previously pristanized mice (0.5 ml of pristane given up to 2 weeks
before) at an 8-week interval. Five weeks later, mice received a third dose of 8
mg of the soluble MP65 in incomplete Freund’s adjuvant. Ascites developed after
the second or third injection, and ascites fluid was collected and tested in an
enzyme-linked immunosorbent assay (20).
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MP65 purification. The MP65 was affinity purified from the material sponta-
neously released from C. albicans mycelial cultures, as previously reported (20).
Briefly, the fungus was grown in Lee’s medium with 1 mg of tunicamycin/ml for
24 h at 37°C. The culture supernatant was concentrated and dialyzed by ultra-
filtration (Diaflow Ultrafilter YM10; Amicon Corp., Danvers, Mass.) and passed
through two sequential affinity columns which were prepared by covalently cou-
pling MAb 7H6 or MAb 4H12 to protein A-Sepharose CL4B (Pharmacia) with
dimethylpimelimidate (Sigma). The first (MAb 4H12) column was used to min-
imize nonspecific binding of material from the mycelial secretion to the MP65-
specific MAb 7H6 column. MP65 was eluted from the second (MAb 7H6)
column with 100 mM triethylamine, pH 11.5, neutralized with 2 M Tris, dialyzed
against double-distilled H2O, and kept at 220°C. The purified antigen was
substantially free from other mannoproteins or proteins, as assessed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), silver staining,
ConA detection, and immunoblotting with MAbs or polyclonal antibodies di-
rected against other components of the mycelial secretion (16).

Total polysaccharide and protein compositions of MP65 were determined by
the phenol-sulfuric acid method (18) and the Bio-Rad (Hercules, Calif.) protein
assay, respectively.

SDS-PAGE and Western blotting (immunoblotting). Samples were analyzed
by SDS-PAGE with 5 to 15 or 5 to 20% gradient acrylamide slab gels with a 3.5%
acrylamide stacking gel (25, 27). After electrophoresis, samples were either
stained with the Bio-Rad silver stain kit or transferred electrophoretically onto
nitrocellulose (0.1- or 0.2-mm pore size) or polyvinylidene difluoride (PVDF)
membranes (Immobilon-P; Millipore Corp., Bedford, Mass.) for detection with
ConA, MAbs, or polyclonal antibodies or for amino acid sequencing, as previ-
ously described (7, 20).

Enzyme treatments. For limited proteolysis, 10 mg of denatured MP65 (0.1%
SDS, 100°C, 5 min) was resuspended in 50 mM ammonium bicarbonate, pH 8.0,
and digested with trypsin (Sigma Chemical Co.) (enzyme/substrate ratio, 1:10 or
1:50) or chymotrypsin (enzyme/substrate ratio, 1:100) for 1 h at 37°C. For ex-
tensive proteolysis with trypsin or chymotrypsin, 400 mg of heat-denatured
(100°C, 5 min) MP65 in 50 mM Tris-HCl buffer, pH 8.0, was treated with the
corresponding enzyme (enzyme/substrate ratio, 1:10) for 2 to 5 h at 37°C. Cleav-
age with endoproteinase Asp-N (Boehringer GmbH, Mannheim, Germany) (en-
zyme/substrate ratio, 1:50) was carried out (under the same conditions) in the
presence of 8% acetonitrile. The extent of digestion was assessed by SDS-PAGE
and silver staining.

High-performance liquid chromatography (HPLC) separation. The peptide
mixtures obtained following the enzymatic digestions with trypsin (T peptides) or
chymotrypsin (CH peptides) were purified using the Beckman Gold chromatog-
raphy system on a macroporous reversed-phase column (Acquapore RP-300; 4.6
by 250 mm, 7 mm; Brownlee Labs, Foster City, Calif.). Peptides were eluted with
a linear gradient of 0 to 70% acetonitrile in 0.2% (vol/vol) trifluoroacetic acid, at
a flow rate of 1.0 ml/min. The elution was monitored using a diode array detector
(Beckman; model 168) at 220 and 280 nm. Peptides represented by peaks were
collected, lyophilized, and finally resuspended in 200 ml of Dulbecco’s phos-
phate-buffered saline (PBS; Oxoid).

Amino acid sequencing. The peptides obtained by limited proteolysis were
separated in a 15 to 20% acrylamide gradient gel and transferred onto PVDF
membranes. After being stained with 0.1% Coomassie blue in 50% methanol and
destained with 50% methanol, visualized bands were excised and subjected to
automated Edman degradation on a gas phase sequencer (model AB 476A;
Perkin-Elmer, Foster City, Calif.) (15). HPLC-purified peptides were spotted (20
ml) in PVDF membranes before sequencing. In some cases, the peptides were
covalently linked to the membrane (Sequelon AA membranes, Millipore) to
avoid its detachment throughout sequencing cycles (31).

Synthetic peptides. Synthetic peptides were purchased from Tana Laborato-
ries, Houston, Tex.). They were provided as .80% pure and were further
assessed for purity by HPLC amino acid analysis and sequencing, as described
above. Because of their high hydrophobicity, they were dissolved in 5% dimethyl-
sulfoxide (DMSO; Sigma) at a concentration of 1 mg/20 ml and then diluted to
the desired concentration in RPMI 1640 medium. DMSO controls demonstrated
that the concentrations used for peptide solubilization did not affect peripheral
blood mononuclear cell (PBMC) proliferation.

Lymphocyte proliferation assay. Lymphoproliferation assays were performed
as previously reported (2, 3, 44). Briefly, PBMC from venous blood samples of
healthy human donors were isolated by centrifugation on a density gradient
(Lymphoprep; Nyegaard, Oslo, Norway) and cultured at 37°C under a 5% CO2
atmosphere in RPMI 1640 medium–5% pooled AB human serum (Sigma) in
96-microwell trays (106 cells per ml, 200 ml per well) in the presence of various
doses of the stimulant and controls, as indicated in each single experiment.
Peptides isolated by HPLC were resuspended in Dulbecco’s PBS, heat inacti-
vated (80°C, 10 min) as specified before, filtered, and used at 1:100 or 1:1,000
(final dilution). In some experiments, antigen-unresponsive PBMC from umbil-
ical cord blood were used as responder cells. Cell proliferation was measured on
day 7 of the culture by [3H]thymidine incorporation and expressed as counts per
minute per 2 3 105 cells (mean 6 standard deviation of triplicate wells) and by
stimulation index (SI; test counts per minute divided by control counts per
minute for the PBMC culture without stimulant). SI . 3 was considered to
indicate a positive lymphoproliferation.

RESULTS

MP65 purification. The MP65 was purified from protein-
enriched secretory mannoprotein from hyphal cells of C. albi-
cans by double sequential immunoaffinity chromatography. To
this end, two MAbs, one of which (MAb 4H12) adsorbed an
abundant 70-kDa molecule and other irrelevant mannopro-
teins of the secretory material and the other of which (MAb
7H6) bound specifically the MP65 constituent, were used. As
shown in Fig. 1, the purified antigen intensely reacted with
specific reagents and was substantially free from other manno-
proteins or proteins, as assessed by silver staining, measure-
ment of ConA reactivity, and immunoblotting with MAb 4H12
directed against the 70-kDa mannoprotein-rich material. This
purification procedure was reproduced with similar efficiencies
for all four batches of MP65 used throughout our experiments.
The immunoaffinity-purified MP65 did not contain Limulus
amoebocyte lysate-detectable lipopolysaccharide (data not
shown).

MP65 protease digestion and PBMC proliferation. To iden-
tify enzymatic treatments useful to generate MP65 peptides
with functional antigenic determinants, several preparations of
the purified molecule were subjected to enzymatic digestion
with trypsin or chymotrypsin or Asp-N endoproteinase and
tested in a lymphoproliferation assay. Only the peptide mixture
generated by trypsin cleavage had preserved the capacity of
inducing a strong proliferation of PBMC from MP65-respon-
sive donors in vitro (data not shown). Therefore, tryptic diges-
tions of four different batches of MP65 were carried out, and
the resulting main peptides obtained were separated by re-
versed-phase HPLC. The chromatographic profiles obtained in
the four digestions were similar, but some minor differences in
the number (from 40 to 45) or in the height of the main peptide
peaks were seen. Figure 2 is a representative chromatogram of
a trypsin digest of one of the four immunoaffinity-purified
MP65 preparations.

PBMC from eight unrelated healthy blood donors were
tested with all the HPLC-separated peptides, five of which (T1
to T5, at a dilution of 1:100) were found to induce proliferation
of PBMC from at least one of the donors. At the above dilu-
tion, two peptides (T1 and T2) stimulated cell proliferation in
all (T1) or the majority (T2) of PBMC donors, with prolifer-
ation indices falling in the same range as those achievable with
MP65 and the polyclonal stimulant IL-2 (data not shown; see
also below). No cell proliferation was induced by control buff-

FIG. 1. Chemical and immunochemical detection of immunoaffinity-purified
MP65. (A) ConA stain; (B to D) immunoreactivity with MAb 7H6 (B), anti-
MP65 mouse serum (C), and MAb 4H12 (D); (E) silver stain. Lanes 1, secretory
mannoprotein material from tunicamycin-treated mycelial cultures of C. albicans
used as starting material for the immunoaffinity purification of MP65, for which
2 mg of polysaccharide material was reacted with ConA and 10 mg was reacted
with each antibody preparation; lanes 2, 50 ng of purified MP65 was reacted with
ConA, 100 ng was reacted with antibodies, and 1 mg was reacted with silver.
Molecular mass markers (left) are in kilodaltons.
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ers. On this basis, all the subsequent experiments of PBMC
stimulation by antigenic MP65 fragments and synthetic pep-
tides were carried out with the peptides T1 and T2 (see below).

The antigenic nature of the peptide-induced lymphoprolif-
erative response, such as that previously shown for MP65 (20,
44), was confirmed by the inability of the relevant preparation
to stimulate lymphoproliferation in cultures of mitogen-re-

sponsive, naive lymphocytes from the human umbilical cord
blood (data not shown). Table 1 shows the actual lymphopro-
liferative responses of all eight donors whose PBMC were
stimulated in vitro with peptides T1 and T2. Peptide T6 served
as the negative control.

Amino acid sequences of antigenic and nonantigenic pep-
tides. The amino acid sequences of the MP65 peptides were

FIG. 2. HPLC separation of MP65 peptides obtained by complete proteolysis with trypsin. The chromatogram is one representative of four independent
preparations. Arrows, peptides analyzed for amino acid sequence (T1 to T9); dashed line, gradient concentration.

TABLE 1. Lymphoproliferation induced by MP65 and some of the internal peptides separated from MP65 by HPLC of human PBMC
cultures from adult healthy donors or umbilical cord blood

Stimulator Concentrationb
Lymphoproliferationa for PBMC donor:

1 2 3 4 5 6 7 8

None 2.0 6 0.4 0.6 6 0.1 0.5 6 0.1 0.7 6 0.1 0.5 6 0.05 0.6 6 0.2 0.2 6 0.1 1.2 6 0.3
IL-2 100 U/ml 40.7 6 6.1 21.0 6 3.3 25.5 6 3.8 22.4 6 3.7 NDc 23.2 6 2.1 ND 59.1 6 3.0
MP65 1 mg/ml 30.7 6 2.4 25.2 6 1.7 6.3 6 0.6 23.8 6 1.8 5.2 6 0.5 21.9 6 1.2 16.1 6 1.3 30.6 6 7.2

0.1 mg/ml 16.5 6 1.0 11.0 6 0.8 4.1 6 0.5 10.9 6 0.8 4.5 6 0.6 11.5 6 1.6 10.4 6 0.9 5.6 6 3.3
T1 1:100 12.0 6 1.8 9.7 6 0.3 7.5 6 0.3 10.4 6 0.7 8.0 6 0.4 6.8 6 0.1 7.9 6 5.0 10.5 6 2.3

1:1,000 1.5 6 0.1 0.5 6 0.1 0.2 6 0.1 1.0 6 0.3 0.9 6 0.7 0.5 6 0.1 0.5 6 0.1 2.2 6 2.8
T2 1:100 16.5 6 3.1 ND ND 19.3 6 3.9 10.7 6 1.6 18.7 6 0.7 10.7 6 8.6 3.0 6 0.3

1:1,000 ND ND ND 11.0 6 2.5 3.0 6 0.6 7.0 6 1.4 3.0 6 2.6 0.7 6 0.2
T6 1:25 ND ND ND ND ND ND 0.5 6 0.05 1.4 6 0.6

1:100 1.7 6 0.1 0.5 6 0.01 0.3 6 0.2 0.6 6 0.1 0.3 6 0.1 0.5 6 0.1 0.3 6 0.01 1.0 6 0.4
1:1,000 1.8 6 0.3 0.5 6 0.01 0.4 6 0.2 0.5 6 0.1 0.3 6 0.1 0.6 6 0.1 0.4 6 0.1 0.2 6 0.1

ND ND ND ND ND 1.0 6 0.2 1.4 6 0.6
Buffer 1:25 ND 0.8 6 0.1 1.3 6 0.2 ND ND ND 0.9 6 0.4 ND

1:100 0.6 6 0.4

a Evaluated as [3H]thymidine incorporation and expressed as counts per minute (103) (mean 6 standard deviation).
b For MP65 internal peptides, fractions obtained by HPLC separation of 400 mg of trypsin-digested MP65 were resuspended in 200 ml of PBS and tested at the

indicated final dilutions.
c ND, not done.
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determined following total digestion with trypsin or chymo-
trypsin. In particular, the complete amino acid sequence of
peptide T1 was determined after a further cleavage with chy-
motrypsin, HPLC separation, sequencing of the resulting pep-
tides, and comparison with the amino acid composition of the
whole, initial peptide from trypsin digestion. None of the main
peptides examined had overlapping amino acid sequences, in-
dicating that they were indeed distinct MP65 fragments (Table
2). The sequence of the T9 peptide corresponded to the pre-
viously reported N-terminal sequence (20).

For the amino acid homology search, the peptides above and
other MP65 fragments obtained by partial or complete cleav-
age with trypsin or chymotrypsin were sequenced and screened
with database protein sequences. Following limited digestion
with trypsin or chymotrypsin, several fragments ranging in ap-
parent molecular mass from around 28 to less than 14 kDa
were obtained (Fig. 3). Only fragments of trypsin digestion
with molecular masses of 28, 25, and 15 kDa (T28, T25, and
T15, respectively) as well as one from chymotrypsin digestion
with a molecular mass of 26 kDa (CH26) were detected after
electrophoretic transfer to a PVDF membrane and Coomassie
blue staining. None of these large fragments reacted with
ConA in Western blotting showing that they were minimally, if
at all, glycosylated, and none was recognized by MAb 7H6
(Fig. 3). As shown in Table 3, the amino acid sequences of the
28- and 25-kDa tryptic fragments were similar and overlapped
with the sequence of the 26-kDa chymotryptic fragment. Other
overlappings with peptides generated by extensive proteolysis
were seen; in particular, the 15- and 28-kDa tryptic fragments
clearly contained the T1 and T2 peptides, respectively (com-
pare with Table 2).

A search of protein databases revealed a high degree of
similarity between the sequences of most of the MP65 peptides
and the deduced amino acid sequences of two proteins en-
coded by the S. cerevisiae genes YRM305C and YGR279C.
Figure 4 shows the sequences of these S. cerevisiae gene prod-
ucts aligned with the putative corresponding peptides of Can-
dida MP65. The previously reported N terminus sequence of
MP65 is also shown. Based on sequence comparison, the ho-
mology between the sequences of the MP65 peptides and the
deduced amino acid sequences encoded by the S. cerevisiae
genes is particularly high (up to 70% identity) in several re-
gions of the C-terminal moiety of the protein. However, the
identity score was much lower in the MP65 antigenic peptides,
in particular for the T1 peptide (compare sequences of amino
acids 195 to 217 of Fig. 4).

Identification of T1 and T2 as putatively immunodominant
MP65 sequences. Since all (for T1) or most (for T2) of the

subjects tested responded to the T1 and T2 peptides, we fo-
cused our attention on these two peptides as highly antigenic,
putatively immunodominant determinants of MP65 (see
above). To this end, the whole T1 and T2 peptides and two
partially overlapping sequences (14 to 16 amino acids) of each
of the two peptides were synthesized by using the sequence
information derived from complete and incomplete MP65 en-
zymatic digestion (Tables 2 and 3) and used to stimulate in
vitro PBMC from MP65- and natural T1- and T2-responsive
donors. The whole T1 and T2 synthetic peptides were ex-
tremely hydrophobic and could hardly be dissolved at sufficient
concentrations in PBS to be tested in lymphoproliferation as-
says. As shown in Table 4, the synthetic peptides possessing the
last six and four C terminus amino acids of T1 and T2 peptides,
respectively, induced lymphoproliferation in all four donors

FIG. 3. Analysis by SDS-PAGE and Western blotting of the MP65 fragments
obtained by limited cleavage with trypsin (a) or chymotrypsin (b). Samples of
MP65 (lanes 1 of both panels) were digested at an enzyme/substrate ratio of 1:50
or 1:10 for trypsin (a, lanes 2 and 3, respectively) or 1:100 for chymotrypsin (b,
lanes 2). Protein fragments were separated in 15 to 20% acrylamide gels and
visualized with silver stain (A) or with ConA (B) (both panels) or anti-MP65
mouse serum (a, C) or MAb 7H6 (b, C) after electrophoretic transfer to PVDF
membranes. Peptide fragments analyzed for amino acid sequence were CH26,
T28, T25, and T15. Molecular mass markers (right) are in kilodaltons.

TABLE 2. N-terminal amino acid sequences of T-cell proliferation-
inductive and -noninductive (control) peptides

Peptide Amino acid sequenceb

T1...............................................IFAGIFDVSSITSGIESLAEAVK
T2...............................................SSSQIASEIAQLSGFNVIR
T3...............................................LYGVDXX
T4...............................................XYGWDDIYTVSIGNELVNAGXA
T5...............................................Blockeda

T6...............................................YWGIYSN
T7...............................................XXXGXXAILFTAFNDLWK
T8...............................................XITYSPY
T9...............................................AVHVVX

a Chemical block at the N-terminal amino acid; no sequence could be deter-
mined.

b X, unidentified amino acid.

TABLE 3. Amino acid sequences of major MP65 fragments from
limited trypsin or chymotrypsin digestion or complete

chymotrypsin digestion

Treatment Peptide Amino acid sequenceb

Limited proteolysis
Trypsin T28 GIIYSPYSDNGGCKSSSQIASEIAQL

T25 GMYSPYSa

T15 TSXQKIFAGIFDVSSITXGIEXLA
Chymotrypsin CH26 XPYSDNGXXXK

Complete proteolysis
with chymotrypsin

CH1 TVSIGNEL

CH2 TGPVVSVDTF
CH3 ITETGWPS

a The sequencing was arrested after the seventh amino acid.
b X, unidentified amino acid.
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tested, although by magnitudes that differed greatly, as exem-
plified by both absolute counts per minute and proliferation
indices. These data confirm that the recognition of the natural
T1 and T2 peptides by PBMC was genuine and specific and did
not depend upon contamination with other lymphoprolifera-
tion-inducing natural peptides with undefined amino acid se-
quences. They also indicate that the C terminus sequences
ESLAEAVK and NVIR were critical components of T1 and
T2 antigen recognition, respectively.

Biochemical properties of MP65, YRM305C, and YGR279C.
The two S. cerevisiae gene products and MP65 of C. albicans

share a number of biochemical properties. They have acidic pI
values and similar overall amino acid compositions, with high
relative contents (.10% of the whole composition) of aspartic
acid/asparagine, serine, glycine, alanine, and valine. The total
content of hydroxy amino acids was particularly high (.20% of
total amino acids) for all three proteins (Table 5). In S. cerevi-
siae protein sequences, around 50% of the hydroxy amino acids
are located in the first (N-terminal) portion of the molecule,
being particularly concentrated between residues 106 and 135
(Fig. 4). This suggests that most of the O glycosylation may
occur in this area also in C. albicans MP65. One putative N

FIG. 4. Alignment of C. albicans MP65 sequenced peptides (boldface) and the predicted amino acid sequences of S. cerevisiae YRM305C (sequence 1) and
YGR279C (sequence 2) gene products as described by Cappellaro et al. (10). Lowercase letters were used when the MP65 amino acids were different from the
corresponding amino acids of either of the S. cerevisiae proteins. The asterisk indicates the start of the N-terminal sequence of the mature MP65 protein.

TABLE 4. Synthetic peptides and induction of lymphoproliferation

Peptide Sequence
Lymphoproliferationa for PBMC donor:

1 2 3 4

T1a IFAGIFDVSSITSGI 0.6 6 0.1 1.8 6 0.3 1.2 6 0.3 1.5 6 0.5
T1b SSITSGIESLAEAVK 2.7 6 0.3 5.9 6 1.1 44.5 6 2.8 9.6 6 2.0
T2a SSSQIASEIAQLSGF 0.8 6 0.3 0.9 6 0.3 1.0 6 0.1 2.1 6 0.5
T2b IASEIAQLSGFNVIR 1.8 6 0.4 7.5 6 0.6 26.9 6 1.8 13.5 6 2.7
MP65b 27.1 6 2.4 13.1 6 2.9 74.6 6 5.2 8.4 6 1.1
None 0.3 6 0.1 1.1 6 0.1 0.7 6 0.2 1.6 6 0.5

a Evaluated as described in footnote a to Table 1. Each peptide was used at 1 to 10 mg/ml. The data (means 6 standard deviations) shown are for 10 mg/ml.
b Concentration, 10 mg/ml.
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glycosylation site was also identified in both S. cerevisiae de-
duced amino acid sequences, but no such a site was present in
any of the MP65 sequenced peptides.

DISCUSSION

In this paper, a 65-kDa mannoprotein (MP65), a major
antigen target of anti-Candida CMI, has been dissected into a
number of PBMC-stimulatory peptide fragments. At least two
peptides have been found to contain major antigenic determi-
nants of the fungus. They were seen to belong to a protein
closely homologous to S. cerevisiae cell wall mannoproteins,
designated by Cappellaro et al. (10) Scw4p and Scw10p and
apparently encoded by the yeast genes YRM305C and
YGR279C (20).

To our knowledge, MP65 is the first cell wall mannoprotein
antigen of C. albicans that has been partially dissected into its
antigenic determinants after molecular characterization and
sequencing. There are several other mannoproteins of this
fungus which approximate the molecular weight of the MP65
constituent, and some of them have been, in part, character-
ized at a molecular level. In general, they have usually been
studied for adhesion to plastic or the cell surface or as recep-
tors for soluble factors of host immunity rather than as CMI
targets (4, 5, 8, 9, 19, 45, 46). A few of them have also been
shown to be recognized as antigens. For instance, the C3d-
binding protein (a doublet of 55 to 60 kDa and with a pI
around 4) was antigenically expressed and it induced in vitro
proliferation of splenocytes from Candida-infected mice (8).
However, no precise identification of its antigenic determi-
nants has been made, and the protein remains quite distinct

from the MP65 antigen of C. albicans. Lack of biochemical
characterization and sequence data for other MP-rich anti-
genic preparations of C. albicans precludes any sensible struc-
tural and functional comparison with our antigenic constituent
(16, 17, 35).

Besides the remarkable technical difficulties in purifying
(and sequencing) individual mannoproteins from polydis-
persed, highly glycosylated material, as previously discussed
(11, 34), the paucity of data on the protein constituent of
mannoproteins is also due to the fact that most research has
been focused on saccharide determinants of the antibody re-
sponse for serotyping and diagnostic purposes (39, 41). Con-
sequently, a wealth of knowledge has been accumulated on a-
and b-linked oligomannosides involved as B-cell epitopes, one
of which has recently been shown to induce antibody-mediated
protective immunity (21, 22). In contrast, the protein moieties
of most mannoproteins remain rather mysterious, despite pre-
vious indirect evidence that their epitopes may constitute the
target of such responses as delayed type hypersensitivity in
vivo, ex vivo lymphoproliferation, and Th1 cytokine production
(2, 3, 16, 17, 32), all critical elements of anti-Candida immunity
(36, 38).

Amino acid sequence analysis of MP65 fragments obtained
from partial or complete trypsin and chymotrypsin digestion
revealed a substantial homology of this protein to products of
a family of S. cerevisiae open reading frames (ORF), mostly
YRM305C and YGR279C, recently identified by Cappellaro et
al. (10) and shown to belong to a family of cell wall glucanases
or transglycosidases. Among the sequenced MP65 peptides,
those having the strongest homology to the deduced S. cerevi-
siae amino acid sequences were present in the C-terminal half
of the molecule. The N-terminal amino acid sequences of frag-
ments T28 and T25 and, mostly, the T1 fragment from the
complete trypsin digestion showed the lowest degree of se-
quence homology with the S. cerevisiae gene products. All
these sequences apparently belonged to the N-terminal half of
the molecule. The two S. cerevisiae gene products show a high
degree of potential O-glycosydic bonds, serine and threonine
accounting for more than 20% of all amino acids. A long
stretch of serine residues in positions 106 to 130 also charac-
terizes the products of the two S. cerevisiae ORF. This region
should be therefore considered as putatively involved in most
of the MP65 O glycosylation. This hypothesis is supported by
the observation that MP65 peptides obtained by limited pro-
teolysis (T28, T25, T15, and CH26), while matching the cor-
responding S. cerevisiae regions (amino acid positions 146 and
144 of YRM305C and YGR279C, respectively) did not react
with ConA in Western blotting (Fig. 3), nor did antigenic
peptides T1 to T5 react with this lectin (as indicated in Fig. 2).

Other close resemblances between MP65 and the Scw10p
and Scw4p of S. cerevisiae concern the nature of their cell walls
and of their secretory mannoproteins and their release from
the cell wall by reducing agents (10, 44). Although one site of
potential N glycosylation (NXS or NXT) is present in both
Scw10p and Scw4p, no such sites were identified in the puta-
tively corresponding positions in any of the sequenced MP65
peptides. Previous studies showed that a-mannosidase and
b-elimination, but not endoglycosidase, treatments affected the
molecular mass of MP65 (20, 45). Moreover, the purified mol-
ecule was not reactive with any MAb recognizing common
a- or b-mannan epitopes of a large variety of Candida man-
noproteins (M. J. Gomez and A. Cassone, unpublished obser-
vations). It is possible that N glycosylation sites reside in other
nonsequenced MP65 regions or that the protein is not N gly-
cosylated, as happens for other cell wall mannoproteins (23).

Since MP65 is particularly abundant in the secretory man-

TABLE 5. Comparison between the deduced amino acid
compositions of the S. cerevisiae mature proteins encoded by

YRM305C and YGR279C and that of C. albicans MP65a

Amino acid
residue

YRM305C YGR279C
MP65b

(%)No. of
residues % No. of

residues %

Asp/Asn 38 (22/16) 10.6 39 (19/20) 11.0 9.8
Thr 38 10.6 29 8.2 6.8c

Ser 61 16.7 53 14.9 15.1c

Glu/Gln 33 (17/16) 9.2 34 (17/17) 9.6 3.9
Pro 9 2.5 10 2.8 3.9
Gly 28 7.8 24 6.7 13.6
Ala 37 10.3 48 13.5 12.0
Cys 5 1.4 5 1.4 NDd

Val 38 10.6 36 10.1 11.3
Met 1 0.3 1 0.3 0.0
Ile 15 4.2 15 4.2 5.2
Leu 15 4.2 12 3.4 4.0
Tyr 16 4.4 15 4.2 3.2
Phe 6 1.7 8 2.3 2.3
His 2 0.6 1 0.3 Traces
Lys 14 3.9 16 4.5 4.5
Arg 0.6 4 1.1 4.5
Trp 1.4 6 1.7 ND

a See reference 20. For YRM305C, YGR279C, and MP65, the following val-
ues, respectively, were found: amino acid number, 360, 356, and unknown; pI,
4.54, 4.72, and 4.1; molecular mass by SDS-PAGE, 66, 66, and 65 kDa; molecular
weight of the protein moiety, 40,448, 40,158, and unknown.

b The amino acid analysis was performed with affinity-purified MP65 subjected
to SDS-PAGE and electrophoretic transfer to PVDF membranes. The absolute
numbers of amino acids in the whole molecule could not be determined since the
molecular weight of the protein moiety remains unknown.

c No correction for the destructive loss of Ser and Thr during hydrolysis was
made.

d ND, not determined.
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noprotein material from the hyphal cells of C. albicans (44), its
apparent homology with enzymes of the glucan metabolism
would suggest a major function of it during mycelial growth,
when the level of b-glucanase activity is high and dramatic
rearrangements of cell wall structure and cell surface antigen
modulations occur (14). However, no direct data on the bio-
chemical function of MP65 are presently available.

A main purpose of the present study was the dissection of
MP65 into its main antigenic determinants recognized by hu-
man PBMC. A number of tryptic or chymotryptic fragments
were indeed separated by HPLC, their amino acid sequences
were largely determined, and their abilities to induce PBMC
proliferation in a number of subjects were tested. A more
extensive testing with a high number of subjects and with
various exact (molar) concentrations of each peptide could not
be done as the amounts of peptide recovered from HPLC were
low and the amount of MP65 itself achievable on a laboratory
scale was not sufficiently high for complete chemical charac-
terization of its trypsin digests. Moreover, the methods used
could not guarantee that the antigenic peptides identified were
totally sequenced, so as to exactly define their concentrations.
Nonetheless, initial experiments with synthetic peptides pro-
vided direct evidence that at least two peptides (T1 and T2)
contained genuine antigenic determinants and helped to more
closely define the T1 and T2 regions representing or containing
the epitope sequences. Interestingly, upon alignment of their
sequences with the corresponding sequences of S. cerevisiae
cell wall proteins, both peptides appeared to be localized in
that portion of the molecule showing the least homology with
the corresponding region of the yeast proteins. In fact, the
immunoactive T1b peptide showed 80% sequence diversity
compared to the corresponding S. cerevisiae region, whereas
for the T2b peptide the diversity was .40%. The distinctive-
ness of what putatively contains major T-cell epitopes of MP65
might explain why mannoprotein extracts of S. cerevisiae, also
containing MP65-like molecules, are substantially devoid of
lymphoproliferation induction ability (A. Cassone, M. J.
Gomex, and A. Torosantucci, unpublished data). In addition,
the Scw10p and Scw4p sequences did not contain the lympho-
proliferation-relevant epitope recognized by MAb 7H6 (20)
that has recently been identified close to the N-terminal end of
MP65 (C. Bromuro, R. La Valle, and A. Cassone, unpublished
data).

It was previously shown that the MP65-containing MP-F2
fraction is recognized by human PBMC as a classical antigen
rather than as a mitogen or a superantigen because its recog-
nition requires antigen-presenting cells, is blocked by antibod-
ies against class II histocompatibility antigens, and does not
occur in naive cord-blood lymphocytes (2, 3, 26, 45). Although
more studies with T-cell lines or clones are required for a full
definition of the antigenic properties of MP65 peptides, includ-
ing their recognition by T-cell epitopes, we have confirmed
here that both T1 and T2 peptides are unable to stimulate
naive cord blood lymphocytes to proliferate, thus possibly be-
having as true antigens. A point of interest is also the low level
or absence of glycosylation of these peptides, as shown by their
inability to react with ConA. This suggests that the MP65
molecule is not uniformly glycosylated and that highly anti-
genic determinants of the human anti-Candida response have
been selected among the least-glycosylated molecular regions
of it. The immunoactivity of the synthetic peptides T1b and
T2b supports this interpretation.

As discussed elsewhere (11, 12), MP65 is recognized by
almost all healthy subjects that have so far been tested in our
and other laboratories (overall totaling several hundred sub-
jects). The T1 and T2 peptides studied here also induced

lymphoproliferation in the great majority of the subjects ex-
amined, although the number of subjects was rather small. A
mixture of well-defined MP65 peptides or a recombinant
MP65 could therefore constitute a much more reliable reagent
than those crude antigenic fractions used as recall antigens to
assess the CMI response under various conditions, including
the loss and recovery of CD41 T-cell function in human im-
munodeficiency virus-positive subjects under therapy (13, 37).
Crude antigenic fractions are indeed difficult to standardize
and often produce unreliable results. The peptide sequences
described here along with the recognized homology with the S.
cerevisiae cell wall mannoproteins (10) will also facilitate the
molecular cloning and the expression of a recombinant pro-
tein, a necessary step for a full evaluation of the immunoge-
nicity and protective values of this immunodominant antigen
of C. albicans.
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