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Abstract

A double chimeric peptide vaccine, targeting two peptides (Fba and Met6) expressed on the cell surface of
Candida albicans, can induce high degree of protection against disseminated candidiasis in mice. Although
immunization with each individual peptide vaccine was effective in protection against the disease, immunization with
the double chimeric peptide vaccine, not two- peptide mixture, induced better protective immunity than that induced
by each individual peptide vaccine. Passive transfer of immune sera from peptide immunized mice demonstrated
that the protection was medicated by peptide-specific antibodies. Furthermore, we combined two protective MAbs,
including Fba peptide specific IgM E2-9 and Met6 peptide specific IgG3 M2-4, into one cocktail and evaluated it for
protective efficacy, side by side with each protective MAb given alone. Survival data indicate that while the use of
individual MAb is promising as a single prophylactic component, combination of two MAbs manifested the best
protective efficacies. Our work demonstrates the novel utility of cell wall peptides together in vaccines designed for
induction of greater protective immunity against disseminated candidiasis. We also show the combination of
monoclonal antibodies is a more efficient immuneprotective approach against the disease as compared to single
MAb treatment.
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Introduction
Hematogenously disseminated candidiasis in humans is the third

leading cause of nosocomial bloodstream infection in the US. Despite
the availability of appropriate antifungal therapy, crude mortality in
the last decade has remained high, ranging from 36 to 90% [1-3]. To
date there is no approved antifungal vaccine for use in humans and
significant therapeutic challenges remain, which emphasizes the need
for effective preventative strategies.

Candida albicans, which is the most prevalent fungal pathogen of
humans, has involved a multitude of mechanisms to survive in the
host. Due to the complexity of C. albicans antigens and invade
mechanisms, it is difficult to obtain effective immune protection with
a single antigen. Therefore, there is a need to combine two or more
vaccine candidate antigens to develop multivalent vaccine for the best
efficacy [4]. Previously we showed antibodies specific for the peptide
Fba, which was derived from fructose-bisphosphate aldolase on the
cell wall of C. albicans, protect mice against disseminated candidiasis
[5,6]. In this study, another protective peptide Met6, which was
derived from another C. albicans cell wall protein 5-
methyltetrahydropteroyltriglutamate homocysteine methyltransferase,
was also able to induce protection against disseminated candidiasis by
itself. Passive transfer of immune sera from Met6 peptide vaccinated
mice conferred protection in naïve mice. This result along with our
finding that an IgG3 MAb M2-4, which is specific for the Met6
peptide, protected mice against candidiasis provide strong evidence
that antibodies contribute to protection. Therefore, peptide Met6,
which appears to be an effective carrier for the protective glycan

epitope in a glycopeptide vaccine formulation [5], is also an excellent
candidate by itself for vaccine development against candidiasis. To
induce more effective protection, we combined the two protective
peptides into a single double chimeric peptide vaccine against C.
albicans. By a similar DC-based immunization approach favoring
antibody production as we described before [5], we tested and
compared efficacy of the double chimeric peptide vaccine with each
individual peptide vaccine and the two-peptide mixture. The double
chimeric peptide vaccine (Fba-Met6 conjugate) enhance survival most
significantly, which is evidenced by 100% survival rate and much less
reduced CFUs in kidneys of animals as compared to animals
immunized with each individual peptide vaccine or peptide mixture.
Furthermore, we also evaluated the protection of two protective MAbs,
E2-9 and M2-4, given alone, or double-MAb combination (E2-9/
M2-4) in naïve mice. While the use of individual MAb (E2-9 or M2-4)
is promising as single prophylactic component, combinations of MAbs
(E2-9/M2-4) manifested the best protective efficacies. Our work
demonstrates that development of a double chimeric peptide vaccine
that induces protective immune responses against two unrelated cell
surface peptide epitopes of C. albicans is a better approach against the
disease. In addition, combinations of multiple MAbs may provide the
most effective form of passive transfer protection, which may
demonstrate emergent properties with regard to protective efficacy.

Materials and Methods

Candida strains and culture conditions
C. albicans 3153A and SC5314, were grown as stationary-phase

yeast cells in glucose-yeast extract-peptone broth at 37°C, washed and
suspended to the appropriate cell concentration (5x106/ml) in
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Dulbecco's PBS (DPBS; Sigma), and used to infect mice intravenously
(i.v.) as described [7,8]. C. albicans strain 3153A was also used for
serum antibody absorption, immunofluorescence staining and flow
cytometric analysis.

Mice. BALB/c and C57BL/6 female mice (National Cancer Institute
Animal Production Program, Frekerick MD) 5 to 7 weeks old were
used throughout. Mice were maintained in our AAALAC–certified
animal facility and all animal experiments were done in accordance
with protocols numbers 180 approved by the Institutional Animal
Care and Use committee (IACUC) at Children's Hospital Research
Institute in New Orleans.

Isolation and culture of dendritic cells (DCs) from mouse
bone marrow

Dendritic cells (DCs) were generated from mouse bone marrow by
a previously described method [5,9]. Briefly, donor mice were
euthanized by CO2 asphyxiation, their long bones and tibias were
aseptically removed, bone marrow was flushed from the bones by
forcibly injecting several ml of RPMI-1640 and clumps were removed
or dispersed by gentle pipetting through a sterile 70- mm cell strainer.
Red blood cells were lysed (ACK lysing buffer, 0.15 M NH4Cl, 1.0 mM
KHCO3, 0.1 mM EDTA) for 4 min and the remaining bone marrow
cells were suspended in complete medium [CM, RPMI-1640
supplemented with 10% FBS (FBS), 2 mM L-glutamine, 1% of
nonessential amino acids and 100 units/ml penicillin and 100 µg/ml
streptomycin], adjusted to 2×105 cells per ml plated in 6-well plates at
5 ml per well and cultured for up to 9 days in the presence of 40 ng/ml
of rmGM-CSF and rmIL-4 (R&D Systems) at 37°C, 5% CO2. On days
4 and 7 of culture, the same amount of fresh GM-CSF and IL-4 was
added to the wells.

Peptide vaccine, peptide-8MAP and double chimeric peptide
vaccine

Two 14-mer peptides Fba and Met6 are derived from C. albicans
cell wall proteins fructose-bisphosphate aldolase (Fba) and
methyltetrahydropteroyltriglutamate (Met6). Fba peptide and Met6
peptide were each conjugated to a multiple antigenic peptide (MAP),
of which the lysine core displayed approximately eight copies of the
peptide epitope, to form Fba-8Map and Met6-8MAP. Fba peptide
(YGKDVKDLFDYAQE), Met6 peptide (PRIGGQRELKKITE),
Fba-8MAP peptide, Met6- 8MAP peptide and Fba-Met6 double
chimeric peptide (YGKDVKDLFDYAQE-KK- PRIGGQRELKKITE )
in which two peptides were joined by a lysine linker (-KK-) were
produced commercially (GenScript).

Peptide Immunizations with peptide pulsed dendritic cells. DCs
were pulsed in vitro with Fba peptide, Met6 peptide, Fba-Met6 double
chimeric peptide and peptides Fba/Met6 mixture as described before
with modification by totally removing CFA for last booster (5). Briefly,
DCs in culture were pulsed with the peptide antigen (1 µM) on day 6.
On day 7, PGE2 (10−7 M) was added along with LPS (2 μg/ml, Sigma)
for 24 h. On day 9, antigen-pulsed DCs were washed extensively and
5×105 in 200 µl DPBS were given i.p. as the priming dose to mice. The
mice were boosted i.p. at day 14 and day 28 with fresh antigen-pulsed
DCs without adjuvant.

Immunizations with peptide vaccine in human approved
adjuvant Alum

Fba-8MAP and Met6-8MAP peptides were administered as a
mixture made with alum (aluminum hydroxide gel, Sigma) as
adjuvant. Mice were immunized by s.c. injection 100 µl of 2.5 µg of
each peptide- 8MAP conjugate (Fba-8MAP or Met6-8MAP) with 50
µg alum on days 1,21 and 42. Sera from groups of mice given DPBS
buffer or adjuvant only were used as negative controls.

Serological assays
Sera were ELISA analyzed for antibody titers. For DC-based

immunization, control groups consisted of mice given DCs alone, or
DPBS alone for all three injections. For Fba-8MAP or Met6-8MAP
peptide administered with alum, control groups were mice given
adjuvant alone or DPBS buffer. Fba-8MAP or Met6-8MAP
(GenScript) was dissolved at 5 μg/ml in PBS (pH 7.4) and used to coat
96-well ELISA plates for testing duplicate serial 2-fold dilutions of
samples of each immune serum and control sera. Color development
for each well was achieved by use of secondary antibody (goat anti-
mouse polyvalent Ig-HRP, Sigma) and substrate (O-phenylenediamine
and H2O2) and OD determined at 492 nm.

MAbs
Hybridoma clones, which produce Fba peptide specific MAb IgM

E2-9 [6] and Met6 peptide specific MAb IgG3 M2-4, were generated
from mice vaccinated with Fba-DC or Met6-DC preparation as
described previously [5]. Briefly, BALB/c mice were immunized by
injection of synthetic peptide pulsed DCs to stimulate the production
of antibodies against peptide as described above. Ten days after the
second booster, serum was taken from each animal to determine
animals with the highest anti-peptide titers for subsequent sacrificing,
removal of spleens and preparation of single cell suspensions.
Hybridoma clones were established by the polyethylene glycol
facilitation of fusion of spleen cells to an SP2/0-AG1myeloma cell line
by standard protocols. Hybridoma clones were screened by ELISA for
production of specific anti-peptide antibody; only the highest titers
and most rapidly growing clones were selected for subsequent cloning
x3 or more by limiting dilution.

The hybridoma cell lines were initially grown in antibiotic-free
RPMI 1640 medium (Sigma) supplemented with 10% fetal bovine
serum (Invitrogen) and 2 mM L-glutamine (Sigma) at 37°C and in the
presence of 5% CO2. For antibody production, the hybridoma clones
were grown in antibiotic-free, BD cell MAb serum-free medium (but
containing 1.1 mg bovine serum albumin/ml) in a CELLine device
(BD, Bedford, MA). The supernatant was collected and MAb was
purified by affinity chromatography using a Protein A Sepharose 4FF
column (GE Healthcare, USA). The isotype of mAb was determined
with a Mouse Monoclonal Antibody Isotyping Kit (Pierce, USA).

Fungal challenge and assessment of protection
Two weeks after the second boost, immune and control mice were

infected i.v. with a lethal dose of live C. albicans yeast cells (5×105 in
0.1 ml of DPBS) prepared as described above and as before [5].
Passively immunized mice (below) also received the same challenge
dose. Protection was evaluated by monitoring animal survival for
50-60 days. The mice were monitored for the development of a
moribund state, defined as being listless, disinterested in food or water,
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and nonreactive to finger probing. At the time that a mouse was
deemed moribund, it was sacrificed and their kidneys (for some
experiments, brains) were homogenized in DPBS and plated onto a
nutrient agar to determine colony forming units (CFUs).

Passive transfer of MAbs by intraperitoneal (i.p.) route
The preventive effect of MAbs M2-4 and E2-9 was examined by

passive transfer experiments. The MAb E2-9 was appropriately diluted
in DPBS (0.2 µg/µl) to give a 100,000 ELISA titer against Fba-MAP
peptide coated on the plate, and the MAb M2-4 was appropriately
diluted in DPBS (0.5 µg/µl) to give a 100,000 ELISA titer against Met6-
MAP peptide coated on the plate. For testing, mice received 0.5 ml of
MAb M2-4 or MAb E2-9 or 1 ml of both MAbs in combination (0.5
ml of each) intraperitoneally. The negative control materials tested in
mice were MAbs absorbed with C. albicans yeast cells (3153A) and
DPBS. Control mice received 0.5 ml of the DPBS diluents or adsorbed
MAb solution. For each condition, 6- to 8-week-old female BALB/c
mice (NCI) were given 0.5 ml of test MAb, or control materials
intraperitoneally, followed 4 h later by 0.1 ml intravenously of a
suspension containing 5×106 yeast cells per milliliter of DPBS. Mice
were divided into groups with five mice each and three independent
experiments were carried out. In some experiments, for MAb M2-4 or
MAb E2-9 group, mice were given the same dose of antibodies (MAb
E2-9 or MAb M2-4) or control materials on every other day post-
challenge for two weeks. All mice were sacrificed on day 50.

Statistical analysis
Survival times were statistically evaluated by Kaplan–Meier

(GraphPad Prism, version 4). In all analyses, there were five mice per
group (n=5) and a two- tailed t test was used.

Results
Vaccination with Met6 peptide induced antibody production and

protection against disseminated candidiasis in mice. C. albicans cell
surface peptides were selected from previously identified cell wall
proteins that are expressed during pathogenesis of human
disseminated candidiasis [10,11]. Among the six peptide epitopes, we
first focused on peptide Fba, which turned out to be an excellent
peptide vaccine against C. ablicans infection [6]. When used alone to
pulse DCs for subsequent immunizations, peptide Fba induced robust
protective responses, which was medicated by Fba peptide-specific
antibodies [6]. By the same antigen-pulsed DC-based immunization
strategy favoring production of antibodies as described before [5,9],
another cell surface peptide Met6 also induced good protection as
evidenced by survival (Figure 1A) and reduced or non-detectable
fungal burden (colony forming units, CFUs) in kidney (Figure 1B), a
target organ in disseminated candidiasis, in mice challenged with the
fungus. Antibody activity specific for the Met6 peptide appears to be
responsible for the anti-Candida protection, as was demonstrated by
experiments involving passive transfer of whole immune serum from
Met6 peptide vaccinated mice, which conferred protection to naïve
mice (Figure 1C). Such protection was not conferred by control DPBS
buffer and the protection was abrogated when immune serum was
pre-absorbed by fungal cells prior to the passive transfer protection
test (Figure 1C).

Figure 1: Met6 peptide vaccines induce protective responses in mice
against disseminated candidiasis. Vaccination with Met6 peptide by
the dendritic cell approach induced significant protection against
experimental disseminated candidiasis in mice, as compared to
control groups. (A) Vaccinated mice challenged with a lethal dose
of a prototypical strain of C. albicans (SC5314) had a significant
prolonged survival time as compared to control mice that received
DCs or DPBS (P<0.01). (B) Consistently with survival data,
immunized mice had greatly reduced or non-detectable CFUs in
their kidneys (P<0.001) as compared to control mice. (C) Antibody
is responsible for protection against disseminated candidiasis.
Enhanced protection against disseminated C. albicans infection was
observed in mice that received serum from mice immunized with
the Met6 peptide as compared to animals that received control
materials. Note that the mice immunized with Met6 peptide, which
were used as positive controls for protection, had similar survival
curve as the naïve mice that received the immune serum.
Importantly, absorption with C. albicans before transfer also
removed the protective value of immune serum.

Vaccination double peptide mixture didn’t improve antibody
production and protection against disseminated candidiasis in mice.
To induce more effective protection, the peptide Fba was mixed with
peptide Met6 to form double-peptide mixture for immunization in
mice. By the similar dendritic cell (DC)-based approach, we tested
each individual peptide, Met6 and Fba, side by side with peptide
mixture for vaccine efficacy. Immunized groups that received the
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peptide Fba, peptide Met6 or Fba-Met6 mixture vaccines showed
60-80% survival throughout the 50 days post-challenge observation
period and survived significantly longer as compared to DPBS or DC
only controls following the lethal challenge (Figure 2A). Peptide or
peptide mixture immunized groups had greatly reduced or even non-
detectable viable fungal CFUs in kidneys (Figure 2B) as compared to
control animals (p<0.0001). However, The Fba/Met6 peptide mixture
didn’t increase protective efficacy as compared to that induced by each
individual peptide vaccine alone (Figure 1A), and Fba/Met6 mixture
groups didn’t show significantly reduced CFUs in kidneys as
compared to individual peptide groups (Figure 2B). There is no
significant difference in peptide-related antibody responses between
Fba/Met6 mixture group and each individual peptide group (data not
shown).

Figure 2: Vaccination with double peptide mixture didn’t improve
antibody production and protection against disseminated
candidiasis in mice. By the dendritic cell (DC)-based approach, the
peptide Fba was mixed with peptide Met6 to form double-peptide
mixture for immunization in BALB/c mice; peptide mixture
induced protection was compared with each individual peptide
vaccine. (A) Immunized groups that received the peptide Fba,
peptide Met6 or Fba/Met6 mixture vaccines showed 60-80%
survival throughout the 50 days post challenge observation period
and survived significantly longer as compared to DPBS or DC only
controls following the lethal challenge. Peptide Fba induced best
protection. (B) Peptide or peptide mixture immunized groups had
greatly reduced or even non-detectable viable fungal CFUs in
kidneys as compared to control animals (p<0.0001). However, Fba/
Met6 mixture group didn’t show significantly reduced CFUs in
kidneys as compared to individual peptide groups. There is no
significant difference in peptide-related antibody responses
between Fba/Met6 mixture groups and each individual peptide
group (data not shown).

Peptides Fba-8MAP and Met6-8MAP administered along with
alum induced only modest protection against candidiasis. By use of the
powerful DC-based immunization approach to overcome the weak
immune responses of small molecules, the small synthetic peptide Fba
and peptide Met6 vaccines were able to provide protection against
disseminated candidiasis in mice [12]. However, the immunization
approach could be inappropriate for human use, due to the
complicated procedure and potentially expensive cost. To resolve this
problem, Fba and Met6 peptide was each conjugated to multiple
antigenic peptide (MAP) system, of which the lysine core displayed
approximately eight copies of the peptide epitope, for immunization.
To move toward a peptide vaccine against disseminated candidiasis
more acceptable for human use, Fba-8MAP and Met6-8MAP each was
administered as a mixture with alum (aluminum hydroxide gel,
Sigma). Mice were immunized by subcutaneous (s.c.) injection of 0.1
ml containing 2.5 µg of Fba-8MAP or Met6-8MAP mixed with 50 µg
alum on days 1, 21 and 42. Negative control groups of mice were given
a same volume of DPBS buffer or alum adjuvant only. Groups
immunized with peptide pulsed DCs were used as positive controls.
Serum samples were collected 14 days after immunization, diluted
1:200 and tested by ELISA on plates coated with synthetic
peptide-8MAP. After the first booster, immune sera from mice
immunized with Fba or Met6 peptide prepared in alum showed that
antibody responses to each preparation peptide were about 4-5 fold
greater over background sera obtained from mice that received DPBS
or adjuvant only. However, the peptide specific antibody responses
were relatively weaker as compared to that induced by peptide pulsed
DC immunization approach (Figure 3A). Following the second
booster immunization, an isotype switch from IgM to IgG of Fba and
Met6 specific antibodies were observed in the sera from both peptide-
DC and peptide-8MAP immunized mice (data not shown), which
suggested induction of an immune memory response. After challenge
with a lethal dose of live C. albicans cells (3153A), the groups
vaccinated with Fba-8MAP or Met6-8MAP mixed with alum had
prolonged survival times as compared to two control groups; however
the protection was not as strong as that induced by the peptide pulsed
DC approach. Mice immunized with Fba-8MAP or Met6-8MAP
administered along with alum had only 40% survival, while the groups
immunized with peptide pulsed DC had better survival- 60-80% up to
50 days (Figure 3B). As expected, along with prolonged survival times,
all the immunized groups had reduced live fungal cells in their kidneys
as compared to controls. Fba-DC and Met6-DC groups had the least
CFUs in kidneys among all the vaccinated groups (Figure 3C).

Double chimeric peptide pulsed DC vaccination induced solid
protection against disseminated candidiasis in mice. As compared to
single peptide vaccine, double peptide epitope vaccine may have more
advantages, such as increased potency and breadth in protection. Since
Fba and Met6 double-peptide mixture didn’t induce better protection
as compared to that induced by each individual peptide, we then used
a different strategy by conjugating two peptides into one chimeric
vaccine. Fba peptide was conjugated to the N-terminus of Met6
peptide through double lysine linker (-KK-), which is the target
sequence of the lyzosomal protease cathepsin B for antigen processing
in the context of MHC-II antigen presentation [13,14], to form Fba-
Met6 double chimeric peptide vaccine. Since Fba peptide consistently
induced best protection by DC-based immunization, mice immunized
with Fba-DC were used as positive control to compare the efficacy
between Fba peptide vaccine and Fba- Met6 chimeric peptide vaccine.
After animals were challenged, similar protection patterns were
observed in all the immunized mice (Figure 4A).

Citation: Xin H (2014) Double Chimeric Peptide Vaccine and Monoclonal Antibodies that Protect Against Disseminated Candidiasis . J Vaccines
Vaccin 5: 241. doi:10.4172/2157-7560.1000241

Page 4 of 9

J Vaccines Vaccin
ISSN:2157-7560 JVV, an open access journal

Volume 5 • Issue 4 • 1000241



Figure 3: Peptides Fba-8MAP and Met6-8MAP administered along
with the human approved adjuvant alum induced modest
protection against candidiasis. (A) Serum samples were collected 14
days after immunization, diluted 1:200 and tested by ELISA on
plates coated with synthetic Fba-8MAP and Met6-8MAP. After the
first booster, immune serum from mice immunized with
peptide-8MAP prepared in alum showed that antibody responses to
the peptides Fba or Met6 were about 4-5 fold greater than that of
sera from groups that received DPBS or adjuvant only. However,
the peptide specific antibody responses induced by peptide- MAP
system were relatively weaker as compared to that induced by
peptide pulsed DC immunization approach. (B) After challenge
with a lethal dose of live C. albicans cells (3153A), the groups
vaccinated with Fba-8MAP or Met6-8MAP mixed with alum had
prolonged survival times as compared to two control groups
(p<0.01); however, the protection was not as strong as that induced
by the peptide pulsed DC approach. (C) Being consistent with
prolonged survival times, all the immunized groups had reduced
live fungal cells in their kidneys as compared to controls (P<0.001).
Fba-DC and Met6-DC groups had the least CFUs in kidneys among
all the vaccinated groups.

In addition to prolonged survival times, each immunized group had
reduced or non-detectable CFUs in their kidneys as compared to non-
immune mice (Figure 4B). Impressively, Fba-Met6 chimeric vaccine

induced 100% complete protection up to 60 days when the experiment
was terminated (Figure 4A), and only one mouse in that group had
detectable low CFU in her kidneys (Figure 4B). Our data indicate Fba-
Met6 double chimeric peptide vaccine performed in a superior fashion
as compared to other individual peptides or peptide mixtures. We also
tested all the related peptide vaccines in C57BL/6 mice, which are
more prone to Th1 responses, and obtained similar results (data not
shown).

Combined IgG3 MAb (M2-4) and IgM MAb (E2-9) conferred
enhanced protection against systemic candidiasis in passive transfer
experiments. A monoclonal antibody (MAb IgG3 M2-4) specific for
Met6 peptide was obtained by use of standard hybridoma techniques.
Development of monoclonal antibodies specific for Met6 peptide
affords us not only with important probes to study fungal expression
of the peptide, but also provides us with the possibility of producing an
unlimited supply of protective antibody for in vivo applications. First,
MAb M2-4 was detected by an indirect immunofluorescence antibody
test to confirm its specific reactivity with Met6 peptide on the cell
surface of C. albicans (data not shown), and then BALB/c mice were
given an i.p dose of MAb M2-4 four hours before hematogensous
challenge with a lethal dose of C. albicans 3153A. Protective IgM MAb
E2-9 specific for Fba peptide, which was isolated by us before [6], was
used as positive control. Mice received either MAb M2-4 or MAb E2-9
had prolonged survival as compared to control animals that received
either DPBS or adsorbed MAbs (Figure 5A); surprisingly, the MAbs
combination (M2-4/E2-9) treatment was able to provide the best
protection, to protect the naive mice completely (100% survival).
Consistently, the group received treatment of two protective MAb in
combination had the least CFUs in kidneys among all the groups
(Figure 5B). To test how many doses of each MAb are needed for the
complete protection in naïve mice, each MAb was further evaluated by
giving to naïve mice every other day post challenge for two weeks.
Interestingly, when either MAb M2- 4 or E2-9 was given once, either
MAb was able to provide 60% protection of recipient animals;
however, when each MAb was given every other day for two weeks,
MAb M2-4 was able to increase protection from 60% to 80%, and
E2-9, from 60% to 100%. Two-week treatment with MAb E2-9
eventually reached the same protection provided by giving two-MAb
combination once. Obviously, combination of two protective MAbs
provides the best protection with reduced dose of each MAb
administered. In all the transfer experiments, passive protection was
prevented by removal of the MAbs through absorption with C.
albicans cells before transfer (data not shown), which provided strong
additional evidence for the protection being due to the MAbs.

Discussion
We originally began an investigation into the use of C. albicans cell

wall derived peptides to serve as carrier for the small molecular weight
glycan β-1,2-mannotriose, which we had demonstrated as a cell
surface epitope inducing protective antibodies against disseminated
candidiasis (14). Surprisingly, the peptide epitopes also induced
antibody responses, and three peptides, including Fba, Met6 and
Hwp1, induced protective responses against candidiasis when used
alone as immunogen [5]. This lead to the current work in which the
peptides Fba and Met6 were fused into one Fba-Met6 chimeric peptide
vaccine that was characterized as novel bivalent peptide vaccine.

Synthetic peptide can be assembled into a single molecule (chimeric
peptide) or just mechanically mixed. Formation of a single
immunogenic construction from experimentally determined B- and T-
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epitopes provides optimal recognition of the components of this
construction by the immune system [15]. In our study, to increase
vaccine efficacy by inducing dual antibody-dependent protective
immunity, the peptide Fba was first mixed with peptide Met6, and the
peptide mixture was used to pulse DC for the subsequent
immunization in mice. The Fba/Met6 mixture didn’t increase
protective efficacy as compared to that induced by each individual
peptide. Fba peptide was then conjugated to peptide Met6 to form a
double chimeric peptide (Fba-Met6) peptide vaccine, which induced
complete protection that is more efficient than each individual peptide
or peptide mixture. These results showed that a double chimeric
peptide vaccine can induce better protective immunity than a single
protective peptide epitope, which provided a feasible approach for
developing a more effective peptide vaccine against candidiasis. In
addition, as compared to simply mixed peptide mixture, conjugation
of two distinctive peptides from different antigens may increase the
chemical stability of peptides which can nonspecifically or specifically
activate certain stages of the immune response to peptides and
therefore potentiate this response [16]. On the other hand, synthetic
peptide vaccines based on cytotoxic and Th1-epitopes represent
mechanical mixtures of peptides corresponding to various T-epitopes
from one or several antigens of an infectious agent [17]. Therefore, the
design of monomolecular constructs is not required because in

contrast to the B-T-epitope construction these T-epitopes can
independently bind to various cells of the immune system.

Why does double chimeric peptide vaccine work better as a vaccine
against C. albicans as compared to a single peptide vaccine? As
compared to single peptide vaccine, double chimeric peptide vaccine
has many advantages, including increased potency and breadth (18).
Up to date, epitope-based vaccines not only focus the immune
response on the effective protective motif of the target antigen, but
they also allow for the construction of a chimeric vaccine by
engineering multiple effective epitopes from different candidate
antigens, thereby improving the level of protection in addition to
avoiding immune evasion [18]. In our study reported here, the
combination of unrelated protective peptide epitopes provides
promising subunit vaccine constructs, with improved efficacy as
compared to the individual peptide vaccine. The double chimeric
peptide vaccine may also lead to the efficient induction of a wider
range of antibody subclasses, which may explain the complete
protection in vaccinated mice. These findings are promising for future
immunization of genetically diverse human populations. The double
chimeric peptide vaccine in this study can be a starting point for the
potentially multivalent vaccine as a novel approach for developing
more effective vaccines against fungal infections.

Figure 4: Double chimeric peptide pulsed DC vaccination induced solid protection against disseminated candidiasis in mice. Fba peptide was
conjugated to the N terminus of Met6 peptide through double lysine linker (-KK-) to form Fba-Met6 double chimeric peptide vaccine. Mice
immunized with Fba-DC and Met6-DC were used as positive controls to compare the efficacy between peptide vaccine and Fba-Met6
chimeric peptide vaccine. (A) After animals were challenged, similar protection patterns were observed in all the immunized mice.
Impressively, Fba-Met6 chimeric vaccine induced 100% complete protection up to 60 days when the experiment was terminated. Our data
indicate Fba-Met6 double chimeric peptide vaccine worked superior as compared to other individual peptide or peptide mixture. (B) In
addition to prolonged survival times, each immunized group had reduced or non-detectable CFUs in their kidneys as compared to non-
immune mice. Only one mouse in Fba-Met6 conjugate group had detectable low CFU in her kidneys. We also tested all the related peptide
vaccines in C57BL/6 mice, which are more prone to Th1 responses, and obtained the similar results (data not shown).

The multiple antigen peptide (MAP) system has long been
proposed as a valuable approach for eliciting antibodies to peptides
and developing synthetic vaccines [19]. To move toward to a more
practical immunization approach for human use, Fba-8MAP and
Met6-8MAP were tested and compared to peptide-pulsed DC based
method. The ability of MAP system to elicit protective levels of
antibody without the use of a carrier protein would be a distinct
advantage in the development of synthetic peptide vaccines. However,
due to the complexity of peptide-MAP system, the antibodies elicited
by the octamer may differ significantly in their specificities as
compared to singe peptide vaccine, which may explain the weaker

antibody responses and reduced protective efficacy induced by the
peptide-MAP system. However, an interesting feature of the MAP
peptides is their ability to elicit good levels of antibodies following two
immunizations with aluminum hydroxide, the only adjuvant currently
licensed for use in human. It clearly offers the opportunity to design
totally synthetic peptide vaccine, avoiding the requirement for carrier
coupling, as well as allow for use human approved adjuvant. It has
been reported that dimer or tetrameric structure of MAP system may
improve the homogeneity of the elicited antibodies due to the reduced
complexity of the peptide structure [19]. Further investigation is
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needed for optimal responses induced by peptide-Map system (Figure
5C).

Figure 5: MAbs M2-4 and E2-9 in combination conferred best protection against systemic candidiasis in passive transfer experiments. A
monoclonal antibody (MAb IgG3 M2-4) specific for Met6 peptide was obtained by use of standard hybridoma techniques. BALB/c mice were
given an i.p. dose of MAb M2-4, or MAb E2-9 or the MAbs in combination four hours before hematogensous challenge with a lethal dose of
C. albicans 3153A cells. (A) Mice received either MAb M2-4 or MAb E2-9 had 60% survival rate with prolonged survival as compared to
control animals that received either DPBS or adsorbed MAbs; surprisingly, the MAbs combination (M2-4/E2-9) treatment was able to provide
the best protection, 100% survival up to 50 days. Passive protection was prevented by removal of the MAbs through absorption with C.
albicans cells before transfer, which provided strong additional evidence for the protection being due to the MAbs. (B) Consistently, the group
received treatment of two protective MAbs in combination had the least CFUs among all the groups (P<0.01). (C) To test how many doses of
each MAb are needed for providing complete protection in naïve mice, each MAb was further evaluated by giving to naïve mice every other
day post-challenge for two weeks. When given every other day for 14 days, MAb M2-4 was able to increase protection of recipient animals
from 60% to 80%, and for MAb E2-9, from 60% to 100%. Combination of two protective MAbs provides the best protection with reduced
dose of each MAb administered.

A possible limitation to the use of vaccines in immunosuppressed
patients is that these patients may not necessarily mount protective
responses, but passive immunization with protective antibodies may
well be a rapid and effective preventive or even therapeutic measure

[20-22]. Over the past two decades, passive prophylactic or
immuntherapeutics have become an increasingly attractive approach
to combat infectious diseases. MAbs have the advantage over
polyclonal reagents in that they are specific; have high activity per
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protein amount since all immunoglobulins bind to the intended target,
and can be produced in virtually unlimited amounts [23]. In addition
to MAb E2-9 protects against disseminated candidiasis in mice,
another protective MAb IgG3 M2-4, which is specific for the Met6
peptide, was also demonstrated in vivo in this study. When
administered at a dose of 0.5 ml (titer 1:100,000) 4 h before lethal
challenge with C. albicans cells, MAb M2-4 provided significantly
prolonged survival times, along with significant reduction in the
number of CFUs in kidney from infected recipient mice as compared
to mice that received buffered saline in place of the MAb (p<0.0001).
In conclusion, loss of protective capacity of immune sera upon
absorption with fungal cells and the passive protection conferred by
MAb M2-4 provide strong evidence that anti-Met6 antibodies could
provide an effective prevention or therapy for disseminated
candidiasis. Although passive immunization of MAb against either
peptide Fba or peptide Met6 has been successful in protecting mice
against subsequent challenge with lethal dose of live C. albicans cells,
only MAbs E2-9 and M2-4 in combination are able to convey full 100
% protection when is given only once. The same complete protection
can be accomplished by the repeated administration of each MAb for
two- weeks. It is obvious that the efficacy of immunoprophylaxis is
augmented when MAbs E2-9 and M2-4 used in combination. In
conclusion, the combination of MAb E2-9 and MAb M2-4, each of
which recognizes a unique cell surface peptide epitope, increased the
protection efficacy. We are now in the throes of determining the
mechanism by which MAbs are protective. This issue is complex
because antibodies against Candida may exert their protection by a
variety of different actions [24-30]. Since each MAb recognizes
unrelated peptide from different cell wall proteins, it is possible that
different mechanisms of protection led to an additive, even possible a
synergistic effect when the antibodies were used in combination to
prevent or even treat the fungal disease. These possibilities are the
subject of our on-coming experiments. The MAb combination may
also have potential to enhance therapeutic efficacy of antifungal agent,
which could lead to a reduction of the drug needed for treatment to
non-toxic levels [30].

Regardless of the mechanism of protection afforded by antibodies
specific to the Fba and Met6 peptides, the fusion of the two protective
peptides into a double chimeric peptide vaccine will provide the host
with two chemically distinct epitope targets to mount an immunologic
response. The increasing importance of severe invasive fungal
infections and the need for new treatment options for these infections
have fuelled interest in development of immunoprophylaxis
approaches for prevention of invasive mycoses. The demonstration
that double chimeric peptide vaccine Fba-Met6, as well as two
protective MAbs E2-9 & M2-4 in combination, can confer complete
protection against invasive candidiasis in animal models will establish
the foundation for novel strategies for the control of this disease in
humans.
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