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The Leishmania pifanoi amastigote antigen P-8 has been previously shown to induce protective immunity in
a murine model of cutaneous leishmaniasis (L. Soong, S. M. Duboise, P. Kima, and D. McMahon-Pratt, Infect.
Immun. 63:3559–3566, 1995). As this antigen is of interest for further vaccine studies, the biochemical
characterization of P-8 was undertaken. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis, Western-
blot analysis, and gel filtration chromatography revealed that P-8 antigen consisted of two proteoglycolipid
complexes. The P-8 epitope is associated with the L. pifanoi amastigote-specific glycolipid components found
in the two complexes. The P-8 complex 1 (P-8c1) consists of a 56-kDa serine metalloproteinase, apolipoprotein
E (derived from fetal bovine serum), and amastigote-specific glycolipids. The P-8 complex 2 (P-8c2) consists
of a 31-kDa cysteine proteinase associated with amastigote glycolipids. Biochemical analyses suggest that the
P-8 antigenic glycolipids may be distinct from previously described Leishmania glycolipids (glycosylinositol-
phospholipids and sphingoglycolipids). Protective immunity studies revealed that P-8c1 (serine metallopro-
teinase-glycolipid complex) confers comparable protection against infection as immunopurified P-8. The
isolated P-8c2 (cysteine proteinase-glycolipid complex) does not provide significant protection, nor does
stimulation with P-8c2 result in significant T-cell activation in P-8- or P-8c2-vaccinated mice. Consequently,
the P-8c1 complex appears to be the immunodominant component of P-8.

Protozoan parasites of the genus Leishmania are associated
with a broad spectrum of diseases, ranging from simple cuta-
neous to visceral leishmaniasis. Leishmania spp. are dimorphic
obligate intracellular parasites. Flagellated promastigotes rep-
licate and differentiate in the gut of the phlebotomine sandfly
vector; transmission to humans or other vertebrate hosts oc-
curs when the sandfly takes a blood meal. In the dermis, re-
cently inoculated promastigotes are internalized by phagocytic
cells and undergo transformation into amastigotes. Conse-
quently, survival of the parasite within a mammalian host is
dependent on successful entry into a macrophage and trans-
formation into the nonmotile amastigote form. Amastigotes
maintain the infection within the vertebrate hosts, replicating
in the parasitophorous vacuole and eventually leading to the
destruction of host cells and invasion of new macrophages.

The observations that protective immunity against Leishma-
nia infection can be acquired in susceptible mice (23, 25, 34,
48–50) as well as in humans (2, 19, 37) have indicated the
possibility for the development of a vaccine against leishman-
iasis. In mice, studies of protection against cutaneous leish-
maniasis have been observed after immunization with promas-
tigote-derived molecules such as lipophosphoglycan, gp63,
defined gp63 epitopes, and gp46 (also known as M-2) (8, 20,
24, 32, 45, 49, 50, 58, 59). In the search for immunogens that

invoke potent host-protective responses, our group has been
focused on molecules that are preferentially expressed in the
amastigote stage, the primary form responsible for diseases in
mammalian hosts; these studies have employed axenically cul-
tured amastigotes of Leishmania (5, 11, 13, 14, 39). Since the
curative response in naive infected animals requires a relatively
long time to develop, it is likely that the antigens responsible
for induction of self-healing in cutaneous leishmaniasis are
synthesized by amastigotes (44).

The efficacy of immunization of BALB/c mice with purified
L. pifanoi amastigote proteins has been evaluated previously;
three amastigote antigens (P-2 [also known as A-2], P-4, and
P-8) were found to provide significant (but varying degrees of)
protection against infection (52). Among these, immunization
with the amastigote external-membrane-associated antigen P-8
induced significant and reproducible protection in BALB/c
mice against infection with L. pifanoi and L. amazonensis (52).
L. amazonensis and L. pifanoi are members of the L. mexicana
complex and are the causative agents of both cutaneous (lim-
ited) and diffuse cutaneous leishmaniasis (7, 18) in Central and
South America. As an important factor for a potential vaccine
candidate, the protection provided by vaccination with P-8 did
not appear to be genetically restricted, as protection was in-
duced in mice with different H-2 haplotypes (BALB/c, CBA,
C57BL/6). As the P-8 antigen stimulates a predominately cur-
ative Th1-like lymphocyte response in cutaneous leishmaniasis
patients infected with L. braziliensis (9), the potential of this
immunogen as human vaccine candidate appears feasible.

In this study we present the biochemical characterization of
the P-8 antigen, as an initial step for defining the nature of
immunodominant epitopes of this vaccine candidate.
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MATERIALS AND METHODS

Cell culture. L. pifanoi MHOM/VE/60/Ltrod amastigotes were cultured at
31°C in simplified F29 medium containing 20% heat-inactivated fetal bovine
serum (FBS) (39). Promastigote forms were derived from amastigotes by culture
at 24°C in Schneider’s Drosophila medium (GIBCO) supplemented with 20%
heat-inactivated FBS and gentamicin (10 �g/ml).

Antibodies. The preparation and characterization of the amastigote-specific
monoclonal antibody (MAb) P-8 have been reported previously (38). A poly-
clonal serum was obtained by immunizing mice with the immunopurified antigen
P-8, as described below. The sheep polyclonal antibody Sp180 raised against L.
chagasi promastigote gp63 was a gift from M. Wilson (University of Iowa). Other
antibodies and conjugates used were goat anti-human apolipoprotein E (ApoE)
polyclonal antibody (Chemicon, Temecula, Calif.), anti-sheep immunoglobulin
G (IgG) alkaline phosphatase conjugate (Sigma), alkaline phosphatase-conju-
gated affiniPure F(ab)2 fragment, rabbit anti-goat IgG, and goat anti-mouse IgG
(Jackson Research Laboratory, West Grove, Pa.).

Purification of the P-8 antigen. The P-8 antigen was purified as described
previously (52), with the following modifications. Surface membranes of washed
L. pifanoi amastigotes were isolated using nitrogen cavitation and differential
centrifugation. Membrane proteins were solubilized with 1% decanoyl-N-meth-
ylglucamide (Mega-10; Sigma) at room temperature for 2 h, at a protein/deter-
gent ratio of 1:1. In order to prevent aggregation, the mixture was centrifuged at
40,000 � g for 45 min at 4°C, and the supernatant was recovered and incubated
with 14.2 mM 2-mercaptoethanol (Sigma) at room temperature for 30 min and
subsequently alkylated by addition of iodoacetamide (final concentration, 30
mM). The reduced and alkylated solubilized membranes were fractionated by
Sephadex G-25 (Pharmacia, Piscataway, N.J.) gel exclusion chromatography to
remove the excess of reagents. The sample was then diluted with phosphate-
buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HPO4, 1.4 mM
KH2PO4, pH 7.4) and subjected to P-8 immunoaffinity chromatography. After
extensive washing with PBS containing 0.01% Mega-10, P-8 antigen was eluted
with elution buffer (50 mM diethylamine, pH 11.5; 150 mM NaCl; 0.01% Mega-
10) and 3-ml fractions were collected and immediately neutralized to pH 7 to 8
(using 1 M Tris-HCl, pH 5.3). The fractions eluted from the affinity column were
assessed for protein by measuring the absorbance at 280 and 320 nm; protein
fractions were pooled, concentrated, and then stored at �20°C.

SDS-PAGE and immunoblot analyses. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was carried out with a minigel system (Bio-
Rad) and 12% acrylamide gels (27). Samples were pretreated as indicated (re-
duced, nonreduced, heat-denatured, or nondenatured). Proteins were visualized
by Coomassie brillant blue staining. For immunoblots, proteins were transferred
onto nitrocellulose membrane (Biotrace NT; Gelman Sciences), as described
(56). Following transfer of proteins to nitrocellulose and staining with Ponceau
S (Sigma), membranes were blocked for 1 h at room temperature in PBS
containing 5% nonfat dried milk (Carnation). The filters were then incubated
overnight at 4°C with the first antibody diluted, as indicated, in PBS containing
1% nonfat milk, followed by incubation with the appropriate alkaline phospha-
tase conjugate (1/5,000 dilution in PBS) for 2 h at room temperature. The
reaction was detected with the substrate 5-bromo-4-chloro-3-indolyl-phosphate
(BCIP)–nitroblue tetrazolium (Kirkegaard & Perry Laboratories).

Detection of proteinase activity. For the detection of proteinase activity in
polyacrylamide gels, SDS-PAGE was performed as described above with the
exceptions that the separating gel contained 0.5% gelatin (Bio-Rad) and samples
were not heat denatured. Molecular mass markers were consistently employed to
determine the relative migration of the proteinase activities within the gelatin-
containing gels. Electrophoresis was conducted at 4°C. After electrophoresis,
gels were washed for 30 min in acetate buffer, pH 5.3 (50 mM sodium acetate,
200 mM NaCl, 1 mM EDTA), containing 0.1% Triton X-100 and then washed
twice (15 min) with the same buffer without detergent. For inhibition studies,
samples were incubated for 30 min at 4°C with the inhibitor before electrophore-
sis, and then all the washing steps were done in the presence of inhibitor.
Buffer-equilibrated gels were incubated overnight at 37°C in a humid chamber.
The gels were then stained with Coomassie brillant blue; protease activity was
detected as a clear band on a blue-stained gelatin background.

Extraction and analysis of glycolipids. Glycolipids were extracted from either
immunopurified P-8 or from total amastigote cells by the glycolipid extraction
procedure of Svennerholm and Fredman (55). Briefly, starting material was
homogenized on ice in 3 volumes of water and then 8 volumes of methanol was
added. Following rehomogenization, 4 volumes of chloroform was added and the
extract was rehomogenized again at room temperature. After overnight agita-
tion, enough water was added to bring the solvent ratio to 4:8:5.6 (chloroform-
methanol-water), thereby inducing phase separation. The resulting lower and

upper phases were back extracted with upper and lower phases previously pre-
pared from pure solvent. All upper phases and lower phases were combined
separately and dried under a stream of nitrogen.

For subsequent analysis by high performance thin layer chromatography
(HPTLC), the dried lower phase was resuspended in chloroform-methanol (1:2),
and the dried upper phase was resuspended in chloroform-methanol-water (4:
8:3). After application to glass-backed silica gel 60 HPTLC plates (Merck),
glycolipid components were resolved by developing in solvent A (chloroform–
methanol–0.25% aqueous KCl, 60:35:8) or in solvent B (chloroform–methanol–1
N NH4OH, 10:10:3).

Carbohydrate-containing bands were visualized by the orcinol spray reagent
(Sigma). Resolved components on HPTLC plates were probed by immuno-
overlay by the method of Magnani et al. (28). Briefly, after developing in solvent
A or B, HPTLC plates were dried and then immersed in 0.001% poly(isobutyl
methacrylate) (Aldrich) in hexane. Once freed of solvent by evaporation, the
plates were blocked for 20 min in 1% bovine serum albumin in PBS. Anti-P-8
antibody was then placed on the plate at a 1:2 dilution in 0.1% bovine serum
albumin in PBS. Bound anti-P-8 antibody was detected by incubation with per-
oxidase-conjugated anti-mouse IgG and followed by reaction with diaminoben-
zidine-H2O2.

Carbohydrate analysis. Portions of each glycolipid were treated with hydroflu-
oric acid (HF) under conditions that selectively remove phosphate esters (15).
Specifically, between 1 and 10 nmol of purified glycolipid was dried in a plastic
screw-top Eppendorf tube and then chilled on ice. To each tube, 50 �l of cold
(�20°C) HF was added and the sample was briefly (2 to 3 s) sonicated in a bath
sonicator. Following incubation in a refrigerated bath at 0°C, the samples were
frozen on dry ice and the acid was removed by lyophilization in a vacuum
centrifuge. Hydrolysis was empirically determined to be complete by 72 h (51).
Aliquots of 0.5 to 5 nmol of purified, HF-treated glycolipids were dried in glass
crimp-top microvials (Agilent Technologies), resuspended in 100 �l of 2 M
hydrochloric acid, and sealed. After 4 h at 100°C, the hydrolysates were quickly
cooled on ice, decapped, and evaporated to dryness in a vacuum centrifuge. After
resuspension in water, aliquots were injected onto a Dionex PA1 anion-exchange
column on a Dionex DX500 high-performance liquid chromatography (HPLC)
unit, equipped with PEAKNET software for resolution and detection of neutral
and amino sugars by high-pH anion-exchange chromatography coupled to pulsed
amperometric detection (Dionex AD20 detector) as described previously (21).

P-8 fractionation. Immunopurified P-8 was fractionated by gel filtration on a
Sepharose CL-6B column. Total antigen (500 �g) was applied to the column, and
the different components were eluted with PBS–0.01% Mega-10. Individual
fractions were collected and analyzed for proteinase activity using gelatin gels (as
indicated above) and by Western blotting with MAb P-8. The column was
calibrated with molecular mass standards (Bio-Rad), which included thyroglob-
ulin (610 kDa), aldolase (158 kDa), ovalbumin (44 kDa), and myoglobin (17
kDa).

Immunization of mice and evaluation of infection. Female BALB/c mice (five
per group; Jackson Laboratories, Bar Harbor, Maine) were vaccinated with
either 4 �g of whole immunopurified P-8 antigen or 2 �g of P-8c1 (56-kDa
serine-metalloproteinase-glycolipid complex) or 2 �g of P-8c2 (31-kDa cysteine
proteinase-glycolipid complex), together with 100 �g of the adjuvant Corynebac-
terium parvum. Three injections were given at biweekly intervals. Mice receiving
PBS (used to dilute the purified proteins) or 100 �g of adjuvant alone served as
controls. Before challenge, serum from the mice was collected. Four weeks after
the last immunization, mice were challenged in the right hind foot with 105

stationary-phase L. pifanoi promastigotes. The course of infection was monitored
by measuring the increase in footpad thickness, compared with the uninfected
footpad, with a dial gauge caliper, and the result was expressed as a thickness
ratio of the infected foot to the noninfected foot.

Proliferation assays. P8 reactive cells used in this study were obtained from
mice immunized with whole P8 in Freund’s adjuvant in the hind footpad 9 days
prior or mice infected with L. pifanoi for up to 3 months. Lymph nodes were
removed aseptically, and a single-cell suspension was obtained. CD4� T cells
were enriched by negative selection to more than 90% by panning using MAbs
to CD8, anti-major histocompatibility complex class II (212.A1), and CD16 (also
known as CD32). CD4� T lymphocytes (105/well) were then cultured in 96-well
microtiter plates (Falcon) for 72 h in the presence of fixed 5 � 104 RAW 264.7
cells/well previously cultured with specific antigens as described previously (26).
Cultures were then pulsed with [3H]thymidine (0.5 �Ci/well) and incubated for
16 additional hours before harvesting. Stimulation indices were calculated by
dividing the total radioactivity incorporated in the presence of antigen by the
radioactivity incorporated in medium alone.

Amino acid sequencing. For amino acid sequencing of the p34 component,
immunopurified P-8 was separated using preparative SDS–12% PAGE. The
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34-kDa band or component was excised from the gel and was then digested with
trypsin. The resulting peptides were isolated using HPLC and sequenced by the
W. M. Keck Foundation, Biotechnology Resource Laboratory (Yale University,
New Haven, Conn.) according to methods previously described (53).

PI-PLC digestion of glycolipids. Digestion with phosphatidylinositol (PI)-spe-
cific phospholipase C (PLC) (0.1 U/ml) was performed in 20 mM Tris-acetate
buffer, pH 7.5, containing 0.1% Triton X-100 at 37°C for 60 min, as previously
described (29).

RESULTS

Molecular complexity of immunopurified P-8 antigen. When
immunopurified P-8 is analyzed by SDS-PAGE, consistently
the preparations primarily contain four major components
(Fig. 1, lane 1), with estimated molecular masses of 56, 43, 34,
and 31 kDa. Although minor bands were observed, these dif-
fered in individual preparations and may represent, in part,
degradation products. Interestingly, the immunoblot analysis
of the same sample revealed that only the 34- and 43-kDa
bands are directly recognized by the MAb used for the purifi-
cation (Fig. 1, lane 2). When immunopurified P-8 was analyzed
by silver stain, these two bands appeared to stain with a blue
color rather than brown (data not shown), indicative of lipid
content. Further studies (detailed below) confirmed this fact.

The purified P-8 antigen was initially analyzed on gelatin-
copolymerized SDS-PAGE, under reducing and nonreducing
conditions. As shown in Fig. 2 (lane 3), when 2-mercaptoetha-
nol is added to the sample buffer, P-8 appears to contain two
components capable of gelatin digestion. These proteinases
have relative molecular masses of 56 and 31 kDa, respectively.
Under nonreducing conditions, only the 56-kDa band can be
detected (Fig. 2, lane 1).

To determine the identity of protein components associated
with the 34- and 43-kDa bands present in the P-8 complex, the
34-kDa band was excised from a preparative SDS-polyacryl-
amide gel, digested with trypsin and the amino acid sequence
was obtained from two tryptic peptides isolated by HPLC. As
shown in Table 1, both peptides have 100% homology with the
sequence of either mouse or rat ApoE. Peptide 56 had only a
50% homology with the corresponding bovine sequence; how-
ever, this area of sequence is known to reside in the hypervari-
able region of ApoE and thus might not be generically repre-
sentative of all cattle. It should be noted that the Mr values for
the 34- and 43-kDa antigenic components are consistent with
those reported for the migration of ApoE (22). Given the
conditions employed for the isolation of the P-8 antigen (see
Materials and Methods), it is unlikely that the ApoE found
represents nonspecifically bound host protein. In addition, gel
densitometric analyses indicate that the ratio of the 56-kDa to
43- plus 34-kDa bands is consistently 1 to 2.3 (�0.2) which
would not be expected to occur in the case of adventitiously
bound molecules. Further, the 34- and 43-kDa components are
observed in Western blot analyses of tissue-derived amasti-
gotes (38) as well as cultured organisms. These results suggest
that serum (host)-derived ApoE is a constituent of the P-8
antigen; however, further work is required to verify this point

FIG. 1. Analysis of immunopurified P-8. L. pifanoi axenic amasti-
gote membrane-associated antigen P-8 was purified as indicated in
Materials and Methods and then resolved by SDS–12% PAGE under
reducing conditions, followed by either Coomassie blue staining (lane
1) or immunoblot analysis with MAb P-8 (lane 2).

FIG. 2. Immunopurified P-8 gelatinase activity. Aliquots of immu-
nopurified P-8 were incubated with different inhibitors, without pre-
activation (1,2) or after preactivation with 14 mM 2-mercaptoethanol
(3, 4). For the serine proteinase, the inhibitor tested was 1 mM phe-
nylmethylsulfonyl fluoride (2), and for the cysteine proteinase the
inhibitor was 10 mM iodoacetamide (4). The enzymatic activities were
developed as indicated in Materials and Methods. Migration of mo-
lecular mass markers (in kilodaltons) is indicated on the left.

TABLE 1. Comparison of amino acid sequences of two peptides
from the 34-kDa proteoglycolipid component of P-8 and ApoE

Protein
Sequence

Peptide 94 Peptide 56

P-8 (34 kDa) FWDYLR TANLGAGAAQPL
Mouse or rat ApoEa FWDYLR TANLGAGAAQPL
Bovine ApoEb FWDYLR AATLSTLAGQPL

a Peptides 94 and 56 span amino acids 18 to 23 and 177 to 188, respectively.
b Peptides 94 and 56 span amino acids 50 to 55 and 209 to 220, respectively.
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and the cellular mechanisms involved in the incorporation of
ApoE into the P-8 antigen complex.

In order to investigate the potential glycolipid nature of the
components present in the 34- and 43-kDa bands, total glyco-
lipids were isolated from purified P-8, by extraction with chlo-
roform-methanol-water (4:8:3). HPTLC analysis with the sol-
vent A of the upper (aqueous)- and lower (organic and
chloroform)-phase fractions revealed the presence of four gly-
colipid species in immunopurified P-8 recognized by the MAb
(Fig. 3). The glycolipids P8-1, -2, and -3 partitioned only onto
the lower phase and are strongly recognized by MAb P-8;
glycolipid P8-4 was detected in both the aqueous and organic
phases and had an apparently weaker reaction with MAb P-8.
These results clearly indicate that the P-8 epitope (recognized
by the P-8 MAb) is associated with glycolipid moieties and
confirms the proteoglycolipid nature of the components mi-
grating at Mr 34,000 and 43,000. It should be noted that West-
ern blot analyses clearly indicate that the P-8 MAb does not
recognize any component present in FBS (migrating as ApoE,
glycolipid or other Mr constituent). Further, FBS extracted for
glycolipids, concentrated and analyzed by HPTLC (as indi-
cated above) does not possess components recognized by the
P-8 MAb (data not shown). Consequently, the antigenic P-8
glycolipids appear to be of parasite derivation.

Immunopurified P-8 contains two independent protein-gly-
colipid complexes. Based upon the results (above) concerning
the biochemical composition and complexity of the P-8 anti-
gen, two possibilities were hypothesized concerning the P-8
complex. One possibility is that the P-8 antigen is a large
macromolecular complex consisting of four glycolipids, two

proteinases, and ApoE; this tight complex can be dissociated
by strong detergents (i.e., SDS) but not under high-pH or
reducing conditions (used in the isolation of the antigen). The
other possibility is that, independently, each protease forms a
distinct or stable complex with the glycolipid components rec-
ognized by the P-8 MAb.

In order to determine the relation between the proteinases
and the glycolipids present in P-8, the immunopurified com-
plex was fractionated on a Sepharose CL-6B gel filtration col-
umn. Individual fractions were analyzed for the presence of the
56-kDa proteinase and the 31-kDa proteinase and also for
reaction with MAb P-8 by Western blotting. As shown in Fig.
4, the two proteinase activities are recovered in different frac-
tions; the 34- and 43-kDa components containing the P-8 gly-
colipids, migrated with the 56-kDa proteinase, forming a com-
plex with a total molecular mass of �610 kDa.

The fractions containing either the 31-kDa or the 56-kDa
component were pooled and the glycolipids were extracted and
analyzed by HPTLC for reaction with MAb P-8. The 56-kDa
proteinase complex contains all the glycolipid species detected
in whole P-8 (P8-1 through P8-4), while the 31-kDa proteinase
only contains the P8-3 component (data not shown). These
results indicate that purified P-8 is comprised of two indepen-
dent complexes: (i) a 56-kDa proteinase glycolipid complex
(P-8c1) and (ii) a 31-kDa proteinase associated with the Leish-
mania amastigote glycolipid P8-3 (P-8c2).

Vaccine studies employing P-8c1 and P-8c2 proteoglycolipid
complexes. The interest in the P-8 antigen comes from its
potential as a vaccine candidate against cutaneous leishmani-
asis (52). In order to determine the relative contribution of the
two P-8 complexes (P-8c1 and P-8c2) to the protection induced
by immunization with whole P-8, BALB/c mice (five per group)
were vaccinated with either the P-8c1 or P-8c2 complex (2 �g
per immunization per mouse) together with C. parvum as the
adjuvant. Control groups of mice either were immunized with
whole immunopurified unfractionated P-8 (4 �g per immuni-
zation per mouse; positive control), or received C. parvum
(adjuvant control) or PBS alone. All mice were then chal-
lenged with 105 stationary-phase L. pifanoi promastigotes, and
the lesion size was measured at different times postinfection.
As indicated in Fig. 5, the 56-kDa proteinase-glycolipid com-
plex (P-8c1) confers comparable protection to unfractionated
P-8; the 31-kDa cysteine proteinase-glycolipid complex does
not appear to contribute significantly to protection against
infection under these experimental conditions.

Antigenic properties of P-8 components. In order to deter-
mine if the antigenicity of the individual complexes might con-
tribute to the overall protection observed, the immunologic
properties of the 2 P-8 complexes were examined. The T-cell
proliferative responses in nonvaccinated BALB/c mice infected
with L. amazonensis (Fig. 6A) as well as uninfected BALB/c
mice vaccinated with whole P-8 antigen (Fig. 6B) were deter-
mined. These results indicate that the P-8c1 complex is pref-
erentially recognized by T cells derived from infected or vac-
cinated mice. Although there is a defined T-cell response by
mice vaccinated with whole P-8 antigen to the P-8c2 cysteine
proteinase complex, the stimulation indices (SI) (SI, 4 to 6)
found are significantly less than those found for the P-8c1
serine proteinase complex (SI, 94 to 96). These results are
consistent with antibody data found for P-8, P-8c1, and/or

FIG. 3. HPTLC analysis of the glycolipid components in immuno-
purified P-8. Glycolipids from immunopurified P-8 were isolated as
described in Materials and Methods, and the fractionated upper (1)
and lower (2) phases were analyzed by HPTLC using solvent A and
immunostained with MAb P-8. O and F mark the origin and front of
the TLC, respectively.
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P-8c2 immunized mice. While a strong antibody response was
found for the components of the P-8c1 complex, a negligible
antibody response was found for the P-8c2 complex (data not
shown). These data suggest that under the conditions em-

ployed for the vaccine studies, P-8c1 is the dominant antigenic
complex and consequently appears to be primarily responsible
for the protection observed.

Characterization of the glycolipid and proteinase compo-
nents present in the immunologically protective P-8c1 com-
plex. In order to compare the glycolipids present in P-8c1 with
previously described L. mexicana GIPLs, total glycolipids from
L. pifanoi amastigotes were extracted as described previously
(30, 31), partitioned in upper and lower phases, and analyzed
by HPTLC using solvent B and orcinol staining (Fig. 7). The
glycolipids of L. pifanoi amastigotes recovered in the upper
phase comigrate with previously characterized L. mexicana
promastigote GIPLs (30), as determined by comparing the
relative migration in this solvent.

The susceptibility of the P-8 glycolipids to cleavage by PI-
PLC was also determined. As shown in Fig. 7, the amastigote
GIPLs recovered in the upper (aqueous) phase (iM3, iM4,
EPiM3, and EPiM4) are sensitive to PI-PLC. These results are
consistent with those previously described (31). The P8 species
(P8-1, P8-2, P8-3, and P8-4), in contrast, are resistant to PLC
digestion under these conditions. Therefore, these results sug-
gest that the P-8 epitope is associated with glycolipid compo-
nents different from previously described Leishmania GIPLs.
In addition, preliminary results indicate that the purified bands
corresponding to P8-1 to P8-4 consistently revealed the pres-
ence of mannose in all species. The carbohydrate composition
of the various P-8 glycolipids was determined to be as follows:
P8-1, 1GalN:1Gal:2Man; P8-2, 1Gal:2Man; P8-3, 1Gal:1Man;
P8-4, 1GalN:1Gal:1Man. The presence of mannose indicates
that the P-8 glycolipids are distinct from previously described
amastigote glycosphingolipids (GSL) (54). Further analyses
are in progress to determine the complete structure of these
novel glycolipid components.

FIG. 4. Profile of P-8 fractionation by gel filtration chromatography. Immunopurified P-8 was applied to a Sepharose CL-6B column and eluted
with PBS–0.01% Mega-10, and the various fractions were analyzed by SDS-PAGE copolymerized with gelatin and by Western blotting employing
the MAb P-8, in order to detect the 56-kDa serine-metalloproteinase, the 31-kDa cysteine proteinase, and the 43- and 34-kDa proteoglycolipids,
respectively.

FIG. 5. Comparison of the immunoprotective properties of the two
complexes present in P-8. Immunopurified P-8 was fractionated by gel
filtration chromatography, the two P-8 complexes (P-8c1, serine-met-
alloproteinase-glycolipid complex [Œ]; P8-c2, cysteine proteinase-gly-
colipid complex (‚) separated and used to immunize mice. As con-
trols, other mice were either nonimmunized (control, �), immunized
with the adjuvant (C. parvum) alone (f) or with whole P-8 and C.
parvum (positive control, F). After infection with L. pifanoi stationary-
phase promastigotes, the development of cutaneous lesions was mon-
itored as indicated in Materials and Methods. Error bars, standard
deviations.
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The 56-kDa proteinase present in P-8c1 can be detected on
gelatin-copolymerized SDS-PAGE under nonreducing condi-
tions, and this activity can be inhibited by the presence of the
serine protease specific inhibitor phenylmethylsulfonyl fluoride
(Fig. 2, lane 2) and also the metalloproteinase inhibitor 1,10
phenanthroline (data not shown). These results classify the
56-kDa band of P-8c1 as a serine-metalloproteinase.

A major surface metalloproteinase of Leishmania promasti-
gote (gp63) has been described previously and extensively
studied. We have analyzed whether the 56-kDa serine-metal-
loproteinase present in P-8 might be the L. pifanoi axenic
amastigote homologue of gp63. As shown in Fig. 8, the poly-
clonal antibody sp180 raised against gp63 recognized, by West-
ern blotting, a major 63-kDa band in total amastigote protein
(lane 2) but failed to detect any component present in immu-
nopurified P-8 (lane 4). Moreover, the 63-kDa band detected
by sp180 in L. pifanoi amastigotes was localized in the cyto-
plasmic fraction of the parasite (data not shown), as described
by other authors (16, 47), rather than the membrane fraction
used for P-8 antigen isolation. Another difference is that gp63
has been reported to be resistant to serine proteinase inhibi-

tors (47). These biochemical and immunologic results suggest
that the p56 proteinase is not a gp63 homologue.

Consequently, the P-8c1 complex appears to represent a
distinct membrane-associated antigen of Leishmania amasti-
gotes. The role(s) of the glycolipid and protein components in
the induction of protection against infection is of further in-
terest.

DISCUSSION

The importance of the membrane-associated amastigote an-
tigen P-8 comes from previous results, demonstrating that vac-
cination of mice with P-8 induces significant and reproducible
protection against cutaneous leishmaniasis (52). In addition,
Coutinho et al. (9) have found that, in patients suffering from
American cutaneous leishmaniasis, cells activated in response
to the antigen P-8 have predominantly a Th1-like cytokine
profile, which is considered characteristic of a beneficial or
curative T cell response.

In the present work we have analyzed the biochemical na-
ture of P-8, as an initial step for defining immunodominant
epitopes of this vaccine candidate. We have found that P-8
does not correspond to a simple antigen but instead consisted
of two macromolecular complexes (P-8c1 and P-8c2), each
containing several tightly bound components. P-8c1 contains a
serine-metalloproteinase, host serum ApoE, and four amastig-

FIG. 6. Antigenic properties of P-8 components. CD4�-P8 reactive
T cells were obtained from mice infected with L. pifanoi (3 months)
(A) or mice immunized 9 days previously with whole P8 in incomplete
Freund’s adjuvant (B), as described in Materials and Methods. Stim-
ulation indices were calculated by dividing the total radioactivity in-
corporated in the presence of antigen (whole immunopurified P-8, 5
�g; fractionated P-8c1, 5 �g; fractionated P-8c2, 10 �g [a] or 5 �g [b]),
by the radioactivity incorporated in medium alone. Some values are
indicated in parentheses. Error bars, standard deviations.

FIG. 7. Characterization of the P-8 glycolipids. Total glycolipids of
L. pifanoi axenic amastigote were extracted and partitioned into upper
and lower phases. Glycolipids were subjected to PI-PLC digestion and
compared to untreated samples by analysis on HPTLC using solvent B,
and then detection with orcinol. The relative migration of specific
GIPL components is indicated in the right margin. There is a clear loss
of GIPL components upon PI-PLC treatment but little or no change in
the P-8 associated glycolipids (P8-1 to P8-4). O and F mark the origin
and front of the TLC, respectively. Asterisk marks migration of impu-
rities from the enzyme preparation.
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ote-specific glycolipids. P-8c2 contains a cysteine proteinase
and an amastigote glycolipid, P8-3. Even though the MAb used
to purify this antigen recognizes the glycolipids present, the
other components of immunopurified P-8 copurify due to an
apparently tight association with the glycolipids. The com-
plexes maintained their association throughout the purification
procedure, which involves detergent solubilization (Mega-10)
and alkaline pH treatment; however, a strong detergent such
as SDS was capable of dissociating most complex components.

As indicated above, the initial interest in the characteriza-
tion of the P-8 antigen was due to its immunologic and pro-
tective properties, as observed in human patients and vacci-
nated mice, respectively. As P-8 antigen can provide complete
protection against cutaneous murine leishmaniasis, it was of
interest to determine if one or both of the distinct P-8 com-
plexes were critical to this protection. When mice were immu-
nized with each of the two isolated P-8 complexes (P-8c1 or
P-8c2), only mice vaccinated with the P-8c1 complex (contain-
ing the serine-metalloproteinase and the P8-1, -2, and -4 gly-
colipids) were protected against infection; no significant pro-
tection was induced by vaccination with the P-8c2 complex.
The level of protection induced with vaccination with P-8c1
was comparable to that found for whole P-8. These results are
in agreement with the differences in the humoral and cellular
immune responses observed for the P-8c1 and P-8c2 complexes
in infected or vaccinated mice.

The 31-kDa protein present in P-8c2 complex has been char-
acterized as a cysteine protease due to its activation by thiols
and inhibition by iodoacetamide. Abundant developmentally
regulated cysteine proteinases are characteristic of the intra-
cellular amastigote form of L. pifanoi and other species of the
L. mexicana complex (12, 17, 40, 41). These enzymes appear to

be essential to parasite growth (8, 17, 40) and have been pro-
posed as potential chemotherapeutic targets. The cysteine pro-
teases of L. mexicana complex described to date have been
classified as cathepsin L-like or cathepsin B-like (4, 36, 42, 43).
Without further molecular characterization, we cannot identify
the P-8 31-kDa cysteine protease with a previously described
enzyme. The interesting characteristic of this enzyme is that it
is primarily localized in amastigote surface membrane; further,
in axenically cultured amastigotes, the enzyme appears to be
expressed as an inactive form, as it requires the presence of a
thiol reagent for activation. These results suggest an enzymatic
role only upon entry of the Leishmania amastigote into the
parasitophorous milieu of the macrophage, which is predomi-
nantly reducing (1).

The 56-kDa protein present in P-8c1 is a serine-metallopro-
teinase. Serine proteases are members of one of the most
biologically important and widely distributed families of en-
zymes found throughout nature. Members of this ubiquitous
class of proteases are involved in a broad range of biological
processes and have also been implicated in pathogenesis of a
number of infectious diseases; parasite serine proteases may
facilitate invasion of host tissue, metabolism of host proteins
and evasion of the host immune response (46). In the case of
Leishmania parasites, a serine oligopeptidase from L. ama-
zonensis promastigotes has been described (10). This protease
is localized in the cytoplasm and has an apparent molecular
mass of 101 kDa, differing from the 56-kDa serine protease
found in P-8c1. The Leishmania gp63 metalloproteinase is
associated with both the promastigote and amastigote stages.
However, immunologic and enzymatic data clearly indicate
that the 56-kDa proteinase is distinct from the gp63 proteinase,
which is primarily located within the megasomal compartment
of the amastigote and resistant to serine protease inhibitors
(16, 33, 47).

Glycosylphosphatidylinositol (GPI) glycolipids are major
cell surface constituents in Leishmania parasites, and distinct
classes are present as membrane anchors for several surface
glycoproteins, the abundant lipophosphoglycan in promasti-
gotes, and as a family of low-molecular-weight GPI glycolipids
(GIPLs). The surface expression of both the lipophosphogly-
can and GPI-anchored proteins is massively down-regulated in
the intracellular amastigote stage of several species (3, 33, 57).
The GIPLs are major surface constituents on both the promas-
tigote and amastigote stages (29, 31, 57), while neutral GSL
have been described as specific to the L. amazonensis amasti-
gote (54). These GSL are ceramides that contain galactose and
glucose but not mannose and, hence, differ from the P-8 gly-
colipids. The results presented here indicate that P-8 glycolip-
ids also differ in their biochemical properties from previously
described L. mexicana amastigote GIPLs. However given the
general resistance of the P-8 glycolipids to digestion with PI-
PLC, it is possible that they are related to recently described
inositol-acylated GPI (glycolipids C and lyso-C�) in Trypano-
soma brucei (35). The structural characterization of these gly-
colipids is currently in progress and should clarify these points.

It will be of interest to further define the immunologic com-
ponents (glycolipid[s] and/or protein) of P-8c1 that are respon-
sible for the protection observed. In addition, given the surface
localization of this antigen, it will be of interest to further
investigate the potential biological role of the P-8 complexes in

FIG. 8. Comparison of P-8 56-kDa serine-metalloproteinase and
gp63. Total protein from L. pifanoi axenic amastigotes (lanes 1 and 2)
or immunopurified P-8 (lanes 3 and 4) were resolved by SDS–12%
PAGE, transferred to nitrocellulose, and immunostained with a poly-
clonal antibody raised against gp63 (lanes 2 and 4) or with a polyclonal
serum against whole P-8 (lanes 1 and 3).
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Leishmania amastigote attachment, internalization, and sur-
vival within the host macrophage. This work is currently in
progress.
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