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During active viscerocutaneous leishmaniasis the anti-P2 humoral response is
specifically triggered by the parasite P proteins
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SUMMARY
In this work we show that in the sera from dogs naturally infected with the protozoan parasite
Leishmania infantum there are antibodies that react specifically against the parasite acidic
ribosomal proteins LiP2a and LiP2b, and that each one of the Leishmania P proteins elicits a
specific humoral immune response. Using synthetic peptides, the antigenic epitope of these
proteins has been mapped in a single region located adjacent to the C-terminal domain highly
conserved among the eukaryotic P proteins. The anti-P antibodies elicited during the Leishmania
infection do not recognize the conserved C-terminal domain of the parasite P proteins, in contrast
with the findings reported in Chagas' disease or systemic lupus erythematosus. The antigenic
epitopes of the LiP2a and LiP2b are almost identical in amino acid sequence. No reactivity against
Trypanosoma cruzi and human P proteins was found in sera from L. infantum-infected dogs.

Keywords viscerocutaneous leishmaniasis humoral response antigenic determinants acidic
ribosomal P2 proteins LiP2a LiP2b dog

INTRODUCTION
The human and canine leishmaniasis disease is caused by a
species of the intracellular protozoan parasite belonging to the
genus Leishmania. The human form of the disease is found in
most parts of the world and has an incidence of 400 000 new
cases per year [1]. The canine form of the disease is also widely
distributed throughout much of the world [2]. The biological
significance of this fact comes from the finding that dogs may
be the most important reservoir of the species of Leishmania
pathogenic to man. The high prevalence of L. infantum infection among AIDS patients indicates that the transmission of
the parasite to humans is more common that might be thought
from the incidence of disease [3]. As reported by Marty et al. [4],
about 30% of the human population living in endemic areas of
canine leishmaniasis have positive leishmanin reactions.
During Leishmania infection a spectrum of immune
responses, both cell-mediated and humoral, can be induced
(for a review see [5]). In fact, high levels of circulating
antibodies are produced during the infection, most of which
are directed against highly conserved proteins. The hsp70 [6,7],
the histone H2A [8], a kinesin-related protein [9], and the acidic
ribosomal proteins [10,11] have been described as the most
Correspondence: Carlos Alonso, Centro de Biologia Molecular
'Severo Ochoa', Universidad Aut6noma de Madrid, Cantoblanco,
28049 Madrid, Spain.

prominent antigens. The acidic ribosomal proteins have been
also described as prominent antigens during Chagas' disease
[12-15], Brucella abortus infection [16], Babesia bovis infection
[17] and systemic lupus erythematosus (SLE) [18-20].
In the present study we have attempted to determine the
specificity of the humoral response in canine leishmaniasis
against the acidic Leishmania ribosomal P proteins mapping
the antigenic epitope(s). Two different cDNAs coding for these
proteins in Leishmania had been isolated after immunoscreening of a L. infantum expression library with sera from infected
dogs [10]. Sequence analysis indicated that both proteins, LiP
and LiP', are related to the eukaryotic P proteins type 2. Thus,
in order to reflect this fact, we have renamed the LiP and the
LiP' as LiP2a and LiP2b, respectively. In eukaryotes, the P
protein family comprises three proteins P0, P1, and P2 [21]. All
these proteins possess an alanine- and glycine-rich region of
20-30 residues adjacent to a highly conserved C-terminal
domain. The P1 and P2 proteins are believed to be functional
homologues of the bacterial protein L7/L12 and the P0 protein
is thought to be the homologue of the L10 protein [22]. All these
proteins, which form a pentameric complex composed of two
molecules each of P1 and P2, and one of P0 [21,23], are known
to play an essential role in the elongation step of protein
synthesis [24]. However, the implications of the humoral
response against these conserved proteins during multisystem
autoimmune and infectious diseases are unclear. Elkon et al.
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[18] localized the major linear epitope recognized by sera from
patients with SLE on the conserved C-terminal domain of the
P0, P1 and P2. Also, during chronic Chagas' heart disease, the
same C-terminal region is recognized by patient sera [14,25],
suggesting the existence of autoimmune disorders in this
disease. In the present study we demonstrate that the reactivities of the leishmaniasis sera are specific against the Leishmania
proteins, and that the C-terminal does not elicit a significant
humoral response during the natural canine leishmaniasis
disease.
MATERIALS AND METHODS
Sera
Sera were obtained from dogs with active viscerocutaneous
leishmaniasis (VCL) from the Extremadura region of Spain.
The animals were clinically and analytically evaluated at the
Department of Parasitology (Veterinary School, Extremadura
University). All sera were positive when tested by indirect
immunofluorescence. The presence of amastigote forms of the
parasite in macrophages from the popliteus and preescapular
lymphoid nodes confirmed, moreover, the existence of leishmaniasis infection in these animals. Sera of healthy animals
were also obtained from dogs living in the same geographic
region.

Cloning and purification of rLiP2a and rLiP2b
The cDNAs coding for L. infantum LiP2a (LiP) and LiP2b
(LiP') described previously [10] were cloned into the EcoRI site
of pMAL-cRI expression plasmid (New England Biolabs, Inc.,
Cambridge, MA). cDNAs coding for human P1 and P2, and
the Trypanosoma cruzi JL5 cDNA, coding for a P2 type
protein, were provided by Dr Mariano J. Levin (Instituto de
Investigaciones en Ingenieria Genetica y Biologia Molecular
(INGEBI), Argentina; see [26] for additional information). All
these cDNAs were also cloned in the pMAL-cRI expression
plasmid. The purification of the expression product was
performed according to the methodology provided by the
supplier (New England Biolabs).
Immunoblot analysis
SDS-PAGE on 12 5% acrylamide gels was performed using
standard conditions [27]. Nitrocellulose transfers were blocked
with 5% non-fat dried milk powder in PBS and 0 5% Tween 20.
The filters were sequentially probed with primary and secondary antisera in blocking solution. A peroxidase immunoconjugate (Nordic Immunology, The Netherlands) was used as
second antibody, and the specific binding was revealed with
the Western blotting detection ECL system (Amersham, Ayles-

bury, UK).
FAST-ELISA measurements
The Falcon assay screening test-ELISA (FAST-ELISA;
Becton Dickinson, Labware, Lincoln Park, NJ) was used
instead of the classic ELISA. The sensitization of the lids was
performed overnight at room temperature using 100 1d of the
antigen diluted in PBS. The antigen concentration was 2-5 pg/
ml and 100 g/ml for the recombinant proteins and peptides,
respectively. After sensitization, the lids were washed with PBS
and 0-5% Tween 20 using a gardener's mist bottle. The wash
solution was sprayed from a distance of 15-25 cm for approxi-
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mately 20 s. Afterwards, the antigen-coated lids were incubated
for 2 h with the blocking solution (5% non-fat dried milk
powder in PBS and 0 5% Tween 20). The sera to be assayed
were diluted in blocking solution. The lids were immersed in the
microtitre plates containing the diluted sera and incubated for
2 h at room temperature with shaking. After exposure to
antibody, the lids were washed as described above. As secondary antibody, horseradish peroxidase-labelled antibodies
(dilution 1:2000) were used. After incubation for 1 h at room
temperature and washing the lids were developed by orthophenylenediamine as substrate. The OD was read at A450. For
the competition assays the diluted sera were preincubated with
the indicated concentrations of antigen for 2 h at 37'C before
performing the FAST-ELISA.

Affinity purification of antibodies
The specific antibodies against either rLiP2a or rLiP2b recombinant proteins were affinity-purified from the sera of the
infected dogs on an antigen column. For that purpose, 1 mg
of the recombinant proteins was covalently bound to cyanogen
bromide (CNBr)-activated Sepharose 4B (Pharmacia, Uppsala,
Sweden) and packed into a column. Coupling and blocking
were carried out according to the manufacturers' instructions.
Serum (1 ml) was passed over the antigen column. After
washing, the specific antibodies were eluted from the column
with 0-1 M glycine pH 2-8. Finally, the antibody preparation
was equilibrated to pH 7-5 with 1 M Tris-HCl. The solution of
the antibody was restored to the original volume of the serum
(lml).
Synthesis ofpeptides
A library of overlapping peptides covering the L. infantum
acidic ribosomal proteins LiP2a and LiP2b sequences [10] was
synthesized by the simultaneous multiple-peptide solid-phase
synthetic method [28] using a polyamide resin and FMOC
chemistry [29]. Purity was checked by amino acid analysis
and high performance liquid chromatography (HPLC).

RESULTS
The sera from infected dogs recognize the recombinant L.
infantum P proteins
Plasmid constructs which allowed expression of the two L.
infantum acidic ribosomal proteins LiP2a and LiP2b in transformed Escherichia coli cells were prepared. The recognition of
the rLiP2a and rLiP2b expression products by the collection of
sera obtained from the dogs with leishmaniasis disease was
analysed in FAST-ELISA assays. Figure 1 shows that the
Leishmania rLiP2a and rLiP2b proteins were recognized by
88% (23/26) and 100% (26/26), respectively, of the sera from
these dogs. Similar percentages of recognition were observed
using six sera from human patients with visceral leishmaniasis
(data not shown). Antibody titration of the most reactive sera
against the rLiP2a and rLiP2b showed titres of 1/60 000 and 1/
20000, respectively. A correlation in the recognition of both
rLiP2a and rLiP2b was observed for most of the sera. However,
some canine sera (marked by asterisks in Fig. 1) showed
reactivity values against the rLiP2b protein several times
higher than against the rLiP2a protein. Thus, it is likely that
antigenic differences must exist between both proteins, and that
each of the antigens elicits specific immune responses.
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Fig. 1. Reactivity of leishmaniasis sera against the Leishmania infantum
acidic ribosomal proteins. The reactivity of 26 sera (1:250 dilution)
against either rLiP2a (a) or rLiP2b (b) was assayed by the Falcon assay
screening test (FAST)-ELISA. The absorbance values of sera minus
the absorbance mean of 10 control sera (A450 = 0-12; s.d. = 0-015) are
represented. *Sera showing a highly different reactivity against each one
of the two recombinant proteins.
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The sera from Leishmania-infected dogs recognize specifically
the Leishmania acidic P proteins
It has been reported that the main antigenic determinant of the
ribosomal P proteins, either during the SLE disease process
[18,19] or during T. cruzi infection [14,25], is located at the Cterminal region of these proteins, a region of a high evolutionary conservation. In fact, the 10 C-terminal residues of both
LiP2a and LiP2b are identical to the 10 C-terminal residues of
the P proteins from other eukaryotic organisms [10,13]. In
order to determine the specificity of the humoral response
triggered by Leishmania P proteins during the infectious
process, the reactivity of the sera from Leishmania-infected
dogs was assayed by Western blot against the recombinant P
proteins from human, T. cruzi and L. infantum. Figure 2 shows
that the sera from infected dogs reacted with the Leishmania
rLiP2a and rLiP2b proteins, while they did not recognize the
human rHuP1 and rHuP2 proteins, and the T. cruzi rTcP2
protein. On the other hand, as expected, the sera from SLE
patients recognized all the tested recombinant P proteins
(Fig. 2b). These results suggested that the humoral response
against the P proteins during Leishmania infection is triggered
by the parasite P proteins, and that the conserved C-terminal
end of the L. infantum P proteins does not elicit a significant
humoral response during the infection.

Mapping of the antigenic determinants of the Leishmania P
proteins
To identify the species-specific epitope of the LiP2a and LiP2b

Fig. 2. Species specificity of leishmaniasis sera against acidic ribosomal
proteins. Approximately 2 tig of each purified recombinant protein
were electrophoresed on 12 5% polyacrylamide gels and blotted.
Lane 1, maltose-binding protein from wild type expression vector
pMal-cRI; lane 2, rLiP2a; lane 3, rLiP2b; lane 4, rHuPI; lane 5,
rHuP2; lane 6, TcP2. (a) The immunoblot was probed with a leishmaniasis sera (dilution 1:100). (b) The immunoblot was probed with a
systemic lupus erythematosus (SLE) anti-P sera (1:200). The smear of
bands towards the upper portion of the gel (lane 3) is the result of
aggregation of rLiP2b after purification. Molecular mass markers are
shown in kD.

recognized by the sera from L. infantum-infected dogs, several
peptides from each one of the proteins, overlapping by five
amino acids, were synthesized (Fig. 3). None of the peptides
derived from the LiP2a protein, except peptide A6, showed
positive reactivity when assayed with the sera from the infected
dogs (Table 1). Similarly, peptide B7, derived from the LiP2b
protein, was the only peptide recognized by the leishmaniasis
sera. These observations demonstrate therefore that peptides
A6 and B7 contain the main linear antigenic determinants of
the LiP2a and LiP2b proteins, respectively. Peptide A7, that
contains the C-terminal conserved motif of acidic P type
ribosomal proteins, was not recognized by the sera from
infected dogs. This result is a further indication that this
region is not antigenic during Leishmania infection. Since the
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Fig. 3. Synthetic peptides used to map epitopes recognized by leishmaniasis
[10].

sera.

reactivity of the sera against peptides A6 and B7 is lower than
the reactivity against the recombinant proteins, it is likely that
neither A6 nor B7 fully reproduce the native antigenic determinant of LiP2a and LiP2b. The reactivity values shown by
peptide B7 relative to rLiP2b were higher than the reactivity of
peptide A6 relative to rLiP2a, indicating that the antigenic
determinant conformed by peptide B7 is more similar to that of
the native protein than that conformed by peptide A6.
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Cross-reactivity between the antigenic determinants of the
Leishmania P proteins
When the amino acid sequences of A6 and B7 containing the
antigenic determinants of the LiP2a and the LiP2b proteins
were compared, a region of high homology was detected
(Fig. 4). To address the possibility of the existence in the sera
of infected dogs of antibodies cross-reacting with the antigenic
determinants of LiP2a or LiP2b, affinity-purified antibodies
against rLiP2a and rLiP2b were isolated from leishmaniasis
sera. The reactivity of the purified antibodies was tested in
Western blots against each one of the proteins. Figure 5
shows that the anti-rLiP2a affinity-purified antibodies strongly
reacted with the rLiP2a protein, but that they also recognized
the rLiP2b protein (Fig. 5b). Similarly, the anti-rLiP2b affinitypurified antibodies strongly reacted with the rLiP2b protein,
but to a lower extent with rLiP2a (Fig. 5c). The quantification
of the relative level of cross-reactivity of the affinity-purified
antibodies against each one of the proteins was assayed by
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Fig. 4. (a) Alignment of the carboxy-terminal domain of Leishmania
infantum and human P2 type proteins. Consensus residues are boxed.
The complete amino acid sequence HuP2 is described in [21]. (b)
Synthetic peptides used in competition assays. The asterisks between
peptides A6 and B7 indicate shared amino acid residues. Peptides A6.1
B7. 1, HuP and TcP contain the amino acid sequences located at the left
of carboxy-terminal conserved region (peptide C-10) of the LiP2a,
LiP2b, human P2 and Trypanosoma cruzi P [13] proteins, respectively.
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Fig. 5. Cross-reactivity of the affinity-purified antibodies. Specific antibodies against either rLiP2a or rLiP2b were purified from
leishmaniasis sera by affinity chromatography. Immunoblots containing 2 pg of both recombinant proteins rLiP2a (lane 1) and rLiP2b
(lane 2) were probed with the complete serum (a), anti-rLiP2a antibodies (b) and anti-rLiP2b antibodies (c). Molecular mass markers
are shown in kD.

FAST-ELISA. The results indicated that the anti-rLiP2a
affinity-purified antibodies recognized the LiP2b protein with
about 50% less efficiency than the rLiP2a, and that the antirLiP2b affinity-purified antibodies recognized the rLiP2a with
about 70% less efficiency than the rLiP2b. Thus, the results
strongly indicate that during Leishmania infection there is a
highly specific immune response against either LiP2a and/or
LiP2b, and that in the leishmaniasis sera there is a fraction of
antibodies able to cross-react with the two proteins.
In an attempt to define better the limits of the amino acid
sequence conforming the antigenic determinants present in A6
and B7, a new set of peptides were synthesized (Fig. 4). Peptides
A6. 1 and B7. 1 contain the amino acid sequence located
Table 1. Binding in Falcon assay screening test (FAST)-ELISA of
serum antibodies to recombinant proteins and the immunodominant

peptides
Bindingt of antibodies to:
Sera*

rLiP2a

A6

rLiP2b

B7

1
2
3
4

0-917
1-103
1-096
0-969

0-389 (42)
0-447 (40)
0 506 (46)
0 573 (59)

0-616
0 990
0-931
0-869

0 452 (73)
0-770 (78)
0 644 (69)
0 605 (70)

* All serum samples were diluted 1: 500.
t Expressed as optical density. Values in parentheses indicate
percentages which represent (binding to peptide/binding to corresponding recombinant protein) x 100.

upstream of the C-terminal conserved region of the LiP2a

and LiP2b proteins, respectively. Peptide C-10 contains the
C-terminal conserved region of both proteins. The capacity of
either the recombinant proteins or the peptides to inhibit the
reactivity of the sera against the proteins or the peptides was
assayed by competition experiments (Fig. 6). It was detected
that peptide A6.1 inhibited by about 20% the binding of
leishmaniasis sera to rLiP2a. Since, moreover, the rLiP2a
protein inhibited by 100% the recognition of the protein by
the leishmaniasis sera, and peptides A6 and A6. 1 showed 20%
of effective competition of binding to rLiP2a (Fig. 6), we think
that the sequential antigenic determinant of LiP2a may lie in
the amino acid sequence of A6. 1, but that it needs the
surrounding amino acids for effective recognition of the
determinant by the antibodies. A similar conclusion can be
drawn from the fact that peptides B7. 1 and B7 and the rLiP2b
protein inhibited the binding of the antibodies to the rLiP2b
protein by 15%, 60% and 100%, respectively (Fig. 6). Peptide
B7 that contains the main linear antigenic epitope and the
non-reactive C-terminal domain of the LiP2b protein is a better
competitor than B7. 1, which only contains the antigenic
epitope of the LiP2b protein. Thus, the presence of neighbouring amino acids around the epitopes seems to be needed to
complete the conformational native antigenic determinants of
these proteins. In order to test this hypothesis, two additional
peptides containing the antigenic determinants and surrounding amino acids were synthesized: peptide a, GAVAEAKKEEPEEEEADDDMG (positions 81-101 from LiP2a sequence)
and peptide b, APAAAAAKKDEPEEEADDDMG (positions
86-106 from LiP2b sequence). Peptide a was more reactive
against leishmaniasis sera than peptide A6. The ratio of the
reactivity to peptide a relative to the LiP2a protein was 0-82,
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DISCUSSION
The data presented show that the sera from Leishmaniainfected dogs do not react with the highly conserved Cterminal region of eukaryotic P proteins, in contrast with the
reactivity observed in the sera from SLE patients. In this
disease the anti-P autoantibodies have been mapped to react
with the C-terminal 11 residues [18,19]. Our data contrast also
with the finding that the main linear epitope of the T. cruzi P
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protein by synthetic peptides. Five picomoles of eithe rLiP2a (a)
rLiP2b (b) were used to activate the Falcon assay screening test
(FAST)-ELISA lids as indicated in Materials and Mlethods. Serum
samples diluted 1:500 were pre-incubated with incr easing concentrations of the same recombinant protein or the indiicated synthetic
peptides. Although for clarity it is not included in the fitgure, it must be
indicated that no inhibition was observed when peptide,s A7, HuP and
TcP were used as competitors. The inhibitor molar iratio (moles of
inhibitor/moles of antigen) was calculated considering the amount of
antigen (5 pmol) used to activate each FAST-ELISA lid. The mean
values of three independent experiments are represent (s d. <6%)
ied >, B7; 0
(a) *, rLiP2a; A6; 0, A6. 1; A, C-10; O, B7. (b) *, rL
ribosomal

,r

0,

B7.1;

A,

251

C-10; 0, A6.

or

'iP2b;

while the ratio of the reactivity to peptide A6 rrelative to the
LiP2a protein (Table 1) was 0-47. On the other hand, similar
levels of recognition by leishmaniasis sera were obtained with
either peptide B7 or peptide b, lacking the fir ve C-terminal
amino acids, as an indication that the conservecd C-terminal
domain does not form part of the antigenic deterrminant.
The existence of antibodies which cross-re-act with the
antigenic determinants of the LiP2a and LiP2 lb proteins in
the sera from some of the infected dogs (see ab Rove) was also
shown by the partial inhibition of the reactivitLy of the sera
against the rLiP2a and rLiP2b after cross-compe tition with B7
and A6, respectively (Fig. 6). The finding that ClO and A7,
when used as competitors, did not inhibit the E)inding of the
antibodies to rLiP2a and rLiP2b, confirms that the C-terminal
region of these proteins does not elicit any hum oral response
during Leishmania infections. As expected from ti he data shown
in Fig. 2, peptides HuP and TcP (described in F ig. 4), did not
inhibit recognition of the rLiP2a and rLiP2b by the sera from
Leishmania-infected dogs.

C-terminal sequence EEEDDDMGFGLFD. This sequence
is almost identical to the eukaryotic P consensus sequence
(EESDDDMGFGLFD) except for the non-conservative
amino acid substitution of the serine residue by a glutamic
residue [13]. Mesri etal. [25] and Levitus etal. [26] have
suggested that the recurrent presentation of the parasite
ribosomal P antigen would generate a secondary auto anti-P
response, although the primary anti-T. cruzi ribosomal P
response in Chagas' disease is directed by the non-conservative
substitution (Ser by Glu) of the carboxy C-terminal region.
Alternatively, since the sera from patients with Chagas' disease
contain anti-P antibodies which cross-react with the C-terminal
residues of the self P proteins, Skeiky et al. [14,15] have
suggested that the mechanisms leading to the generation of
anti-P autoantibodies may be similar in SLE and Chagas'
disease patients. Our data indicate that during Leishmania
infection, however, the anti-P antibodies are specifically directed against each one of the parasite P2 proteins, and that auto
anti-P antibodies are not produced. The specificity of response
is reinforced by the fact that the anti-P2 antibodies present in
leishmaniasis sera do not recognize the homologous T. cruzi
and human P proteins. Wallace etal. [7] have also described
that during Leishmania infection the humoral response against
the highly conserved hsp70 protein is also species-specific, in
contrast

patient's

with Chagas' disease in which the reactivity of the
sera is directed against both conserved and non-

conserved regions of the parasite hsp70 protein [30]. Thus,

the differences in the selection of epitopes probably reflect the
outcomes of infection with two protozoan species causing
different diseases, rather than the existence of differences in
the immunogenic properties of the highly conserved proteins.
While Chagas' disease is a chronic disease characterized by
an autoimmune pathology, leishmaniasis is
evolving disease.

a

relatively fast-

Our data indicate that the LiP2a and LiP2b proteins elicit
specifically different immune responses, since in the sera from
infected dogs there are antibodies which recognize specifically
each one of the proteins sharing, however, some degree of
cross-reactivity. The analysis of the reactivity of leishmaniasis
sera against synthetic peptides indicates that the main linear
antigenic determinant of the LiP2a and LiP2b proteins may
be mapped in the (E/A)AKK(E/D)EPEEE(E/-)A sequence,
common to both proteins, found next to the conserved Cterminal region. The two non-conservative changes and the
missing glutamic acid in LiP2a relative to LiP2b appear to be
crucial in determining the specific reactivity of leishmaniasis
sera against each one of the proteins. The sequence similarity
between the antigenic determinants of the LiP2a and LiP2b
may explain the observed level of cross-reactivity between the
LiP2a and LiP2b affinity-purified antibodies and the recombinant P proteins.
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