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Ten monoclonal antibodies (MAbs) produced against isolated Leishmania infantum membranes were used as

probes of L. infantum membrane antigens. Western blots of L. infantum membranes, sodium dodecyl sulfate
solubilized and heated at 100°C before analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
showed that all 10 MAbs recognized a band at 58 kilodaltons (kDa). However, when solubilized membranes
were not heated, 2 of the 10 MAbs recognized, in addition to the 58-kDa band, bands of higher molecular
weight. Limited digestion of heated or nonheated membranes showed that both groups of MAbs (i.e., not
capable or capable of binding to the high-molecular-weight bands) recognized the same proteolytic digests.
Hydrophilic forms of the above proteins, possessing proteolytic activity, were detected and isolated by gel
filtration. Protein staining of the isolated monomer analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, under reducing and heating conditions, revealed incomplete reduction of the 58-kDa protein.
The reduced form of the 58-kDa protein migrated at 63 to 65 kDa and was not recognized by the MAbs. These
results suggest the existence of a monomeric and an oligomeric form of the 58-kDa antigen. The observed
inhibition of Leishmania promastigote-macrophage binding caused by MAbs representative of the two groups

(capable of oligomeric and/or monomeric antigen recognition) suggest that the 58-kDa monomer and oligomer
play an important role in promastigote-macrophage interaction. We suggest that the 58-kDa L. infantum
antigen is the major surface Leishmania antigen (p63) identified by others.

Leishmania donovani, the etiologic agent of kala-azar or
visceral leishmaniasis, is the cause of significant mortality
throughout the world. In its insect vector, the phlebotomus
sandfly, the protozoon exists in the promastigote form. In
the mammalian host, it is converted into the amastigote form
and multiplies within the phagolysosomes of macrophages
(30). The mechanism whereby the protozoon penetrates,
survives, and multiplies in macrophages is not yet well
understood. Some molecules of the parasite membrane play
a crucial role in the binding and penetration of the parasite
into the macrophage and its survival within the phagolyso-
somes (8).

It has been shown that monoclonal antibodies (MAbs) are
useful tools for the diagnosis of leishmaniasis and for bio-
chemical and immunopathological characterization of the
parasite itself. Species-specific MAbs against L. mexicana
and L. braziliensis (27-29) as well as the L. tropica complex
and the L. donovani complex (11, 19-22) have been pro-
duced for immunodiagnosis and taxonomic classification of
Leishmania species. Surface antigenic changes during differ-
entiation in vitro of L. mexicana were identified by MAbs
(17). Furthermore, MAbs were successfully used to protect
BALB/c mice from infection with L. mexicana (1).
A major Leishmania surface glycoprotein of approxi-

mately 63,000 molecular weight, termed p63, has been
identified by using kala-azar sera and human cutaneous
leishmaniasis sera (26). p63 appears to be common among a
great number of Leishmania species and is recognized by
rabbit anti-L. donovani immune serum (10, 16, 18, 25). A p63
has been purified from Leishmania mexicana amazonensis
by MAb affinity binding; this glycoprotein inhibits leishma-
nia-macrophage binding (7). The involvement of the L.
mexicana mexicana p63 in the attachment of Leishmania
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promastigotes to macrophages has also been reported (31).
p63 was characterized as an integral membrane protein (14).
A hydrophilic form was identified during its purification (5).
It has also been demonstrated that p63 is a protease (15),
designated as promastigote surface protease (3), and has a
common membrane anchor with Trypanosoma variant sur-
face glycoprotein (4). Promastigote surface protease was
identified in seven different species of Leishmania including
L. infantum (6).

In this report we describe the identification and partial
purification of the monomeric and oligomeric forms of a
predominant L. infantum protein of 58 kilodaltons (kDa)
which possess proteolytic activity. The reduced form of this
molecule, not recognized by the MAbs, migrated at 63 to 65
kDa. The observed in vitro inhibition of L. infantum pro-
mastigote-macrophage interaction caused by the MAbs rec-
ognizing the above proteins implies that the 58-kDa mono-
mer and oligomer might be involved in the binding of
promastigotes to macrophages and could subsequently be
used for immunoprophylaxis. Current information on p63
and our results suggest that the 58-kDa protein identified in
this study is the major Leishmania surface protein p63.

MATERIALS AND METHODS

Reagents. Hemoglobin, neopeptone, lactalbumin hydroly-
sate, Noble agar, and Freund adjuvant were purchased from
Difco Laboratories (Detroit, Mich.); brain heart infusion was
from Oxoid Ltd. (Basingstoke Heints, England); phenyl-
methylsulfonyl fluoride and Nonidet P-40 were from BDH
Chemicals LTD (England); sodium dodecyl sulfate (SDS)
was from Fluka AG (CH-9470 Buchs); Dulbecco modified
Eagle medium was from Flow Laboratories (Irvine, Scot-
land); fetal calf serum was from Gibco Ltd. (Paisley, Scot-
land); and aminopterin, hypoxanthine, thymidine, EGTA
(polyethyleneglycol-bis-N,N'-tetraacetic acid), EDTA, N-
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ethylmaleimide, pepstatin, aprotinin, iodoacetamide, Triton
X-100, protein A, bovine serum albumin (BSA), and rabbit
anti-mouse immunoglobulins were from Sigma Chemical Co.
(St. Louis, Mo.). All other chemical products were pur-
chased from E. Merck AG (Darmstadt, Federal Republic of
Germany).

Leishmanias. The strain referred to as L. infantum in this
study was isolated in Greece from a person with visceral
leishmaniasis. The strain was typed according to its excreted
factor serotype and according to electrophoretic mobilities
of malate dehydrogenase, glucose phosphate isomerase,
glucose-6-phosphate dehydrogenase, and 6-phosphogluco-
nate dehydrogenase, as Leishmania donovani infantum H
HOM-Gr78-L4 (34). L. infantum promastigotes were cul-
tured at 27°C in a monophasic medium consisting of hemo-
globin (1 g/liter), neopeptone (5 g/liter), brain heart infusion
(5 g/liter), lactalbumin hydrolysate (3 g/liter), 14 mM glu-
cose, and 1% human hemolyzed blood. Parasites were
subcultured every 3 to 4 days (M. Hadziantoniou, Ph.D.
thesis, Medical School University of Athens, Athens,
Greece, 1987).

Preparation of Leishmania membranes. Membrane prepa-
rations of L. infantum promastigotes were obtained by
disruption of the promastigotes, followed by subfractiona-
tion by differential centrifugation and then isolation on
sucrose density gradients by the method of Dwyer (13).
Washed cell pellets and isolated membranes were suspended
in phosphate-buffered saline (PBS; Miles Laboratories, Inc.,
Elkhart, Ind.), and the cell suspension was made to 1 mM
phenylmethylsulfonyl fluoride, 10 mM EDTA, 2 mM EGTA,
2.5 mM N-ethylmaleimide, 20 ,ug of pepstatin per ml, 2 U of
aprotinin per ml, and 10 mM iodoacetamide and stored at
-70°C until used.
Production of MAbs. BALB/c mice were injected with

intact or detergent (2% SDS, 2% Triton X-100, or 2% sodium
cholate)-solubilized promastigote membranes in incomplete
Freund adjuvant. They subsequently received at least two
inoculations at 4-week intervals and were boosted 4 days
before sacrifice. Hybrid cells secreting MAbs were produced
by fusing 3 x 107 cells of the nonproducer mouse myeloma
S194/5.XXO.BU.1 (S194) cells with spleen cells isolated
from the immunized mice (108) in 0.5 ml of 45% (vol/vol)
polyethylene glycol 4000 (Merck). Fusions were carried out
by the direct-cloning method of Tzartos (35), which is a
modification of the classical cell fusion technique of Kohler
and Milstein (23). The modification is based on the introduc-
tion of agar immediately after fusion of the cells. Fused cells
were suspended in 0.25% agar in Dulbecco medium contain-
ing 20% heat-inactivated fetal calf serum, 2 mM glutamine,
50 ,uM 2-mercaptoethanol (2-ME), antibiotics, and hypoxan-
thine-aminopterin-thymidine (HAT medium). The cell sus-
pension was distributed into 96-well flat-bottomed culture
plates (40 p1/well) or 24-well plates (200 p1/well). HAT
medium was then added on the solidified agar cell layer, and
culture plates were incubated at 37°C in humidified air
containing 10% CO2. Cell colonies were visible 2 weeks after
fusion, and the presence of antibody in the supernatants was
assessed by a solid-phase radioimmunoassay. Colonies from
positive wells were transferred to individual wells and then
tested for antibody production. Positive colonies were
cloned twice in agar to ensure homogeneity.

Solid-phase radioimmunoassay. A solid-phase radioimmu-
noassay was used to identify hybrids secreting MAbs to L.
infantum (32). Briefly, L. infantum membranes diluted in
bicarbonate buffer (pH 9.6) were plated in polyvinyl chloride
flat-bottomed microdilution plates (Dynatech Laboratories,

Inc., Alexandria, Va.) and incubated overnight at 4°C. The
microdilution plates were washed three times in wash buffer
(PBS containing 0.05% Tween 20 and 0.02% NaN3) and
incubated for a minimum of 1 h at room temperature with
PBS containing 3% BSA. After a further three washes in
wash buffer, culture medium supernatants were added and
incubated for 3 h at room temperature or overnight at 4°C.
Immune mouse serum (diluted 1:100) and cell culture me-
dium were used as positive and negative controls, respec-
tively. The plates were then washed three times with wash
buffer. Rabbit anti-mouse immunoglobulins (0.2 ±l1 per well)
were added to the wells and incubated for 2 h at room
temperature, followed by a further three washings. 12511
labeled protein A (10,000 cpm/well) was added and incu-
bated for 1 h at room temperature. Finally, the plates were
washed five times, and the radioactivity bound to each well
was removed by SDS and measured in a Kontron MDA 312
multidetector radioimmunoassay analyzer.
SDS-PAGE. SDS-polyacrylamide gel electrophoresis

(PAGE) was performed on 7.5 or 10% polyacrylamide gels
by the method of Laemmli (24). Samples were SDS solubi-
lized and either not heated or heated for 5 min at 100°C.
When membranes were used, a clearing centrifugation was
performed (10,000 rpm, 10 min, 4°C) on SDS-solubilized
membranes before electrophoresis. Reduction, when indi-
cated in the legends, was done with 5% 2-ME or 10 mM
dithiothreitol. Gels were either stained with 0.2% Coomassie
blue or dried and autoradiographed (for 1251I-labeled sam-
ples). A low-molecular-weight standard mixture (Pharmacia)
was used for estimating the Mr.

Western blotting (immunoblotting). Isolated L. infantum
membranes were electrophoretically transferred from SDS-
polyacrylamide gels to nitrocellulose paper by the procedure
first described by Towbin et al. (33). The nitrocellulose strips
were incubated for 1 h at 40°C in PBS containing 3% BSA
and then overnight at 4°C in nonimmune mouse serum,
culture medium, or hybridoma culture medium superna-
tants. Control mouse sera were diluted 1:100 in wash buffer
(0.5% BSA in PBS). The strips were then washed three times
and incubated with rabbit anti-mouse immunoglobulins for 3
h at room temperature. After three more washings, the strips
were incubated with 1251I-protein A for 1 h at room temper-
ature. The strips were washed at least four times, air dried,
and exposed to autoradiography at -70°C with Kodak
X-Omat S film.

Limited digestion. L. infantum membranes were incubated
at room temperature for 1 h in the presence of 0.1 p.g of
Staphylococcus aureus V8 protease per well (10). The re-
sulting digests were analyzed first by SDS-PAGE and then
by Western blotting with the anti-L. infantum MAbs as
probes.

lodination. Lactoperoxidase-catalyzed iodination was
used (12).

Gel filtration. Hydrophilic forms of the studied antigens in
PBS were loaded on a Superose 12 TM column and analyzed
by fast-protein liquid chromatography. The column was
equilibrated with PBS (pH 7.4), and the samples were
chromatographed at a flow rate of 0.25 ml/min. Fractions
(0.5 ml) were collected and subjected to SDS-PAGE fol-
lowed by protein staining and/or analyzed by Western blot-
ting. In some experiments where a small amount of 1251I
labeled material was added to the sample, the eluants were
counted to detect any radioactivity present.

L. infantum infection of mouse macrophages. The mouse
macrophage cell line J774G8 was cultured on cover slips
placed in petri dishes. The cells (106/ml) were allowed to
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FIG. 1. Autoradiographs of L. infantum membranes identified by
Western blotting with MAbs to L. infantum as probes. SDS-PAGE
(7.5% polyacrylamide) was performed under reducing (+R), or
nonreducing (-R) conditions. Membranes were either heated at
100°C (+H), or not heated (-H). MAb LD16 recognized only a
58-kDa band under all conditions (lanes 1, 3, 5, and 7). LD20
recognized a 58-kDa band when membranes were heated (lanes 2
and 4) and, in addition to the 58-kDa band, a band of approximately
200 kDa when membranes were not heated (lanes 6 and 8). LD23
and six other MAbs gave the same recognition pattern as LD16, and
LD24 gave the same pattern as LD20.

adhere at 37°C in an atmosphere of 10% CO2 for a minimum
of 1 h. The cover slips were then washed to remove
nonadherent cells, and L. infantum promastigotes, either
nontreated or treated with MAbs, were added at a ratio of 10
parasites per cell. After 1 h of incubation the cover slips
were washed vigorously with medium, fixed in methanol,
and stained with Giemsa. The number of cells infected was
determined by counting 500 cells in a Giemsa-stained culture
(9). Before infection of macrophage monolayers, parasites
were incubated with different dilutions of MAbs or medium
for 1 h at room temperature. The parasites were then
washed, suspended in RPMI 1640 medium with 10% fetal
calf serum, and added to the macrophages.
Immunoglobulin subclass typing. Immunoglobulin subclass

typing of the MAbs was determined by double immunodif-
fusion against mouse immunoglobulin subclass-specific sera
in 1% Noble agar dissolved in PBS.

RESULTS

Spleen cells of BALB/c mice immunized with isolated L.
infantum membranes (either intact or solubilized) were fused
with S194 mouse myeloma cells. Ten stable hybridomas,
producing MAbs to promastigote membrane antigens, were

produced by the direct-cloning method (35) and detected by
a solid-phase radioimmunoassay with intact, isolated mem-
branes. The homogeneity of the hybridomas was insured by
recloning them twice in 0.25% agar. All 10 MAbs produced
were immunoglobulin M molecules.

Identification and characterization of membrane antigens
recognized by anti-L. infantum MAbs. The identification of
membrane antigens by the 10 MAbs was carried out by
Western blotting followed by autoradiography. Blots of
SDS-solubilized L. infantum membranes, heated at 100°C

(with or without 2-ME) before analysis by SDS-PAGE,
showed that all 10 L. infantum MAbs recognized a band at 58
kDa. However, when non-heat-treated solubilized mem-
branes (in the presence or absence of 2-ME) were used, the
above MAbs gave two distinct recognition patterns: eight of
the MAbs still recognized the 58-kDa band (e.g., LD16 and
LD23) whereas two (MAbs LD20 and LD24) recognized, in
addition to the 58-kDa band, bands of higher molecular mass
(approximately 200 kDa) (Fig. 1). Occasionally, when mem-
branes were not heated before analysis by SDS-PAGE,
multiple intermediate-molecular-size bands were detected
which may represent proteolytic breakdown products of the
200-kDa band. The presence of 2-ME in the sample buffer
did not affect the migration of the high-molecular-mass
bands. Therefore, when SDS-solubilized membranes were
not heat treated, MAbs LD20 and LD24 recognized, in
addition to the 58-kDa band, bands of high molecular mass,
whereas when solubiized membranes were heated at 100°C
these MAbs recognized only the 58-kDa band.

Autoradiographs of 125I-labeled isolated membranes sub-
jected to SDS-PAGE showed that a 58-kDa polypeptide was
mainly labeled. The 125I-labeled polypeptide comigrated
with the 58-kDa polypeptide detected on blots by the MAbs
(Fig. 2).
The possibility that the 58-kDa polypeptide detected by

MAbs LD16 and LD23 is identical to the 58-kDa polypeptide
detected by LD20 and LD24 was investigated by peptide
mapping. Limited digestion of L. infantum membranes with
S. aureus V8 protease, followed by SDS-PAGE analysis of
the digests and Western blotting, showed that all four MAbs
(LD16, LD20, LD23, and LD24) recognized the same digests
(Fig. 3). Thus, they recognized the same 58-kDa polypep-
tide. The above results strongly suggest the existence of a
monomeric and an oligomeric form of the 58-kDa polypep-
tide.

Identification, partial purification, and proteolytic activity
of hydrophilic forms of the 58-kDa monomer and oligomer.
Evidence for the generation of hydrophilic forms of the
58-kDa monomer and oligomer was obtained by the follow-
ing experiments. Membranes were dialyzed against PBS for
4 h and then centrifuged. Both the pellet and the supernatant
were analyzed by Western blotting with MAbs LD16 and
LD20 (i.e., representatives of the two groups of MAbs).
Although the MAbs recognized both the 58-kDa monomer
and oligomer in the pellet, significant fractions of both
proteins were also detected in the supernatant (Fig. 4). Thus,

1 2

58kDa
l

1251 LD16
FIG. 2. Autoradiograph of 251I-labeled L. infantum membranes.

The '25I-labeled 58-kDa antigen (lane 1) comigrated with the 58-kDa
antigen detected on blots by MAb LD16 (lane 2). SDS-PAGE was
performed with 7.5% polyacrylamide gels.
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FIG. 3. L. infantum membranes submitted to limited digestion
with S. aureus V8 protease. The digests were reduced and heated
before SDS-PAGE (10%o polyacrylamide) and then analyzed by
Western blotting. MAbs LD16, LD23, LD20, and LD24 recognized
the same proteolytic digests (lanes 1, 2, 3, and 4, respectively).

we have detected hydrophilic forms of the proteins. Radio-
iodinated supernatant (obtained by dialyzing the membranes
against PBS) subjected to SDS-PAGE gave the same auto-
radiography pattern as the 1251I-labeled membranes (data not
shown).
The supernatant containing soluble forms of the 58-kDa

monomer and oligomer was analyzed by gel filtration on a
Superose-12TM column by fast-protein liquid chromatogra-
phy. Absorbance at 280 nm revealed four major peaks (Fig.
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FIG. 4. Generation of hydrophilic forms of the 58-kDa monomer
and oligomer. L. infantum membranes were dialyzed against PBS
for 4 h and then centrifuged. Both the pellet and the supernatant
were analyzed by Western blotting. The antigens recognized by
MAbs LD16 and LD20 were detected both in the supernatant (lanes
1 and 3, respectively) and the pellet (lanes 2 and 4, respectively).

Fraction
FIG. 5. Partial purification of the hydrophilic 58-kDa monomer

and oligomer by gel filtration. A Superose-TM fast-protein liquid
chromatography column (Pharmacia) was equilibrated with PBS
(pH 7.4) and calibrated with an immunoglobulin G MAb (150 kDa),
BSA (67 kDa), ovalbumin (43 kDa), and RNase A (13.7 kDa). The
column then was loaded with hydrophilic forms of the studied
antigens (supernatant), and fractions of 0.5 ml were collected.
Absorbance at 280 nm revealed four peaks ( ). The molecular
masses of the second and third peak were approximately 200 and 60
kDa, respectively. V, is the total volume and VO is the void volume
of the column. When the column was loaded with a small amount of
iodinated supernatant and fractions were measured for radioactiv-
ity, a major radioactive peak was detected coinciding with the peak
of 60 kDa (---). The inset shows the partition coefficient (Kay) versus
size.

5). The contents of each peak were analyzed by SDS-PAGE.
Gels were either stained for protein or analyzed by Western
blotting. Oligomeric forms of the 58-kDa protein were de-
tected by the MAbs in the second peak (-200 kDa). The
58-kDa protein was detected in the third peak (-60 kDa)
(Fig. 6a). Staining for protein gave the same results (Fig. 6b).
The isolated 58-kDa protein was analyzed by SDS-PAGE
and stained for protein. The addition of 5% 2-ME or 10 mM
dithiothreitol and alkylation of the reduced disulfide bonds
revealed, in addition to the 58-kDa band, a band of 63 to 65
kDa (Fig. 7). However, the reduced form is not recognized
by the MAbs, since it was not detectable on blots under
reducing conditions (Fig. 1, lanes 3 and 4). The presence of
the 58-kDa protein in the third fast-protein liquid chroma-
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FIG. 6. Detection of the 58-kDa monomer and oligomer partially
isolated by gel filtration as described in the legend to Fig. 5.
Fractions of the second and third peak (lanes 1 and 2, respectively)
were pooled, concentrated by ultrafiltration, and analyzed by SDS-
PAGE (7.5% polyacrylamide). Samples were neither heated nor
reduced. (a) Western blotting analysis. The blots were probed with
a mixture of MAbs (LD16 and LD20). (b) Coomassie blue staining.

1 2 3 4

*'sz '
1?7 F'1" X: -,.I

0.2

I- 0.15

<e 0.1 -

VOL. 56, 1988



1184 SOTERIADOU ET AL.

1 2 3 4

94- vw

67- __

43- w-

3'0-
.0_90

FIG. 7. SDS-PAGE analysis and Coomassie blue staining of the
purified 58-kDa antigen. SDS-PAGE (7.5% polyacrylamide) was
performed under reducing conditions. The 58-kDa antigen reduced
either with 5% 2-ME (lane 3) or 10 mM dithiothreitol (30 min at 37°C
and alkylated with 10 mM iodoacetamide; lane 4). Other lanes
contained molecular mass markers in kDa (lane 1) and SDS-PAGE
sample buffer (lane 2). Occasionally degradation products were
detected (bottom of lanes 3 and 4).

tography peak was confirmed by the analysis of 125I-labeled
supernatant (whose major labeled antigen was the 58-kDa
band); the major peak comigrated with the third peak of the
unlabeled supernatant (Fig. 5).
To test whether the 58-kDa oligomer and/or monomer has

proteolytic activity, the partially purified (by gel filtration)
hydrophylic proteins were incubated with BSA for 4 h at
room temperature before SDS-PAGE. Coomassie blue stain-
ing of the gel showed that at the migration distance of BSA
very little or no protein was visualized in the lanes where
BSA had been preincubated with the content of the third
peak (which included the 58-kDa monomer) and with the
content of the second peak (which included the 58-kDa
oligomer) (Fig. 8). The 58-kDa monomer and oligomer are

not visible in Fig. 8 (lanes 1 and 2, respectively), because the
protein concentration used was below the sensitivity of
Coomassie blue staining. The protease inhibitor iodoaceta-
mide completely inhibited the proteolytic activity (data not
shown).

Inhibition of parasite attachment to macrophages caused by
the anti-L. infantum MAbs. We examined the in vitro inter-
ference with parasite penetration into mouse macrophages
by the MAbs (Fig. 9). MAbs LD16 and LD23 (capable of
monomeric antigen recognition) inhibited about 30% parasite
attachment to mouse macrophages, and MAbs LD20 and
LD24 (capable of monomeric and oligomeric antigen recog-
nition) exhibited about 50% inhibition. Anti-tubulin MAb
(kindly provided by P. Libery, Hellenic Pasteur Institute)
and anti-acetylcholine receptor MAbs 13 and 136 (immuno-
globulin M molecules [35]) did not affect promastigote bind-
ing to macrophages (Fig. 9). The effect of the anti-L.
infantum MAbs seems to be specific, since treatment of
macrophages with these MAbs before infection had no

effect, nor did these MAbs affect promastigote mobility.
Therefore, the surface antigens recognized by these MAbs
may play an important role in parasite-macrophage interac-
tion.

... ...

2 3 4
FIG. 8. Proteolytic activity of partially purified 58-kDa monomer

and oligomer. The contents of the second and third fast-protein
liquid chromatography peaks were preincubated with BSA for 4 h
and analyzed by SDS-PAGE (7.5% polyacrylamide). Samples were
heated and reduced. A reference standard comprised only of an
equal quantity of BSA was run on the same gel (lanes 3 and 4). The
lack of the BSA band is due to the digestion of BSA by the 58-kDa
monomer (lane 1) and the 58-kDa oligomer (lane 2).

DISCUSSION
This study was aimed at identifying and characterizing L.

infantum membrane antigens of potential pathophysiological
significance by the use of MAbs. We identified monomeric
and oligomeric forms of a 58-kDa L. infantum antigen.
Hydrophilic forms of the 58-kDa monomer and oligomer,
possessing proteolytic activity, were detected and partially
purified. Reduction of the 58-kDa purified monomer revealed
a 63- to 65-kDa reduced form not recognized by the MAbs.
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mAbs mAbs

FIG. 9. Effect of anti-L. infantum MAbs on the attachment of
promastigotes to mouse macrophage cell line J774G8. The anti-L.
infantum MAbs LD16 and LD23 inhibited about 30% parasite
attachment, and LD20 and LD24 inhibited about 50%o parasite
attachment. Anti-acetylcholine receptor (AChR) MAbs (immuno-
globulin M) and the anti-tubulin MAb (anti-tub) used as negative
controls had no effect on the binding of L. infantum to cells.

INFECT. IMMUN.

4ullw on&
lob -.-:



LEISHMANIA SURFACE ANTIGENS 1185

The 58-kDa oligomer appears to be a heat-modifiable
Leishmania membrane antigen. Heating probably induces
changes in antigen-SDS interaction. This phenomenon is not
unique to the 58-kDa L. infantum antigen, since it has been
demonstrated by SDS-PAGE that certain envelope proteins
of Bordetella pertussis are heat modifiable (2). Heating of
oligomers in SDS may result in dissociating them, and when
analyzed by SDS-PAGE they migrate as monomers (2). The
58-kDa oligomer does not appear to be formed by disulfide
bonds, since reduction by 2-ME without heat treatment does
not affect its migration. Hence, the 58-kDa oligomer is
comprised of noncovalently associated subunits. MAbs
LD20 and LD24 seem to have a higher affinity for the
oligomer than for the 58-kDa monomer, since on blots the
high-molecular-weight bands appear to be more intense. It
thus seems probable that the oligomeric conformations favor
binding of MAbs LD20 and LD24 to the corresponding
epitopes. MAbs LD16 and LD23 bind under all conditions to
the 58-kDa monomer. Hence, their corresponding epitopes
may be on the sites of attachment of the 58-kDa subunits.
The MAbs used in this study do not bind to the reduced
linearized form. Maintenance of the tertiary structure of the
58-kDa antigen seems to be necessary for MAb binding to it.
Membrane proteins may aggregate and so appear as larger

oligomers. However, nonspecific aggregation of the 58-kDa
protein is unlikely for the following reasons. (j) Gel filtration
chromatography repeatedly showed that the oligomeric
forms were eluted in a symmetrical peak of approximately
200 kDa. This was independent of the protein concentration
used. (ii) The oligomeric forms of the 58-kDa protein were
also obtained in the presence of the nonionic detergents
Triton X-114 and Triton X-100, which were used for their
purification (K. P. Soteriadou, manuscript in preparation).
This was performed by a modification of the phase separa-
tion method in Triton X-114 and its substitution by Triton
X-100 on a DEAE-cellulose column and subsequent purifi-
cation of the eluted protein on a Mono-Q column (5).
Therefore, the appearance of the -200-kDa oligomeric form
seems to be independent of the conditions used (no detergent
in Fig. 5; SDS in PFig. 1; Triton X-114 and X-100). (iii) In a
random aggregation of the 58-kDa monomers all or most of
the anti-58-kDa MAbs would be expected to bind to the
aggregates because masking or denaturation of antigenic
sites would be random. Thus each site would always be
available in at least a fraction of the molecules. However, we
repeatedly found that only 2 MAbs of the 10 used bound to
the high-molecular-weight bands, suggesting a specific as-
sembly of the monomers. (iv) The existence of a 58-kDa
oligomeric form of L. infantum antigen is compatible with
the data presented on L. mexicana amazonensis (7), suggest-
ing a polymeric form of the p63 (six subunits) and the
presence of p63 dimers in L. major LEM513 (4).

Sufficient experimental evidence supports the identity of
the 58-kDa antigen (identified in this study) as p63 (3-6, 7,
10, 14, 15, 18, 25, 26). This includes the following. (i) The
58-kDa antigen is recognized by all of our MAbs, implying
that this protein is very immunogenic and abundant on the
surface of Leishmania species. Similarly, p63 is considered
as the major component of Leishmania membrane con-
served among species (5, 10, 18, 26). (ii) Membrane iodina-
tion results in labeling of only the 58-kDa antigen, which is in
accordance with published data concerning the predominant
labeling of p63 in many Leishmania species including L.
infantum (3, 5, 6, 10, 14, 18, 25). (iii) The shift observed in
the migration of the 58-kDa antigen under reduced condi-
tions of SDS-PAGE is similar to the well-documented shift

of p63 in some Leishmania species (5, 10, 18). The presence
of the 58-kDa form in the reduced gels is possibly due to
incomplete reduction of internal sulfhydryl groups of the
58-kDa antigen. (iv) Hydrophilic forms of the 58-kDa antigen
were detected and partially purified. This characteristic of
solubility of the 58-kDa antigen is similar to the generation of
a hydrophilic p63 during its purification (3). The higher
amounts of hydrophilic 58-kDa antigen obtained, compared
with those obtained by Bouvier et al. (5), may be due to the
existence of more endogenous lipases in our L. infantum
preparations. (v) L. infantum p63 is a protease (6). We also
demonstrated that the 58-kDa monomer and oligomer pos-
sess proteolytic activity. Finally, the anti-58-kDa MAbs
recognized the p63 from L. major LEM513 (5), kindly
provided by C. Bordier (Universitd de Lausanne).
The 58-kDa monomer and oligomer identified in this

study, which are homologous to p63, play an important role
in parasite-macrophage binding as observed by the 30 and
50% inhibition, respectively, of parasite attachment to
mouse macrophages with the corresponding MAbs. There-
fore, further study of these antigens may be of pathophys-
iological interest.
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