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Antiserum directed against cell surface antigens is lethal to Leishmania
donovani promastigotes
ARPITA DAS, SAHANA MAZUMDER and
SWADESH DUTTAGUPTA*
Indian Institute of Chemical Biology, 4, Raja S. C. Mullick Road, Calcutta 700 032, India
MS received 7 December 1987
Abstract. The purified flagellar fraction of Leishmania donovani promastigotes consists of
30-35 polypeptides. Antiserum raised against this fraction reacts with both flagella and
pellicular membrane antigens as evident from immunoblot and immunofluorescence studies.
Only 3 of these immunoreactive polypeptides are flagellum-specific. The antiserum
agglutinates the cells and inhibits their growth in liquid culture medium. Moreover, glucose
uptake and glucose-stimulated oxygen uptake of the promastigotes are significantly
inhibited by the antiserum. The results indicate that the antiserum has a profound lethal
effect on the in vitro propagation of the parasite.
Keywords. Leishmania donovani; flagella; antiserum; surface antigens; glucose uptake;
oxygen uptake.

Introduction
Leishmania donovani, the parasitic protozoan which causes visceral leishmaniasis or
Indian Kala-azar exists in two morphological forms. The flagellated promastigotes
are introduced by sandfly vector into the mammalian host and they are then
transformed into obligate intra-cellular amastigotes within the phagolysosomes of
the host macrophages. Earlier reports indicated that the culture forms of L. donovani
and Trypanosoma brucei were attached to the macrophages by their flagella (Miller
and Twohy, 1967; Stevens and Moulton, 1977). On the other hand, Dvorak and
Schmunis (1972) reported that while all motile forms of T. cruzi epimastigotes
actively penetrated macrophages by their flagellar end first, the trypomastigotes did
so by their posterior end. In contrast, Chang (1979) observed no preferential
orientation of L. donovani promastigotes during their entry. Therefore, he concluded
that motility of promastigotes and their affinity for the surface of the macrophage
were elements of importance in the process of entry. The role of the flagellum during
early events of host parasite interaction, such as attachment and entry, is still not
clear.
However, when mice were immunized with different subcellular fractions of T. cruzi
epimastigotes, the flagellar (F) fraction conferred the highest protection against
experimental Chagas’ disease (Segura et al., 1976). Similarly immunisation with
purified flagella from other trypanosomatids, like Herpetomonas samuelpessoai and
Crithidia fasciculata, was also found to be significantly effective against T. cruzi
*To whom all correspondence should be addressed.
Abbreviations used: F, Flagella; PBS, phosphate buffered saline; PMSF, phenyl methyl sulphonyl
fluoride; PM, pellicular membrane; AS, antiserum; IgG, immunoglobulin G; SDS, sodium dodecyl
sulphate; PAGE, Polyacrylamide gel electrophoresis; NS, normal serum; Mr, relative molecular mass;
kDa, kilodalton.
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infection in mice (Pereira et al., 1977). Although biochemical and immunological
properties of membrane and cell surface antigens of Leishmania promastigotes were
extensively studied (Dwyer, 1980; Gottlieb and Dwyer, 1981; Handman et al., 1984;
Ramley et al., 1984; Bouvier et al., 1985; Chang and Chang, 1986; Russel and
Wilhelm, 1986), neither the biochemical characteristics of L. donovani flagellum nor
its antigenic properties were carefully examined. In this communication, we have
described the isolation and preliminary characterisation of the F fraction of
L. donovani promastigotes. Antiserum raised against this fraction exhibited both
lethal and growth-inhibitory effects on the in vitro propagation of the parasite.
Materials and methods
Chemicals
All the biochemicals used were purchased from Sigma Chemical Co., St. Louis,
Missouri, USA. Brain-heart infusion, and complete and incomplete Freund’s
adjuvants were products of Difco Laboratories, USA. (125I)-NaI (carrier-free) and (U14
C)-D-glucose (53 mCi/mmol) were purchased from Bhabha Atomic Research
Centre, Bombay. Nitro cellulose paper (BA 85; 0·45 μm pore size) was purchased
from Schleicher and Schuell, USA. All other chemicals used were of analytical grade.
Parasite culture
L. donovani strain UR6 (Ghosh et al., 1983), a clinical isolate was obtained from
Dr. D. K. Ghosh, Indian Institute of Chemical Biology. It was routinely maintained
on blood agar slants containing 3·7% brain-heart infusion, 2% whole rabbit blood,
1% glucose and 1·5% agar at 25°C. In liquid medium, whole blood was replaced
with 0·1 % hemolysed blood. Cells were subcultured at 96 h intervals.
Isolation of flagella and pellicular membrane
The F fraction was prepared following the procedure of Pereira et al. (1977) with
some modifications. Briefly, cells were harvested, suspended in cold phosphate
buffered saline (PBS) and washed twice by centrifugation at 700 g for 10 min at 4°C.
In all subsequent steps the preparations were maintained at 2–4°C. The pellet was
resuspended in 9 volumes of buffer [20 mM Tris-HCl, pH 8; 250 mM sucrose;
3 mM MgCl2; 2 mM phenyl methyl sulphonyl fluoride (PMSF) and 0·5% Triton Χ100], homogenised with a tight-fitting Dounce homogenizer (40 strokes) and
centrifuged at 700 g for 5 min. The supernatant was recentrifuged at 10,000 g for
10 min. The resulting pellet was suspended in 5% (w/v) sucrose and the suspension
layered over 25% sucrose and centrifuged at 700 g for 10 min. The upper 5% sucrose
layer was removed and layered over another 25% sucrose solution and the
operation was repeated 3 times. The final pellet was obtained by centrifugation of the
5% sucrose layer at 10,000 g for 15 min and was suspended in PBS (100 mM NaCl
and 50 mM sodium phosphate buffer, pH 7·2) and referred to as F fraction. The
pellicular membrane (PM) fraction was prepared following the method of Gottlieb
and Dwyer (1981).

Lethal effect of immune serum on L. donovani

131

Production of antiserum and purification of immunoglobulin G
Antiserum (AS) against F fraction was raised in rabbits by 4 subcutaneous injections
(a total of about 2 mg protein/rabbit) with 2-week intervals, the first injection containing complete Freund's adjuvant and the rest, incomplete Freundes adjuvant
Immunoglobulin fractions were isolated following the method of Michael (1980)
Serum was decomplemented by heating at 56°C for 30 min. It was brought to 18%
Na2SO4 by the addition of 36% Na2SO4 solution and centrifuged at 10,000 g for
15 min. The pellet was then dissolved in 0·9% NaCl and reprecipitated in the same
way. The final pellet was dissolved in 10 mM phosphate buffer, pH 7·6 to half the
initial volume of serum and the solution was dialysed exhaustively against the same
buffer. The immunoglobulin G (IgG) fraction was purified by ion-exchange chro
matography on a DEAE-cellulose column, equilibrated and eluted with the same
buffer.
Gel electrophoresis and immunoblotting
F polypeptides were analysed by sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis (PAGE) following the method of Laemmli (1970). For immunoblotting experiments the polypeptide components of F and PM fractions were
separately resolved by SDS-PAGE (10%) and were transferred electrophoretically to
nitrocellulose paper. The nitrocellulose blot was incubated with AS and the antigenic
polypeptides detected by [125I] -labelled staphylococcal protein A, following the
procedure of Burnette (1981). Protein A (25 μg) was radio-iodinated by ChloramineT method using carrier-free [125I] - NaI (McConahey and Dixon, 1980). Protein was
estimated by Lowry's method (1951), using crystalline bovine serum albumin as the
standard.
Oxygen and glucose uptake
Oxygen uptake by promastigotes was measured at 28°C by Warburg's manometric
technique (Umbriet et al., 1957). The incubation mixture in a total volume of 3 ml
contained 1·5 × 108 cells (10 mg protein), 150 mM NaCl, 25 mM sodium phosphate
buffer pH 7·2, and 5% serum. The reaction mixtures were incubated at 28°C for 1 h
before the addition of glucose (5 mM). Uptake of (U-14C)-glucose was measured
following the procedure described by Saha et al. (1986); cellulose acetate filters
(Millipore Corp., USA) of 1·2 μm pore size were used instead of 0·45 μm pore size
filters.
Immunofluorescence
To identify the site (s) of binding of AS, 20 μl of washed cell suspension (106 cells) was
placed on a glass slide, air dried and incubated with 100 μl (20 times diluted) of either
normal serum (NS) or AS for 1 h at 25°C in a moist chamber. Slides were then gently
washed twice with PBS and then further incubated for 1 h with fluorescein isothiocyanate-conjugated goat anti-rabbit IgG. Slides were finally washed twice with PBS,
dried, fixed with 50% glycerol and then examined under Leitz microscope with
fluorescence attachment.
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Results
The F fraction of L. donovani promastigotes consists of 30–35 polypeptides as
revealed by SDS-PAGE (figure 1). The majority of these are in the relative molecular
mass (Mr) range of 25-100 kilodalton (kDa) and two of the most abundant ones
which seem to be present in equal quantities, are similar in size to the α– and βsubunits of tubulin (54 and 52 kDa).
AS raised against the F fraction interacted with many components of the latter, as
attested by the multiple precipitin bands in the double diffusion test (figure 2). It is
also observed that distinct precipitin reaction occurs even at AS dilution as high as
8-fold, while there is no detectable band in the case of the undiluted NS.

Figure 1 and 2. 1. SDS-PAGE polypeptide profile of F fraction of L. donovani promastigotes. Mr markers (numbers on the left) are phosphorlylase b, tranferrin, bovine
serum albumin, pyruvate kinase, fumarase and carbonic anhydrase. Lane 1, 50 µg and lane
2, 100 µg of F fraction. 2. Ouchterlony double diffusion analysis of antiserum to F
fraction of L. donovani promastigotes. Central well, 50 µ 1 of F fraction (2 mg/ml) ; wells 1
and 2, 50 µl of undiluted and 2 times diluted NS; Wells 3-6. 50 µl of undiluted, 2, 4 and 8
times diluted AS, respectively.

Using AS, further characterization of the F fraction was carried out by
immunoblot analysis. Figure 2 shows that in both F and PM fractions, there are a
number of polypeptides in the Mr range of 55-48 kDa which are strongly reactive
with AS. Five other polypeptides of F fraction (73, 70, 66, 62 and 33 kDa) are also
found to interact with AS. The 66 and 33 kDa polypeptides are also present in the
PM preparation. Therefore, only 3 antigens (73, 70 and 62 kDa) appear to be
flagellum-specific.
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Figure 3. Western blot analysis of immunogenic F polypeptides of L, donovani promastigotes. Numbers on the right are Mr of marker proteins (as in figure 1). Lane l, 20 µg of F
protein; line 2, 20 µg of PM protein.

L. donovani promastigotes were completely agglutinated and lost their motility
and structural integrity in the presence of 1% heat-inactivated AS (figure 4b). Under
similar conditions, even 10% heat-inactivated NS was completely ineffective
(figure 4a).
Table 1 shows the effect of heat-inactivated AS on the growth of L. donovani
promastigotes. A nearly 30-fold increase in the number of viable cells was observed
after 72 h when promastigotes were cultured alone or in the presence of heatinactivated normal serum (NS). Under identical conditions, less than 10% of the
inoculated promastigotes remained viable in the presence of AS up to 1:200 dilution.
In addition, this was also the minimum concentration of AS needed for appreciable
agglutination of promastigotes in culture (table 1). At 1:400 dilution of AS, proma
stigotes were not agglutinated but their growth was completely inhibited. Therefore,
AS has both lethal and growth-inhibitory effects on L. donovani promastigotes.
Fifty to sixty percent inhibition in glucose uptake was observed when promastigotes were treated with AS (figure 5). Along with glucose uptake, glucose-stimulated
respiration was also reduced by a similar extent (figure 6). Neither glucose uptake
nor glucose-induced respiration was affected in the presence of NS.
Immunofluorescence experiments revealed that AS not only binds to the flagellum
but also to the entire surface of the L. donovani promastigote (figure 7). No
fluorescence was observed when promastigotes were similarly treated with NS.

134

Arpita Das et al.

Figure 4. Agglutination of L. donovani promastigotes in the presence of antiserum.
Promastigotes were preincubated for 30 min at 25°C with (a) 10% NS and (b) 1% AS.

Discussion
The two predominant polypeptides of the flagellum of L. donovani are tentatively
identified as the subunits of tubulin on the basis of their size and abundance. Even
though rigorous characterisation has not been attempted in the present studies, this
conclusion is consistent with previous findings in the case of other hemoflagellates
(Whitman et al., 1972; Pereira et al., 1977). Moreover, Dwyer (1980) has reported that
the PM of L. donovani is rich in tubulin. The results of the immunoblot experiment,
showing strong immunoreaction with polypeptides in the Mr range of 55 and 48 kDa
of both F and PM fractions, support the conclusion that tubulin may be the major
component of the L. donovani flagellum.
Previous workers showed that Leishmania promastigotes were lysed and killed in
the presence of high concentration of normal human or guinea-pig sera (Adler, 1964;
Ulrich et al., 1968). Heat-labile components were required for killing, since heat-
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Table 1. Effect of AS and IgG fraction on L. donovani promastigotes.

a

+ + +, + +, + and ± indicate heavy, medium, light and doubtful agglutination.
Promastigotes' (1 × 105/ml) were cultured in liquid blood medium in the presence of AS or IgG frac
tion. Cells were counted after 72 h at 25°C.
c
Numbers are mean ± SD of 5 independent experiments.
b

Figures 5 and 6. 5. Effect of antiserum on glucose uptake by L. donovani promastigotes. (O),
Promastigotes in the absence of serum; ( ), promastigotes+ 5% NS; (Δ), promastigotes
+ 5% AS. 6. Effect of AS on glucose-induced oxygen uptake by L. donovani promastigotes( ).Promastigotes in the absence of glucose and serum; (O), promastigotes + 5 mM
glucose; (Δ), promastigotes + 5 mM glucose + 5%NS;(▲),promastigotes+ 5 mM glucose
+ 5% AS.

•

•

inactivated serum agglutinated but could not kill the promastigotes (Pearson and
Steigbigel, 1980). Activation of the complement cascade by classical or alternative
pathway was shown to be responsible for this lethal effect (Pearson and Steigbigel
1980; Mosser and Edelson, 1984). In all experiments, we have used heat-inactivated
immune serum. Therefore, Leishmania-specific antibodies in the immune serum are
directly responsible for its lethal and growth-inhibitory effect. The possibility that
these effects are due to other components of the rabbit serum is eliminated since
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Figure 7. Indirect immunofluorescence staining of L. donovani promastigotes with AS to F
fraction.

purified IgG was found to have similar effects. The lethal effect of immune serum was
apparent only when the promastigotes were agglutinated (table 1).
Selective transport of metabolites is a characteristic property of all biological
membranes. In Leishmania species, the existence of a glucose transport system was
reported by Schaffer and Mukkada (1976) and by Zilberstein and Dwyer (1984,
1985). Since glucose could be metabolized rapidly by Leishmania promastigotes,
results of uptake studies with (U-14C-glucose might not reflect the true kinetics of
active transport across the cell membrane. However, impairment of membrane
function was evident from significant reduction in glucose uptake by promastigotes
in the presence of AS (figure 5). A similar reduction in glucose induced oxygen
uptake (figure 6) therefore appears to be a secondary phenomenon and is probably
due to reduced glucose uptake by L. donovani promastigotes. Immune serum binds
evenly over the entire surface of the promastigote (figure 7). This is rather expected as
4 antigens are shared by the F and PM fractions of L. donovani promastigotes
(figure 3).
Molecular interactions at the host-parasite interphase are critical for obligatory
intracellular parasites such as Leishmania. Mosser and Edelson (1984) first proposed
that m the presence of serum, enhanced binding of Leishmania promastigotes to
murine resident peritoneal macrophages is mediated by complement protein C3. In
addition to C 3-mediated binding, two promastigote-specific antigens, viz., the
glycolipid (Handman and Coding, 1985) and the glycoprotein gp63 (Chang and
Chang, 1986; Russel and Wilhelm, 1986) and fibronectin (Wyler et al., 1985) have
been implicated m attachment and entry of the parasite. Russel and Wilhelm (1986)
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have shown that 0·5–2 mg/ml of anti-gp63 Fab is needed to achieve 60–70%
inhibition of L. mexicana promastigote binding to macrophages. Our preliminary
results indicate that even 0·25 mg/ml of AS-Fab can inhibit L. donovani promastigote
binding to macrophages to the same extent. Both the glycolipid and the gp63 are
highly soluble in detergents like Triton X-100, NP-40 and octylglucoside. Since the F
fraction used in the present study was isolated from the particulate fraction
essentially free from the triton X-100 soluble material, it is unlikely that the
inhibition of parasite binding by AS-Fab is entirely due to the presence of Fab
fragments derived from antibodies directed against contaminating glycolipid or gp63
in the F fraction. This observation raises the possibility that parasite antigen (s) other
than the glycolipid or gp63 may also be involved in host-parasite interaction.
In humans, the only prophylactic immunisation strategy with any success against
leishmanial diseases needed controlled induction of a cutaneous lesion with low
doses of Leishmania tropica (Greenblatt, 1980). Experimentally, several immunisation
strategies were tried against cutaneous leishmaniasis and in all cases only partial
protection was achieved. These included immunisation with ultrasonicated or γ−
irradiated promastigotes (Preston and Dumonde, 1976; Howard et al., 1982), crude
antigen-antibody complex (Handman et al., 1977) and affinity-purified Leishmaniaspecific glycolipid (Handman and Mitchel, 1985). The results presented here clearly
demonstrate the profound lethal effect of immune serum on L. donovani promastigotes. At present it is not clear from our results whether immunoglobulins directed
against F antigens or those against membrane antigens or both are responsible for
this lethal effect. Therefore, a thorough and careful study is needed to evaluate the
immunoprophylactic potential of cell surface antigens of L. donovani promastigotes.
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