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A BIOLOGICAL ROLE FOR HAEMAGGLUTINATION ACTIVITY
OF LEISHMANIA PROMASTIGOTES AND AMASTIGOTES
SVOBODOVÁ M.*, CAPO C.* & MEGE J.M.*

Summary :
Leishmania promastigotes and axenic amastigotes possess a
haemagglutination activity (HA). Leishmania attachment to human
macrophages was studied after a 30 min incubation in the
presence of 10 mM carbohydrates at 37 °C. Galactosamine,
sialic acid, heparin, mannose, and NAc-mannosamine impaired
the attachment of promastigotes and amastigotes to monocytederived macrophages and the myelomonocytic cell line THP 1
whereas other carbohydrates had no effect. Preincubation
experiments showed that mannose inhibits the macrophage
receptor, whereas galactosamine acts on promastigotes.
Moreover, the HA is considerably decreased after incubation with
macrophages. Our results suggest that promastigotes of different
Leishmania species and axenic amastigotes possess a lectin-like
receptor with similar specificity, which is in some way involved in
the attachment to vertebrate host cells.

Résumé : LE RÔLE BIOLOGIQUE DE L'ACTIVITÉ HÉMAGGLUTINANTE DES
LEISHMANIES

KEY WORDS : leishmania, amastigotes, phagocytes, attachment, lectin activity,
teptomonas.
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L'adhérence des Leishmanies aux macrophages humains a été
étudiée après une incubation de 30 mn à 37 ° C en présence de
carbohydrates à 10 mM. La galactosamine, l'acide sialique,
l'héparine, le mannose, la N-acétylmannosamine inhibent
partiellement l'adhérence de promastigotes ou d'amastigotes aux
macrophages issus de monocytes et aux cellules de la lignée
myélomonocytaire THP 1 alors que d'autres carbohydrates sont
sans effet. Des expériences de préincubation montrent que le
mannose inhibe les récepteurs macrophagiques et que la
galactosamine affecte spécifiquement les promastigotes. De plus,
l'activité hémagglutinante des Leishmanies est fortement diminuée
après incubation avec les macrophages, ce qui suggère que leur
activité « lectin-like » est probablement impliquée dans leur
adhérence aux cellules-hôtes.

leher et al., 1992 ; Mosser & Handman, 1992) and the
metalloproteinase gp63 of the parasite (Russel & Wileishmania are trypanosomatid parasites of helm, 1986) ; fibronectin, mannose, CR3, CR1, and
mammals including man. They are transmitted advanced glycosylation endproducts receptors of
by the bite of sandflies in the form of flagellated, macrophages (Wyler et al., 1985 ; Blackwell, 1985 ;
extracellular promastigotes, which gain entry into Dasilva et al., 1989 ; Wilson & Pearson, 1986 ; Mosser
et al., 1987). Considerably less is known about the
mononuclear phagocytes where they transform into
amastigote-phagocyte
interaction. LPG, CR3, fibronectin
aflagellated amastigotes, multiply and eventually infect
and
heparin-binding
activity have been proposed as
new host cells. For succesful infection and spread of
mediating
amastigote
adhesion (Kelleher et al., 1995 ;
the pathogen, both promastigotes and amastigotes
Guy
&
Belosevic,
1993;
Wyler et al., 1985; Love et al,
have to attach to phagocytes before they are taken in.
1993).
Among
the
multiple,
redundant mechanisms of
The promastigote-host cell interaction has been exten
Leishmania
adhesion
to
macrophages,
carbohydrates
sively investigated ; the amastigote-host cell interaction
and
lectin-like
receptors
are
involved
(Chang,
1981;
apparently involves distinct mechanisms (for review see
Bray,
1983
;
Hernándes
et
al.,
1986).
We
have
preMosser & Rosenthal, 1994). Promastigotes bind to host
viously
described
a
haemagglutination
activity
(HA),
cells directly or after opsonisation and a wide range
of molecules is involved in this interaction; e.g. the found on promastigotes of different Leishmania spemajor surface antigen lipophosphoglycan (LPG) (Kel- cies and also on axenic amastigotes of L. mexicana,
which is specific for aminosugars and some glycoconjugates (Svobodovä et al, in press). High activity
found on amastigotes suggested a role for it in the vertebrate stage of the parasite life-cycle. Therefore, we
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Correspondence : M. Svobodová Department of Parasitology, Faculty decided to study the inhibitory ability of different carof Science, Charles University, Viničná 7, 128 44 Prague, Czech Repu bohydrates for Leishmania binding to human phagoblic.
cytes. A relatively wide range of carbohydrates was
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magglutination activity (galactosamine being the most
potent one). Related sugars without inhibitory effects
served as controls. We suggest that promastigotes and
amastigotes possess a lectin-like receptor involved in
their attachment to vertebrate host cells.

MATERIALS A N D M E T H O D S

RPMI 1640 contains approx. 10 mM glucose, the effect
of this carbohydrate was first tested in Tris. Before use,
parasites and host cells were washed three times in
RPMI 1640. THP 1 cells were incubated for 30 min with
promastigotes or amastigotes (10/1 parasite/host cell
ratio) in the presence of 10 mM carbohydrate while
gently shaking in a 37 °C waterbath, cytocentrifuged,
fixed with methanol and stained with Giemsa. In the
case of macrophages, 10 promastigotes and carbohy
drate at a final concentration of 10 mM were added
to the macrophages. After 30 min of incubation (37 °C,
5 % C0 ), nonattached promastigotes were removed
by washing and slides were treated as above. The
number of attached promastigotes on 100 host cells
was scored microscopically. The inhibitory effect of
each carbohydrate was expressed as the percentage of
bound promastigotes compared to that in the control
(100 %) not exposed to carbohydrate.
6
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our Leishmania strains were used: L. infantum
(MHOM/TU/81/ITMAP 263), L. major (MHOM/
IL/68/LV 561, LRC-L 137 JERICHO II ;
MRHO/SU/58/NEAL-P), L. mexicana (MNYC/BZ/62/M
379); and Leptomonas pyrrhocoris (IPYR/CS/79/LP 9).
Promastigotes were grown in RPMI 1640 (Gibco-BRL)
supplemented with 20 % foetal calf serum (FCS) ;
seven days old subcultures were used. Axenic amas
tigotes of L. mexicana were obtained as described
(Bates, 1994); briefly, freshly isolated promastigotes
were transformed to metacyclic promastigotes in
Schneider's Drosophila medium (Gibco-BRL), pH 5,5,
subcultured and transformed to axenic amastigotes in
the same medium at 32 °C.

2

PREINCUBATION EXPERIMENTS

In some experiments, promastigotes of L. infantum
were preincubated with 10 mM carbohydrates in RPMI
1640 for 30 min at 25 °C, washed three times, added
to THP 1 cells and treated as described above. In other
experiments, macrophages were preincubated with
10 mM carbohydrates for 30 min (37 °C, 5 % CO in
air), and washed three times before addition of pro
mastigotes.
2

H O S T CELLS

Macrophages were obtained by differentiation of
human peripheral blood mononuclear cells (PBMC) as
described (Molloy et al., 1994). Briefly, PBMC from
volunteers were obtained by Ficoll gradient
centrifugation and cultured for 8 h at 37 °C (in 5 %
CO ) in Lab-Tek chamber slides (Nunc) at cell density
5 x 10 cells per chamber. Nonadherent cells were
removed and the remaining monocytes were allowed
to differentiate into macrophages in RPMI 1640
supplemented with 20 % FCS and L-glutamine at 37°
(in 5 % C0 ). The macrophages were used for the
binding studies after seven days of culture. The
leukemic human cell line THP 1 was cultured in RPMI
1640 with 2 mM L-glutamine and 25 mM Hepes
supplemented with 10 % FCS, penicillin (100 IU/ml)
and streptomycin (50 µg/ml).
2

5

EFFECT OF INHIBITOR CONCENTRATION

L. infantum promastigotes were allowed to bind to
THP 1 cells at different concentrations (0.1-100 mM)
of NAc-mannosamine to test if the inhibition was satu
rable. After 30 min incubation the cells were treated
as described above.
ADSORPTION O F H A

2

INHIBITION EXPERIMENTS

500 mM stock solutions of carbohydrates (glucose,
galactose, mannose, glucosamine, galactosamine, mannosamine, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, N-acetyl-D-mannosamine, sialic acid; pur
chased from Sigma) were prepared in 20 mM Tris,
150 mM NaCl, pH 7.6, adjusted to neutral where
appropriate, and sterilized by filtration (0,2 µm dispo
sable filter). Heparin was prepared to contain 10,000 IU
(approx. 1.2 mg/ml), mannan 1,250 mg/ml. Because
246

Promastigotes from seven day old subcultures were
washed three times in saline. They were lysed by free
zing and thawing three times in liquid nitrogen
(10 cells/ml Tris). The lysates were centrifuged at
2,000 g for 3 min and supernatants used in haemagglutination tests. Fifty µl doubling dilutions of lysates
were prepared in Tris in U-well microtitre plates to give
final dilution ranges of 1:2 to 1:2,048. Fifty µl of native
rabbit red blood cells (2 % in saline) were added and
agglutination was scored after 1 h incubation at room
temperature. The end point titre was defined as the
last dilution causing visible agglutination of RBC. This
dilution was deemed to contain about one haemagglutination unit (HAU). Lysates in Tris containing about
three HAU were double diluted in microtitre plates and
added to RPMI-washed macrophages in Lab-Tek
(100 µl of lysate per chamber) as well as to previously
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washed Lab-tek chambers without macrophages
(control of nonspecific binding). After 2 h at 4 °C, the
lysates were transfered to microtitre plates and adsorp
tion of the HA activity was measured by comparing
the level of HA in chambers with and without macro
phages. The experiments were repeated three times for
Leishmania strains LV 56l, Neal-P and ITMAP 263.
STATISTICAL ANALYSIS

Percentage values derived from each experiment were
used in multifactorial analysis of variance (ANOVA).
For comparison of carbohydrate influence on binding,
LSD multiple range tests were used.

resp.), while the carbohydrate is the factor influencing
the binding to the host cell (P= 0.0001, F-ratio 6.574).
Six out of twelve carbohydrates tested show significant
inhibition (about 25 %) of promastigote binding to host
cells: galactosamine, heparin, sialic acid, mannose,
NAc-mannosamine and, to a lesser degree, NAc-glu
cosamine. None of the carbohydrates enhanced the
binding (Table I). Concentration experiments show that
increasing the carbohydrate concentration above
10 mM does not increase the inhibition (Fig. 1).

RESULTS

INHIBITION O F BINDING O F LEISHMANIA
PROMASTIGOTES T O T H P

1 AND MACROPHAGES

The initial attachment of promastigotes to host cells in
controls was 163 ± 10 per THP 1 cells, 101 ± 8 per
macrophage (stat. sign, difference between host cells,
P = 0.007). The results (Table I) were processed by
ANOVA to reveal the influence of carbohydrate, para
site strain and host cell type on the binding of Leish
mania promastigotes to host cells. Both the strain
(L. infantum ITMAP 263, L. major LV 561 and Neal-P)
and the host cell type have no effect on the binding
(P = 0.06, F-ratio 2.785 and P = 0.36, F-ratio 0.859,

CONCENTRATION (mM)
Fig. 1. — Effect of NAc-mannosamine concentration on the binding
of L. infantum to THP 1 cells. Promastigotes were incubated 30 min
with different concentrations (0.1-100 mM) of NAc-mannosamine.
The inhibition of attachment is expressed in mean (n = 3 ± SE).
BINDING O F L. MEXICANA

AXENIC AMASTIGOTES

AND PROMASTIGOTES T O T H P 1 CELLS

The pattern of carbohydrate inhibition of L. mexicana
binding to THP 1 cells was similar to three strains used
previously (Table I, P= 0.18); the data could thus be summarised (Fig. 2). Inhibition by selected carbohydrates was
then compared between promastigotes (four strains) and
axenic amastigotes of L. mexicana (Table II).
The initial binding of amastigotes to THP 1 cells was
122 ± 13 and does not differ significantly from the bin
ding of promastigotes (P= 0.38). Heparin had the same
inhibitory effect on both promastigotes and amasti
gotes, and galactosamine had an even higher inhibi
tory effect on amastigote than on promastigote binding.
The inhibitory effect of other carbohydrates on amas
tigote binding was not significant.
Fig. 2. — Carbohydrate inhibition of Leishmania promastigote attach
ment to host phagocytes. Data summarized for macrophages and SPECIFICITY O F INHIBITION
THP 1 cells, four strains of Leishmania were used. 95 % LSD inter
FOR LEISHMANIA PROMASTIGOTES
vals for means, n=21.
1. glucose, 2. galactose, 3. mannose, 4. glucosamine, 5. galactosamine, 6. mannosamine, 7. NAc-glucosamine, 8. NAc-galactosamine, Inhibitors of Leishmania promastigote binding were
used for a strain of the insect pathogen Leptomonas
9. NAc-mannosamine, 10. sialic acid, 11. heparin.
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Leishmania strain
LV 561

ITMAP 263
Carbohydrate

THP1

mo

Glucose(#mannan)
Galactose
Mannose
Glucosamine
Galactosamine
Mannosamine
NAc-gl u cosa m i ne
NAc-galactosamine
NAc-mannosamine
Sialic acid
Heparin

98 ± 13
103 ± 13
70 ± 4
93 ± 16
72 ± 7
79 ± 3
74 ± 14
83 ± 19
74 ±12
75 ± 1
76 ± 8

87 ± 8
102 ± 4
89 ± 9
86 ± 3
69 ± 14
92 ± 6
80 ± 4
100 ± 12
98 ± 10
81 ± 6
76 ± 4

THP1
107 ±4
102 ± 5
82 ± 9
117 ± 14
75 ± 6
109 ± 8
84 ± 6
118 ± 4
80 ±
4
73 ± 2
84 + 1

Neal-P

M379

mo

THP1

mo

THP1

110 ± 19
85 ± 9
85 ± 6
106 ± 5
71 ± 9
93 ± 6
90 ± 5
92 ± 7
76 ± 10
74 ± 4
64 ± 5

104 ± 3
82 ± 9
76 ± 11
81 ±15
84 ±20
97 ± 19
84 ± 9
78 ± 17
62 ± 11
55 ± 5
65 ±5

96 ± 9
93 ± 8
64 ± 10
93 ± 15
76 ± 10
97 ± 15
105 ± 18
97 ± 6
91 ± 8
78 ± 5
77 ± 15

78 ±
92 ±
76 ±
91 ±
76 ±
97 ±
87 ±
82 ±
83 ±
88 ±
77 ±

1#
6
11
2
2
9
10
2
4
11
2

Table 1. - Inhibition of Leishmania promastigotes binding to host phagocytes. THP 1 cells and macrophages (mø) were exposed to parasites in the presence of 10 mM carbohydrates (100 IU/ml heparin, 0.25 mg/ml mannan). In % of control ± SE, n = 3 for each experiment.

Carbohydrate

Promastigotes

Mannose
Glucosamine
Galactosamine
NAc-glucosamine
NAc-mannosamine
Sialic acid
Heparin

76 ± 4
95 ± 7
77 ± 5
82 ± 5
75 ± 4 *
73 ± 4
75 ± 3 *

Amastigotes

Leptomonas

88 ± 2 @
93 ± 6
68 ± 3* @
78 ± 4
83 ± 5
85 ± 7
75 ± 5* @

62 ± 5* @
n.d.
93 ± 2 @
80 ± 3*
95 ± 4 #
79 ± 2*
107 ± 14 @ #

* Statistically significant difference within group.
@, # Statistically significant difference between groups (# promastigotes-Leptomonas, @ amastigotes-Leptomonas).
Table II. — Comparison of carbohydrate inhibition of binding of Leishmania promastigotes, amastigotes and Leptomonas to THP 1 cells.
Promastigotes of for strains (n = 12) of Leishmania, axenic amastigotes (n = 5) and Leptomonas promastigotes (n = 3) are compared using
LSD multiple range tests. % of control ± SE.

pyrrhocoris to test the specificity of inhibition. Its initial
binding to THP 1 cells was 223 ±16 and does not differ
from the binding of Leishmania (P = 0.08). Multiple
range tests showed that mannose, sialic acid and NAcglucosamine have statistically significant inhibitory effect
on Leptomonas binding to THP 1 cells, while heparin
and NAc-mannosamine do not inhibit the binding when
compared to promastigotes (Table II). When the
influence of inhibitors was compared for Leptomonas
and amastigotes, even more pronounced differences
were found. Three carbohydrates differed significantly
in their ability to inhibit binding to THP 1 cells: mannose (Leptomonas binding inhibitor), galactosamine and
heparin (amastigote binding inhibitor) (Table II).
CARBOHYDRATE PREINCUBATION O F PARASITES
A N D / O R HOST CELLS

To test if the potential inhibitor binds to carbohydratebinding receptors on parasite or host cell surfaces,
preincubation experiments with L. infantum promas248

tigotes and macrophages were performed. The difference in the inhibitory effect of carbohydrates between
preincubated promastigotes and preincubated macrophages is significant (ANOVA, P = 0.01), being most
pronounced for mannose which binds to macrophages
only. Galactosamine and NAc-mannosamine bind to
promastigotes, sialic acid acts rather on macrophages
and heparin has a similar effect on both types of cells
(Table II). Fig. 3 clearly shows the opposite effect that
mannose and galactosamine have on promastigotes
and macrophages.
ADSORPTION OF HAEMAGGLUTINATION ACTIVITY
ON THE MACROPHAGE SURFACE

Promastigote lysates of three strains (Z. infantum
ITMAP 263, L. major LV 561 and Neal-P) were used
to test if the haemagglutination activity is adsorbed to
macrophage surface. The incubation of the lysates
diminished the HA for about three HAU, showing that
the HA binds to macrophage surface.
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1 cells. The pattern of inhibition was similar for mature
macrophages and monocyte-like cells. Moreover, the
haemagglutinin function is shared by several species
of Leishmania subgenus, as it was detected in all
tested species of Leishmania: L. donovani, L. infantum,
L. tropica, L. major, L. aethiopica, L. mexicana and L.
amazonensis (Svobodová et al., in press). The HA is
not identical to LPG, because purified LPG from
L. major did not inhibit haemagglutination (Rangarajan
et al., upublished).
Several authors have previously studied the effects of
carbohydrates on Leishmania binding to host cells.
Unfortunately, the use of different methods, carbohydrates, host cells and Leishmania strains precludes
interpretation as to which of these factors is responsible for different results. We as well as Bray (1983)
have used a relatively low concentration of 10 mM;
others used concentrations five to twenty times higher
(Hernándes et al., 1986; Chang, 1981 ; Channon et al.,
Fig. 3. — The opposite effect of galactosamine (galNH2) or man- 1984), introducing the risk of nonspecific effects on the
nose (man) preincubation of Leishmania infantum promastigotes cells. In our case, at a concentration of 33 mM NAc(pms) or macrophages (mø). 95 % LSD intervals for means, n = 3. mannosamine, some THP 1 cells had disrupted membranes after cytocentrifugation. Moreover, in some studies the presence of the carbohydrates in the test
system does not allow distinction between the effect
Macrophages
Promastigotes
on parasite and/or host cell. This led to different
Carbohydrate
preincubated
preincubated
conclusions. Chang (1981) who first demonstrated the
101 ±7 *
Mannose
63 ± 3* #
influence of carbohydrates on Leishmania binding to
Galactosamine
64 ± 2* #
88 ± 1 *
macrophages, suggested the presence of lectin-like
NAc-mannosamine
70 ± 1*
83 ± 7
molecules on macrophages, whereas Hernández et al.
Sialic acid
88 ± 10
73 ± 13
(1986) on promastigotes. Bray (1983) found NAc-gluHeparin
76 ± 1*
77 ± 3
cosamine/glucosamine-specific lectin-like molecules
*. Statistically significant difference within group
on promastigotes rather than on macrophages. In our
#, Statistically significant difference between groups
case, glucosamine did not significantly affect the binTable III. — Preincubation with carbohydrates. Promastigotes or ding of L. mexicana M 379 promastigotes to host cells
macrophages were preincubated with 10mMcarbohydrates, washed and the effect of NAc-glucosamine was the weakest
and allowed to interact, n = 3, % of control ± SE.
among sugars with significant inhibitory activity. Chakraborty & Das (1988) failed to demonstrate any inhibitory effect of NAc-glucosamine pretreatment of promastigotes on blood clearance of L. donovani.
DISCUSSION
The specificity of the interaction for Leishmania was
e have previously demonstrated the pre- confirmed using a related kinetoplastid, the insect
pathogen Leptomonas pyrrhocoris without HA. Mansence of haemagglutination activity on a
wide range of Leishmania strains including nose diminished the binding of Leptomonas promastiaxenic amastigotes (Svobodova et al., in press). The gotes to THP 1 cells, whereas galactosamine did not,
higher level of HA and its presence on amastigotes sug- confirming the presence of galactosamine-specific
gested the haemagglutinin could play a role in the ver- lectin-like molecules on the Leishmania surface. This
tebrate part of parasite's life cycle. In this study, six result is in accordance with preincubation experiout of eleven carbohydrates tested (galactosamine, ments: preincubation of macrophages with galactosasialic acid, heparin, mannose, NAc-mannosamine, NAc- mine had no effect on promastigote binding, whereas
glucosamine) significantly diminished the binding of mannose was significantly inhibitory. When promastipromastigotes to host phagocytes, whereas other did gotes were preincubated, the effect was opposite: only
not affect the binding. In the case of amastigotes, out galactosamine inhibited the attachment. Thus, it can be
of seven carbohydrates tested galactosamine and concluded that promastigotes and axenic amastigotes
heparin had significant effects on the binding to THP of Leishmania possess a lectin-like activity on their sur-
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face which is specific for galactosamine. For promastigotes, NAc-mannosamine is a second specific inhi
bitor, since it has no inhibitory activity for Leptomonas
binding nor does it affect macrophages in preincuba
tion studies.
The effect of other inhibitors is more complex. Sialic
acid exerts its activity rather on macrophages than on
promastigotes, although this difference was not statis
tically significant; it has no effect on amastigote bin
ding. In some studies, sialic acid was suggested to be
toxic to cells at a concentration of 5 mM. Its nonspe
cific influence may also be due to its negative charge.
The level of inhibition of Leptomonas binding to THP
1 cells by NAc-glucosamine, which is similar to that
of Leisbmania, proves that this carbohydrate binds to
host cells. The potential receptor is the mannose/fucose
receptor, which is also specific for NAc-glucosamine
(Shepherd et al, 1981).
Heparin was the most potent inhibitor of Leishmania
promastigote and amastigote binding to host cells.
Preincubation experiments showed a similar effect on
both parasite and host cells. Human monocytes are
known to possess a heparin-binding protein (Leung
et al., 1989) ; heparin bound to host cells during prein
cubation could prevent the later binding of Leisb
mania heparin-binding activity. This could also explain
the lack of any effects of heparin on Leptomonas bin
ding. Similarly to us, Love et al. (1993) found that
heparin diminishes the binding of Leishmania to host
cells; in our case, not only amastigote but also pro
mastigote binding is affected. The presence of heparinbinding activity was demonstrated on promastigotes
(Mukhopadhyay et al., 1989), but heparin enhanced the
binding of Leisbmania to macrophages (Butcher et al.,
1992). It was suggested that two distinct heparin-bin
ding activities, differing in affinity, exist in Leisbmania
(Love et al., 1993) ; however, we and others (Peters
et al., 1995) were not able to demonstrate high affi
nity heparin-binding receptors on amastigotes.
Mannose was the only inhibitor of binding which
influenced host cells, and our results suggest the pre
sence of a mannose receptor on THP 1 cells, although
blood-isolated monocytes lack this receptor (RouleuxBonnin et al., 1995). Mannose inhibits the binding of
promastigotes only, and the mannose receptor is not
involved in amastigote binding, as demonstrated pre
viously (Peters et al., 1995).
The HA is adsorbed on macrophage surface ; similar
carbohydrates inhibit the HA and attachment to host
phagocytes. Therefore, it can be concluded that the
lectin activity found in Leishmania promastigotes and
axenic amastigotes can account for about 25 % of the
attachment of the both parasite life stages to vertebrate
host phagocytes. Its specificity for galactosamine is
interesting, because in vertebrates this carbohydrate is
250

known only in N-acetylated form. However, the lack
of inhibitory activity of NAc-galactosamine, glucosa
mine and mannosamine confirms the specificity of the
inhibition. Further studies are required to show if the
lectin activity is identical to previously described
heparin-binding activity of Leishmania.
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