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SUMMARY

Saliva inoculated by sandfly females during feeding stimulated production of high levels of anti-saliva antibodies. To
determine whether 3 species of the genus Phlebotomus have species-specific salivary antigens we performed dot-blots and
immunoblots using sera from mice, hamsters and rabbits repeatedly bitten by sandflies. Important differences were found
in the antigen components of the salivary gland lysates (SGL) of Phlebotomus papatasi, P. perniciosus and P. halepensis.
In total 4-9 species-specific antigens were detected in each species by immunoblotting. Cross-reactivity was not detected
between P. papatasi and the other species tested; in the SGL of P. papatasi sera from animals bitten by this species
recognized 5—7 major antigens while sera from animals bitten by other species did not react. A weak cross-reaction was
observed between P. perniciosus and P. halepensis; in SGL from P. perniciosus, the sera from rabbits and hamsters bitten
by this species recognized about 8 intense bands while sera from animals bitten by P. halepensis reacted weakly with up

to 4 saliva polypeptides.
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INTRODUCTION

Repeated bites of bloodsucking insects stimulate
immune responses to salivary antigens in the ver-
tebrate host. The response is mainly a CD4+ Thl
type induction, which mediates delayed-type
reactions, but antibodies are also produced. In
addition to homocytotropic antibodies, circulating
antibodies reactive with protein components of
salivary glands are also induced (for review see
Sandeman, 1996). In sandflies (Diptera: Phleb-
otominae), the anti-saliva antibodies were detected
both in hamsters repeatedly exposed to bites of
Phlebotomus argentipes (Ghosh & Mukhopadhyay,
1998) and in mice inoculated by salivary gland lysate
(SGL) of P. papatasi (Belkaid et al. 1998).

In addition to its anti-haemostatic activity the
sandfly saliva enhances Leishmania major infection
by modulating selective macrophage function in the
naive host (for reviews see Champagne & Valenzuela,
1996; Wikel, Ramachandra & Bergman, 1996). It
was shown recently, however, that mice repeatedly
inoculated with SGL of P. papatasi made anti-saliva
antibodies capable of neutralizing the enhancing
activity of SGL on L. major infections (Belkaid et al.
1998). This important finding suggests that in
endemic areas the intensity of previous exposure to
bites of uninfected sandflies might influence the
susceptibility to Leishmania infection and hence the
epidemiology of leishmaniases.
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The composition of sandfly saliva varies con-
siderably between species and even between popu-
lations of different geographical origin. Thus varia-
bility in the immunosuppressive and anti-haemo-
static components of saliva was observed in different
populations of the New-World vector Lutzomyia
longipalpis (Warburg et al. 1994; Lanzaro et al.
1999). Similarly, in Old-World vector (Phlebotomus
spp.), differences in protein components of the SGL
were recently demonstrated between species and
even between colonies of the same species (Volf,
Tesafova & Nohynkovd, 2000). In endemic areas it is
likely that individuals at risk of exposure to infected
vectors are repeatedly bitten by uninfected sandflies
of several species. Therefore, it is important to
determine whether there exist species-shared anti-
gens among various sandflies eliciting cross-reactive
antibody responses in the bitten host. So far as we
are aware, there are no data on whether exposure to
salivary components of non-vectorial phlebotomine
species has a neutralizing effect on the saliva of a
vector species.

In the present study, 3 species belonging to
different phlebotomine subgenera were chosen;
SGL of P. (Phlebotomus) papatasi, P. (Larroussius)
perniciosus and P. (Adlerius) halepensis were tested
with sera of laboratory animals repeatedly bitten by
these species. P. papatasi is a proven vector of L.
major while P. perniciosus and P. halepensis are
proven and suspected vectors of L. infantum, re-
spectively (for review see Lewis & Ward, 1987). To
determine whether the 3 sandfly species have species-
shared and species-specific antigens we used 2
blotting techniques animals

with sera from
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immunized by sandfly bites. We investigated
whether antibodies elicited by biting of a particular
species cross-react with SGL of another species.

MATERIALS AND METHODS

Sandfly colonies were maintained at 26 °C and 14/10
LD photo-period. Adult flies were given a 509,
sucrose solution, and females were fed on sedated
mice (Phlebotomus papatasi Scopoli), on hamsters (P.
perniciosus Newstead) or rabbits (P. halepensis
Theodor). To obtain salivary glands females were
dissected at 5-10 days of age as previous experiments
showed that protein composition of saliva depends
on the age of the fly and the typical electrophoretic
pattern is reached 3-5 days after imago emergence
(Volf et al. 2000). Salivary glands were dissected in
cold PBS (pH 7-2) and stored at —70 °C.

Anaesthetized animals were repeatedly exposed to
sandfly bites (20—80 sandfly females per animal, 4—6
times over a period 2 months). One week after the
last exposure the animals were bled, and the sera
were used for blotting experiments.

It would have been desirable for the antibody
responses to SGL from different species of sandflies
to be compared in sera from the same host species.
Unfortunately the feeding preferences of the
different species of sandflies do not allow this. Thus,
although the 3 species of sandflies all feed readily on
man they have different feeding preferences for
laboratory animals. P. papatasi feed well on mice. In
contrast P. perniciosus and P. halepensis will not feed
on mice and although they will both feed on hamsters
and rabbits the latter thrives better on rabbits, as
described above.

Dot-blot

Salivary gland lysate (SGL) was obtained by re-
peated freezing/thawing and centrifugation (2500 g
for 5 min) of the sample (40 glands in 80 ul of PBS)
just before use. SGL was dotted on nitrocellulose
membrane (Serva, pore size 0-2 ym) in 2 xl volumes
(corresponds to 1 gland per dot) and the antigen was
stabilized on the discs by drying at room tem-
perature. The membrane with the antigen was
blocked with 59, skim milk in Tris—Tw buffer
(20 mMm Tris, 150 mm NaCl, pH 7:6, with 0-19,
Tween 20) overnight at 4 °C and stored at —20 °C
until use. The membrane was subsequently incu-
bated for 1 h with sera diluted 1:500 and 1:1500 in
Tris—Tw followed by 4 washings in Tris—Tw and
incubation with appropriate secondary antibodies
conjugated with horseradish peroxidase (SEVAC,
Prague) diluted 1:1000 in Tris—Tw. Swine anti-
mouse (SwAM/Px), anti-hamster (SwAHa/Px) or
anti-rabbit immunoglobulins (SWAR /Px) were used,
respectively. The peroxidase reaction product was
visualized in the substrate solution with diamino-
benzidine.
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Immunoblotting

Electrophoresis (SDS-PAGE) was carried out using
the discontinuous system according to Laemmli
(1970) under reducing conditions on 12 9%, slab gels
(thickness 0-75 mm, constant voltage 200 V) using
the Mini-Protean II apparatus (BioRad). Lysate was
boiled with sample buffer for 3 min and the super-
natant obtained (2500 g for 5 min) was used for
further work. The equivalent of 5 glands (4-5 ug
of protein) was loaded in 1 lane. The first part
of the gel carrying the separated proteins was
stained by Coomassie blue or silver according to the
method of Bollag & Edelstein (1991) and the
second part was electrotransferred to nitrocellulose
membrane using Semi-Phor apparatus (Hoefer
Scientific Instruments, San Francisco). The Western
blots were blocked in 59, skim mild in Tris—Tw
buffer overnight at 4°C and cut into strips.
Strips were incubated for 1 h with sera diluted 1:500
and 1:1500 in Tris—Tw, and 1 h with peroxidase
conjugate (SEVAC, Prague) diluted as described
above. Anti-P. papatasi sera originated from bitten
mice, anti-P. perniciosus and anti-P. halepensis
sera from rabbits and hamsters. Swine anti-mouse
(SwAM/Px), anti-hamster (SwAHa/Px) or anti-
rabbit immunoglobulins (SwAR/Px) were used,
respectively. The whole reaction was terminated
as described above.

RESULTS
Dot blot

Extracts of P. perniciosus, P. papatasi and P.
halepensis glands were tested with sera of laboratory
animals repeatedly bitten by these species. In all
cases sera strongly reacted with homologous antigen
(Fig. 1). At the dilution 1:500, a weak cross-reaction
was observed in some, but not all pairs: sera from
mice bitten by P. papatasi gave a weak reaction with
SGL of P. halepensis, but did not react with P.
perniciosus. On the other hand, sera against P.
halepensis cross-reacted with SGL of P. perniciosus,
and vice versa. Using a dilution 1:1500 the specificity
of the reaction was even more obvious. Sera
recognized almost exclusively the homologous SGL,
the only exception was a serum from a rabbit bitten
by P. halepensis which gave a very weak reaction with
P. perniciosus (Fig. 1).

Immunoblotting

The electrophoretic profiles of SGL differed signifi-
cantly between species. From 5 to 8 prominent
proteins bands with molecular masses ranging from
28 to 50 kDa were visualized by silver staining in
each SGL (Fig. 2).

Immunoblot analysis revealed 4-9 major antigenic
bands in each species, most of them appeared to be
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Fig. 1. Dot blot of sandfly salivary gland lysates with
sera of mice repeatedly exposed to bites of Phlebotomus
papatasi (anti-PAP), and hamsters repeatedly exposed to
P. perniciosus (anti-PER), or P. halepensis (anti-HAL).
Two dilutions of sera (1:500, 1:1500) are shown.

species specific. No reaction was observed between
P. papatasi and other species tested. In SGL of P.
papatasi homologous sera recognized from 5 to 7
major antigens. Prominent and consistently present
were 2 bands of 30 and 33 kDa, the 4244 kDa
doublet and the 70 kDa doublet. On the other hand,
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sera from hamsters and rabbits bitten by P.
perniciosus or P. halepensis did not react with P.
papatasi SGL. (Fig. 2).

A weak cross-reaction was observed between P.
perniciosus and P. halepensis. In SGL from P.
perniciosus, the sera of animals bitten by this species
recognized about 8 major bands while the sera from
animals bitten by P. halepensis gave a weak reaction
with 1-4 polypeptides. Anti-P. perniciosus sera
originating from a different source (hamster or
rabbit) reacted similarly: in P. perniciosus SGL they
recognized the same bands and differed only in the
intensity of binding to polypeptides of 36-39 kDa
(Fig. 2).

Similar specificity of antibody reaction was
observed using SGL of P. halepensis: sera of rabbits
and hamsters bitten by this species recognized 4-8
antigens, the most prominent ranging from 31 to
42 kDa; while anti-P. perniciosus sera cross-reacted
very weakly with 2 or 4 bands (Fig. 2).

No reaction was found in the control strips where
pre-immune sera were used or the serum step was
omitted (data not shown).

DISCUSSION

Salivary antigens inoculated by sandfly females
during feeding stimulated production of high levels
of anti-saliva antibodies. In both methods used, the
antibodies of repeatedly bitten animals detected

specific salivary antigens in dilutions of sera
1:500-1500. Contrary to the findings of Ghosh &
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Fig. 2. SDS-PAGE and immunoblotting of Phlebotomus papatasi (PAP), P. perniciosus (PER) and P. halepensis
(HAL) salivary gland lysate with sera of animals repeatedly exposed to sandfly bites: 2 mice bitten by P. papatasi
(A1, A2); rabbit (B) and hamster (C) bitten by P. perniciosus; rabbit (D) and hamster (E) bitten by P. halepensis.
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Mukhopadhyay (1998),
increased mortality of females fed on previously
sensitized animals (data not shown).

Our experiments showed the
specifically recognizing distinct antigenic bands in
SGL of 3 sandfly species. In most cases, antigens in
Phlebotomus saliva were species-specific and anti-
bodies elicited by biting of a particular species did
not cross-react with SGL components of another
species. Both the dot-blot and immunoblot revealed
that there is no cross-reactivity of P. papatasi with
other species tested. Partial cross-reactivity was
observed between P. halepensis and P. perniciosus
only.

Antigenic components reacting with immuno-
globulins of bitten animals have been characterized
by blotting techniques in various groups of blood-
sucking insects like tsetse flies (Matha et al. 1986),
fleas (Greene et al. 1993; McKeon & Opdebeeck,
1994) and triatomine bugs (Volf, Grubhoffer &
Hosek, 1993). In mosquitoes, a number of antigens
reacting with IgG and IgE antibodies from bitten
individuals have been identified. Both species-
specific and species-shared antigens have been found
in various mosquito species (Penneys et al. 1989;
Peng, Li & Simons, 1996, 1998; Brummer-
Korvenkontio et al. 1997). Peng et al. (1996), who
studied the reaction of human sera with thoracic
extracts of Aedes vexans, Culex tarsalis and Culiseta
inornata, reported 9 antigens shared by all 3 species,
6 antigens shared by 2 species and only 3 antigens
being species-specific. On the other hand, most
salivary antigens appeared to be species-specific
when pure saliva and sera from bitten mice were
used (Brummer-Korvenkontio et al. 1997). In their
study, distinct cross-reactivity was observed only
between saliva proteins of 2 taxonomically closely
related species Aedes communis and A. punctor.

Similarly, in sandflies the shared antigens seem to
be restricted to related taxons. Cross-reactive anti-
genic bands were observed in P. perniciosus and P.
halepensis belonging to closely related subgenera
Larroussius and Adlerius but not in P. papatasi, a
member of subgenus Phlebotomus which, according
to morphological characters and rDNA sequences,
creates the separate branch (Rispail & Léger, 1998;
Depaquit et al. 1998).

Results presented in this work showed striking
differences between species. In addition, preliminary
experiments revealed antigenic variability between
colonies of different geographical origin: 3 P.
papatasi colonies tested shared most, but not all
antigens (Rohousovd and Volf, unpublished obser-
vations). Therefore, we presume that the
neutralizing effect of antibodies in sensitized subjects
may decrease with the phylogenetic distance of the
sandfly taxons. This might have important impli-
cations regarding the development of a transmission
blocking vaccine based on salivary antigens.

we have not observed

antibodies
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In summary, most components of sandfly saliva
are highly immunogenic. Immunoblot analysis has
revealed striking specificity of antigen components
in the 3 sandfly species studied. These data are
important for characterization of salivary proteins
and the understanding of the interplay between
vectors, parasites, and hosts.

We thank Ms Petra Kalvachova, Ms Helena Kulikov4 and
Mr Dusan Eremids for helpful assistance and Professor J.

Vivra for the careful reading of the manuscript. The work
was supported by the Grant Agency of the Czech Republic
(project 310/00/0760) and the Ministry of Education of
the Czech Republic (projects VS 96142 and 13/981131-
B4).

REFERENCES

BELKAID, Y., KAMHAWI, S., MODI, G., VALENZUELA, ].,
NOBEN-TRAUTH, N., ROWTON, E., RIBEIRO, ]J. & SACKS,
D. L. (1998). Development of a natural model of
cutaneous leishmaniasis: powerful effects of vector
saliva and saliva preexposure on the long-term
outcome of Leishmania major infections in the mouse
ear dermis. Journal of Experimental Medicine 188,
1941-1953.

BOLLAG, D. M. & EDELSTEIN, 8. J. (1991). Protein Methods.
Wiley-Liss, New York.

BRUMMER-KORVENKONTIO, H., PALOSUO, T., FRANCOIS, G. &
REUNALA, T. (1997). Characterization of Aedes
communis, Aedes aegypti and Anopheles stephensi
mosquito saliva antigens by immunoblotting.
International Archives for Allergy and Immunology 112,
169-174.

CHAMPAGNE, D. E. & VALENZUELA, J. G. (1996).
Pharmacology of haematophagous arthropod saliva. In
The Immunology of Host—Ectoparasitic Arthropod
Relationships (ed. Wikel, S. K.), pp. 107-130. Biddles
Ltd, Guildford.

DEPAQUIT, J., PERROTEY, S., LECOINTRE, G., TILLIER, A.,
TILLIER, S., FERTE, H., KALTENBACH, M. & LEGER, N.
(1998). Systématique moléculaire des Phlebotominae,
étude pilote. Paraphylie du gendre Phlebotomus.
Comptes rendus de I’ Academie des Sciences, Paris 321,
849-855.

GHOSH, K. N. & MUKHOPADHYAY, J. (1998). The effect of
anti-saliva antibodies on Phlebotomus argentipes and
Leishmania donovani. International Journal for
Parasitology 28, 275-281.

GREENE, W. K., CARNEGIE, R. L., SHAW, S. E., THOMPSON,
R. C. A. & PENHALE, W. J. (1993). Characterization of
allergens of the cat flea, Ctenocephalides felis: detection
and frequency of IgE antibodies in canine sera.
Parasite Immunology 15, 69-74.

LAEMMLI, U. K. (1970). Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature, London 227, 680-685.

LANZARO, G. C., LOPES, A. H. C. S, RIBEIRO, J. C. M.,
SHOEMAKER, C. B., WARBURG, A., SOARES, M. & TITUS,

R. G. (1999). Variation in the salivary peptide,
maxadilan, from species in the Lutzomyia longipalpis
complex. Insect Molecular Biology 8, 267-275.


https://doi.org/10.1017/S0031182000007046

Antigens in sandfly saliva

LEWIS, D. J. & WARD, R. D. (1987). Transmission and
vectors. In The Leishmaniases in Biology and Medicine
(ed. Peters, W. & Killick-Kendrick, R.), vol. 1, pp.
235-261. Academic Press, London.

MATHA, V., WEISER, J., SOLDAN, T., SVEC, P. & WEYDA, F.
(1986). Isolation of tsetse fly salivary gland antigens
by affinity chromatography on purified IgG from
exposed rabbits. Acta Entomologica Bohemoslovaka 83,
321-326.

MCcKEON, S. E. & OPDEBEECK, J. P. (1994). IgG and IgE
antibodies against antigens of the cat flea,
Ctenocephalides felis felis, in sera of allergic and non-
allergic dogs. International Journal for Parasitology 24,
259-263.

PENG, Z., LI, H. & SIMONS, F. E. R. (1996). Immunoblot
analysis of IgE and IgG binding antigens in extracts
of mosquitoes Aedes vexans, Culex tarsalis and
Culiseta inornata. International Archives for Allergy
and Immunology 110, 46-51.

PENG, Z., LI, H. & SIMONS, F. E. R. (1998). Immunoblot
analysis of salivary allergens in 10 mosquito species
with worldwide distribution and the human IgE
responses to these allergens. Fournal of Allergy and
Clinical Immunology 101, 498-505.

PENNEYS, N. S., NAYAR, J. K., BERNSTEIN, H., KNIGHT, H. &
LEONARDI, C. (1989). Mosquito salivary gland antigens
identified by circulating human antibodies. Archives
for Dermatology 125, 219-222.

https://doi.org/10.1017/50031182000007046 Published online by Cambridge University Press

41

RISPAIL, P. & LEGER, N. (1998). Numerical taxonomy of
Old World Phlebotominae (Diptera: Psychodidae). 2.
Restatement of classification upon subgeneric
morphological characters. Memorias do Instituto
Oswaldo Cruz, Rio de faneiro 93, 787-793.

SANDEMAN, R. M. (1996). Immune responses to
mosquitoes and flies. In The Immunology of
Host—Ectoparasitic Arthropod Relationships (ed. Wikel,
S. K.), pp. 175-203. Biddles Ltd, Guilford.

VOLF, P., GRUBHOFFER, L. & HOSEK, P. (1993).
Characterisation of salivary gland antigens of
Triatoma infestans and serum antibody response in
bitten mice. Veterinary Parasitology 47, 327-337.

VOLF, P., TESAROVA, P. & NOHYNKOVA, E. (2000). Salivary
proteins and glycoproteins in sandflies of various
species, sex, and age. Medical and Veterinary
Entomology 14, 251-256.

WARBURG, A., SARAIVA, E., LANZARO, G. C., TITUS, R. G. &
NEVA, F. (1994). Saliva of Lutzomyia longipalpis sibling
species differs in its composition and capacity to
enhance leishmaniasis. Philosophical Transactions of
the Royal Society London, B 345, 223-230.

WIKEL, S. K., RAMACHANDRA, R. N. & BERGMAN, D. K.
(1996). Arthropod modulation of host immune
responses. In The Immunology of Host—Ectoparasitic
Arthropod Relationships (ed. Wikel, S. K.), pp.
219-315. Biddles Ltd, Guildford.


https://doi.org/10.1017/S0031182000007046

