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Repetitive detection by immunoblotting of an integumental 25-kDa
antigen in Ixodes ricinus and a corresponding 20-kDa antigen in
Rhipicephalus appendiculatus with sera of pluriinfested mice and

rabbits
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Abstract. Mice were pluriinfested with nymphs and
rabbits, with adult fxedes ricinus., As determined
by immunoblotting, > 50% of sera from these ani-
mals reacted against a tick antigen with a molecu-
lar weight of 25 kDa, which was detected in total
extracts of partially fed I. ricinus females and in
tick intepumental extract. It was also found in en-
gorged nymphs but was absent from larvae. Sera
of I. ricinus-infested rabbits and mice or of rabbits
infested with Rhipicephalus appendicufatus adults
reacted with a 20-kDa antigen in total extracts of
partially fed R. appendiculatus females and the in-
tegument of this species.

The elffects and the immunological basis of host
resistance to ticks have been reviewed by Willadsen
(1980), Wikel (1982), Brown (1985), and Wikel and
Whelen (1986). In our laboratory, the immunity
of rabbits and its influence on the biology of Ixodes
ricinus females has been the subject of several stu-
dies. Ticks feeding on resistant amimals took
smaller blood meals {Bowessidjaou et al. 1977),
and their ability to convert the blood meal into
eggs (egg conversion factor) was reduced (Brossard
et al. 1982). Experiments involving the transfer of
immune serum demonstrated the importance of
humoral factors (Brossard 1977; Brossard and
Girardin 1979). Cyclosporine A, an immunosup-
pressor acting on T lymphocytes, inhibited the re-
sistance of rabbits; after this treatment, immediate
and delayed-type hypersensitivity reactions against
tick salivary antigens were reduced (Girardin and
Brossard 1985; Girardin 1986). In addition, Bros-
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sard (1982) found that mepyramine, an antihista-
minic-H, inhibited resistance in rabbits,

The tick antigens that initiate these immuno-
logical mechanisms are unknown. The use of the
Western immunoblotiing technique now permits
better identification and characterization of anti-
gens in parasite extracts. In the present study, we
used this technique to detect and compare antigens
of two species of ticks, I. ricinus and Rhipicephalus
appendiculaus. We were particularly interested in
a 25-kDa antigen of [. ricinus adults and nymphs,
which elicited antibodies cross-reacting with a
20-kDa antigen of R. appendiculatus females.
These antigens were abundant in the tick integu-
mental extracts.

Materials and methods
Infestation af mice or rabbifs

I. ricinus were reared in our laboratory according to the method
of Graf (1978). The different stages of K. appendiculatus were
obtained from a laboratory colony maintained at the Interna-
tional Center of Insect Physiology and Ecology (ICTPE, Nair-
obi, Kenya). Adult BALB/c mice weighing approximately 30 g
were used as hosts for I wicimur and R, appendiculaiis wmymphs.
Three successive infestations were carried out at 1-week inter-
vals. For each infestation, 20 nymphs were placed on the head
of a mouse ancsthesized with 0.01 ml Membutal (diluted 1:10
in a 0.9% MaCl solution)/g body weight. A collar prevented
the mice from removing the tcks by scratching. The feeding
period of the ectoparasites lasted 67 days. Himalayan rabbits
of the genotype aac™c® were used as the hosts for adult L
ricirus and R. appendiculatus. Ticks were fed on their ears and
were protected by a nylon car bag and a collar. Ten to fifteen
males and females were wsed for each infestation.

Coflection of sera

The blood needed for immunoblotting experiments was with-
drawn from the retreorbital vein of mice before the first infesta-
tion (controls) and then 3 days after the blood meal of the



ticks, Before and after each infestation of rabbits, blood was
collected from the marginal vein of the ear. The rabbit and
mouse sera were scparated by centrifugation at 1500 g for
15 min and stored in $0-pl aliquots at —20° C.

Tick antigens

For preparation of the protein extracts, [ ricinus larvac were
fed on BALB/c mice and either I ricimus nymphs or T, ricit
orf R. appendiculafus adults were fed on rabbits. A total of
S00 larvac were placed on the head of an anesthesized mouse
and allowed to engorge fully. In all, 30 oymphs were fed to
repletion angd 100-1350 adult ticks per rabbit were partially fed
for 5 days. Approximately 250 mg tick weight/ml 50 mM phos-
phate-buffered saline (PBS, pH 7.4) containing 1 mAM protein-
asg inhibitor phenylmethyl-sulfonyl fluoride (PMSE) and 1 mAs
ethylene diaminetetraacetic acld (EDTA) was homogenized
twice with a Polytron (Kinematica) set at position 10 for 1 min
at 4°C, The homogenate was centrifuged at 12,000 g for
20 min, and the supernatant was dialyzed overnight in 10 mAf
FBS (pH 7.4). The protein concentration was determined by
the micromethod of BioRad, vsing bovine serum albumin as
a standard. A total of 50 partially engorged female I ricinus
or R. appendiculatuy were used to prepare the different tissue
extracis. After the salivary glands and midguts were dissected,
all othet internal organs, muscles, and trachea were removed,
The integumental extract of the ticks was homogenized as de-
scribed above.

Tmmumoblotting

Sodinm dodecyl sulfate polyacrylamide pel electrophoresis
(SDS-PAGE), as previously described by Laemmli {1970}, was
used with a 10% or 12% polyacrylamide separation pel and
a 6% polyacrylamide concentration gel. Tick extracts
(20-30 pg) were bodled for 3 min in 2.5% SDS contaaning 0.7 A
2-mercaptoethanol, 6% glycerol, and 0.001% bromophenol
blue before loading on the concentration gel. A 20-mA current
was apphed until the bromophenol blue migrated to the inter-
face of the concentration gel; the current was then increased
1o 30 mA until the bromophenol blue migrated to the bottom
of the separating gel.

The transfer was done according 1o the method of Burnette
(1981) at 30V for 14h or 50V for 4 h. The preparation of
the blot and the immunological reactions were carried ouf as
previously described by Tsang et al. (1983). The primary anti-
bodies were diluted 1:200 in TRIS-buffered saline (TBS) with
1% milk and in¢ubated overnight at room temperatore. After
several washes, the blots were incubated with the secondary
antibodies, homseradish peroxidase-conjugated goat anti-rabbit
or mouse lgG (Cappel Laboratories), diluted 1: 1000 in TBS-
1% milk for 2 h at room temperature. [ncubation of the blots
with a solution of 0.6% 4-chloro-1-naphihol in 10 mA TRIS-
HCI (pH 6.8) and 0.01% H;O, for 5-15 min was sulficient
to reveal the immunological reactions.

Resulis

During a preliminary experiment, we demon-
strated that sera from [, ricinus-infested mice and
I, ricinus- or R, appendiculatus-infested rabbits
reacted with tick antigens of different molecular
weights. However, = 50% of the sera from rabbits
(11 of 19) or mice (3 of 3) reacted with an antigen

1 2 3 4 5§

e
94 -
67 w i'-*'
-t
wwww
43 -
=
i
.

30 ==

Fig. 1. Detection of a 25-kDa antigen (arrow) in total extracts
from partially engorged f. ricimer using sera from rabbits plari-
infested with [ ricinus or R, appendiculaius, Tn all, 20 pg total
extract from partially engorged I ricings females was separated
on 10% SDE-PAGE and stained with Coomassie blue (7). Anti-
gens were detected using sera from rabbits pluriinfested with
I ricinus () or R. appendiculatus (3). Control of immunclogical
Teactions was oblained with tick naive rabbit serum (4 or
horseradish peroxidase-conjugated pgoat anti-rabbit 1gG (5.
Refercnoe proteins (M) phosphorylase b (94 kDa), bovine al-
bumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase
(30 kDa), and trypsin inhibitor (20 kDa)

with an approximate molecular weight of 25 kDa
in total extracts of partially fed female I. ricinus.
Figure 1 demonstrates a typical immunological re-
action obtained from such rabbit sera after SDS-
PAGE and immunoblotting of proteins extracted
from female I ricinus (1). The 25-kDa antigen (ar-
row) was detected using sera from 9 of 16 rabbits
pluriinfested with [ ricinus (2) or sera from 2 of
3 rabbits pluriinfested with adult R. appendiculatus
(1), The confrol sera, obtained from tick naive
rabbits, did not react with tick antigens, as demon-
strated by the blot presented in (#). Only two bands
corresponding to the heavy and light chains of in-
gested IglG were detected by using peroxidase-la-
belled anti-IgG for the immunoblotting reaction
().

In Fig 2, the 25-kDa antigen detected in the
total extract of partially engorged I. ricinus females
(A) was also detected in the extract of engorged
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Fig. 2. Search for the 25-kDa antigen (arrowhead) in total ex-
tracts of adults, nymphs, and larvae of [, ricines. Proteins from
total extracts of adults, nymphs, and larvae of [ rlcinus (1
A. B, €, respectively) were separated on 10% SDS-PAGE and
stained with Coomassie blue. Antigens common to adult, nym-
phal, and larval stages were detected with serum from a rabbit
pluriinfested by ticks (2: 4, B, , respectively). Control of im-
munolorical reactions was obtained with tick naive rabbit se-
rum (3. 4, B)

nymphs (B). In contrast, the same antigen could
not be detected in the extract of engorged larvae
of this ectoparasite (C). The intensity of the siain-
mg obtained after the immunological reaction may
reflect the abundance of the antigen in the adult
compared with that in the immature stages. How-
ever, due to the fact that nymphs and larvae had
completely engorged, the ratio of tick antigens to
blood proteins is much lower in these extracts. In
the larval extract, the two bands corresponding to
heavy and light chains of immunoglobulins were
not detected, because the larvae were fed on mice
and not on rabbits as were the nymphs and adults
(A, B).

Five BALB/c mice pluriinfested with [. ricinus
nymphs produced antibodies that alse recognized
antigens in the total exiracts of partially engorged
1. ricinus females (Fig. 3, A-E). The number of
antigens detected varied with sera from one mouse
to another, as was also the case for rabbits. In
addition, the antigens also differed in their relative
molecular weights. However, sera from three of
five mice recognized a protein of approximately
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Fig. 3. Antigens from [ ricinus were detecied by sera from
BALB/c mice pluriinfested with nymphs of this species. Proteins
from total extracts of partially fed . ricinus females were sapa-
rated on 10% SDS-PAGE, A-E, immunological reactions were
obtained with five differcnt sera; F, control psing serum from
a tick naive mouse

25 kDa (A, C, D), which was also detected in the
total extracts of I ricinus females using sera [rom
mice pluriinfested with R. appendiculatus nymphs
(results not shown).

The repeated detection of this antigen in the
adult and nymphal protein extracts of I. ricinus
and its immunogenicity to two different hosts en-
couraged us to investigate its tissue source. Whole
tick extracts were compared with salivary gland,
midgut, and integumental extracts of adull f. riei-
nus that were considered to be potential sources
of the 25-kDa antigen (Fig. 4 A). Sera from a rab-
bit pluriinfested with adult f. ricimus, which con-
tained antibodies to the 25-kDa antigen was used
in immunoblotting experiments (Fig. 4B). A
strong reaction was revealed in both the whole tick
and integumental extracts, Only a weak reaction
with a protein with similar molecular weight was
detected in the midgut extract, The 25-kDa antigen
was not detected in the salivary gland extract under
our experimental conditions. In a similar expern-
ment using R. appendiculatus extract, we could de-
tect an abundant antigen weighing 20 kDa in both
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Fig. 4 A, B. Search for the 25-kDa antigen {grrowhead) in whole
tick (BT, midgut (MG), salivary gland (8G), and integumental
extracts (C) from partially fed female I. ricinus. Proteins from
the diferent extracts were separated by 12% SDS-PAGE and
starnved with Coomassie blue (A). Immunological reactions on

these extracts were obtained with serum from a rabbit pluriin-
fested by ticks

the whole tick and integumental extracts (Fig. 5A,
B).

Discussion

There are a number of reports on the effects of
acquired resistance on the biology of ticks and on
the implicated immunological mechanisms (see re-
views by Willadsen 1980; Wikel 1982; Brown
1985). However, little is known about the antigenic
molecules responsible for immunity; it has rarely
been possible to assign a biochemical function to
these immunogenic proteins. However, an esterase
and a proteinase inhibitor have been purified from
Boophilus microplus larvae (Willadsen and Wil-
liams 1976; Willadsen and Riding 1979). These
protcins are allergens that initiate cutaneous reac-
tions (immediate type} when injected into the skin
of resistant bovines (Willadsen et al. 1978). Reich
and Zorzopulos (1980} detected antibodies in sera
from bovines infested with this species that inhib-
ited invitro a phosphomonoesterase extracted
from larval ticks.

Antigens of different tick species (Dermacentor
andersoni, Amblyomma americanum, Hyalomma
anatolicurn, and R. appendiculatus) have been de-
scribed wusing the immunoblotting technique
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Fig. SA, B. Antigens from R. appendiculans detected with se-
rum from a rabbit ploriinfested by £, ricimus. Whole tick (T,
midgut (M), salivary gland (8G). and mtepumental extracts
(C) from partially fed female R. appendiculatus were separated
by 12% SDE-PAGE and stained with Coomassie blue (A). Im-
munological reactions on these extracts were obtained with se-
rum from a rabbit pluriinfested by I ricinus

(Wikel and Whelen 1986). Gill et al. (1986) have
also characterized salivary gland antigens in H. an-
atoficum. At least 17 different antigenic proteins
have been detected by sera from infested rabbits.
Cross-reactions between . andersoni and A. amer-
fcanum have also been demonstrated (Whelen et al.
1984). With sera of highly resistant puinea pigs,
a 20-kDa protein was detected in the salivary gland
as well as cement extracts of R. appendiculaius
(Shapiro et al. 1986) and A. americanum (Brown
et al. 1984),

The present study presents imteresting and com-
parative information on the antigens of two species
of ticks that are disease vectors of economic impor-
tance: [. ricinus in Europe and R. appendicufarus
in Africa. The use of sera from infested rabbits
and mice permitted the identification of antigenic
macromolecules by the immunoblotting technique.
The variability of response from one host to an-
other makes the interpretation of the results diffi-
cult. Nevertheless, our study demonstrates that one
I. ricinus antipen with a molecular weight of
25 kDa was detected in > 50% of the sera from
infested amimals. It was found in the total extracts



of nymphs and partially fed females of I. ricinus.
In partially fed female R. appendiculatus, a 20-kDa
antigen was detected using the same sera. In both
species, these antigens were abundant in integu-
mental extracts. Using the indirect immunofluores-
cence and protein A-gold technique with antisera
against the 25-kDa and 20-kDa proteins, specific
labelling has been detected mainly in the epidermis
and cuticle of the alloscutum of female I. ricinus
and R. appendiculatus {(Haug, personal communi-
cation). Immunolabelling has also been revealed
in hemocytes, nephrocytes, and cells that provide
contact between the cuticle and muscle cells.

To stimulate the rabbit immune system, the tick
saliva might contain quantities of these proteins
too law to be detected under our test conditions,
It is also possible that they possess an antigenic
determinant in common with a saliva protein with
a different molecular weight.

In conclusion, the 25-kDa and 20-kDa antigens
might be important in the process of material de-
position in the cuticle during feeding of ixodid
ticks. As intact immunoglobuling pass across the
gut wall of I ricinus (Brossard and Rais 1984),
specific antibodies to these antigens could interfere
with the cuticle formation. At present, the 25-kDa
and 20-kDa proteins are the subject of more in-
depth biochemical and immunological investiga-
fions.
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