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The anaphylaxis response is frequently associated with food allergies, representing a significant public
health hazard. Recently, exposure to tick bites and production of specific IgE against o-galactosyl
(o-Gal)-containing epitopes has been correlated to red meat allergy. However, this association and the
source of terminal, non-reducing o-Gal-containing epitopes have not previously been established in
Brazil. Here, we employed the a-1,3-galactosyltransferase knockout mouse (a1,3-GalT-KO) model and
bacteriophage Qp-virus like particles (QB-VLPs) displaying Gala1,3Galp1,4GIcNAc (Galo3LN) epitopes
to investigate the presence of a-Gal-containing epitopes in the saliva of Amblyomma sculptum, a species
of the Amblyomma cajennense complex, which represents the main tick that infests humans in Brazil. We
confirmed that the o1,3-GalT-KO animals produce significant levels of anti-a-Gal antibodies against the
Galo3LN epitopes displayed on Q-virus like particles. The injection of A. sculptum saliva or exposure to
feeding ticks was also found to induce both IgG and IgE anti-o-Gal antibodies in o1,3-GalT-KO mice, thus
indicating the presence of a-Gal-containing epitopes in the tick saliva. The presence of a-Gal-containing
epitopes was confirmed by ELISA and immunoblotting following removal of terminal a-Gal epitopes by
o-galactosidase treatment. These results suggest for the first known time that bites from the A. sculptum
tick may be associated with the unknown etiology of allergic reactions to red meat in Brazil.

© 2016 Published by Elsevier Ltd. on behalf of Australian Society for Parasitology Inc.

1. Introduction

on the production of IgE antibody in response to the cross-reactive

Ticks are efficient ectoparasites that feed on a wide range of
hosts such as mammals, reptiles, birds and amphibians.
During blood feeding, ticks may introduce many pathogenic
microorganisms such as protozoan parasites, viruses or bacteria
(Ramamoorthi et al., 2005; Randolph, 2009). In addition, the many
salivary proteins introduced by ticks into their host can inhibit
hemostasis, decrease inflammation processes and modulate the
immune system (Brossard and Wikel, 2004; Valenzuela, 2004;
Francischetti et al., 2009; Kotal et al., 2015). The effects of tick bites
on the immune response are still poorly understood. Here we focus
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carbohydrate determinant galactose-o-1,3-galactose-p-1,4-N-
acetylglucosamine (Gala1,3Galp1,4GlcNAc, or Gala1,3LacNac) as
a potential mediator of red meat allergy (Commins et al., 2009).
This antigen is found in glycoproteins and glycolipids of many
mammalian species as well as other organisms, but it is not pre-
sent in Old World non-human primates and humans due to the
loss of the o1,3-galactosyltransferase (o1,3-GalT) responsible for
its synthesis (Galili et al., 1987; Galili and Swanson, 1991). There-
fore, the a-galactosyl (a-Gal) epitope constitutes a potent non-self
marker in human immunology and is a major cause of xenotrans-
plant rejection (Galili, 2005).

Animal models of food allergy have been explored in attempts
to clarify mechanisms of sensitization to food proteins; much
attention has been focused on the immune response associated
with the production of antigen-specific immunoglobulin IgE and
hypersensitivity responses upon allergen challenge (Berin and

0020-7519/© 2016 Published by Elsevier Ltd. on behalf of Australian Society for Parasitology Inc.
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Mayer, 2009). An o-1,3-galactosyltransferase  knockout harvested, rinsed in distiled water, and fixed to glass microscope

(a1,3-GalT-KO) mouse has been developed and used primarily in
the xenotransplantation field (Thall et al., 1995; Tearle et al.,
1996). These animals are also of interest for studies of
carbohydrate immunogenicity, since exceptionally high titers of
anti-o-Gal IgG antibodies can be elicited upon immunisation
(Abdel-Motal et al., 2009a,b, 2010). They therefore represent a
unique model among the non-human primates, being similar to
humans in the context of a-Gal epitope expression. Here we
describe the use of this animal model to test the generation of
anti-o-Gal antibody production by both natural (tick saliva
containing o-Gal epitopes) and unnatural (bacteriophage Qf
virus-like particles (QB-VLPs) displaying the o-Gal epitope)
sources. The latter experiments relate to both the use of
carbohydrate-bearing VLPs as analytical reagents and as immuno-
genic platforms for the display of tumour-associated carbohydrate
antigens (Yin et al., 2013).

The Gala1,3LacNac epitope was recently identified in the
intestinal tract of the European tick Ixodes ricinus, and this finding
was correlated with red meat allergy in Sweden (Hamsten et al.,
2013a,b). Although allergic reactions to red meat are not common,
cases of allergic late phase reaction in patients with IgE to the
o-Gal epitope have recently been reported in the U.S. (Commins
et al, 2011; Commins and Platts-Mills, 2013), Australia (Van
Nunen et al., 2009), Germany (Jappe, 2012), France (Morisset
et al,, 2012), and Japan (Sekiya et al., 2012). In 2006, patients also
were reported with severe anaphylactic reactions induced by high
IgE antibody titers against the monoclonal antibody cetuximab,
which bears the o-Gal epitope (O’Neil et al., 2007). The major aller-
genic foods studied in Brazil are associated with fish, egg, milk,
wheat, peanut, soy and corn (Boye, 2012). In other parts of the
world, bites from tick species I ricinus and Amblyomma
americanum have been identified as a major cause of this sensitiza-
tion (Commins et al., 2011; Hamsten et al., 2013a). In Brazil, indi-
viduals frequently exposed to Amblyomma sculptum may react with
IgE production against the tick saliva, as reported for other species,
providing some evidence for a link between red meat allergy and
tick bites in this part of the world. The related A. sculptum, used
in this work, was recently classified as one of the species of the
Amblyomma cajennense complex. This species is widely distributed
in central and southern Brazil, Paraguay and northern Argentina,
and it is the leading species that humans are frequently exposed
to in the study area (Beati et al., 2013; Estrada-Pena et al., 2014;
Nava et al., 2014). As ixodid ticks constitute an assorted group of
more than 720 species (Barker and Murrell, 2004; Nava et al,
2014), it is common for their parasitism to extend to a wide range
of animals including humans. A rural lifestyle, common in Brazil,
elevates the risk of exposure to ticks (Farlow et al., 2004), making
humans accidental hosts for different species of ticks. We suspect
that, similar to A. americanum, bites from A. sculptum may also pro-
duce high titers of IgE and induce anaphylaxis. Here we report the
existence of the terminal o-Gal-containing epitope(s) in the saliva
of the Brazilian A. sculptum tick, and the capacity of this epitope to
induce specific IgE antibodies in the o1,3-GalT-KO mouse previ-
ously sensitised with injected tick saliva or by the tick bite.

2. Materials and methods
2.1. Ticks

Tick saliva was obtained by inducing partially and fully
engorged adult females of A. sculptum to salivate using the pilo-
carpine induction method (Tatchell, 1967) with modification.
Briefly, A. sculptum ticks engorging naturally on the horses main-
tained at the experimental farm of the Federal University of Minas,
located at Pedro Leopoldo city, Minas Gerais, Brazil, were carefully

slides with double-sided tape. Salivation was induced by injecting
2 uL of pilocarpine (2% in PBS, Sigma-Aldrich, MO, USA) into the
hemocoel of the tick using a 50 pL syringe (Hamilton, USA) linked
to a manual reoeater dispenser (Hamilton). Ticks were incubated at
35°C in a humid chamber and saliva was collected with a 10 pL
micropipette every 5 min until salivation ceased (2-3 h). Volumes
ranged from 2.5 to 50 pL per tick. The total protein content of the
saliva was measured by the bicinchoninic acid assay (BCA) method
(Protein Reagent Kkit, Pierce™, USA).

2.2. Mice

All animals and experiments were handled in strict accordance
with the guidelines of the Research Ethics Committee of the Fed-
eral University of Minas Gerais, (UFMG), Belo Horizonte, Brazil
and approved under the protocol number 137/2011. Female
C57Bl/6 mice (6-8 weeks old), having disrupted alleles of the
ol,3-GalT gene (Thall et al, 1995; Milland et al., 2006)
(1,3GalT-KO), were used. These mice have the H-2b genetic back-
ground and are bred and maintained at the animal facility of
UFMG.

2.3. «-Gal antigen linked to QB-VLP and conjugate preparation

QB-VLPs were prepared and purified as described previously
(Hong et al., 2009; Fiedler et al., 2010). All particles were charac-
terised by size-exclusion chromatography, dynamic light scatter-
ing (DynaPro, Woyatt Technology, USA), microfluidic gel
electrophoresis (Agilent Bioanalyzer 2100, using Protein 80 chips),
and electrospray ionization mass spectrometry on an accurate-
mass time-of-flight instrument (Agilent G6230B); representative
samples were further examined by transmission electron
microscopy and multi-angle light scattering (Viscotec, Malvern
Instruments, UK). In all cases, standard properties of size and com-
position were observed, with the particles showing narrow size
distributions and high protein purity (less than 5% protein impuri-
ties detected). Protein concentrations in solution were measured
with the BCA method (Protein Reagent kit, Pierce™, USA), standard-
ised with BSA. For conjugate preparation, o-Gal trisaccharide
(a-Gal-OH, Carbosynth US, LLC, San Diego, CA, USA) and glucose
were converted to their respective alkyne derivatives by Lewis
acid-mediated glycosylation of 3-butyn-2-ol. Each alkyne was
attached to QB-VLPs by a two-step procedure in which the protein
nanoparticle was first acylated with an azide-terminated N-
hydroxysuccinimide ester and then addressed by copper-catalysed
azide-alkyne cycloaddition.

2.4. Mice sensitization for antibody detection

We initially verified the competence of these a1,3-GalT-KO
mice, previously immunised, to produce antibodies (primarily
IgG) against o-Gal epitopes. Immunisation was performed using
the following protocol: a group of 10 mice were s.c. injected with
10 pg per dose, four doses, one per week, of the antigen consisting
of the bacteriophage QB-VLP to which approximately 540 copies of
the Galo3LN epitope (QB(Gala3LN)s40) Were attached by covalent
chemical ligation as described in Section 2.3. A control group of
10 mice was immunised with unmodified QB-VLP. Mice were sen-
sitised by tick saliva using two methods. A standard protocol for
tick feeding on mice using feeding chambers as described by Bou-
chard and Wikel in 2005 (Bouchard and Wikel, 2005) was slightly
modified, as follows. Groups of 10 mice were anesthetised i.p. with
100 mg/kg of ketamine and 10 mg/kg of xylazine (Uniao Quimica,
Brazil), using a tuberculin syringe (BD Safety-Lok™, USA). Once
fully anesthetised, a feeding chamber was assembled on each
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