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Abstract

Background: Stings from the Asian needle ant are an impor-
tant cause of anaphylaxis in East Asia. A 23-kDa protein ho-
mologous to antigen 5 is the major allergen produced by
these ants. In this study, we aimed to produce a recombinant
antigen 5 allergen, Pac c 3. Methods: Recombinant Pac c 3
allergen from the Asian needle ant was expressed in Pichia
pastoris and purified by ammonium sulfate precipitation and
Ni affinity chromatography. IgE reactivity was demonstrated
by ELISA and immunoblotting. Results: The recombinant
protein was recognized in 5 of 6 (83.3%) serum samples from
patients with demonstrated anaphylaxis to ants. IgE reactiv-
ity to an antigen 5 allergen from Asian needle ant venom sac
extract was specifically inhibited by the recombinant pro-
tein. It was also able to inhibit IgE binding to the vespid al-
lergen Ves v 5 by ImmunoCAP analysis, indicating the pres-
ence of cross-reactivity. Conclusion: A recombinant Pac c 3,
cross-reactive with Ves v 5, from the Asian needle ant was

successfully produced in the methylotrophic yeast P. pasto-
ris. This protein could be useful for the development of com-

ponent-resolved diagnostics. ©2016S. Karger AG, Basel

Introduction

Some species of ants belonging to the Myrmicinae and
Ponerinae subfamilies possess a stinging apparatus. In
Korea, Pachycondyla chinensis, Euponera chosensis, and
Crematogaster matsumurai have been reported to sting
humans [1-3]. The Asian needle ant, P. chinensis, is the
most common reported stinging ant [4], and anaphylaxis
is one of the most common symptoms of subjects who are
stung by P. chinensis [5, 6]. In P. chinensis-infested areas,
approximately 23% of people are reported to be sensitized
to this insect, and 2.1% of these have experienced system-
ic anaphylactic reactions [7]. A 23-kDa allergen that
shows 50% sequence homology with antigen 5 from

The initial data of this paper was presented as an abstract at the
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Table 1. Clinical features of the study patients

Patient  Sex Age, Causes of SPT (wheal  IgEtorPacc3, IgEtorVesvb5,
No. years anaphylaxis size), cm kU /1 kUA/1

1 F 51 Ant sting ND 35.60 7.20

2 F 47 Bee and ant sting 5 17.10 4.95

3 M 38 Ant sting 3 1.30 0.28

4 F 33 Ant sting 3 0.05 0.05

5 M 22 Bee and ant sting 5.5 421 1.81

6 F 34 Ant sting 4 4.12 1.80

ND = Not determined; SPT = skin prick test.

wasps was identified by proteomic analysis of a sample
from the P. chinensis abdomen, which contains the ven-
om sac [8]. This protein was recognized in the serum IgE
from 6 of 7 (85.7%) patients with anaphylactic reactions
to the Asian needle ant. It was designated as Pac ¢ 3 ac-
cording to the guidelines of the Allergen Nomenclature
Subcommittee of the International Union of Immuno-
logical Societies.

Antigen 5 constitutes approximately 10-30% of the
vespid venom proteins [9]. The physicochemical proper-
ties of antigen 5 are known to be similar to those of a neu-
rotoxin isolated from the venom of an Asian hornet, Ves-
pa mandarinia [10], and antigen 5 also shares some struc-
tural homology with pathogenesis-related proteins that
are produced in response to various stress factors [11].
Antigen 5 proteins are also detected in the saliva of blood-
feeding ticks, flies and mosquitoes, suggesting a function
either in suppression of the host immune system or in the
prevention of blood clotting [12]. However, the function
of antigen 5 in vespid venom is not known.

The superior diagnostic and therapeutic value of
venom has been demonstrated for patients with insect
venom allergies [13, 14]. Moreover, the value of com-
ponent-resolved diagnosis using purified allergens for
Hymenoptera allergy has been described [15-18]. Pro-
duction of recombinant Pac ¢ 3 from the Asian needle
ant could be particularly useful as the total extract is
available only in limited amounts. Expression of recom-
binant antigen 5 protein in prokaryotic systems has not
been successful, and recombinant antigen 5 should be
produced in eukaryotic systems such as insect cell lines
or yeasts.

In the present study, we produced a recombinant Pac
¢ 3in a Pichia system and evaluated its allergenicity with
the sera of patients with P. chinensis anaphylaxis.
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Materials and Methods

Expression and Purification of Recombinant Allergen

The open reading frame of the Pac ¢ 3 (GenBank accession No.
EU516327) was obtained by PCR amplification using cDNA
cloned into the pCR®II-TOPO vector (Invitrogen, Carlsbad, Cal-
if., USA) as a template with the following oligonucleotide primers:
forward primer 5'-CTCGAGAAAAGAGAGGCTGAAGCTACT-
GATTACGAAGATTTAAAAACTGAAGGCGGCGCGGTG-3'
and reverse primer 5'-GCGGCCGCTTAATGATGATGATGAT-
GATGTTGGTATATTGGTGCGCC-3'. The AAAAGAGAGG-
CTGAAGCT (underlined) sequence was introduced into the for-
ward primer for signal cleavage, and the ACTGATTACGAA-
GATTTAAAA (underlined and italicized) sequence was incorpo-
rated based on the N-terminal amino acid sequence of the native
allergen by Edman degradation. A sequence corresponding to six
histidine residues (underlined) was incorporated into the reverse
primer to facilitate purification of the recombinant protein. Xhol
and Notl restriction sites (italicized) were also added to the primer
sequences for cloning into the pPIC9 yeast expression vector (In-
vitrogen). The PCR-amplified DNA fragments were ligated with
pCR4 TOPO vector (Invitrogen) and then digested with Xhol and
Notl restriction enzymes. The digested DNA fragment was sub-
cloned into the pPIC9 vector. Stul-linearized plasmid was trans-
formed into yeast GS115 cells using a PichiaEasyComp Kit (Invi-
trogen). His+ transformants that grow on histidine-deficient me-
dium were selected on RDB plates (1 M sorbitol, 1% dextrose, 4 x
107°% biotin, 1.34% yeast nitrogen base without amino acids and
0.005% each of L-glutamic acid, L-isoleucine, L-leucine, L-lysine
and L-methionine). Integration of cDNA into the yeast genome
was confirmed by PCR using genomic DNA isolated from indi-
vidual colonies as templates with 5 AOX and 3" AOX primers. A
clone with correct integration was grown for 24 h at 30°C. Culture
supernatant was concentrated by ammonium sulfate precipitation
(70%). The precipitates were dissolved and dialyzed against bind-
ing buffer (10 mM imidazole, 300 mM NaCl and 50 mM sodium
phosphate, pH 8.0). Recombinant protein was purified using Ni-
nitrilotriacetic acid resin (Qiagen, Valencia, Calif., USA) and elu-
tion buffer (250 mM imidazole, 300 mM NaCl and 50 mM sodium
phosphate, pH 8.0). Protein concentration was determined using
the Bradford assay (Bio-Rad, Hercules, Calif., USA), and purified
protein was analyzed by electrophoresis through a 12% polyacryl-
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amide gel containing sodium dodecyl sulfate (SDS) under reduc-
ing conditions. The protein band was cut after staining with Coo-
massie brilliant blue R250 and subjected to LC-coupled ESI-MS/
MS analysis for the confirmation of protein identity at Proteome-
Tech (Seoul, Korea).

Serum Samples

Six of the 7 serum samples from patients with ant anaphylaxis
that were used for the original identification of Asian needle ant
allergens [8] were used in this study (table 1). Sera from 8 subjects
who were sensitive to house dust mites and from 16 healthy con-
trols were also included. This study was approved by the institu-
tional review board of our institute (4-2013-0397).

Specific IgE Reactivity to Recombinant Protein

A microtiter plate was coated with 100 ul of recombinant pro-
tein (2 ug/ml in 50 mM sodium carbonate, pH 9.6). After washing
with phosphate buffered saline containing 0.05% Tween 20
(PBST), the plate was blocked with 3% skim milk in PBST and then
incubated for 1 h with 50 pl/well of sera diluted 1:4 in PBST con-
taining 1% bovine serum albumin (BSA). IgE antibodies were de-
tected using biotinylated goat anti-human IgE (Vector, Burlin-
game, Calif., USA) and streptavidin peroxidase (Sigma-Aldrich, St.
Louis, Mo., USA). Color was developed with 3,3',5,5'-tetramethyl-
benzidine (Kirkegaard and Perry Laboratories, Gaithersburg, Md.,
USA), and absorbance was measured at 450 nm after the addition
of 0.5 M H,SO,. The cutoff value was determined as the mean ab-
sorbance plus two times the standard deviation of negative con-
trols.
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Fig. 1. Purification of the recombinant antigen 5 from the Asian
needle ant. The protein (5 pg) was separated under reducing con-
ditions on 12% acrylamide gel and stained with Coomassie bril-
liant blue.
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Fig. 2. IgE reactivity of the recombinant an-
tigen 5 from the Asian needle ant. The dot-
ted line indicates the cutoff value. D. = Der-
matophagoides.

Recombinant Pac ¢ 3 from the Asian
Needle Ant
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IgE Immunoblotting and IgE Inhibition

Allergen extract from the venom sac, prepared as previously
described [8], was separated on 12% polyacrylamide gels contain-
ing SDS under reducing conditions. The separated proteins were
electrophoretically transferred onto a polyvinylidene difluoride
(PVDF) membrane (GE Waters and Process Technologies, Tre-
vose, Pa., USA). After blocking with 3% skim milk in PBST, aller-
gens were probed with pooled sera from 5 subjects who were pos-
itive for recombinant protein according to ELISA (1:4 diluted in
PBST containing 1% BSA). Allergen-specific IgE antibodies were
detected in a 1:1,000 dilution of alkaline phosphatase-conjugated
goat anti-human IgE (Sigma-Aldrich) for 1 h, and color was devel-
oped with nitro blue tetrazolium and 5-bromo-4-chloro-3-in-
dolyl-phosphate (Promega, Madison, Wis., USA).

For inhibition of IgE responses, the serum sample was incu-
bated with 20 ug/ml of recombinant protein at 4°C overnight, and
immunoblotting was performed as described above.

Cross-Reactivity with Ves v 5

IgE reactivity to recombinant Ves v 5 (i209) and Pac ¢ 3 was
measured by InmunoCAP (Phadia Uppsala, Sweden). For Immu-
noCAP analysis, recombinant Pac ¢ 3 was biotinylated using EZ-
Link® Sulfo-NHS-LC-Biotin (Thermo Scientific, Waltham, Mass.,
USA). Using selected serum samples which showed IgE reactivity
to recombinant Ves v 5 (4.95 and 7.2 kU 4/ml), inhibition analysis
was performed in order to evaluate the cross-reactivity between
Ves v 5 and Pac ¢ 3. The serum sample was incubated with various
concentrations of recombinant Pac ¢ 3 (5-fold serially diluted from
30 pg/ml), and IgE reactivity to recombinant Ves v 5 was measured
by ImmunoCAP. The inhibition percentage of IgE binding to Ves
v 5 by recombinant Pac ¢ 3 was calculated as (1 - Aj/Ay) x 100,
where A; stands for the IgE value with an inhibitor, and A for the
IgE value without an inhibitor.

Circular Dichroism

The far UV circular dichroism (CD) spectrum of recombinant
Pac c 3 was recorded at concentrations of 0.15 mg/ml in 50 mM
sodium phosphate, 150 mM NaCl, pH 7.6, between 185 and 265
nm, using a J-810 spectropolarimeter (Jasco, Gross-Umstadt, Ger-
many) with temperature controlled at 20°C.

Results

Production of Recombinant Allergen

The expression level of recombinant Pac ¢ 3 in the cul-
ture media was measured every 24 h for 4 days. Secretion
of recombinant protein was detected only after 24 h of
expression. Recombinant protein was precipitated with
50-70% ammonium sulfate. Proteins concentrated with
70% ammonium sulfate were purified by Ni affinity chro-
matography. Recombinant protein with six histidine res-
idues at the C-terminus and four additional amino acids
(GluAlaGluAla) derived from vector sequence (calculat-
ed molecular mass is 23.8 kDa) showed an apparent band
of about 24 kDa by SDS-PAGE analysis (fig. 1). The pro-
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tein yield was 2.78 mg/l of yeast culture. The Mascot score
of the recombinant protein analyzed by LC-coupled ESI-
MS/MS was 253 with Pac ¢ 3 (gi|313471714).

IgE Reactivity of Recombinant Protein

Five of 6 (83.3%) serum samples showed positive re-
sponses to the recombinant protein (fig. 2). In IgE inhibi-
tion blotting analysis, IgE antibody responses to the 23-
kDa allergen were almost completely inhibited by prein-
cubation with the recombinant protein (fig. 3).

Color version available online

Fig. 3. IgE immunoblot analysis. Asian needle ant venom sac ex-
tract was separated by 12% SDS-PAGE and transferred onto a
PVDF membrane. M = Molecular mass standard; E = venom sac
extract stained with Coomassie blue; P = IgE-reactive proteins
probed with sera from patients without inhibitor; I = IgE-reactive
components probed with sera from patients preincubated with in-
hibitor; N = buffer control.

Fig. 4. Amino acid sequence alignment of P. chinensis antigen 5
allergen with other homologous allergens from Hymenoptera. Pac
¢ 3 = P. chinensis (accession No. EU516327); Sol i 3 = Solenopsis
invicta (AAB36116); Sol r 3 = S. richteri (P35779); Ves s 5 = Ves-
pula squamosa (P35786), Ves m 5 = V. maculifrons (ABC73068);
Ves v 5= V. vulgaris (Q05110); Ves f 5 = V. flavopilosa (P35783);
Ves g 5 = V. germanica (CAJ28930); Ves p 5 = V. pensylvanica
(P35785); Ves vi 5 = V. vidua (P35787); Dol m 5 = Dolichovespula
maculata (AAA28302); Dol a 5 = D. arenaria (Q05108); Pold 5 =
Polistes dominula (AAT95010); Pol g 5 = P. gallicus (P83377); Pol
e 5 = P. exclamans (AAT95009); Pol a 5 = P. annularis (Q05109);
Pol f 5 = P. fuscatus (P35780); Pol s 5 = Polybia scutellaris
(AAP57536); Ves ¢ 5 = Vespa crabro (P35781). The marks below
the amino acid sequence indicate the degree of conservation. * =
Identical among species; : = highly conserved; . = less conserved.
The percentage of each sequence identity is shown in brackets.

(For figure see next page.)
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Specific IgE to recombinant Ves v 5 was in-
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Homology and Cross-Reactivity with Vespid Antigen

5 Allergens

A GenBank data search was done and the CLUSTAL
X program was utilized for the sequence alignments with
other antigen 5 allergens (fig. 4). Pac ¢ 3 was shown to
share the highest identity with Sol i 3, followed by Sol r 3.
It shares 45.5-51.2% sequence identity to vespid antigen
5 proteins. There was no potential glycosylation site.

In order to investigate cross-reactivity, IgE reactivity to
recombinant Ves v 5 (i209) and Pac ¢ 3 was measured by

98 Int Arch Allergy Immunol 2016;169:93-100
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ImmunoCAP using serum samples from patients with
anaphylaxis to the Asian needle ant. Specific IgE to recom-
binant Pac ¢ 3 was determined to be 1.30-35.60 (0.05, 1.30,
4.12, 4.21, 17.10 and 35.60) kU 4/l by ImmunoCAP. Five
sera which recognized recombinant Pac ¢ 3 showed 0.28-
7.20 (0.05, 0.28, 1.80, 1.81, 4.95 and 7.20) IgE kU /1 to re-
combinant Ves v 5, even though amino acid sequence
identity between two molecules is only 50.0% (fig. 4). IgE
reactivity to recombinant Ves v 5 and Pac ¢ 3 showed a
strong correlation (0.974; Pearson’s correlation coefficient,
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p = 0.01). Recombinant Pac ¢ 3 was able to inhibit 86.4%
IgE binding to Ves v 5 (fig. 5). Dose-dependent inhibition
of IgE binding to recombinant Ves v 5 by recombinant Pac
¢ 3 indicates the cross-reactivity between these molecules.

We analyzed the structural feature of recombinant Pac
¢ 3 by means of CD spectroscopy (fig. 6). The CD spec-
trum was recorded (minimum at 214 nm and maximum
at 194 nm).

Discussion

In this study, we describe the successful production of
a recombinant Pac ¢ 3 allergen, homologous to antigen 5
allergens, using a Pichia expression system (fig. 1). Anti-
gen 5 proteins from various hymenopteran insects have
been demonstrated to be potent allergens [19].

Expression of recombinant antigen 5 in prokaryotic
systems is often frustrating because of incorrect folding
or lack of proper posttranslational modification [20]. Dol
m 5 (antigen 5 from the hornet Dolichovespula maculata)
was successfully expressed using a baculovirus system
[21]. The host insect cells showed premature melaniza-
tion, low weight gain and an enhanced morbidity at the
beginning. However, these limitations were overcome
with advanced technologies, and insect cell lines have de-
veloped to very useful systems for the production of cor-
rectly folded venom allergens [22, 23]. The methylotro-
phic yeast Pichia pastoris is an alternative for the vespid
venom expression. Recombinant Ves v 5 (antigen 5 from
the yellow jacket Vespula vulgaris) and Pol a 5 (antigen 5
from the paper wasp Polistes annularis) expressed in yeast
Pichia were shown to have conformations similar to those
of their native counterparts [24].

Yeast expression was described as advantageous for the
expression of antigen 5 because of the ease of purification
[24]. However, we observed loss of recombinant protein
duringlong periods of culture (>48 h), possibly due to deg-
radation by yeast proteases [25]. Native antigen 5 is known
to be modified posttranslationally, including hydroxyl-
ation, phosphorylation and glycosylation [26]. The effect
of these modifications on IgE reactivity should be further
investigated. Recently, antigen 5 molecules from the wasp
were shown to be useful for distinguishing between aller-
gies to honey bee or vespid venom [15-17, 27, 28].

The recombinant protein produced in this study
showed good allergenic activity (fig. 2, 3). Pac ¢ 5 seems to
represent by far the most important allergen in the Asian
needle ant, since hardly any other IgE-reactive band is de-
tected by IgE immunoblotting after inhibition with re-

Recombinant Pac ¢ 3 from the Asian
Needle Ant

combinant Pac ¢ 3 (fig. 3). All of the serum samples used
in this study were obtained from patients with a history of
anaphylaxis. Therefore, the recombinant Pac ¢ 3 allergen
might be useful for the diagnosis of allergy to Asian needle
ant stings. Interestingly, 5 of 6 serum samples which
showed IgE reactivity to recombinant Pac c 3 also showed
IgE binding to recombinant Ves v 5, even though sequence
identity was only 50.0% (fig. 4; table 1). Two patients had
not only a history of ant sting but also of bee sting allergy
(table 1). However, antigen 5 allergen is not present in bee
venom. Moreover, V. vulgaris, from which Ves v 5 is pro-
duced, is not native to Korea. Six species of yellow jackets
(V. austriaca, V. flaviceps flaviceps, V. germanica, V. kore-
ensis koreensis, V. rufa schrenckii and V. shidai) have been
described in Korea [29]. Therefore, IgE reactivity to Ves v
5is areflection of the cross-reaction, and the Asian needle
ant is the obvious primary sensitizer. IgE reactivity to Ves
v5and Pac ¢ 3 showed a statistically significant correlation
(p = 0.01), indicating possible cross-reactivity. Recombi-
nant Pac ¢ 3 was able to inhibit IgE binding to Ves v 5 by
ImmunoCAP inhibition, indicating the cross-reactivity
between these allergens (fig. 5). Conformational epitopes
are thought to be important for the IgE recognition of an-
tigen 5 allergens. Overall folding of the recombinant Pac
¢ 3 is different from other antigen 5 allergens, as indicated
by CD analysis (fig. 6). A similar pattern of the CD spec-
trum was observed between 185 and 201 nm. However, a
peak around 235 nm makes it different from the other an-
tigen 5 allergens. High contents of Tyr and Trp are known
to peak between 225 and 235 nm, but Pac ¢ 3 contains only
10 Tyr and 4 Trp in the sequences. Other possibilities are
collagen-like triple helices which produce a positive CD
peak in the region of 231-235 nm [30]. Possibly, partially
degraded fragments may form triple helical structures.
Nevertheless, it is believed to retain the conformation of
IgE epitope regions of a native counterpart as a strong IgE
reactivity and cross-reactivity with Ves v 5 was observed.
Further studies are needed to investigate the clinical rel-
evance of the cross-reactivity among ant, wasp, yellow
jacket and hornet. Application of this recombinant aller-
gen to treatment may also be feasible, and further studies
are needed to investigate this concept.

In conclusion, we produced a recombinant Pac ¢ 3
with good allergenic potential. The recombinant protein
was recognized by IgE antibodies from 83.3% of the pa-
tients who had experienced an anaphylactic episode to an
ant sting. Although further characterization of this ant
allergen is needed, this recombinant protein will be useful
for clinical allergy applications such as diagnosis and
treatment.
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