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Abstract

Allergic reactions to vespid stings are one of the major causes of IgE-mediated anaphylaxis. Vespa and Vespula venoms are closely

related; Polistes venom is more distantly related and its allergens are less well studied. There is limited cross-reactivity between Polistes and

the other vespid venoms because of differences in the epitopes on the allergen molecules.

In this study, the major allergens of Polistes gallicus are isolated and characterized. P. gallicus venom contains four major allergens:

phospholipase, antigen 5 (Ag5), hyaluronidase and protease that were characterized by mass spectrometry and specific binding to IgE. The

complete amino acid sequence of Ag5 and the sequence of the N-terminal region of phospholipase were also determined. The alignment of

Ag5 from P. gallicus (European species) and Polistes annularis (American species) shows an 85% identity that increases to 98% within the

same subgenus. This could suggest the presence of specific epitopes on Ag5 molecule being the variations on the superficial loops. The

features of the P. gallicus allergens could explain the partial cross-reactivity found between the American and European Polistes venoms, and

suggest that the use of European Polistes venoms would improve the diagnostic specificity and the therapy of European patients and of North

American patients sensitized by European Polistes.

D 2003 Elsevier B.V. All rights reserved.
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1. Introduction European paper wasps belonging to the subgenus Polistes,
Allergic reactions to Hymenoptera stings are one of the

major causes of IgE-mediated anaphylaxis. Apidae, Formi-

cidae and Vespidae cause sting allergies in sensitized

individuals by the interaction of cell-bound specific IgE

antibodies with allergens [1,2]. The Vespidae family

includes hornets (genera Vespa and Dolichovespula), yellow

jackets (genus Vespula) and paper wasps (genus Polistes).

The species Polistes dominulus and Polistes gallicus are
0304-4165/$ - see front matter D 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.bbagen.2003.07.001

* Corresponding author. Tel.: +39-55-413-765; fax: +39-55-422-2725.

E-mail address: luigia.pazzagli@unifi.it (L. Pazzagli).
while the species Polistes exclamans, Polistes annularis

(subgenus Aphanilopterus) and Polistes fuscatus (subgenus

Fuscopolistes) are typical of North America [3].

Vespid venoms have similar venom compositions and

their major venom allergens are phospholipase A1 (PL),

hyaluronidase (HY) and antigen 5 (Ag5) a protein of

unknown biological function [4,5]. Significant amounts of

a fourth allergen, a serine-protease has been detected in P.

exclamans and P. dominulus venoms [6,7]. In order to study

the molecular basis of the allergic response, the primary

structure of several hornet and yellow jacket allergens were

determined, but there are only a few known sequences of

Polistes allergens [5,8–11].
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Most vespid-allergic patients exhibit reactions to more

than one vespid venom that may be caused by cross-

reactivity to one or more allergens [12–15]. Cross-reactivity

can be due to homologous allergens from different species

that lead to the production of IgE-recognizing common

epitopes [16,17]. The pattern of cross-reactivity among

different allergens is related to their sequence similarity,

and cross-reactive antibodies are produced against the

highly conserved regions [18,19]. On the other hand, venom

allergens with < 70% sequence identity do not usually have

a high degree of cross-reactivity and species-specific anti-

bodies result from responses to the variable regions of the

molecules. Vespa and Vespula venoms are closely related,

but Polistes are more distantly related and their allergens

show a lower degree of cross-reactivity [5,13]. The cross-

reactivity of Polistes venoms and allergens were studied by

RAST-inhibition assays [9,14,20]: there are some cross-

reacting antigens between Polistes and other vespids, al-

though to a much lesser degree than among the Vespa,

Dolichovespula and Vespula species; furthermore, the amino

acid sequence similarities between Polistes and other vespid

allergens are lower [5,20].

The primary diagnostic tests (intradermal skin tests,

prick tests, and venom-specific serum IgE) and the con-

ventional therapy for allergic patients (specific immuno-

therapy) require the use of venom extracts [21–23]. To

avoid false-negative and false-positive responses to diag-

nostic tests and in order to completely protect allergic

patients from the effects of subsequent stings, the commer-

cial extracts of venom should be prepared with appropri-

ately selected species [24]. Choosing the proper venom is

particularly important for diagnosis and therapy of Polistes

allergic patients, since this genus is the most distantly

related in the Vespidae family and since there is only partial

cross-reactivity between European and American Polistes

venoms [25–27]. Previously reported immunological stud-

ies suggest that there may be species-specific epitopes in

Polistes allergens, the structures of which are yet to be

defined.

The European species, P. dominulus, has spread to much

of the northeastern United States; this adds even more

interest to the characterization of venoms from European

Polistes [28,29].

In this report, we present the biochemical characteriza-

tion of the proteins contained in the venom of P. gallicus,

one of the most common European species, which could be

useful in improving the diagnosis and treatment of European

patients with paper wasp venom allergy.
2. Materials and methods

2.1. Venom

P. gallicus workers were collected in the countryside

around Florence (Tuscany, Italy). The insects were killed by
freezing and stored at � 80 jC until used. The venom from

3000 wasps was obtained by squeezing dissected sacs and it

was diluted twice in cold water.

2.2. Purification procedure

The venom was concentrated and exchanged with 0.1 M

borate buffer pH 8.0 containing 0.15 M NaCl using a

Centricon YM-10 ultrafilter (Millipore, Bedford, MA) and

then applied to an affinity chromatography column (5� 50

mm) containing benzamidine agarose adsorbent (Sigma

Chemical, St. Louis, MO) [7]. The column was pre-equil-

ibrated with borate saline buffer and eluted with 0.1 M

benzamidine. The eluted fraction was dialyzed against water

to remove benzamidine; the flow-through fraction was

concentrated and than applied to a reversed phase C-18

HPLC column (5 Am, 4.6� 250 mm) (Vydac, Grace,

Columbia, MD). All fractions collected were assayed for

total protein, phospholipase, hyaluronidase and protease

activities. Protein concentration was determined by the

Bradford method (BioRad, Hercules, CA, USA).

Phospholipase activity was measured by a potentiometric

method using phosphatidylcholine as substrate and phos-

pholipase A2 from Apis mellifera as standard [30]. Protease

was assayed by a colorimetric method using resorufin-

labeled casein as substrate [31] (Roche Diagnostics, Basel,

Switzerland). N-acetylglucosamine produced from hyalur-

onic acid was determined by a colorimetric method to assay

hyaluronidase activity [32]. The enzymatic activities were

expressed in international units.

The purity of proteins was assessed by SDS-PAGE on

15% polyacrylamide gels according to Laemmli [33]; pro-

teins were stained with BioRad silver stain. The amino acid

composition of purified native and carboxymethylated pro-

teins was determined after acid hydrolysis by the procedure

of Spackman et al. [34] using an amino acid analyzer and a

post column derivatization with o-phthaldialdehyde and 2-

mercaptoethanol [35].

2.3. Mass spectrometry

Both electrospray (ESI) and matrix-assisted laser desorp-

tion (MALDI) ionization techniques were used to obtain the

molecular masses of purified allergens. Ag5 (200 pmol) was

diluted 1:2 in 50% acetonitrile containing 0.1% TFA and

1% formic acid; the spectrum was obtained by electrospray

ionization in a triple quadrupole mass analyzer (API 365

Applied Biosystems). PL (1 nmol) was dissolved in 100

Al of 50% acetonitrile and 1% formic acid and injected by

HPLC (Reverse Phase, C5 column, 5 Am, 2� 30 mm,

Jupiter) on an ESI/TOF (time of flight) mass spectrometer

(Mariner, Applied Biosystems). PR and HY (8–10 pmol),

dissolved in 70% acetonitrile containing 0.1% TFA, were

diluted 1:1 with sinapinic acid matrix and deposited on the

target to be analyzed on a MALDI/TOF mass spectrometer

(Reflex III, Bruker-Franzen Analytik, Bremen, Germany).
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2.4. Sera and patients

Most of the sera were collected from patients in the San

Giovanni di Dio Hospital (Florence, Italy). Specific sensi-

tization to Polistes venoms was determined by intradermal

skin tests using from 1/100 to 1 Ag of venom from Polistes,

A. mellifera, Vespula (mix) and Vespa crabro. Only patients

mono-positive to the Polistes venom were selected. Sera

were collected before any therapy and stored at � 20 jC
until used.

The sera from Spanish patients were generously contrib-

uted by Dr. Miguel Blanca.

2.5. Enzymatic Allergo Sorbent Test (EAST) and Radio

Allergo Sorbent Test (RAST)

EAST (Allercoatk 6, BioRad) is an in vitro method of

detecting specific IgE antibodies. Whole venom or purified

allergens (0.2 and 0.1 mg/ml) were bound to nitrocellulose

CNBr-activated paper disks and incubated with human sera

from five allergic patients. Specific IgE were detected with

alkaline phosphatase labeled anti-human IgE. Absorbance at

405 nm is compared to absorbance obtained with IgE

Standard (0.35–100 UI/ml) and the results are referred as

Allercoatk 6 classes as follows: Class 0, < 0.35 UI/ml;

Class 1, 0.35–0.70 UI/ml; Class 2, 0.7–3.5 UI/ml; Class 3,

3.5–17.5 UI/ml; Class 4, 17.5–50 UI/ml; Class 5, 50–100

UI/ml; Class 6, >100 UI/ml. Negative and positive control

sera were also assayed.

RAST assays were performed with protease from P.

gallicus and P. dominulus venom. The allergens were

coupled to CNBr-activated paper disks and the specific

IgEs in the sera of seven Italian and three Spanish patients

were detected with 125I-labeled anti-IgE according to Hoff-

man et al. [36].

2.6. Enzymatic digestions and peptide separation

Purified allergens (2–10 nmol) to be digested were first

carboxymethylated (CM) as previously described [37].

Before protease addition, the CM-protein solution was

incubated for 3 min in a boiling water bath and then chilled

in ice. All sequencing grade proteases were purchased from

Sigma.

Lys-C endoproteinase digestion was carried out on 4

nmol of CM-Ag5 dissolved in 50 Al of 25 mM Tris–

HCl buffer pH 8.5. The protease/protein molar ratio was

1:50; the mixture was incubated at 37 jC for 18 h. Glu-

C endoproteinase was added to 4 nmol of CM-Ag5

dissolved in 30 Al of 0.05 M ammonium bicarbonate

buffer. The protease (10 Ag) was added to this solution

which was kept at 37 jC for 24 h. Chymotrypsin digestion

was performed by dissolving 5 nmol of CM-Ag5 in 60

Al of 0.2 M ammonium bicarbonate buffer adding the

protease (2.5% w/w) and incubating the mixture at 37

jC for 8 h.
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Peptides produced after each enzymatic digestion were

purified by reversed phase HPLC on a C18 Vydac column

(5 Am, 4.6� 250 mm) using a trifluoroacetic acid/acetoni-

trile gradient [37].

2.7. Sequence determination and models of three-dimen-

sional structure

Intact CM-proteins and digested peptides, immobilized

on different polyvinylidene difluoride membranes (Immo-

bilon P, Sequelon DITC, Sequelon AA, Millipore) were

subjected to automated Edman degradation on a Milligen

model 6600 protein sequencer (Millipore), or on a Procise

model 491 gas-phase protein sequencer (Applied Biosys-

tems, Foster City, CA) with on-line HPLC for the identifi-

cation of phenylthiohydantoin derivatives of released amino

acids [38].

The alignments of allergen sequences from different

species and genera of vespids were made using the CLUS-

TAL W program at http://www.ebi.ac.uk/clustal (the Euro-

pean Bioinformatics Institute); and they were used to

construct a Phylip phylogenetic tree [39].

Three-dimensional structure of Ag5 was modeled using

Swiss-Model system [40]. The crystal structure of Vespula

vulgaris Ag5 (Protein Databank 1QNX) was used as a

template [41]. Models were visualized and compared with

Swiss-Pdb Viewer [42,43].
3. Results

3.1. Allergen purification

P. gallicus venom was first purified by a benzamidine-

agarose chromatography [7]. The venom protease (PR) was

obtained in native form by elution with 0.1 M benzamidine

(Fig. 2). The flow-through fraction containing the other

venom components was then applied to a Vydac C18

column (Fig. 1). This method enabled the purification of

phospholipase (peak E, PL), antigen 5 (peak B, Ag5) and

hyaluronidase (peak D, HY). The structure integrity was

checked assaying the enzymatic activity of purified proteins.

The peaks labeled as A and C, named RP1 and RP3

fraction according to their retention times on the Reverse

Phase column, contain two unidentified protein compo-

nents (Fig. 2); they have only weak allergenic activity (data

not shown) and they were consequently not investigated

further.

As reported in literature [10,44], other purification meth-

ods were used, but no increase of purification yield or

specific activity of allergens was observed.

3.2. Characterization of the major allergens

Identification of the four major allergens was performed

by SDS-PAGE (Fig. 2), amino acid composition (Table 1)

 http:\\www.ebi.ac.uk\clustal 


Fig. 1. RP-HPLC of the flow-through fraction from affinity chromatography. Peak A, RP1; peak B, Ag5; peak C, RP3; peak D, hyaluronidase; peak E,

phospholipase. The peak labeled as * was not characterized. Column: Vydac C-18 (5 Am, 4.6� 250 mm). Solvent A, 10 mM TFA in water; Solvent B, 10 mM

TFA in acetonitrile. Flow rate was 0.8 ml/min. The elution was performed by a linear acetonitrile gradient as indicate in the figure (– – – ).
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and enzymatic activity. P. annularis is the only Polistes

species whose major allergen sequences are known: se-

quence data of Ag5, PL and HY are available at the Swiss-

Prot databank with the accession numbers Q05109,

Q9U6W0 and Q9U6V9, respectively. The amino acid

composition of Ag5, PL and HY from P. gallicus shows

a good degree of similarity to that of the homologous

allergens from P. annularis. No amino acid composition of

PR from other Polistes species has been reported.

The specific activity of PR, PL and HY was 179.4, 283.2

and 0.53 U/mg, respectively.
Fig. 2. Sodium dodecylsulfate-polyacrylamide gel electrophoresis of the

main purification steps: lanes 1 and 10, Sigma VII L low molecular weight

standards; lane 2, whole venom; lane 3, flow-through fraction from affinity

chromatography; lane 4, elution fraction (protease) from affinity chroma-

tography. lanes 5–9 are from RP-HPLC purification step: lane 5, RP1 (peak

A); lane 6, Ag5 (peak B); lane 7, RP3 (peak C); lane 8, hyaluronidase (peak

D); lane 9, phospholipase (peak E).
The molecular weights of Ag5 and PL, determined by

ESI mass spectrometer are 23135 and 33475 Da, respec-

tively (Fig. 3). The molecular weights of PR (33669 Da)

and HY (42173 Da) were determined by MALDI/TOF

mass spectrometry because these two allergens were not

ionized with the electrospray methods (Fig. 4). The deter-

mination of the exact molecular weights may be a suitable

method to obtain a rapid preliminary structural character-

ization, but until now, the molecular weights of the majority
Table 1

Amino acid composition of the major allergens from P. gallicus venom

Ag5 PL HY PR

Cysteine 3.4 4.5 1.4 2.2

Aspartic acid 11.6 11.5 12.2 12.9

Threonine 5.3 4.6 4.2 9.4

Serine 5.3 5.7 6.5 5.6

Glutamic acid 12.9 9.4 11.2 10.5

Glycine 9.6 8.7 7.7 10.4

Alanine 5.5 7.9 5.5 7.6

Valine 8.3 8.3 7.1 7.3

Methionine 1.4 0.8 1.9 1.8

Isoleucine 6.5 7.5 8.1 6.9

Leucine 6.0 8.9 7.9 6.0

Tyrosine 5.7 6.1 5.5 5.3

Phenylalanine 2.2 4.9 4.5 3.2

Lysine 11.4 9.5 9.5 4.5

Histidine 2.5 2.9 2.4 3.2

Arginine 2.0 3.1 5.2 5.3

The results are expressed as percentage. Values for serine and threonine

were corrected for loss (15% and 5%, respectively) during hydrolysis.

Cysteine was determined as carboxymethyl cysteine.



Fig. 4. MALDI/TOF mass spectra of purified hyaluronidase and protease.

Mass spectrometer was a Reflex III, Bruker. Analysis were performed using

a LINEAR method. (A) 8.0 pmol of HL were diluted 1:5 with 70%

acetonitrile containing 0.1% TFA, then diluted 1:1 with sinapinic acid

matrix and carried on the target to be analysed. (B) 7.5 pmol of PR were

diluted 1:4 with 70% acetonitrile containing 0.1% TFA then diluted 1:1

with sinapinic acid matrix.

Fig. 3. Deconvolution of electrospray mass spectra of purified Ag5 and

phospholipase. (A) 200 pmol of Ag5 were diluted 1:5 in 50% acetonitrile

containing 0.1% TFA and 1% formic acid and injected by infusion on an

ion source electrospray mass spectrometer equipped with a triple quadru-

pole mass analyzer (IS 5000 V, OR 100 V, RNG 300 V, scan range: 1200–

2700 m/z). (B) 1 nmol of PL was dissolved in 100 Al of 50% acetonitrile

and 1% formic acid and injected by HPLC on an ESI/TOF spectrometer (IS

5000 V nozzle potential, 140 V scan range: 500–3500 m/z, Mariner,

Applied Biosystems).
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of allergens have been calculated from the sequence.

However, it can be observed that the molecular weights

of Ag5, PL and HY are similar to that of their homologues

from P. annularis (23293, 33483 and 43019 Da, respec-

tively); no sequence or mass spectrometry data are available

for Polistes protease.

The P. gallicus venom and the purified allergens were

bound to CNBr-activated nitrocellulose disks and the

amount of allergen-specific IgE in the sera of five allergic

patients was determined by the EAST technique (Fig. 5).

Ag5 and phospholipase bind specific IgE (EAST classes 5

and 6, respectively) and are strong allergens, similar to

those observed in other vespids [9,14,16]. A smaller

amount of IgE against hyaluronidase was found, confirm-

ing the lower allergenic activity of this protein [11].

Protease, a fourth allergen also identified in P. dominulus

and P. exclamans venoms [6,7], is an EAST class 2–3
allergen in the P. gallicus venom and RAST assays show

that protease from P. gallicus and P. dominulus binds about

the same amount of IgE in the sera of European patients

(Fig. 6).

3.3. Amino acid sequencing

High yield of the Ag5 from P. gallicus, named Pol g 5

according to the international allergen nomenclature [45],

was obtained from the purification procedure (0.72 mg)

and its complete amino acid sequence was determined

(Fig. 7A). Automated Edman degradation was first per-

formed on 1 nmol of the whole CM-protein to obtain the

N-terminal sequence (residues 1–39). The peptides from

Lys-C and Glu-C proteinase digestions were sequenced to

obtain the most of the sequence. Among the chymotryptic

peptides, only the overlapping ones were sequenced. The

sequence obtained (accession number P83377 in the

Swiss-Prot databank) was compared to the homologous



Fig. 5. IgE antibody binding activity of five sera from sensitized patients obtained by EAST assay. The sera were from Italian patients and were incubated with

the whole venom and with the purified allergens (Ag5, phospholipase, protease, hyaluronidase). Anti-IgE antibodies are labeled with alkaline phosphatase and

results are reported as absorbance at 405 nm. The value of the EAST Class, according to the BioRad Allercoatk 6 method, is reported above each column.

*pool: obtained by mixing the sera from five patients.
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ones from Vespula and Polistes species: there is a 98%

identity between Ag5s from P. dominulus (accession num-

ber P81656 Swiss-Prot databank) and P. gallicus (Europe-

an paper wasps); the identity decreases to 85% between
Fig. 6. RAST assay of binding of IgE from sera with the pure protease from

P. gallicus (white) and P. dominulus (gray). Sera 1–7 were from Italian

patients; sera 8–11 were from Spanish patients. Anti-IgE antibody was

labeled with 125I. Results are expressed as percentage of the counts added

minus non-specific binding obtained from negative control sera.
Pol g 5 and the Ag5s from American paper wasps. A

phylogenetic tree was constructed using the known amino

acid sequences of Ag5s in order to highlight the phyloge-

netic relations among Polistes and other vespid species

(Fig. 8).

The low purification yield (0.42 mg) obtained for

phospholipase (Pol g 1) was only adequate for N-terminal

amino acid sequencing of the first 43 residues (Fig. 7B).

The alignment of this partial sequence (accession number

P83542) with the 1–43 stretch of the homologous allergens

shows an identity of 75.6% with the PL from P. annularis

and a 29% identity with the PLs from V. vulgaris and

Vespula maculifrons. These results show that the N-termi-

nal region of PLs have a lower degree of homology than

Ag5s.

P. gallicus protease (300 pmol) was used to obtain the

1–16 N-terminal sequence: IVNGVXTEIN EFPXMV,

where X indicates the uncertain residues. Information about

venom protease is still limited and no sequence data are

available for other Vespidae venom proteases. Until now,

only the complete sequence of two Apidae venom pro-

teases from A. mellifera [46] and B. pennsylvanicus (ac-

cession number A56338) and of the N-terminal 20 residues

from B. terrestris [36] are known.

3.4. Three-dimensional models of Pol g 5

The crystallographic structure of Ag5 from V. vulgaris,

Ves v 5, [41] was used as a template to obtain three-

dimensional models of Pol g 5 and Pol a 5 (the Ag5 from P.

annularis). These last two sequences have a 58.7% and a



                          

 

Fig. 7. (A) The complete amino acid sequence of Ag5. (B) The partial N-terminal amino acid sequence of phospholipase. ( – – – ) Sequence results obtained

from the whole proteins; (—) sequence results obtained from peptides; (LC) endoproteinase Lys-C peptides; (GC) endoproteinase Glu-C peptides; (CH)

chymotryptic peptides.
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56.8% identity with Ves v 5, respectively; the putative

functional and structural residues (disulfide bridges, His

98, His156, Trp133) and the topologies of the secondary

structure are conserved. Models of Pol g 5 and Pol a 5 were

then superimposed in order to highlight the structural
Fig. 8. Phylogenetic tree of Vespidae. The tree was obtained by the alignment of A

program using the data from the Clustal W alignment employing the neighbour joi

The scale bar (its length corresponds to 0.1 substitutions per site) below the tree
differences (Fig. 9). The loops 6–10, 98–102 and 121–

126 are not completely overlapped: the Pro9, Phe98 and

Leu125 of Pol a 5 are replaced by Ser9, Ile98 and Phe126,

respectively, in Pol g 5; moreover, there is an additional

His122 in Pol g 5 molecule. The amino acid substitutions in
g5 sequences from various Vespidae. It was obtained with the TreeView plot

ning (NJ) method. The sequences were taken from the Swiss-Prot Database.

indicates the evolutionary distance.



Fig. 9. Comparison of the three-dimensional structures of P. annularis and

P. gallicus Ag5s. Models were obtained with the Swiss-Pdb Viewer using

the Ag5 from V. vulgaris as a template. The loops labeled in blue are the

sequence regions of P. gallicus that are not superimposed with the

respective sequences from P. annularis. (I) 6–10 loop; (II) 98–102 loop;

(III) 121–126 loop.
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the 121–126 loop produce a noticeable twist at the end of

the fourth h-sheet.
4. Discussion

The limited cross-reactivity of European allergic patients

to venoms of American species could be due to structural

differences in the allergens of the Polistes species that lead

to the production of specific antibodies directed against the

more variable regions of the allergen molecules. Among

North American species, the amino acid sequences of Ag5

from P. annularis [9], P. exclamans [9] and P. fuscatus [8],

and sequences of PL and HY from P. annularis (accession

number Q9U6W0 and Q9U6V9 in Swiss-Prot databank) are

known. Ag5 from P. dominulus (accession number P81656)

is the only sequence available among European Polistes.

Moreover, the partial cross-reactivity observed among the

subgenera of Polistes [26,27] means that allergic patients

sensitized by European paper wasps (P. dominulus and P.

gallicus) respond to a different epitope spectrum than

patients sensitized by the North American Polistes and,

suggests that there may be some important differences in

Polistes subgenera allergens.

Therefore, the characterization and the amino acid se-

quence determination of other European Polistes allergens is

of value in shedding light on this matter.

The venom of the European paper wasp P. gallicus

contains four major allergens: phospholipase, antigen 5,

hyaluronidase and a serine protease. The molecular weights
of PR and PL, determined by mass spectrometry, are 36669

and 33475 Da, respectively; in their native forms, the two

proteins can be separated only by benzamidine agarose

affinity chromatography.

Hyaluronidase was only analyzed for amino acid compo-

sition, enzymatic activity and molecular mass (42173 Da).

Protease has been detected in significant amount in P.

exclamans and P. dominulus venoms [6,7] and it is distantly

related to honeybee venom proteases. The quantity of PR

obtained enabled us to determine the amino acid composi-

tion (Table 1), the exact molecular weight, the N-terminal

sequence and the specific binding to IgE. In EAST assay, the

protease is a class 2–3 allergen (Fig. 5) and in most of the

sera from European patients, the amounts of IgE bound by

P. gallicus and P. dominulus protease is quite similar (Fig.

6). Both sera from European and American patients were

compared with protease indicating that it is a weak sensitizer

in North American Polistes venom [7] while it is a signif-

icant allergen in both of the European Polistes species (as

showed by RAST assay) and can partially explain the

differences in reactivity observed among European and

American Polistes venoms.

Further studies of P. gallicus venom allergens have

focused on PL (Pol g 1) and Ag5 (Pol g 5), which appear

to bind the largest amounts of specific IgE in the sera of

five allergic patients (Fig. 5). The molecular weight of Ag5

calculated from the sequence is 23153 Da, a value that

agrees with that determined by mass spectrometry (23135

Da), suggesting that, like other Ag5s, no post-translational

modifications occur. The sequence data of Pol g 5 were

used to construct a phylogenetic tree and to obtain three-

dimensional models. The tree shows that Polistes wasps

are distantly related to yellow jackets and that European

and North American paper wasps are on different branches

of it, pointing out a divergence that could lead to a

different epitope spectrum and also confirming the posi-

tions they have in the cladograms of Polistes subgenera,

based on morphological differences, proposed by Carpenter

[3].

When the tertiary structure models of Pol g 5 and Pol a 5

are compared, a number of differences appear on superficial

loops which are putative species-specific epitopes. The twist

at the end of the fourth h-sheet and the consequent shift of

the next loop cause a variation in the surface of the

molecule. However, these structural differences are not

sufficient to explain the low RAST-inhibition value ob-

served [27], and to suggest that Ag5 is the major cause of

the different immunological responses between American

and European venoms.

There must be additional differences in the structure of

Polistes European allergens. These differences could also be

due to phospholipase. Vespid phospholipases are relatively

conserved in the C-terminal region (residues 130–300) but

are quite variable in the N-terminal portion; this variability

may account for the insect-specific reactivity observed in

many patients [24,34]. The PL from P. annularis (a North
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American species) is the only completely known amino acid

sequence [9]. Some partial sequence data are known for PL

from P. dominulus (Hoffman D.R., data not published). The

62% sequence identity, found in the 1–43 stretch between P.

gallicus (or P. dominulus) and P. annularis PLs, indicate a

higher degree of evolutionary divergence and strongly

suggests the presence of species-specific epitopes.

Consequently, (i) the degree (85%) of sequence homol-

ogy between European and North American Ag5s, which is

lower than that observed within the same subgenus (98%);

(ii) the differences found in the PL molecules and (iii) the

finding that protease is an important allergen in P. gallicus

and P. dominulus venoms, can help us to elucidate the

molecular basis of the limited cross-reactivity.

Diagnosis and immunotherapy are performed with a

standard Polistes mix including venoms from the North

American species P. annularis, P. exclamans, P. fuscatus

and P. metricus. The findings in this study suggest that the

addition of venom from P. gallicus and P. dominulus to the

Polistes mix currently available could lead to an improve-

ment in the diagnosis and the therapy of Polistes allergic

European patients. Moreover, in other studies, venom from

European Polistes has been used in diagnosis and therapy of

130 Italian patients with a reduction of false-negative

responses and an improved efficacy of therapy (98.3%)

(Severino M. et al., unpublished data).

These clinical studies confirm the in vitro RAST inhibi-

tion assays [27] and corroborate our observations that some

species-specific epitopes are present on European Polistes

allergens.

A mix including the venoms from European Polistes

species could also be useful for specific immunotherapy of

patients in the northeastern United States where P. domi-

nulus has become well established.
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