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ARTICLE INFO ABSTRACT

Honeybee (Apis mellifera) venom (HBV) represents an ideal model to study the role of particular venom com-
ponents in allergic reactions in sensitized individuals as well as in the eusociality of Hymenoptera species. The
aim of this study was to further characterize the HBV components C1q-like protein (C1q) and PDGF/VEGF-like
factor 1 (PVF1). C1q and PVF1 were produced as recombinant proteins in insect cells. Their allergenic properties
were examined by determining the level of specific IgE antibodies in the sera of HBV-allergic patients (n = 26) as
well as by their capacity to activate patients' basophils (n = 11). Moreover, the transcript heterogeneity of PVF1
was analyzed. It could be demonstrated that at least three PVF1 variants are present in the venom gland, which
all result from alternative splicing of one transcript. Additionally, recombinant C1q and PVF1 from Spodoptera
frugiperda insect cells exhibited specific IgE reactivity with approximately 38.5% of sera of HBV-allergic patients.
Interestingly, both proteins were unable to activate basophils of the patients, questioning their role in the context
of clinically relevant sensitization. Recombinant C1q and PVF1 can build the basis for a deeper understanding of
the molecular mechanisms of Hymenoptera venoms. Moreover, the conflicting results between IgE sensitization
and lack of basophil activation, might in the future contribute to the identification of factors that determine the
allergenic potential of proteins.
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1. Introduction lethal for other insects, the normal sting reaction in higher animals

consists of pain and inflammation (swelling, redness and itching) (de

The venom of the European honeybee Apis mellifera is a complex
mixture of various substances such as biogenic amines, peptides and
proteins. The honeybee venom gland has evolved from an ancestral
female accessory reproductive gland. The venom represents an im-
portant defense mechanism of the queen and the worker bees (de Graaf
et al., 2010). Moreover, it has been hypothesized that the venom has an
additional function for the social immunity of the highly eusocial
honeybee (Baracchi et al., 2011). While honeybee venom (HBV) is

Graaf et al., 2009). Only massive attacks, for instance by the aggressive
Africanized honeybees, can be fatal for humans due to the toxicity of
HBV (Tunget and Clark, 1993).

However, already one honeybee sting can lead to very severe and
even fatal reactions in allergic patients. In these venom-sensitized in-
dividuals, certain HBV components that act as allergens lead to the
cross-linking of preformed receptor-bound IgE antibodies on the surface
of mast cells and basophils. The immune response following the cross-
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Abbreviations

BAT basophil activation test

Clq Clq-like protein

CCD cross-reactive carbohydrate determinant
EST expressed sequence tag

GNA Galanthus nivalis agglutinin

HBV honeybee venom

HRP horseradish peroxidase
PDGF/VEGF platelet-derived growth factor/vascular endothelial
growth factor

PVF1 PDGF/VEGF-like factor 1
SD standard deviation

sIgE specific IgE

tIgE total IgE

VIT venom immunotherapy

linking of IgE, is characterized by the degranulation of activated ef-
fector cells and can result in systemic reactions and even fatal ana-
phylaxis (Ozdemir et al., 2011). Systemic allergic reactions to Hyme-
noptera stings (also including vespid and ant species) have been
reported in up to 7.5% of adults and up to 3.4% of children (Bilo and
Bonifazi, 2008; Jennings et al., 2010). However, venom im-
munotherapy (VIT) represents a very effective curative treatment for
venom allergy and is able to reduce the risk of subsequent systemic
sting reactions (Schiener et al., 2017b). VIT is reported to be effective in
77%—-84% of patients treated with HBV and in 91%-96% of patients
receiving vespid venom (Sturm et al., 2018). A successful VIT depends
on the choice of the correct venom. Advanced diagnostic approaches
are mandatory for the correct identification of the culprit venom
(Antolin-Amerigo et al., 2017; Blank et al., 2018; Jakob et al., 2017a).
Hence, both, the design of proper therapeutic venom extracts con-
taining all relevant allergens and the development of superior diag-
nostic tests rely on an extensive knowledge of the venom composition
and of the relevance of particular components as allergens (Blank et al.,
2017, 2018; Frick et al., 2015, 2016; Jakob et al., 2017a).

The certainly best characterized Hymenoptera venom is that of the
honeybee. This is most likely due to the outstanding importance of
honeybees as pollinators and, hence, as elicitors of venom allergy all
over the world (Ollert and Blank, 2015; Spillner et al., 2014). Moreover,
detailed proteomic data of the pure venom (Danneels et al., 2015;
Peiren et al., 2005; Van Vaerenbergh et al., 2014) as well as genomic
information of the honeybee are available (Honeybee Genome
Sequencing, 2006). So far, 113 proteins were identified as venom
components. Several of these components have a function as toxin or
play a role in social immunity. Others belong to the so called venom
trace molecules which have functions in the extracellular space or are
unintentionally released into the venom from disrupted cells (Van
Vaerenbergh et al., 2014). Moreover, it could be shown that the venom
of queens, winter bees and summer bees differs in composition ac-
cording to the respective needs and functions (Danneels et al., 2015;
Van Vaerenbergh et al., 2013).

To date, 12 proteins of HBV were characterized as allergens and
included in the official allergen nomenclature list (Blank et al., 2018;
Radauer et al., 2014). Out of these allergens, only very few, such as the
major allergen phospholipase A2 (Api m 1) or the minor peptidic al-
lergen melittin (Api m 4), are contained in the venom in substantial
amounts. All other allergens make up only low to moderate amounts of
the venom (Spillner et al., 2014). Nevertheless, in the last years it has
become increasingly evident that also components that are contained in
the venom in only minimal amounts, such as icarapin (Api m 10), a
protein of unknown function, can have a high relevance for allergic
sensitization as well as for the therapeutic outcome of VIT (Blank et al.,
2011b; Frick et al., 2015, 2016). However, since such proteins of low
abundance are difficult to isolate in larger quantities and in pure form
from the crude venom, their recombinant production is a prerequisite
for both, their detailed characterization, as well as the evaluation of
their relevance as allergen (Blank et al., 2010, 2011b, 2012, 2013;
Grunwald et al., 2006; Michel et al., 2012).

Several proteins that have been known to be present in honeybee
venom for several years have never been characterized in detail. One of
these proteins which is present in HBV as venom trace molecule in low
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amounts is C1qg-like protein (C1q) (de Graaf et al., 2010). Cl1q, which is
also expressed in various other tissues of honeybee workers and drones,
is characterized by an ancient C1q-like domain. In higher organisms, by
antibody-antigen-complexes activated Clq initiates the classical com-
plement pathway and, hence, represents a major link between adaptive
and innate immunity. Another yet uncharacterized venom and venom
gland component is PDGF/VEGF-like factor 1 (PVF1), a protein con-
taining a platelet-derived and vascular endothelial growth factor do-
main (Peiren et al., 2005, 2008; Van Vaerenbergh et al., 2014). The
PVF1 spot density from 2D-gel separated venom indicates that it is a
venom compound of moderate abundance (Peiren et al., 2005).

As HBV represents an ideal model for both the role of Hymenoptera
venoms in insect eusociality as well as for allergic sensitization to
Hymenoptera venoms, the component-resolved understanding of the
honeybee venome is a prerequisite for the understanding of the un-
derlying molecular mechanisms. Therefore, the aim of this study was
the recombinant production as well as detailed immunological char-
acterization of both proteins. The study revealed that at least three
PVF1 alternative splice variants are produced by the HBV gland.
Interestingly, although a minor group of HBV-allergic patients ex-
hibited pronounced specific IgE (sIgE) reactivity with the two proteins,
both were not able to activate basophils of the patients. Hence, in the
future, the conflicting results on sIgE sensitization and effector cell
activation might help to understand which parameters determine the
allergic potential of proteins. Moreover, the recombinant availability of
Clq and PVF1 can help to gain further insights into the molecular
mechanisms of Hymenoptera venoms.

2. Methods
2.1. Screening of PVF1 transcript heterogeneity

RNA isolation from honeybee venom gland tissue, cDNA synthesis
and reverse transcription PCR were performed as described before (Van
Vaerenbergh et al., 2014). DNA elongation in PCR was adapted to
1 minat 72°C. The coding sequence of mature PVF1 (GenBank: XM_
392204.4) was amplified by PCR (Q5, NEB, Frankfurt am Main, Ger-
many) using primers introducing sequences for ligation-independent
cloning (forward primer: GAC GAC GAC AAG ATG CAA CTC GAG GAT
ACC AGA TAG; reverse primer: GAG GAG AAG CCC GGT TAT TCT GGA
TCT GGT TTA GGT; sequences for cloning in bold). Subcloning for se-
quencing was done in the pIEx-7 Ek/LIC vector according to the in-
structions of the Ek/LIC cloning kit (Novagen, Madison, WI, USA). The
obtained different transcript variants were analyzed by multiple se-
quence alignment using the Clustal W software (Larkin et al., 2007).

2.2. Proteomic evidence

PVF1 was successfully identified in the honeybee venom proteome
by a profound preceding mass spectrometric analysis (Van Vaerenbergh
et al., 2014). A search of the generated MS/MS data against the hon-
eybee RefSeq database extended with all translated PVF1 variant se-
quences was performed to identify isoform-specific tryptic peptides.
Identical search parameters were used as those previously described
(Van Vaerenbergh et al., 2014).



D. Russkamp et al.

2.3. Cloning of C1q and PVF1

The mature protein-coding sequence of Clq (GenBank: NM_
001144839.1) was amplified from an existing subcloned sequence (de
Graaf et al., 2010) by PCR using primers producing restriction enzyme
recognition sites to be able to digest with Xbal and Notl (forward
primer: GAT CTC TAG AGG GAT CGA GGG AAG GGC TAT ACC GGA
TCC ACC AAA TTG; reverse primer: GAT CGC GGC CGC TTA TAT TTT
AGC AAT TCT GTA TCC AGA G; restriction sites in bold). The PCR
product was cloned via Xbal and Notl into the digested baculovirus
transfer vector pAcGP67-B (BD Pharmingen, Heidelberg, Germany)
containing an N-terminal 10-fold His-tag and V5-epitope tag (Blank
et al., 2011b). Subcloned PVF1 variant 1 cDNA was used for secondary
amplification of the coding region by two consecutive PCR reactions
adding a C-terminal V5-epitope and a 10-fold His-tag and restriction
sites for BamHI and Pstl (forward primer: GAT CGG ATC CCA ACT CGA
GGA TAC CAG ATA CC; reverse primer 1: GTA GAA TCG AGA CCG AGG
AGA GGG TTA GGG ATA GGC TTA CCT TCT GGA TCT GGT TTA GGT
TTT CTT C; reverse primer 2: GAT CCT GCA GTC AAT GGT GAT GGT
GAT GGT GAT GGT GAT GAT GAC CGG TAC GCG TAG AAT CGA GAC
CGA GGA G; restriction sites in bold). The final PCR product was cloned
via BamHI and Pstl into the digested baculovirus transfer vector
PAcGP67-B.

2.4. Recombinant baculovirus production and expression in baculovirus-
infected insect cells

Proteins were expressed as secreted full-length proteins in
Spodoptera frugiperda (Sf9) insect cells (Thermo Fisher Scientific,
Schwerte, Germany) by infection with recombinant baculovirus as de-
scribed before (Blank et al., 2010, 2011b). In brief, Sf9 cells were grown
at 27 °C in serum-free medium (Express Five SFM; Lonza, Verviers,
Belgium) containing 10 pg/mL gentamicin (Sigma, Taufkirchen, Ger-
many). Recombinant baculoviruses were generated by co-transfection
of Sf9 cells with the resulting pAcGP67-B vectors containing Clq and
PVF1 and ProGreen™-Baculovirus DNA (Ab Vector, San Diego, USA).
Two or three rounds of virus amplification produced high titer virus
stocks. High titer stocks were used to infect 400 mL Sf9 suspension
cultures (1.5-10° cells/mL) in 2000 mL flasks. For protein expression,
infected cells were cultured at 27 °C and 110rpm for 72h in an in-
cubator shaker (INNOVA 43, New Brunswick Scientific, New Jersey,
USA).

For protein purification, the supernatant was collected and cleared
from cells and debris by centrifugation at 4000 X g and 4 °C and applied
to a nickel-chelating affinity matrix (HisTrap excel, GE Healthcare Life
Sciences, Freiburg, Germany). The column was washed with phosphate
buffered saline (PBS, pH 8; 1mM KH,PO, 155mM NaCl, 3mM
Na,HPO, x 7H,0). Unspecifically bound proteins were pre-eluted with
PBS containing 45 mM imidazole and the recombinant proteins were
eluted with PBS containing 300 mM imidazole. To remove the imida-
zole, the proteins were dialyzed against PBS, pH 7.4. SDS-PAGE and
Western blotting confirmed purity of the proteins.

2.5. Patients

Blood and/or sera of 26 patients with allergy to HBV and of 10
control patients without clinical history of HBV allergy were analyzed.
The diagnosis of HBV allergy was based on a combination of clinical
history of an allergic sting reaction, a positive intradermal skin test,
and/or positive sIgE levels to HBV (i1) and/or Api m 1 (i208)
(UniCAP250; Thermo Fisher Scientific, Uppsala, Sweden).

All patients had given informed written consent to draw additional
blood samples. The study was approved by the ethics committee of the
Faculty of Medicine of the Technical University of Munich (protocol
number 5478/12). All patients were recruited from clinical routine and
the obtained data are not part of another study reported elsewhere. All
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experiments were performed in accordance with relevant guidelines
and regulations.

2.6. Immunoreactivity of patient sera with recombinant proteins C1q and
PVF1

To assess specific IgE immunoreactivity of human sera, 384-well
microtiter plates (Nunc, Thermo Fisher Scientific, Ulm, Germany) were
coated with 50 pg/mL purified recombinant C1q or PVF1 or native Api
m 1 (Latoxan, Portes-lés-Valence, France) in PBS at 4 °C overnight and
blocked with 40 mg/mL nonfat dry milk powder (AppliChem,
Darmstadt, Germany) in PBS at RT for 1h. Wells coated with the
blocking reagent only served as negative control. Human sera were
diluted 1:2 with PBS and a final volume of 20 uL was added to the
recombinant proteins and incubated overnight at 4 °C. After washing 4
times with PBS, bound IgE was detected with a 1:1000 dilution of a
monoclonal alkaline phosphatase-conjugated anti-human IgE antibody
(BD Pharmingen, Heidelberg, Germany). Subsequently, after washing 4
times with PBS, 50pL of substrate solution (5mg/mL 4-ni-
trophenylphosphate; AppliChem, Darmstadt, Germany) were added per
well and the absorbance was read at 405 nm. Patients who exhibited
significant unspecific IgE binding to the blocking reagent were excluded
from the analysis. The shown data are representative for two in-
dependent experiments. The lower end functional -cut-off
(OD405 = 0.52), indicated as dotted line, was calculated as the mean of
the negative controls summed with 3 times the standard deviations (SD)
of the mean and additionally 10% of the resulting value.

2.7. Basophil activation test

Basophil activation tests were performed as described previously
(Eberlein et al., 2012), using the Flow CAST (Biihlmann Laboratories
AG, Schonenbuch, Switzerland). In short, venous blood was collected in
10 mL EDTA tubes (1.6 mg EDTA/mL blood) and stored at 4 °C. For
each patient and allergen, polystyrene tubes were prepared with 50 pl
of the recombinant proteins or native Api m 1 (Latoxan, Portes-lés-
Valence, France) in PBS in different concentrations (8, 40, 200 and
1000 ng/mL) diluted in stimulation buffer. A monoclonal anti-FceRI
antibody served as positive control and stimulation buffer alone was
used as negative control. Subsequently, 100 pL stimulation buffer con-
taining calcium, heparin and IL-3 (2ng/mL), 50 puL blood and 20 pL
staining reagent (anti-CD63-fluorescein isothiocyanate and anti-CCR3-
phycoerythrin monoclonal antibodies) were added to the antigen di-
lutions and incubated at 37 °C for 25 min. Adding 2 mL lysis buffer for
S5minat RT stopped stimulation. After centrifugation for 5minat
500 x g, the supernatant was decanted and 300 puL washing buffer were
added to each tube. Cells were analyzed by flow cytometry. Basophilic
cells were selected out of the lymphocyte population using anti-CCR3
and the upregulation of the activation marker CD63 was calculated by
the percentage of the CD63 * of total basophilic cells (Fig. S1). Usually
between 400 and 500 (at least 300) basophilic cells were analyzed. The
cut-off, represented as dotted line, was set to 10% CD63 ™ cells as re-
commended by the supplier.

2.8. SDS-PAGE and western blotting

For purity analysis and immunoblot procedures, 4 ug of the purified
recombinant proteins were separated by homemade 10% SDS-PAGE
gels and stained with Coomassie Brilliant Blue G-250 (AppliChem,
Darmstadt, Germany). For immunoblot procedures, proteins were im-
mobilized on nitrocellulose membranes. Blot membranes were blocked,
incubated with mouse monoclonal anti-V5 antibody (0.2 pug/mL)
(Thermo Fisher Scientific, Schwerte, Germany), biotinylated Galanthus
nivalis agglutinin (10 ug/mL) (Vector Laboratories, Peterborough,
United Kingdom), rabbit polyclonal anti-HRP antiserum (1 pg/mL)
(Thermo Scientific, Schwerte, Germany) and detected with the alkaline
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phosphatase conjugates of anti-mouse IgG (0.4 ug/mL), ExtrAvidin
(1:20000) or anti-rabbit IgG (0.05ug/mL) (Sigma, Taufkirchen,
Germany). The bound secondary antibodies were visualized with ni-
trotetrazolium blue chloride and 5-bromo-4-chloro-3-indolyl phosphate
(AppliChem, Darmstadt, Germany) as substrate.

3. Results
3.1. Heterogeneity of PVF1

Mature Pvfl transcripts were amplified from HBV gland tissue by
reverse transcription PCR. All cloned nucleotide sequences and their
GenBank numbers are shown in Fig. S2A. Sequence analyses of the
obtained Pvfl amplicons revealed the existence of at least three variants
(Fig. 1, Fig. S2B). The nucleotide sequence of variant 1 matched the
GenBank record XM_392204.4, representing the predicted Pvfl mRNA
sequence. Only one nucleotide substitution was found between the
cloned fragment and the predicted NCBI sequence (Fig. S2C). However,
the sequences are identical at the protein level (Fig. S2D). Compared to
variant 1, variant 2 lacks a sequence of four nucleotides, while variant 3
contains an additional internal sequence of 82 nucleotides. Variant 1
and 2 show five nucleotide substitutions (Fig. S2B), three of those re-
sulting in an amino acid substitution (Fig. 1). Alignments of all three
variants with the genome show that they are all generated by alter-
native splicing of the same gene (Fig. S3). The Pvfl gene is positioned
on chromosome LG2 and consists of six exons (GenelD: 408666). Three
alternative 5’donor sites are present within exon 5. While variant 1 and
variant 2 use an alternative canonical GT splice donor, variant 3 uses a
non-canonical GC splice donor. In addition, BeeBase (Elsik et al., 2016;
Honeybee Genome Sequencing, 2006) blasts confirmed the existence of
these Pvfl transcripts and their expression in honeybee tissues. A
complete variant 1 (GenBank: gi|308418987) and variant 3 (GenBank:
8i|308392023) expressed sequence tag (EST) was found in a brain/
ovary and abdomen database, respectively. In contrast, only a partial
variant 2 (GenBank: gi|10276753) EST is available in a honeybee an-
tennae database.

The variant 1 transcript codes for a protein of 292 amino acids. In
contrast, due to the alternative splice events, variant 2 and variant 3 use
alternative stop codons, which generate C-terminally truncated proteins
with lengths of 272 and 249 amino acids, respectively (Fig. 2, Fig. S2E).
In order to obtain proteomic evidence for the presence of particular
PFV1 variants within HBV, honeybee venom MS/MS data from pre-
ceding proteomic analyses (Van Vaerenbergh et al., 2014) were ana-
lyzed for the presence of variant-specific tryptic peptides of the C-
terminal sequence which differs in all three variants. This analysis
identified the peptide ETQECSTGFYFDQNSCR which is found in the C-

Toxicon 150 (2018) 198-206

terminal region of both variant 1 and variant 3, but not of variant 2
(Fig. 1). Unfortunately, additional distinguishing peptides could not be
found.

3.2. Recombinant production of C1q and PVF1

In order to further characterize Clq (Fig. 3) and PVF1 and to ad-
dress the putative allergic potential of the two proteins, both were re-
combinantly produced by the baculoviral infection of Spodoptera frugi-
perda (Sf9) insect cells. As PVF1 variant 1 is the longest variant and as it
was proven that it is contained in HBV, it seems to be the most suitable
variant for assessing the allergenic potential of PVF1. Hence, this var-
iant was selected for recombinant production. Ni2 + -affinity chroma-
tography yielded soluble recombinant C1q and PVF1 from culture su-
pernatants as shown by Coomassie staining and reactivity with an
antibody directed against the V5-epitope tag added for recombinant
expression (Fig. 4). Both proteins contain one predicted N-glycosylation
site (Gupta and Brunak, 2002) and reactivity with Galanthus nivalis
agglutinin (GNA) (reactive with terminal 1,2-. 1,3- and 1,6-linked
mannose residues) proves the presence of N-linked glycans (Fig. 4).
However, staining with rabbit polyclonal horseradish peroxidase (HRP)
antiserum, specific for a-1,3-core fucosylation, the structure re-
sponsible for clinically irrelevant cross-reactive carbohydrate determi-
nant(CCD)-based cross-reactivity, demonstrates the lack of CCDs, as
shown previously for other allergens produced in Sf9 insect cells (Blank
etal., 2010, 2011a, 2011b; Schiener et al., 2018; Seismann et al., 2010).
Hence, proteins produced in Sf9 cells are ideal tools to assess their al-
lergenic potential on protein level independent of interfering CCD-re-
activity (Ollert and Blank, 2015).

3.3. Allergenic potential of C1q and PVF1

To evaluate the allergenic potential of C1q and PVF1, sIgE reactivity
of 26 HBV-allergic patients with the two proteins was addressed by
ELISA (Fig. 5A). HBV allergy was confirmed by a combination of clin-
ical history, skin test and sIgE level to HBV (Table 1).

Thereby, 10/26 patients (38.5%) exhibited pronounced sIgE-re-
activity with Clq above the cut-off of the ELISA. Likewise, 10/26
(38.5%) patients exhibited pronounced sIgE reactivity with PVF1. HBV
allergy of all patients again was confirmed by the strong sIgE-reactivity
of 25/26 (96.2%) of the patients with the HBV major allergen Api m 1
(phospholipase A2). Interestingly, eight patients were reactive with
both Clq and PVF1 (Fig. 5B, Table 1). Intriguingly, the patients who
were reactive with C1q and/or PVF1 showed a tendency to higher sIgE
levels to whole HBV (i1) in ImmunoCAP measurements (Table 1). Two
of the patients had CAP class 6 (> 100 kU,/L), two class 5 (50.1-100

PVF1l variant 1 QLEDTRYPDQRIVFPDRGRETANPALEGGPSGGGIGELAKSIQLAKKISSINSRDDFLKL
PVF1l variant 2 QLEDTRYPDRRIVFPDRGRETANPALEGGPSGGGIGELAKSIQLAKKISSINSRDDFLKL
PVF1l variant 3 QLEDTRYPDQRIVFPDRGRETANPALEGGPSGGGIGELAKSIQLAKKISSINSRDDFLKL
K K K K 1K K kK X ok ok ok ok ok ok ok ok ok ok ok ok ok kK ok ok ok ok ok ok ok K ok ok ok ok K ok ok ok ok ok ok ok ok
PVF1l variant 1 VKDVPKDISFFSSSSRMGETERSNAERPNQALCMPELQTVPLLENEPSVIYYPTCTRIKR
PVF1l variant 2 VKDVPKDI SFFSSSSRMGETERSNAERPNQALPELQTVPLLENEPSVIYYPTTRIKR
PVF1l variant 3 VKDVPKDISFFSSSSRMGETERSNAERPNQALCMPELQTVPLLENEPPVIYYPTCTRIKR
B R ]
PVF1l variant 1 [CGGCCTHSLLSCQPTATEIRNFEILVTILESSGKLKYQGKRIVPIEEHTQC[T[CDCKIKET
PVF1l variant 2 GGTHSLLSS%ZPTATEIRNFEILVTILESSGKLKYQGKRIVPIEEHTQEEDCKIKET
PVF1l variant 3 [CGGCCTHSLLSCQPTATEIRNFEILVTILESSGKLKYQGKRIVPIEEHTQCTCDCKIKET
KA KA KA A A AR KA KA A AN KA AR AN A A A AR A A AR A AR A A AR A A A A AR A A AR AR A A AR KKk kK
PVF1l variant 1 DCNKKQSYVPEECTCACNNVDEQKKCNESNIKMWHPDLCSCFCRETQECSTGFYFDONSC
PVF1l variant 2 DCNKKQSYVPEECTCACNNVDEQRKCNESNIKMWHPDLCSCFCRETQECSTGEFYFDQNSY
PVF1l variant 3 DCNKKQSYVPEECTCACNNVDEQKKCNESNIKMWHPDLCSCFCRETQECSTGFYFDQNSC
sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ks Rk ok ok ok ok ok ks ko ok sk ok sk sk ok sk ok sk ok ok ok ok ok ok ok ok ok ok k kK
PVF1l variant 1 RCLQVPLSRTWFTSTKGSDYRFGQTQRPDNVPPVIIALDSDDPRRKPKPDPE
PVF1l variant 2 ACKYRYLEHGLHPQKVLIIDSDKHKDQIMYHR--——--——————————————
PVF1l variant 3 RCERNNKDL-————————————— - —m——————

Fig. 1. Protein sequence alignment of the PVF1
variants. Asterisks, colons, and periods indicate fully
conserved, strongly similar, and weakly similar re-
sidues, respectively. Peptides identified by mass
spectrometry (Van Vaerenbergh et al., 2014) are
shown in yellow. Amino acid substitutions are in-
dicated in red. The eight conserved cysteine residues
of the central platelet-derived and vascular en-
dothelial growth factor domain are shown boxed.
(For interpretation of the references to color in this
figure legend, the reader is referred to the Web ver-
sion of this article.)
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PVF1 variant 1 (879 nt) -/\-/\ 206 nt

PVF1 variant 2 (875 nt)

PVF1 variant 3 (961 nt)
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111 nt

;

A
A
A

206 nt 111 nt 157 nt
206 nt 111 nt ¢ | 157 ntf] |

Fig. 2. Schematic representation of the exon-intron-structure of the three PvfI amplicons. Exons are shown as colored boxes, while introns are presented as lines. Red
boxes present alternative stop codons that generate C-terminally truncated variants. nt = nucleotides. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)
Clg

LAVFVDSGKISDGVTEFSGYRIAKI

AIPDPPNSKISTVNPSKLSTAVDCTGIIAFSATHASVDHAKAVFAETLVDKGVGYVPQTG
IFITNCPGLYQEFSFAGYGSTDLRLTLKKKONNSDSWRPVVGTGAGGGANLILLEVDVGDQ

Fig. 3. Protein sequence of C1q. Shown is
the mature sequence of C1q. Conserved re-
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member of the Clq domain-containing

protein family (Tom Tang et al., 2005) are shown in red. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)
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Fig. 4. Recombinant expression and characterization of C1q and PVF1. SDS-PAGE and Western blot analyses of C1q and PVF1, recombinantly produced in Sf9 insect
cells, visualized either by Coomassie blue staining or anti-V5 epitope antibody, GNA (Galanthus nivalis agglutinin) or anti-HRP (horseradish peroxidase) antiserum.
For anti-HRP staining a CCD-bearing protein served as positive control (Seismann et al., 2010). M, molecular weight marker.

kUa/L), three class 4 (17.6-50 kU,/L), two class 3 (3.6-17.5 kU/L),
two class 2 (0.71-3.5 kU,/L) and one class 1 (0.35-0.7 kU,/L). In
contrast, in the group of patients without reactivity to C1q and PVF1
one had class 6, three class 4, five class 3, four class 2 and one class 1.
Control patients without clinical history of HBV allergy exhibited no
reactivity with Clq or PVF1 (Fig. S4).

However, since sIgE sensitization does not imply a clinically re-
levant allergy to the allergen per se, the capability of C1q and PVF1 to
cross-link receptor-bound IgE antibodies and, thus, to activate effector
cells, was analyzed. For this purpose, basophil activation tests (BATSs)
were performed (Fig. 6) as previously described (Eberlein et al., 2012;
Schiener et al., 2017a, 2018). Two patients (5 and 11) with sIgE to Clq
only and four patients (9, 18, 20 and 24) with sIgE to C1q and PVF1
were analyzed in BAT. Interestingly, none of the patients showed any
basophil activation by Clq and PVF1, hinting to the fact that both
proteins are not able to cross-link receptor-bound IgE antibodies. In
contrast, Api m 1 induced a dose-dependent basophil activation in all
patients. This could even be observed in patient 24 who showed a very
low level of Api m 1-specific sIgE that was only detectable by Im-
munoCAP measurement but not by ELISA (Table 1). In contrast, sIgE to
Clq and PDV1 were well detectable in ELISA, however, both proteins
were unable to activate basophils. Basophil activation by C1q and PVF1
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was also negative in five other patients (6, 10, 16, 17, 19) and two non-
allergic controls (data not shown).

4. Discussion

Hymenoptera venoms contain an enormous diversity of different
components playing roles in toxicity as well as eusociality (Baracchi
et al., 2011; de Graaf et al., 2010). The European honeybee, Apis mel-
lifera, is the most important pollinator and domesticated by humans for
the production of honey all over the world. Therefore, a honeybee sting
has been an unpleasant experience for many people and many re-
searchers have become intrigued by the HBV composition and toxic
effects of individual venom components. Moreover, HBV is one of the
most common elicitors of IgE-mediated venom allergy and can lead to
severe systemic and even fatal reactions in sensitized individuals (Blank
et al., 2018; Sturm et al., 2018).

The two highest abundant HBV components, melittin (Api m 4) and
phospholipase A2 (PLA2, Api m 1) already make up more than 60% of
the venom dry weight (Hider, 1988). Besides these two components,
HBV contains multiple proteins of lower abundance (Peiren et al., 2008;
Van Vaerenbergh et al., 2014), out of which only few have been
characterized in detail. To date, 113 proteins have been identified as
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Fig. 5. SIgE reactivity of HBV-allergic patients with recombinant C1q and PVF1 in ELISA. (A) sIgE immunoreactivity of HBV-allergic patients (n = 26) with re-
combinant C1q and PVF1 as well as native Api m 1 (phospholipase A2). (B) Comparative sIgE immunoreactivity of C1g- and/or PVF1-positive HBV-allergic patients
(n = 12) with Clq and PVF1. The lower end cut-off of the ELISA is represented by dotted lines.

Table 1
Clinical and serological data of HBV-allergic patients analyzed in ELISA and basophil activation test.
Patient ID  Sting reaction Skin test” (i.c.)  tIgE [kU/ sIgE HBV (il1) sIgE Apim 1 (i1208) sIgE Clq sIgE PVF1 sIgE Apim 1 Negative control
grade® HBV L] [class] [class] [OD40s] [OD40s] [OD4os]
1 4 0.0001 226 4 3 3.15 3.38 2.50 0.33
2 2 0.001 222 4 4 0.51 0.33 3.34 0.22
3 2 0.001 16.1 3 n.d. 0.40 0.36 1.28 0.23
4 3 0.01 150 2 n.d. 0.45 0.65 1.17 0.25
5 3 0.0001 306 5 2 1.05 0.44 3.28 0.27
6 2 0.001 164 6 5 0.38 0.58 3.23 0.23
7 2 0.1 160 2 n.d. 0.38 0.3 0.56 0.22
8 3 0.001 7.85 2 2 0.34 0.29 1.28 0.27
9 1 0.0001 345 5 2 1.06 2.70 3.29 0.22
10 2 0.01 1102 6 2 0.49 0.44 1.76 0.25
11 2 0.001 334 6 4 0.68 0.51 3.31 0.29
12 2 0.001 22.1 3 1 0.55 1.11 0.60 0.20
13 2 0.001 78.8 2 0/1 0.82 0.85 0.74 0.33
14 4 0.001 137 4 3 0.39 0.32 3.09 0.27
15 3 0.0001 10.3 2 1 0.35 0.29 0.53 0.32
16 3 0.1 517 3 2 0.48 0.36 1.30 0.25
17 2 0.0001 105 3 2 0.35 0.44 3.24 0.37
18 2 0.001 38.6 3 2 2.28 2.41 2.57 0.23
19 3 0.1 419 4 2 0.41 0.37 1.77 0.22
20 1 0.0001 42 4 0/1 0.62 1.41 1.72¢ 0.23
21 2 0.0001 171 4 3 0.58 1.00 3.23 0.44
22 2 0.001 34 1 1 0.49 0.45 0.87 0.22
23 3 0.1 68.3 3 3 0.35 0.29 0.57 0.41
24 3 0.1 350 1 1 0.78 2.03 0.44 0.30
25 3 0.0001 143 2 n.d. 0.32 0.29 1.07 0.24
26 3 0.001 11.5 3 n.d. 0.48 0.46 2.46 0.30

The sIgE levels to HBV (i1) and Api m 1 (i208) as well as the total IgE (tIgE) levels were determined with the UniCAP250 system (Thermo Fisher Scientific). The sIgE
levels to recombinant C1q and PFV1 as well as native Api m 1 were measured by ELISA. sIgE levels above the lower end cut-off of the ELISA are displayed in bold.

2 According to Ring and Messmer (1977).

> For intradermal skin tests the lowest venom concentration [ug/mL] that gave a positive result is displayed.

¢ The slightly discrepant results between the higher level of sIgE to native Api m 1 in ELISA and the lower level of sIgE to recombinant Api m 1 in the InmunoCAP
measurement can be explained by the presence of CCD-specific IgE (class 2), since CCDs are present on native Api m 1 but not on recombinant Api m 1.
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Fig. 6. Basophil activation tests of HBV-allergic patients. Basophils were exposed to different concentrations of recombinant C1q and PVF1 as well as native Api m 1
(phospholipase A2). Additionally, stimulation with anti-FceRI antibody (positive control) and plain stimulation buffer (negative control) is shown. Activation is
shown as percentage of CD63™ out of total basophilic cells. The cut-off of the assay (10%) is represented as dotted line.

components of HBV and, so far, the allergenic properties of only 12 of
them have been addressed (Blank et al., 2018; Radauer et al., 2014).
However, research conducted within the last years indicated that the
knowledge of venom allergens on a molecular level is able to contribute
to advanced diagnostic and therapeutic approaches for HBV allergy
(Antolin-Amerigo et al., 2017; Blank et al., 2018; Jakob et al., 2017a).
Today, it is widely accepted that the component-resolved analysis of the
honeybee venome is able to contribute to a better understanding of the
role of individual proteins in the function of the venom and of their
contribution to the allergic potential of the venom. Hence, aim of this
study was the immunological characterization of the novel HBV com-
ponents Clq-like protein and PVF1.

PVF1 belongs to the PDGF/VEGF (platelet-derived growth factor/
vascular endothelial growth factor) family. Our analyses demonstrated
the presence of at least three different transcript variants in the venom
gland tissue that are generated by alternative splicing. While in verte-
brates two networks, PDGF/PDGFR (PDGF receptor) and VEGF/VEGFR
(VEGF receptor), have evolved, invertebrates possess a single PVF/PVR
(PDGF/VEGF-like factor/PVF receptor) network (Hoch and Soriano,
2003). In the fruit fly Drosophila melanogaster, three Pvf genes were
found (Pvf1, Pvf2 and Pvf3), which are ligands for a single PDGF/VEGF
receptor (Cho et al., 2002). The Pvf genes have distinct expression
patterns in the fruit fly embryo (Harris et al., 2007) and execute dif-
ferent functions during development (Hoch and Soriano, 2003). HBV
PVF1 shows the highest similarity to the fruit fly PVF1. Also two splice
variants of the fruit fly PVF1 have been described, but in comparison to
the honeybee homologue these differ at their N-termini (Cho et al.,
2002). Alternative splicing of Pvfl transcripts in both species does not
affect the central PDGF/VEGF domain, which includes the typical eight
conserved cysteines important for dimerization and functional activity
(Tarsitano et al., 2006). Two additional predicted genes containing a
PDGF/VEGF domain were found in the honeybee genome, while these
compounds were detected in none of the honeybee venom proteome
analyses. These predicted genes (GenelIDs:100577397 and 100579031)
are positioned on different chromosomes and both show highest se-
quence similarity to fruit fly Pvf3. While fruit fly Pvf2 and Pvf3 were

204

suggested to be generated by gene duplication due to their close
proximity in the genome (Cho et al., 2002), no additional Pvf gene was
found within the honeybee genome in addition to the two Pvf3-re-
sembling genes.

A function of PVF1 in HBV might be suggested based on similar
venom components from other species. PVF1 may act similar to snake
venom VEGF-like molecules, which are the most potent known vascular
permeability factors and which facilitate venom spreading
(Francischetti et al., 2004). Certainly, the here recombinantly produced
HBV PVF1 can built the basis for future functional studies.

The second venom component evaluated in this study, Clq-like
protein, contains a C1q domain referring to the Cl1q complex that in-
itiates the activation of the complement system in higher organisms (de
Graaf et al., 2010). Expression of a homologous Clg-like protein was
also demonstrated for the venom gland of the jewel wasp Nasonia vi-
tripennis (de Graaf et al., 2010). Both venom C1q-like proteins contain
no additional conserved domains and were suggested to be members of
the venom trace molecules (de Graaf et al., 2010; Van Vaerenbergh
et al., 2014). As the human globular C1q domain directly interacts with
lipopolysaccharides from Gram-negative bacteria (Roumenina et al.,
2008) it was suggested to further explore possible functions of the in-
sect Clq-like proteins in the cellular immune response, particularly as
opsonizing molecules (de Graaf et al., 2010). For such purposes the here
recombinantly produced HBV Clq might serve as ideal agent.

A particular aim of this study was to evaluate the role of HBV Clq
and PVF1 as allergens responsible for allergic sensitization of humans.
So far, the HBV components phospholipase A2 (Api m 1), hyaluronidase
(Api m 2), acid phosphatase (Api m 3), dipeptidyl peptidase IV (Api m
5) and icarapin (Api m 10) were demonstrated to be major allergens of
HBV to which a majority of allergic patients exhibits sIgE antibodies
(Arzt et al., 2017; Blank et al., 2010, 2011b; Frick et al., 2015, 2016;
Grunwald et al., 2006; Kohler et al., 2014; Seismann et al., 2010). Other
venom components such as serine protease inhibitor (Api m 6), major
royal jelly proteins (Api m 11) and vitellogenin (Api m 12) are minor
allergens with putative importance for a minor fraction of allergic pa-
tients (Blank et al., 2012, 2013; Michel et al., 2012).
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In this study, approximately 38.5% of HBV-allergic patients ex-
hibited sIgE reactivity with Clq and PVF1, respectively. The sIgE-re-
activity clearly was directed against protein epitopes of C1q and PVF1
and independent of interfering sIgE antibodies directed against cross-
reactive carbohydrate determinants (CCDs) as both proteins were pro-
duced as CCD-free molecules in Sf9 insect cells (Seismann et al., 2010).
However, all reactive patients additionally showed sIgE sensitization to
Api m 1 and/or HBV extract. In this context sensitization profiles of
patients with a clear history of HBV allergy but negative sIgE test results
to currently available HBV allergens may be of particular interest. Here
novel allergens such as C1q and PVF1 might help to close the diagnostic
gap that still exists in the molecular diagnostics of HBV allergy (Blank
et al., 2018; Jakob et al., 2017a, 2017b; Kohler et al., 2014). Compo-
nent resolved analysis of the sensitization profile in a large population
of HBV allergic patients in a previous study revealed 5.6% that did not
show IgE reactivity to the currently available allergens. Among these,
25% displayed IgE reactivity to Clq (Kohler et al., 2014) suggesting
that sIgE to C1q and/or PVF1 might be of relevance for the molecular
diagnostics of particular HBV-allergic patients.

Of note, the C1q- and/or PVF1-reactive patients showed a tendency
to higher sIgE levels to whole HBV compared to the non-reactive pa-
tients. Moreover, eight out of 12 patients with positive sIgE to C1q and/
or PVF1 exhibited sIgE reactivity to both proteins. These observations
might lead to the hypothesis that higher sIgE levels to HBV might be
associated with sensitization to a broader panel of venom proteins, as
has been suggested previously (Kohler et al., 2014).

The lack of basophil activation in patients with sIgE to C1q and/or
PVF1 seems to indicate a missing relevance of these two venom proteins
for the allergic reaction. Detectable levels of sIgE to a certain protein do
not automatically render it an allergen. By fact, only the capability of a
protein to activate mast cells and basophils via cross-linking of re-
ceptor-bound IgE antibodies on their surface determines its allergenic
properties. The lack of basophil activation by C1q and PVF1 might be
explained by the number and distribution of IgE epitopes on the two
proteins or the level of sIgE in the context of total IgE. Moreover, even
though insect cells were shown to be a suitable expression system for
biologically active allergens (Seismann et al., 2010; Soldatova et al.,
1998), it never can be fully excluded that the recombinant allergens
might show another folding compared to their native counterparts,
resulting in different effector cell activation capacity. Although these
hypotheses clearly need further careful investigation, the discrepancy
between sIgE sensitization and lack of basophil activation certainly has
the potential to contribute to the understanding of the factors that de-
termine the allergenic potential of a protein.

5. Conclusion

Clq and PVF1 are components of honeybee venom of low to mod-
erate abundance. Both proteins are able to induce sIgE antibodies in a
minor fraction of venom-allergic individuals. Hence, they might be of
importance for accurate diagnosis of the small number of patients who
are not covered by the currently available allergen components.
However, the missing capability of both venom proteins to activate
basophils of sIgE-sensitized allergic patients renders their relevance in
the context of clinically relevant sensitization questionable.
Nevertheless, the discrepancy between sIgE-inducing potential and
lacking basophil activation might in the future help to determine factors
that define the allergenic potential of proteins.
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Figure S4. Gating strategy used in the basophil activation test. Basophilic cells were
identified as CCR3™ and SSC'™. Further, the persentafe of activated basophils was
calculated by the identification of CD63"* basophilsin the population of total basophils.
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Figure S2: Identification of PVF1 variants.

A: Nucleotide sequences and GenBank accession numbers of sequenced mature PVF1 clones,
generated by reverse transcription PCR on honeybee venom gland tissue.

>KF153240|PVF1_var 1
CAACTCGAGGATACCAGATACCCCGACCAAAGGAT AGT GT TCCCCGAT CGGGRGAGAGAAACGGCGAATCC
TGOGT T GGAGGGCGRGCCGAGT GGAGGAGGAAT TGGCGAAT TGGCGAAAT CGATACAATTAGCCAAGAAAA
TCAGTTCCATTAATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GTGCCGAAGGATATATCTTTCTTC
TCCTCGAGCAGT AGAAT GGGAGAAACT GAACGT TCGAAT GCCGAGCGACCAAAT CAAGCT TTGTGTATGCC
TGAATTGCAAACAGT TCCTCTATTAGAAAAT GAGCCATCTGTTATTTATTATCCAACT TGCACACGGATCA
AAAGAT GCGGAGGT TGTTGTACACACT CACT CCTCTCTTGTCAACCAACGGCTACGGAAATTCGAAATTTC
GAGATTCTTGTGACAATTCTTGAATCCAGTGGTAAGT TAAAATAT CAAGGCAAACGT AT CGTACCGATAGA
GGAGCACACGCAAT GCACGT GT GACT GCAAAAT AAAGGAGACGGACT GTAACAAGAAACAGT CTTATGTAC
CAGAGGAATGTACAT GTGOGT GCAACAACGT CGAT GAACAGAAAAAGT GTAATGAAAGCAACATAAAAATG
TGGCACCCAGATCTTTGTAGCTGT TTTTGCAGAGAAACACAGGAATGTTCAACTGGTTTTTATTTCGACCA
AAATTCAT GCAGAT GCCT GCAAGTACCGCTAT CTAGAACATGGT TTACAT CCACAAAAGGT TCTGATTATA
GATTCOGGACAAACACAAAGACCAGATAAT GTACCACCGGT AATAATTGCCCTAGATTCAGATGATCCTAGA
AGAAAACCTAAACCAGATCCAGAATAA

>KF153241|PVF1_var 2
CAACTCGAGGATACCAGATACCCOGACCGAAGGATAGT GT TCCCCGAT CGEGRGAGAGAAACGECGAATCC
TGOGT T GGAGEECGEGECCCAGT GGAGGAGGAAT TGGOGAAT TGGCGAAAT CGATACAAT TAGCCAAGAAAA
TCAGTTCCATTAATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GTGCCGAAGGATATATCTTTCTTC
TCCT CGAGCAGT AGAAT GBGAGAAACT GAACGT TCGAAT GOCGAGCGACCAAAT CAAGCT TTGTGTATGCC
TGAATTGCAAACAGT TCCTCTATTAGAAAAT GAGCCATCTGT TATTTATTATCCAACT TGCACACGGATCA
AAAGAT GCGGAGGT TGTTGTACACACT CACTCCTCTCTTGT CAACCAACGGRCTACGGAAATTCGAAATTTC
GAGATTCTTGTGACAATTCTTGAATCCAGT GGTAAAT TAAAATAT CAAGGCAAACGT ATCGTACCGATAGA
GGAGCACACGCAAT GCACGT GTGACT GCAAAAT AAAGGAGACGGACT GTAACAAGAAACAGTCTTATGTAC
CAGAGGAATGTACATGTGCGT GCAACAACGT CGATGAACAGAGAAAGT GTAATGAAAGCAACATAAAAATG
TGGCACCCAGATCTTTGTAGCTGT TTTTGCAGAGAAACACAGGAATGTTCAACTGGTTTTTATTTCGACCA
AAATTCATATGCCTGCAAGTACCGCTATCTAGAACATGGT TTACATCCACAAAAGGT TCTGATTATAGATT
CGGACAAACACAAAGACCAGATAAT GTACCACCGGTAATAAT TGCCCTAGAT TCAGAT GATCCTAGAAGAA
AACCTAAACCAGATCCAGAATAA

>KF153242|PVF1_var 3
CAACTCGAGGATACCAGATACCCCGACCAAAGGAT AGT GT TCCCCGAT CGGGRGAGAGAAACGGCGAATCC
TGOGT T GGAGGGCGRGCCGAGT GGAGGAGGAAT TGGCGAAT TGGCGAAAT CGATACAATTAGCCAAGAAAA
TCAGTTCCATTAATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GT GCCGAAGGATATATCTTTCTTC
TCCTCGAGCAGT AGAAT GGGAGAAACT GAACGT TCGAAT GCCGAGCGACCAAAT CAAGCT TTGTGTATGCC
TGAATTGCAAACAGT TCCTCTATTAGAAAAT GAGCCACCTGTTATTTATTATCCAACT TGCACACGGATCA
AAAGAT GCGGAGGT TGTTGTACACACT CACT CCTCTCTTGTCAACCAACGGCTACGGAAATTCGAAATTTC
GAGATTCTTGTGACAATTCTTGAATCCAGTGGTAAATTAAAATAT CAAGGCAAACGT AT CGTACCGATAGA
GGAGCACACGCAAT GCACGT GT GACT GCAAAAT AAAGGAGACGGACT GTAACAAGAAACAGT CTTATGTAC
CAGAGGAATGTACAT GTGOGT GCAACAACGT CGAT GAACAGAAAAAGT GTAATGAAAGCAACATAAAAATG
TGGCACCCAGATCTTTGTAGCTGT TTTTGCAGAGAAACACAGGAATGTTCAACTGGTTTTTATTTCGACCA
AAATTCAT GCAGGT GTGAACGGAACAACAAGGATTTGTAATACGGGAATAACATCTTTCCTTCTTTGCTGC
ATTTCTATTATCTTGTATATCTTATGCCTGCAAGTACCGCTAT CTAGAACATGGTTTACAT CCACAAAAGG
TTCTGATTATAGATTCGGACAAACACAAAGACCAGATAAT GTACCACCGGTAATAATTGCCCTAGATTCAG
ATGACCCTAGAAGAAAACCT AAACCAGATCCAGAATAA




B: Sequence aignment of nucleotide sequences of the PVF1 variants. Nucleotide
substitutions are indicated in red.

variant 3 CAACTCGAGGATACCAGATACCCCGACCAAAGGATAGT GTTCCCCGAT CGBGGEGAGAGAA 60
variant1l CAACTCGAGGATACCAGATACCCCGACCAAAGGATAGTI GTTCCCCGATCGGGGGAGAGAA 60
variant 2 CAACTCGAGGATACCAGATACCCCGACCGAAGGATAGT GTTCCCCGAT CGGGGEGAGAGAA 60
****************************.*******************************
variant 3 ACGGCGAATCCTGCGT TGGAGGGECGEEECCGAGT GGAGGAGGAATTGECGAATTGGECGAAA 120
variant1l ACGGCGAATCCTGCGT TGGAGGGCGEEECCGAGT GGAGGAGGAATTGECGAATTGGECGAAA 120
variant 2 ACGGCGAAT CCTGCGT TGGAGGECGEECCGAGT GGAGGAGGAAT TGECGAATTGGCGAAA 120
RS R R SRR EEEEEEEEEEEREEEEEEEEEEEEEEEEE SRR IR
vari ant 3 TCGATACAATTAGCCAAGAAAATCAGTITCCATTAATTCGAGAGACGATTTTCTTAAATTA 180
variant 1 TCGATACAATTAGCCAAGAAAATCAGT TCCATTAATTCGAGAGACGATTTTCTTAAATTA 180
vari ant 2 TCGATACAATTAGCCAAGAAAATCAGTI TCCATTAATTCGAGAGACGATTTTCTTAAATTA 180
EE IR R I R I S I S I R R I R S S I R R I R R R I R I R S I R R R S A R E I S R O S S R
variant 3 GTCAAAGATGTGCCGAAGGATATATCTTTCTTCTCCTCGAGCAGTAGAATGGGAGAAACT 240
variant1l GICAAAGATGT GCCGAAGGATATATCTTTCTTCTCCTCGAGCAGTAGAATGGGAGAAACT 240
variant 2 GTCAAAGATGTGCCGAAGGATATATCTTTCTTCTCCTCGAGCAGTAGAATGGGAGAAACT 240
RS R R SRR EEEEEEEEEEEREEEEEEEEEE SRR RS EE R I
variant 3 GAACGT TCGAATGCCGAGCGACCAAATCAACCTTTGTGTATGCCTGAATTGCAAACAGTT 300
variant1 GAACGT TCGAAT GCCGAGCGACCAAATCAAGCTTTGTGTATGCCTGAATTGCAAACAGTT 300
vari ant 2 GAACGT TCGAATGCCGAGCGACCAAATCAACCTTTGTGTATGCCTGAATTGCAAACAGTT 300
EE IR R S R I S I I R R I R R S I R R I R R R I R S I R S I R R I I S I R R I R S I R S
variant 3 CCTCTATTAGAAAATGAGCCACCTGTTATTTATTATCCAACTTGCACACGGATCAAAAGA 360
variant1l CCTCTATTAGAAAATGAGCCATCTGITATTTATTATCCAACT TGCACACGGATCAAAACGA 360
vari ant 2 CCTCTATTAGAAAATGAGCCATCTGTTATTTATTATCCAACTTGCACACGGATCAAAACGA 360
EE R R I I I EE R R I I I I
variant 3 TGCGGAGGT TGTTGTACACACTCACTCCTCTCTTGTCAACCAACGGECTACGGAAATTCGA 420
variant1 TGCGGAGGT TGTTGTACACACTCACTCCTCTCTTGTCAACCAACGGCTACGGAAATTCGA 420
variant 2 TGCGGAGGTTGTTGTACACACTCACTCCTCTCTTGTCAACCAACGGCTACGGAAATTCGA 420
R R R R R R R R R R R R R R R R R I I I I I I I
variant 3 AATTTCGAGATTCTTGTGACAATTCTTGAATCCAGTGGTAAATTAAAATATCAAGGCAAA 480
variant 1 AATTTCGAGATTCTTGT GACAATTCTTGAATCCAGTGGTAAGT TAAAATATCAAGGCAAA 480
vari ant 2 AATTTCGAGATTCTTGTGACAATTCTTGAATCCAGTGGTAAATTAAAATATCAAGGCAAA 480
*****************************************.******************
variant 3 CGTATCGTACCGATAGAGGAGCACACGCAATGCACGT GTGACT GCAAAATAAAGGAGACG 540
variant1l CGTATCGTACCGATAGAGGAGCACACGCAATGCACGT GTGACTGCAAAATAAAGGAGACG 540
variant 2 CGTATCGTACCGATAGAGGAGCACACGCAATGCACGT GTGACT GCAAAATAAAGGAGACG 540
R R R R SRR EEEEEEEEEEEREEEEEEEEEE SRR RS R IR
vari ant 3 GACTGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGT GCGTGCAACAACGTC 600
variant1 GACTGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACAT GTGCGTGCAACAACGTC 600
vari ant 2 GACTGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGT GCGT GCAACAACGTC 600
EE IR R I R S I S S R R I R R I R R R I R R R I R S I R S I R R I I S I R Sk I R S I R I
variant 3 GATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAATGTGGCACCCAGATCTTTGTAGC 660
variant1l GATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAAT GTGGCACCCAGATCTTTGTAGC 660
variant 2 GATGAACAGAGAAAGT GTAATGAAAGCAACATAAAAATGT GGCACCCAGATCTTTGTAGC 660
**********.*************************************************
vari ant 3 TGITTTTGCAGAGAAACACAGGAATGTI TCAACTGGTTTTTATTTCGACCAAAATTCATGC 720
vari ant 1 TGTTTTTGCAGAGAAACACAGGAATGT TCAACTGGTTTTTATTTCGACCAAAATTCATGC 720
vari ant 2 TGITTTTGCAGAGAAACACAGGAATGTI TCAACTGGTTTTTATTTCGACCAAAATTCAT-- 718
R R RS SRR EEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES]
variant 3 AGGT GT GAACGGAACAACAAGGATTTGTAATACGGGAATAACATCTTTCCTTCTTTGCTG 780
variantl R e i 722

Vari ant 2 = e e e e e e e e e e e e e e e e eeoao-



vari
vari
vari

vari
vari
vari

vari
vari
vari

vari
vari
vari

ant 3
ant 1
ant 2

ant 3
ant1
ant 2

ant 3
ant 1
ant 2

ant 3
ant1
ant 2

CATTTCTATTATCTTGTATATCTTATGCCTGCAAGT ACCGCTAT CTAGAACATGGTTTAC
------------------------ ATGCCTGCAAGTACCGCTATCTAGAACATGGTTTAC
------------------------ ATGOCTGCAAGTACCGCTATCTAGAACATGGTTTAC

R I O S S S I O

ATCCACAAAAGGT TCTGATTATAGAT TCGGACAAACACAAAGACCAGATAATGTACCACC
ATCCACAAAAGGT TCTGATTATAGATTCGGACAAACACAAAGACCAGATAATGTACCACC
ATCCACAAAAGGT TCTGATTATAGAT TCGGACAAACACAAAGACCAGATAATGTACCACC

R R S R S Sk S kR R S S S R R S S A R S R kR

GGTAATAATTGCCCTAGATTCAGAT GACCCTAGAAGAAAACCTAAACCAGATCCAGAATA
GGTAATAATTGCCCTAGATTCAGATGATCCTAGAAGAAAACCTAAACCAGATCCAGAATA
GGTAATAATTGCCCTAGATTCAGATGATCCTAGAAGAAAACCTAAACCAGATCCAGAATA

R R S S S O O O

A 961
A 879
A 875
*

840
758
754

900
818
814

960
878
874



C: The obtained nucleotide sequence of mature variant 1 matched with the GenBank record
XM _392204.4, representing the predicted honeybee PVF1 mRNA sequence. Only one
nucleotide substitution was found between the cloned fragment and the predicted NCBI

sequence (indicated in red).
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4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

GCCAGT CGAT CGCGECGCGAGCGCAGT CGAACCTGGTCAGGTGCGACTTT

GATGCGCTCAACT CGAGGATACCAGATACCCCGACCAAAGGATAGTGITCC
------- CAACTCGAGGATACCAGATACCCCGACCAAAGGATAGIGTTCC

IR R R R Sk S S S R R S ok S S R S

CCGAT CGEGEGGAGAGAAACGGCGAAT CCTGCGT TGGAGGGECGGEECCGAGT
CCGATCGGECGAGAGAAACGGECGAAT CCTGCGT TGGAGGECGEECCGAGT

R S R S S S R S b R R S S S R

GGAGGAGGAAT TGECGAATTGGCGAAAT CGATACAATTAGCCAAGAAAAT
GGAGGAGGAAT TGGCGAAT TGGCGAAAT CGATACAATTAGCCAAGAAAAT

Rk S S T S I S

CAGTTCCATTAATTCGAGAGACGATTTTCTTAAATTAGT CAAAGATGTCGC
CAGITCCATTAATTCGAGAGACGATTTTCTTAAATTAGTCAAAGATGTICC

Rk S S T I I S

CGAAGGATATATCTTTCTTCTCCTCGAGCAGTAGAATGGGAGAAACTGAA
CGAAGGATATATCTTTCTTCTCCTCGAGCAGT AGAATGGGAGAAACT GAA

Rk I S O O S S

CGTTCGAAT GCCGAGCGACCAAATCAAGCTTTGTGTATGCCTGAATTGCA
CGTITCGAAT GCCGAGCGACCAAATCAAGCTTTGTGTATGCCTGAATTGCA

Rk S S T S

AACAGTTCCTCTATTAGAAAATGAGCCATCTGI TATTTATTATCCAACTT
AACAGT TCCTCTATTAGAAAATGAGCCATCTGTTATTTATTATCCAACTT

Rk S S S O

50

100

150

200

250

300

350

400

450
43

500

550
143

600
193

650
243

700
293

750
343
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4

4

4

4

4

4

4

4

4

4

4

4

4

4

GCACACGGATCAAAAGATGCCGAGGT TGTTGTACACACTCACTCCTCTCT
GCACACGGATCAAAAGATGCGGAGGT TGT TGTACACACTCACTCCTCTCT

R R R S S S O Rk S S b R R R R R R S

TGTCAACCAACGGCTACGGAAATTCGAAATTTCGAGATTCTTGTGACAAT
TGTCAACCAACGGCTACGGAAATTCGAAATTTCGAGATTCTTGTGACAAT

R R R S O S S O R Rk R R R

TCTTGAATCCAGT GGTAAATTAAAATATCAAGGCAAACGTATCGTACCGA
TCTTGAATCCAGT GGTAAGT TAAAATATCAAGGCAAACGTATCGTACCGA

R I R O S S S I R S b S S R R

TAGAGGAGCACACGCAATGCACGT GTGACT GCAAAATAAAGGAGACGGAC
TAGAGGAGCACACGCAATGCACGT GTGACT GCAAAATAAAGGAGACGGAC

R I R kR S S R R S R I

TGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGTGCGT GCAA
TGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGTGCGT GCAA

R I R O S S O R S S R R S S R R S

CAACGT CGATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAATGTGCEC
CAACGT CGATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAATGTGEC

R S R O S S O S R S S R R R S o

ACCCAGATCTTTGTAGCTGT TTTTGCAGAGAAACACAGGAATGT TCAACT
ACCCAGATCTTTGTAGCTGI TTTTGCAGAGAAACACAGGAATGT TCAACT

R S S S O S

GGTTTTTATTTCGACCAAAATTCATGCAGAT GCCTGCAAGTACCGCTATC
GGITTTTATTTCGACCAAAATTCATGCAGATGCCTGCAAGTACCGCTATC

R S S T S

TAGAACATGGTTTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAA
TAGAACATGGT TTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAA

R I S S O

CACAAAGACCAGATAATGTACCACCGGTAATAATTGCCCTAGATTCAGAT
CACAAAGACCAGATAATGTACCACCGGTAATAATTGCCCTAGATTCAGAT

R I S S O

GATCCTAGAAGAAAACCT AAACCAGATCCAGAATAATCAGATTGGTCATT
GATCCTAGAAGAAAACCTAAACCAGATCCAGAATAA - - === = mm e o= -

R S kR S O O

TATAGGCTAAATTTTAAAACAATTTAATTTCTTATCTTTGIGCCATTTTG

800
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850
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900
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543

1000
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1100
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1150
743

1200
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1300

879
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1400

1450

1500
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1600



gi | 328789530] r ef | XM_392204. 4| TACCTTTTTGITAATATAATGTATAAAAAAATATAAATACATTAAATATA 1650
variantl e e e e e e e e e e e e e e e meee e

gi | 328789530] r ef | XM_392204. 4| CAATG 1655
variant1 ~ a----



D: Amino acid sequence alignment of the obtained mature PVF1 variant 1 sequence with the
GenBank honeybee PVF1 sequence (XP_392204.2).

variantl
gi | 328789531 | ref | XP_392204.

variantl
gi | 328789531 | r ef | XP_392204.

variant 1
gi | 328789531 | ref | XP_392204.

variant 1
gi | 328789531| ref | XP_392204.

variant 1
gi | 328789531 | r ef | XP_392204.

variant 1
gi | 328789531| ref | XP_392204.

variant 1
gi | 328789531| r ef | XP_392204.

2|

2|

2|

2|

2|

2|

2|

-------------------------- QLEDTRYPDQRI VFPDRGRETANP
MPYSKCRTFLRFFAI CSFSTCGLVMAQLEDTRYPDQRI VFPDRGRETANP

R S R R R S R R e

ALEGGPSGGE GELAKSI QLAKKI SSI NSRDDFLKLVKDVPKDI SFFSSS
ALEGGPSGGGE GELAKSI QLAKKI SSI NSRDDFLKLVKDVPKDI SFFSSS

Rk S S S S O I S

SRMGETERSNAERPNQAL CMPEL QTVPLLENEPSVI YYPTCTRI KRCGGC
SRMCETERSNAERPNQAL CMPEL QTVPLLENEPSVI YYPTCTRI KRCGGC

R S S S I O

CTHSLLSCQPTATEI RNFEI LVTI LESSGKLKYQGKRI VPI EEHTQCTCD
CTHSLLSCQPTATEI RNFEI LVTI LESSGKLKYQGKRI VPI EEHTQCTCD

Rk S S S S O

CKI KETDCNKKQSYVPEECT CACNNVDEQKKCNESNI KMAHPDL CSCFCR
CKI KETDCNKKQSYVPEECT CACNNVDEQKKCNESNI KMAHPDL CSCFCR

Rk S S S S S

ETQECSTGFYFDQNSCRCL QVPL SRTWFTSTKGSDYRFGQTQRPDNVPPYV
ETQECSTGFYFDQNSCRCL QVPL SRTWETSTKGSDYRFGQTQRPDNVPPY

R S S O O I O

I 1 ALDSDDPRRKPKPDPE 292
I 1 ALDSDDPRRKPKPDPE 318

R S S O

24
50

74
100

124
150

174
200

224
250

274
300



E: Trandated amino acid sequences of the mature PVF1 variants.

>PVF1 variantl

QLEDTRYPDQRI VFPDRGRETANPALEGGEPSGGE GELAKSI QLAKKI SSI NSRDDFL KLVKDVPKDI SFF
SSSSRMGETERSNAERPNQAL CVPEL QTVPLLENEPSVI YYPTCTRI KRCGGCCTHSLLSCQPTATEI RNF
El LVTI LESSGKLKYQGKRI VPI EEHTQCTCDCKI KETDCNKKQSYVPEECT CACNNVDEQKKCNESNI KM
WHPDL CSCFCRETQECSTGFYFDONSCRCLQVPLSRTWFTSTKGSDYRFGQTQRPDNVPPVI | ALDSDDPR
RKPKPDPE

>PVF1 vari ant 2

QLEDTRYPDRRI VFPDRGRETANPALEGGPSGGEAE GELAKSI QLAKKI SSI NSRDDFL KLVKDVPKDI SFF
SSSSRMGETERSNAERPNQAL CVPEL QTVPLLENEPSVI YYPTCTRI KRCGGCCTHSLLSCQPTATEI RNF
El LVTI LESSGKLKYQGKRI VPI EEHTQCTCDCKI KETDCNKKQSYVPEECTCACNNVDEQRKCNESNI KM
WHPDL CSCFCRETQECSTGFYFDQONSYACKYRYL EHGLHPQKVLI | DSDKHKDQI MYHR

>PVF1 variant 3

QLEDTRYPDQRI VFPDRGRETANPAL EGGPSGGAE GELAKSI QLAKKI SSI NSRDDFLKLVKDVPKDI SFFSSSS
RMGETERSNAERPNQAL CMPEL QTVPLLENEPPVI YYPTCTRI KRCGGCCTHSLL SCQPTATEI RNFEI LVTI LE
SSGKLKYQGKRI VPI EEHTQCTCDCKI KETDCNKKQSYVPEECT CACNNVDEQKKCNESNI KMAHPDL CSCFCRE
TQECSTGFYFDQNSCRCERNNKDL



Figure S3: Alternative splicing of the Pvfl transcript. Alignment of the detected Pvfl
transcript variants with the Pvf1 gene (GenelD: 408666) on chromosome LG2. Intron 5°GT
donor and 3’AG acceptor splice sites conform to the general canonical GT-AG splicing rule
are presented in purple. The three alternative 5’donor sites present within exon 5 are shown in

green. Alternative stop codons are indicated in red.
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varl e e e i aa oo CAACTCGAGGATACCAGATACCCCGACCAAAGGATAGIGITC 42
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var 3 CCCGATCGGGGCGAGAGAAACGGCGAATCCTGCGT TGGAGGECGEGECCGAGT GGAGGAGGA 102
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genone CCCGATCGGGEGAGAGAAACGGCGAAT CCTGCGT TGGAGGECGEEGECCGAGT GGAGGAGGA 180
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ATAAATTGT GCGGAAATCCTTCTCGATTTTGT TGT CACCGT AATAGCGGTGGECCCCCTTT 720

TTTTTTTTCTATTATCATCGTI CGGTGT TAACGTAAGCGATAAACGT GGAAACGTGECGEC 780

GATTCCTTTTGTCGACGACAGATGACGATTGT TATTACGAAAT CCTGCGCGAGAACGGGA 840

GIATCGAGATCGI TTTTTCCCCGCAAAAGATACGAAGGTCGTGTATATACCACTAATGTC 900

AAGGATGTATTGGAAGCGGCAGGAGAGAT CGAGACAGAAAAGT GAAAACCTCGCCGT GCA 960

CGACACACTTAGAATTCTTGTCGCAATACCTTGTGATTCGI TATGTAGATAATTGATTAC 1020

CAACAACCGT CCGTGCGAATACCTACTCGATTAGT TCCCGAATTTTTCTCTTTTTTTCGI 1080

AATTTTATCGAAACCGATTTATCGATTTTTATCAACTCGTGT TTATGAATACGAATTGAAC 1140

GATAGGTATTTATTTATTTATTTATACGT TCTACTCGACGAGAAGAAGAAAAGAGAAATT 1200

CAGGT TAGGAAAACGAT TAGGAAAT AAT GCGGCGCGCGCGECGECAGCGT TATCGT TTGCAA 1260
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ATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GT GCCGAAGGATATATCTTTCTTCT
ATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GTGCCGAAGGATATATCTTTCTTCT
ATTCGAGAGACGATTTTCTTAAATTAGT CAAAGAT GT GCCGAAGGATATATCTTTCTTCT

R I O

OCT CGAGCARR- - - - - = = = s m e e e et
CCTCGAGCABIAAGTATGATCTTAAATAACT TGTTAACAGGAAT TATGGATCTATAGAAA

kkkkkkhkk*k

AAAAAGAACACGATTTTCGCATGAATTTTCTAGAAAAATGATATGATAATTTTCTTCTCG
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CGTCGAGATCTCAAGCTTAAAAAGAT TGAAAAGAT CACCCTCGCTCAAATCGTCATCGAA 4200

AGACGCGTCATTCATCGCGCTGATTTCCTTTGCATCGATTTCATTTTGATTAACATTGGT 4260

TACGAAGT CACAATTCGATGACCGAGT TTCCACT TCTCGATGTAACGACTCGTCGTCCCT 4320

CCCCTCCTTATTATTATCGACGAAATCTTTTTTTACAAATTCCTGATGATTTTGACGACA 4380

ATACGATCGAAACTTGAAAAGT CTTGAACGT GAAAAATGTAAGGT TAACATTCTTTTTCC 4440

TCCACGAAATTATTCTATAACCTCATTTTATATTATATACCTTACCGTITTCAATTTTTTC 4500

TTTTTGTAATTGATGI TAGT TGT CGGCACGATGTAGGAGAATATATGCCTCGAATCGTGA 4560

GATTCCATAAAGGCAGACACGTTTTTCCTACCTTCGACTATCCATCCAAACCAATCGAGA 4620
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ATCACATCCTCCGAAAGATAATTGT GT ATACCGT CGGCGAGACCAT CGGCCAAAGCGAAG 4680

TAACTATTCGCAACTGAAATTGCTTGTACAAAATTTTCCATTGTTCTTAATTATCTGAAA 4740

AAAAACCACATTGAACT AGACATAACT AGACAT GGGAAT TCGAGGT AAAGAAAAGGGAAA 4860

........................................... BEIGTAGAATGGGAGAAA 238
........................................... GTAGAATGGGAGAAA 238
........................................... GTAGAATGGGAGAAA 238
TCCTCTGAGTAATTCAAATTGTCACTGAACGGGTTCTTCTTT AGAATGGGAGAAA 4920

R S

CTGAACGT TCGAATGCCGAGCGACCAAATCAACCTTTGT GTATGCCTGAATTGCAAACAG 298
CTGAACGT TCGAATGCCGAGCGACCAAATCAAGCTTTGTGTATGCCTGAATTGCAAACAG 298
CTGAACGT TCGAAT GCCGAGCGACCAAATCAACCTTTGT GTATGCCTGAATTGCAAACAG 298
CTGAACGT TCGAAT GCCGAGCGACCAAATCAAGCTTTGTGTATGCCTGAATTGCAAACAG 4980

Rk S R S Ok I R S R R S kR R Sk S O S R S R o

TTCCTCTATTAGAAAATGAGCCATCTGT TATTTATTATCCAACT TGCACACGGATCAAAA 358
TTCCTCTATTAGAAAATGAGCCATCTGT TATTTATTATCCAACT TGCACACGGATCAAAA 358
TTCCTCTATTAGAAAAT GAGCCACCTGT TATTTATTATCCAACT TGCACACGGATCAAAA 358
TTCCTCTATTAGAAAATGAGCCATCTGT TATTTATTATCCAACT TGCACACGGATCAAAA 5040

R S R S R I R I S T S Rk Sk S A R Rk I S O b S R R

GATGCGGAGGT TGT TGTACACACTCACTCCTCTCTTGTCAACCAACGCCTACGGAAATTC 418
GATGCGGAGGT TGT TGTACACACTCACTCCTCTCTTGI CAACCAACGGCTACGGAAATTC 418
GATGCGGAGGT TGT TGTACACACTCACTCCTCTCTTGTCAACCAACGCCTACGGAAATTC 418
GATGCGGAGGT TGT TGTACACACTCACTCCTCTCTTGI CAACCAACGGECTACGGAAATTC 5100

R S R S Ok I R R S R R S Rk S b Sk S O A R b o O R

GAAATTTOGAGH- - - - - = = = === == == mm e e mm e 429
GAAATTTOGAGER]- - - - - = = = == - m oo m o m oo el 429
GAAATTTOGAGH- - - - - = = = = == = === = mm o e e mm e oo 429

GAAATTTCGAGBIAAGT CACATTTGATTGAATGI TATCGATAAATATATATATATGTATG 5160
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------------------------------------ BIATTCTTGTGACAATTCTTGAAT 451
------------------------------------ ATTCTTGTGACAATTCTTGAAT 451

IATTCTTGTGACAATTCTTGAAT 451
TTATTCCAATTAATCACGTTATTAATTAATATTTAABBATTCTTGTGACAATTCTTGAAT 5220

R R

CCAGTGGTAAATTAAAATAT CAAGGCAAACGTATCGTACCGATAGAGGAGCACACGCAAT 511
CCAGT GGTAAGT TAAAATATCAAGGCAAACGT ATCGTACCGATAGAGGAGCACACGCAAT 511
CCAGTGGTAAATTAAAATAT CAAGGCAAACGTATCGTACCGATAGAGGAGCACACGCAAT 511
CCAGT GGTAAATTAAAATAT CAAGGCAAACGT ATCGTACCGATAGAGGAGCACACGCAAT 5280

R O I S O R O S S O

GCACGT GTGACTGCAAAATAAAGGAGACG- - - - - - === === = s s mmmmmmeommao e 540
GCACGTGT GACTGCAAAAT AAAGGAGACGH- - - = - - == === === = mmmemmmma o e 540
GCACGTGT GACTGCAAAAT AAAGGAGACGRR- - = - = = == == === s s o mmmmmmmmee o e 540

GCACGT GT GACTGCAAAAT AAAGGAGACTBIIAAT TTGAGAACAGT CGATAATTGAGATCT 5340

Rk S R O O R S O
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CGGAAGATTTGAATTTTCAATTTTCAAAATGATTAAATTTTTAAATAATGTAACGTGTGA

BB GACTGTAACAAGAAACAGT CTTATGT ACCAGAGGAATGTACATGT GCGT
GACTGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGT GCGT
GACTGTAACAAGAAACAGT CTTATGTACCAGAGGAATGTACATGT GCGT
TATTTTTTOBEGACT GTAACAAGAAACAGT CTTATGTACCAGAGGAAT GTACATGT GCGT

R O S O S R O O

GCAACAACGT CGATGAACAGAGAAAGT GTAAT GAAAGCAACATAAAAAT GTGGCACCCAG
GCAACAACGT CGATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAATGT GGCACCCAG
GCAACAACGT CGATGAACAGAAAAAGT GTAAT GAAAGCAACATAAAAAT GTGGCACCCAG
GCAACAACGT CGATGAACAGAAAAAGT GTAATGAAAGCAACATAAAAATGT GGCACCCAG

R S I S Ok I R I S R kR Rk S kR R R O S R R

ATCTTTGTAGCTGITTTTGCAGAGAAACACAGGAATGT TCAACTGGTTTTTATTTCGACC
ATCTTTGTAGCTGITTTTGCAGAGAAACACAGGAATGT TCAACTGGITTTTATTTCGACC
ATCTTTGTAGCTGITTTTGCAGAGAAACACAGGAATGT TCAACTGGTTTTTATTTCGACC
ATCTTTGTAGCTGITTTTGCAGAGAAACACAGGAATGT TCAACTGGITTTTATTTCGACC

R S R S Ok I R R S R R R S kR b S O SRR

AAAATTCATGCAGHE- - - = = = = == m o mm oo e oo
AAAATTCATGCAGGT GTGAACGGAACAACAAGGAT TTCIIBBTACGGGAATAACATCTTTC
AAAATTCATBEAGET GT GAACGGAACAACAAGGAT TTGTAATACGGGAATAACATCTTTC

khkkkkkhkkk

CTTCTTTGCTGCATTTCTATTATCTTGTATATCTTEE- - - - - - e oee e
CTTCTTTGCTGCATTTCTATTATCTTGTATATCTTGTAAGCT GTGCATGATGCATCCAAT
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TCATGAATGCACACTGTGTGT TTATTAACAAAATATAAATTTTCCATTATGAGAATAACA 6120

----------------------------------- BBATGCCTGCAAGTACCGCTATCTA 741
ATGCCTGCAAGTACCCGCTATCTA 745
ATGCCTGCAAGTACCGCTATCTA 827
TATTATCTTAAACTCTGAGTATTTAAAAATATTTTIRGATGCCT GCAAGTACCGCTATCTA 6180

R I I S O O S O

GAACATGGT TTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAACACAAAGACCAG 801
GAACATGGTTTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAACACAAAGACCAG 805
GAACATGGT TTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAACACAAAGACCAG 887
GAACATGGTTTACATCCACAAAAGGT TCTGATTATAGATTCGGACAAACACAAAGACCAG 6240

LRk O

ATAATGTACCACCGHIBETAATTGCCCTAGAT TCAGATGATCCTAGAAGAAAACCTAAAC 861
ATAATGTACCACCGGTAATAATTGCCCTAGAT TCAGATGATCCTAGAAGAAAACCTAAAC 865
ATAATGTACCACCGGTAATAATTGCCCTAGATTCAGATGACCCTAGAAGAAAACCTAAAC 947
ATAATGTACCACCGGTAATAATTGCCCTAGATTCAGATGATCCTAGAAGAAAACCTAAAC 6300

Rk S R S R I R Sk S Sk A R R R S S R Rk kO b o S S R

CAGATCCAGAATAA 875
CAGATCCAGAATAA 879
CAGATCCAGAATAA 961
CAGATCCAGAATAA 6314
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Figure $4: slgE reactivity of non-HBV-allergic control patients. sigE immunoreactivity of
non-HBV -alergic patients (n = 10) with recombinant C1q and PVF1 as well as native Api m
1 (phospholipase A2) in ELISA.
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