
Fig.1  Shotgun proteomics approach (Nesvizhskii A.I.  Nature Methods 
(2014) 11, 1114ς1125)  

Shotgun proteomics analysis allows to demonstrate 

that both Apis mellifera venoms contain the major 

allergens Api m 1, Api m 2 and Api m 4. Moreover in 

capillary extracted ǾŜƴƻƳ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƛŘŜƴǘƛŦȅΥ Api 

m 3, Api m 5 and Api m 10 besides other non allergenic 

components and peptides. Api m 3 and Api m 10 are 

also identified in electrostimulated venom. (Fig. 2 A-B) 

Fig.2 The picture shows the chromatographic profile  (left) and database matching  (right) of  capillary extracted venom (A) and electrostimulated venom (B) after 
trypsin digestion, HPLC separation and MS/MS fragmentation of the peptides. 
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Mass spectrometry analysis of capillary extracted 

venom on monodimensional SDS-PAGE bands reveals 

the presence of Api m 2 and Api m 1 (Fig.3A green 

arrows). Api m 10 is revealed in two band at about 45-

50 kDa and 20kDa together with Api m 2 and Api m 1 

respectively  (Fig.3A red arrows). These presence of Api 

m 10 is confirmed by Immunoblot analysis with serum 

from an allergic patient with positive specific IgE to Api 

m 10. (Fig. 3B) 

RESULTS 

Crude Venom extracts: 

Capillary extracted venom is collected directly from the sting by 

gentle squeezing of the dissected venom sac. Electrostimulated 

venom is collected by electrical stimulation of bees directly on the 

field  in front of the hives. Both extracts are diluted in water for 

injection, filtered, quantified, aliquoted, lyophilized and frozen 

until used. 

Shotgun proteomics: 

Both CEV and ESV are digested with trypsin. The complex peptide 

mixture obtained  is applied on a Xbridge C18  column coupled with 

ESI-MS/MS using an LTQ-Orbitrap (Thermo Fisher Scientific). The 

resulting spectra are processed by Proteome Discoverer 2.1 and 

Sequest as specific algorithms for database matching. This 

technique allows to unambiguously identify proteins present in the 

sample. In figure 1 a simplified scheme of this analysis is shown.  

MATERIALS AND METHODS 

The aim of this work is to characterize allergens in two different 

Apis mellifera extracts: capillary extracted venom (CEV) and 

electrostimulated venom (ESV), both produced by Entomon s.a.s. 

(Italy). 

OBJECTIVE 

Apis mellifera venom, thanks to the available proteomic and genomic 

data, is the best characterized hymenoptera venom [1,2]. The most 

important honeybee venom (HBV) allergens are phospholipase A2 

(Api m 1), hyaluronidase (Api m 2) and the peptide melittin (Api m 4). 

Recently, additional allergens of lower abundance have been 

characterized, such as acid phosphatase (Api m 3), 

dipeptidylpeptidase IV (Api m 5), protease inhibitor (Api m 6), major 

royal jelly proteins8 and 9 (Api m 11.0101 and Api m 11.0201), 

INTRODUCTION 

icarapin  (Api m 10) and vitellogenin (Api m 12).  Patients with bee 

venom allergy display distinct sensitization profiles to a panel of 

HBV allergens, some of which have been reported to be absent or 

underrepresented in therapeutic HBV preparations [3]. The 

shortage of these allergens often leads to the failure of Venom  

Immunotherapy (VIT).  

PROTEIN IDENTIFICATION IN Apis mellifera CRUDE VENOM  
BY A SHOTGUN PROTEOMICS APPROACH  

Shotgun proteomics results show that the two Apis 

mellifera venom extracts contain all the relevant 

allergens for VIT.  

This confirm the suitability of both the crude extracts to 

be used as raw material for diagnostic and therapeutic 

preparations.  

Besides this, following experiments on capillary 

extracted venom reveal the allergen Api m 10, also 

ŘŜŦƛƴŜŘ άŎŀǊōƻƘȅŘǊŀǘŜ ǊƛŎƘ ǇǊƻǘŜƛƴέΣ ŀǎ ŀ ǾŜǊȅ ƛƴǎǘŀōƭŜΣ 

difficult protein to identify by gel excision. During SDS-

t!D9 ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘƛǎ ǇǊƻǘŜƛƴ ǘƻǘŀƭƭȅ ƻǊ ǇŀǊǘƛŀƭƭȅ 

loss the carbohydrate chain and migrates together with 

the most abundant Api m 1 or Api m 2, making it 

difficult the extraction from gel without 

contaminations. 
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Api m 10 
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ÅPhospholipase ς Api m 1 

Fig.3 SDS-PAGE analysis (A) and Immunoblot (B) of 25µg and 16µg of capillary 
extracted venom respectively. Negative control (NC) is an extract from Betula 
pendula (16µg). 
The arrows indicate the chromatographic profile of the bands after trypsin 
digestion, HPLC separation and MS/MS fragmentation of the peptides. 
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In-gel digestion and HPLC-MS/MS analysis: 

Different aliquots of CEV are analyzed by SDS-PAGE on a 4-12% 

gradient gel with MES buffer. Excised band after reduction and 

derivatization are digested with trypsin and applied on a Capillary 

C18 column coupled with an ESI-MS/MS using an LTQ-Orbitrap 

(Thermo Fisher Scientific). The resulting spectra are processed by 

Mass Spectrometer software as described above for shotgun 

proteomics.  

Immunoblot analysis: 

Proteins from SDS-PAGE are transferred onto polyvinylidene 

difluoride membrane (PVDF). Blots are incubated with serum from 

an allergic patient with positive specific IgE to Api m 10 (CAP 32,10 

kUA/l). Chemiluminescence is detected using the ChemiDoc 

imaging system (BioRad).  
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