
Abstract 
BACKGROUND: Bee venom contains various biomolecules, such as enzymes, peptides, and amines. The immune sys-
tem produces IgG antibodies against bee venom proteins. However, IgE antibodies may also be developed in allergic 
individuals. 
OBJECTIVES: In this study, immune responses, including IgG and IgE reactions to bee venom were assessed in vari-
ous individuals, using the immunoblotting technique. 
METHODS: Serum samples were collected from 20 people of three major groups, namely beekeepers, allergic individu-
als, and normal people. Venom samples of honey bees and wild bees were collected from the suburbs of Tehran, Iran. 
Furthermore, commercial honey bee venom samples extracted from Apis mellifera and samples of wild bees extracted from 
Polistes and Vespula were purchased from France. Immunoblotting was carried out using the sera of subjects and anti-
human IgG and IgE coupled to horseradish peroxidase. 
RESULTS: The results of sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed similar protein bands in 
Iranian and European honey bee venoms, including α-glucosidase (170 kDa), Api m (100 kDa), acid phosphatase (49 
kDa), hyaluronidase (43 kDa), phospholipase A2 (17 kDa), and melittin (2 kDa). In wild bees, two bands were found 
with the molecular weights of 35 and 25 kDa belonging to antigen 5 and phospholipase A1, respectively. These were not 
observed in honey bee venoms. Immunoblot analysis revealed that all the mentioned proteins were immunogenic and al-
lergenic in different individuals. Hyaluronidase, as well as phospholipases A1 and A2, were the major allergens in most 
individuals, while IgE reaction to melittin was only reported in one person.  
CONCLUSIONS: In conclusion, studies on antibodies against bee venoms can be useful in immunotherapy. Different 
people indicated distinct allergenic patterns. Therefore, further similar assays are recommended before, during, and after 
immunotherapy. 
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Introduction 
Bee venom is a collection of different com-

pounds, such as enzymes, peptides, and 
physiologic amines. Some of the physiologic 
amines include hyaluronidase, phospholipase 
A, phosphatase acid, α-glycosidase, protease 
inhibitors, melittin, apamin, mast cell degranu-
lating peptides, adolapin, cardiopep, 
procamine, tertiapin, secapine, histamine, do-
pamine, and noradrenaline (Ali, 2012; 
Mammadova and Topchiyeva, 2017). 

Epidemiological studies have shown that 
57%–90% of people may be stung at least 
once in their lives by various types of bees, 
such as honey bees, vespids (mainly Vespula 
spp.), and bumblebees (Mahmoud Abdu 
2012). Bee venom injection under the skin 
usually causes symptoms, including itching, 
pain, redness, and swelling that diminish after 
a few hours (Sahiner, 2016; Asai, 2016). 

The immune system normally reacts to bee 
venom proteins by producing IgG antibodies. 
In allergic individuals, IgE antibodies may al-
so be generated (Komi, 2017; Ollert and 
Blank, 2015). Both immediate and delayed 
hypersensitivity reactions are induced in pre-
disposed individuals. Immediate reactions can 
be categorized into local and systemic re-
sponses. Sometimes, local reactions are 
triggered by IgE-dependent reactions (Zhang 
et al., 2018). Systemic reactions cause severe 
symptoms ranging from cutaneous to respira-
tory, cardiovascular, and gastrointestinal 
manifestations.  

Sensitization of the mast cells by specific 
IgE can lead to degranulation accompanied by 
the release of histamine and other pharmaco-
logically active substances. Mild allergic 
responses due to insect stings can be healed 
using antihistamines. However, the principal 
treatment in severe conditions is venom im-
munotherapy. This treatment restores the 
normal immune system by inducing regulatory 
T-cells, which decrease the production of in-

flammatory cytokines and allergen-specific 
IgE, in addition to blocking IgG4 antibodies 
(Reber et al., 2017). It seems that the profiling 
of bee venom immunogens and allergens by 
allergic and non-allergic stung people sera can 
help select appropriate proteins for immuno-
therapy. This study aimed to assess immune 
responses, including IgG and IgE to bee ven-
om in various individuals using the 
immunoblot technique. 
Materials and Methods 
Sera Collection 

Blood samples were collected from 20 indi-
viduals of three different groups, including 
seven beekeepers, seven individuals allergic to 
bee venom based on their history, and six 
healthy people, who were not stung by bees as 
control. Blood samples were centrifuged at 
1500 g at room temperature for 5 min to iso-
late sera. 
Bee Venom Preparation 

Honey bees (Apis mellifera) and wild bees 
(Vespula spp.) were collected from apiaries 
around Tehran, Iran, and were stored at -20°C 
until usage. The bee poison sacs were re-
moved manually using a stereomicroscope and 
were floated in phosphate buffer solution 
(PBS, pH: 7.2). These were homogenized by 
pipetting and sonicating. Following centrifu-
gation at 12000 g for 10 min, supernatants 
were collected and frozen at -20ºC. Commer-
cially available venom of A. mellifera, 
Polistes, and Vespula were purchased from 
France (Danesh Pajoh Company, France). 
Melittin (Cat No. 2272M-1MG) was pur-
chased from Sigma-Aldrich, USA. 
SDS-PAGE 

To characterize the protein patterns of hon-
eybee venom, electrophoresis was performed 
using 12% sodium dodecyl sulfate  polyacryla-
mide gel electrophoresis (SDSPAGE) and 5% 
stacking gels under nonreducing conditions. 
All electrophoresis steps were completed uti-
lizing a mini gel electrophoresis system 
(BioRad, USA) based on the original proto-
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cols by Lamelli (1970). The quantity of the 
protein samples was assessed based on the 
Warburg assay. Next, 10 μL (20 μg) of pro-
teins was diluted in SDS-PAGE sample buffer 
and electrophoresed on gels for 90 min at 80 
V. Gels were divided into two parts and one 
part was stained by Coomassie Brilliant Blue 
to visualize protein bands. The other part was 
used for western blotting. 
Immunoblotting  

Immunoblotting was carried out according 
to the original protocols by Wang et al. with 
some modifications. Bee venom proteins were 
separated in 12% SDS-PAGE gels and were 
transferred to nitrocellulose membranes using 
a wet system (Bio-Rad, USA) in transfer buff-
er. The membrane was blocked for 45 min 
with PBS containing 2.5% of Tween 20 fol-
lowed by washing steps with PBS containing 
0.05% of Tween 20 (3×5 min). Membranes 
were incubated in sera derived from various 
subjects (1/20 in PBS containing 0.05% 
Tween 20) for 1 h at room temperature. After-
wards, membranes were washed and 
separately incubated with anti-human IgG and 
IgE coupled to horseradish peroxidase (1/1000 
in PBS) for 30 min at room temperature. After 
washing, the color was generated using dia-
minobenzidine H2O2. 
Results 
SDS-PAGE  

Protein bands with the molecular weights of 
2.8–180 kDa were obtained by SDS-PAGE for 
the venom proteins of honey bees and wild 
bees (Polistes and Vespula) and commercial 
melittin (Figure 1). All venoms showed com-
mon bands with the molecular weights of 38–
45, 49, and 170 KDa belonging to hyaluroni-
dase, acid phosphatase, and α-glucosidase, 
respectively. Bands with the molecular 
weights of 17–20 kDa for phospholipase A2 
and 55 KDa for icarapin were detected in the 
venom specimens of honey bees. On the other 

hand, bands with molecular weights of 25 and 
35 KDa were related to phospholipase A1 and 
Antigen 5 found in wild bees venom from Iran 
and France.   

 

 
Figure 1. Results of SDS-PAGE for bee venom; 1: 
Polistes (France), 2: Vespula (France), 3: wild bee from 
Iran, 4: Apis mellifera from Iran, 5: Apis mellifera from 
France, 6: Apis mellifera from Iran (1/5 diluted), 7: com-
mercial melittin, and 8: molecular ladder 

 
 
Immunoblotting for Venom Specific IgG  

Sera samples of 20 individuals from three 
various groups, including beekeepers who 
were stung several times, allergic people, and 
individuals without a sting history as the con-
trol group were used for immunoblotting. 
Results of the analysis of sera from beekeepers 
and allergic individuals demonstrated immu-
nogenic bands for bee venoms with a range of 
2.8–170 KDa. Sera from beekeepers and aller-
gic individuals reacted with two immunogenic 
bands with the molecular weights of 17–20 
and 49 kDa, respectively, belonging to Iranian 
and European honey bee venoms. Sera reacted 
with immunogenic bands with molecular 
weights of 23, 35, and 170 kDa related to wild 
bee venoms. Moreover, sera reacted with the 
immunogenic bands of 38–45, and 100 KDa 
for all venoms. No reactions were reported 
with the sera from the control group (Figure 
2). 
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Immunoblotting of the Venom Specific IgE 
Results of immunoblotting various bee ven-

oms using the sera of beekeepers and allergic 
individuals and anti-human IgE conjugates are 
shown in Figure 3. In general, allergic bands 
with a range of 2.7–49 kDa were observed in 
bee venoms. Sera from beekeepers and aller-
gic individuals reacted with allergens with the 
molecular weights of 38–45 kDa belonging to 
honey bees and wild bees. Furthermore, serum 
specimens reacted with two other bands of 
17–20 and 40–49 kDa related to European and 
Iranian honey bees, respectively. It is notewor-
thy that two bands with molecular weights of 
23 and 35 kDa were found exclusively in wild 

bees. No reactions were reported to the serum 
samples of the control group. 

Results of immunoblotting assays are sum-
marized in Tables 1 and 2. As indicated in 
figures, no IgG or IgE reactions were detected 
to bee venoms in people with no history of bee 
stings. However, beekeepers and allergic indi-
viduals showed variable positive results for 
venom specific IgG and IgE against hyaluron-
idase, phospholipases A1 and A2, acid 
phosphatase, Apm5, α-glucosidase, Antigen 5, 
and melittin. Among the bee venom compo-
nents, hyaluronidase was the most 
immunogenic and allergen, while melittin was 
one with the lowest immunogenic capacity. 

 

Table 1. Immunoblotting results using anti-human IgG coupled with horseradish peroxidase 

Melittin Phospholypase 
A2 

Phospholypase 
A1 Ag5 Hyaluronidase Phosphotase 

acid Apim5 glocosidase 
α  

    +    Beekeeper  
1 

  +  + +   Beekeeper  
2 

 + + + +   + Beekeeper  
3 

 + +  + +  + Beekeeper  
4 

 +   +    Beekeeper  
5 

Figure 2. Results of the immunoblot analysis of IgG 
antibodies against bee venoms using beekeeper sera; 1: 
molecular ladder, 2: honey bee venom from Iran, 3: 
honey bee venom from France, and 4: wild bee venom 
(Polistes spp.) 

Figure 3. Results for the immunoblot analysis of IgE 
antibodies against bee venoms using beekeeper sera; 1: 
Vespula venom, 2: Polistes venom, 3: Apis mellifera 
venom from Iran, and 4: molecular ladder 
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Melittin Phospholypase 
A2 

Phospholypase 
A1 Ag5 Hyaluronidase Phosphotase 

acid Apim5 glocosidase 
α  

 + +  + + + + Beekeeper  
6 

 + +    + + Beekeeper  
7 

+ +   +    Allergic 
person   1 

    +    Allergic 
person   2 

    +    Allergic 
person   3 

    +    Allergic 
person   4 

        Allergic 
person  5 

    +    Allergic 
person  6 

    +    Allergic 
person  7 

        Contro  1 

        Control   2 

        Control   3 

        Control   4 

        Control   5 

        Control  6 

 
Table 2. Immunoblotting results using anti-human IgE coupled with horseradish peroxidase 

Melittin Phospholypase 
A2 

Phospholypase 
A1 Ag5 Hyaluronidase Phosphotase 

acid Apim5 glocosidase 
α  

    +    Beekeeper  
1 

  +  + +   Beekeeper  
2 

 + + + +   + Beekeeper  
3 

 + +  + +  + Beekeeper  
4 

 +   +    Beekeeper  
5 

 + +  + + + + Beekeeper  
6 

    +    Beekeeper  
7 

 + +   +    Allergic 
person   1 

    +    Allergic 
person   2 

    +    Allergic 
person   3 

    +    Allergic 
person   4 

        Allergic 
person   5 

        Allergic 
person   6 
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Melittin Phospholypase 
A2 

Phospholypase 
A1 Ag5 Hyaluronidase Phosphotase 

acid Apim5 glocosidase 
α  

    +    Allergic 
person   7 

        Control   1 

        Control   2 

        Control   3 

        Control   4 

        Control   5 

        Control   6 

 

Discussion 
In the current study, human antibodies IgG 

and IgE were comprehensively investigated 
against bee venom antigens in three groups of 
allergic individuals, beekeepers with bee sting 
history, and controls without bee sting history. 
Antibodies against honey bee sting usually 
cause mild symptoms, such as itching, skin 
redness, and swelling. However, it can induce 
severe anaphylaxis in allergic individuals. 
Barnard (1976) reported 400 deaths due to al-
lergies caused by Hymenoptera bites, with the 
majority of honey bee stings occurring during 
ten years (Hoffman et al., 1997).  

Venom-specific immunotherapy decreased 
the risk of subsequent sting anaphylaxis (Gi-
hyun and Hyunsu, 2016; Schiener et al., 
2017). Detection of relevant allergens helped 
to prepare immunotherapeutic products for the 
clinical treatment of allergic people (Blank et 
al. 2017; Matysiak et al., 2016). Jeep et al. 
(1996) carried out immunoblot assays using 
the sera of allergic people before and after 
immunotherapy. They concluded that im-
munoblot results could reflect immune 
responses to epitopes, which induced IgG and 
IgE in individuals. 

Several studies have shown that bee venom 
proteins entail a complex mixture of epitopes, 
some of which being allergens in sensitive in-
dividuals. In the present investigation, SDS-
PAGE results revealed similar protein bands in 
Iranian and European honey bee venoms, in-
cluding α-glucosidase (170 kDa), Api m (100 

kDa), acid phosphatase (49 kDa), hyaluroni-
dase (43 kDa), phospholipase A2 (17 kDa), 
and melittin (2 kDa). In wild bees, two bands 
with the molecular weights of 35 and 25 kDa 
belonged to Antigen 5 and phospholipase A1, 
respectively, which were not found in honey 
bee venoms. The latter findings are similar to 
the other studies (Spillner et al., 2014; Muller, 
2003).  

Immunoblot analysis demonstrated that all 
the highlighted proteins were variably immu-
nogenic and allergenic in different groups of 
people. In the current study, beekeepers had 
significantly higher venom-specific IgE, com-
pared to the control group. According to the 
previous studies, 30%–60% of beekeepers 
show positive results for venom-specific IgE 
(Muller et al., 2005).  

In the present study, hyaluronidase and 
phospholipases A1 and A2 were the major al-
lergens in most individuals, while IgE reaction 
to melittin was observed exclusively in one 
serum sample. The previous studies indicated 
that phospholipases A1 and A2 and hyaluroni-
dase are the most remarkable allergens in the 
venom of honey bees and wild bees. Phospho-
lipases A1 and A2 are glycoproteins that play 
the role of cytotoxin (Owen et al., 1990). Hya-
luronidase is among the important allergens of 
bee venom that degrades hyaluronic acid and 
shows 50% sequence identity with vespid 
venom hyaluronidase (Markovic-Housely et 
al., 2000).  
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The crude honey bee venom dry weight is 
50% of melittin and 12% of phospholipase A2. 
According to Muler et al. (2002), only 28% of 
the allergic people showed IgE reaction to 
melittin. The data of the current study on se-
rum reaction with melittin were similar to the 
previous studies. Acid phosphatase, dipeptidyl 
peptidase IV, and icarapin are the other com-
ponents of venoms with lower quantities than 
melittin and phospholipase A2. However, the 
former substances were shown to have IgE 
reactivity in more than 50% of the sera of al-
lergic patients (Frick et al., 2016; Kohler et 
al., 2014).  

Information about clinically relevant aller-
gens can help access venom ingredients, 
which are more useful for immunotherapy. 
Therefore, western blotting can be useful in 
the diagnosis of allergens and preparation of 
standard venom extracts for immunotherapy. 
Our results along with the results of other 
studies show that substances with low molecu-

lar weight, especially bioactive peptides from 
crude venoms, are less allergen. Consequently, 
the removal of these substances via purifica-
tion steps may be appropriate for 
immunotherapy in relevant patients without 
specific IgE reactivity to low-molecular-
weight peptides. Variations were found in re-
activity to bee venom components between the 
allergic subjects. As a result, immunoblotting 
results can be informative before, during, and 
after immunotherapy.  
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ه  د ی ک  چ

 هاي زهر زنبورعسل ها است. سیستم ایمنی علیه پروتئین ها، پپتیدها و آمین هاي مختلف از جمله آنزیم زهر زنبورعسل داراي بیومولکول   : مطالعه   زمینه 

 IgG  است نماید همچنین در افراد آلرژیک ممکن  تولید می IgE   .نیز تولید شود   

 شود. ) علیه زنبورعسل با استفاده از روش ایمنوبلاتینگ در افراد مختلف سنجش می IgG و  IgE هاي در این مطالعه، پاسخ ایمنی (واکنش   : هدف 

زهرهاي زنبورعسل معمولی و    آوري گردید. فرد مختلف در سه گروه زنبورداران، افراد آلرژیک و افراد سالم جمع   20هاي سرمی، از  نمونه   : کار روش 
پولیستس و    از   (مستخرج   زنبورهاي وحشی   و   ) آپیس ملیفرا آوري شد. همچنین زهرهاي تجاري زنبورعسل (مستخرج از  وحشی اطراف شهر تهران جمع 

 انسان کونژوگه شده با  E انسان و ضدایمونوگلوبولین  G هاي ضدایمونوگلوبولین بادي از کشور فرانسه خریداري گردید. ایمونوبلات با استفاده از آنتی   وسپولا) 
HRP    .انجام شد 

   Api m کیلودالتون)،   170از ( حضور باندهاي مشترکی را در زهرهاي مختلف زنبورعسل ایرانی و اروپایی شامل آلفاگلوکوزید  SDS-PAGE نتایج   : نتایج 
کیلودالتون) را نشان داد. در    2کیلو دالتون) و ملیتین (    17(     A2کیلودالتون)، فسفولیپاز   43)، هیالورونیداز ( 9کیلودالتون   49کیلودالتون)، اسید فسفاتاز (   100( 

نیز مشاهده شد که در زهر زنبورعسل     A1و فسفولیپاز   5ژن  کیلودالتون مربوط به آنتی   25و    35هاي مولکولی  عصاره زهر زنبورهاي وحشی دو باند با وزن 
 اند. اما هیالورونیداز و فسفولیپاز هاي مذکور به نوعی در افراد مختلف ایمونوژن و آلرژن بوده معمولی وجود نداشت. آنالیز ایمونوبلات نشان داد که تمام پروتئین 

A2    ودند. در حالی که واکنش در بیشتر افراد، آلرژن ب IgG  .به ملیتین تنها در یک فرد مشاهده شد 

تواند در ایمونوتراپی مفید واقع شود. ار آن جایی که افراد مختلف، الگوهاي  هاي ضد زهر زنبورعسل می بادي مطالعه بر روي آنتی   : نهایی   گیري نتیجه 
   تواند مفید واقع شود. هاي مشابه بعدي قبل، بعد و در طی دوره ایمونوتراپی می بررسی رسد که  دهند، لذا به نظر می آلرژنیکی مختلفی را نشان می 

   وسپولا ،  پولیستس زهر زنبور،    آپیس ملیفرا،    : کلیدي   هاي واژه 

 nabian@ut.ac.ir   :ایمیل.   رانیدانشگاه تهران، تهران، ا  یبخش زنبور عسل، دانشکده دامپزشک  ان،ینب  قهیصد  :مسئول نویسندة
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