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Phospholipase A2and Mellitin
from Bee Venom

Abstract
9 murine monoclonal antibodies (MoAbs), 7 to phospholipase Az (Pla2;
Api m I) and two to mellitin (Api m III) have been produced. Specificities were
demonstrated using immunoblotting and enzyme immunoassays (ELISA). An-
tibodies specific for Pla2 were characterized in detail. Epitope mapping of Pla2-
specific MoAbs identified three independent binding regions. 5 selected
MoAbs bound to one of these sites compete with specific human IgE. Two of
MoAbs characterized are suitable tools to quantify Pla2 in a two-site binding
assay.
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Introduction

A relative high percentage (0.a-0.8%) of the popula-
tion suffer from allergic reactions caused by insect stings
(honey bee, yellow jacket) often accompanied by anaphy-
lactic reactions [I,2]. The knowledge about essential bee
venom allergens has been improved during the last years
[L, 3,4]. Regarding IgE-mediated reactions a dominant
role of a few components is obvious: hyaluronidase (Api m
II), acidic phosphat ase (Api m IY) and above all phospho-
lipase A, (Pla2; Api mI). More than907o of all bee venom
allergics produce specific IgE against Plar [5,6].Therefore
a better insight into Plar-specific IgE induction and regu-
lation is of great interest and practical relevance [1]. Ana-
lysis of B (IgE, IgG, IgG4) and T cell epitopes of Pla2 could
be an essential step for a better understanding of specific
IgE-triggering and modulating mechanisms. Preliminary
data have been published about the structure of B cell epi-
topes of Pla2. The majority of polyclonal human antibo-

dies (IgE, IgG) as well as some human monoclonal antibo-
dies (MoAbs; IgGa) seems to recognize discontinuous
epitopes in which several lysine groups appear to be crit-
ical for antibody binding [7]. Furthermore first results
about T cell epitopes of Pla2 t8-111 and mellitin [12] have
been published enabling another approach to insect
venom immunotherapy by peptide analogs of Pla2 [1, 13].
The following data characterize murine MoAbs to mellitin
and Pla2 obtained after immunization of Balb/c mice with
whole bee venom or pure Plar and conventional fusion
techniques [14,15]. The Pla2 specific MoAbs were analyzed
regarding their binding sites, competition with human IgE
and their potential application for standardization of bee
venom preparations.
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Material and Methods

hoduction of MoAbs
Female Balb/c mice (8-12 weeks old) were immunized monthly

with whole bee venom (10 pglmouse) or pure Pla, (Boehringer,
Mannheim, FRG; 2 pg/mouse) intraperitoneally. Initially antigens
were dissolved in an emulsion of aqueous venom solution and com-
plete Freund's adjuvant (Sigma, St. Louis, Mo., USA). Cell fusion
and cloning have been done as described elsewhere [14, 15]. For cha-
racterization of MoAbs supernatants [immunoblotting, direct en-
zyme-linked immunosorbent assays (ELISA), ELISA inhibitionl as
well as ammonium sulfate precipitated (50%) ascitic fluids (MoAbs
labeling, epitope mapping, IgE competition, Pla"-quantifying test)
have been used. Subclass detection of MoAbs was done by a commer-
cial kit (Boehringer, Mannheim, FRG).

I mmunoblo tting Expeiments
Bee venom (5 mg/ml) was separated by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) (IÙVo polyacryl-
amide gel) utilizing the Laemmli buffer system [16]. Protein bands
were stained by Coomassie blue. The following molecular weight
markers were used: phosphorylase b (94 kD), bovine serum albumin
(BSA) (67 kD), OVA (43 kD), carbonic anhydrase (30 kD), soybean
trypsin inhibitor (20.1kD), a-lactalbumin c (14.4 kD). Simultaneously
commercial Pla, (5 mg/ml, Bbehringer, FRG) and mellitin (5 mg/ml,
Sigma, USA) were separated for a reliable specification of MoAbs.
For immunoblot studies the separated proteins were transferred
electrophoretically to the NC membrane (Sartorius, FRG). Long
stripes were cut from NC paper and incubated overnight with super-
natants (dilution I :20) of the different hybridomas. After washing,
bound mouse antibodies were detected with biotinylated antimouse
Ig (Boehringer, FRG, diluted 1:1,000 in phosphate-buffered saline
(PBS), 0.5Vo Tween 20) and streptavidin-horseradish peroxidase
(HRP) (Boehringer, FRG, diluted 1:2,000 in PBS, 0.5%o Tween20).
Then the blot was washed and developed by 4-chloro-1-naphthol
(Serva, FRG).

E nzy me - L inke d I mmunos orbe nt As s ay s
All following washing and blocking steps have been done using

PBS (pH 7.2) containingD.5% v/v Tween 20.

Direct ELISA
96-well microtiter plates (NUNC, MaxiSorp, Denmark) were

coated with 50 pl of Pla. (5 pg/ml, Boehringer, FRG) or 50 pl of mellitin
(5 pglml, Sigma, USA) overnight diluted in coating buffer (carbonate-
bicarbonate buffer, pH 9.6). After washing and blocking a 2-hour in-
cubation followed with 50 pl hybridoma supernatants (native, I :10,
1 :100). Afterwashing the plates 50 pl of HRP-labeled goat antimouse
globulin were added. The substrate used was o-phenylenediamine.

ELISA Inhibition
Briefly, microtiter plates were coated with 50 pl of Pla., 5 Fglml.

Before starting inhibition experiments hybridoma supernatants of
Pla,-specific MoAbs have been diluted in order to calibrate a maxi-
mum OD of 1.0-1.2. In separate tubes mixtures of a serial dilution of
Pla, (0.1-10 pglml) and hybridoma supernatants were preincubated
for t h. Then allergen-MoAb complexes were added into Pla"-coated
plates îor 2 h. After washing, HRP-labeled goat antimouse globulin
was added and the bindins of antibodies was detected as described
earlier.

Epitope Mapping of Pla"-Specific MoAbs
First of all Plar-specific MoAbs were labeled with HRP and cali-

brated on a maximum OD of 1.0-1.2 as described above. In separate

tubes mixtures of a serial dilution of each unlabeled MoAb (1:100,

1 :1,000, 1 :10,ffi0) and each adjusted HRP-labeled MoAb were prein-

cubated for t h. Then the probes were added into Plar-coated plates

for 2 h. Binding of HRP-labeled MoAbs was detected as described

earlier.

IgE Competition
6 sera from bee venom allergics with a high titer of specific IgE

(RAST class 4) were selected. In Plar-coated plates a mixture of each

patient serum (dilution 1 :10) and a serial dilution of each MoAb

(1 :100, 1 :1,000, 1 :10,000) was incubated for t h. After washing biotiny-

lated rabbit antihuman IgE (DAKO, FRG, 1:2,000) was added for I

h. After further washing HRP-labeled streptavidin (Boehringer,

1:2,000) was added for t h. The test was developed as described ear-

lier.

Detection of Pla, Quantities
ELISA Inhibition with MoAb 5D5. First of all MoAb 5D5 was bio-

tinylated. Briefly 1 mg/ml of MoAb 5D5 in 0.1M sodium bicarbonate,
pH 8.4, was mixed with 50 pl D-biotinyl-e-aminocaproic acid N-hy-

droxysuccinimide ester (Boehringer, Mannheim; 1 mg/ml in dimethyl

sulfoxide) and left for 30 min at room temperature. Unreacted biotin

was removed by fast desalting column (HR 1040, Pharmacia). The fi-

nal concentration of biotinylated MoAb 5D5 was 0.5 mg/ml as judged

by absorbance at 280 nm. In each case three different dilutions of bio-

t inylated 5D5 (1:500, 1:1,000, 1:5,000) were mixed with a serial di lu-

tion of Pla, (10 nglml-l0 pg/ml) and incubated for t h in a Pla,-coated

ELISA plate. After washing the test was continued with HRP-labeled

streptavidin (1:2,000) and developed as described before.

Two-Site Binding Assay. Direct detection of Pla" quantities from

bee venom was done by a two-site solid-phase ELISA: microtiter

plates were coated with 50 pl/well of capture MoAb lc1l (20 Pglml
coating buffer) overnight at 4"C. All following incubations were per-

formed at room temperature for 2 h. After washing and blocking 50 pl

of Pla, standard solution (concentration range 1-100 nglml) or whole

bee venom (concentration range 10-1,000 ng/ml) were added to the

wells. After further washing bound Pla, was detected using biotiny-

lated MoAb 5D5 (1 :1,000). The testwas continued with HRP-strepta-
vidin (1:2,000) and developed as described earlier.

Results

Specificities of MoAbs
9 stable hybridomas selected from two independent cell

fusions were analyzed in detail. Specificities were proved
by means of immunoblotting (IB) after SDS-PAGE of bee
venom (fig. 1) and ELISA tests using solid phase bound
and soluble Pla2 $ig.2a). The IB pattern demonstrates
the binding of 7 MoAbs within the typical molecular
weight range of Pla2 (fig. 1, lanes 3-9). Two other MoAbs
bind to mellitin (fig. 1, lanes 1,2).Obviously commercial
batches of natural (nonsynthetic) mellitin are contami-
nated with traces of Plaz ÍI7). As mellitin also associates
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Fig. l . Immunoblot prof i les of MoAbs to

Pla, and mellitin after separation of bee
venom by SDS-PAGE: gel pattern (A-D) of
marker run (A), commercial Pla, (B; Boehr-
inger, 5 mg/ml), commercial mell i t in (C;
SIGMA,5 mg/ml) and bee venom (D;5 mg/
ml). IB pattern of two MoAbs to mellitin
( lane 1,2:2F10,3G2); [B pattern of 7 MoAbs
to Pla, ( lane 3-9: 3F3,1D12,3H8, lcl l ,5D5,
2B,6,2F5); used markers: phbsphorylase b,94
kD; BSA, 67 kD; OVA,43 kD; carbonic an-
hydrase,30 kD; soybean trypsin inhibitor,20
kD; cr,- lactalbumin c,14.4 kD.

{}p

with Plat very easily [17] both mellitin-specific MoAbs
bound apparently to the Pla2 impurities of mellitin (fig. 1,
lane 1,2). But undoubted specificities of MoAbs have been
confirmed by ELISA tests. All MoAbs detect the solid
phase-bound target antigen in a dose-dependent manner
(fig. 2,3). Only some MoAbs (5D5, 2F5) bound soluble
Pla2 (2.5 pdml) optimally due to some conformational al-
terations of the corresponding epitope (fig. 4). All 9 anti-
bodies were tested for binding to Pla2 as well as mellitin
(solid phase and above all in solution). In this way'artifi-
cial specificities'due to the known reciprocal impurities of
commercial batches of Pla2 and above all mellitin could
evidently be ruled out. Furthermore no MoAb bound to
antigen-free wells.

Epitope Mapping of PlaySpecific MoAbs
Table 1 summarizes the results of epitope mapping. As

expected a distinct inhibition was found if the homologous
MoAb was used. Binding of MoAbs 5D5 and 3F3 was not
significantly inhibited by all other antibodies. On rhe other
hand, the remaining 5 MoAbs seem to detect the same or
neighboring sites. Summing up the epitope mapping the
panel of Pla'-specific MoAbs seems to recognize at least
three different binding sites on solid phase-bound Pla":

1 C 1 ' t
2F5
1D12
5D5
3H8
286
3F3
Culture medium

Native 1l1O 1/100
Dilution of culture supernatant

Fig.2. Direct ELISA (solid phase:5 pglml Pla,) of 7 MoAbs using
different dilutions of hybridoma supernatants [none of the tested
MoAbs bound to mellitin-coated or antigen-free wells; data not
shownl.
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1 . 5

I  1 .0

0.5

0
Native 1l1O 1/100

Dilution of culture supernatant

Fig.3. Direct ELISA (solid phase: 5 pg/ml mellitin) of 2 MoAbs

using different dilutions of hybridoma supernatants [none of the
tested MoAbs bound to Plar-coated or antigen-free wells; data not

shownl.

Fig.4. Maximum inhibition of binding of 7 MoAbs to solid phase-

bound Pla, (5 pdml) by soluble Pla, (in each case 2.5 pg/ml) in an

ELISA inhibition test [no inhibition by equivalent doses of mellitin

was found; data not shownl.

Table 1. Epitope mapping of MoAbs
specific for Pla, 5D5" 3F3', 2F5^ 286^ lDLz^ 3H8u 1C11" Site

sDs (IgG1)
3F3 (IgG3)
2Fs (IgG1)
286 (IgG1)
lD12 ( IgGl )
3H8 (IgG1)
1Cl1 ( IgGl )

+++ (+ )
(+ )  +++
(+)  (+)
(+)  (+)
+  (+ )
+  (+ )

(+)  (+)

(+)  (+)
(+)  (+)
+++  ++
+++ +++
+++ +++
+++ +++
++ +++

(+)  (+)  A
(+)  (+)  B
++ ++ clc'
+++ +++ clc'
+++ +++ clc'
+++ +++ clc'
+++ +++ clc'

(+)
(+)
++
+++
+++
+++
+++

site A (5D5), site B (3F3) and the'splifted'site c/c' (286,
2F5,3H8,lDIz and 1C11). Consequently in this experiment
sites A, B, CIC' are defined by their association to various
MoAbs which compete with each other.

IgE Competition
Table 2 shows the data of IgE inhibition studies. 6 sera

(in each case dilution 1:10) from bee venom allergics were
selected according to their high titer of bee venom-specific
IgE (RAST class a). The inhibitory capacity of Pla2-speci-
fic MoAbs varied. Whereas MoAbs 5D5 (: site A) and
3F3 (: site B) were almost ineffective, the other 5 MoAbs
identifying site C/C'compete with human IgE binding to

Binding sites A, B, C are defined by their association with MoAbs which compete with

each other . (+) :  <25% inh ib i t ion;  * :2549Vo inh ib i t ion;  * * :  50-74Vo inh ib i t ion;  +++
: >75%o inhibition.
u Biotinylated MoAbs.

Pla2. Obviously site C/C' represents structures of Pla2pat-
ticipating in human IgE binding.

Selection of MoAbs to Quantify Plat
Binding of our MoAbs to at least 3 different sites of Pla2

is a favorable prerequisite to quantify the bee venom
marker allergen especially for standardization purposes.
First of all MoAb 5D5 was selected because of its excellent
binding to soluble Pla2 (see fig. a). Therefore directly la-

beled (biotinylated) MoAb 5D5 was tested in an ELISA
inhibition, using biotinylated MoAb, solid phase-bound
Pla2 and soluble Pla2 in different concentrations. In this

test the optimal dilution of 5D5 biotinylated was 1 :103 with

Monoclonal Antibodies to Bee Venom
Components

r56 Mtille r/Fahlbusch/Jung/Gebhard tl J ager



(1r5,000)
(1 :500)
(1 :1 ,000)

1 . 6

1 . 4

1 . 5

I  1 . 0

0.5

0
100 500 1,000 10,000
Pla2, ng/ml

Fig. 5. Inhibition of binding of biotinylated (biot) MoAbs 5D5
(various dilutions) to solid phase-bound Pla, (5 pg/ml) by soluble Pla,
(10 ng/ml to 10 pgiml).

the strongest slope of {he inhibition curve (fig.5). After a
series of tests with different capture antibodies it was obvi-
ous that the combination 1C11/5D5 biotinylated gives the
best results. Figure 6 demonstrates titration curves for
pure Pla2 as standard compared with bee venom. Both
curves are almost the same if whole bee venom was used in
a concentration 10 times higher than pure Pla2. This agrees
very well with the medium Pla" content (12%) in bee
venom [3].

Discussion

Contrary to other widespread allergens (e.g. from grass
pollen) the allergenic components of bee venom are well
known and the most important are characterized accord-
ing their amino acid sequences [1]. Recent investigations
focus on IgE inducing and regulating mechanisms of B
and T cel ls at the epitope level f7,8,10, 11, 131. We pro-
duced Pla2-specific MoAbs for identification and stan-
dardization of the allergen on one hand and investigations
of epitope specificities on the other. After immunization
with whole bee venom only three useful MoAbs, one to
Pla2 (5D5) and two to mellitin (2Fl0,3GZ) were obtained.
Further 6 Pla2 binding MoAbs were added after immuni-
zation with pure Pla2. Specificities of MoAbs were identi-
fied by IB after SDS-PAGE (fig. 1). Data on anribodies
specific for Pla2 and mellitin bound within the expected
molecular ranges were also published by other authors [3].
In the case of Plar MoAbs the double labelins is due to an-

Table 2. Maximum inhibition (in 7o) of binding of specific hu-
man [gE by MoAbs specific for Pla" in an ELISA competition test
(5 pg/ml Pla, on solid phase; all 6 patient sera tested were diluted
1:10)

1 . 2

1 . 0

I  0 .8

0.6

o.4

o.2

0

Fig. 6. Two-site binding
bee venom (capture MoAb
dilution 1 :1,000).

10,000 ng/ml

assay for pure Pla, compared to whole
lCli, indicator biotinylated MoAb 5D5

Patient 2,410 Site A
No. 5D5

Site C/C'

2B,6 2F5 3H8 lDl2 lcl  l

S i te  B
3F3

l l 0
2 7
3 1 2
4 3
5 t 2
6 3

5
8
7
0
9

T4

0 5 2 3 1
2 4 9 3 8
0 3 7 2 4
3 4 7 4 2
0 3 9 2 9
0 2 4 2 0

29 43
27 39
26 28
37 40
19 29
0 0

a a
JJ

30
40
47
29
0

2410 : Irrelevant control
protein ,A,,.

MoAb (IgGl), specific for apolipo-

tibody binding to both 'isoforms' of Pla2, a glycosylated
(88%) and an unglycosylated one (12Vo). This result refers
to the binding to protein structures only. The diffuse bind-
ing pattern of mellitin antibodies within a molecular range
of about 3-12 kD is the consequence of simultaneous pre-
sence of mono-, di- and tetrameric mellitin in bee venom
[1,2]. Apparent labeling of protein bands in the molecular
range of Pla" by mellitin MoAbs based on the property of
mellitin combining to Pla2 impurities always contained in
commercial batches of mellitin [17].

Because of the minor allergological relevance of melli-
tin only a few orienting tests have been done with MoAbs
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2F10 and 3G2. Epitope mapping shows that both MoAbs
recognize the same epitope which also binds human IgE

[data not shown]. This result is not surprising considering
the low number of potential B cell epitopes of mellitin [18].

All other investigations deal with Pla2 antibodies.
ELISA tests confirm the specificities. The variable binding
to solid phase-bound and soluble Pla2 could be due to the
different accessibility of the corresponding epitopes. Simi-
lar differences have been found with certain MoAbs we
produced against grass pollen allergens [15, 19].

Epitope mapping identified at least three independent
binding regions (A, B, CIC').5 of 7 MoAbs detect identical
or at least neighboring epitopes (site CIC').Interestingly
this site seems to participate in the binding of specific hu-
man IgE. Because of the availability of MoAbs specific for
different epitopes of Pla2 an antibody combination to
quantify Pla2 in a two-site binding assay was developed. As
indicator antibody MoAb 5D5 was used due to its excel-

lent binding to soluble Pla2. A detailed testing of all poten-
tial captured MoAbs identified 1C11 as the best one. The
two-site binding assay shows an optimal range from 5 to 50
ng/ml Pla2 and a detectable concentration of 2-3 ng/ml
Pla2. The nearly parallel slope of the bee venom curve if
bee venom is used in equivalent (10 times higher) concen-
trations confirms the usefulness of the assay and mirrors
the Pla2 content in bee venom very well. Now detailed in-
vestigations of this two-site binding assay tend to optimize
the test and to compare different sources of bee venom
preparations regarding their content of marker allergen
Pla2.Interestingly a recent publication [20] reports on a
notable variability of Plat concentrations in bee venoms.
Furthermore our immunological test represents a good al-
ternative to complicated and time-consuming biochemical
or functional bioassays for Plar activities 13, 2Il in bee
venom.
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