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Crossed Immunoeleetrophoresis Analysis
of Bee Venom

Enzymatic Identification of Antigens
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Bee venom obtained by electrical stimulation has been analysed by crossed itnmnnoelectro-
photesis against high-titer rabbit antibodies. The an(igetiic analysis of bee venotn revealed
that the extract contained 17 antigetis, which wete detected in the ctossed imtrtunoelectro-
phoresis pa((ern after staining with Coomassie Brilliatit Blue. The crossed immunoeleetro-
phoresis pattern indicated heterogeneity in several of the antigens, as most of the ptecipi-
tates (exhibiting enzyme and hemolytic activities) teptesented multiple fortns of phospho-
lipase A, hyaluronidase, acid phosphatase and melittin.
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Bee venom is composed of enzymes (proteins),
peptides and different low molecular compo-
nents, which are capable of producing enzym-
atical and pharmacological effects (4). The use
of modern biochemical procedures has ren-
dered it possible to isolate and characterise two
basic enzymes, phospholipase A and hyluron-
idase, and various peptides (melittin, apamin,
MCD-peptide). Phospholipase A, the most
abundant enzyme, and hyaluronidase have
been considered as major allergens, while me-
littin has been suggested to be a minor allergen
(9, 12, 14, 18). Euthermore, Hoffman (8) has
identified another allergen possessing acid
phosphatase enzyme activity.

Crossed immunoeleetrophoresis (CIE) and
crossed radioimmunoelectrophoresis (CRIE)
has been successfully applied in allergology for
analysis of allergen extracts, as this method
may give qualitative as well as quantitative in-
formation of individual components of multi-
component antigenic systems (1, 13). The use-
fulness of CIE techniques in allergy research
has been demonstrated because of the inherent

high resolving capacity. However, it must be
pointed out that these methods have to be
combined with various physiochemical meth-
ods, not depending on the ability of the anti-
gens to induce antibody formation in animals
to get a more complete information on the
molecular identities.

The purpose of this study was to identify the
individual antigens/allergens of bee venom al-
lergen extract by means of crossed immuno-
eleetrophoresis. The individual antigen compo-
nents in the CIE-pattern were identified by
examination of enzyme activity and hemolytic
activity. The role of the antigens identified as
allergens in a group of bee venom-sensitive
individuals determined by crossed radio-
immunoelectrophoresis is presented in an ac-
companying paper.

MATERIAL AND METHODS

Honey bee venom (Apis mellifera, lots 91232
and 00500) obtained by electrical stimulation
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was bought from Mr C. Mraz, Champlain Val-
ley, Middlebury, Vermont.

Antisera

Antisera to bee venom proteins were raised in
rabbits by bi-weekly injections of 300 [ig bee
venom intracutaneously in Ereund's complete
adjuvant, essentially according to Harboe &
Ingild (7).

graphy on Shodex OH pak/B804S (15). The
isolated components were identified by as-
saying their enzyme activity and hemolytic ac-
tivity. The homogeneity of the isolated frac-
tions was studied by isoelecttic focusing, pH 3 -
10 Pharmalyte® (Pharmacia Fine Chemicals,
Uppsala, Sweden), sodium dodecylsulfate (SDS)
- polyacrylatnide gradient gel electrophoresis
(Pharmacia Fine Chemicals) and isotacho-
phoresis (3).

Enzyme assays

Acid phosphatase activity was assayed by hydro-
lysis of the chromogenic substrate p-nitro-
phenyl-phosphate (8). Phospholipase A activity
was measured by using agarose diffusion plates
with lecithin as substrate, essentially in accord-
ance with the method outlined by Habermann
& Hardt (5). Hyaluronidase was determined by
using hyaluronic acid (Healon®) dispersed in
agarose as substrate essentially in accordance
with the procedure recently described by Rich-
man & Baer (16). For identification of the in-
dividual precipitates in the CIE-plate, the va-
rious enzyme substrates were incorporated in
1 % agarose gel matrix. The agarose gel contain-
ing the substrate was then layered on the CIE-
plate, and the hydrolysis was visualized as stain-
ed or cleared regions.

Measurement oj melittin

Melittin was measured by its direct hemolytic
activity, using washed sheep erythrocytes in
phosphate-buffered saline, pH 7.4 (5). For iden-
tification of the immunoprecipitates in the CIE-
plate caused by melittin, sheep erythrocytes
(1.5%) were incorporated in 1% agatose gel
matrix at 37°C. The gel was then layered on the
CIE-plate and the zones tmdergoing lysis at
37°C were identified.

Bee venom components

Acid phosphatase, hyaluronidase, phospho-
lipase A and melittin were prepared by a cotii-
bination of gel filtration on Sephadex C-75(12)
and by low pressure gel permeation chromato-

Immunological methods

Crossed inimunoelectrophoresis (CIE) was car-
ried out on 8 X 8 cm glass plates essentially in
accordance with the previously described
procedure (1, 13), Samples of 5 (xl bee venom
(15 tng/ml) were analysed in \% agarose gel
(Agarose A with medium electroendosmosis
(Pharmacia Fine Chemicals) containing 0,073 M
Tris, 0.024 .M barbital, 0.0006 M calcium lactate
(pH 8.6)). Antigen was run in the first dimen-
sion for 60 min, 10 V/cm at 15°C. This was
followed by a second electrophoresis perpend-
icular to the first dimension into the rabbit
antibody-containing agarose (13 |xl antiserum/
cm̂ ^ gel) for 20 h, 2 V/cm at 15°C. Identifica-
tion of individual components was achieved
using tandem CIE in accordance with Axelsen
et al. (1), The isolated bee venom components
were used as reference in the first well, and the
bee venom antigen mixture to be identified was
in the second well.

RESULTS

The results of the CIE study of bee venom are
demonstrated in F'ig. la, and in Fig. lb is
shown a schetnatic dtawing of the CIE refe-
rence pattern with arbitrarily numbered im-
munoprecipitates. As can be seen just a few
antigens moved towards the anode in the first
dimension electrophoresis, while most of the
antigens migrated towards the cathode, de-
monstrating the high content of basic proteins/
peptides in bee venoms. Attempts to induce all
the antigens to migrate in the same direction by
changing the tnobility of the antibodies (carba-
mylation) were not successful. Variations in the
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Fig. la. Crossed immunoelectrophoresis of bee venom anti- Eig. Ib. Schematic representation of the immune precipitates
gen against hyperimmune rabbit antisera. 5 nl of bee venom (Eig. la) arbitrarily numbered 1-18.
raw material (0.15%) analysed in agarose electrophoresis : sharp precipitates.
(pH 8.6) with 10 V/cm, l.'5°C for 60 min followed by electro- : fuzzy precipitates.
phoresis perpendicular to the first with 2 V/cm, 15°C for 20
h in agarose containing rabbit anti-bee venom serum (13 l»l
antiserum/cm''^ gel). Anode to the right in first dimensioti
and at top in second dimension.

Iable 1

Identification of individual antigens (arbitrarily numbered in accordance with the schematie drawing) in bee venom
CIE-pattern by applying enzyme activity of hemolytie activity assays

Antigen No. 1 10 11 12 13 14 15 16 17 18

Acid phospatase

Hyaiuronidase

Phospholipase A

Melittin

electrophoretic conditions (positions of the ap-
plication well, time of the first dimension elec-
trophoresis, voltage, etc.) and in antigen or anti-
body concentration indicated the presence of 17
antigens in the CIE-pattern by this high resolv-
ing method (antigen No. 18 was only visible
after performance of crossed radioimmuno-
electrophoresis). The antigens Nos. 3, 6, 9, 11
and 17 showed fuzzy immunoprecipitates,
which might be due to differences in charge

and/or molecular weight of antigenic molecules
bearing immunologically identical binding sites.
Antigens Nos. 4, 5 and 7 showed fuzzy zones
starting from the application well, indicating
association with denatured proteins/peptides.

The individual antigenic components in the
CIE reference pattern were identiFied by en-
zyme analysis, hemolysis and tandem CIE. After
electrophoresis, the precipitates were assayed
for enzyme activity by placing the agarose gel
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pH

10

Eig. 2. isoelectric focusing pattern of bee venom Pharma-
lyte'", pt-1 3—10, 5 [il of sample (5 ing/iril) was applied wilh
sample adapter. Running time 2 h at 30 W.

containing suitable substrate on the CIF plate.
Table 1 demonstrates the identiFication proce-
dure used for antigens in the bee venom CIE-
pattern. In order to have sufficient antigen in
the immunoprecipitates, the concentration of
bee venom in the CIE-experiments was in-
creased to about 200 [ig. In spite of the high bee
venom concentration, antigens Nos. 1 and 3 did
not possess measurable enzyme activity or lytic
activity. Antigens Nos. 2, 4, 5 and 6 stained for
acid phosphatase enzyme activity.

The presence of acidic proteins in bee venom
was also evident from the IEF-pattern, which
demonstrated several bands positioned between
pH 5-6.5 (Fig. 2). .

The iiTimunopreci|jitates arbitrarily num-
bered 7, 10-IS (Fig. Ib) indicated the presence
of phospholipase A enyme activity. The clearing

of the lecithin suspension was relatively rapid
for these regions containing phospholipase A
enzyme activity. It was interesting to note that
some of the cleared zones became slightly turbid
after extended hydrolysis (approximately 15 h).

The presence of hyaluronidase activity in the
CIE-pattern of bee venom was demonstiated
by the use of hyaluronic acid (Healon®) as
substrate. Hydrolysis of the substrate gave clear
zones for the regions consisting of the im-
munoprecipitates numbered 8 and 9.

The identification of acid phosphatase, hy-
aluronidase and phospholipase A in the CIE-
pattern was also checked by performing tan-
dem CIE in the presence of the isolated indi-
vidual bee venom components. Bee venom was
applied in the first well and either acid phos-
phatase, hyaluronidase or phospholipa.se A,
puriiied by a combination of Sephadex C-75
gel filtration and low pressure gel permeation
chromatography, were applied in the second
well. The tandem CIE-experiments showed
agreement with the findings achieved with the
enzymatic identification.

Analysis by SDS-gradient gel polyacrylamide
electrophoresis of an isolated high molecular
weight fraction gave a heavily stained band
around 50,000 daltons and further bands in
the molecular range of 100,000-110,000 dal-
tons. Since the amount of protein applied from
tbe high molecular weight fraction (approxi-
mately 200 |xg) was very high, it was also pos-
sible to detect very weak stained bands around
200,000 daltons and between 50,000-100,000
daltons. The multiple protein pattern in the
IEF-pattern (pH 5-6.5) may be caused by these
components. Furthermore, these acid com-
ponents most probably constitute the anodally
migrating proteins seen in the CIE-pattern
(Fig. la).

The presence of melittin in the CIE-pattern
was investigated by examination of direct
hemolysis of sheep erythrocytes. Cleared zones
demonstrated where the antigens Nos. 5, 7,
and 14—17 are located. These findings indicate
the occurrence of the basic peptide, melittin.
Hemolysis was not visible on the CIE'-plate
where phopholipase A exhibited enzyme
activity.
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DISCUSSION

A reference pattern of bee venom in CIE was
established. Seventeen precipitates (antigetis)
were detnonstrated by Cootnassie Brilliant Blue
staitiing and arbitrarily numbered 1 — 17. An ad-
ditional antigen (Ag-18), presetit in the CIE-
pattern, was demonstrated only by autoradio-
graphic developtnetit with X-ray film (ac-
companying paper). It is widely believed that
bee venom contains enzymes and peptides
acting as both antigens atid allergetis (9—12, 14,
18), Imtnutioprecipitates containing hyaluronid-
ase, phospholipase A, acid phosphatase atid
melittiti were identified by means of biochemical
methods (zymography) and lytic activity. Our
studies based upon electrophoretic separatioti
and subsequent immunological reactions indi-
cate, however, that the antigenic properties of
bee venom are more complex than previously
assumed. The various enzytnes atid tnelittin
showed multiple antigenic properties. Each anti-
gen, however (except Ag-1 and Ag-3), should
not be regarded as a single protein/peptide, but
rather as a group of antigenically (rabbit IgG)
and allergenically (hutnan IgE) tnore or less
identical, partially identical or non-identical
molecttles.

The occurrence of acid phosphatase in bee
venom (electrostimulated) has been shown
earlier (8), and, according to Betitoti (2), at least
three isozymes of acid phosphatase exist. Tan-
dem CIE indicated partial identity between the
purified high molecular weight fraction and
antigen No. 1, but not with antigen No. 3.
Antigen No. 1 might correspond to that aller-
genic high molecular weight cotnponent (aller-
gen C) previously described (10, 11). Fhis
assumption is also supported by the results from
the IEF and SDS-giadient gel polyacrylamide
electrophoresis of an isolated high molecular
weight fraction. However, one cannot exclttde
the possibility that antigen No. 1 tnight be a
polymer of acid phosphatase, but with tnasked
catalytic activity.

CRIE-studies (accompanying paper) revealed,
that antigetis Nos. 1, 2, 4, 5 and 6 wete all
shown to be allergenic for many bee venom-
sensitive individuals. This observation is in ex-

cellent agreement wilh the findings reported by
Karpas et al. (11), who found both acid phos-
phatase enzyme activity and allergenic activity in
their HMW-fraction of bee venotn.

It is interesting to note that phospholipase A
shows quite different behavior during migra-
tioti in the first and the second dimension
electtophoresis. In the fit\st dimension electro-
phoresis, phospholipase A moves very slowly
towards the cathode, which would be expected
from its isoelectric points (pi 8.8 and 9.2 (14)),
Btit in the second dimension, phospholipase A
migrates towards both the anode and cathode
fortning itnmunoprecipitates with IgG rabbit
antibodies. It is quite evident that the inter-
action between phospholipase A tnolecules and
bee venom IgG antibodies causes a significant
alteration in accessible chat ges of the enzytne.
Shipolini et al. (17) have suggested that various
subibrms of phospholipase A exist, which dif-
fer only slightly, and, furthertnore, these dif-
ferences may be in the content of carbohydi ate
or in the degree of atnidation of acidic side-
chains. This observation might explain the
multiple ClE-pattern of phospholipase A.
Furthermore, the presence of other types of
phospholipase (B or C) cannot be excluded, as
the cleared zones turned turbid after extended
hydrolysis of lecithin.

Antigens Nos, 8 and 9, associated with hy-
aluronidase enzyme activity, partly overlapped
antigens Nos. 10 and 11 (phospholipase A).
Since hyaluronidase is a basic enzyme, (pi
above 10.5), the anodal location of the antigens
Nos, 8 and 9 appears somewhat puzzling. This
effect may be interpreted by the fact that hy-
aluronidase may undergo a drastic conforma-
tional alteration when binding to IgG.

Melittin moves fast toward the cathode (pi
above 10 (14)) in the first dimension electto-
phoresis, which tnight be expected frotn its
molecular properties (a basic, hydrophobic
polypeptide consisting of 26 amino acid resi-
dues). In contrast, tnelittin does not migrate
towards the cathode in second dimension elec-
trophoresis (Fig, 1). The formed upside-down
multiple immunoprecipitates between tnelittin
and IgCi-tnolecules (antigens Nos. 14-17) are
|3ositioned in the anodal region, Melittin ex-
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hibits a significant eoncentration-dependent
aggregation in a water-based solvent (12) and
exists mainly as a tetramer of identical poly-
peptide chains in polar solvent (6). The inter-
action between individual melittin molecules is
largely hydrophobic, tesulting in positively
charged melittin complexes. Furthermore, de-
pending on peptide concentration and ionic
strength, melittin might assemble and dissociate
into various aggregates (5, 19). There seems to
be a dissociation of the melittin complexes in the
second dimension electrophoresis when binding
to IgG molecules. For that reason, it may be
suggested that melittin is bound to IgG as dif-
ferent types of aggregates (tetramers, trimers,
dimers and monomers), giving a substantially
negative net charge to melittin aggregates at
pH 8.6.

Previously it has been proposed that there
exist five different allergens in bee venom;
phospholipase A, hyaluronidase, acid phosphat-
ase, melittin and allergen C (8). The present
study combined with the CRIE data presented
in the accompanying paper support that pro-
posal.
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