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The allergenic activities of four puritied components of honeybee venom were studied
by using histamine release from leukocytes of bee sting-allergic patients. The compo-
nents studied were hyaluronidase, phospholipase A,, melittin and apamin with molecu-
lar weights, respectively, of about 50,000, 15,800, 2840 and 2038 d. In six of the seven
patients studied, hyaluronidase and phospholipase were, respectively, on the average
about two and eight times more active by weight than the venom. The situation was
reversed in one patient in that hyaluronidase and phospholipase A, were, respectively,
90 and 0.5 times more active than the venom. With this single exception, hyaluronidase
and phospholipase were about equally active on a molar basis as allergens. Melittin was
on the average about one-tenth as active as the venom, and apamin was inactive as an

allergen.

Chemical modifications of phospholipase A, were carried out. Succinylation of eight of
its eleven amino groups yielded a derivative that retained 4% of the enzymic activity of
the native enzyme. Reduction and carboxymethylation of its four disulfide bonds or
cyanogen bromide cleavage of its three methionyl bonds yielded enzymatically inactive
derivatives. These derivatives showed varying decreases of allergenic activities when
compared to the native enzyme. The results indicate that the antigenic determinants of
phospholipase depend on the charge, the amino acid sequence and the conformation of

the molecule.

One of the most common types of insect
sting allergy is that caused by the honey-
bee (1). As bee sting allergy is caused by
the venom injected on stinging (2, 3), sev-
eral laboratories have made studies to
characterize the bee venom allergens by
various immunochemical methods (4-7).
In this paper our studies on bee venom
allergens will be reported.

Haberman and his colleagues (8) have
shown that about 70% of the dry weight of
honeybee venom is accounted for as poly-
peptides and proteins. Several of the com-

' This work was supported in part by grants, No.
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Health, and Contract No. FN05 223 73 1156 of the
Division of Biologic Standards of the Food and Drug
Administration. Publication No. 196 from the
O'Neill Research Laboratories, The Good Samaritan
Hospital.
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ponents have been isolated and character-
ized. Two peptides known as melittin and
apamin and two proteins having phospholi-
pase A, and hyaluronidase activities repre-
sent, respectively, about 50, 2, 12 and 2%
of the venom weight. Melittin and apamin
contain 26 and 18 amino acid residues,
respectively, and their sequences are
known. Phospholipase A, is a glycoprotein
with a molecular weight of 15,800, and its
covalent structure has been reported re-
cently (9). Only limited chemical data are
available for the hyaluronidase. We have
purified these four known components of
bee venom and we have studied their rela-
tive allergenic activities in sensitive indi-
viduals. As phospholipase A, was found to
be an important allergen, chemical modifi-
cations of this protein were carried out and
the allergenic and enzymatic activities
were studied.
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MATERIALS AND METHODS

Honeybee venom, grades I and IV, were obtained
from Sigma Chemical Co. Two different lots of grade
I venom (122C-2170 and 640-0096) and a single lot of
grade IV venom (1220-2410) were used. Hyaluronic
acid was from Nutritional Biochemicals Corp. Seph-
adex G-50 and G-100 and carboxymethyl cellulose
CM-32 were from Pharmacia and Whatman Bio-
chemical, respectively.

Phospholipase assays were made by measuring
the clearing of egg yolk suspension in agarose gel
(10) or by a titrimetric procedure with egg yolk as
the substrate (11). One unit of phospholipase activ-
ity is defined as that amount of enzyme releasing 1
umol of acid per minute at pH 8 and 25°C in 3.0 m] of
a 10% (w/v) solution of egg volk in 0.1 M NaCl.
Hyaluronidase activity was measured by a turbidi-
metric method (12), with the modification that the
assays were carried out at 25°C. One unit of activity
is defined as that amount of enzyme required to
hydrolyze 1 ug of hyaluronic acid per minute at 25°C
in 200 ul of a 200 ug/ml solution of hyaluronic acid in
pH 5.3 buffer.

Ninhydrin analysis of samples was carried out by
using the Technicon Autoanalyzer system. Concen-
tration of samples by ultrafiltration was done in
Visking 8/32 tubing (13). Hydrolysis of samples for
amino acid analysis was carried out in 6 N HCl or in
6 N HCI containing 0.1% (w/v) phenol at 110°C for 22
h in sealed and evacuated tubes tless than 0.1 mm
Hg pressure). Amino acid analyses were made on a
Beckman-Spinco Model 120B analyzer: the analyzer
was modified for use with narrow-bore columns so
that nanomole amounts of amino acids were meas-
ured (14). Circular dichroic spectra were taken in a
Cary spectropolarimeter. Discontinuous (disc) elec-
trophoresis was carried out in polyacrylamide gels
containing pH 4.1 acetate buffer in 6 M urea (15,
and the gels were stained with Coomassie blue 116).
Sodium dodecyl sulfate (SDS)? gel electrophoresis
was carried out in gels containing 12% acrylamide,
0.6% methylene bisacrylamide and 0.2% SDS with
or without 6 M urea (17). Electrophoresis in agarose
gels containing pH 8.6 barbital buffer was carried
out as described in the literature (18). The number of
free amino groups in samples was determined colori-
metrically by use of the reagent 2 4 6-trinitroben-
zene sulfonic acid (19).

The allergenic activities of the fractions were
studied by the histamine release method from leuko-
cytes of bee sting-allergic patients (20) or from leuko-
cytes of normal persons passively sensitized with
allergic patients’ sera (21).

Precipitin analyses of bee venom phospholipase
or its derivative with rabbit anti-bee venom sera

* Abbreviations used: CM-, carboxyme*hyl; IgE,
immunoglobulin E; SDS, sodium dodecy! sulfate.

were carried out in the manner described previously
(22). The antisera were prepared by immunization of
rabbits with bee venom in complete Freund’s adju-
vant (7).

RESULTS

There are two different grades of com-
mercially available honeybee venom, I
and IV. Examination of two separate lots
of Grade I venom showed that they con-
tained, within experimental error, identi-
cal hyaluronidase and phospholipase activ-
ities, 370 = 70 and 62 * 6 enzyme
units/mg, respectively. Examination of a
single lot of Grade IV venom showed that
its specific phospholipase activity was the
same as that of Grade I venom, but it
contained negligible hyaluronidase activ-
ity. Other investigators have also reported
the absence of hyaluronidase in certain
commercial samples of bee venom (23).
The fractionation experiments described
below were carried out with the Grade I
bee venom, and the procedures used are
similar but not identical to those employed
by others workers (4, 8, 23, 24). These pro-
cedures are described fully, as they are
pertinent to the characterization of the iso-
lated components.

Fractionation of Bee Venom

The venom was chromatographed on a
column of Sephadex G-50 to yield fractions
of different molecular sizes (Fig. 1). Frac-
tions 1 and 2 were found to contain hyalu-
ronidase and phospholipase activities, re-
spectively, by using enzyme assays.
Amino acid analysis of fractions 3 and 4
showed them to contain melittin and apa-
min, respectively. These four fractions
were further purified by ion-exchange chro-
matography. The yields of the purified
components are given in Table I.

Fraction 4 was chromatographed on CM-
cellulose by using a linear gradient of in-
creasing concentration of pyridine-acetate
buffer (pH 4.65). Two fractions, 4A and 4B,
were obtained (Fig. 2A), and both were
found to have amino acid compositions
identical to that reported for apamin. Only
data for cut 4A are given in Table II. Frac-
tion 3 was also chromatographed on CM-
cellulose, but a linear gradient of increas-
ing concentration of ammonium acetate
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F16. 1. Separation of bee venom components. The
bee venom (2 g) was dissolved in 15 ml of 0.05 M
ammonium acetate and 0.05 M acetic acid buffer (pH
4.75) and, after clarification by centrifugation, the
solution was applied to a column (2.6 x 198 cm) of
Sephadex G-50. The column was eluted with the
same ammonium acetate buffer at a flow rate of 56
ml/h, and fractions of 15-ml volume were collected.
Cuts 1 and 2 were concentrated by ultrafiltration,
while cuts 3 and 4 were recovered on lyophilization.
(@) and (O), Ay and A,,/10, respectively; (A), hya-
luronidase activity; (3), phospholipase activity.

TABLE I

Y1ELDS OF THE PURIFIED COMPONENTS FROM 2 g OF
Bee VENOM®

Protein Fraction Amount Specific ac-
(mg) tivity
(units/mg)
Hyaluronidase® 1A 0.43 7.8 x 10*
Phospholipase 2A 73 5.5 x 10?
2B 24 5.5 x 10*
Melittin 3A 320
3B 320
3C 212
Apamin 4A 30
4B 7

“The sample of bee venom used was found to
contain 370 + 60 and 62 = 6 units of hyaluronidase
and phospholipase activities per milligram of
venom, respectively.

* The weight of hyaluronidase was estimated by
amino acid analysis. The value may be an underesti-
mate, as it does not take into account the possible
presence of other neutral carbohydrates.

buffer (pH 4.75) was used. A broad peak,
shown in Fig. 2B, was observed and three
fractions, 3A, 3B and 3C, were taken as
indicated. Amino acid analyses showed
these fractions to have indistinguishable
compositions within experimental error
and their compositions to be the same as
that reported for melittin. Only data for
fraction 3A are given in Table II. Rechro-
matography of fraction 3A under the same

initial conditions but with the change that
the sample size was reduced to one-fifth of
that used originally showed that the peak
position was delayed to that of 3C and that
the peak broadness was reduced markedly
as shown by the dashed curve in Fig. 2B.
This finding indicates that the broadness
of the melittin peak in Fig. 2B is related to
its concentration-dependent aggregation
reaction (8) and that it does not represent
the separation of melittin into separate
components differing in their electrical
charges. A portion of the melittin in the
venom is known to be formylated at its
amino terminus. (8).

Fraction 2 was purified by chromatogra-
phy on CM-cellulose by using a linear gra-
dient of increasing concentration of ammo-
nium acetate buffer (pH 4.75). Two frac-
tions, 2A and 2B, containing phospholi-
pase activity were obtained (Fig. 3A).
These two fractions together accounted for
80% of the absorbance units at 280 nm
applied to the column. On rechromatogra-
phy, fraction 2A was eluted at the same
position as in Fig. 3A (result not shown).
Fractions 2A and 2B showed identical spe-
cific enzymatic activities (Table 1) and iden-
tical amino acid compositions (only data
for fraction 2A are given in Table II). The
fractions had identical mobilities on disc
electrophoresis in polyacrylamide gel con-
taining acetate buffer in 6 M urea, but
fraction 2B showed other bands in addition
to the main band (Fig. 4A). On SDS-poly-
acrylamide-gel electrophoresis, fraction
2A showed only one band and its mobility
indicated a molecular weight of 18,000 =
3000, in accord with its known value (9);
but fraction 2B gave two bands with mobili-
ties indicating molecular weights of 18,000
and 15,000 (Fig. 4B). The nature of chemi-
cal differences between these two phospho-
lipase fractions is not known.

Fraction 1 was also purified by chroma-
tography on CM-cellulose, and a linear gra-
dient of increasing concentration of so-
dium chloride in ammonium acetate buffer
(pH 4.75) was used. Two peaks having hya-
luronidase activity were obtained (Fig.
3B), accounting for 90% of the enzyme
units applied to the column. Only the
main peak fraction, 1A, was recovered,
and rechromatography did not increase its
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TABLE II
AmINO Acip COMPOSITIONS OF PURIFIED BEE VENOM COMPONENTS

Amino Acid® Hyaluroni- Phospholipase Melittin Apamin
dase
Found® Found® Reported Found® Reported Found® Reported

Lysine 36.0 10.8 11 2.96 3 1.01 1
Histidine 11.0 6.1 0 1.07 1
Arginine 31.0 6.0 6 2.02 2 2.01 1
Tryptophan n.d.” n.d. n.d. 1 0
Aspartic Acid 63.0 15.3 16 0.09 1.07 1
Threonine 27.2 9.9 10 1.95 2 1.07 1
Serine 34.3 9.0 10 1.03 1 0
Glutamic Acid 47.3 6.3 6 1.98 2 3.00 3
Proline 21.0 5.2 5 1.11 1 1.00 1
Glycine 32.6 11.1 11 3.31 3 0
Alanine 28.0 3.9 4 1.92 2 2.96 3
Half-cystine 7.5 9.1 8 0 4.14 4
Valine 24.2 4.9 5 1.55 2 0
Methionine 7.8 2.6 3 0 0
Isoleucine 16.0 2.9 4 2.82 3 0
Leucine 39.7 8.4 9 3.80 4 1.01 1
Tyrosine 25.9 7.8 8 0 0
Phenylalanine 19.9 5.0 5 0 0
Glucosamine 6.0 0 0 0 0
Weight recovery n.d. 91 + 3% 97 + 3% 100 = 3%
Ay for 1 mg/ml 2.12¢ 1.30/ 1.60¢ Negligible®

solution *0.20 +0.05 +0.05 value

® Only samples of 20-h hydrolysates were analyzed.

* Calculated by taking the number of residues per mole of lysine, arginine, aspartic acid, glutamic acid,
glycine and alanine to be respectively 36, 31, 63, 48, 32 and 28 for hyaluronidase; 11, 6, 16, 6, 11 and 4 for
phospholipase (9); 3, 2, 0, 2, 3 and 2 for melittin (8);1,2,1, 3, 0 and 3 for apamin (8).

“n.d., Not determined.

“ The expected weight recovery for phospholipase is 92% as it is a glycoprotein.
* In 0.1 M ammonium acetate buffer (pH 4.7); the weight of sample was estimated by amino acid analysis.

7In 0.1 M ammonium bicarbonate.
?In 0.2 M acetic acid.

specific  activity (chromatogram not
shown). The homogeneity of fraction 1A is
indicated by disc electrophoresis in ace-
tate-urea gel (Fig. 4A) and by electropho-
resis in SDS gel (Fig. 4B). Its mobility on
SDS-gel electrophoresis indicated its mo-
lecular weight to be 50,000 = 10,000. The
weight recovery of fraction 1A given in
Table I was estimated from its amino acid
composition given in Table II. This value
may be an underestimate, as bee venom
hyaluronidase is likely to be a glycoprotein
and the composition of neutral sugars, if
present, is not known.

[t was found best not to concentrate the
purified hyaluronidase fraction by lyophili-

zation, as there was a significant loss of
enzymic activity on such treatment. How-
ever, there was no detectable loss of hyalu-
ronidase activity on lyophilization of bee
venom solutions in ammonium acetate
buffer (pH 4.75) or in ammonium bicarbon-
ate (pH 8.4). Purified or crude phospholi-
pase was stable to lyophilization from am-
monium acetate or bicarbonate buffers.

Chemical Modifications of Bee Venom
Phospholipase.

In the following studies, only the major
form of phospholipase (fraction 2A) was
used.

Succinylation of phospholipase (8.5 mg,
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F1G. 2. (A), Purification of apamin. The entire
sample of cut 4 of Fig. 1 (186 mg) in 10 ml of 0.1 M
pyridine -acetate buffer was applied to a column (0.9
X 20 cm) of CM-cellulose, CM-32. The column was
eluted with a linear gradient containing 500 ml each
of 0.1 and 0.6 M pyridine-acetate buffer (pH 4.65).
The flow rate was 60 ml/h. Ninhydrin analyses were
made on 50-ul aliquots of the fractions (10-ml vol-
ume) to detect the peptide. | B), Purification of melit-
tin. One-half of the sample of cut 3 of Fig. 1 (610 mg)
in 10 mlof 0.2 M ammonium acetate buffer (pH 4.75)
was applied to a column (0.9 x 20 cm) of CM-cellu-
lose. The column was eluted with a linear gradient
of 500 ml each of 0.3 and 0.7 M ammonium acetate
buffer (pH 4.75) at a flow rate of 56 ml/h. The frac-
tions (10-ml volume) were analyzed by absorbance at
280 nm. The dashed curve was obtained on rechroma-
tography of fraction A (122 mg dissolved in 5 ml of
starting buffer) under the same initial conditions.

5.4 umol) was carried out at 25°C in 2 ml of
0.05 m Tris-HCI buffer (pH 7.95) by two
successive additions of succinic anhydride
(27 mg, 230 umol) at 30-min intervals. The
pH of the reaction was kept constant by
the addition of 2 M Tris. The product was
isolated by chromatography on Sephadex
G-100 with 0.1 M ammonium bicarbonate
as the eluant, and its elution position was
the same as that of the native enzyme. The
product migrated rapidly as an anion on
agarose-gel electrophoresis in pH 8.6 barbi-
tal buffer, while the native enzyme mi-
grated slowly as a cation; the presence of
as little as 1% of native enzyme in the
product could be easily detected. Using the
trinitrobenzene sulfonic acid method (19),
the native and the succinylated enzymes
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Fi1G. 3. (A), Purification of phospholipase A,. The
entire sample of cut 2 of Fig. 1 in 10 ml of 0.1 M
ammonium acetate buffer (pH 4.75) was applied to a
column (0.9 x 20 cm) of CM-cellulose. The column
was eluted with a linear gradient of 500 ml each of
0.1 and 0.4 M ammonium acetate buffer (pH 4.75) at
56 mlh, and fractions of 10-ml volume were col-
lected. (B), Purification of hyaluronidase. The entire
concentrate (9 ml) of cut 1 of Fig. 1 was used. The
column (0.9 x 20 em) of CM-cellulose was eluted
with a linear sodium chloride gradient in 0.2 M
ammonium acetate buffer (pH 4.75), increasing from
0 to 0.1 M in a total volume of 1 liter. The flow rate
was 60 ml/h, and fractions of 10-ml volume were
collected. (O), Absorbance at 280 nm; and (), hyalu-
ronidase activity.

were found to contain 11.2 and 3.5 amino
groups per mole, respectively. The native
enzyme has one a-amino and eleven e-
amino groups (9); therefore about eight
succinyl groups were introduced per mole-
cule of enzyme. The native and the succiny-
lated enzymes had similar dichroic spectra
(Fig. 5), indicating that no major conforma-
tional change of the molecule occurred on
modification. By the titrimetric assay, the
specific activities of the native and the
modified enzymes were found to be, respec-
tively, 550 and 22 units/mg. Lineweaver-
Burk plots for the native and the modified
enzymes are given in Fig. 6. The data
show that the decrease in specific activity
of the modified enzyme is mainly a conse-
quence of a reduction of its catalytic effi-
ciency as the K,’s for the two enzymes
differ only by about twofold.




666 KING ET AL

—

N - e e

Fic. 4. (A), Acetate-urea-gel electrophoresis:
from left to right, fractions 2A, 2B, bee venom, 1A
and admixture of 2A and 1A. About 5 ug of each
protein was used per gel with the following excep-
tions: for the admixture of 2A and 1A, about 1 ug of
each protein was used; for the venom, 48 ug were
used. (B) SDS-polyacrylamide-gel electrophoresis:
from left to right, fractions 2A, 2B, 1A, an admix-
ture of 1A and standard proteing and, on the far
right, bee venom. About 3 ug of each protein were
used per gel, and the amount of venom used was 25
pg. The standard proteins from top to bottom are:
bovine plasma albumin (M.W. 66,000), pepsin frag-
ments A and B of bovine albumin (M.W. 35,000 and
29,000) (25) and ribonuclease (M. W. 13,600).

The four disulfide bonds of phospholi-
pase (4.1 mg) were reduced with dithiothre-
itol (10 mg) in 2 ml of 6 M guanidine hydro-
chloride containing 0.1 M Tris-HCI buffer
(pH 8.6). After 18 h at 25°C, the reduced
protein was alkylated with iodoacetic acid
(24 mg) and the pH was kept at 8.0 by the
addition of 2 M Tris. After 30 min, the
excess reagents were removed by dialysis
against 0.1 M ammonium bicarbonate. The
mixture was then fractionated on a col-
umn (200 X 0.9 cm) of Sephadex G-100.

ool Y
s AT oAl
i
Fic. 5. Circular dichroic spectra. (@), Phospholi-
pase; and (O, succinylated phospholipase. The pro-
tein concentration was in the range of 0.9-1.0 mg/ml
in 0.05 M sodium phosphate buffer (pH 7.2).
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F1G. 6. Lineweaver-Burk plots for phospholipase
(@) and its succinylated derivative (). Velocity (v)
is the rate of release of acid in micromoles per min-
ute per milligram of enzyme, and s is the percent
concentration of egg yolk.

Two peaks of about equal amounts of pro-
teins were obtained; one eluted at the void
volume and the other at the same position
as that of the native enzyme (chromato-
gram not shown). Both peaks were found
to contain fully reduced and carboxymethy-
lated phospholipases as they showed identi-
cal amino acid compositions. Their car-
boxymethyl cystine content was 9.4 + 0.3
residues/mol, while that expected is 8.0
residues (9).

Cleavage of the three methionyl bonds
of phospholipase (10 mg) with cyanogen
bromide (100 mg) was carried out at 25°C
in 75% aqueous formic acid (1.4 ml). After
a reaction time of 2 h, the product was
recovered by lyophilization after dilution
with water. On SDS-gel electrophoresis,
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the product gave only one band having a
mobility identical to that of the native en-
zyme, indicating no change in molecular
weight on cleavage. After reduction of the
cleaved product with mercaptoethanol,
two bands were seen on SDS gels. Their
mobilities indicated molecular weights of
about 4000 and 7000 (results not shown).
These findings are in agreement with the
known covalent structure and the disulfide
bond distribution of phospholipase (9). The
cleaved product was enzymatically inac-
tive. A reduced and carboxymethylated de-
rivative of the cyanogen bromide-cleaved
phospholipase was also prepared by follow-
ing a procedure identical to that given
above for the native enzyme except that
the product was purified on a Sephadex G-
25 column.

Immunological Studies

The purified bee venom components
were assayed for their allergenic activities
by measuring their ability to release hista-
mine from the leukocytes of honeybee-al-
lergic patients (20) or from the cells of
normal donors passively sensitized with
sera from allergic patients (21). Figure 7
shows representative data from one pa-
tient. From such data the concentration of
allergens required for 50% release of cellu-
lar histamine is extrapolated. The extrapo-
lation error is estimated to be about 30%.
Both unfractionated venom and hyaluroni-
dase caused 50% histamine release from
this patient’s cells at about 5 x 10~ ug/ml,
whereas one-fifth of that concentration

T HistImIne relense

wq/ml

Fie. 7. Histamine release from leukocytes of a
bee sting-allergic patient (R.W.) challenged with
bee venom or its purified components: bee venom

(oeee ); hyaluronidase fraction 1A (------}; phospholi-
pase fraction 2A (-----) and B (~——); melittin frac-
tions 3A (------).

was required for phospholipase. Melittin
was weakly allergenic in this patient, re-
leasing 50% histamine at 1 x 10°! pg/ml.
Since melittin is known to cause nonspe-
cific lysis, concentrations up to 10 ug/ml
were tested on the cells of normal donors;
nonspecific histamine release did not oc-
cur. Apamin had been tested twice previ-
ously on this patient’s leukocytes and
found nonallergenic at concentrations up
to 1 pg/ml. Consequently, it was not in-
cluded in this experiment. Experimental
data on seven patients studied are summa-
rized in Table IIl. The specificity of the
assay is indicated by the fact that both
normal cells sensitized with ragweed-al-
lergic serum and nonsensitized leukocytes
from nonallergic donors released very lit-
tle or no histamine when challenged with
bee venom or its purified components at
concentrations which were 100 times
greater than those indicated in Table 111
(data not shown).

The relative allergenic activities of the
components are indicated by the ratio of
their concentration required for 50% hista-
mine release to that required when using
whole venom. These values are given in
parentheses in Table IIl. In six of the
seven patients studied, phospholipase was
more allergenic than the venom, its rela-
tive activity is in the range of 3-12, and
the average value is about 8. In these same
six patients, the relative activity of hyalu-
ronidase is in the range of 1-5 and the
average value is about 2. In only one of the
seven patients (J.G. in Table IID) was phos-
pholipase less allergenic than the venom,
and this is also the only case in which
hyaluronidase was more active than phos-
pholipase.

The relative allergenic activity of melit-
tin also covers a wide range (0.01-0.30,
Table I11}; for the majority of patients the
value is about 0.1. This amount of activity
could not be the result of trace contamina-
tion with the most active phospholipase, as
all the melittin samples (fractions 3A, 3B
and 3C) were found to contain less than
0.01% phospholipase by the titrimetric as-
say. Further confirmation of the allergenic-
ity of melittin was obtained from a series
of passive sensitization experiments with
use of the sera from several bee-allergic
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TABLE III
ALLERGENIC ACTIVITY OF THE PURIFIED BEE VENOM COMPONENTS AS MEASURED BY HISTAMINE RELEASE
FROM LEUKOCYTES OF ALLERGIC PATIENTS OR FROM LEUKOCYTES OF A NORMAL DONOR PASSIVELY
SENSITIZED WITH ALLERGIC SERA

Patient® Allergen required for 50% histamine release (ug/ml)®
Honey bee Hyaluronidase Phospholipase' Mellitin Apamin
venom Fraction 1A Fraction 2A Fraction 3A Fraction 4A

R.W. 5 x 107 (1) 5 X 107 (1) 1 x 107 (5) 1 x 107" (0.005) —d
D.P. 4 x 1072 (1) 1 x 1073 (4) 7 x 1077 (6) 1 x 1071 (0.04) nd.”
S.M. 1 x 107° (1) <10°* (>1) 4 x 107°(3) n.d. —
J.G. 9 x 1073 (1) 1 x 1074 (90) 2 x 107 (0.5) 1 x 107" (0.09)
P.P. 6 x 1074 (1) 1 x 107% (0.6) 3 x 1074 (12) 1 x 107! (0.006) n.d.
J.V. 1 x 1072(1) 1 x 1072 (1) 8 x 107 (12) 1 x10°'(0.1) n.d.
K.B 1 x 1072 (D 2 x 1073 (5) 1 x 107 (10) 3 x 1077 (0.33) n.d.

¢ Values for the first four patients were obtained by using their own leukocytes while those for the
remaining three patients were obtained by using normal cells passively sensitized with their sera.

* Values in parentheses are activities relative to that of bee venom which is taken to be 1.

" The activity of phospholipase fraction 2B was found to be within the experimental error, the same as

that of fraction 2A.

? No histamine release at a test allergen concentration of 1 ug/ml.

" n.d., Not determined.

patients. An example of one such experi-
ment is shown in Fig. 8. The sera from
three bee-allergic patients contained spe-
cific IgE antibodies capable of transferring
melittin sensitivity to normal cells while
the same cells, sensitized with a serum
from a ragweed-allergic patient, released
no histamine when challenged with melit-
tin. Apamin is apparently inactive as an
allergen since, at a test concentration of 1
ug/ml, no histamine was released from
any patient’s cells.

The allergenic activities of the chemi-
cally modified phospholipases were deter-
mined by using passively sensitized leuko-
cytes (Table IV). The relative activity of
the succinylated enzyme compared to that
of the native enzyme covers a range of
0.003-0.7 in the five patients studied. The
relative activity of the cyanogen bromide -
cleaved enzyme covers as wide a range as
does the succinylated enzyme. The widely
differing decreases in activity of the succi-
nylated or the cyanogen bromide-cleaved
phospholipase in the five patients tested
may reflect that the sera of these patients
are specific for different antigenic determi-
nants of phospholipase used for sensitiza-
tion. The relative activities of the reduced
and carboxymethylated enzyme and of the

PASSIVE SENSITIZATION

A ® B HONEY BEE ALLERGIC

© RAGWEED ALLERGIC
804

3
>
!

% HISTAMINE RELEASE
>
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L

[ a3 O O T
10-2 10t ! 0
MELITTIN (ug/ml}

FiG. 8. Passive sensitivation of normal leuko-
cytes with three sera from honeybee-allergic pa-
tients (@) and a serum from a ragweed-allergic pa-
tient (O) followed by challenge with melittin.

cyanogen bromide-cleaved enzyme fol-
lowed by reduction and carboxymethyla-
tion are, respectively, about 10~* and 10~°
of that of the native enzyme.

Precipitin analyses in liquid medium of
phospholipase and its succinylated deriva-
tive were carried out with rabbit anti-bee
venom sera (Fig. 9). The amount of im-
mune precipitate obtained with the succi-
nylated enzyme at maximal precipitation
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TABLE IV
ALLERGENIC ACTIVITIES OF NATIVE AND MODIFIED PHOSPHOLIPASES

Patient® Allergen required for 50% histamine release (ug/ml)®
Native Succinylated Reduced and car- Cyanogen bro- Cyanogen bromide
boxymethylated mide cleaved cleaved then reduced
and carboxymethy-
lated
S.M. L > 1077 (1) 3 x 1073 (0.003) 7 x 10 * (0.0001) 4 x 1077 (0.003) 14 (£1077)
R.W. 5% 10 (1) 7 x 107*(0.7) 2 (0.0003) 3 % 107 (0.2) 14 (107%)
J.V. 4 X 1077 (1) 2 x 1071 (0.2) 2 x 107 (0.0002) 1 x 107 (0.4) 14 (<107%)
J.G. 3 > 1077 (1) 6 x 107" (0.005) n.d.” 1 (0.003) n.d.
K.B. 2 X107 (1) 5 x 1077 (0.04) n.d. 2 x 107% (0.01) n.d.

“ Normal cells passively sensitized with patients’ sera were used.
® Values in parentheses are activities relative to that of the native enzyme.
" Two chromatographic forms of reduced and carboxymethylated phospholipase were obtained (see text),

and they showed identical allergenic activities.

“ Incomplete or no release of histamine at 1 ug/ml of allergen.

“n.d., Not determined.

mg /il

F1c. 9. Precipitin analyses of phospholipase and
its succinylated derivative with a rabbit anti-bee
venom serum. The volumes of antigen and antise-
rum solutions are respectively 25 and 50 pul.

is about one-half that obtained with native
enzyme, indicating that most of its anti-
genic determinants are retained on succi-
nylation.

DISCUSSION

Hyaluronidase, phospholipase A,, melit-
tin and apamin were isolated from honey-
bee venom. These four components were
characterized by their chromatographic
properties and/or electrophoretic mobili-
ties, amino acid compositions and, where
applicable, their enzymatic activities.
Their allergenic activities were examined
by following their capacities to induce his-
tamine release from leukocytes of allergic
patients (Table III).

For the majority of patients tested (six
out of seven) hyaluronidase and phospholi-
pase were respectively on the average two
and eight times more active by weight
than the bee venom. This indicates that
the relative allergenic activities of these
two proteins are about equal on a molar
basis, as the molecular weights of these
two proteins differ by a factor of about 3.
Only in one of seven patients studied is
hyaluronidase more active than phospholi-
pase on a weight or molar basis. Several
reports (5-7) have appeared indicating
phospholipase to be the major allergen of
bee venom. One report (5) indicated that
the purified phospholipase was no more
active, on a weight basis, than the bee
venom in causing histamine release from
sensitive leukocytes. Another report (6) in-
dicated that, in addition to phospholipase,
hyaluronidase and another high molecular
weight fraction of bee venom were impor-
tant allergens, as shown by the radioal-
lergosorbent test. The present findings ex-
tend these preliminary reports in the fol-
lowing way: Both hyaluronidase and phos-
pholipase are important allergens, but the
relative responses of allergic individuals
to these two allergens vary. The varying
responses of individuals to these two bee
venom allergens find precedence in the lit-
erature on the allergens of ragweed pollen.
Allergens Ra3 and Ra5 are highly active
only in a selected population of ragweed-
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sensitive individuals while the major aller-
gen antigen E is highly active in the over-
whelming majority of patients (26).

The results presented in Fig. 8 and in
Table III indicate that melittin is a weak
allergen. As noted earlier, the weak activ-
ity of melittin is not the result of cross
contamination. Other investigators (6)
have also reported that melittin might be
a weak allergen in bee sting patients. Mel-
ittin has also been reported to be immuno-
genic in mice, stimulating the formation of
skin-sensitizing antibodies (27). Both apa-
min and melittin are peptides of about the
same size, containing about 20 amino acid
residues. However, we found apamin to be
nonallergenic in all patients studied. In
addition to its much greater abundance in
bee venom, melittin is known to be
strongly associated in solution as well as to
possess surfactant properties (8). These
two characteristics may be of importance
as to why melittin is an allergen while
apamin is not. The small size of melittin
indicates that it can be another useful
model allergen for studying genetic as-
pects of immune response (cf. Ref. (26)).

The allergenicity of phospholipase was
decreased on succinylation of its accessible
amino groups, cyanogen bromide cleavage
of its methionyl bonds or reduction and
carboxymethylation of its disulfide bonds
(Table IV). Succinylation of phospholipase
changed the net charge of the protein from
a basic one to an acidic one but it produced
only a limited conformational change of
the molecule, as indicated by the similar-
ity of its circular dichroic spectrum to that
of the native enzyme and by its retention
of enzymatic activity though of reduced
catalytic efficiency. The primary structure
of phospholipase was altered on cyanogen
bromide cleavage, and the product was en-
zymatically inactive. Complete reduction
of the cross-linking disulfide bonds of phos-
pholipase produced a large conformational
change, as indicated by its complete loss of
enzymatic activity and its altered chro-
matographic behavior on Sephadex G-100.
The greatest decrease in allergenic activ-
ity (greater than 105-fold) was obtained
when the enzyme was first cleaved with
cyanogen bromide, then reduced and car-

boxymethylated. The above results taken
together show that the allergenic (or anti-
genic) determinants of phospholipase de-
pend on the charge, the conformation and
the amino acid sequence of the molecule,
Jjust as has been found for the other globu-
lar protein allergens from ragweed pollen
(22) and rye grass pollen (26).

The amino acid sequences of phospholi-
pases A, from porcine pancreas (28), snake
venom (Naja melanoleuca) (29) and honey-
bee venom (9) are known, and they all
consist of about 130 amino acid residues.
Alignment of the sequences of porcine pan-
creatic and snake venom enzymes shows
that about half of the amino acid residues
occupies identical positions. Similar align-
ment of the sequences of porcine pan-
creatic and bee venom enzymes shows that
less than 20% of the residues occupies iden-
tical positions. Also, bee venom phospholi-
pase differs significantly from the other
two phospholipases in the number as well
as the pairing of half-cystine residues.
These structural differences between the
bee venom and the mammalian phospholi-
pases probably play an important role in
the high immunogenicity of bee venom in
sensitive people, as it is well known that
the immunogenicity of a protein antigen
depends on its degree of foreignness to the
host being immunized (30).
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