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Analysis of Differing Patterns of Cross-Reactivity of Honeybee and Yellow
Jacket Venom-Specific IgE: Use of Purified Venom Fractions

John I. Wypych^, C. John Abeyounisb, Robert E. Reisman^

Allergy Research Laboratory, Departments of " Medicine and b Microbiology, State University of New York at Buffalo,
Buffalo General Hospital, Buffalo, N.Y., USA

Abstrsct. Prior studies ofsera from insect sting-allergic patients have analyzed the relationship ofcoexisting
honeybee venom- and yellow jacket venom-specific IgE. Radioallergosorbent (RAST)-inhibition tests with
these venoms revealed four different patterns of activity. In this present study, purified fractions prepared
frorn these venoms were used to analyze these varying patterns. The hyaluronidases of yellow jacket venom
and honeybee venom showed extensive cross-reaction. The phospholipases from these venoms showed mini-
mal cross-reactivity; antigen 5 was restricted to yellow jacket venom. There was a high molecular weight com-
ponent in yellow jacket venom with immunologic properties similar to honeybee venom acid phosphatase.
Sera from individual patients showed quantitative and qualitative differences in the reactions to the major
components ofboth venoms. The differences in the RAST-inhibition patterns in patients u,ith elevated levels
of both honeybee venom- and yellow jacket venorn-specific IgE are accounted for by these differences as well
as by differences in the cross-reactivity bet\r,een th€ individual components.

Introduction

Sera of patients who have had allergic reactions
from insect stings may contain IgE antibodies that
react with both honeybee and yellow jacket venoms.
In radioallergosorbent test (RAST)-inhibition studies
using whole venoms U,21, the specificity of this IgE
activity was examined and four different patterns
were found: (1) unique IgE antibody activity with no
cross-reaction between serum honeybee venom
(HBV)-specific and yellow jacket venom (YJV)-spe-
cific lgE; (2) extensive cross-reaction between serum
HBV-specific and YJv-specific IgE; (3) reaction di-
rected to a major allergen in YJV and cross-reacting
with a minor allergen in HBV, and (4) reaction di-
rected to a major allergen in HBV and cross-reacting
with a minor allergen in YJV.

YJV contains three major allergens: phospholipase
(PLA); hyaluronidase, and antigen 5 (Ag5) [3]. HBV
contains four major allergens: PLA; hyaluronidase;
acid phosphatase, and melittin t4-61. In this report,

we describe the use of purified preparations of these
allergens to analyze the various RAST-inhibition pat-
terns with whole venoms. The results suggest that the
differing patterns of cross-reactivity observed using
whole venoms are due to the specific venom fractions
to which the IgE antibody activity is primarily di-
rected.

Materials and Methods

Yenom
YJY, Vespula species (lot No. 0228508YJ), in bottles containing

24.6 mg, was obtained from Vespa Laboratories, Spring Mills, Pa.
HBV was obtained from the Champlain Valley Apiaries, Middle-
bury, Conn., in l-gram lots. HBV hyaluronidase and acid phospha-
tase, ii 0.5- and 1.0-mg amounts, were kindly provided by Dr.
David Kemeny. The venom and venom fractions were stored at
-20T, until use.

Rabbit Antisera
Rabbit antisera to HBV and to mixed species of YJV were pre-

pared as previously described [7].
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Human Sera
Sera from 9 individuals containing both HBV- and YJV-spe-

cific tgE were used in this study. These sera had been extensively
studied by RAST inhibition, and were categorized into I of 4
groups, depending upon the results of the RAST inhibition with
whole venoms [,2].

Group /. The sera of group-l patients (BO and SI) showed mini-
mal cross-reactivity between HBV and YJV. There was minimal in-
hibition of the HBV RAST by YJV and minimal inhibition of the
YJV RAST by HBV, suggesting specific antibody activity directed
at each venom.

Group /. The sera of patients in group 2 (GA, FR and MC)
showed very extensive cross-reactivity between HBV and YJV.
Both venom RASTs were inhibited significantly by both venoms.

Group 3. In tests with sera from patients in group 3 (DE and
JA), YJV inhibited both YJV and HBV RAST, but HBV inhibited
only the HBV RAST. These studies suggest that the sera reacted
with a major allergen in YJV which cross-reacted with a minor al-
lergen in HBV.

Group 4.The sera of group 4 (LE and VI) showed the opposite
pattern in RAST inhibition of that found for group 3. The HBV
RAST was inhibited by HBV only, and the YJV RAST was inhib-
ited by both HBV and YJV. These studies suggest that the sera
reacted with a major allergen in HBV which cross-reacted with a
minor allergen in YJV.

Enzyme Assays
PLA and hyaluronidase assays were performed as described

previously [8, 91. Acid phosphatase activity was determined by us-
ing the Sigma Acid Phosphatase Kit. Melittin was detected using
the hemolytic test developed by Habermann and Zeuner [10].

Immunodiffusion
Venom fractions were compared in radial immunodiffusion us-

ing 50 x 5 mm Falcon plates filled with 3 ml of I % Agarose melted
in 0.1 Mborate-buffered saline (pH 8.0). Six wells, 5 mm in diame-
ter, were equally spaced from a similar central well. Well capacity
was about 251t1.

YJV Ag 5 was defined by a fraction which was potent in the
RAST assay, gave a single line in immunodiffusion distinct from
the hyaluronidase and PLA lines, and had no detectable enzyme ac-
tivity.

Radioimmunoassays
The RAST was performed as previously described Il l]. Discs

were coupled with either 5 pg of dialyzed YJV, 100 lrg of HBV, or
400 ng of venom fractions. The results were calculated as percent
bound of total activity added, and adjusted if dilution was neces-
sary, assuming linearity.

For RAST inhibition, 50 pl of serum (diluted in normal human
serum, if necessary) was added to 50 pl bovine serum albumin
(BSA) diluent, as in the RAST, or to BSA diluent containing a
known amount of inhibiting antigen. Tubes were incubated at
4-6T, for 20 h. The next day, an appropriately coupled disc was
added to each tube, followed by incubation overnight at 3l t. The
remainder of the test was done as previously described.

Fractionation of HBV
HBV fractionation was carried out using technology previously

described, including negative-pressure dialysis concentration [12],

tandem-column gel filtration [3], PC-affinity column [3], and the
SP-Sephadex-120 chromatography [4]. Briefly, after negative-
pressure dialysis of HBV, 50-mg amounts of protein (pH 4.75), in
0.5 M ammonium acetate buffer were passed through tandem col-
umns of ACA-,$4, ACA-54 and P-60 acrylamide gels. The leading
peaks of several such fractionations were pooled, concentrated and
analyzed, and were found to be rich in hyaluronidase and acid
phosphatase. After dialysis against a pH-9.0 Tris-HCl buffer and
passage through the PC-affinity column, the effluent was found to
contain only hyaluronidase activity and showed one line in im-
munodiffusion. Acid phosphatase was retained by the PC column
(under the initial wash conditions) but was eluted with Tris-buffer
containing 0.5 M NaCl. Immunodiffusion tests showed one line
which did not cross-react with hyaluronidase or PLA. While the
starting material had elevated acid phosphatase activity, this pro-
tein in the first eluate had reduced acid phosphatase activity, sug-
gestive of denaturation.

The PLA-rich fractions were obtained by elution with 0.1 N
acetic acid (pH 4.15). The PLA-rich peaks (later peaks) from several
gel-filtration columns were pooled and passed through the ACA-54
gel filtration column. The PLA-rich peak was dialyzed against
0.01 M Tris-citrate (pH 8.0) and passed through an SP-Sephadex-
120 column. Highly purified PLA was eluted, using an 0.002-M(pH
4.5), acetate buffer containing 0.3 M NaCl. The leading fraction
contained PLA activity only and showed one line in immunodiffu-
sion.

Melittin peaks from gel filtration which occurred after the PLA
peak were pooled, concentrated, and passed through a P-60 gel col-
umn. This fraction contained no enzyme activity, but had very high
hemolytic activity, and did not cross-react with any of the other
fractions.

Fractionation of YJV
YJV was fractionated following several of the procedures devel-

oped by King et al. [3], using 24-50 mg of venom protein at a time.
Briefly, venom at a concentration of 5 mg,zml in 0.05 M ammo-

nium acetate buffer (pH a.75) containing phenylmethylsulfonylflu-
oride, a protease inhibitor, was thoroughly dialyzed against the
starting buffer Tris-HCI0.05 M(pH 8.0). The dialyzed venom (after
addition of CaCl2 to a final concentration of 0.05 M) was passed
through a PC-affinity column. Effluent of the column contained
both hyaluronidase and Ag 5. An initial eluate using Tris-HCl (pH
8.0) and 0.5 M NaCl, contained a unique protein which had no en-
zyme activity, showed one line in immunodiffusion, and was differ-
ent from Ag 5. A second eluate obtained after passage of 0.1 M
acetic acid (pH 4.75) was highly enriched in PLA and showed one
line in immunodiffusion.

The effluent from the PC-affinity column which contained hy-
aluronidase and Ag 5, was concentrated against 0.50 M ammonium
acetate buffer (pH a.75) and passed through aCM-25 chromatogra-
phy column. Effluent from this column contained Ag 5, had no
enzyme activity and showed one line in immunodiffusion. Eluate
following a NaCl gradient in the acetate buffer contained a
large amount of hyaluronidase activity. After concentration and
dialysis, the hyaluronidase-rich fraction was put on a heparin-sephar-
ose colúmn and equilibrated with the same ammonium ace-
tate buffer. Elution with increasing amonts of NaCl led to 3 peaks
high in hyaluronidase activity, the last two of which had very
high enzyme activity, and showed only single lines in immuno-
diffusion.
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Table l. Characteristics of venom fractions

Enzyme activity

PLA hyaluronidase
pMfattyacids/ turbidity
mg protein/min reduction units

acidphosphatase melittin
units activity,/ hemolytic activity
mg protein o/o

Immunodiffusion
number of lines
reacting with
rabbit antisera

Bee Venom
Whole venom

Isolated fractions
PLA2
Hyaluronidase
Acid phosphatase
Melittin

YellowJacket Venom
Whole venom

Isolated fractions
PLA
Hyaluronidase
A g 5

ó5

0
0
0

100

6.3

0
188

0
0

3,89ó
0
0
0

76.3

0
0

1,938
0

774

1,353
0
0

8.2s

0
225

0

3-4

Fig. 2. Gel diffusion experiment showing the reaction of rabbit
anti-YJV serum (aYJV) with phospholipase (PL), hyaluronidase
(H), and antigen 5 (Ag5) fractions of YJV, and diluent control
(bsa). Single precipitin lines of nonidentity are present with each of
the isolated fractions.

Fig. 1. Gel diffusion experiment showing the reaction of a rab-
bit anti-HBV serum (aBV) with phospholipase (PLA), hyaluroni-
dase (H), and acid phosphatase (AcP) fractions of HBV, and dilu-
ent control (bsa). Single precipitin lines of nonidentity are present
with each of the isolated fractions.

Results

Characteristics of Venom Fractions
The characteristics of the venom fractions are

shown in table l. Four fractions were isolated from
HBV. Three of these fractions contained PLA, hyal-
uronidase, or acid phosphatase activity; none had
hemolytic activity. Each fraction gave a single preci-
pitation line of nonidentity with the other two frac-

tions in immunodiffusion against anti-whole HBV
rabbit sera (fig. 1). A fourth fraction, which appar-
ently was melittin, had hemolytic activity but no en-
zyme activity.

Three fractions from YJV were isolated. Each gave
a single precipitation line of nonidentity in immuno-
diffusion against rabbit antisera (fi9.2). The PLA and
hyaluronidase fractions contained no other enzymat-
ic activity. The Ag 5 fraction had no enzyme activity.
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Table 2. Direct RAST results with whole venom and venom fractions

Serum
dilution

Bee venom Yellow jacket venom

whole
venom

fractions whole
venom

fractions

AcP Hyal PLA Mel Hyal A5 PLA

2.9 0
7.9 I

9 .1
10.8

14.8 14.0 4.0 0
15.2 18.2 4.0 0

7.2
5.2

39. l
33.8

187.2

n.7
8.6

t2.9
10.6

t2.l
21.0
43.9

35.3
t0.7

22.6
27.2

t  5 1 . 6

9 t . l
t7 .2

23.4
25.4

173.4

Group I
BO
SI

Group 2
FR
GA
MC

Group 3
DE
JA

Group 4
LE
VI

5.0
3.0

t0.7

16.6
27.2
36.9

t6.2 l
26.2 l
83.7 2

6.2
3.7

2.4
4.5

l0. l  30.5 0.5
14.8 21.4 0.1

I
0

t2.7
0

89.4
14.0

16.9
7.3

78.8
18 .6

8.6 12.8
4.6 6.8

2 .1
7.6

I  1 . 5

I 1 . 4
t . 4

19.0
tt.7

8.8
5.8

Results expressed as percent net binding. AcP - Acid phosphatase; Hyal : hyaluronidase; Mel - melittin.

Direct R,ASTResults
The RAST results are shown in table 2. The data

are expressed as net percent binding of total radiolab-
eled anti-IgE. As described above, the patients' sera
are divided into four groups, based upon the initial
RAST-inhibition studies with HBV and YJV, as both
the coupling and inhibiting antigens.

Group I: No Cross-Inhibition of RAST. The two
sera of patients in group I showed reactions with
HBV fraction acid phosphatase, hyaluronidase and
PLA, and YJV fraction hyaluronidase and Ag 5. The
HBV PLA titers were low and there was no reaction
With YJV PLA.

Group 2: Extensive Cross-Inhibition of R,,4ST. The
three sera in group 2 showed fairly strong reactions
with HBV fraction acid phosphatase, hyaluronidase
and PLA, and no reaction with melittin. Strong reac-
tions were also found with YJV hyaluronidase, and
mild-to-moderate reactions with YJV Ag 5 and PLA.
The high-titered hyaluronidase-specific IgE charac-
terizedthis group.

Group 3: YJV as the Major Antigen. The two sera
from patients in group 3 reacted with HBV PLA, hy-
aluronidase and acid phosphatase fractions and with
all three YJV fractions. Patient JA had low titers of
Ag S-specific IgE.

Group 4: HBV as the Major Allergen.The sera from
the 2 patients in group 4 showed strong reactions with
HBV fraction acid phosphatase, hyaluronidase, and
PLA. Patient LE also reacted with melittin. Both pa-
tients reacted fairly strongly with YJV hyaluronidase,
and minimally with PLA and Ag 5.

Inhibition of Hyaluronidase R/4ST
The cross-reactivity of HBV and YJV hyaluroni-

dase in RAST inhibition is shown in table 3. The HBV
hyaluronidase obtained from Dr. D. Kemeny was
used as the inhibiting antigen in this experiment. In
general, there was cross-reactivity between the two
hyaluronidases with homologous and heterologous
inhibition of the YJV and HBV hyaluronidase RAST.
Patients SI and LE showed no inhibition of the HBV
hyaluronidase RAST by small quantities of YJV hyal-
uronidase. Unfortunately, larger quantities of hyal-
uronidase were not available to complete the analysis.

Inhibition of PLA R 4ST
The results of RAST-inhibition studies with HBV

anO flV PLAs are shown in table 4. In general, there
was minimal cross-reactivity between these two phos-
pholipases. In group 2, serum MC showed little inhi-
bition of the YJV PLA-RAST by YJV PLA, presum-
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Table 3. Cross-reactivity of hyaluronidase from honeybee venom and yellow jacket venom in RAST inhibition

Serum
dilution

Hyaluronidase
disc

% Inhibition with

bee venom
hyaluronidase
15 trg

yellow jacket venom hyaluronidase

1.5 pg l5 pg

Group I
S I

Group 2
FR
GA
MC

Group 3
JA

Group 4
LE

l : 6
l : 6

l : 2
l : 2
l :  5 0
l :  5 0

l : 4
l : 4

l : 2 0
l : 2 0

HBV
YJV

HBV
HBV
HBV
YJV

HBV
YJV

HBV
YJV

79
55

3
65

85
50
79
83

84
50

56
70

96
9 1

4 l
68

33
57

0
64

Table 4. Cross-reactivity of PLA from honeybee venom and yel-

low jacket venom in RAST inhibition

% Inhibition with

ably due to the presence of large amounts of IgG

antibody to PLA. In group 3, serum DE showed some

cross-reactivity between the PLAs (about 400/o inhibi-

tion). Serum VI in group 4, appears to be an excep-

tion, with comparable inhibition of the HBV and YJV

PLA RAST by PLA from both HBV and YJV.

Inhibition of AS 5 R,4ST
Ag 5 is specific for vespid venoms and is not pres-

ent in HBV. The possibility of a cross-reacting anti-

gen was examined by inhibition experiments using Ag

5-coupled discs and HBV, YJV, and Ag 5 as inhibit-

ing antigens. The results are shown in table 5. There

was good inhibition of the Ag 5 RAST by YJV and the

homologous fraction, and little or no inhibition with

HBV.

Inhibition of Acid Phosphatase RAST

Acid phosphatase is specific for HBV and is not

thought to be present in vespid venoms. The possibil-

ity of a cross-reacting antigen was examined by inhi-

bition experiments using acid phosphatase-coupled

discs and YJV or HBV acid phosphatase (D. Ke-

meny), as inhibiting antigens. The results are shown

in table 6. Only serum MC showed significant inhibi-

tion of the acid phosphatase RAST by YJV (80/o)'

With the other three sera, there was minimal inhibi-

tion.

Serum
dilution

PLA
disc

bee venom yellow jacket

PLA venomPLA
3 p g  3 t t g

Group I
BO
SI

Group 2
FR

GA

MC

Group 3
DE

JA

Group 4
LE
VI

l : l

l : l

l : l

l : 2
l : 4
l : 4
l : 1 0
l :  t 0

l : l
l : 2
l : l
l : 2

l : 1 0
l : 3
l : 3

HBV
HBV

HBV
YJV
HBV
YJV
HBV
YJV

HBV
YJV
HBV
YJV

HBV
HBV
YJV

23
50

59
l 0
42
l 0
45
l 9

70
38
29

I

0
l 4

l 6
45
l 5

100
t 7
l 8

4 l
87
l 5
9 l

82
65
45

l 3
63
68



Cross-Reactivity of Honeybee and Yellow Jacket Venom-Specific IgE 65

Discussion

Patients who have had allergic reactions following
stings often have positive skin test reactions and/ or
serum IgE antibodies reacting with both YJV and
HBV. Current recommendations are to give venom
immunotherapy with all venoms to which there is de-
tectable IgE antibody activity. Our previous studies
using RAST inhibition have shown that sera from
allergic patients which contain both HBV- and YJV-
specific IgE demonstrate four patterns of cross-
reactivity. The clinical application of these results
suggests that some patients would not require im-
munotherapy with both venoms for adequate pro-
tection against subsequent stings. The purpose of the
present studies was to further investigate the expla-
nation for these different RAST-inhibition patterns
using purified venom fractions.

The fractions obtained from HBV and YJV ap-
peared to be quite pure. The four fractions obtained
from HBV had single enzyme or hemolytic activity
(melittin). In immunodiffusion, melittin was not de-
tected. The other fractions had individual lines of
nonidentity. The three isolated major fractions of
YJV appeared to be purified with single enzyme activ-
ity (except for Ag 5) and single precipitin lines of non-
identity in immunodiffusion with rabbit anti-YJV
serum.

In direct RAST analysis, there were varying de-
grees of reactions with these fractions. Sera from a
majority of patients showed very definite reactions
with PLA, hyaluronidase, and acid phosphatase frac-
tions from HBV as well as with the YJV reactions Ag
5, hyaluronidase, and PLA. Serum from only I pa-
tient reacted with melittin. There were differences in
the degree of reactions with each of these fractions
and this may account for the RAST-inhibition pat-
terns obtained with whole venom. The presence of
IgG antibody to whole venoms may certainly influ-
ence the RAST results. The limited quantities of the
individual venom fractions prevented an indepth
analysis of the specific IgG antibody activity with
these fractions.

The results of these RAST-inhibition fractions
were applied to the categorization of patients into
four groups based upon RAST inhibition with whole
venoms. The two sera in group I contained specific
antibodies directed to each of the two venoms and
showed reactions with acid phosphatase, PLA, and
hyaluronidase fractions from HBV, and Ag 5 and hy-

Table 5. Inhibition of yellow jacket venom-antigen 5 RAST
with yellow jacket venom and antigen 5

% Inhibition withSerum
dilution

antigen 5
l5  pg

whole yellow honeybee
jacketvenom venom
15 pg 15 pg

Group I
SE

Group 2
GA

Group 3
DE

Table 6. RAST inhibition of acid phosphatase-coupled discs by
yellow jacket venom and honeybee venom acid phosphatase

Serum
dilution

% Inhibition with

whole yellow honeybee venom
jacket venom acid phosphatase
100 pg 15 trg

Group I
S I

Group 2
MC

Group 3
JA

Group 4
LE

aluronidase fractions from YJV. There was little an-
tibody reactivity with YJV PLA. In further studies,
acid phosphatase gave fairly marked inhibition in the
HBV RAST. We conclude that with these two sera,
the HBV RAST is primarily driven by reactions with
acid phosphatase and, perhaps, PLA, and that the
YJV RAST is primarily driven by reactions with Ag 5.

The sera in group 2 showed extensive cross-reac-
tion with comparable inhibition given by HBV and
YJV of the HBV and YJV RASTs. Patients in this

l 0

9 l

98

79

68

95

98

l : 3

l : 2

l : 2

l : 6 74

82

7 l

75

48l : 5 0

l : 2 0
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group had large amounts of IgE antibody directed at
hyaluronidase. This appeared to be the major reason
for the rather extensive cross-reactivity. There were
also fairly substantial reactions with acid phosphatase
and PLA from HBV. The patients in this group had
IgG antibody to PLA and it is possible that this af-
fected the total RAST.

Sera from patients in group 3 reacted primarily
with a major allergen in YJV. The sera reacted with
Ag 5 and PLA from YJV, and had lower titers to hyal-
uronidase than the sera in group 2. However, these
patients also had antibodies to HBV PLA. It is possi-
ble that IgG antibody to HBV influenced the results
of these RAST-inhibition studies.

For sera of the patients in group 4, HBV appeared
to be the major allergen. There were large amounts of
antibody reacting with PLA and acid phosphatase
from HBV. There was very little antibody reacting
with Ag 5 and PLA from YJV. IgE antibody to YJV
hyaluronidase was probably responsible for driving
the YJV RAST and was easily inhibitable by the HBV
hyaluronidase.

The overall results of the study indicate that there
are quantitative and qualitative differences in the
reactions of sera from individual patients to the major
components of HBV and YJV. The differences in the
RAST-inhibition patterns in patients with elevated
levels of both HBV- and YJV-specific IgE are ac-
counted for by these differences as well as by the dif-
ferences in cross-reactivity between thé individual
components. There is extensive cross-reactivity be-
tween the hyaluronidases from HBV and YJV, but
minimal cross-reactivity between the PLAs. Ag5 is
restricted to YJV. The RAST-inhibition studies,
shown in table 6, suggest the possible presence of a
component in YJV with immunologic properties sim-
ilar to HBV acid phosphatase.

Unfortunately, neither testing with individual frac-
tions nor RAST-inhibition studies provide a practical
solution to the problem of appropriate treatment for
those individuals who have both serum HBV-specific
and serum YJV-specific IgE. It is too expensive to ob-
tain individual fractions in large quantities. The
RAST-inhibition test is primarily a laboratory re-
search tool. However, with knowledge of these pat-
terns of cross-reactivity, accompanied by the clinical
details, the physician is often able to make an edu-
cated decision regarding the appropriate therapy.
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