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Pure Vespula maculifrons venom was demonstrated to contain jive major allergenic proteins, 

which were all isolated from commercial venom sac extract. The jive proteins: Vmacl. MW 

97,000; hyaluronidase, MW 46,000; Vmad, MW 39,000, phospholipase A and B, MW 34,000, 

and antigen 5, MW 22,000 were all demonstrated to be biochemically and immunologically 

distinct. All five proteins had significant allergenic activity, with phospholipase and 

hyaluronidase demonstrating the most IgE binding with 3!) sera from allergic patients. Sera 
from honeybee-reactive patients, who had weak cross-reactions with yellow jacket venom, 

demonstrated strong IgE binding to purified V. maculifrons hyaluronidase and Vmacl. 

Dose-dependent inhibition of RAST was observed by use C$ honeybee hyaluronidase and 

high-molecular-weight fraction to inhibit the binding to the corresponding yellow jacket 

allergen. (.I ALLERGY CLIN IMMUNOL 74:93, 1984.) 

Allergic reactions from insect venoms commonly 
result from stings by honeybees (Apis mellifera), yel- 
low jackets (Vespula spp.), hornets (Dolichovespula 
and Vespa spp.), paper wasps (Polistes spp.), bum- 
blebees (Bombus spp.), and fire ants (Solenopsis 
spp.). 1-3 Of these important venoms only the venom of 
the honeybee has been extensively studied, and many 
of the major components have been isolated.‘, 4-10 
Several investigators have reported on the partial 
separation and isolation of allergens from Vespula and 
Dolichovespula venoms. 11-15 These studies have been 
limited by the use of starting venom preparations that 
have either been prepared from venom sacs of frozen 
insects”-“‘* l5 or from venom collected by electrical 
stimulation.‘“* l4 In contrast to honeybee venom, Ves- 
pula venoms are not readily obtained in high purity 
and large quantity from mass electrical stimulation.” 
In addition, recent developments in protein chemistry 
such as the availability of highly sensitive silver stains 
that react with a wide variety of proteins,16 the high- 
resolving power of two-dimensional electrophoretic 

Abbreviations used 
HMW: High-molecular-weight 
HPLC: High-performance liquid 

chromatography 
MW: Molecular weight 

SDS-PAGE: Sodium dodecyl sulfate 
polyacrylamide gel 
electrophoresis 

techniques, the development of high performance ion 
exchangers, I’, I8 and improved gel permeation chro- 
matography supports now allow studies to be per- 
formed with much smaller amounts of material and at 
a much higher level of resolution than was previously 
possible:. In this article we combine the use of these 
newer techniques with a method of obtaining high 
purity Vespula venom to isolate all major proteins of 
V. maccdifrons venom and to immunochemically and 
physicochemically characterize the allergens among 
these proteins. 
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Reference venom was collected from individual live V. 

maculifrons workers and queens. The insects were chilled to 
4”, pinned through the thorax, and warmed to room tem- 
perature. The insects were stimulated with metal forceps to 
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FIG. 1. SDS-PAGE of fresh V. maculifrons queen venom 
and commercial venalm-sac extract from V. maculifrons. 
The first lane contains MW marker proteins: n-myosin 
(205,000), e-P-galactosidase (1 IS,OOO), c-phosphorylase b 
(97,000), D-bovine-serum albumin (66,000), E-ovalbumin 
(45,000), and F-carbonic anhydrase (29,000). Lanes 2, 3, 
and 4 contain the fresh venom from a single queen; lane 3 
contains about twice the protein of lane 2, and lane 4 
about 10 times the protein or about 10 pg. Lanes 5 and 6 
contain 10 and 20 p,g, respectively, of V. maculifrons 
commercial venom-sac extract. The gel is stained with 
Gelcode silver stain. 

sting into 6 by 50 mm test tubes. Each droplet of venom was 
carefully examined for fecal contamination. Most insects 
would sting four time:s. No differences were detected in 
venoms by SDS-PAGE. between the first and fourth stings. 
Pure venom obtained in this manner contained no detectable 
protease activity but did contain leucine aminopeptidase ac- 
tivity. Further characterization of these preparations have 
been previously reported.‘0a I9 Approximately 1 mg of 
venom was collected. 

Commercial venom-sac extract prepared from V. mac- 

ulifrons was purchasecl from Vespa Laboratories, Spring 
Mills, Pa. Only lot 12118162YJ was used. Protein was 
estimated by use of the Lowry et al. procedure.20 The refer- 
ence protein was bee venom for Vespa Laboratories and 
bovine serum albumin in our own laboratory. The method 
of preparation of this material has been previously described 
in detail,“’ l5 and we have previously reported on its rela- 
tion to reference preparations of pure venom.‘g 

Honeybee venom collected by electrical stimulation was 
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purchased from Champlain Valley Apiaries, Champlain, 
Vt. The HMW fraction was isolated by high resolution 
Sephadex G-75 superfine gel filtration as has been previ- 
ously described.’ Hyaluronidase was prepared by gel filtra- 
tion on Sephadex G-75 followed by ion-exchange chroma- 
tography on carboxymethyl-Sepharose.s. ’ 

Human sera 

Sera were obtained from individuals specifically allergic 
to yellow jackets as well as those with both yellow jacket 
and hornet reactivity. The sera were stored at -20” until 
use. Most yellow jacket-reactive sera used in this study 
have been previously described and used in other studies 
reported from this laboratory.“, ” All sera were from pa- 
tients who were both skin test and RAST positive to com- 
mercial yellow jacket venom with histories of allergic reac- 
tion within 6 mo of sampling. All samples were obtained 
before any venom treatment. Sera from patients who were 
highly reactive with honeybee venom and weakly reactive 
with yellow jacket venom were selected for the cross- 
reactivity studies. All patients experienced reactions from 
honeybee stings and were skin test positive to honeybee 
venom. Control sera were obtained from nonvenom allergic 
individuals and were RAST negative. Other negative con- 
trols included normal horse serum and human cord serum. 

SDS-PAGE 

SDS-PAGE was performed in slabs by use of a modified 
Laemmli technique*:’ as previously described by our labora- 
tory. lo, Is MW markers obtained from Sigma Chemical Co., 
St. Louis, MO., were included in each slab. Protein was 
visualized by use of Gelcode polychromatic silver stain pur- 
chased from Upjohn Diagnostics, Kalamazoo, Mich.16 Re- 
ported MWs are the average of results from at least three 
separate determinations. 

Two-dimensional electrophoresis 

Protein mapping was performed by the use of a 
nonequilibrium stacking technique in the first dimension 
followed by SDS-PAGE in the second dimension. Proteins 
were visualized with Gelcode silver stain. We have previ- 
ously described the method in detail.lO, I9 MWs were run on 
the sides, and in some case purified proteins were added to 
the test samples to facilitate comparison of mobilities. 

RAST 

RAST was performed and scored as previously described 
by us. 24 Cyanogen bromide-activated paper disks were 
coupled with 2 pgidisk of purified allergen in borate buffer, 
pH 8.0. Because of limited material only 1 pg/disk was 
used for Vmac3. Test disks were prepared by use of the 
other allergens at three or four concentrations, and sig- 
nificant decreases in binding were observed with those pre- 
pared at 1es:s than 1 pg .25 All results are expressed as per- 
cent specific binding. Nonspecific binding was determined 
for each type of disk in each experiment. 

Inhibition of RAST was performed as previously de- 
scribed.2” All inhibition experiments were performed with 
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individual patient sera, and the range of inhibitor concen- 
trations was 500-fold. 

Gel filtration 

Commercial venom-sac extract was fractionated on a 1.6 
by 100 cm column of Fractogel TSK HW-55 (s) manufac- 
tured by EM Reagents (Gibbstown, N. J.). The sample was 
applied in 8M urea and was eluted with 4M urea in 0. 1M 
NH,HCO*, pH 5.0, at a flow rate of 16 ml/hr. Fractions of 
3.2 ml were collected, and the absorbance at 280 nm was 
monitored. The compositions of fractions were monitored 
by SDS-PAGE and enzyme activities. Partially purified 
fractions were run through a 1.6 by 100 cm column of 
Sephadex G-75 su,perfine by use of an eluant of O.lM 
NH,HC02, pH 5.0, at a flow rate of 9 ml/hr. Fractions of 
2.25 ml were collected and analyzed. Proteins were con- 
centrated by use of Amicon YM-10 membranes, Amicon 
Corp., Danvers, Mass. 

Ion-exchange chromatography 

Cation-exchange chromatography was performed by 
gradient elution by use of a Pharmacia Laboratories (Pis- 
cataway, N.J.) Mono-S FPLC column with a Spec- 
traphysics model SP8700 ternary gradient HPLC pump, a 
Rheodyne 7125 injector (Rheodyne, Inc., Cotati, Calif.) 
and a Milton Roy LDC UVIII monitor (Riviera Beach, Fla.) 
at 280 nm. The monitor was connected to an automatic 
fraction collector by use of capillary tubing. The starting 
buffer was 0.05M sodium acetate, pH 5.2, at a flow rate of 
1 mlimin. The terminating buffer was 0.05M sodium ace- 
tate containing 1M NaCl adjusted to pH 5.2. The gradient 
time was 42 min, producing a rate of 0.024Mimin as rec- 
ommended by the manufacturer. Elution positions were re- 
producible within a few percent. All eluants were degassed 
with helium. The injector valve was fitted with a 1 ml sam- 
ple loop, and as many as five injections could be made 
before beginning gradient elution without affecting reten- 
tion times. Pilot experiments with sulfoethylcellulose dem- 
onstrated a much lower resolution than the Mono-S column. 
In rechromatography experiments, recoveries based on ab- 
sorbance at 280 nm generally exceeded 80%. A single run 
could handle up to 115 mg of protein without overload. 

Enzyme activities 

Phospholipase A and B activities were measured by the 
radial diffusion assays described by Habermann and Hardt2’ 
by use of egg yolk and lysolecithin prepared from egg yolk 
as substrates. No separation of phospholipase A and B ac- 
tivities were observed. 

Hyaluronidase was measured by a radial diffusion assay 
by use of human umbilical cord-hyaluronic acid as sub- 
strate.x 

Preparations were screened for a variety of other enzyme 
activities by use of API-ZYM strips purchased from 
Analytab Products, Chamblee, Ga. These strips included 
tests for a variety of proteases, peptidases, carbohydrate 
hydrolases, esterases, and phosphatases. Negative controls 
were run with all strips, since some gave spurious positive 

FIG. 2. Gel-filtration profile of the separation of 52 mg of 
commercial I/. maculifrons venom-sac extract on Frac- 
togel TSK HW-55 (s) as described in the text. The upper 
curve indicates the absorbance of the eluant at 280 nm. 
The vertical marks on the curve and large numbers indi- 
cate pools that were made on the basis of enzyme ac- 
tivities and SDS-PAGE. The middle curves indicate the 
protein content (x) as measured by Lowry protein assay 
and the RAST activity with pooled sera from yellow 
jacket-allergic patients (0) of each tube collected. The 
lower curve indicates hyaluronidase and phospholipase A 
and B activities. The points not indicated were negative. 
Phospholipase A and B activities did not separate. 

reactions. particularly with phosphoamidase and eight car- 
bon esterase. Proteases were also screened by use of meth- 
ods from the Worthington manual.2” 

Rabbit antisera 

New Zealand white rabbits were immunized with par- 
tially purified fractions (first ion-exchange chromatography) 
of venom by injection of antigen at pH 7.4 emulsified with 
Freund’s complete adjuvant. Injections were administered 
in multiple intradermal sites and were repeated after 1 mo. 
Rabbits were bled from the marginal ear vein 2 wk later. I f  a 
sufficient titer was not found by immunodiffusion, a third 
series of injections were administered. Total amount of 
antigen administered varied from 120 to 200 pg; however, 
an additional 250 pg were administered to two rabbits, each 
in a third njection course. All rabbits responded. Polyvalent 
serum was prepared by mixing the individual sera from all 
of the animals. 

lmmunochemical techniques 

Gel tee hniques were performed by use of a 1% solution 
of ME ag,arose purchased from Marine Colloids Inc., Rock- 
land, Me., in a T&barbital buffer.‘“-:” Immunodiffusion 
analysis, immunoelectrophoresis, and crossed immuno- 
electrophoresis were used to characterize the preparations. 
After washing and drying, the gels were stained with Serva 
violet 49 (Serva Fine Biochemicals, Garden City, N. Y.).“’ 
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FIG. 3. Flow chart purification of V. maculifrons-venom allergens from the pools made from the 
separation in Fig. 2 to the final fractions. 

RESULTS 
Characterization of venom preparations 

The reference preparations of fresh pure venom and 
the commercial venom-sac extract from I/. maculi- 
frons were compared and characterized by electropho- 
retie, enzyme, and immunochemical tests. The refer- 
ence venom preparation contained high levels of 
hyaluronidase, phospholipase A, and phospholipase B 
activities. Leucine aminopeptidase, four carbon es- 
terase, phosphatases, and /3-galactosidase activities 
were all easily detectable. No tryptic, chymotryptic, 
or microprotease activity was detected by API-ZYM 
or spectrophotometric assays. The commercial venom- 
sac extract contained all of the activities found in the 
reference venom with a significant increase in phos- 
phatase activities. In addition it contained easily de- 
tectable amounts of protease and a variety of other 
enzyme activities not found in the reference venom. 

Both reference venom and venom-sac extract were 
examined by SDS-PAGE visualized with polychro- 
matic silver stain as is demonstrated in Fig. 1. The 
reference venom contained five major protein bands 
of apparent MWs of 102,000, 44,000, 39,000, 
34,000, and 26,000. When the gels were heavily 
loaded, at least 20 minor components could be de- 
tected. The venom-sac extract contained the same five 
major bands with apparent MWs of 98,000, 43,000, 
37,000, 33,000, and 25,000 as well as numerous 
major and minor bands not observed in the reference 
venom preparation. In the two-dimensional electro- 
phoretic studies we previously reported,lg there ap- 
pear to be five major proteins in the pure V. maculi- 
frons venom. Numerous proteins are found in the sac 
extract that are not found in the venom. 

Immunoelectrophoretic studies by use of both regu- 
lar and crossed immunoelectrophoresis demonstrated 

that all major venom proteins were present in the sac 
extract and that the sac extract contained proteins not 
found in the reference venom preparation. 

Preliminary separation experiments 

Since it: is extremely difficult to obtain milligram 
quantities of venom by the method used to obtain the 
reference preparation, we chose to attempt to separate 
the venom allergens from the venom-sac extract. In 
preliminary experiments it was found to be necessary 
to dissolve freshly the sac extract in 8M urea and to 
centrifuge it immediately before application to chro- 
matography columns. Attempts to fractionate the ex- 
tracts on Sephadex G-75, Fractogel TSK HW-55 (s), 
and sulfoethylcellulose were all unsuccessful because 
of the significant amount of aggregated protein in the 
extract. The use of 3-[(3-cholamidopropyl)dimethyl- 
ammonio$l-propanesulfonate (CHAPS) did not sig- 
nificantly reduce the aggregation problems. However, 
the use of 4M urea was found to dissociate much of 
the aggregated protein. A preliminary separation in 
4M urea in O.lM ammonium formate buffer, pH 5.0, 
was carried out on a 1.5 by 160 cm column of su- 
perfine Sephadex G-75. The resolution appeared to be 
quite good, but the venom proteins were only partially 
separated when they were tested by enzyme activities 
and SDS-PAGE. The major problem with this tech- 
nique was that 5 to 7 days were required for each 40 
mg run. Fractogel TSK HW-55 was tested because it 
tolerates much higher pressures and flow rates than 
dextran gels. The separation was quite different from 
that observed with Sephadex requiring a much larger 
elution volume. SDS-PAGE studies indicated that 
many of the components were interacting with the 
plastic matrix. Although the resolution was not as 
good as the 160 cm G-75 superfine column, it was 
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TABLE I. Recoveries of purified 
V. maculifrons allergenic fractions from 620 
mg of commercial V. maculifrons extract 

0ba 2aonm 
w % Of initial 

-0.1 -0.25 

Fraction Recovered extract protein -0.1 

Antigen 5 34.2 5.5 
Phospholipase 10.6 1.7 Vmac 1 1.8 0.3 

,I.1 w-m- Jdi 

Hyaluronidase 1.7 0.2 t i *- 
Vmac3 0.3 0.04 wnsc 1 Hyaluronldas. Vmac 3 

Total 48.6 7.8 

adequate for first-stage purification, and 52 mg of 
venom-sac extract could be run each day. A typical 
gel filtration of 52 mg of V. maculifrons venom-sac 
extract is demonstrated in Fig. 2. The results illus- 
trated in the figure include absorbance at 280 nm, 
Lowry protein, RAST activity with pooled yellow 
jacket-sensitive sera, phospholipase, and hyaluroni- 
dase activities. Fractions were also monitored by 
SDS-PAGE. Relatively good separation of the en- 
zymes was observed. 

Isolation of venom allergens 

The material from 12 Fractogel TSK HW-55 (s) gel 
filtrations representing 620 mg protein starting mate- 
rial were pooled ibased on enzyme analysis and SDS- 
PAGE results. The eight pools demonstrated in Fig. 2 
that contained almost all venom allergens were each 
subjected to ion-exchange chromatography on a 
Mono-S FPLC column as described in Material and 

Antigen 5 

FIG. 4. Elution profiles from HPLC runs by use of a gra- 
dient 01 OM to 1M NaCl in 0.05M sodium acetate buffer, 
pH 5.2, #and a Pharmacia Mono-S FPLC column eluted at 1 
mllmin. The last run in the purification scheme is indi- 
cated for each protein fraction. The vertical arrows indi- 
cate the start of the gradient, and the horizontal arrows 
indicate the pool that was made for each purified protein 
fraction. The elution positions in the gradient and the fine 
structures for each protein were high reproducible from 
run to run. Pools were made based on SDS-PAGE 
analysis. 

Methods. One pool that contained hyaluronidase , 
antigen 5, and Vmac3 was first separated by gel fil- Properties of venom proteins 

tration on a 1.6 by 100 cm column of Sephadex G-75. 
With use of both enzyme activities and SDS-PAGE as 
guides, the partially purified allergens were repooled. 
The fractions containing phospholipase, hyaluroni- 
dase, and antigen 5 were all gel filtered on Sephadex 
G-75, and then the appropriate fractions were chro- 
matographed on the HPLC apparatus with the Mono-S 
column either once or twice additionally. A flow chart 
of the purification is demonstrated in Fig. 3. Elution 
profiles of the five allergens from some of the later 
purification runs on the Mono-S column are illustrated 
in Fig. 4. The fractions pooled are indicated by the 
horizontal arrows,. Repeated purification cycles were 
terminated when no improvement between products 
of successive rum was seen in SDS-PAGE. The final 
yields are listed in Table I. Only 7.8% of the initial 
venom-sac protein was recovered. From enzyme ac- 
tivities we estimate about a 50% recovery, suggesting 
that the commercial material is about 15% venom 
protein. 

Five proteins were isolated from the venom-sac 
extract and were identical to the five proteins found in 
the reference venom preparation by SDS-PAGE, 
two-dimensional electrophoresis, crossed immuno- 
electrophoresis, and enzyme activities. The largest 
protein revealed an apparent MW of 97,000 on SDS- 
PAGE and was only weakly basic; it is referred to as 
Vmac 1. Hyaluronidase revealed a MW of 46,000 and 
appeared to exist in two forms slightly differing in 
size and charge. The third protein is present in much 
higher concentrations in queen venom than in worker 
venom and had an apparent MW of 39,000; it is re- 
ferred ;to as Vmac3. The phospholipase contained 
both the A and B activities, which did not separate in 
any procedure we attempted. The apparent MW of 
phospholipase was 34,000. The fifth protein was 
identified as antigen 5 of King and associates”. ~9 ” 
by its size, lack of enzyme activity, and by its reac- 
tivity with an antiserum kindly provided by Dr. T. P. 
King. Its apparent MW was 22,000. 
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FIG. 5. SDS-PAGE of purified V. maculifrons-venom protein fractions. Lanes 1 and 2 contain MW 
marker prloteins. ~-66,000. e-45,000, and c-29.000. Lanes 3 through 12 contain the purified pro- 
tein fractions at approximate protein contents of 0.6 and 0.2 pg. Lanes 3 and 4 contain Vmacl, 
lanes 5 and 6 contain hyaluronidase, lanes 7 and 8 contain Vmac3, lanes 9 and 10 contain 
phospholipase, and lanes 11 and 12 contain antigen 5. Lanes 13, 14, and 15 contain commercial 
V. maculifrons venom-sac extract at loadings of 5, 20 and 10 ILg of protein, respectively. The gel 
is stained with Gelcode silver stain. Coomassie blue visualization required approximately 50 
times the protein load and demonstrated many fewer components. 

TABLE II. Estimates of purities of V. maculifrons allergenic fractions 

Fraction Vmacl Hyaluronidase VmacB Phospholipase Antigen 5 

Vmacl 
Hyaluronidase 
Vmac3 
Phospholipase 
Antigen 5 

Undett 
Undet 
Undet 
Undet 

Undet* 

1% to 2% 
<O.l% 
Undet 

Undetl 
Undet 

Undet 
Undet 

Undet* 
0.1% 
0.3% 

0.9% 

Undett 
Trace 
Trace 
2% to 4% 

Undet = undetectable. 
*Hyaluronidase and phospholipase were estimated by radial diffusion enzyme assays by use of dilutions of purified bee venom enzymes 

as standards. Results are indicated as percent of enzyme activity per unit of protein referred to the purified V. maculifrons enzyme. 
tEstimates are from analytical assays by use of a Mono S HPLC column, silver stained SDS-PAGE, and immunochemical analysis. 

The purities of the venom protein fractions were 
estimated by enzyme activities, integration of the final 
HPLC profiles, SDS-PAGE, two-dimensional elec- 
trophoresis, and crossed immunoelectrophoresis. As 
is demonstrated in Table II, three of the proteins were 
detectably contaminated with each other. The Vmac3 
preparation contained about 2% hyaluronidase; al- 
though it was probably possible to reduce greatly this 
level, the small amount of Vmac3 prohibited further 
purification cycles. The phospholipase contained up 
to 4% antigen 5; this was not reduced by G-75 gel 
filtration followed by ion-exchange chromatography. 

The antigen 5 contains a small amount of phospholi- 
pase activity since no 34,000 MW band is visible on 
SDS-PAGE of antigen 5 as demonstrated in Fig. 5. 
This is probably caused by a fragment of phospho- 
lipase of similar MW to antigen 5. Traces of a few 
venom sac proteins are visible in the purified fractions. 

RASTs 

Each of the five purified 1/. maculifrons-venom 
protein fractions was coupled to activated paper disks 
as described in Material and Methods after optimiza- 
tion experiments. Each protein was tested against a 
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TABLE III. RAST results of 39 yellow jacket-reactive sera with the five purified protein fractions 
from V. maculifrons 

Serum Vmacl Hyaluronidase Vmac3 Phospholipase Antigen 5 

2597 1.1 11.1 11.6 13.4 5.1 
2694 10.7 10.7 7.1 14.2 6.8 
2162 11.2 11.6 14.1 6.5 7.9 
2788 11.5 25.2 13.2 13.1 7.1 
2794 2.0 4.5 4.6 2.6 1.8 
2874 6.4 4.6 6.2 4.7 5.5 
2883 0.2 9.7 5.8 7.7 11.0 
2962 4.0 9.4 11.1 10.4 8.1 
3016 3.6 5.3 5.6 4.6 2.8 
3117 1.8 13.6 13.1 17.5 3.1 
3351 3.1 14.9 5.9 8.1 7.3 
3526 14.9 15.3 5.1 12.6 4.3 

3644 18.7 25.5 25.7 21.0 33.7 
3900 1.0 2.4 2.8 8.3 0.8 
3926 3.9 5.5 2.0 21.6 13.5 
4092 10.9 6.1 5.1 4.8 3.4 
4127 3.3 4.6 3.5 1.9 2.8 
4428 4.9 8.0 5.1 6.7 2.5 
4661 1.9 3.8 7.3 18.3 1.6 
4662 5.1 0.5 0.9 0.2 0.5 
4670 5.0 9.5 3.3 6.9 2.2 
5673 10.2 15.1 13.9 7.6 5.6 
5675 5.2 7.6 5.7 10.7 3.7 
5747 2.3 9.5 2.9 16.5 18.9 
5865 10.9 10.5 11.2 15.9 6.7 
5875 0.3 5.3 4.6 10.6 3.3 
5934 3.9 7.0 5.7 12.7 12.5 
6129 0.6 2.8 2.2 5.8 4.9 
6250 1.5 12.2 4.1 13.9 7.6 
6426 1.5 14.0 6.2 13.8 7.4 
6603 5.3 3.3 3.2 .3.9 0.7 
6738 10.3 11.4 12.4 16.5 8.2 
6797 1.4 2.5 1.6 5.3 1.0 
10566 3.5 6.7 9.8 8.0 1.3 
10655 2.2 3.0 3.0 8.6 1.9 
10676 2.6 1.7 0.7 2.7 0.4 
10873 10.9 17.9 14.2 16.0 5.1 
10900 9.1 14.8 13.8 1.1 5.9 
10980 3.4 4.9 2.8 15.8 4.1 

Results are expressed in percent specific binding. 

panel of 39 sera obtained from yellow jacket-sensi- had allergenic activity. The strongest average binding 
tive patients as well as a panel of negative control was to phospholipase, followed by hyaluronidase, 
sera. All negative controls bound from 0.2% to 0.7% Vmac3, antigen 5, and Vmacl. Of the 39 sera, 18 or 
of counts were added. Nonspecific binding was a 46% were most reactive with phospholipase, 10 or 
function of the antigen with phospholipase exhibiting 26% were most reactive with hyaluronidase, 4 or 10% 
the highest level. The nonspecific binding has been were most reactive with either Vmacl or Vmac3, and 
subtracted from all of the RAST results presented in 3 or 8% were most reactive with antigen 5. Almost all 
Table III. Of the .39 allergic sera in the panel, 33 sera sera demonstrated significant reactivity with all five 
were used in previous studies of yellow jacket al- fractions, although four sera exhibited negative or 
lergens.‘l, ” Significant binding was observed for all marginal binding to at least one fraction. Serum 4662 
five venom protein fractions indicating that each was relatively specific for Vmac 1. 
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TABLE IV. Correlation coefficients between 
RAST results with the five purified 
allergenic fractions of V. maculifrons venom 
tested with the sera from the 39 allergic 
patients in Table III 

Hyaluron- Phospho- Antigen 
idase Vmac3 lipase 5 

Vmac 1 0.65 0.67 0.25 0.43 
Hyaluronidase 0.80 0.50 0.58 
Vmac3 0.43 0.55 
Phospholipase 0.57 

The correlation coefficients calculated from the 
RAST data in Table III are demonstrated in Table IV. 
All are in the range of 0.25 and 0.67 except that 
between hyaluronidase and Vmac3, which is 0.80. 
This higher association is not unexpected, since 
Vmac3 is contaminated with hyaluronidase. Although 
these values indicated a significant degree of associa- 
tion among the fractions, they are substantially below 
the values expected for very similar or identical al- 
lergens.“, 22* 23 These data indicate that all major 
proteins of V. maculifrons venom can be significant 
allergens. A similar association of reactivity to differ- 
ent allergens is observed in studies of highly purified 
egg white allergens .33 

lmmunochemical analysis 

Rabbit antisera were raised against four partially 
purified V. maculifrons fractions and against whole 
commercial venom-sac extract. Significant antibody 
titers were produced against four of the five of the 
major venom proteins, and lower titers were produced 
against some of the sac proteins. The antisera raised 
against venom-sac extracts were much less potent, 
and a polyvalent antiserum was prepared by pooling 
the antisera against the partially purified fractions. An 
additional polyvalent antiserum was kindly provided 
by Dr. T. P. King. The purified fractions were ana- 
lyzed by double immunodiffusion, immunoelectro- 
phoresis, and crossed immunoelectrophoresis. The 
rabbit antisera demonstrated that all five major pro- 
teins were noncross-reactive antigens. Results of im- 
munoelectrophoresis for venom-sac extract and the 
five purified proteins are demonstrated in Fig. 6. 

Cross-reactivity with honeybee venom 
proteins 

A significant fraction of sera that are strongly reac- 
tive with honeybee venom by RAST demonstrate 
weak reactivity with yellow jacket venom. Similar re- 
sults can be obtained with skin testing. In many cases 

these patients only have histories of honeybee stings 
and come from areas where vespid stings are rare.” 
Reports have appeared in the literature of cross- 
reactivity between bee and vespid allergens.34, ‘G Nine 
sera were selected from patients with a history of 
allergic reactions to bee stings who demonstrated a 
strong po:sitive RAST to bee stings with a weakly 
positive RAST (and in most cases skin test) to yellow 
jacket stings. These sera were tested with disks pre- 
pared from the five purified V. maculifrons proteins. 
The results are demonstrated in Table V. Seven of the 
sera reacted very strongly with hyaluronidase, four 
with Vmac 1, and three with Vmac3. Reactivity with 
phospholipase and antigen 5 was much weaker. Al- 
though it is impossible to rule out sensitization from 
previous vespid stings, this suggests that there is 
cross-reactivity with hyaluronidase, Vmac 1, and 
possibly Vmac3. There was insufficient Vmac3 for 
further testing. 

RAST inhibition experiments were carried out with 
six of these sera. Binding to the purified yellow jacket 
allergens was inhibited by bee-venom allergens in six 
of the seven experiments presented in Table VI. The 
HMW fraction of bee venom containing acid phos- 
phatase, allergen C, and some additional allergenic 
proteins but free of hyaluronidase, phospholipase A, 
and melittin revealed dose-dependent inhibition of 
RAST to Vmacl with two of the three sera tested. 
Purified bee venom hyaluronidase free of phos- 
pholipase A revealed dose-dependent inhibition of 
RAST to V. maculifrons hyaluronidase with all four 
sera tested. The concentrations revealing 50% inhibi- 
tion were comparable to those observed in compari- 
sons of different venoms.j, 7, “’ “, ‘6x “’ These results 
indicate that V. maculifrons-venom hyaluronidase 
and Vmac 1 are cross-reactive in at least some patients 
with the homologous honeybee-venom proteins. 

DISCUSSION 

A method was developed for obtaining pure venom 
from vespid wasps, uncontaminated by sac proteins or 
fecal material. Pure venom from V. maculifrons 
(eastern yellow jacket) was demonstrated to contain 
five major proteins plus additional trace proteins. 
There was no detctable protease activity in the prep- 
aration. Einzymes detected included hyaluronidase, 
phospholipase A, phospholipase B, acid and alkaline 
phosphatases, leucine aminopeptidase, esterases, and 
P-galactosidase. Commercial venom-sac extract from 
the same species was demonstrated to contain all five 
major proteins plus a large number of proteins not 
found in pure venom. 

The commercial venom-sac extract was difficult to 
separate because of aggregation and partial solubility 
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FIG. 6. lmmunoelectrophoresis of Il. maculifrons commercial venom-sac extract (vs) at 4 mglml, 
purified antigen 5 (ag5) at 1 mglml, Vmacl /l) at 1 mglml, hyaluronidase (H) at 1 mglml, Vmac3 
(3) at 0.3 mgiml, and phospholipase (FL) at 1 mglml against pooled polyvalent anti-K maculi- 
frons venom-sac extract serum (see Material and Methods). The antiserum reacts only weakly 
with Vmac3. 

TABLE V. RAST results for V. maculifrons allergens by use of sera from honeybee-allergic patients 

Serum Vmacl Hyaluronidase Vmac3 Phospholipase Antigen 5 

10586 5.7 9.9 6.8 0.1 2.1 
10656 25.5 30.1 29.4 2.9 14.2 
10657 1.9 5.9 10.3 2.5 3.4 
10675 21.9 10.9 4.8 5.3 10.6 
10703 14.1 21.5 20.6 3.8 9.2 
10841 6.7 13.0 7.3 2.7 2.4 
10874 4.5 13.8 9.6 0.2 1.6 
10940 8.9 17.3 9.2 0.6 4.3 
11246 3.8 5.6 4.6 0.5 1.2 

Results are expressed in percent specific binding. All sera demonstrated at least three times the binding to honeybee venom that was found 
to yellow jacket venom. Binding to bee venom was from 10% to 30% and binding from 2% to 8% to yellow jacket venom. 

of some of the proteins. In addition it contained pro- 
tease that degraded the venom proteins. A method 
was developed by use of a plastic gel filtration mate- 
rial, Fractogel TSK HW-55 (s), with 4M urea in the 
eluant that could rapidly provide a preliminary sep- 
aration of the venom proteins from most extraneous 
sac proteins and venom peptides. The fractions from 
the Fractogel column were pooled and purified by 
high-performance, ion-exchange chromatography on 
a Pharmacia Mono-S FPLC column and gel filtration 
by use of Sephadex G-75 superfine. All five major 
venom proteins were isolated and purified. Unlike the 
starting venom-sac extract, the isolated venom pro- 
teins were all stable in solution at 4” C for at least 2 
mo without any additives when they were tested by 
SDS-electrophoresis, 2-dimensional electrophoresis, 
enzyme activities, and immunoelectrophoresis. 

The five venom proteins were Vmacl , MW 
97,000; hyaluronidase, MW 46,000; Vmac3, MW 
39,000; phospholipase A and B, MW 34,000; and 
antigen 5 as described by King and associates,“* I33 l4 
MW 22,000. By the use of immunochemical tech- 
niques with rabbit antisera, all five proteins were 
demonstrated to be immunologically unrelated. They 
were all distinct and corresponded to proteins found in 
the pure venom when they were tested by SDS- 
PAGE, I:wo-dimensional electrophoresis, double im- 
munodiffusion, immunoelectrophoresis, and crossed 
immunoelectrophoresis. 

The allergenicity of the five venom protein frac- 
tions was tested by RAST by use of a panel of 39 sera 
from yellow jacket-sensitive individuals. All five 
fractions were demonstrated to have significant ai- 
lergenic activity. Phospholipase was the strongest 
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TABLE VI. RAST inhibition of binding to yellow jacket allergens by honeybee allergens by use of 
individual honeybee-specific sera 

Serum V. maculifrons allergen Bee inhibitor 50% Inhibition Max % of inhibition 

10675 Vmacl HMW* no inhibition 0 
10656 Vmacl HMW 280 pg/ml 91 
10703 Vmac 1 HMW 44 69 
10703 Hyaluronidase Hyaluronidaset 6 67 
10841 Hyaluronidase Hyaluronidase 40 63 
10874 Hyaluronidase Hyaluronidase 1.2 91 
10940 Hyaluronidase Hyaluronidase 1.3 82 

*HMW fraction from honeybee venom separated by Sephadex G-75 gel filtration, which contains acid phosphatase, allergen C, and other 
minor allergens but is devoid of hyaluronidase and phospholipase activities. Inhibition was performed at from concentrations ranging 
from 20 to 3500 pg/ml. 

tInhibition was performed at five concentrations ranging from 1 to 65 pgiml. 

binding allergen, followed by hyaluronidase, Vmac 1 
and Vmac3, and antigen 5. At least three of the sera 
reacted most strongly with each one of the allergens, 
suggesting that all five proteins are significant al- 
lergens, Statistical analysis of the RAST results for 
the five fractions suggested that all are distinct, al- 
though there was a strong relation between reactivity 
to hyaluronidase and Vmac3. However, this is prob- 
ably a result of the contamination of Vmac3 with 
hyaluronidase. The degree of association between 
pairs of allergens was comparable to that observed 
with egg white allergens33 where all the proteins are 
unquestionably distinct. Most patients reacted to all of 
the allergens; only one serum was relatively specific 
for a single allergen. 

In a small number of histamine-release experi- 
ments, King et a1.15 reported three patients that had 
strong reactions with phospholipase from veespula and 
one that reacted more strongly with antigen 5. They 
did not report results for hyaluronidase. King and as- 
sociates’3, ” used affinity chromatography to isolate 
the phospholipase ,fractions from three species of T/es- 
pula. The phospholipase fraction they described dif- 
fers from that described by us in that the King fraction 
contains proteins visible in SDS-PAGE not found in 
ours. The properties of the antigen 5 fractions and the 
hyaluronidase fractions are very similar in both stud- 
ies. The fractions Vmac 1 and Vmac3 have not been 
described previously. King and associates did not re- 
port on phospholipase B activity but did detect the 
presence of peptidase. 

An immunologic cross-reactivity has been noted in 
some patients between honeybee and yellow jacket 
allergens.“4. 35 A much larger fraction of patients react 
with both venoms than would be predicted, if the 
allergens were totally unrelated.le3 A panel of sera 
from honeybee-sensitive patients that exhibited weak 
reactivity with yellow jacket venom was used to de- 

termine which of the purified yellow jacket allergens 
might be cross-reactive with bee allergens. Of the five 
allergens strong reactivity was observed with hyal- 
uronidase and Vmacl with much less reactivity to the 
other three fractions. RAST inhibition was performed 
by use of individual sera to demonstrate the dose- 
dependent inhibition of binding to V. maculifrons 
hyaluronidase and Vmacl by, respectively, bee venom 
hyaluronidase and HMW allergens. This cross-reac- 
tivity was found in all four cases tested with hyaluroni- 
dase and with two or three tested with Vmac 1. This 
demonstrates the immunological basis for the observed 
cross-reactivity and possibly the basis of much of the 
multiple reactivity to bee and vespids. 

We would like to thank Catherine Stanton, Lorna Gil- 

lette, and Winston Kobe for their skilled technical assis- 
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sistance. 
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