Allergens in Hymenoptera venom

XVIil. Immunoblotting studies of venom allergens

Donald R. Hoffman, Ph.D. Greenville, N. C.

Pure venoms from yellow jackets and bees were used to evaluate denaturing and nondenaturing
immunoblot techniques and to compare results of IgE antibody-stained immunoblots to RAST
with highly purified allergens. Significant differences in IgE antibody binding were observed
among all three techniques, suggesting that tertiary conformation is a major factor in the
allergenic determinants of venom allergens. i{gG antibodies from hyperimmunized animals

and from specimens obtained from allergic patients before and after venom immunotherapy
appeared to exhibit less conformational dependence for binding. The conformational dependence
of IgE antibody binding to bee and yellow jacket phospholipases was confirmed by direct and
inhibition RAST studies. The allergens studied were all single polypeptide chains. (] ALLERGY

CLIN IMMUNOL 1987,80:307-13.)

In our investigations of the allergens in Solenopsis
invicta (imported fire ant) venom,' we observed that
1gE binding was greatly reduced in nitrocellulose blots
prepared from SDS-PAGE gels compared to blots pre-
pared from either nonequilibrium pH gradient elec-
trophoresis gels or nondenaturing acidic gels. Insect-
venom allergens are generally very basic proteins, and
they can not be separated or studied by many of the
methods commonly used for acidic and neutral pro-
teins.? For these reasons we were suspicious about the
reliability of immunoblot studies with insect-venom
allergens. Two relatively well-characterized venoms
were used to study immunoblot techniques and to
compare them with other methods for measuring IgE
binding. We report in this article on studies with ven-
oms from Vespula maculifrons, the Eastern yellow
jacket, and Apis mellifera, the honeybee. The aller-
gens of both these venoms are well studied, and
the major allergens have been isolated and charac-
terized.>1°

MATERIAL AND METHODS
Venom and venom components

Honeybee venom was purchased from Champlain Valley
Apiaries, Middlebury, Vt. Honeybee proteins were isolated
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Abbreviations used

PAGE: Polyacrylamide gel electrophoresis
SDS: Sodium dodecy! sulfate
Tris:  Tris(hydroxymethyl)aminomethane
IEF: Isoeclectric focusing

as previously described.”® Venom from V. maculifrons
workers was obtained by carefully squeezing sacs dissected
from frozen insects, as has been described for other species.®
The venom proteins were separated and purified by the
methods we have described for V. squamosa venoms. The
venom proteins used in this study were of higher purity than
proteins isolated from venom sac extract,® and when the
proteins were analyzed by SDS-PAGE, enzyme activities
and immunochemical techniques were comparable to those
reported for other vespid venoms.® The V. maculifrons hy-
aluronidase contained about 0.8% phospholipase, the phos-
pholipase less than 0.1% hyaluronidase, and the antigen 5
less than 0.1% phospholipase and hyaluronidase by enzyme
activity measurements. Hyperimmune antisera were raised
by the use of Freund’s complete adjuvant in rabbits® or

guinea pigs.?

Human sera

Sera from patients with recent histories of systemic re-
actions to the appropriate insect were used as sources of
IgE antibodies. Except where it is specified, all sera were
obtained before any venom immunotherapy. Postimmu-
notherapy sera were collected when the patient reached the
top dose (usually 100 g for single species or 300 pg for
mixed vespid venom—protein extract) and full interval. All
sera were RAST positive to the appropriate venom, and all
patients were also skin test positive to the same venom.
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FIG. 1. Comparison of IgE antibody binding to V. macu-
lifrons yellow jacket-venom allergens in an immunoblot
prepared from a nondenaturing acid PAGE gel (top) to IgE
antibody binding to purified allergens measured by RAST
{bottam). The immunoblot was stained with a biotin-
streptavidin amplified horse radish peroxidase method.
Relative intensities of stain were measured by reflectance
densitometry. RAST was performed with disks coupled at
limiting dilution and is expressed as percent of total ac-
tivity added bound to the disk minus nonspecific binding
for that allergen disk.

Sera were chosen for this study to represent a variety of
patterns of cross-reactivity and were not randomly chosen
or representative of a random population.

Elactrophorasis

The methods used for SDS-PAGE, nondenaturing acidic
gels, and ponequilibrium pH gradient electrophoresis in
minigels have been previously described in detail.' Venoms
were applied to gels at 4 wg of protein per centimeter of
gel width.

Transfer blots

All transfers were made by transverse electrophoresis
onto Whatman WOCN nitrocellulose membrane (Curtin
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Matheson Scientific Inc., Marietta, Ga.). Use of the stan-
dard Tris-glycine buffer with 20% methanol” did not pro-
vide good transfers from SDS-PAGE with venom allergens.,
but use of 0.025 mol/L of ethanolamine/glycine with 20%
methanol elicited much better transfer.”” Blots from non-
denaturing gels were transferred in 0.7% acctic acid. Ni-
trocellulose membranes were blocked with 5% bovine serum
albumin in Tris-buffered saline, pH 7.4, before immuno-
detection.

Immunodietection on nitrocellulose biots

The immunodetection protocols used were as previously
described by our laboratory.' Human IgG antibodies were
detected with biotinylated antihuman IgG and streptavidin-
horse radish peroxidase (Bethesda Research Laboratories,
Gaithersburg, Md.). Rabbit IgG antibodies were detected
with antirabbit IgG-horse radish peroxidase and protein
by biotinylation and staining with avidin-horse radish
peroxidase (Bio-Rad Laboratories, Richmond, Calif.),
Peroxidase-stained strips were scanned on a computerized
densitometer (Hoefer Scientific Instruments, San Francisco,
Calif.). Sera from nonallergic individuals exhibited no IgE
binding to blots prepared from bee and yellow jacket
venoms.

RAST

RAST was performed as previously described" with pu-
rified allergens by coupling the cyanogen bromide—activated
paper disks with limiting quantities of antigen, 0.2 ug of
protein per disk, to maximize specificity, as has been
described.'* **

RESULTS

Pure V. maculifrons venom was separated by
SDS-PAGE after reduction by dithiothreitol and heat-
ing at 100° C for 5 minutes and then electrophoreti-
cally transfered to nitrocellulose membranes in etha-
nolamine/glycine buffer containing 20% methanol.
Native preparations of V. maculifrons venom were
separated by acidic gel PAGE and nonequilibrium IEF.
Good separations were obtained by both nondenatur-
ing systems, but the resolution was higher in the acidic
buffer gels than in nonequilibrium IEF. Antigens were
transferred to nitrocellulose electrophoretically in
0.7% acetic acid from nondenaturing gels. The po-
sitions of the component allergens of the venom were
determined by electrophoresis of purified components
and also by immunostaining with hyperimmsune rabbit
antisera raised against the purified components. The
presence of each allergen on the transfer blots was
demonstrated by both immunostaining with rabbit an-
tibody and by protein detection on the blots with
biotinylation followed by detection with avidin-
peroxidase.

Strips cut from a transfer blot:prepared from a non-
denaturing acidic PAGE gel were incubated with 1:4
dilutions of individual pretreatment sera from patients
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allergic to yellow jacket venom. The specificity pat-
terns of the sera were chosen to represent patterns
commonly encountered. Four patients reacted in
RAST with only yellow jacket, three other patients
reacted with all the vespids, and three additional pa-
tients reacted with honeybee and vespids. IgE against
V. maculifrons allergens was detectable in all the sera
by both immunoblot and RAST. The results with these
two techniques are compared in Fig. 1. The blots were
developed with a biotin-streptavidin—amplified sys-
tem, and detection was by peroxidase. Reactivities
were quantitated from a densitometric scan. As can
be observed in Fig. 1, most of the sera contained IgE
antibodies reacting with hyaluronidase and phospho-
lipase, whereas only five sera contained IgE antibodies
reacting with antigen 5. All 10 sera contained IgE
antibodies reacting with antigen 5 by RAST. Quan-
titatively, there was little correlation between the al-
lergen reactivity pattern observed in the nondenatur-
ing immunoblot and that observed in RAST. Linear
correlation coefficients for the RAST with purified
aliergens were 0.21 for hyaluronidase and phospho-
lipase, 0.78 for hyaluronidase and antigen 5, and 0.64
for phospholipase and antigen 5, suggesting that the
reactions are independent. Therefore, the difference
in results can not be attributed to cross-contamination
of the antigens used for RAST. Several additional sera,
which were primarily reactive with antigen 5 by
RAST, were tested in immunoblot analysis and elic-
ited only weak binding to antigen 5.

In further experiments, it was found that IgE bind-
ing to antigen 5 could be increased by use of less
dilute sera. In one experiment, there was no detectable
binding at 1:10, a trace of binding at 1:5, and strong
binding at 1:2. In the same experiment, binding to
phospholipase was strong at all three concentrations.
Antigen 5 was readily detectable on all blots by both
immunostaining with hyperimmune rabbit 1gG and
protein detection by biotinylation.

The binding of human IgG antibodies to V. mac-
ulifrons antigens separated by SDS-PAGE is illus-
trated in Fig. 2. Densitometer scans from two sets of
paired sera before and after venom immunotherapy
are presented. The patterns illustrated are represen-
tative of patterns obtained from the 17 pairs of sera
tested. IgG antibodies were detected that bound to all
the five known allergens of V. maculifrons.” Signifi-
cant increases in IgG antibody levels occurred as a
result of immunotherapy. Interestingly, antibody of
new specificities rarely developed as a result of ther-
apy. Almost all the changes observed in both IgE and
IgG were increases of the specificities already present.
There was no difficulty in detecting IgG antibody
binding to antigen 5 on immunoblots, as was observed
with IgE binding.
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FIG. 2. Densitometric scan of immunoblots prepared from
SDS-PAGE gels of V. maculifrons venom. Strips were in-
cubated with human serum obtained before immuno-
therapy and at maintenance and were stained for human
IgG by an immunoperoxidase method. The scans of two
sets of paired sera are presented. The locations of the five
known venom allergens are indicated on the bottom scan.
The ordinate of the scans is dye intenstiy and the abscissa
is distance, with the sample applied at the /eft. A signifi-
cantincrease in IgG antibodies can be observed as a result
of therapy.

To investigate further the possible role of confor-
mational effects on IgE antibody binding, matched
gels were run in SDS denaturing and acidic gel non-
denaturing systems, and strips from each were incu-
bated with a panel of 14 sera from yellow jacket
venom-—allergic patients. The results are illustrated in
Fig. 3. In order to obtain maximum sensitivity and
resolution, the strips were incubated in *I-labeled
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FIG. 3. Autoradiographs of SDS-PAGE (top) and nonde-
naturing acid PAGE gel (boftom} immunoblots developed
with "i-labeled anti-IgE. The same 14 sera from atllergic
patients were used for both experiments. The strips on
the Jeft are cut from the immunoblots and stained for
protein by biotinylation and avidin-peroxidase. The po-
sitions of the venom proteins are indicated: H, hyaluron-
idase; P, phospholipase; 1, Vmac1; 3, Vmac3; 5, antigen
5. Both experiments were performed under the same con-
ditions, and the exposures illustrated were made on the
same piece of film.

anti-IgE and developed by autoradiography. Binding
was generally lower to the blots prepared from the
SDS-PAGE gel, although more components were re-
solved by this gel. Binding was observed for all sera
in the acid gel blots and for 13 of 14 sera in the
SDS-PAGE blots. Binding to antigen 5 was only vis-
ible for five sera on the acid blots but was observed
in eight sera on the SDS-blots. However, binding to
phospholipase was much more prevalent and of greater
intensity on the acid gel blots than on the SDS-PAGE
blots. Binding to hyaluronidase was strong on both
types of blot. Binding to Vmacl could only be ob-
served on SDS-PAGE blots, probably because it does
not migrate into the acid gel. Vmac3 did not fully
separate from hyaluronidase in the acid gel.

Studies were also carried out with honeybee venom
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with the acidic gel system for separation. It was pos-
sible to find all five known honeybee allergens, in-
cluding the two that do not have a basic charge on
nitrocellulose blots, with hyperimmune rabbit and
guine pig antisera. Blots prepared from honeybee
venom were tested with sera from allergic individuals
known to have a variety of allergen reaction patterns,
including several patterns that appeared to be mono-
specific for single allergens by RAST,”” as are illus-
trated in Fig. 4. Most sera known to be reactive with
acid phosphatase, hyaluronidase, or phospholipase
demonstrated IgE binding to these bands. Only about
half of the sera that reacted to allergen C by RAST
reacted by immunecbiot. Very little reactivity was ob-
served with melittin, even with sera that reacted
strongly by RAST. In addition, binding to melittin by
human IgG antibodies was also very weak. IgG an-
tibodies were readily detectable in sera both before
and after venom immunotherapy against the other four
allergen bands. N

The conformational dependence of IgE binding to
bee and vespid phospholipases was directly tested by
RAST and RAST inhibition with pools of sera from
allergic patients. The RAST-inhibition results for re-
duced and alkylated phospholipases are illustrated in
Fig. 5. The relative inhibition constant for V. macu-
lifrons phospholipase decreased 300-fold after treat-
ment with 0.1% SDS and dithiothreitol, and by
700-fold when this treatment was followed by im--
mersion for 5 minutes in boiling water. as in the sam-
ple manipulation for SDS-PAGE. The cyanogen bro-
mide digest of V. maculifrons phospholipase had no
measurable direct binding of IgE antibodies from
sera of allergic individuals. Reduction and alkylation
of this phospholipase without denaturant caused a
430-fold decrease in inhibitory capacity, and there was
no measurable activity if the phospholipase was re-
duced and alkylated in the presence of 8 mol/L of
guanidine HCI. Honeybee phospholipase demon-.
strated a 75-fold reduction in inhibitory capacity after
mild reduction and alkylation.

DISCUSSION

Immunoreactive nitrocellulose blots were prepared
from reduced and boiled SDS-PAGE, nonequilibrium
IEF, and nondenaturing acidic PAGE gels with ven-
oms from V. maculifrons and A. mellifera. Significant-
differences were observed in the immunoreaetivity of
the individual venom allergens with human IgE an-
tibodies in sera from alleegic patients, especially for
antigen 5 and phospholipase from V. maculifrons and
allergen C from A. mellifera. A panel of 10 allergic
sera was tested both by RAST with highly purified
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FIG. 4. IgE immunoblot prepared from nondenaturing acidic gel electrophoresis of honeybee
venom, The positions of the bee-venom proteins as determined by electrophoresis of purified
proteins and immunostaining with monospecific antisera are illustrated on the right. AP, acid
phosphatase; HY, hyaluronidase; PL, phospholipase A; M, melittin. The strips were each in-
cubated with serum from a single patient. Serum 1 was a negative control, sera 2 and 3 reacted
by RAST with acid phosphatase and allergen C, sera 4 and 10 reacted primarily to hyaluronidase
by RAST, sera 5 and 8 were primarily phospholipase reactive by RAST, serum 7 reacted with
all the bee-venom allergens by RAST, and sera 6 and 9 were only weakly reactive by RAST. The
five circles on the left are radioactive exposure standards.

allergens coupled at limiting dilution and by nonde-
naturing acid gel PAGE, and a low correlation between
quantitative allergen reactivity patterns was observed
(Fig. 1). The correlation between RAST and dena-
turing SDS-PAGE was even less. By contrast, hyper-
immune rabbit IgG antibodies and, to some degree,
human IgG antibodies (Fig. 2) bound strongly to im-
munoblots prepared from both denaturing and non-
denaturing gels. IgE binding to antigen 5 demon-
strated dependence on serum concentration, with
binding observed only at high concentrations of se-
rum. This suggests that the low reactivity of IgE an-
tibodies with antigen 5 is a result of low affinity and
not of blocking by IgG antibodies. In RAST assays,
IgG blocking effects are usually greater at higher se-
rum concentrations.

The most probable explanation for the lack of cor-
relation between RAST, nondenaturing blots, and de-
natured blots is the dependence of IgE antibody bind-
ing on antigen conformation. Benjamin et al.'® have
proposed that most antigenic determinants are topo-
graphic in nature rather than a linear sequence of
amino acids. These topographic determinants would
be minimally preserved in blots prepared from

SDS-PAGE in which the proteins have been reduced
and the tertiary structure destroyed by SDS binding.
Some of these topographic determinants could be
changed in the interactions necessary for the strong
binding of proteins to nitrocellulose, probably by hy-
drophobic binding. The allergen in the RAST assay
is probably close to native conformation, since it is
just bound at one or a few points by free amino groups
on the surface.

The conformational dependence of IgE binding to
phospholipases was confirmed by the direct studies
with RAST and RAST inhibition. Treatment of yellow
jacket phospholipase similar to that encountered in
preparing a sample for an SDS gel caused a 700-fold
decrease in inhibitory activity.

The difference observed in IgE antibody binding
between blots prepared from nondenaturing PAGE and
SDS-PAGE was much less for yellow jacket and bee
venoms than was observed with S. invicta, imported
fire ant.! The SDS-PAGE gels from §. invicta dem-
onstrate a much larger fraction of low-molecular-
weight material, and the major bands are at lower
molecular weight than the bands on the nondenaturing
gels. This is consistent with either muitichain structure
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FIG. 5. RAST inhibition of binding to venom phespholipsses. A, Binding to V. macw#rons
phosvhohpase inhibited by native phespholipase {01, mildly reduced and alkylated B gili- -
pase (X), and completely reduced and aikylated phogpholipase (). 8, inhibition 'of RAST to
honeylbise phospholipase A by native phospholipase (Cf and mildly reduced and sikytated phos-
pholipase {X). Inhibition experiments ware limited by the low sakibility of feduced.and-siiylated
phosphalipases in nondenaturing buffers,
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or aggregation of the venom components. In bee and
yellow jacket venoms, all major allergens are com-
posed of single polypeptide chains.>*

Many investigators have used immunoblot tech-
niques to investigate human IgE antibody binding to
allergens. Peltre et al."” used capillary blotting from
IEF gels to study grass allergens and many other sys-
tems. Similar methods have been used by other in-
vestigators to study pollen allergens’® and mite aller-
gens.'” Immunoblots prepared from SDS gels, first
used for detection of IgE antibodies by Sutton et al.*
for studies on cereal allergens, have been used for
studies of grass-pollen allergens,” and recently have
been used by Dewair et al.” in an interesting study
of silk allergens, and by Hussain and Ottesen® for
studies of filarial allergens. None of these authors have
compared immunoblot methods with purified allergen
RAST or investigated the possible effects of distortion
of protein tertiary structures on the results. It is prob-
able that the dependence of IgE binding on protein
tertiary structure is different for various allergens. It
would not be unexpected if binding to food aller-
gens were primarily to linear type determinants, since
the molecules may be denatured by stomach acid
and partially digested before encountering the IgE
B-lymphocytes. By contrast, it appears that much IgE
antibody produced in response to natural exposure to
intact molecules (e.g., venoms injected by a sting)
may be directed to topographic determinants. This
would be most apparent with allergens that are com-
posed of more than one protein chain but can also
be observed with single chain molecules, such as
V. maculifrons antigen 5 and phospholipase.

We thank Elizabeth Kopelman, Charlene Cone, and Mar-
vin B. Alligood, Jr., for their technical assistance with this
project. The live yellow jackets were collected and their
venom obtained by Robert Jacobson.
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