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Background: A complementary DNA encoding the major bee venom allergen phospholipase 
A 2 (PLA) has been characterized recently. Recombinant PLA was produced in Escherichia 
coli and purified to apparent homogeneity. Natural PLA was compared with recombinant 
PLA in its ability to release histamine from blood basophils. 
Methods: A synthetic gene encoding the mature form of PLA was expressed in E. coli, and 
the polypeptide was purified to homogeneity by affinity chromatography and refolded, yielding 
fully enzymatically active PLA. In addition, we have produced a genetically engineered 
enzymatically inactive variant by substitution of a single amino acid residue in the catalytic 
center. A standard histamine release assay was used to compare the potency of natural PLA 
with correctly folded enzymatically active and inactive recombinant PLA to release histamine 
from blood basophils of nine patients with bee venom allergy. 
Results: Recombinant enzymatically active PLA and purified natural protein were equally 
effective in releasing histamine from sensitized basophils. By comparing the histamine- 
releasing capacity of enzymaticallf active and inactive recombinant allergen, we further 
demonstrate that catalytic activity is not a requirement for allergenicity in the effector phase. 
Denaturation of natural PLA or incorrect folding of recombinant protein resulted in a total 
loss of allergenic potency. 
Conclusion: We demonstrate the feasibility of producing native-like recombinant allergens 
with or without enzymatic activity. We also provide evidence for the requirement of correct 
three-dimensional structure of PLA to induce histamine release from basophils and thus 
evidence for its recognition by IgE. (J ALLERGY CLIN IMMUNOL 1995;95:1229-35.) 
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Diagnosis of  type I allergies by procedures  such 
as RAST,  histamine release (HR)  assay, or  skin 
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Abbreviations used 
HR: Histamine release 

PLA: Honeybee venom phospholipase A 2 
nPLA: Biochemically purified natural PLA 
rPLA: Recombinant PLA 

rPLAm: Recombinant PLA mutated at amino 
acid position 34 from histidine to 
glutamine 

testing requires s tandardized prote in  preparations.  
In the past, natural  allergens purified to various 
degrees were used for  this purpose.  However ,  
natural  prote in  preparat ions  are difficult to stan- 
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dardize, and it has been shown that some commer-  
cial extracts lack allergenic components?,  2 

Recent  improvements in recombinant D N A  
technology promise the availability of  pure aller- 
gens in unlimited amounts and of reproducible 
quality? Thus the question arises as to whether this 
recombinant material could replace the laboriously 
purified natural allergens for diagnostic applica- 
tions and possibly for therapy. 

Bee venom is a complex mixture of proteins, 
peptides, and biogenic amines?, 5 Some of these 
molecules have allergenic potential, mainly phos- 
pholipase A2 (PLA), hyaluronidase, and mellitin. 
PLA is considered to be the major allergen. 5, 6 A 
complementary D N A  encoding PLA has recently 
been cloned from an expression library of worker 
bee venom glands. 7 A synthetic gene encoding the 
mature protein was designed and expressed in 
Escherichia coli, recombinant protein was purified 
to homogeneity by affinity chromatography and 
refolded to obtain fully enzymatically active PLA. s 
We have previously demonstrated that natural and 
recombinant PLA have equal antigenicity for bind- 
ing of monoclonal and polyclonal antibodies, s-l° 

However, before the application of recombinant 
allergens in vivo, the biologic activity of  these 
proteins must be analyzed in vitro. Therefore  we 
compared the allergenic potency of recombinant 
and natural bee venom PLA in H R  studies with 
blood from patients with bee venom allergy and 
appropriate controls. In addition, the role of the 
enzymatic function in allergenicity was elucidated. 
Therefore a point-mutated allergen lacking cata- 
lytic activity was compared with its wild type 
counterpart.  This mutation also eliminated the 
potential in vivo toxic effects associated with enzy- 
matic activity. 12 

METHODS 
Patients 

Patients included in the study (n = 9) had reported an 
allergic reaction after bee sting in the past 2 years and 
had positive skin prick test results. The RAST class 
against bee venom of these patients was 2 or higher. 
Atopic (n = 4) persons not sensitive to bee venom 
served as control subjects. None of the patients or 
subjects tested was receiving medication, and all gave 
informed consent before they participated in this study. 

Preparation of natural and recombinant PLA 
Purified natural PLA was a gift from Prof. Leopold 

Mfirz and Dr. Erika Staudacher (Institut ffir Chemie, 
Universitfit ffir Bodenkultur, Vienna). Aliquots of the 
same sample frozen at -20  ° C were used throughout this 
study. Each aliquot was used once. Some of the natural 

PLA was denatured by reduction and carboxymethyla- 
tion according to a standard procedure. 13 

Recombinant enzymatically active PLA (rPLA) was 
prepared as described previously. 8, 9 Briefly, a synthetic 
gene encoding the mature form of PLA, based on the 
amino acid sequence deduced from the published eDNA 
sequence, was designed. 7 This gene was inserted into a 
bacterial high-level expression vector 14 to produce a 
fusion protein with six adjacent histidine residues at the 
amino terminal end, allowing single-step affinity purifi- 
cation? s Expression of this [His]6-PLA construct in E. 
coli yielded 50 mg of fusion protein per liter of culture 
after affinity purification. The protein showed an appar- 
ent molecular weight of 17 kd 8, 9 and was homogeneous 
when analyzed on a Coomassie blue-stained sodium 
dodecyl sulfate-polyacrylamide gel. To test the repro- 
ducibility of recombinant allergen production, two dif- 
ferent preparations (batches i and 2) of rPLA were used 
in the experiments. For this test, two bacterial cultures 
producing rPLA were processed individually on two 
occasions as published, 8, 9 tested enzymatically, 8, 9 or as 
described in the Results section. 

For some experiments enzymatically inactive recom- 
binant PLA (rPLAm) was produced by substitution of a 
conserved histidine residue in the active center with 
glutamine.8, 9,12 rPLAm lacked enzymatic activity but 
had antigenic properties comparable to those of natural 
PLA or recombinant, enzymatically active PLA, as ana- 
lyzed by binding to human monoclonal or polyclonal 
antibodies. 8-~o 

Determination of protein concentrations and 
analysis of phospholipase activity 

Protein concentrations were determined with a com- 
mercially available kit (Bio-Rad Laboratories, Rich- 
mond, CaliL). Phospholipase activity of the different 
PLA preparations was determined with a spectrophoto- 
metric assay as described previously, s, 9 

HR assay 
Each of the PLA preparations was diluted in an HR 

reaction buffer, as described previously, 16 to concentra- 
tions ranging from 10 txg/ml to 0.1 ng/ml. HR assays 
were performed with a commercial kit (Immunotech, 
Marseilles, France) according to the manufacturer's 
recommendations. Briefly, 100 Ixl of heparinized whole 
blood, diluted 1:4 in the reaction buffer, was incubated in 
triplicate samples with 50 fxl of allergen solution in 
96-well plates (Costar, Cambridge, Mass.) for 30 min- 
utes at 37 ° C. To verify mediator releasability from 
basophils analyzed, release by anti-IgE was included as a 
positive control with standard procedures. 16 The reac- 
tion was stopped by cooling the sample to 4 ° C, and 
supernatants were recovered by centrifugation. Total 
histamine content of cells was determined after freeze- 
thaw lysis. Spontaneous HR was evaluated by incubating 
the samples with buffer alone. Histamine in the samples 
was acylated before the radioimmunoassay was per- 
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FIG. 1. Catalytic activity of native and recombinant PLA. Identical amounts of PLA were 
analyzed by enzymatic assay. Natural PLA was arbitrarily set as 100 U specific activity per 
microgram of protein. 

formed according to the procedure recommended by the 
manufacturer (Immunotech). Incubation of samples 
with iodine 125-labeled tracer was carried out overnight 
at 4 ° C. Free tracer was decanted, and radioactivity was 
determined? 7 Amount of histamine in the samples was 
calculated by interpolation of the linear regression plot 
obtained with a reference sample. 

Statistical analysis 
The HR data were analyzed with a standard statistical 

program package. For the determination of the intraas- 
say variations generated by each of the PLA prepara- 
tions, HR analysis was done in triplicate with a single 
source of blood; HR was triggered by various amounts of 
one PLA preparation at a time. The mean HR values 
were thus calculated from the data points obtained, and 
relative standard deviations of the mean (percent) were 
deduced. To test the effectiveness of HR from blood 
basophils triggered by the various allergen preparations, 
the triplicate data sets of HR values were averaged first, 
and then the relevant data points were analyzed by a 
paired t test. 

RESULTS 
A diagnostic or potential therapeutic application 

of recombinant allergens requires the availability 
of recombinant protein preparations with proper- 
ties comparable to those of the purified natural 
counterpart.  In this study we took advantage of the 
extensive biochemical knowledge of PLA, which 
was used as the basis for the comparison between 
the natural and the recombinant allergen. 

The enzymatic activity of the PLA molecule is 
strictly dependent  on the correct three-dimen- 
sional structure of PLA, 8, 9 and thus this function 

of the protein was tested to verify native-like 
folding of the recombinant protein (Fig. 1). Natu- 
ral PLA or two different batches of refolded enzy- 
matically active PLA (rPLA) showed similar en2~- 
matic activity, whereas denatured natural PLA or 
nonrefolded rPLA did not show any detectable 
enzymatic activity, rPLA was used as a fusion 
protein in these studies, s, 9 

Antigenic studies comparing natural and recom- 
binant enzymatically active PLA molecules by us- 
ing human monoclonal or polyclonal antibodies 
revealed no difference between the molecules. 8-1° 
This was confirmed with natural PLA and with 
both batches of rPLA, as well as with rPLAm (data 
not shown). Denatured or nonrefolded PLA did 
not bind to the same antibodies (data not shown). 
These findings indicate that the integrity of the 
three-dimensional structure is a prerequisite for 
both the catalytic activity and the antigenic func- 
tion and suggest a native-like folding of rPLA mad 
rPLAm. 

Recombinant and natural PLA show similar 
histamine-releasing capabilities 

Various concentrations of recombinant (batch 
1) and natural PLA were compared for their 
capacity to release histamine from blood basophils 
of patients with bee venom allergy. A typical 
example of dose-dependent H R  from basophils of 
one patient with allergy is shown in Fig. 2. Spon- 
taneous H R was below 7% in all samples and was 
subtracted from the actual values. Natural or re- 
folded rPLA released between 20% and 45% of 
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FIG. 2. HR from basophils of a single individual with natural or rPLA as tr iggering allergen. 
Concentrations ranging from 104 ng/ml to 0.1 ng/ml of natural PLA (bar I) or rPLA (bar 2)were 
used, and the percent specific HR was plotted. The mean of tr ipl icate values is shown. 

total histamine at PLA concentrations ranging 
from 10 4 to  10 2 ng/ml in all patients tested. In 
general, HR increased gradually from 0.1 ng/ml to 
100 ng/ml and reached a maximum at 100 ng/ml to 
10 i~g/ml of PLA. 

No significant HR in response to natural or 
rPLA was triggered when basophils from four 
atopic individuals not allergic to bee venom were 
used (data not shown). 

The intraassay variations of the test were ap- 
proximately plus or minus 21% for natural PLA or 
for rPLA. Data from three subjects were included 
in this analysis. The variations within the test agree 
with other HR systems, as 

To test the reproducibility of recombinant aller- 
gen preparation, two different batches of rPLA 
were used (Fig. 3). There was no significant differ- 
ence in HR between the two batches of rPLA. The 
natural and recombinant PLA preparations were 
further analyzed statistically to evaluate differ- 
ences in the capacity to release histamine. All data 
points available from nine patients with bee venom 
allergy were used for this analysis. There was no 
statistically significant difference between the PLA 
preparations analyzed (data not shown). The data 
further indicate that PLA used at a concentration 
of 1000 ng/ml was best for routine use because of 

the maximal HR and good reproducibility (Fig. 1 
and Fig. 4, A). 

Enzymatic inactive, correctly folded 
recombinant PLA and rPLA release similar 
amounts of histamine from basophils 

Cell toxic effects associated with enzymatic ac- 
tivity of PLA have been reported. 11 This may be 
undesirable if PLA were to be used therapeuti- 
cally. We thus compared rPLA to rPLAm, a ge- 
netically engineered mutant lacking enzymatic ac- 
tivity in its capacity to release histamine from 
basophils obtained from five patients. The dose- 
dependent release by rPLAm paralleled the re- 
lease induced by rPLA (Fig. 3). Analysis of the 
data is presented in Fig. 4, B. There was no 
significant difference between rPLA and rPLAm, 
indicating that the enzymatic activity was not re- 
quired for IgE-mediated mediator release and did 
not enhance HR. We did note that, in general, 
rPLAm triggered the least amount of histamine 
when compared with the other PLA molecules. 
The data further substantiate that a three-dimen- 
sional structure similar to rPLA or natural PLA 
was obtained with rPLAm (Fig. 3 and Fig. 4, B). In 
contrast, nonrefolded rPLA or denatured natural 
PLA was unable to induce any significant HR (data 
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FIG. 3. HR from basophils of a single individual with natural PLA and two batches of rPLA and 
rPLAm as tr iggering allergens. The exper iment was performed as described in the legend to Fig. 
1. Natural PLA (bar 1), r PLA (bars 2 and 3), rPLAm (bar 4). 
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FIG. 4. Comparison of HR from nine individuals with 100 ng/ml of either natural PLA and rPLA 
(A) or rPLA and rPLAm (B). 

not shown), indicating that a native-like three- 
dimensional structure was essential for IgE-depen- 
dent mediator release and thus for IgE recognition 
of antigen. 

DISCUSSION 

In the past, crude allergen extracts or purified 
allergen preparations have been used for in vitro 
diagnosis, skin testing, and hyposensitization of 
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patients with allergy. The major drawback of these 
preparations lies either in the presence of a bulk of 
irrelevant proteins or the potential loss of impor- 
tant allergens or their biologic activity during 
purification procedures?, 19 The introduction of 
recombinant DNA technology for the production 
of pure allergens is a promising step to circumvent 
these problems. However, to be of diagnostic or 
therapeutic use, recombinant allergens must have 
biologic activities similar to those of natural aller- 
gens. 

Using bee venom allergy as an example to verify 
the diagnostic usefulness of a recombinant aller- 
gen, we took advantage of the availability of highly 
purified natural PLA in combination with the 
recently described biologically fully active recom- 
binant enzyme. 8, 9 The data presented in this report 
show that there is no significant difference between 
natural and recombinant preparations in HR as- 
says. Hence, each of the preparations could equally 
well be used to assist in the diagnosis of bee venom 
allergy. We further show that PLA can be geneti- 
cally engineered to avoid undesired properties, 
such as enzymatic activity, without loss of aller- 
genic potency in HR assays or in skin tests, as 
previously shown) 2 

Sugar residues on PLA have been implicated as 
dominant B-cell epitopes for IgE by means of 
se ro log i c  assays, z° and hence these epitopes may 
be important in vitro in HR assays or in vivo in skin 
test assays. This would be a major drawback of 
recombinant allergen produced in bacteria, be- 
cause prokaryotes do not glycosylate proteins. In- 
deed, in previous studies we noted that antibodies 
of some individuals allergic to bee venom also 
recognized sugar residues when their sera were 
analyzed in vitro) ° In addition, sugar residues may 
be a reason for slight individual differences ob- 
served when recombinant and natural PLA are 
compared in a quantitative skin test? z, 21 However, 
in skin tests with rPLA or natural PLA, none of the 
21 patients with bee venom allergy had negative 
results when challenged with either allergen prep- 
aration. Therefore neither the data analyzing PLA 
in vivo nor the data presented in this report 
provide any firm evidence that sugar residues are 
dominant or essential B-cell epitopes for IgE. 

In previous studies 58 patients with bee venom 
allergy also showed type I skin reactivity to natural 
PLA, indicating that PLA is a major allergen in bee 
venom. 21 This will provide a unique opportunity to 
analyze a single defined allergen available as nat- 
ural or recombinant molecule and to compare its 
value with that of bee venom both in vivo and in 

vitro for the routine diagnosis of Hymenoptera 
allergies. 
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