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Abstract

The 2 major allergenic proteins in vespid venoms are antigen 5s and phospholi-
pases (PLs). Vespid PLs have a molecular weight of about 34,000 and have been
previously shown to have an A ;B specificity, unlike the A, specificity of bee PLs.
The complete amino acid sequences of the venom PL from the yellow jacket,
Vespula maculifrons, and the more acidic isoenzyme from the white faced horn-
et, Dolichovespula maculata, have been determined by sequencing overlapping
peptides isolated from enzyme and chemical digests of the proteins. Ves m 1 is
composed of 300 amino acids, with variants found at 3 positions. Dol m 1.02 is
composed of 303 amino acids with variants at 2 positions. Comparison with the
sequence of Dol m 1.01 determined by ¢cDNA sequencing gave 66.7% identity
with Dol m 1.01 with almost all variation in the first 131 positions. Ves m I showed
69% identity with Dol m 1.01 and 38.7% with Dol m 1.02. Comparison of the PL
sequences with the Protein Identification Resource data base showed many simi-
larities with the lipase family, but very little relationship to known PLs. The
amount of structural similarity between Dol m 1 and Ves m 1 is similar to that
found among antigen 5 molecules of different genera, and is sufficient to account
for antigenic cross-reactivity. There appear to be a number of highly conserved
regions of the PL molecules, especially in the C-terminal 168 residues. These
regions may from common epitopes found in several species and genera of ves-
pids. Antibodies against these common epitopes will not be able to distinguish
among PLs from various vespids. The finding of 2 significantly different se-
quences for Dol m 1 is parallel to the finding for Do/ m 5.

significant immunological cross-reactivity with the bee
venom enzyme. Since many allergic individuals exhibit re-

Phospholipase (PL) A,B is one of the 2 major allergens
of the venoms of vespid wasps [1-6]. The molecules are of
about 34,000 molecular weight and usually have an acid-
sensitive cleavage point somewhere around the middle. The
vespid PLs cleave phosphatidylcholine at the 1 position fat-
ty acid, then at the 2 position, unlike bee and snake venom
PLs which cleave only at the 2 position. The vespid PLs are
about twice the size of bee PL and do not demonstrate any

Sequences are deposited in the Protein Identification
Resource database under acquisition numbers A 44563 and
A 44564

activity to multiple vespid venoms [7-9], it is probable that
some of this multiple reactivity is due to immunologic
cross-reactivity of the major allergens. This multiple and
cross-reactivity has been demonstrated among individual
species of the same genus [10—13] and among different gen-
era of vespids [13, 14]. In a previous paper we have already
explored the sequence relationships among antigen 5 mole-
cules from various species and genera of vespid wasps [15].
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In this paper we present the complete amino acid se-
quences of 2 additional vespid venom PLs, from the yellow
jacket, Vespula maculifrons, and one of the two isoenzymes
from the white faced hornet, Dolichovespula maculata. In
the systematic nomenclature for allergens these are named
Ves m 1 and Dol m 1.02. These 2 protein sequences are com-
pared to the cDNA-derived sequence of Dol m 1.01, reported
by Soldatova et al. [16] and to all of the protein sequences in
the Protein Identification Resource (PIR) database.

Materials and Methods

Venom and PLs

Venom from V. maculifrons workers and D. maculata workers was
obtained by squeezing dissected venom sacs from insects killed by
freezing [17]. The venom was fractionated on a Sephadex G75 super-
fine column, and the PL-containing fractions further purified by hi gh
performance cation exchange chromatography, and an additional Se-
phadex G75 gel filtration [17]. N-terminal amino acid sequencing
showed purities of greater than 98% for both PLs. The initial sequenc-
ing yields varied from 25 to 35%, and no N-terminal sequences were
observed from either antigen 5 or hyaluronidase in either PL prepara-
tion. The N-terminal sequence showed no contamination of the acidic
phospholipase isoenzyme of D. maculata by the basic isoenzyme.

Reduction and Alkylation

Purified proteins were reduced in either 6 M guanidine HCI, 0.5 M
Tris-HCI (pH 74), 0.01 M EDTA; or 8 M urea in 0.1 M ammonium bi-
carbonate, (pH 7.8) with 5 mg of dithiothreitol under nitrogen for2 h at
56°C. The reduced proteins were alkylated with 13.4 mg of iodoacetic
acid (Pierce Chemical Co., Rockford, I1., USA) freshly dissolved in
0.1 ml of 0.5 N NaOH, in the dark under nitrogen at room temperature
for 1 h [18]. Denaturing agents and excess reactants were removed by
dialysis.

Protein Fragmentation

Cyanogen bromide cleavage was performed in 70% formic acid
with at least 100-fold excess of CNBr, in the dark under nitrogen at
room temperature for 24 h [18]. Ten volumes of water were added and
the mixture dried in a centrifugal vacuum evaporator. Sequencing
grade staphylococcal V8 protease, trypsin and endoproteinase-ASP-N
were all purchased from Sigma Chemical Company, St. Louis, Mo.,
USA. Digestions were performed in 0.1 M ammonium bicarbonate
(pH 7.8) or Tris-HCI (pH 7.4) with up to 2 M urea added if necessary for
solubility, with 2-4 pg enzyme/mg protein at 37°C [18, 19]. Enzyme
hydrolyses were stopped by adding trifluoroacetic acid (TFA; Pierce
Chemical Co.).

Separation of Peptides

Peptide digests were separated by high performance chromatog-
raphy, using an 0.46x25 cm Vydac 218TP54 reverse phase column
(The Separations Group, Hesperia, Calif., USA) with a gradient start-
ing at 0.1% TFA in water to 70% of 0.07% TFA in acetonitrile. The
flow rate was 0.6 ml/min and 0.5 min fractions were collected in mi-
crocentrifuge tubes. The separation was monitored at 220 nm.

Protein Sequencing

Sequencing was performed on a Milligen-Biosearch Model 6625
Prosequencer (Millipore Corp., Marlborough, Mass., USA) This is a
solid phase fully automated sequencer/PTH analyzer. Proteins were
coupled to either DITC disks or arylamine disks, and the covalently
bound protein was reduced and alkylated in the presence of 6 M guani-
dine HCl as described above. The disks were then washed 5 times each
in water and methanol and air dried. Separated peptides from digests
were coupled to arylamine disks for sequencing. In rare cases peptides
were coupled to DITC disks to verify aspartic or glutamic acid resid-
ues.

Alignment and Database Comparisons

The Hitachi Software Engineering America, Ltd. (Brisbane, Calif,,
USA) Hibio Prosis programs and compact disk edition of the PIR (Na-
tional Biomedical Research Foundation) and SWISS-PROT (Europe-
an Molecular Biology Laboratory) databases were used on an MS-
DOS computer system. The program can automatically align pairs of
sequences, and a manual alignment routine is provided for multiple
sequences. The PIR was release 29 and SWISS-PROT release 20.

Results

The sequence of Ves m PL was determined from an N-
terminal sequence and by sequencing all of the peptides iso-
lated from staphylococcal V8 protease, trypsin and cyano-
gen bromide digests. The final sequence and the overlap-
ping peptides used to establish it are shown in figure 1. The
dilute acid cleavage seen in SDS-PAGE [2] was found to
occur between residues 165 and 166, aspartic acid and pro-
line. Variants were found at 3 positions in the sequence,
methionine for alanine at position 97, proline for isoleucine
at 191 and leucine for isoleucine at 202. At position 191 the
ratio of I to P was 1.50 and at position 202 the ratio of [ to L
was 1.47. The methionine variant at position 97 was found
by the generation of a CNBr fragment, and was not quanti-
fiable. The sequence contained 300 amino acids, giving a
molecular weight of 33,539. There were 13 cysteine residues
as were found in the cDNA sequence fo Dol m 1.01 [16].
Despite the odd number of cysteines, the molecules exist
primarily as monomers, suggesting that there is a free sulf-
hydryl group. Only a single tryptophan residue was found at
position 82, also similar to Dol m 1.01. Computer compari-
son of the sequences of Ves m 1 and Dol m 1.01 as shown in
figure 2 showed 68.3% identity with only 15 of 95 differ-
ences requiring more than a single base change. The C-ter-
minal 173 residues showed a very high degree of similarity.
No insertions or deletions were required to align all 13 cys-
teine residues. Comparison of the sequence of Ves m 1 with
the partial cDNA sequence of Ves v 1 [20] showed 95.3%
identity over the first 258 residues, with only 3 non-conser-
vative changes.
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Fig. 1. The complete amino acid sequence
of the yellow jacket venom PL molecule, Ves
m 1. The sequence was determined from over-
lapDi ides indicated by th bol 190 200 210 220 230 240
apping peptides indicated by the symbols CETDAEYVQI IHTSNYLGTE KILGTVDFYM NNGKNNPGCG RFFSEVCSHT RAVIYMAECI
below the single letter amino acid codes. faladdablel
. khkdkdkk hhkkkhhkhkkkhhkhhkhhhkkhkhkk | khkkkhkhhakdhh
——= N-terminal sequence; = staphy- RkkkkkhkhkRRIhhhhdhd ok kK whkkkkkkhRR
. - R
lococcal V8 protease peptides; ***** = tryp-
tic peptides; mmamm = cyanogen bromide pep-
tides. The vertical lines indicate junctions be-
: . . 250 260 270 280 290 300
tween peptides. Alternative residues were KHECCLIGIP RSKSSQPISR CTKQECVCVG LNAKKYPSRG SFYVPVESTA PFCNNKGKII -C
found at 3 positions: M for A at position 97; P Rkkkkkkh Ak AR AR
for I at position 191, and L for I at position AR RRAREARRE
202.
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Dol m 1.01 FSVCPFSNDTVKMIFLTRENRKHDFYTLDTMNRHNEFKKSTIKRPVVFITHGFTSSATEK

Ves m 1 GPKCPFNSD’I’VSIIIETRENRNRDLYTLQTLQNHPEFKKKTITRPVVFITHGFTSSASEK
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Dol m 1.01 NFVAMSEALMHTGDFLI IMVDWRMAACTDEY PGLKYMFYKAAVGNTRLVGNFIAMIAKKL

Ves m 1 NFINLAKALVDKDNYMVISIDWQTAACTNEYPGLKYAYYPTAASNTRLVGQYIATITQKL
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Dol m 1.01 VEQYKVPMTNIRLVGHSLGAHISGFAGKRVQELKLGKFSEI IGLDPAGPSFKKNDCSERT

Ves m 1 VKDYKISMANIRLIGHSLGAHVSGFAGKRVQELKLGKYSEIIGLDPARPSFDSNHCSERL

Fia. 2. Compari £ the tei 190 200 210 220 230 240

9. <. parison 0 proteimn  se- Dol m 1.01  CETDAHYVQILHTSSNLGTERTLGTVDFYINNGSNQPGCRYIIGETCSHTRAVKYFTECI
quenceofVesm1w1ththetranslatechNA 222323.23202.2228. $323..0820888.200.0,2088 .28s2zif f2..288
Ves m 1 C

sequence of Dol m 101 [16]. Double dots be- CETDAEYVQITHTSNYLGTEKI LGTVDFYMNNGKNNPGCGRFFSEVCSHTRAVIYMAECT

tween the residues indicate identity, and sin- 250 260 270 280 290 300

. . . . Dol .0 RRE KKY PVEAEAPYCNNN
gle dots conservative amino acid substitu- m1.01 . CCLIGVPQSKSPQWSKCTRNECVCVGWA .: PKRGSFW o APYCNNNGKII
tions due to single base changes. The mole- Ves m 1 KHECCLIGIPRSKSSQPISRCTKQECVCVGLNAKKYPSRGSFYVPVESTAPFCNNKGKII

cules show 68.3% identity.
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Fig. 3. The complete amino acid sequence
of the acidic PL isoenzyme of white faced
hornet venom, Dol m 1.02, as determined by 190
sequencing overlapping peptides. The sym-
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bols underneath the amino acid codes indi- Ahkkkkhkhkkhhkkkkk IkkhkRkkhkkhdhhkkhhkhhkhhhhh
cate the peptides used to establish the struc- AAAAAAAAAAAAAAAAAAAAAAAAA
ture. = N-terminal SEqUENCE; m— = AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
cyanogen bromide peptides; ***** = tryptic
peptides; = staphylococcal V8 protease 250 260 270 280 290 300

g - : ; ECIRRECCLI GVPQSKNPQP VSKCTRNECV CVGLNAKEYP KKGSFYVPVE AKAPFCNNNG KII
peptldes, 11111 - endop.rOtelnaise'aSparnc hkkkdkkhkkkkkkkkdk khkhhkkkkkkkkk o e e de de o de de d de ke e e ok ek ke ke
acid-N peptides; aaaaa = dilute acid hydroly- *hkk KRRk Kk kh AR Rk

sis. Alternative residues were found at 2 posi-
tions: E for G position 55, and Y for F at posi-

130 140 150 160 170 180
KILIQKYKVL LENIRLIGHS LGAQIAGFAG KEFQRFKLGK YPEIIGLDPA GPSFKKKDCP
*k Ahkhhhkk khkk AhhhhkRARARRRAARN
AARKKRRRRARKRARRRARRRR
—— khkkhk
aaaaaaaaaaaa
200 210 220 230 240

ERICETDAHY VQILHTSSNL GTERTLGTVD FYINDGSNQP GCTYIIGETC SHTRAVKYLT

tion 295.

The complete amino acid sequence of Dol m 1.02 was
determined by sequencing the N terminus and all of the pep-
tides isolated in pure from and sufficient yield from staphy-
lococcal V8 protease, trypsin, endoproteinase-ASP-N, cya-
nogen bromide and dilute TFA digestions as is shown in fig-
ure 3. The sequence consisted of 303 amino acid residues
giving a molecular weight of 33,780. There were 13 cys-
teines and a single tryptophan. Two additional residues were
inserted at the N terminus. Two variant positions were
found, glutamic acid for glycine at position 55 and tyrosine
for phenylalanine at position 295. At position 295 the ratio
of tyrosine to phenylalanine was 5.6. Glycine was the pre-
dominant residue at position 55, glutamic acid could not be
reliably quantitated because of the sequencer chemistry
used, but its presence was confirmed by the isolation of a
staphylococcal V8 fragment beginning at position 56. The
acid cleavage point was found between residues 168 and
169, D and P. The comparison of the protein sequence of Dol
m 1.02 with the translated cDNA sequence of Dol m 1.01[16]
is shown in figure 4. There is 66.7% identity over the 303
amino acid residues. The regions from residue 131 of Dol m
1.02 and 130 of Dol m 1.01 are highly conserved. But there

are only a few short conserved areas in the first 130 residues,
while there are 26 non-conservative substitutions. A single
insertion at position 43 is required to maximize homology
in addition to the 2 additional residues at the N terminus of
Dol m 1.02. There is so little identity in the N-terminal re-
gion that DNA probes designed for Dol m 1.01 would not be
expected to hybridize with DNA for Dol m 1.02. The pre-
dicted isoelectric points are 8.67 for Dol m 1.02 and 8.90 for
Dol m 1.01 in agreement with their relative positions in ca-
tion exchange chromatography [6, 17]. The numbers of
charged residues were significantly different with 16 R in
Dolm 1.01 and 13 in Dol m 1.02, 23 and 29 K, 9 and 5 H, 10
and 14 D, and 17 and 18 E.

The comparison of the sequences of Dol m 1.01, 1.02 and
Ves m 1 is shown in figure 5. The sequences of Dol m 1.02
and Ves m 1 show 58.7% identity with only a few short con-
served areas in the N-terminal 130 residues. Much of the
C-terminal regions of all 3 proteins are similar with only a
number of short regions showing differences.

When the sequences of Ves m 1 and Dol m 1.02 were com-
pared to the PIR protein sequence database by computer,
similar extensive lists of partial matches were generated.
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Dol m 1.01 FSVCPFSNDTVKHIFLTRENRKHDFYTLDTMNRHNEFKKS IIKRPVVFITHGFTSSATE
Dol m 1.02 GILPECKLVPEEISFVLSTRENRDGVYLTLQKLKNGKMFKNSDLSSKKVPFLIHGFISSATN
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130 140 150 160 170 180

Fig. 4. Comparison of the amino acid se- 180 190 200 210 220 230
quences of the 2 isoenzymes of white faced | Dol m 1.01  ICETDAHYVQILHTSSNLGTERTLGTVDFYINNGSNQPGCRYIIGETCSHTRAVKYFTEC

hornetvenom PL, Do/m 1.0l and 1.02. Adash | pol mw 1.02  ICETDAHYVQILHTSSNLGTERTLGTVDFYINDGSNQPGCTYIIGETCSHTRAVKYLTEC
in the sequence represents a position inserted 190 200 210 220 230 240

to maximize homology. Double dots between 240 250 260 270 280 200
the sequences indicate identical residues and Dol m 1.01 IRRECCLIGVPQSKSPQPVSKCTRNECVCVGLNAKKY PKRGS FYVPVEAEAPYCNNNGKIT

........................................... e seesses e
.......................................... HR R PR

single dots residues that differ by a single Dol m 1.02 IRRECCLIGVPQSKNPQPVSKCTRNECVCVGLNAKEY PKKGSFYVPVEAKAPFCNNNGKIT

base change. The molecules show 66.7% 250 260 270 280 290 300
identity.
10 20 30 40 50
Dol m 1.01 1 --FSVCPFSN DTVKMIFLTR ENRKHDFYTL DTMNRHNEFK KS-IIKRPVV
Dol m 1.02 1 GILPE*KLVP EEISFVLS** ***DGVYL** QKLKNGKM#** N*DLSSKK*P
Ves m 1 1 ——GPK**%NS #*%*ST*IE*x* ***NR*Lk** Q¥[QN*Phks *K-T*Thk*%
60 70 80 90 100
Dol m 1.01 51 FITHGFTSSA TEKNFVAMSE ALMHTGDFLI IMVDWRMAAC TDEYPGLKYM
Dol m 1.02 51 *LI***I*** *N**YAD*TR **LDKD*IMV *SI***DG** SN*FAL**FI
Ves m 1 51 *kkkkkkkkk Skk**INLAK **VDKDNYMV *SI**QT*** *N*khkhxkkkA
110 120 130 140 150
Dol m 1.01 101 FYKAAVGNTR LVGNFIAMIA KKLVEQYKVP MTNIRLVGHS LGAHISGFAG
Dol m 1.02 101 G*PK**E*** A*XXKY**DFS *I*IQK*#**], LE***%*Thk% *kkQkAk*k*
Ves m 1 101 Y*PT*AS*k* *xkXQY*XT*T Qk*k*KD**IS *AkkkkThkkk *kkkAUkkhhk
160 170 180 190 200
Dol m 1.01 151 KRVQELKLGK FSEIIGLDPA GPSFKKNDCS ERICETDAHY VQILHTSSNL
Dol m 1.02 151 *EF*RF*%%% YPkkkhkhhkk hkAAAkAAkKAAP dhhkhkkkhkdkdkdkdk dhhkkhkhkhkhhh
Ves m 1 151 hhkkkkhkkkhr Yhhkhkhkkahkt RAXADSAHA* *hk[hkkhhkEd *kkkThAANYH
210 220 230 240 250
Dol m 1.01 201 GTERTLGTVD FYINNGSNQP GCRYIIGETC SHTRAVKYFT ECIRRECCLI
Fig_ 5. Comparison of the amino acid se- Dol m 1.02 201 *hkkkkkhkkkhk kkhkkDhkhhkh XAThAAhhkhk hkkkkhdk[k kkhkhhkhhh
%k Kk khkkkk KkAkMAAAKAN*x ** *xVh hdkkdkkk Tk ki kkkkk
quences of Dol m 1.01, Dolm 1.02 and Vesm1.  |Ves ™ 1 201 ***KI MASXKAN® *XGREFSHV T*MA ***KH
* = Residues identical to those in Dol m 1.01, 260 270 280 290 300
= it e Dol m 1.01 251 GVPQSKSPQP VSKCTRNECV CVGLNAKKYP KRGSFYVPVE AEAPYCNNNG KII
- pOSﬂJOnSaddedtOlnaXlnnZe hOnKﬂOgy. Dol m 1.02 251 kkkkkkNhkhdk hhkkhhkhhkhkk khkkkkkkEkd ARkdkkkdhdkdkdk kKhkhkFPhhkkak *kd
The sequences of Do/m 1.02 and Vesm 1 show |[Ves m 1 251 *I#R***Skk TARAXKQA#% %kkkkkkdkk Skkkhhkkhs STAXFARKKE hhsk

58.7% identity.

The closest relationships were to vertebrate lipoprotein li-  from residues 116 to 153. In addition a number of shorter
pases (triacylglycerol lipases). These enzymes aligned with  regions of sequence were found that matched with calcium-
the region from residues 99 to 220 of the PLs; probably in-  binding proteins as well as with other cation-binding pro-
dicating the lipid-binding regions. A lesser degree of teins, and also with some kinases; but matches were not
matching was seen from residues 15 to 98. Protein groups consistently found in the same regions of the venom PLs.
also found to match include insect vitellogenins and other  No clear relationship was seen with PL A, molecules, the
insect yolk proteins, multidrug resistance proteins, electron  first match found with a PL A, molecule was the 577th high-
transport proteins and numerous hemoglobin {3 chains. Dol  est score, with a match score significantly lower than that
m 1.02 showed matches with Indian elephant hemoglobin B for hemoglobin 3 chains.

chain from residues 99 to 166 with maximum similarity
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Discussion

The complete protein sequences of 2 vespid venom PLs
have been determined. The sequence of Ves m 1 is very simi-
lar to that reported for Ves v 1, determined from cDNA [16].
The degree of similarity is comparable to that seen among
the antigen 5s from the vulgaris species group [15]. The se-
quence of Dol m 1.02 is only 66.7% identical with the report-
ed cDNA sequence of Dol m 1.01 [16], and also contains 3
additional residues. The differences are generally not con-
servative and are concentrated in the N-terminal half of the
molecule. This is also consistent with the findings for Dol m
5, which has 2 isoallergens differing by 23% and also con-
taining different numbers of residues [22]. The N-terminal
regions of Dol m 1.01 and 1.02 have so little similarity that
nucleic acid probes designed for one would not hybridize
with the other. Of all the vespid venoms that have been stud-
ied only that from Dol m has pairs of both proteins exhib-
iting major structural differences. Minor differences are
seen in antigen 5s and PLs from other vespid species, but
these are usually conservative changes involving only 1-3%
of the residues [15]. The 2 isoallergens of Dol m 1 were
found in every batch prepared in our laboratory, including
insects collected locally and from other regions of the coun-
try. Batches prepared from a single nest also contained both
forms of PL as has been found for Dol m 5 [15]. We have
been unable to find any studies of the genetics of Dol m
which might shed light on the reason for these findings.

The vespid venom PLs are about twice the molecular
weight of bee venom PLs and the amino acid sequences
show no significant similarity [22, 23]. The vespid PLs ap-
pear to be derived from the lipase family of proteins, rather
than the PL A, family. The vespid PL are 31.2% identical
over 215 amino acids with mammalian pancreatic triacyl-
glycerol lipases. Immunologic cross-reactivity is not found
between bee and vespid PLs with either human or animal
antibodies. Comparisons with the PIR protein structure da-
tabase also suggest regions that may be involved in calcium
ion binding. The relationship to hemoglobin B chains is in-
teresting, but of unknown significance. Homologies with
hemoglobin chains raised from 19 to 31% identity over rang-
es of 55-69 amino acids.

The sequence data reported here and from cDNA se-
quencing [16] help to explain and clarify the immunologic
[4] and biochemical [6] findings reported previously. The
differing amino acid compositions between the 2 forms of
Dol m 1 and between Dol m 1s and Ves m 1 are consistent
with the amount of sequence variance. In all 4 vespid PLs
studied the 13 cysteines are conserved. The number of meth-
ionines is variable with Dol m 1.01 having 9 and Dol m 1.02

having 3. This was illustrated in the peptide map in figure 3
of Hoftman [6], where many more fragments can be seen
for the basic isoenzyme (called Dm2 by Hoffman), Dol m
1.01. The differences in the proteolytic enzyme-generated
maps are also consistent with the sequence differences
found. The immunodiffusion studies with rabbit antisera [6]
show antiserum C5 which precipitates strongly with only
Dol m 1.02, but which does cross-react by immunoblot with
some other vespid phospholipases. Antiserum C6 precip-
itates with both isoenzymes from Dol m, and shows a differ-
ent pattern of cross-reactivity in immunoblots. Antiserum
B3 raised against Ves m 1 reacts only with yellow jacket PLs,
while antiserum B4 also raised against Ves m 1 is cross-reac-
tive against hornet and wasp PLs. RAST and RAST inhib-
ition studies [4, 6] also demonstrate the presence of both
specific and cross-reactive populations of IgE antibodies in
different patient sera. The cross-reactive antibodies prob-
ably result from responses to the conserved regions of the
molecules, and the specific antibodies from responses to the
more variable regions. The differences between Dol m 1.01
and 1.02 are certainly large enough to generate antibodies
that recognize one or the other isoallergen, as has been
shown with rabbit antisera [6]; but not yet been demonstrat-
ed in man. Berzofsky and Schechter [24] have classified
cross-reactivity into 2 types: shared cross-reactivity which
results when 2 proteins contain an identical epitope, and
true cross-reactivity that results from an epitope that is dif-
ferent from but structurally related to the epitope in the im-
munizing antigen. Both types of cross-reactivity may be
present in antibodies to vespid venom PLs, since they con-
tain sequence regions that could generate both identical and
conformationally similar 3-dimensional structures. Anti-
bodies that exhibit shared cross-reactivity will have equal
affinities for both antigens, since the epitopes are identical.

Information from the amino acid sequences of antigens
can be used to find T-cell epitopes and some B-cell epitopes.
Human IgE antibodies agains Ves m 1 appear to react pri-
marily with epitopes of the native conformation [25]. Com-
pletely reduced and alkylated Ves m 1 has an inhibition po-
tency of about 10~ relative to native PL. Many allergic sera
reactive with native Ves m 1 do not recognize the denatured
Ves m 1 in SDS-PAGE immunoblots [25]. An extensive dis-
cussion reviewing present knowledge of the structural basis
of antigenic specificity and design of synthetic vaccines has
recently been published [26].

The sequences of the 4 vespid PL molecules currently
known show that many of the yellow jackets have very simi-
lar antigens, which would be expected to be almost totally
cross-reactive. White faced hornets have 2 types of PL mol-
ecules which are 33% different from each other with the
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first half of the molecules having only a few common fea-
tures. The hornet and yellow jacket enzymes have only 59—
69% identity. As is well known, many venom-allergic pa-
tients have IgE antibodies that cross-react among the vespid
venoms, many others produce specific IgE antibodies. It is
improbable that a single natural or synthetic PL would be
sufficient for the reliable diagnosis and immunotherapy of
the PL component of vespid venom allergy, since allergic
patients have IgE antibodies to both common and specific
determinants. The studies reported here help to clarify the
structural basis for immunologic cross-reactivity, and to ex-

plain the complexity of previously reported clinical and im-
munological results.
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