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Abstract—The major proteins of yellowj
chemically. They consist of hyaluronid

acket venoms have been isolated and characterized immuno-
phospholipase, and antigen 5. Venoms from three specics of

yellowjacket were studied. Vespula germanica, V. maculifrons, and V. culgaris. The phospholipases could
be isolated in good yield only when aflinity chromatography was used to minimize limited proteolysis. A
khallikrein-like peptidase was found present in the yellowjacket venom. Phospholipases from these three
species were immunochemically indistinguishable from each other. as were their antigen 5s. Sera from
individuals sensitive to yellowjacket venom contained IgE and IgG specific for antigen § and phospho-

lipase.

INTRODUCTION

Bee and vespid stings can cause allergic reac-
tions in sensitized humans. The vespids include
hornets, yellowjackets and wasps. We have
shown (King ¢t al.. 1978b) that the venom sac
extracts of hornets and yellowjackets are com-
posed of similar proteins. Three basic proteins
of hornet venoms werc identified as allergens in
humans. Two of these have hyaluronidase and
phospholipase activities and a third one, anti-
gen 5. has no presently known biochemical
function. Antigen 5 may be a presynaptic toxin
active at the neuromuscular junction of crus-
taceans because its physicochemical properties
are similar to those reported for a neurotoxin
isolated from an Asian species of hornet, Vespa
mandarinia (Abe et al., 1982).

In our previous study with yellowjacket
venom, we succeeded in purifying the antigen 5
component, but the other components, hyalur-
onidase and phospholipase. were not purified.
During isolation, a necarly complete loss of
these two enzymatic activities was noted.
Accordingly, we have re-investigated the separ-
ation and characterization of venom proteins
from three species of yellowjackets: Vespula
germanica, V. maculifrons, and V. vulgaris.

MATERIALS AND METHODS

Venom sac extracts of V. maculifrons (Lot

* Supported in part by Grant AT 17021 and Grant Al
08270,

No. 110792 YI)., V. germanica (Lot No.
12038047 YJ). and V. eulgaris (Lot No.
12038048 YJ) were prepared by Vespa Labora-
tories, Spring Mills, Pennsylvania, in the fol-
lowing manner. Collected insects were stored
frozen at —20°C until use. For venom extrac-
tion. about 50 dissected venom sacs in S ml of
25mM  B-alanine—acetic acid bufler (pH 4.6)
containing 0.45%, NaCl at 4 C were homogen-
ized for 5-10scc. The homogenized sacs were
collected by centrifugation and re-extracted
overnight at 4°C. The combined supernatants
were filtered through 0.45 um Millipore lilters.
lyophilized, and stored frozen. Two small
samples of venoms from V. maculifrons and 1.
germanica were collected by milking of the dis-
sected venom sacs. i.e. by gentle squeezing. and
the venom collected in the fi-alanine bufler was
filtered and lyophihzed.

In this study, the venom weights were deter-
mined by amino acid analysis following acid
hydrotysis of about 10 ug samples in 50 ul of
6 N HCl at 110°C in sealed and evacuated
tubes (<0.1torr.). The venom weights as de-
termined by amino acid analysis (Liao ¢t al.,
1973) were approximately 73°;, of those found
by Vespa Laboratories, where venom weights
were determined by Folin color analysis with
bee venom as the standard. Half-cystine resi-
dues of purificd proteins were determined with
their reduced and carboxamidomethylated de-
rivatives. About 5uM protein was reduced
with 30 mM dithiothreitol in 8 M guanidine
hydrochloride at pH 8.6 for 4 hr at room temp..
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alkylated  with 60 mM iodoacetamide for
30 min, then dialyzed.

The absorbent for aflinity chromatography
of phospholipase (Rock & Snyder. 1975) wats
}?repared by a carbodiimide-promoted coup-
ling of racemic [-(8-carboxyoctyl)-2-hexade-
cylglycerol-3-phosphorylcholine (PC) to AH-
Scpharose 4B (Pharmacia, Uppsala, Sweden).
The required PC compound was prepared by
oxidation of racemic 3-(octa-dec-9-cnyl)-2-hex-
adecylglycero-1-phosphorylcholine (Vega Bio-
chemicals) (Shimojo er al. 1974). A sorbent
containing concanavalin A was prepared by
coupling the lectin (10 mg) to CNBr-activated
Sepharose 4B (Pharmacia) following the direc-
tions supplied by the manufacturer.

Protein  solutions  were  concentrated by
ultrafiltration  through  Amicon  membrane
UM-2. Dialysis was carried out in Visking § 32
tubing. Sodium dodecyl! sulfate slab gel electro-
phoresis (Laemmli, 1970) was carried out using
the published procedures. The protein bands in
the gels were detected with silver stain (Oukley
et al. 1980) or with Coomassie Blue R-250
stain (Reisuer et al., 1975).

Phospholipase activity was determined titri-
metrically cither with 10°, egg volk in 0.1 N
NaCl containing 0.5, Triton X-100 or with a
I mg per ml suspension of purified egg lecithin
(Type VI-E. Sigma) in | mM Tris-HCl buffer
(pH 8) containing 10 mM CaCl,. 20 mM KCl,
uvnd 0.5%, Triton X-100. One unit of phospho-
lipase activity is defined as the amount of
enzyme which catalyzes the relcase of | gmole
of acid per minute at pH & and 25 C in 3ml of
substrate solution. Identical specific activities
of the venoms or purified cnzymes (+30°,)
were observed with these two substrates.

Hyaluronidase activity was measured turbi-
dimetrically (Tolksdorf er al.. 1949). One unit
of activity is defined as the amount of enzyme
required to hydrolyze 1 ug of hyaluronic acid
(U.S. Biochemical) per min at 25 C in 200l of
a 200 pg per ml solution of hyaluronic acid at
pH 5.3. Peptidase activity was determined
spectrophotometrically with a 2 mM solution
of  p-valyl-L-leucyl-L-arginyl  p-nitroanitide
(Ortho S-2266 peptide) in 0.1 M sodium phos-
phate of pH 8. One unit of activity is defined as
the amount of enzyme required to hydrolyze
1 pmole of substrate per min in { ml of the
above solution at 25°C. Proteinase activity
(Rinderknecht et al., 1968) was determined
using an insoluble colored substrate. hide
powder azure (CalBiochem. Los Angeles. CAJ.
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as follows. To test tubes (0.9 x 7.5¢m) were
added the enzyme and the substrate (5 mg) in
0.75ml of 0.FM phosphate at pH 8 tog&hcr
with a glass bead of 3 mm dia. to aid in mixing.
The tubes were rotated on a shaker in a
slanted position for the desired time, then the
released blue dye was measured at 595 nm. A
standard curve correlating the absorbuance at
5950m to the amount of substrate digested
was established on complete so]uhilizulim of
k.nmf\ namounts of substrate by trypsin diges-
tion. One unit of activity is defined as the
amount of enzyme required to hvdrolyze | mg
of the substrate in 20 hr under the above uont
ditions.

Immunosorbents containing  different pro-
teins were prepared in the same manner as de-
seribed for lectin-containing  columns:  they
were used for isolation of specilic antibodics
(Kimg ¢ al. 1978q) Immunodiflusion was car-
ricd out i agarose gel,

Rabbit anti-sera specific for the venom sac
extraction of Vo maculifrons were prepared in
three New Zealand white rubbits (King ¢t al.,
1978h). Mouse antisera specific for purified
venom proteins were prepared in groups of
three mice of BALB ¢ strain {2025 g weight)
by intraperitoneal immunization with S pug of
protein and [ mg of alum in 0.2ml of SmM
sodium  phosphate buffer (pH 6.4) + 0.15M
sodium chloride. Human sera specific for
velowjucket venom were obtained from aller-
gic patients who were receiving venom therapy
(Lichtenstein er al. 1979). These sera were
reported to contain venom-specific IgG in the
range of 20-70 pg per ml on radioimmuno-
assay with venom protein-coupled Sepharose
beads as the solid-phase antigen (Hamilton &
AdKkinson. 1981).

Enzyme immunoassays  were used to
measure the binding of human, mouse. or rab-
bit antibodics to solid-phase antigen (Gial-
longo et al.. 1982). or the inhibition of antibody
binding to solid-phase antigen by test antigens.
The reagents included (1) peroxidase-labeled
sheep antibodies specitic for rabbit 1gG, (2)
rabbit antiserum  specific for mouse 1gG
(y-chain). (3) rabbit antibodies specific for
human 1gG (Fe). and (4) rabbit antibodies
specific for human IgE (Fe). The first two re-
agents have been described previously (Gial-
tongo er ul.. 1982). The third reagent was pre-
pared by aflinity chromatography of an anti-
serum sample (Cappel Laboratory) on an im-
munosorbent containing  human  IgG. The

Immunochemical Studies of Yellowjacket Venom Proteins 299

fourth reagent, obtained from Research Re-
agents Branch. National Institute of Allergy
and Infectious Diseases. was further purified by
passage through a human IgG-immunosor-
bent. The level of cross-contamination of the
third and the fourth reagents was cstablished
by immunoassay (Giallongo et al., 1982) to be
less than 0.4 and 0.06";. respectively.

Allergenic activities of the venom fructions
were studied by the histamine release method
from leukocytes of patients sensitive to yellow-
jacket venom (Lichtenstein & Osler. 1964:
Siriganian, 1974).

Isolation procedure of yellowjacket venom: pro-
teins

Lyophilized venom sac extracts (15-45 mg)
were dissolved in about 7ml of 50 mM
Tris-HC! buffer at pH 795 and dialyzed
against the same buffer overnight at 4 C. The
dialyzed solution, after adjusting to 10 mM
CaCl,. was applied to a PC  column
{22 x 60 mm). The breakthrough peak con-
tained antigen 5 and hyaluronidase. The affin-
ity column was washed with 50 mM Tris-HCl
buffer of pH 7.95 containing 10 mM CaCl, and
0.5 M NaCl. then the bound phospholipase
was eluted with 0.1 M acetic acid at 90 ml per
hr. Fractions of 3 ml volume were collected in
tubes containing 0.4ml of 1 M Tris-HCl of
pH 7.95. In some instances the breakthrough
peak had to be re-chromatographed on the
same column because of incomplete absorption
of phospholipase.

The breakthrough peak from the PC column
was concentrated and used for gel filtration on
Sephadex G-100 (200 x 0.9 cm). A buffer of
50 mM ammonium acetate (pH 4.75) was used
at a flow rate of 10 mi/hr. The fractions con-
taining hyaluronidase or antigen 5 were con-
centrated  and  re-chromatographed — on
Sephadex G-100. They were then separated by
jon-exchange chromatography —on CM-32
cellulose. The column (20 x 0.9 cm) was
cluted at 60 mi/hr with a linear NaCl gradient
of 1.25mM per ml in 20 mM ammonium acet-
ate  buffer of pH4.75  Alternatively, a

10 x 09 ¢m column was used with a lincar
NaCl gradient of 208 mM per m} in 50 mM
sodium phosphate buffer of pH 7.02. The phos-
pholipase peak from PC column was also puri-
fied on CM-32 cellulose under these con-
ditions.

MMM 20 3o

RESULTS

In our previous study of yellowjacket venom
proteins, venom suc extracts had been collected
from a mixture of three species of yellowjackets
(Vespula maculifrons, V. germanica, and V. rul-
garis). In the present work, venom sic extracts
from each of these three species of yellow-
jackets were collected and examined separately.
Small amounts of venom which were obtained
on milking the extirpated venom sacs of 1.
maculifrons and V. germanica were studied also.

In Table | are listed the hyaluronidasc,
phospholipase. peptidase. and proteinase ac-
tivities present in the venoms or venom sac
extracts of three species of yellowjackets. Simi-
lur data for the venom sac extract of a mixture
of these three species. reported previously. are
included for comparison. The venom  sac
extracts from the three species of yellowjackets
differed in their contents of hyaluronidase and
phospholipase activities. The sac extract of V.
germanica contained the highest phospholipase
activity while that of V. rulgaris contained the
Jowest phospholipase activity but the highest
hyaluronidase activity. The venom of V. mucu-
lifrons contained nearly twice the phospho-
lipase activity as did its venom sac extract, and
that level of activity was nearly the same as
that in the venom or the venom sac extract of

V. germanica. The hyaluronidase activities in
the venoms and the venom sac extract were the
same for these two species.

The venom and venom sac extracts from V.
germanica or V. maculifrons differed in their
contents of peptidase and proteinase activitics
(Table 1). The large difference in proteinase ac-
tivitics of the venom and the venom sac
extracts suggests that this activity is probably a
tissue contaminant in the venom. For con-
venience, we designate the activity detected
with the substrate. p-valyl-L-lcucyl-L-arginy!
p-nitroanilide, as a peptidase although this stb-
strate has been used for assaying glandular
kallikrein (Claeson et al.. 1978). The venom suac
extracts were also tested with other substrates:
these were N.,x-benzoyl-L-arginine ethyl ester
and its p-nitroanilide, and N.z-benzoyl-i-tyro-
sine ethyl ester. The results were negative.

The peptidase and the proteinase have about
the same molecular size as the phospholipase
and hyaluronidase. Gel filtration of V. maculi-
frons venom sac extract on Sephadex G-100
showed that these four activities were eluted in
approximately the same region (Fig. ). The
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frons showed very poor stability. while good

I 5%
z % stability was found in the venom sac extracts of
P . 0 V. germanica and V. vulgaris. The stability of
E ,/\ o 5§ phospholipase from venom sac extract of V.
C o N . .
a %. 1 ] 0g maculifrons was markedly improved following
: = 5 Twy ap A partial purification by aflinity chromatography.
f . -2 S5 Y - e . :
R £3% 2% I" 130 The stability of hyaluronidasc in the venom
2 P c 52 —_ —_ . , i
sl < - o ) 53 Z2 = 9 ? i i and in the venom sac extract of V. maculifrons
SElE £ o, s = . < of O , .
ol | ! c 3% g R e, e 0 j z and V. germanica was also compared under the
3 Z - z o= c ] L . . o
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Pt ” I 2 - X N
Sy o ”:’,-' = 06 ¢ 1 S lgo & differences were observed between the venom
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ZEE 2z : ! \ & E and the venom sac extract.
v e - .= = = = ¢ " . H ot A
$2|¢ % i ged 2L / Lo e The yellowjacket venom proteins were best
3= 5 £ Rl . . .
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3|5 = B Z 55,8 287 o bl do T scheme: the venom was separated by aflinity
" ‘ £E%T ::;2 - 0 100 150 chromatography on an adsorbent containing a
k4 2 PR ) i ) ) Lo
s = <= Fie LS fion of m sac extract of Fespula macui substrate analog for phospholipase, namely an
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z" E § +i + -+ IJ = __E £5- 7.6 mg of venom proteins were applicd and the Colglmn was  (Rock & Snyder. 1975). The bound fraction
i Sl 2= S o 23 D3 2 cluted with 20 m:‘\l ammonium acetate lpH 4.75). l"ldL‘“UHS yielded purified phospholipase after  ion
: 3 - B 8 g 22z =£¢ were analyzed for hyaluronidase (HYA). phospholipuse - N
= Bxw 53¢ (PLA), peptidase (PEP). and proteinase [PRO) activities.  exchange chromatography  (Fig. 2A). The
4 2 £5% pgi unbound fraction, containing the proteases as
4 — = 2wz £ 2= . . i ) VI I
: 1Bz, = « 3 ¢ 397 L2z large peak at about 85 ml contained antigen 5 well as other venom proteins. was separated by
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" z =Y il HOn W owen |Ezz 5zE in addition to the indicated phospholipase and  gel chromatography to give antigen 5 and hy
i g sle = S = = Sl A % f z o proteinase. and the results below indicate that  aluronidase rich [ractions. Re-chiromatography
: £ |- = LG Z 227 . . . P ) . N
‘ = - I THE FTEE the proteinase is a trace component in that of these fractions on Sephadex G-100, followed
2 433 gk : ion exchange chromatography. vielded anti-
= 2= R peak. by ion exchange chromatography, y h
E 2= 2.%. - . . .. NI . . g
£ - Lé'; z = 2 fé The stability data of phospholipase activity —gen 5and hyaluronidase of high purity {(Fig. 2B
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‘_:2: 5 " Z f_ = BEE BES, in yellowjacket venoms, venom sac extracts, and 2C). The results of gel chromatography are
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2 T o852 SBET and preparations partially purified by affinity — not given since they are similar to that shown
E s Z = < 54 Z 2 x : . R L o
s -7 - s ZER S E chromatography given in Table 2 are described  in Fig. | for whole venom sac extract. .
E* E Sz E z ZE P below. Good stability of phospholipase in the In the chromatograms of Fig. 2 the proteins
= =% o = =] . | ] o ) § . e y
A vEr ZEicg venom of V. maculifrons or V. germanica was — were isolated [rom the venom sac extract of l
|~ |Z|= = o Z’ o =7 ® f,: 5 observed at pH 4.7 or 8. However. phospho-  gernanica. The NaDodSO, gel electrophoretic
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‘ £ ZiH H o Hon w22t )ozZg ZEIE lipase in the venom sac extract of V. maculi-  patterns of these purified proteins and of the
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£ é'c—" £ .5 t - Table 2. Stability of phospholipase in various preparations of vellowjacket venoms under
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Sz ‘é Z E £E 1., (days) at pH 4.7 1y (days) at pH 7.5-8.0
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== = s B e = v o 5 Vo K
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| = a & & et =] 35 = g’ V. germanica .
I venom >0
| venom sac extract >25 16 >25 N
| ) partially purified 23
i . sample
1 V. vulyaris
; venom sac extract >25 16 >25 3
i ' Phospholipase activities of venom or venom siac extract were followed for 4 days while
: those of partially purified samples, which were obtained by affinity chromatography of venom
sic extracts, were followed for about one month. The 1., valucs were extrapolated from plots
; of log “, activity remaining vs lime.
i




302 T. P. KING et al.

MMHO (w-m)

mMHO (=-)

T o ¢ e 0 ‘40 E

e /% _n" L) 2

g o P %2 Lo S

< e, S «

| AL A N f 9 € 0=
30 60 90 120 150

Fig. 2. Separation of venom proteins from V. germanica on
CM-32 following affinity chromatography on an absorbent
specific for phospholipase. Pattern A was obtained with the
alfinity column enriched sumple of phospholipase. Patterns
B and C were obtained. respectively. with antigen S- and
hyaluronidase-enriched fractions that had been obtained
from @ phospholipase-depleted venom protein mixture by
gel filtration on G-100. In patterns A and B. a 20 x 0.9 cm
column was used with a linear NaCl gradient in 20 mM
ammonium  acetate buffer (pH 4.75): in pattern C. a
10 > 0.9 cm column was used with a linear NaCl gradient
in 50 mdf sodium phosphate (pH 7.05).
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Fig. 3. Sodium dodecyl sulfate gel electrophoresis of venom
protems. From left to right: phospholipase. antigen 5, and
hyaluronidase from V. germanica. venom sac extracts of I
germanica, and V. vulgaris, followed by a mixture of stan-
dard proteins. The gel contained 12.5°, polyvacrylamide.
About 0.2 ug of protein sample was used in each instance.
and the bands were detected by silver stain. A scparate
experiment was also done with about 5 ug of each protein
sample and the gel was stained with Coomassie Blue.
Results similar to those shown were obtained.

venom suc extracts of V. gyermanica and V. cul-
guris are given in Fig. 3. The results show that
the three purificd proteins are the major venom
components and that the mol. wts of phospho-
lipase, antigen 5 and hyaluronidase are about
37.000. 23.000 and 42,000, respectively. The
amino acid compositions of antigen 5 and
phospholipase from V. germanica are given in
Table 3.

The homologous proteins from venom sac
extracts ol V. muculifrons and V. vulgaris
showed similar chromatograms as those in Fig.
2 for V. yermanica. They showed similar elec-
trophoretic patterns as those in Fig. 3. Their
amino acid compositions were the same within
experimental error as those in Table 3. There-
fore these results are not given. The absorbance
values at 280 nm for phospholipasc, antigen 5
or hyaturonidase from these three species of
yellowjackets were the same within experimen-
tal error. The values were, respectively,
0.885 + 0.031, 1.93 £ 0.01. and 1.86 + 0.07 for
I mg per ml solution with a light path of | cm:
the sample weights were determined by amino
acid analysis.

The gel clectrophoretic pattern of phospho-
lipase in Fig. 3 showed. in addition to the main
band of 37.000 mol. wt, faint bands of 74.000
and 20,000-40,000 mol. wt. The band of 74.000
is apparently a dimer band since it disappeared
following 1°, mercaptoethanol reduction. The
other faint bands are probably degradation
products, since the intensity of these bands in-
creased with the decreased specific activity of
the sumple. The hyaluronidase sample in Fig. 3
showed one band of 42,000 mol. wt. When a
higher concentration was used, a weaker band
of 45,000 mol. wt was present also. Both bands
are present in the venom sac extract. These
bands probably differed in their carbohydrate
contents, as described below.

The purified phospholipase samples from the

venom sac extracts of V. yermanica, V. maculi-

Sfrons and V. vulgaris showed av. sp. act. of

1.2 10% 4.3 x 10* and 4.3 x 10* units per
mg. respectively. These differences do not
necessarily indicate species differcnces. as is
suggested by the following findings. The yields
(30-80%,) and specific activities of phospho-
lipase varied in different experiments with the
same lot of venom sac extract, in particular
that from V. maculifrons. the loss invariably
occurring  during ion exchange chroma-
tography. In one single experiment, phospho-
lipase isolated from the milked venom of V.
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phospholipase and antigen 5 from
« venom®

Phospholipasc Antigen 5

Nearcest Nearest
Amino acid Average® integer Average® integer
Lys 24.06 24 24,37 24
His 8.87 9 5.69 6
Arg 12.18 12 459 5
Asp 26.99 27 2598 26
Thre 2431 24 9.33 9
Ser¢ 26.35 26 7.51 8
Glu 32.15 32 25.85 26
Pro 12.66 13 6.98 7
Gly 23.04 23 15,52 te
Ala 20.52 21 13.09 13
1/2-Cys 11.80 12 6.70 Z
Val 17.78 18 12.83 13
Met 4.11 4 2.14 2
e 22,05 22 7.28 7
Leuw 2235 22 12.08 12
Tyr 13.44 13 10,78 Bl
Phe 13.55 14 4.85 5
Trp n.d.* ndd nd.¢ n.d.

“Calculated on the assumption tha

t the numbers of Asp. Glu. Ala, and

Leu are, respectively, 27, 32, 21. and 22 for phospholipase: 26, 26, 13. and

12 for antigen 5.
*Averages of three analyses of t

wo different preparations, Average

standard deviations were. respectively +2.77, and + 1.34° for phospho-

lipase and antigen S,

‘Corrected values, assuming 5 and 10, hydrolytic loss for Thr and

Ser, respectively.
dn.d. == not determined.

maculifrons had a specific activity of 7.6 x 10?
units per mg. nearly double that of the sa‘mple
from venom sac extracts. The hyaluronidase
samples from the three Vespula species slllowed
ncarly the same sp. act. of 3.1 x 10* units per
mg (+30%), and they were isolated in yields of
30 -70%,.
Hyaluronidase and  phospholipase
these three species of yellowjackets are plj()b-
ably glycoproteins. as indicated by th-eu' bind-
ing to concanavalin- Scpharose 4B in Q.l M
phosphate of pH 7.0. The bound phosphol?pqse
could be eluted with the same buffer containing
0.5 M NaCl. The bound hyaluronidase was
partly eluted with the buffer containing ().AS'M
NaCl and partly with the buffer containing
0.5 M NaCl and 0.5 M methy! mannoside. Op
NaDodSO, gel electrophoresis, the hyaluroni-
dase eluted with mannoside was mainly of
45,000 mol. wt. These two molecular forms of
hyaluronidase were also partially separable on
CM-32  chromatography. the form  of
45.000 mol. wt being eluted slightly behind that
ol 42,000 mol. wt. Antigen 5 from V. germanica
venom bound to concanavalin-Sepharose. that
from V. maculifrons showed variable binding,
and that from V. rulgaris did not bind.

from

The purificd phospholipases were rcadﬂ‘y
susceptible to proteolysis by bovine pancreatic
trypsin, and less readily susceptible to proteo-
lvsis by chymotrypsin or S. aureus protease.
After 20 hr digestion of phospholipase (40 pg
per ml) with trypsin (4 pg per ml) at pH8 a}lld
25-C containing 1.0 mM CaCl,, less than 1% of
the phospholipase activity remained. On
NaDodSO, gel electrophoresis. the band of
37,000 mol. wt showed greatly decreased inten-
sity while the bands of 23,000 showed strongly
increased intensity together with other bands
of less than 21.000 mol. wt. Only the results
obtained with trypsin digestion of phospho-
lipase from V. germanica are given in Fig. 4,
but those with phospholipases from the other
two species were identical: they are not shown.
Antigen 5 was also susceptible to proteolysis:
the results with trypsin digestion of antigen 5
from V. rulgaris are shown in Fig. 4. Reduction
of the trypsin digest of phospholipasc caused
disappearance  of the bands of about
20.000 mol. wt, together with the appearance of
bands of 10,000-15.000 mol. wt. Reduction of
antigen 5 did not change its size (these results
not shown).

Enzyme

immunoassays were  used  for
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Fig. 4 Sodium dodecy! sulfate gel electrophoreses of phos-
p!mhpusc and antigen 5 before and after d-hr and l:4-hr
dfgesuons, The phospholipase sample was from . z/;rmu»
nica venom: the antigen 5 samples were from V. vulgaris
venom. The gel used contained 179, pulyucrylumidé.

measuring antigen 5- or phospholipase-specific
antibodies present in sera of rabbits that had
been immunized with venom sac extract of V.
maculifrons. The solid-phase immunosorbents
were wells of vinyl plates which were coated
with antigen 5 or phospholipase (5 ug per ml)
from cach of the three species of yellowjackets
studied. The amounts of specific rabbit anti-
bodies bound to the solid-phase antigens were
detected by their reaction with horseradish per-
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Fig. 5. lEnzyme immunoassay of an antiserum sample from
a rabbit immunized with venom proteins of V. maculifrons.
Pal’(erns with open and closed symbols were obtained \&'ilﬁ
solid-phase immunosorbents containing antigen 5 and
phospholipase. respectively. Symbols (7, O, and A rep-
resent, respectively, proteins isolated from V. germanica, V.
maq:h_‘/mnx. and V. vulgaris. The serum .sump}e \us
estimated to contain about 1.2 and 0.23mg per mi of
antibodies specific for phospholipase and antigen 5, re-
spectively, by aflinity chromatography on spéciﬁc
immunosorbents. ’
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oxidasc-labeled sheep antibodies specific for
rabbit immunoglobulin. The results with one
serum sample which had been collected at
week 7 after immunization are shown in Fig. 5.
Identical ~ concentrations of phospholipase-
specific antibodies were obtained with immu-
nosorbents containing phospholipase from any
of the three species of yellowjackets. This was
also the case for antigen 5-specific antibodies.
The concentration of phospholipase-specific
antibodies is about § times that of antigen
5-specific antibodies. Similar results were also
obtained with a serum sample collected at
week 3 from the same rabbit from which the
week 7 sample was taken (Fig. S). as well as
with serum samples from a second rabbit.

The above results indicate that antigen Ss as
well as phospholipases from these three species
of yellowjackets are antigenically indistinguish-
able. The findings were confirmed by immuno-
diffusion. Lines of identity were observed when
antigen 5s. or phospholipases. from the three
species of yellowjackets were tested with rabbit
anti-serum specific for V. maculifrons venom
(results not shown).

Inhibition of binding of venom-specific rab-
bit antibodies for solid-phase antigen 5 or
phospholipase was studied (Fig. 6A and 6B).
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Fig. 6. (A) Inhibition of binding of venom-specitic rabbit
antibodies for solid-phase phospholipase by phospholipase
(0) or by antigen 5 ( x ). {B) Inhibition of binding of venom-
specific rabbit antibodies for solid-phase antigen 5 by anti-
gen 5 (x) or by phospholipase (O). Phospholipase was
from V. germanica, and antigen 5 was from 1. culgaris.
Rabbit serum is the sume sample as in Fig. 5: it was used
at dilutions of 1,7500 and 1/1500. respectively, in A and B.
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Table 4. Antigen 5- and phospholipase-specific 1gG responses in mice

1¢G titer at week

1¢G
Group specificity 3 34 35 36
A Ag5 14 % 100 23 x 10° 35 % 10° L1 x 10°
PLA <10 <10 <10
B Ag5 19 x 10 60 x 10° 4.0 x 10° 52 x 107
PLA <10 1.0 x 10 6.0 x 10!

Group A mice were immunized with antigen 5 at weeks 0 and 34, Group B mice
were immunized with antigen 5 at week 0 and with phospholipase at week 34. Specific
IgG titers were measured by enzyme immunoassay similar to that for human IgG in
Fig. 7: they are defined as the reciprocal of serum dilution required to give half

maximal binding.

Antigen S inhibited very poorly. if at all, the
binding of solid-phase phospholipase for its
specific antibodies.  Also. phospholipase in-
hibited poorly the binding of solid-phase anti-
gen 5 for its specific antibodies, less than
4 x 10" -fold as effectively as antigen 5. Im-
munodiffusion tests with venom-specific rabbit
antisera also suggested the lack of cross-reacti-
vity between antigen 5 and phospholipase,
since no partial fusion of their precipitin lines
was observed.

Immunogenicity of antigen 5 and phospho-
lipase was studied in mice (Table 4). Mice
receiving primary and secondary immunization
with antigen § gave a vigorous secondary 1gG
response which is specific for antigen 5. Mice
receiving a primary immunization with antigen
5 and a secondary one with phospholipase
showed no secondary response specific for anti-
gen 5, nor were such mice primed for a rapid
response  specific  for phospholipase.  On
immunodiffusion the serum sample from mice.
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Fig. 7. Enzyme immunoassays of yclowjacket venom-spe-
cific human 1gGs. Serum samples from one patient (No.
%971} and onc normal control are represented. respectively,
by solid and dashed lines. Four different solid-phase anti-
gens were used: phospholipase (@) and dialyzed venom sac
extract (M) from V. germanica, and antigen 5 (O) and dia-
lyzed venom sac extract (O) from }. maculifrons. Solid-
phase antigens were prepared by coating wells of vinyl
plates with purified protein (S pg per ml) or venom {equiv-
alent to S ug per ml of phospholipase).

which received primary and secondary immu-
nizations with antigen 5, formed a single preci-
pitin line with antigen 5 but not with phospho-
lipase. These results, as well as those from the
inhibition experiment in Fig. 6. suggest that the
two proteins lack common antigenic determin-
ants.

Enzyme immunoassays were used to
measure venom-, antigen 5- or phospholipase-
specific 1gE and IgG antibodies in sera of
patients who had been treated with venom sac
extracts of mixed specics of yellowjackets. The
solid-phase bound specific IgE or IgG was
detected with rabbit antibodies specific for
human IgE or 1gG, followed with peroxidase
Jabeled sheep antibodies specific for rabbit
1eG.

In Fig. 7 are shown the assays for specific
1gG in one human serum sample. The recipro-
cals of serum dilution required for 50%, maxi-
mal binding for the samples shown in Fig. 7 as
well as those for seven other samples are sum-
marized in Table 5. The results for specific IgE
assays of these samples arc given qualitatively
in Table 5 becausc there was significant compe-
tition by specific IgG which is present in the
serum samples at concentrations that cxceed
the limited capacities of solid-phase antigens.
These results show that patients have antigen
5. and phospholipase-specific IgE and 1gG.
The ratio of concentrations of phospholipase-
and antigen S-specific [gGs varied with individ-
ual patients in the range of 0.6-3.5. Also in-
cluded in Table 5 for comparison are the
yellowjacket venom-specific IgG contents of
these serum samples. The data suggest that the
sum of antigen 5- and phospholipase-specific
IgGs can account for the bulk of venom-speci-
fic IgG in these serum samples. if one assumes
that the different venom proteins bind to the
plastic wells with equal affinity so as to give a
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Table 5. Yellowjacket-specific IgE and I
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#G in sera of patients on venom therapy

Specitic IgE

Specific IgG

Patient
No. PLA Ags Venom PLA Ag$s PLA AgS

;ll‘;‘ -(Fl + 990 460 860 0.5
g%iz + 760 360 2.1
;%&) 1 + 450 420 1.1
s§7| N + 560 160 R
s : + 1900 00 420 2.6
905.1 0 + 560 230 390 0.6
9165 0 + 90 169 0.6
R + 260 170 100 1.7

. Specnﬁcl 1gG was me_asu}'ed as giyen in Fig. 7 and the concentrations are expressed as
ciprocals of serum dilution to give half maximal binding. Specific IgE was measured

similarly, but at a single reciprocal serum dilution of 10 and the results

qualitatively (+ denoting an absorbance ch

) are expressed
ange of two-fold or greater than that of a

normal serum). The contents of venom-specific 1gG are averages of the values for V,

germanica and V. maculifrons which differ by

solid-phase immunosorbent having the same
antigenic composition as that in venom.

The presence of antigen 5- and phospholipase-
specific IgE in patients sensitive to yellowjacket
venom was also demonstrated by the histamine
release assay with their leukocytes. Release of
histamine and other pharmacologic mediators
occurs when  leukocyte-bound  specific IgE
binds with antigen. In Tuable 6 the concen-
trations of antigens required for 50%, maximal
rclease of histamine from leukocytes of four
sensitive patients are summarized. The results
in Table 6, like those in Table 5, show individ-
ual variation of patients in their IgE responses
to antigen S and phospholipase.

DISCUSSION

Yellowjucket venom consists mainly of three
proteins: antigen 5, hyaluronidase, and phos-
pholipase. A main obstacle to its fractionation
is instability of hyaluronidase and. in particu-
lar, that of phospholipase. The instability of
phospholipase is due to proteolysis as evi-

20%; or less.

denced by the sensitivity of the purified phos-
pholipase to different proteuses. Phospholipase
can be isolated in good yield from the venom
by the use of affinity chromatography because
it is removed in a single step from the bulk of
proteolytic activity. The phospholipases so iso-
lated may still be contamined with traces of
proteases since there was variable loss of ac-
tivity on storage of the samples following ion
exchange chromatography.

As indicated in Results, yellowjacket venom
sac extracts or venom collected by milking
contained two kinds of proteolytic atctivitie;
One is a cowhide solubilizing activity and the
other a kallikrein-like peptidase activity. The
kallikrein-like peptidase is probably a true
venom component since it is presen—t in high
concentrations in the venom sac extract and in
the venom. Furthermore. it has been reported
that yellowjacket venom contains a bradykinin
analog (Yoshida er af.. 1976).

The improved isolation procedure makes it
possible to show that both phospholipase and
antigen 5 are major protein components of
yellowjacket venom. This is in contrast to our

Tuable 6. Histamine release assays of vellowjacket venom proteins with

leukocytes fror

M patients

Concentration in pg per ml
required for 507, maximal release

Donor Venom Antigen 5 Phospholipase
! Il+0 5040 254 14
2 17406 440 0410
3 0.17 + 004 0.20 + 0.06 204 L1
4 0.07 + 008 18 + LS 0.0009 £ 0.0006

Values given are averages of three samples from V. germanica. V. macu-

lifrons, and V. vulyaris.
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previous work suggesting that antigen 5 is the
major protein component in yellowjacket or
hornet venom (King et al., 1978b). The concen-
trations of phospholipase (about 637) and hy-
aluronidase (about 1%) found in this study for
yellowjacket  venoms (Table 1) nearly
approached those reported for honey bee
venom, which are 12 and 2%. respectively
(Habermann, 1972). It is likely that the present
findings with yellowjacket venoms are also
applicable to hornet venoms.

Antigen 5 is present in yellowjacket venom
sac extract or in venom collected by milking, as
shown in this work; others have shown it to be
present in venom collected by electrical stimu-
lation (Mueller et al., 1981). The content of
antigen 5 and phospholipase in venom differed
in the three species of yellowjackets studied.
but their combined content was about the
same in the three species. This finding suggests
the possibility of antigen 5 being a fragment of
phospholipase.

In a preliminary report (Alagon et al. 1982)
we indicated that absorption of rabbit anti-
venom sera with a phospholipase-immunosor-
bent reduced its phospholipase-specific anti-
body titer about 400-fold while also reducing
its antigen S-specific titer 4-fold. A similar find-
ing was made with an antigen S-immunosor-
bent. These findings were taken to indicate the
presence of common determinants in these two
proteins and appeared to favor the hypothesis
advanced above.

However, other data in the present work
failed to support this initial finding. First, there
was very poor inhibition of phospholipase
binding for its specific rabbit antibodies by
antigen 5, and of antigen S binding by phos-
pholipase. Second. both antigen 5 and phos-
pholipase stimulated antibody responses in
mice which were specific only for the immuno-
gen employed. Therefore, the findings indicate
a lack of common detcrminants on these two
proteins.

The venom phospholipases isolated from the
three species of yellowjackets in this report
were found to be immunochemically indis-
tinguishable from each other using sera [rom
rabbits immunized with venom from a single
species of yellowjacket. Similar findings were
obtained with antigen 5. We did not attempt to
study the question of species specificity using
sera from allergic humans, since these patients
had been immunized with venom sac extracts
from mixed species of yellowjackets. Further-

more, it would be difficult to ascertain whether
an individual has been stung by only a single
species of yellowjacket.

Sera from allergic patients immunized with
venom sac extracts contain both IgEs and IgGs
specific for antigen 5 and phospholipase. The
results suggest that the bulk of venom protein-
specific IgG in these scra is accounted for as
antigen 5- and phospholipase-specific IgGs.
Therefore, thesc two yellowjacket venom pro-
teins are of importance in insect allergy. It is
likely that the homologous proteins from hor-
nets and wasps are of similar importance. The
availability of these proteins from different spe-
cies of hornets, wasps and yellowjackets will be
useful in acquiring a better understanding of
the antigenic relationship of these venoms.
Such knowledge is of significance in the diag-
nosis and treatment of insect sting allergy in
humans since it can help to define the number
of venoms from different insects required for
such purposes.
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