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Venoms of common stinging insects, such as bees, yellow jackets, wasps and
hornets, are complex mixtures of amines, peptides and proteins (enzymes) with both
pharmacological and allergenic activities'->. Honey bee venom has been extensively
studied, which has resulted in the detailed biochemical characterization of most of the
venom components?+3*

Vespid venoms, on the other hand, have been subjected to few biochemical
investigations, although King er al.? described biochemical and immunological
studies of vespid venom proteins.

The use of modern biochemical separation techniques has made it possible to
isolate individual venom components, and methods utilized for the purification and
characterization of venoms from stinging insects of the order Hymenoptera are based
on gel chromatography, ion-exchange chromatography and electrophoresis®™.

Isotachophoresis has been applied to the separation and quantitation of low-
molecular-weight components® and proteins®’. The high resolving power, in con-
junction with the requirement for a small amount of sample, makes this technique
very promising for the simultaneous separation and characterization of components
in the venoms of stinging insects. In this paper an isotachophoretic procedure is
described for studying bee and vespid venoms.

MATERIALS AND METHODS

Honey bee venom obtained by electrical stimulation was purchased from Mr.
C. Mraz, Middlebury, VT, U.S.A. The venoms of wasp, white-faced hornet, yellow
hornet and yellow jacket were purchased as lyophilized material from Dr. A. W.
Benton, Pennsylvania State University, Spring Mills, PA, U.S_A. The vespid venoms
were extracted from venom sacs. Melittin and bee venom phospholipase A, were
obtained from Sigma, St Louis, MO, U.S.A., and histamine from E. Merck,
Darmstadt, G.F.R.

The venoms were dissolved separately in distilled water to a concentration of
about 1 9. Melittin, histamine and phospholipase A, were dissolved in distilled water
to a concentration of approximately 0.1 9.
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The isotachophoretic analyses were performed with an LKB 2127 Tachophor
(LK B, Bromma, Sweden), equipped with a 23-cm capillary for screening purposes. A
43-cm capillary was used for the identification of the peaks. The apparatus was
equipped with a UV and a conductivity detector.

The leading electrolyte was 5 mM potassium hydroxide soiution, adjusted to
pH 6.0 with cacodylic acid (Pfaltz and Bauer, Flushing, NY, U.S.A.). To the leading
electrolyte was added 0.2% (w/v) of hydroxypropylmethylcellulose (FHPMC, Meth-
ocel 90 HG, 15,000 cps; Dow Chem., Midland, MI, U.S.A.) to minimize electro-
endosmosis. The terminating electrolyte was 5 mM creatine adjusted to pH 4.4 with
hydrochloric acid. The spacer solution was 1 gl of 5% Ampholine. Carrier ampho-
lytes of pH 6-8 were obtained from LKB.

The analyses were run at a constant current of 200 A initially, which was
decreased to 50 pA before detection (isotachophoretic equilibrium). The total time of
analysis was 15-20 min, depending on the length of the capillary used. Samples of 2-5
ul were injected by means of a Hamilton syringe. The separated sample zones were
detected by UV (transmission at 280 nm) and conductimetric detection. The trans-
mission at 280 nm was recorded at a chart speed of 3 cm/min. The capillary was
thermostated at 15°C.

RESULTS AND DISCUSSION

Fig. 1 shows the isotachophoretic separation of honey bee and vespid venoms
in the presence of spacer solution (used in order to space the components according to
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Fig. 1. Analytical isotachophoresis patterns (cationic system) of venoms: (a) honey bee; (b) white-faced
hornet vespid; {c) wasp vespid; (d) yellow hornet vespid; (e) yellow jacket vespid. A 2-pl volume of each
sample was injected with 1 gl of a 5% solution of spacer.
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their mobilities), recorded with a UV detector (transmission at 280 nm). The UV
profiles are characterized by a large number of absorbing zones (closely stacked
peptide/protein patterns) for each venom species. On comparing the individual iso-
tachophoretic patterns, it can be seen that honey bee venom (Fig. 1a) exhibits an
isotachophoretic pattern with a major zone peak, which differs significantly from the
vespid venoms. The long homogeneous zone in the honey bee venom profile indicates
that one component is present in a large amount, as the zone width is directly propor-
tional to the molar amount of an individual component. It is likely that this long zone
is caused by melittin, as this peptide component constltutes about 509 of the dry
weight of honey bee venom?!-2.

White-faced hornet, yellow hornet and yellow jacket venoms (Fig. 10, d and ¢)
exhibit similar isotachophoretic pattern, but wasp venom (Fig. Ic) shows a different
profile, characterized by several well resolved zones. Inspection of the isotachopho-
retic profiles (fingerprints) of each venom species show, however, that it is possible to
differentiate between the venoms investigated. Further, the results of several separate
runs on each species of venom indicated very high reproducibility, which makes the
isotachophoretic technique most suitable for routine identification purposes.

Fig. 2 illustrates the identification of the major component in honey bee
venom. The isotachopherograms were recorded using both a UV and a conductimet-
ric detector in the absence of spacer solution. The signal from both detectors dem-
onstrates a high resolving power. Fig. 2a shows the separation of the complex
peptide/protein mixture, and addition of melittin to the venom markedly increased
the size of this homogeneous zone (Fig. 2b), which confirins that melittin is the major
component.
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Fig. 2. Analytical isotachophoresis (cationic system) of (2) honey bee venom and (b) honey bee venom plus
melittin. Arrows: 1 = histamine; 2 = melittin; 3 = phospholipase A,. No spacer was used.
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Further, the presence of histamine in honey bee venom has been verified.
Because histamine does not absorb UV light, it must be detected with a conductivity
detector, which is a general detector with high sensitivity (less than 50 pmol can be
measured). Our studics indicate that histamine exhibits a high mobility in this elec-
trolyte system and moves in front of melittin (Fig. 2a). Phospholipase A,, on the
other hand, showed a lower mobility than melittin (Fig. 2a). Further studies are in
progress to quantify the individual components of hymenoptera venoms.

Analytical capillary isotachophoresis is easy to perform. Insect venom samples
consisting of microgram concenirations in microlitre volumes can be analysed within
15-20 min. The results of these preliminary experiments suggest that this technique
may provide a means for the rapid characterization of the venoms of stinging hy-
menoptera (fingerprints). Further, it might also give general information concerning
the compositions of bee and vespid venoms.
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