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INTRODUCTION

Our present knowledge of venoms of bees other than the honey-bee is rather
poor. When we look at Table II of Chapter 1, we see the Apoidea being
subdivided into six families. Nothing is known about the venoms of the five
first families of solitary bees. The last family, Apidae, can be subdivided
into three subfamilies, two of which are interesting regarding knowledge of
their venoms: the Apiniae, including the bumble-bees, the stingless bees and
the honey-bees, and the Xylocopinae, or carpenter-bees. The venoms of the
honey-bees are treated in Chapter 7; the venoms of the bumble-bees and
carpenter-bees are treated in this chapter.

II.

BUMBLE-BEE VENOMS

Comparing the lethality of hymenopterous venoms in mice, Schmidt et
al. (1980; see also Chapter 9, Table XV) found the venom of the bumble
bee, Bombus impatiens, to have an LD50 of 7.2 μ% g"1 (95% confidence
interval, 2.7-19). Therefore, the lethality of this bumble-bee venom may be
comparable with those of honey-bees and many social wasps. Donnovan
(1978) reported anaphylactic shock and strong cardiac stimulation caused
by stings of B. terrestris.
Early reports on the venom components of bumble-bees were reported by
Welsh and Batty (1963), who found very small amounts of serotonin in
extracts of whole venom apparatuses of an unidentified Bombus species. It
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is not certain if this serotonin is a venom component. O'Connor et al. (1964)
and Mello (1970) found proteins in the venoms of B. huntii, B. occidentalis
and B. atratus, and Hoffman (1982) reported induction of allergy by stings
of bumble-bees (see also Chapter 10, Section VI,A). Primary sensitization
with Bombus venoms seems to be unusual. Bombus venoms are highly crossreactive with honey-bee venom. At least four allergens from honey-bees can
cross-react with similar allergens in Bombus (Hoffman, 1982)
Nakajima (1979) has found putrescine in the venom of Bombus ignitus,
and Piek et al. (1983) have found - 30 μ% acetylcholine per venom reservoir
(Fig. 1A) in the venom reservoir extracts as well as in dilutions of venom
droplets collected from the tip of the sting of B. terrestris. The identity of
the cholinergic factor with acetylcholine was confirmed using
radioimmunoassay of acetylcholine.
The venoms of Bombus terrestris and B. lapidarius also contain a component
that causes slow contraction of the guinea pig ileum and the rat diaphragm
(Figs. IB and 2) (Piek et al., 1983). The ACh-like component of the mixed
contraction of the ileum was greatly reduced after a 3-min treatment of the
venom preparation with acetylcholinesterase (AChE). At a relatively high
concentration the AChE-resistant component was not antagonized by
atropine, mepyramine or methysergide (Fig. IB). This suggests that the AChEresistant component was not identical to a different cholinergic substance
or to histamine or serotonin. The venom preparation [0.05 venom reservoir
(v.r.) per milliliter] treated with cholinesterase caused a contraction of the
ileum comparable in amplitude to that caused by 2 ng ml" l of bradykinin,
but in contrast to the bradykinin-induced contraction, the venom-induced
contraction was not potentiated by BPP5a (Fig. 1C), indicating that the slow
contraction inducing substance is not bradykinin-like.
In the presence of 10 ^g ml" 1 of neostigmine the venom of Bombus
terrestris causes a decrease in the twitch amplitude of rat diaphragm (Fig.
2A). In the absence of neostigmine such an effect was not observed (Fig.
Fig. 1 Effect of the venom of Bombus terrestris on isolated guinea pig ileum. (A) Low doses
of venom (V) prepared from female ( 9 ) and worker (Q) venom reservoirs (v.r.) cause contractions
which are antagonized by atropine (3 x 10"5 v.r. ml"1 and 5 x 10~5 v.r. ml- 1 , respectively) (100
ng m l - 1 ) . ACh (1 ng ml- 1 ) causes a similar contraction. (B) A twenty times higher
concentration also causes a slow contraction, which is more obvious when the venom is treated
with cholinesterase (VE) (.01 v.r. ml- 1 , 3 min treatment). The remaining slow contractions (VE
at 0.1 v.r. ml"1, 1 hr cholinesterase treatment) are not antagonized by atropine (100 ng m l 1 ) ,
mepyramine (20 ng ml"1) or methysergide (10~6 Λ/), which antagonize acetylcholine (ACh) (1
ng ml- 1 ), histamine (Hist) (10 ng ml"1) and serotonin (5HT) (10 ng ml"1) contractions,
respectively. (C) The slow contraction by VE (.05 v.r. ml"1) is not potentiated by the bradykinin
potentiating factor (BPP5a) (100 ng ml"1), which potentiates the contraction by bradykinin (B)
(2 ng ml- 1 ). Calibration: the ACh-induced contraction in A represents - 5 0 % of the maximal
contraction. From Piek et al. (1983).
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Fig. 2 Dual effect of the venom of workers (0.03 v.r. ml"1) of Bombus terrestris on rat
phrenic nerve-hemidiaphragm preparation at low temperature (19°C) and indirectly stimulated
at 0.1 Hz. Horizontal arrow, time. (A) In the presence of 10 μg ml"1 neostigmine a decrease
in twitch tension, more or less comparable to that caused by acetylcholine (Ach) (1 μ% ml"1),
is accompanied by a slow and tonic contraction. (B) Without neostigmine only the tonic
contraction occurs. The venom-induced high tone is not decreased by dantrolene (15 mg
litre-1). From Piek et al. (1983).

2B). In addition to the cholinergic effect demonstrated in Fig. 2A, the venom
also caused a slow tonic contraction of the diaphragm. In the absence of
neostigmine, this slow contraction did not greatly affect twitch amplitude
(Fig. 2B). Slow tonic contractions of rat diaphragm and guinea pig ileum
occurred at comparable venom concentrations (Figs. 1 and 2). The slow
contraction of the rat diaphragm is dose dependent and also occurs in the
presence ofrf-tubocurarine.This may indicate that the substance causing slow
contraction does not affect neuromuscular transmission, but some step
following the transmission. The slow contraction is not affected by dantrolene
(Fig. 2B). Therefore, the component might not affect the excitationcontraction coupling.
Dialysis for 3 hr at 4°C of 1 ml of venom solution in 0.9% NaCl against
10 litres of 0.9% NaCl did not decrease the total activity by more than 20%.
The component that causes slow contractions is not dialysable, and the small
decrease in activity can be explained by degradation, since at 0°C the activity
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of the crude venom had fallen to 10% of the original value, probably due
to enzymatic action. However, heating of the venom for 3 min at 100°C did
not destroy its ability to induce slow contractions. The Ca2+ ion channel
blocker verapamil antagonizes tonic contraction by the venom (Fig. 3); if
it is added to the contracted diaphragm, a limited relaxation occurs. However,
addition of verapamil prior to the venom treatment caused an enhanced
contraction speed. It was concluded that this factor in the venom of Bombus
terrestris is heat stable and nondialysable. This is an unusual combination
of properties, since it indicates both low and high molecular weight.
Comparable contractions of rat diaphragm were found following treatment
with the venoms of carpenter-bees, Xylocopa violacea (see next section), and
the honey-bee, Apis mellifera, as well as with melittin from honey-bee venom.
It has been found that melittin also does not pass through a dialysis membrane
easily (see Chapter 7, Section III). This is explained by the fact that melittin
is present in solution mainly as an aggregate (see Chapter 7, Section V,A,4).
Therefore it is probable that the above-described factor in the venom of
Bombus terrestris, which is responsible for the slow contraction of visceral
and skeletal muscles, is a melittinlike substance. Arguments in favour of this
notion are (1) the similarity in contraction type produced by both B. terrestris
venom and melittin, (2) the factor causing slow contractions, as well as
melittin, does not pass easily through a dialysis membrane, which is unusual
for substances which are heat stable and (3) using thin layer chromatography
on cellulose with butanol-acetic acid-water (4:1:2) as an elution medium,
the slow contraction-causing factor from B. terrestris venom could not be
distinguished from melittin (H. W. Spanjer, personal communication).
Argiolas and Pisano (1985) have found five structurally related
heptadecapeptides in the venom of the bumble-bee Megabombus
pennsylvanicus. They have named them bombolitin I (Ile-Lys-Ile-Thr-ThrMet-Leu-Ala-Lys-Leu-Gly-Lys-Val-Leu-Ala-His-Val-NH2), bombolitin II
(Ser-Lys-Ile-Thr-Asp-Ile-Leu-Ala-Lys-Leu-Gly-Lys-Val-Leu-Ala-His-ValNH2), bombolitin III (Ile-Lys-Ile-Met-Asp-Ile-Leu-Ala-Lys-Leu-Gly-LysVal-Leu-Ala-His-Val-NH2), bombolitin IV (Ile-Asn-Ile-Lys-Asp-Ile-LeuAla-Lys-Leu-Val-Lys-Val-Leu-Gly-His-Val-NH2) and bombolitin V (IleAsn-Val-Leu-Gly-Ile-Leu-Gly-Leu-Leu-Gly-Lys-Ala-Leu-Ser-His-Leu-NH2).
Bombolitins lyse erythrocytes and liposomes, release histamine from rat
peritoneal mast cells and stimulate phospholipase A2 from different sources.
The threshold dose is 0.5-2.5 ^g ml - 1 depending on the peptide and the
bioassay. According to Argiolas and Pisano (1985), bombolitin V is as potent
as melittin from honey-bee venom in lysing guinea pig erythrocytes
(ED50 = 0.7 μ% ml"1 = 4 x 10"7 M) and five times more potent than
mastoparan in causing mast cell degranulation, making it one of the most
potent degranulating peptides discovered so far (ED50 = 2 /*g

Tom Piek

422

TB

tv

tv Iß

TW

Fig. 3 Effect of verapamil on tonic contractions of isolated rat hemidiaphragm preparation,
induced by heated (3 min, 100°C) and filtered venom preparation from Bombus terrestris. The
diaphragm is stimulated indirectly (0.1 Hz), except between the asterisks. Left: the limited
antagonistic effect of 10"4 M verapamil (V) added to the bath 10 min after the venom (B) (0.1
venom reservoir (v.r.) ml"1)· Right: administration of verapamil prior to the venom caused a
potentiation of the contraction speed by the venom. W, Wash. Calibration: 5 min and 103 N.

ml -1 = 1.2 x 10"6 M). The bombolitins represent a unique structural class
of peptides and have the same biological properties as melittin (from honey
bees) (see Chapter 7), mastoparan (from wasps, hornets and yellow jackets)
(see Chapter 6) and crabolin, a tridecapeptide isolated by Argiolas and Pisano
(1984) from the European hornet Vespa crabro (see Chapter 6). The fact that
these different peptides have the same biological properties may be caused
by their amphiphilic nature, a property these peptides have in common.
It would be interesting to know whether all members of the Apinae produce
melittin- or bombilitin-like peptides in their venoms, and how these peptides
may differ from each other in structure.
III.

CARPENTER-BEE VENOM

The venom of the solitary bee Xylocopa violacea was first described by
Bert (1865), who observed that the sting of these bees could kill small birds
within a few hours. In humans the sting of X. violacea (Hardouin, 1948) and
that of X. virginica (Hermann and Mullen, 1974) seems to be extremely
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Fig. 4 Effect of the venom preparation of female Xylocopa violacea (0.3 venom reservoir
(v.r.) ml- 1 bath fluid) on twitch contractions (0.1 Hz) of phrenic nerve-hemidiaphragm
preparation of the rat. The venom is added at the arrow; gaps in the record represent periods
of wash. Calibrations: 5 x 10- 2 N and 10 min, respectively.

painful. It causes local paralysis and oedema (for lethality in mice, see Chapter
9, Table XV). Nakajima (1979) demonstrated that the venom of X.
appendiculata contains about 5 nmol histamine, 5 nmol putrescine and 2 nmol
spermidine per venom reservoir. We have found in the venom of Xylocopa
violacea a histamine-like activity comparable to ~ 300 ng of histamine per
venom reservoir and in the much smaller species X. canescens ~ 40 ng per
venom reservoir. Contraction of guinea pig ileum was fully antagonized with
10 ng ml - 1 of mepyramine.
In rat phrenic nerve-himidiaphragm preparation the venom of Xylocopa
violacea caused a slow tonic contraction, which could not be maintained
completely and was also slowly reversible. This type of slow contraction (Fig.
4) is completely similar to that caused by the venom of Bombus terrestris and
by melittin from Apis mellifera, indicating that here too a melittin-like
substance may be present in the venom.
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