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ABSTRACT

The protein pattern of the venoms of both Apis mellifera and Anthophora
pauperata has been analysed using SDS-PAGE to clarify the structure and
the degree of similarity of solitary bee venom to the most known social bee
venom (Apis mellifera). The data showed that Apis mellifera venom contains
eleven bands with molecular weights ranging from 108,000 to 2,000D while
Anthophora pauperata venom contains eighteen bands with molecular
weights ranging from 108,000 to 6,000D. Venoms of both species showed
strong similarities sharing bands with molecular weights 108,000, 93,000,
49,000, 45,000, 8,000 and 6,000D. Anthophora pauperata venom is
characterized by a number of bands with molecular weights 37,000, 32,000,
28,000, 25,000, 20,000, 17,000, 13,000 and 10,000D. While venom of Apis
mellifera showed two unique bands with molecular weights 3,000 and
2,000D. The effect of the venom of these two species in addition to Bombus
morrisoni venom on the blood indices [red blood cells count (RBCs),
haemoglobin content (Hb), haematocrit value (HCT), mean cell volume
(MCV), mean cell haemoglobin (MCH), mean cell haemoglobin
concentration (MCHC)] and erythrocyte osmotic fragility (EOF) showed
that there is no significant difference in the blood parameters measured.
Whereas, a highly significant decrease in the plasma albumin level was
determined in all bee venoms studied.
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INTRODUCTION

Honey bee venom

investigations on honey bee venom started almost a hundred years ago by Langer (1897)
who found out that it consists of active and hemolytic basic components. The venom of
the honey bee is a complex mixture of enzymes, polypeptides and low molecular weight
components. A number of enzymes have been reported, such as phospholipase A, and
hyaluronidase (Habermann & Neumann 1957), acid phosphomonoesterase and esterase
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(Benton 1967), o<-D-glucosidase (Shkenderov et al. 1979), lysophospholipase (Ivanova
& Shkenderov 1982), oc-galactosidase and o<-acetylaminodeoxyglucosidase (Hsiang &
Elliott 1975) arylamidases (Bousquet ez al. 1979). About fifty percent of the dry venom
of bees is melittin, a peptide consisting of twenty-six amino acids, free of sulphur.
Melittin is responsible for the pain involved in bee stings. In cell membranes, melittin
forms tetrameric pores that facilitate ion diffusion (Shipolini 1984). Melittin also binds
to components of skin to form a tight complex (Shipman & Cole 1972). This complex
formation appears to be at least somewhat specific, as melittin does not form a complex
with albumin. O'Connor & Peck (1978) mentioned that the melittin family exhibits
pronounced surfactant properties and potent haemolytic activity. Secapin and tertiapin
were also identified in honey bee venom (Gauldi et al. 1976). The biological activity of
tertiapin is limited and the peptide is not particularly toxic, the LDs in mice being in
excess of 40mg/kg; it degranulates rat peritoneal mast cells. A protease inhibitor was
first reported by Shkenderov (1973), which acts to protect certain venom components
from the action of proteolytic enzymes (O'Connor & Peck 1978). Nelson & O'Connor
(1968) identified two or three homologous peptides with histamine present as the C-
terminal residue: Nelson's peptide, procamine A and procamine B.

Histamine is the most common biogenic low molecular weight amine in
Hymenoptera venoms. Markovic & Rexova (1963) noticed the presence of histamine in
bee venom. The catecholamines (dopamine and noradrenalin) were identified in the
venom reservoir of honey bee by fluorescence microscopy but no catecholamines could
be detected in commercial samples of venom (Banks & Shipolini 1986). Nakajima et al.
(1983) noticed the presence of putrescine, spermidine and spermine in the venom of
honey bee. Cardiopep was isolated by Vick et al. (1974), it comprises 0.7% of honey
bee venom. Moreover, amino acids, phospholipids and carbohydrates are present in bee
venoms in similar quantities as in their haemolymph (Shipolini 1984). Other peptides
are found in bee venoms in small concentrations only and probably do not account for
much of their toxic action.

The main lethal factors of bee venoms for mammals were considered to be
phospholipase A2 (PLA;), melittin and apamin which are present in the venom in
quantities of about 15-20%, 40-60% and 2% respectively (Habermann 1971; Banks &
Shipolini 1986). Melittin was found to be the main lethal component in honey bee
venom which accounts for local and general toxicity (Beard 1963; Schmidt 1995).
Moreover, it was reported that melittin and PLA,; interact with lipid membranes and
consequently have a haemolytic action (Habermann 1971; Marsh & Whaler 1980;
Schmidt 1995). They are also referred as neurotoxins as they are toxic to neuromusclar
junctions (Tu 1977; Hawgood et al. 1988). The relationship between structure and
hemolytic action was extensively studied by Schroder et al. (1971) using synthetic
peptides. Heparin inhibits the hemolytic action of bee venom (Sergeeva 1974). This is
believed to be due to the complex formation of heparin with the hemolytic component
of bee venom. Cole & Shipman (1969) incubated mouse bone marrow cells with Apis
mellifera venom or its components, and then assayed for the ability to form hemopoietic
splenic colonies when transfused into lethally X-irradiated recipient mice. Colony-
forming ability was annulled or decreased by venom, melittin, and phopholipase A,.
These workers therefore suggested that the cellular toxicity is mediated via effects at the
cell surface. Blood glucose level is increased when bee venom is subcutaneously
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injected into rabbits, the venom may stimulate adrenaline secretion in the animals and
thereby increase glyconeogenesis (Artemov et al. 1972).

Although it was reported that the primary cause of death in honey bee
envenomation is cardiac failure (Tu 1977; Marsh & Whaler 1980; Meier & White
1995), the mode of action of the whole honey bee venom is uncertain. Many
investigators tried to block the lethality of honey bee venom and found that antisera do
not readily accomplish this feat (Schmidt 1995).

Bumble bee venom

Early reports on the venom components of bumble-bees were reported by Welsh &
Batty (1963), who found very small amounts of serotonin in extracts of the whole
venom apparatus of unidentified Bombus species. It is not certain if this serotonin is a
venom component (Piek 1986). O'Connor et al. (1964) and Mello (1970) found proteins
in the venoms of Bombus huntii, occidentalis and Bombus atratus. Hoffman (1982)
reported induction of allergy by stings of bumble bees. Nakajima (1979) has found
putrescine in the venom of Bombus ignitus, and Piek et al. (1983) have found nearly 30

acetylcholine per venom reservoir in venom reservoir extracts as well as in dilutions of
venom droplets collected from the tip of the sting of Bombus terrestris. The
identification of the cholenergic factor with acetylcholine was confirmed using
radioimmunoassay of acetylcholine. The venoms of Bombus terrestris and Bombus
lapidarius also contain a component that causes slow contraction of the guinea pig
ileum and the rat diaphragm (Piek eral. 1983). Argiolas & Pisano (1985) have found
five structurally related heptadecapeptides in the venom of the bumble-bee
Megabombus pennsylvanicus . They have named them bombolitin I, II, III, IV and V.
Bombolitins lyse erythrocytes and liposomes, release histamine from rat peritoneal mast
cells and stimulate phopholipase A, from different sources. Bombolitin V is as potent as
melittin from honey-bee venom in lysing guinea pig erythrocytes (EDso= 0.7 ug/ml).

The bombolitins represent a unique structural class of peptides and have the same
biological properties as melittin (from honey-bees). The fact that these different peptides
have the same biological properties may be caused by their amphiphilic nature, a
property that these peptides have in common.

Solitary 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 Xylocopa violacea (Hardouin 1948) and that of Xylocopa virginica
(Hermann & Mullen 1974) seems to be extremely painful. It causes paralysis and
oedema. Nakajima (1979) demonstrated that the venom of Xylocopa appendiculata
contains about 5Snmol histamine, 5nmol putrescine and 2nmol spermidine per venom
reservoir. Piek (1986) has found in the venom of Xylocopa violacea a histamine-like
activity comparable to nearly 300ng of histamine per venom reservoir and in the much
smaller species Xylocopa canescens nearly 40ng per venom reservoir.

As mentioned before, most studies have concentrated on the venom of the
common honey bee, Apis mellifera, and there is therefore a great gap in our knowledge
concerning the venom of other Apidae. The aim of the study to investigate the main
pattern of venom of solitary bee (Anthophora pauperata) which has not been studied
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before. Moreover, the haemolytic activity of the venoms of Apis mellifera, Bombus
morrisoni and Anthophora pauperata is discussed.

MATERIALS AND METHODS

Bees and venom collection

Honey bee (Apis mellifera) was collected from the bee culture of the Faculty of
Agriculture, Suez Canal University. The bumble bee (Bombus morrisoni) was collected
by Dr. Justin Schmidt (USA).The solitary bee (Anthophora pauperata) was collected
from St. Katherine, Sinai, Egypt. Pure venom was obtained by the method of
Schmidt (1986) and stored at -20°C.

Electrophoresis technique

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried
out according to the method of Laemmli (1970). The standard curve was based on
bovine serum albumin. Molecular weights of proteins were estimated following sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, 15-20% poly-
acrylamide). Molecular weight markers (29,000-205,000D) were used as standards.
Tentative identification of the substances in venoms was done by comparing the gel
with those from the literature, mainly using estimates of molecular weights. Proteins
were visualized with coomassie blue stain.

Haematological and biochemical techniques

Blood was collected from 5 rats (4ml/rat) and placed into tubes containing EDTA. The
whole blood of each rat was then divided into four test tubes (1ml/tube). Blood in the
first tube was incubated with saline (100 1/ml) at 37°C in a water bath for 2 hours and

served as a control group. The other three tubes were incubated in the same conditions
as the first tube with the bee venoms (10011/ml) at a final concentration of 1 g/ml for

each bee species. Aliquots were removed after 2 hours of incubation and assayed for the
following haematological parameters: Red blood cell count (RBCs) was done by visual
means on Neubauer improved chamber. Haemoglobin content (Hb) was estimated using
a colorimeter (Corning 252) at a wave length 546 nm using the cyanmethaemoglobin
method as recommended by Drabkin & Austin (1932). Hb kit was purchased from
Human Gesellschaft fur Biochemica und Diagnostica mbH, Germany. Haematocrit
value (HCT) was measured by the micro-method with capillary tubes and centrifugation
force of 12000 rpm for 4 min. Mean cell volume (MCV), mean cell haemoglobin
(MCH) and mean cell haemoglobin concentration (MCHC) were calculated from the
above measured parameters to serve as absolute values. Plasma was obtained after
centrifugation at 4000 rpm for 15 min and stored at -20°C until assayed for the
biochemical test. Biochemical assay of plasma albumin level was measured using the
bromocresol green method (BCG) using a double-beam spectrophotometer (RAsp) at a
wave length 628 nm. Albumin kit was purchased from Aems Company, USA.

Erythrocyte osmotic fragility (EOF) test

Blood was collected from 5 rats (4ml/rat) and placed into tubes containing EDTA. The
whole blood of each rat was then divided into four tubes (1ml/tube). Blood in the first
tube was incubated with saline (100pl/ml) at 37°C in a water bath for 2 hours and
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served as a control group. The other three tubes were incubated in the same conditions
as the first tube with bee venoms (100 1/ml) at a final concentration of (1 g/ml) for

each bee species. Aliquots were removed at 30, 60, 90 and 120 min for EOF
determination according to the method described by Dacie & Lewis (1994).

Statistical analysis

The results were represented as mean + standard error. Changes in the values of
haematological and biochemical parameters were analysed using student's unpaired t-
test (p<0.05 and p<0.001) according to the method described by Snedecor (1956).

RESULTS

Electrophoretic pattern of both Apis mellifera and Anthophora pauperata venoms

The protein pattern of the venoms of both Apis mellifera (as a representative of
social bees) and Anthophora pauperata (as a representative of solitary bees) were
analysed using SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE). Tentative
identification of the bands was mainly assigned on basis of molecular weights only but
further studies are needed to test the identity of these molecules. This venom analysis
was used to shed light upon the correlation between the venom composition and its
effect.

For Apis mellifera venom (Figure 1 & Table 1), eleven bands were obtained with
molecular weights ranging from 108,000 to 2,000D. The bands with molecular weights
108,000 and 101,000 are very high molecular weight proteins and not known. The band
with molecular weight 93,000 is probably a form of phosphatase enzyme. The band with
molecular weight 81,000 could be acid phosphomonoesterase. The band with molecular
weight 56,000 might be hyaluronidase. The bands with molecular weights 49,000 and
45,000 could be phosphatase or forms of hyaluronidase. The band with molecular
weight 8,000 might be phospholipase A or protease inhibitor. The band with molecular
weight 6,000 might be minimine. The band with molecular weight 3,000 could be
melittin or MCD-peptide or secapin. The band with molecular weight 2,000 might be
apamin or tertiapin.

For Anthophora pauperata venom (Figure 1 & Table 2), eighteen bands have
been detected with molecular weights ranging from 108,000 to 6,000D. The band with
molecular weight 108,000 is a very high molecular weight protein and not known. The
band with molecular weight 93,000 is possibly a form of phosphatase enzyme. The
bands with molecular weights 87,000 and 70,000 might be forms of acid
phosphomonoesterase. The bands with molecular weights 63,000 and 54,000 could be
forms of hyaluronidase. The bands with molecular weights 49,000 and 45,000 could be
phosphatase or forms of hyaluronidase. The bands with molecular weights 37,000 and
32,000 could be either forms of hyaluronidase or phospholipase A. The band with
molecular weight 28,000 might be hyaluronidase. The band with molecular weight
25,000 could be lysophospholipase (phospholipase B) or antigen 5. The band with
molecular weight 20,000 could be either phospholipase A or lysophospholipase or
antigen 5 while the band with molecular weight 17,000 could be phospholipase A or
lysophospholipase. The bands with molecular weights 13,000 and 10,000 might be
phospholipase A or mellittin (tetramer). The band with molecular weight 8,000 might be
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phospholipase A or protease inhibitor. The band with molecular weight 6,000 could be
minimine.

Venoms of both Apis mellifera and Anthophora pauperata showed strong
similarities (Figure 1), where they share the bands with molecular weights 108,000,
93.000., 49,000, 45,000, 8,000 and 6,000D which might be phosphatase, hyaluronidase,
phospholipase A, protease inhibitor or minimine.

Figure 1: Electrophoretic patterns of the venoms of: 1, Apis mellifera; 2, Anthophora pauperata and
3, standard marker (from top to bottom: 205,000; 116,000; 97,400; 66,000; 45,000; 29,000).

Table 1: Analysis of the venom of Apis mellifera

Mol. Wt. Comment
108,000 Very high molecular weight proteins and
101,000 not known.
93.000 Probably a form of phosphatase.
81.000 Could be acid phosphomonoesterase.
56,000 Might be hyaluronidase.
49,000 Could be phosphatase or forms of
45,000 hyaluronidase.
8.000 Might be phospholipase A or protease inhibitor.
6,000 Might be minimine.
3,000 Could be melittin or MCD-peptide or secapin.
2,000 Might be apamin or tertiapin.
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Table 2: Analysis of the venom of Anthophora pauperata

Mol. Wt. Comment
108,000 Very high molecular weight protein and not known.
93,000 Possibly a form of phosphatase.
87,000
Might be forms of acid phosphomonoesterase.
70,000
63,000 )
Could be forms of hyaluronidase.
54,000
49,000 ’
Could be phosphatase or forms of hyaluronidase.
45,000
37,000 Could be either forms of hyaluronidase or
32,000 Phospolipase A.
28,000 Might be hyaluronidase.
25,000 Could be lysophospholipase or antigen 5.
20,000 Could be either phospholipase A or
lysophospholipase or antigen 5.
17,000 Could be phospholipase A or lysophosholipase.
13,000
10,000 Might be phospholipase A or melittin (tetramer).
8,000 Might be phospholipase A or protease inhibitor.
6,000 Could be minimine.

Effect of bee venoms on rat erythrocytes

Effects of Apis mellifera, Bombus morrisoni and Anthophora pauperata venoms on
some haematological parameters such as red blood cell count (RBCs), haemoglobin
content (Hb), haematocrit value (HCT), mean cell volume (MCV), mean cell
haemoglobin (MCH) and mean cell haemoglobin concentration (MCHC) were studied.
Erythrocyte osmotic fragility (EOF) as well as plasma albumin level were also
determined after incubation of rat blood with each bee venom. Table (3) represents the
effect of incubation of rat blood with 1 g/ml of each bee venom solution at 37°C for 2

hours on the above mentioned haematological parameters. As seen in the table, there is
no significant difference in the all blood parameters including EOF (Fig. 2).

Figure (3) demonstrates the effect of incubation of rat blood with 1 g/ml of
each bee venom solution at 37°C for 2 hours on the plasma albumin level. It was noticed
that plasma albumin level decreased significantly as a result of bee venoms application.
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Table 3: Effect of incubation of rat blood with 1[Lg/ml of Apis mellifera, Bombus morrisoni and Anthophora

pauperata venom solutions at 37°C for 2 hours on some haematological parameters. [Values represent means

+ S.E. (n =5/ group). Non significant change from control value, student's unpaired t-test (p>0.05)].

Parameter Control A. mellifera | B. morrisoni | A. pauperata
RBC,(x 10%mm’) | 8.08+1.1 7.27£0.7 6.9620.8 7.62+0.7
Hb (gm%) 6.99+0.5 8.16+0.8 7.50%0.6 7.35+0.6
HCT (%) 40.10+1.2 40.8016.5 40.50£0.9 40.30+1.1
MCV (W) 53.261+6.4 58.451+6.5 61.34+7.2 54.78%+5.0
MCH (p.g) 9.38+1.5 11.8642.2 11.34£1.6 9.98+1.2
MCHC (%) 17.49%1.3 20.04+1.9 18.58+1.7 18.33+1.6
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Figure 2: Effect of incubation of rat blood with 1 w g/ml of Apis mellifera, Bombus morrisoni & Anthophora

pauperata venom solutions at 37°C for 2 hours on erythrocyte osmitic fragility (EOF). Values
represent means + se (n =5/ group). Non significant change from control value, student’s unpaired
t-test (p>0.05).
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Figure 3: Effect of incubation of rat blood with 1 u g/ml of Apis mellifera, Bombus morrisoni & Anthophora

pauperata venom solutions at 37°C for 2 hours on plasma albumin level. Values represent means + se (n =5/
group). Significantly different from control value, unpaired t-test (p<0.001).

DISCUSSION

The crude venoms of the honey bee (Apis mellifera), the bumble bee (Bombus
morrisoni) and the solitary bee (Anthophora pauperata) were used for conducting this
study, since when one is envenomated it is the intact venom which is the toxic agent
rather than individual components and therefore, that is worth looking at the whole
venom in such a model.

Although investigations on the bee venoms started a long time ago, yet the mode
of action is still uncertain. The authors conducted several studies on the venom of the
same species to reveal the mechanism of toxicity induced to the myocardium as well as
skeletal and smooth muscles (Nabil er al. 1998; Hussein et al. 1999; Rakha et al. 1999).

Venom protein analysis is a rich source of information on the biological function
of the insect venom. For example, low molecular weight basic proteins or polypeptides
possessing cytolytic or pain-inducing activity suggest a defensive role of the venom
apparatus, such as in the case of bee venoms (apamin, bombolitins, melittin,
phospholipase A;) (Blum 1981; Banks & Shipolini 1986; Piek 1986).

The comparison of the electrophoretic patterns of the venoms of both Apis
mellifera (as a representative of social bees) and Anthophora pauperata (as a
representative of solitary bees) reveals strong similarities between them where they
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share the bands with molecular weights 108,000, 93,000, 49,000, 45,000, 8,000 and
6,000D. These bands could be various forms of phospholipase A, hyaluronidase,
phosphatase, protease inhibitor or minimine.

The molecular weight of one form of phospholipase A enzyme varies between
37,000 (King et al. 1985), 35,000 (Muller et al. 1981) and 38,500 (Banks & Shipolini
1986), this difference is due to the binding with carbohydrates (Shipolini et al. 1971).
These forms of phospholipase A might therefore be found in Anthophora pauperata
venom. Other forms ' of phospholipase A were reported with molecular weights 15,000
(Shipolini et al. 1971), 18,000-19,000 (Munjal & Elliott 1972) and 10,000 (Jentsch &
Dielenberg 1972). These may be present in both Apis mellifera and Anthophora
pauperata venoms. For hyaluronidase enzyme, the molecular weights reported are
50,000 (King et al. 1976), 45,000 (Muller et al. 1981), 37,000 (Kemeny et al. 1981),
38,000 (Shkenderov et al. 1979), 53,000 (Hoffman eral. 1977), and finally between
30,000-60,000 (Dimitrov & Natchev 1977). Such bands exist on the gel, and therefore
these forms may be found in both Apis mellifera and Anthophora pauperata venoms.
The molecular weight of phosphatase enzyme as judged by SDS gel electrophoresis are
about 45,000 and 90,000 (Banks & Shipolini 1986) and 49,000 (Schmidt 1982). Bands
corresponding to these molecular weight were also found in both Apis mellifera and
Anthophora pauperata venoms. For antigen 5, the molecular weights mentioned are
25,000 (Muller et al. 1981) and 22,000-23,000 (King er al. 1983). This component
probably exists in Anthophora pauperata venom. For lysophospholipase (phospholipase
B), the only molecular weight mentioned is 22,000 + 2,000 (Banks & Shipolini 1986).
This enzyme may therefore also be found in Anthophora pauperata venom. Protease
inhibitor has a molecular weight of 8,000-10,000 (Shkenderov 1973). With this range of
molecular weight, it could be found in both Apis mellifera and Anthophora pauperata
venoms. For melittin, the only molecular weight mentioned is 2,840 or 12,500 for
melittin tetramer (Habermann 1972; Shipolini 1984; Banks & Shipolini 1986) which
might be found in Anthophora pauperata venom. Lowy et al. (1971) isolated a very
interesting peptide called minimine, which has a molecular weight of 6,000. A peptide
of this molecular weight was found in both Apis mellifera and Anthophora pauperata
venoms. The molecular weight mentioned for both mast cell degranulating peptide
(MCD) and secapin is 2,600 (Shipolini 1984; Banks & Shipolini 1986). These
components could be found in Apis mellifera venom. Apamin and tertiapin have a
molecular weight of 2,000 (Shipolini 1984; Banks & Shipolini 1986). Peptides
corresponding to these molecular weights could also be found in Apis mellifera venom.

It has been known that bee venom has a haemolytic action. The two haemolytic
components in the honey bee venom are phospholipase A,, which gives indirect action,
and melittin, which is a basic peptide and provides direct lytic action (Tu 1977). A
marked synergism on erythrocyte membrane with phospholipase A, and melittin has
been demonstrated (Vogt et al. 1970; Mollay & Kreil 1974). Actually melittin forms a
complex with lecithins (Mollay & Kreil 1973), suggesting that a complex may be an
intermediate step in haemolysis.

Although investigations on the effect of bee venoms on the erythrocytes started a
long time ago, all the previous studies were carried out on the washed erythrocytes only,
not on whole blood, since Habermann & Neumann (1954) suggested that melittin from
the honey bee haemolyses serum-free erythrocytes by a direct action that makes the cell
membrane permeable to haemoglobin but does not destroy the cell. In the present study,
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the action of crude venoms of the honey bee (Apis mellifera), the bumble bee (Bombus
morrisoni) and the solitary bee (Anthophora pauperata) on rat whole blood was studied
in order to determine their ability to induce red blood cell haemolysis.

The effect of bee venoms on some haematological parameters showed that the
changes in blood parameters were statistically non significant indicating that red blood
cell haemolysis induced by bee venoms was very limited which leads to the suggestion
that there is a certain mechanism of protection against bee venoms induced haemolysis
of red blood cells. A non-significant decrease in the erythrocyte osmotic fragility (EOF)
as aresult of bee venoms was also noticed assuring that there is a protective mechanism
against bee venoms toxicity on the erythrocytes.

In an attempt to reveal the mechanism of protection against haemolysis of
erythrocytes induced by bee venoms, plasma albumin level was measured. It was
noticed that plasma albumin level decreased significantly as a result of bee venoms
application indicating that plasma albumin inhibits the ability of bee venoms to induce
red blood cell haemolysis. This might be achieved by forming a precipitating complex
with the direct lytic factor (DLF) in bee venoms. This idea is in agreement with
Azhitskii et al. (1995), who observed that bee venom melittin interacts with human
blood albumin and forms a precipitating complex. Franklin & Baer (1974) observed that
melittin can interact with a serum component to form an insoluble complex. Dirks &
Sternburg (1972) also found that the venom of Apis mellifera is capable of complexing
with normal rabbit serum. The present data agrees with Rudenko & Nipot (1996), who
observed that albumin and some other agents inhibit melittin-induced haemolysis of
erythrocytes and suggested that the protective mechanism may be due to the existence of
melittin-specific membrane inhibitory components (MICs), which initially protect the
cell against the lytic action of peptides. A model of melittin-induced haemolysis is
proposed according to which features of haemolysis are determined by consecutive
stages of peptide-membrane interactions and depend on whether or not an anti-lytic
triple complex, including a membrane inhibitory component, an inhibitor and the
peptide is formed.

Accordingly, it can be concluded that plasma albumin inhibits the ability of bee
venoms to induce red blood cell haemolysis. This might be achieved by forming a
precipitating complex with melittin in the honey bees venom or bombolitins in the
bumble bees venom, since Argiolas & Pisano (1985) have found five structurally related
heptadecapeptides in the venom of the bumble bee (Megabombus pennsylvanicus). They
have named them bombolitins and suggested that they have the same biological
properties as melittin (from honey bee venom) and they lyse erythrocytes. Moreover,
this  complex might be formed with a melittin-like substance in the solitary bees venom,
since Piek (1986) reported that there is a melittin-like substance in the venom of the
solitary bee (Xylocopa violacea).

REFERENCES

Argiolas A & Pisano JJ (1985) Bombolitins, a new class of mast cell degranulating peptides from the
venom of the bumble bee Megabombus pennsylvanicus. J. biol. chem. 260: 1434-1444.

Artemov NM, Kireeva VF & Gudenko NA (1972) Effects of bee venom on the blood sugar level. Uch.
Zap. Gor'K. Gos. Univ. 5.

67




Zalat et al.: Biochemistry of bee venoms

Azhitskii DG, Azhitskii GYu & Borisenko SN (1995) Interaction between bee venom melittin and human
blood albumin. Ukrainskii Biokhimicheskii Zhurnal 67 (4): 64-67.

Banks BEC & Shipolini AA (1986) Chemistry and pharmacology of honey-bee venom. In Venoms of
Hymenoptera. Piek, T (ed.). Academic Press, London. pp.329-416.

Beard RL (1963) Insect toxins and venoms. Ann. Rev. Entomol. 8: 1-18.

Blum MS (1981) Proteinaeous venom. In: Chemical defences of arthropods, (Blum, MS, Ed.). New York,
Academic Press. p.288.

Bousquet J, Marty JP, Clauss C & Michael FB (1979) Enzymes of bee venom sac and whole body. Ann.
Allergy 43: 110-114.

Cole LJ & Shipman WH (1969) Chromatographic fractions of bee venom: Cytotoxicity for mouse bone
marrow stem cells. Am. J. Physiol. 217-965.

Dacie JV & Lewis SM (1994) Practical haematology. 8th ed. Churchill Livingstone, London. pp. 216-
220.

Dimitrov SD & Natchev LA (1977) Fractionation of some bee venom components on a new type of
modified cellulose. Toxicon 15: 447-448.

Dirks TF & Sternburg JG (1972) Non immuno-chemical complexing between hymenopteran venoms and
rabbit sera. Toxicon 10: 381.

Drabkin LD & Austin JH (1932) Spectrophotometric studies: spectrophotometric constants for common
haemoglobin derivatives in human, dog and rabbit blood. J. Biol. Chem. 98: 719.

Franklin RM & Baer H (1974) Immune and non immune gel precipitates produced by honey bee venom
and its components. Proc. Soc. Exp. Biol. Med. 147: 585.

Habermann E (1971) Chemistry, pharmacology and toxicology of bee, wasp and hornet venoms. In
Venomous animals and their venoms. Bucherl W & Buckley EE (eds). Academic Press, London 3:
61-93.

Habermann E (1972) Bee and wasp venoms. Science 177: 314-322.

Habermann E & Neumann W (1954) Die Hemmung der Hitzekoagulation von Eigelb durch Bienengiftein
Phospho-lipase Effekt. Z. Physiol. Chem. 297: 179-93,

Habermann E & Neumann W (1957) Reinigung der phasphalipase A der Bienegiftes. Biochem. Z. 328:
465-473.

Habermann E & Reiz KG (1965) Ein neues Verfahren zur Gewinnung der Komponenten von Bienengift.
Inbesondere des zentralwirsamen Peptides Apamin. Biochem. Z. 341: 451-466.

Hardouin R (1948) 'La vie des Abeilles Solitares'. Librairie Gallimard, Paris.

Hawgood BJ, Smith Chl & Strong PN (1988) Early induction by crotoxin of biphasic frequency changes
and giant miniature end plate potentials in frog muscle. Br. J. Pharmacol. 94: 765-772.

Hermann HR & Mullen MA (1974) The hymenopterous poison apparatus. X1. Xylocopa virginica
(Hymenoptera: Xylocopidae). J. Ga. Entomol. Soc. 9: 246-252.

Hoffman DR (1982) Allergenic cross-reactivity between honey bee and bumble bee venoms. J. Allergy
Clin. Immunol. 69: 139.

Hoffman DR, Shipman WH & Babin D (1977) Allergens in bee venom. Two new high molecular weight
allergenic specificities. J. Allergy Clin. Immunol. 59: 147-153.

Hsiang HK & Elliott WB (1975) Differences in honey bee (Apis mellifera) venom obtained by venom sac
extraction and electrical milking. Toxicon 13: 145-148.

Hussein A, Nabil Z, Zalat S and Rakha M (1999) Effect of the bumble bee 'Bombus morrisoni' venom on
cardiac, skeletal and smooth muscle activity. Egyptian Journal of Biology 1: 45-56.

Ivanova I & Shkenderov S (1982) A newly isolated enzyme with lysophospholipase activity from bee
venom. Toxicon 20: 33-35

Jentsch J & Dielenberg D (1972) Mindestens Zwei phaspholipase A in Bienengift. Liehigs Ann. Chem.
757: 187-192.

Kemeny DM, Banks BEC, Lawrence AJ, Pearce FL & Vernon CA (1981) The purification of
hyaluronidase from the venom of the honey bee. Biochem. Int. 2: 145-151.

Rakha M, Hussein A, Nabil Z and Zalat S (1999) Electrophysiological effects of the solitary bee
‘Anthophora pauperata' venom on different types of muscles. Egyptian Journal of Biology. 1: 72 -
81.

King TP, Alagon AC, Kuan J, Sobotka AK & Lichtenstein LM (1983) Immuno-chemical studies of
yellow-jacket venom properties. Mol. Immunol. 20(3): 297-308.

King TP, Joslyn A & Kochoumian L (1985) Antigenic cross-reactivity of venom proteins from hornets,
wasps and yellow-jackets. J. Allergy Clin. Immunol. 75(5): 621-628.

68




Zalat et al.: Biochemistry of bee venoms

Lammeli UK (1970) Cleavage of structural proteins during the assembly of the head of bacteriophage T4.
Nature 227: 680.

Langer J (1897) Ueber das Gift unserer Honigbiene. Arch. Exp. Path. Pharmak. 38: 381-396.

Lowy PH, Sarmiento L & Mitchel HK (1971) Polypeptides minimine and melittin from bee venom:
Effects on Drosophila. Arch. Biochem. Biophys. 145: 338.

Markovic O & Rexova L (1963) The components of various types of honey bee venoms. Chem. Invest.
17: 767-784.

Marsh NA & Whaler BC (1980) The effects of honey bee (Apis mellifera L.) venom and two of its
constituents, melittin and phospholipase A,, on the cardiovascular system of the rat, Toxicon 18:
427-435.

Meier J & White I (1995) Handbook of clinical toxicology of animal venoms and poisons. CR Press, New
York.

Mello MLS (1970) A quantitative analysis of the protein in venoms from Apis mellifera and Bombus. J.
Apic. Res. 9: 113-120.

Mollay C & Kreil G (1973) Flurometric measurements on the interaction of melittin with lecithin.
Biochem. Biophys. Acta 316: 196.

Mollay C & Kreil G (1974) Enhancement of bee venom phospholipase A, activity by melittin, direct lytic
factor from cobra venom and polymyxin B. FEBS Lett. 46: 141.

Muller U, Reisman R, Wypch J, Elliott W, Steger R, Walsh S & Arbesman C (1981) Comparison of
vespid venoms collected by electro-stimulation and by venom sac extraction. J. Allergy Clin.
Immunol. 68: 254,

Munjal D & Elliott WB (1972) Further studies on the properties of phospholipase A from honey bee (Apis
mellifera) venom. Toxicon 10: 152-160

Nabil Z, Hussein A, Zalat S & Rakha M (1998) Mechanism of action of honey bee (Apis mellifera L.)
venom on different types of muscles. Human and Experimental Toxicology 17: 185-190.

Nakajima T (1979) Trace characterization of venomous animals. In Annual Reports on Trace
Characterization (Fujimage T, ed.). Scientific Grant of Education, Japan. pp.174-176.

Nakajima T, Yasuhara T, Yoshida N, Takemoto Y, Shinonag S, Kano R & Yoshida, H (1983) The pattern
analysis of biologically active amines in some Hymenoptera venoms by high performance liquid
chromatography. J. Sanit. Zool. 34 (2): 61-71.

Nelson DA & O'Cannor R (1968) The Venom of the honey bee (Apis mellifera): Free amino acids and
peptides. Can. J. Biochem. 46: 1221-1226.

Neumann W & Habermann E (1954) Beritrage zur Charakter-isierung der Wirkstoffe des Bienengiftes.
Arch. Exp. Path. Pharmak. 222: 376-387.

O'Connor R & Peck ML (1978) Venoms of Apidae. Handbook of Experimental Pharmacology. vol. 48.
(Bettini S, ed.). Springer-Verlag, Berlin, Hiederberg, New York. pp. 613-659.

O'Connor R, Rosenbrook W & Erikson R (1964) Disc electro-phoresis of Hymenoptera venoms and body
proteins. Science 145: 1320-1321.

Piek T (1986) Venoms of bumble-bees and carpenter-bees. In Venoms of the Hymenoptera.. (Pick T, ed.).
Academic Press, London. pp. 417-424.

Pick T, Veldsema-Currie RD, Spanjer W & Mantel P (1983) Acetylcholine and an unidentified muscle-
contracting factor in the venom of the bumble bee, Bombus terrestris. L. Comp. Biochem. Physiol.
(75C): 351-356.

Schmidt JO (1982) Biochemistry of insect venoms. Ann. Rev. Ent. 27: 339-368.

Schmidt JO (1986) Chemistry, pharmacology and chemical ecology of ant venoms. In Venoms of the
Hymenoptera. Piek, T. (ed.). Academic Press, London. pp. 425-508.

Schmidt JO (1995) Toxicology of venoms from the honey bee, Genus Apis. Tuxicon 33(7): 917-927.

Schroder E, Lubke K, Lehmann M & Beetz I (1971) Haemolytic activity and action on the surface tension
of aqueous solutions of synthetic melittins and their derivative. Experientia 27: 764.

Sergeeva LI (1974) Heparin-induced inhibition of the haemolytic activity of bee venom. Uch. Gor'K.Gos.
Univ. 175: 130.

Shipman WH & Cole LJ (1972) Complex formation between bee venom melittin and extract of mouse
skin detected by sephadex gel filtration. Experientia 28: 171.

Shipolini RA (1984) Biochemistry of bee venom. In Handbook of natural toxins, vol. 2, (Tu TA&
Dekker M, eds), New York, 49.

Shipolini RA, Callewaert GL, Cottrell RS, Doonan S, Vernon CA & Banks BEC (1971) Phospholipase A,
from bee venom. Eur. J. Biochem. 20: 459-468.

69




Zalat et al.: Biochemistry of bee venoms

Shkenderov S (1973) A protease inhibitor in bee venom: Identification, partial purification and some
properties. FEBS Lett. 33: 343-347.

Shkenderov S, Ivanova I & Grigorova K (1979) An acid monophosphatase and o-glucosidase enzymes
newly isolated from bee venom.

Snedecor GW (1956) Statistical methods. 4™ ed. The Lowast Collage Press, lowa State, USA.

Tu AT (1977) Venoms of bees, hornets and wasps. In Venoms: Chemistry and molecular biology. Wilet
Interscience Publ., London. pp. 502-515.

Vick JA, Shipman WH & Brooks RJr (1974) Beta adrenergic and anti-arrhythmic effects of cardiopep, a
newly isolated substance from whole bee venom. Toxicon 12: 139.

Vogt W, Patzer P, Lege L, Oldigs HD & Wille G (1970) Synergism between phospholipase A and various
peptides and SH-reagents in causing haemolysis, Naunyn- Schmiedebergs. Arch. Exp. Pathol.
Pharmakol. 265: 442.

Welsh JH & Batty CS (1963) S-hydroxytryptamine content of some arthropod venoms and venom
containing parts. Toxicon 1: 165-173.

70




Zalat ef al.: Biochemistry of bee venoms

,-.uﬂ‘ Cadlall

N Jadll £ ol g pgann Ao L ol gilasd 5 LutlasS gy a2
=iyl g

B U g G e (ad j 98 ol el

e = Ao lanl) = (sl 3L dadla — alall K = ) gall Ale ad

(Lr—gedla o) Jssall Jad e IS ol 385 5 b J il Al gl
e O A 0y S N A8 pmal (Ll g /) i gB) o), il
e S S IA A NP P SN IV g HPN SRV - SV T INCIPUC A S DV P, I <

e ST B PECEES KV UGS G, P G VR 5 PO I PR PR

O —S el gl il e 5 e Ma Y, o0 VA
ALy (Ll s il 53 i) Jally Jssal i 0 L S0 aS 5
VoA e el oW A il il Soal o sy e ol
a o PP S| R SNV Y ¥ E L PR SVRL Y SN
v ey b saall Al o 5V il il S el oy ag ol s

(LJ’QJ}MUHJL}) LSJ',)—AJ\?” M\H el iy gealia Y, ve e oY)

ceon (YY) e (YY) e :t__”\‘.\.:w);ﬂ U‘JJS” Q‘Jk"_\t—__ls‘).éj‘ A a5
& ..’“JUJA '\“J‘Q,Q~n 6\?1"' ‘\V,unt ‘Y.,.hh Yo,nnn ‘*/\’

el Ja 8 i ]
Ob—bl dail o w o Y AWl el o a AL S Ul s
A ya——nI A 3lag) o mas Al aa Wyl ae e (e e Htia s)
Al ) e A2l @l sl o gy el yaall 2 Y,
Go—iaa JSi L B 3 Y5 W i ie (a3 L i & giea o2 il S

71




