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ABSTRACT
Vespa orientalis (wasp) venom was found to have antibacterial activity against
medically important bacterial strains as Gram-positive bacteria: Methicillin—Resistant
Staphylococcus aureus, Bacillus subtilis and Streptococcus mutans and Gram-negative
bacteria as: Escherichia coli, Klebsiella pneumonia and Salmonella typhimurium. All
bacterial strains were compared for their sensitivity to the wasp venom and tetracycline
antibiotic by determining the inhibition zone and the minimum inhibitory concentration
(MIC). In the present study MIC of venom against the above mentioned bacteria were 2x107,

2x107, 2x10°%, 2x10™, 2x10™* and 2x107, respectively.
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INTRODUCTION:

The widespread and/or inappropriate use of antibiotics and chemicals against harmful
microorganisms has led to microbial resistance®. Despite tremendous advances in biological
sciences, the difficulty in identifying new mechanisms to kill bacterial pathogens is
discouraging. Thus, finding alternative sources of new drugs or prototypes is of major interest
to complementary medicine. In the hope of finding novel antimicrobial agents to control
antibiotic-resistant bacteria, natural products are an important source of medicinal
compounds. A wide variety of organisms produces such bioactive comgpounds and some of
these natural substances have been shown to be able to kill bacteria® ). Venoms of a vast
number of animal species represent complex mixtures of compounds (ions, biogenic amines,
polyamines, polypeptide neurotoxins, cytolytic peptides, enzymes etc.) responsible for
various medical effects *> %" Venoms can also be useful and valuable as pharmacological
tools in drug research, as potential drug design templates and as therapeutic agents® . In
recent years, venoms and venom components from animals have shown potential
antibacterial activity. These include venom of wasps, common honeybees, spiders, snakes
and scorpions®® 11 1213.:14.15.18) ‘Therefore, the present study was conducted to evaluate the
antibacterial activity of Vespa orientalis venom against different strains of gram-positive and
gram-negative bacteria with resistance to antibiotics.

MATERIALS AND METHODS

1.Collection of hornets wasps (Vespa orientalis L.):

Hornets wasps were collected during summer season (July-September) from hornet
traps which settled between the honey bee nests at the Department of honey bee researches,
Institute of plant protection, Ministry of Agriculture, Dokki, Giza, Egypt. The hornet traps
were placed to trap hornets wasps as they feed on honey and workers.
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2 . Venom extraction:

Samples of venom were collected from the oriental hornets (Vespa orientalis L.) by
the electric shock method: A venom-collecting apparatus was a 42 x 50 x 58 cm cage-like
box, with inner walls that were equipped with electric wires, which would be sequentially
charged and discharged. The hornet that would come in contact with two adjacent wires
would receive an electric shock of 21 volts for 3 seconds. After a lapse of 7 seconds, the
wire is recharged and ready for the next electric shock. This 10-second cycle continues for
duration of 5 minutes, during which hornet workers are made to sting on the plastic covering
of a glass plate. Venom deposited on the glass plates for drying and then the whole wasp
venom was scratched with a sharp knife and quickly packed in opaque glass vials and kept at
—5°C till used™”.

a) Bacterial strains

A panel of standard strains of Gram- positive bacteria was collected from the culture
collection unit at the Regional Center for Mycology and Biotechnology (RCMB), Al- Azhar
University: Gram- positive bacteria: Bacillus subtilis (RCMB 015), Streptococcus mutans
(RCMBO017) and Methicillin —Resistant Staphylococcus aureus (clinical isolate) and Gram-
negative bacteria: Klebsiella pneumonia (RCMB 003), Salmonella typhimurium (RCMB 006)
and Escherichia coli (RCMB 010052)were used to test the activity of the wasp venom.

b) Agar disc diffusion method for detecting antibacterial activity of wasp venom:

Twenty four hours old culture of each of the tested bacterial strains was used. Five ml
of sterile distilled water was added to the culture tube and mixed by vortex mixture. Five
drops of the suspension were added to 100 ml of nutrient agar medium at 45°C. This was
dispensed in petri dishes; 10 ml from each 2mg of the venom extract wwas dissolved in 10
ml dist. water. Analytical paper discs about 6mm in diameter were loaded with venom
extracts and aseptically put on the surface of the selected plates with the different test
organisms. The plates were left for 2 hours in a refrigerator for diffusion, and then the plates
were incubated at 37°C for 24 hours™®.

c) Determination of growth- inhibition zone:

Each experiment was repeated in 3 replicates, and the diameter of growth inhibition
zones were measured™®. Twenty four hours old culture of each of the tested microbial strains
was used. Inoculums of the microorganism were uniformly spread on the sterile nutrient agar
media, 0.2 mg of the extracted venom was dissolved in 1 ml dist. Water. Analytical paper
discs about 6mm in diameter were loaded with venom extracts and aseptically put on the
surface of the selected plates with the different test organisms and the plates were left for 2
hours in a refrigerator for diffusion. Then the plates were incubated at 37°C for 24 hours.

d) Determination of Minimum inhibitory concentration (MIC)

MIC was determined by micro titer broth dilution method®®.Serial dilutions of the
wasp venom started with 2mg of wasp venom was dissolved in 10ml of sterile dist. water.
One ml of each venom concentration was added to a 3ml of growth medium in separate test
tubes with 1ml of each bacterial strain. Then the tubes were allowed to incubate for 24 hours
at 37°C. Broth tubes that appear turbid were indicative of bacterial growth, while tubes that
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remain clear indicated no growth. Optical densities were measured after incubation using a
spectrophotometer at wave length 600 nm.

RESULTS
1.Antibacterial activity of wasp venom:

Vespa orientalis L. crude venom showed a significant activity against different gram-
positive and gram-negative bacterial strains used in this study. The corresponding inhibition
zones are listed in Table (1) and Figures (1, 2). During the growth of all tested bacteria, the
diameter of inhibition zones was measured to be 18.9,18.4,10.5.18.5,16.4 and9.5 mm for S.
aureus (MRSA), B. subtilis, S. mutans, E. coli, K. pneumonia and S. typhimurium,
respectively, compared with low values of tetracycline antibiotic 9.4, 12.8, 15.4, 15.2, 12.8
and17.5 mm, respectively.

Table (1). Inhibitory effect of Vespa orientalis crude venom and tetracycline on different
strains of bacteria.

Bacteria Growth inhibition zone in mm.

Gram +Ve Venom Tetracycline
S. aureus (MRSA) 18.9 9.4

B. subtilis 18.4 12.8

S. mutans 10.5 15.4

Gram -Ve

E.coli 18.5 15.2

K. pneumonia 16.4 12.8

S. typhimurium 9.5 17.5
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Fig. (1). Comparison of the inhibitory effect of both wasp venom and tetracycline
against different bacterial strains.
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Fig. (2). The inhibitory effect of Vespa orientalis venom (VE:0.2 mg/disc) on the
different bacterial growth; A: Staphylococcus aureus; B: Bacillus subtilis; C:
Streptococcus mutans; D: Escherichia coli; E: Klebsiella pneumonia; F: Salmonella
typhimurium compared with tetracycline antibiotic (Tr:0 .2 mg/disc).

2-Determination of minimum inhibitory concentration of wasp venom and tetracycline
antibiotic against the tested bacterial strains:

Minimum inhibitory concentrations (MICs ) were obtained by serial dilution method.
As measuring the MICs were ranged between 2x10® and 2x102 mg/ml, after treated with the
wasp venom and MICs were ranged between 2x10° and 2x10” mg/ml. after treated with
tetracycline antibiotic (Table 2). All tested bacterial strains were found to be susceptible to
the venom and among them, S. aureus (MRSA) was the most sensitive.
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Table (2). Minimum inhibitory concentrations (MICs) obtained using serial dilutions of
Vespa orientalis crude venom and tetracycline on different strains of bacteria.

Bacteria MIC (mg/mi)

Gram +Ve Venom Tetracycline

S. aureus (MRSA) 2x10° 2x10

B.subtilis 2x10” 2x107

S. mutans 2x10° 2x10”"

Gram -Ve

E.coli 2x10" 2x10°

K.pneumonia 2x10™ 2x107°

S.typhimurium 2x10° 2x10°
DISCUSSION:

The present study describes the assessment of antimicrobial effects of Vespa
orientalis crude venom against many pathogenic bacterial strains. The crude venom exhibited
activity against both gram-positive and gram negative bacteria. However, the actual function
of antimicrobial agents in these venoms is not clear yet. The toxins are complex mixtures of
amines, small peptides and high molecular weight proteins such as enzymes, allergens and
toxins®. Venoms from stinging wasps are important weapons both in the defense of the
colony and capture of prey. To the best of our knowledge, only few of its components have
been purified and characterized from parasitic Hymenoptera, such as metalloproteinase,
serpin, calreticulin-like protein, aspartyl glucosaminidase-like protein and insecticidal
toxins®?. The antimicrobial property of wasp venoms is mostly due to their peptides.
Amphipathic secondary structures with net positive charges are essential to the biological
activities of peptides that interact with ionic components of bacterial membranes in different
ways, sometimes resulting in irreversible damage to the cell®. One of the major targets for
antimicrobial agents is the bacterial cell envelope, which is a complex, multiple
macromolecular structures that undergoes highly ordered cycles of synthesis and hydrolysis,
facilitating cell division while maintaining a protective barrier against environmental stress.
There are several different classes of antibiotics that target specific cell envelope structures or
enzymatic steps of cell wall synthesis®”. The present results showed that the wasp venom
was more active against Gram+ve bacteria than Gram-ve bacteria. The main difference
between these two types of bacteria is the structure of bacterial cell wall. The biological
membrane is a highly dynamic, complicated system, which is composed of weakly
interacting protein molecules and lipids®. Cell wall of bacteria comprises a complex
structure that is fundamentally different between gram positive and gram-negative bacteria. It
consists of a polymer of disaccharides cross-linked by short chain peptides, forming a type of
peptidoglycan. Cell wall in gram-positive bacteria is thick (15-80 nm), consisting of several
layers of peptidoglycans and molecules of teichoic acids. In contrast, cell wall of gram-
negative bacteria is relatively thin (10 nm) and is composed of a single layer of peptidoglycan
surrounded by a membranous structure (the outer membrane) which may invariably contain
lipopolysaccharides. Thus, the outer membrane is more hydrophobic in gram-negative than in
gram-positive bacteria and constitutes a target for being attacked by hydrophobic agents and
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other antibiotic agents®® 2" The present results were in agreement with Jalaei et al.?® in that
venom markedly inhibited gram-positive bacteria than gram-negative ones.
Conclusions:

The crude venom of Vespa orientalis (wasp) efficiently has antibacterial activity
against the growth of some gram-positive and gram-negative bacterial strains, even at a very
low concentration when compared to that of tetracycline. The crude venom showed to be
more efficient against gram-positive bacteria; Methicillin —Resistant Staphylococcus aureus
(MRSA). Further investigation is required to determine the potential components that could
be used as antimicrobial drugs, especially for treating antibiotic-resistant pathogens.

REFERENCES

1) Fleet, G. (1990). Food spoilage yeasts. In Yeast Technology. Edited by: Spencer JFT,
Spencer DM. Berlin: Springer, 39(2) :195-204

2) Wenhua, R.; Shuangquan, Z.; Daxiang, S.; Kaiya, Z. and Guang, Y. (2006). Induction,
purification and characterization of an antibacterial peptide scolopendrin | from the
venom of centipede Scolopendra subspinipes multilans . Indian J. Biochem. Biophys.,
43: 88-93.

3) Perumal, S.; Pachiappan, R.; Gopalakrishnakone, A.; Thwin, M.; Hian, Y.; Chow, V.;
Bow, H. and Weng, J. (2006). In vitro antibacterial activity of natural toxins and animal
venoms tested against Burkholderia pseudomallei. BMC Infect Dis., 6: 1-16.

4) Corzo, G.; Villegas, E.; Gmez-Lagunas, F.; Possani, L.; Belokoneva, O. and Nakajima,
T.(2002). Oxyopinins, large amphipathic peptides isolated from the venom of the wolf
spider Oxyopes kitabensis with  cytolytic properties and positive insecticidal
cooperativity with spider neurotoxins. J. Biol. Chem., 277(26):23627-23637.

5) Adams, M.; Herold, E. and Venema,V. (1989). Two classes of channel-specific toxin
from funnel web spider venom. J. Comp. Physiol., 164(3):333-342.

6) Chan, T.; Geren, C.; Howell, D. and Odell, G. (1975). Adenosine triphosphate in
tarantula spider venoms and its synergistic effect with the venom toxin. Toxicon,
13(1):61-66.

7) Woullschleger, B.; Nentwig,W. and Kuhn-Nentwig, L. (2005). Spider venom:
enhancement of venom efficacy mediated by different synergistic strategies
in Cupiennius salei. J. Exp. Biol., 208(11):2115-2121.

8) Harvey, A. and Robertson B. (2004). Dendrotoxins structure-activity relationships and
effects on potassium ion channels. Curr. Med. Chem., 11(23):3065-3072.

9) Koh, D.; Armugam, A. and Jeyaseelan, K. (2006). Snake venom components and their
applications in biomedicine. Cell Mol. Life Sci., 63(24):3030-3041.

10) Dani, M.; Richards, E.; Isaac, RE. and Edwards, J. (2003). Antibacterial and proteolytic
activity in venom from the endoparasitic wasp Pimpla hypochondriaca (Hymenoptera:
Ichneumonidae). J. Insect Physiol. , 49(10):945-954.

11) Perumal ,S.; Gopalakrishnakone, P.; Thwin, M.; Chow,T.; Bow, H., Yap, H. and Thong,
T. (2007). Antibacterial activity of snake, scorpion and bee venoms: a comparison with
purified venom phospholipase A2 enzymes. J. Appl. Microbiol. , 102(3):650-659.

12) Fennell, F.; Shipman, H. and Cole, J. (1967). Antibacterial action of a bee venom
fraction (melittin) against a penicillin resistant Staphylococcus and  other
microorganisms. USNRDL-TR-67-101. Res. Dev. Tech. Rep., 5: 1-13.

13)Benli, M. and Yigit, N. (2008). Antibacterial activity of venom from funnel web
spider Agelena labyrinthica (Araneae: Agelenidae). J. Venom Anim. Toxins Including
Trop. Dis., 17(4):641-650.



19
Antibacterial activity of Vespa orientalis L. venom against some antibiotic
resistant bacteria

14) Budnik, B.; Olsen, V.; Egorov, A.; Anisimova, E.; Galkina, G.; Musolyamov, K.
Grishin, V. and Zubarev, A. (2004). De novo sequencing of antimicrobial peptides
isolated from the venom glands of the wolf spider Lycosa singoriensis.J. Mass
Spectrom, 39(2):193-201.

15) Stiles, G.; Sexton, W. and Weinstein, A. (1991). Antibacterial effects of different snake
venoms: purification and characterization of antibacterial proteins from Pseudechis
australis (Australian king brown or mulga snake) venom. Toxicon, 29(9):1129-1141.

16) Torres-Larios, A.; Gurrola,B.; Zamudio, Z. and Possani, D. (2002). Hadrurin, a new
antimicrobial peptide from the venom of the scorpion Hadrurus aztecus. Eur. J.
Biochem., 267(16):5023-5031.

17) Bahreini, R.; Fakhim Z.K.; Nowzary, J. and Nehzati, A.(2000). Design and construction
of a venom collecting electric cage and its effect on honey production in honey bee
colonies. Iran.J.Agri.Sci.,31(2):333-339.

18) Jorgensen, J. and Turnidge, J. (2007). Susceptibility test methods: dilution and disk
diffusion methods, p. 1152-1172. In : P.R. Murray, E.J. Baron, J. H. Jorgensen, M. L.
Landry, and M. A. Pfaller (ed.), Manual of clinical microbiology, 9™ ed. ASM Press,
Washington, D.C.

19)Holder, A. and Boyce, S. (1994). Agar well diffusion assay testing of bacterial
susceptibility to various antimicrobials in concentrations non-toxic for human cells in
culture. Burns, 20(5):426-429.

20) Amestrdam, D. (1996). Susceptibility testing of antimicrobials in liquid media,P.52-111
in Loman,V.,E.D. Antibiotics in laboratory medicine,4™ed. William and Wilkins,
Baltimore, MD.

21)de Graaf, C.; Aerts, M.; Danneels, E. and Devreese, B. (2009). Bee, wasp and ant
venomics pave the way for a component-resolved diagnosis of sting allergy. J.
Proteomics, 72(2):145-154.

22) Price, R.; Bell, A.; Hinchliffe, G.; Fitches, E.; Weaver, R. and Gatehouse, A. (2009). A
venom metalloproteinase from the parasitic wasp Eulophus pennicornis is toxic towards
its host, tomato moth (Lacanobia oleracae). Insect Mol. Biol.,18(2):195-202.

23) Sforca, L.; Oyama, R.; Canduri, F.; Lorenzi, C.; Pertinhez, A.; Konno, K.; Souza, B.;
Palma, S.; Ruggiero-Neto, J.; Azevedo, R. and Spisni, A. (2004). How C-terminal
carboxyamidation alters the biological activity of peptides from the venom of the
eumenine solitary wasp. Biochem., 43(19):5608-5617.

24) Jordan, S.; Hutchings, I. and Mascher,T. (2008). Cell envelope stress response in Gram-
positive bacteria. FEMS Microbiol. Rev., 32(1):107-146.

25) Esteban, M. and Salgado, J. (2007). Self-assembling of peptide/membrane complexes by
atomistic molecular dynamics simulations. Biophys. J., 92(3):903-912.

26) Schwarz, G. and Reiter, R. (2001). Negative cooperativity and aggregation in biphasic
binding of mastoparan X peptide to membranes with acidic lipids. Biophys. Chem.,
90(3):269-277.

27) Singleto, P. (2004). Bacteria in Biology, Biotechnology and Medicine. Chichester: John
Wiley & Sons, 13(6): 552-557.

28) Jalaei, J.; Fazelil, M.; Rajaian, H. and Shahram, S. (2014). In vitro antibacterial effect
of wasp (Vespa orientalis) venom. J. Venomous Animals and Toxins including Tropical
Diseases, 20:22. http://www.jvat.org/content/20/1/22



20
Dalia M. Mahmoud et al.

4 gaal) Claaal) rand da gliall Ly S0 e £ 63 (Ui g gl Lssd (B )l ) gaal) ad dlaal) JaLl)

z‘r'abjgjdhgﬁwhghc L) Juas Jate ¢ L e AR ) 3 gana asa) ) slacd ¢ 1 gasa Jaaa Ll
el (e Aaalanaslall A0S @l yiall ale aid - ]
et (xR — o sl S~ A ) sl Ui b Sol -2

oaldiall
Geg) sy e dalis o Gualliiy ol L (8580 sl (e paliiall audl () Al jall il (ye eaa
L S JUaS) 5305 a0 Apaal) 5 458 01 4 gusaall ¢ (L o) Cpallamainall slzmall (53 sainll ) oSl dda a3 1y i)
JERS) 252y g0t S gallidl L 5305 ¢ (o5 AU Al Sl L 35 ¢ A gl gl Ly 3l (alad) das e
Oe g Sae alSaul STl ) gaall as (e S Lgtandind e 53 jad) SV s 45l a3 (o) ) Al Ly il
8-10 x 2 odef 5 Saall L oSl o andl  Aafall dAdadiall <l 3 a0 (e (V) aall g Jayds Aidaie a3 DA
(sl Ao 2-10 x 2 ¢ 4-10 x 2¢ 4-10 x 2¢ 3-10 x 2 <7-10 x 2



