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Antibacterial Effects of Crude Venom from Aegaeobuthus gibbosus (Brulle, 1832)
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ABSTRACT

corpion venom, is a neurotoxic secretion produced by the venom glands in telson of scorpions, consisting of many
Sproteins, peptides, and biologically active compounds, and it is commonly used in catching and digesting prey. The pep-
tides within scorpion venoms hold significant pharmacological importance, particularly in the fields of cancer treatment,
analgesics, and anesthesia. In recent years, bacteria developing resistance to antibiotics drew a significant level of interest.
The present study investigates the antibacterial activity of the venom obtained from Aegaeobuthus gibbosus (Brulle, 1832).
The antibacterial effects were observed by applying crude venom by using the dripping method on Escherichia coli, Proteus
vulgaris, and Klebsiella pneumoniae bacteria in suitable environments. As a result, it was determined that the venom of
Aegaeobuthus gibbosus is effective against Escherichia coli, Proteus vulgaris, and Klebsiella pneumoniae bacteria.
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0z

krep zehri, akreplerin telsonlarinda bulunan zehir bezleri tarafindan uretilen, birgcok protein, peptid ve biyolojik yonden
Aetkin bilesiklerden olusan nérotoksik etkili bir salgi olup, genellikle avini yakalamada ve sindirimde kullanilir. Akrep
zehirlerinin icerisindeki peptidler farmakolojik olarak oldukca dnemlidir. Ozellikle kanser, agri kesiciler grubu ve anestezide
yararlaniimaktadir. Son yillarda antibiyotiklere karsi direng¢ kazanan bakteriler dikkat cekmektedir. Bu ¢alismada A. gibbo-
sus (Brulle, 1832) turiune ait zehrin antibakteriyel aktivitesi arastirilmistir. Arastirmada Escherichia coli, Proteus vulgaris ve
Klebsiella pneumoniae bakterilerine uygun ortamda damlatma yéntemi ile ham zehir uygulanarak antibakteriyel etkileri
gozlemlenmistir. Sonug olarak A. gibbosus zehrinin Escherichia coli, Proteus vulgaris ve Klebsiella pneumoniae bakterilerine
karsi etkili oldugu tespit edilmistir.
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INTRODUCTION

he human body constitutes one of the most suitab-

le environments for numerous microorganisms that
pose a vital threat, such as bacteria, fungi, parasites,
and viruses.

Humans live closely with microorganisms and are ex-
posed to pathogenic microorganisms. Some pathogens,
which have global medical significance, include Bacil-
lus cereus, Staphylococcus aureus, Escherichia coli, and
Klebsiella pneumoniae [1]. These pathogens are thought
to be responsible for food poisoning, sepsis, and neona-
tal infections. There are various reports indicating the
drug resistance of clinical isolates of these pathogens
[2]. Therefore, there is an urgent need for new and in-
novative treatments to combat antibiotic-resistant pat-
hogens.

Venoms obtained from animals comprise a complex
pharmacological molecule cocktail that can assist when
existing antibacterial agents prove insufficient. Vari-
ous species have been producing venom for millions
of years, either to capture prey or as a defense mec-
hanism. Based on this principle that what makes a po-
ison or drug toxic is the dose, the antibacterial effects
of venoms were examined and studied in many fields.
Venoms contain pharmacologically active molecules
that affect human physiology. Venoms obtained from
various organisms such as scorpions, bees, spiders, ants,
caterpillars, and sea snails are used in developing new
drugs for treating various diseases [3].

Despite the intimidating nature of their venomous ef-
fects, scorpion venoms became a popular research to-
pic in studies analyzing the venom structure. Scorpion
venom is a mixture of approximately 70-600 different
compounds, including polypeptides, nucleotides, lipids,
biogenic amines, heterocyclic compounds, and inorga-
nic salts. Various scorpion venom peptides were shown
to be valuable sources for drug discovery due to their
activities in blocking ion channels, as well as anticancer
and antibacterial activities [3-4].

There are multiple bioactive components in scorpion
venoms. The effects of these venoms range from mild
symptoms to those causing sudden respiratory failure
through allergic reactions. Despite some species often
resulting in fatal outcomes, the pharmacological signifi-
cance of venom is considered highly valuable due to its

complex structure and rich content [5].

Nowadays, the extensive use of high doses of numero-
us antibiotics led to the development of antibiotic re-
sistance in various bacteria. Particularly, a substantial
resistance developed in hospital-acquired infections.
Therefore, the number of actively usable antibiotics in
patient treatment is limited [6].

From a global public health perspective, antibiotic resis-
tance in bacterial infections became a serious problem.
Antimicrobial peptides from scorpion venom are consi-
dered to be promising alternative treatment options to
traditional antibiotics. The peptide-based components
of scorpion venom exert their effects through various
pharmacological targets such as ion channels and re-
ceptors.

There are various resistance mechanisms in Gram-
negative bacteria. The primary cause of increasing resis-
tance is generally attributed to mobile resistance genes
on plasmids that can easily spread among bacterial po-
pulations and chemical differences in the bacterial cell
wall. The S-layer is attached to the outer membrane in
Gram-negative bacteria, whereas it adheres to the pep-
tidoglycan layer in Gram-positive ones. This explains
why Gram-negative bacteria develop resistance more
rapidly. Resistance genes undergo mutation in the cell
wall, altering the peptide structure and hindering the
entry of antibiotics into the cell by following a Key and
Lock model.

This study aims to determine the antibacterial effects
of scorpion venom using three bacterial species: Esche-
richia coli, Proteus vulgaris, and Klebsiella pneumoniae.

MATERIAL and METHOD

Venom Extraction

The crude venom of Aegaeobuthus gibbosus (Brulle,
1832) scorpions was used in the present study. Scorpi-
ons collected from the Ballica region in Cankiri province
were brought to the laboratory for venom extraction.
The electrical stimulation method was used for obtain-
ing crude venom. Scorpions’ sensitivity to electricity in
the telson region was enhanced by dripping 0.9% physi-
ological saline onto the articulations. The scorpion’s
stinger was fixed to the microcapillary tube by using
forceps and then subjected to electrical current by us-
ing the electrostimulation method with two electrode



tips at voltages ranging between 6V and 12V. The crude
venom extracted was transferred to microcapillary
tubes, sealed at both ends with Parafilm to prevent air
contact, and then stored at -20°C until further use.

Bacteria Studies

Gram-negative P. vulgaris, K. pneumoniae, and E. coli,
bacteria belonging to the Enterobacteriaceae family
and the Eosin Methylene Blue Agar, which is suitable
for isolation the most, were used. The medium consists
of a mixture of Peptone, Lactose, Sucrose, Dipotassium
hydrogen phosphate, Eosin Y, Methylene Blue, Agar,
and Distilled water. Thirty-six grams of the mixture was
taken and dissolved in 1L distilled water. Magnetic stir
bars were added to the agar mixture, and the stirring
process continued in a heated magnetic stirrer until a
homogeneous solution was achieved and the optimal
temperature was achieved. It was then sterilized at 121
°C for 15 minutes in an autoclave. The agar medium was
cooled to 60 °C, shaken, and poured into sterilized Petri
dishes [7].

Microorganisms were inoculated onto EMB agar and
incubated at 37 °C for 24 hours. Microorganisms that
showed reproduction were dissolved in ID Broth, and
a 0.5 McFarland turbidity standard was prepared. P.
vulgaris, K. pneumoniae, and E. coli Gram-negative bac-
teria were obtained from the samples taken from the
hospital. The samples were inoculated onto EMB agar
by using the single colony method. In the end, 50 ul of
the prepared inoculum was drawn with micropipettes
and spread onto EMB agar by using inoculation loops.
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Gram staining was performed after 48 hours of incu-
bation at 37 °C. The bacteria obtained from the Gram
staining results were re-inoculated into the agar for
obtaining pure cultures. Gram-negative bacteria with
known incubation results were identified based on the
morphological appearance on EMB agar.

Antibacterial Activity Test

The agar drop method was employed by using crude
scorpion venom to assess the antibacterial activity. Bac-
terial strains, standardized to 0.5 microliters according
to the McFarland standard, were swabbed onto EMB
agar plates. Each petri dish received a 50 ul inoculum,
and the plates were incubated at 37°C for 24 hours. Two
marked control sections on each plate were designated
for the application of crude venom, distilled water (as
a negative control), and alcohol (as a positive control),
with 5 pl from each substance. After a brief incubation
for agar diffusion, the plates were left to incubate at
37°C for an additional 24 hours. The experiment was
conducted in triplicate.

RESULTS

The drip method was employed with 5 microliters of
crude venom directly applied to bacteria on petri dish-
es. After a 24-hour incubation period, it was observed
that bacterial growth did not occur in the section of
the Petri dishes where the venom was applied. Zones
formed in the venom-applied areas (Figure 2), and the
zone diameters were measured by using a ruler (Figure
3). The zone diameters are presented in Table 1.

Figure 1. A. Aegaeobuthus gibbosus (Brulle, 1832) Habitus, B. Scorpions reared in the laboratory environment.
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Figure 2. Inhibition zone diameters for E.coli-Klebsiella-Proteus bacteria, respectively.

Figure 3. A. Zone formed with E. coli, B. Zone formed with Klebsiella, C. Zone formed with Proteus.

Table 1. Antibacterial activity inhibition zone diameters.
Bacteria
Escherichia coli
Proteus vulgaris

Klebsiella pneumoniae

Zone Diameter
10.0+£0.3 mm
7.0+0.2 mm
8.0£0.2 mm



DISCUSSION

In the study carried out by Conder et al. [8] on the pep-
tides of Pandinus imperator scorpion venom, the rese-
archers used the disk diffusion method to observe the
antibacterial effects of peptides against Klebsiella pne-
umoniae and Bacillus subtilis bacteria. In the present
study, Aegaeobuthus gibbosus venom was also noted
to be effective against Klebsiella pneumoniae bacteria.

In a study carried out by Dogan [3] with the venom of
Protoiurus kraepelini scorpion, the liquid nutrient diluti-
on method was utilized, and it was revealed that it has
antibacterial effects on Escherichia coli (Gram-negative)
and Staphylococcus aureus (Gram-positive) bacteria.
This study also demonstrated the effectiveness of Ae-
gaeobuthus gibbosus venom against Escherichia coli
(Gram-negative) bacteria.

Kamaoglu [9] applied the crude venom of Calchas nord-
manni scorpion to various Gram-positive and Gram-
negative bacteria, and they observed inhibition zones in
some bacterial species but no inhibition zones in others.

Ekmekcioglu [10] investigated the antibacterial acti-
vities of the crude venom of Androctonus crassicauda
scorpion against E. coli and A. baumannii bacteria and
confirmed its effectiveness against these bacteria.

In their study, Corzo et al. [11] argued that the selective
effect of crude venom is more pronounced in Gram-
negative species when compared to Gram-positive spe-
cies. Their study investigated the antibacterial effects of
the obtained crude venom on three different bacteria
known for their resistance to a broad antibiotic spect-
rum. Utilizing Gram-negative E. coli, K. pneumoniae, and
P. vulgaris incubated with crude venom, the present
study yielded results confirming its antibacterial effects.

Despite the undeniable effect of scorpion venom on
Gram-negatives, the study carried out by Kog et al. [12]
on Aegaeobuthus gibbosus (Formerly known as Meso-
buthus gibbosus) scorpion species and Gram-negative
E. coli and Gram-positive S. aqureus bacteria reported
similar effects. However, no antibacterial effect was
observed on other Gram-positive bacteria, E. faecalis
and M. luteus. The differences in results from various
studies could be attributed to the distinct bacterial stra-
ins used and the methodological variations employed in
the research.
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In previous studies carried out on scorpion venoms, va-
rious methods were used to investigate the antibacteri-
al effects of peptides against bacteria. These studies re-
vealed the rich peptide composition of scorpion venom.
In the present study using the disk diffusion method, it
was demonstrated that the crude venom had no effect
on bacteria. However, various inhibition zones were ob-
served when the crude venom was applied using the
drop-plate method. Even though the methods and bac-
teria used were not consistent across different studies,
the antibacterial effect of scorpion venom is evident on
bacteria.

The present study was designed to examine the thera-
peutic potential of utilizing the rich peptide composition
of scorpion venom by investigating the dosage-depen-
dent therapeutic effects of isolated toxins. Despite vari-
ations in methods and bacteria, the antibacterial effect
of scorpion venom on bacteria highlights its presence.
The investigation aims to harness the potential of these
toxins, once separated, to exhibit therapeutic effects in
the opposite direction. It is believed that some isolated
toxins, when used in appropriate doses, may be effecti-
ve in treating infections, pain, and cardiac dysfunction,
ultimately leading to the development of a beneficial
medication.

The strong immune system evolved by scorpions over
the course of evolutionary processes is an important
factor preventing their susceptibility to many bacteria
and microorganisms. The key components in this immu-
ne system include peptides having antibacterial proper-
ties discovered in the venom. Through molecular-level
examination and isolation of crude venom, it can be
hypothesized that scorpion venom, which is rich in pro-
teins, might offer broad-spectrum protection against
bacterial infections [11-13].

The molecular-level exploration of scorpion venom
structure holds significant importance in the advanced
generation of raw materials through experiments that
will elucidate the peptide diversity and effects. The
diversification of studies focusing on venom content il-
lumination can lead to the creation of an advanced re-
source containing a multitude of bioactive components.
This, in turn, could contribute to the establishment of a
novel pharmacology domain, where phyto-based drugs
are combined with animal-derived bioactive substanc-
es, resulting in more robust mechanisms of action.

241



242

i. Corak Ocal et al. / Hacettepe J. Biol. & Chem., 2024, 52 (4), 237-242

Acknowledgments

This study was produced from the master’s thesis with the same
title, completed by Tuba Amucaoglu from Cankiri Karatekin Uni-
versity, Institute of Science and Technology, Department of Biol-

ogy, under the supervision of Asst. Prof. ilkay Corak Ocal.

References

N.S. Somda, O. J. Bonkoungou, C. Zongo, A. Kagambega, I. H.
Bassole, Y. Traore, J. Mahillon, M. L. Scippo, J. D. Hounhouigan,
A. Savadogo. Safety of ready-to-eat chicken in Burkina Faso:
Microbiological quality, antibiotic resistance, and virulence
genes in Escherichia coli isolated from chicken samples of
Ouagadougou, Food Science & Nutrition., 6.4 (2018) 1077-
1084.

G. Chalmers, A. C. Cormier, M. Nadeau, G. Cote, R.J.
Reid-Smith, P. Boerlin. Determinants of virulence and of
resistance to ceftiofur, gentamicin, and spectinomycin in
clinical Escherichia coli from broiler chickens in Québec,
Canada, Vet. Microbiol., 203 (2017) 149-157.

T. Dogan. T. Peptidomic characterization and bioactivity
screening of Protoiurus kraepelini (Scorpiones, luridae)
venom. Doktora tezi, Hacettepe Universitesi. Ankara (2015).
0. Ozkan, Z. Karaer . Akreplerin biyolojisi, Turk Hij Den Biyol
Derg., 64 (2008) 51-60.

|. Vetter, J.L. Davis, L.D. Rash, R. Anangi, M. Mobli, P.F.
Alewood, R.J. Lewis, G.F. King. Venomics: a new paradigm
for natural products-based drug discovery, Amino Acids., 40
(2011) 15-28.

N. D Vetter, D. M Langill, S. Anjum, J. Boisvert-Martel, R.C.
Jagdhane, E. Omene, H. Zheng, K.E. van Straaten, |. Asiamah,
E. S. Krol, D. A. R. Sanders, D. R. J. Palmer. A previously
unrecognized kanosamine biosynthesis pathway in Bacillus
subtilis, J. Am. Chem. Soc., 135.16 (2013) 5970-5973.

10.

11.

12.

13.

S. Keyik, Acinetobacter baumannii Suslarinda OXA-23
ve OXA-58 Tipi Genislemis Spektrumlu Beta Laktamaz
Varliginin  Arastirilmasi  ve PFGE Yontemiyle Klonal
Yakinhiginin incelenmesi, Yitksek Lisans Tezi, Konya Selcuk
Universitesi. Konya (2013).

R.Conder, F.Z. Zamudio, M.H. Rodriguez, L.D. Possani.
Scorpine, an anti-malaria and anti-bacterial agent purified
from scorpion venom, FEBS letters., 471.2-3 (2000) 165-168.
Kamaoglu, A. Calchas nordmanni Venomunda Bulunan
Peptitlerin Antibakteriyel Aktivitesinin Arastiriimasi. Yiksek
Lisans Tezi, Eskisehir Osmangazi Universitesi., Eskisehir
(2014).

0.G. Ekmekcioglu. Coklu llag Direncine Sahip Biyofilm
Olusturan Nozokomial Bakterilere Karsi Akrep (Scorpionidae)
Zehirinin  Etkileri, Doctoral dissertation, Kastamonu
Universitesi., Kastamonu (2019).

G. Corzo, P. Escoubas, E. Villegas, K.J. Barnham, W. He,
R.S. Norton, T. Nakajima. Characterization of unique
amphipathic antimicrobial peptides from venom of the
scorpion Pandinus imperator, Biochem. J., 359.1 (2001) 35-
45.

H. Kog, C. Avsar, Y. Bayrakci, (2020) Antimicrobial Activity
of Hemolymph and Venom Obtained from Some Scorpion
Species, Hacettepe J. Biol. Chem., 48 .4 (2020) 349-354.

A. Almaaytah, M. Zhou, L. Wang, T. Chen, B. Walker, C. Shaw.
Antimicrobial/cytolytic peptides from the venom of the
North African scorpion, Androctonus amoreuxi: biochemical
and functional characterization of natural peptides and a
single site-substituted analog, Peptides., 35.2(2012) 291-
299.



	_GoBack

