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Abstract 

Background: Increasing antimicrobial resistance of microbes is one of the leading challenges faced by the 

medical community and human health. This study focused on a local scorpion species (Buthus sindicus) of 

Pakistan known for its potent antibiotic properties against Carbapenem-resistant Acinetobacter baumannii 

and Pseudomonas aeruginosa. 

Methodology: Venom extracted from Buthus sindicus tested against Carbapenem-resistant A. baumannii 

and P. aeruginosa in both crude and partially purified forms. The antibacterial Screening was performed by 

the Agar-disc diffusion method, using different concentrations of venom while using commercially available 

antibiotics as positive controls.  

Results: Among both two species P. aeruginosa and A. baumannii, were tested, there is no zone of inhibition 

found in any form of Buthus sindicus in the Disc Diffusion Method. Scorpion venom was processed with 

deionized water, PBS, and Tris-HCl and observed no difference in antibacterial activity.  

Conclusion: Our study concluded that no antimicrobial activity was found against any selected drug-

resistant pathogens in the venom of Buthus sindicus, probably because of the lack of disulphide bonds. 
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Introduction 

An increased incidence of Multidrug-resistant 

bacterial infections has reported globally. The 

World Economic Forum Global Risk (WEFGR) 

reported that multidrug resistance (MDR) is one 

of the ultimate threats to human health. A 

progressive compromise in the efficacy of modern 

antimicrobial medicines has been observed due 

to increased antimicrobial resistance (AMR), 

creating a massive obstacle in treating various 

infectious diseases1-4. Approximately 50% of the 

antibiotics used worldwide contain beta-lactam 

rings; resistance to these antibiotics is a grave 

problem concerning the medical world today5,6. 

According to World Health Organization (WHO) 

report listing the pathogens that are a priority, 

twelve organisms are considered prime concern7.  

 

Acinetobacter baumannii and Pseudomonas 

aeruginosa are two pathogens selected from the 

list for this study. These bacteria have developed 

resistance against multiple antibiotics, and WHO 

emphasizes an urgent need to create new 

antibiotics/antibacterial agents against them to 

counter the diseases caused by them8, 9. 

 

As the members of ESKAPE (Enterococcus 

faecium, Staphylococcus aureus, Klebsiella 

pneumonia, Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Enterobacter spp.) 

pathogens, A. baumannii and P. aeruginosa are 

known to cause lethal nosocomial infections 

frequently associated with admission to ICU 

(Intensive Care Unit)10. A. baumannii is mainly 

involved in wound infections, bacteremia, 

ventilator-associated pneumonia, urinary tract 

infections, and meningitis11,12.  While P. aeruginosa 

is an opportunistic organism associated with 

bloodstream infections13,14. Infections of P. 

aeruginosa are associated with increase sputum 

production, pulmonary hemorrhage and vascular 

leakage in the lungs. Pseudomonas also causes 

other diseases such as Pneumonia, Endocarditis, 

Otitis, Conjunctivitis, Dermatitis, Urinary tract 

infections and infections involving the central 

nervous system15, 16. Carbapenem used to treat A. 

baumannii and P. aeruginosa infections. Still, the 

organisms have acquired resistance to this 

antibiotic by establishing an increased production 

of Carbapenemases (Carbapenem degrading 

enzyme), structural changes in Penicillin Binding 

Protein (PBP), efflux pump overexpression, and 

loss of genetic expression of porin proteins17-19.  

 

Discovering new biologically active compounds 

with higher efficacy and lesser side effects from 

natural resources like plants and animals is the hot 

topic of research to battle AMR20. Scorpion venom 

is known to contain antimicrobial properties 

against certain microbes, increasingly recognized 

as a rich source of proteins/peptides with 

antimicrobial functions. Antimicrobial activities of 

scorpion venom and the combination of protein 

complexes present in its structure provide stencils 

for drug designing. These biomolecules have 

been considered as potential alternatives for 

today's antibiotics21, 22.  

 

This study aimed to explore the antimicrobial 

potential of the venom of scorpion Buthus 

sindicus, found in Pakistan, which has not been 

reported in the literature until now. This study was 

performed to explore the evidence that scorpion 

Buthus sindicus contains bacteriostatic and/or 

bactericidal activity against multidrug resistant 

Pseudomonas aeruginosa and Acinetobactor 

baumannii. 

 

Methodology  

Scorpion venom Collection 

A total of 300 scorpions belonging species Buthus 

sindicus got purchased from rural areas of Sindh 

via professional snake charmers who were well-

versed in collecting and identifying these 

arthropods. Out of 300, venom was extracted 

from 250 scorpions, as rest lacked the venom for 

unknown reasons. Venom was collected in fine 

glass sterile micropipette by electrical stimulation 

(15 volts) of telson (last segment in the abdomen) 

Venom of 250 scorpions was dissolved in 

deionized water and centrifuged at 15000 rpm for 

10 minutes. Supernatant was stored at -80 ̊C until 

further use23-25. 
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Preparation of Scorpion venom 

Venom processed with Deionized water  

15µl of venom taken from 5 scorpions was 

collected in each of the 20 eppendorf tubes to be 

treated with deionized water. 50µl of sterile 

deionized water was added in each eppendorf 

containing venom and centrifuged at 15000 rpm 

for 10mins. The supernatant was pooled 

separately and stored at -80ºC till further 

processing23, 25.  

  

Venom processed with Tris-HCl. 

The amount of scorpion venom was 15 µl taken 

from 5 scorpions was collected in each of the ten 

eppendorf tubes to be treated with Tris-HCl. 50µl 

of 1M Tris-HCl was added in each eppendorf tube 

containing venom and centrifuged at 15000 rpm 

for 10mins. The supernatant was pooled 

separately and stored at -80ºC till further 

processing23, 24. 

 

Venom processed with PBS 

15µl of venom taken from 5 scorpions was 

collected in each of the ten eppendorf tubes to be 

treated with Phosphate Buffer Solution (PBS). 50 

µl of 1M PBS was added in each eppendorf tube 

containing venom and centrifuged at 15000 rpm 

for 10mins. The supernatant was pooled 

separately and stored at -80ºC for further use23, 25.   

 

To separate any possible microorganisms present 

in the collected supernatants of scorpion venom 

prepared with deionized water, Tris-HCl, and 

Phosphate buffer was separately passed via Nylon 

syringe filters with 0.22 µm pore size. The filtrate 

was collected and stored at -80ºC26.  

 

Partial Purification of Scorpion Venom  

Partial purification of protein/peptide was 

performed by Amicon ultracentrifugation filter 

tubes of 10kDa, used to separate scorpion venom 

in low (>10kDa) and high (<10kDa) molecular 

weight components27.  

 

Bacterial Strains Collection 

Carbapenem-resistant A. baumannii and P. 

aeruginosa collected from Dow Diagnostic 

Research and Reference Laboratory (DDRRL), 

DUHS.  

 

Identification of Microorganism 

The identification and validation of both selected 

strains were made in Microbial Bio-resources and 

Biotechnology Laboratory (MBBL), DRIBBS. 

Colonial Morphology of P. aeruginosa and A. 

baumannii were observed on Muller Hinton Agar 

(MHA) by incubating the plates for 24 hours at 

37ºC. Both pathogens are gram-negative bacteria 

and microscopically produce pink short rods 

(Gram Staining)28. Biochemical testing was done 

by Oxidase test29, Methyl red test, and Voges-

Proskauer test30 for P. aeruginosa. While A. 

baumannii was biochemically identified by Methyl 

red, Voges-Proskauer30, Coagulase31, and 

Catalase tests32.  

 

Experimental Protocol Protein Estimation  

NanoDrop spectrophotometer was used to 

estimate protein concentration in crude and 

partially purified venom. 3 µl Venom (sample) 

volume was used for the purpose. The wavelength 

was set at 280 nm. The deionized water, Tris-HCl, 

and PBS were used as control separately.   

 

Inoculations of test plates  

Bacterial Plates of MH agar were prepared for 

susceptibility test in two different ways: Muller 

Hinton agar test plate was prepared by spreading 

10 µl of inoculum of each strain (1:100 diluted of 

0.5 McFarland maintained) evenly on the plate 

surface through sterile glass spreader and in 

another way 1% of soft agar was used for the 

preparation of bacterial lawn33. 

 

Agar disc-diffusion 

Antimicrobial Screening of collected venom was 

carried out through a disc diffusion susceptibility 

test following Clinical Laboratory Standard 

Institute Protocols. 100 μl of bacterial inoculums 

(of a 0.1 A600) were spread onto sterile Muller-

Hinton Agar plates until the surface of the plate 

became dry.  Sterile paper discs were placed onto 

the MH agar surface, and different concentrations 

of scorpion venom sample (20 μl) were added per 

disc in replicates. The disc containing 20 μl of 
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distilled water/buffer served as normal control, 

and discs containing antibiotics were used as drug 

controls. The plates were incubated at 37°C for 24 

h, following which the diameter of inhibition 

zones was measured33. 

 

Determination of Antimicrobial activity of 

Diluted Scorpion venom by Agar-disc 

diffusion method 

The pure culture of each strain was separately 

inoculated in 5 ml of Tryptic soy broth (TSB) and 

incubated for 24 hours at 37ºC. O.D was 

maintained up to 0.1A (0.5 McFarland) by adding 

freshly prepared TSB. Dilution (1:100) of each 

culture was mixed in soft agar (1%) and evenly 

distributed onto Muller Hinton agar plates and 

dried under the hood. Six plain sterile discs were 

placed on MH agar plates. 20 µl of diluted venom 

(1, 10, 50, 100, 250, and 500) was separately added 

with two positive control (respective antibiotic for 

the test organism) and negative control 

(Deionized water). Test plates were incubated for 

24 hours at 37ºC33. 

 

Determination of Antimicrobial activity of 

Crude venom by Agar-disc diffusion method 

The pure culture of each strain was inoculated in 

5 ml of Tryptic soy broth (TSB) and incubated for 

24 hours at 37ºC. O.D was maintained up to 0.08-

0.1A (0.5 McFarland), and mixed 1 ml of each 

culture (1:100) in agar (1%), and evenly distributed 

onto Muller Hinton agar plates and air-dried. Two 

plain sterile discs and two antibiotic discs were 

placed on MH agar plates. 20µl of crude venom 

and 20 µl of deionized water were added on plain 

discs separately. Test plates were incubated for 24 

hours at 37ºC33. 

 

Experimental Protocol of Antimicrobial 

activity of scorpion venom with PBS 

Each strain with maintained O.D up to 0.08-0.1A 

(0.5 McFarland) was incubated in Tryptic soy broth 

for 24 hours at 37ºC. Diluted culture (1:100) was 

mixed in agar (0.6%), and evenly distributed onto 

Muller Hinton agar plates, and dried. Two plain 

sterile discs and 2 antibiotic discs were placed on 

MH agar plates. 20 µl of each scorpion venom and 

PBS were added on separate plain discs and 

incubated for the plates for 24 hours at 37˚C33.  

 

Experimental protocol for antimicrobial 

activity of scorpion venom mixed with  

Tris-HCl 

The pure culture of each strain was inoculated in 

5ml of Tryptic soy broth (TSB) and incubated for 

24 hours at 37ºC. O.D of overnight culture was 

maintained up to 0.08 (0.5 McFarland). Diluted 

culture (1:100) of each strain was mixed in soft agar 

(0.6%) and evenly distributed onto Muller Hinton 

agar plates. Two plain sterile discs and two 

antibiotic discs were placed on MH agar plates. 20 

µl scorpion venom and Tris-HCL were added on 

separate plain discs and dried. Test plates were 

incubated for 24 hours at 37ºC33. 

 

Antimicrobial activity of filtrate (<10KDa) 

and retentate (>10KDa) of Scorpion Venom  

Each bacterial strain was inoculated in 5 ml of 

sterile TSB (Tryptic Soy Broth) incubated for 24 

hours at 37˚C. 100µl of each diluted bacterial strain 

(1:100) were separately poured onto MHA plates, 

spread evenly till dry. Placed three plane sterile 

discs and two antibiotic discs on MH agar plates. 

20 µl of each crude scorpion venom, filtrate 

(<10kDa), retentate (>10kDa), and deionized 

water were added on separate plain discs and 

dried. Test plates were incubated for 24 hours at 

37ºC33. 

 

Results 

Protein Estimation of crude and partially 

purified venom 

The protein concentration of crude venom with 

deionized water was 10.89 mg/ml, Crude venom 

with PBS (Phosphate Buffered Saline) was 12.24 

mg/ml, and crude venom with Tris-HCl was 10.27 

mg/ml. In partially purified venom concentration 

of protein infiltrate was 10.34 mg/ml, and 

retentate was 2.8 mg/ml estimated by NanoDrop 

spectrophotometer. 

 

Confirmatory test for Pseudomonas 

aeruginosa and Acinetobactor baumannii 

In macroscopic morphology, P. aeruginosa and 

Acinetobactor baumannii produced irregular 
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cream-coloured and punctiform beige-coloured 

colonies on Muller Hinton agar, respectively. 

Under the microscope, both pathogens appeared 

pink-coloured small rods in gram staining. P. 

aeruginosa was oxidase-positive; it confirmed the 

presence of the cytochrome oxidase enzyme. P. 

aeruginosa was negative for both Methyl 

red/Voges-Proskauer Tests. Acinetobactor 

baumannii was coagulase-negative, and catalase 

enzyme positive observed release of oxygen 

bubbles.  

 

Antimicrobial Activity by Agar-disc  

diffusion Method 

In the present study, the sensitivity of two 

multidrug resistance bacterial pathogens P. 

aeruginosa and A. baumannii, were analyzed by 

the Agar disc diffusion method against crude form 

(Figure 2, 5), diluted form (Figure 1, 4), and 

partially purified (Figure 3, 6) form of scorpion 

venom of Buthus sindicus. In this study, we used 

Muller Hinton Agar as a growth medium (Figure 

1-6), Phosphate buffer solution, Deionized water 

(Figure 1-6), and Tris-HCl were used as a negative 

control, and commercially prepared Antibiotic 

discs were used as a positive control. Both 2 

Bacteria were susceptible to both Polymyxin and 

Colistin antibiotics (Figure 1-6). Among both two 

species P. aeruginosa and A. baumannii, were 

tested, there is no zone of inhibition found in any 

form of scorpion venom of Buthus sindicus (Figure 

1-6). Scorpion venom was processed with 

Deionized water, PBS, and Tris-HCl; there is no 

difference in antibacterial activity observed by 

using Deionized water (Figure 1-6), Phosphate 

buffer saline and Tris-HCl. 

Table 1: List of Bacteria for which Antibiotics are urgently required published by WHO 

 

 

    

 

Organism  Disease  Antibiotic  Resistant 

Acinetobactor baumannii Hospital-derived Nosocomial infections Carbapenem-resistant  

Pseudomonas aeruginosa Hospital-derived Nosocomial infections Carbapenem-resistant 

Enterobacteriaceae 

(Salmonella, E. coli, Shigella, 

Klebsiella) 

Hospital-derived Nosocomial infections 
Carbapenem-resistant, 

ESBL-producing 

Enterococcus facium  
Blood stream infections in hospitalized 

patients 
Vancomycin-resistant 

Staphylococcus aureus 
Skin, Respiratory tract, Food poisoning 

Infections  

Methicilin-resistant, 

Vancomycin-intermediate 

and resistant  

Helicobactor  

Pylori 

Chronic Gastritis, Peptic Ulcer, Gastric 

Cancer 
Clarithromycin-resistant 

Campylobactor spp.  Food-Borne Diseases Fluoroquinolone-resistant 

Salmonella  Typhoid fever, food poisoning  Fluoroquinolone-resistant 

Neisseria gonorrhoeae   

Streptococcus pneumoniae  Meningitis, Pneumonia Penicillin-non-susceptible 

Haemophilus influenza 
bacteremia, pneumonia,  

epiglottis and acute bacterial meningitis 
Ampicillin-resistant 

Shigella spp. Intestinal Diseases Fluoroquinolone-resistant 
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Discussion This study was conducted on Yellow scorpion 

Buthus sindicus against multidrug resistance 

Figure 1: Pseudomonas aeruginosa; Antimicrobial 

activity of Diluted Scorpion venom by Agar-disc 

diffusion method; A:  1 µg/ml, B:  10 µg/ml, C:  50 

µg/ml, D:  100 µg/ml, E:  250 µg/ml,F:  500 µg/ml, 

G: Deionized Water, H:  Colistin, I:   Polymyxin 

Figure 2: Pseudomonas aeruginosa; 

Determination of Antimicrobial activity of 

Crude venom by Agar-disc diffusion method; 

A: Crude Venom, B: Deionized Water, C: 

Colistin, D: Polymyxin 

Figure 3: Pseudomonas aeruginosa; Antimicrobial 

activity of filtrate (<10KDa) and retentate 

(>10KDa) of scorpion venom; A: Crude Venom, B: 

Deionized Water, C: Filtrate, D: Retentate, E: 

Polymyxin, F: Colistin 

Figure 4: Acinetobactor baumannii; 

Antimicrobial activity of Diluted Scorpion 

venom by Agar-disc diffusion method; A:  1 

µg/ml, B:  10 µg/ml, C:  50 µg/ml, D:  100 

µg/ml, E:  250 µg/ml,F:  500 µg/ml, G: 

Deionized Water, H:  Colistin, I:   Polymyxin 

Figure 5: Acinetobactor baumannii; Antimicrobial 

activity of Crude venom by Agar-disc diffusion 

method; A: Crude Venom, B: Deionized Water, C: 

Colistin, D: Polymyxin 

Figure 6: Acinetobactor baumannii; Antimicrobial 

activity of filtrate (<10KDa) and retentate 

(>10KDa) of scorpion venom; A: Crude Venom, B: 

Deionized Water, C: Filtrate, D: Retentate, E: 

Polymyxin, F: Colistin 
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pathogen P. aeruginosa and A. baumannii to seek 

its antibiotic potential against these organisms, as 

scorpion venom is known for its anti-cancer, 

antiviral, antimalarial, and antibacterial activities34. 

It also contains various biomolecules that modulate 

cell membrane ion channels and their receptors35. 

Antimicrobial peptides in venom may have 

different mechanisms to kill organisms such as 

bacteria, viruses, fungi, and parasites that might 

threaten the scorpion's integrity. According to the 

literature, scorpion venom of several species are 

active against both Gram-positive and Gram-

negative bacteria either in a crude or purified form. 

Some examples of antimicrobial peptides (AMPs) 

are BmKn1, BmKbpp, IsCT, IsCT2, Hadrurin, and 

Parabutoporin, isolated from the venom of 

different scorpion species, are predicted to 

accumulate easily in the bacterial cell membrane to 

form pores and destroy it36-38. 

 

To evaluate the antimicrobial activity of the venom 

of scorpion Buthus sindicus was diluted with three 

different chemicals, including Phosphate buffer 

solution, deionized water, and Tris-HCl separately. 

Venom was tested against two of the multidrug-

resistant pathogens enlisted in the critical category 

by WHO in 2017, namely Pseudomonas aeruginosa 

and Acinetobactor baumannii.  

 

The Susceptibility test of the scorpion Buthus 

sindicus was studied by the Agar disc-diffusion 

method. No zone of inhibition was found when the 

venom of Buthus sindicus was tested against both 

pathogens. In 2017, Abdul Rahman et al. tested 10 

MDR bacterial and a fungal species against the 

crude venom of scorpion Androctonus bicolor and 

Androctonus crassicauda and found both species 

lacking the antimicrobial activity against 

Pseudomonas aeruginosa, E. coli, Klebsiella 

pneumonia, Staphylococcus aureus, Enterococcus 

faecalis, and Acinetobactor baumannii. Abdul 

Rahman et al. concluded that the selected 

scorpions might not contain any effective proteins 

or enzymes responsible for bactericidal activity39, 40. 

However, Hassan et al. (1984) stated that A. 

crassicauda is the most poisonous scorpion in the 

world. The Lethal Dose50 value of A. crassicauda is 

0.32± 0.02 mg/kg in mice which makes the 

scorpion among the most toxic species 

worldwide41. Furthermore, Androctonus bicolor 

(black fat-tailed scorpion) is also considered to be 

the most lethal scorpion in the world42.  

 

Buthus sindicus may not contain proteins/peptides 

or enzymes responsible for antimicrobial activity 

against Acinetobactor baumannii and 

Pseudomonas aeruginosa. We further 

authenticated our results by using two different 

buffers PBS and Tris-HCl, along with deionized 

water for processing of venom in agar well 

diffusion, and the results were identified as above. 

In this study, B. sindicus was not active against A. 

baumannii and P. aeruginosa, but it may exhibit 

antimicrobial activity against other bacterial 

species such as venom of Buthus martensii and 

Buthotus hottenota contain antimicrobial activity 

against E. aerogens and S. aureus, but lacks any 

antimicrobial activity against Proteus mirabilis, E. 

coli, Pseudomonas aeruginosa and Proteus 

vulgaris43.  

 

Based on the Chemical properties of venom 

peptides are divided into two major categories 

Non-Disulphide-bridged peptides (NDBPs) and 

Disulphide-bridged peptides (DBPs). DBPs mainly 

affect membrane-bound ion (K, Na, Cl, and Ca) 

channels and altered their normal cellular 

physiology44, 45. It is experimentally proven in the 

literature that A. bicolor envenomation caused 

severe Hypercalciumia, Hypernaterimia, 

Hypomagnesaemia, and Hyperkalemia in rats36. 

Reported peptides of B. sindicus by S. Ali et al. 

(1998) contain Disulphide Bridge in its structure. 

Out of 5 low molecular weight peptides, four 

contain disulphide bonds, namely Bs5, Bs6, Bs8, 

and Bs14, while only one (Bs10) is basic non-

cysteinic and thermolabile in nature23. Crude 

venom fraction of Buthus sindicus studied via HPLC 

i.e. Bs36, Bs38, Bs40, and Bs41 designated as 

Buthus sindicus depressant insect toxins (Bs-dprIT1 

to Bs-dprIT4) are found to be toxic against insect 

Larvae, Cockroaches and Blowflies, but it does not 

have any effect on mice46.    

 

According to a study, 34 out of 40 venoms tested 

for Anti-cancer, Antiparasitic, Anti-malarial, 
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Bradykinin-potentiating, and Anti-bacterial 

activities displayed NDBPs instead of DBPs45, 48. It 

might be concluded that as venom taken from 

Buthus sindicus lacks NDBPs, as reported by Ali et 

al. 23, it may be the cause of it lacking the 

antimicrobial activity. A similar situation was seen 

in the case of an antimalarial peptide named 

meucin-24, which shares structural similarity with 

two different antimicrobial peptides named 

magainin-1 and magainin-2 isolated from frog47. 

Meucin-24 showed no toxicity to microorganism) 

and mammals, it’s only inhibited the development 

of Plasmodium falciparum and Plasmodium 

berghei (malarial parasite). The property of this 

selective inhibition of meucin-24 is due to the lack 

of hydrophilic/hydrophobic balance (amphipathic 

architecture)49, a distinctive structural arrangement 

is significant for antimicrobial activity. Furthermore 

a structural similarity was found between the 

peptides isolated from the venom of Buthus 

sindicus23 and a peptide named buthinin from the 

blood of scorpion Androctomus autralis; while 

buthinin was found active against E. coli and 

Micrococcus luteus, peptides extracted from the 

venom of B. sindicus were inactive against the 

tested MDR pathogens49. 

 

This study was designed to explore the 

antimicrobial potentials of scorpion Buthus 

sindicus, which has not been testified in the 

literature up till now. The major health problem of 

MDR bacteria can be overcome by considering 

different natural sources such as scorpion venom 

for the development of novel drugs. The present 

study provided evidence that venom of scorpion 

Buthus sindicus may not contain antimicrobial 

activity against carbapenem resistance 

Pseudomonas aeruginosa and Acinetobacter 

baumannii. Due to lack of resources, scorpion 

venom proteins/peptides of Buthus sindicus could 

not further be purified in smaller peptides for 

detailed study. In the present study, no 

antimicrobial activity was found in either crude or 

partially purified form of venom taken from specie 

Buthus sindicus. It is highly recommended that 

venom proteins and peptides of scorpion Buthus 

sindicus should be further processed and isolated 

for sequencing to understand its structure and 

cellular processes. It is possible that Venom of 

Buthus sindicus contains antimicrobial activity 

against other pathogens, which are not tested in 

this study. Therefore it is recommended that this 

venom should be further tested against other 

pathogens to gain insight into its antibiotic 

potential.   

 

Conclusion 

Our study concluded that no antimicrobial activity 

was found against any selected drug-resistant 

pathogens in the venom of scorpion Buthus 

sindicus, probably because of the lack of Disulfide 

bonds, as discussed. Further studies are required 

on non-resistant bacterial strains to evaluate if the 

venom contains any effect against these microbes. 

Besides this, venom may also be investigated for 

biological properties other than an antibiotic 

activity which may prove beneficial in the medical 

field. 
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