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Background: Antibacterial proteins are widely expressed in snake venoms. Previously, we have 
isolated two immunodominant proteins with molecular weights of 14 and 65 kD from the snake 
venom of Naja naja oxiana (N. oxiana). It was demonstrated that they had potent inhibitory effects 
against gram-positive bacteria, S. aureus and B. subtilis but were less effective against gram-
negative bacteria, such as E. coli and P. aeruginosa. This study aimed at investigating the potential 
antibacterial effects of the two proteins against Bacillus anthracis and Streptococcus pneumoniae.

Methods: The proteins were identified by SDS-PAGE and western blot analysis, and isolated by 
Gel Electrophoresis (Electro-elution). The antibacterial effects were tested against the strains of 
Bacillus anthracis and Streptococcus pneumoniae, using broth microdilution and disc-diffusion 
assays. For comparison, the antibacterial effects of standard antibiotics, such as Gentamicin, 
Ampicillin, Penicillin, Amoxicillin and Ciprofloxacin were also tested on the same B. anthracis and 
S. pneumoniae batches under identical laboratory conditions.

Results: The two proteins showed high immunogenicity and strongly inhibited the growth of gram-
positive bacteria, B. anthracis, and to a lesser extent S. pneumoniae.

Conclusion: The isolated proteins demonstrated strong antibacterial effects against Gram-positive 
bacteria, B. anthracis and S. pneumoniae, in addition to their previously known effects against S. 
aureus and B. subtilis.
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Introduction

otent antimicrobial agents inhibit the 
growth of microorganisms at low con-
centrations. Antibiotics include not only 
chemically-synthesized drugs but also 
naturally occurring compounds from var-

ious toxins derived from animals and microorganisms 
[1]. Snake venoms contain proteins and peptides with 

a variety of biological properties [2, 3]. These venoms 
are divided into three categories based on their toxicity: 

A. Hemotoxicity, promoting hemorrhage, extensive 
local edema and tissue necrosis, 

B. Neurotoxicity, inhibiting skeletal muscle contrac-
tions and respiratory funtion, and 

P
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C.) Cardiotoxicity, causing irreversible depolarization 
of cardiac cell membranes, leading to the paralysis of 
heart muscle [4, 5]. 

Cobra is one of the world’s most poisonous snakes with 
cytotoxic venom, indigenous to countries in Asia, Africa, 
and Oceania [4, 5]. Previous studies have demonstrated 
that L-amino acid oxidase [6, 7], lectin [1] and phospho-
lipase A2 [8] have antibacterial properties. Antibiotics, 
derived from venoms and microorganisms, can be alter-
natives for treating bacterial infections besides chemical-
ly synthesized drugs [2]. It is known that naturally occur-
ring antibacterial proteins are widely expressed in snake 
venoms [3, 9]. A variety of proteins and peptides from 
the venoms have been identified and investigated that are 
highly potent in killing a wide range of bacteria [3, 10]. 

In a preliminary study, we investigated the antibacterial 
properties of the venom from cobra N. oxiana, one of the 
major snake species found in northeastern Iran [10]. That 
study demonstrated the antibacterial effect of several pro-
teins isolated from the venom of N. oxiana snake, with 
varying molecular weights of 14, 22, 32 and 65 kilodal-
ton (kD). Specifically, we tested these proteins against 
several strains of bacteria, including Gram-positive S. 
aureus, B. subtilis and P. aeruginosa, and Gram-negative 
E. coli, using broth microdilution and disc-diffusion as-
says [10]. This paper reports the antibacterial effects of 
the two isolated proteins (14 & 65 kD) from the same 
venom against Gram-positive bacteria, B. anthracis and 
S.  pneumoniae. The findings confirm the broad antibac-
terial efficacy and potency of these venom proteins.

Materials and Methods

The lyophilized crude venom of N. oxiana was a kind 
gift from the “Poisonous Animal Department” at Razi 
Vaccine and Serum Research Institute (Karaj, Iran). 
Also, the sera of hyper-immunized horses was provided 
by Razi Institute, while the whole molecule, rabbit anti-
horse IgG peroxidase conjugate was purchased from 
Sigma Aldrich (Taufkirchen, Germany).

Micro-organisms: The Gram-positive bacteria in-
cluding B. anthracis (ATCC 2397) and S. pneumoniae 
(ATCC 2072) were obtained from Razi Type Culture 
Collection (Karaj, Iran).

Standard antibiotics: The standard preparations of 
antibiotics were used at the following concentrations per 
milliliter of distilled water: Ampicillin (10 μg), Gentami-
cin (10 μg), Penicillin (10 μg), Ciprofloxacin (5 μg), and 
Amoxiclav (25 μg).

Chemical reagents: Ammonium Persulfate (APS), 
TWEEN 20 viscous liquid, acrylamide, SDS and 
TEMED were obtained from Bio-Rad (Hercules, CA, 
USA); Phosphate Buffered Salin (PBS) was obtained 
from Merck (Kenilworth, NJ, USA), Bovine Serum Al-
bumin (BSA), chloro-1-naphthol from Fluka Chemicals 
(Buchs, Germany), and hydrogen peroxidase purchased 
from Sigma Aldrich (Taufkirchen, Germany).

Determination of protein concentrations: Protein 
concentrations were determined by the Lowry method, 
using BSA as the standard, by the method previously de-
scribed [10-12].

SDS-PAGE: Electrophoresis was carried out on a 15% 
polyacrylamide gel by the method of Laemmli as previ-
ously described [10, 13].

Western blotting: The venom proteins were dena-
tured, separated by 15% SDS-PAGE gel electrophoresis, 
and transferred onto nitrocellulose membrane (Sigma 
Aldrich; Taufkirchen, Germany) by semi-dry transfer 
cell (Bio-Rad; Hercules, CA, USA) as previously de-
scribed [10].

Evaluation of immunodominant proteins: A Bio-
Rad model 422 electro-eluter was used to recover four 
sharp bands of immunodominant proteins that were 
identified by western blot and separated by SDS-PAGE 
electrophoresis, as previously described [10].

Disc diffusion: Disc-diffusion assay was performed by 
the method of Bauer et al., [14] as previously described 
[10]. The experiments were performed in four replicates.

Broth micro-dilution assay: Broth micro-dilution as-
say was carried out according to the protocol established 
by the National Committee for Clinical Laboratory Stan-
dards (NCCLS, 2000) as previously described [10].

Results

Determination of protein concentration: The protein 
concentration of the crude Naja Naja venom was deter-
mined to be 16 mg/mL with Bovine Serum Albumin 
(BSA) as the standard.

SDS-PAGE: Based on the results from a 15% SDS-
PAGE, the molecular weights of the proteins in Naja Naja 
venom was determined to be 14, 20, 21.2, 22, 25, 32, 34, 
37, 50, 65, 75 and 150 kD, using the protein ladder.
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Western blot analysis: Based on a western blot analysis 
of the antigen at a 1:20 dilution with serum hyper-immu-
nized- horse, 2 sharp bands were visualized the molecular 
weights of 14 and 65 kD. These were highly immunogenic 
and immunoreactive, and were chosen for our study.

Evaluation of the immunodominant proteins: The 
immunodominant proteins, isolated by electro-elution 

and Coomassie blue staining, had molecular weights of 
14 and 65 kD. The concentrations of these isolated pro-
teins were determined to be 1.3 and 1 mg/mL, respec-
tively, by the Lowry assay [11].

Disc diffusion: Table 1 represents the antibacterial 
activity of the two crude proteins isolated from N. Oxi-
ana (14 & 65 kD). It also presents the various antibiotic 

Table 1. Antibacterial activity of the immunodominant proteins

Immunodominant Protein or Antibiotic Bacillus Anthracis Streptococcus Pneumoniae

Immunodominant protein 1* 16.5 ± 0.50 7.1 ± 0.36

Immunodominant protein 2 Ω 15.76 ± 0.25 7.43 ± 0.40

Ampicillin 19.26 ± 0.64 24.13 ± 0.41

Gentamicin 35.88 ± 0.34 10.13 ± 0.32

Penicillin 10.66 ± 0.28 16.13 ± 0.20  0.0+0.0

Ciprofloxacin 30.88 ± 0.34 20 ± 0.80

Amoxiclav 19.04 ± 0.16 24.2 ± 0.13

 Each number represents the Mean±SD of inhibition zone in mm (n=4)

*14 kD; Ω 65 kD

Table 2. Antibacterial activities of the immunodominant proteins from N. oxiana

Bacteria Immunodominant Proteins and Standard Antibiotics MIC (μg/ml)

Streptococcus pneumoniae

Immunodominant protein 1 * >120

Immunodominant protein 2 Ω >170

Ampicillin 25

Gentamicin 120

Penicillin 50

Ciprofloxacin 10

Amoxiclav 25

Bacillus anthracis

Immunodominant protein 1* 31

Immunodominant protein 2 Ω 35

Ampicillin 25

Gentamicin 10

Penicillin 120

Ciprofloxacin <5

Amoxiclav 25

* 14 kD; Ω 65 kD
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activities against Gram-positive bacteria, B. anthracis 
and S. pneumonia on Moeller Hinton agar, tryptic soy 
broth and blood agar plates which revealed the inhibitory 
zones for B. anthracis and S. pneumonia, respectively. 
These proteins support the innate defense and immune 
mechanisms against Gram-positive bacteria and snake-
bite venoms. 

Broth microdilution assay of the immunodominant 
proteins: Table 2 represents the Minimum Inhibitory 
Concentration (MIC) values of the immunodominant 
proteins and of the standard antibiotics against the two 
bacteria, B. anthracis and S. pneumonia.

Discussion

Previous studies [3, 9, 10] have demonstrated that a 
variety of snake venoms possess a wide range of anti-
bacterial effects. Generally, antibacterial proteins are cat-
ionic in nature [15] and it is believed that they exert their 
bactericidal effects through increasing the permeability 
of the bacterial membranes, by destabilizing the lipid 
bilayer membranes of the bacteria [16-18]. Similarly, 
the bactericidal mechanism of anionic antimicrobial pro-
teins against Gram-positive bacteria, such as S. aureus, 
involves interactions with the membrane lipids’ head 
groups [17]. In addition to increasing the membrane’s 
permeability, antibacterial proteins and peptides destroy 
bacteria by inhibiting macromolecular biosynthesis [19] 
and interacting with specific molecular components 
within the bacteria [20]. 

Studies have suggested that the interaction of autolytic 
enzymes with peptides and proteins may lead to bacte-
rial death [10, 21, 22]. The mechanisms of bactericidal 
and membrane damaging effects have already been 
confirmed at ultrastructural levels [22]. Lee, et al. [22] 
isolated L-amino Acid Oxidase (LAAO), a 65kD pro-
tein from the venom of King Cobra snake (Ophiophagus 
hannah) and demonstrated that the LAAO had greater 
bactericidal potency against Gram-positive bacteria than 
Gram-negative ones.  Hung, et al. [23] determined the 
molecular weights of the cytotoxins to range between 
8980 and 9323 Daltons. Specifically, various compo-
nents had the following molecular weights: acidic phos-
pholipase A2,16,013 Da;  the zinc metalloproteinase, 
disintegrin-like and Atragin 66,292 and 69,180 Da, re-
spectively. 

These immunogenic and immunoreactive proteins 
have been extracted from Naja atra snake venom. 

In a previous study [10], we identified several immuno-
dominant proteins (14, 22, 32 & 65 kD) in the venom of 
N. oxiana cobra snake. As an extension to that study, we 
investigates the antibacterial effects of the two highly im-
munogenic proteins (14 & 65 kD) against Gram-positive 

bacteria S. aureus and B. subtilis. The MIC values of 
these proteins against these bacteria were comparable 
with those of the tested antibiotics. The only exception 
was Ciprofloxacin, which was far more potent antibacte-
rial agent than the two isolated proteins (Table 2). 

Results from our study on the antibacterial activity of 
the 65kD protein strongly confirmed the findings of pre-
vious studies [10, 21, 22]. However, these proteins were 
only slightly effective against the two Gram-negative 
bacteria, P. aeruginosa and E. coli. Also, the highly im-
munodominant 22 and 32 kD proteins showed slight an-
tibacterial activity against the Gram-positive and Gram-
negative bacteria compared to those reported for the two 
potent proteins in the current study. The results suggest 
that the 14 and 65kD proteins were more potent agents 
against the Gram-positive bacteria, S. aureus and B. sub-
tilis than the Gram-negative E. coli and P. aeruginosa 
[10]. Hence, the reason for undertaking the current study 
to further explore the antibacterial potencies of the two 
proteins.

It is hoped that the findings of this study provide future 
directions for the development of better anti-venomic 
and antibacterial agents toward the management of pa-
tients with snakebites in Iran and other nations in Africa, 
Asia and Oceania. These nations have had serious prob-
lems with the management of such patients and numer-
ous drug-resistant poisonous organisms. In addition, the 
results of this study add new knowledge for the develop-
ment of simple, economical and naturally occurring ther-
apeutic agents, leading ultimately to saving of lives for 
many patients suffering from snakebite envenomation in 
Iran and elsewhere.

Conclusions

The two isolated, immune-dominant proteins from 
N. Oxiana snake venom with the molecular weights of 
14 and 65kD possess potent bactericidal effects against 
Gram-positive bacteria, B. anthracis and to a lesser ex-
tent S. pneumonia. These proteins show MIC values 
comparable to those of standard antibiotics, such as 
Ampicillin, Gentamicin, Penicillin, Ciprofloxacin and 
Amoxiclav. Elucidation of the proteins’ mechanisms of 
action on various bacteria and other microorganisms at 
cellular and molecular levels awaits future research. 

Talebi Mehrdar M. Snake Venom Have Potent Antibacterial and Bacillus Anthracis and Streptococcus Pneumoniae. Iran J Toxicol. 2020; 14(3):139-144.

July 2020, Volume 14, Number 3

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


143

Ethical Considerations

Compliance with ethical guidelines

The study protocol was approved by the Ethics com-
mittee of the Department of Biochemistry at Payame 
Noor University, Tehran, Iran.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Acknowledgements

The author is grateful to the faculty and staff of the De-
partment of Biochemistry at Payame Noor University, 
Tehran, Iran, for their support and guidance provided to 
this study. 

References

[1] Cromwell GL. Antimicrobial and promicrobial agents. 
In: Lewis AJ, Lee Southern L, editors. Swine Nutri-
tion. 2nd ed. Boca Raton: CRC Press; 2000. pp. 401-26. 
[DOI:10.1201/9781420041842.ch18]

[2] Toyama MH, de Oliveira DG, Beriam LOS, Novello JC, 
Rodrigues-Simioni L, Marangoni S. Structural, enzymatic 
and biological properties of new PLA2 isoform from Cro-
talus durissus terrificus venom. Toxicon. 2003; 41(8):1033-8. 
[DOI:10.1016/S0041-0101(03)00085-0] [PMID]

[3] Nair DG, Fry BG, Alewood P, Kumar PP, Manjunatha Kini 
R. Antimicrobial activity of omwaprin, a new member of the 
waprin family of snake venom proteins. Biochem J. 2007; 
402(1):93-104. [DOI:10.1042/BJ20060318] [PMID] [PMCID]

[4] Chippaux JP. Snake-bites: Appraisal of the global situation. 
Bull World Health Organ. 1998; 76(5):515-24. [PMID] [PMCID]

[5] Manjunatha Kini R, Evans HJ. Effects of snake venom 
proteins on blood platelets. Toxicon. 1990; 28(12):1387-422. 
[DOI:10.1016/0041-0101(90)90155-Z]

[6] WHO/Regional Office for South-East Asia. Guidelines for 
the management of snakebites [Internet]. 2016 [Updated 2016 
August]. Available from: https://www.who.int/snakebites/
resources/9789290225300/en/

[7] Barker RA, Ratcliffe E, McLaughlin M, Richards A, Dunnett 
SB. A role for complement in the rejection of porcine ventral 
mesencephalic xenografts in a rat model of Parkinson’s dis-
ease. J Neurosci. 2000; 20(9):3415-24. [DOI:10.1523/JNEURO-
SCI.20-09-03415.2000] [PMID] [PMCID]

[8] Perumal Samy R,  Gopalakrishnakone P,  Thwin  MM, 
Chow  TKV, Bow H,  Yap EH, et al. Antibacterial activity of 
snake, scorpion and bee venoms: A comparison with purified 
venom phospholipase A2 enzymes. J Appl Microbiol. 2007; 
102(3):650-9. [DOI:10.1111/j.1365-2672.2006.03161.x] [PMID]

[9] Perumal Samy R, Gopalakrishnakone P, Ho B, Chow 
TKV. Purification, characterization and bactericidal activi-
ties of basic phospholipase A2 from the venom of Agkistro-
don halys (Chinese pallas). Biochimie. 2008; 90(9):1372-88. 
[DOI:10.1016/j.biochi.2008.04.007] [PMID]

[10] Talebi Mehrdar M, Madani R, Hajihosseini R, Moradi Bid-
hendi S. Antibacterial activity of isolated immunodominant 
proteins of Naja Naja (oxiana) venom. Iran J Pharm Res. 2017; 
16(1):297-305. [PMID] [PMCID]

[11] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem. 
1951; 193(1):265-75. [PMID]

[12] Cutler P, editor. Protein purification protocols. Vol. 244. 
Totowa: Humana Press; 2004. [DOI:10.1385/159259655X]

[13] Zasloff M. Antimicrobial peptides of multicellular organ-
isms. Nature. 2002; 415(6870):389-95. [DOI:10.1038/415389a] 
[PMID]

[14] Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic 
susceptibility testing by a standardized single disk method. 
Am J Clin Pathol. 1966; 45(4):493-6. [DOI:10.1093/ajcp/45.4_
ts.493] [PMID]

[15] Heller WT, Waring AJ, Lehrer RI, Harroun TA, Weiss 
TM, Yang L, et al. Membrane thinning effect of the β-sheet 
antimicrobial protegrin. Biochemistry. 2000; 39(1):139-45. 
[DOI:10.1021/bi991892m] [PMID]

[16] Gazit E, Boman A, Boman HG, Shai Y. Interaction of the 
mammalian antibacterial peptide cecropin P1 with phos-
pholipid vesicles. Biochemistry. 1995; 34(36):11479-88. 
[DOI:10.1021/bi00036a021] [PMID]

[17] Dennison SR, Howe J, Morton LHG, Brandenburg K, Har-
ris F, Phoenix DA. Interactions of an anionic antimicrobial 
peptide with Staphylococcus aureus membranes. Biochem 
Biophys Res Commun. 2006; 347(4):1006-10. [DOI:10.1016/j.
bbrc.2006.06.181] [PMID]

[18] Yenugu S, Hamil KG, French FS, Hall SH. Antimicrobial 
actions of the human epididymis 2 (HE2) protein isoforms, 
HE2alpha, HE2beta1 and HE2beta2. Reprod Biol Endocrinol. 
2004; 2:61. [DOI:10.1186/1477-7827-2-61] [PMID] [PMCID]

[19] Otvos Jr L, O I, Rogers ME, Consolvo PJ, Condie BA, 
Lovas S, et al. Interaction between heat shock proteins and 
antimicrobial peptides. Biochemistry. 2000; 39(46):14150-9. 
[DOI:10.1021/bi0012843] [PMID]

[20] Sahl HG, Pag U, Bonness S, Wagner S, Antcheva N, Tossi 
A. Mammalian defensins: Structures and mechanism of anti-
biotic activity. J Leukoc Biol. 2005; 77(4):466-75. [DOI:10.1189/
jlb.0804452] [PMID]

[21] Perumal Samy R, Gopalakrishnakone P, Bow H, Puspharaj 
PN, Chow VTK. Identification and characterization of a phos-
pholipase A2 from the venom of the Saw-scaled viper: Novel 
bactericidal and membrane damaging activities. Biochimie. 
2010; 92(12):1854-66. [DOI:10.1016/j.biochi.2010.07.012] 
[PMID]

[22] Lee ML, Tan NH, Fung SY, Sekaran SD. Antibacterial ac-
tion of a heat-stable form of l-amino acid oxidase isolated 
from king cobra (Ophiophagus hannah) venom. Comp 
Biochem Physiol C Toxicol Pharmacol. 2011; 153(2):237-42. 
[DOI:10.1016/j.cbpc.2010.11.001] [PMID]

Talebi Mehrdar M. Snake Venom Have Potent Antibacterial and Bacillus Anthracis and Streptococcus Pneumoniae. Iran J Toxicol. 2020; 14(3):139-144.

July 2020, Volume 14, Number 3

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1201/9781420041842.ch18
https://doi.org/10.1016/S0041-0101(03)00085-0
https://pubmed.ncbi.nlm.nih.gov/12875878/
https://doi.org/10.1042/BJ20060318
https://www.ncbi.nlm.nih.gov/pubmed/17044815
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1783991
https://pubmed.ncbi.nlm.nih.gov/9868843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2305789/
https://doi.org/10.1016/0041-0101(90)90155-Z
https://www.who.int/snakebites/resources/9789290225300/en/
https://www.who.int/snakebites/resources/9789290225300/en/
https://doi.org/10.1523/JNEUROSCI.20-09-03415.2000
https://doi.org/10.1523/JNEUROSCI.20-09-03415.2000
https://www.ncbi.nlm.nih.gov/pubmed/10777804
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6773105
https://doi.org/10.1111/j.1365-2672.2006.03161.x
https://www.ncbi.nlm.nih.gov/pubmed/17309613
https://doi.org/10.1016/j.biochi.2008.04.007
https://www.ncbi.nlm.nih.gov/pubmed/18472013
https://pubmed.ncbi.nlm.nih.gov/28496483/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5423255/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://www.springer.com/gp/book/9781588290670
https://doi.org/10.1038/415389a
https://www.ncbi.nlm.nih.gov/pubmed/11807545
https://doi.org/10.1093/ajcp/45.4_ts.493
https://doi.org/10.1093/ajcp/45.4_ts.493
https://www.ncbi.nlm.nih.gov/pubmed/5325707
https://doi.org/10.1021/bi991892m
https://www.ncbi.nlm.nih.gov/pubmed/10625488
https://doi.org/10.1021/bi00036a021
https://www.ncbi.nlm.nih.gov/pubmed/7547876
https://doi.org/10.1016/j.bbrc.2006.06.181
https://doi.org/10.1016/j.bbrc.2006.06.181
https://www.ncbi.nlm.nih.gov/pubmed/16857163
https://doi.org/10.1186/1477-7827-2-61
https://www.ncbi.nlm.nih.gov/pubmed/15327693
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC516789
https://doi.org/10.1021/bi0012843
https://www.ncbi.nlm.nih.gov/pubmed/11087363
https://doi.org/10.1189/jlb.0804452
https://doi.org/10.1189/jlb.0804452
https://www.ncbi.nlm.nih.gov/pubmed/15582982
https://doi.org/10.1016/j.biochi.2010.07.012
https://www.ncbi.nlm.nih.gov/pubmed/20723574
https://doi.org/10.1016/j.cbpc.2010.11.001
https://www.ncbi.nlm.nih.gov/pubmed/21059402


144

[23] Huang HW, Liu BS, Chien KY, Chiang LC, Huang SY, 
Sung WC, et al. Cobra venom proteome and glycome de-
termined from individual snakes of Naja atra reveal medi-
cally important dynamic range and systematic geographic 
variation. J Proteomics. 2015; 128:92-104. [DOI:10.1016/j.
jprot.2015.07.015] [PMID]

Talebi Mehrdar M. Snake Venom Have Potent Antibacterial and Bacillus Anthracis and Streptococcus Pneumoniae. Iran J Toxicol. 2020; 14(3):139-144.

July 2020, Volume 14, Number 3

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/j.jprot.2015.07.015
https://doi.org/10.1016/j.jprot.2015.07.015
https://www.ncbi.nlm.nih.gov/pubmed/26196238

