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Introduction: Infectious diseases are one of the main causes of death worldwide. 

This has driven scientists to invest in extraction and identification of antimicrobial 

agents from natural toxins and presentation of novel antibiotics and vaccines. The 

aim of the current study is to investigate the antibacterial and cytotoxicity effects 

of the protective antigen domain 4 (PAD4) from Bacillus anthracis as a strong 

immunogen and vaccine candidate for B. anthracis. 

Matherial and Methods: In this study, the antibacterial effect of the antigen was 

evaluated in concentrations of 0.28-4.5μg/ml using MTT reduction and MIC assays 

and the anticancer effect of the recombinant PAD4 on MCF-7 cell line was 

examined in concentrations of 0.5-2μg/ml via MTT, neutral red uptake, and comet 

assays. NO, GSH and catalase determination assays following the treatment with 

PAD4 was also evaluated.  

Results: According to the antibacterial results, PAD4 did not show any antibacterial 

effect against S. aureus, but very little inhibition on E. coli cells' growth was 

recorded. The results of MTT and neutral red assays showed that this antigen has a 

significant inhibiting effect on cancer cell growth. Comet assay results showed that 

PAD4 can cause death of breast cancer cells by apoptosis induction. NO, GSH and 

catalase determination assays did not show any significant fluctuations following 

the treatment with PAD4. 

Conclusion: Our results showed that this antigen does not have any antibacterial 

effect but it can inhibit the proliferation of breast cancer cells, making PAD4 a 

candidate for producing antitumor drugs. 
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Introduction 

Bacillus anthracis is the cause of anthrax, a zoonotic 

disease which is transmitted to humans via direct or 

indirect contact with grazing herbivores, such as cattle, 

sheep, etc (1). This bacterium has a circular DNA of 

4.5 megabase pairs which has been sequenced (2). 

Besides the circular DNA, the bacterium also has two 

very significant plasmids which contain the genes for 

virulence and capsid production (3).  

 

A pathogenic B. anthracis must contain two large 

plasmids: pXO1 which holds the genes coding the 

toxins and pXO2 inclosing the capsule producing genes. 

Removal of either plasmid results in the deletion of the 

genes coding the toxin or the capsule proteins, which in 

turn causes the loss of pathogenicity. The toxin is 

produced by the plasmid PBA1 or pXO1 which hold 

coding genes for three proteins: the edema factor (EF), 

the protective antigen (4) and the lethal factor (5). The 

protective antigen is coded by the pag gene enriched in 

A/T (69%) and lacks cysteine.  
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The molecular weight of the protein is 83kDa, 

consisting of 735 amino acids which result in a flat and 

tall protein. This protein enables the entrance of the EF 

and LF toxins to the cytosol (6).  

A study in 2001 on some domains of PA in A/J mice 

showed that the immune response to these domains is 

similar to that caused by the complete recombinant 

protein (7). So PA is the major component of the 

current vaccine against anthrax infection (4). 

The cell binding domain of protective antigen (PAD4) 

has high immunogenicity potential and always was 

considered as a vaccine candidate against anthrax (8, 

9). For this reason, PAD4 has been considered for 

vaccine design against B. anthracis as PAD4 

preparation is more cost-efficient than PA preparation. 

It should be mentioned that for assurance of the lack 

of side effects and toxicity of the antigen in vitro, the 

antibacterial properties of PAD4 on prokaryotic cell 

(E. coli and S. aureus) were analyzed using MIC and 

MTT assays andalso cytotoxic effects of this protein 

on MCF7 cell line was evaluated.  

Materials and method 

Recombinant PAD4 was provided by Biology 

Research Center of Imam Hossain University (10). 

 Microorganisms and cell lines: 

The Gram-negative bacteria E. coli (ATCC: 25922) 

and a pathogenic strain of the Gram-positive bacteria 

S. aureus (ATCC: 25923) were purchased from the 

Persian Type Culture Collection (PTCC) and the 

MCF7 breast cancer cell line was provided from the 

cellular banks of Iran’s Biological Research Center.  

 Antigen solution preparation 

The buffers needed for antibacterial tests were passed 

through a 0.2 µm filter. The PAD4 antigen was 

dissolved in PBS buffer (pH=7.4) and to prevent any 

contamination during the cellular assays, a 1% 

solution of antibiotics-antimycotics (Invitrogen, USA) 

was added and stored overnight at 4°C prior to use. It 

should be mentioned that the Bradford method was 

used for protein assays. 

 Antibacterial assays 

I. Antibacterial assessment of the recombinant PAD4 

via MTT assay: 

The MTT assay was used for assessment of 

antibacterial properties of recombinant PAD4 (11).  

 

 

The bacterial strains were cultured in a Muller-Hinton 

Broth (MHB) medium and incubated for 5 hours in 

37°C, was reached, 5μl of each bacterial solution (0.5 

McFarland (0.08 – 0.1 OD in 600nm)) was transferred 

to sterile 96-well plates. The recombinant PAD4 

solution was added to the wells in concentrations of 

0.28, 0.56, 1.12, 2.25 and 4.5μg/ml. MHB was added to 

each well to reach the 100μl standard. For positive and 

negative controls, 50μg/ml tetracycline solution and a 

suspension of the bacteria and the culture medium were 

used, respectively. A culture medium with no bacteria 

was used as a blank solution. Each plate was incubated 

for 23 hours at 37°C. Then 5μl MTT (concentration of 

5μg/ml) was added to each plate. The plates were then 

incubated at 37°C for 1 hour in darkness condition. 

After formation of Formazan crystals, 100μl DMSO 

(Sigma-Aldrich, USA) was added to each well and 

incubated 2 hours, the ODs were measured using a plate 

reader (Biotek, USA).  This assay was performed 3 

times, so 3 repeats would be obtained for each 

concentration. The viability of the bacteria after 

incubated with different concentrations of the 

recombinant PAD4 was calculated with the formula 

given below: 

𝐵𝑎𝑐𝑡𝑒𝑟𝑖𝑎 𝑉𝑖𝑡𝑎𝑙𝑖𝑡𝑦 %

=
𝑂𝐷𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘

𝑂𝐷𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘
 𝑥 100 

II. Antibacterial assessment of the recombinant PAD4 

via MIC assay: 

In this study, the antibacterial activity of recombinant 

PAD4 was assessed in vitro. The steps for the MIC 

(minimum inhibitory concentration) assay (12) were 

similar to that of the MTT assay, but after incubation of 

the bacteria at 37°C for 24 hours, without adding any 

other reagents, the OD of each well was measured at 

605nm using a plate reader (Biotek, USA). This assay 

was also repeated 3 times for each concentration. The 

inhibition percentage of the recombinant PAD4 was 

calculated via the below formula: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 %

= (1 −
𝑂𝐷𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘

𝑂𝐷𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘
) 𝑥 100 

 Toxicity and anticancer evaluation of the 

recombinant PAD4 

I. Cell culture: 

For MCF7 culture, DMEM-F12 containing 10% FBS 

(Gibco, USA) was used as a culture medium.  
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The cells were cultured in 25-50m3 culture flasks and 

were stored at 37°C and 5% CO2.  

The culture medium was replaced every 2-3 days.  

II. Toxicity evaluation of the recombinant PAD4 via 

MTT reduction: 

This assay was done according to the method used by 

Zargan et al. In this method, 3×104 cells were cultured 

in 96-well plates. The cells were incubated overnight 

at 37°C with 5% CO2 and 80% humidity. Thus, the old 

culture medium was evacuated and new culture 

medium containing concentrations of 0.5, 1 and 

2μg/ml PAD4 was added to the wells and the plates 

were incubated for 23 hours at the stated conditions. 

After that, 5μl MTT solution (5μg/ml) was added to 

each well and incubated for 2 hours in order to 

formation of formazon crystals. Then each well was 

washed with PBS and 100μl DMSO was added. The 

culture medium and medium containing cells were 

used as positive and negative controls in this assay, 

respectively. The OD for each plate was determined 

using a plate reader (Biotek, USA) at 570nm. This 

assay was also repeated 3 times. The viability percent 

of cells after incubation with the recombinant PAD4 

was evaluated according to the formula given below: 

𝐶𝑒𝑙𝑙 𝑉𝑖𝑡𝑎𝑙𝑖𝑡𝑦 %

=
𝑂𝐷𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘

𝑂𝐷𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘
 𝑥 100 

III. Toxicity evaluation of the recombinant PAD4 via 

neutral red uptake assay: 

The procedure for this assay (13) are similar to that of 

the MTT assay mentioned above, but after incubation 

with the recombinant PAD4 for 23 hours, instead of 

MTT solution, 1μl neutral red solution (5μg/ml) was 

added to each well. Thus, the cells were incubated at 

darkness conditions at 37°C with 5% CO2 and 80% 

humidity until the formation of neutral red crystals 

(upon the linkage of neutral red with the cell 

lysozyme). The solution in each well was evacuated 

and after washing each cell with PBS, 100μl fixing 

buffer (37% formaldehyde, 10% calcium chloride) 

was added and incubated for 1 min.  Then100μl of the 

solvent buffer (0.5% acetic acid) was added. The 

plates were then placed on a shaker for 20 minutes in 

darkness conditions and room temperature. Thus, the 

ODs were assessed at 540nm via a plate reader 

(Biotek, USA). This assay was also repeated 3 times.  
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The growth inhibition percent of different 

concentrations of recombinant PAD4 was evaluated 

according to the below formula:  

 

 

𝐶𝑒𝑙𝑙 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 %

= (1 −
𝑂𝐷𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘

𝑂𝐷𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂𝐷𝐵𝑙𝑎𝑛𝑘
) 𝑥 100 

 Assessment of apoptosis induction by recombinant 

PAD4 by Comet assay: 

Comet assay or single-cell gel Electrophoresis is one of 

the best methods for DNA fragmentation analysis (14). 

12×104 cells were cultured in 24 well plateand incubated 

overnight at 37°C, 5% CO2 and 80% humidity. The 

culture medium and culture medium containing cells 

were used as the blank and control, respectively. After 

that, the primary culture medium was evacuated from 

each well and 300μl of new free serum medium and 0.5, 

1 and 2μg/ml of the recombinant PAD4 was added. The 

plates were incubated for 24 hours at 37°C, 80% 

humidity and 5% CO2. After 24 hours, the cells from 

each well were collected using trypsin-EDTA solution 

and gathered in a 1.5ml tube. The microtubes were 

centrifuged at 1500rpm for 5 minutes at 4°C and the 

supernatant was discarded. The cells were washed with 

PBS (pH=7.4). Thus, 200μl PBS was added to each 

microtube and with a sampler and insulin syringe, the 

cells were separated from each other to become singular. 

The required slides were covered with normal melting 

point agarose (1% NMA) suspension. The cell 

suspension was mixed with a low melting point agarose 

(1% LMA) by a 1 to 2 ratio and the solution was 

transferred to the slides. In order to create one layer of 

cells, a covering glass was placed on each slide. In order 

to achive cell lysate, all the slides were placed in cold, 

fresh lysis buffer (2.5M NaCl, 100mM EDTA, 10mM 

Tris, 9,2M NaOH, 1% Triton X-100, pH=10) for16-18 

hours in 4°C. Then, the slides were washed for 20 

minutes with an electrophoresis buffer two times 

(300mM NaOH, 1mM EDTA, pH>13) and in order to 

separate the double-stranded DNA, the slides were 

placed in a cold electrophoresis buffer and were 

incubated in the refrigerator for 40 minutes. 

Subsequently, the slides were placed in an 

electrophoresis tank containing buffer and 

electrophoresis was done in 4°C for 45 minutes in 25V 

and 300mA. The samples were placed in a neutralizing 

buffer (100mM Tris, pH=7.5) for 10 minutes so the 

basic environment would be balanced.  
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For staining, 100μl of ethidium bromide was added to 

each slide and the slides were placed in room 

temperature for 10 minutes. The slides were then 

washed for 10 minutes with doubled distilled water 

and examined under a fluorescent microscope.  

For each sample, images of at least 100 cells were 

gathered and the results were analyzed statistically. 

 Cellular NO assessment via reactive nitrogen 

species assay: 

NO assay was done according to the Griess reaction 

assay (15). The cells were cultured in 96-well plate; 

2×104 cells per each well. The plate then incubated for 

overnight. After that, the culture medium was emptied 

and the cells, along with fresh medium, were exposed 

to different concentrations of the recombinant PAD4 

(0.5, 1 and 2μg/ml). After 24 hours, the culture 

medium was emptied and the contents of each well 

were transferred to a vial. After centrifugation under 

500g for 5 minutes in 4°C, 100μl of the supernatant 

was transferred to a 96-well plate and mixed with 

equal amounts of Griess reagent (0.04g/ml in PBS, 

pH=7.4Sigma aldrich USA). Thus, the plates 

incubated in room temperature for 10 minutes. The 

ODs were read in 540nm with a microplate reader 

(Bio-Rad, USA). Nitrite concentrations in control cells 

and treated cells were calculated using the NO 

standard graph and presented as μM/ml. 

 GH evaluation in breast cancer cells 

Reduced glutathione (GSH) evaluation was 

determined according the Owen JB et al. method (16). 

5×105 cells were cultured in 24-well plate in. After 

incubation for an overnight, a fresh culture medium 

with different concentrations of recombinant PAD4 

(0.5, 1 and 2 μg/ml) was added to each well and the 

plates were again incubated for 24 hours. The cells 

were then removed from the plates, washed with PBS 

(pH=7.4) and centrifuged for 5 minutes under 5000g 

in 4°C. Thus, they were incubated in -20°C for 30 

minutes. 100μl of cold lysis buffer, containing 10mM 

Tris-HCL, 150mM NaCL, 1mM EDTA and 1% 

Triton X-100 (pH=7.5), was added and the plates were 

then incubated in room temperature for 30 minutes. 

The cell extract was sonicated for 10-15 minutes and 

then centrifuged for 10 minutes under 2000g and the 

supernatant was gathered. The protein concentration 

was evaluated via the Bradford method. After that, 

equal amounts of 10% TCA were added to the 

supernatant and the solution was stored at 4°C for 2 

hours.  

 

The contents were then centrifuged for 15 minutes under 

5000g and the supernatant was gathered. Thus, 20μl of 

the sample was mixed with 75μl lysis buffer, 55μl Tris 

buffer containing 0.02M EDTA (pH=8.5), and 25μl 

DTNB (5,5/ dithiol bis (2-N benzoic acid)).  

The ODs of the chromogen (yellow) were assessed in 

412nm with a microplate reader. The result was 

expressed as μg GSH/mg protein using molar extinction 

coefficient of 13600.  

 

𝐺𝑆𝐻 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 =
𝑂𝐷 𝑥 1.998

𝑆𝑎𝑚𝑝𝑙𝑒 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (𝑚𝑔)
 

 

 Catalase activity evaluation 

This assay was done according to the method proposed 

by Montavon et al. (17) and the extracellular catalase 

activity was evaluated. In a 24-well plate, 5×105 cells 

were cultured in each well. After overnight incubation, 

the fresh culture medium was replaced and different 

concentrations (0.5, 1 and 2μg/ml) of PAD4 

recombinant protein was added. The plates were 

incubated for 24 hours. Cells then trypsinized and 

harvested in fresh 1.5 ml tubes and centrifuged at 1500 

rpm for 5 min at 4°C and washed with PBS (pH 7.4) two 

times and incubated at -20°C for 30 min. 200 μl chilled 

lysis buffer (NaCl 2.5 M, EDTA 100 mM, Tris 10 mM, 

NaOH 0.2 M, Triton X-100 %1 and pH 10) was added 

and incubated for 30 min at room temperature. The 

lysate was sonicated for 10-15 minutes and then, 

centrifuged under 2000g for 10 minutes and the 

supernatant was gathered. After protein assessment via 

the Bradford method, 5μl of the sample was transferred 

to an Eppendorf tube and was mixed with 50μl of the 

lysis buffer, 20μl double distilled water and 25μl H2O2 

(15%). After the mixtures were shaken, they were 

incubated for 2 minutes at 37°C. They were then mixed 

with 100μl dichromate acid reagent (0.1 M potassium 

dichromate in glacial acetic acid) and placed in a water 

bath of 100°C for 10–15 minutes so the sample color 

would change to a greenish/faint color. Then, 200μl of 

the sample was poured into the wells of a 96-well plate 

and the ODs were assessed with a plate reader at 570nm. 

The results were converted into activity using molar 

extinction of catalase as 43.6 and expressed as µm of 

hydrogen peroxide consumed/min/mg protein. 

𝐶𝑎𝑡𝑎𝑙𝑎𝑠𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 =
𝑂𝐷 𝑥 36.49

𝑆𝑎𝑚𝑝𝑙𝑒 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (𝑚𝑔)
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 Statistical analysis 

The results of each test were presented as Mean±SD 

values and the acquired data were analyzed statically 

using the GraphPad InStat software.  

The results from the different protein concentrations 

were surveyed in comparison to the control group and 

also, to the other concentrations via the One-way 

Anova and the tukey test. The significance level was 

set to p<0.05. Microsoft Excel (2013) was used to 

draw the graphs for this study. 

Results 

I. Antibacterial assessment of the recombinant PAD4 

via MTT assay: 

The results from the MTT assay showed that at 

concentrations of 0.28, 0.56, 1.12, 2.25 and 4.5μg/ml, 

there is significant inhibition of growth when 

compared to the control. But the inhibition for each 

concentration is not considered significant when 

compared to other concentrations. Viability 

percentage for the bacteria at concentrations of 0.28, 

0.56, 1.12, 2.25 and 4.5μg/ml is 80.16, 82.6, 87, 81 and 

83.6, respectively. 

The recombinant protein did not show any significant 

inhibition of growth on the S. aureus at concentrations 

of 0.28, 0.56, 1.12, 2.25 and 4.5μg/ml. The viability 

percentage of the bacteria at concentrations of 0.28, 

0.56, 1.12 and 2.25μg/ml was 100 and at 4.5μg/ml, 93. 

 
Figure 1. Viability percentage of E. coli and S. aureus after 

exposure to certain concentrations of the recombinant PAD4 

based on MTT assay. The results for each concentration were 

assessed with respect to the control group. (*: p<0.05), (**: 

p<0.01), (***: p<0.001), (ns: non-significant). 

II. MIC assay results for the recombinant PAD4: 

In vitro antibacterial assessment of the recombinant 

PAD4 via the MIC assay showed that: 
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1. The viability percentages of E. coli at 

concentrations of 0.28, 0.56, 1.12, 2.25 and 4.5μg/ml of 

the recombinant PAD4 were 20, 28.9, 23.7, 23.7 and 

39.3, respectively. The results for the mentioned 

concentrations, when compared to the negative control, 

were significant. 

2. The viability percentages of S. aureus at 

concentrations of 0.28, 0.56, 1.12, 2.25 and 4.5μg/ml of 

the recombinant PAD4 were 15.43, 16.93, 23.95, 15.56 

and 19.6, respectively. The results for the mentioned 

concentrations, when compared to the negative control, 

were significant. 

 
Figure 2. Viability percentage of E. coli and S. aureus after 

exposure to certain concentrations of the recombinant PAD4 

based on the MIC assay. The results for each concentration were 

assessed with respect to the control group. (*: p<0.05), (**: 

p<0.01) ), (***: p<0.001), (ns: non-significant). 

III. Cytotoxicity evaluation results of the recombinant 

PAD4 

• MTT assay results for the effect of the recombinant 

PAD4 on MCF7 cell growth: 

In this study, the MTT assay showed that PAD4 

recombinant ptotein has cytotoxic effect on MCF7 cell 

line. Viability percentage of the cells under the influence 

of PAD4 in concentrations of 0.5, 1 and 2μg/ml was 89, 

61 and 46.3, respectively. The recombinant protein 

proved to have significant inhibition in the mentioned 

concentrations with respect to the control (MCF7 cells 

and culture medium). 

• Neutral red uptake results for the effect of the 

recombinant PAD4 on MCF7 cell growth: 

Inhibition percentage of PAD4 in concentrations of 0.5, 

1 and 2μg/ml on MCF7 cells was 30.2, 40 and 50.56, 

respectively.  
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The PAD4 recombinant protein showed to have 

significant inhibition of the cells in the mentioned 

concentrations in respect to the control (MCF7 cells 

and culture medium). 

 
Figure 3. Evaluation of different concentrations of the 

recombinant PAD4 on breast cancer cells via the MTT assay. 

The concentrations were assessed with regard to the control 

(***: p<0.001). 

 
Figure 4. Evaluation of different concentrations of the 

recombinant PAD4 on breast cancer cells via the neutral red 

uptake assay. The concentrations were assessed in regard to the 

control (***: p<0.001). 

• Comet assay for cytotoxic evaluation of the 

recombinant PAD4 on MCF7 cell growth: 

The comet assay results showed that apoptosis 

induction by concentrations of 0.5, 1 and 5μg/ml of the 

recombinant PAD4 was 18.64%, 19.63%, and 

29.69%, respectively, which were statistically 

significant in regard to the control. 

 

 

 

 

 

 

 

 

 

 
Figure 5. Percentage of apoptosis induction by the recombinant 

PAD4 in breast cancer cells assessed by the Coet assay. The 

results from each concentration were evaluated with respect to 

the control group. (*: p<0.05), (**: p<0.01), (***: p<0.001). 

 

 
Figure 6. Images gathered from the Comet assay; 1) DNA from 

intact cells, 2) apoptotic cells; 40x. 

IV. Reactive oxygen intermediated  

The amount of nitric oxide in cells treated with 

concentrations of 0.5, 1 and 2μg/ml of the recombinant 

PAD4 was 39.61, 40.05 and 40.23, respectively, which 

were not significant when compared to the control. 

 
Figure 7. The amount of NO relased from MCF7 cells into the 

media measured via the reactive nitrogen intermediate assay. The 

results for each concentration were assessed in regard to the 

control. (ns: non-significant). 
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V. Reduced glutathione 

In this study, the possible variations in glutathione 

levels in cells treated with the recombinant PAD4 in 

concentrations of 0.5, 1 and 2μg/ml were assessedThe 

amount of glutathione under the influence of 0.5, 1 and 

2μg/ml of the recombinant PAD4 were 10.97, 10.8 

and 10.34, respectively. These results were not 

significant when compared to control (10.85). 

 

 

 
Figure 8.The amount of glutathione produced under the effect 

of the recombinant PAD4 assessed via the reduced glutathione 

(GSH) assay. The results for each concentration were evaluated 

with respect to the control. (ns: non-significant). 

VI. Catalase activity test results 

Catalase levels in cells treated with the recombinant 

PAD4 in concentrations of 0.5, 1 and 2μg/ml were also 

evaluated. The amount of catalase in cells under 

treatment with the mentioned concentrations was 

744.45, 743.46 and 663.485, respectively. The 

reduction of catalase for concentrations of 0.5 and 

1μg/ml was significant in comparison with the control. 

 
Figure 9. The amount of catalase produced in response to the 

recombinant PAD4 in breast cancer cells assessed via the 

catalase activity assay. The results for each concentration were 

evaluated with respect to the control. (**: p<0.01) and (ns: 

non-significant). 
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Discussion 

PA is one of the recognized antigens for the induction of 

supportive antibodies against Anthrax. The PA protein 

is one of the main vaccine candidates considered in 

researches. When PA is produced in the absence of LF 

and EF as a purified protein, it has proven to be effective 

as a recombinant or weakened vaccine (18). 

In 2001, Flick-Smith et al. conducted a study on the 

different domains of PA along with aluminum 

hydroxide (1.3%) as an adjuvant on A/J mice. They 

showed that the immune response induced after 

immunization with incomplete regions of the 

recombinant PA against STI spores of B. anthracis is 

similar to that induced by the complete, recombinant 

PA. After more research, in this study, it was proven that 

all the groups consisting of the domain 4 in their 

composition were completely preserved (19). Brossier 

et al. in another study showed that there is a reduction in 

immunity of mice immunized with a mutant strain of B. 

anthracis without the PA domain 4 (20). On another 

hand, it was shown that the monoclonal antibodies 

produced against PA, have the most interactional with 

PAD4, which further validates the importance of this 

region (21). All the evidence confirms that PAD4 is a 

principal immunodominant, which can be employed to 

design an engineered vaccine. For the first time, the 

antibacterial activity of the recombinant PAD4 was 

investigated in this study. The MTT reduction assay and 

MIC assay were employed for this matter. The results 

showed that the PAD4 antigen has very little inhibitory 

effect on E. coli and no effect on S. aureus.  

Also, in this study, the cytotoxic effect of the 

recombinant protein was assessed in vitro via the MTT 

assay, neutral red uptake assay and single-cell gel 

electrophoresis (Comet assay). The effect of the protein 

on the production of NO, GSH, and catalase in cells was 

also examined. 

Results of the MTT assay and neutral red uptake assay 

showed that the recombinant PAD4 has significant 

inhibitory effects in concentrations of 0.5, 1 and 2μg/ml 

on the growth of breast cancer cells. The Comet assay 

results also proved that the protein significantly induces 

apoptosis in cells in the mentioned concentrations. 

Evaluation of the results from the MTT assay, neutral 

red assay, and comet assay showed that the PAD4 

causes death in a cancer cell by necrosis and apoptosis 

induction. 
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The results from this study are consistent with the 

results from previous studies which proved that the 

fatal toxin from B. anthracis can destroy macrophages 

by necrosis or apoptosis, depending on two factors: 

toxin concentration and phosphatase activity (22). 

Rogers et al. showed that wild-type PA inhibits both 

vascular endothelial growth factor–induced and basic 

fibroblast growth factor–induced angiogenesis at 

moderate but statistically significant levels. Structure-

activity studies identified a PA mutant that exhibited 

markedly enhanced inhibition of angiogenesis and 

also inhibited tumor growth in vivo (23).  

Leppla and coworkers have constructed mutated PA 

proteins in which the furin protease cleavage site has 

been replaced by sequences selectively cleaved by 

MMPs 2, 9, and urokinase plasminogen activator. 

These  mutated  PA  proteins  selectively  translocate 

toxin  into  MMP-over  expressing  tumor  cells  while  

sparing  non-tumorigenic  cells  when  these  were  

grown  together  in  a  co-culture model (24). 

The investigation also shows that the PAD4 does not 

have a significant effect on the amount of cellular NO 

and glutathione in treated cells compared to the 

control, but in the case of the amount of catalase it’s 

not like that. These results prove that NO and GSH do 

not have a role in apoptosis induction by PAD4 in 

breast cancer cells. Cui et al. showed that continuous 

anthrax lethal toxin infusion is associated with 

circulatory shock but not inflammatory cytokine or 

nitric oxide release in rats (25). 

Conclusion 

Overall, this study shows that the PAD4 antigen 

significantly inhibits the proliferation of breast cancer 

cells in vitro, which is very important from a 

pharmacologic prospect and introduces this antigen as 

a valuable anticancer molecule. However, no 

significant antibacterial activity was recorded for 

PAD4. 

Declaration 

Acknowledgments  
The authors thanks the Biology department of Razi 

University for supporting this article. 

Funding 

Not applicable.  

Conflicts of interest/Competing interests  

The authors declare no conflict of interest. 

 

 

Authors' contributions  

M.P. involved in methodology, and writing the original 

draft, J.Z. and H.H. involved in conceptualization and 

methodology, A.H.N., M.M. involved in methodology, 

H.K.A. involved in methodology, and writing the 

original draft. 

Ethics approval  

Not applicable. 

 

References 
1. Schmidt TR, Scott EJ, Dyer DW. Whole-

genome phylogenies of the family Bacillaceae and 

expansion of the sigma factor gene family in the 

Bacillus cereus species-group. BMC genomics. 

2011;12(1):1-17. 

2. Read TD, Salzberg SL, Pop M, Shumway M, 

Umayam L, Jiang L, et al. Comparative genome 

sequencing for discovery of novel polymorphisms in 

Bacillus anthracis. Science. 2002;296(5575):2028-

33. 

3. Khanna H, Singh Y. War against anthrax. 

Molecular Medicine. 2001;7(12):795-6. 

4. Varshney A, Kumar M, Nagar D, Pal V, Goel A. 

Development of a novel chimeric PA-LF antigen of 

Bacillus anthracis, its immunological 

characterization and evaluation as a future vaccine 

candidate in mouse model. Biologicals. 2019;61:38-

43. 

5. Okinaka R, Cloud K, Hampton O, Hoffmaster A, 

Hill K, Keim P, et al. Sequence, assembly and 

analysis of pX01 and pX02. Journal of Applied 

Microbiology. 1999;87(2):261-2. 

6. Santelli E, Bankston LA, Leppla SH, Liddington 

RC. Crystal structure of a complex between anthrax 

toxin and its host cell receptor. Nature. 

2004;430(7002):905-8. 

7. Brossier F, Weber-Levy M, Mock M, Sirard J-

C. Role of toxin functional domains in anthrax 

pathogenesis. Infection and immunity. 

2000;68(4):1781-6. 

8. Manish M, Verma S, Kandari D, Kulshreshtha 

P, Singh S, Bhatnagar R. Anthrax prevention through 

vaccine and post-exposure therapy. Expert Opinion 

on Biological Therapy. 2020;20(12):1405-25. 

9. Rezaee M, Honari H, Kooshk MRA. Cloning, 

expression and purification of binding domains of 

lethal factor and protective antigen of Bacillus 

anthracis in Escherichia coli and evaluation of their 

related murine antibody. Molecular biology reports. 

2014;41(4):2445-52. 

10. MehrAzin H, Honari H, Saadati M, Alizadeh H, 

Nazarian S. Production of polyclonal antibody 

against domain 4 of protective antigen of Bacillus 

anthracis in laboratory animals. Passive Defence Sci. 

2011;2:19-25. 

 



Vol.5 No.2 Summer & Fall 2022 
Mod Med Lab J 

 

 

11. Wang H, Cheng H, Wang F, Wei D, Wang X. 

An improved 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyl tetrazolium bromide (MTT) reduction 

assay for evaluating the viability of Escherichia coli 

cells. Journal of microbiological methods. 

2010;82(3):330-3. 

12. Veiga A, Maria da Graça TT, Rossa LS, 

Mengarda M, Stofella NC, Oliveira LJ, et al. 

Colorimetric microdilution assay: Validation of a 

standard method for determination of MIC, IC50%, 

and IC90% of antimicrobial compounds. Journal of 

microbiological methods. 2019;162:50-61. 

13. Repetto G, Del Peso A, Zurita JL. Neutral red 

uptake assay for the estimation of cell 

viability/cytotoxicity. Nature protocols. 

2008;3(7):1125-31. 

14. Collins AR. The comet assay for DNA damage 

and repair. Molecular biotechnology. 

2004;26(3):249-61. 

15. Sun J, Zhang X, Broderick M, Fein H. 

Measurement of nitric oxide production in 

biological systems by using Griess reaction assay. 

Sensors. 2003;3(8):276-84. 

16. Owen JB, Butterfield DA. Measurement of 

oxidized/reduced glutathione ratio.  Protein 

misfolding and cellular stress in disease and aging: 

Springer; 2010. p. 269-77. 

17. Montavon P, Kukic KR, Bortlik K. A simple 

method to measure effective catalase activities: 

optimization, validation, and application in green 

coffee. Analytical biochemistry. 2007;360(2):207-

15. 

18. Kaur M, Singh S, Bhatnagar R. Anthrax 

vaccines: present status and future prospects. Expert 

review of vaccines. 2013;12(8):955-70. 

19. Flick-Smith HC, Walker NJ, Gibson P, 

Bullifent H, Hayward S, Miller J, et al. A 

recombinant carboxy-terminal domain of the 

protective antigen of Bacillus anthracis protects 

mice against anthrax infection. Infection and 

immunity. 2002;70(3):1653-6. 

20. Singh Y, Khanna H, Chopra AP, Mehra 

V. A Dominant Negative Mutant of Bacillus 

anthracisProtective Antigen Inhibits Anthrax Toxin 

Action in Vivo. Journal of Biological Chemistry. 

2001;276(25):22090-4. 

21. Albrecht MT, Li H, Williamson ED, 

LeButt CS, Flick-Smith HC, Quinn CP, et al. 

Human monoclonal antibodies against anthrax 

lethal factor and protective antigen act 

independently to protect against Bacillus anthracis 

infection and enhance endogenous immunity to 

anthrax. Infection and immunity. 

2007;75(11):5425-33. 

22. Lin C-G, Kao Y-T, Liu W-T, Huang H-H, 

Chen K-C, Wang T-M, et al. Cytotoxic effects of 

anthrax lethal toxin on macrophage-like cell line 

J774A. 1. Current microbiology. 1996;33(4):224-7. 

 

Mohsen Parsa et al 69 

23. Rogers MS, Christensen KA, Birsner AE, Short 

SM, Wigelsworth DJ, Collier RJ, et al. Mutant 

anthrax toxin B moiety (protective antigen) inhibits 

angiogenesis and tumor growth. Cancer research. 

2007;67(20):9980-5. 

24. Liu S, Bugge TH, Leppla SH. Targeting of 

tumor cells by cell surface urokinase plasminogen 

activator-dependent anthrax toxin. Journal of 

Biological Chemistry. 2001;276(21):17976-84. 

25. Cui X, Moayeri M, Li Y, Li X, Haley M, Fitz Y, 

et al. Lethality during continuous anthrax lethal toxin 

infusion is associated with circulatory shock but not 

inflammatory cytokine or nitric oxide release in rats. 

American Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology. 

2004;286(4):R699-R709. 

 

 

 

How to cite this article: Parsa M, Zargan 

J, Honari H, Hajinourmohammadi A, 

Mousavi SM, Keshavarz Alikhani H. In-

vitro Evaluation of the Antibacterial and 

Cytotoxicity Activity of the PAD4 Antigen 

of Bacillus anthracis as a vaccine candidate. 

Mod Med Lab J. 2022;5(2): 61-69.  


	Introduction
	Materials and method
	Results
	Discussion
	Conclusion
	Declaration
	Funding
	Authors' contributions
	M.P. involved in methodology, and writing the original draft, J.Z. and H.H. involved in conceptualization and methodology, A.H.N., M.M. involved in methodology, H.K.A. involved in methodology, and writing the original draft.
	Ethics approval

	References



