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ABSTRACT 
 

 

Background: The emergence of antibiotic-resistant strains of Shigella flexneri, an important 

cause of shigellosis, has led to extensive research to find alternative treatment approaches. 

Therefore, in the current study, the antibacterial effects of the green synthesized silver 

nanoparticles (AgNPs) using Spirulina platensis on S. flexneri and also the expression of 

pathogenic genes ipaB, ipaD, ipaH and qnrS were studied. 

Methods: After the synthesis of AgNPs using S. platensis, its antibacterial effects on S. flexneri 

were studied using microdilution method with 96-well plate. Also, in order to determine the 

minimum bactericidal concentration (MBC), 10 µL of the contents of the MIC well and so on 

was swapped on nutrient agar medium. After RNA extraction, cDNA synthesis and primer 

design, expression levels of ipaB, ipaD, ipaH and qnrS genes were studied using Real-Time PCR 

technique. Data analysis was done in GraphPad Prism V.8 software. 

Results: The MIC of the green synthesized AgNPs was measured as 0.0625 μg/ml and its MBC 

was 0.125 μg/ml. The results of RT-PCR analysis indicated a significant decrease in the 

expression levels of pathogenic genes ipaB, ipaD, ipaH and qnrS in AgNPs-treated S. flexneri. 

Conclusion: The green synthesized AgNPs using Spirulina platensis has strong antibacterial 

effects on S. flexneri and the action mechanism was attributed to the downregulations of ipaB, 

ipaD, ipaH and qnrS genes. The in vivo and clinical studied are needed. 
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INTRODUCTION 

Infectious diseases are of the most important 

and common diseases in the world, which cause many 

problems to the health system of most countries, 

especially developing countries (1). One of these kinds 

of diseases is shigellosis, which is caused by Shigella 

sp. bacteria, especially Shigella flexneri (2), and is an 

important cause of bacterial gastroenteritis and 

dysentery (3). 12.5% of deaths caused by diarrheal 

diseases are due to Shigella and its mortality rate is 

higher in children under 5 years of age (4). Clinical 

manifestations include diarrhea, dysentery, high fever, 

abdominal cramps, myalgia, and rectal tenesmus or 

spasm (5).  

The ability of S. flexneri to penetrate into 

epithelial cells is due to the presence of its large 

invasive plasmid whose genes are responsible for the 

coding of invasive proteins (IPs) (6). These invasive 

proteins include ipaA, ipaB, ipaC, ipaD, and ipaH (7). 

After the bacteria contact the host cells, IpaB and IpaC 

inject inosines into the cytoplasm of the cell by creating 

a pore on the plasma membrane (8). IpaD provides 

bacteria with the ability to phagocytize (9), and IpaA 

causes depolymerization of F-actin by binding to 

vinculin (10). On the other hand, ipaH protects Shigella 

from macrophages (11), which can move to the nucleus 

of the host cell and stimulate the secretion of Shigella 

proteins (12). One of the acquired genes involved in 

creating relative resistance to quinolones in Shigella is 

qnrS which protects bacterial DNA by inhibiting the 

binding of quinolones to DNA gyrase and 

topoisomerase 4 (13). 

The administration of water and electrolytes 

as well as prescribing antibiotics such as ampicillin, 

tetracycline, erythromycin, 

trimethoprim/sulfamethoxazole, and in severe cases 

ciprofloxacin are among the treatment approaches (14). 

However, the emergence of antibiotic-resistant strains 

of S. flexneri has reduced the effectiveness of 

treatments (15, 16). Therefore, there is a need for new 

approaches to the treatment of shigellosis. 

Nanoparticles (NPs) have many applications 

in medicine due to their unique physicochemical and 

biological properties (17). The synthesis of NPs using 

chemical approaches is associated with side effects and 

environmental harms, which limit their application 

(18). To overcome these problems, NPs green 

synthesis methods using plant extracts have been 

introduced, which are cost-effective and 

environmentally friendly (18). One of the widely used 

NPs is silver nanoparticles (AgNPs), whose anticancer 

and antimicrobial properties have been studied in many 

studies (19-21). AgNPs have antibacterial properties 

against gram-positive and gram-negative bacteria, and 

this compound has shown antimicrobial effects against 

antibiotic-resistant bacteria (22). For example, AgNPs 

have shown antibacterial effects on E. coli, S. 

Typhimurium, S. aureus and B. subtilis, and it seems 

that the smaller size of this nanoparticle is associated 

with increased antimicrobial activity (23). 

Therefore, the current research was aimed to 

investigate the antibacterial effects of green 

synthesized silver nanoparticles on S. flexneri and 

evaluate the pathogenic ipaA, ipaD, ipaH and qnrS 

genes' expressions. 

EXPERIMENTAL  

AgNPs synthesis 

Ethanol extract of spirulina algae (Spirulife, 

Esfahan, Iran) was used for the synthesis of AgNPs. 

For this purpose, 20 g of dry spirulina powder was 

dissolved in 200 ml of 96% ethanol and placed on a 

shaker at 140 rpm for 35 min. Then, with Whatman 

filter paper, the solution was filtered and the obtained 

extract was centrifuged at 13000 rpm for 20 minutes. 

340 mg of AgNO3 (Merck, Germany) was mixed in 

100 ml of distilled water and 100 ml of spirulina extract 

and placed on a shaker for 24 hours. After observing 

the color change of the solution and ensuring the 

complete reduction of silver ions to silver 

nanoparticles, the sediment was washed three times 
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using a centrifuge at 13000 rpm for 20 minutes. 

Finally, the final sediment was collected after drying at 

40°C for 120 min. 

 

Shigella flexneri culture 

S. flexneri (ATCC 12022) was obtained from 

the Microbiology Department of Pasteur Institute of 

Iran and cultured in nutrient broth at 32°C for 24 hours. 

Then, the bacteria were separated by centrifugation at 

4000 rpm and the McFarland method was used to 

determine the microbial population. The initial 

turbidity of the microbial suspension was determined 

using 0.5 McFarland solution. In order to prepare a 

microbial population equal to 1.5 ×106 bacteria/mL, 

physiological serum was used . 

 

Minimum inhibition and bactericidal concentration 

Microdilution method based on CLSI 2017 

standard was used to measure minimum inhibition 

concentration (MIC) of AgNO3-NPs (19). Briefly, 

successive dilutions of AgNO3-NPs in the 

concentration range of 0.063 to 32 mg/ml were poured 

into the wells of 96-well plates, and then 1 mL of 

nutrient broth was added to it along with 1 mL of 

microbial inoculum (1.5 ×106 bacteria). The plates 

were incubated for 24 hours at 37°C. The well 

containing nutrient broth culture medium with bacteria 

and the well containing culture medium without 

bacteria were considered as positive and negative 

control, respectively. 

To determine the minimum bactericidal 

concentration (MBC), 10 µL from the last well that did 

not show any bacterial growth were taken and cultured 

in MH agar medium. The plates were incubated for 24 

hours at 37°C. 

 

Gene expression 

RNA was extracted using the RNX-PLUS 

method. Briefly, bacteria were trypsinized and 

separated by centrifugation for 48 hours after treatment 

with AgNPs. Then 500 μL of RNX-PLUS solution was 

added to the samples. Then, 200 µL of chloroform was 

added and incubated at 4 °C for 5 min and centrifuged 

at 12000 rpm for 15 min. cDNA synthesis was 

performed using a kit (BioFact, South Korea) 

according to the manufacturer's instructions. 

Primer design was done using NCBI database 

and Primer 3 software. The sequences of the primers of 

ipaD, ipaB, ipaH and qnrS genes are given in Table 1. 

The expression levels of the studied genes were 

determined by RT-PCR technique using the Cyber 

green method (Q Rotor Gene, Qiagen). 16s rRNA gene 

was used as control. The reaction mixture included 7 

µL of master mix, 0.5 µL of forward and reverse 

primers, 5 µL of deionized water, and 1 µL of cDNA. 

The time-temperature schedule of the RT-PCR 

machine is given in Table 2. 

 

Statistical analysis 

2-ΔΔCt method was used to analyze the 

expression levels of ipaD, ipaB, ipaH and qnrS genes. 

Also, the gene expressions between groups were 

analyzed by unpaired Pearson T-Test at probability 

levels of P<0.05. 

RESULTS AND DISCUSSIONS  

Results 

MIC and MBC 

Microdilution method was used to determine 

the AgNPs MIC against S. flexneri and the results 

showed that the growth of bacteria decreased with 

increasing concentration of AgNPs and no bacterial 

growth was observed at the concentration of 0.0625 

μg/ml. Therefore, this concentration was considered as 

the MIC of AgNPs. Next, 10 µL of the wells containing 

0.0312 μg/ml AgNPs and so on were removed and 

cultured in the nutrient agar medium, and after 48 

hours, it was observed that the bacteria did not grow in 

the medium containing 0.125 μg/ml AgNPs and so on. 

Therefore, the MBC of AgNPs against S. flexneri was 

considered 0.125 μg/ml. 
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Table 1. The sequences of primers used for measuring the expression levels of ipaD, ipaB, ipaH and 

qnrS genes by RT-PCR technique 

Gens 

 
Sequence [5'-3'] GC% TM (°C) 

ipaB 
Forward: ACGACTGCTGCAACTAGGAC 

Reverse: GGAACAAGCCCTGAATCCGA 
55 60 

ipaD 
Forward: ACGGAGTTTCCGTCGTTACC 

Reverse: GAAGCCGAGCTTGATGGAGA 
55 60 

ipaH 
Forward: ACGACTGCTGCAACTAGGAC 

Reverse: TGAGATGCTGGAGAATGAGTACC 
50 59.6 

qnrS 
Forward: TCACACATATCGGCACCACA 

Reverse: TCGCAAGTTGGCATTGTTGG 
55 59.97 

 

Table 2. The time- temperature schedule of the RT-PCR 

Steps Temp. (°C) Time 

Denaturation & enzyme activation 95 10 min 

Step 1: Denaturation 95 15s 

Step 2: Annealing 59 25s 

Step 3: Extension & Floresence acquiring 72 30s 

Melting curve analysis 65-95 1°C each step 

 

 

Gene expression analysis 

ipaB & ipaH 

Both ipaB (P=0.006) and ipaH (P=0.004) genes 

expressions in AgNPs-treated S. flexneri were 

decreased significantly compared to the control. The 

expression level of ipaH in control was measured 

1.18±0.3, however, in AgNPs-treated S. flexneri was 

measured 0.33±0.08, indicating downregulation of 

ipaH in AgNPs-treated S. flexneri. The same was seen 

for ipaB gene, and the expression level was decreased 

~3 times compared untreated S. flexneri (Control). 

ipaD & qnrS 

Significant differences in terms of ipaD 

(P=0.005) and qnrS (P=0005) gene expression were 

observed in S. flexneri treated with MIC concentration 

of AgNPs compared to untreated bacteria (Figure 2). 

The expressions of both genes decreased in AgNPs- 

treated S. flexneri, which indicates the effect of AgNPs 

on reducing the expression of S. flexneri pathogenic 
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genes. 

 

Discussion 

The results of the present study showed that 

green synthesized silver nanoparticles have 

antibacterial effects against S. flexneri and the 

mechanism of antibacterial effects was attributed to the 

downregulation of pathogenic genes ipaB, ipaD, ipaH 

and qnrS. 

We used Spirulina platensis to synthesize 

green AgNPs. Green synthesis of nanoparticles can 

reduce its side effects on organisms and the 

environment (24). This algae shows good anti-

inflammatory and antioxidant properties due to having 

various beneficial compounds such as vitamins and 

amino acids (25) and is widely used in the synthesis of 

most metal nanoparticles (26, 27). For example, 

Gunasundari et al. (2017) used ultrasonic‐assisted S. 

platensis to synthesize metal nanoparticles including 

Zn, Fe, and Ag and reported antimicrobial effects on 

Gram‐positive and negative bacteria as well as 

Aspergillus niger (28). Also, Mahdieh et al. (2012) 

used this algae for the synthesis of crystallized silver 

nanoparticles (SNPs) (29). Therefore, the S. platensis 

has great potential in the green synthesis of metal 

nanoparticles due to convenient to handle, low toxicity 

and reduction of harmful effects on the environment 

(30), and the results of the present study confirm that 

this algae can be used in the green synthesis of AgNPs. 

The synthesized green AgNPs showed 

antibacterial effects on S. flexneri, which showed the 

potential of its application in the treatment of diseases 

caused by this pathogen. Its MIC was calculated as 

0.0625 μg/ml, which is lower than other studies 

investigating the anti-Shigella effects of silver 

nanoparticles. This difference can be attributed to the 

nanoparticle synthesis method and bacterial species. 

For example, Angamuthu et al. (2023) estimated the 

MIC of M. indica silver nanoparticles on the multi-

drug-resistant strain S. flexneri to be 20 μg/ml (31), 

which is much higher than the present study. This 

difference can be attributed to the different strain and 

the method for AgNPs synthesis. In the study of 

Bagherzade et al. (2017), the MIC of green AgNPs 

synthesized by the aqueous extract of saffron plant on 

pathogenic bacteria was reported to be 250 μg/mL, 

which shows a very high value (32). It seems that 

synthesis factors, bacterial strains and toxicity criteria 

are important factors in this difference. In another 

study, Muthukrishnan et al. (2015) reported the highest 

inhibitory concentration of pathogenic bacteria by 

AgNPs synthesized with Ceropegia thwaitesii as 100 

μg/mL (33). They used the disk diffusion method to 

investigate the antimicrobial effects of AgNPs, while 

in the present study, the microdilution method was 

used, which can explain the reason for this difference 

in the antibacterial concentration of this nanoparticle. 

In the present study, it was observed that 

green synthesized AgNPs using spirulina caused 

changes in the expression of pathogenic genes such as 

ipaB, ipaD, ipaH and qnrS in S. flexneri bacteria and 

reduced their expressions. Therefore, in this research, 

it was found that the anti-Shigella mechanism of 

AgNPs is the effect on the expression of pathogenic 

genes. These genes play an important role in the 

penetration of bacteria to the epithelial cells and also 

protect the DNA against destructive factors (12). 

Therefore, the synthesized green AgNPs increase the 

sensitivity of Shigella flexneri to protective agents by 

reducing the expressions of ipaB, ipaD, ipaH and qnrS 

genes, thus exerting anti-Shigella effects. 

 

CONCLUSION 

The green synthesized AgNPs using Spirulina 

platensis has strong antibacterial effects on S. flexneri 

and the action mechanism was attributed to the 

downregulations of ipaB, ipaD, ipaH and qnrS genes. 

The in vivo and clinical studied are needed. 
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Figure 1. ipaB and ipaH genes expressions in AgNPs treated and untreated (control) S. flexneri. ** 

shows significant differences at probability level of P<0.01. 

 

 

Figure 2. ipaD and qnrS genes expressions in AgNPs treated and untreated (control) S. flexneri. ** and 

*** show significant differences at probability level of P<0.01 and P<0.001, respectively. 
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