
 

 

 

 

 

ABSTRACT 

           Background and Objectives: Development of ecofriendly processes for the 

synthesis of metal nanoparticles is of great importance in the field of nanotechnology. 

Microorganisms such as bacteria could be suitable candidates for bioproduction of 

nanoparticles due to their simplicity and high compatibility with the environment. The aim 

of this study was to use bacteria isolates from the effluent of wastewater treatment plants to 

produce silver nanoparticles. 

         Methods: For identifying silver-resistant microorganisms, we used the agar diffusion 

method using PHG II medium containing 0.5 mM silver to determine minimum inhibitory 

concentration. Bacterial identification was done with biochemical testing and polymerase 

chain reaction (colony PCR). Finally, silver nanoparticles were produced in the desired 

bacteria, and the properties of these nanoparticles were studied.  

         Results: We found five silver-resistant bacteria among which Stenotrophomonas 

maltophilia strain MS8 showed the highest resistance (MIC= 6 mM). The bacterium was able 

to synthesize silver nanoparticles in spherical shapes. The results obtained from visual 

observations using UV-VIS, TEM and XRD showed that the bacterium was able to reduce 

silver ions into silver nanoparticles with maximum size of 20 nm.  

Conclusion: Based on our findings, this bacterium could be useful for biosynthesis of silver 

nanoparticles. 

          KEYWORDS: Bacteria, Biosynthesis, Minimum Inhibitory Concentration.  
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easier to cause genetic changes in bacteria 

compared with eukaryotic cells, 3. Bacterial 

system is more stable compared to the plant 

extracts, 4. It is easier to work with bacteria on 

industrial and mass scale, 5. It is easier to 

assess molecular and cellular mechanism of 

nanoparticle formation in bacterial cells, 6. It 

is easier to optimize conditions for production 

of nanoparticles with a particular shape and 

size in a bacterial system (9).  

The aim of this study was to use bacteria 

isolates from the effluent of wastewater 

treatment plants to produce silver 

nanoparticles. 

 

MATERIAL AND METHODS 

       All media used in this study including 

nutrient agar, nutrient broth, Mueller-Hinton 

agar, metal base PHG II agar, metal II PHG 

broth and silver nitrate Ag (NO3) were 

purchased from Scharlu Co., Spain. 

Polymerase chain reaction (PCR) buffer, Taq 

DNA polymerase, 50 mM MgCl2, 10 mM 

dNTPmix, distilled water, primers, green dye, 

agarose powder, DNA ladder, loading dye and 

TBE buffer (1X) were purchased from 

Sinagene Co., Iran. 

Sampling was done from the effluent of two 

silver wastewater treatment plants in Isfahan. 

The temperature, pH and amount of 

biochemical oxygen demand (BOD), chemical 

oxygen demand (COD) and electrical 

conductivity (EC) of the effluent samples were 

measured. The number of heterotrophic 

bacteria present in each sample was calculated 

using the pour plate method with three 

replications. First, a series of dilutions was 

prepared from the samples and later cultured 

on nutrient agar using the pour plate method. 

Based on morphology of colonies grown on 

the medium, the desired colonies were selected 

and cultured in the PHGII medium containing 

0.5 mM silver. Then, minimum inhibitory 

concentration (MIC) of isolates resistant to 

heavy metals was determined using the agar 

dilution method (10).  

A metallic solution at an appropriate 

concentration was added to the culture 

medium. Then, resistant colonies were 

cultured on the surface of a plate (11). 

Biochemical testing and colony PCR were 

performed after Gram staining for 

identification of the resistant bacteria. The 

isolates  were  cultured  in  PHG  II  broth  and 

INTRODUCTION 

        Synthesis of nanoparticles is a green and 

nontoxic method that has recently received a 

lot of attention. Various microorganisms feed 

on organic and mineral resources present in 

the environment for metabolism and vital 

processes. During these processes, exposure to 

metal ions lead to accumulation of the metal 

ions within or on their cell wall of these 

microorganisms, which mainly results in 

production of nanoscale particles (1). 

Although heavy metals are essential 

micronutrients for many microorganisms, they 

are harmful and toxic to humans in high 

concentrations. Therefore, it is necessary to 

remove heavy metals present in effluents 

before discharging them into water systems to 

avoid human health consequences (2). 

Biosorption of heavy metals is an effective and 

important technique employed for separation 

of heavy metals from industrial effluents and 

natural water resources (3). According to 

studies conducted on physiology and genetics 

of bacteria, there are four main mechanisms 

for protection of biological systems against 

these metal contaminants: 

1. Efflux systems (outward diffusion) 

This mechanism transfers toxic metal ions out 

of the cell (4). This mechanism may be 

ATPase-dependent or -independent, but it is 

specific for a particular heavy metal ion (5). P-

type ATPases have a main role in this type of 

resistance to heavy metals, and are a large 

family of membrane proteins that perform 

active ion transport across biological 

membranes (6).  

2. Accumulation and complex 

Due to the presence of metallothioneins and 

cysteine-rich proteins, this mechanism 

prevents exposure of essential cellular 

components to contaminants (4). 

3. Reduction 

Upon entry to the cell, toxic metal ions are 

enzymatically reduced and then exported from 

the cell into the environment (7).  

4. Altering the cellular components 

Some microorganisms may adapt to the 

presence of heavy metals through mutations 

that decrease the sensitivity to metal 

contaminants but maintain the cellular 

function by increasing the production of metal-

sensitive products (8). 

Synthesis of nanoparticles by bacteria has the 

following advantages: 1. It is easier to examine 

production of nanoparticles by bacteria, 2. It is  
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temperature and BOD, COD and EC values 

compared to the sample from treatment plant 1 

(S1). In addition, S2 had a lower pH (close to 

neutral) and amount of silver compared to S1. 

Mean number of heterotrophic bacteria in S2 

(153.5 × 10
4
 CFU/ml) was greater than that in 

S1 (55.6 × 10
4
 CFU/ml), but the mean number 

of silver-resistant heterotrophic bacteria in S1 

(5.297 × 10
4
 CFU/ml) was greater than that in 

S2 (2.187 × 10
4
 CFU/ml). This could be due to 

the higher concentration of silver present in 

S1. We detected five silver-resistant isolates. 

Table 2 represents the MIC and minimum 

bactericidal concentration (MBC) values of the 

isolates detected. The results obtained from 

blast and phylogenetic tree of isolate Ag6 

revealed that the strain was closely related 

(99% similarity) to the bacterium 

Stenotrophomonas maltophilia R551-3. 

Therefore, the bacterium was registered in the 

GenBank (NCBI) as a new strain called S. 

maltophilia MS8 with the access number 

KP742984. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

placed on a shaking incubator at 30 °C for 24 

hours. The bacterial cultures were centrifuged 

at 2,500 rpm for 5 minutes, and the pellet was 

rinsed with deionized distilled water three 

times. One gram of the bacterial cells was 

added to an Erlenmeyer flask containing 25 ml 

of 1 mM silver nitrate solution. The flask was 

placed on a shaking incubator at 30 °C until a 

brown solution was obtained. After assessing 

qualitative changes in the sample, a small of 

amount of the resulting liquid was used to 

evaluate absorption spectrum using a UV-VIS 

spectrophotometer. The remaining deposits 

(the biomass of the desired bacterium) were 

dried by lyophilization. Finally, morphological 

and physicochemical properties of the samples 

were evaluated by X-ray diffraction (XRD) 

and transmission electron microscopy (TEM). 

 

RESULTS 

        Table 1 shows the physicochemical 

properties  of  the  effluents  studied.  The 

sample  from treatment plant 2 (S2) had higher  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effluents BOD5           

(mg/l) 

COD (mg/l) PH Temperature (C˚ ) EC (
𝒅𝒔

𝒎
 ) Ag  (ppm) 

Sample from effluent 
of silver treatment 

plant 1 (S1) 

 

 

5 

 

10 

 

8.15 

 

15 

 

509 

 

3.53 

 

Sample from effluent 

of silver treatment 

plant 2 (S2) 

72 184 6.79 17.2 655 0.893 

 

Table 1 - Physicochemical properties of the effluents collected from the silver treatment plants  

Isolate Concentration of silver (mM) MIC (μg/ml) MBC 

(μg/ml) 

0.5 1 1.25 1.5 1.75 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8   

Ag1  + +   -   -   - -  - -   - -  - -  - -  - -  - - 2 3 

Ag2.5  + +   +  +   + +  + -  - -  - -  - -  - -  - - 3.5 4.5 

Ag3  + +   +  +   + +  + +  - -  - -  - -  - -  - - 4 5 

Ag5  + +   +  +   + +  + +  + +  - -  - -  - -  - - 5 6 

Ag6  + +   +  +   + +  + +  + +  + +  - -  - -  - - 6 7 

 

Table 2- The MIC and MBC values of silver-resistant bacteria  

Figure 1- The phylogenetic tree obtained from isolate Ag6 
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brown solution. Therefore, the isolate was 

selected for further processing. UV-VIS 

absorption spectrum of S. maltophilia MS8 

reached its peak at 345 nm in the presence of 1 

mM silver nitrate at 500 °C (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Among the five resistant isolates, S. 

maltophilia MS8 (MIC=6 μg/ml) was able to 

turn the colorless stock solution of silver 

nitrate (containing 0.4246 g of silver nitrate in 

25 ml of deionized distilled water) into a dark-  

 

 

 

 

 

 

 

 

 

 

Effluent  

Code and number 

of the isolate 

 

Morphology and 

Gram stain 

 

Genus, species and 

subspecies of the 
bacteria 

 

Microscopic 

images 

S1  

Ag1 

 

Gram-negative 

rod 

 

Escherichia coli 
strain O157: H7 

Sakai 

 

 

Ag2.5  

 

 

Gram-positive 

rod 

 

Bacillus toyonensis 
strain BCT-7112 

 

S2  

 

Ag3 

 

 

Gram-negative 

rod 

 

Pseudomonas 
aeruginosa 

strain PAO1 

 

 

Ag5 

 

Gram-negative 

rod 

 

Sphingobium 
xenophagum 
strain BN6 

 

 

Ag6 

 

Gram-negative 

rod 

 

Stenotrophomonas 
maltophilia strain 

MS8 

 

 

Table 3- Molecular and microscopic identification of the five silver-resistant bacteria 

 

 

Figure 2- The UV-VIS absorption spectrum of S. maltophilia MS8 
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Azadirachta indica soluble extract for the 

synthesis of silver nanoparticles (21). 

In the UV-VIS graph, we found a specific 

absorption peak at 345nm and another peak at 

278 nm. Narasimha et al. observed an 

absorption peak at 280 nm and reported that 

this may be due to the presence of the amino 

acids (tryptophan and tyrosine) remaining in 

the bacteria, which were fixed along with 

silver nanoparticles (22). The presence of 

silver nanoparticles could be assessed by 

reading optical density at a wavelength 

between 300 and 500 nm using a UV-VIS 

spectrophotometer. In this method, a peak at 

345 nm would verify the presence of silver 

nanoparticles (23). 

In our study, the results obtained from XRD at 

111, 200, 220, 311 and 222 were consistent 

with the reference card of silver nanocrystals 

(JCPDS 04-0783) (24). However, only at angle 

of 24.8°, the result of XRD was similar to the 

reference card of Ag2O (JCPDS 76-1393) (25). 

The images obtained from TEM showed that 

the silver bio-nanoparticles produced in our 

study have spherical shape and diameter of 20 

nm. Zaki et al. observed that E. coli (S30, 

S78), B. megaterium (S52), Acinetobacter spp. 

(S7) and S. maltophilia (S54) are potential 

candidates for synthesis of silver nanoparticles 

(26), which is in agreement with our findings. 

Saifuddin et al. used B. subtilis to produce 

silver nanoparticles with diameter of 5-60 nm 

(27). Ashengroph et al. also produced silver 

nanoparticles in size of 5-20 nm using 

Ralstonia (28). Since smaller particles have a 

larger surface area to volume ratio, which 

would increase the particles efficiency, it can 

be concluded that the nanoparticles produced 

in our study may have high performance in 

nanotechnology.  

 

 

 

 

 

 

 

DISCUSSION 
         Bacteria and all other microorganisms 

are influenced by environmental factors. In our 

study, pH of S1 and S2 was alkaline and acidic 

(close to neutral), respectively. The desirable 

pH for most bacteria is neutral, and changes in 

the pH of an environment will affect the 

microbial population of that environment (12). 

As expected, we observed a decline in the 

population of heterotrophic bacteria in S1. 

This finding is consistent with the study of 

Albughbish et al. (13). The mentioned study 

stated that the population of heterotrophic 

bacteria increases significantly in neutral pH 

compared to acidic and alkaline conditions. In 

this study, we found no relationship between 

the increased EC and the population of 

bacteria, which is similar to the results of a 

study by Tahmourespour et al. (14). Similar to 

our study, Hussein et al. observed that elevated 

BOD and COD would increase the population 

of heterotrophic bacteria (15). However, a 

study by Azadany has shown the opposite 

(16). 

We also found that presence of toxic 

concentrations of silver reduced the number of 

bacteria. Several studies have shown the 

notable effects of heavy metals on microbial 

population. On the other hand, 

microorganisms resistant to these pollutants 

are able to tolerate metal toxicity (17). 

Similar to our study, Nangia et al. managed to 

produce gold nanoparticles using a new strain 

of S. maltophilia, which was isolated from a 

gold mining area (18). Some previous studies 

have used different concentrations of silver 

nitrate solution to produce silver nanoparticles 

using E. coli and P. aeruginosa (19, 20). In the 

present study, after determining the MIC, we 

used 1 mM of silver nitrate for the production 

of nanoparticles.  In 2016,  Ahmad  et al.  used  

 

 

Figure 3- The XRD graph for the silver nanoparticles produced at 500 °C 
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CONCLUSION 
       Our findings indicate that the bacteria 

isolates from effluent of silver treatment plants 

could be useful for the biological removal of 

the heavy metal such as silver. Moreover, 

these microorganisms could be used for 

biological production of silver nanoparticles. 
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