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ABSTRACT 

 
The use of biologically derived metal nanoparticles for various proposes is going to be an issue of 

considerable importance; thus, appropriate methods should be developed and tested for the biological 

synthesis and recovery of these nanoparticles from bacterial cells. In this research study, a strain of 

Klebsiella pneumoniae was tested for its ability to synthesize elemental selenium nanoparticles from 

selenium chloride. A broth of Klebsiella pneumoniae culture containing selenium nanoparticles was 

subjected to sterilization at 121o C and 17 psi for 20 minutes. Released selenium nanoparticles ranged in 

size from 100 to 550 nm, with an average size of 245 nm. Our study also showed that no chemical changes 

occurred in selenium nanoparticles during the wet heat sterilization process. Therefore, the wet heat 

sterilization process can be used successfully to recover elemental selenium from bacterial cells. 
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Today, nano metal particles such as silver and gold have 

drawn the attention of scientists because of their extensive 

application to new technologies in chemistry, electronics, 

medicine, and biotechnology (9). Selenium is also important in 

this respect (18). In medicine, selenium nanoparticles have 

been reported to demonstrate high biological activity and low 

toxicity (17,21).  

The production of metal nanoparticles can be achieved 

through various chemical and biological methods (3,9). Carbon 

disulphide can partially dissolve metal selenium and enable 

extraction of this element from bacterial cells or polluted soil 

and sediments (1). The properties of precipitated selenium 

particles have mainly been investigated by transmission 

electron microscopic methods after a solvent extraction process 

(i.e., by carbon disulphide) or after ultrasonic cell disruption 

(6). However, the synthesis of nanoparticles using 

microorganisms and plant extracts has been suggested as a 

possible green alternative to chemical and physical methods 

(4,10). In recent years, many different techniques have been 

described for the biological synthesis of silver and gold metal 

nanoparticles (10). Although many reports have been 

previously published about the reduction of selenium 
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oxyanions (selenite and selenate) to elemental selenium under 

aerobic and anaerobic conditions, the capacity of a large 

number of bacteria to form selenium nanoparticles has yet to be 

demonstrated (13,20). In one study, Losi and his coworkers 

reported that Enterobacter cloacae were able to remove 

selenium oxyanions from a culture medium by reducing them 

to elemental selenium particles in a range of sizes < 1 µm (8). 

These reported biological processes have been suggested for 

the bioremediation and detoxification of selenium-polluted 

environments (5,8). The main objective of this research was to 

study another biological method of synthesizing selenium 

nanoparticles. 

In this research, a simple wet analytical technique (a 

titrimetric method) was first employed for a preliminary 

evaluation of the reduction potential of Klebsiella pneumoniae 

(Enterobacteriaceae) grown in various culture media. The 

reduction capability of this test strain in converting Se+4 to 

elemental selenium was studied using a specifically chosen 

culture broth. Moreover, in this investigation, the bacterial cell 

mass was treated by a wet heat sterilization process in a 

laboratory autoclave under conventional conditions (121oC, 17 

psi for 20 minutes) and the chemical and morphological 

properties of the released selenium particles were characterized 

by Transmission Electron Microscopy (TEM), UV-Visible 

Spectroscopy and Energy Dispersive Spectroscopy (EDS). 

The test strain was Klebsiella pneumonia from our  

 

 

collection (16). The identity of this strain was further 

confirmed by conventional biochemical methods. Various 

culture broths (Table 1) from Merck KGaA, of Darmstadt, 

Germany, were prepared, sterilized, and inoculated with a fresh 

batch of test strain (K. pneumonia). The culture flasks were 

incubated for 24 h at 37oC. After the incubation period, the 

cultures were centrifuged at 14000 rpm (18000 × g) for 15 

minutes and their supernatants were used for a titrimetric assay. 

In this assay the reduction properties of the different 

supernatants were quantitatively investigated by the 

conventional potassium permanganate back-titration method. 

All supernatants (6 mL) were diluted by distilled water (20 

mL) and acidified with 2 mL of phosphoric acid (1.5 N). Next, 

all diluted samples were oxidized with an excess of potassium 

permanganate (0.1 N) for 30 minutes at 60oC, and the 

unreacted permanganate was titrated with a 0.04 N oxalic acid 

solution. The end-point was determined when the solution’s 

violet color, produced by excess potassium permanganate, 

disappeared. The total concentration of the reduction agents in 

different supernatants was calculated using the volume and 

normality of the permanganate sample-oxidizing solution and 

was reported as mg of KMnO4 per ml of the supernatants. The 

concentration of reduction agents in the various sterile, non-

inoculated culture media were also evaluated using the 

potassium permanganate back titration method and subtracted 

from the total concentration of reduction agents. 

 

 
Table 1. The reduction ability of the culture media before and after K. pneumoniae inoculation and incubation for 24 hours at 

37°C. 

Amount of KMnO4 used for oxidation (mg/ml) 

Culture media Culture broth before 
inoculation (A) 

 

Culture broth after 
incubation with test 

strain (B) 
 

Reduction ability 
(mg/ml) (C)1 

Müller-Hinton broth 3.55 2.43 1.12 

Triptic Soy broth 4.54 2.62 1.92 

Nutrient broth 2.21 1.95 0.26 

Luria-Bertani broth 3.36 2.40 0.96 
1The reduction ability (C) of the test strain in different culture media after an incubation time (24 hours) was determined by 
subtracting the data listed in column B from column A. 
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Preparation of selenium nanoparticles and determination 

of residual Se+4 were performed using following method. A 

uniform inoculum was prepared by aseptically transferring a 

loopful of K. pneumoniae from a Triptic Soy Agar (TSA) plate 

to 100 ml of sterile Triptic Soy Broth (TSB) and growing the 

culture to an OD600 of 1.0. This solution constituted the 

inoculum. TSB at pH 7.2 was prepared, sterilized, and 

supplemented with a 200 mg/l Se+4 solution (equal to 559.19 

mg of selenium chloride). Subsequently, 1% (v/v) of the 

inoculum was added to selenium containing TSB, and the 

culture flask was incubated at 37 °C for 24 hours. A control 

flask containing TSB without selenium chloride was inoculated 

with a test strain and incubated under the same conditions. A 

conventional plating technique was used for monitoring 

bacterial cell concentrations during the incubation period. After 

incubation, the reduction of the Se+4 ions in the solution was 

determined by a potassium permanganate back titration method 

(11). For this propose, an aqueous sample (6 ml) was removed 

and centrifuged at 14,000 rpm (18000 × g) for 15 minutes. 

Next, this supernatant was assayed using the titrimetric 

analysis previously described. Each mg of potassium 

permanganate that was used as an oxidizing agent in the 

titrimetric analysis can be stoichiometrically represented as 

1.66 mg of Se+4 ions. In the next step, K. pneumoniae cells 

containing the red selenium particles were disrupted using a 

wet heat sterilization process in a laboratory autoclave at 

121oC, 17 psi for 20 minutes. The released selenium 

nanoparticles were centrifuged at 14000 rpm (18000 × g) for 

15 minutes and washed three times with distilled water. The 

washed sample was sonicated for 10 minutes (Tecna6, Techno-

Gaz, Italy) and characterized by transmission electron 

microscopy (Philips EM400T/FEG), UV-Visible spectroscopy, 

and energy-dispersive spectroscopy (EDS). 

The results are demonstrated in Table 1 and Fig. 1. The 

reduction properties of different culture supernatants of K. 

pneumoniae were first investigated using an oxidation-

reduction titrimetric assay involving KMnO4 (Table 1). The 

culture supernatant of K. pneumoniae grown in TSB showed 

the highest reduction ability among the tested culture 

supernatants (Table 1). Therefore, this culture media was 

chosen for the biological synthesis of selenium nanoparticles. 

The reduction of Se+4 by K. pneumoniae grown in TSB and the 

formation of selenium nanoparticles were investigated. The 

appearance of a red color in the culture flasks suggested the 

formation of elemental selenium (1). 

The inset to upper left-hand graph in Fig. 1 shows the
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Figure 1. The upper left hand-graph shows the time course of Klebsiella pneumoniae growth in the presence and absence of Se+4 

(200 mg/l). Triptic Soy broth was used as culture media. The inset in this graph (upper left-hand) demonstrates the container 

containing the red selenium particles prepared using Klebsiella pneumoniae after incubation period (24 hours). Upper right graph 

shows the UV-visible spectra of selenium colloid prepared using Klebsiella pneumoniae. Lower left graph demonstrated the 

related particle size distribution histogram obtained after measuring 350 particles from each sample. Also inset illustrations in this 

histogram shows transmission electron micrographs of prepared selenium nanoparticles after the sterilization process. EDS 

spectrum of selenium nanoparticles prepared using Klebsiella pneumoniae before (A) and after (B) the sterilization process are 

shown in the lower right. 

 

 

container of selenium colloid prepared using K. pneumonia. 

The upper left-hand graph in Fig.1 also shows the growth 

profile of K. pneumoniae in the absence and presence of Se+4 

(200 mg/l). The concentration of viable cells has not changed 

during incubation in the presence of Se+4 (200 mg/l). The 

concentration of residual Se+4 ions in inoculated and 

uninoculated Se+4-containing TSB was also determined after 

the incubation period. No selenium reduction was observed in 

the selenium-supplemented TSB without inoculation (sterile 

control), and we did not observe any elemental selenium 

formation in the absence of the test strain. In contrast, the 

concentration of selenium ions was decreased from 200 to 80 

mg/l in culture media inoculated with K. pneumoniae and 

incubated for 24 h at 37° C. 

 The culture containing selenium particles was sterilized 

under the conditions previously mentioned and washed. 

Selenium nanoparticles were further characterized by UV–

visible spectroscopy. The technique outlined above proved to 

be very useful for the analysis of nanoparticles. As illustrated 

in upper right spectrum in Fig. 1 strong, absorption bands with 

a maximum (218, and 248 nm) located between 200nm and 

300nm was observed due to formation of selenium 
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nanoparticles produced during reduction of selenium ions 

(Se+4) (14). 

The inset photographs to lower left-hand histogram in Fig. 1 

show representative TEM images of the selenium nanoparticles 

synthesized by K. pneumoniae and released after sterilization 

process. The particle size histogram of selenium particles (the 

lower left-hand illustration in Fig. 1) shows that the particles 

ranged in size from 100 to 550 nm and possessed an average 

size of 245 ± 82.47 nm (±SD). Our study on the released 

selenium particles using EDS shows that selenium 

nanoparticles remained chemically unchanged during the wet 

heat sterilization process (lower right-hand illustrations). In the 

analysis of the selenium nanoparticles by EDS, the presence of 

elemental selenium signals were confirmed (Lower right-hand 

illustrations). The selenium nanocrystallites displayed optical 

absorption bands, peaking at 1.5, 11.2, and 12.5 keV, which is 

typical of the absorption of metallic selenium nanocrystallites 

(12). Therefore, the wet heat sterilization process can be used 

successfully for recovering elemental selenium from a bacterial 

culture broth. 

In conclusion, Selenium possesses several applications in 

medicine, chemistry, and electronics. In recent years, there has 

been an increasing interest in synthesizing metal particles using 

chemical and biological methods (7,10,22). The use of “green” 

synthesis of metal nanoparticles is going to be of considerable 

importance; thus, appropriate methods should be developed 

and tested, especially for the recovery of these nanoparticles 

from natural resources such as bacterial cells. In the present 

research, an oxidation-reduction titrimetric assay involving 

KMnO4 was first used for determination of the reduction 

properties of different culture supernatants of K. pneumoniae. 

The highest reduction ability was observed for the culture 

supernatant of K. pneumoniae grown in TSB. Therefore, this 

culture media was chosen for the biological synthesis of 

selenium nanoparticles. The bio-recovery of selenium 

nanoparticles from a selenium chloride supplemented TSB was 

further investigated by K. pneumoniae. A wet heat sterilization 

process was used for disrupting the bacterial cells containing 

the selenium particles. The released nanoparticles showed 

nanoparticles in the range of 100—550 nm, with an average 

size of 245 nm. These nanoparticles were chemically stable the 

during sterilization process, suggesting a possible utilization of 

this process (wet heat sterilization) for recovering selenium 

nanoparticles from the cell mass of bacteria, or for recovering 

other intracellular metal nanoparticles generated by 

microorganisms (2,15). In the other hand the strong EDS 

signals from the atoms in the nanoparticles confirmed the 

reduction of selenium ions to elemental selenium and its 

chemical stability during cell disruption using the sterilization 

process. To the best of our knowledge, this is the first report on 

the biogenesis of selenium nanoparticles using Klebsiella 

pneumoniae and their characterization after undergoing a wet 

heat sterilization process. 
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