
  
Abstract—Today, biogenic magnetite nanoparticles among 

magnetic nanoparticles have unique attracted attention because of 
their magnetic characteristics and potential applications in various 
fields such as therapeutic and diagnostic. A well known example of 
these biogenic nanoparticles is magnetosomes of magnetotactic 
bacteria. In this research, we used two different types of technique for 
the isolation and purification of magnetosome nanoparticles from the 
isolated magnetotactic bacterial cells, heat-alkaline treatment and 
sonication.  Also we evaluated pyrogen content and sterility of 
synthesized the isolated individual magnetosome by the Limulus 
Amoebocyte Lysate test and direct impedimetric method 
respectively.  

 
Keywords—Biogenic magnetic nanoparticles, Magnetosome, 

Magnetotactic bacteria, Nanobiotechnology 

I. INTRODUCTION  
charming example for the biogenic nanoparticles is the 
biomineralization of magnetic nano-particles by 

magnetotactic bacteria (MTB). Biomineralization is a 
precision process that produces complex nano-structures 
consisting of organic and inorganic components of uniform 
size and highly ordered morphology that self-assemble into 
structures in a hierarchical manner [1].  

Magnetotactic bacteria synthesize intracellular magnetic 
nano-particles (Magnetosomes), which are enveloped by a thin 
organic membrane. Because of the appearance of amino and 
carboxyl bases associated with the surface of the membrane, 
these bacterial magnetic nanoparticles could be used as the 
perfect carriers of antibodies, medical drugs and therapeutic 
radioisotopes. In addition, these nanoparticles can be easily 
dispersed in aqueous solutions because of their enclosing 
membrane. Thus they have potential for various 
biotechnological applications [1], [2], [3], [4]. Today, 
synthesis of nanoparticles of different chemical composition, 
controlled size is an important area of research in 
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nanotechnology. Magnetotactic bacteria synthesize nano-sized 
magnetite crystals that are highly consistent in size and 
morphology within bacterial species compared with artificial 
magnetite particles, which making them ideal nano-
biotechnological materials [1], [4], [5]. MTB's particle sizes 
are typically 35–120 nm, which is within the single magnetic-
domain size for magnetite and greigite [4], [6].  

To date, although magnetic properties of magnetosomes 
have been evaluated [7] and it predicted that magnetosomes 
could be considered as good materials for the biomedical 
applications in various field [8], [9], [10], [11], [12], little has 
been done to a rapid and simple process for the purification 
and sterilization method for magnetosomes and a detection 
standard for purified magnetosomes.  

In this study, we used a curve-shaped magnetotactic 
bacterium that has been isolated from Anzali lagoon in other 
research [13]. In this work we focused on various methods for 
isolation of biogenic magnetic nanoparticles from the 
magnetotactic bacterium and production of sterile and pyrogen 
free magnetic nanoparticles. The main purpose of this research 
was development a simple and comprehensive method for 
synthesis of sterile and pyrogen free MTB's magnetic 
nanoparticles with great potential in various medical and 
biotechnological fields. 

II. MATERIALS AND METHODS 
Chemicals were generally reagent grade from commercial 

sources. 

A. Bacterial Strain and Growth Condition 
A curve-shaped magnetotactic bacterium has been isolated 

recently from a water/mud microcosm collected from Anzali 
lagoon in Gilan province, Iran [13]. This strain was grown in a 
modified liquid medium (MLM) under a microaerobic 
headspace gas mixture of 2% oxygen and 98% nitrogen, 
which is optimal oxygen concentration for magnetosome 
formation [13]. The magnetotactic cells and their magnetic 
nanoparticles were observed by transmission electron 
microscopy (EM 208S transmission electron microscope 
(Philips) at 100 kV). 

B. Preparation of the Bacterial Magnetic Nanoparticles 
In this research, techniques for the isolation and purification 

of magnetosome particles from the magnetotactic bacterial 
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cells are based two different types of processes. After bacterial 
cells harvesting by centrifugation (8000 rpm, 15 min, 4°C), 
solution of isolated magnetotactic bacteria in sterilized 
phosphate buffer solution (pH= 7) were divided in two 
separated parts. MTB of the first solution were precipitated 
and resuspended in 1N NaOH and boiled for 30 min to lyse 
the cells [13], [14]. The solution contained in the second part 
sonicated during 120 min at 30 W to extract the chains of 
magnetosomes from the whole bacteria [15]. The optical 
microscope was used to examine the effect of disruption.  

Magnetosomes from the disrupted cells were accumulated 
within 60 min at the sides of the graduated cylinders nearest 
the magnet. The nonmagnetic fluid fraction was removed by 
aspiration. Lastly the bacterial magnetic nanoparticles 
attracted to the magnet were suspended in sterilized phosphate 
buffer solution (pH= 7). 

C. Prepration of Sterile and Pyrogen Free Biogenic 
Magnetic Nanoparticles 

Magnetosomes of the first solution were precipitated and 
treated in 1% sodium-dodecyl-sulfate (SDS) at 90°C for 1 
hour to produce individual magnetosomes [15]. Finally, the 
individual magnetosomes were separated by a magnet and 
washed 5 times with PBS buffer and pyrogen content of them 
was assessed.  

For sterilization test of the isolated individual 
magnetosome, them were dispersed in PBS buffer and 
sterilized with autoclave (121°C, 15 min). 

D. Examination of Purified Magnetosomes 
The purified bacterial magnetic nanoparticles were 

suspended in PBS [16] and put onto the carbon-coated copper 
grids. Samples were observed through transmission electron 
microscopy (EM 208S transmission electron microscope 
(Philips) at 100 kV). 

The pyrogen content of the purified magnetosomes was 
assessed by the Limulus Amoebocyte Lysate (LAL) test. The 
vial contents were incubated at 37°C for 60 min for the 
presence of pyrogens according to the manufacturer’s 
instructions. 

Direct impedimetric method was used for the determination 
of sterility of purified magnetosomes. Impedance changes 
were monitored using the BacTrac 4300 (Bactrac, SYLAB, 
Austria). This method can produce results in about 24 h, 
instead of the 7-14 days needed by standard culture broth 
technique and can be easily realized in automatic form. 

III. RESULT AND DISCUSSION 
One of the key features of nanoparticles is their large 

surface area. As particles become smaller, their surface area to 
volume ratio increases (Fig. 1). For example, one gram of iron 
oxide (Fe3O4) would form a sphere of approximately 0.75 cm 
with a surface area of 1.77 cm2. The same gram of iron oxide, 
when composed of 20 nm nanoparticles, would have a surface 
area of approximately 60 m2 [17]. 

 

 

Fig. 1 Comparison of surface area and volume for different sized 
particles [17] 

 
Magnetotactic bacteria synthesize more uniform magnetic 

nanoparticles in size and shape compared with artificial 
magnetite nanoparticles [5]. Nanoscale MTB's particles have 
many utilization for various biotechnological and medical 
applications. These biogenic nanoparticles are easily isolated 
and purified from broke MTB by magnetic separation using a 
magnet. A curve-shaped magnetotactic bacterium was isolated 
recently from a water/mud microcosm collected from Anzali 
lagoon. Transmission electron microscopy image of the 
isolated strain and its single chain of magnetosomes showed in 
fig. 2 [13].  

In this study, we used two different types of techniques for 
the isolation and purification of magnetosome particles from 
the magnetotactic bacterial cells. Transmission electron 
microscopy images of the pure biogenic magnetic 
nanoparticles indicated that kind of processes of extraction 
and purification was important to protect the integrity of 
magnetosome's membrane (Fig. 3).  

 

 

Fig. 2  TEM image of an unstained cell of  the isolated strain showed 
a single chain of magnetosomes, arrow (→) shows chain of 

magnetosomes inside the magnetotactic bacterium 

 
According to fig. 3, it is concluded that the thermal 

extraction of the magnetosomes in the presence of NaOH can 
damage the biogenic membrane of the magnetosomes and it 
caused aggregation of magnetosomes. Fig. 4 shows a 
photograph from vials of the extracted bacterial magnetic 
nanoparticles mixed in phosphate buffer solution at pH 7 with 
used two different types of techniques for extraction. 
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Fig. 3 TEM micrograph of magnetosomes extracted from the 

bacteria; (a) TEM micrograph of extracted magnetosomes by heat 
and NaOH treatments. (b) TEM micrograph of extracted 

magnetosomes by sonication method 

 

 

Fig. 4 The photograph shows vials of the extracted bacterial magnetic 
nanoparticles mixed in phosphate buffer solution at pH 7. (a) 

extracted magnetosomes by heat and NaOH treatments. (b) extracted 
magnetosomes by sonication method 

 
Magnetosomes of the first solution were treated in 1% SDS 

at 90°C for 1 hour to produce pyrogen free individual bacterial 
magnetic nanoparticle solution. In 1970 the U.S. Food and 
Drug Administration (FDA) approved LAL for testing drugs, 
products and devices that come in contact with the blood [18]. 

Therefore, we used the LAL test for the detection and 
quantification of bacterial endotoxins in produced these 
nanoparticles solutions, in this study. The results demonstrated 
that these nanoparticles solutions are pyrogen free (Fig. 5).  

 

 

 
Fig. 5 (a) Vials of  Limulus Amoebocyte Lysate test. (b) The used 

vials for detection of pyrogenic substaces in  the magnetic 
nanoparticles solutions 

 
The isolated individual magnetosome were sterilized by 

autoclave. Contaminating microbes could not be detected in 
the sterilized magnetosomes with direct impedimetric method 
(Fig. 6).  
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Fig. 6  Impedance growth curves. (a) Impedance growth curve of positive control. (b) Impedance growth curve of  the magnetic nanoparticles 
solutions

IV. CONCLUSION 

In this study, we only evaluated the biosynthesis of pyrogen 
free and sterilized biogenic magnetic nanoparticles by a 
magnetotactic bacterium. The results indicated that produced 
magnetosomes by these methods were pyrogen free and they 
can be candidates for medical application purpose. Further 
investigations of the safety and toxicity of magnetosomes are 
in examining in our laboratory. 
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