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ABSTRACT 
Magnetotactic bacteria (MTB) are motile, aquatic prokaryotes, which are able to orient and 
migrate or swim along geomagnetic field lines, a behavior referred to as ‘magnetotaxis’. 
This property is based on specific intracellular structures, the ‘magnetosomes’ which are 
nano-meter sized, membrane bound magnetic particles composed of the iron minerals 
magnetite or greigite or a combination of greigite and pyrite.<br><br> 
The magnetosome formation in these bacteria is a well documented example of occurrence 
of magnetic minerals in the living world. Magnetosomes formation is achieved by a 
biomineralization process where there is a biological control over the accumulation of iron 
and the deposition of the mineral particle with a specific size and orientation within a 
membrane vesicle at specific locations in the cell. This confers certain advantages to these 
particles over synthetic nano particles. <br><br> 
Magnetotactic bacteria as well as their isolated magnetosomes have tremendous potential in 
nano biotechnological applications. Magnetotactic bacteria can be used in nondestructive 
domain analysis of soft magnetic material analysis, determination of magnetic poles on 
meteoritic magnetic grains, removal of heavy metals and radionuclides from waste water etc. 
In biotechnology the magnetosomes could be used in production of magnetic antibodies, 
detection of allergens, as carriers for DNA and tumor specific drugs, in magnetic resonance 
imaging etc. The paper focuses on the current knowledge of MTB, their magnetosomes and 
also outlines the aspects of nano-biotechnological applications of magnetotactic bacteria and 
their magnetosomes. 
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INTRODUCTION 

The serendipitous discovery of 
magnetotactic bacteria (MTB) by R.P. 
Blakemore in 19751 laid a foundation for a 
new interdisciplinary research with 
newfound relevance in several disciplines 
beyond pure microbiology, including nano-
biotechnology, bio-mineralization, 
biogeochemistry, geo-microbiology, and 
magnetosensory behavior in animals etc.2, 3. 
MTB very likely play an important role in 

biochemical cycles4.These bacteria are also 
considered relevant subject matter by those 
searching the signs for life on Mars3. These 
are the facts that attracted the scientists from 
biological as well as physical sciences that 
laid down the foundation of interdisciplinary 
research of this group of microorganisms. 

The Magnetotactic bacteria 
These are aquatic, motile, prokaryotes 

that orient and navigate along geomagnetic 
field lines5. From the initial curiosity  these 
microorganisms got their  present celebrity * Author for correspondence 
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status by means of the ‘Magnetotaxis’ i.e. the 
orientation and navigation in response to 
magnetic field [Geomagnetic or Local].  This 
response to the magnetic field by these 
microorganisms is due to the unique 
intracellular structures called as 
‘magnetosomes’1. 

The MTB in northern hemisphere sites 
swim preferentially parallel to the magnetic 
field, which correspond to a northward 
migration in the geomagnetic field and 
known to be north-seeking (NS)1, while in 
southern hemisphere they are recognized as 
south-seeking (SS)6. 

Morphology and Habitat  
This group represent is a diverse group 

of Gram negative prokaryotes 7 with myriad 
of morphological types including cocci, rods, 
vibriods, spirilla forms3,8,9 and even 
multicellular forms10. The habitat of these 
bacteria is fresh water bodies as well as 
marine; where they are predominant in the 
sediments in the permanently stratified water 
columns11. 

Enrichment, Isolation, and Cultivation                        
Despite their ubiquitous occurrence and 

high abundance in aquatic systems 
cultivation of MTB in laboratory has proven 
difficult. The problem is due to their 
fastidious life style which is adapted to 
sediments and stratified aquatic habitats 
which are difficult to mimic under laboratory 
conditions4. Because of their unknown 
growth requirement and presumptive 
metabolic diversity, there is no general 
strategy for enrichment and isolation of 
MTB based on metabolic selection9.The 
isolation of these bacteria can be achieved by 
using some special techniques as ‘Magnetic 
collection method’ which can be of use for 
enrichment of MTB12. The enriched bacteria 

can be isolated by using method by 
‘Capillary Race Track method’ (CRT) 13. For 
these organisms cultivation is a separate 
procedure; next to isolation by using CRT. 
Chemically Defined media that contain ferric 
citrate9 or ferric quinate14 as a source of iron 
are of use for the cultivation of MTB. 
However only a limited number of MTB has 
been isolated in pure culture; of which most 
of the isolates are poorly characterized in 
terms of growth conditions and physiology4. 

The Magnetosome 
 All magnetotactic bacteria contain 

nanometer sized intracellular inclusions 
called ‘Magnetosomes’15. These are the 
signature structures of MTB as they are 
uniquely present in this group of bacteria and 
offers ‘Magnetotaxis’ a behavior in response 
of magnetic field by these organisms2. 
Magnetosomes are the intracellular, single-
magnetic-domain crystals of a magnetic iron 
mineral, either the iron oxide ‘magnetite’ 
(Fe3O4) or the iron sulfide greigite (Fe3S4), 
enveloped by a membrane or membrane-like 
structure15. In contrast to the magnetite found 
in inorganic systems or produced 
extracellularly by the metabolic activities of 
dissimilatory iron-reducing bacteria; the 
intracellular magnetosome crystals are 
characterized by narrow size distribution 
with uniform crystal habits and particle size 
ranges between 35-120 nm; although larger, 
200 nm crystals are found in some bateria3, 
these characters give magnetosomes 
superiority over artificially synthesized 
magnetic crystals4. Using transmission 
electron microscopy, three general 
morphologies of magnetosome particles have 
been observed. They include roughly 
cuboidal, parallelepipedal (rectangular in the 
horizontal plane of projection), tooth, bullet, 
or arrowhead shaped morphologies7. These 
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nanometer sized particle are within the 
permanent, single-magnetic-domain-size 
range for magnetite4. The magnetosomes are 
usually arranged in chains that results in 
permanent magnetic dipole sufficiently large 
so that it will orient the entire bacterium 
along the geomagnetic field. This passive 
orientation results in the migration of the 
MTB cell along the magnetic field lines as it 
swims3, 16. 

RESULTS AND DISCUSSION 
Magnetotaxis 

Magnetotaxis, somewhat of a misnomer 
as magnetotactic cells swim neither towards 
nor away from a magnetic field; instead they 
orient along and swim parallel or antiparallel 
to such magnetic fields3. The all MTB 
known are either microaerophilic or 
anaerobic, because of which there is a widely 
accepted hypothesis regarding the function 
of magnetotaxis that they seek to avoid high, 
potentially toxic oxygen tension. They 
navigate along the geomagnetic field lines 
that facilitate them to migrate to their 
favored position in the oxygen gradient16. 

 Magnetosomes- Tools in Nano-
Biotechnology 

 Nano-biotechnology is the branch of 
nanotechnology with biological and 
biochemical applications. It usually refers to 
the use of nanotechnology to further the 
goals of biotechnology. The biotechnological 
applications the magnetotactic bacteria as 
well as their magnetosomes were realized 
soon after the discovery of MTB. The 
applications can be distributed broadly in to 
two categories, which involve either living 
cells or the isolated magnetosome. 

In Nanotechnology where nano-particles 
are synthesized for different purposes, 
magnetotactic bacteria are of use as they 

synthesize the nanometer sized particles; the 
magnetosomes, which are small sized 
magnets. Small magnetic particles can be 
synthesized synthetically but the particles 
formed by these methods are non uniform, 
non homogenous and also not fully 
crystalline which imposes problems in their 
application. Also the processes requires the 
drastic regimes of temperature pH etc.17. The 
biologically controlled process 
(Biomineralization) of magnetosome 
formation in MTB promises advantages over 
the synthesized magnetic particles in terms 
of uniform size, species specific 
morphologies, and without the complicated 
regimes. The living MTB are used in non 
destructive domain analysis of soft magnetic 
materials as the bacteria orient, migrate and 
accumulate in the stray field originating from 
the magnetic domains thus visualizing the 
domain structure18. The use of MTB can be 
extended to waste treatments as they are 
useful in removal of heavy metals and 
radionuclides from waste water well as 
removal of heavy metals and radionuclides 
from waste materials, the main advantage 
being the magnetic collection of MTB 
loaded with metals and radionuclides19. 

The unique magnetic and crystalline 
properties and natural presence of a 
surrounding membrane, isolated 
magnetosomes might be superior in some 
applications than the abiotic magnets. 

Amongst the various applications of 
magnetosome particles, medical applications 
of these particles lie in their potential use as 
a contrast agent in magnetite resonance 
imaging as well as tumor specific drug 
carriers based on intratumoral enrichment20. 
The small size of isolated magnetosomes 
particles provide them a large surface to 
volume ratio which them useful for 
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immobilization of bioactive substances such 
as enzymes, antibodies etc. The enzyme 
glucose oxidase immobilized bacterial 
magnets showed 40-fold higher enzymatic 
activity that of the enzymes bound on 
artificial magnetite particles21. Following the 
treatment with glutaraldehyde magnetosomes 
were coupled with antibodies to form 
conjugates; the process generated magnetic 
antibodies which can be used for 
quantification of antibodies22. The magnetic 
antibodies can also be of use in detection and 
isolation of bacteria (E. coli) from bacterial 
suspensions23. The magnetosome could be 
incorporated in eukaryotic cells, which could 
be manipulated by magnetic fields. Whole 
magnetotactic bacteria have also been 
introduced in to the leucocytes by 
phagocytosis24.  

Bacterial magnetosome particles coated 
with plasmid DNA can be used for the 
ballistic transformation of the marine 
cyanobacterium Synechocystis using a 
particle gun. Thus magnetosomes can be 
used as carriers for the introduction of DNA 
into cells25. 

CONCLUSION 
Although no application of the live MTB 

or isolated magnetosomes has attained 
commercial scale, it is accepted widely that 
MTB can be an important tool in Nano-
Biotechnology. That they are still short on 
commercial exploitation is due to the 
problems of isolation and cultivation of these 
fastidious organisms. The poor level of 
understanding of the magnetosome 
biomineralization process is also a limiting 
factor. Thus, more research in this field is 
clearly required.  

Though genetic approaches are offering 
promising ways of engineering 
biomineralization that will provide new 
materials, increased efforts need to be made 
to exploit the metabolic potential of the vast 
biodiversity of naturally occurring MTB 
including the largely unexplored habitats. 
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