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Magnetotactic bacteria form 'magnetosomes', which are intracellular, membrane-
bound magnetic nanoparticles. Each bacterial strain produces magnetite (Fe3O4) or 
greigite (Fe3S4) nanocrystals with specific shapes and sizes. The crystals are 
assembled in linear chains, thereby creating a 'compass needle' that aligns the cell 
with an external magnetic field. Since tailor-made magnetic nanoparticles have a 
wide variety of technological and medical applications, it is of interest to understand 
how the biomineralization process is controlled by the organism and how the sizes, 
shapes, structures and arrangements of the nanoparticles affect their magnetic 
properties. 
 
We have used several advanced transmission electron microscopy techniques, 
including off-axis electron holography, to study the physical properties of magnetite 
particles from cells of magnetotactic bacteria. Our results show that in wild-type 
bacteria the magnetosome particles contain single magnetic domains and that the 
direction of the magnetic field inside them is governed primarily by their shapes and 
by magnetostatic interactions between the particles. Whereas in wild-type 
Magnetospirillum gryphiswaldense most magnetosomes contain structurally perfect 
magnetite crystals, some strains carrying mutants in various magnetosome 
biosynthesis genes produce particles that are composed of several crystals. The 
magnetic moments of such aggregated magnetosomes are reduced when compared 
to those of single-crystal particles.  
 
Studies of genetically-engineered bacteria revealed the roles of distinct proteins in 
the nucleation and growth of the magnetite crystals. This information is being used to 
design biomimetic synthesis pathways for the laboratory production of magnetite 
nanoparticles with special properties. Our approach is to combine two known 
bacterial functions, filament formation and magnetosome synthesis, in order to 
produce one-dimensional magnetic nanostructures. The subunit protein of bacterial 
flagellar filaments, flagellin, was genetically modified by inserting iron-binding motifs 
known from magnetotactic bacteria. Filaments constructed from these recombinantly 
expressed fusion proteins display periodically-repeated iron-binding sites on their 
surface and can thus serve as templates for the nucleation of magnetite from 
solution. By using the biological templates our goal is to produce magnetic nanorods.	  


