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Magnetotactic bacteria comprise a number of aquatic species that orient and migrate 
along geomagnetic field lines. This behavior results from the presence of intracellular 
ferrimagnetic mineral grains of magnetite (Fe3O4) or greigite (Fe3S4). Whereas the 
structural and magnetic properties of magnetite magnetosomes have been studied 
extensively, the properties of greigite magnetosomes are less well understood. Here, we 
present a transmission electron microscopy study of the magnetic microstructures, 
chemical compositions, three-dimensional morphologies, orientations and positions of 
greigite crystals in air-dried cells of magnetotactic bacteria. Our results, which are 
obtained using electron holography, energy-filtered imaging, electron tomography, 
selected-area electron diffraction and high-resolution lattice imaging, are compared with 
similar results obtained from magnetite-containing cells. In this study, we examined rod-
shaped greigite-containing cells, which each contained multiple chains of magnetosomes. 
The greigite crystals in the cells were found to be approximately equidimensional, with no 
preferred orientations. Surprisingly, the chains were also found to contain elongated 
magnetite crystals, which were interspersed between the greigite crystals and elongated 
both along [100] and along the axis of the magnetosome chains. The magnetic properties 
of the magnetosomes were measured using electron holography and found to be 
consistent with those expected for greigite and magnetite. Although the crystals in such 
cells are less well organized in terms of their crystallography, morphology and position 
than in most magnetite-producing bacteria, they provide a measured permanent magnetic 
dipole moment (9 x 10-16 Am2) that is sufficient for magnetotaxis and allows the cells to 
migrate along geomagnetic field lines at more than 90% of their forward speed. Our 
results provide an improved understanding of magnetotaxis in iron sulfide-producing 
magnetotactic bacteria. 
 


