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Environmental parameters affect the physical properties of fast-growing magnetosomes
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Abstract

Magnetotactic bacteria are known to mediate the formation of intracellular magnetic nanoparticles 
in organelles called magnetosomes. These magnetite crystals are formed through a process called 
biologically controlled mineralization, in which the microorganisms exert a strict control over the 
formation and development of the mineral phase. By inducing magnetite nucleation and growth in 
resting, Fe-starved cells of Magnetospirillum gryphiswaldense, we have followed the dynamics of 
magnetosome development. By studying the properties of the crystals at several steps of maturity, 
we observed that freshly induced particles lacked a well-defined morphology. More surprisingly, 
although the mean particle size of mature magnetosomes is similar to that of magnetosomes formed 
by constantly growing and Fe-supplemented bacteria, we found that other physical properties such 
as crystal-size distribution, aspect ratio, and morphology significantly differ. Correlating these results 
with measurements of Fe uptake rates, we suggest that the expression of different faces is favored for 
different growth conditions. These results imply that the biological control over magnetite biominer-
alization by magnetotactic bacteria can be disturbed by environmental parameters. Specifically, the 
morphology of magnetite crystals is not exclusively determined by biological intervention through 
vectorial regulation at the organic boundaries or by molecular interaction with the magnetosome 
membrane, but also by the rates of Fe uptake. This insight may contribute to better define biomarkers 
and to an improved understanding of biomineralizing systems.
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Introduction

Bio-induced and bio-controlled mineralization (BIM and BCM, 
respectively) were historically distinguished on the basis of the 
process pathway, the crystal properties, and the functionality of 
the crystals that are formed (Bazylinski and Frankel 2003; Frankel 
and Bazylinski 2003; Lowenstam 1981). Biomineralization and 
assembly of bacterial magnetosomes are intracellular processes 
under strict genetic control (Komeili et al. 2006; Scheffel et al. 
2006; Ullrich et al. 2005) that result in magnetite crystals that are 
strain-specific and have narrow crystal-size distributions (CSDs) 
(Devouard et al. 1998), enabling the cell to orient itself in magnetic 
fields (Dunin-Borkowski et al. 1998). Thus, magnetite formation 
by magnetotactic bacteria (MTB) is generally regarded as a typical 
example of BCM in prokaryotes. 

Information about the dynamics of magnetosome formation at 
the crystal-chemical as well as at the cellular level has remained 
sparse while the properties of BCM crystals are well understood. 

It was shown that magnetosomes can have various morphologies, 
but that these morphologies are strain-specific (Baeuerlein 2003). 
Only little variations of the morphologies of elongated crystals 
were reported for the magnetococcus MC-1, presumably result-
ing from differences in the growth medium that affected crystal 
growth rates (Meldrum et al. 1993). However, even in this case, 
a well-defined morphology was observed for immature crystals, 
suggesting that the cell exerts control over crystal development 
even at the early stages of crystal growth. 

An extensive knowledge of the dynamics of magnetosome 
development, correlated with the time-resolved analysis of the 
evolving magnetosomes, is required for the understanding of 
the biomineralization process. Thus, to determine how mag-
netosomes grow and how MTB control the formation of the 
magnetic inclusions, we used a technique that allowed us to study 
the dynamics of controlled magnetosome development, without 
the perturbation caused by cell division (Scheffel et al. 2006). 
Magnetite formation was induced under controlled conditions 
in non-magnetic, Fe-starved resting cells by the addition of Fe, 
and the properties of the crystals [CSDs, shape factor distribu-
tions (SFDs), and morphology] were subsequently analyzed at 
different stages of their growth.
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