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abstract

This paper addresses the problem of magnetite nanoparticle size distributions in magnetotactic 
bacteria. The methods described in the paper can be used to determine the origin of natural magnetite 
nanoparticle samples. We analyzed 36 histograms related to bacterial, inorganic, and biomimetic 
nanoparticle sizes. Using statistical software we concluded that the size of the nanoparticles in cul-
tured magnetotactic bacteria follows an extreme value distribution. Magnetite in uncultured samples 
can be treated as a two-component mixture containing extreme value and/or log-normally distributed 
nanoparticles. Analysis of the time-dependent formation of bacterial magnetite revealed that the 
magnetite size distribution transforms from the initial log-normal (young bacterial culture) through 
normal-like toward the extreme value distribution (evolved culture). It seems that at a certain mo-
ment during bacterial magnetite formation, the bacterial system starts to behave as a closed system. 
The closing of the system must be followed by another unknown process, because restriction of the 
nutrient supply into magnetosomes is insufficient for the generation of the extreme value distribution. 
Based on our analysis, approximately 50% of the magnetite particles in the martian meteorite ALH 
84001 follow an extreme value distribution.
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introduction

Magnetic nanoparticles (crystals) play an important role in 
the space orientation of magnetotactic bacteria (Bazylinski and 
Frankel 2004). They are produced intracellularly during a com-
plicated biomineralization process controlled by proteins (Faivre 
and Schuler 2008; Komeili 2012), and comprise ferrimagnetic 
magnetite (Fe3O4) or greigite (Fe3S4) coated with biomembrane 
(so-called magnetosomes). The approximate size of the magnetic 
nanoparticles is 20–120 nm, which is the size range of stable 
magnetic single-domains. The preference for stable single-
domain crystals facilitates the orientation of magnetotactic 
bacteria in the geomagnetic field. Particles smaller than 20–30 
nm are superparamagnetic at ambient temperature and at isolated 
states (Muxworthy and Williams 2009), while isolated particles 
larger than 120 nm naturally create magnetic multi-domains 
(Muxworthy and Williams 2006). Magnetite nanocrystals exist 
in various shapes, from isometric to elongated and combinations 
of cubes {100}, dodecahedrons {110}, and octahedrons {111} 

(Bazylinski and Frankel 2004). Highly elongated bacterial mag-
netite crystals were observed and described recently (Lefevre et 
al. 2011; Li et al. 2010).

In the previous two decades, many papers dealing with mag-
netite from magnetotactic bacteria have focused preferentially 
on crystal morphology, and secondarily on (almost all only 
qualitatively) the size distribution of magnetite nanoparticles 
as potential biomarkers of crystal origins (Arató et al. 2005; 
Devouard et al. 1998; Han et al. 2007; Meldrum et al. 1993; 
Pósfai et al. 2001). Accumulated data, presented as histograms 
of nanoparticle size measurements from transmission electron 
microscopy (TEM) images, span both cultivated and uncultured 
bacterial samples. From robust data analyses it was concluded 
that bacterial magnetite nanoparticle distributions have negative 
skewness, contrary to the well-known positive skewness of syn-
thetic distributions that follow the log-normal distribution (Eberl 
et al. 1998; Faivre et al. 2005; Han et al. 2007). Extracellular 
magnetite nanoparticles created via biologically induced min-
eralization also follow the log-normal distribution (Frankel and 
Bazylinski 2003; Frankel and Buseck 2000) and can be nucleated 
by both passive and active mechanisms (Perez-Gonzalez et al. 
2010). However, the complex statistical analysis of particle size 

* Present address: 17. listopadu 15/2172, 70833 Ostrava, Czech 
Republic. E-mail: petr.jandacka@vsb.cz


