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Abstract. The detection of biogenic magnetic nanoparticles (BMN) with different magnetic
properties in biological material was done using magnetic resonance (MR) spectroscopy. MR
spectra of biological material of ethmoid bone of salmon (containing ferritin and BMN),
bacteria E. coli K13 (containing ferritin and without BMN), yeast S. cerevisiae (without ferritin
or BMN) and ethmoid bone of silver carp (containing ferritin and not investigated for the
presence of BMN) were investigated. The analysis of MR spectra shows that S. cerevisiae cells
produce much lower signal MR than samples of ethmoid bones of salmon and silver carp
which is confirming conclusions about the presence of BMN and ferritin in the ethmoid bones
of fishes. The narrow MR linewidth indicates that the magnetic particles in the ethmoid bones
of salmon and silver carp are in monodisperse state. The presence of a broad line and the
absence of a narrow peak in MR spectrum of E. coli K13 cells are typical for ferritin.

1. Introduction

In 1962, Lowenstam first discovered biochemically precipitated magnetite as a capping material in the
radula (tongue plate) teeth of chitons (marine mollusks of the class Polyplacophora) [1]. In 1975,
Blakemore discovered magnetotactic bacteria (MTB) containing chains of BMN. Now magnetotactic
bacteria are the most intensively studied biomagnetic systems [1].

Since that BMNs have been detected in a bunch of organisms which are related to all three
domains: prokaryotes, archaea and eukaryotes [2]. A number of organisms such as insects, shellfish,
fish, birds, mammals can produce biogenic magnetite and/or iron oxide compounds [3]. Biogenic
magnetite particles were also found in many human organs [2]. Moreover, some studies have shown
the increase of BMN concentrations in the affected area during neurodegenerative diseases and cancer
[4]. Thus it is very important to determine the origin of magnetic nanoparticles and develop methods
of detection of BMN in living organisms.

2. Experimental procedure
Different biological materials were selected as the objects of the study, namely ethmoid bone of
salmon, bacteria Escherichia coli K13, yeast Saccharomyces cerevisiae, and biological material of
ethmoid bone of silver carp.

The choice of biological materials was done based on the analysis of publication data about the
presence of BMN and iron-containing proteins, including ferritin (table 1). It is known that E.coli has

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

8th Joint European Magnetic Symposia (JEMS2016) IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 903 (2017) 012001 doi:10.1088/1742-6596/903/1/012001

at least two iron-containing proteins, namely ferritin and bakterioferritin [5] but doesn’t contain BMN,
while ferritin and BMN presents in ethmoid bone of salmon. S. cerevisiae cells do not contain ferritin
or BMN. So these cells were used as control samples.

Table 1. Samples of biological material for MR.

The biological material The biological material The biological material The biological material
where BMN and ferritin containing ferritin and  that contains neither ~ containing ferritin, but

was found (migratory free BMN ferritin nor BMN was not investigated for
fish) the presence of BMN
(non-migratory fish)
Ethmoid bone of E.coli [5] S. cerevisiae [6] Ethmoid bone of
salmon [1] silver carp

Magnetic resonance spectra were recorded for 0.01 g dry biological materials using BrukerBioSpin
ELEXSYS ES500 spin resonance spectrometer.

3. Results and discussion

MR studies have shown that resonance spectra and intensities of lines for investigated samples of
biological materials are quite different. The results of the measurements for the samples of E. coli
K13, biological material of ethmoid bones of salmon and silver carp, and samples of S. cerevisiae are
presented in figure 1. The MR spectrum intensity for S. cerevisiae cells is much lower than that for
other samples. This is in good correlation with literature data: yeast does not contain magnetic
nanoparticles. Spectra of biological material of ethmoid bone of salmon and ethmoid bone of silver
carp contain a narrow peak around 3.5 kG while there is a quite intense broad peak in E. coli K13
spectrum. It should be noted that the intensity of the spectrum of E. coli K13 is an order of magnitude
lower than that for ethmoid bone of salmon and ethmoid bone of silver carp. The possible explanation
of this is the presence of both ferritin and BMN in ethmoid bones of salmon and silver carp.
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Figure 1. MR spectra for the ethmoid bone of salmon (a), bacteria E. coli K13 (b).
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Figure 1. Continued. MR spectra for the yeast S. cerevisiae (c), ethmoid bone of silver carp (d).

4. Conclusions
In the paper it has been shown that MR spectroscopy is a power tool to identify ferritin and biogenic
magnetic nanoparticles in biological material, which has been confirmed by comparison of MR spectra
of different biological material. MR spectrum of biological material of ethmoid bones of salmon and
silver carp contains a narrow peak. The appearance of this peak is probably related to the presence of
BMN. The spectrum of E.coli with ferritin contains much broader peak. The presence of broad peak is
characteristic for the samples containing ferritin [7] while the presence of a narrow peak on MR
spectra is characteristic feature of monodisperse magnetite nanoparticles.
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