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Abstract

Formation of biological magnetic nanoparticles
(magnetosomes) was achieved by a mineralization process
with biological control over the accumulation of iron and
the deposition of the mineral particle with specific size and
orientation within a membrane vesicle at specific locations
in the cell of magnetotactic bacteria Magnetospirillum sp.
AMB-1. The mean diameter of isolated magnetosomes was
estimated from TEM to be as 34 nm. The saturation magne-
tization of the magnetosomes was estimated to be 62 emu/g
what is smaller than for chemically synthesized magnetite
75emu/g at room temperature due to presence of nonmag-
netic organic layer. The curve of field dependence of mag-
netization at 293 K exhibited the remanence of 21 emu/g
and coercivity of 185 Oe what is connected with fact that
the mean diameter (34 nm) is larger than critical size for
transition from superparamagnetic to ferromagnetic behav-
iour.

Introduction

Magnetic nanoparticles in diluted aqueous suspensions are
an important tool in medical diagnostics as contrast agent
for magnetic resonance imaging and in therapy for mag-
netic drug targeting and hyperthermia. For these applica-
tions, special nanoparticles so called magnetosomes were
isolated, which consisted of a magnetic core covered by a
protein-containing lipid membrane. Under controlled syn-
thesis conditions uniform particles of 20-45 nm core diam-
eters may be produced which are of interest for a number of
potential applications [1]. Magnetotactic bacteria are mi-
croorganisms that belong to a heterogeneous group of
Gram-negative bacteria with diverse morphologies and
habitats. They are a diverse group of aquatic prokaryotes
[2]. Magnetotactic bacteria orient and migrate along geo-
magnetic field lines. This ability is based on intracellular
magnetic structures, the magnetosomes, which comprise
nanometer-sized, membrane-bound crystals (bacterial
magnetic particles) of the magnetic iron minerals magnetite
(Fe;0,) or greigite (Fe;Sy) [3]. Bacterial magnetic particles
can be distinguished by the regular morphology and the
presence of a thin organic membrane enveloping crystals
from biologically formed magnetite. Magnetosome forma-

tion is achieved by a mineralization process with biological
control over the accumulation of iron and the deposition of
the mineral particle with specific size and orientation
within a membrane vesicle at specific locations in the cell
[3].

Magnetic bacterial have an unfathomable amount of
potential value for various biomedical and biotechnologi-
cal applications not only scientific interests. One of poten-
tial application areas of magnetosomes is hyperthermia.
The enhancement of specific heating power is of impor-
tance for reducing the useful dosage applied to the tumour.
Previous investigations on the suitability of magnetic
nanoparticles for hyperthermia treatments [4] and mag-
neto-liposomes [5] have shown that biocompatible magne-
tite nanoparticles (with core diameter about 20 nm) are
advantageous with respect to large specific heating power
so the magnetosomes are of particular interest for testing
their suitability for hyperthermia applications. Bacterial
magnetic nanoparticles have been suggested for a number
of in vitro applications such as magnetic separation and
procedures for labeling and immobilization of various
biomolecules. To use of magnetosomes has been described
for numerous purification procedures such as the extrac-
tion of mRNA and DNA from biological samples such as
tissues, blood and bacterial cells. For instance, the effi-
ciency of DNA recovery with dendrimer-modified
magnetosome particles was six fold higher with bacterial
particles than with artificial magnetic particles [6]. Use of
magnetotactic bacteria was given for the nondestructive
domain analysis of soft magnetic materials, for locate mag-
netic poles on meteoritic magnetic grains, for the removal
of heavy metals and radionuclides from water, for micro-
bial magnetometer, for the immobilization of relatively
large quantities of bioactive substances, which can then
separated by magnetic fields, for immobilizing the en-
zymes glucose oxidase and uricase as components of medi-
cally important biosensors, for the generation of magnetic
antibodies, for incorporated bacterial magnetite particles
into eukaryotic cells, which could be manipulated by a
magnetic field, for the introduction of DNA into cells, for
the detection of mRNA, as a contrast agent for magnetic
resonance imaging and tumor-specific drug carriers based
on intratumoral enrichment, for biomedical applications
[3]. As the previous attempts to characterize and apply
magnetosome particles were limited by their availability,
the aim of this paper is the preparation of magnetosomes
and study of their structural, morphological and magnetic
properties.
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Materials and measuring method

Cultivation process: Bacterial magnetosomes investi-
gated in this contribution are synthesized by magnetotactic
bacteria Magnetospirillum sp. strain AMB-1. Magneto-
spirillum sp. strain AMB-1is a Gram-negative o-proteo-
bacterium that is more oxygen-tolerant and easier to grow
on a large scale. Nowadays, the entire genome of
Magnetospirillum sp. AMB-1 was sequenced annotated
and analyzed [3]. The medium for Magnetospirillum sp.
AMB-1 consisted of (per 1 L medium): 10 mL Wolfe’s vi-
tamin solution, 5 mL Wolfe’s mineral solution, 0.68 g
KH,PO,, 0.848 g sodium succinate hexahydrate, 0.575 g
sodium tartrate dihydrate, 0.083 g sodium acetate
trihydrate, 0.225 mL 0.2% (w/v) resazurin (aqueous), 0.17
g NaNOs, 0.04 g ascorbic acid, 2 mL 0.01 M ferric quinate
[8]. Resazurin was added to media as colorimetric indicator
of redox potential. The pH was adjusted to 6.75 with
NaOH. This medium was prereduced under nitrogen for a
period of 1 hour, using copper as a reducing agent, and was
subsequently dispensed into culture tubes in an anaerobic
hood. Inoculated tubes were incubated at 25°C for a period
of 4 days.

Techniques for the isolation and purification of
magnetosome particles from Magnetospirillum species are
based on magnetic separation [9,10] or a combination of a
sucrose-gradient centrifugation and a magnetic separation
technique [11]. These procedures leave the surrounding
membrane intact and magnetosome preparations are appar-
ently free of contaminating material. Owing to the presence
of the enveloping membrane, isolated magnetosome parti-
cles form stable, well-dispersed suspensions. After
solubilization of the membrane by a detergent, the remain-
ing inorganic crystals tend to agglomerate as a result of
magnetic attractive forces. Typically, 2.6 mg bacterial
magnetite can be derived from a 1000-mL culture of
Magnetospirillum sp. AMB-1. For the isolation of the
magnetosome particles, we have used the method de-
scribed by Gorby [9].

Isolation of magnetosomes: Approximately 10 g (wet
weight) cells of Magnetotacticum Magnetospirillum sus-
pended in 100 ml of 20 mM HEPES-4 mM EDTA, pH 7.4,
was split up (disrupted) by sonification. The unbroken cells
and the cell debris were removed from the sample by
centrifugation (10 min, 3036 rpm). The cell extract was
placed on to a magnet (NdFeB-magnets, 1h). The black
magnetosomes sedimented at the bottom of the tube and the
residual contaminating cellular material was retained in up-
per part tube. The residual contaminating cellular material
was decanted. To eliminate the electrostatically bound con-
tamination, the magnetic particles attached to the column
were rinsed first with 50 ml of 10 mM HEPES-200 mM
NaCl, pH 7.4, and subsequently with 100 ml of 10 mM
HEPES, pH 7.4. After removal of the cell extract from the
magnets, the magnetic particles were flushed with 10 mM
HEPES buffer. The magnetosome suspension (black sedi-
mentation) was centrifugated (18000 rpm, 4°C). After
centrifugation the cell extract was placed on the magnet for
30 minutes. The magnetic particles were sedimented at the
bottom of the tube, whereas residual contaminating cellular
material was retained in upper part tube. The last procedure

was repeated ten-times to obtain well purified magneto-
somes.

Magnetization properties of prepared aqueous suspen-
sions were measured by SQUID magnetometer of Quan-
tum Design in magnetic field (up to 2 T) and in temperature
range 2-300K. The morphological properties and size of
magnetosomes were estimated from Transmission Electron
Microscopy (TEM) using JEOL1200EX Microscope
working at 120 kV. The samples for TEM experiments
were prepared on amorphous carbon foil by micropipetted
of aqueous solution of magnetosomes.

Results and discussion

It is well known that magnetosomes in magnetotactic bac-
teria are arranged in straight chains [1]. After isolation
from these bacteria those chains tend to form closed loops.
Electron micrograph of the magnetosomes (Fig.1) reveals
that magnetosomes dispersed very well are arranged with
tendency to form bent chains in suspension so as to mini-
mize their magnetic stray field energy [12]. The reason for
these phenomena is existence of lipid membrane surround-
ing magnetic core prevents them to stick together by elec-
trostatic repulsion [3]. As was stated earlier elasticity may
play a major role in the magnetosome arrangement of bent
configuration [14]. The mean size and standard deviation
estimated from TEM was 34 nm and 6nm, respectively. But
in spite of large size distribution of magnetosomes it would
be good to emphasize that in comparison to chemical prep-
aration techniques resulting in broad lognormal distribu-
tions [13], the size distribution of magnetosomes is
remarkably narrow.

Magnetization measurements of the prepared
magnetosomes suspension were carried out by SQUID
magnetometer of Quantum Design. The saturation magne-
tization of the magnetosomes was estimated to be 62 emu/g
what is smaller than for chemically synthesized magnetite
75emu/g at room temperature due to presence of nonmag-
netic organic layer. The curve of field dependence of mag-
netization at 293 K exhibited the remanence of 21 emu/g
and coercivity of 185 Oe and is higher as for monodomain
magnetite particles what can connected with fact that the
mean diameter (34 nm) is larger than critical size for transi-
tion from superparamagnetic to ferromagnetic behaviour
[12].
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Figure 1. TEM micrograph of magnetosomes.
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