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The functions of the biogenic magnetic nanoparticles both in bacteria and multicellular
organisms are studied in this paper using methods of bioinformatics and the modeling
experiments in the field of magnetochemistry. Thus it was revealed that biogenic magnetic
nanoparticles are necessary not only for the navigation in a magnetic field of the Earth
but for accumulation of paramagnetic species such as Fe ions and oxygen and for regula-
tion of transport processes in a cell by changing concentration gradients of different
species according to their magnetic susceptibility. The similarity between the genes of
magnetosome island of magnetotactic bacteria and human genes have been studied by
means of bioinformatics methods for prediction of functions and physiological origin of
biogenic magnetic nanoparticles in multicellular organisms. As a result, it was revealed
that human proteins (which are the homologues with the proteins of magnetosome island)
have been implicated in pathogenesis of a number of diseases, characterized by the
elevated level of biogenic magnetic nanoparticles.

B paGOTe C IIOMOIIIBIO METOJ0B GI/IOI/IH(I)OpMaTI/IRI/I 1 MOJEJIBHBIX 9KCIIEDMMEHTOB B obJiacTu
MArHUTOXMMUU HN3YyUYEHBI q)yHKIII/II/I OMOreHHBIX MAaTrHUTHBIX HaHOUYaCTUI, KaK B GaKTepI/IﬂX,
TaK X1 B MHOTOKJIETOYHBIX OpraHms3Max. HORaSaHO, uyTO OMOreHHbIe MATHUTHLIE HaHOYAaCTHUIIbI
CJIyX¥aT He TOJIBKO OJid HaBUTallUM B I'eOMarHMTHOM IIOJI€, HO U [JId HAKOILJIEHUsd IlapaMar-
HUTHBIX KOMIIOHEHT, TAKUX KaK HOHBI KeJjie3a U KHUCJTI0pPOoJd, a TaKKe OJA peryjadllunl TPpaHC-
IIOPTHBIX IIPOIIECCOB B KJIETKE IIyTeM H3MEHEeHHS TI'PaJueHTOB KOHIeHTpalluu pPa3/JIndYHBbIX
KOMIIOHEHT B 3aBHCHMOCTH OT MX MATrHUTHOMH BOCIIPUMMYUBOCTH. MeTOHaMI/I 6HOHHq)OpMaTH-
KU M3y4YeHO CXOACTBO MeKAy eHaMU MarHuTOCOMHOTO OCTPOBKa MarHUTOTAKCHUCHBIX baxTe-
pI/Iﬁ 1 reHaMu 4deJiOBeKa OJid IIpeJCKa3aHUud (l)yHRILI/IfI n (l)I/IBI/IOJIOI‘I/I‘IeCROI‘O IIPOUCX O AEHU A
OMOreHHBIX MAarHUTHBIX HaHOYAaCTHUI[ B MHOI'OKJIETOYUHBIX OpraHmsMax. OGHapy}KeHo, uTo
0eJIKU UeJIoBeKa (KOTOpre ABJAIOTCA TOMOJIOTaMU 6eJIKOB MArHMTOCOMHOTO OCTPOBRa) BOBJIE-
YeHBbl B IIaTOoreHe3 pdaaga SaGOHEBaHHﬁ, XapaKTepU3YIIIUXCA IIOBBIIII€EHHBIM KOJUYECTBOM
OMOreHHBIX MAarHUTHBIX HaHOYAaCTHII.
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1.Introduction

The purpose of this work is to predict
functions of biogenic magnetic nanoparti-
cles both in bacteria and multicellular or-
ganisms including human. The following
problems are solved for reaching the pur-
pose of this work. The homologues of the
proteins of magnetosome island of magne-
totactic bacteria have been revealed in
human by means of bioinformatics methods
for prediction of functions and physiologi-
cal origin of biogenic magnetic nanoparti-
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cles in multicellular organisms. The dis-
eases are studied in pathogenesis of which
the human proteins (which are the homo-
logues with the proteins of magnetosome is-
land) are implicated. The force acting on
paramagnetic ions in aqueous solution of
electrolyte in the vicinity of ferromagnetic
particles in modeling experiments is com-
pared with the force acting on paramagnetic
ions in the vicinity of the biogenic ferrite
nanoparticles in a cell.
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2. Resultls and discussion

2.1. Biogenic magnelic
nanoparticles in bacteria

It is known that living organisms, in-
cluding microorganisms (bacteria, yeast,
fungi and etec.), contain compounds that be-
long to different classes of magnetic materi-
als: dia-, para-, ferro-, antiferro- and ferri-
magnets (ferrites). Moreover, ferro-, antif-
erro- and ferrimagnets are magnetically
ordered substances. Percentage of sub-
stances and elements with different mag-
netic properties determines the degree of
response of biological objects on the exter-
nal magnetic field. Therefore, paramagnetic
and diamagnetic types of microorganisms
are distinguished [1, 2]. Magnetic proper-
ties of microorganisms also depend on the
rate and direction of a number of metabolic
reactions [3]. Thus, dead cells are more dia-
magnetic than the living [4], and magnetic
susceptibility of microorganisms depends on
their age and external factors [5, 6]. Also,
biosystems have the greatest magnetic sus-
ceptibility when accumulate in the structure
magnetically ordered compounds, including
magnetite (Fe;0,4) [7-14].

Thus, in 1975 intracellular magnetite
crystals (called magnetosomes) were found
in a number of procaryotes [7, 8]. Magne-
tosomes are self-assembled a chain of dozens
of individual ferrite nanoparticles. Each
magnetic nanoparticle is coated with a mem-
braine (so called magnetosome vesicle).
Number of magnetic nanoparticles in the
chain and their sizes vary in the range of
from 10 to 40 nm [7-14], according to
other data — from 35 to 120 nm [9], corre-
sponding to certain types of bacteria. Also
it was discovered that these magnetic
nanoparticles are located along the long
axis of the bacteria, usually on the side of
the flagellum or bundle of flagellum, i.e.
near the movement organ of cells. Accord-
ing to existing hypothesis these bacteria are
able to navigate in the Earth’s geomagnetic
field due to existence of magnetosomes, in
other words — bacteria have magnetic tro-
pism which is called magnetotaxis or mag-
netotropism, also the term "magnetic” bac-
teria is used. Discovery of magnetite in bac-
teria has set the question about
physiological function of this ferromagnetic
material [8]. Is magnetotaxis the only func-
tion of magnetosomes? This question is still
open. As for the biomineralization of mag-
netic nanoparticles inside of magnetosome
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vesicles, it is regulated at genetic level as it
was recently proved [15]. Specific genes
(mam — magnetosome membrane and mms
— magnetic particle membrane specific
genes) and proteins (so called magnetosome
membrane proteins) are responsible for syn-
thesis of magnetosomes [15]). These specific
genes are involved in magnetite biominerali-
zation in magnetotactic bacteria and they
belong to genomic magnetosome island. In
particular, the proteins MamB, MamE,
MamO, MamM, MamN belong to the
genomic magnetosome island [15].

The expression of the mam and mms
genes is down-regulated in nonmagnetic
cells under iron limitation and, to a lesser
extent, during aerobic growth compared to
that in magnetite-forming cells grown mi-
croaerobically under iron-sufficient condi-
tions [15]. The quantity of magnetic nanopar-
ticles decrease significantly or their produc-
tion stops at all under down-regulated
condition for the mam and mms genes [15].

2.2. Biogenic magnetic
nanoparticles in tissues of
multicellular organisms and
human

Later research showed that many mul-
ticellular organisms biochemically synthe-
size biogenic magnetite and other ferrite
compounds like maghemite (y—Fe30,) [14-
21] and greigite (Fe3S,), which has a mag-
netic moment three times less than magnet-
ite [22, 23]. Biomineralized magnetite was
found in the fossil remains of organisms
that are dated from the era Prekambiyskoy
[24], molluses [19], arthropods [20], fishes
[22], animals [19-22, 24], in brain tissues
[27-30] and other human organs [29]. In
particular, biogenic magnetite has been
found in tissues and organs of sharks,
skates, dolphins, many migratory birds,
snails, hornets, bees, and so on [8, 24, 30].
Thus, in [25] it was shown using ultra-sen-
sitive magnetometer of superconductivity
that ferrite nanoparticles affiliate to nu-
merous tissues of human brain (cortex,
cerebellum, and meninges — membranes
surrounding the brain) in amount from 5 to
100 million nanoscale crystals per gram of
pia and dura. The distribution of these par-
ticles size has two maxima: in the vicinity
of small particles with an average size of
33.4£15.2 nm, and in the vicinity of large
size in the range from 90 nm to 200 nm.
The transition from the superparamagnetic
to single domain state occurs for magnetite
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nanoparticles size from 25 nm to 30 nm
[31], so there are both superparamagnetic
and single domain component in the human
brain. These magnetite nanoparticles are or-
ganized into linear, membrane-bound chains
a few micrometers in length, with up to
80 crystals per chain [32]. Despite intensive
study of the properties of biogenic ferrite
nanoparticles, their origin and physiological
function in multicellular organisms remains
open question for today.

2.3. Human diseases
accompanied by increase of
amount of biogenic magnetic
nanoparticles

In works [383-35], the diseases are re-
vealed which are accompanied by the change
of quantity of biogenic ferrite nanoparti-
cles. The role of the strongly ferrimagnetic
biogenic magnetite in neurological and
neurodegenerative diseases such as Alzhe-
imer’s, Parkinson’s, Huntington’s diseases
and epilepsy was studied in the papers [36—
39]. One of the characteristics of many
neurodegenerative diseases is the disruption
of normal iron homeostasis in the brain
[383]. Elevated iron levels are associated
with many types of neurodegenerative dis-
ease, such as Alzheimer’s, Parkinson’s and
Huntington’s diseases. However, it is not
obligatory that these elevated iron levels
correlate with elevated levels of the iron
storage in transport proteins, ferritin and
transferrin. As such, a little is known about
the form of this excess iron. It has been
recently proposed that some of the excess
iron in neurodegenerative tissue may be in
the form of the magnetic iron oxide mag-
netite. For the first time it was demon-
strated that the concentrations of magnetite
are found to be significantly higher in three
samples of Alzheimer’s disease tissue than
in three age- and sex-matched controls [39].
Recent experimental works indicate also
that nanoscale magnetic biominerals (pri-
marily magnetite and maghemite) may be
associated with senile plaques and tau fila-
ments found in brain tissue affected by
these diseases. Body iron stores that in-
crease with age could be pivotal to Alzhe-
imer’s disease pathogenesis and progression
[84]. The concentration of superparamag-
netic biogenic magnetite and/or maghemite
is significant and appears to be proportional
to the concentration of ferritin, which var-
ies with progression of the disease — neuro-
ferritinopathy [35].
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The first detection of biogenic magnetic
nanoparticles in various human tumor tis-
sues (melanoma, breast, ovary, testicle, sar-
coma, meningioma, glioblastoma, astrocy-
toma, glioma, metastasis) using SQUID
magnetometry was carried out in the paper
[40]. However, a special covariance between
ferritin expression and quantity of biogenic
magnetite nanoparticles was unable to be
demonstrated in the study [40]. The mag-
netic methods described in the work [40]
showed that human meningiomal brain
tumor tissues contained an order of magni-
tude higher concentration of ferrimagnetic
particles than non-tumor hippocampus [41].
The rate of formation of biogenic nanoparti-
cles of magnetite (and/or maghemite) was
higher in tumor tissue, since the size of
nanoparticles in the healthy hippocampal
tissue is less than in the tumor tissue,
where conditions are more favorable for the
growth of larger particles [41]. In addition,
the authors of [41] observed that the
amount of blood in the tumor tissue is on
the average higher than in the healthy hip-
pocampal tissue. But the correlation be-
tween the supply of blood to tissue and for-
mation of magnetite and/or maghemite was
not found. There is no evidence also about
changes of quantity of biogenic magnetic
nanoparticles with aging that does not cor-
relate with the data on the expression of
ferritin with aging [41, 42].

2.4. Iron-containing proteins as
precursors of synithesis of ferrite
nanoparticles?

It is known that ferritin is one of the
intracellular iron proteins contained in each
cell, and is one of the key proteins in iron
metabolism [48]. It consists of a spherical
protein shell with a diameter of 12 nm, and
the nucleus of the antiferromagnetic ferri-
hydrite (5Fe3049H,0) with a diameter
8 nm [44, 45]. Despite numerous studies the
exact structure and morphology of the nu-
cleus it is still contradictory [46]. Accord-
ing to the most current research [46] it is
considered that the core of ferritin consists
of a maximum of eight subunits that are
compatible with eight channels in a mem-
brane protein that provide iron in the cen-
tral cavity. Small subunits of ferrihydrite
(about 2 nm) inside the nucleus are con-
nected in such a way that remains the cen-
tral region with low density and large sur-
face area to ensure rapid turnover of iron
in biological systems [46]. Also analysis of
individual nuclei using transmission elec-
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tron microscopy and electron nanodiffrac-
tion has shown that some nuclei are com-
posed of one of the several possible inor-
ganic phases: antiferromagnetic ferrihydrite
— in most nuclei or magnetite [47—-49]. As
magnetite includes both types of iron ions
Fe3* and Fe?*, under certain conditions,
oxidation-reduction cycle can occur even
within ferritin [46]. However, these state-
ments are not completely reliable because it is
suggested that in case of ferrihydrite expo-
sure to electron beam in the process of meas-
urement may provoke its conversion to mag-
netite [46].

In our opinion, magnetic force micros-
copy could be an alternative method to ver-
ify the results of works [47-49] because it
allows to distinguish antiferromagnetic
phase of ferrihydrite from magnetite, with-
out changing the physical and chemical
properties of samples. In [48, 49] the as-
sumption was made that the physiological
and pathological ferritin in the human brain
may be a precursor for magnetite
(maghemite) nanoparticles with sizes large
enough to have a residual magnetization at
room temperature. Furthermore, in [41] the
hypothesis was formulated in the continu-
ation of this idea that biogenic growth of
ferrite nanoparticles starts with nanometer-
size and different stages of growth detected
in all tissue samples that is confirmed by
the detection of broad distribution in size
ferrite nanoparticles in human brain tissue.

Correlation between an expression of fer-
ritin and concentration of biogenic magnetic
nanoparticles was also investigated in [39].
In [42, 50] it was shown that ferritin ex-
pression increases with aging. However, no
correlation of magnetite and/or maghemite
content with age was found in either type of
tissue [41]. Also abnormalities in the ex-
pression of ferritin observed for many types
of cancers that was analyzed in detail in
[61]. But according to the results of [40]
distribution of ferritin is not correlated
with the distribution of magnetite in the
human brain; this implies that magnetite
does not form spontaneously from ferritin
[40]. Therefore in contrast to bacteria the
physiological origin of biogenic magnetic
nanoparticles in multicellular organisms is
still open. And the following questions arise
consequently: What are the functions of
biogenic magnetic nanoparticles in multicel-
lular organisms? Are there common func-
tions of biogenic magnetic nanoparticles in
bacteria and in multicellular organisms?
What is the physiological origin of biogenic

Functional materials, 19, 1, 2012

magnetic nanoparticles in multicellular or-
ganisms? Is there regulation of biominerali-
zation of biogenic magnetic nanoparticles in
both bacteria and multicellular organisms at
genetic level? In the case if the biominerali-
zation of biogenic magnetic nanoparticles in
multicellular organisms is genetically regu-
lated it is important to reveal if this is the
result of homology (common ancestry) or
convergent evolution (common selective
pressure)?

Methods of bioinformatics are invented
for comparison of nucleotide and protein se-
quences of organism with the purpose of
obtaining new knowledge. Such comparison
can be carried out, for example, by means
of the free software, supplied by the Na-
tional Center for Biotechnology Information
(USA) http://www.ncbi.nlm.nih.gov/. As
well as the genes (and expressed proteins)
of magnetotactic bacteria are known which
are responsible for the biomineralization of
magnetite but the human genes (and pro-
teins), involved in process of formation of
the biogenic magnetite are not known for
today. That is why the purpose of applica-
tion of bioinformatics methods in this work
is revealing human proteins which are simi-
lar to the proteins of magnetosome island of
magnetotactic bacteria. Estimation of the
statistical significance of the revealed simi-
larity between the protein sequences allows
confirm conservation of the function of
biomineralization of magnetite for the
human homologues of the proteins of mag-
netosome island.

2.5. Similarity belween the genes
of magneltosome island and
human genes

The similarity between the genes of mag-
netosome island and human genes have been
studied in this paper by means of bioinfor-
matics methods for clarifying the questions,
mentioned above. The matches between the
genes of magnetosome island of bacterium
Magnetospirillum gryphiswaldense and human
genes have been analyzed. The significant
matches have been found by means of the free
software, designed for comparative analysis
of protein sequences, — BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) be-
tween:

MamE and “serine protease” region of
human genes HTRA1l, HTRA2, HTRAS,
HTRA4 that encode the members of the
trypsin family of serine proteases (HtrA
family proteins).
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¢ HTRAI1 has also been suggested to be a
regulator of cell growth. Variations in the
promoter region of this gene are the cause
of susceptibility to age-related macular de-
generation (AMD) type 7 [52]. Recent stud-
ies on the molecular pathology of AMD sug-
gest important roles for oxidative stress,
induction of hypoxia, generation of reactive
oxygen species (ROS) [563]. The high oxygen
tension in the retina coupled with light pro-
vides a permissive environment for the gen-
eration of oxidative post-translational modi-
fications. Oxidative protein modifications
accumulate in the eye with age and possibly
contribute to AMD pathogenesis. Why ocu-
lar tissues in AMD patients are more sus-
ceptible to oxidative damage than normal
eye tissue remains to be determined [54].
The expectation value is equal to 10724,

e HTRA2 encodes the protein which is
also localized in mitochondria with release
to cytosol following apoptotic stimulus. The
protein is considered to induce apoptosis by
binding the apoptosis inhibitory protein
baculoviral TAP repeat-containing 4. Nu-
clear localization of this protein has also
been observed [52]. The serine-protease
HTRAZ2 required for several cellular proc-
esses including mitochondrial function,
autophagy, chaperone activity, and apop-
tosis, has been implicated in the pathogene-
sis of both Alzheimer’s disease (AD) and
Parkinson’s disease (PD). Loss of HtrA2
function leaded to nerve cell loss in mouse
models and has been linked to neurodegen-
eration in PD and Huntington’s disease
(HD). Under physiological conditions HtrA2
is thought to be involved in protection
against cellular stress, but the cytological
and molecular mechanisms of the processes
are not clear. HtrA2 deficiency caused an ac-
cumulation of reactive oxygen species and re-
duced mitochondrial membrane potential [55].
The expectation value is equal to 5-10722;

¢ HTRAS is regulated by oxygen tension:
low oxygen enhanced, while the transition
from low to high oxygen decreased HtrA3
protein production in syncytiotrophoblast
[66]. The HtrA family proteins are serine
proteases that are involved in important
physiological processes, including mainte-
nance of mitochondrial homeostasis, apop-
tosis and cell signaling. They are involved
in the development and progression of sev-
eral pathological processes such as cancer,
neurodegenerative disorders and arthritic
diseases [52]. The expectation value is equal
to 410724, HTRA4 encodes protein which
contains a putative signal peptide, an insu-
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lin growth factor binding domain, a Kazal
protease inhibitor domain, a conserved tryp-
sin domain and a PDZ domain. Based on
studies on other related family members,
this enzyme may function as a secreted oli-
gomeric chaperone protease to degrade mis-
folded secretory proteins. Other human
HtrA proteins have been implicated in ar-
thritis, tumor suppression, unfolded stress
response, apoptosis, and aging [52]. The ex-
pectation value is equal to 5-10724,

MamO and "serine protease” region of
human genes HTRA1 (the expectation value
is equal to 1077), HTRA2 (the expectation
value is equal to 1075) that encode the mem-
bers of the trypsin family of serine pro-
teases (HtrA family proteins).

MamB and "Cation efflux” region of
human genes SLC30A9, SLC30A4 that en-
code zinc transporter 9 and zinc transporter
4 (Cation efflux family).

e SLC30A9 encodes the protein which is
expressed in human embryonic lung; ZNT-9
is human embryonic lung protein; it belongs
to solute carrier family 30 member 9 [52].
Interruption of blood flow after cardiac ar-
rest limits the delivery of oxygen and glu-
cose to neurons causing ATP reduction
which has numerous consequences including
neurotoxicity, DNA damage, and production
of free radicals [567]. In model [57] only 28
significantly differentially expressed tran-
scripts in total after global ischemia were
found. Among the moderately up-regulated
genes, it is noteworthy that 7 transcripts
affected by ischemia belonged to ion trans-
port and included 2 =zinc transporters:
SLC30A9 (ZNT9) and SLC30A10 (ZNT10).
The SLC30 proteins are CDF (cation diffu-
sion facilitator) proteins and plasma mem-
brane efflux transporters [58]. The mecha-
nism of transport for many CDF proteins
appears to be via zinc/H + or K + antiports.
Therefore, despite their name, CDF proteins
do not serve as diffusion facilitators but
rather as secondary active transporters,
using the gradient of other ions to drive the
transport of zinc [59]. The expectation
value is equal to 2-10715,

e SLC30A4, or ZNT4, belongs to the ZNT
family of zinc transporters. ZNTs are in-
volved in transporting zinc out of the cyto-
plasm and have similar structures, consist-
ing of 6 transmembrane domains and a his-
tidine-rich cytoplasmic loop [60]. Alterations
in Zn transport proteins ZNT-1, ZNT-4 and
ZNT-6 may contribute to the pathology ob-
served in preclinical AD subjects before
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onset of clinical symptoms [61]. The expec-
tation value is equal to 4.1078.

MamM and "MMT1" region of human
gene SLC30A9 (the expectation value is
equal to 1076) and "Cation efflux” region
of human gene SLC30A4 (the expectation
value is equal to 2.107°) that encode zinc
transporter 9 and zinc transporter 4 (Cation
efflux family).

MamN and "P_permease” region of
human gene OCAZ2. This gene encodes the
human homologue of the mouse p (pink-eyed
dilution) gene. The encoded protein is be-
lieved to be an integral membrane protein
involved in small molecule transport, spe-
cifically tyrosine — a precursor of melanin.
Mutations in this gene result in type 2 ocu-
locutaneous albinism. Although the precise
function of the P protein is unknown [52].
The expectation value is equal to 6.10718,

2.6. Mechanisms of influence of a
constant magnetic field on
biosystems

A lot of experimental material is accu-
mulated in the direction of studying the
influence of magnetic fields on biosystems.
Almost there is no biosystems, in which
magnetic fields have no influence, although
all aspects of the mechanisms of this influ-
ence have not yet been elucidated. Research
of processes and mechanisms of action of
magnetic field on the structure and func-
tion of living organisms at different levels
of complexity plays the most important role
for studying this problem. This is one of
the most important problems of modern bio-
physics, especially as the emergence of mag-
netobiclogical effects in biological systems
should be considered as constantly present
an environmental factor that has the same
meaning in the life of living organisms, like
temperature, humidity, pressure and other
natural factors. Since no doubt that Earth’s
natural magnetic field is essential for nor-
mal functioning of biosystems. Influence of
magnetic fields on biosystems promoted the
emergence and development of such sciences
as magnetobiology, magnetochemistry, bio-
physics ete. Thus, the value of the magnetic
fields in laboratory experiments, commonly
used, are weak and should not lead to no-
ticeable effects from a theoretical point of
view. The situation is complicated by the
fact that most of the experiments are car-
ried out processing the organism as a whole
(including Dbacteria). It is important to
study the quantitative effects of magnetic

Functional materials, 19, 1, 2012

fields [62-66] for some structure and bio-
logical functions of organisms or microor-
ganisms for identification of the mechanism
of influence of magnetic fields for biosys-
tems. At this time, about a dozen of models
of magnetic field influence on biosystems
are designed which are systematized in [67].
Most of them are concerned of weak alter-
nating magnetic fields. As for constant
magnetic fields, the mechanisms of their in-
fluence on mechanical particles in granular,
liquid and gaseous environments were stud-
ied deeply enough. The theory that explains
the movement, separation and "capture”
dia-, para-, ferri-, antiferro- and ferromag-
netic particles under the influence of spa-
tially inhomogeneous (i.e. gradient) and
constant in time magnetic field was estab-
lished and experimentally verified [68—70].
In this connection it should be noted that
the influence of magnetic fields on para-
and diamagnetic substances is 3—6 orders of
magnitude less than on the magnetically or-
dered substances such as ferromagnets and
ferrites. However, the problem of safety of
strong magnetic fields (more than 3 T) be-
came actual after the detection of biogenic
ferrite particles in the human body and in
connection with a spread of wide use in
medicine NMR method [71]. But the
authors of [71] estimated that the magnetic
fields of 9.4 T is unlikely even to disrupt
the normal functioning of cells through
stimulation biogenic magnetite nanoparti-
cles. The feature of the approach of these
works [71-76] is account of the possibility
of the mechanical damage of cells due to the
movement of magnetite nanoparticles in
uniform constant external magnetic field.
But according to the authors of the work
[71] an existence of high gradient magnetic
field, created by the biogenic ferrite
nanoparticles, is not taken into account.
The existence of own magnetic field of
magnetic nanoparticles leads to change of
the type of mass transfer from diffusion to
convection in their vicinity, to the change
of the rate of electrochemical reactions, to
self-organized formation of phases with dif-
ferent magnetic susceptibilities, to the
emergence of electric potential difference
between surface regions of magnetic parti-
cles during the electrochemical reactions
under certain conditions [77-87]. Indeed, it
is easy to compare the force acting on
paramagnetic ions in aqueous solution of
electrolyte in the vicinity of ferromagnetic
particles in [82—87] with the force acting on
paramagnetic ions in the vicinity of ferrite
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nanoparticles in the cell in an external mag-
netic field:
_ 1 op2

F = 3 VH?4,
where ¥ is magnetic susceptibility of param-
agnetic species (for example, of ions), H —
superposition of an external magnetic field
and magnetic field, created by magnetized
particle.

The operator grad can be replaced for
estimations by 1/a, where a is the typical
size of particles, which create a gradient
magnetic field. H =1000 E, a=10+
1000 pm in experimental research [82—-8T7].
Then it is possible to estimate:
H?/a ~ (1000)2/a vary in the interval from
109 to 107 Oe2/cm.

Cell contains magnetite nanoparticles
which can create its own magnetic field of
about 1000 Oe because these biogenic mag-
netic nanoparticles are magnetized in the
magnetic field of the Earth if their sizes
exceed the threshold size of transition to
the superparamagnetic state. The size of
these magnetic nanoparticles in the cell, as
mentioned above, are within the range from
10 to 200 nm (from 1076 = 1073 ¢m) [7T-14].

So, H?/a~1012 + 1011 Qe2/cm around
the magnetic nanoparticles in the cell,
which is several orders of magnitude bigger
than gradients that are achieved in experi-
mental studies, conducted in [82—-87]. Thus,
the gradient magnetic field of biogenic mag-
netic nanoparticles and related magneto-
chemical effects can be additional non-me-
chanical factor influencing on transport
processes, diffusion and electrical potentials
in the cell.

By the way the possible mechanisms of
influence of magnetized particle on trans-
port processes and chemical reactions in
cells can be summarized as follows. The
magnetized particle creates gradient mag-
netic field and the gradient magnetic force
gives rise to the following effects: separa-
tion of reactants and reaction product (ions
and other species) with different magnetic
susceptibility; anisotropy of chemical reac-
tion rate; formation of heterogeneous state
of initially homogenous medium; change of
chemical reaction rate; change of diffusion
mass transport mechanism into magnetohy-
drodynamic convection; creation of electric
cell voltage due to concentration nonunifor-
mity at the surface of the magnetized parti-
cle [82—-87].
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3. Conclusions

Significant matches exist between the
genes of magnetosome island (MAM genes)
and certain regions of human genes in the
"twilight zone” with expectation value
range 10710 < E<107® and more similar
alignment pairs with E < 10710, In particu-
lar, the human genes with MAM matching
regions encode the members of the trypsin
family of serine proteases (human HtrA
proteins) and cation efflux family (zinc
transporters — ZnT).

MAM genes are involved in magnetosome
formation containing biogenic magnetic
nanoparticles as well as products of MAM
matching human genes have been implicated
in pathogenesis of a number of diseases,
characterized by the elevated level of bio-
genic magnetic nanoparticles.

MAM genes are oxygen regulated as well
as there are data about correlation of the
expression of MAM matching human genes
and oxidative stress and their oxygen regu-
lation.

There is no significant matches between
the genes of magnetosome island (MAM
genes) and the iron storage or transport
proteins, ferritin and transferrin confirm-
ing the absence of correlation in distribu-
tion of ferritin and the distribution of bio-
genic magnetite in the human brain.

Magnetic force microscopy is an effective
method for detection of spatial distribution
of the biogenic magnetic nanoparticles. It
was shown by means of MFM that duration
of cultivation of Ehrlich carcinoma cells in
the external magnetic field 160 mT influ-
ences on the quantity of the biogenic mag-
netic nanoparticles and their self-organiza-
tion in a complex superstructures [88].

As well as the function and physiological
origin of biogenic magnetic nanoparticles
are still open in multicellular organisms. It
is possible to formulate a hypothesis that
the biogenic magnetic nanoparticles both in
bacteria and multicellular organisms are
necessary not only for the navigation in a
magnetic field of the Earth but for: accu-
mulation of paramagnetic species such as Fe
ions and oxygen; regulation of transport
processes in a cell by changing concentra-
tion gradients of different species according
to their magnetic susceptibility, for exam-
ple, the biogenic magnetic nanoparticles can
render an influence on transport protein
using the gradient of other ions to drive the
transport of certain ion.

The hypothesis was proposed for the first
time in [89]. The hypothesis is confirmed by

Functional materials, 19, 1, 2012
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the modeling experiments from works [82—
87] and estimation comparing the gradient
magnetic force in the vicinity of an biogenic
magnetic particle in a cell and in the model-
ing magnetochemical experiments [82—87].
The methods of bioinformatics are de-
scribed, for example, in the [90].
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dynK1il 0l0OTeHHUMX MATrHITHUX HAaHOYACTHHOK
B OpraHiamax

C.B.I'opob6eyw, O.10.I'opobeyn

3 3acTOCYBaHHSAM METO[AiB OioiHm(opmMaTuKM i MOAEIbHUX €KCIePUMEHTiB B objacTi marui-
Toximil BuBUeHO (QyHKII OioreHHMX MAarHiTHMX HAHOYACTHMHOK SK B OakTepisix, Tak 1 B
OaraToKJiTHHHUX opraHiamax . BusiBieHo, mo 6ioreHHi Mar"HiTHi HAHOYACTHHKU CJIYIKATh HE
TinpKu naaA Hasiramii y reomarmiTHomMy moJi, aje I AJA HAKOIIMYEHHS HapaMarHiTHUX
KOMIIOHEHT, TAKMX SK ioHM 3aiisa i KuceHb, a TAKOMK MJA PEeryJasilil TPAHCIOPTHUX IIPO-
meciB y KiaitTmHi masxom 3MiHM rpagieHTiB KoHIeHTpaliil pPisHOMAHITHHX KOMIIOHEHT B
sajexuocTi Big ix marmiTHol cupumitHstamsocti. IloxibHicTe MisK remamMm Mar"iTocoMHOTO
OCTPOBI[SI MarHiToTaKCHUCHMX OaxkTepiil i remamMu JIOAMHU BUBYEHO MeTomaMu OioimdopmarTi-
KU s nepemdbaueHusa PYHKIIN Ta (isiosoriunoro moxom:kenus 0iOreHHMX MardiTHUX HaHO-
YACTUHOK y 0araTOKJIiTHMHHHX opraHismax. B pesymabrari BusBieno, mo Oinku aoguau (aKi
€ romoJioramMu OiJIKiB MarHiTOCOMHOrO OCTPOBIS) 3amifHi y maroreHesi HUSKM 3aXBOPIOBAHb,
[0 XapaKTepU3yIThCS IIiIABUINEHOI0 KiJbKicTIO 6ioreHHMX MarHiTHHX HAHOYACTHHOK.
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