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Abstract

Purpose: In this paper the role of pathogenic microorganisms in the accumulation of biogenic magnetic
nanoparticles in lung tissues is examined. The main purpose of the present research is to prove that biogenic
magnetic nanoparticles can be accumulated in lung tissues because of the pathogenic microorganisms
during lung disease. Methods: Pairwise and multiple alignment of amino acid sequences, electron
paramagnetic resonance. Results: The producers of biogenic magnetic nanoparticles were found among
pathogenic microorganisms that cause lung disease. Biogenic magnetic nanoparticles can be accumulated in
lung tissues because of these pathogenic microorganisms during relevant lung diseases. The presence of
biogenic magnetic nanoparticles in lung tissues was proved using the electron paramagnetic resonance
spectra analysis. Discussion: The results of the present research can be used to understand the possible
reasons of toxic and allergic effects and even corking of vessels during uncontrolled accumulation of
magnetic nanoparticles in different organs and tissues because of their magnetic dipole-dipole interaction
with biogenic magnetic nanoparticles on cell membranes and to prevent it.

Keywords: biogenic magnetic nanoparticles; biomineralization; electron paramagnetic resonance; lung
tissues; pathogenic microorganisms.

1. Introduction during different neurodegenerative diseases [26],
atherosclerosis [27], cancer [22, 28]. Moreover,
BMN concentration is higher in the inflammation
zone during cancer [22, 28] and neurodegenerative
disease [29, 30] than in the same tissues in a normal
state.

BMN are strong natural magnets and act as
concentrators of various compounds and vesicles
[31, 32]. BMN are located on cell membranes in
several normal and abnormal human organs and
tissues [21-26]. This may cause toxic and allergic
effects and even corking of vessels during
uncontrolled accumulation of magnetic
nanoparticles in such organs and tissues [33]
because of their magnetic dipole-dipole interaction
with BMN on cell membranes [31, 32].

The problem of accumulation of magnetic
nanoparticles in human organs, particular in lungs, is
extremely relevant. Magnetic nanoparticles can
reach organs and tissues in different ways. For
example, accumulating during bacterial diseases

Biogenic magnetic nanoparticles (BMN) are the
subject of intense research since 1975 when they
were first found in magnetotactic bacteria (MTB)
which show taxis in the direction of the geomagnetic
field [1]. Since then, BMN were found in many
other organisms that belong to all three domains:
eukaryotes, prokaryotes and archaea.

In addition, the presence of the BMN were
experimentally confirmed in such organisms as:
protozoa and algae [2], worms [3], termites [4],
snails [5], sea turtles [6], birds [7-9], ants and
butterflies [10, 11], honey bees [12], lobsters [13],
tritons [14], fish [15-17], dolphins and whales [18],
bats [19] and human [20-22].

BMN were detected during experimental
researches in several human tissues and organs:
liver, heart, spleen [23], ethmoid bone [24], adrenal
glands [25] and brain [21, 22]. BMN were also
found in pathologically changed tissues after or

Copyright © 2017 National Aviation University
http://www.nau.edu.ua



S. Gorobets et at. The Role of Pathogenic Microorganisms in the Accumulation of Biogenic Magnetic Nanoparticles in Lung Tissues 97

with pathogens in which BMN are present, during
treatments with magnetic targeting drug delivery,
produced as a result of biomineralization in the lung
tissues or even get inside the human organism with
contaminated air.

In view of the above, potential BMN producers
research among different lung pathogens is
important because of the possibility to prevent and
cure possible corking of vessels, toxic and allergic
effects during uncontrolled accumulation of
magnetic nanoparticles

The main objective of this work is the detection
of lung pathogens characterized by BMN
biomineralization = process and  experimental
confirmation of BMN presence in lung tissues.

2. Experimental part

To predict the pathogens that are potential producers
of BMN, proteins homologues to the proteins of
magnetotactic  bacteria  magnetosome  island
Magnetospirillum gryphiswaldense MSR-1 were
found using the database and blast resource of the
National center for biotechnology information.

A comparison of the amino acid sequences of the
Mam group proteins, without which the BMN
biomineralization in Magnetospirillum
gryphiswaldense MSR-1 is impossible, was
conducted using pairwise and multiple alignment of
amino acid sequences methods with the proteins of
the following bacteria Streptococcus pneumoniae,
Staphylococcus aureus, Pseudomonas aeruginosa,
Mycobacterium tuberculosis, Mycobacterium bovis
and some other microorganisms of the following
families: Enterobacteriaceae and
Peptostreptococcus spp. as a pathogens with the
inflammation zone and disease localization in the
lung tissues.

In the present research the samples of Sus
domestica lung, liver and heart tissues were used as
a model, which is genetically close to the human
organism and the mechanism of BMN
biomineralization is the same for all the organisms
of archaea, prokaryotes and eukaryotes domains. It
is based on a set of homologous proteins to MTB
proteins, without which the biomineralization of
magnetic nanoparticles is impossible

Electron paramagnetic resonance (EPR) was used
as a method for the presence of magnetic
nanoparticles detecting in lung tissues as more
suitable for biological samples analysis. Electron
paramagnetic resonance is a method for studying
materials with unpaired electrons. The basic
concepts of EPR are analogous to those of nuclear
magnetic resonance, but it is electron spins that are

excited instead of the spins of atomic nuclei. EPR
spectroscopy is particularly useful for studying
metal complexes or organic radicals. BMN was
experimentally found in the human heart and liver
[23]. So, the samples of Sus domestica liver and
heart were used for comparison of the EPR signal
values (as the control samples).

Tissue samples were prepared at the Laboratory
of magnetic nanotechnologies in biology and
medicine of the chair of bioinformatics National
Technical University of Ukraine “Igor Sykorsky
Polytechnic Institute”. 5 Sus domestica lung tissue
samples were taken for the research. 4 Sus domestica
liver tissue samples and 4 Sus domestica heart tissue
samples were taken as a control. All the samples
were chiseled with a ceramic knife to prevent the
ingestion of external iron particles. All the samples
were dried to a constant mass in the drying cabinet
at 105° C. 0,01 g of the dried substance of every
sample was taken to determine the EPR spectrum.

The presence, quantity and character of magnetic
nanoparticles in the investigated tissues were
determined using the EPR spectroscopy method with
dried samples. The samples were reused to
determine the magnetic response after thermal
treatment at 250° C.

The results obtained using EPR are usually
presented through the first derivative of the
absorption spectrum. Possible errors were taken into
account in the calculations. Results were interpreted
as for 1 g of raw tissues. Also, the average content of
magnetite in each investigated tissue per 1 g of raw
substance was determined. The diagrams of the
dependence of the first derivative energy of
adsorption of electromagnetic radiation from the
magnetic field induction of dried and thermally
treated samples of Sus domestica lung, heart and
liver tissues are presented at the figures 1, 2 [34].

3. Results and discussion

As a result of the conducted bioinformatical analysis
the following microorganisms were determined as
synthesizers of crystalline biogenic magnetic
nanoparticles: Streptococcus pneumoniae,
Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Legionella
pneumophila, Salmonella enterica, Yersinia pestis,
Yersinia enterocolitica. This is evidenced by the
value of statistical numbers that showed the
homology and common functions between the
proteins of the investigated microorganisms and the
proteins of MTB magnetosome island (MI), without
which  the biomineralization of magnetic
nanoparticles is impossible.
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The conducted bioinformatical analysis of the
homology between MI MTB proteins and the
proteins of pathogenic human microorganisms has
shown that such microorganisms (pathogens of lung
diseases) as Staphylococcus aureus, Staphylococcus
aureus RF122, Staphylococcus aureus subsp. aureus
ST228, Klebsiella pneumoniae RYC492, Klebsiella
pneumoniae 342,  Legionella  pneumophila,
Pseudomonas aeruginosa, Pseudomonas aeruginosa
M18, Enterobacteriaceaes, Salmonella enterica,
Yersinia pestis, Yersinia enterocolitica, Yersinia
enterocolitica LC20, Peptostreptococcus sp. MV1,
Peptostreptococcus anaerobius, Peptostreptococcus
anaerobius VPI 4330, Peptostreptococcus stomatis,
may be potential producers of amorphous BMN
because mamA  protein functions in this
microorganism are different from the functions of
the same MTB protein. In this case MamA can take
part in the forming of BMN crystalline structure. For
the intracellular crystalline BMN, that are localized
in a cell as a chain, biomineralization, it is necessary
to have all the homologues of the MI MTB proteins
and the homologues of the mamK protein, that are
responsible for the formation of BMN chains.
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Fig. 1. EPR spectra: dependence of the first derivative of
the electromagnetic microwave radiation absorption
energy D on magnetic field flux density B for dried

samples of Sus domestica lung, heart and liver tissues.
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Fig. 2. EPR spectra: dependence of the first derivative of
the electromagnetic microwave radiation absorption
energy D on magnetic field flux density B for thermally
treated samples of Sus domestica lung, heart and liver
tissues.

At the same time, the functions of the MamK
protein homologies in such organisms as S. aureus,
S. aureus subsp. aureus ST228, S. suis BM407,
Enterobacter aerogenes KCTC 2190, Klebsiella
pneumoniae 342, Legionella pneumophila, P.
aeruginosa, S. enterica, Y. enterocolitica, Y.
enterocolitica 1L.C20, E. coli, M. tuberculosis
complex, M. tuberculosis avium are different from
the functions of the same protein in MTB, which
suggests a possible lack of BMN chain formation in
these microorganisms and the localization of BMN
in the cytoplasm (not on the membrane) due to the
magneto-dipole interaction force.

56% of all analyzed microorganisms may be
potential producers of BMN and 44% have no
ability to magnetotaxis because of the MI MTB
proteins lack.

Fig. 1, 2 shows dependences of the first derivative
of adsorption energy of electromagnetic radiation
(D) on the induction of a magnetic field (B, G) for
dried and thermally treated samples. Figure 1 shows
a diagram for all dried tissue samples: lungs, liver
and heart. Figure 2 shows a diagram for all
thermally treated tissue samples: lungs, liver and
heart. As a result, the thermally treated samples
show greater magnetic response than the dried
samples.

In the present research the presence of the BMN
in Sus domestica lung tissue was experimentally
confirmed using analysis of EPR spectra of
thermally treated and dried lungs, liver and heart
samples. Moreover, BMN can be accumulated in
lung tissues because of the above mentioned
pathogenic microorganisms during relevant lung
diseases. The BMN biomineralization process is the
same for eukaryotes, prokaryotes and archaea. Sus
domestica is a genetically close to human model
organism, so we can assume, that the results of the
present research are fair for the human lung tissues.

The results of the present research can be used to
understand the possible reasons of toxic and allergic
effects and even corking of vessels during
uncontrolled accumulation of magnetic
nanoparticles in different organs and tissues because
of their magnetic dipole-dipole interaction with
BMN on cell membranes and to prevent it.
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Mera: ¥V wiif pobOTi JOCTIHKYETECS POJb MATOTCHHUX MIKPOOPraHi3MiB Y HAKONMUYEHHI OiOT€HHWX MarHiTHHUX
HAHOYACTWHOK y TKaHWHAX JiereHb. OCHOBHA MeTa IAHOTO JOCTIPKCHHS — JIOBECTH, IO OIOTeHHI MAarHiTHI
HAHOYACTHHKY MOXKYTb IIOTPAIUIITH Y TKAHWHH JIETEHb Pa30M 3 [IATON€HHUMU MIKpPOOpPIaHi3MaMHU Ta HAKOIINYYBATHUCh
TaM TIpH BIMIIOBIAHMX 3aXBOPIOBAHHAX. MeTomu gocihimkeHHsi: [lomapHe Ta MHOKWHHE BHPIBHIOBAHHS
AMIHOKHMCJIOTHUX TOCTIZIOBHOCTEH, €NeKTPOHHUI TapamMarHiTHUH pe3oHaHc. Pesynbratm: [lpomyrieHTn GioreHHHX
MarHiTHUX HAHOYACTHHOK OyNM 3HAMEeHI cepell MAaTOTEHHHMX MIKPOOPTaHi3MiB, M0 € 30yAHMKAMH 3aXBOPIOBAHb
JereHb. bioreHHi MarHiTHI HAHOYAaCTMHKM MOXYTb TOTPAIUIITH Yy TKaHWHM JIETEHb PasoM 3 MAaTOIeHHUMHU
MIKpOOpraHi3MaMy Ta HAKONMYYBaTHUCh TaM TIPU BIATIOBIIHMX 3aXBOPIOBaHHAX. HasBHICTH OlOreHHMX MarHITHHX
HAaHOYACTMHOK Yy TKAaHWHAX JieTeHb OyJia eKCIePHMEHTATBHO JIOBEICHa B XOAI aHAJN3Yy CHEKTpa eJIeKTPOHHOTO
MapaMarHiTHoOro pesonancy. Qo0roBopennsi: Pesymerati naHoro JOCHIIKEHHS MOXYTb OYTH BHKOpPHCTaHI st
3aro0iraHHs. Ta PO3YMIHHS MOMJIMBUX MPHYMH TOKCHYHOTO, AJISPriyHOrO BIUIMBY 1 3aKyNOPKH CYAMH IIJ dac
HEKOHTPOJILOBAHOTO HAKOINMYECHHS MarHITHUX HAHOYACTHHOK B PI3HMX OpraHax Ta TKaHWHAX depe3 iX MarHiTHi
JIATIONTb-TUIIOJTBHI B3a€MOIiT 3 010reHHUMH MarHiTHUIMU HAHOYaCTUHKAMH Ha KITITHHHUX MEMOpaHax.

KiouoBi cioBa: OioreHHi MarHiTHI HaHOYAaCTWHKM; OloMmiHepasizallis; €JEKTPOHHUH mapamMarHiTHUN
PE30HAHC; MATOTEHHI MIKPOOPTaHi3MHU; TKAHUHHU JICTCHb.
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Henb: B ganHo#t paboTe mccieayercss pojb MATOTCHHBIX MHUKPOOPTaHM3MOB B HAKOIUIEHWH OMOTEHHBIX
MarHATHBIX HAaHOYACTHIl B TKaHAX Jerkux. OCHOBHas IeNb HMCCIENOBAaHHUS — JO0Ka3aTh, 4YTO OWOTEHHBIS
MAarHUTHbIE HAHOYACTULIBI MOTYT MONAAATh B TKAHM JIETKUX BMECTE C MATOIC€HHBIMU MUKPOOPraHU3MaMU U
HaKalUIMBaTbCs TaM TIPH COOTBETCTBEHHBIX 3a0olieBaHMsIX. MerToasl wucciaemnopanus: IlomapHoe u
MHOXECTBEHHOE BBIPABHMBAHHE AMUHOKHUCIOTHBIX MOCIEAOBATEIBHOCTEH, 3JIEKTPOHHBIA MapaMarHUTHBIN
pesonanc. Pesyabrarbi: [IpomyneHTsl OMOTEHHBIX MarHUTHBIX HAHOYACTHUI[ OBUIM OOHApyKEHBI CpEeIH
MAaTOTEHHBIX MUKPOOPTaHM3MOB, KOTOpBIE SIBJISIIOTCSA BO30yauTensiMu 3a0ojieBaHWH JIerkux. buoreHHble
MarHMTHbIE HAaHOYACTHUIBl MOTYT MONAaJaTh B TKaHU JIETKUX BMECTE C MaTOI€HHBIMH MUKPOOpPTaHU3MaMH U
HaKaITUBaThCSl TaM MPU COOTBETCTBEHHBIX 3a0oJeBaHusIX. Hannune OMOTEHHBIX MarHUTHBIX HAHOYACTHIL B
TKaHAX JIETKUX OblIa SKCIEPUMEHTANIbHO TOATBEp)KIEHA B XOJAE aHalW3a CIEKTpa 3JIEKTPOHHOTO
MapaMarHUTHOTO pe3oHaHca. QOcy:xkaenme: Pe3ynpTaTsl [JaHHOTO HCCIEAOBAaHUS MOTYT  OBITh
WCIIONIb30BaHbl AJIS MPEAOTBPALICHUS W TIOHUMAaHHUS BO3MOXKHBIX HMPUYHH TOKCHYECKOTO, ajIEpTHYeCKOTO
3G PEKTOB U 3aKYMOPKU COCYAOB BO BpeMsi HEKOHTPOJIMPYEMOI'O HAKOIUICHHsS] MarHUTHBIX HAHOYACTHUI] B
pa3IMYHBIX OpraHax M TKAaHSIX BCJIEICTBUE MX MATCHUTHBIX JHUIOJIb-JUIOJNBHBIX B3aUMOJCHCTBUN C
OMOTeHHBIMHA MarHUTHBIMH HAHOYACTHUIIAMH Ha KJIETOYHBIX MeMOpaHax.
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