76 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2019. N2(79): 76-84

ENVIRONMENT PROTECTION, CHEMICAL AND BIOTECHNOLOGY

UDC 577.334:615.84 (045)
DOI: 10.18372/2306-1472.79.13835

Svitlana Gorobets!
Oksana Gorobets®
Liubov Kuzminykh?
Roman Shevgalishyn*

MAGNETIC HYPERTHERMIA OF MICROORGANISMS WITH NATURAL
FERRIMAGNETIC PROPERTIES

L234National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, Ukraine
E-mails: pitbm@ukr.net;? gorobets.oksana@gmail.com;
*8eugenekuz@gmail.com;*romshevgali@gmail.com

Abstract

Aim and Objectives: Biogenic magnetic nanoparticles of microorganisms are not taken into account when neutralized
by their magnetic hyperthermia. The aim is to identify microorganisms, which take into account the characteristics of
their own biogenic magnetic nanoparticles can lead to a noticeable increase in the effectiveness of magnetic
hyperthermia. Methods: Research the study used methods of comparative genomics, in particular, pair alignment using
the Genbank database. The alignment of proteomes of magnetotactic bacteria Magnetospirillum gryphiswaldense MSR-
1 with the proteomes of pathogenic microorganisms, which were classified according to the site of localization and the
type of internal structure of their biogenic magnetic nanoparticles, was carried out. Results: The genomes of 24 strains
of pathogenic microorganisms were analyzed belonging to such genus: Staphylococcus, Pseudomonas, Bacillus,
Shigella, Clostridioides, Streptococcus, Peptostreptococcus. It was shown that three of them have crystalline
intracellular biogenic magnetic nanoparticles, 11 strains have extracellular crystalline, 8 — intracellular amorphous,
3 — extracellular amorphous. The paper also presents calculations of the dipole-dipole strengths of interactions
between the amorphous biogenic nanoparticles of Staphylococcus aureus and artificial magnetic nanoparticles.
Discussion: We recommend using methods of comparative genomics for the separation of microorganisms with
magnetic properties for the selection of a more effective method of neutralization by magnetic hyperthermia. Thus, 3
strains with crystalline intracellular biogenic magnetic nanoparticles can be neutralized by the magnetic hyperthermia,
using their own particles as a magnetic material. Other 21 strains with extracellular crystalline, intracellular
amorphous and extracellular amorphous magnetic nanoparticles can be neutralized by magnetic hyperthermia using
methods of artificial magnetically labeled. It is shown that the forces of dipole-dipole interactions between amorphous
magnetic nanoparticles and artificial magnetic nanoparticles are enough to magnetically labeled of Staphylococcus
aureus and further neutralize them using magnetic hyperthermia. Conclusions: The use of the natural ferromagnetic
properties of microorganisms will increase the effectiveness of the neutralization of magnetic hyperthermia.

Keywords: magnetic hyperthermia; pathogenic microorganisms; neutralization; biogenic magnetic nanoparticles;
methods of comparative genomics; magnetic dipole interactions

neutralizing them. Thus, the most common human

1. Introduction pathogen, Staphylococcus aureus, which causes

Today there is a need to find new ways to destroy
pathogenic and conditionally pathogenic
microorganisms. This need has arisen due to the fact
that pathogenic microorganisms quickly develop
resistance to known methods and means of

purulent infections, very quickly develops defense
mechanisms against known antimicrobial and
disinfecting agents [1-2]. Some strains have become
immune to all antimicrobials known to date [3-4]. A
number of microorganisms are very resistant to drug
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therapy: Pseudomonas aeruginosa, Streptococcus
pyogenes, Haemophilus influenzae type B,
Streptococcus pneumonia, Enterococcus faecalis,
Enterococcus  faecium,  Clostridium  difficile,
Escherichia coli, Acinetobacterbaumannii,
Mycobacterium tuberculosis, Proteus vulgaris,
Klebsiellapneumoniae,  Neisseria  meningitidis,
Neisseria gonorrhoeae, Staphylococcus epidermidis,
Bacteroides fragilis, etc.

Magnetic hyperthermia may be one of the
methods being developed for the neutralization of
microorganisms that have developed resistance to
antimicrobial agents [5].

Magnetic hyperthermia (MHT) is an alternative
method for treating tumors [6], in a temperature
range of 42-45 °C [7, 8] is used in a local area of
tissue or organ for their destruction. An alternating
magnetic field (AMF) acts on magnetic material
(magnetic  nanoparticles) introduced into a
pathological tissue site [9, 10], as a result of which
electromagnetic energy is converted into heat [8, 10,
11].But this method currently is not used by itself
for the treatment of tumors, because it due to the fact
that it is difficult to maintain the uniformity of tissue
heating [12]. It is known that tumor cells are not
completely neutralized at a temperature of 43 ° C
[13]. When the temperature rises above 43 ° C,
healthy tissues surrounding the tumor undergo
significant toxic effects, which is a negative
consequence of the use of MHT [13].

However, a number of works [7, 8, 10, 14, 15]
indicate that MHT significantly increases the
effectiveness of traditional methods for the treatment
of tumors (radiation and chemotherapy). Therefore,
despite of the imperfection of the method, side
effects and its relatively high cost, the research and
development of MHT is being continued. Also, the
scope of MHT is expanding. Currently, the research
is being conducted on the use of MHT for the
treatment of inflammatory processes [5] and the
neutralization of microorganisms [16]. The main
idea of the neutralization of microorganisms MHT is
to increase local temperature in suspension with
bacteria or in the focus of inflammation with a
bacterial infection. To do this, magnetic
nanoparticles are pre-introduced into a suspension
containing microorganisms, or into the body tissue
infected by the bacterial inflammation, and exposed
to AMF [5, 16].

The use of biogenic magnetic nanoparticles
(BMNs) for the neutralization of microorganisms by
MHT was proposed in [5]. Crystalline intracellular

BMNs of magnetotatic bacteria (MTB) were used as
magnetic material for MHT [5]. In vitro studies were
performed by two methods. In the first case, AMF
was applied to a mixture of MTB and pathogenic
microorganisms S. aureus. In the second case, a
AMF was applied to AMF and S. aureus, which
were connected to each other using monoclonal
antibodies [5]. The effectiveness of MHT in the first
study was 20%, in the second — 50%.

In [16], effective neutralization of MHT of the
Pseudomonas fluorescens bacteria was observed,
which form biofilms and cause spoilage of food and
beverages. An aqueous solution of bacteria P.
fluorescens and magnetic nanoparticles was
subjected to a AMF, as a result of which the
temperature of the suspension increased. The
complete destruction of bacteria was observed at a
temperature of 55 ° C, and at 45 ° C inactivation of
more than 50% of the total bacteria was observed.

The question of the presence of BMNs in cells
and tissues was not considered during exposure to
MHT on bacterial suspensions and on inflammatory
foci with a bacterial infection [5, 16]. But the
effectiveness of exposure to MHT may depend on
the presence or absence of BMNSs, their properties
and localization in bacterial cells [17] and affected
tissues [18 — 19].

2. Methods

The purpose of this work is to identify potential
producers of BMNs among  pathogenic
microorganisms that cause infectious diseases, as
well as to classify these microorganisms by their
nanostructural localization of BMNs in the cell and
the type of internal structure of BMNs.

The experiment used paired alignment methods
using the free online program "BLAST" of the
National Center of Biotechnological Information
(NCBI) [20]. The alignment was carried out using
the methods of comparative genomics. The
proteomes of pathogenic microorganisms were
compared with the proteomes of the magnetotactic
bacteria Magnetospirillum gryphiswaldense MSR -1,
in which the biomineralization mechanism of BMNs
was studied in details [21-23].

Spent the alignment of the proteins of the Mam
group of M. gryphiswaldense MSR-1  with
proteomes of 24 microorganisms that cause
infectious diseases. The genera of microorganisms,
which were investigated: g. Staphylococcus, g.
Pseudomonas, g. Bacillus, g. Shigella, g.
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Clostridioides, g.
Peptostreptococcus.

Ident and E-value were taken into account
aligning amino acid sequences of proteins to assess
the degree of their similarity.

Ident (1) is the number of identical amino acid
residues of the studied proteins with optimal
alignment.

E-value is an indicator that reflects the statistical
significance of alignment, a decrease in the value of
which indicates a lower level of manifestation of the
random factor when the amino acid residues of the
comparative proteins coincide.

It is also necessary to consider the length of the
aligned sequences, which should be more than 100
amino acid residues [21, 24].

Streptococcus, g.

3. Results and discussion

The results of the alignment of MTB proteins with
proteins of microorganism strains are presented in
Table. The degree of decoding of the genomes of

the microorganisms was also taken into account.
The designations that are used in Table: @ the
genome of the microorganism is completely
decoded; ‘# — the genome of the microorganism is
decoded by 50% '* the genome of the
microorganism is decoded by 25%.

24 strains of microorganisms were analyzed by
the methods of comparative genomics. Table 1
shows microorganisms which are produced by
BMNs or can be their producers.

Non-magnetotactic bacteria are divided into 4
groups according to the classification of BMNs by
the type of their internal structure (crystalline or
amorphous form) and by their localization in the
cell  (extracellular  or intracellular)  [25].
Microorganisms that synthesize extracellular
amorphous BMNs belong to group 1, and
extracellular crystalline BMNs to group 2.
Microorganisms that synthesize intracellular
amorphous BMNs belong to group 3, and
synthesizing intracellular crystalline BMNs to
group 4.

Table

Comparison of Mam MTB proteins of M. gryphiswaldense MSR-1 and proteomes of microorganisms
that cause infectious diseases

Name of bacteria, strain E-value (I, %)
Genome | Group Proteins of M. gryphiswaldense MSR-1
mamA | mamB mamM mamO mamE mamK

S. aureus subsp. aureus 2 5e-09 4e-24 5e-30 9e-10 le-25 0.012
6850 @ 23% 25% 30% 30% 41% 28%
S. aureus subsp. aureus 2 2e-09 5e-24 8e-30 9e-10 le-25 0.012
ED133 @ 23% 25% 30% 30% 41% 28%
S. aureus 2 2e-09 6e-24 9e-30 1le-09 le-25 0.015
NCTC 8325 @ 23% 25% 30% 30% 41% 28%
S. aureus subsp. aureus 2 6e-09 6e-24 le-29 1le-09 2e-25 0.015
ST72 ot 23% | 25% 30% 30% 41% 28%
S. aureus subsp. aureus . 2 3e-09 5e-24 7e-30 1e-09 le-25 0.014
EMRSA16 > 23% 25% 30% 30% 41% 28%

: 3e-09 3e-23 4e-30 1e-09 le-25 0.013
S. aureus SCOAG009 > 2 | 23% | 259 | 30% 30% 4% 28%

. 5e-09 5e-24 8e-30 1le-09 le-25 0.013
S. aureus M81493 > 2 | 23% | 25% | 30% 30% 4% 28%

: 3e-09 6e-24 9e-30 1e-09 le-25 0.014
S. aureus 880 » 2| 23% | 25% 30% 30% 41% 28%
S. aureus subsp. aureus . 2 4e-09 2e-23 8e-30 9e-10 le-25 0.86
21269 - 23% 25% 30% 30% 41% 30%
S. aureus subsp. aureus . 2 3e-04 2e-08 6e-35 3e-10 6e-27 0.004
C0-98 - 28% 25% 30% 271% 36% 29%

6e-09 3e-24 5e-30 1e-09 le-25 0.013

S. aureus A8819 ® 2| 3% | 5% | 30% 30% 41% 28%
Pseudomonas 0.004 2e-10 3e-14 1le-09 2e-32 1le-05
fluorescensNCIMB @ 3 33% 23% 27% 27% 43% 29%
11764
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Name of bacteria, strain E-value (I, %)
Genome | Group Proteins of M. gryphiswaldense MSR-1
mamA | mamB mamM mamO mamE mamK
0.017 le-10 le-16 le-10 4e-34 6e-04
P. fluorescensABAC62 L) 3 32% 26% 26% 2904 45% 27%
2e-04 6e-06 2e-15 7e-09 3e-32 1e-06
P. fluorescensBBc6R8 L] 4 23% 27% 28% 29% 43% 24%
. 2e-07 2e-37 1e-35 le-04 2e-22 le-11
Bacillus cereus G9241 @ 4 26% 30% 30% 31% 42% 25%%
Shigelladysenteriae161 3 0.094 2e-18 2e-14 9e-14 1e-35 4e-08
7 g 26% | 28% 24% 30% 47% 25%
. . 2.0 5e-18 6e-14 0.003 3e-22 8e-08
Shigellaflexneri2a - 3 20% 27% 24% 30% 5306 2506
Shigellaflexneri2a str. 0.14 2e-10 le-07 8e-10 8e-36 4e-08
2457T ¢ 3 25% 27% 26% 26% 47% 25%
Clostridioidesdifficile 0.005 2e-40 2e-35 3e-09 2e-35 %e-11
CD196 L 3 31% 30% 29% 29% 47% 25%
Peptostreptococcussp. . 3 0.005 8e-20 5e-16 3e-09 le-31 5e-08
MV1 - 21% 24% 29% 28% 43% 24%
Peptostreptococcus sp. . 3 0.005 8e-22 6e-15 2e-08 3e-28 8e-08
D1 - 27% 26% 38% 25% 37% 25%
Streptococcus sanguinis . 1 0.65 3e-29 5e-27 6e-05 7e-26 0.072
SK115 > 28% 28% 26% 26% 36% 23%
Streptococcus . 1 0.006 3e-08 5e-24 7e-05 3e-25 0.01730
pneumoniae 845 = 25% 37% 24% 27% 36% %
. 0.016 1e-09 4e-24 Te-04 le-26 0.01025
S. pneumoniae 2070335 W 1 25% 29% 2506 3206 40% %

The alignment results are presented in of Table 1,
where 24 strains of microorganisms of 3 strains
synthesize extracellular amorphous particles (1st
group), 11 strains synthesize extracellular crystalline
BMNs (2nd group), 8 strains have intracellular
amorphous BMNs (3rd group), 3 strains have
intracellular crystalline BMNs (4 group). The
genomes of 10 strains of microorganisms are
completely decoded, and the genomes of 14 strains
have not yet been completely decoded in the NCBI
database.

In [5], the researchers did not take into account
the fact that S. aureus can be producers of BMNSs.
Table 1 shows that almost all strains of S.aureus
whose genomes are in the Genbank NCBI database,
can be producers of BMNs. In [16], the rate of
destruction of P. fluorescens is also not theoretically
explained, and the magnetic properties of this
bacterium are not taken into account. Genetic
analysis has shown that some strains of P.
fluorescens can produce crystalline extracellular
BMNSs.

We propose several approaches for to the
methods of MHT application, taking into account
the localization of BMNSs in the cell and the type of
their internal structure. As a rule, intracellular
crystalline BMNs are strong natural nanomagnets
that cause the destruction of bacteria when MHT is
applied to them [5]. Microorganisms with
amorphous particles are suggested to neutralize
MHT using additional artificial magnetically
labeled. Bacteria with crystalline particles can be
neutralized using only their own particles, or their
action must be enhanced by artificial magnetic
nanoparticles. It is necessary to take into account the
number of piece magnetic nanoparticles, which will
be fixed on the cell surface during the magnetics of
bacteria with amorphous BMNs. We also suggest
considering whether there are enough dipole-dipole
interactions between BMNSs and artificial magnetic
nanoparticles to fix their on the cell surface of a
bacterium.

We recommend to neutralize bacteria which
don’t synthesize BMNs with magnetically
conducting of magnetohydrodynamic mixing[26].
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As a result, magnetic nanoparticles will uniformly
settle on the cell surface of the microorganism.
Thus, magnetic nanoparticles are fixed on the cell
surface and as a result bacteria become more
sensitive to the action of MHT. So microorganisms
should be neutralized by heating magnetic particles
on the surface of their cells when exposed to MHT.

Experiments [27] showed that S. aureus produce
amorphous BMNs. The micrographs presented in
[27] show that the magnetic nanoparticles of S.
aureus are not organized into chains and their sizes
can vary from 10 to 150 nm. Artificial magnetic
nanoparticles introduced into the suspension during
labeling t diameters, from 10 nm and above [16].

A schematic representation of the interaction
forces between amorphous BMNs of S. aureusand
artificial magnetic nanoparticle is shown on Fig. 1.

. ¥
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Fig. 1. Schematic representation of the interaction of
an amorphous BMNs of S. aureus and an artificial
nanomagnetite at a magnetically labeled bacteria, where
R, M, — the radius and magnetization of an artificial

magnetic nanoparticle, respectively, and g yi, — the

radius and magnetization of an amorphous S. aureus
nanoparticle, respectively.

The parameters of the physical model for
assessing of the strength of the magnetic dipole
interaction between amorphous BMNs and artificial
magnetic nanoparticles:

R,= 30 nm= 3-10° cm - radius of the artificial
magnetic nanoparticle;
R,= 40 nm= 4.10° cm — radius of amorphous

BMNs [27, 28];
M, = 500 EMU- the magnetization of an

artificial magnetic nanoparticle;
M.~ 0,lEMU - the magnetization of an

amorphous biogenic nanoparticle [29].

Thus, we propose the following calculations of
the forces of the magnetic dipole interaction between
the amorphous BMNs of S. aureus and artificial

magnetic  nanoparticles at  magnetism  for
neutralizing S. aureus MHT:
F =—gradu 1)
3(m, - F)(m, -7) — (M, -m_)r’
U:_{(o ), 1)~ (-, } )
r

where: fi = —, M, = M, -V, — the magnetic moment

r )
of an artificial magnetite particle,
m,=M, -V, — the magnetic moment of the

amorphous BMNs in S. aureus.

As a result of the calculation, a force of 1-10™* N
was obtained, which is significantly less than the
specific binding forces of the antigen-antibody,
which is equal to 1-10° N [30-32]. However, these
forces have a close order of magnitude to the forces
that are necessary for the functioning of molecular
tweezers (5-10™* N), which control the movement of
DNA inside the cell. Also, these forces are close to
the forces that are necessary for the functioning of
molecular motors, and range from 5-10"* N to 6-10°
1N [33, 34]. Such magnetic forces are sufficient to
affect vesicular transport and metabolism in tissues
and organs [35].

Thus, the forces resulting from the interactions of
amorphous BMNs and artificial magnetic
nanoparticles are sufficient to magnetize S. aureus
and further neutralize them with MHT.

Since S. aureus produces BMNSs, the experience
in [5] could be simplified and made more efficient
using magnetic field measurement. At the same
time, we suggest wusing artificial magnetic
nanoparticles as a magnetic material for MHT
instead of magnetotactic bacteria.  Artificial
magnetic nanoparticles will settle on the cell surface
and will be fixed there due to the forces of dipole —
dipole interactions between artificial particles and
the BMNs of S. aureus during magnetic labeling.
Thus, the particles will be fixed with the help of
magnetic forces.

So, from the studied microorganisms, which are
presented in table 1, 3 strains can be neutralized by
MHT, using BMNsof Streptococcus sanguinis
SK115, Streptococcus pneumoniae 845, S.
pneumoniae 2070335. But their genomes are not
fully defined. 20 strains can be neutralized with the
help of magnetic hyperthermia, using an additional
artificial magnetically labeled [25]: S. aureus subsp.
aureus 6850, S. aureus subsp. aureus ED133,
S.aureus NCTC 8325, S. aureus subsp. aureus
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ST72, S.aureus subsp. aureus EMRSAL6, S.
aureus SCOA6009, S. aureus M81493, S. aureus
880, S. aureus subsp. aureus 21269, S. aureus subsp.
aureus CO-98, S. aureus A8819, P. fluorescens
NCIMB 11764, P. fluorescensABAC62, P.
fluorescens BBc6R8, Bacillus cereus G9241,
Shigelladysenteriae 1617, Shigellaflexneri 2a, S.
flexneri 2a str. 2457T, Clostridioides difficile
CD196, Peptostreptococcus sp. MV1,
Peptostreptococcus sp. D1.

3. Conclusions

So, using the methods of comparative genomics, it is
possible to determine whether this microorganism
produces BMNs and what type of BMNs and to
provide a further way for neutralizing these
microorganisms using MHT.

Thus, carrying out genetic analysis, the division
of microorganisms into groups, the selection of
methods of neutralization depending on the
magnetic properties of bacteria for each individual
group will provide the best result and increase the
efficiency of MHT.
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MarniTHa rineprepMisi MikpoopraHizmis 3 NpupoIHMMH ¢epUMArHiTHHMH BJIACTHBOCTAMH
L234HanionanpHuil TexHiuamMil yHiBepcuteT Ykpainu "Kuischkuii momitrexniunmii inctutyT iMeni Irops
Cikopcekoro", npocmekt [lepemoru, 37, Kui, Ykpaina, 03056
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Mera: 3a3Bu4ail y MpaxkTHIl 3HEIIKOMKEHHS MIKpOOPTaHi3MiB MarHiTHOIO TillepTepMici0 HE BPaxOBYIOTh
HasBHICTh Y OCTaHHIX BJIACHMX OIOr€HHUX MArHITHMX HAaHOYACTMHOK. MeTa JOCHTIKCHHS BUSIBUTH
MIKpOOPTaHi3MH, AJSl SKUX BPaxyBaHHS XapaKTEPUCTHK iX BIACHUX OIOT€HHUX MAarHiTHUX HaHOYaCTHHOK
MOX€E TIPUBECTH JI0 TMOMITHOTO 3pOCTaHHs eQeKTUBHOCTI MarHiTHOI Tineprepmii.Meroau: Y mociipkeHH1
BUKOPUCTAHO METOJM IMOPIBHILHOI T€HOMIKH, 30KpeMa, MolapHe BUPIBHIOBAHHS 3 BUKOPHUCTAHHSIM 0a3u
JTaHUX Genbank. [IpoBeneno BUPIBHIOBaHHS MPOTEOMIBMarHITOTAKCUCHOT Oakrepii
Magnetospirillumgryphiswaldense MSR-1 3 mporeoMaMu TaTOTEHHHX MIKpOOPTaHi3MiB, sKi OysH
knacudikoBaHi 3a MiclleM JIOKamizalii 1 THIIOM BHYTPIIHBOI OynOBM  iX OIOreHHHMX MarHiTHHX
HaHodacTHHOK. PesynbTaTu: I[IpoananizoBaHo reHoMu 24 miTamiB  MAaTOrEHHUX MIKPOOPraHi3MiB, SKi
Hanexarthb 0 Takux poxis: Staphylococcus, Pseudomonas, Bacillus, Shigella, Clostridioides, Streptococcus,
Peptostreptococcus. Ioka3ano, mo 2 i3 HUX MarOTh KPUCTAJi4HI BHYTPIIIHBOKIITUHHI OlOreHHI MarHiTHi
HAHOYACTHHKH, 30BHINIHLOKIIITHHHI KpHCTaNivHi — 11 mramiB, BHYTPIIHBOKIITHHHI aMOpdHI — § mTaMis,
30BHIIIHBOKIITHHHI amopdui — 3 mramu. Takok B poOOTI MpeACTaBieHI PO3PaXyHKH CHJI JMIIONb-
JIMTIONBHUX B3aEMOJIIN MK aMmoppHUME OioreHHHMH HaHOo4YacTHHKamu Staphylococcusaureus ta mrydHEME
MarHiTHUMH HaHouacTHHKamMu. QO6roBopeHHsi: My peKOMEHIYyEMO BUKOPHCTOBYBATH METOJIU TOPIBHSIIBHOT
TEHOMIKH JIJIsI TIOAUTY MIKpOOPTaHi3MiB 32 MarHiTHUMH BJIACTHUBOCTSMH JUIs MiA00py OuThIN eeKTHBHOTO
croco0y 3HEMIKOMKEHHS MarHiTHO Timeprepmiero. Tak 3 1mraMu, MO0 HOPOAYKYHOTh KpPHUCTaTiYHI
BHYTPIMIHBOKIIITHUHHI OIOT€HHI MAarHITHI HAHOYACTUHKH, MOXHA 3HEITKOAWTH METOJOM MAarHiTHOL
rineprepMii, BUKOPHUCTOBYIOUHM y SKOCTI MarHiTHOrO MaTepialy iX BJacHI HaHOYacTWHKH. 21 mTam i3
30BHIIIHBOKIITHHHUMH KPUCTAIYHUMHM, BHYTPIIIHHOKIIITHHHUMH aMOP(GHUMH Ta 30BHINIHbOKIITHHHUMU
aMop(HIMHE OlOT€HHUMH MarHITHUMH HAaHOYACTHHKAaMU, MOXHA 3HEIMIKOAWTH MAaTHITHOIO TIIEpTEpMIEro,
BUKOPHCTOBYIOUM METOIM IITYYHOrO MarHiToMideHHs. [lokas3aHo, IO CHJI AMIONB-IAMIIONBHUX B3a€MOJIH
MDK aMOp(GHHMH MarHiITHUMH HAHOYACTMHKAMU Ta IITYYHUMH MarHiTHUMH HAHOYaCTUHKAMH JIOCTATHBO
JUIsL TOTO, MO0 MArHiTOMITHTH S. aureus i B MOJANBIIOMY 3HEIIKOHKYBATH iX 3a JIONMOMOTOK MAarHiTHOI
rineprepmii. BucHoBku: OTxxe, BpaXyBaHHS NMPUPOIHUX (PEPUMArHITHUX BIACTUBOCTEH MIKpOOPTaHi3MiB
MIBUITATE €EKTUBHICTH 3HEMIKOIKESHHS MAarHITHOIO TIlTePTEPMIEI0.

KuarouoBi cioBa: MarHiTHa TilepTepMis; ITaTOreHHI OakTepil, 3HEMIKO/KEHHsS; OIOreHHI MAarHiTHI
HaHOYACTHHKH; METOIN TIOPIBHUIBHOI TEHOMIKH; MarHITOAWIIONBHI B3aEMOJII1
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MarauTHasi runepTepMus MUKPOOPIraHU3MOB € IPUPOIHBIMHU (heppUMArHMTHBIMH CBOMCTBAMM

1234 HanyonanbHbINA TeXHHUECKHH yHHBEpCHTET YKpauHbl "KHeBCKHMIl TOMMTEXHUUECKUI HHCTHTYT HMEHH
Uropst Cuxopckoro", mpocmiext [1o6exnsl, 37, Kues, Ykpanna, 03056
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Hean: OObYHO B IpakTHUKe 00€3BPEKUBAHHUS MUKPOOPTaHU3MOB MarHUTHOM THITIEPTEPMUEH HE YUUTHIBAIOT
HaJM4Me B MOCICIHUX COOCTBEHHBIX OMOrEHHBIX MArHUTHBIX HaHoYacTHil. Llenb mcciemoBaHHs BBISIBUTDH
MHKPOOPTaHH3MBI, JJIsl KOTOPBIX YUeT XapaKTePHUCTHK UX COOCTBEHHBIX OMOT€HHBIX MAarHUTHBIX HAHOYACTHI
MOXKET TPHUBECTH K 3aMETHOMY pocTy 3()(GeKTHBHOCTH MarHUTHOM runeprepmun. Mertoasl: B
MCCIICIOBAaHUH HCIIOB30BAaHbI METO/IbI CPABHUTEIIBHON I€HOMHUKH, B YaCTHOCTH, ITOMAPHOE BBIPABHUBAHHE C
ucrioiabp3oBanueM 0a3el naHHBIX Genbank. IlpoBeneHo BBIpaBHHBaHHE ITPOTEOMOBMArHUTOTAKCHCHOM
Oakrepun Magnetospirillum gryphiswaldense MSR-1 ¢ nporeomMamy NaTOreHHBIX MHKPOOPTaHH3MOB,
KOTOpbIe ObUIH KJIACCU(HUIMPOBAHBI [0 MECTY JIOKAJIHU3AIMU U TUITy BHYTPEHHETO CTPOCHUS UX OMOT€HHBIX
MarHUTHBIX HaHo4yacTHl. Pe3yawstarel: [lpoaHanu3upoBaHbl TIeHOMBI24 IITAMMOB  ITATOr€HHBIX
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MHKPOOPTaHU3MOB, TPUHAUISKAIINX K TakuMm pomam: Staphylococcus, Pseudomonas, Bacillus, Shigella,
Clostridioides, Streptococcus, Peptostreptococcus. IToxazano, uTo 3 W3 HHX HMEIOT KPHUCTAUTHYECKHE
BHYTPHKIICTOUHbIC OMOTEHHBIC MATHUTHBIC HAHOYACTHIIBI, BHEKIETOYHbIE KpUCTaJUIMYeckue — 11 mramMMos,
BHYTPHKIIETOUHBbIE aMOp(HBIE — 8 MTaMMOB, BHEKJIETOUHbIe amopdHble — 3 mTamMa. Takke B pabore
MPEACTABICHBl pPacueThl CHJ JIUIOJb-AUTOIBHBIX B3aMMOJACHCTBUI MEXAy aMOpQHBIMA OWOTCHHBIMHU
HaHoyactunamu Staphylococcus aureus u MCKYCCTBEHHBIMH MarHUTHBIMH HaHOYacTUIlaMH. OOGcyKIeHue:
MBI peKOMEHAYEM HCIIONb30BaTh METO/AbI CPAaBHUTENBHOW M€HOMMKH ISl pa3/iefieHUus] MUKPOOPTaHU3MOB C
MarHUTHBIMH CBOWCTBaMH JUisi moaOopa Oonee 3(EeKTUBHOrO Crmocoda o0e3BpeXMBaHHUS MarHUTHOW
runeprepmueid. Tak, 3 ImMTaMMa ¢ KPUCTAUIMYECKUMH BHYTPHKICTOUHBIMH OHOTEHHBIMH MAarHHTHBIMH
HaHOYACTHIIAMH MOXXKHO O00€3BpEeINTh METOJOM MAarHWTHOW THUIEPTEPMHUH, HCIHONb3yd B KauecTBe
MarHMUTHOTO MaTepuajia MX COOCTBEHHbIE YacTHIBL. 21 IMTaMM C BHEKJIETOYHBIMH KPUCTAJUIMYECKUMH,
BHYTPHKIICTOUHBIMH aMOP(HBIMU M BHEKJIETOYHBIMH aMOP(QHBIMH MarHUTHBIMH HAHOYACTHUI[AMH, MOXHO
00€3BpeANTh MAaTHUTHOW THIIEPTEPMUEH, NCTIONB3YsI METO/Ibl HCKYCCTBEHHOTO MarHuTOMU4eHus1. [lokazaHo,
YTO CWJI JWUINONb-AMIIONBHBIX B3aUMOJACHCTBUH MeEXKTy amMOp(HBIMH MATHUTHBIMH HaHOYACTHUIIAMU H
HCKYCCTBEHHBIMH MarHUTHBIMH HAHOYACTHIIAMH JIOCTATOYHO JJISl TOTO, YTOOBI MATHUTOMETUTHS. aureus u B
JanpHeleM 00e3BpeKMBaTh WX C IOMOIIBI0 MarHUTHOW TunepTepMuu. BuiBoabl: lcmonb3oBaHue
MPHUPOAHBIX (EPPOMATHUTHBIX CBOWCTB MHKPOOPTaHW3MOB TIOBBICHT 3(PQEKTUBHOCTh 00E3BPEIKUBAHHS
MarHUTHOM THITEPTEPMHUH.

KiarwoueBble cja0Ba: MarHHTHAas THIICPTEPMHU; TATOICHHBIC 6aKTepI/II/I; O6C3Bpe)KI/IBaHI/Ie; OMOreHHbIE
MAarHuTHBIC HAHOYACTHUILbI, METOAbI CpaBHHTeHBHOﬁ THOMHMKH,; MAarHuTOANIIOJIbHBIC BSaHMOHeﬁCTBHSI
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