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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 
 

1.  Introduction 

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 

neutralizing them. Thus, the most common human 

pathogen, Staphylococcus aureus, which causes 
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 В, 

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 (MНT) 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 (АMF) 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 АMF [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, АMF 
was applied to a mixture of MTB and pathogenic 

microorganisms S. aureus. In the second case, a 

АMF was applied to АMF 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 АMF, 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 BMNs, 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. Streptococcus, g. 

Peptostreptococcus. 

Ident and E-value were taken into account 

aligning amino acid sequences of proteins to assess 

the degree of their similarity.   
Ident (I) 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]. 

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 

Genome Group 

E-value (І, %) 

Proteins of M. gryphiswaldense MSR-1 

mamA mamB mamM mamO mamE mamK 

S. aureus subsp. aureus 

6850  2 
5e-09 

23% 

4e-24 

25% 

5e-30 

30% 

9e-10 

30% 

1e-25 

41% 

0.012 

28% 

S. aureus subsp. aureus 

ED133  2 
2e-09 

23% 

5e-24 

25% 

8e-30 

30% 

9e-10 

30% 

1e-25 

41% 

0.012 

28% 

S. aureus 

NCTC 8325  2 
2e-09 

23% 

6e-24 

25% 

9e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.015 

28% 

S. aureus subsp. aureus 

ST72  2 
6e-09 

23% 

6e-24 

25% 

1e-29 

30% 

1e-09 

30% 

2e-25 

41% 

0.015 

28% 

S. aureus subsp. aureus 

EMRSA16  2 
3e-09 

23% 

5e-24 

25% 

7e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.014 

28% 

S. aureus SCOA6009  2 
3e-09 

23% 

3e-23 

25% 

4e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.013 

28% 

S. aureus M81493  2 
5e-09 

23% 

5e-24 

25% 

8e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.013 

28% 

S. aureus 880  2 
3e-09 

23% 

6e-24 

25% 

9e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.014 

28% 

S. aureus subsp. aureus 

21269  2 
4e-09 

23% 

2e-23 

25% 

8e-30 

30% 

9e-10 

30% 

1e-25 

41% 

0.86 

30% 

S. aureus subsp. aureus 

CO-98  2 
3e-04 

28% 

2e-08 

25% 

6e-35 

30% 

3e-10 

27% 

6e-27 

36% 

0.004 

29% 

S. aureus A8819  2 
6e-09 

23% 

3e-24 

25% 

5e-30 

30% 

1e-09 

30% 

1e-25 

41% 

0.013 
28% 

Pseudomonas 

fluorescensNCIMB 

11764 
 3 

0.004 

33% 
2e-10 

23% 

3e-14 

27% 

1e-09 

27% 

2e-32 

43% 

1e-05 

29% 
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Name of bacteria, strain 

Genome Group 

E-value (І, %) 

Proteins of M. gryphiswaldense MSR-1 

mamA mamB mamM mamO mamE mamK 

P. fluorescensABAC62  3 
0.017 

32% 
1e-10 

26% 

1e-16 

26% 

1e-10 

29% 

4e-34 

45% 

6e-04 

27% 

P. fluorescensBBc6R8  4 
2e-04 

23% 

6e-06 

27% 

2e-15 

28% 

7e-09 

29% 

3e-32 

43% 

1e-06 

24% 

Bacillus cereus G9241  4 
2e-07 

26% 

2e-37 

30% 

1e-35 

30% 

1e-04 

31% 

2e-22 

42% 

1e-11 

25% 

Shigelladysenteriae161

7  3 
0.094 

26% 
2e-18 

28% 

2e-14 

24% 

9e-14 

30% 

1e-35 

47% 

4e-08 

25% 

Shigellaflexneri2a  3 
2.0 

29% 
5e-18 

27% 

6e-14 

24% 

0.003 

30% 
3e-22 

53% 

8e-08 

25% 

Shigellaflexneri2a str. 
2457T  3 

0.14 

25% 
2e-10 

27% 

1e-07 

26% 

8e-10 

26% 

8e-36 

47% 

4e-08 

25% 

Clostridioidesdifficile 

CD196  3 
0.005 

31% 
2e-40 

30% 

2e-35 

29% 

3e-09 

29% 

2e-35 

47% 

9e-11 

25% 

Peptostreptococcussp. 

MV1  3 
0.005 

21% 
8e-20 

24% 

5e-16 

29% 

3e-09 

28% 

1e-31 

43% 

5e-08 

24% 

Peptostreptococcus sp. 

D1  3 
0.005 

27% 
8e-22 

26% 

6e-15 

38% 

2e-08 

25% 

3e-28 

37% 

8e-08 

25% 

Streptococcus sanguinis 

SK115  1 
0.65 

28% 
3e-29 

28% 

5e-27 

26% 

6e-05 

26% 

7e-26 

36% 

0.072 

23% 

Streptococcus 

pneumoniae 845  1 
0.006 

25% 

3e-08 

37% 

5e-24 

24% 

7e-05 

27% 

3e-25 

36% 

0.01730

% 

S. pneumoniae 2070335  1 
0.016 

25% 
1e-09 

29% 

4e-24 

25% 

7e-04 

32% 

1e-26 

40% 

0.01025

% 

 

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 BMNs. 

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 

BMNs. 

We propose several approaches for to the 
methods of MHT application, taking into account 

the localization of BMNs 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 BMNs 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. 

 

Fig. 1. Schematic representation of the interaction of 

an amorphous BMNs of S. aureus and an artificial 

nanomagnetite at a magnetically labeled bacteria, where 

0 0,R M  – the radius and magnetization of an artificial 

magnetic nanoparticle, respectively, and ,a aR M  – 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: 

0R = 30 nm= 3·10-6 cm – radius of the artificial 

magnetic nanoparticle;  

aR = 40 nm= 4·10-6 cm – radius of amorphous 

BMNs [27, 28]; 

0M  ≈ 500 EMU- the magnetization of an 

artificial magnetic nanoparticle; 

aM ≈ 0,1EMU – 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) 

2

0 0

5

3( )( ) ( )a am r m r m m r
U

r

    
   

   

(2) 

where:
r

n
r

 , 
0 0 0m M V   – the magnetic moment 

of an artificial magnetite particle, 

a a am M V 
 

– the magnetic moment of the 

amorphous BMNs in S. aureus. 

As a result of the calculation, a force of 1·10-14 N 

was obtained, which is significantly less than the 
specific binding forces of the antigen-antibody, 

which is equal to 1·10-9 N [30–32]. However, these 

forces have a close order of magnitude to the forces 

that are necessary for the functioning of molecular 
tweezers (5·10-14 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 5·10-15 N to 6·10-

14 N [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 BMNs, the experience 

in [5] could be simplified and made more efficient 
using magnetic field measurement. At the same 

time, we suggest using 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  EMRSA16, 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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Мета: Зазвичай у практиці знешкодження мікроорганізмів магнітною гіпертермією не враховують 
наявність у останніх власних біогенних магнітних наночастинок. Мета дослідження виявити 

мікроорганізми, для яких врахування характеристик їх власних біогенних магнітних наночастинок 

може привести до помітного зростання ефективності магнітної гіпертермії.Методи: У дослідженні 

використано методи порівняльної геноміки, зокрема, попарне вирівнювання з використанням бази 
даних Genbank. Проведено вирівнювання протеомівмагнітотаксисної бактерії 

Magnetospirillumgryphiswaldense MSR-1 з протеомами патогенних мікроорганізмів, які були 

класифіковані за місцем локалізації і типом внутрішньої будови  їх біогенних магнітних 
наночастинок.Результати: Проаналізовано геноми 24 штамів  патогенних мікроорганізмів, які 

належать до таких родів: Staphylococcus, Pseudomonas, Bacillus, Shigella, Clostridioides, Streptococcus, 

Peptostreptococcus. Показано, що 2 із них мають кристалічні внутрішньоклітинні біогенні магнітні 
наночастинки, зовнішньоклітинні кристалічні – 11 штамів, внутрішньоклітинні аморфні – 8 штамів, 

зовнішньоклітинні аморфні – 3 штами. Також в роботі представлені розрахунки сил диполь-

дипольних взаємодій між аморфними біогенними наночастинками Staphylococcusaureus та штучними 

магнітними наночастинками. Обговорення: Ми рекомендуємо використовувати методи порівняльної 
геноміки для поділу мікроорганізмів за магнітними властивостями для підбору більш ефективного 

способу знешкодження магнітною гіпертермією. Так 3 штами, що продукують кристалічні 

внутрішньоклітинні біогенні магнітні наночастинки, можна знешкодити методом магнітної 
гіпертермії, використовуючи у якості магнітного матеріалу їх власні наночастинки. 21 штам із 

зовнішньоклітинними кристалічними, внутрішньоклітинними аморфними та зовнішньоклітинними 

аморфними біогенними магнітними наночастинками, можна знешкодити магнітною гіпертермією,  
використовуючи методи штучного магнітомічення. Показано, що сил диполь-дипольних взаємодій 

між аморфними магнітними наночастинками та штучними магнітними наночастинками достатньо 

для того, щоб магнітомітити S. aureus і в подальшому знешкоджувати їх за допомогою магнітної 

гіпертермії. Висновки: Отже, врахування природних феримагнітних властивостей мікроорганізмів 
підвищить ефективність знешкодження магнітною гіпертермією. 

Ключові слова: магнітна гіпертермія; патогенні бактерії; знешкодження; біогенні магнітні 

наночастинки; методи порівняльної геноміки; магнітодипольні взаємодії 
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Цель: Обычно в практике обезвреживания микроорганизмов магнитной гипертермией не учитывают 

наличие в последних собственных биогенных магнитных наночастиц. Цель исследования выявить 

микроорганизмы, для которых учет характеристик их собственных биогенных магнитных наночастиц 
может привести к заметному росту эффективности магнитной гипертермии. Методы: В 

исследовании использованы методы сравнительной геномики, в частности, попарное выравнивание с 

использованием базы данных Genbank. Проведено выравнивание протеомовмагнитотаксисной 

бактерии Magnetospirillum gryphiswaldense MSR-1 с протеомами патогенных микроорганизмов, 
которые были классифицированы по месту локализации и типу внутреннего строения их биогенных 

магнитных наночастиц. Результаты: Проанализированы геномы24 штаммов патогенных 
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микроорганизмов, принадлежащих к таким родам: Staphylococcus, Pseudomonas, Bacillus, Shigella, 

Clostridioides, Streptococcus, Peptostreptococcus. Показано, что 3 из них имеют кристаллические 

внутриклеточные биогенные магнитные наночастицы, внеклеточные кристаллические – 11 штаммов, 

внутриклеточные аморфные – 8 штаммов, внеклеточные аморфные – 3 штамма. Также в работе 
представлены расчеты сил диполь-дипольных взаимодействий между аморфными биогенными 

наночастицами Staphylococcus aureus и искусственными магнитными наночастицами. Обсуждение: 

Мы рекомендуем использовать методы сравнительной геномики для разделения микроорганизмов с 
магнитными свойствами для подбора более эфективного способа обезвреживания магнитной 

гипертермией. Так, 3 штамма с кристаллическими внутриклеточными биогенными магнитными 

наночастицами можно обезвредить методом магнитной гипертермии, используя в качестве 

магнитного материала их собственные частицы. 21 штамм с внеклеточными кристаллическими, 
внутриклеточными аморфными и внеклеточными аморфными магнитными наночастицами, можно 

обезвредить магнитной гипертермией, используя методы искусственного магнитомичения. Показано, 

что сил диполь-дипольных взаимодействий между аморфными магнитными наночастицами и 
искусственными магнитными наночастицами достаточно для того, чтобы магнитометитьS. aureus и в 

дальнейшем обезвреживать их с помощью магнитной гипертермии. Выводы: Использование 

природных ферромагнитных свойств микроорганизмов повысит эффективность обезвреживания 
магнитной гипертермии. 

Ключевые слова: магнитная гипертерми; патогенные бактерии; обезвреживание; биогенные 

магнитные наночастицы; методы сравнительной гномики; магнитодипольные взаимодействия 
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