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In this paper, microorganisms-causative agents of brain disease have the potential to
produce biogenic magnetic nanoparticles (BMN), which can accumulate in the human brain
in addition to BMN, which are biomineralized in the human brain. The BMN of these
microorganisms can attract particular interest for the manufacture of magnetic nanoparti-
cles as functional materials of a wide range of applications such as nanoelectronics,
targeted delivery of drugs and a contrast agent for magnetic resonance imaging.
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Veranosiena IOTEHIIMAJIbHAS BOCHPUUMYHBOCTL MHKPOOPraHM3MOB-BO30OymuTesneil 3abo-
JIEBAHUSA MO3ra K HPOAYKIMK OMOTeHHBIX MArHuTHbIX Haxnouacrtul, (BMH), xoropsie moryr
HAKAIlJIMBATHCI B MO3re uejoBeKa momnonauuTelbHo K BMH, xoropnlie 6umoMuHepanin3yoTca B
mosre yenoBeka. BMH aTux MHKPOOPraHM3MOEB MOIYT IIPEACTABJIATH OCOOBIHI MHTepec IJd
U3TOTOBJIEHUA MArHUTHBIX HAHOUYACTUL, KAK (QYHKIMOHAJBHBIX MATEPUAJNOB IIHUPOKOTO
CIEKTPa HCIOJb30BAHUS, HAIPUMED, IJIsd HAHODJIEKTPOHUKH, IIPU I€JeBOil [TOCTaBKe Jie-
KapcTB, KaK KOHTPACTHBINA areHT AJs MATHATHO-PE3OHAHCHOHN ToMorpaduu.

IToTenuiitni mpoaymeHTn GioreHHMX MATHITHHX HAHOYACTUHOK cepelx MiKpoopraHismis
30yxaukiB 3axsopwoBanb Mo3Ky. C.B.I'opobeys, O.FO.I'opobeuv, €A Jlapmenko.

BceranoBieno moTeHI[iiiHA YyTJAMBiCTL MIKpPOOpPraHismiB-sOyIHUKIB 3aXBOPHOBAHHS MO3KY
oo mpoaykiii GioremHmx mar"iTHmx HanouacTuHOK (BMH), fAki MOMYyTh HAKOIHYYBATUCH Y
MO3KY JognHu goxarkoBo 1o BMH, aki Giomimepanisymorscsa y mosky aoaumau. BMH mux
MiKpooprauisMis MOMKYTb CTAHOBHUTH OKPEMUH iHTepec AJsd BUTOTOBJIEHHS MATHITHHX HAHO-
YACTHHOK AK (PYHKIIOHAJBHUX MAaTepialiiB IMIHPOKOro CIEeKTPY BUKOPHCTAHHSA, HAIIPHUKJIAI,
IJIA HAHOEJNEKTPOHIKM, HPU IiJBOBIH mocTaBmi JgiKiB, AK KOHTPACTHUM areHT [JIs MarHiTHO-
pesonamcHoi ToMmorpadii.

© 2017 — STC "Institute for Single Crystals”

1. Introduction

For several decades the interest in drug
delivery systems using magnetic nanoparti-
cles is increased. On today, the topical is-
sues are connected with the presence of bio-
genic magnetic nanoparticles (BMNs) in
human organs and tissues that should be
considered in the design of such systems.

BMNs are revealed in many organs of the
human’s body. Normally BMNs locate in
heart, liver, spleen [1] adrenal glands [2],
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ethmoid bone [3] and brain [4-7]. During
inflammatory processes and pathologies,
such as atherosclerotic plaques [8], the
neurodegenerative (Alzheimer’s, Parkin-
son’s, Huntington’s [9]) and cancer the
number of BMN is considerably larger than
the normal range [5].

It’s important to understand how mag-
netic nanoparticles of artificial and natural
origin that ingested as part of magnetically
labeled drugs or as part of symbioses,
pathogens and opportunistic bacteria may
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interact with BMN that are located in hu-
man’s organs and tissues [10]. Also the
work [11] showed that the use of magnetic
resonance imaging method (MRI) can be
dangerous to the human brain with the ac-
cumulation of BMN with age [12].

Since the discovery of BMN in living or-
ganisms the BMNs have been considered as
a functional material that provides magne-
totaxis in bacteria [13] and magnetorecep-
tion in multicellular organisms [14]. In this
investigation, for the first time, BMN is
considered as a functional material of a
wide range of applications.

In this paper, the meningitis — infection
of the brain is considered. The main causa-
tive agents of meningitis are Streptococcus
pneumoniae, Neisseria meningitidis, Haemo-
philus influenzae type b, Listeria monocyto-
genes, Pseudomonas aeruginosa and Strepto-
coccus agalactiae [15-18].

The content of magnetic nanocrystals is
about 5-10% per gram in the tissues of the
human brain, more than 108 per gram in
the brain membrane, 50 ng/g average.
About 90 % of the particles have a size of
10-70 nm, and 10 % have a size 90—
200 nm. The particles are grouped into
clusters of 50 to 100 nanoparticles [4, 19].

Recent advances have shown that artifi-
cial nanoparticles are able to get into the
brain, overcoming the blood-brain barrier.
So if artificial nanoparticles are able to get
into the brain they can interact with BMN
in brain tissue. This data should be consid-
ered as the treatment of pathologies of the
brain and during MRI survey especially sig-
nificant for people in old age.

Extensive use of magnetic resonance in
clinical practice and BMN discovery in the
tissues and organs of the human body have
raised new issues concerning the health
risks associated with MR. It was proved by
using isothermal residual magnetization and
magnetic field changes that the magnetic
force associated with the interaction of par-
ticles and ferromagnetic MR magnetic fields
can be dangerous to sensitive tissue such as
the human brain [11].

The aim of the work is to investigate the
BMN in the brain as a functional material
whose biosynthesis is programmed at the
genetic level, both in regions of the human
brain [19] and in microorganisms causing
pathogens of the brain. The task is to iden-
tify potential producers of BMN among the
microorganisms of pathogens of the brain
and to show that these microorganisms can
lead to the additional accumulation of BMN
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in brain (for example, due to the magnetic
dipole interaction of the BMN of these mi-
croorganisms with the brain BMN [10]).
Therefore, these microorganisms are per-
spective for use in attenuated form (with
reduced virulence) as a contrast agent for
magnetic resonance imaging (MRI) [20], as
magnetically controlled vectors with natural
ferrimagnetism properties for target drug
delivery to the brain [21], moreover micro-
organisms are powerful for the in vivo and
in vitro production of magnetic nanoparti-
cles for nanoelectronics [22].

2. Experimental

Bioinformatics methods allow to compare
a query protein with a specific set of pro-
teins from a database by sequence align-
ment of amino acid residues. Statistically
significant alignments, or matches, between
the compared sequences are used for finding
homologs, i.e., proteins descending from a
common ancestor and having the same func-
tion.

The study standard methods used pair-
wise alignment with a free access program
"BLAST" National Center for Biotechnology
Information [28]. Two indicators Ident and
E-value are considered to estimate the de-
gree of similarity.

Ident (%) is the number of identical
amino acid residues in proteins that is com-
pared with the optimal alignment [24].
Ident value should be greater than 18 %
[25]. E-value is a parameter that reflects
the statistical significance of alignment re-
ducing the value of which indicates a lower
level of rate of coincidence display at amino
acid residues of proteins compared. The
value of this parameter changes with in-
creasing amounts of information in the da-
tabase [24]. Today, the recommended
threshold E-value, to search for homologous
proteins in the NCBI database, should be
<0.05 [26]. The research takes into account
the length of the alignment. To assert that
these results are not accidental coincidence
length of alignment should be > 100 amino
acid residues.

Comparison of the amino acid sequences
of Mam proteins, indispensable in biominer-
alization BMN Magnetospirillum
gryphiswaldense MSR-1 (for which the proc-
ess of biomineralization BMN is studied ge-
netically in detail [27-29]), is carried out
with proteome of Streptococcus pneumoniae,
Neisseria meningitidis, Listeria monocyto-
genes, Pseudomonas aeruginosa and Strepto-
coccus agalactiae.
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Table 1. The results of alignment of amino acid sequences of protein that is essential for
biomineralization of magnetite in Magnetospirillum gryphiswaldense MSR-1 and proteins of

meningitis pathogens

The strain of Comple- E-value /Ident/ Length
microorganism g:ﬁg;;ses [Ozfs] Proteins of Magnetospirillum gryphiswaldense MSR-1
MamA MamB MamM MamO MamE MamK
Streptococcus 25% of 0.018 5e-28 6e-24 7e-04 2e-26 0.062
D aiare. | B 18 25% 29% 24% 24% 40% 45%
109 262 261 159 174 331
Neisseria genome is 0.002 0.038 3.0 2e-10 9e-34 0.57
meningltidis ‘;‘;I:lfgflt;g 23% 34% 32% 29% 43% 46%
124 149 72 170 161 345
Listeria mono- | genome is 5e-08 9e-36 2e-32 3e-05 le-04 5e-14
g O | oD eted | 23% 28% 32% 33% 32% 27%
F2365 107 271 254 246 104 325
Streptococcus | 25 % of 0.15 4e-27 9e-23 0.02 Te-26 0.028
Jgalactlae | genome is | g5 o 26 % 26 % 26 % 39 % 27 %
120 271 264 170 185 103
%* Pseudomonas| 25 % of 0.037 6e-12 2e-11 le-07 6e-34 0.042
deriER Y | Bpome S| 32 % 23 % 25 % 24 % 40 % 34 %
81 263 281 184 197 95

— the synthesis of BMN was confirmed experimentally [46]. In Table 1, the function shown in
Table 2 do not coincide for proteins with the bold values of E-value and Ident. The functions are not
known (hypothetical protein) for the proteins (Table 2) with italics values of E-value and Ident.

3. Results and discussion

Living organisms have a genetically pro-
grammed ability to synthesize a wide spec-
trum of minerals and other inorganic sub-
stances in a process known under the gen-
eral name of biomineralization [30-32].
Biosynthesis of BMNs from inorganic iron
compounds is of particular interest because
of the magnetic properties of BMNs. To
date, the genetic control of the synthesis of
BMNs has only been studied experimentally
in magnetotactic bacteria (MTB) [33-35],
where it appears to be a strict regulation of
the properties and structural organization
of the BMNs.

Proteins of biomineralization of BMN in
MTB can be divided into two functional
classes: proteins indispensable for the
biomineralization process of BMNs, and
regulatory proteins that carry out the ge-
netic control of size, shape, and localization
of magnetite crystals in MTB. The first
class of proteins indispensable for the proc-
ess of biomineralization of magnetite in-
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cludes proteins such as MamA, MamB,
MamM, MamE, MamQO [36-39]. Other pro-
teins of biomineralization of MTB belong to
regulatory proteins [37, 40]. A homologue
of the MamK protein, which is responsible
for the formation of the chains of BMN
[37], is found in humans.

Proteins of biomineralization of BMN in
MTB is organized mainly in four clusters of
genes in MTB Magnetospirillum
gryphiswaldense: mms6, mamAB,
mamGFDC, and mamXY encoding all known
magnetosome membrane proteins. Magne-
tosome membrane proteins were named
Mam, Mme, Mms, Mtx [41].

The loss of proteins of biomineralization
in MTB leads to nonmagnetic phenotype of
MTB demonstrating its key role in biogene-
sis of BMNs [33, 42—44]. Thus, the proteins
of the Mam group can be used to synthesize
nanoparticles and control their physico-
chemical properties and morphology. This
research opens perspectives in the manufac-
ture of functional materials.

Functional materials, 24, 3, 2017
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Table 2. Comparison of the functions of proteins in MTB and proteins in human pathogens

Proteins of biomineralization in MTB and their
functions

Pathogens proteins and their functions

MamA — contains the TPR domain, which is in-

volved in protein-protein interactions, functions

of chaperones, cell cycle, transcription, transport
of proteins

TPR- is a structural motif. TPR-domain involved
in protein- protein interactions.

MamB — Transporter of Co, Zn, Cd cations

MamM — Transporter of Co, Zn, Cd cations

MMT1 — Transporter of Co, Zn, Cd cations

MamO — Serine protease

HtrA2-Serine protease

MamE — Serine protease. PDZ domain of trypsin-
like serine protease is involved in the response to
heat shock, chaperone function, apoptosis

HtrA-Serine protease.

As shown in this paper [8, 45], the pres-
ence of homologs of Magnetospirillum
gryphiswaldense MSR-1: MamA, MamB,
MamE, MamO, and MamM proteins is suffi-
cient for the formation of intracellular crys-
talline BMN in the microorganisms under
investigation, and the presence of homologs
of the MTB Magnetospirillum
gryphiswaldense MSR-1 proteins is required
to form intracellular amorphous BMN:
MamM, MamB, MamE, MamO.

In alignment MTB Magnetospirillum
gryphiswaldense MSR-1 with proteome
pathogens, found that Streptococcus pneu-
moniae, Neisseria meningitidis, Listeria
monocytogenes, Pseudomonas aeruginosa
and Streptococcus agalactiae are potential
producers of BMN (Table 1). Homology of
biomineralization proteins and microorgan-
isms pathogens of meningitis and MTB con-
firmed the same functions (Table 2). Lack
of homolog of protein MamA in Streptococ-
cus agalactiae and Pseudomonas aeruginosa
indicates that these organisms may be po-
tential producers of amorphous intracellular
BMN. This ability to synthesize amorphous
intracellular BMN in Pseudomonas aerugi-
nosa confirms experimentally [46].

Neisseria meningitidis and Streptococcus
pneumonia are potential producers of crys-
tal BMN (Table 1). Moreover, availability of
protein homologues MamK in these organ-
isms indicates that the BMN are associated
with the cell membrane [45]. Despite the
fact that the E-value of the protein homolog
MamK in Neisseria meningitides is greater
than 0.05 the function of these proteins are
the same. Thus it can be argued that they
are homologous [25]. Lack of protein ho-
molog to MamA in Streptococcus agalactiae
could be associated with the fact that the
genome of the microorganism is not fully
sequenced.
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4. Conclusions

Alignment of proteins amino acid se-
quences of magnetotactic bacteria Magne-
tospirillum gryphiswaldense MSR-1 and pro-
teins of microorganisms pathogens of men-
ingitis are conducted using comparative
genomics methods. It is shown that Strepto-
coccus pneumoniae, Neisseria meningitidis,
Streptococcus agalactiae, Pseudomonas
aeruginosa and Listeria monocytogenes are
potential producers of BMN. Results of this
research open new possibilities for therapy
and treatment of bacterial meningitis in
adults and children. In addition, these mi-
croorganisms can attract a particular inter-
est for the manufacture of magnetic
nanoparticles as functional materials of
wide range of applications.
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