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Abstract

The viral component of the gut microbiome has been poorly studied to date. Expanding knowledge
about the role of the virome will make it possible to use it for therapeutic and prophylactic purposes in the
future. This article shows the effect of the antibiotic drug cefazolin and the coordination compound CC-
195, used for the treatment of Staphylococcus aureus, on the diversity of viral taxa in the intestines of mice.

The samples taken from the group the infected mice treated solely with cefazolin reflect a significant
disturbance of the normal intestinal microbiota by the antibiotic therapy. The viromes of the infected mice
treated with CC-195 either alone or together with cefazolin showed the closest similarity to the original
virome in the negative control animals. So the coordination compound CC-195 is capable of stabilizing the
intestinal virome (microflora) both when used with the antibiotic and on its own.
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Antibiotics are now the means of first choice against bacterial infections. But along with the
enormous benefits for mankind, the harm of their use is also obvious as they suppress not only the
pathogens, but also the beneficial resident microflora, primarily of the intestines, reducing its
population by 30% on average. Recovery of the normal resident microflora after one week of
application of antibiotics, then may take from 6 months to 1 year. Also, the gut microbiome can
affect the body's response to drugs by the enzymatic transformation of their structures and
alteration their bioavailability, bioactivity and/or toxicity [1-3].

The microflora of the digestive tract is a heterogeneous mixture of microorganisms. It
includes about 1000 species of bacteria, viruses, fungi, and archaea [4]. The abundance and species
diversity of microbiome varies in different parts of the intestine, reaching a maximum of 10%*°-10*?
CFU/ml in the colon. The microbiome includes a complete set of microorganisms, their genes and
metabolites. It contains 100 times more genes than the human genome [5]. Most of the intestinal
microbiota are strict anaerobes. Microorganisms colonize the intestines immediately after birth.
Their composition is influenced by the genetics and nutrition of the host, the medications he or she
takes, and the environment [6].

As a result of weakened immunity, the irrational use of antibiotics, chemotherapy, and
defects in production of enzymes, the microbial balance is disturbed up to the disappearance of
some representatives of microflora (E. coli, lactic acid bacteria, and bifidobacteria) and the
appearance of Candida fungi, Pseudomonas, Staphylococci, and Protists. There appear digestive
disorders, and when the immune system generalized forms of infection including sepsis may be
developed by the endogenous opportunistic pathogens. Therefore, monitoring species diversity of
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the microbiome, quantitative ratios of the normal and pathologenic microflora, all this is necessary
for controlling adverse effects of antibiotics and restoration of the normal microflora [7]. It has
also been proven that the intestinal microbiota plays a fundamental role in maintaining
homeostasis not only of the intestine, but also of the body as a whole down to the gene regulation
of the host. The relationships between changes in the composition of the microbiota of the
gastrointestinal tract and the development of cardiovascular diseases (chronic heart failure),
metabolic disorders (obesity, type 11 diabetes), allergic manifestations (atopic dermatitis, bronchial
asthma) and autoimmune diseases (Crohn's disease, ulcerative colitis, diabetes 1) has been
clinically proven [8-12].

Apart from bacteria, viruses are widespread in the intestinal microbiome, which are
represented mainly by bacteriophages, but also by viruses of eukaryotes (those affecting
eukaryotic cells, primarily human cells in the gut), as well as plant viruses entering the gastro-
intestinal tract (GIT) with food [13]. Viruses of eukaryotes account for about 10%. The main part
of the virome from 50% to 90%, depending on the GIT section, are crAss-like phages [14]. A
smaller part of phages is represented by the families Microviridae, Myoviridae, Podoviridae, and
Siphoviridae. Virome contributes significantly to the structure and functioning of the intestinal
microbiota, affecting the health status of the GIT [15, 16]. Changes in the abundance of viruses in
GIT can lead to chronic diseases such as Crohn's disease, ulcerative colitis and chronic recurrent
inflammatory bowel diseases. The viral component of the human microbiome is understudied and
poorly understood compared to the bacterial part of the microbiome [17]. A detailed research in
this area will shed light on the role of phages and other viruses in the stability of microbiome and
its restoration after antibiotic therapy.

Qualitative and quantitative analysis of diversity of the intestinal virome using whole-
genome sequencing has an undeniable advantage over other research methods. The information
obtained by metagenomic monitoring of fluctuations in abundance and composition of
bacteriophages can aid in improving the control over the effectiveness and possible side effects
during an antibiotic treatment of infectious diseases and drugs used for microbiome restoration.
The aim of this study was to investigate whether the newly developed iodine-containing
preparation CC-195 showing an activity against antibiotic resistant pathogens will also affect the
virome of laboratory mice when applied solely or in combination with the antibiotic cefazolin.

Materials and methods

Sample collection. White laboratory mice of both sexes were used in this study. The animals
were divided into 5 experimental groups: A) Negative control — intact animals; B) Positive control
— infected and untreated animals; C) Infected animals treaded with 100.0 mg/kg of CC-195; D)
Infected animals treated with 25.0 mg/kg of cefazolin; E) Infected animals treated with both: CC-
195 and cefazolin as described above. The mice were infected with the clinical drug-resistant strain
Staphylococcus aureus SCAID OTT1-2022. Treatment was started after microbiological and
molecular (PCR) confirmation of the infection. The drugs were administered once per day. During
the joint therapy, CC-195 was first administered per os, and the antibiotic was administered
intramuscularly after 30 minutes. The therapy was carried out for 5 days.

Whole mouse intestines were placed in 10 ml of saline solution containing 0.1% Twin 80.
The intestines were washed three times with a syringe using a minimal amount of saline. The
resulting suspension was centrifuged for 10 minutes at 500 g at 4°C to remove fecal masses and
intestinal epithelial cells. The resulting liquid was centrifuged for 10 min at 16000 g at 4°C to
obtain bacterial precipitate.

DNA Extraction. DNA samples were extracted from bacterial cells using PureLink Genomic
DNA Kits (Publication Number: MANO0000601, Revision 2.0) following the manufacturer’s
recommendations. The integrity, size, quality and quantity of the isolated genomic DNA from
bacterial strains were determined using the NanoDrop 2000c spectrophotometer (Thermo
Scientific, USA) at the optical wavelengths of 260 nm and 280 nm and by electrophoresis in 2%
agarose gels.
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Sequencing and Bioinformatic Analysis. An lon Torrent PGM sequencer (Life
Technologies, United States) was used for metagenomic DNA sequencing. DNA sequencing
library was obtained by enzymatic method using lon Xpress Plus Fragment Library kit (Life
Technologies, USA). DNA from isolates was barcoded using an Xpress Barcode Adapters Kit (Life
Technologies, USA). Sequencing of the DNA library was performed on a 318 chip using the lon
PGM Hi-Q View Sequencing Kit. All operations were performed according to the developer's
protocols. All samples were sequenced in 6 repeats.

Further processing of the DNA reads was performed using software tools as described below
with default parameter settings if not indicated otherwise. The quality control of the obtained DNA
fragments and trimming was performed using the UGENE v.44.0 program. [18].

DNA fragments were identified using the Kaiju program [19] using the NCBI BLAST
database nr: Bacteria, Archaea, Viruses. Fragments of DNA, mouse and/or human genomes were
considered contamination and excluded from the subsequent analysis. Bacterial and viral taxa were
separated using an in-house script written in the Python 2.7. Further analysis was performed using
DNA fragments affiliated with Viruses.

The program Past 4.02 [20] was used to calculate metagenome statistics. The following
parameters were calculated:

- Depth of resolution of taxonomic diversity of metagenomic samples (rarefication curves);

- Parameters of alpha-diversity of taxa in samples - SHE-analysis;

- Analysis of differences between metagenomic samples by principal component method
(beta diversity).

The principal component analysis (PCA) is a statistical method of reducing the
dimensionality of a data set by linearly transforming the data into a new coordinate system in
which (most of) the variation in the data can be described with fewer measurements than the
original data. To perform PCA, the absolute values of the numbers of DNA fragments identified
to a particular taxon were converted to percentages of the total number. Only those taxa that were
represented by at least 1% in at least one experiment were used for analysis.

A SHE analysis was performed in which the software calculated the following 3 alpha-
diversity parameters: S - the natural logarithm of the detected number of species in the sample; H
- the entropy of taxonomic diversity, also known as the Shannon index; and E - the natural
logarithm of the proportionality index of frequencies of different taxa in the sample (evenness,
In(E) = H - In(S)). Calculations were performed for consecutive series of sequenced metagenomic
samples in order to find out whether all samples belong to the same population. This approach
makes it possible to evaluate the contribution of the number of species and their equilibrium to the
evolution of diversity [21].

Results and Discussion

The effect of the coordination compound CC-195 on gut microbiome of laboratory mice
infected with the drug-resistant (DR) strain Staphylococcus aureus SCAID OTT1-2022 was
investigated study. Cefazolin was chosen as a model antibiotic for treating the infected mice as
previously it was shown in an in vitro experiment that the strain S. aureus SCAID OTT1-2022
regained its sensitivity to this antibiotic under the effect of the coordination compound CC-195.

Entire mouse intestines were used to study the gut microbiome. Intestinal microbiome
samples from the mice of each experimental group were sequenced in six repetitions. Quality
control of the obtained DNA fragments and trimming was performed using the UGENE v.44.0.

The taxonomic identity of the filtered DNA fragments was performed using the Kaiju
program. The program returns the identification results in the form of a text file specifying the
identification of each individual DNA fragment to taxonomic IDs (taxid) as they are recorded in
the database Taxonomy NCBI. Bacterial and viral taxa were separated using an in-house script
written in the Python 2.7. DNA fragment of viral origination according to Kaiju identification were
collected and analyzed.
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Statistical characteristics of mouse intestinal virome. The statistical method used to estimate
species richness of metagenomic samples is rarefication analysis. The method analyzes the
increase of species diversity with the increase of sample size by counting numbers of different taxa
in series of experiment or by subdivision of a big sample to a series of subsets of DNA reads. The
results often are represented in a form of rarefication curves (Figure 1).
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Figure 1 — Rarefication curves calculated for five metagenomic samples

Rarefication curves tend to rise rapidly with the increasing sample size, but then tend to
reach a taxonomic saturation point when further increase of the sample size does not add any new
taxonomic units. A rarefication curve shows whether the depth of sequencing of a metagenomic
sample was sufficient to recover all or the majority of species inhabiting this econiche. If the
saturation point is achieved, the highest number of discovered taxa corresponds to the observed
species richness. Figure 1 shows rarefication curves estimated by program Past 4.02 for the gut
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microbiome samples of laboratory mice at five different conditions, namely: A - negative control,
B - positive control, C - animals treated with CC-195, D - animals treated with cefazolin, E -
animals treated with cefazolin with CC-195. The program calculates the standard deviation of the
observed species richness depicted by blue lines in Figure 1.

Species richness (S) predicted by the rarefication analysis is one of the statistical parameters
of alpha-diversity of metagenomic samples. Two other popular parameters are Shannon coefficient
(H) representing the entropy of species diversity in a sample; and evenness (E) that calculates how
uniform is the sample in term of abundance of different species. Program Past 4.02 combines these
parameters in a SHE analysis on series of repeated experiments to estimate the stability of the
microbiome over time or in different repetitions of the experiment. Figure 2 shows SHE curves
calculated for each experimental repletion at five different conditions. The conditions are marked
in the same way as in Figure 1.
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Figure 2 — SHE analysis calculated for five metagenomic samples
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Let’s consider statistical characteristics of viromes at different conditions. The highest
taxonomic richness (around 40) was observed in the negative control and when the mice were
treated with cefazolin and CC-195 (Figure 1A, E). SHE curves at these conditions (Figure 2A, E)
correspond to what could be expected in the case of rich and stable microbial populations: the
observed species richness (S) steadily increases with addition of the repeated experimental samples
(small dots on the curves), whereas the evenness (E) steadily decreases due to discovering new
rare taxonomic units in every new sample of the series; and the Shannon diversity (H) fluctuates
around the average value. The statistical parameters recorded at other conditions show several
specific alterations. When the mice remain untreated (Figure 1B), or treated only with cefazolin
or CC-195 (Figure 1C, D), the virome taxonomic richness drops to 20-30 taxonomic units that
probably reflects the reduction of the whole gut microbiome in the results of infection causing an
increased immune response, and due to an antibacterial action of cefazolin. Noteworthy that the
largest drop of the species richness was observed in the samples taken from the mice treated
exclusively with cefazolin (Figure 1D).

The SHE analysis confirmed that the virome of the infected and untreated mice (Figure 2B)
as well as the mice treated with cefazolin (Figure 2D) were the most unbalanced. The SHE
parameters varied from one animal to another animal representing the individual response to the
infection and the antibiotic treatment. Interestingly, in the case of treatment of the infected animals
with CC-195 (Figure 2C), despite of the slight drop of the species richness, the virome remained
stable in all the mice of this group.

Taxonomic diversity. An overview of viral taxonomic diversity of the samples from different
experimental groups is shown in Figure 3. This analysis explains in more detail the statistical
differences between the samples discussed above.

100 - — Schitoviridae
L f— = dourine
90 -+ .
- Demerecviridae
Ackermannviridae
80 - Pithoviridae
M Peduoviridae
70 - ¥ Flaviviridae
M Bacteroides phage
60 - Straboviridae
Circoviridae
= CRESS virus sp.
>0 1 m Autographiviridae
B Mimiviridae
40 - ® Marseilleviridae
Inoviridae
30 - ® Microviridae
M Phycodnaviridae
20 - m Caudovirales phage
M Mastadenovirus
m Myoviridae
10 1 M Herelleviridae
M Retroviridae
0 - iphoviridae
A B C D E m Podoviridae

Note - The abscissa axis represents the studied groups, the ordinate axis represents the number of
taxa in %. A - negative control, B - positive control, C - animals treated with CC-195, D - animals treated
with cefazolin, E - animals treated with cefazolin with CC-195.

Figure 3 — Taxonomic diversity
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The administration of cefazolin dramatically reduces the diversity of viruses in mice
intestines compared to the negative control and the virome restored in the infected animals treated
with the antibiotic and CC-195. The virome of the animals treated solely with cefazolin is reduced
to two families of phages, Podoviridae and Siphoviridae, composing 90% of the virome (Figure
3). Some level of virome reduction can be observed the infected and untreated animals, possibly
due to an activation of their immune system; and the a less extend, in the infected animals treated
with CC-195. In all viromes, various bacteriophages were in majority represented by different
families: Podoviridae, Siphoviridae, Herelleviridae, Microviridae and Myoviridae. However, the
viruses associated with eukaryotes also were abundant including retroviruses of the family
Orthoretroviridae (a possible pathogen of mice).

Therefore, in order to identify similarity relationships between the viromes of different
experimental groups, the principal component analysis (PCA) was performed (Figure 4). The
studies predominantly use the first two principal components to display data in two dimensions
and visually identify clusters of closely related data points [22].
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Figure 4 — Plot of principal components and contributions of frequencies of different taxa to
differences between experiments

On Figure 4 it should be pointed out that the samples taken from the group the infected mice
treated solely with the antibiotic were the most distant from all the other experiments that reflects
a significant disturbance of the normal intestinal microbiota by the antibiotic therapy. The viromes
of the infected mice treated with CC-195 either alone or together with cefazolin showed the closest
similarity to each other and they also were similar to the original virome in the negative control
animals and that in the infected and untreated animals (Figure 4). This indicates that the

coordination compound CC-195 is capable of stabilizing the intestinal microflora both when used
with the antibiotic and on its own.

Conclusion

The quantitative and qualitative composition of the virome of experimental animals after
treatment with the coordination compound CC-195 and cefazolin was determined.

The biggest difference between the samples was that the use of the antibiotic apparently
leads to a significant reduction of the taxonomic diversity of the bacterial microflora that in turn
leads to a reduction in the diversity of the phages.
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An interesting finding was that the application of the coordination compound CC-195 can
stabilize the gut microflora of the infected mice and those of them treated with the antibiotic.
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JOPI-IEPMEKTEPTE TO3IM/{I THEBMOHMAHBI KOOPAWHALIMAIBIK
KOCBLIBICIIEH EMJIETEHHEH KEWTH THIIIKAH/IAPJBIH IIIEK
BUPYCBIHBIH, CATIAJIBIK KOHE CAHJIbIK OPTYPJILIITTH TAJJAY

Tyidin

Ochl yakpITKa JCHiH ilIEK MUKPOOMOMBIHBIH BUPYCTBIK KYPBUIBIMBI a3 3epTTENreH. Bupom
MaHBI3IBUIBIFEI JKaWbIHAa OUTIMII KEHEHTy OoJramakra OHBI eMIIK-TIPOQIIAKTHKAIBIK MaKcaTTapaa
nagaranyra MyMKiHIIK 6epeni. by Makanaza anTeHTYCTeC CTaQIIOKOKKTEI €My YIIIIH KOJIIAaHBUIATHIH
nedazonua antuOonoTuri MeH KC-195 koopAMHANMSIIBIK KOCBUIBICHIHBIH THIIKAHAD i1MIEKTEepiHAeT]
BUPYCTHIK TAKCOHAAPABIH SPTYPJILIIriHe 9cepi KOPCETIIreH.

Tek 1neda3onuHMeH eMJeNTeH aypy THIIKaHIap TOOBIHAH aliblHFaH YJITiIep aHTHOAKTEePHSIIBIK
Tepanusi HOTHKECIHAE KAJIBINTHI ilIeK MUKPOOMOTACHIHBIH alTapibIKTail 0y3butybIH Kepeeteni. KC-195-
TiH TEK ©31H HeMece Leda3onHMeH Oipre KaObliiaraH aypy ThIIKaHIApAbIH BUPOMAAPHI Tepic OaKpliay
TOOBIHIAFBI JKaHyapJIap/blH 0acTalKbl BUPOMbIHA €H JKaKbiH YKcacThIFbIH KopcerTi. Conbimer, KC-195
KOOPJMHALUSIBIK KOCBUIBICHI aHTHOMOTHMKIICH Oipre KOJJIaHFaHIA Ja, ©3MIrHEH Je 1IIEeK BUPOMbBIH
(MukpodIOpackiH) TypaKkTaHABIpyFa KaOijaeTTi.

KinTri ce3aep: merarenom, NGS cexkBeHHpIICY, BUPOM, HET13T1 KOMIIOHCHTTEP1 Talaay.
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AHHOTANUA

BupycHas cocraBisromas KWIIEYHOTO MHKPOOMOMa Ha CEeTONHANIHWNA JE€Hb Majl0 HW3ydYeHa.
Pacmmpenne 3HaHWil O poONM BHpPOMa IO3BONMT B OyAyIIeM WCIIONB30BaTh €ro B JiedeOHO-
npo(UIaKTHUECKUX IIeNIAX. B 3TOH cTaThe TOKa3aHO BIUSHUE AaHTUOMOTHKA [eda3oinHa U
KoOpAMHANMOHHOTO coeanHeHuss KC-195, ncnons3yemMbIx s JICYCHHS 30JI0TUCTOTO CTa()UIOKOKKA, HA
pa3zHooOpasne BUPYCHBIX TAKCOHOB B KHUIIIEYHUKE MBIIIEH.

OO0pasipl, MoydYeHHbIE Y TPYIIBl WHOUITMPOBAHHBIX MBIIICH, MOMYyYaBIIMX TOJBKO Ie(a3oiuH,
OTPaXAOT 3HAYUTENHHOC HapylIeHHWe HOPMalbHOH KHUIIEYHOW MHUKPOOMOTHI B  peE3yJbTare
aHTHOAKTEepHATBHON Tepanuu. BupoMbl nHOHUIMPOBAHHBIX MBIIICH, morydaBmux Tepanuio KC-195 mmbo
OTHENbHO, MO0 BMecTe ¢ IMeda30NMHOM, IMOKa3aIM CXOACTBO C HCXOAHBIM BHPOMOM Yy >KHBOTHBIX
oTpuIarenbHoro KoHTpolns. Tak, koopauHanmonHoe coenuHeHue KC-195 cnocoOHO cTabmim3npoBaTh
KHIIEYHBIH BUPOM (MHKPOQIIOpY) KaK MPH MPUMEHEHUH BMECTE C aHTHOMOTHKOM, TaK U CAMOCTOSATEIBHO.

KaloueBsble cioBa: merareHoMm, NGS-ceKBeHUPOBaHHUE, BUPOM, aHAJIN3 TI1aBHBIX KOMITOHEHT.

AHTHOMOTHKY Ha CETOMHSAIIHNN IeHb SIBIAIOTCS ITaHallee OT MHOKecTBa 3a0oneBanuii. Ho
Hapsy C OTPOMHOM MOJIB30M JJISl UEIOBEUECTBA TaK e OUEBUICH M Bpel OT UX npuMeHeHus. OH
MPOSIBIISIETCS] B arPECCUBHOM BMEILIATENIbCTBE HE TOJBKO B JKU3HEACITEIbHOCTh 00JI€3HETBOPHBIX
MHUKPOOPTaHU3MOB, HO W B YIHETEHHHM pOCTa MOJIE3HOW MHUKpPO(IOpHI, B TEPBYIO OYEpelb
KHILEYHHUKA, CHUKasl €€ YUCIIEHHOCTh B cpeHeM Ha 30%. BoccranoBienne HopModaopsl mocie
HEJIeIbHOTO Kypca MpHeMa aHTUOMOTUKOB MOXKET COCTaBIATh OT 6 mecsueB a0 1 roga. Taxxke
MUKpPOOHOM KHIIEYHHUKA MOXKET MOBJIUATH HAa PEAKIIMIO OPraHu3Ma Ha JIEKapCTBEHHOE BEIIECTBO
nyTteM ()epMEHTAaTHMBHOTO MpPeoOpa3oBaHUsl €ro CTPYKTYphl M W3MEHEHHs] OMOJOCTYITHOCTH,
OMOaKTUBHOCTH MJIM TOKCHYHOCTH [ 1-3].

Mukpogaopa NUIIEBAPUTEIBHOIO TpPaKTa MNpPEACTaBIseT OO0 TeTepOoreHHyl0 CMECh
MHUKpoopranu3mMoB. B ee coctaB Bxoaut okosno 1000 BugoB OakTepuii, BUPyCOB, TPHOOB M apxei
[4]. KonruecTBO 1 BUIOBOE pa3sHOOOpa3re MUKPOOPTaHU3MOB B PA3JIMYHBIX OTAeNaX KUIICYHUKA
Pa3HHTCS, JOCTHTas MAaKCHMalbHBIX ToKaszaTenei B Toicroii kumke 10'°-102KOE/mo.
Muxkpo6uom BKJIIO4aeT B ceOsl MOTHBIA HAOOP MUKPOOPTaHU3MOB, UX T€HOB U MeTa0oauTOB. OH
comepxuT B 100 pa3 Oosblie TEHOB, 4eM TIeHOM deloBeka [5]. BOJBIIMHCTBO KHUIIEYHOU
MHUKPOOHMOTHI SIBJISIETCS CTPOTUMH aHa’dpoOaMu. MHKpOOPraHU3Mbl KOJIOHM3HPYIOT KHIIECUYHUK
cpazy mociie poxaeHus. Ha mx cocraB oka3plBaeT BJIMSHUE T€HETHKAa M MHUTAHUE XO35MHA,
IIPUHUMAEMbIE UM JIEKapCTBEHHBIE MIPENapaThl, a TAKXKE OKpyrKarolas cpeaa [6].

B pesynbTare ocnabieHuss UMMYHUTETa, HEPALMOHAIBHOTO NMPUMEHEHHS] aHTUOMOTHKOB,
XUMHOTEpanuu, 1eeKkToB B BeIpaboTKe (pepMEHTOB HapylIaeTcss MUKPOOHBIH OanaHC BIUIOTH J10
MCYE3HOBEHUSI HEKOTOPBIX IIpeICTaBUTeNIe MUKPOGDIOPHI (KUILIEYHON MaTOUYKH, MOJIOYHOKHUCIIBIX
u 6uuaobaxTepuil) U nMosiBIIEHUS TPUOOB PO/Ia KaH 11, CAHETHOMHON MAJIOUKH, CTAQHIOKOKKOB
u npotei. [losBiIAIOTCA paccTpoilcTBa MUINEBAPEHUS, A NMPU CHUKEHUHM UMMYHUTETAa MOYKET

94


mailto:laeda1@mail.ru

MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

pa3BUTHCS TeHEpaJIn30BaHHAs (hopMa SHAOTEHHONW MH(pEKIMH BIUIOTH 70 cemncuca. [losromy,
MOHHMTOPHHT BUJIOBOTO pa3HOO0pa3us MUKPOOPTaHU3MOB, UX KOJMYECTBEHHOTO COOTHOILIEHUS B
HOpPME M TPH PA3JIMYHBIX MATOJIOTUSAX, HEOOXOAUM il Pa3pabOTKM PAa3IMYHBIX MOJIXOAOB B
BOCCTAaHOBJICHUM MHUKpoOHoreHo3a [7]. Takxke gokazaHO, YTO KHIIEYHass MHKPOOHMOTa UTpaeT
(GyHIaMEHTAIBHYIO pPOJIb B TMOAJCPXKAHUM TOMEOCTa3a HE TOJIBKO KHIIEYHUKA, HO U BCEro
OpraHu3Ma B LI€JIOM BIUIOTH J0 T'€HETHYECKOro ypoBHs. KiMHHuYecKkH TOKa3aHa B3aUMOCBS3b
U3MEHEHHMS COCTaBa MHUKPOOHOTO MPOQMIA JKENyIOYHO-KUIIEYHOIO TPaKTa C pa3BUTHEM
CEPICUYHO-COCYAUCTRIX  3a00JieBaHMK  (XpOHHYECKass  CepAcYHas  HEJOCTaTOYHOCTH),
HapylIeHUsIMA OOMEHa BellecTB (0oXupeHue, caxapHblii nuaber |l Tuma), amnepruyeckumu
(aromuueckuii JepMaTUT, OpOHXHATbHAS aCcTMa) M ayTOUMMYHHBIMU 3a0o0JyieBaHUsIMU (00JI€3HBb
KpoHa, si3BeHHbII KOIWT, caxapHbii auaoder 1) [8-12].

[Tomumo OakTepuil, B MHKpPOOMOME KHIIEYHHMKA IIUPOKO PACIPOCTPAHEHBI BHUPYCHI,
KOTOpbIE TPE/ICTaBICHbl B OCHOBHOM OakTepuodaramu, HO TakXe M BHPYCAaMH 3YKapuOT
(mopakarolMMH dYKapuOTHYECKHE KIIETKU, B MIEPBYIO OYEPEIb KJIETKU YEJIOBEKA B KUIIIEUHUKE),
a TaKk)K€ PacTUTEIbHBIMU BHPYCAMH, MONAJAIOIIUMHU B XkenynoyHo-kumeuHslid Tpakt (JKKT) ¢
nuei [ 13]. Bupycel aykapuot coctaBisiroT 0koso 10%. OcHoBHY0 yacTh Bupoma, ot 50 10 90%,
B 3aBucuMocTH oT oTaena XKKT, cocraBnsior crAss-nogo0Hsie (aru [ 14]. MensbIas yactb aro
npezcrasicHa cemeiicteamu Microviridae, Myoviridae, Podoviridae u Siphoviridae. Bupom
BHOCHUT 3HAUHUTENIBbHBIN BKJIaJ B CTPYKTYPY U (YHKIIMOHUPOBAHUE KUIIEYHON MUKPOOUOTHI, BIUSAS
Ha coctosiHue 310poBbsi KKT [15, 16]. U3menenus konumdectBa BupycoB B JKKT moryt npusectu
K XPOHHUYECKHUM 3a00JIeBaHUM, TaKHUM Kak Oose3Hb KpoHa, sSI3BEHHBIH KOJIMT M XPOHUYECKHE
PeLUANBHUPYIOIIME BOCHAIUTEIbHBIE 3a00JIeBaHUSl KUIIEUYHUWKA. BUPYCHBIMI KOMIIOHEHT
MHUKpOOHOMa YeIOBEKa HEIOCTaTOYHO U3YUEH U IUIOXO M3YYEH IO CPAaBHEHUIO ¢ OaKTepUaIbHON
yacThio MuKpobuoma [17]. [TogpoOHBIE Hccne0BaHUs B 3TOW 00JIACTH MPOJIBIOT CBET HA POJIb
¢daroB W JApyrux BHUPYCOB B CTaOMJIBHOCTM MHKPOOMOMAa M €ro BOCCTAaHOBJIGHUH IIOCIIE
aHTHOAKTEepUaILHOM TepaIuu.

KauecTBeHHBIN 1 KOJTMUYECTBEHHBIN aHATIN3 Pa3HOOOpa3usl KUIIEYHOTO BUPOMA C TOMOIIIBIO
MOJIHOTEHOMHOT'O CEKBEHHPOBAaHUS HMMEET HEOCHOPHUMOE MPEUMYIIECTBO TNepes APYruMU
MerogaMu uccnenoBanus. HWHpopmanms, moigydeHHas B pe3yjdbTaTeé METareHOMHOT'O
MOHMTOPHHIA KOJIeOaHUI YMCIIEHHOCTH M cOCTaBa OakTepuoaros, MOXKET IOMOYb B YIyUIIEHUN
KOHTPOJS 3a A(PPEKTUBHOCTHIO M BO3MOXXHBIMHU TMOOOYHBIMH H(PQeKTaMu TpH JIeUCHUU
MH(QEKIMOHHBIX 3a00JieBaHUN aHTHOMOTHMKAMU U TMpernaparaMd JUisi BOCCTAaHOBIICHUS
MHUKpoOHroMa. Llenp HACTOSIIEro MCCeAOBaHUS COCTOsUIa B TOM, YTOOBI BBISICHUTH, OYyIeT Ju
BHOBb pa3paboTaHHbIi Hoaconepxkamui mpermapat KC-195, obmamaromuii aKTUBHOCTHIO B
OTHOILIECHUH YCTOWYHMBBIX K aHTHOMOTHKAM MAaTOTE€HOB, TAK)KE BIUATH Ha BUPOM J1aOOpaTOPHBIX
MBILIEH TPy TPUMEHEHUHU OTJENbHO WM B KOMOMHALIUY C aHTUOMOTUKOM 11e(ha30IMHOM.

MarepuaJbl 1 METO/bI

C6op oOpa3ioB. B nccinenoBannu HCmonib30Basid ONbIX JIAOOPATOPHBIX MBIIIEH 000ero
nosa. JKUBOTHBIE OBLIM pa3fieleHbl Ha 5 AKCIEPUMEHTANbHBIX Tpynm: A) OTpumaTtenbHBINA
KOHTPOJIb — WHTAKTHBIC >XUBOTHBIC; b) [lomoXuTenbHBI KOHTPOIb — HH()HUIMPOBAHHBIE U
HeJIeueHHbIC XUBOTHBIC, B) MHpumpoBanubiM xuBoTHRIM BBOAWIM 100,0 mr/kr KC-195; IN)
WndunupoBanHble *KUBOTHBIE, monydaBime 25,0 mr/kr nedasonuna; J[) MudunupoBaHHbie
JKUBOTHBIE, 00paboTanHbie kak KC-195, Tak m medazoamHOM, KaKk OMHMCAHO BhIIe. MbImiei
3apakalii JICKapCTBEHHO YCTOWYMBBIM KinMHHYeckuM mrammoM Staphylococcus aureus SCAID
OTT1-2022. JleyeHue HaYMHAIHM IOCIE MHKpoOHoiornyeckoro u mosekyispuHoro (ITL[P)
noareepxkaeHus napekmuu. [IpenapaTsl BBOAWUIN OJUH pa3 B CyTKH. [Ipyu COBMECTHOMN Tepanuu,
CHavyaJla BBOAWIM KoopauHanmoHHoe coenuHenne KC-195 per o0s, uwepes 30 MwuHYT
BHYTPUMBIIIIEYHO BBOAMIIA aHTHOUOTHK. Tepanusi mpoBoauIach B TeUCHHE 5 THEH.

Kumreynuk MpImi  (MOTHOCTHIO) moMemand B 10 mi1  (U3MOIOTHYECKOTrO0 pacTBopa,
conepsxauiero 0,1% Tsuna 80. KumeuHuk Tpukabl NPOMBIBAIM MUHUMAJIbHBIM KOJNYECTBOM
busnomornueckoro pactropa. [lomydeHnyro cycrensuto nenrpudyruposanu 10 munyt npu 5009
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npu Temmneparype 4°C s ypajgeHus (EKaldbHBIX MacC M KJIETOK OSIUTENUs KUIICYHHKA.
[TomydyeHHYI0O HAMOCANIOYHYIO KHUAKOCTh UeHTpudyrupoBanu 10 mur npu 160009 npu
temrneparype 4°C nist nosydeHus: 0akTepUuanbHOTO 0CaIKa.

Oxcrpaknus JHK. O6pasuer JIHK wusBnekanum w3 OakTepuagbHBIX KIETOK C
ucnons3oBanueM HaOopa PureLink Genomic DNA Kit (Homep mybmukamuu: MANO0000601,
penakius 2.0) B COOTBETCTBHH C peKOMEHAAUUIMHU MpousBoauTens. LleaocTHoCcTh, KauecTBO U
KOJINYEeCTBO BbIeieHHOM reHomHoM JIHK u3 OakrepuanbHBIX IITaMMOB OIpENENsafn Ha
cnektpodoromerpe NanoDrop 2000¢ (Thermo Scientific, CIIIA) npu aimHax BOJH ONTHYECKOTO
usnydeHus 260 u 280aM u MeTo10M 31eKTpodopesa B 2% arapo3HoM rele.

CexBeHnpoBaHne U OMOMHGOPMAIIMOHHBINA aHan3. JJI1 CeKBEHHUPOBAaHMSI METAareHOMHOU
JHK ucnons3oBanmu cexBenatop lon Torrent PGM (Life Technologies, CIIIA). JIHK 6ubnuotexy
noydayii (pepMEHTaTHBHBIM METOJIOM C HCIojiab3oBaHreM Habopa lon Xpress Plus Fragment
Library (Life Technologies, CIIIA). bapkoauposanue JAHK mnpoBoamim ¢ momomnisio Habopa
Xpress Barcode Adapters (Life Technologies, CIIIA). CexBenupoBanue Oubmmorekn JIHK
ocymecTBisuM Ha uune 318 ¢ ucnonb3oBanuem Habopa misi cekBenupoBanus lon PGM Hi-Q
View. Bce omnepanuu mpoBOAMIMCH COTJIACHO MPOTOKOJaM paspaboTtunka. Bee oOpasupl Obun
CEKBEHHUPOBAHbI B 6 OBTOpaX.

HanpHelmyto o6pabotky monydeHHbIXx puaoB JHK mnpoBogmnmm ¢ wucnons3oBannem
nporpaMM, ¢ HAacTpoilKaMH MapaMeTpoB MO YMOJYAHHUIO, €CIM He yka3aHo uHoe. KoHTpousb
KayecTBa mojiyueHHbIX (pparmentoB /IHK u TpuMMUHT mpOBOAMIM C MOMOIIBIO MPOTPaMMBbI
UGENE v.44.0. [18].

®parmentsl JJHK nnentudumuposanu ¢ momomipio mporpamMmsl Kaiju [19] mo 6a3e nanHbpIx
NCBI BLAST nr: Bacteria, Archaea, Viruses. ®parmentst [HK, MbimmmHoro wn/uimm
YeJIOBEYECKOT0 TEHOMOB CUUTAJINCh 3arpsiI3HEHUEM U HCKIIIOYAINCh U3 MOCIEIYIOIIET0 aHalln3a.
Paznenenue 6akTepuaIbHBIX U BUPYCHBIX TAKCOHOB OCYIIECTBIISIOCH IPU TOMOIIY COOCTBEHHOTO
CKpUIITAa, HAMMMCAHHOTO Ha s3bIKe mporpammupoBanus Python 2.7. [lanpHelmuii aHamm3
IPOBOJWICS IO (PparMeHTaM, UACHTU(PHUIIMPOBAHHBIM KaK TaKCOH Viruses.

J171s BBIYMCIIEHUS CTaTUCTUYECKHX JaHHBIX METareHOMOB HCIT0JIb30Bajlach Mporpamma Past
4.02 [20]. Beruucnsiuce clieayonue napaMmerpsl:

- 'nyOuna paspemneHuss TaKCOHOMHYECKOTO pa3HOOOpa3us METareéHOMHBIX 00pasIioB

(KpUBBIE pa3peKeHUs );

- [TapameTps! anbda-pasHooOpa3ust TAKCOHOB B oOpa3nax - SHE-ananus;

- AHaNM3 OTIMYUI MEXIY METareHOMHBIMH O0pa3laMH METOJOM TJIABHBIX KOMITOHEHT
(6era-pazHoobpasue).

Meton rtnaBHbiX KoMmmoHeHT (PCA) — 3TO CTaTHCTUYECKUH METOJl YMCHBIICHHS
pa3MepHocTH Habopa AaHHBIX MyTEM JMHEHMHOro MpeoOpa3oBaHUs JAHHBIX B HOBYIO CHUCTEMY
KOOpJMHAT, B KOTOpOW (OONBIIYI0 YacTh) BapHAllMM JIaHHBIX MOXKHO OINKCATh C MEHBIIUM
KOJIMYECTBOM M3MEPECHHH, YeM ucXoaHbIe faHHbie. [ mpoBenennst PCA aOGCcomoTHbIC 3HAYEHUS
gyucina QparmentoB JIHK, wumeHTHQHUIMPOBAHHBIX /O OMNpEAEICHHOTO TaKCOHA, OBUIH
npeoOpa3oBaHbl B MPOIEHTHI OT oOmiero ywcna. s aHaim3a MCHONB30BAINCh TOJIBKO TE
TaKCOHbI, KOTOPbIEe OBLTH MpeCcTaBICHbI He MeHee 1% XOTst Obl B 01HOM 3KcniepumenTe [21].

beun nposenen SHE-ananu3, B Xoie KOTOpOro mporpamma paccuuraina ciaeayroumme 3
napameTpa anbda-pazHooOpasus: S - HaTypalbHBIH JorapudM OOHAPYKEHHOTO KOJIWYECTBA
BUJIOB B 00pasiie; H - sHTpomusi TaAKCOHOMHYECKOTO pa3HOOOpa3usi, H3BECTHAS TaKKe KaK MHJIEKC
[llennona; E - HaTypanbHbIi JorapudM mokazaress MPONOPIHOHATFHOCTH YacTOT Pa3IMYHBIX
TaKkCOHOB B BBIOOpKe (paBHOMepHOCTH, In(E) = H - In(S)). Pacuersl nmpoBomunmch st
MOCIIEIOBATENbHBIX CEPUN CEKBEHHUPOBAHHBIX METAareHOMHBIX 00pa3loB, YTOOBI BBISICHUTD,
MPUHAJISKAT JIK BCE 00pasibl K OJHOU U TOH ke Monmysiuu. Takoi moIXo/ MO3BOISIET OIICHUTh
BKJIAJ] YMCJIa BUJIOB M UX PaBHOBECHS B 3BOJIIOLIUIO pa3HOOOpas3usl.
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Pe3yabTaThl U 00Cy:KIeHUE

HccnenoBano BhusHHE KoopauHamuoHHOro coeauHeHuss KC-195 Ha wmukpoOumom
KUIIEYHNKa Ja0OpaTOPHBIX MBINIECH, WHOUIMPOBAHHBIX JIEKapCTBEHHO-yCTOWYMBBIM (JIY)
mrrammomM Staphylococcus aureus SCAID OTT1-2022. B kauecTBe MOAEIBHOTO aHTHOMOTHKA JIST
Je4eHUs] MHPUIIMPOBAHHBIX MBIIICH ObUT BEIOpaH 11e(ha30IiH, TaK KaK paHee B SKCIIEPUMEHTE in
Vitro GbLJI0 MMOKa3aHO BOCCTAHOBJICHHE YyBCTBUTEIbHOCTH ITamma S. aureus SCAID OTT1-2022
K 9TOMY aHTHUOMOTHUKY O] IEHCTBHEM KOOpAWHAIMOHHOTO coeaunenust KC-195.

Jis u3ydeHuss MUKpoOMOMa KHIIEYHHKA HCIIOJIB30BAIU LEIbHBIA KHIIEYHUK MBbIIIEH.
OOpa3ipl  KUIIEYHOTO  MHUKpOOMOMa  MBIIEH  KaXJOW  OKCIIEPHUMEHTAIBHOW  TPYIIIBI
CEKBEHUPOBAIM B IecTH ToBTopax. KoHTpons kadecTtBa moiydeHHbIX ¢parmentoB JJHK u
00pe3ky nmpoBoauiu ¢ nmomoirsio mporpamMmmbl UGENE v.44.0.

TakCcOHOMUYECKYIO TTPUHAIIC)KHOCTh OTPMIbTpoBaHHBIX (pparmenToB JIHK mpoBoaumm ¢
nomoIeio nporpammsl Kaiju. IlporpamMma Bo3Bpamiaer pe3ynbTaThl MACHTHU(UKALUU B BHUJE
TEKCTOBOTO (haiiyla ¢ yKazaHWeM HIeHTU(HKAIMK Kaxaoro oraeiabHoro ¢gparmenra JHK mo
TaKCOHOMHMYECKUM HieHTH(PHKaTopam (taxid) mo Mepe ux perucrpaunu B 0a3ze JaHHBIX Taxonomy
NCBI. bakrepuanbHble ¥ BUPYCHBIE TaKCOHBI OBLIM pPa3JeiCHBI C MOMOIIBIO COOCTBEHHOTO
cKkpumnra, HamucaHHoro Ha Python 2.7. lanmpHeimuii aHamu3 npoBoawscs MO (parMeHTam
UACHTU(PUIIMPOBAHHBIX U OTCOPTUPOBAHHBIX KaK Viruses.

Craructuyeckue XapakTepucTUKa BUPUOMA KUIIEUYHUKA Mblleil. CTaTUCTUYECKUM METO[,
UCIIONIb3YEMBIN ISl OLIEHKM BUIOBOrO OOraTcTBa MO pe3yjibTaraM OTOOpa Mpod, Ha3bIBaeTCs
papedukarueii. MeToa MO3BOJISIET aHAJIM3UPOBATH YBEIMYEHHUE BHUIOBOTO pa3zHOOOpasus c
YBEJIMYEHUEM pa3Mepa BHIOOPKH MyTEM IMOJcUueTa KOJIMYECTBA Pa3IMYHBbIX TAKCOHOB B CEpUU
HKCIIEPUMEHTOB HJIU ITyTeM pa3zeieHHus OO0JbIIOi BEHIOOPKH HA CEPHUIO TTOMHOKECTB IMPOUTCHUN
JAHK. Pe3ynmbrarhl 4yacTo mMpeacTaBieHB B BUJIEC papedHUKAIMOHHBIX KPUBBIX (PUCYHOK 1).
Papeduxanronnbie KpuBble UMEIOT TEHICHLMIO K OBICTPOMY POCTY C YBEIHYEHHEM pa3zMepa
BBIOOPKH, HO 3aTe€M MPOMCXOAUT JIOCTHXKEHHE TOUYKH TAaKCOHOMHUYECKOTO HACBILIEHHS, KOrjaa
JanpHelIee yBeInueHHe pa3Mepa BHIOOPKH He 100aBiIsieT HUKAKMX HOBBIX TaKCOHOMHYECKUX
eaunul. PapedukanmonHas KpuBas IOKa3blBaeT, Oblia JM TiOyOMHAa CEKBEHUPOBAHUS
METareHOMHON BBIOOPKH JOCTaTOYHOW JUIsi BOCCTAHOBJICHMS BCEX WJIM OOJIBIIMHCTBA BH[OB,
HACEJNIAIOIINX 3Ty SKOJIOTHYECKyto HuIy. [Ipu HOCTH)KEHHH TOYKM HACBILIEHUS HaumOOJbIlIee
KOJINYECTBO OOHAPYKEHHBIX TAKCOHOB COOTBETCTBYET HAOII01aeMOMY BHI0BOMY OoraTcTBy. Ha
pucyHke 1 mpencTaBieHbl papeUKaluOHHbIE KPUBBIE, PACCYMTAHHBIE JIJI1 00Pa31[0B KUIIEYHOTO
MHUKpOOMOMa J1a0OpaTOpHBIX MbILEH B NATH Pa3IUYHBIX YCIOBHMSX, a HMMEHHO: A —
OTPHULATEIbHBIA KOHTPOJIb, b — MOJIOXKUTENbHBIN KOHTPOJIb, B — kuBOTHBIE, mosy4aBine KC-
195, I' — uBOTHBIE, MoNMy4aBiuue nedaszonut, Jl - ;kuBoTHbIe, nmonydasume 1edaszonun ¢ KC-
195. MeTon Tak)ke BBIUMCISAECT CTaHIAPTHOE OTKJIOHEHHME HaOJI0/1aeMOro BHAOBOTO OOTraTCTBa,
MIOKa3aHHOIO CUHUMH JIMHUSIMU Ha PUCYHKE 1.

BunoBoe GorarcTBo (S), MpOrHO3MpyeMOE C TMOMOIIBI0 papedUKAIMOHHOTO aHan3a,
SBIISICTCS. OJHUM M3 CTATHCTUYECKUX TapaMeTpoB allb(ha-pazHo00pa3nsi METareHOMHBIX BHIOOPOK.
JIByMsT npyruMH  TIONMYJISSPHBIMU  mapaMmeTrpamu  sBisitorcst  koddduiment Illennona (H),
NPECTaBIISIOMINN SHTPOIHIO BUI0BOTO pa3Ho00pa3us B o0pasie; u paBHoMepHOCTH (E), koTopas
paccUMTHIBAEeT, HACKOJIBKO OIHOPOJHA BBHIOOPKA C TOYKM 3PEHUS OOMIMS PA3IUYHBIX BHJIOB.
[Iporpamma Past 4.02 oOwveaunsier 3t mapamerpbl B SHE-anammusze cepum mNOBTOPHBIX
9KCIIEPUMEHTOB JUIsl OLEHKU CTaOMJIBHOCTH MUKpOOHMOMa BO BPEMEHHU WM B Pa3HbIX MOBTOpax
skcniepuMmenTa. Ha pucynke 2 noka3ansl kpusble SHE, paccuntannble 1 mectu MoBTOPOB IpU
ISTU PA3JINYHBIX YCIOBUAX. Y CJIOBHS 0003HAUEHBI TaK ke, Kak Ha pUCYHKe 1.
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[Ipumeuanue - A - OTpUIIATENBHBIN KOHTPOJb, b - MOJOXUTENbHBIH KOHTPOIb, B - )KMBOTHBIE,
nony4apmue KC-195, T" - ;xuBoTHBIE, oydaBiime nedas3onut, /| - )KUBOTHBIE, TIOTy4YaBIIne 1eda3onnH
¢ KC-195. Kpacnas nunus — papeukaiioHHas KpUBasi, CHHUE JTHHUHU — TOBEPUTENbHBIA HHTEpBaAT 95%.

Pucynok 1 — PapeukanroHHbie KpUBbIE, PACCUMTAHHBIC IS ITH METATCHOMHBIX 00PA3I0B
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Pucynok 2 — SHE-aHanu3, pacCYMTaHHBIN JJIs IISATH METar€HOMHBIX 00pa3IoB

PaccmoTpuM craTrcTHYECKHE XapaKTePUCTUKN BHPOMOB B Pa3HBIX YCIIOBHUsAX. Hanbonpmee
TaKCOHOMHYECKOe pa3zHooOpasue (okono 40) HaONr0AanoCh B OTPULATEILHOM KOHTpOJIC U B
TpYIIe MPYU KOMIUIEKCHOM JieueHun Mbliiel nedazommuaom u KC-195 (pucynok 1A, J1). Kpussie
SHE B atux ycnoBusix (pucyHok 2A, JI) COOTBETCTBYIOT TOMY, YTO MOKHO OBLIO OBl 0KHJIATh B
ciydae O00oraThlX M CTAaOMIBHBIX MUKPOOHBIX MOMYJISAIMI: HabII01aeMoe BUA0BOE O0raTcTBO (S)
HEYKJIIOHHO YBEJIIMYUBAETCS C J00aBICHHEM IMOBTOPHBIX JKCIHEPUMEHTATBHBIX 00pa3IiloB
(ManeHbKHE TOYKHM Ha KPHUBBIX), TOTJA KaK BhIpaBHEHHOCTH (E) HEYKIIOHHO CHMXaeTcs 3a cueT
OoOHapyXeHHSI HOBBIX PEIKHX TAKCOHOMUYECKHX CJIMHHIl B KaXXJIOW HOBOW BBIOOpKE CepuH; a
pazHooOpa3ue Illennona (H) komeGmercss Bokpyr cpeaHero 3HavyeHHs. CTaTHCTHYECKHE
napaMeTphl, MOJNyYEeHHbIE B APYTUX AKCIEPUMEHTATBHBIX TPYIIAX, MOKA3bIBAIOT HECKOJIBKO
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cneunpuyecknx uzmeHenud. Korga mpimm ocratorcst 0e3 neuenus (pucyHok 1b) wnm nomydaror
tonbko 1edazonun win KC-195 (pucynok 1B, 1I'), TakcoHOMHUUYeckoe 60raTcTBO BUpOMa MaaaeT
70 20-30 TaKCOHOMHMYECKUX €IUHMII, YTO, BEPOSITHO, OTPAXKAECT CHUIKEHHUE MUKPOOHOMa BCETo
KUILIEYHUKA B pe3yibTare MH(PEKLNHU, BHI3IBAIOLICH MOBBIIIEHHBIH IMMYHHBIH OTBET, U 33 CUET
aHTHOAKTepUaIbHOrO JeicTBusl nedaszonuHa. llpumedatensHo, 4TO HaWOOJbIIEE IAJCHHUE
BHUJIOBOTO pa3HOOOpa3usi HAOIMIOJanoch B 00pa3lax, B3SATBIX Y MBIIICH, TMOJyYaBIIUX
UCKJTIOUUTENIFHO aHTUOMOTHK 11eazonuH (pucyHok 1I0).

SHE-anamu3 moaTBepAwII, 9TO BUPOM HUH(PHUITUPOBAHHBIX U HEJICYCHBIX MBIIICH (PHCYHOK
2b), a TakKe MBbIIEH, MoNyyaBIIUX TONbKO Iedazonud (pucyHok 2I), Obm Hambomee
HecOamancupoBanHbIM. [lapamerpsr SHE BapbupoBamuchk OT OJHOTO XKHUBOTHOTO K JIPYyTrOMYy,
OTpakast HHAUBHIYAJTbHYIO PEAKIIUIO Ha NH(EKIHNIO U JieueHne aHTHOMOTHKOM. MHTepecHo, 4To
B Ciydac JICYCHHS HHQHUIIMPOBAHHBIX >KMBOTHBIX KOOPIMHAIIMOHHBIM coenuHeHneM KC-195
(pucynok 2B), HecMOTpss Ha HeOONBIIOE MAJCHHWE BHIOBOIO OOraTcTBa, BHPOM OCTaBAJICA
CTAOWJIHHBIM Y BCEX MBIIICH dTOW TPYIIIIHI.

TakcoHomuyeckoe paszHooOpasue. O030p BHPYCHOTO TAaKCOHOMHYECKOTO pPa3sHOOOpas3us
00pasIoB M3 pa3HBIX IKCICPUMEHTAIBHBIX TPYII MOKa3aH Ha PUCYHKE 3. DTOT aHamu3 OoJiee
NOAPOOHO OOBACHSET CTATUCTHUECKUE PA3IMUYUSI MKy 00pa3iamu, 00CYKIaBIIMMHUCS BBILIE.

1007 o — = — (oo
90 - - - Iridoviridae
- e Demerecviridae
. Ackermannviridae
80 Pithoviridae
m Peduoviridae
70 - M Flaviviridae
W Bacteroides phage
60 - Straboviridae
m Circoviridae
m CRESS virus sp.
50 - B Autographiviridae
W Mimiviridae
40 - ® Marseilleviridae
Inoviridae
30 ® Microviridae
® Phycodnaviridae
20 M Caudovirales phage
M Mastadenovirus
M Myoviridae
10 - M Herelleviridae
M Retroviridae
0 - iphoviridae
A B C D E m Podoviridae

[Mpumeuanue - Ilo ocu abcryicc TpesiCTaBICHBI HUCCIEAyeMble TPYIIBI, MO OCH OpPJHHAT -
KOJIMYECTBO TAKCOHOB B %. A - OTpHUIIaTEeNIbHBINA KOHTPOIIb, b - MON0XUTENbHBIN KOHTPOJIb, B - )KUBOTHEIE,

nony4apmue KC-195, T" - sxuBoTHBIE, moyyaBiue nedaszonut, J - »KMBOTHBIE, TOTydYaBIIne 1eda3onuH
¢ KC-195.
Pucynok 3 - TakcoHommuueckoe pazHooOpasue

Hcnonb3oBanue ToybKO 1edazonrHa pe3Ko CHUXKAET pa3HOo00Opa3re BUPYCOB B KUIICUHUKE
MBIIIEH 1O CPaBHEHUIO C OTPULATEIBHBIM KOHTPOJIEM M BOCCTAHOBIICHHBIM BHPOMOM Y
JKUBOTHBIX, TOJYYaBIIMX KOMOWMHUPOBaHHYIO Tepamuto aHTuOmotkoM u KC-195. Bupomsbr
JKUBOTHBIX, TOJYYaBIIUX TOJBKO Ie(a30siiH, pPEeaylHpPOBaHBI 1O JBYX CEeMEHCTB (haros,
Podoviridae u Siphoviridae, cocrasmsronx 90% Bupoma (pucyHok 3). HeGounbioit ypoBeHb
CHI)KCHHSI BUpOMa HaOmrofaeTcs y MHQUIIMPOBAHHBIX U HEJICUEHBIX XUBOTHBIX, BOZMOXKHO, 32
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CYeT aKTHBAIIMH X UIMMYHHOU CHCTEMBI; M B MEHBIIICH CTETICHU - Y HHPUITUPOBAHHBIX KUBOTHBIX,
MOJY4YaBIIMX B KAa4eCTBE Tepanuu KoopauHanuoHHoe coeaumHenne KC-195. Bo Bcex Bupomax
paznuuHble OakTepuodaru ObUIM MPEUMYILECTBEHHO NpeACTaBlieHbl cemeiicTBamu: Podoviridae,
Siphoviridae, Herelleviridae, Microviridae u Myoviridae. Bupycsl, cBsI3aHHBIC ¢ DyKapHOTaMH,

TaK)ke OBUTI MHOTOYHCIICHHBI, BKJIFOUas peTpoBUpychl cemeiicta Orthoretroviridae (Bo3mMoxHBII
BO30OY/IUTEb MBIIIICH ).

[ToaToMy, 4dTOOBI BBISIBUTH OTHONIEHUS CXOJACTBA MEXIYy BHPOMAaMH pa3HBIX
SKCIIEPUMEHTANIBHBIX TPYII, ObUI MPOBENEH aHalIM3 TJaBHBIX KOMIOHEHT (pucyHok 4). B
UCCJIEIOBAHUSAX MPEUMYIECTBEHHO HCIOIB3YIOTCS TEPBBIE JIBA OCHOBHBIX KOMIIOHEHTA IS

OTOOpaXeHHUsI JaHHBIX B JBYX H3MEpPEHUSX U BU3YaJIbHOTO OIpeNeeHHs] KIAacCTepOB TECHO
CBSI3aHHBIX TOYEK JaHHBIX [22].

1.9

| Retrquinidae
CC195 |
[

o Hh+LE1I5 054
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Pucynok 4 - I'paduk rmaBHBIX KOMIIOHEHT U BKJIAJ] YaCTOT Pa3HBIX TAKCOHOB B Pa3IHUMs MEXKTY
rpynmnaMu

Cnenyer OTMETUTb, UYTO 0O0pa3lpl, B3SATHIE M3 TIPYNNbl MHQUIUPOBAHHBIX MBbIILIEH,
NOJYYaBIINX TOJIBKO AHTHOMOTHK, OKAa3aJMCh HauOojiee OTHAAJCHHBIMH OT BCEX OCTaJbHBIX
9KCHEPUMEHTOB, UTO OTPAKAECT 3HAUYUTEIBHOE HAPYIIEHNE HOPMAIBHON KUIIEYHOH MUKPOOUOTEI
npu aHTHOaKTepHaIbHOH Tepanuu. Bupombl nHGUIMpOBaHHBIX MbIIeH, noaydaBmux KC-195
OTJEJILHO WM BMecCTe ¢ 11e(ha30JuHOM, T0Ka3ald HauOoJIbIlIee CXOACTBO APYT € IPYIoM, a TaKXKe
ObUIM CXOJHBI C UCXOJHBIM BHPOMOM Yy JXKHBOTHBIX OTPUIATEIBLHOIO KOHTPOJS, a TAaKXKE Y
UHQULIMPOBAHHBIX U HEJICYEHBIX XUBOTHBIX (PHUCYHOK 4). DTO CBUAETEIBCTBYET O TOM, YTO
koopauHanuoHHoe coeauHerne KC-195 crnocoOHO cTaOunu3upoBaTh KUIICYHYIO MUKPOQIOPY
KaK [pY IPUMEHEHUU C aHTUOMOTHUKOM, TaK U CAaMOCTOSITEIIHHO.

3aKJaYeHue
OrnpesiesieH KOJWYECTBEHHBIH M KAa4eCTBEHHBIM COCTAaB BHpPOMa JKCIIEPUMEHTAIBHBIX

YKHUBOTHBIX IIOCJIE TePANUU KOOpIUHAMOHHBIM coequHeHneM KC-195 u nedazonuuom.
Camoe OonblIoe pasinyue MEXIy oOpaslaMH 3aKJIo4Yaloch B TOM, YTO NPUMEHEHHUE
AHTUOMOTHUKA, MO-BUJUMOMY, NPUBOIUT K 3HAYUTEIHHOMY CHHKCHHMIO TaKCOHOMHYECKOTO

pa3Hoo0pa3us OakTepruaaIbHONH MUKPO(MIOPHI, UTO, B CBOIO OYEpPE/b, MPUBOIUT K YMEHBIICHUIO
pazHooOpasusi Garos.

101



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

WHTEpecHbIM OTKPBITHEM CTAJIO TO, YTO IPUMEHEHHE KOOPAMHALIMOHHOTrO coennHenus KC-
195 mMoxeT cTabunu3upoBaTh MUKPOMIOPY KUIIECYHHKA WHOUIIMPOBAHHBIX MBIIICH W MBIIICH,
MOJIy4aBIINX aHTI/IGI/IOTI/IK.

DUHAHCHPOBaHUE

PaGoTa BeimmonHeHa mpu mojaepkke rpanta BR09458960 mporpammer «lccnenoBanmue
peBepcun aHTHOMOTHKOPE3UCTEHTHOCTU MAaTOT€HHBIX MHUKpoopranu3MoB Ha 2021-2023 roms»
MunucrepcTBa 3npaBooxpanenus Pecnyonmku KazaxcraHh.

Bbaarogapuoctu

ABTOpBI BBIpaXAIOT OJarofapHocTh coTpynHukam JlaGopatopun mukpoOuomorun AO
HIIIIIT 3a mpemocraBnenue Kianandeckoro u3oisira Staphylococcus aureus SCAID OTT1-2022 u
corpyanukam JlaGoparopun ¢apmakonorun u Tokcukonoruu AO HIIIII 3a conepxanue
KHUBOTHBIX.

Jluteparypa:

1 Patangia D., Ryan C., Dempsey E., Ross R., Stanton C. Impact of antibiotics on the human
microbiome and consequences for host health. Microbiology Open, 2022, 11(1): el1260
(doi.org/10.1002/mbo3.1260).

2 Vila AV, Collij V., Sanna S., Sinha T., Imhann F., Bourgonje A.R., Mujagic Z., Jonkers D.,
Masclee A., Fu J., Kurilshikov A., Wijmenga C., Zhernakova A., Weersma R. Impact of commonly used
drugs on the composition and metabolic function of the gut microbiota. Nature Communications, 2020, 11:
1-11 (doi.org/10.1038/s41467-019-14177-2).

3 Wilson 1., Nicholson J. Gut microbiome interactions with drug metabolism, efficacy, and toxicity.
Translational Research, 2017, 179: 204-222 (doi.org/10.1016/j.trsl.2016.08.002).

4 Qin J., Li R, Raes J., Arumugam M., Burdorf K.S., Manichanh C. et al. A human gut microbial
gene catalogue established by metagenomic sequencing. Nature, 2010, 464: 59-65
(doi.org/10.1038/nature08821).

5 Ley R.E., Peterson D.A., Gordon J.I. Ecological and evolutionary forces shaping microbial
diversity in the human intestine. Cell, 2006, 124(4): 837-848 (doi.org/10.1016/j.cell.2006.02.017).

6 Ahn J., Hayes R. Environmental Influences on the Human Microbiome and Implications for
Noncommunicable Disease. Annual Review of Public Health, 2021, 42: 277-292 (doi.org/10.1146/annurev-
publhealth-012420-105020).

7 Thursby E., Juge N. Introduction to the human gut microbiota. Biochemical Journal, 2017,
474(11): 1823-1836 (doi.org/10.1042/BCJ20160510).

8 Wang L., Wang S., Zhang Q., He C., Fu C., Wei Q. The role of the gut microbiota in the health
and cardiovascular diseases. Molecular Biomedicine, 2022, 3(30): 1-50 (doi.org/10.1186/s43556-022-
00091-2).

9 Liu R., Hong J., Xu X., Feng Q., Zhang D., Gu Y. et al. Gut microbiome and serum metabolome
alterations in obesity and after weight-loss intervention. Nature Medicine, 2017, 23: 859-868
(doi.org/10.1038/nm.4358).

10 The Integrative HMP (iHMP) Research Network Consortium. Integrative Human Microbiome
Project. Nature, 2019, 569: 641-648 (doi: 10.1038/s41586-019-1238-8).

11 Han P., Gu J., Li L., Wang X., Wang H., Wang Y., Chang C., Sun J. The association between
intestinal bacteria and allergic diseases-cause or consequence? Frontiers in Cellular and Infection
Microbiology, 2021, 11(650893): 1-22 (doi.org/10.3389/fcimb.2021.650893).

12 Luca F.D., Shoenfeld Y. The microbiome in autoimmune diseases. Clinical & Experimental
Immunology, 2019, 195(1): 71-85 (doi.org/10.1111/cei.13158).

13 Cao Z., Sugimura N., Burgermeister E., Ebert M.P., Zuo T., Lan P. The gut virome: A new
microbiome  component in health and disease. The Lancet, 2022, 81: 104-113
(doi.org/10.1016/j.ebiom.2022.104113).

14 Dutilh B.E., Cassman N., McNair K., Sanchez S.E., Silva G.Z., Boling L., Barr J.J., Speth D.R.,
Seguritan V., Aziz R.K., Felts B., Dinsdale E.A., Mokili J.L., Edwards R.A. A highly abundant bacteriofage
discovered in the unknown sequences of human faecal metagenomes. Nature communications, 2014, 5,
4498: 1-11 (doi.org/10.1038/ncomms5498).

102


https://doi.org/10.1002%2Fmbo3.1260
https://doi.org/10.1016/j.trsl.2016.08.002
https://doi.org/10.1038/nature08821
https://doi.org/10.1016/j.cell.2006.02.017
https://doi.org/10.1146%2Fannurev-publhealth-012420-105020
https://doi.org/10.1146%2Fannurev-publhealth-012420-105020
https://doi.org/10.1042%2FBCJ20160510
https://doi.org/10.3389%2Ffcimb.2021.650893
https://doi.org/10.1016/j.ebiom.2022.104113
https://doi.org/10.1038/ncomms5498

MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Nel (40) 2023  www. imv-journal.kz

15 Spencer L., Olawuni B., Singh P. Gut Virome: Role and Distribution in Health and
Gastrointestinal Disease. Frontiers in cellular and infection microbiology, 2022, 12: 1-11
(doi.org/10.3389/fcimb.2022.836706).

16 Zhao G., Vatanen T., Droit L., Park A., Kostic A.D., Poon T.W., Vlamakis H., Siljander H.,
Harkonen T., Hamalainen A.M. et al. Intestinal virome changes precede autoimmunity in type | diabetes-
susceptible children. Proceedings of the National Academy of Sciences, 2017, 114: E6166-E6175
(doi.org/10.1073/pnas.1706359114).

17 Hillman E.T., Lu H., Yao T., Nakatsu C.H. Microbial Ecology along the Gastrointestinal Tract.
Microbes and Environments, 2018, 32(4): 300-313 (doi.org/10.1264/jsme2.ME17017).

18 Rose R., Golosova O., Sukhomlinov D., Tiunov A., Prosperi M. Flexible design of multiple
metagenomics classification pipelines with UGENE. Bioinformatics, 2019, 35(11): 1963-1965
(doi.org/10.1093/bioinformatics/bty901).

19 Menzel P., Ng K.L., Krogh A. Fast and sensitive taxonomic classification for metagenomics with
Kaiju. Nature Communications, 2016, 7: 1-9 (doi.org/10.1038/ncomms11257).

20 Hammer O., Harper D.T., Ryan P.D. Past: Paleontological Statistics Software Package for
Education and Data Analysis. Palaeontologia Electronica, 2001, 4(1), 4: 1-9 (doi.org/palaeo-
electronica.org/2001_1/past/issuel 01.htm).

21 Buzas M.A., Hayek L.C. SHE analysis for biofacies identification. Journal of Foraminiferal
Research, 1998, 28(3): 233-239.

22 Jolliffe 1.T., Cadima J. Principal component analysis: a review and recent developments.
Philosophical transactions of the royal society A, 2016, 374: 1-16 (doi.org/10.1098/rsta.2015.0202).

103


https://doi.org/10.3389/fcimb.2022.836706
https://doi.org/10.1073/pnas.1706359114
https://doi.org/10.1264/jsme2.ME17017
https://doi.org/10.1093/bioinformatics/bty901
https://royalsocietypublishing.org/doi/10.1098/rsta.2015.0202
https://royalsocietypublishing.org/doi/10.1098/rsta.2015.0202
https://doi.org/10.1098/rsta.2015.0202

