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Momusayua u yenv: CoBpeMEHHasi MEIULMHA CTAJKUBACTCS C HEOOXOAUMOCTHIO
pa3pabOTKH HOBBIX MOAXOJOB K NPO(UIAKTUKE W JIEYCHUIO LIMPOKOTO CIIEKTpPa
3a00JIeBaHUi, CBSI3aHHBIX C AUCOATaHCOM KUIIEYHOro MUKpobuoma. MukpoPHK, kak
KIJIFOUEBBIE PETYJISATOPBI TeHHOU dKcTpeccuu [1], mpeacTaBisioT coO0i MepCeKTUBHEIC
MOJICKYJISIDHBIE HMHCTPYMEHTBI JJIsl MOXAYJIUPOBAaHUS MHKpOOHOTHl [2]. Omnnaxo,
HECMOTpsl Ha 3HA4YUTEIbHBINA Mporpecc B uccienoBanud MUKpoPHK, no cux mop
0CTaeTcss MHOYKECTBO HEHM3BEJAHHBIX aCIIEKTOB MX B3aUMOJCHUCTBHS ¢ MUKPOOHOMOM,
9r0 TpeOyeT nAanbHEHIIero u3y4yeHus. Llenbio AaHHOrO HCCIIEAOBaHMS SIBISETCA
yriayonenHoe usydenue ponu MUkpoPHK B perymanum kuireyHoro Mukpobrnoma
4enoBeKa U WACHTH(UKALU OaKTepUabHBIX T€HOB-MHIICHEH, KOTOPbIE MOTYT OBITh
3a[IeiCTBOBaHbI B JTOM TIPOIECCE, C HCIIONb30BaHWEM OHOMH(OPMAIMOHHBIX 0a3
JaHHBIX M OHJIAHH-PECYpCOB. OJTO MO3BOJIUT HE TOJBKO PACIIMPUTh HOHHUMaHHE
MOJIEKYJSIPHBIX MEXaHW3MOB B3ammoneicTBus MuUkpoPHK u mukpobuoma, HO u
CHOCOOCTBOBAaTh pa3pabOTKE HOBBIX CTpATerHid IS KOPPEKIUH MHUKPOOHMOTHI U
YIIyUIIEHUs 310POBbAL.

Memoowr u ancopummer: Jlna moncka wuHTepecyromux Hac MukpoPHK Opumn
ucronb3oBanbl  0a3el  maHHbIX: MiRbase  (https://www.mirbase.org/), miRDB
(https://mirdb.org/), TargetScanHuman (https://www.targetscan.org/vert 80/). Jlns
MpeICKa3aHus T€HOB-MUIIICHEN OBLIH HUCHOJIb30BAHBI; IntaRNA
(http://rna.informatik.uni-freiburg.de/IntaRNA/Input.jsp) u TargetRNA3
(https://cs.wellesley.edu/~btjaden/TargetRNA3/).

Peszynomamur: VI3 nutepaTypHBIX MCTOYHUKOB ObUIM 0TOOpaHbl 10 mpeamnonaraeMbix
MukpoPHK ¢ mocnenoBaTenbHOCTSAMHU, KOTOPbIE BIHMSIOT Ha KHAIICYHBIH MHUKPOOHOM
gesoBeka (MiR-515-5p, miR-1226-5p, miR-194-5p, miR-876-5p, miR-148-3p, miR-21,
miR-101, miR-325, miR-623, miR-1253) [3]. C nomorsio 6a3sl qanubix MiRbase.org
OBUTH TIOTYYEHBI TTOCIeI0OBaTeIbHOCTH HHTepecyromux Hac 10 mpe-mukpoPHK, nocie
4yero Oblia cliesniaHa BU3yanuzanus mmiek npe-MukpoPHK ¢ ncnonb3oBaHneM BeO-
cepsuca ViennaRNA(http://www.viennarna.at/). ns Bcex mukpoPHK mpokapuor
ObUIM Tpe/ICKa3aHbl TeHBI-MUILIEHH ¢ TToMolIbio nHeTpyMeHTa IntaRNA. B utore 6buin
MOJTy4eHBI OOJIBIIIOE KOJMYECTBO MPEATIONAaraeMbIX T€HOB MUIIIEHEH (TIPUOIN3UTENBHO
mo 100 renoB mnsa kaxaoi mukpoPHK). BenemctBue oOmmms reHOB MBI pemIdig
BBIJICJIUTh OOIIME MUILEHH cpean wuccieayembix MukpoPHK mms paccmotpenns
MEXaHU3MOB BO3JICHCTBHUS Ha MPEJCTABUTEICH KHIIEYHOTO COOOIIECTBA HYeOBEKa.
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HecmoTps Ha pasnuuHyo npupony uccienyeMbix MUKpoPHK, MoxHO mpeamnonoxuTs
CXOXKECThb MX TEHOB-MHIICHEH, YTO YKa3bIBacT Ha CXOXHH cHekTp BnusHUs. [lpu
nucrionp3oBanun  TargetRNA3  Obutm  Tipencka3aHbl TeHBI-MHUIICHH TOJIBKO IS
5 muxpoPHK (MiR-1226-5p, miR-194-5p, miR-148-3p, miR-101, miR-1253). Bcero
otobpano 4 rerna — MukB, cysl, fadK u C7Y58_RS04465. Bosbine Bcex OBUT MpeKa3aH
red MukB, mis MiR-1226-5p, miR-194-5p, miR-148-3p u umen GOJNBIIYIO SHEPTUIO
cBa3u ¢ mamaeiMH MuUKpoPHK: miR-1226-5p — -8.34 kcal/mol, miR-194-5p —
—-5.33 kcal/mol, miR-148-3p — -8.15 kcal/mol. IlpoaykT naHHOro reHa Wrpaert
LEHTPaJIbHYIO POJIb B KOHJIEHCAIIMM XPOMOCOM, CETperanud U pa3BUTHM KIETOYHOTO
nukna. OyHKIMOHMPYET KaK TIOMOAMMEp, KOTOpPbIM HEo0XOoZuM AJsl pasieieHus
XpOMOCOM. YYacTBYeT B OTpHIATeNbHOM cymepcnupaiu3anuud JTHK in vivo u tem
CaMbIM OpraHu3yeT M YIUIOTHSET XPOMOCOMBL. MOXET OOCTHUraThb WM O0Jierdatb
cerperamuio xpomocoMm 3a cuerT koHmeHcarun JIHK ¢ obGenx cTOpoH IeHTpaanHO
PacIoIOKEHHOM PEIIMCOMbl BO BpeMs KIETOUHOro JeneHus. CTUMYyIUpyeT Kak
penakcanumto JIHK, Tak u, B MEHbBIICH CTENEHW, aKTHUBHOCTH JCKATCHAIIUU
toronsomepassi 1V [4].

Bu1600vi: B pamkax HacTOSILIEro ncciaenoBanus OblI NPOBEICH aHAIU3 MOTEHIUAIBHBIX
reHoB-mumeHeil MuKpoPHK B kKoHTekcTe B3aMMOIEHCTBHS YeIOBEKa M KHILIEYHOTO
MHUKpOOHOMa ¢ HCIIONb30BaHUEM OuomH(popMaTniyeckux wHCTpymeHToB INtaRNA u
TargetRNA3. IloxydeHHble MaHHBIE YKa3bIBalOT Ha 3HAYWTENBHBIE pa3luids B
NPEICKa3aHUAX TE€HOB-MHUILCHEH, YTO TIOAYEPKUBACT CIOXKHOCTh MOJEKYJISAPHBIX
B3aumozeiictBuii  MUKpoPHK ¢ Hummu, a Taxke HEOOXOIUMOCTh JaJbHEHUIIETO
YIIyOJI€HHOrO aHalu3a M SKCHEepUMEHTaNbHON Banupanuu. CTOUT YHOMSIHYTH POJb
reda MukB, umeBiero Gosplnyo sHepruro cBsizu ¢ MUKpoPHK (miR-1226-5p, miR-
194-5p, miR-148-3p): rem MukB, mpeackasaHHBI KaK MHIICHb IS HECKOIBKHX
MukpoPHK, wrpaer 1meHTpaspHyl0 poiib B JKM3HEHHO B@)KHBIX IIpoOIEccax
0aKTepuaNbHON KIIETKH, YTO MOMYepKHBaeT MOTeHIMalbHOe 3HaueHne MUKpoPHK B
Peryianru KJIeTOYHOTO IIUKIIA U MOAIEP’KaHUHN CTPYKTYPbl TeHOMa MUKPOOPTaHU3MOB.
JlanpHelme uccieoBaHus JAHHOTO FeHa MOTYT MO3BOJIUTH JIy4Ille MOHATh MPOLEecc
B3aMMOJEHCTBUSI MUKPOOMOTBI W XO35IMHA, a TaKKe pa3paboTaTh HOBBIE METO.bI
mukpoPHK-repamuu 3a6oneBanuii JKKT (xerry109HO-KUIIEYHOTO TPAKTa), HA TAHHBIN
MOMEHT O4Y€Hb IIEPCIIEKTUBHBIM SIBISICTCS  WCIIOJIB30BAaHHE  AHTHCMBICIOBBIX
OJIUTOHYKJICOTHIOB B JICUEHUH Pa3JInYHBIX MAaTOJIOTHH [5]. Pe3ynbTaThl MoJ4epKUBatOT
HEO0OXOJMMOCTh KOMILUIEKCHOTO TMOAXO0Na K aHanu3y B3ammopeicTBuii MukpoPHK u
Mukpobuotel KKT, BKIrodass HCIONB30BAHWE Pa3IMYHBIX OMOWH(POPMATHUECKUX
WHCTPYMEHTOB, OSKCIHEPUMEHTAIBHYI0 BaIWAAlWI0 M OOHOBIIEHHE TEHOMHBIX 0a3
JaHHbIX. JlanpHeimme ucciegoBaHUs OJDKHBI COCPENOTOUYMTHCS Ha YIIyOJICHHOM
MOHUMAaHUU 3THX B3aUMOJEHCTBUI A pa3paOOTKH HOBBIX CTpaTeruil NpoQuiIakTuKu
W JIeueHusl 3a00JIeBaHui, CBsI3aHHBIX ¢ MUKpoOnoToii XKKT.

Qunancuposanue’ Viccnenosanue noanepxkano PH® (rpant 24-24-00563, «Pa3pabotka
M(POBBIX 00PAa30BATENBHBIX TPOrPaMM B OMOMETUIIIHEY).
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Motivation and Aim: Modern medicine faces the need to develop new approaches to the
prevention and treatment of a wide range of diseases associated with an imbalance of the
intestinal microbiome. MicroRNAs, as key regulators of gene expression [1], represent
promising molecular tools to modulate the microbiota [2]. However, despite the
significant progress in the study of microRNAs, there are still many unexplored aspects
of their interaction with the microbiome that require further investigation. The aim of
this study is to investigate the role of microRNAs in the regulation of the human
intestinal microbiome and to identify bacterial target genes that may be involved in this
process using bioinformatics databases and online resources. This will not only increase
the understanding of the molecular mechanisms of microRNA-microbiome interactions,
but also contribute to the development of new strategies to correct the microbiota and
improve health.

Methods and Algorithms: The following databases were used to search for microRNAs
of interest: miRbase (https://www.mirbase.org/), miRDB (https://mirdb.org/), and
TargetScanHuman (https://www.targetscan.org/vert_80/). IntaRNA
(http://rna.informatik.uni-freiburg.de/IntaRNA/Input.jsp) and TargetRNA3
(https://cs.wellesley.edu/~btjaden/TargetRNA3/) were used to predict target genes.
Results: We selected 10 putative microRNAs with sequences that affect the human
intestinal microbiome (miR-515-5p, miR-1226-5p, miR-194-5p, miR-876-5p, miR-148-
3p, miR-21, miR-101, miR-325, miR-623, miR-1253) from the literature [3]. The
sequences of the 10 pre-miRNAs of interest were obtained using the miRbase.org
database, followed by visualisation of the pre-miRNA hairpins using the ViennaRNA
web service (http://www.viennarna.at/). For all prokaryotic microRNAs, target genes
were predicted using the IntaRNA tool. As a result, a large number of putative target
genes were obtained (approximately 100 genes for each microRNA). Due to the
abundance of genes, we decided to identify common targets among the studied
microRNAs in order to consider the mechanisms of impact on the human gut
community. Despite the different nature of the studied microRNAs, we can assume the
similarity of their target genes, indicating a similar spectrum of influence. Using
TargetRNAS3, target genes were predicted for only 5 microRNAs (miR-1226-5p, miR-
194-5p, miR-148-3p, miR-101, miR-1253). A total of 4 genes, mukB, cysl, fadK and
C7Y58_RS04465, were selected. The mukB gene was most predicted for miR-1226-5p,
miR-194-5p, miR-148-3p and had a high binding energy to these miRNAs: miR-1226-
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5p — —8.34 kcal/mol, miR-194-5p — —5.33 kcal/mol, miR-148-3p — -8.15 kcal/mol. The
product of this gene plays a central role in chromosome condensation, segregation and
cell cycle progression. Functions as a homodimer that is required for chromosome
segregation. Participates in the negative superhelicalisation of DNA in vivo and thereby
organises and compacts chromosomes. May achieve or facilitate chromosome
segregation by condensing DNA on both sides of a centrally located replisome during
cell division. Stimulates both DNA relaxation and, to a lesser extent, topoisomerase 1V
decatenation activity [4].

Conclusion: This study analysed potential microRNA target genes in the context of
human-gut microbiome interactions using the bioinformatic tools IntaRNA and
TargetRNA3. The data obtained indicate significant differences in the prediction of
target genes, which emphasises the complexity of molecular interactions of microRNAs
with them, as well as the need for further in-depth analysis and experimental validation.
It is worth mentioning the role of the mukB gene, which had a high binding energy with
microRNAs (miR-1226-5p, miR-194-5p, miR-148-3p): the mukB gene, predicted as a
target for several miRNAs, plays a central role in vital processes of the bacterial cell,
highlighting the potential importance of microRNAs in cell cycle regulation and
maintenance of microbial genome structure. Further studies of this gene may allow us to
better understand the process of interaction between microbiota and host, as well as to
develop new methods of microRNA therapy of GI (gastrointestinal tract) diseases. At
the moment, the use of antisense oligonucleotides in the treatment of various pathologies
is very promising [5]. The results emphasise the need for a comprehensive approach to
the analysis of interactions between miRNAs and the Gl microbiota, including the use
of various bioinformatic tools, experimental validation and updating of genomic
databases. Further research should focus on a deeper understanding of these interactions
to develop new strategies for the prevention and treatment of diseases related to the Gl
microbiota.

Funding: This work was supported by Russian Science Foundation (grant project 24-24-
00563, «Development of digital education programs in biomedicine»).

Cnucoxk numepamypui/References

1. Saini H.K., Enright AJ., Griffiths-Jones S. Annotation of mammalian primary microRNAs. BMC
Genomics. 2008;9:564

2. Yu Y. et al. MicroRNAs: The novel mediators for nutrient-modulating biological functions. Trends
Food Sci Technol. 2021;114:167-175

3. Bi K, Zhang X., Chen W., Diao H. MicroRNAs Regulate Intestinal Immunity and Gut Microbiota for
Gastrointestinal Health: A Comprehensive Review. Genes. 2020;9:1075

4. Sawitzke J., Austin S. An analysis of the factory model for chromosome replication and segregation in
bacteria. Mol Microbiol. 2001;40:786-794

5. Gebert L.F. et al. Miravirsen (SPC3649) can inhibit the biogenesis of miR-122. Nucleic Acids Res.
2014;42(1):609-621

BGRS/SB-2024 1579



