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the AutoDock Vina program, an ensemble docking of these compounds into sites 66 of the 3D models of 22 valid
target proteins was performed, and the minimum docking energy AE was determined. A training set was formed
on the levels of activity and affinity of 183 known RAGE inhibitors in relation to 22 target proteins of the RAGE—NF-
kB signaling pathway, which includes 4026 AE values. Using the method of artificial multilayer perceptron neural
networks with the “bottleneck” architecture, the RAGE-NF-kB signaling pathway model was built using Statistica
Neural Networks software. Using the ROCK analysis method, the accuracy of the obtained model was estimated,
which for a high level of RAGE inhibitory activity was 90% (p <0.001). The model makes it possible to predict
the experimental level of RAGE inhibitory activity of chemical compounds according to calculated values of their
affinity for 22 target proteins of the RAGE—NF-kB signaling pathway. The resulting model will be used for the
targeted search for highly active systemic multifunctional multitarget RAGE-inhibitors for the treatment of patches
in diabetes mellitus and Alzheimer's disease.

This work was carried out with the financial support of the Russian Foundation for Basic Research (project
18-015-00499).
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HykneoTtnaHble nosTopbl B 5’UTR, CDS 1 3'UTR umetoT BaxHOe 61Monornyeckoe 3HauyeHne, NoaToMy He06X0ANMMO
n3yunTb ocobeHHoCcTH B3anmogencTemss miRNA ¢ mRNA reHoB, MMetoLLMX HYKIeOTUAHbIE MOBTOPBbI.

KnioueBble cnosa: mMiRNA, mRNA, HyKeoTuHble NOBTOPbI, FeH

[eHbl UMetoLLMe HYKNeOoTUAHbIE NOBTOPbI ABJIAKOTCA OAHOMN N3 OCHOBHbIX NPUYMH PasBUTUA HacIeACTBEHHbIX
3abonesaHuin Yenoseka [1]. B maHHOW pa6oTe M3yyanucb ocob6eHHOCTM cBsAsbiBaHWA MIRNA ¢ mMRNA reHos,
UMEIOLMNX HYKNeoTUAHble noBTopbl. HykneoTuaHble nocneposatenbHocT MRNA 95 reHoB yenoBeka 6blu
nonyyeHbl 3 Genbank (http://www.ncbi.nlm.nih.gov), n 2567 miRNA 6binn B3aTbl U3 miRBase (http:/mirbase.
org). Mouck reHoB muLieHei ans MiRNA npoeoawnu, ucnonbays nporpammy MirTarget [2]. CaiiTbl cBs3biBa-
H1a MiRNA ¢ mRNA ot6upanu ¢ oTHoweHvem AG/AGm paBHbIM 86% 1 6onee. V3 H1X 73 caiToB CBA3bIBaHNSA
pacnonoxeHbl B CDS, 28 cantos B 5'UTR 1 194 cairtoB B 3'UTR. PesynbTaTbl UCCliefoBaHWsA nokasanu, 4to ns 95
reHoB, UMeloLUX HYK1eoTuaHble NoBTOpbl, B MRNA Tonbko 56 reHoB HangeHbl 295 canTtoB cBA3biBaHUSA MiRNA.
B mRNA reHa HTT umenucb cainTbl cBasbiBaHMA MiRNA ¢ BennumHon AG/AGm, Bbiwe 90%. Hamu yctaHoBne-
Hbl MiRNA, cBsizbiBatolmecs ¢ Bbicokoit ahdekTuBHOCTbO ¢ MRNA reHa HTT (CAG nosTopbl). [Mony4YeHHble
pesynbTaTbl NOKasbIBaoT, YTO 16 FeHOB C HYKIEOTUAHbIMY MOBTOPAMMU, ABAAIOTCA MULLEHAMMW ABYX U 6onee
miRNA: ADRB3 (miR-466, miR-6845-5p) auHykneoTuaHble noBTopbl GU, GHR (miR-1273a, miR-1273c, miR-1273f)
ZAuHykneoTuaHble nosTopbl UC, IGF2R (miR-4307, miR-466, miR-4734) TpuHykneoTusiHble AAG U UHYKII0TUAHbIE
nosTopbl UG, LDLR (miR-1303, miR-6751-5p) AuHykneoTuaHble nosTopbl AC, TGFBT (mMiR-4651, miR-6824-5p, miR-
6877-5p, miR-877-3p) neHTaHykneotuaHble GCCCC u TpuHykneoTuaHble noBTopbl GCC, TNFRSF18 (miR-4298,
miR-8073) TpuHykneoTuaHble nosTopbl UCC, VSNLT (miR-574-5p, miR-7111-3p, miR-877-3p) AWHyKNeoTUAHble
noeTopbl AC, XRCC1 (miR-4763-3p, miR-574-5p) AnHykneoTnaHble nosTopbl AC, HLA-A (miR-4786-3p, miR-548ah-
3p) TeTpaHykneoTuaHble noeTopbl GGGC, HTT (miR-1200, miR-185-5p, miR-203a, miR-4722-3p, miR-5008-5p,
miR-5193, miR-6072, miR-6722-3p, MiR-6746-5p, miR-6748-5p, miR-6778-5p, miR-1322) anHykneoTngHoie UG u
TpuHykneoTuaHble nosTopbl CAG, ATXN2 (miR-6089, miR-466) AnHykneoTuaHble nosTopbl GU, EP400 (MiR-6089,
mMiR-6874-3p, miR-6882-3p) TpuHykneotugaHble nosTopbl CAG, FAM157B (miR-1273g-3p, miR-3162-3p,miR-3193)
TpuHyKNeoTuaHble noeTopbl CUC, IRF2BPL (miR-5091, miR-7110-5p) auHykneoTuaHble nosTopbl UC, IRST (MR-
4655-3p, MiR-466) OuMHykneoTuAHble noBTopbl GU, KIAA20718 (miR-1277-5p, miR-574-5p) AMHYKNeOTUAHbIe
noeTopbl AU. B pe3ynbtate Hamu 6b1aiv 0To6paHbl WwecTb MiIRNA, KOTOpble MMEROT CaiTbl CBSA3bIBAHMS C BbICOKOM
cBO6OAHONM 3Hepruei cesAsbiBaHMs B MRNA aByx U 60nee reHoB, UMELWMUX HYKNeoTU Hble NOBTOPbI: MiR-466
(ADCYAP1R, ADRB3, FGF9, IGF2R, SEMAG6D, IRS1, NCOA3), miR-574-5p (DMD, KLF7,VSNL1, XRCC1, AFF3, ARID3B,
KIAA2018), miR-1273a (CYP4F3, GHR, KCNN3,MPRIP), miR-1273f (GHR, MEF2A), miR-1273g-3p (AFF3, FAM157B,
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KCNN3, KIAA2018, MEF2A), miR-6089 (TGFB1, ATXN2, EP400). l'eHbl CYP4F3, GHR, KCNN3, MPRIR GHR, MEF2A,
AFF3, FAM157B, KCNN3, KIAA2018, MEF2A aBnsatoTCs MULWEHAMU Ansa ceMenctBa miR-1273. [nsa HEKOTOPbIX
mMiRNA o6Hapy>eHbl nonucanTbl: Ana miR-466 — aeBsATb caToB B MRNA reHa ADCYAPTRT1, 11 caittoB B mRNA
reHa ADRB3, Bocemb cantoB B MRNA reHa FGF9, cemb cantoB B mMRNA reHa IGF2R, 12 cantoB B mRNA reHa
SEMAG6D, wecTtb cantoB B MRNA reHa IRST n yeTbipe cannta B MRNA reHa NCOA3; anst miR-574-5p — wecTb calToB
B MRNA reHa DMD, Tpu cavita B MRNA reHa KLF7, 13 cantoB B mRNA reHa VSNL7, 11 cantos B mRNA reHa XRCCT,
cemb canTtoB B MRNA reHa AFF3, Tpu carita B mRNA reHa ARID3B, peBsatb canitoB B MRNA reHa KIAA2018.
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Nucleotide repeats in 5’'UTR, CDS and 3'UTR have an important biological significance, therefore it is necessary to
study the features of the interaction of miRNA with mRNA genes having nucleotide repeats.

Key words: miRNA, mRNA, nucleotide repeats, gene

Genes with nucleotide repeats are one of the main causes of the development of human hereditary diseases [1].
In this paper, the features of miRNA binding to mRNA genes with nucleotide repeats were studied. The nucleotide
sequences of the MRNA 95 human genes were obtained from Genbank (http://www.ncbi.nim.nih.gov), and 2567
miRNAs were taken from miRBase (http://mirbase.org). Search for miRNA target genes was performed using the
MirTarget program [2]. The miRNA binding sites for mRNA were selected with an AG/AGm ratio of 86% or more. Of
these, 73 binding sites are located in CDS, 28 sites in 5’'UTR and 194 sites in 3'UTR. The results of the study showed
that of the 95 genes having nucleotide repeats, only 56 genes in the mRNA are 295 miRNA binding sites. Inthe mRNA
of the HTT gene, there were miRNA binding sites with AG/AGm, above 90%. We have established miRNAs that bind
with high efficiency to the mRNA of the HTT gene (CAG repeats). The results show that 16 genes with nucleotide
repeats are targets of two or more miRNAs: ADRB3 (miR-466, miR-6845-5p) dinucleotide repeats GU, GHR (miR-
1273a, miR-1273c, miR-1273f) dinucleotide repeats UC, IGF2R (miR-4307, miR-466, miR-4734) trinucleotide AAG
and dinucleotide repeats UG, LDLR (miR-1303, miR-6751-5p) dinucleotide repeats AC, TGFBT (miR-4651, miR-6824-
5p, miR-6877-5p, miR-877-3p) pentanucleotide GCCCC and trinucleotide repeats GCC, TNFRSF18 (miR-4298, miR-
8073) trinucleotide repeats UCC, VSNLT (miR-574-5p, miR-7111-3p, miR-877-3p) dinucleotide repeats AC, XRCC1
(miR-4763-3p, miR-574-5p) dinucleotide repeats AC, HLA-A (miR-4786-3p, miR-548ah-3p) tetranucleotide repeats
GGGC, HTT (miR-1200, miR-185-5p, miR-203a, miR-4722-3p, miR-5008-5p, miR-5193, miR-6072, miR-6722-3p, miR-
6746-5p, miR-6748-5p, miR-6778-5p, miR- 1322) dinucleotide UG and trinucleotide repeats of CAG, ATXN2 (miR-
6089, miR-466) dinucleotide repeats GU, EP400 (miR-6089, miR-6874-3p, miR-6882-3p) trinucleotide repeats CAG,
FAM157B (miR-1273g-3p, miR-3162-3p, miR-3193) trinucleotide repeats CUC, IRF2BPL (miR-5091, miR-7110-5p)
dinucleotide repeats UC, IRST (miR-4655-3p, miR-466) dinucleotide repeats GU, KIAA2018 (miR-1277-5p, miR- 574-
5p) dinucleotide repeats AU. As a result, we selected six miRNAs that have binding sites with high free binding
energy in mRNA of two or more genes with nucleotide repeats: miR-466 (ADCYAPTR, ADRB3, FGF9, IGF2R, SEMA6D,
IRS1, NCOA3), miR-574 -5p (DMD, KLF7, VSNL1, XRCC1, AFF3, ARID3B, KIAA2018), miR-1273a (CYP4F3, GHR,
KCNN3, MPRIP), miR-1273f (GHR, MEF2A), miR-1273g-3p (AFF3, FAM157B, KCNN3, KIAA2018, MEF2A), miR-6089
(TGFB1, ATXN2, EP400). Genes CYP4F3, GHR, KCNN3, MPRIE GHR, MEF2A, AFF3, FAM157B, KCNN3, KIAA2018,
MEF2A are targets for the miR-1273 family. For some miRNA polysites were found: for miR-466, nine sites in the
mRNA ADCYAPTRT gene, 11 sites in the mRNA ADRB3 gene, eight sites in the mRNA FGF9 gene, seven sites in the
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MRNA IGF2R gene, 12 sites in the mRNA SEMAG6D gene, six sites in the mRNA the IRST gene and four sites in the
mMRNA NCOAS3 gene; for miR-574-5p, six sites in the mRNA DMD gene, three sites in the mRNA KLF7 gene, 13 sites
in the mMRNA VSNLT gene, 11 sites in the mRNA XRCC1 gene, seven sites in the mRNA AFF3 gene, three sites in the
mRNA ARID3B gene, nine sites in the mMRNA KIAA20178 gene.

References:
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NMOUCK HEKAHOHUYECKUX CTPYKTYP AAHK KAK HYKJIEOCOMHbIX
BAPbEPOB METOAAMU MALLUHHOIO OBYYEHMUA

TeBaHsH 3.A., NMonyosa M.C.

JlabopaTtopus 6rnonHpopmaTrky, JenapTaMeHT 60bLUMX JaHHbBIX U MHHOPMAaLMOHHOMO oMCKa, hakynbTeT
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MbI 06yunnv anropuTm cnyyarHoro fieca Ans pacrnosHaBaHWsa NaTTeEPHOB B3aVMHOI0 PacnosIOXXEeHNS HYK1e0COM
M BTOPUYHbIX CTPYKTYp OHK, KOTOpble MOryT cnyxuTb 6apbepamMu AN HYKNEOCOM, B reHOMe MbIwn. Mbl
rnokasasnu, YTo cpefiv YeTbIpex TUMOB PAcCMOTPeHHbIX cTPpYKTyp (Z-OHK, H-OHK, G-kBagpynnekcoB v y4acTKoB
SIDD) nyuluee KayecTBO MoAenu focturaeTcs ans G-keagpynnekcos u H-AHK.

KntoueBble cnoBa: BTopuyHble cTpykTypbl AHK, G-kBagpynnekcbl, H-OHK, Z-AHK, HykneocoMHble 6apbepbl,
pacnofioXXeHne HyKNeoCcoM, METOAbl MaLUMHHOMO OBYYeHUS, CyYaiHbIA nec

[eHoMbl o06nagatoT 60MbWMM  MOTEHUMAnoM o6pa3oBaHuss BTOPUYHbIX CTpykTyp [HK, koTopble
BO3JENCTBYIOT Ha pasfnyHble reHOMHble MpoLuecchl, BKJYas TpaHckpunuuio. OAHUM M3 MexaHM3MOB
perynaumy TpaHCKpUNUun SBAseTCA perynsaumsa pacrnonoXeHnss HyK1eocoM. XOTS HYK1e0COMbl HaMaTbIBatoTCA
TONIbKO Ha KaHOHWYECKYHO, TaK HasbiBaemyto, B-bopmy, apyrue, otiamyHble oT B-bopmbl, cTpykTypbl AHK mMoryT
KOHKYpMpOBaTb C HyK/1e0COMaMMn 3a pacrosioXeHMe B FeHOMEe WAW CNyXuTb Gapbepamu, pasfensioumu
HYK/1€0COMHble MacCuBbI.

B maHHO paboTe Mbl KCMOJIb30BaNV AaHHble NepMaHraHaT/S1 Hykneas-byTnpuHTUHra [1], KoTopblit N03BO-
nAeT onpefenvTb NoTeHUMasnbHble caiTbl 06pa3oBaHns BTOPUYHbIX CTPYKTYp OHK Ha yyacTkax pacnneTteHHowm
OHK. insa onpegeneHns pacrosoXeHuss HYK1e0COM Mbl Ucnonb3oBanu AaHHble MNAse-seq [1]. KomnbloTepHas
aHHOTaLUMs reHoMa MbiLWn BTOPUYHbIMU CTPYKTYpamn IHK nponssogmnach ¢ NOMOLLbIO CeAyoLWUX NporpamMm
n anroputmoB: Z-AHK - Zhunt [2], H-OHK - Inverted Repeats Finder [3], G-kBaapynnekcbl — QuadParser [4], yuacTku
SIDD - anropuTm u3 [5]. B pesynbraTte B reHOMe MbILLK CYLLLECTBYET noTeHLmanbHo 250-420 Tbicsy caiToB o6pa-
30BaHWsA CTPYKTYP KaXXAOro Tuna, B TO BPEMSI KaK YMCO BTOPUYHbIX CTPYKTYp JAHK, o6oralieHHbIX yyacTkamu
pacnneteHHor IHK, koTopble 6b1n1 06HapyXeHbI NPU MOMOLLM MeTofa NnepMaHraHat/S1 Hykneas-QyTnpUHTUHTa,
coctaBnsieT 4-8% OT uncna CTPYKTYp, NPeACcKa3aHHbIX C MOMOLLbK KOMMbKOTEPHbIX MPOrpaMM.

[na aHanu3a B3aMMHOI0 pacrnosioXXeHNs HyK/1e0COM U BTOPUYHbIX cTpyKTyp AHK Mbl paccmoTpenu o6nactu
B 500 n.0., LEHTPUPOBAHHbIX Ha CTPYKType. AHann3 HyKNeoCOMHbIX npodunei Bokpyr cTpykTyp AHK BbisBun
Tp¥ TMNa NaTTepHOB: 1) CTPYKTypa OKpY>KEHa HYK/1e0COMOI C IBYX CTOPOH, 2) CTPYKTYypa pacrosoXxeHa ToNbKO C
O[IHOW CTOPOHbI HYKNE0COMbI U 3) Ha y4acTKe HET HYK/IEOCOM.

Mcnonbaysi cTaTUCTUKY AMHYKNEOTUAOB W TPUMNAETOB, Mbl MOCTPOMAU MOAENb MAaLUMHHOIO 06YyYeHus
(knaccudurkaTop Mo anropuTMy cliydyailHOro neca), pacnosHaloLLyo NMPUHAAIEXHOCTb PerrnoHa K OgHOMY U3
natTepHoB. KauectBo Mmogenu no metpuke ROC-AUC gocturno 86% ans G-ksagpynnekcos, 79% ansa H-OHK, 73%
ona SIDD n 63% ana Z-AHK.

Mogenb MOXeT 6bITb yny4lleHa Ao6aBNEHMEM HOBbIX XapaKTEPUCTUK, B YNCTie KOTOPbIX GUsMYeckme u xu-
Muyeckue ceoiicTBa [IHK nocnefoBaTenbHOCTH, TakMe, Kak aHTaNbMNNUS, HTPONKUS, aHeprus Mme6ca, rmapodusib-
HOCTb, @ TaKXe CTPYKTypHble cBoicTBa crnmpanu (Shift, Rall, Slide, Rise, Tild, Bend), gocTynHble B 6a3e AaHHbIX
DiProDB [6]. Bo3MOHO, lo6aBfieHNe HOBbIX XapaKTePUCTMK M He YIyHLIUT KauyeCTBO MO/, HO AacT BO3MOX-
HOCTb ONpPeAEennTb, Kakue CTPYKTYpHble cBocTBa [HK nrpatoT BaXkHyro posb B Krnaccudukauum naTTepHOB.
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