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Using the data on phosphosite locations in sequences of proteins whose 3D structure is known, we investigated
the conformational variability of site environments. We calculated distances between the alpha carbon of the
modifiable residue and alpha carbons of the surrounding amino acid positions based on the atom coordinates
retrieved from the PDB database. The obtained results were compared depending on the modifying enzyme type
(protein kinase family). When analyzing the results obtained for sites modified by the studied protein kinases types,
the most spatial stability was observed within local fragments of five residues (two ones at both sides of the site).
The obtained results will be used to establish the more accurate patterns of phosphorylation in the amino acid
sequences and plan the further studies in the considered area.

The work was performed in the framework of the Program for Basic Research of State Academies of Sciences
for 2013-2020.
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BbisiBneHbl accoumnaumm miRNA ¢ kaHAUMAATHbIMU reHaMu cepaevyHo-CoCyauCTbIX 3abosieBaHuUN, KOTOpble MOryT
nrpaTtb KJIKO4EBYHO POJib B pa3BUTUN IAHCI)apKTa MWUOKapAaa, uiemMmyeckom 6onesHu cepaua, apTepMaanoM rmnep-
TeH3UW, aTepockneposa un MeTabo/IMYeCcKoro CnHapomMma.

KnioueBble cnoea: miRNA; mRNA; nHdapKT MMoKapaa; niemMmuyeckas 6051e3Hb cepua, aprepuanbHas runep-
TEH3WS; aTePOCKIIepPO3; METAabOMYECKUA CUHAPOM

B nocnepgHve rogbl akTUBHO M3yyaeTcs perynsumns aKCnpeccun KaHAnAaTHbIX FeHOB pasfinyHbix 3abonesa-
HWUI, B TOM YnCIle cepaeyHo-cocyamncTblix, ¢ nomoulbto mMiRNA. miRNA no MHOrMM cBOMCTBaM SBNSAIOTCS YA06HbI-
MM 1 HaZleXXHbIMW MOJEKYIaMU, MO3BOAOLLMMY OOGBEKTUBHO OTPaXaTb MPOMCXoAsiLLMe B KNneTkax MeTabonnye-
CKMe 1 MOJeKyNsipHO-reHeTUYecKue npowueccbl. Hamu cospaHa nporpaMmma rnoucka cantoB cBA3biBaHMA MiRNA
B MRNA reHoB, onpeaensatoLas ¢ BbICOKON fJOCTOBEPHOCTbIO KJIHOUEBbIE KOJIMYECTBEHHbIE XapaKTepUCTUKK B3a-
nmopencTemss miRNA ¢ mRNA B 5-UTR, CDS u 3-UTR [1]. Bbino uay4yeHo cessbiBaHue 6271 miRNA yenoeeka ¢
MRNA 74 kaHAMAAaTHbIX FeHOB, KOTOPble, MPeANoIoXNUTENbHO, MOTYT 6bITb 6BMOMapkepamMu 1 UrpaTb KOYEBYHO
ponb B pasBuTUM MHdapKTa MMOKapAa, UlleMnyeckon 601e3HM cepaLa, apTepnanbHOM MMNepTeH3nK, aTepockKiie-
posa un MeTabonunueckoro cuHgpoma. Mol otobpanu 438 caitoB cBsA3biBaHMA MIRNA B MRNA 3Tux reHoB c y4é-
TOM CBOGOJHOMN 3Hepruun cBasbiBaHus (AG, kx/Monb) 1 AnuHbl MiRNA. Bonblue BCero caiToB CBA3bIBaHUS
BbISIB/IEHO Y KaHAUZATHbIX FeHOB MlLeMuyeckor 6o5e3Hu cepaua (155). TonbKo YeTbipe reHa MMenu NoSIHOCTbHO
KOMMJIEMeHTapHble caiTbl cBA3dbiBaHMA MIRNA: TPM1, GATAS, NKX2-5 n F2. Hanbonbluee yncno cainTtoB CBA3bI-
BaHuss miRNA cogepxanocb B mRNA reHoB GATA4, NKX2-5, TTN, LDLR n PPARGC1A. BbisiBneHbl accoumaLmm
mMiRNA 1 mRNA KaHAUAATHbIX FTEHOB CEPAEYHO-COCYAMNCTbIX 3a60NeBaHNA, KOTOpPble UMeNU BenuumHy AG 6onee
-130 kxx/Monb. Accoumarmm miR-19-44540-3p ¢ mMRNA reHa ACTA2, miR-17-40081-5p ¢ mRNA AST1, miR-4763-
3p ¢ MRNA reHa MYL4, miR-15-35627-5p ¢ mMRNA reHa TPM1 pekoMeHAyOTCA B KayecTBe 6MOMapKepoB MH(ap-
KTa Muokapga. Accoumaumm miR-7-21068-3p ¢ mRNA reHa GATA2, miR-2-3313-3p, miR-2-3313-3p, miR-3-8100-
5p, MiR-16-13062-5p, miR-1-155-3p ¢ MRNA reHa GATA4, miR-20-43102-5p ¢ mRNA reHa GATAS5, miR-6-17815-3p
¢ mMRNA reHa GATA6, miR-6789-5p 1 miR-6-16980-5p ¢ mMRNA reHa HIF1A, miR-1273g-3p ¢ mRNA reHna ICAMT,
miR-12-33610-3p, MiR-9-20317-3p, miR-19-41910-5p ¢ mRNA rena MAPK1, miR-19-21199-3p, miR-20-22562-3p,
miR-2-3313-3p, mir-1-2121-3p ¢ MRNA reHa NKX2-5, miR-9-20317-3p, miR-5-15733-3p ¢ mMRNA reHa PPARGCT1A,
mMiR-22-45834-5p ¢ mRNA reHa PYGB, miR-19-21199-3p, mir-1-2121-3p, miR-20-22562-3p, miR-19-33623-3p,
miR-19-30988-5p, miR-3-8100-5p ¢ mRNA reHa VEGFB, miR-2-3313-3p, miR-15-32047-5p, miR-17-40081-5p, miR-
20-45152-5p ¢ mRNA reHa VEGFC pekoMeHAytoTCs B KayecTBe 6MOMapKePOB MLLIEMUYECKOW 6one3HN cepaLa.
Accoumnaumm miR-3-8100-5p ¢ mRNA reHa ACET1, miR-11-30672-3p ¢ mRNA reHa F2, miR-20-43102-5p ¢ mRNA
reHa GATAS, miR-6-17815-3p ¢ mRNA reHa GATA6, miR-9-20317-3p, miR-5-15733-3p ¢ mRNA reHa PPARGCTA
peKkoMeHZyoTCS B KayecTBe 6MoMapKepoB apTepualnibHOM runepteHaun. Accoumaumm miR-1-1109-3p ¢ mRNA
reHa ICAM1, miR-4-11316-5p ¢ mRNA reHa INSR, miR-619-5p ¢ mRNA reHa LDLR, miR-9-20317-3p, miR-9-20317-
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3p, MiR-5-15733-3p ¢ MRNA reHa PPARGC1A, miR-619-5p n miR-5095 ¢ mRNA reHa VDR, miR-9-20317-3p ¢ mRNA
reHa VLDLR pekoMeHAaytoTca B KayecTBe 6MOMApKepPOB MeTaboNMYyecKoro cMHApoMa. JTu Xe accoumalmm 3a
ncktoveHnemM miR-4-11316-5p n reHa INSR pekomMeHaytoTCA ANa AMarHOCTUKKM atepockiieposa. KoHueHTpaumm
NpeAJsIoXeHHbIX 4NS paHHeN AMarHOCTUKK CephevyHO-cocyamncTbix 3aboneannii miRNA n mRNA kaHAaMAaTHbIX
reHOB /Ierko KOHTPOJIMPYIOTCA B KPOBU.

Jlntepatypa:
1 Ivashchenko A., Berillo O, Pyrkova A., Niyazova R., Atambayeva S. MiR-3960 binding sites with mRNA of human
genes//Bioinformation. 2074. Vol. 10. N° 7. P. 423-427.
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ASSOCIATIONS OF MIRNAS AND CANDIDATE GENES OF HUMAN
CARDIOVASCULAR DISEASES

Pinsky I.V. 7, Labeit S. 2, Labeit D. 2, Ivashchenko A.T.

" Al-Farabi Kazakh National University, Almaty, Kazakhstan

050040, Almaty, Al-Farabi Avenue, 71

e-mail: ilya.pinskyi@mail.ru

2 Medical Faculty Mannheim of the University of Heidelberg, Mannheim, Germany
68167, Mannheim, Theodor-Kutzer Ufer 1-3

Associations of miRNAs and candidate genes of cardiovascular diseases are identified. These associations can play
key role in the development of myocardial infarction, ischemic heart disease, arterial hypertension, atherosclerosis
and metabolic syndrome

Key words: miRNA; mRNA; myocardial infarction; ischemic heart disease; arterial hypertension; atherosclerosis;
metabolic syndrome

The regulation of different diseases’ candidate gene expression, including cardiovascular diseases, by miRNAs
is actively studied in the last years. miRNAs are reliable and suitable molecules by many properties because
they allow to reflect objectively metabolic and molecular-genetic processes occurring in cells. We have created
a program of searching miRNA binding sites in mRNAs of genes. This program determinates key quantitative
characteristics of these sites in 5-UTR, CDS and 3-UTR [1]. The binding of 6271 human miRNAs with mRNAs of 74
candidate genes was studied. These genes, presumably, can be biomarkers and play a key role in the development
of myocardial infarction, ischemic heart disease, arterial hypertension, atherosclerosis and metabolic syndrome
and perform various functions. We have selected 438 miRNA binding sites in mRNAs of these genes, taking into
account free binding energy (AG, kJ/mole) and the length of miRNAs. The largest number of binding sites (155)
is found in mRNAs of ischemic heart disease candidate genes. Only four genes had completely complementary
miRNA binding sites in their mMRNAs: TPM1, GATAS5, NKX2-5 and F2. GATA4, NKX2-5, TTN, LDLR and PPARGC1A
genes contained the largest number of miRNA binding sites in their mMRNAs. Associations of miRNAs and mRNAs
of candidate genes of human cardiovascular diseases, which had values of AG more than -130kJ/mole, were found.
Associations of miR-19-44540-3p and mRNA of ACTA2 gene, miR-17-40081-5p and mRNA of AST1 gene, miR-
4763-3p and mRNA of MYL4 gene, miR-15-35627-5p and mRNA of TPM1 gene are recommended as biomarkers
of myocardial infarction. Associations of miR-7-21068-3p and mRNA of GATA2 gene, miR-2-3313-3p, miR-2-3313-
3p, miR-3-8100-5p, miR-16-13062-5p, miR-1-155-3p and mMRNA of GATA4 gene, miR-20-43102-5p and mRNA of
GATAS5 gene, miR-6-17815-3p and mRNA of GATA6 gene, miR-6789-5p u miR-6-16980-5p and mRNA of HIF1A
gene, miR-1273g-3p and mRNA of ICAM1 gene, miR-12-33610-3p, miR-9-20317-3p, miR-19-41910-5p and mRNA
of MAPK1 gene, miR-19-21199-3p, miR-20-22562-3p, miR-2-3313-3p, mir-1-2121-3p and mRNA of NKX2-5 gene,
miR-9-20317-3p, miR-5-15733-3p and mRNA of PPARGC1A gene, miR-22-45834-5p and mRNA of PYGB gene, miR-
19-21199-3p, mir-1-2121-3p, miR-20-22562-3p, miR-19-33623-3p, miR-19-30988-5p, miR-3-8100-5p and mRNA of
VEGFB gene, miR-2-3313-3p, miR-15-32047-5p, miR-17-40081-5p, miR-20-45152-5p and mRNA of VEGFC gene are
recommended as biomarkers of ischemic heart disease. Associations of miR-3-8100-5p and mRNA of ACE1 gene,
miR-11-30672-3p and mMRNA of F2 gene, miR-20-43102-5p and mRNA of GATA5 gene, miR-6-17815-3p and mRNA
of GATA6 gene, miR-9-20317-3p, miR-5-15733-3p and mRNA of PPARGC1A gene are recommended as biomarkers
of arterial hypertension. Associations of miR-1-1109-3p and mRNA of ICAM1 gene, miR-4-11316-5p and mRNA of
INSR gene, miR-619-5p and mRNA of LDLR gene, miR-9-20317-3p, miR-9-20317-3p, miR-5-15733-3p and mRNA of
PPARGC1A gene, miR-619-5p and miR-5095 with mRNA of VDR gene, miR-9-20317-3p and mRNA of VLDLR gene
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are recommended as biomarkers of metabolic syndrome. All these associations with exception of miR-4-11316-5p
and mRNA of INSR gene are recommended for diagnostics of atherosclerosis. Concentrations of these miRNAs
and mRNAs of candidate genes, suggested for early diagnostics of cardiovascular diseases, are easy controlled in
the blood.

References:
1 Ivashchenko A., Berillo O, Pyrkova A., Niyazova R., Atambayeva S. MiR-3960 binding sites with mRNA of human
genes//Bioinformation. 2074. Vol. 10. N° 7. P 423-427.
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OCOBEHHOCTU CBA3bIBAHMA MIRNA C MRNA FrEHOB CEMEMCTBA E2F

AwicuHa [.E. ', Huasosa PE. ', UmaHuToB E.H. 2, UBaweHKko A.T. '
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YcTaHoBMeHbl XapakTepucTukmn Baanmogencteust miRNA ¢ mRNA reHoB ceMeiicTBa TPaHCKPUMLMOHHbIX hakTo-
poB E2F. CainTbl cBaA3biBaHNA MiRNA pacnonoxeHbl B 5'UTR, CDS 1 3'UTR. mRNA opTonornyHbix reHoB E2F1-E2F8
cofepxar canTbl cBsidbiBaHUS MIRNA MHOrMX BUAOB XXMUBOTHbIX, YTO CBMAETENbCTBYET O paHHEM BO3HUKHOBe-
HUW pPerynauumn 3KCNpeccum aTnux reHos nocpeacTsoM miRNA.

KnioueBble cnoea: miRNA, mRNA, E2F reHbl, OpTO/IOrMYHbIE reHbl, OHKOreHes.

Benku cemenctsa E2F perynupyroT aKCNpeccuto reHoB KNeTOYHOro LMKa, anonTosa v y4acTBYHOT B OHKO-
reHese. Yuyactue E2F B oHKOreHese onpefensieT Heo6xoANMOCTb M3y4YeHUs 0CoBeHHOCTe cBA3bIBaHUSA MIiRNA
¢ mRNA reHoB cemencTtBa E2F. HykneotugHble nocnegoBatesibHOCTM MRNA reHoOB YenoBeka U OpTONIOrnYHbIX
reHoB 3arpy>eHbl u3 NCBI GenBank (http://www.ncbi.nim.nih.gov). HykneoTuaHble nocnefoBatenbHOCTU 2565
miRNA uenoBeka B3sTbl U3 6a3bl AaHHbIX miRBase (http://mirbase.org), a 3701 miRNA 3aumMcTBOBaHbI U3 Ny6K-
kauum [1]. CaitTbl cBsizbiBaHWss MiIRNA npefackasbiBany ¢ UCNonb3oBaHWeM nporpammbl MirTarget [2]. 22 miRNA
cesAsbiBatoTca ¢ MRNA reHa E2F1, n3 kotopbix gecAtb cBsisbiBatotcss B 5'UTR, BocemMb - B CDS u ueTbipe - B
3'UTR. YcTaHOBNEHO Hannune caiToB cBA3biBaHUA AnsA miR-20-23817 B CDS mRNA opTonornyHbix reHoB E2F1.
HykneoTuaHble nocnefoBaTelbHOCTU CaUTOB CBA3bIBaHMA MiR-20-23817-3p koaupytoT oknanentua PAAPAAGR,
KOTOpbIN coxpaHsieTcs y 17 BuaoB mnekonutarowmx. leH E2F2 nmeet caiTbl CBA3bIBAHUS TObKO A1 BOCbMU
miRNA, pacnonoxeHHble B 3'UTR 1 CDS. l'entanentug TPHGPEG, kogupyemblii canTom cBsA3biBaHMsA MiR-760-3p,
KoHcepBaTuBeH y 18 Buaos mnekonutatolwnx. mRNA reHa E2F3 umeet cainTbl cBasbiBaHuA ans 30 miRNA. miR-
7-19239-3p cesisbiBaeTcs B 5'UTR, miR-1-2558-3p 1 miR-5-16871-5p B 3'UTR, a gpyrne miRNA B CDS. mRNA reHa
E2F3 nmeeT MHOXeCTBeHHble canTbl cBA3biBaHUA A8 15 miRNA B CDS. CanTt cBAsdbiBaHUA MiR-19-42593-3p
kogupyet onuronentug AAVVAAAAAA, KOTOpbI ABNAETCA BbICOKO KOHCEpBATMBHbIM B 6enke E2F3 12 Bngos
MnekonuTarowmx. leH E2F4 conepXxut cantbl cAsbiBaHusa ans wectu miRNA B 5'UTR, CDS n 3'UTR. miR-1322
MMeeT MHOXEeCTBEHHble calTbl cBA3biBaHMA B MRNA opTonormyHbix reHoB E2F4, koampyrowmnx nonvnenTtuz
SSSSSSSSSSSNSNSSSSS pasHov AnuHbl, B 3aBUCMMOCTU OT Buga mnekonutarowmx. mRNA reHa E2F5 umeet
caunTbl cBA3bIBaHUA Ana BocbMu MiRNA, pacnonoxeHHble B CDS. lentanentug LLQEAKD, koanpyemblin cantom
cBsi3biBaHUs MiR-6791-3p, koHcepBaTuBeH y 19 BuaoB Mnekonutatrowmx. miR-18-39953-5p B8 mRNA reHa E2F5
KOAMpyeT KoHcepBaTuBHbINA okTanentug GGAGGGSS. mRNA reHa E2F6 umeet caiitbl cBasbiBaHusa B 5'UTR un
3'UTR. YuyacTku cssbiBatowne miR-19-43065-3p nonHocTbio roMmonormyHbl y Homo sapiens, Pan troglodytes,
Nomascus leucogenys, Pan paniscus. CaniT cBsisbiBaHUsi miR-14-34881-3p nonHocTbio romonornyeH B mRNA
reHa E2F7 H. sapiens, Rhinopithecus roxellana, Chlorocebus sabaeus, P. paniscus, a B mRNA ocTanbHbIX BUA0B
nMeeTcs TOSIbKO ofHa 3aMeHa HykneoTuaoB. Tpu miRNA, ceasbiBatowmecs ¢ mMRNA reHa E2F8, numetoT MHOXe-
CTBEHHbIe CalTbl CBAA3bIBaHUS, pacnonoxeHHble B 3'UTR. miR-3-5147-5p nmeeT feBATb CalToB CBA3bIBaHUSA B
mRNA reHa E2F8, miR-101-27078-5p cBsi3biBaeTCs B ceMu cantax, miR-574-5p nmeet yeTbipe canTa CBAA3bIBaHUSA
B MRNA reHa E2F8.

[MonyyeHHble pesynbTaTbl NokasbiBatoT, UTo MPHK cemeiicTBa reHoB E2F MoryT cBasbiBaTbCcs ¢ MiRNA B
pa3HoW cTeneHun. Hanbonbluee KOMYECTBO CaiTOB CBA3bIBaHWSA NoKasaHo afs reHoB E2F1, E2F2, E2F3. CaiiTbl
cBssbiBaHUss B MRNA opTonornyHbix reHoB E2F1-E2F8 koanpytoT onvronenTuibl, KOTOPble ABMAAKOTCHA KOHCEpBa-
TUBHbIMW y pasHbIX BUAOB. Ha 0CHOBaHWUW NOy4YeHHbIX AaHHbIX onpegeneHbl accounaumm miRNA-mRNA, nosso-
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