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Momusayua u yenv. AHanu3 CTPYKTYpHBIX M (YHKLHMOHAIBHBIX CBOWCTB MOJIEKYJ
6enxoB, PHK u JIHK sBnsieTcst oyHOM M3 BaKHEHIIINX 331249 B MOJICKYIISIPHOM OMOJIOTHH.
HecMmoTps Ha akTUBHOE UCCIIEA0BAHUE B 3TON 001aCTH, OTPOMHOE KOJIMYECTBO OCIIKOB,
PHK u yyaCTKOB r€HOMOB pa3HbIX OPraHHU3MOB HYKJAIOTCSl B OLICHKaX 3TUX CBOWCTB
JUIs  [IOHMMaHMA WX POJIM B  Pa3jIMYHBIX  OMOJOIMYECKHX  MpoLeccax.
OKcreprUMeHTalbHbIE METObl OrPAaHUYEHBI B CBOMX BO3MOXKHOCTSIX M3-3a CIO0XKHOCTH,
CTOMMOCTH H TIPOAOJDKUTEIBHOCTH TaKUX MccienoBanuii. Haunnas ¢ cepenunnr XX B.
UIA  aHauu3a CTPYKTYPHbIX M (PYHKIMOHAJIBHBIX CBOWCTB  OHOJOIMYECKHX
MaKpPOMOJIEKYJ UCTIOIb3YIOT AMHUHOKUCIOTHBIE (a.K.) U HyKJI€OTHIHBIE (H.T.) TOCIIE0-
BaTELHOCTH, OMMCAHHBIC B BUAE OJHOOYKBEHHOTO Koja. M 3To sBIsSieTCS OCHOBOM
OOJIBLIIMHCTBA COBPEMEHHBIX METO/I0B OMOMH(OPMATUKH, C IIOMOIIBIO KOTOPBIX MOYXKHO
3¢ EeKTUBHO OLICHMBATh CBOICTBAa OHMOJIOTHUECKHMX Makpomonekysl. Hecmorps Ha
3HaYUTENbHBIE YCIIEXH B CO3/IaHUHM TaKUX METOOB, CaMO MpPEJCTaBlE€HHE a.K. U H.T.
MOCJIEeIOBAaTEIFHOCTEH B BUJIE OJAHOOYKBEHHOTO KOJa SIBISETCS OTPAaHUYCHHEM ISt
JAJIBHEHIIIEr0 COBEPLICHCTBOBAHUS OMOMH(POPMATHUECKUX METONOB, TaK Kak He
OTpa)kaeT OCOOEHHOCTEN CTPYKTYphl 3THUX IIOCIEN0BATENBHOCTEH Ha ypOBHE CBs3el
Mexay atomMamu. C Apyroil CTOpOHBI, pPa3BUTHE OSKCIEPHUMEHTAIbHBIX METOJIOB
onpeneneHust 3D cTpykTyp OHOJIOrHYECKHX MaKpOMOJEKYJI IIO3BOJISIET ONUCHIBATH UX
aTOMBl B TPEXMEPHOM IIPOCTPAaHCTBE. Takoe OmMcaHWEe IO3BOJSIET OLEHHWBATH HX
XapaKTepUCTUKH M CBOWCTBA HAMHOTO KadeCTBEHHEH, HO TpeOyeT NpHMEHEHHUs
3HAUYUTENIBHBIX BBIYMCIUTENBHBIX PECYPCOB, @ TaKKe OrPaHHYEHO KOJIWYECTBOM
W3BECTHBIX TPEXMEPHBIX CTPYKTYP.

Memoowr u aneopummer. Hamu uccnenoBaHus —IIpeularatloT — albTEPHATUBY
MpeCTaBICHUs a.K. U H.T. IOCIIeJ0BaTeNIbHOCTEH OSJIKOB B BU/IE CTPYKTYPHBIX (POPMYIT
uX (parMeHTOB, 4YTO TMO3BOJSIET HCIOJB30BaTh pa3padOTaHHbIE paHee B
XeMOMH(OpMATHKE METOJBI BBISBICHUS CBS3EH «CTPYKTypa-CBOMCTBO». B kadectBe
OTHCAaHUS CTPYKTYPHBIX (opMyn (parMeHTOB MAaKpOMOJEKYJ HCIOJIB3YIOTCS
MOJCTPYKTYpPHBIE JECKPUITOPHl MHOTOYPOBHEBBIX aTOMHBIX OKpecTtHocTeir MNA
(Multilevel Neighborhoods of Atoms) Beicokoro ypoBHsi, peain30BaHHbIE B CLICHUAIBHO
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pa3paboTaHHOW A PabOTBl ¢ TaKMMHU JaHHBIMH Tporpamme MUltiPASS, ucmons-
3yroleil 0ailecOBCKHIA allTOPUTM ISl BBISIBJICHUS CBSI3H «CTPYKTYPa-CBOWCTBO.
Peszynomamer: DPPEeKTUBHOCTH TAKOTO TIOX0/1a MPOJEMOHCTPHUPOBaHA HAMH B METOJaX
10 TIPOTHO3Y: TATOT€HHBIX aMUHOKHUCIIOTHBIX 3aMeH (https://www.way2drug.com/SAV-
Pred/) [1, 2], aMUHOKHCIIOTHBIX 3aMEH, CBA3aHHBIX C JICKAPCTBEHHOW PE3UCTEHTHOCTHIO
omyxoneit  [3], cmemuduunocT  T-KIETOYHBIX  PEIENTOPOB K  DIUTOMAM
(https:/iwww.way2drug.com/TCR-Pred/) [4] u mOCTTpaHCIAIMOHHBIX MOIHU(PHUKAIIAIA
[5]. B moknane OyzaeT Tarkke MpOISMOHCTPUPOBAHO MCIIONB30BAaHHE HAIIETO MOAXO/a
JUTSI IPEJICKa3aHusl BTOPUYHBIX CTPYKTYP M YHKIIMOHALHBIX MOTUBOB OCIIKOB, a TAKIKE
muteHel MukpoPHK 1 caliToB CBS3BIBaHUS TPAHCKPHUIITHOHHBIX (PAKTOPOB YEIIOBEKA.
Buigoowi: IlpeanoxeHHBIH MOAXOA MNpPEACTABISECT HOBOE HampaBieHHEe OHOMH(OP-
MaTHKH B HCCICJIOBAaHMH CBOWCTB OMOJIOTHUECKHMX MAaKpPOMOJIEKYl Ha OCHOBE
CTPYKTYPHBIX (OpMYT UX (PparMeHTOB.

QuHancuposanue: Pabota BbIIONHEHA B paMkax lIporpammel (yHIaMEHTaIBHBIX
Hay4HbIX uccienoBanuil B Poccuiickoit denepanmu Ha nonarocpounsiii nepuon (2021-
2030 rr.) (Ne 122030100170-5).
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Motivation and Aim: Analysis of the structural and functional properties of protein, RNA
and DNA molecules is one of the most important tasks in molecular biology. Despite
active research in this area, a huge number of proteins, RNAs and regions of the genomes
of different organisms require assessments of these properties to understand their role in
various biological processes. Experimental methods are limited in their capabilities due
to the complexity, cost, and duration of such studies. Since the mid-20th century, amino
acid (aa) and nucleotide (nt) sequences, described as a single-letter code, have been used
to analyze the structural and functional properties of biological macromolecules. This is
the basis of most modern bioinformatics methods, which can be used to effectively
evaluate the properties of biological macromolecules. Despite significant advances in
the creation of such methods, the very idea of the representation of aa and nt sequences
in the form of a single-letter code is a limitation for further improvement of
bioinformatics methods, since it does not reflect the structural features of these
sequences at the level of connections between atoms. On the other hand, the development
of experimental methods for determining the 3D structures of biological macromolecules
makes it possible to describe their atoms in three-dimensional space. Such a description
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makes it possible to evaluate their characteristics and properties much better, but requires
the use of significant computing resources, and is also limited by the number of known
three-dimensional structures.

Methods and Algorithms: Our research offers an alternative to representing aa and nt
sequences of proteins in the form of structural formulas of their fragments, which makes
it possible to use methods previously developed in chemoinformatics for identifying
structure-property relationships. To describe the structural formulas of fragments of
macromolecules, high-level substructural descriptors of multilevel atomic
neighborhoods MNA (Multilevel Neighborhoods of Atoms) are used, implemented in
specially developed for working with such data MultiPASS program, which uses the
Bayesian algorithm to identify the “structure-property” relationships.

Results: We have demonstrated the effectiveness of this approach in methods for
predicting: pathogenic amino acid substitutions (https://www.way2drug.com/SAV-
Pred/) [1, 2], amino acid substitutions associated with drug resistance of tumors [3],
specificity of T-cell receptors for epitopes (https://www.way2drug.com/TCR-Pred/) [4]
and post-translational modifications [5]. The talk will also demonstrate the use of our
approach to predict secondary structures and functional motifs of proteins, as well as
microRNA targets and binding sites for human transcription factors.

Conclusion: The proposed approach represents a new direction in bioinformatics in the
study of the properties of biological macromolecules based on the structural formulas of
their fragments.

Funding: This work has been supported within the framework of the Program for Basic
Research in the Russian Federation for a long-term period (2021-2030)
(No. 122030100170-5).
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