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Momusayus u yens: OMTUTOHYKJICOTUABI IIUPOKO UCIIOIB3YIOTCS B PA3IMYHBIX 00JaCTAX
(GyHIaMEHTaNbHBIX W MNPHUKIAAHBIX HCCIEJOBaHU, B OHOTEXHOJOTHYECKUX U
OMOMEIUIIMHCKUX TPUMCHEHHSX. VI3MEHeHHe CBOWCTB OJIMTOHYKJICOTHIOB IS
YIy4IIEHUs] MX MOTPEOUTEIbCKUX KAadeCTB MNpPU PELICHUH DPAa3HOOOpa3HBIX 3aaad
OCYILIECTBIISIIOT MyTeM BbIOOpa crienn(puiecKuX HyKJICOTUIHBIX TOCIEI0BATENbHOCTEMH,
a B ClIydyae, €CJId 3TOT0 OKa3bIBAETCS HEJAOCTATOYHO, B CTPYKTYPY OJUTOMEPOB BBOIAT
xumudeckue Moaupukamyu. Takue Moaudukanuu HaydMIMCh  BBOIUTH B
pa3sHoOOpa3HbIe MOJIOKEHNSI HYKJICOTHAHONW LENH: B T€TEPOLUKIMYECKOE OCHOBAaHHE,
0CTaTOK caxapa WM ocTaTok (ochopHoil KUcIOTH. boiee TOro, BO3MOXKHO MOJIHOE
3aMelleHle TakuX (pparMeHTOB HYKJICOTHIOB, HampuMep, pudo3odocdarHoro octoBa
nemukoM [1, 2]. Yke pa3paboraHo OOJIBIIOE YHCIO TAKUX MOTUGPHUKAINHN, OTHAKO
3arpoc Ha HOBBIE Mpou3BoaHble HykJIenHOoBbIX (HK) kucnor Bce eme coxpansiercs B
CBA3M C pPAJOM MPUYUH, K KOTOPHIM MOXHO OTHECTH NAaTEHTHYIO 3aKpHITOCTb,
CJIO)KHOCTh WJIM HEYAOOCTBO CHMHTE3a, BBICOKYIO LIEHY CHHTe3a u Ap. JlanHas pabota
MOCBAIIECHA pa3pabOTKe METONOB aHauu3a (PU3MKO-XUMHYECKHX CBOMCTB OJIUIO-
HYKJICOTHIOB ¢ MOAH(UIIUPOBaHHBIM prnO030(ocdaTHBIM OCTOBOM, a TAKKE CO3aHUI0
MOJXO/I0B U AJITOPUTMOB ISl IPOTHOCTHYECKOIO pacueTa TaKUX CBOMCTB.

Memoowr u aneopummer: 1lpyu BBHIIONHEHUMH HCCIEJOBAHMH HCIIOJB30BaH IIUPOKHUH
CHeKTp  (U3MKO-XMMHUYECKUX  METOJOB  HcciepoBaHuid.  Jlnmsg  u3ydeHwHs
TUOPUAN3AMOHHBIX CBOMCTB OJMTOHYKJIEOTHJOB IMPHUMEHSIN METOJl TePMHUYECKOMH
JIEHaTypalury ¢ ONTUYECKOW peructpanmeii curHana. llpum mccnenoBaHuu CTPyKTYpHI
OJINTOHYKJIEOTHJIOB M UX KOMILJIEKCOB HCIIOJIB30BAJIM METO/ABI KPYTOBOTO JAUXPOH3Ma,
¢dayopecienTHo# cnekTpockornuu, IMP u OIIP cniekTpockomnuu, MeToJ| 3aepKKU B
reJie, MeTOJ] aTOMHO-CHIIOBOH MUKPOCKOITMH. METO1bI MOJIEKYJISIPHOTO MOJIEIMPOBAHHUS
NPUMEHSITN Ul U3Y4YEeHUS! CTPYKTYPBl M JUHAMHKH OMOMOJIEKYJISIPHBIX CTPYKTYp, a
TaKXke Ui pa3pabOTKH TOAXO0J0B MPOTHOCTHYECKOTO pacueTa THOpHAN3aIlMOHHBIX
CBOWCTB HYKJIGMHOBBIX KHCJIOT M UX HPOU3BOAHBIX.

Pezynomamur:  Pa3paboTan psag METONOB W IMOAXOAOB IJIsl W3YyYCHHS CBOMCTB
MPOM3BOAHBIX HYKJIEHMHOBBIX KHCJIOT. [Ipm pa3paboTke HOBBIX TPOU3BOIHBIX U
ananoroB HK 3adacTyio cli0)KHO CHHTE3MpOBaTh NMPOTSKEHHBIE IEMH, COAEpIKaIInue
Momudukannu. OHAKO HEOOXOAUMO MMETh MHCTPYMEHTHI M3y4YEHHS CBOMCTB TaKuX
COEIMHEHU ¥ OIEHKH TNEPCHEeKTUBHOCTH WX NpuMeHeHws. Ha mpumepe riwmmuH-
MOP(ONTMHOBBIX ONMTOHYKJIEOTHIOB MBI pa3paboTaiy MOAXOM ISl KOJTHMYECTBEHHOTO
omnpeneneHusl UX THOPUIM3ALMOHHBIX CBOWCTB. MeETOA MO3BOJIET KOJIMYECTBEHHO
ompeneNaTe  TePMOIMHAMUYECKHE  MapaMeTpbl  (GOPMHPOBAHHMS  KOMILIEKCOB
npousBoaubix ¢ JJHK u/wmm PHK u, cienosarennbHO, MEPCIEKTUBHOCTh JadbHEHIIICH
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pa3paboOTKH TakuxX coenuHeHui. J{1s1 3TOro HeoOXOJMMO HCIOIB30BaTh OJUTOMEPHI,
COJIeprKaIIre BCEro 5S—6 MOHOMEPHBIX 3BeHbeB Wi Ooee [ 1]. [[puMeHnMOCTh JaHHOTO
MeTona Oblia BEepH(HUITMPOBAHA M HA PsAAc HOBBIX (OCHOpaMHUIHBIX OCH30a30JIbHBIX
NPOU3BOIHBIX OJIMTOHYKJICOTHUIOB, KOTOpbIe MbI HeOaBHO paspabotamu [3, 4].
HccnenoBanre ux CBOMCTB MOKa3aj0 OONbLINE MEPCHEKTUBEI IPUMEHEHHS, B YACTHOCTH
B 00macTy MoONeKyJsipHOW muarHoctuku [5]. B memom mns  docdopamMuaHbIx
npousBoaHbix HK BemyTcs pa3pa®oTku WX HCIONB30BaHUS B 007acTH OHOMEIUIITHBIL.
Jnst 3pPeKTUBHOTO NMPUMEHEHUS TAaKUX COCAMHEHWH HAMU TPOBEACHO JCTalbHOC
WCCJICIOBAHUE X CBOWCTB Ha mpumepe (HochOopHITryaHHUIUHOBBIX OJIMTOHYKICOTHIIOB
(®ro), wnecymmx N,N-muMeTHIMMUIA30TUINH-2-UMHHOBYIO Moaudukanuo. B
JIETaNIIX U3ydeHbl THOpUAN3aOHHbIe cBoMicTBa DI'O U CTPYKTYypH UX KOMILIEKCOB, B
TOM YHCIIE METOJIaMu CTPYKTypHOTO IMP 1 MonekynspHoro moaenuposanus [6—8]. Ha
OCHOBaHWHM JIETAJHHOTO aHallM3a WX CBOWCTB pa3paboTaH MeETOn pacdeTa
THOpHUIN3aMOHHEIX cBoicTB DPI'O, comepkammx Tr000€ YHACIO MOAUGPUKANHMKA B
Pa3INYHBIX MOJO0KEHUAX OJUIOHYKJIEOTHIOB MPHU pa3INYHON MOHHOM cuie pacTBOpa.
Takue pOaHHBIE TO3BOJSIOT OCYIISCTBISTh PAlMOHAIBHBIA JU3aH CTPYKTYpHI
OJIMTOMEPOB, cojiepkamux OI'-rpynmsl, 4TO MOXKET OBITh MCIIONB30BaHO B CHCTEMax
[TIP nuarHocTuku.

Hamu nmpoBeneno uccnenosanue npuMmenuMoctd ®I'O u ®AO B xkauecTBe npaiiMepos
B cucTeMax aienb-crienududeckoii [1LIP, B ToM dricie ¢ HCIONb30BaHUEM PEeaTbHBIX
obpastos [4, 9]. MccnenoBanus moka3ainyu OOJBIIOE MPEHMYIIECTBO HCIOIB30BAHU
(dhochopaMHUIHBIX MTPOU3BOAHBIX HYKJICHHOBBIX KHUCIIOT M CIIOCOOHOCTh MX CIIPABUTHCS
C 3a7]a9aM¥, KOTOPBIE HE MOTYT PEIINTh HATHUBHBIE TTpaiiMephl.

Hecmotps Ha ycmex B pa3paboTKax METOAOB W TONYIMIHPUYECKUX MOJEIEH s
MPOTHOCTUYECKOTO pacdeTa CBOWCTB HOBBIX IPOU3BOIHBIX, MX CO3JaHUE SIBISETCS
YpEe3BBIYAHO JOJTUM, TPYJOEMKHM H JOPOTOCTOALIMM. B CBs3M ¢ pa3BUTHEM
KOMITBIOTEPHBIX TEXHOJIOTHA, METO0B KOMITBIOTEPHOTO MOJCITUPOBAHUS U aHATTN3a MBI
MOMPoOOBAIM UCIONB30BaTh METOJBI MOJIEKYJSIPHOTO MOJENHUPOBAHMS IS pacueTa
ruOpuan3annonHbx cBoiicTB HK 1 ux mpon3BoaHbIX. MeTo ] MOJIEKYISIPHOM IUHAMUKH
(M/I) ycemrHo MpUMEHSIOT AJIST UCCIIEAOBAaHUS CTPYKTYPHI M TUHAMUKH KOMITJIEKCOB
HK, a momyueHHBIE pe3ynbTaThl OKa3bIBAIOTCS OYEHb OJIM3KH K IKCIIEPUMEHTAITBHBIM
[10, 11]. M1 pa3paboTau moxo a6l Ha ocHOBe M/ MOeTMpoBaHus TS TIPEICKA3AHS
TEPMOJMHAMUYECKUX T1apaMeTpoB (OPMUPOBAHUS KOMIUIEKCOB HATHUBHBIX OJIUTO-
HyKJIeOTHIIOB. VX mprMeHeHue K Mpou3BOAHBIM u aHanmoramM HK He maeT Takoif xe
XOpOIIeH TMpeacKazaTeIbHo crmocoOHOCTH [4, 9], OoAHAKO TMO3BOJISIET OIICHUTH
MEPCIIEKTUBHOCTh TAKUX COCIUHCHHH C TOUKH 3PCHHS CTPYKTYPbI MX KOMILJICKCOB C
nensimu HK u nx rubpuanzannoHHol criocoOHOCTH.

Pa3zpaboTranHple METOJBI W IOAXOJBI MOXXHO TMPHMEHSATh HE TONBKO s Ju3aiiHa
KOPOTKHX OJMTOMEPOB, HO M TPU TOCTPOCHUM CYNPAMOJIEKYJISPHBIX KOHCTPYKIIHA.
Hamu npoBeneno uccnenoBanne (GpopMupoBaHus KOHKaTeMepHBIX komruiekcoB HK, a
Takke (OpMUPOBaHUS HA X OCHOBE 3aMKHYTHIX KOJIBIIEBBIX KOHCTPYKIIUH pa3InIHON
pa3MEpHOCTH W MOJIEKYJSIPHOCTH. B paMkax JaHHBIX HCCIIEIOBaHHN OOHapyKeHa
CrocoOHOCTh 00pa3zoBanusi koMiuiekcoB HK ¢ pasznuyHoil reomerpuil u CTPYKTYpOH
Mapoi WM TPOUKOW OJMUTOHYKJIEOTHAOB. Y CTAHOBIIEHBI 3aKOHOMEPHOCTH 00pa30BaHUS
JHK/JHK, PHK/PHK u OHK/PHK xommuiekco [12, 13]. Ux ¢dopmupoBanue u
JIMHAMMKA TIOATBEPXKICHBI HA0OPOM (U3UKO-XUMHUYECKMX METOIOB W IOXOJIOB, a JIJIs
JTOKA3aTeNIbCTBA MOJICKYJSIPHOCTA TaKMX KOMILJIEKCOB pa3paboTaH OpWUTHHAIBHBIN
noaxon [12, 13]. Takue KOMIUIEKCHl UMEIOT NEPCIEKTUBBI ISl IPUMEHEHUS B KaueCTBE
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yCUIINTENIEH B CHCTeMax THUOpUAM3AMOHHOTO aHalnu3a, B CHCTEMax JOCTaBKU
TEpaneBTHYECKUX HYKJIEHHOBBIX KHCJOT B KICTKH W TPH pelIeHHH APYTHX 3a1adu
OMOMEIULINHEI.

Buvigoowi: Taxkum o0pa3zom, pa3paboTaHbBl WHCTPYMEHTHI [UIsI HM3y4YEHHs] CBOWCTB
MPOM3BOJHBIX HYKJICHMHOBBIX KHCJIOT, METOABl M TOAXOABI JJS  CO3IaHUs
MPOTHOCTUYECKUX MOJIEIIEH pacueTa UX rTHOpUIU3aIIMOHHBIX CBOWCTB KaK Ha OCHOBAaHUH
OKCTICPUMEHTAIILHBIX JIAHHBIX, TaK U C HCIOJBb30BAHHEM METOJIOB MOJICKYJISIPHOTO
MOJICIINPOBAHHSI.

Qunancuposanue. VccnenoBanue mnoaaepkano mnpoektamu PH® (Ne 23-14-00358 u
Ne 18-14-00357), rocynapcreernoro 3amanus UXBOM CO PAH Ne 121031300042-1)
u PODU (Ne 19-34-90127 u Ne 20-04-00719).
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Motivation and Aim: Oligonucleotides are widely used in various areas of fundamental
and applied research, in biotechnological and biomedical applications. Changing the
properties of oligonucleotide to improve their consumer qualities in solving various tasks
is carried out by selecting specific nucleotide sequences, and if this is not sufficient,
chemical modifications are introduced into the oligomer structure. Such modifications
learned to be introduced in various positions of the nucleotide chain: in the nucleobase,
sugar or phosphate residue. Moreover, it is possible to completely replace such
nucleotide fragments, for example, backbone [1, 2]. A large number of such
modifications have already been developed, but the demand for new nucleic acid (NA)
derivatives remains due to a number of reasons, including protection by patent law, the
complexity or inconvenience of synthesis, the high cost of synthetics, etc. This work is
devoted to the development of methods of analysis of the physico-chemical properties
of oligonucleotide with modified backbone, as well as the developments of approaches
and algorithms for prognostic calculation of such properties.

Methods and Algorithms: A wide range of physico-chemical methods of research were
used in the study. The method of thermal denaturation with optical signal registration
was used to analyze the hybridization properties of oligonucleotide. In the study of the
structure of oligonucleotide and their complexes used methods of circular dichroism,
fluorescent spectroscopy, NMR and EPR spectroscopy, the method of in gel
electrophoresis, and atomic-force microscopy. Methods of molecular modeling have
been used to study the structure and dynamics of biomolecular structures, as well as to
develop approaches for the prognostic calculation of hybridization properties of nucleic
acids and their derivatives.
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Results: A number of methods and approaches have been developed to study the
properties of nucleic acid derivatives. When developing new NA derivatives and
analogues, it is often difficult to synthesize extended chains containing modifications.
However, approaches must be available to study the properties of such compounds and
to assess the prospects for their use. Using the example of glycine-morpholine
oligonucleotide, we have developed a method to quantifying their hybridizing properties.
The method allows to determine the thermodynamic parameters of the formation of
complexes derivatives with DNA and/or RNA and, therefore, the prospect of further
development of such compounds. To do this, oligomers containing only 5-6 or more
monomer units [1] should be used. The applicability of this method has also been verified
on a number of new phosphoramide benzoazole oligonucleotide derivatives (PABAO),
which we have recently developed [3, 4]. The study of their properties has shown great
prospects of application, in particular, in the field of molecular diagnostics [5]. In
general, development is under way for phosphoramide derivatives in the field of
biomedical applications. For the effective application of such compounds we have
carried out a detailed examination of their properties on the example of phosphoryl
guanidine oligonucleotide (PGO) carrying N,N-dimethylimidazolidine-2-amin
modification(s). The hybridization properties of PGO and the structures of their
complexes are studied in detail, including the methods of structural NMR and molecular
modeling [6-8]. Based on a detailed analysis of their properties, a method has been
developed to calculate the hybridization properties of PGOs containing any number of
modifications in desired oligonucleotide positions at different ion strength of the
solution. Such data enable rational design of the structure of oligomers containing PG
groups, which can be used in PCR diagnostics.

We conducted a study of the applicability of PGO and PABAO as primers in allele-
specific PCR systems, including using real samples [4, 9]. Studies have shown the great
advantage of using phosphoramide derivatives of nucleic acids in PCR diagnostics, and
their ability to cope with challenges that native primers cannot solve.

Despite the success in developing methods and semi-empirical models for the prognostic
calculation of the properties of new NA derivatives, their developments is extremely
long, time-consuming and costly. In connection with the development of computer
technologies, methods of computer modeling and analysis, we have tried to use methods
for molecular modeling to calculate the hybridization properties of NAs and their
derivatives. The method of molecular dynamics (MD) is successfully applied to the
study of structure and dynamics of NA complexes, and the results on the structure and
the dynamic of such complexes are very close to experimental [10, 11]. We have
developed approaches, based on MD modeling, to predict the thermodynamic
parameters of the formation of native oligonucleotide complexes. Their application to
derivatives and analogues of NA does not give the same good predictive ability [4, 9],
but allows to assess the prospects of such compounds in terms of the structure of their
complexes with NA chains and their hybridization ability.

The methods and approaches developed can be applied not only for the design of short
oligomers, but also for the construction of supramolecular structures. We conducted a
study of the formation of concatemeric complexes of NA, as well as formation on their
basis of closed ring structures of different size and molecularity. Within the framework
of these studies, the ability to form complexes of NA with different geometry and
structure by the pair or triple oligonucleotides has been discovered. The similarity in
patterns of the formation of DNA/DNA, RNA/RNA and DNA/RNA complexes [12, 13]
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have been established. Their formation and dynamics are confirmed by a set of physico-
chemical methods and processes, and an original approach has been developed to prove
the molecularity of such complexes [12, 13]. Such complexes have prospects for use as
amplifiers in hybridization analysis systems, in therapeutic nucleic acid cell delivery
systems and in other biomedical applications.

Conclusion: Thus, tools for the study of properties of nucleic acid derivatives, methods
and approaches for the creation of prognostic models for the calculation of their
hybridization properties have been developed, both on the basis of experimental data and
molecular modeling method.

Funding: The study is supported by projects RSF (No. 23-14-00358 and No. 18-14-
00357) by the Russian state funded project for ICBFM SB RAS (No. 121031300042-1)
and RFBR (No. 19-34-90127 u No. 20-04-00719).
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