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Momusayua u yenv. Hyxnewnossie kucnotrel (HK), mx aHamorm u mpowm3BOIHBIC
SBISIFOTCSL  MOJIEKYJSIDHBIMH ~ MHCTPYMEHTaMH  JUIi  HAYYHBIX  MOJIEKYJSPHO-
OMOJIOTHYECKUX UCCIIEIOBAHUM, a TaKKe MCIOJB3YIOTCS ISl PELICHUS] MPAaKTHUECKUX
3aa4 OMOMEAMIMHBI, OMOTEXHOJIIOTHH W MOJICKYJISPHOW IMarHOCTHKH. Beinenenne
HYKJICMHOBBIX KHCJIOT M3 OHOJOTMYECKHX OOpa3slioB M HX AaHAIU3 pPa3InYHbIMU
METOJIJaMH TIPENICTABISIET COOON OJHY W3 CaMbIX 3HAYUMBIX MPoOJeM TI00aIbHOTO
30paBOOXpAHEHUs, TaK Kak KpaiiHe HEOOXOTUMO IJISl KIMHUYECKOW TMAarHOCTUKU U
BEISIBJICHUS TIATOJIOTHHA W BO3OYAWTENEW COIUAIBHO 3HAYMMBIX HH(eKruid. OmHako
Hu3Kas 3QQexTuBHOCTs U cnerMduaHocTh Beiaenenns HK 3HaunTensHO yCaoXKHAIOT
JlaTbHEUIITHI aHaIn3 u TIPUBOJIUT K  JIO)KHOOTPULIATEIbHBIM WIH
JIOKHOTIOIOKUTENBHBIM pe3yiibTaTaM. BBeqeHne XUMHUECKUX MOJU(HUKALINI B COCTaB
OJIMTOHYKJICOTUZOB MO3BOJSET HANpaBICHHO H3MEHATh HX CTPYKTYpPY, CBOICTBa,
B3aMMOJICHCTBUE C OHMOJIOTUYECKH aKTUBHBIMH coeluHeHUsIMH. CHHTETHYECKHE
aHAJIOTH  HYKJIEMHOBBIX KHCJIOT 4acTo o00JajaroT  yIy4lIeHHBIMH  (U3UKO-
XMMUYECKUMH, MOJIEKYISIPHO-OMOJIOTMYECKUMH M OHOJIOTMYECKUMH CBOMCTBaMH.
[Ipumenenne MoAMGUIMPOBAHHBIX OJMIOHYKJICOTHUIOB, KOHCTPYHPOBaHHE Ha HX
OCHOBE JMAarHOCTUYECKHX M TEPANeBTHUECKUX CHCTEM, a TAK)KE MCIOJIb30BaHHE UX B
pasnuuHbIX TerepodazHeix Qopmartax A 3()(EKTUBHOrO BBIACICHHS U aHANIM3a
MO3BOJISIET PEIINTH MPOOIeMbl coBpeMeHHOM anarnoctuky HK.

Memoowr u arcopummur: Jlu3aiiH 1 cuHTe3 Habopa HATHBHBIX M MOJH(HIIMPOBAHHBIX
JHK, conepxamux B 3aJaHHBIX [OJIOKEHUSAX OFHY WJIM HECKOJIBKO, BKIIIOYas
MOJTHOCTEI0 MoaudunpoBanHble, GochopmiryanunanHoBbix (PIY) Mogudukanmii mo
MEXKHYKIICOTUHOW  QocdaTHOW Trpymnme TMpoBeAeH MeEToAaMH  TBepA0(dazHOTO
amunodochutHoro cuHTe3a Ha aBroMathueckoM HK-cuuTesarope. IlomyuyeHnHbie
NIPOM3BOJHBIE BBIJECNIEHBl, OYHMILEHBI M OXapakTepu3oBaHbl MeTogamu BOIXX,
anexktpodopesa, ESI mubo MALDI TOF wmacc-cneKTpoMeTpuH, a Takxke
criekTpohoTOMETpUIECKUMH MeToamMu. M3yuensl cBoiictBa dI'-comepxkanux 30H10B
B cHCTeMax auienb-crienupudeckoro [IlP-anammza. HWmmoOuwmmzammo OI-
COJIep KALIMX OJUTOHYKJICOTHIOB Ha Pa3IMYHbIC TOBEPXHOCTH, BKIIIOUAsl HAHOYACTHIIBL,
MPOBOJVMIIM C HWCIOJNB30BAaHHEM BBEJICHUS (YHKIHMOHAIBHBIX TPYNI B COCTaB
OJIUTOHYKJICOTUIOB, OWM(PYHKIMOHAILHBIX PEareHToB M (YHKIIMOHATH3HPOBAHHBIX
cwiaHoB. [lomydeHHble pe3ynbTaThl HCHONB30BaHBI Ui ampoOalu  pa3IMYHbBIX
BapHaHTOB cucteM romogasznoro u rerepodazHoro anamuza HK mpum paspabotke
OMOCEHCOPOB.
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Pezynomamer:  IlpoBefeHO neTanbHOE HCCIEIOBaHME BIMSHMS KOJIMYECTBA H
nonoxenus: GI'-moanukanuii B coctaBe npaiiMepoB Ha 3 (EKTUBHOCTD MPOTEKAHUS
peakuuu yaunHeHus nenu ¢ nomoiusto Taq JJHK-nonumepassl. beut npoBenen auszaitn
n cuHTe3 Oomee 40 MOIENBHBIX OJHTOHYKJICOTHAOB, comepkammx DI'-
MOJIU(PHUIMPOBAHHBIE 3BEHBS B PA3TMYHOM KOJMYECTBE U B PA3HBIX MOJIOKEHHUAX OT 3'-
KOoHIA. Bce cuHTe3npoBaHHbIE ONMUIOHYKIIEOTH B! ObUIN HCCIIEIOBAHBI, KaK B KAUECTBE
npaiiMmepoB  1pud  (EpPMEHTATMBHOM  YAJMHEHHM B COCTaBe JYyIJIEKCOB C
KoMIuieMeHTapHoi 30-3BeHHO MaTpuleil ¢ nomometo Taq-JJHK-nmonmumepassl, Tak u B
KauecTBE MAaTpUIl B COCTaBe [JYMJIEKCOB C KOMIUIEMEHTapHON 8-3BEHHOH
MOCIIE0BATENEHOCTEIO  (DTyOPECIIEHTHO-MEUEHHOTO  ONMroHykieotuaa. Jms @I
MOTU(PHUIMPOBAHHBIX  OJIMTOHYKJICOTHJOB, KOTOpBIE JalOT MAaKCHUMAaJIbHBIH W
MUHUMAaJIBHBIM BBIXOJ MPOJYKTa, KaK B Ciydae IpaiiMepa, Tak U B CIy4yae MaTPHIIbI,
MIOKAa3aHO BO3MOKHOCTb MX NPHUMEHEHMS B Ka4eCTBE MpaiMepoB A aMIUTM(DUKALIN
reda eGFP B pexxume peasbHOT0 BPEMEHHU C MCIIOJIb30BAHUEM HATHBHOTO 0OpPaTHOIO
npaiivepa. C y4eToM IMOJNYYCHHBIX NaHHBIX OCYIIECTBJICH IW3aiiH U CHHTE3 Habopa
MOTU(HUIMPOBAHHBIX MpaiiMepoB, COAEPKAIIMX BCE BO3MOXHBIC  BapHAHTHI
OMMmKaWIMX coceAe W MHCMaTdel HEMOCPEACTBEHHO pSJIOM C BBEICHHEM
dbochopriryaHuIMHOBOM MOAM(UKAIIMK, I CHUCTEMATUYECKOTO HCCIICIOBAHMS
BBISIBIICHHS OJTHOHYKJICOTHUIHBIX MOIUMOP(HU3MOB B Mpoliecce allieb-CuennhuaecKoin
MOJMMEpPa3HOd HenHoM peakuuu. Iloka3aHo, YTO HEKOTOphIE Hapbl MpanlMepoB
narnoupytotr I[P B ciayyae Hammums mMucMaTd4a, W Tpu dToM Hajgmaune OI-
MOJTU(PHUKALINN TPUBOAMT K elle O0JbIIeMy WHTMOUPOBAHHIO, YeM B €r0 OTCYTCTBHH.
[Ipoananu3upoBan Iy MOJIYYEHHBIX MPOJIYKTOB [P METOA0M
BBICOKOIIPOM3BOIUTEIBHOIO CEKBEHUpOBaHUs. B cinydae ncnonb3oBanus O0MOIHOTEKN
npaiiMepoB 0e3 MucMarda B 3’-mosoxeHun, Haguuue OI-mMoaudukanuy noaIHOCTHIO
WHTUOMpYEeT 00pa3oBaHWE HECOBEPUICHHBIX MPOAYKTOB. [lokazaHo, 4TO BKIIOYEHHE
OI'-mogudukanuu B mpaiiMeps! st [ILP nmpuBOaUT K YCHICHUIO Pa3siudHs MEXKIY
JHK  gukoro Tuma wu  wmyrtupoBanHHod JIHK, oOecneunBas  BBICOKYO
JUCKPUMHUHUPYIOIIYIO ~ CIIOCOOHOCTH  TIpaiiMepoB B aJleNb-ClelM(DUISCKOM
MOJMMEPa3Ho LenHoi peakuuu B peaidbHoM Bpemenu (AC-IILIP). Paspaborana
cucrema rerepodazHoro ruOpuausanronHoro ananuza HK ¢ ucnonszoBanunem OI'-
30HII0B. MccenoBaHbl METOAbI UMMOOWIN3AIMA HATUBHBIX M MOAW(MHUIIMPOBAHHBIX
OJINTOHYKJIEOTHJIOB Ha pa3IN4HbIE TBEPAOTEIbHBIE IIOBEPXHOCTH, B TOM 4HCIE
KPEMHHUEBBIE MHUKPOIIPOBOJIOKU, U 3(PQeKTuBHOCTH rerepodasHoil MOJEKYISIpHON
ruopuau3anuu. Pazpaboransl moaxoapl K uMMoomin3anui OI'-30H10B Ha pa3HbIE THITHI
nosepxHoctu.  IlokazaHo, urTo  ucnonb3oBaHue  PDI'-30HAOB  YBEIUYUBAET
3¢ dekTuBHOCT,  rerepodasHON  THOpPUAM3ALMU  HYKICOTHIHBIX MapKepoB B
HuskoconeBbix (10 MM docdarueiii 6ydep, pH 7.4) u B OGeccoeBbIX YCIOBHUSX.
AnpoOupoBaHbl  MPOTOKOJBI  MPOOOMOJTOTOBKA  aHAIHWTa C  HCIOJIb30BAHUEM
KOMITO3UTHOTO MaTepHaja Ha OCHOBE MAarHUTHBIX HAHOYACTHUI] OKCHUAA XKele3a M
nojauMepa HeinoHa-6. Paspaborana cuctema rerepodasHoOro ruGpHAM3aLOHHOTO
ananmu3a Ha KHU-6uocencope. [1okazaHo, 4To HCHOIB30BaHIE KAPOOHUIIMUMHIA301a
B KAauyeCcTBE AaKTHBHPYIOIIETO areHTa IO03BOJISIET C OONbIIeH YyBCTBUTEIBHOCTHIO
BBIABISITH MAaTPULly B CpPaBHEHMH C AaKTHUBHPYIOIIMM areHTOM  3-TJIMLIHJO-
KCUIIPONMITPUMETOKCUCUIAHOM. ITpu aTom BeisiBIeHME npoTsbkeHHoW pPHK mMatpuisl
oKazajgoch Oojice 3PPEKTUBHBIM M0 CPABHEHHUIO ¢ KOPOTKOH cuHTeTmdyeckor JIHK-
matpuneid. IlpomemoncTpupoBana  uyBctBHTenbHOcTs  KHU-Omocencopa  Ha
aTTOMOJIIPHOM YpOBHE.
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Buvisoowi: Takum o00pa3om, TOMy4eH HA0Op JaHHBIX, B eIie OOJIBIICH CTEICHU
PaCKpPBIBAIOIIIX MOTEHIUAIT HCIIOJIb30BaHUS (hochopuryaHU THHOBBIX
OITUTOHYKJICOTUIOB JJIsi Pa3pabOTKH COBPEMEHHBIX CHUCTEM aHallu3a HYKJICHHOBBIX
KHCIIOT, W  pa3paboTaHbl  alrOPUTMBI  HAIMPABJICHHOTO  KOHCTPYHUPOBAHHUS
BBICOKOCIICIIM(UYHBIX 30HIOB W TPaliMEpOB, MO3BOJSIONIMX peliaTh Haubosee
CJIOXHBIE TPUKJIAIHBIE 33]a91 B 00JIaCTH MOJIEKYJsipHOH nuarHoctuku HK.

Qunancuposanue: VlccieioBaHNUE BBIIIOIHEHO NPU NOAAEPKKE Poccuiickoro Hay4Horo
¢dorma (Ne 22-24-00996) m rocymapCTBEHHOTO 3anaHusi MHCTUTYyTa XUMHYECKOH
ouonoruu u pyunamentansHoi Mmeaunuasl CO PAH (Ne 121031300042-1).
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Motivation and Aim: Nucleic acids (NA), their analogues and derivatives are molecular
tools for scientific molecular biological research and are also used to solve practical
problems in biomedicine, biotechnology and molecular diagnostics. The isolation of
nucleic acids from biological samples and their analysis by various methods represents
one of the most significant problems of global health, as it is essential for clinical
diagnosis and detection of pathologies and pathogens of socially important infections.
However, the low efficiency and specificity of NA isolation significantly complicate
further analysis and lead to false negatives or false positives.

Introduction of chemical modifications into the composition of oligonucleotides allows
to change their structure, properties, and interaction with biologically active compounds.
Synthetic analogues of nucleic acids often have improved physicochemical, molecular-
biological and biological properties. The use of modified oligonucleotides, construction
of diagnostic and therapeutic systems based on them, as well as their use in various
heterophase formats for efficient isolation and analysis allows solving the problems of
modern NA diagnostics.

Methods and Algorithms: The design and synthesis of a set of native and modified DNASs
containing one or more (including fully modified) phosphorylguanidine (PG)
modifications on the inter-nucleotide phosphate group at given positions were carried
out by solid-phase amidophosphite synthesis on an automatic NA synthesizer. The
obtained derivatives were isolated, purified and characterized by HPLC, electrophoresis,
ESI or MALDI TOF mass spectrometry and spectrophotometric methods. The properties
of PG-containing probes in allele-specific PCR assay systems were studied.
Immobilisation of PG-containing oligonucleotides on various surfaces, including
nanoparticles, was carried out using the introduction of functional groups into the
oligonucleotide composition, bifunctional reagents and functionalized silanes. The
results obtained were used to validate different variants of homophase and heterophase
NA analysis systems for the development of biosensors.
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Results: The detailed study of the influence of the number and position of PG
modifications in the primers on the efficiency of the chain extension reaction using Taq
DNA polymerase was carried out. The design and synthesis of more than 40 model
oligonucleotides containing PG-modified units in varying quantities and in different
positions from the 3' end were carried out. All synthesized oligonucleotides were studied
both as primers for enzymatic extension as part of duplexes with a complementary 30-
mer template using Tag-DNA polymerase, and as templates in duplexes with a
complementary 8-mer sequence of a fluorescently labeled oligonucleotide. For PG-
modified oligonucleotides, which give the maximum and minimum product yield, both
in the case of a primer and in the case of a template, the possibility of their use as primers
for amplification of the eGFP gene in real time using a native reverse primer has been
shown. Taking into account the obtained data, a set of modified primers was designed
and synthesized, containing all possible variants of nearest neighbors and mismatches
directly next to the introduction of phosphorylguanidine modification, for a systematic
study of the detection of single nucleotide polymorphisms in the process of allele-
specific polymerase chain reaction. It has been shown that some pairs of primers inhibit
PCR in the presence of a mismatch, and the presence of the PG modification leads to
even greater inhibition than in its absence. The pool of obtained PCR products was
analyzed using high-throughput sequencing. When using a primer library without a
mismatch in the 3' position, the presence of the PG modification completely inhibits the
formation of imperfect products. It has been shown that the inclusion of PG modification
in PCR primers leads to increased discrimination between wild-type and mutated DNA,
providing high discriminatory ability of primers in allele-specific real-time polymerase
chain reaction (AS-PCR). A system for heterophase hybridization analysis of NA using
PG probes has been developed. Methods for immobilization of native and modified
oligonucleotides on various solid surfaces, including silicon microwires, and the
efficiency of heterophasic molecular hybridization were studied. Approaches to the
immobilization of PG probes on different types of surfaces have been developed. It has
been shown that the use of PG probes increases the efficiency of heterophase
hybridization of nucleotide markers in low-salt (10 mM phosphate buffer, pH 7.4) and
in salt-free conditions. Protocols for analyte sample preparation using a composite
material based on magnetic iron oxide nanoparticles and nylon-6 polymer have been
tested. A system for heterophase hybridization analysis on a SOl biosensor has been
developed. It has been shown that the use of carbonyldiimidazole as an activating agent
makes it possible to detect the matrix with greater sensitivity in comparison with the
activating agent 3-glycidoxypropyltrimethoxysilane. At the same time, identifying an
extended rRNA template turned out to be more effective compared to a short synthetic
DNA template. The sensitivity of the SOI biosensor at the attomolar level has been
demonstrated.

Conclusion: Thus, we have obtained a set of data that further reveal the potential of using
phosphorylguanidine oligonucleotides for the development of modern nucleic acid
analysis systems, and developed algorithms for the directed design of highly specific
probes and primers to solve the most complex applied problems in the field of molecular
diagnostics of NA.
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