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Momusayus u yenw: IlpucoeauHeHre HU3KOMOJIEKYISIPHBIX PEaKIIMOHHO-CIIOCOOHBIX
coeMHeHuH, pacmemsonux (ochomudpupnsie cBszu B PHK, k aHTHCMBICIOBBIM
OITUTOHYKJICOTUIAM SIBIISICTCS aKTyaJbHBIM HANpaBICHUEM B OWOMEIUIMHE IS
pa3pabOTKH HOBBIX CPEJCTB HAa WX OCHOBE W/WIIM TOBBIMICHHS S(PPEKTUBHOCTH HX
neiictBuss  [1].  OrmenpHyro  3amady — OpPEACTaBIsSCT  CHHTE3  KOHBIOIaTOB
MOTU(PHUIMPOBAHHBIX OJUTOHYKIeoTH0B ¢ PHK-pacimemisomummMu rpynnupoBKamH,
MOCKOJIBKY 3TO MOXET PacIlIMpUTh BO3MOXXHOCTH HMX MpuMeHeHus. llenbio maHHON
paboThI OBUIO MOJYYCHHUE KOHBIOTATOB OJIUT0/IC30KCUPHOOHYKICOTHIOB, B TOM YHCIIE
conepxkammx ¢pochopunryanuaunosele (PI) mogudukanmm, ¢ ocratkamu OucC-
UMUJIA30]1-COJICPIKAMUX ~ MENTUAONOJOOHBIX COCAMHEHUH W  HCCICAOBAaHHE WX
aAKTUBHOCTH N Vitro.

Memoowr u anrcopummei: JInsi cMHTe3a KOHBIOTAaTOB HCIONB30BAIN PEAKIHIO a3ul-
ANKHUHOBOTO IUKIIOMPUCOCAUHEHHS, KaTATU3UPYEMYI0 HOHAMH OJTHOBAJICHTHON MEIH,
NpOTEeKaIyl0 ¢ obpazoBanueM 1,4-mu3amemieHnsix  1,2,3-tpuazonos (CUAAC).
Peakiuro mpoBOAMIIM C y4acTHEM OJIUTOHYKIICOTHAA, 3aKPETUIEHHOTO Ha TIOJIMMEPHOM
Hocurene CPG wum copepxamero Ha 5'-KOHIE TEPMUHAIBHYK alKHHWIBHYIO
rpynnupoBky. [IpeaBapuTenbHOE BBEJCHUE B OJUTOHYKICOTH]T AlIKHHUIBHON TPYIITIBI
MPOBOJMIN B TPOIECCE CTAaHAAPTHOrO TBepaodasHoro (GochuUTaMHIHOIO CHHTE3a C
MCITIONIb30BAaHMEM paHee IMOJYYEHHBIX COOTBETCBYromMxX amumodochuror [2]. ITocme
BBIJICJICHUSI CHHTE3UPOBAHHBIX KOHBIOTATOB METOJOM 3IIeKTpodope3a MpOBOIWIN
HCCIIEIOBAHNE UX PEAKIIMOHHOM CIOCOOHOCTH K Tuapoin3y PHK-Mumienu B ycnoBusx,
O6mu3kux K (uznonormdeckuM. CriocoOHOCTh KOHBIOTATOB K MOJIABICHUIO KCIIPECCUH
MPHK mnpoBommmm ¢ wucmonp3oBaHneM kiietouyHoW  KyiabTypel  HEK293-FT,
skcrpeccupytomieit EGFP, meromom muToduyopuMeTpun 1O W3MEHEHHWIO YPOBHS
¢dayopecueHnmu Oenka. Jlins TpaHC(EKIMM OJUTOHYKJICOTHUIOB M UX KOHBIOTATOB
ucnons3osamu Lipofectamine® 3000.

Pezynomamur: CHHTE3UPOBaH psiji KOHBIOTATOB OJIUTO/IE30KCUPUOOHYKIICOTHIOB, B TOM
gyrcie coaepxkamux OIT Momudukanuu, ¢ ocTaTkaMu OWC-WMHUIA30I1-COAEPKAIINX
MENTUAONOIO0HBIX COCAVHEHHUH, OTIMYAIOIIUXCA JUIMHOH JIMHKEPOB B  CBOCH
cTpykrype. HccnenoBanune peakuMOHHOW CIIOCOOHOCTH TIOKa3ajo, 4YTO B clydae
WCTIOJIb30BaHMs KOHBIOraToB ¢ JiecsiThio I MoaupuKkanusMi KOPOTKHE MOJICIbHbIC
PHK rumgponusyrores in Vitro B cpeaaem na 820 % myumie (ot ~16 mo ~50 % 3a 3 ),
4yeM B cliydae KOHBIOraToB 0e3 Momudukanuii (ot ~8 10 ~30 %). HaubosnbInas creneHsb

BGRS/SB-2024 1637



pacmieruienuss mutienu (~50 %) wabmoonanack s ®OI'-comepikaiiero KOHbIOTaTa ¢
Hau0OoJIee KOPOTKUM JIMHKEPOM MEXKJy OCTaTKaMH HMMUA30ja B TPUCOCTUHCHHOM
rpymmupoBke. Mccnenoanue nonasnenus sxcnpeccud MPHK EGFP nokasano, uro B
CpaBHEHHH C OJUTOHYKJICOTHIOM 0e3 pPeaKIHOHHO-CIIOCOOHOW TPYHIIHPOBKH
KOHBIOTAThl JIECMOHCTPUPOBAIU CXOXKYIO 3(PPEKTUBHOCTh IO CHIDKECHUIO YPOBHS
(hIyopecueHIny AKCIpeccupyeMoro kieTkamu Oenka. CTeneHb MOJaBIEHUS YPOBHA
EGFP pasnuuanach B 3aBHCHMOCTH OT HCIOJB3YEeMOH IOCIEIOBATEIIBHOCTH
AHTHUCMBICIIOBOTO OJIMTOHYKJICOTH/IA UJIU KOHBIOTATA.

Buvisoowi: Takum 00pa3oM, C HCIOJNB30BAHUEM PaHEE MOJYYCHHBIX aMUA0()OCHHUTOB
npe/iokeH TBepAodasHblii BapuaHT npuMeHeHus peakimu CUAAC nans cuHTe3a
KOHBIOTATOB  OJIMTOJIE30KCUPUOOHYKIICOTHIOB, B TOM uYucie conepxkammx @I
Moau(UKAUM, C OCTaTKaMH  OMC-UMUAA30J-COACPIKANUX  MEMNTHIO0NOO0OHBIX
COCMMHEHW, W TIPOBEJEHa BalWAalUs METOAWKH JUIA psfa HYKICOTHIHBIX
mocieqoBarensHocTei. C  mcmonb3oBaHueM KopoTkux PHK-mumeneit in  vitro
MOKAa3aHo, YTO BBeACHUE B onuronykicorus ®I' Moaudukanuii o3BOJSET MOBBICUTH
cremnenb pacmerieHuss PHK nanueimMu konbroraramu. C UCIOIB30BAaHUEM KIETOYHOM
KYJbTYpPbI MTOKa3aHo, 49TO MPUCOETUHEHHE O¥C-UMH1a30.1-COIePIKAIIIIX
NCNTUAOMUMETHKOB HE OKa3bIBA€T HCTaTHUBHOI'O BIIMAHHUA Ha 3(1)(1)6KTI/IBHOCTL
nmoiaBjieHusl ypoBHs 3kcnpeccun EGFP.

Qunancuposanue’ ViccnenoBanne MPOBOIIIIOCH B PaMKaX TOCYAApCTBEHHOTO 33aHUS
NXBDOM CO PAH Ne 121031300042-1.
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Motivation and Aim: The attachment of low-molecular-weight bioreactive compounds
that cleave phosphodiester bonds in RNA to antisense oligonucleotides is a relevant area
in biomedicine for the development of new agents based on them and/or increasing their
efficacy [1]. Synthesis of conjugates of modified oligonucleotides with RNA-cleaving
groups represents a special task, as it can expand the possibilities of their application.
The aim of this work was to synthesise conjugates of oligodeoxyribonucleotides,
including those containing phosphorylguanidine (PG) modifications, with residues of
bisimidazole-containing peptidomimetics and to study their activity in vitro.

Methods and Algorithms: For the synthesis of conjugates, the azide-alkyne cycloaddition
catalysed by monovalent copper ions was used to form 1,4-disubstituted 1,2,3-triazoles
(CuAAC). The reaction was carried out with an oligonucleotide that had a terminal
alkynyl group at the 5' end and was attached to a CPG solid support. The introduction of
the alkynyl group into the oligonucleotide was carried out by standard phosphoramidite
solid-phase synthesis using previously obtained corresponding phosphoramidites [2].
After isolation of the synthesized conjugates, their reactivity towards the hydrolysis of
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the target RNA was studied by electrophoresis under conditions close to physiological.
The ability of the conjugates to inhibit mMRNA expression was tested in HEK293-FT cell
cultures expressing EGFP using flow cytometry to determine the change in protein
fluorescence levels. The oligonucleotides and their conjugates were transfected using the
Lipofectamine® 3000.

Results: A series of conjugates of oligodeoxyribonucleotides, including those containing
PG modifications, with residues of bisimidazole-containing peptidomimetics differing
in the length of linkers in their structure were synthesized. Reactivity studies showed
that conjugates with ten PG modifications hydrolyzed short model RNAs in vitro on
average 8-20% better (from ~16 to ~50 % in 3 h) than conjugates without modifications
(from ~8 to ~30 %). The highest degree of target cleavage (~50 %) was observed for the
PG-containing conjugate with the shortest linker between imidazole residues in the
attached moiety. EGFP mRNA silencing studies showed that the conjugates were
similarly effective in reducing the level of fluorescence of the protein expressed by the
cells compared to an oligonucleotide without a reactive group. The degree of EGFP
silencing varied depending on the antisense oligonucleotide or conjugate sequence used.
Conclusion: Thus, using previously obtained phosphoramidites, a solid-phase version of
the CuAAC reaction was proposed for the synthesis of conjugates of
oligodeoxyribonucleotides, including those containing PG modifications, with residues
of bisimidazole-containing peptidomimetics, and the method was validated for a number
of nucleotide sequences. Using short RNA targets in vitro, it was shown that the
introduction of PG modifications to the oligonucleotide can increase the degree of RNA
cleavage by these conjugates. Using cell culture, it has been shown that the attachment
of bisimidazole-containing peptidomimetics to the antisense oligonucleotides does not
adversely affect the efficiency of silencing EGFP expression levels.
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