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Momusayus u yenw: CeiBopotounsiii 6enok Dickkopf-1 (DKK-1) siBnsiercst oqaum u3
uHru6uTopoB Wnt-curHanbHOTO Iy TH U BaXKHBIM PETYIATOPOM KOCTHOTO METa00IM3MA.
B wyactHOCTH, €ro paccMaTpuBalOT B KaueCTBE IMOTEHIHAIBHOTO CHIBOPOTOYHOI'O
MapKepa Mpu JIUarHOCTHKE MMMYHOBOCHAINTENBHBIX PEBMAaTHYCCKUX 3a00JICBaHUM, B
TOM 4YHCI€ AaHKWIO3WpYyHoIero crnoHawnuta. COOTBETCTBEHHO, CYILECTBYET
MOTPeOHOCTH B TeCT-cUcTeMax i onpeneneHuss DKK-1 B cBIBOpOTKe, TTO3BOISIOMINX
MPOBOJUTh PETrYJSIPHBIA MOHHUTOPHHT YPOBHS 3TOro Oefka ¥ COXPaHSIOIINX
BOCIIPOM3BOJIUMOCTb ~ CBOHCTB B XOJ€  JOJTOBPEMEHHBIX  HWCCIECJOBaHHIA.
[lepcriekTuBHBIM TTOIX0A0M sBiIsieTcss co3nanue UMDA-mogoOHbIX CHCTEM Ha OCHOBE
anTaMepoB — CHHTETHYECKHX ojaHolenodeunbix Mojiekyal PHK u JIHK, crocoGHBIX
CEJIEKTUBHO H C BHICOKOH ad)()MHHOCTHIO CB3BIBATH CIICIIM(DUIHBIC MUILICHH.

Memoowl u ancopummer: s NOITyYeHHs alITaMEPOB UCTIOIB30BANH IN VItr0 CeNneKiio
n3 KomOmHaropHoii OumbOmmorexkn on/[HK ¢ HepaBHOMepHOW paHgOMHU3aIueit
CIIydaiiHOM OO0JIACTH C MOCIEIYIOIUM BBICOKOIPOHU3BOAUTENHHBIM CEKBEHUPOBAHHEM
na tiatpopme MiSeq Illumina B IKIT «'enomuka» UXB®M CO PAH. [ns
XMMHYECKOTO crHTe3a KoMOnHaTopHOH onJ[HK-0nbnmorekn, mpaiitMepoB U anrraMmepoB
UCTIONB30BaIM  TBepAodasHblii  (ochutamuanbsiii merosi. CkpuHuHT adduUHHOCTH
KaHJMJATHBIX alITaMEPOB IIPOBOJIMIIH C HCTIOJIB30BAHHUEM KOJOPUMETPHUECKOT'O METOA
B MUKPOIUIAHIIETHOM BapuaHTE C HEKOBAJCHTHOM HMMoOWiIM3auueil Oenka Ha
MOBEPXHOCTh JIYHKM WM OHOCIONHON uHTepdepomerpun. IIpu KoHCTpyHpoBaHHU
KOJIOpUMETPHUYECKHX TecT-cucTeM Juist omnpenenenust Oenka DKK-1 anramep ¢
KOHIIEBOH andaTHuecKoi aMIHOTPYIIIOi KOBaJEeHTHO UMMOOMIM30BAJIN Ha KApOOKCH-
AKTUBMPOBAHHYIO IIOBEPXHOCTh IUIAHILIETA, IIOCI€ BHECEHHS Oeska 100aBIsuIn
KOHBIOTAaT aHTUTENA C TIEPOKCUAA30i WM OMOTHHWIMPOBAHHBIN antamep W KOHBIoraT
CTpeNTaBUAMH-TIEPOKCHIA3a, Ul TOJyYeHHs] CUTHala HCIOJIb30Balli XPOMOTCHHBIN
cybctpar TMB.

Pesynemamur: Tlocne deTsipex payHIOB OTOOpa M CEKBEHHPOBAHMS ISATh Hambolee
MpeCTaBIeHHBIX B (PMHATBLHOIN OMOIHOTEKEe anTaMepoB ObLIIH BEIOPAHBI JJIsl CHHTE3a U
ckpunnHra adduaaoctu. I[lokazano, uro 71-3Bennbie JIHK-amramepsr DK1, DK2,
DK3, DK4 cessbBator Oenok DKK-1 ¢ Beicokolr ad(uUHHOCTBIO (KOHCTaHTHI
auccorpanuy B quanasone 1.3-3.7 HM). Co3naHa cepusi yKOPOYEHHBIX anTaMepoB
(41-50 ur), coxpanuBmmx BbicOKoe cpoacTtBo k DKK-1. Anrtamepst DK1, DK4,
ykopouenHbie Bapuantel DK1_48t u DK4_41t u /IHK-antamep TD10, monyueHHbI#H Ha
OCHOBE JIMTEPATYpHBIX JaHHBIX [l], HCHONB30BaNIM  JUIT  KOHCTPYHUPOBAHHUS
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KoJopuMeTpudeckux cucteM aerekumd DKK-1 B MHKpOIIaHIIETHOM BapHaHTE.
[loka3aHo, YTO B MOJIENBHBIX YCIOBUSX MJIsi TECT-CUCTEM COHABHY-(popMmaTa
«anrramep/antuteno» B awmamazoHe 0.156-10 wr/mn DKK-1 npm yBenmmueHunn
KOHIIEHTpAIMK OelKka HaONIoNaeTcsl CTa0MIBHBIA POCT CHTHAJNIA, MaKCUMAIbHYIO
aMIUTUTYAy curHana oOecrneunBanu antamepsl DK4 wu  TD10. HccnenoBana
BO3MOKHOCTH  CO3/IaHHSI  KOJOPHMMETPHUYECKHX TECT-CHCTeM COHABHY-(popmara
«anramep/anTamepy 0e3 NCTIOIb30BAHMS AHTUTEIN K OeNIKY. BBISBIICHBI Taphl anTaMepos,
MOIXOISIINE JUISl CHCTEM TaKOTO TUMA, U TPOAEMOHCTPUPOBaHA HX PadOTOCIOCOOHOCTD
B MOZENbHOM pacTBope U B gonupoBaHHOH DKK-1 cbiBopoTke kpoBH B nuamazoHe
koHneHTpanuii 0.156-10 aEM. IIpu 3TOM HaWTyYIIUMH XapaKTePUCTUKaMU 00Jaaain
CHCTEMBI ¢ ucnoib3oBanueM nap anramepoB DK1/DK4 u DK4_41t/TD10. lanbHeiinme
ucciefoBaHuss  OyqyT — HampaBieHbl Ha  JIOMOJHUTEIbHYIO  ONTUMH3ALHUIO
KOJIOPUMETPUYECKUX CHCTEM JUI TIOBBIIICHUS UYyBCTBHTENIBHOCTH B o0Opasmax
CBIBOPOTKH.

Buigoowi: Tlonyuena cepus HOBbIX Bhicokoapduuubix JJHK-antamepoB k DKK-1 u ux
YKOPOUYCHHBIX BapUaHTOB, coxpaHstoniux cpoactBo k DKK-1. Ha ocHoBe canaBuy-map
JHK-antamepon OBLIH CKOHCTPYUPOBAHbI NDA-niogobuBIE CHUCTEMBI
kojopuMmerpuueckoit  gerekumu  DKK-1, mokazaHa uX — OpUHIUIHAILHAS
paboTOCIIOCOOHOCTD.

Qunancuposanue. UccnenoBanue nonaepxxano rpantoM PH® u npasutensctsa HCO
Ne 22-15-20050.
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Motivation and Aim: The serum protein Dickkopf-1 (DKK-1) is a Wnt-signaling
pathway inhibitor and a key regulator of bone metabolism. Particularly, it is considered
a potential serum marker for the diagnosis of immunoinflammatory rheumatic diseases,
such as ankylosing spondylitis. Therefore, there is a need for test systems for measuring
DKK-1 in serum that support regular monitoring of this protein's concentration and
maintain reproducible properties during long-term studies. The development of ELISA-
like systems based on aptamers, synthetic single-stranded RNA and DNA molecules
with high affinity for selective binding of certain targets, is a promising strategy.

Methods and Algorithms: DNA aptamers were in vitro selected from a combinatorial
ssDNA library with uneven randomization. The selection was followed by high-
throughput sequencing on the MiSeq Illumina platform at the Genomics Core Facility
of the ICBFM SB RAS. The solid-phase phosphoramidite method was used for the
chemical synthesis of a combinatorial sSDNA library, primers, and aptamers. The
affinity screening of candidate aptamers was carried out using a colorimetric microplate
method with non-covalent immobilization of the protein on the well surface or biolayer
interferometry. To construct a colorimetric test system for measuring the DKK-1 protein,
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an aptamer with a terminal aliphatic amino group was covalently immobilized on the
carboxy-activated surface of the plate. After adding the protein, an antibody-peroxidase
conjugate or a biotinylated aptamer and a streptavidin-peroxidase conjugate were added,
and the chromogenic substrate TMB was used to obtain a signal.

Results: After four rounds of selection and sequencing, the five aptamers most prevalent
in the final library were chosen for synthesis and affinity screening following. 71-mer
DNA aptamers DK1, DK2, DK3, and DK4 bind the DKK-1 protein with high affinity
(dissociation constants in the range of 1.3-3.7 nM). We also generated a series of
truncated aptamers (41-50 nt) which retained high affinity for DKK-1. Aptamers DK1,
DK4, truncated versions DK1 48t and DK4_41t, and previously published DNA
aptamer TD10 [1], were used for the construction of colorimetric DKK-1 detection
systems in a microplate format. Under model conditions, the aptamer/antibody variant
of sandwich test systems provided a stable signal increase in the signal with the rise of
protein concentration in the range of 0.156-10 ng/ml DKK-1; the maximum signal
amplitude was obtained for the DK4 and TD10 aptamers. We also investigated the
possibility to use the aptamer/aptamer sandwich format of the DKK-1 colorimetric
detection without DKK-1-specific antibodies. We identified pairs of aptamers suitable
for systems of this type, and their demonstrated their applicability in both a model
solution and in serum spiked with 0.156-10 nM of DKK-1. The best characteristics were
provided by systems made of DK1/DK4 and DK4_41t/TD10 aptamer sandwich pairs.
Future research will focus on further optimization of colorimetric systems to improve
their sensitivity in serum samples.

Conclusion: We generated new high-affinity DNA aptamers for DKK-1 and their
truncated variants that retain affinity for DKK-1. ELISA-like colorimetric detection
systems for DKK-1 based on sandwich pairs of DNA aptamers were constructed, and
their principal functionality was demonstrated.

Funding: The study is supported by the grant of Russian Science Foundation and
government of Novosibirsk region No. 22-15-20050.
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