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Jlronmudepaza NanoLuC — uckyccTBeHHBIH (EepMEHT, TONYyYEHHBI B pe3yjbTaTe
MyTareHe3a KaTaJUTUYeCKOW CyOBeIUHHIBI IIeIeHTepa3uH-3aBUCHUMON Jtonugepassl
riyookoBoaHO# KpeBeTkn Oplophorus gracilirostris. Maielii MOJEKyJISpHBIH Bec
(19 x/la), yHUKaIbHO sIpKas OHOJIOMHHECICHIINS, JJIMTEIbHAS KHHETHKA CHUTHAIa
((trz = 2.5 4Y) W BbBICOKas TEPMOCTAOMIBHOCTH OMPEACIUIN TEPCIEKTHBHOCTD
WCTIONIb30BaHMs ATOT0 Oellka B KayecTBE pPEHopTepa B Pa3IMYHBIX aHATUTHYECKUX
cuctemax [1]. buocmermududeckne coemuHenns NanoLUC momydaioT C MTOMOIIBIO
TeHETHYECKOTO (DBIO3WHTA, MOCKOJIBKY, KaK W Apyrue Jronudepassl, pepMeHT Tepser
AKTUBHOCTh NMPU XUMHYECKOM KOHBIOTHPOBAHWHU. JTO CYIIECTBEHHO OTPaHMYMBAET
pa3zHo00pa3re OMOTIOMUHECIIEHTHBIX peropTepoB Ha ocHOBe NanoLuc. Llensto maHHOTO
UCCIieIoBaHUsl  ObUIO  pa3paboTaTh  CHOCO0  MONYYEHHS  CAWT-CIIEHUPHYHBIX
BBICOKOAKTUBHBIX KOHBIOTATOB 3TOT0 (DepMeHTa ¢ Pa3HOOOpa3HBIMU MOJIEKYJIaMH U
TECTHPOBaTh IIOJYyYEHHBIE KOHBIOTaThl B MOJEKYJISIPHOM MHKpOAHaIu3e psaa
JUAarHOCTHYECKH BAXKHBIX MUIICHEH.

MeTtosaMi TEHETHYECKOH WHXKEHepUH pa3paboTaH AW3ailH M CKOHCTPYMpPOBaHA
Ia3Mu/Ia, Colepikaiias reH Koaupyrommid BapuanT sorupepassr NanoLuc(C164S)-
LCTPSR (NLuc) ¢ yaukambHbIM ocTaTKOM ItcTerHa Ha C-koHie. COOTBETCTBY IO
0eJoK moJydeH OaKkTepuallbHBIM CHHTE30M, OYMIIEH XpPOMATOrpadUiecKd U U3yUYCHBI
ero cBoicrBa. [loka3aHo, 4YTO MO0 XapaKTEpPUCTUKaM OHONIOMHUHECUEHIIMU U
cTaOUIFHOCTH TOJTYYESHHBIH O€JI0K He OTJIMYaeTcs OT HCXO0IHOM Iitortudepas3sl NanoLuc.
OO0HapyxeHo, 4yTo OMoFOMHUHECHeHTHBIN curHainm NLUC MHUIMUpYeTCs pa3inYHbIMH
cyOcTparamMu — QyprMazuHOM (TIPOU3BOIHOE LIEICHTEPa3HHa), IIEJICHTEPA3UHOM, M X
CTaOUIIBHBIME BOJIOPACTBOPUMBIME KoMILIeKcaMu ¢ Ca?'-3aBUCHMBIM 1eJI€HTEPA3HH-
ces3piBatonM  Oenkom  Renilla [2]. PaspaGoran cnoco® cuHTE3a KOHBIOIaTOB
MOAU(DUIMPOBAHHOW JIIOIM(EPa3bl C Pa3IUYHBIMU COCIUHCHUSIMU — OHOTHHOM,
AHTHTEJIAMH, OJTUTOHYKJICOTH/IaMHU M MOKa3aHbl MX MPEHMYIIECTBA KaK PEropTepoB B
BBICOKOYYBCTBUTEILHOM MHUKPOAHAIN3€ HA OCHOBE aHAIOTHYHBIX MPOM3BOAHBIX Ca?*-
perynupyemoro ¢ortonporerna odenuna [3].

Konproratel ¢ aHTuUTENIOM NPOTUB KapauanbHOro tpomoHuHa |, a Takke c JIHK-
anTaMepoM K KapAuaJbHOMY O€JIKy, CBsi3bIBatoIeMy >kupHele kuciaoTsl (KbCXKK) 6bu1n
WCTIBITaHBl KaK PENopTepbl B MUKPOAHAIN3E COOTBETCTBYIOIIMX KapAHOMapKepoB B
MOJIENILHBIX 00pa3Iiax CBIBOPOTKY uenoBeka. [lokazana jTuHeitHas 3aBHCUMOCTD CUTHAA
B JMAarHOCTUYECKH Ba)KHOM JHMAalla30HE KOHLEHTPAMM MHIICHEH C MpeaesioM
oOHapyxenus 5.4 u 1.2 ur/mn s kbCXK u TporionnHa | cooTBETCTBEHHO.
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Konsbtorarel mouudepassl € MOJUKIOHATIBHBIMUA aHTHUTEIAMH MBIIIH  [IPOTHB
OHKOMapKepa CypBHBHMHA OBLIM HCIBITAHBI B aHAJTU3€ 3TOro OejKa B MOJIENBHBIX U
KIMHAYECKUX 00paslax MOYHM, W TIOJNyYeHHbIC pe3yJbTaThl YIOBICTBOPUTEIHLHO
COBMAJaNM C TaKOBBIMH KOMMEPUYECKOrO KoJiopumerpudeckoro Habopa miast MDA
(r=0,814, p<0,0001).

Pazpaboran TBepmodazHbIii OMOTIOMHHECIICHTHBI MHKpOaHaIu3 oHKoMapkepa MIA
(6enmok ¢ MemaHOMa-WHTHOMPYIOMIEH aKTHBHOCTHIO) HA OCHOBE ITONYYCHHBIX HAMH
JHK-antamepoB u mrouudepasst NLuc. Ilomydensl ycnemrHele pe3yiabTaThl
TECTHPOBaHMUs cHoco0a Ha MpUMEpe MOACIBHBIX CTaHAAPTHBIX M KOHTPOJBHBIX
CBIBOPOTKAX YeIIOBEKA.

[lonmy4yeHsl KOHBIOTATHl MUHHAHTHTE] MBIIIM K BHPYCY KIEIIEBOrO dHIedanuTa ¢
¢parmentamu  NLUC, cHOCOOHBIMH K KOMIUIEMEHTAllUd C BOCCTaHOBJICHHUEM
OMOIIOMUHECIICHTHOW ~ aKTHBHOCTH. [lokazaHa NPHHIUNHANBGHAS BO3MOXKHOCTH
obHapyxeanss BKD B MomenmpHBIX 00pasmax W JKCTpakTax KIEmeHd C ITOMOIIBI0
o1HO(ha3HOTO OMOIOMUHECIICHTHOTO aHAIN3A.

PaspaGorannbeiii BapuanT smonudepassi NLUC oOmamaer cBoWCTBaMH, OJIM3KUMHU
TaKOBBIM HMHTaKTHOW monudepassl NanoLuC u He TepseT OHWOIMOMHHECIEHTHYIO
AKTUBHOCTH ITPpHU XUMHWYCCKOM KOHBIOTUPOBAHUHA C PA3JIMYHBIMU 6I/IOCH€HI/I(I)I/I‘-I€CKI/IMI/I
MoJiekyiaaMu. [lomydeHHbIe Ha €€ OCHOBE KOHBIOTaThl TECTUPOBAHBI B MOJICKYJISIPHOM
MUKpOAHAIM3€¢ psja JHATHOCTHYCCKH BaXKHBIX MHUIICHEW (KapaualbHBIX U
OHKOMAapKEepOB, a TAKXKe KOPIYCKYJSIPHOTO aHTHIeHAa) U MOKa3aHa MepCIeKTUBHOCTh UX
WCTIONIb30BaHMS JJIs1 pa3padOTKH TECT-CHCTEM Ha HX OCHOBE.

Qunancuposanue: VccnenoBaHuEe BBINOIHEHO B paMkax '3 MuHHcTEpcTBa HayKu U
BbICIIEro oopasoBanus P® (mpoext Ne FWES-2022-0002).
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NanoLuc luciferase is an artificial enzyme obtained by mutagenesis of the catalytic
subunit of coelenterazine-dependent luciferase from the deep-sea shrimp Oplophorus
gracilirostris. Low molecular weight (19 kDa), uniquely bright bioluminescence, long
signal kinetics ((tu2= 2.5 h) and high thermal stability determined the prospects for using
this protein as a reporter in various analytical systems [1]. NanoLuc biospecific
compounds are obtained with the use of genetic fusing, since, like other luciferases, the
enzyme loses activity upon chemical conjugation. This significantly limits the diversity
of NanoLuc-based bioluminescent reporters. The goal of this study was to develop a
method for producing site-specific, highly active conjugates of this enzyme with a
variety of molecules and to test the resulting conjugates as labels in molecular
microanalysis of diagnostically important targets.

Using genetic engineering methods, a plasmid was constructed containing the gene
encoding the luciferase variant NanoLuc(C164S)-LCTPSR (NLuc) with a unique
cysteine residue at the C-terminus. The corresponding protein was obtained by bacterial
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synthesis, purified by chromatography, and its properties were studied. According to the
characteristics of bioluminescence and stability, the resulting protein does not differ
from intact NanoLuc. It was found that the bioluminescent signal of NLuc is initiated by
various substrates — furimazine (a coelenterazine derivative), coelenterazine, and their
stable water-soluble complexes with the Ca?*-dependent coelenterazine-binding protein
Renilla [2]. A method was developed for the synthesis of modified luciferase conjugates
with various compounds — biotin, antibodies, oligonucleotides — and their advantages as
reporters in highly sensitive microanassay compared to the similar derivatives of the
Ca?*-regulated photoprotein obelin was demonstrated [3].

Conjugates with an antibody against the cardiac biomarker troponin I, as well as with a
DNA aptamer against heart fatty acid binding protein (hFABP) were tested as reporters
in microassays of relevant cardiac markers in model human serum samples. A linear
dependence of the signal is shown in the diagnostically important range of target
concentrations with a detection limit of 5.4 and 1.2 ng/mL for hFABP and troponin |
respectively.

Luciferase conjugates with mouse polyclonal antibodies against the tumor marker
survivin were tested in the analysis of this protein in model and clinical urine samples,
and the results obtained satisfactorily coincided with those of a commercial colorimetric
ELISA kit (r =0.814, p <0.0001).

A solid-phase bioluminescent microassay for the tumor marker MIA (a protein with
melanoma-inhibitory activity) has been developed based on our unique anti-MIA DNA
aptamers and NLuc luciferase. Successful results of testing the method were obtained
using model standard and control human sera.

Conjugates of mouse mini-antibodies to tick-borne encephalitis virus (TBEV) with
NLuc fragments capable of complementation with restoration of bioluminescent activity
were obtained. The possibility of detecting TBEV in model samples and tick extracts
using single-phase bioluminescence analysis has been demonstrated.

The developed version of NLuc luciferase has properties similar to intact NanoLuc and
does not lose bioluminescent activity when chemically conjugated with various
biospecific molecules. The conjugates obtained on its basis were tested in molecular
microassay of a number of diagnostically important targets (cardiac and tumor markers,
as well as corpuscular antigen) and showed good prospects of their use for the
development of test systems based on them.

Funding: The study was funded by State Assignment of the Ministry of Science and
Higher Education of the Russian Federation (projects No. FWES-2022-0002).

Cnucoxk numepamypuoi/References

1. Krasitskaya V.V., Bashmakova E.E., Frank L.A. Coelenterazine-dependent luciferases as a powerful
analytical tool for research and biomedical applications. Int J Mol Sci. 2020;21(20):7465

2. Kudryavtsev AN., Krasitskaya V.V., Efremov M.K. et al. Ca2+-Triggered coelenterazine-binding
protein Renilla: expected and unexpected features. Int J Mol Sci. 2023;24(3):2144. doi
10.3390/ijms2403214. 4

3. Krasitskaya V.V., Efremov M.K., Frank L.A. Luciferase NLuc site-specific conjugation to generate
reporters  for in  vitro  assays. Bioconjug  Chem.  2023;34(7):1282-1289.  doi
10.1021/acs.bioconjchem.3c00165

1664 BGRS/SB-2024



