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Jlrormdepaza Renilla mpencrasmsier codoli omHOCYOBETMHIYHEIN OeI0K cemeiicTBa o/f3-
THPOJIa3, OTBETCTBEHHBIN 3a OHOMIOMHUHECIIEHIINIO MOPCKOT0 MATKOro kKopamia Renilla.
Jlroumdepasa IUKOTO THIIA KAaTATU3UPYET OKHUCIUTEIBHOE JEKapOOKCHIMPOBAHUC
cyOcTparta ImeneHTepa3iHa C W3IydeHHeM roimyooro cBera (Amax = 480 HM) [1]. Panee
MHOTOKpaTHO TMpeANPUHUMAINCH MOMBITKH COBEPLICHCTBOBaHUS Mtonugepassl Renilla,
KOTOpBIE BKJIIOYAIM MyTareHe3 Ha OCHOBE KOHCEHCYCHBIX MOCIeloBaTeNbHOCTEH o/f-
ruaponas [2], cy4yaiiHeiid MyTareHes [3, 4], a Taxke BHeAPEHHE TUCYIb(GUIHBIX CBSI3EH
[5]. OmHuM K3 caMbIX NMEPCHEKTUBHBIX M BBICOKOAKTHBHBIX BapHAHTOB JIIOLHM(Epashl
Renilla sBnsieTcst «okenThiity MyTaHT mouudepassl (RmY), uamydarommii ¢ MaKCHMyMOM
535 uMm ¢ HatuBHBIM neneHTepasnHoM (CTZ) u 574 HM B peakuuu ¢ CHHTETHYECKUM
anaiiorom CTZ-v [6]. «Kentsiity myTant Jsrormbepasbl 3apeKOMEHI0Bal ceds Kak
YIIOOHBIH BHYTPHKIIETOYHBIH CEHCOP JIJIsi OMOTFOMUHECIICHTHOTO MMHU/IXKHHTA.

Ilenv: CoBpeMeHHbIE OHOMH(POPMATHUUECKUE TOAXObI IO3BOJISIFOT HE TOJBKO
MOJICPHH3UPOBATh (hepMeHTaTHBHbIC (DYHKIMK OENKOB, HO ¥ O€ NOVO mpeacKa3biBaTh
Oenku ¢ 3amaHHbIMU cBoWicTBamMu [7]. [lo3TOMYy panyOHANBHBIA JU3alH C IIEJIBIO
YIIydIIeHUs] (PEPMEHTATHBHBIX XapaKTEPUCTHUK M CIEKTPaJbHbIX CBOMCTB RmY
npeAcTaBIsieT OOJNbLION HHTEpPEC C TOYKM 3pEHHs COBEpLIEHCTBOBaHMA RmY kak
PenopTepHOro OMOIFOMUHECLIEHTHOTO OeJIKa.

Memoowr: [Ins ipeficka3aHusi aMUHOKHCIIOTHBIX 3aMEH, CIIOCOOHBIX M3MEHATh (PU3UKO-
XMMHUYeCKHe CBOMCTBa Jirorudepassl Renilla (RmY) wcnonp3oBanuck coBpeMeHHbBIE
METO/Ibl MOJIEKYJISIPHOTO MOJEITHPOBAHMUS U ITTyOOKOI0 MAalIMHHOTO 00yYEHUs, BKIIOYast
Mozenu obpataoro donaunara (ProteinMPNN). [lnst 3Toro ObUM peKOHCTPYHPOBAHBI
mozenu Renilla B kommnekce ¢ CTZ/CTZ-v, Ha 0OCHOBE KOTOPBIX MTPeACKa3aHbl MyTallUH,
CHOCOOHBIE M3MEHATH IOJISIPHOE OKPY>KEHHE cyOcTpara, yBEIWYMBaTh TEPMOCTaOMIIb-
HOCTb (pepMEHTA U BIUATH HA KHHETHKY OMOIIOMHHECLICHIIUH.

Pesynomamur: TpeackazanHble TOUSUHbIE M MHOJKECTBEHHBIC 3aMEHBI ObUIH BHECEHBI B
MOCJIEIOBAaTENIbHOCT, RmY 171 mMojdydeHHss MYTaHTHBIX BapHaHTOB JIOLMQepasbl
nocpercTBoM odkcnpeccud B E.coli. B pesynbrare mepBUYHOrO CKPHHHHIA Ha
OakTepHalIbHBIX JH3aTax ObLIM WJICHTU(QHUIUPOBAHBI MYTaHTHI, B OOJNBINEH CTereHH
BIHSIIOIINE HAa (DEPMEHTATUBHBIC U CIIEKTPAILHBIC XapaKTEePUCTHKH JIFOIH(epassbl.
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B nanpHeiiiem ynadHble MyTaHTbl OoJiee THIATENBHO OBUIM OXapaKTepU30BaHbI B BUJC
YHUCTBIX OENKOBBIX NpemapaToB. B xome paOoThl OBUT ONTUMHM3HUPOBAH IPOTOKOIN
MOTY9YEHHS TpenapaToB JTonrdepassl U3 0aKTepUaTbHON IUTOIUIA3MBI C COXPaHEHHEM JI0
80 % OMOTIOMHHECHIEHTHONH aKTHBHOCTH W mponykiued mno 30 mr/in. B pesynbrare
paLMOHaIBHOTO MyTareHe3a MACHTH(UIMPOBaHBl MyTaHTHI RmY, geMoHcTpupylomue
oxkumaemMbie d((EKTHl — IOBBIMICHHE TEPMOCTAOMILHOCTH M HM3MCHECHHE CIICKTPOB
OHoMOMIHECTIEHIINH. BTN BBISBIIEHBI MYTaHTBI, KOTOPBIE XapaKTEePU30BAJIFICh CIIBUTOM
TeMmIreparypHoro ontuMyma pepmenTa ot 26 o 37 °C; mokaszaHo, 4TO 3a 3TH U3MCHCHUS
OTBeTCTBEHHA oauHOouHas 3ameHa K189Q. Kpome Toro, aHamus MyTaHTOB IMO3BOJII
BBISIBUTH @MHHOKHCIIOTHBIE OCTATKH, BHITIOJTHAIOIINE KPUTHIECKYIO pOITb B 00pa30BaHUU
SMUTTEPA U, COOTBETCTBCHHO, B M3MEHEHUH CIIEKTPAIBHBIX XapaKTEPUCTUK MYyTaHTHBIX
mordepas.

Boigoowr: Takum 00pazoM, HaM YAAJIOCh MPOAEMOHCTPUPOBATH BBICOKHIA TOTEHIIMAI
METOOB IIPEACKA3aHMs IOCIIENOBATENPHOCTH OeNKOB Ha ocHoBe ProteinMPNN wu
AlphaFold2, mo3BonuBIIMX TpOBECTH palMOHaIBbHBIN nu3aiiH moimdepassl Renilla. B
pe3ynbTate paboThl OBLIH MOIYUIEHBI TEPMOCTAOMITEHBIC MyTaHTHI JTfottidepassr Renilla ¢
ONTUMYMOM PabOTHI IPH YCIOBUSAX KYJIETUBHPOBAHUS KIIeTOK MitekormTaromux (37 °C).
Kpowme 3toro, naeHTrUIMPOBaHEl HOBBIE MYTAHTHI, PACIIUPSIIONIHE Psi/I LETCHTEpa3HH-
3aBUCUMBIX Jironudepas ¢ amuccueid B obmactu ot 400 uM (uosneroroit) 10 575 HM
(>xenroii). [IpoBeneHHBIE KOMITBIOTEPHOE MOJIEIMPOBAHNE W SKCTIIEPIMEHTAIbHAS padoTa
MO3BOJIMITH BBISIBUTH HOBBIX MYyTaHTOB Jirormdepassl Renilla, nmeromux npenmyiectsa
JUISl MX WCTIONIb30BAaHMSI B KaUeCTBE OMOIIOMHUHECHEHTHBIX PETIOPTEPOB LISl PA3IUYHBIX
AHAITUTHYIECKHX 33/a4.

Qunancuposanue. VlccnenoBaHue BBIIOJHEHO IMpH HOAAEpKKe rpanta Poccuiickoro
HayuHoro ¢onga Ne 22-14-00125.
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Renilla luciferase is a monomeric protein which belongs to the o/B-hydrolase enzyme
family, responsible for the bioluminescence of the marine soft coral Renilla. The wild-
type luciferase catalyzes the oxidative decarboxylation of the substrate coelenterazine,
this being accompanied by blue light emission (Amax = 480 nm) [1]. Multiple attempts
have been made to improve Renilla luciferase, including mutagenesis based on
consensus sequences of o/B-hydrolases [2], random mutagenesis [3, 4], and the
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introduction of disulfide bonds [5]. One of the most promising and highly active variants
of Renilla luciferase is the “yellow” mutant luciferase (RmY’), emitting light with a peak
at 535 nm with native coelenterazine (CTZ) and at 574 nm in reaction with a synthetic
CTZ-v analog [6]. The one has proven to be a convenient intracellular sensor for
bioluminescent imaging.

Aim: Modern bioinformatics approaches allow not only modification of the protein
enzymatic functions but the de novo prediction of proteins with desired properties as
well [7]. Therefore, the rational design aimed at enhancing RmY as a reporter
bioluminescent protein in terms of its enzymatic characteristics and spectral properties
is objectively of great interest.

Methods: To predict amino acid substitutions capable of altering the biophysical
properties of Renilla luciferase (RmY), we applied state-of-art molecular modeling and
deep learning methods, including inverse folding models (ProteinMPNN). For this
purpose, the models of Renilla in complex with CTZ/CTZ-v substrates were
reconstructed, based on which the mutations capable of altering the substrate's polar
environment, enhancing thereby the enzyme thermostability, and affecting
bioluminescence kinetics were predicted.

Results: The predicted point and multiple mutations were introduced into the RmY
sequence to obtain mutant luciferase variants through expression in E. coli cells. As a
result of primary screening conducted on bacterial lysates, the mutants that mostly
affected the enzymatic and spectral characteristics of luciferase were identified.

The perspective mutants were further characterized as pure protein preparations. An
optimized protocol to obtain luciferase samples from bacterial cytoplasm was developed,
preserving up to 80 % bioluminescent activity and yielding up to 30 mg/L. Rational
mutagenesis identified the RmY mutants demonstrating the expected effects — increased
thermostability and changes in bioluminescence spectra. The mutants with a shift in the
enzyme's temperature optimum from 26 °C to 37 °C were identified and a single
substitution K189Q was shown to be responsible for the shift. In addition, the analysis
of mutants revealed amino acid residues playing a critical role in in the formation of the
emitter and, consequently, in altering the spectral characteristics of mutant luciferases.

Conclusions: Taken together, we succeeded in demonstrating high potential of
ProteinMPNN and AlphaFold2 computational algorithms for protein structure
prediction which allowed for the rational design of Renilla luciferase. As a result of the
study, thermostable mutants of Renilla luciferase with optimal performance under
mammalian cell culture conditions (37 °C) were obtained. Moreover, the novel
identified mutants expanded the row of coelenterazine-dependent luciferases with the
emission ranging from 400 nm (purple) to 575 nm (yellow). Computer modeling and
experimental work have allowed us to identify new Renilla luciferase mutants that have
advantages for their use as bioluminescent reporters for various analytical applications.
Funding: The study was supported by the grant of the Russian Science Foundation
No. 22-14-00125.
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