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DRUG DESIGN STRATEGIES FOR THE TREATMENT OF CORONAVIRUS INFECTION
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The increasing size and density of the human population is leading to an increasing risk of infectious diseases that threaten to spread yet another pandemics. The
widespread use of vaccination has reduced morbidity and mortality associated with viral infections and in some cases eradicated the virus from the population
entirely. Regrettably, some virus species retain the ability to mutate rapidly and thus evade the vaccine-induced immune response. New antiviral drugs are therefore
needed for the treatment and prevention of viral diseases. Modern research into the structures and properties of viral proteases, which are of key importance in the
life cycle of viruses, makes it possible, in our opinion, to turn these enzymes into promising targets for the development of effective viral disease control methods.
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CTPATErM QN3ANHA NNEKAPCTBEHHbIX MPEMAPATOB AJi1A4 NEMEHUA KOPOHABUPYCHOU NHOEKLUUN
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3 POCCUNCKUI HaLMOHabHBI MCCIeNoBaTebCKUn MEAMLIMHCKIIA yHBEpcUTeT MeHn H. . Minporoea, Mockea, Poccus
BogpacTatolLye ¢ KaxkapIM rofoM YUCIEHHOCTb 1 MNOTHOCTL YeIOBEHECKON MOMyNSLMN MPUBOANT K YBEMMHUBAIOLLIEMYCSI PUCKY PACMpPOCTPaHEHNS MHAPEKLIMOHHBIX
3a00MeBaHNi, 4TO MPO3UT BO3HVMKHOBEHMEM BCE HOBbIX SNWAEMUIA Mo Bcemy Mupy. LLInpokoe ncnonb3oBaHve BakLpHaLMM CHU3WIO 3aboneBaemMocTb U
CMEPTHOCTb, CBSI3aHHbIE C BUPYCHBIMN MHPEKLMSMUA, & B HEKOTOPbIX Crly4asix MOSIHOCTBIO YHUHTOXIIO BUPYC Cpeaun HaceneHust. K coxaneHunto, HeKoTopble Biabl
BWPYCOB COXPaHSIOT CMOCOBHOCTb K BbICTPOM MyTaLmm 1 TakiM 06pa3oM yCKOMb3atoT OT BbI3BBAHHOMO BaKLMHOM MIMMYHHOMO OTBeTa. B CBSA3M C 3TUM AN1st NneveHns
1N MPOUNAKTUKM BUPYCHbBIX 3a60NeBaHuin TPEBYIOTCS HOBblE MPOTUBOBMPYCHbIE Npenapatsl. CoBpeMeHHbIe NCCNEA0BaHNS B 061acTy CTPYKTYP 1 CBOVCTB
BMPYCHbIX MPOTeas, UMEOLLMX KITFOHEBOE 3HAYEHNE B XKM3HEHHOM LIMKIIE BYPYCOB, NMO3BOJISIOT, HA HaLLl B3I, MPEBPATUTb 3TN (DEPMEHTbI B MEPCTEKTUBHbIE
MULLEHW A1 padpaboTKn adhdeKTUBHbIX METOL0B 60pbObI C BUPYCHBLIMI 3a00N1EBaHVSIMU.
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Together with cardiovascular and cerebrovascular diseases,
infectious diseases caused by bacteria, viruses, parasites
and fungi are the leading cause of death worldwide [1].
According to the World Health Organization, the global spread
of coronavirus infection, which began in 2019 in China, has
infected more than 600 million and killed more than 6.5 million
people over three years [2]. The cause of the COVID-19
pandemic was a new coronavirus, SARS-CoV-2. Previously,
members of the Coronaviridae family SARS-CoV and MERS-
CoV caused outbreaks of severe acute respiratory syndrome
(SARS) in 2002 and Middle East respiratory syndrome (MERS)
in 2012 [3].

Several decades of studies of the family Coronaviridae have
shown that the viral RNA genome is translated into two large
polyproteins, ppla and pplab, which, through their internal
peptidase activity, are cleaved into several non-structural
proteins (Nsps) required to enable transcription and replication
of the viral genome [4]. Two cysteine proteases, papain-like

peptidase (PLP) [5] and chymotrypsin-like peptidase (3CL),
also known as the major coronavirus protease (MP©), are
critical for proteolytic degradation of polyproteins [6]. MPro
peptidase consists of three domains: domains | and Il form
a chymotrypsin-like fold containing a substrate-binding site
located in the cleft between the two domains, while domain
lIl'is required for homodimer formation and plays a critical role
in the catalytic activity of the protease as the MP° monomer
is inactive [7]. M™ of different coronaviruses share highly
conserved substrate-binding sites recognizing the amino acid
sequence of the polyprotein (Leu-Gin)d(Ser/Ala/Gly), where the
peptide bond after the glutamine residue is hydrolyzed [7, 8].
The development of inhibitors of cysteine proteases
involved in coronavirus (CoV) replication represent an effective
strategy against COVID-19 and other diseases caused by
coronaviruses. M is a promising target for the development
of antiviral drugs targeting SARS-CoV-2 and other CoV
because of its important role in post-translational processing
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of polyproteins. Moreover, the absence of human proteases
cleaving proteins after the GIn residue is one of the advantages
of MP° as a target for inhibitor development, as it increases their
specificity and limits the undesirable side-effects. Since the
epidemic outbreaks caused by CoV in 2002 and 2012, various
MPr inhibitors have been proposed [9], but not until 2021 that
the first drug candidates that successfully passed clinical trials
have appeared [10, 11].

Another interesting strategy for antiviral drug development
is the use of proteolysis to activate prodrugs [12]. Prodrugs
are inactivated derivatives of drug molecules that can undergo
enzymatic transformation to release the active compound
in vivo [12]. A number of protease-activated prodrugs (PAPs)
have been developed and successfully used in cancer
treatment to improve drug delivery to malignant neoplasms,
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where protease expression is higher than in healthy tissues
[13]. However, the application of PAPs is not limited to the
development of anti-cancer drugs; recent publications show
that this approach can also be used to treat bacterial and viral
infections [14, 15].

CONCLUSION

The combination of the two strategies could be a promising
avenue in the development of drugs for the treatment of
COVID-19. The use of inactivated cytotoxic and cytostatic
drugs conjugated with both irreversible and reversible selective
MP protease inhibitors can provide the targeted delivery and
release of the active agents in infected cells and reduce the
systemic toxicity of the developed drugs.
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