
Rationally Designed 
SARS-CoV-2 Protease Inhibitors



• Advanced Proteome Therapeutics has designed an in silico library of 
SARS-CoV-2 antiviral candidates targeting the Mpro (3C-L) protease

• Several molecules from the library are predicted to have high affinity 
for the SARS-CoV-2 Mpro (3C-L) protease active site.

• We confirming predictive modeling with a second state of the art 
computational chemistry platform and synthesizing top hits for 
testing.

At a glance



• Syndrome caused by SARS-CoV-2 

• 39 million cases in the US
• Over 644,000 deaths in the US 

• 222 million cases worldwide
• Over 4.5 million deaths worldwide

• Despite vaccines, US cases continue to increase with new hot spots and 
variants emerging

COVID-19 Facts and Statistics

www.cdc.gov/covid-data-tracker/#cases, www.worldometers.info/coronavirus accessed 9.7.21

US new cases per day (1 week average). www.91-
divoc.com accessed on 9.7.21



• Operation Warp Speed: ~$10 billion for COVID-19 countermeasure development

• Most comparable product to APT compounds: Remdesevir
• $2.8B in sales in 2020
• Projected $3 billion in sales in 20211

• COVID-19 vaccines2

• Pfizer $11.34B in sales in 1H2021
• Moderna $5.9B in sales in 1H2021

• As novel variants emerge, therapeutic antivirals including protease inhibitors will 
be increasingly important

COVID-19 Market Opportunity

1. Gilead Press release, 2.4.21. 2. Brennan, Endpoints News, 8.5.2021



• Spike protein on SARS-CoV-2 gains entry to the host cell utilizing ACE2 
receptor

• The virus releases its RNA.

• RNA is translated into polypeptides.

• Some polypeptides form RNA-dependent RNA polymerase, which is 
needed to make more RNA.

• Other polypeptides are cleaved by proteases to produce viral proteins.

• Proteins and RNA are assembled into a new virion.

• New virion is released from the host cell.

SARS-CoV-2 Life Cycle

Connelly, Pharmaceutical Journal 2020.



• Chymotrypsin-like protease

• Cleaves viral polypeptides (long strand of 
multiple proteins) into functional proteins

• Essential for viral replication

• Structure highly conserved across 
coronaviruses (SARS-CoV-1 (96%), MERS)

• Similarities with other chymotrypsin-like 
viral proteases (Zika, Dengue)

SARS-CoV-2 Main Protease

SARS-CoV-2 Mpro Structure. 
(From Zhang et al. Science 2020)

Jin, Nature 2020; Lim Prog Biophys Mol Biol 2019

SARS-CoV-2 replication 
(From Estipona, Biocompare.com 2020)



• 6 compound families rationally 
designed in silico

• In silico predicted binding affinity 
of select compounds similar or 
exceeding all protease inhibitors 
known to APTI

• Cyclization utilized to maintain 
highest binding affinity 
confirmation under biophysical 
conditions

APT Protease Inhibitors Candidates

Compund
No.

Largest 
cluster 
size (%)

Lowest 
binding 
energy 

(kcal/mol)

Mean 
binding 
energy 

(kcal/mol)

Cys to 
α-ketoamide 
distance (Å)

LogD
Solubility

[µM]

at pH 7.4

I 62 -13.91 -13.67 5.5 2 49

II 85 -12.24 -12.13 3.5 0.97 263

III 59 -14.4 -13.62 7.2 0.34 295

IV 39 -13.89 -12.92 5 1.44 79

V 91 -11.14 -11.11 5.3 0.11 107

VI 50 -12.46 -12.18 5.6 2 95



• Re-purposed HIV (lopinavir/ritonavir)
• Rationally designed Mpro targeting compoundsMPro inhibitors

• Synergy with Mpro inhibitors expected as seen in 
protease/RNA polymerase inhibitor combo for HIV 

RNA dependent RNA 
polymerase inhibitors

• Likely synergy with therapeutics targeting viral replication.
• Antibody delivery is challenging due to need for IV infusion

Neutralizing therapeutic 
antibodies/viral entry 

inhibitors

• Ongoing concerns about durability of immune response
• Concerns about vaccine protection as new variants emergeVaccines

Competitive Landscape



Drug Sponsor/Owner Phase (NCT)

Ebselen (SPI-1005) Sound Pharmaceuticals II (NCT04483973)

Disulfuram UCSF II (NCT04485130)

Lopinavir/Ritonavir AbbVie (off patent) Various

PF-07321332 Pfizer I (NCT05011513)

PBI-0451 Pardes Biosciences I (NCT05011812)

Tollovir™ (NLC-V-01) Todos Medical/NLC Pharma Phase II

Undisclosed Anixa/MolGenie Pre-clinical

ENU200 Ennaid

Undisclosed Cocrystal/Kansas State University 
Research Foundation

Pre-clinical

MP18 Sorrento/Texas A&M Pre-clinical

Competing Mpro inhibitors – current/planned 
clinical development



Confirmatory in silico
prediction 

Synthesis of compounds

Mpro enzyme inhibition 
testing

Cell based viral replication 
inhibition testing

In vivo studies

Development plan/next steps


