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• Coronaviruses are named after crown spikes located

on their surface.

• Four major subgroups of coronaviruses: α, β, γ and δ

• Human coronaviruses were discovered in the mid-1960s.

• Common human coronaviruses from the Coronavirinae subfamily in the Coronaviridae family, which

often causing common colds are: 229E (alpha coronavirus); NL63 (alpha coronavirus); OC43 (beta

coronavirus); HKU1 (beta coronavirus) .

Coronaviruses are our everyday companions
Beta-coronavirus (50-200 nm in diameter)

• Sometimes coronaviruses, which usually infect animals, can skip to human hosts. Such viruses are

especially dangerous because humans do not yet have the protective mechanisms in place.



Previous occurrences of related pathogens can be traced to 2003 when coronaviruses were reported

to cause severe acute (SARS) and Middle East (MERS) respiratory syndromes [1][2][3]. The novel virus

(initially 2019-nCoV now named SARS-CoV-2; ‘n’ - novel) was reported in December of 2019 to be

originating from Wuhan, Hubei China [4]. In the early 2020, the virus spread, causing a global

pandemic [5][6][7]. COVID-19 disease is of grave global concern because, while the majority of cases

displays mild symptoms, a variable percentage (0.2 to > 5 %!) of patients progresses to pneumonia

and multi-organ failure leading to potential death, especially without medical assistance [8][9].
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Pandemic…



Viral Life Cycle



1. Development of viral main protease 3CLpro inhibitors

Processing of initial translated polyproteins into
functional molecules. Currently the most researched
protease is the 3C-like proteinase (3CLpro). It is a cysteine

protease under clan PA, MEROPS classification C30. 



1. Development of viral main protease 3CLpro inhibitors



2. Further prioritization of compounds for 3CLpro research

Testing of ML pipelines for compound classification and 
activity regression.



3. Natural compound elaboration for 3CLpro research

Potential for drug design?

Inhibition of the SARS-CoV-2 3CL pro main protease by 
plant polyphenols



3. Natural compound elaboration for 3CLpro research

However…

Inhibition of the SARS-CoV-2 3CL pro main protease by 
Ellagic acid.



3. Natural compound elaboration for 3CLpro research

IC50s low, good for scaffold hopping, future design!

Inhibition of the SARS-CoV-2 3CL pro main protease by 
Ellagic acid.



4. Development of papain-like protease PLpro inhibitors

Also splits the viral poliprotein into several functioning proteins, allowing viral replication inside
the cells.
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4. Development of papain-like protease PLpro inhibitors



5. Development of SARS-CoV-2 RdRp inhibitors
Novel Thioether-Amide or Guanidine-Linker Class of SARS-CoV-2 Virus RNA-Dependent RNA 
Polymerase Inhibitors



Are commercial libraries useful, can we do better for the community?

Application of chemical libraries

6. Elaboration on libraries for SARS-CoV-2 inhibitor design
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Are commercial libraries useful, can we do better for the community?

6. Elaboration on libraries for SARS-CoV-2 inhibitor design

Compound (relative) retention after post-filtering for REOS, 
PAINS, Aggregators and the Ro5.

1. Namely, vendors lack the information on the library 
design and the references to the primary literature. 

2. Few references to active compounds are provided 
(ligand based libraries)

3. No receptor data, docking protocols or even references 
(structure based libraries)

4. No detailed functional group or chemical space analyses 
were reported

5. No specific orientation of the libraries toward the design 
of covalent or noncovalent inhibitors.

6. “Unfavorable” compound presence.



ACE2
Receptor

SARS-CoV-2 
Spike protein

Spro trimer

ACE2

RBD – up 
conformation

Can this interaction be 
modulated?

7. Prevent virus entry into the host cell – Spike protein -Spro



7. Prevent virus entry into the host cell – Spike protein -Spro

Eritrozin B

Metilene blue

Varenicline tartrate 

Quinacrine

DRI-C23041 (IC50 = 5.6 µM)

Demethylzeylasteral

PPI approach ?



8. Prevent virus entry into the host cell –
Study of protein-protein interfaces (Spro application)

PROBLEMATICS

Delta Plus (B.1.617.2.1/(AY.1) 
is a variant of Delta, it is also 
treated as a variant of 
concern – Delta plus K417N
+omicron + …



PROBLEMATICS

RBD-PPI

8. Prevent virus entry into the host cell –
Study of protein-protein interfaces (Spro application)



PROBLEMATICS

• The emergence of SARS-CoV-2 in late 2019 
was followed by a period of evolutionary 
stasis

• Since late 2020 - emergence of sets of 
mutations – focus SARS-CoV-2 spike protein -
primary antigen

• Under investigation because viral mutations 
can impact transmissibility and antigenicity

• Alarming evidence of reduced neutralization 
of some SARS-CoV-2 variants (even post 
vaccination)

8. Prevent virus entry into the host cell –
Study of protein-protein interfaces (Spro application)



Full RBD 417-505 mutagenesis study using FoldX in order to asses these key mutations and their effect on 

the stability of the system, in total 1780 point mutations 

8. Prevent virus entry into the host cell –
Study of protein-protein interfaces (Spro application)
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