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“If you know the 
enemy and know 
yourself you 

need not fear the 
results of a hundred 
battles.”

Sun Tzu



SARS-CoV-2 is an
invisible enemy we
want to know as
much as possible



STRUCTURE OF SARS-COV-2

SARS-CoV-2 is (+) RNA Virus with a length of approximately 30 kb. The genome encodes 4 
structural proteins and 15 non-structural proteins 



STRUCTURE OF SARS-COV-2



ALL 
ATOM

COARSE 
GRAINED

3D-MODEL OF SARS-CoV-2 VIRUS – BUILDING BLOCKS

SPIKE        E-PROTEIN    M-PROTEIN LIPID BILAYER 

Five building blocks needed to construct a model of the SARS-CoV-2 envelope.

Assembly of Biomolecular Gigastructures and Visualization with the Vulkan Graphics API Kornel Ozvoldik, Thomas 
Stockner, Burkhard Rammner, and Elmar Krieger Journal of Chemical Information and Modeling 2021 61 (10), 5293-5303
DOI: 10.1021/acs.jcim.1c00743



A 3D model of SARS-CoV-2 for

interactive exploration, with

components explained and built

using Cryo-EM results from Yao et

al. (2020) Cell 183,730-738.

Written by: Kornel Ozvoldik

License: GNU GPL Last modified:

2021/02/01

Download: sarscov2.zip

Modified by Črtomir Podlipnik

Assembly of Biomolecular Giga-
structures and Visualization with
the Vulkan Graphics API
Kornel Ozvoldik, Thomas Stockner,
Burkhard Rammner, and Elmar
Krieger

Journal of Chemical Information
and Modeling 2021 61 (10), 5293-
5303 DOI:
10.1021/acs.jcim.1c00743



COVID-19 IS STILL THE GLOBAL HEALTH PROBLEM

MORE THAN HALF A BILLION CONFIRMED CASES

MORE THAN 6.3 MILLION OF DEATHS

MORE THAN 11.4 BILLION  VACCINE  DOSES 
ADMINISTRED



Slovenian Citizen Science projects to rundown SARS-CoV-2

The "COVID.SI" - the project that allows
the general public to participate in the
fight against the corona virus by sharing
their knowledge and computer resources.
The project aims to study libraries of
molecular compounds and help find a
cure for the coronavirus using high-
throughput virtual screening.

The "Covid-19 Tracker Slovenia" project
collects, analyses and publishes data on
the spread of the SARS-CoV-2
coronavirus, the cause of COVID-19, in
Slovenia. We wish to give the public a
better overview of the magnitude of the
issue and a proper assessment of the risk.

https://covid.si https://covid-19.sledilnik.org

COVID.SI

DISTRIBUTED COMPUTING
SEARCH OF DRUG FOR COVID

COLLECTING AND ANALYZING 
EPIDEMIOLOGICAL DATA

https://covid.si/
https://covid-19.sledilnik.org/sl/stats


Activities of the COVID.SI project COVID.SI

• Aggregation of Information about COVID-19

• Community-based 3D printing  and distribution of Wuhobran mask holders 

• Tracking Mutations of SARS-CoV-2

• Developing and maintaining software for community-based distributed 
computing 

• Developing and maintaining of CMDock software and SDFTools

• Gamification of Scientific problems

• Virtual Screening of COVID-19 related targets



Scheme of community computing

DATA SERVER

Computational 
Client

From data server to client
Targets & Ligands’ packages

From client to dataserver:
poses & docking scores



Clients for distributing computing

We developed the GUI Client for Windows and CLI Clients for Windows, MacOS and Linux. In all clients 

users can set the number of threads he wants to alocate to the project. The GUI Client has also option to 

switch on  Screensaver which can be use for promotion of Slovenian touristic attractions.  

https://covid.si/en/quick-start/

GUI Client:  WINDOWS CLI Clients:  WINDOWS, LINUX, 
MacOS



The Live Cycle of SARS-CoV-2

SPIKE PROTEIN

PROTEASES

RNA dependant
RNA polymerase



Targets related to COVID-19 used for docking

Target ID The protein Organism Source of structure PDB Code

1-21 3CL Pro SARS-2 Snapshots from MD trajectory

26-34 Spike Protein SARS/MERS/SARS-2 Crystalographic structures 2AJF,2DD8, 3SCL,

5X58,6ACK,6LZG,

6M0J,6M17,6VW1

35-37 DHODH Human Crystalographic structures 4IGH,4JTU,4OQV

41-48 PL Pro SARS/MERS/SARS-2 Crystalographic structures 2FE8,3MP2,4OW0,

6W9C,6WRH,6WUU,

6WX4,6WZU

49-50 FURIN Human Crystalographic structures 5JXH, 5MIM

51-54 Methyl Transferase SARS2 Crystalographic structures 6W4H,6W61,7C2I,7C2J

55-56 E Protein SARS / SARS2 NMR/Homology model 5X29 (SARS)

5X29 – Homology (SARS2)

58-59 PL Pro SARS2 Homology models based on 3E9S

based on 5E6J

based on 6W9C



Statistics of COVID.SI –
distributed computing project

The  PHP/MySQL application is designed to monitor the activity on our platform. 

EACH PACKAGE HAS 1000 CMPDS



SiDock@home the extension of the COVID.SI project

SiDock@HOME is extension of the COVID.SI, here the library of the compound is significantly bigger. The system

of distributed computing is here based on BOINC server/client system. SiDock@HOME is now the biggest

project not founded from the institutions (Almost ZERO budget science).

SPECIAL THANKS TO NATALIA NIKITINA AND MAXIM 
MANZYUK FOR GREAT CONTRIBUTIONS TO THE PROJECT

https://sidock.si/


Statistics of SiDock@home

CURRENT CPU POWER: 65 000 GFLOPS

ONLINE SINCE DEC  2020

MORE THAN 28 000 COMPUTERS

MORE THAN 6600 USERS OF THEM
2455 WITH RECENT CREDIT

SCREENED 1 BILLION COMPOUNDS TO 15 TARGETS

126.8 MILLIONS HOURS (14.465 YEARS) OF CPU

https://sidock.si

https://sidock.si/


Action of Wuhobran mask holders 3D printing

We have organized volunteers to 3D print  Wuhobran mask holders.  Wuhobrans were 

distributed free of charge to Slovenian medicinal workers.

WUHOBRAN WAS SELECTED AS NEOLOGISM OF THE 

YEAR 2021 BY FRAN RAMOVŠ INSTITUTE OF THE 

SLOVENIAN ACADEMY OF SCIENCE



DOCKIT
An interface for a synergistical human – computer cooperation via:

• Crowdsourcing

• Citizen‘s science

• Gamification

• Evolutionary algorithm

To solve the optimization problem of finding the best ligand

for the receptor.



DOCKIT

Humans are great at pattern 

recognition;

We (humans) see how we could

easily fill the receptor cavity. 

Computers are good to enhance

the result of that, to find variations

of it, that are better.



DOCKIT

Molecule editor Docking viewer Best ligands list

Score
Best / last ligands switch



DOCKIT

1st person has an idea:

2nd person sees it and

improves it: Computer tries various

combinations, if they are 

better, they get to the

top

3rd person sees it and

improves it:

∞



DOCKIT

add/remove/replace random bond

add/remove/replace random atom

Input:

best 12 ligands

Loop this a few times, 

each action having a certain probability

Is ligand

better than

input?

Does it pass

filters?

Discard

YES

Lipinski,

PAINS,

Toxicology



DOCKIT
Trendline of score

improvement over

time.

Each ligand plotted vs score:

only a few ligands bind very well.



DOCKIT Easy to use.

Highschoolers competing

between each other after just

a few hours of introductory

organic chemistry.

They have a very good

trendline after just one hour.



Some results of the project





Inhibition of the ion channel 
of SARS-CoV-2 E-Protein

• The SARS-CoV-2 envelope (E) protein is a 
small structural protein involved in many 
aspects of the viral life cycle. The E protein 
promotes the packaging and reproduction 
of the virus, and deletion of this protein 
weakens or even abolishes virulence.

• Here, we studied the inhibition of the ion 
channel of SARS-CoV-2 by small molecule 
inhibitors. 

• Support of ERASMUS+ MSc student

Lennart Dreisewerd



The workflow of the Screening (Epro - inhibitors)

HTVS

HTVS screening of 1B compounds with CMDock
using Boinc - Grid computing platform (output 
35k compounds)

FILTER

Additional filtering of approx. 35k compounds
from HTVS with PAINS/REOS/Toxicity (output 3.3
k compounds)

MMGBSA

VSW of Schrodinger (Glide HTVS -> Glide SP -> 
Glide XP -> MMGBSA): input 3.3k compounds  
output 22 compounds

MD – IN PROGRESS

IN VITRO TESTS?  (SOFIA -)





Selecting and preparing biomolecular target

Schrodinger Protein Preparation Wizard has been used for preparing the structure of SARS-CoV-2 Main protease

CMCavity has been used for grid generation and Pymol has been used for visualization.



Structure based HTVS and analysing results

With molecular docking we get information on what extent the ligand is complementary to the receptor; the 

higher is complementarity higher the score we may expect. Docking results can only be used for filtering for

the prioritisation of further actions (in vitro experiments are needed).



Compound prioritisation

Molecular docking is not almighty. It can be used for initial filtering; other methods and additional filtering
must be taken to eliminate toxic and reactive compounds, to check favourable interactions, etc. Such
prioritisation results in a list of compounds interesting for further in vitro or in vivo studies.



We studied the binding of set polyphenols to the main protease of SARS-CoV-2, using “In Silico” 
methodology (molecular docking, molecular dynamics) and “In Vitro” experiments (enzyme assay, 
SPR).



Set of polyphenols used in the study



The analysis of Ellagic acid binding to SARS-CoV-2 
Main Protease

Of all the polyphenols included in the study, 
ellagic acid inhibited the major protease most 
strongly in the enzyme assay. Analysis of the 
docking interactions shows that the compound 
binds well to the binding site.



We conducted a full RBD 417-505 mutagenesis study using FoldX in order to assess the key mutations and their effects on 
the stability of the ACE2:RBD complex; in total 1780-point mutations.



Thank you 
for your 
attention !!!


