
Modesto Orozco 02/22/2021

Exaflop and Big data 
approaches against Covid19



What we learn in one crazy year,…

Time matters

Need to integrate efforts

Need to share information



What we learn in one crazy year,…

HPC is really useful

Centers of Excellence are useful

Computer scientists are useful
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https://covid.bioexcel.eu/

The first open data repository of Covid-19

https://covid.bioexcel.eu/


https://covid.bioexcel.eu/proteins/
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https://bioexcel-cv19.bsc.es

Adding value to the trajectories

https://bioexcel-cv19.bsc.es/
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COVID19 effect

The HADDOCK workflow machinery was modified to improve its efficiency and meet the increased 
demand (allows to run more processes in // - relevant toward exascale).

HADDOCK: Meeting the increased demand

By now more than 10500 COVID-related runs!!



SHAPE DOCKING PROTOCOL

• Identify template 
structures

• Transform template 
compound atoms to 
dummy atoms

• Dock using restraints 
from the dummy
shape atoms to the 
conformers without 
pre-selecting 
conformers

Template, shape-driven HADDOCKing



https://covid19.workflowhub.eu
https://elixir-europe.org/news/hacking-pandemic

Development of the Workflow Hub for 
workflows fast-tracked for COVID-19
• COVID-19 Virtual BioHackathon April 2020

• Community hackathons during 2020

• A pan-project collaboration

• Expanded beyond COVID

>25 public COVID-19 workflows
identified, curated and registered

• Galaxy, Nextflow, CWL, Snakemake

• Listed on ELIXIR COVID-19 data portal 

A catalyst for community collaboration
• Workflow creators

• Workflow infrastructure developers

Improved standards and best practices
• Bioschemas, RO-Crate, CWL, nf-core

https://covid19.workflowhub.eu/
https://elixir-europe.org/news/hacking-pandemic


RdRNA polymerase

bonvinlab.org/covid

Binding site-driven docking protocol



RdRNA Polymerase. The core of Covid-19 replication

Complex of NSP7 (83 Aa) & NSP8 (198 Aa) : Primase. NSP12: RNA dependent RNA polymerase



Polimerization mechanism of RdRp
SARS-CoV-2
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ΔGr=-5.2 kcal/mol

ΔGr=-4.1 kcal/mol

ΔG⧧=17.4 kcal/molREM

NTP

RdRp SARS-CoV-2

Arg624

Arg553

Asp618

Asp760

Asp761

Very efficient enzyme!



Massive-scale simulations of 
SARS-CoV-2 proteins

 Markov State Modeling of 100ms of
simulations of main protease (Mpro) 
revealed alternative loop conformations
that produce two distinct states of the 
active site
(Cathrine Bergh, KTH)

 Affects binding in docking studies, 
improves correlation with SARS-CoV-1 
binding assays

 Initiated new collaborations with 
CINECA and pharma sector (Dompé) 
that led to EXSCALATE4CoV project
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RBD

SARS-CoV-2 (COVID-19) Spike protein trimer

 Responsible for recognition and initial interaction with human cells

 Structure is a trimer with ~1200 amino acids in each individual monomer

 Part of S-protein responsible for binding is called Receptor Binding Domain (RBD)

 Target for the binding found to be human Angiotensin Converting Enzyme 2 (ACE2).

 Target for COVID-19 therapy, through blocking binding towards ACE2

S-protein trimer RBD complex with human ACE2 Electrostatic potential of RBD



Aptamers design for selective binding

 Synthetic ligands designed to specifically bind with the chosen target.     
 Oligomers of nucleic acids (RNA, DNA)

 Oligopeptides

 Hybrid substances which combines nucleic acids with peptides and hydrocarbons.

 Modelling of aptamers allows systematic: 
 Structure prediction

 Binding sites with estimation of binding affinity

 Iterative design of the new aptamers using combination of simulations, machine learning techniques and 
experiments

 The best designed aptamer 31 shows binding affinity close to the much bigger aptamer CoV2-RBD-1C 
made by in vitro evolutional protocol SELEX

Binding mode with SARS-CoV-2 RBD Experimental binding check
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Computationally designed

Computationally designed

oligo-DNA based aptamer



Massive exploration of human variability
Towards antibody design



SARS-Cov2 RBD mutations

Alchemical calculations predict that the probed mutations 

have only moderate effect (+- 1 kcal/mol) on the complex 

binding affinity in contrast to the previously reported 

predictions (10.1101/2020.03.15.991844).

The mutations also have moderate effect within the range of 

+- 2 kcal/mol on the stability of the RBD apo state.



BioExcel Building Blocks software library

1) Building Blocks 2) Workflows 3) Workflow Managers

http://mmb.irbbarcelona.org/biobb/



BioExcel Building Blocks: CLI - Mutations
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https://github.com/bioexcel/pymdsetup

PyCOMPSs automatic parallelization

https://doi.org/10.1177/1094342015594678



The COVID-19 bbb workflow team



PMX BBB workflows

Crooks theorem



COVID-19: infective process

RBD

ACE2



The trajectory of the virus before
reaching humans
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■ ICEI/Fenix

PRACE

Access



Phylogenetic Three for 

the whole SPIKE protein

RatG13 a virus from bat is the closest 

analog to SARS_Cov2

Where does SARS-Cov2 come from and where is it 

going?

But RatG13 and SARS_Cov2 RBD are 

completely different





No zoonotic barrier!



Experiments by M.Castelli; N.Clementi & M.Nicasio

SARS_Cov2

RATG13

DG=-0.3 kcal/mol favoring SARS-Cov2 binding





Apparently: an affinis issue



Be ready for further zoonotic transmission



PMX BB Workflow (human polymorphisms)



SARS-Cov2 is selecting

mutations favoring binding!

Exploring virus



Bio E xcel Partners 201 9

B io E xce l is fu n d e d  b y  th e  E u ro p e a n  Un io n  

H o rizo n  202 0 p ro g ra m  u n d e r g ra n t 

a g re e m e n ts 675728 a n d  823830.


