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1996-2001 

Chemistry, University of Athens 

2001-2006 

Ph.D. in Chemistry 

Heidelberg University, Germany 

2 



Ph.D in Chemistry (2006)  

U Heidelberg 2006-2009 PostDoc 

Chemistry Dept,  

Yale University 

New Haven, USA 

BRFAA 

2010-date 

Investigator 

Instructor, 

MSc in Data Science  

& Information Technologies 

University of Athens 
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Environment 

Weather/ Climatology 

Pollution / Ozone Hole 

Finding Cures 

Medicine 

Biology 

Energy 

Plasma Physics 

Fuel Cells 

Materials/ Inf. Tech 

Spintronics 

Nano-science 

HPC Drives Science through Simulation 

Zoe Cournia, BRFAA 



Key areas of biomedical research where HPC 
is key 

Next 
Generation 
Sequencin

g 

Proteomics 

Brain 
modeling 

Systems Biology 

Protein Biophysics 

Drug 
Design 

Blood flow 
Whole organ 
modeling 
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Performance 

(in FLOPS): 

Megaflop 106 

Gigaflop 109 

 Teraflop 1012 

 Petaflop  1015 

HP 735 
12 CPUs 

protein 
10k atoms 

100s ps 

SGI Origin 
128 CPUs 

LeMieux 
3k CPUs 

Ranger 
60k CPUs 

LCF 
Mira 786k cores 
Titan 280k cores 

+ GPUs 

time 

ion 
channel 

100k atoms 
1 ns 

ATPase 
500k 

atoms 
10s ns 

ribosome 
2 mil atoms 

100s ns 

Enveloped virus 
200 mil+ atoms 

1-100 μs 

C
o

m
p

u
te

 P
o

w
e

r 

1993 1997 

2002 

2007 

2015 

Computing is transforming biomedical 
research 

Exascale 

Source: adapted from Prof. Rommie Amaro 

CURIE, CEA, France 
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Simulations  
 Speeding drug discovery  
 Understanding biomolecular 

processes in atomic scale 
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Πηγή: World Health Organization  

Normally they are small organic molecules 
- Therapy 
- Relief 
- Prevention 
- Quality of life improvement 
- Life expectancy prolongation 

 

Paracetamol (Depon) Aspirin 

Life expectancy map 

Zoe Cournia – Academy of Athens 
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Drugs block or activate diseased proteins 



HIV-RT M2TM  

(Influenza virus) 

NS5B  

(Hepatitis C) 
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Some proteins need to be stopped 



Diseased protein 
Identification 

Diseased protein 
Validation 

Candidate Drug 
Identification 

Candidate Drug 
Optimization 

Target discovery Lead discovery 

Clinical Phases (I-III) 

Duration: 12 – 15 years, Cost: ~ 1 billion US $  

1-2 ligands will enter 
Clinical Trials 

Few selected ligands as 
potential drugs 

FDA 
Approval 

28 million ligands 
currently known 

Academy of Athens – Zoe Cournia 
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Phases of Pharmaceutical Development 



Zoe Cournia, BRFAA Zoe Cournia – Academy of Athens 

• Random screening of hundreds of thousands of molecules 

  with High Throughput Screening (HTS) for combating the pathogen 

 

• Random discoveries (i.e. penicillin, viagra) 

 

• Trying out existing drugs and modifications 

• Estimated number of small molecules 
that can act as drugs 

1066 

1050  •  Estimated number of atoms in the  

    world 
 

Structure-based approaches + Targeted Therapy 
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Traditional Drug Discovery 



Curr Opin Drug Discov Devel. 2002 May; 5(3): 355–360  

Zoe Cournia, BRFAA Zoe Cournia – Academy of Athens 

TARGETED THERAPY! 

 Identify important genes for a diseases 

 Targeting/inactivating genes (proteins) of the pathogen with small 
molecules = drugs 
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Rational Drug Discovery 



The era of Personalized Medicine 

Lung Cancer 

carcinogenesis 

4% of patients with  

non-small cell lung carcinoma 

Rearrangement in ALK protein 

genotyping 

Crizotinib for ALK+  

lung cancer patients 

Drug design for this specific 

subset of patients 



Virtual 
Screening 

Computing protein-drug structure 

https://www.youtube.com/watch?v=u49k72rUdyc 

Zoe Cournia – Academy of Athens 
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Slide by I Liabotis 

My early days: HP-SEE (2010-2012) 
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Through these publications was able to 
successfully apply for PRACE resources 

Mar 2013 – 11.2M core hours 
Apr 2014 – 15.7 M core hours 
Feb 2015 – 8.5 M core hours 
Nov 2017 – 15.5 M core hours 
 



Total: ~6 M core hours awarded (2014-2018)  

PRACE-GR – ARIS: The Greek HPC System 

Zoe Cournia – Academy of Athens 
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Protein-membrane interfaces in drug design 

Peripheral Proteins Drug Design Ion Channels 

MM2012 – Zoe Cournia Zoe Cournia – Academy of Athens 

Leontiadou et al, Sci Rep, 2018 

Gkeka et al, J Phys Chem B, 2015 

Gkeka et al, PLOS Comp Biol, 2014 

Cournia et al, J Chem Inf Model, 2018 

Gkeka et al, J Chem Inf Model, 2013 

Ioannidis et al, J Chem Inf Model, 2016 

Athanasiou et al J Comput Aid 

Mol Des, 2018 

Lionta et al, Curr Top Med 

Chem, 2014 
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Extensive studies of pure membranes 

DDPC-Chol Phase Diagram Stratum Corneum model phase diagram 

Podewitz et al, J Phys Chem B 2018 

Chatzigoulas et al, J Chem Inf Model 2018 

Tremi et al, J Memb Biol 2018 

Wang et al, BBA Biomembranes 2016 

Patitsa et al, Sci Rep 2017 

Angelikopoulos et al, Nanoscale 2017 

Cournia et al, J Memb Biol 2015 

Gkeka et al, PLOS Comput Biol 2014 

Nanocarrier – membrane interactions 

MM2012 – Zoe Cournia Zoe Cournia – Academy of Athens 
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PI3Kα is a lipid kinase that promotes cell survival 

Zoe Cournia – Academy of Athens 

• Active PI3Ka phosphorylates PIP2 to PIP3 at the plasma  
membrane. 
 
• PIP3 recruits Akt close to PDK1. 
 
• Co-localization of these proteins leads to phosphorylation of residues, 
which in turn leads to proliferation, growth, survival. 

(Akt) 

Proliferation 

Metabolism 

Cell Survival 

lipid tail 

PIP2 

Fayard et al, 2010 

21 



Huang et al. (Science, 2007) 

80% of all mutations: 

Glu545Lys     His1047Arg 

• Most commonly mutated kinase in the 
human genome  cancer 

Mechanism of overactivation? 
 

Mutant and isoform specific 
therapies? 

MD Simulations 
Virtual screening 

Property prediction 
In vitro & In vivo assays 

Lead Optimization 

Case study: mutated protein PI3Kα 

Zoe Cournia – Academy of Athens 

30% of breast cancer patients 

• PI3Ka is a membrane-associated lipid kinase 
 

• Involved in cell growth, proliferation, 
differentiation 
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• System size: ~400.000 atoms 

• Parallelization 
• (getting an idea of the level of computation needed) 

• Whole System is broken down into 
boxes (processing nodes) 

• Each node handles the bonded 
interactions within a cutoff 

 

 

MD Simulator requirements 

Zoe Cournia, BRFAA Zoe Cournia – Academy of Athens 

Patches

Com putes
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His-917 points away from the active site, while the C-terminus prevents 
the catalytic loop from reaching the ATP-binding site. 

Simulation of the normal protein  

Activation loop 

WIF motif 

Catalytic loop 

C-terminus 

Activation loop 

WIF motif 

Catalytic loop 

C-terminus 
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His-917 points towards the active site, while the C-terminus  does not 
interfere with the access of the catalytic loop to the ATP-binding site.  

Activation loop 

WIF motif 

Catalytic loop 

C-terminus 

Simulation of the mutated protein  



GRNET HPC Support: Optimizing Performance 

 Both the communication and the box 3D decomposition in cores has to be optimal in 
order to gain maximal performance. 

 Decomposition 11 x 2 x 1 is NOT optimal 
 Decomposition 10 x 8 x 8 is optimal 

11 x 2 x 1 

10 x 8 x 8 

Dimitris Dellis 
GRNET 

 
 

PI3Kα 
(400,000 atoms) 
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SPR experiment The SPR experimental setup PI3Ka – membrane interactions Proposed mechanism of H1047R overactivation 

Zoe Cournia – Academy of Athens 

Gkeka et al, PLOS Comput Biol (2014) 
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Does this binding site also exist in the mutant form and can it be 
exploited for selective drug design?  

Green: Cluster 
conformation from MD 
Dots: Predicted binding site 

Blue: WT Crystal 
Structure by Hon et al 
(2011) 

Binding site prediction on 
PI3Kα representative 
structures 

Zoe Cournia, Academy of Athens 

Binding site identification on PI3Kα conformers 
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Mutant-specific drugs in “allosteric” pockets 

•Active site and non-
ATP pocket occupied 
by PIK-108 
 
•MD simulations of 
WT, H1047R apo and 
holo forms (100ns 

production run) 

 
•Is the non-ATP 
pocket allosteric? 
 
• Can we discover 
allosteric pockets 
with simulations? Hon et al, Oncogene (2011) 

Zoe Cournia, BRFAA Zoe Cournia – Academy of Athens 



Virtual screening 

3

0 

Ligand conformations 

SP 

XP 

 
 

(Top Glide ***Hits  
based on G-score) 

 

2,1 M cmpds 24,000 cmpds 

40,000 10,000 

1,000 

Glide Docking & Scoring 

30 compounds purchased and assayed in vitro 

Database 1 Database 2 

Material and Methods 

Crystal structure 

Molecular Dynamics 

Cluster conformations from 
trajectory (RMSD) 

Binding site prediction and 
confirmation for allosteric 

pockets 
(Q-Site Finder, PCA) 

Zoe Cournia – Academy of Athens 

Binding site Prediction Virtual Screening 

postprocessing 

Lionta et al, Curr Top Med Chem (2014) 



(D. Stellas, Efstratiadis lab) 

MM2012 – Zoe Cournia Zoe Cournia – Academy of Athens 

Preclinical study of PI3K-010 (xenografts) 

PI3K010 in corn oil following oral 
dosing in mice (100 mg/Kg).  

HCC1954 (H1047R PI3Kα mutant) 

Solvent 

PI3K-021 

PI3K-010 

MDA-231-MB (PI3Kα WT) 

Tumor weight 

 
 

Solvent 
PI3K-021 
PI3K-010 

Solvent 

PI3K-021 

PI3K-010 

Tumor weight 
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UNTREATED TREATED 

INITIAL INITIAL 
2WKS 
AFTER 

2WKS 
AFTER 

PI3K(H1047R); 
MMTV-MYC breast cancer model 
 

Patent Application deposited #20180100392 
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Recipient of the 1st PRACE Ada Lovelace Award 

MM2012 – Zoe Cournia Zoe Cournia – Academy of Athens 
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Nominated by I Liabotis (GRNET) 
May 2016 



VRE for regional Interdisciplinary 

communities in Southeast Europe 

and the Eastern Mediterranean  

Life Sciences - Scientific Community 
 

Dr. Zoe Cournia 

LS SC Leader 

Biomedical Research Foundation, Academy of 
Athens 

Coordinator: GRNET (O. Prnjat) 

Oct 2015 – Sep 2018 



Web-server hosting of Application level 
services: ChemBioServer 

 

 ChemBioServer post-processes virtual screening results for drug design 

 

 
http://chembioserver.vi-seem.eu 

http://afmm.vi-seem.eu
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AFMM is a parameterization tool for MD 
simulations of small organic molecules 

 

 
http://afmm.vi-seem.eu 

http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
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Subtract, a tool to measure the protein 
binding site volume 

 Computes the 3D convex hull of protein binding site atom points  

 Computes the volume of the convex hull and the volume of the 
atoms included in the solid based on their van der Waals radii.  

 Subtraction of those two volumes yields the volume of the cavity.  

http://subtract.vi-seem.eu 

http://subtract.vi-seem.eu
http://subtract.vi-seem.eu
http://subtract.vi-seem.eu
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Nanocrystal webserver: Creation of 
nanoparticles 

http://nanocrystal.vi-seem.eu 

http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
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FEPrepare: Automating Free Energy 
Perturbation calcuations for Drug Design  

http://feprepare.vi-seem.eu 

http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
http://afmm.vi-seem.eu
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VI-SEEM Success Story: The D3R Project 

Farnesoid X Receptor (FXR) – Computer-Aided Drug Design competition: 
D3R challenge Grand Challenge 2 (Oct 2017 – Feb 2018) 

 Worldwide drug design competition organized by University California, San Diego 

& Roche Pharmaceuticals 

 Goal: Predict blinded experimental data courtesy of Roche 

 D3R project was allocated 5,000 GPU card hours of VI-SEEM resources   

 
 C. Athanasiou, S. Vasilakaki, Z. Cournia 

(Biomedical Research Foundation 

Academy of Athens) 

 D. Dellis (Greek Network of Research and 

Technology) 

 W. Sherman (Silicon Therapeutics) 
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 Ranked #1 out of 46 teams in this worldwide drug design competition 

VI-SEEM Success Story: The D3R Project 

Athanasiou et al, JCAMD 2018 



Πέτρος Δημητρόπουλος 
Βασίλης Γεωργακόπουλος 
Έλενα Ροδίτη 
Δήμητρα Γερογιαννοπούλου 
Πέτρος Κοντραζής 
Γιώργος Γαλανόπουλος 
Αναστασία Θεοδωροπούλου 
Δημήτρης Ντεκουμές 
Γιούλη Βαρδάκα 
Αργυρώ Ντάλιανη 
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Coordinator GRNET 2016: I Liabotis 
Coordinator GRNET 2018: A Sotiropoulos 
Supervisors: D Dellis (GRNET), Z Cournia (BRFAA) 

2016: 
Juan Zamora (Imperial Coll., UK) 
Samanta Makurat (Gdansk U, PL) 
 
2018: 
Pedro Santos (Coimbra U, PT) 
Petteri Vannika (Turku U, FL) 
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Coordinator GRNET : E Athanasaki 
 
Supervisors: Z Cournia (BRFAA) / D Dellis (GRNET) 

15.11.2018 – 28.2.2019 8.1.2019 – 20.3.2019 

Leandro Battini 
University of Buenos Aires 

Argentina 

Phaedon Brotzakis 
ETH Zurich 
Switzerland 

Michail Paparoudakis 
University of Ediburgh 

UK 

1.2.2019 – 20.4.2019 

Optimization of antivirals 
against Chikungunya 
virus using Free Energy 
Perturbation method 

Investigating 
predictive models for 
the discovery of new 
c-Myc inhibitors   

Conformational studies 
of wild-type and 
mutated K-Ras binding 
to a membrane 46 



Project Team & Thank you! 

MM2012 – Zoe Cournia Zoe Cournia – Academy of Athens 

BRFAA 

Cournia lab (MD, drug design, cells) 

Dr. Evi Gkeka 

Dr. Hari Leontiadou 

Ioannis Galdadas, Christina Athanasiou 
 

Efstratiadis & Klinakis labs (cells+mice) 

Dr. Ersi Tsellou 

Dr. Dimitris Stellas 
 

NCSR Demokritos 

Couladouros lab 

Anna Kapela 

Maria Ouzouni 
 

University of Thrace 

Agianian lab 

Dr. Maria Pavlaki 
 

University of Ioannina 

Christoforidis lab (cell-free assays) 

Alexandra Papafotika 

Dr. Vasiliki Lazani 
 


