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1996-2001 

Chemistry, University of Athens 

2001-2006 

Ph.D. in Chemistry 

Heidelberg University, Germany 
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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 ʈÓ 

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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ʃʹʴʺΥ 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 ς 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 ï 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 ς Zoe Cournia 
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Phases of Pharmaceutical Development 



Zoe Cournia, BRFAA Zoe Cournia ς Academy of Athens 

Å Random screening of hundreds of thousands of molecules 

  with High Throughput Screening (HTS) for combating the pathogen 

 

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

 

Å Trying out existing drugs and modifications 

ωEstimated number of small molecules 
that can act as drugs 

1066 

1050  Å  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): 355ς360  

Zoe Cournia, BRFAA Zoe Cournia ς 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 ς 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 ς 11.2M core hours 
Apr 2014 ς 15.7 M core hours 
Feb 2015 ς 8.5 M core hours 
Nov 2017 ς 15.5 M core hours 
 



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

PRACE-GR ς ARIS: The Greek HPC System 

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

Peripheral Proteins Drug Design Ion Channels 

MM2012 ς Zoe Cournia Zoe Cournia ς 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 ς membrane interactions 

MM2012 ς Zoe Cournia Zoe Cournia ς Academy of Athens 
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PI3Kh  is a lipid kinase that promotes cell survival 

Zoe Cournia ς Academy of Athens 

Å Active PI3Ka phosphorylates PIP2 to PIP3 at the plasma  
membrane. 
 
Å PIP3 recruits Akt close to PDK1. 
 
Å 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 
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Huang et al. (Science, 2007) 

80% of all mutations: 

Glu545Lys     His1047Arg 

ω Most commonly mutated kinase in the 
human genome Þ 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 PI3Kh 

Zoe Cournia ς Academy of Athens 

30% of breast cancer patients 

Å PI3Ka is a membrane-associated lipid kinase 
 

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

ÅParallelization 
Å (getting an idea of the level of computation needed) 

ÅWhole System is broken down into 
boxes (processing nodes) 

Å Each node handles the bonded 
interactions within a cutoff 

 

 

MD Simulator requirements 

Zoe Cournia, BRFAA Zoe Cournia ς Academy of Athens 

Patches

Computes
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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  


