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HPC Drives Science through Simulation

e i

Environment Finding Cures  Materials/ Inf. Tech
Weather/ Climatology Medicine Spintronics Plasma Physics
Pollution / Ozone Hole Biology Nano-science Fuel Cells

Energy



Key areas of biomedical research where HF
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Computing Is transforming biomedical

>

Compute Power

HP 735 SGI Origin
12 CPUs 128 CPUS

research

: LCF

! Mira 786k cores

Titan 280k cores
+ GPUs

‘*w-*'-‘-‘\ National

Strategic
Computing
Initiative
(NSCI)

Exascale

Enveloped virus

) 2007

ribosome
2 mil atoms
100s ns

LeMieux
3k CPUs
o

o

]
1993 1997

protein
10k atoms

ion
channel
100k atomg

100s ps

ATPase
500k
atoms
time
e

200 mil+ atoms

1100t O

Performance
(in FLOPS):
Megaflop 10°
Gigaflop 10°
Teraflop 102
Petaflop 10
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Source: adapted from PrdRommieAmaro
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Drugs block or activate diseased proteins

ParacetamolDepon) y Aspirin

Normally they are small organic molecules

H
- Therapy NY Q\g/
- Relief H ©

- Prevention
- Quality of life improvement 3 ..
- Life expectancy prolongation O . |

=50
50-59
B0-E9
B 7079
B =087

Mot applicakle
Mo data

| ' 4 Wowld Health Organization Life expectancy map

Zoe Cournia Academy of Athens



Some proteins need to be stopped

HIV-RT M2TM NS5B
(Influenza virus) (Hepatitis C)




Phases of Pharmaceutical Development

Target discovery Lead discovery
Diseased protein Diseased protein Candidate Drug Candidate Drug .
Identification ~ Validation Identification  Optimization Clinical Phases (I-1ll)
' Few selected ligands as FDA
| potential drugs Approval

28 miliion ligands
currently known

1-2 ligands will enteré
| Clinical Trials

Duration: 127 15 years, Cost: ~ 1 billion US $

Academy of Atheng Zoe Cournia



Traditional Drug Discovery

ARandom screening of hundreds of thousands of molecules
with High Throughput Screening (HTS) for combating the pathogen

ARandom discoveries (i.e. penicillin, viagra)

ATrying out existing drugs and modifications

w Estimated number of small molecules 1066
that can act as drugs

A Estimated number of atoms in the 10°0

world 1

Structure-basedapproaches + Targeted Therapy

11
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Rational Drug Discovery

ldentify important genes for a diseases

Targeting/inactivating genes (proteins) of the pathogen with small

molecules = drugs
ﬂ.ecﬂ:‘sz

TARGETED THERAPY! '
%m{'

~ S n—
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The era of Personalized Medicine

SAFE,

SAFE,

UNSAFE, UNSAFE,

NOT EFFECTVE £

FFECTIVE

Lung Cancer

genotyping

!

4% of patients with
non-small cell lung carcinoma
Rearrangement in ALK protein

I

carcinogenesis

Drug design for this specific
subset of patients

!

Crizotinib for ALK+
lung cancer patients



Computing proteirdrug structure

Virtual
Screening
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My early days: HBEE (201Q012)

Existing infrastructure
Blue Gene/

IBM Blue Gene/P —two racks 2048
PowerPC 450processors (32 bits, 850
MHz), a fotal of 8792 cores

Double-precision, dual pipe floating-
point acceleration on each core;

A total of 4 TBrandom access

memory;

16 1/0 nodes currently connected via
fiber optics to 10 Gb/s Ethernet switch;

Theoretical peak performance: Rpeak=
27.85 Tflops;

Energy efficiency: 371.67 MFlops/\
Green top 10

Smaller HPC machines in Romania
BulgariaHungary

Upcoming purchases in Hungary
Serbiaand Greece

HP-SEE

Rack
32 Node Cards

Node Cord
(32 chips 4x4x2)
32 compute, 0-2 10
cards
Compute
Card
1 chip, 40 LI
DRAMs

4 processors

64 GB

136 GF/s

20GB DOR
136 GF/s

8MB
EDRAM

| R 21 5
s
mRe
%
435 GFis

System
12 Racks

Cabled 8x8x16

Slide by ILLiabotis

Figure 1-2 Biue GenaP packaging

8th e-Infrastructure Concertation Meeting, November 2010




CHEMMEDCHEM

CHEMISTRY ENABLING DRUG DISCOVERY

7/2012

A Journal of The inside cover picture shows the optimization of a smallmalecule inhibitor of Amp2/3 complax,

Pty a seven-subunic 225 M2 pratein that nucleates branched actin filaments. The X+ay structure of the com-

" * plex bound to a known inhibitor, CK-666, was solved, and computational, synthetic, and biochemical

& methags wene usied 1o generate a novel inhibitor with Improved potency—an impertant tool compeound

+ * feor dissecting the cellular functions of Arp2/3 complex, For more details, see the Full Pager by Brad ),
* ke Malen et al. on p. 1286 fl.

Europe www.chemmedchem.org @Wl LEY-VCH

‘ I ‘ el ofCheicl ey Computaon
pubs.acs.org/JCTC

Free Energy Calculations Reveal the Origin of Binding Preference for
Aminoadamantane Blockers of Influenza A/M2TM Pore
Paraskevi Gkeka,™ Stelios Eleftheratos,” Antonios Kolocouris,®* and Zoe Cournia™’

"Biomedical Research Foundation of the Academy of Athens, 4 Soranou Ephessiou, 11527 Athens, Greece
*Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of Athens, Panepistimioupolis-Zografou, 15771 Athens,
Greece

© Supporting Information

ABSTRACT: Aminoadamantane derivatives, such as amanta-
dine and rimantadine, have been reported to block the M2
membrane protein of influenza A virus (A/M2TM), but their
use has been discontinued due to reported resistance in
humans, Understanding the mechanism of action of
amantadine derivatives could assist the development of novel
potent inhibitors that overcome A/M2TM resistance. Here, we
use Free Energy Perturbation calculations coupled with

Biochimica et Biophysica Ada 1838 (2014) 1631-1046

Contents lists aveilable at ScienceDirect

BBA
B

Biochimica et Biophysica Acta

journal homepage: www .elsevier.com/locate/bbamem

Insights into the molecular basis of action of the AT, antagonist losartan @m;m
using a combined NMR spectroscopy and computational approach

Maria Zervou **, Zoe Cournia ®, Constantinos Potamitis ®, George Patargias °, Serdar Durdagi *',
Simona Golic Grdadolnik <%, Thomas Mavromoustakos *°

* Natian al Hellenic Ressarch o, Ittt af Biolangy, Mectisinal Chemigry & Biotechno by, Vit Constintiiou 48, 11635 Athens, Creace
= Mimentienl Research Foundation of the Academy of Athens, 4, Saraney Bedon, 11527 Athers, Grece

© Laharatry of Biamslarular Sirucsure, National Inssiaue of Chemiry, Hayidrihava 19, POR30,SI-1115 Linhjians Skavenia
@ EN-FIST Centee of Eseellence, Dunajska 155, SI- 1000 Lublians, Sevenia 16
* Chemistry Department of National Capodisrian Uniwersity, Zograph i, Athens 15784, Geea




Through these publications was able to

successfully apply for PRACE resources

\ Mar 2013¢ 11.2M core hours
\ Apr 2014¢ 15.7 M core hours T 7
\ Feb 2015 8.5 M core hours - -,
‘\ Nov 2017¢'15.5 M core hours ,; *
\\ * *
PARTNERSHIP
FOR YA VANCED\COMPUTING
N EUROPE \
\ A
PRACE

Europe’s Supercomputing Research Infrastructure




PRACKRc ARIS: The Greek HPC Syste

Total: ~6 M core hours awarded (2042018)
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Proteirmembrane interfaces in drug desigr

Peripheral Proteins lon Channels Drug Design

Athanasiou et al J Comput Aid
Mol Des, 2018

Lionta et al, Curr Top Med
Chem, 2014 19

Leontiadou et al, Sci Rep, 2018 Cournia et al, J Chem Inf Model, 2018
Gkeka et al, J Phys Chem B, 2015 Gkeka et al, J Chem Inf Model, 2013
Gkeka et al, PLOS Comp Biol, 2014 loannidis et al, J Chem Inf Model, 2016
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Extensive studies of pure membranes

DDP@&CholPhase Diagram  Stratum Corneum model phase diagram
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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

Zoe Cournia Academy of Athens



PI3K is a lipidkinasethat promotes cell surviv

Growth factor
stimulation

\/

PIP,

Pl{4,5)F, PIP,
T:ana 5473
Receptor tyrosine / \
kinase mTORC2

Proliferation
Fayardet al, 2010 Metabolism

plasma membrane

Cell Survival

lipid tail

|
AActive PI3Kahosphorylate®1P2 to PIP3 at the plasma o det ??o

membrane. =T,
APIP3 recruité\kt close to PDK1. PIP2 o

ACaolocalization of these proteins leadspbosphorylatiorof residues,
which in turn leads to proliferation, growth, survival.
21
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Case study: mutated protein PIBK

API3Ka is a membraresssociated lipidinase

Alnvolved in cell growth, proliferation,
differentiation

wMost commonly mutatedinasein the . 47 e
' ¢ e N . PM1043
human genomd> cancer e e 0 o,

80% of all mutations:

G|L54a_ys | H@47Arg | Huang et al. (Science, 2007)

l 30% of breast cancer patients _ _
MD Simulations

Mechanism ofoveractivation? I Virtual screening

_ o Property prediction
Mutant and isoform specific Invitro & In vivoassays

therapies? Lead Optimization
22
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MD Simulator requirements

A System size: ~400.000 atoms
A Parallelization

A (getting an idea of the level of computation needed)

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

A Each node handles the bonded
Interactionswithin a cutoff

H B B
R4 A

— e
S
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Simulation of the normal protein

—  \\/IF motif

Catalytic loop
—_— Cterminus

atifi.

His917 points away from the active site, while theterminus prevents
the catalytic loop from reaching the AHBInding site. 24



Simulation of the mutated protein

—  \\/IF motif

Catalytic loop

His917 points towards the active site, while the-terminus does not
Interfere with the access of the catalytic loop to the Addhding site.



