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HPC Drives Science through Simulation

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



Key areas of biomedical research where HPC
s key

Protein Biophysics

Next
Generation Brain

Sequencin modeling

Velocity (mm/s)
904.7584839

-800

téOO

~400
l200

Blood flow
Whole organ
modeling



Computing is transforming biomedical

research
SEEN o

Strategic
Computing
Initiative
(NSCI)

SREELE L B W e e S =)
ﬁvggi‘;ﬂ* % : LCF :
> ¥ = o Mira 786k cores
CURIE, CEA, Frartel} !g T —— B Exascale
+ GPUs
Enveloped virus
200 mil+ atoms
1-100 Us
A
ribosome
LeMieux 2 mil atoms Performance
- 3k CPUs 100S NS (in FLOPS):
rigin

Compute Power

HP 735 SGI O
2002 Gigaflop 10°
e o ATPase Teraflop 10%
o> 1957 500k Petaflop 10%°

protein ion
10k atoms channel

100S pS 100k atoms time
—_— 6

Source: adapted from Prof. Rommie Amaro

atoms







Drugs block or activate diseased proteins

Paracetamol (Depon) H Aspirin
Normally they are small organic molecules

H
- Therapy NY Q\g/
- Relief H ©
- Prevention :

- Quality of life improvement
- Life expectancy prolongation

=50
S0-59
=T

W 7079

B =o-87
Mot applicakle
Mo data

Mnyn: World Health Organization - Life expectancy map
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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 million ligands

currently known

1-2 ligands will enter
Clinical Trials

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

10
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Traditional Drug Discovery

 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

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

* Estimated number of atoms in the 1050

world 1

Structure-based approaches + Targeted Therapy

11

Zoe Cournia — Academy of Athens



Rational Drug Discovery

0 Ildentify important genes for a diseases

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

molecules = drugs
RECEPTOR

v, 9
TARGETED THERAPY!
= :ﬁm{'

e

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

Zoe Cournia — Academy of Athens



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 protein-drug structure

Virtual
Screening

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

Zoe Cournia — Academy of Athens
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My early days: HP-SEE (2010-2012)

Existing infrastructure
Blue Gene/

HP-SEE

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

0 Double-precision, dual pipe floating- e
point acceleration on each core; Caled 8x8x16 -~

0 Atotal of 4 TBrandom access -
memory;

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

32 Node Cards

0O Theoretical peak performance: Rpeak= Peachp i
27.85 Tflops; 2conpue020 | SRS
0 Energy efficiency: 371.67 MFlops/! cCompute -
Green top 10 1cnp.s0 @ TN
- 435 GFis
hip 64 GB
o Smaller HPC machines in Romania ieoet I«
BulgariaHungary 13i 2068 0OR Slide by I Liabotis
0 Upcoming purchases in Hungary BUB

EDRAM
Figure 1-2 Biue GenaP packaging

Serbiaand Greece

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
® Bmdical Resarch Foundaon of the Academy of Athns, 4, Sarencus Hson 11527 Athers, Cmece

of Biamslarular Sirusure, National Inssiaue of Chemissy, Haidrihova 19, POR30,SI-1115 Linhlians Skavenia
ﬂmm&uzqrrxuhu Dunafska 155, SI- 1000 ublians, Servenia 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 * 4

\"\ Feb 2015 - 8.5 M core hours P ;
Nov 2017 —15.5 M core hours -

F’ARTNERSHIP
FOR A\ VANCED\COMPUTING
AN EUROPE \

\ A

PRACE

Europe’s Supercomputing Research Infrastructure




PRACE-GR — ARIS: The Greek HPC System

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

18

Zoe Cournia — Academy of Athens



Protein-membrane interfaces in drug design

Peripheral Proteins lon Channels Drug Design

Leontiadou et al, Sci Rep, 2018 Cournia et al, J Chem Inf Model, 2018 Athanasiou et al J Comput Aid
Gkeka et al, J Phys Chem B, 2015 Gkeka et al, J Chem Inf Model, 2013 Mol Des, 2018

Gkeka et al, PLOS Comp Biol, 2014 loannidis et al, J Chem Inf Model, 2016  Lionta et al, Curr Top Med
Chem, 2014 19
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Extensive studies of pure membranes

DDPC-Chol Phase Diagram Stratum Corneum model phase diagram

nm

<

o

=

©

()]

Q.

5

'_
voso (@) YOSO Q
V0% il o VoA W kT g |iquid-ordered
075‘ .‘. ® b 025 0.75‘ '.‘. 025

# Liquid-disordered

1.00 1.00
A * oo 0.00 M o e ©0.00

Cholesterol %

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




PI3Ka is a lipid kinase that promotes cell survival

Growth factor
stimulation

\/

PIP,

PI(4,5)P,  PIP, PIP,

e T308 5473

Receptor tyrosine / T \
Kinase mTORC2

Cell Survival

plasma membrane

Proliferation

Fayard et al, 2010 Metabolism

lipid tail
I\
* Active PI3Ka phosphorylates PIP2 to PIP3 at the plasma ofo g-i}’-o
membrane. °<oi —
vl g !
* PIP3 recruits Akt close to PDK1. PIP2 i

 Co-localization of these proteins leads to phosphorylation of residues,

which in turn leads to proliferation, growth, survival.
21
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Case study: mutated protein PI3Ka

* PI3Ka is a membrane-associated lipid kinase

* Involved in cell growth, proliferation,
differentiation

e Most commonly mutated kinase in the Bk L Y RO, +10:7
human genome = cancer ‘ ‘

80% of all mutations:

I G|u545|_ys I IH|51047Arg Huang et al. (Science, 2007)

l 30% of breast cancer patients
MD Simulations

Virtual screening

Mechanism of overactivation?
_ Property prediction
Mutant and isoform SpECiﬁC In vitro & In vivo assays

therapies? Lead Optimization

27
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MD Simulator requirements

 System size: ~400.000 atoms

e Parallelization
* (getting an idea of the level of computation needed) /
 Whole System is broken down into

boxes (processing nodes) /./

interactions within a cutoff ® /

e Each node handles the bonded
EEE |,
& <1> % 0

<I>§

Zoe Cournia — Academy of Athens



Simulation of the normal protein

——  \NIF motif

—a,

Catalytic loop

C-terminus

His-917 points away from the active site, while the C-terminus prevents
the catalytic loop from reaching the ATP-binding site. 24



Simulation of the mutated protein
= \WIF motif

Catalytic loop

T

yo35¥L
. Phe934

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.



GRNET HPC Support: Optimizing Performance

@@ Threads/Task=1
@@ Threads/Task=2
©—® Threads/Task=10
50 | @@ Threads/Task=20

~
o
I

Dimitris Dellis

z
z
=
230~ |10x8x8 GRNET
£
5
=201~ PI3Ka

R (400,000 atoms)

10
0
0 10 20 30 40 50
# nodes

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

L Decomposition 11 x 2 x 1 is NOT optimal

L Decomposition 10 x 8 x 8 is optimal 26



Proposed mechanism of H1047R overactivation

OVERACTIVATION

\\ Extracellular

!

) . gl /fw " S
- Cytoplasm
{
Enhanced binding of H1047R
PI3Ka to the membrane F-terminal
égi/'/ﬁjj;%\
4 & o A/ﬁ?/ ﬂ’v:;»
ﬁ” PI3Ko. | ffT PI3Ko.  H
H 1047R»¢;( | H1047R | Q 2
\‘%€¢. \4 ‘/\ “\%“ic— M Av‘\;;]
Loss of C-terminal His917 orientation
auto-inhibition change

Gkeka et al, PLOS Comput Biol (2014)

Zoe Cournia — Academy of Athens



Binding site identification on PI3Ka conformers

Binding site prediction on  Blue: WT Crystal Green: CIu:ster
PI3Ka representative Structure by Hon etal ~ conformation from MD
structures (2011) Dots: Predicted binding site

Does this binding site also exist in the mutant form and can it be
exploited for selective drug design?

28
Zoe Cournia, Academy of Athens



Mutant-specific drugs in “allosteric” pockets

PI3Ka .., %

Non-ATP pocket

9*-7«"
.;@» %

Mutaf on sn;e /A .‘p
. Y {4

o P
6!@‘”*\ . ;
S

AIIoterlc Effect'-’ Q

e}

PIK-108

" \\" ve'j \6«

@ N

Hon et al, Oncogene (2011)

*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?

e Can we discover
allosteric pockets
with simulations?

Zoe Cournia — Academy of Athens




Binding site Prediction Virtual Screening

Crystal structure Database 1 Database 2
1 Ligand conformations
Molecular Dynamics Glide Docking & Scorin

!

Cluster conformations from
trajectory (RMSD)

!

1,000
Binding site prediction and (Top Glide ***Hits
confirmation for allosteric based on G-score)
pockets
(Q-Site Finder, PCA) l postprocessing
Lionta et al, Curr Top Med Chem (2014) 30 compounds purchased and assayed in vitro

Zoe Cournia — Academy of Athens



Preclinical study of PI3K-010 (xenografts)

MDA-231-MB (PI3Ka WT HCC1954 (H1047R PI3Ka mutant)

| | 8 '
g | ¢ AW A ‘ 4 . R
Solvent 28 A% 49 5 & soven B = S € *

P02l (i | R B DERSP| rico ® = » - & =

PI3K-010 ool oul e A0 PI3K-010
_*y .~ J \ \ ? @ ’ ¥ o d
lg}:'?”’;;m","“"2‘,1”1‘5“”_{'!l]“I!.I“”gHir,ijml ”5‘““ H!*il\ llﬁ'?l?‘l l""!!llvtll QUL \_1“‘\‘\"'A;..' _— i X
03 7
Tumor weight Tumor weight
06 0.25 1
05
0.2 1
03 Solvent 015
. PI3K-021 i
o PI3K-010
0.05 -
0- control Treated 21 Treated 10
(D. Stellas, Efstratiadis lab) PI3K010 in corn oil following oral

dosing in mice (100 mg/Kg).
371




f UNTREATED, 4 REAED e

PI3K(H1047R); \( ; rovd
MMTV-MYC breast cancer model ‘ {]
' ' M \
A

[N 4teﬁt qu‘cation”deposit,édf#2€)180100392

Nl L

-
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Recipient of the 15t PRACE Ada Lovelace Award

Nominated by I Liabotis (GRNET)
May 2016

&9 04.05.2016
Home 4y | EIAE

Winner of the 1st PRACE Ada Lovelace Award for HPC PRACE 16 ZT“,V gpeuvnTpia Zwr Koupvia 1o
Monday 2 May 2016 Bpapeio «<PRACE Ada Lovelace» yia Tnv
avanTtuén avTIKapKIVIKOV ¢apHAK®V

H EAAnvida eniotripovag gival epeuvrTpla oto’Id6pupa
laTpoBioAoyikwv Epeuvav Tng Akadnpiag ABnvav kai 1dikeveTal
otnv YnoAoyioTiki Xnpeia

Home page » About PRACE » PRACE Awards » PRACE Ada Lovelace Award » Winner of the 1st PRACE
Ada Lovelace Award for HPC

PRACE is proud to announce that Dr Zoe Cournia, a Computational
Chemist, Investigator — Assistant Professor level at the Biomedical
Research Foundation, Academy of Athens (BRFAA), Greece has been
selected as the recipient of the 15t PRACE Ada Lovelace Award for HPC.
The Award will be bestowed at PRACEdays16, ( http://www.prace-
ri.eu/pracedays16/ ) to be held 10-12 May 2016 in Prague. Dr Cournia was
selected for her outstanding contributions and impact on HPC in Europe on
a global level.

Dr Cournia was awarded core hours on PRACE resources as Principal
Investigator for research on Mechanistic studies of the Arp2/3 complex
activation and Selective inhibition of the PI3Ka E545K mutant through MD
simulations, in vitro assays and SPR experiments in the 6th and oth Project
Access calls, she was also a collaborator on other projects in
Nanotechnology and Clinical, Experimental Surgery & Translational
Research.

ZOH KOYPNIA " i
epeuvitpla ato I6pupa latpoBlohoywdv Epeuviov Akabnpiac ABnva

Me to mpuwto eupwraiké Bpapeio «Prace Ada Lovelace», to omoio Bpafevel yuvaikeg
ETMLOTAPOVEG TIOU a&LOTIOLOUV TOUG UTIEPUTIOAOYLOTEG otV €peuvd toug Ba TunBel n
gpeuviTpLa Zwrj KolpvLa yLa to £pyo Tng Mavw oToV OXESLACHO QVTIKAPKLVLKWV

PapPAKwWV Kat oTLG UTTOAOYLOTLKEG TIPOCOHOLWOELG Blopopiwv. H EMnvida

Zoe Cournia — Academy of Athens



VRE for regional Interdisciplinary
communities in Southeast Europe
and the Eastern Mediterranean

Coordinator: GRNET (O. Prnjat)

Oct 2015 — Sep 2018
Life Sciences - Scientific Community

Dr. Zoe Cournia
LS SC Leader

Biomedical Research Foundation, Academy of
Athens
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Web-server hosting of Application level

. . «
services: ChemBioServer =y

J ChemBioServer post-processes virtual screening results for drug design

http://chembioserver.vi-seem.eu

i

Home Help Contactus Compound ID VDW Energy Test VDW Distance Test

- PASS AW 00785 - - FAIL AW 00785 -

Basic Search @ van der Waals Filtering compound:
Browse
St ot - PASS AW 00788 - - FAIL AW 00788 -
3 step 1. [ Browse... | Please, Upload an sdf* file. AW 00788 Buawselist EocDataile_
Filtering In this steg user is able to upload 'an §df File that used for further processing. - » e N
Note: Maximum allowed upload size is 3MB (~1000 compounds) mpound:

@ Predefined AW 00785

Queries Step 2. Please, Select vdW Parametres. o 04 - PASS AW 00939 - - FAIL AW 00939 -
@ Combined Search (P ot
: s0Kcal/mol ‘ AW 00939

* van der Waals Energy Threshold:

~~ van der Waals Radii Tolerance: 5% - - PASS AW 00694 - - FAIL AW 00694 -
SUVRRORGY J Compound: 5 Browse List For Details... 2 |] Browse List For Details... %
Filtering AW 00694 — —
@ Substructure "4 Final Step. . is - PASS CD 10205 - - PASS CD 10205 -
e . Z mpound: . . - . —
@ Van der Waals (*Warning: *.sdf files are temporary saved on the server and deleted after processing) g | Browse List For Details... * || Browse List For Details... 2 |
@ Toxicity o . - PASS GK 02096 - - FAIL GK 02096 -
e i T
g Browse List For Details... * |} Browse List For Details... *
Clustering
- o 08 - PASS HTS 01561 - - FAIL HTS 01561 -
Ea et
e Browse List For Details... || Browse List For Details... *

@ Affinity

Propagation - PASS MWP 00404 - - FAIL MWP 00404 -

Compound: 9 - - e . g -
. _Browse List For Details... = _Browse List For Details...

- PASS NRB 02577 - - FAIL NRB 02577 -

Compound: 10
e Browse List For Details... 2 || Browse List For Details... =
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AFMM is a parameterization tool for MD g
simulations of small organic molecules =y

http://afmm.vi-seem.eu

AFMM - A Molecular Mechanics Force Field Parametrization Program

o Set the parameters
Please follow the instructions to perform your analysis or Run Example.

P1: Min value Max Value Start Value

o Provide your Molecular Mechanics normal
P2: Min Value Max Value Start Value

modes
CHARMM output file = |
Max Steps: e.g. 20
File must have an extension ".inp"
no file selected Max Sigma Steps: I
o Provide your Quantum Mechanics normal QM Factor: 0.89
modes
Weighting: f s
Gaussian output file | g g requency

Currently 3 types of output files are supported for
optimization in AFMM: NWChem 4.5 and older, Gaussian

94/98 and Molden format. In principle, any normal mode
output can be transformed in the Molden format which Run Calculation
contains the frequencies, coordinates and eigenvectors.

no file selected Run Example


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
http://afmm.vi-seem.eu

Subtract, a tool to measure the protein g
binding site volume F===Y

http://subtract.vi-seem.eu

" 6.0

6.5
O Computes the 3D convex hull of protein binding site atom points™® . ,.

J 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

http://nanocrystal.vi-seem.eu rsasene

omputatio... Meetings a... In the News... Exploring G... Insights WWW.§ Nanoparticl...

A crystallographic tool for the construction of A tool for the construction of spherical
nanoparticles nanoparticles

This tool constructs nanoparticles for simulation of any material and size. This tool constructs spherical nanoparticles of a given radius.
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FEPrepare: Automating Free Energy g
Perturbation calcuations for Drug Design E==

: FEPrepare

Choose the input you want to upload

[ LigParGen J L C-Gen-FF }
Lg dAb d g

AAG=AGs—-AGa
=AG:-AG:

. http://feprepare.vi-seem.eu
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v VI-SEEM Virtual Research égm
Environment Portal

- SCIENTIFIC REPLIRTS

o OPEN |nsights into the mechanism of the
arel PIK3CA E545K activating mutation
1. Investi¢ Using MD SimU|ati0nS

2. Investic _— :
* Received: 13 June 2016 i Hari Leontiadou, loannis Galdadas(®, Christina Athanasiou(®) & Zoe Cournia®
Accepted: 4 May 2018

3. PSOMI published online: 19 October 2018 . Phosphoinositide 3-kinase alpha (PI3Ka) is involved in fundamental cellular processes including cell

: proliferation and differentiation and is frequently mutated in human malignancies. One of the most

Data Availability
All data (input files, output files, trajectories) have been deposited and can be freely accessed at https://repo.vi-

seem.eu/handle/21.15102/VISEEM-254.

B T L TR T T R L L et B e araaa i 2 i g rrmaseanas

7. Insights into the mechanism of the PIK3CA E545K activating mutation using MD simulations - E545K oncogenic mutant of PI3Ka

8. Insights into the mechanism of the PIK3CA E545K activating mutation using MD simulations - Wild-Type (normal) PI3Ka



VI-SEEM Success Story: The D3R Project g

Vi-SEEM

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

0 Worldwide drug design competition organized by University California, San Diego

& Roche Pharmaceuticals
O Goal: Predict blinded experimental data courtesy of Roche

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

oo A} Q,,, }‘ 0 C. Athanasiou, S. Vasilakaki, Z. Cournia
) ¥ \-/ X (Biomedical Research Foundation
TH 3§ER359 Orange: crystal structure
é %) 0 \,) Green: predicted pose Academy Of Athens)

| sER}gf , r a D. Dellis (Greek Network of Research and
ARG3%Z@ ;f// \/ ] w RMSD =0.316 A Technology)

RT3, Q© O  W. Sherman (Silicon Therapeutics)
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VI-SEEM Success Story: The D3R Project

X

Vi-SEEM

0 Ranked #1 out of 46 teams in this worldwide drug design competition

.

/N\(

Benzimidazoles

6-9, 13-14, 19-22,

24-32, 35-36
Mean RMSD: 0.84 A
Mean Rank: 8

v Known chemotype
in crystal structures

v Docking, alignment,

minimization
worked really well

Sulfonamides

15-17

2.95 A

6

v Cross docking
predicted
unknown
binding mode

v Cross docking
predicted
unknown
binding mode

Isoxazoles
4,23,33

4.94 A

43

v Diversity in
binding modes

did not allow for

accurate
prediction

Miscellaneous

1-3,5,18, 34

5.57 A

24

v Cross docking
did not work

Athanasiou et al, JCAMD 2018
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