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BioExcel Centre of Excellence (est. 2015)

h
SOFTWARE b I O e [ TRAINING
Wicely used, fast and scalable codes for integrative “ask-me-anything” sessions, hands-on work: o,
modoling and molecular simuistions wummmnmm s
(= |
CORE DEVELOPERS CUSTOMISATION .
byt Taiorod soksions s o s revcs Y Horizon Europe

WORKFLOWS CONSULTANCY

User-riendly and efficient systems for workfiow Personaized support with software LUsage, tuning
ouocutions and data processing nd scientiic aspects of the reesarch

ACADEMIA
INDUSTRY

Funded by the Horizon 2020
Framework Programme of the
European Union

=5 EuroHPC

* Provide Life Science researchers with high-quality, user-friendly software
» [Increase their expertise and skills
« Strengthen the community 3




Molecular Dynamics simulations:

GROMACS




Molecular Dynamics simulations: use-cases

Biomolecular MD Materials MD
Cellulose + lignocellulose + water: 107 particles

Contact line friction &
wetting dynamics
107 -10° particles

Nucleation in nano-crystals:
109-10"* particles

"o

104 particles



FAST. FLEXIBLE. FREE.
« Classical MD code

- supports all major force-fields

. A
- broad algorithm support Iy
A parallel
« Development: [ constains

arbitrary

Stockholm Sweden & partners worldwide units cells

n-.rk(
. Large user base: - } J -~

virtual interaction sites

— One of the top HPC codes worldwide

deployed on most clusters
- 10k's academic & industry users

. Open source: LGPLv2 Fighth shell Triclinic unit cell with

domain load balancing and
decomposition staggered cell boundaries

« Open development:

- code review & bug-tracker: https://qgitlab.com/gromacs



https://gitlab.com/gromacs

FAST. FLEXIBLE. FREE.

GROMACS

« Focus on high performance:

efficient algorithms & highly-tuned parallel

Aebel iy
code =
. . A parallel
« Bottom-up performance-oriented design: ‘ i constraints
1m: M n bl RN
~ absolute performance over “just scaling Cits cols glias
« Focus on portability N } \% y
— Linux distro integration and Cl Virtual interaction sites

- regular testing on all HPC arch
— SIMD portability library, GPU abstraction layer
- open standards-based languages/APlIs

Eighth shell Triclinic unit cell with
« Modern development workflow domain load balancing and
decomposition staggered cell boundaries

- mandatory open code review for >10 years
- tiered Cl testing / verification



« Multi-level hierarchical parallelization: target hardware levels individually

— Intra-node:

« OpenMP multi-threading

- static loop schedule, cache optimized work decomposition, sparse
reduction

« SIMD C++ library abstraction: 14 SIMD flavors supported
« GPU abstraction layer: CUDA, OpenCL, SYCL backends
« thread-MPI: pthreads-based MPI for ease of use

— Inter-node:

« MPI:
- SPMD / MPMD

- Direct GPU communication (GPU-aware on all platforms)

- hierarchical ensemble parallelization

« NVSHMEM - codesign work in progress

- multi-level load balancing:

« dynamic load balancing

 facl halanrcinA



GROMACS parallelization schemes

Homogeneous scheme

. B

Force offload parallelization

- —

GPU

Szilard Pdll et al., J. Chem. Phys. 153, 134110 (2020) doi:10.1063/5.0018516

- -
)

GPU |

GPU |
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Learn more: http://biocexcel.eu/webinars
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http://bioexcel.eu/webinars

Algorithm redesign for SIMD avoritiom parallel sficieny oV
modern architectures

Cluster palr -interaction algorlthm for SIMD/SIMT
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4x4 setup on SIMD-16
[o]1]2]3]4a[5]6]7[8]9]10]11]

Dual pair list with dynamic pruning

[8|9/10[11] [12/13]14/15]

Pair-search step every 50-400 iterations
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Pall, Szﬂard and Berk Hess, https://doi.org/10.1016/j.cpc.2013.06.003



Long-term readiness efforts

Direct GPU communication with proven strong scaling

Domain decomposition strong scaling: Strong scaling with PME and cuFFTmp:
ethanol 0.72-46M atoms benchPEP-h 12M atoms
1000
120
8- No PME decomp or GPU direct comm
100 -+ GPU direct comm
—— PME decomp & GPU direct comm

= 100 _
E = 80
g 2
s 2
5 w
: :
2 10 E
& Simulation size (atomns) E 40
—-+0.72M
-8 2.88M 20
—-+11M | | - |
- 46M h h T 1
’ 0
1 N N 1000 1 2 4 8 16 32 64

#nodes (4 GPUs/node) Node count (4x NVIDIA A100 GPUs)



Recent & ongoing codesign activities
= NVIDIA collaboration:

= >10 years of collaboration

= Recent years: focus on codesign in anticipation of heterogeneous HPC in
exascale

= Direct GPU communication algorithm /implementation redesign

= More efficient GPU scheduling: P2P multi-GPU, graph scheduling (ongoing)
= Energy efficiency (ongoing)

» Time-to-solution vs energy-to-solution

= Considering from low-level algorithmic tuning to node-level optimization

intel)
* [ntel OneAPI CoE: development of SYCL port n*urlt:mer£ AMD:Y

= as a new portability backend (replacing OpenCL) ';||/-|.|P a r’m
= SYCL in production on Intel and AMD GPU systems (ORNL Frontier, LUMI)

= Collaboration on future programming models and standards: (hipSYCL,
OneAPl/IntelLLVM)

CiePi

European Processor Initiative



Evolution of GPU hardware & APl support

1% heterogeneous
parallelization:
Force offload
mode: Nonbonded
CUDA v4.6 (2013)

< NVIDIA. <2 NVIDIA.
Force offload: CUDA: GPU- Direct GPU comm:
PME, dual pair list resident mode, optimized P2P &
CUDA & OpenCL early support for CUDA-aware MPI;,
v2016 direct-GPU comms PME decomposition
v2020 with HeFFT backend
v2022

<ANVIDIA

CUDA-graph
single/multi-GPU,
cuFFTmp support
v2023

SANVIDIA.

CUDA-graph opt
post-prune pair-list
sort in CUDA

Early work on GPU-
initiated comm.
v2024

@ O O oo o ¢ oo o oo

OpenCL portablity
backend

(AMD / NVIDIA)
NB force offload
v5.1 (2015)

TREAM

h Performance Computing

OpenCL SYCL: early GPU-resident SYCL
improvements & support on Intel on Intel (dpc++) and
Intel support Better FEP AMD (hipSYCL);
Force offload: support & v2022
bondeds (CUDA) improvements in
v2019 CUDA

v2021

‘ in/t;D@g NVIDIA. ‘ il'l/t;D GE NVIDIA.

(intel

SYCL bonded offload
and PME
decomposition with
HeFFTe (Intel/AMD)
v2023

(intel

SYCL AMD
optimizations
runtime
improvements
v2024



SYCL on AMD systems: strong scaling

GROMACS SYCL vs HIP fork scaling Thousands of atoms per GCD
on Cray EX235a (LUMI-G) 5750 2875 1437 718 359 179 89 44 22 1411
300 | | | | | | | | | | 1
’c%, p— —<4— AdaptiveCpp 0.9.4
g 290 1 —a— AdaptiveCpp 23.10
g 200 4 —»— AdaptiveCpp 23.10 (instant)
‘q’)’ —e— HIP
o 150 -+
o
(o}
£ 100 -
&
&) 50 =
A
0
N W D D © YV > > O M.V
S\ I K S AN

Number of nodes
Strong scaling of domain decomposition on up to 512 LUMI-G nodes

—parallel efficiency with ACPP instant submission on par with HIP fork

—absolute performance only ~15-20% from HIP fork (mainly due to compute kernels)
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FAST. FLEXIBLE. FREE.

GROMACS

bioeXcel

Rasmus Kronberg, CSC: hitps://bioexcel.eu/efficient-molecular-dynamics-simul ations-with-gromacs-on-lumi
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1 SYSTEM

375 Petaflop/s
SUSTAINED COMPUTING POWER

T SN
‘l l 100%
HYDROELECTRIC

=l ENERGY

COMPUTING POWER EQUALS

1.5 MILLION

MODERN LAPTOP’S

CAPACITY

1.5 million laptops

bioeXcel



M d GPU partition
(LUMI-G)

J

Core Complex Die (CCD) C PU pq rh“on NUMA node
8 CPU cores with two-way SNIT (Mqhﬁ ) 4 NUMA nodes
* 32KiB of L1 cache per ls\loﬁm 2 %CDS
per node

e 512KiB of L2 cache
Cores ina CCD share 32MiB of L3 cache

@ Infinity fabric GPU-GPU
50+50 GB/s

Memory controller, === Infinity fabric CPU-GPU

2 C P U S / N Od e securlty featyr.es’ Cray Slingshot-11 interconnect
PCle and Infinity 25+25 GB/s
Fabric links

bioeXcel

https:/ /docs.lumi-supercomputer.eu/



GROMACS 2023.1, ADH benchmark (96k atoms)

GROMACS 2023.1, STMV benchmark (1067k atoms)

, 5000
“ Mahti (CPU)

e LUMI-G (GPU)

Number of GCDs or CPU nodes

~l
o

4750

4500
4250
4000
3750
3500
3250
3000
1 7

Trajectories per GCD

o
o

%))
o

Performance (ns/day)
w b
S O

N
o

=
o

o
Aggregate performance over 8 GPUs (ns/day)

bioeXcel

Rasmus Kronberg, CSC: https://biocexcel.eu/efficient-molecular-dynamics-simul ations-with-gromacs-on-lumi
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» Most systems run well on a single GCD, performance typically
better than on one 128 core CPU node

= | arge systems (several 100 000 - 1M atoms) are usually able to
scale to multiple GPUs (mind the proper binding of CPUs and
GPUs)

= GPU utilization can be maximized for small systems (lLess than
100 000 atoms) by running multiple independent trajectories per
GCD (multidir feature)

= 100 microseconds per: either 1) 42 LUMI-G nodes (<2% of the
total LUMI-G) or 2) 560 CPU-only nodes (40% of Mahti)

bioeXcel

Rasmus Kronberg, CSC: hitps://bioexcel.eu/efficient-molecular-dynamics-simul ations-with-gromacs-on-lumi
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Berk Hess

Mark Abraham
Paul Bauer
Szilard Pall
Aleksei Yupinov
Sander Pronk
Magnus Lundborg

Christian Wennberg
Christian Blau
Artem Zhmurov
David van der Spoel
Carsten Kutzner
Justin Lemkul
Roland Schulz

Joe Jordan
Cathrine Bergh
Kevin Boyd
Alexey Shvetsov
Eric Irrgang
Pascal Merz
Tatjana Shugaeva

Viveca Lindahl Sebastian Wingbermiuhle Farzaneh Jalalypour

And many, many others (old & new) — many of which did not even code!
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Free Energy Calculations:

GROMACS + PMX




Free Energy Calculation for Drug Screening

Bert de Groot et al.

22




Alchemical transformations &
Free Energy Calculations

WT unfolded MUT unfolded Protem DNAYT Protem DNAMUT Ligand T Ligand™UT
protein protem

AG AG
¢AG¥§ng fM Tff g 3 2¢

folded

AGmtt

%; A63
WT folded MUT folded W W

protein protein DNAWT DNAMUT Protein-Ligand"" Protein-Ligand™"

Amino acid mutations Nucleotide mutations Ligand binding

b|oe>'<ce[

Bert de Groot et al.
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Absolute protein-ligand binding AG

Large scale absolute protein-ligand binding free energies

Chem. Sci, 2021

bioeXcel
e




On-demand rapid large-scale drug screening with PMX:

A large-scale protein-ligand relative binding free

energy scan: 10.1039/C95C03754C

“Days, not months!”

This study showcases scaling achieved with the non-
equilibrium free energy calculation protocol using

GROMACS+PMX.

482 relative binding free energy estimations in 11

protein-ligand systems using 2 molecular mechanics
force fields.

Similar case used for benchmarking

© Raven@MPCDF (512 nodes)
O 1 node = Intel Xeon Cascade Lake-AP (96 cores)
©® 480 nodes (~46k cores)

® ~3.4 million core hours in 3 days

PDE2: 21 ligand
34 pertuebations

with HPC

&

Galectin: 8 hgands

B perturbations

JNKY: 21 ligands
31 perturbations

Thrombin: 11 kgands

16 pertwrbations

TYKZ 16 ligands
24 perturbations

PTP1b: 23 ligands

49 pertrbations

cMet: 12 ligands
25 pertrbations

BACE: 80 Nigands
144 perturbations
(divided in 3 sets)

MCL1: 42 ligands
71 perturbations

P38: 34 ligands
56 perturbations

FEP+ OPLS 3 GAFF CGenFF Consensus: GAFF+CGenFF
[AUE = 3.66:0.14 7] [AUE=388:015 ; 7| [AE=461:018 | 7] [AUE=38=014 !
cor w 0691003 Yoo cor=061:003 l ’ corw 0541004 ¥, corw063:003 ] ’
Lkealimol = 6813 o 1 kealimol = 6}~2 ;’ v mamml-sg 1kcalimol = 66120 . 4~

' ¢~ 2 &?\ g i '4»' Vi 22& ;( i
¥ P i
T ['i3hs
' e W J‘i N
i 7 | S
1 R b
A% Ty, 1 RIRA AR
P O LI L it L)
C * i Values: 482 | ! Values: 482 P Yol Values: 482 P Values: 482
20 .10 0 10 20 20 <10 0 10 20 20 210 0 10 20 20 .10 0 10 20
AAG,,, kj/mol AAG,,, kl/mol AAG,,,, kj/mol AAG,,,, ki/mol

ow/ly ‘“ovy-

COK2: 16 ligands
25 perturbations
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High-throughput screening:
5k AAG in a day

c5.2x1 c5d.2xI g4dn.2x|
2000 ] ¢5.4x1 €5d.4xl === g4dn.4x|
e €5.18xX] s ¢5d.18x
w— C5.24x|
o 1500
U
|9
c
£ 1000+
(%))
£
500 -
0.
. . FEP+ PMX
A S A ini T
—3s::z:gr:ir:)?mla) AUE = 1.06+0.04 // AUE = 1.09+0.0F P
800 L s US West (Oregon) 201 RMSE = 1.38+0.05 : 1 RMSE = 1.46+0.06 *
2 iy A A s Europe (Ireland) cor = 0.66+0.08 . cor = 0.62+0.
Y L Asia Pacific (Singapore)
| ) === Asia Pacific (Seoul) Ie) 4
600 - 3/\\ g 10
\ ) <
z | >
O 400+ s 0
©
O
O
200 3'10"
" 20057 | Values: 526 |/ ﬁ
220 - ~ ] ] .
S 8 8 8 8B 8 5 8 &5 8 55 % &8 8 & 9 ’ fAGcac = 0.84AAGer, + 0.05 ’ Gegie = 0.790AGex, + 0.0
S & & & 9 & & & & & &9 & & & & & & 9o - - - - - ; ; - -
4 8 R A I A8 88532 3Aa3n 3RS 20 -10 O 10 20 -20 -10 O 10 20
é E fg’ g é g E & &£ &E &E E &E &E &E &E E & AAGexp, kJ/mol AAGexp, k)/mol

Kutzner et al. JCIM 2022
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PMX developers team

Membrane channels:

Andrei
Mironenko
Wojciech g:‘zga
Kopec y
(R;uo-Xu Tom
u Lam
Chengong
Hui

Thomas Baukrowitz
Adam Lange

Ulrich Zachariae
Kornelius Zeth
Claudia Steinem
Thomas Jansen
Markus Zweckstetter

Free

enerqy calculations:

Martin Vvtautas Yuriy Matteo
e A e e e O
Kai Tittmann
Hannah Baumann é .
Boehringer Ingelheim blo C@L ||||| Ingelhelm
Janssen pharmaceuticals - e
AstraZeneca ? Forschungsgemeinschaft

Alexander von Humboldt DFG

Stiftung/Foundation

Collective dynamics/ aggregation:

Dirk '

Matthes

Martin Werner

Benjamin
Eltzner

Axel Munk

Christian Griesinger
Markus Zweckstetter
Loren Andreas

Alexander von Humboldt
Stiftung/Foundation
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HADDOCK

for

Integrative Modelling

28




Molecular Docking




Interaction Energy

Data Integration during Sampling

Global Search

A

Information-driven Search

A

Conformational Landscape

Conformational Landscape

A 4



What is Integrative Modeling?

NMR Titrations  Cross-linking RDC, PCS Bioinformatics
EFRGSFSHL
g EFKGAFQHV

LFRLTWHHV r;;fgfz_u

1H

EFEPSYPHI ity
H/D Exchange/ ~{ Sl l | 3 Mutagenesis

1 o
DZO +
INTEGRATIVE g &8 MODELING

PRE, EPR, FRET .
% cryo-EM, SAXS




HADDOCK:
An integrative modeling platform

. NMR titrations y
Incorporates ambiguous and low- , : B arn "MRicrosssaturation
] ) ] mutagenesis X & i &Qj :
resolution data to aid the docking ). —.. e
~ « 14
] D<o l
Capable of docking up to 20 \
) Cross-linking
molecules (2.4 version) UD Uj HADDOCK
Symmetries can be leveraged 'l
ay =g= H/D exchange
Allows for flexibility at the J
DO
interface ' Other sources
i i i i Bioinformatic predlctlons 8:8=SAXS, cyoEM
Final flexible refinement in = e S NMR anisotropy data .
explicit solvent el QP %
R A RDCs, para-restraints, diffusion anisotropy

Consistent performance over the
vyears in CAPRI Dominguez, Boelens & Bonvin. JACS 125, 173 (2003).

52
http://www.bonvinlab.org/software



GPCRdock 2021

Shape-restrained protocol put to the test in
the blind GPRCdock experiment

Siri Manon
Van Keulen Réau

OPRK

0.1%

o Target structure
-| ® Top-ranked models
4 Other models

Utrlecht-Bonyin
— Uppsala-Carlsson
SIAT-Yuan/
Leiden-Jespers

/

7

4
I ﬂ ’ I I ” | -
12 14 16 18 20 22 24 26 28 30

Ligand RMSD, A

https://gpcrdock2021.org 33




HADDOCK server at a glance:

e One bioinformatics workflow - 80% of which on EOSC
e 50 nodes - 2400 cores HTC resources
e Completed in ~16 hours, _ (from >110 different

e Generated ~175GB of data. :
countries)

ADDOCK3

High=ambsguity Driven Docking

Modular re-write in Python 3
Testing & Continuous Integration enabled
Free and Open Source (Apache 2)

Supports basic docking and scoring scenarios

Nodes1ordld  ~ Nodes!1rd48 . { Node 221r1dd7 Node s13200)  ~= Node 8122004 ~ Nedes1 22023 Node s132072

Node s1IAT1 = Node s0l2046 — Node s0&r 241 824 Node s21rba2 = Node s21r1b4) Node s2111b46  — Node s211b4S
— Node 2111044 Node s162871 BT — Node 002N W21 — Node s06220 Node 5162053 Node 11571019 — Node 0711023

NodesOIb2d  — Nodes0Ird70 || Node s7risT1 - Node 11501024 Node s151022 = Node 0151023 Node 8151020

NodesiSrib21 = Nodes1 122 Nodes11nbZ3  — Node 2111048 Node s092b0) Node s11204) = Node s05r1045 Node s051beé
=~ Node s16r2b58 Node s16r2b62 Node s16r263  — Node 516r22060

Ready for custom workflows and integration of

third-party software



HADDOCK developer team /

Alexandre Bonvin

m formner (SeMme) ane eurrane

™ Py

e ray el Yy

NJYO

ViR O

el et el

L OP=UINY

WENMR
VESTAATE
EGLSEITYayc
LIND1G0SDataciouu

bloe\\CGL DOTIVIMTaDROTYHY PEoPICE



Automation Workflows:

BioExcel Building Blocks (BioBB)




BioActive Compounds pipeline: a platform designed to efficiently generate bioactive conformers and speed up the drug discovery process.

Qctive

MEOUNJS

http://mmb.irbbarcelona.org/BCE/
Sanja Zivanovic et al., J. Chem. Theory Comput. 2020, 16, 10, 6586—6597

o
Hamiltonian Replica Exchange Simulations (Equilibration Phase)

Ligand B i adiaton.
Parameterization

Replica
Adding Hyd : = i Energetically equilibrating the system (ligand + solvent), for N replicas.

minimizing the system, and
generating parameters.

Clusterization

~__ Energetically minimizing s

Mechanics

" MD System

Setup

Step 6. Quantum Mechanics.
Computing QM energy using 2 levels of
theory: Hartree Fock (HF/3-21G) and

B3LYP (B3LYP/6-31G).

Step 2. MD System Setup.
Building topology and solvent box.

Hamiltonian Replica Exchange Simulations (Production Phase)

_ Building GROMACS Topology

3 Replica (
Running Hamiltonian REMD simulations for N replicas.

QM Hartree Fock HF/3-21G |

g I QM B3LYP B3LYP/6-31G*

2 mmf WT Box



http://mmb.irbbarcelona.org/BCE/

X

GROMACS ..

FAST. FLEXIBLE. FREE.

J. i
2

g
A
1%
W

b
+  Amber1i8  AmberTools19 I\:‘. 4

A

NAMD, VMD

Scalable-Molecular Dynamics

POB, M \ Drug Design, GSAR
S0 File, GML Comptational Modelling
Gaussian |
MMFFo4 . Software
(L ——— 5 Web Senvices
GAFF i File Conversion
Fingemrints Substructure Search
Descriptors \ o
Operations Python, Java
Ce Ruby, Ped, C¥
=== Open Babel -

pmx: generate hybrid protein structure and topology

Computational Biomolecular Dynamics Group

* @
PW%:' Modelle
ANALYSIS A S "

AutODOCk 4 Structure Modelling by Satisfaction Te nsorFI OW . { AR/ {

of Spatial Restraints

Gaussian, Inc.

And many many more...



BioExcel Building Blocks: BioBB

------------------------------------
- ~

1) Building Blocks 2) Workflows 3) Workflow
Managers

i Workflow Manager Adaptation Layer
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https://mmb.irbbarcelona.org/biobb
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http://mmb.irbbarcelona.org/biobb/

biobb common
Common auxiliar functions

biobb_gromacs
Molecular Dynamics GROMACS

biobb _amber
Molecular Dynamics AMBER

biobb model
Molecular Modelling

biobb ml

Machine learning

biobb vs

Virtual Screening

Babio

i = IPDB biobb_io
PDBe-KB Biological databases

Protein Data Bank in Europe Knowledge Base

Release 2023.2

biobb_analysis

MD trajectories analysis

biobb_structure utils
Modify or extract information
from PDB

biobb_chemistry

Chemoinformatics functionalities

biobb_pmx

Free energy calculations

biobb dna
Nucleic Acids MD
Trajectory analyses

S biobb_cmip
Molecular Interaction
Potentials

biobb_cp2k

Quantum Mechanics

biobb_flexdyn

NMA-based conformational

ensemble generation

biobb flexserv
Coarse-Grained conformational
ensemble generation and flexibility
analysis

biobb_godmd

Coarse-Grained
conformational transitions

And many others to come...



Ensemble A
WT MD

Ensemble B
Mut MD

{N structures} {N structures}
Y Y
Generate Hybrid Generate Hybrid
Structure Structure

|

|

Generate Topology

Generate Topology

|

l

Generate Hybrid
Topology

Generate Hybrid

Topology

I

Free Energy
Calculations

Alchemical Transition
Analysis

|

/

Binding Free Energy
Difference AG

b|oe>'<ce[

Generate GMX index files
(freeze groups)

!

Energy Minimization

h

System Equilibration

Thermodynamic Integr

from biobb_common.configuration import settings
from biobb_md.gromacs.pdb2gmx import pdb2gmx
from biobb_md.gromacs.editconf import editconf

def main(config, system):

# Load configuration

conf = settings.ConfReader(config, system)
mut_prop = conf.get_prop_dic()

mut_paths = conf,.get_paths_dic()

# Workflow definition
for structure in conf.properties['input_structures”].split(','):

pdb2gmx (**mut_paths["stepl_pdb2gnx"], properties=mut_prop[“stepl_pdb2gnx"])
editconf(**mut_paths[“step2 editconf”], properties=mut_prop[“step2_editconf"])
solvate(**mut_paths["step3_solvate”], properties=mut_prop[“step3_solvate”])
grompp(**mut_paths[“stepd_grompp"], properties=mut_prop[“stepd _grompp“])
mdrun(**mut_paths[“stepS_mdrun"], properties=mut_prop[“stepS_sdrun”])

WMS adapter
@task(pdb_path=FILE_IN, gro_path=FILE_OUT,top_zip_path=FILE_OUT)

BioBB definition
def pdb2gmx(pdb_path, gro_path, top_zip_path, properties):

BioBB implementation

" b biob irplenentation ™

BioBB
configuration

7

Environment
configuration

S

Workflow

(a) Development

bio
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WEF scalability on Discoverer Supercomputer (Bulgaria)

bioeXcel

Strong scaling
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Jorge Ejarque et al., 2022 IEEE 18th International Conference on e-Science
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Malleability

= Workload == Resources
3.500

3,000

2500

1500

Parallel Workioad (s)

1,000

500

1,000

Jorge Ejarque et al., 2022 IEEE 18th International Conference on e-Science
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& GROMACS PROTEIN MD SETUP

Babio e

Demonstration
Workflows
Collection

[ [ ma Lprotan ]

2023.1

This tutorial aims to illustrate the process of setting up a simulation system containing a protein, step by step, using the BioExcel Building
Blocks library (biobb). The particular example used is the Lysozyme protein (PDB code 1AKI).

3 WorkflowHub = Jupyter Notebook ~ §CWL | @ Python | . Galaxy

o Launch & Jupyter Notebook * % Galaxy = [& BioBB Workflows

= View tutorial ©) Open Github repository & Open documentation

(*) Binder for biobb s 2 small Installation and to promete falr use of our resources, one user Is allowed to run only one notebaok server at a time. Launching a new notebook server should stop
the previous one. Users cannot see the notebooks run by other users, but please avold entering secret data to the notebooks,

s AUTOMATIC LIGAND PARAMETERIZATION

2023.1

This tutorial aims to illustrate the process of ligand parameterization for a small molecule, step by step, using the BioExcel Building Blocks
library (biobb). The particular example used is the Ibuprofen small compound (3-letter code IBP, Drugbank code DB01050), a non-steroidal
anti-inflammatory drug (NSAID) derived from propionic acid and it is considered the first of the propionics.

L3 WorkflowHub '~ Jupyter Notebook ~ §CWL | @ Python | & Galaxy

+f Launch ‘ajupyter Notebook * = % Galaxy | [&BioBB Workflows

T View tutorial ~ €) Open Github repository & Open documentation

(*) Binder for blobb s a small Installation and to promete falr use of our resources, one user Is allowed to run only one notebaok server at a time. Launching a new notebaok server should stop
the previous one. Users cannot see the notebaoks run by other users, but please avold entering secret data to the notebooks,

& GROMACS PROTEIN-COMPLEX MD SETUP

20231

This tutorial aims to illustrate the process of setting up a simulation system containing a protein in complex with a ligand, step by step,

using the BioExcel Building Blocks library (biobb). The particular example used is the T4 lysozyme L99A/M102Q protein (PDB code 3HTB), in
complex with the 2-propylphenol small molecule (3-letter Code JZ4).

O3 WorkflowHub = Jupyter Notebook ~ §CWL | é¥Python = . Galaxy

+ Launch @Jupy{er Notebook * = % Galaxy | [ BioBB Workflows

7 View tutorial € Open Github repository & Open documentation

(*) Binder for blobb Is a small Installation and to promete fair use of our resources, ne user s allowed to run only ane notebook server at a time. Launching a new notebook server should stop
he previous one. USers cannot see the notebooks run by other users, but please avold entering secret data to the notebooks.

i MUTATION FREE ENERGY CALCULATIONS

1

g
f
i
1

cxmen e

20231

This tutorial aims to illustrate how to compute a fast-growth mutation free energy calculation, step by step, using the BioExcel Building

Blocks library (biobb). The particular example used is the Staphylococcal nuclease protein (PDB code 15TN), a small, minimal protein,
appropriate for a short tutorial.

L3 WorkflowHub = Jupyter Notebook  # Python
o Launch & Jupyter Notebook *

= View tutorial ©) Open Github repository & Open documentation

(*) Binder for biobb s 2 small Installation and to promete falr use of our resources, one user Is allowed to run only one notebaok server at a time. Launching a new notebook server should stop
the previous one. Users Cannot see the Notebaoks Fun by other users, but please avold entering secret data to the Notebooks,

[docis ] gana ] prten]

5 PROTEIN-LIGAND DOCKING (FPOCKET) 2023.1

This tutorial aims to illustrate the process of protein-ligand docking, step by step, using the BioExcel Building Blocks library (biobb). The
particular example used is the Mitogen-activated protein kinase 14 (p38-a) protein (PDB code 3HEC), a well-known Protein Kinase enzyme,

in complex with the FDA-approved Imatinib, (PDB Ligand code ST, DrugBank Ligand Code DB00619), a small molecule kinase inhibitor used
to treat certain types of cancer.

&3 WorkflowHub ~ — Jupyter Notebook | §CWL |~ @ Python & Galaxy

o Launch @@ Jupyter Notebook * | %= Galaxy = 4 BioBB Workflows

™ View tutorial € Open Github repository & Open documentation

(*) Binder for biobb Is a small Installation and tc promote fair use of our resources, one user Is allovied to run only one notebook server at a time. Launching a new notebook server should stop
the previous one. USErs cannot see the notebooks run by ather users, but please avold entering secret data to the notebooks.

st MOLECULAR INTERACTION POTENTIALS

2023.2
This tutorial aims to illustrate the process of computing classical molecular interaction potentials from protein structures, step by step.

o Launch @& Jupyter Notebook *

= View tutorial ) Open Github repository & Open documentation

(*) Binder for biobb Is a small Installation and ta pramote falr use of our resources, one user Is allowed to run only one notebook server ata time. Launching a new notebaok server should stop
the previous one. Users cannat see the notebooks run by other users, but please avold entering secret data to the natebooks,

<& PROTEIN CONFORMATIONAL ENSEMBLES GENERATION

protein

20231

This tutorial aims to illustrate the process of generating protein conformational ensembles from 3D structures and analysing its molecular

flexibility, step by step, using the BioExcel Building Blocks library (biobb). Workflow included in the ELIXIR 3D-Bioinfo Implementation Study:
Building on PDBe-KB to chart and characterize the conformation landscape of native proteins

3 WorkflowHub | = Jupyter Notebook | §CwL ¥ Python & Galaxy
f Launch @JupyterNutebook' = Galaxy

= View tutorial ) Open Github repository & Open documentation

(*) Binder for blobb Is a small Installation and to pramote fair use of our resources, one user Is allowed to run only one natebook server at a ime. Launching a new notebook server should stop
the previous one. Users cannot see the notebooks run by ather users, but please avold entering secret data to the natebocks,

& MACROMOLECULAR COARSE-GRAINED FLEXIBILITY

protein

2023.2

This tutorial aims to illustrate the process of generating protein conformational ensembles from 3D structures and analysing its molecular
y " flexibility, step by step.

aWorlcﬂowHub :'Jupy[er Notebook § CWL ﬂ' Python = Galaxy

o Launch @ Jupyter Notebook * | == Galaxy

= View tutorial () Open Github repository & Open documentation

(*) Binder for biobb Is a small Installation and tc promote fair use of our resources, one user Is allovied to run only one notebook server at a time. Launching a new notebook server should stop
the previous one. Users cannot see the notebooks run by other users, but please avold entering secret data to the notebooks,
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Solving Grand Challenges requires Global Community Efforts

Infrastructure Tools & Data Expertise Community
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BioExcel Services

Support Forums: ask.bioexcel.eu
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AMBASSADOR PROGRAM

K

Ambassador Council members

Wim VRANKEN
Belgium

Vrije Universieit 8russel (VUB)

Hector MARTINEZ-SEARA
Czech Republic

Institute of Organic Chemistry,
Czech Academy of Sciences

Zoe COURNIA
Greece

Blomedical Research Foundation
Academy of Athens

Raitis BOBROVS
Latvia

Latvian Institute of Organic Synthesis

X o

Artur GORA

Poland

Biotechnology Centre,

Slesian Universty of Technology

Katarina NIKOLIC
Serbia

Faculty of Pharmacy,
University of Belgrade

Department of Pharmaceutical Chemistry,

Anela IVANOVA
Bulgaria

Faculty of Chemistry and Pharmacy,
Sofia Uniersity “St. Kiiment Ohridski”

Kresten LINDORFF-LARSEN
Denmark

Uinderstrem Lang Centre for Protein
Science,

Department of Biology.

University of Copenhagen

Damien THOMPSON
Ireland

Department of Physics,
University of Limerick

Luka FILIPOVIC
Montenegro

University of Donja Gorica (UDG),
and NCC Montenegro

Irina MOREIRA
Portugal

Center for Neuroscience and Cell Biology
& Faculty of Sciences and Technology,
University of Coimbra

Franci MERZEL
Slovenia

National Institute of Chemistry,
Ljubljana

Gordan HORVAT
Croatia
Department of Chemistry,

faculty of Science,
University of Zagred

[

Luca MONTICELLI
France

Institut national de la santé et de I
recherche médicale (INSERM),

and Molecular Microbiology and
Structural Biochemistry (MMS8),
CNRS & University of tyon

Attilio VARGIU
Italy

Department of Physics,
University of Cagliari

X
=
Nathalie REUTER
Norway
Department of Chemtry,
University of Bergen
X ereute bergen @8

Vlad COJOCARU
Romania

Computational Structural Biochemistry
Growp,

Institute of Advanced Studies in Science
and Technology,
Babes-Bolyai University

David DE SANCHO
Spain
University of the Basque Country &

Donostia International Physics Center,
San Sebastian
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Ambassador Program Events

_{Atlantic

Carpathian
Edition

Slovakia

Atlantic

. Portugal
Edition

Balkan
. Bulgaria
Edition
Adriatic
Edition

Aegean
Edition

Aurora
Edition

Austria, Czechia,
Hungary

France, Ireland,
Spain

Montenegro,
North Macedonia,
Romania, Serbia

Croatia, Slovenia

Cyprus, Greece,

Tarkiye

Denmark, Finland,

Norway

Autumn 2023
(18-19
October)

Autumn 2024
(26-28

November)

Spring 2025
(21-22 May)

Autumn 2025

Spring /
Autumn 2026

Spring /
Autumn 2026
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= Newsletter > 2000 subscribers

" Twitter @BioExcelCoE > 3000 followers

*YouTube @BioExcelCoE /4 webinars some > 7000 views
" LinkedIn > 1000 followers

" Events > 300

" Trained researchers > 2000



Contact

http:/ /bioexcel.eu

SUBSCRIBE TO OUR NEWSLETTER

Email *

Subscribe!
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