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THURsDAY, 10 APRIL

Interoperable and reproducible biomolecular simulation workflows using BioExcel Building Blocks (BioBB)

Speaker: Dr Adam Hospital (Institute for Research in Biomedicine in Barcelona (IRB-Barcelona) and Spanish National Institute of Bioinformatics (INB, ELIXIR-ES))

Coffee Break ® 30m

Hands on - Interoperable and reproducible biomolecular simulation workflows using BioExcel Building Blocks (BioBB) ®1h 30m

Speaker: Dr Adam Hospital ( Institute for Research in Biomedicine in Barcelona (IRB-Barcelona) and Spanish National Institute of Bioinformatics (INB, ELIXIR-ES))

Lunch Break

Fundamentals and practical use cases of free energy calculations with PMX

Speaker: Dr Sudarshan Behera (Max Planck Institute for Multidisciplinary Sciences, Goettingen)

Coffee Break

Hands on - Fundamentals and practical use cases of free energy calculations with PMX

Speaker: Dr Sudarshan Behera (Max Planck Institute for Multidisciplinary Sciences, Goettingen)

/ \ ﬁession 2 (hands-on):

Hands-on session on BioBB workflows:

Tirk Ulusal Bilim c-Altyapisi

* BioBB demonstration workflow tutorial:
GROMACS Protein-ligand complex MD setup
* Quick view on BioBB workflow collection

O Jupyter Notebooks
O Pure Python (High Throughput)
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Open OnDemand  Files ¥ Jobs ¥ ARF v SHELL ¥ @My Interactive Sessions @ Help ¥ & Loggedin as egitim213 @ Log Out

Desktops

CJ Desktop m

Home / My Interactive Sessions / Jupyter Notebook - BioExcel
onD

GUIs
OnDemand provides al for all of your .
GNUPLOT ARF Jupyter Notebook - BioExcel
GaussView 6.1.1
This app will launch a Jupyter Notebook server on one or more nodes. You may

4 MATLAB Desktops
install Jupyter and other useful apps via Anaconda. Please follow anaconda
Tools LJIDesktop intsallation from [TRUBA-wikil.
‘ = Jupyter Notebook - BioExcel GUIs . L.
= Jupyter Notebook - CPU gupyienhioteboiSell BRUBLET i
= Jupyter Notebook - Custom 2 2

= Jupyter Notebook - GPU

2 GaussView 6.1.1 Time limit for the job. Max 4 Hours

= Jupyter Notebook - container

4 MATLAB

Tools * The Jupyter Notebook - BioExcel session data for this session can be accessed

Jupyter Notebook - BioExcel under the data root directory.

= Jupyter Notebook - CPU

= Jupyter Notebook - Custom

powered by

& OnDemand

‘@

Jupyter Notebook - GPU

= Jupyter Notebook - container
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https://openondemand.yonetim/pun/sys/dashboard

Jupyter Notebook - BioExcel (1945646) Queued

Created at: 2025-04-07 17:07:46 +03

Time Requested: 2 hours

2) Jupyter Notebook - BioExcel

Session ID: 39bb61bf-103c-4fe0-ada9-460c610fe22c

Please be patient as your job currently sits in queue. The wait time depends on the number of cores as well as time
requested.

Jupyter Notebook - BioExcel (1945511) @D | @I | Running

RIS H >_ barbun10.yonetim © Delete

Created at: 2025-04-07 16:43:52 +03

Time Remaining: 1 hour and 59 minutes

Session ID: 56ffddd7-d492-4806-b8a5-7d7b55b1b8f1

@& Connect to Jupyter




git clone https://github.com/bioexcel/biobb_wf_protein-complex_md_setup.git

: File Edit View Run Kernel Tabs

8 S
./

o Name - Modified
8 BioBB 5d ago

= BB Desktop 12d ago
@8 Documents 12d ago

* @8 Downloads 12d ago
@8 miniconda3 3d ago
B Music 12d ago
8 ondemand 13d ago
@8 Pictures 12d ago
8 Public 12d ago
8 Templates 12d ago
8 Videos 12d ago
™ mdout 13d ago
[ README 11d ago
[®] Untitled.ipynb 10d ago

-

o
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Settings Help

[Z Launcher +

IE Notebook

Python 3
(ipykernel)

Console

Python 3
(ipykernel)

Other

Terminal

Text File

3) Clone BioBB Workflow

Markdown File Python File

ntextual Help

./

Name - Modified
8 BioBB 5d ago
@8 biobb_wf_protei... 2s ago
8 Desktop 12d ago
@8 Documents 12d ago

egitim213@barbun10:~ X

(biobb_env) [egitim213@barbunl® ~] $lgit clone https://github.com/bioexcel/biobb_wf_protein-complex_md_setup.git
Cloning into 'biobb_wf_protein—comp‘exmiss :

remote: Enumerating objects: 653, done.

remote: Counting objects: 100% (17/17), done.

remote: Compressing objects: 100% (12/12), done.

remote: Total 653 (delta 6), reused 12 (delta 5), pack-reused 636 (from 1)
Receiving objects: 100% (653/653), 10.53 MiB | 18.52 MiB/s, done.
Resolving deltas: 100% (353/353), done.

(biobb_env) [egitim213@barbun1o ~13$ [



4) Deploy BioBB Workflow Jupyter Notebook

: File Edit View Run Kernel Tabs Settings Help

) + C Y M egitim213@barbun10:~ X | [® biobb_wf_protein-complex ® =+ B
B+ XOTMf » m C » Makdown v Notebook [7 # Python 3 (ipykernel) O =

B/ -+ [biobb_wf_protein-complex_md_setup / notebooks [
o Name - Modified b & F @ &
DI e e e T T Desconls g - Protein Ligand Complex MD Setup tutorial using BioExcel
Building Blocks (biobb)

» Based on the official Gromacs tutorial:
http://www.mdtutorials.com/gmx/complex/index.htmi

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, https://doi.org/10.2210/pdb3HTB/pdb), in complex with the 2-propylphenol small molecule (3-letter
Code JZ4, https://www.rcsb.org/ligand/JZ4).

Biobb modules used:

biobb_io: Tools to fetch biomolecular data from public databases.
biobb_model: Tools to model macromolecular structures.
biobb_chemistry: Tools to manipulate chemical data.

biobb_gromacs: Tools to setup and run Molecular Dynamics simulations.
biobb_analysis: Tools to analyse Molecular Dynamics trajectories.

biobb_structure_utils: Tools to modify or extract information from a PDB structure file.

Auxiliary libraries used

¢ jupyter: Free software, open standards, and web services for interactive computing across all programming languages.
¢ nglview: Jupyter/IPython widget to interactively view molecular structures and trajectories in notebooks.

« plotly: Python interactive graphing library integrated in Jupyter notebooks.

e simpletraj: Lightweight coordinate-only trajectory reader based on code from GROMACS, MDAnalysis and VMD.

bioeXcel

Path: biobb_wf_protein-complex_md_setup/biobb_wf_protein-complex_md_setup/notebooks/biobb_wf protein-complex_md_setup.ipynb



BioBB Demonstration Workflows

«s GROMACS PROTEIN-LIGAND COMPLEX MD SETUP 2024.1

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).

&3 WorkflowHub v « Launch & Download v

= View tutorial €) Open Github repository & Open documentation

(*) MyBinder provides a free, online version of Jupyter Lab. Take into account that the provided resources are finite and, in some occasions, it can take a long time to load or to execute your
notebooks. Please be patient and don't try to execute several notebooks at the same time.

* MD setup (Protein /| DNA) (AMBER /| GROMACS)

* Ligand parameterization

https: / /mmb.irbbarcelona.org/biobb /workflows * Protein-Ligand Docking

bioeXcel

* Free energy calculations
* DNA helical parameters
* Conformational Ensemble generation


https://mmb.irbbarcelona.org/biobb/workflows

GROMACS Protein-Ligand MD Setup

& GROMACS PROTEIN-LIGAND COMPLEX MD SETUP 2024.1

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).

&3 WorkflowHub v « Launch & Download +

= View tutorial €) Open Github repository & Open documentation

(*) MyBinder provides a free, online version of Jupyter Lab. Take into account that the provided resources are finite and, in some occasions, it can take a long time to load or to execute your
notebooks. Please be patient and don't try to execute several notebooks at the same time.

bioeXcel

* Complex: T4 Lysozyme (3HTB) with 2-propylphenol (JZ4)
* Ligand parameterization (ACPype)
* GROMACS MD Setup (Min + NVT eq + NPT eq + unrestrained short MD)




YES = Raise Your Hand

Questions (1)

(J Have you ever setup/run a MD simulation using GROMACS before? (Y/N)

(J Have you ever setup/run a MD simulation using other MD packages
(AMBER, NAMD, DESMOND...)? (Y/N)

(J Have you ever setup/run a MD simulation of a protein-ligand complex?
(Y/N)

bioeXcel



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).

I n d ex & GROMACS PROTEIN-LIGAND COMPLEX MD SETUP 2024.1
SN

&3 WorkflowHub v « Launch v & Download v

* Part 1: Install and launch the workflow

O C on d a E n Vi ronme nt Sk, Pomsa b pelams ant Aot gttt sverl mtsboske st et SO AT, L ke o me o o orto et your
o Jupyter Notebook

* Part 2: Download PDB and fixing structure

* Part 3: Generating topologies
O Protein
o Ligand

* Part 4: Generating protein-ligand complex structure
O Ligand Position Restraints
o MD ready structure

* Part 5: System Topology

* Part 6: MD Setup & Run

* Part 7: Trajectory (basic) analyses
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YES = Raise Your Hand

Questions (2)

d Are you familiar with Linux OS? (Y/N)
(J Have you ever used Conda packages/environments before? (Y/N)

(J Have you ever used Jupyter Notebooks before? (Y/N)

bioeXcel



Part 1: instattand launch the workflow
CONDA

Using TRUBA resources:

1) Connect to OpenOnDemand platform

2) Open Jupyter Notebook - BioExcel
3) Clone BioBB Workflow
4) Deploy Jupyter Notebook

Dt

m-u‘

Conda Installation and Launch %;ON DR

git clone https://github.com/bioexcel/biobb_wf_protein-complex_md_setup.git

cd biobb_wf_protein—-complex_md_setup Wmmcm'
conda env create -f conda_env/environment.yml
conda activate biobb_wf_protein-complex_md_setup
jupyter—-notebook biobb_wf_protein-complex_md_setup/notebooks/biobb_wf_protein-complex_md_setup.ipynb

AnaConda3 installation: https://mmb.irbbarcelona.org /biobb /availability /tutorials

bioeXcel


https://mmb.irbbarcelona.org/biobb/availability/tutorials

YES = Raise Your Hand

Questions (3)

J Have you been following so far? (Y/N)
d Are you familiar with PDB files and their content? (Y/N)

(J Do you use graphical interfaces in your everyday work? (Y/N)

bioeXcel



Part 2: Download PDB, check the structure, and generate
protein topology

& CHECK STRUCTURE

System Configuration

® Detect/Select Models: Single one

4 @© Detect/Select Chains: Single one (A)

(2 Detect/Select Alt Locations

© Detect/Remove Heavy Metals

:l A Detect/Remove Ligands
@ This structure doesn

sn't contain DNA / RNA

https: //mmb.irbbarcelona.org /biobb-wfs /structure /step 1

‘ Fix Structure Errors

© Detect/Fix Amide Assignment

ASN A140.0D1 e Orig Fixed

bioeXcel

A @ Detect/Fix Improper chirality



https://mmb.irbbarcelona.org/biobb-wfs/structure/step1

YES = Raise Your Hand

Questions (4)

(J Have you been following so far? (Y/N)

(J Have you ever parameterized a small molecule? (Y/N)

bioeXcel



[6]:

# Ligand: Download ligand structure from MMB PDB mirror REST API (https://mmb.irbbarcelona.org/api/)

# Import module
from biobb_io.api.ligand import ligand

# Create prop dict and inputs/outputs
input_structure = ligandCode + '.pdb'

prop = {
'ligand_code' : ligandCode
b

#Create and launch bb
ligand(output_pdb_path=input_structure,
properties=prop)

REST-API

# Babel_add_hydrogens: add Hydrogen atoms to a small molecule

# Import module

from biobb_chemistry.babelm.babel_add_hydrogens import babel_add_hydrogens

# Create prop dict and inputs/outputs

output_babel_h = ligandCode + '.H.mol2'

prop = {
'ph' : pH,
'input_format' : 'pdb',
‘output_format' : 'mol2'

I

#Create and launch bb

babel_add_hydrogens(input_path=input_structure,
output_path=output_babel_h,

properties=prop)

# Babel_minimize: Structure energy minimization of a small molecule after being modified adding hydrogen atom:

# Import module

from biobb_chemistry.babelm.babel_minimize import babel_minimize

# Create prop dict and inputs/outputs
output_babel_min = ligandCode + '.H.min.pdb'

prop = {
'method' : 'sd',
‘criteria' : 'le-10',
'force_field' : 'GAFF'
}

#Create and launch bb

babel_minimize(input_path=output_babel_h,
output_path=output_babel_min,
properties=prop)

# Acpype_params_gmx: Generation of topologies

# Import module

SMILES, InChi

Databases
pagTseelt s Orug Design, QSAR
el 9 Compiatora Modatog
CFF... 3 /'
MMFFS4 Seftwere
L ——" Web Services
GAFF * Fio Conversion
[ Substructuro Search
Descriptors ch

o oy o
&= Open Babel =

SMILES, Inohi
POB, Moz .
0 Fil, CML 3 D
Gaussian \ Gl
CF... >
MMFFos Software
[ T—— Web Services
ar * Flo Convorsion

v
Pytron, sava
Ruby, Ped, C#

%22 Open Babel

for GROMACS with ACPype

from biobb_chemistry.acpype.acpype_params_gmx import acpype_params_gmx

# Create prop dict and inputs/outputs

output_acpype_gro = ligandCode + 'params.gro’
output_acpype_itp = ligandCode + 'params.itp’
output_acpype_top = ligandCode + 'params.top'

output_acpype = ligandCode + 'params'
prop = {
'basename' : output_acpype,
‘charge' : mol_charge

}

#Create and launch bb

acpype_params_gmx(input_path=output_babel_min,
output_path_gro=output_acpype_gro,
output_path_itp=output_acpype_itp,
output_path_top=output_acpype_top,

properties=prop)

ACPYPE

¥
Fingerprints / Substructuro Search
\ s

Part 3: Parameterizing small
molecule (topology)




YES = Raise Your Hand

Questions (5)

J Have you been following so far? (Y/N)
d Are you familiar with the concept of restraints in MD? (Y/N)

d Are you familiar with the concept of force field parameters? (Y/N)
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Part 4: Generating protein-ligand complex structure

6.
7.
Terms Abbreviation
Molecule and residue information units
Atom names names
Atom types types
Atomic charges chargs
Atomic connectivities connects
Atomic coordinates coords
Atomic masses masses
Bonded parameters (bond, angle, dihedral) |bond params
Nonbonded parameters (electrostatic, VDW) \nonb params

Ligand Restraints Structure — Topology atom
names matching

bioeXcel



YES = Raise Your Hand

Questions (6)

J Have you been following so far? (Y/N)

(J Have you ever setup/run a MD simulation of a protein-ligand
complex using GROMACS? (Y/N)

bioeXcel



Part 5: Generating protein-ligand complex topology

; Include forcefield parameters
#include "amber99sb-ildn.ff/forcefield.itp”

; Including ligand ITP
#include "JZ4params.itp”

; Ligand position restraints
#ifdef POSRES JZ4

#include "J1Z4 posres.itp”
#endif

; Include topology for ions
#include "amber99sb-ildn.ff/ions.itp"

[ system ]
; Name

[ moleculetype ] Protein

: Name nrexcl

Protein_chain_A 3 [ molecules ]
; Compound #mols
Protein_chain_A 1
JZ4params 1

bioeXcel



YES = Raise Your Hand

Questions (/)

J Have you been following so far? (Y/N)

(J Did you follow the previous GROMACS hands-on session? (Y/N)

bioeXcel



Part 6: MD Setup

«ts GROMACS PROTEIN MD SETUP 2024.1
‘ This tutorial aims to illustrate the process of setting up a simulation system containing a protein, step by step, using the BioExcel Building
,}fy Blocks library (biobb). The particular example used is the Lysozyme protein (PDB code 1AKI).
2 N\
R R T
9. Create Solvent Box
I 7= View tutorial I © Open Github repository | & Open documentation ) )
10. Fill the Box with Water Molecules
11. Adding lons
m m (*) MyBinder provides a free, online version of Jupyter Lab. Take into account that the provided resources are finite and, in some o«

notebooks. Please be patient and don't try to execute several notebooks at the same time.

12. Energetically Minimize the System

13. Equilibrate the System (NVT)
14. Equilibrate the System (NPT)

15. Free Molecular Dynamics Simulation

b|oe>°§ceL

22




YES = Raise Your Hand

Questions (8)

J Have you been following so far? (Y/N)
d Are you familiar with GROMACS analysis tools? (Y/N)

[ Are you familiar with imaging process (periodicity issues)? (Y/N)

bioeXcel



Part 7: Trajectory post-processing

RMSd during free MD Simulation

RMSd (nm)

Time (ps)
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YES = Raise Your Hand

Final Questions

(d Have you been able to follow the tutorial? (Y/N)

J Would you like to know more about the BioExcel Building Blocks? (Y/N)

Follow up:

e https://ask.bioexcel.eu/c/BioExcel-Building-Blocks-library
e https://qgithub.com/bioexcel/biobb/issues

bioeXcel



https://ask.bioexcel.eu/c/BioExcel-Building-Blocks-library/
https://ask.bioexcel.eu/c/BioExcel-Building-Blocks-library
https://github.com/bioexcel/biobb/issues
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