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Objectives of BioExcel
Excellence in Biomolecular Software
Improve the performance, efficiency and scalability of key codes

• GROMACS (Molecular Dynamics Simulations)

• HADDOCK (Integrative modeling of macro-assemblies)

• CPMD (hybrid QM/MM code for enzymatic reactions, 
photochemistry and electron transfer processes)
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Objectives of BioExcel
Excellence in Usability

• Make ICT technologies
easier to use by
biomolecular researchers,
both in academia and
industry

• Devise efficient workflow
environments with
associated data integration
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Objectives of BioExcel

Competence-building among academia and industry
Promote best practices and train end users to make best use of both 
software and computational infrastructure
• academic and non-profit users
• industrial users
• independent software

vendors (ISVs) and
academic code providers
of related software

• academic and commercial
resource providers
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Interest Groups

• Integrative Modeling
• Free Energy Calculations
• Best practices for performance tuning
• Hybrid methods for biomolecular systems
• Biomolecular simulations entry level users 
• Practical applications for industry

Support platforms
http://bioexcel.eu/contact

Forums       Code Repositories       Chat channel        Video Channel 
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The presenter

Adam	Hospital	is	a	Postdoctoral	fellow	in	Molecular Modeling	and	
Bioinformatics	Unit	(MMB) hosted	by	Institute	for	Research	in	
Biomedicine in	Barcelona	(IRB-Barcelona)	and	computer	technician	
for	the	Spanish	National	Institute	of	Bioinformatics	(INB).

From	a	computer	science	background,	he	jumped	to	the	
bioinformatics	world	and	got	trapped	by	the	fascinating	field	of	
structural	bioinformatics.	After	2	years,	he	joined	INB,	where	he	has	
been	working	for	more	than	10	years.	INB	has	recently	joined	Elixir,	
which	is	building	a	sustainable	European	infrastructure	for	
biological	information.	He	has	been	involved	in	projects	developed	
at	IRB and	also	at	the	Barcelona	Supercomputing	Center	(BSC).

While	working	as	a	bioinformatician,	he	got	his	PhD	in	
Biotechnology	from	the	University	of	Barcelona with	his	thesis	
“High	Throughput	Computational	Studies	of	Macromolecular	
Structure	Flexibility”.	At	INB	he	has	developed	a	set	of	public	web	
servers	and	databases	related	to	macromolecular	structure	
flexibility,	including	MDWeb.	
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BioExcel Webinar, 25/05/2016
Adam Hospital Gasch, IRB-Barcelona
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Atomistic MD Setup with MDWeb: Index

• Introduction.
• Molecular Flexibility: importance.
• Molecular Dynamics: use limitations.
• MoDEL, MDMoby & MDWeb.

• Molecular Dynamics on Web (MDWeb).
• MDWeb Setup: Structure Checking, Workflows & Operations, MD Run.
• MDWeb Analysis: Basic Analysis & FlexServ.

• IRB Web Servers.
• MD & Flexibility: FlexServ, NAFlex.
• MD Databases: MoDEL, BigNASim. 
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Carrillo et al, Proteins 2008, 70, 892-899
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Bidon-Chanal et al, JACS 
2007, 129, 6782-6788

Hospital	et	al,		Adv Appl Bioinform Chem,		2015,	10:37-47
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Introduction: Molecular Flexibility
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Introduction: Molecular Dynamics
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Introduction: Molecular Dynamics Limitations

Large Computational Resources Force Fields Uncertainties High level of expertise needed
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BSC	Marenostrum Supercomputer

Graphical	Processing	Units	(GPUs)ANTON	Supercomputer

Introduction: MD Limitations – Computational Resources
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Introduction: MD Limitations – Force Field uncertainties

ParmBSC0:	A.	Pérez	et	al.	Biophys J.	(2007)	92	(11),	3817-3829.
ParmBSC1:	I.Ivani et	al.	Nature	Methods	(2016)	,	13	(1),	55-58.

• Reparameterization of amber force-field.

• Keeping a/g ParmBSC0 (2007) corrections.
• Reparameterizing sugar puckering, ε, ζ and χ torsions.

14
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Introduction: MD Limitations – Level of expertise
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Introduction: MoDEL

Molecular Dynamics Extended Library.

• 1875 Simulations          (~1600 
structures). 

• Amber, Namd, Gromacs.
• Charmm22, Charmm27, 

Parm99, Parm99SB, Parm03, 
OPLS, etc.

• Web interface connected to a 
Relational Database. 

• Automatic MD Setup, Run 
& Analysis.

http://mmb.irbbarcelona.org/MoDEL

Meyer	et	al,	Structure	2010,	18	(11),	1399-1409.
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Introduction: MDMoby

A.	Hospital		et	al,	Bioinformatics	2012,	28	(9),	1278-1279.
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http://www.biomoby.org/ http://www.inab.org/
http://www.elixir-europe.org/
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Introduction: MDMoby Workflows

• Workflow Example:

• Generate Topology for
Gromacs with amberff.

• Mixing web	services with
scripting.

• Others (Amber/Namd/Gromacs):

• Generate Topology.

• Setup.

• Setup with Solvation.

• Complete	Setup (with eq).

18
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Introduction: MDWeb
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MDWeb &	MDMoby:	an	integrated	web-based	platform	for	molecular	dynamics	simulations.
A.	Hospital		et	al,	Bioinformatics	2012,	28	(9),	1278-1279.
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Atomistic MD Setup with MDWeb: Index

• Introduction.
• Molecular Flexibility: importance.
• Molecular Dynamics: use limitations.
• MoDEL, MDMoby & MDWeb.

• Molecular Dynamics on Web (MDWeb).
• MDWeb Setup: Structure Checking, Workflows & Operations, MD Run.
• MDWeb Analysis: Basic Analysis & FlexServ.

• IRB Web Servers.
• MD & Flexibility: FlexServ, NAFlex.
• MD Databases: MoDEL, BigNASim. 
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Molecular Dynamics on Web: MDWeb

http://mmb.irbbarcelona.org/MDWeb
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MDWeb: New project

Start New Project:

- Base Structure.
- Str. checking.

- Base Trajectory.
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MDWeb: Structure Checking

Initial Structure 
Checking:

• Models/Chains.
• Atom Alt. Location.
• Amide 

Assignments.

• Missing 
atoms/residues.

• Clashes.

• Ligands 
(known/unknown).
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MDWeb: Operations

24



bioexcel.eu

MDWeb: Workflows
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MDWeb: Workflow progress report
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MDWeb: Project tree
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MDWeb: MD Run
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MDWeb: Analysis

Start New Project:

- Base Structure.
- Str. checking.

- Base Trajectory.
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MDWeb: Basic analysis & formats conversion
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FlexServ: Protein Flexibility Analysis

http://mmb.irbbarcelona.org/FlexServ
J.	Camps	et	al,	Bioinformatics	2009,	25(13):1709-10.
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Atomistic MD Setup with MDWeb: Index

• Introduction.
• Molecular Flexibility: importance.
• Molecular Dynamics: use limitations.
• MoDEL, MDMoby & MDWeb.

• Molecular Dynamics on Web (MDWeb).
• MDWeb Setup: Structure Checking, Workflows & Operations, MD Run.
• MDWeb Analysis: Basic Analysis & FlexServ.

• IRB Web Servers.
• MD & Flexibility: FlexServ, NAFlex.
• MD Databases: MoDEL, BigNASim. 
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NAFlex: Nucleic Acids Flexibility Analysis

http://mmb.irbbarcelona.org/NAFlex
A.	Hospital	et	al,	Nucleic	Acids	Research,	2013,	41(W1):W47-W55.
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MoDEL: Molecular Dynamics Extended Library

http://mmb.irbbarcelona.org/MoDEL
Meyer, D’Abramo & Hospital et al, Structure 2010, 18(11), 1399-1409
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BigNASim: Big Data Nucleic Acid Simulations DB

http://mmb.irbbarcelona.org/BigNASim
Hospital et al, Nucleic Acid Research 2016, 44(D1), 272-278.
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MDWeb: Links

36

• BioExcel center of Excellence for Computational Biomolecular Research
• http://www.bioexcel.eu

• MMB - IRB Barcelona Web Servers:
• http://mmb.irbbarcelona.org/MDWeb http://mmb.irbbarcelona.org/MDWeb2

• http://mmb.irbbarcelona.org/FlexServ
• http://mmb.irbbarcelona.org/NAFlex
• http://mmb.irbbarcelona.org/MoDEL
• http://mmb.irbbarcelona.org/BigNASim

• Molecular Dynamics Packages:
• http://www.gromacs.org
• http://ambermd.org
• http://www.ks.uiuc.edu/Research/namd/
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MDWeb: Acknowledgments
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• http://mmb.irbbarcelona.org
• Josep Lluís Gelpí & Modesto Orozco
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Audience Q&A session
Please use the Questions function in GoToWebinar
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www.bioexcel.eu/contact

NEXT	WEBINAR

“Mutation	free	energy	calculations	with	pmx”
with	Bert	de	Groot

10	June	2016
16:00-17:00	CEST


