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BioExcel Overview
• Excellence in Biomolecular Software

- Improve the performance, efficiency and scalability of key codes

• Excellence in Usability
- Devise efficient workflow environments

with associated data integration

• Excellence in Consultancy and Training
- Promote best practices and train end users
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Interest Groups

• Integrative Modeling IG
• Free Energy Calculations IG
• Hybrid methods for biomolecular systems IG
• Biomolecular simulations entry level users IG
• Practical applications for industry IG
• Training IG
• Workflows IG

Support platforms
http://bioexcel.eu/contact

Forums       Code Repositories       Chat Channel         Video Channel 

http://bioexcel.eu/contact
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Audience Q&A 
session

Please use the Questions
function in GoToWebinar

application

Any other questions or points 
to discuss after the live 

webinar? Join the discussion 
the discussion at 

http://ask.bioexcel.eu.

http://ask.bioexcel.eu/
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Today’s Presenter
Jürgen Walther, IRB Barcelona
Jürgen obtained his B.Sc. degree at the University of Würzburg in 
Physics. His final degree work was done in Astrophysics.
He did his master degree at the University of Texas at Austin (USA) in 
Physics with specialization in Biophysics, where he worked on refining a 
microscope technique involving light microscopy, TIRF fluorescence and 
optical trapping to visualize the movement of molecular motors walking 
along microtubules.
He is now working as a PhD student in Modesto Orozco’s Molecular 
modeling and bioinformatics laboratory of at the Institute for Research in 
Biomedicine, Barcelona.
His main focus is to bridge known information of free DNA and of 
chromatin maintaining a high level of resolution in the theoretical models 
used. The application MC_DNA has been developed and integrated into 
a webserver. MC_DNA is a component of the Multiscale Genomics 
project where a unified view of the genome at all length scales from 
base-pair to chromosome in form of a webserver is developed.
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A web server for the detailed study 
of the structure and dynamics of 

DNA and chromatin fibers.

Jürgen Walther – 11.04.2018

Joint bioexcel-MuG webinar
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Outline

1. Introduction into Biomolecular Simulations

2. MC_DNA webserver

• Method
• Webpage
• Input
• Output
• Analysis
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Human Genome
~ 10e+10 atoms

Werner et al. Adv Drug Deliv Rev. 2012, 64: 323.

Small peptides
~ 1.000 atoms

Biomolecular simulations: A matter of…

Size Time

Macromolecular 
complexes

~ 50.000 to ~ 1.000.000 
atoms
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Biomolecular simulations: The big picture
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Biomolecular simulations: Models 

QM/MM
Dozens to thousands

of atoms
Dozens of ps

Quantum 
Mechanics

Dozens to hundreds
of atoms
Few ps

Molecular 
Mechanics

Thousands to few
millions of atoms
Hundreds of ns 

to few ms

Coarse 
Grained

Several millions of 
“atoms”

Dozens of µs 
to ms

MM/CG
few millions of 

“atoms”
Hundreds of µs 

to few ms
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Multiscale simulation of DNA (2016)
PD Dans, J Walther, H Gómez, M Orozco
Current opinion in structural biology 37, 29-45

Molecular Modeling of Nucleic Acids (2017)
H Gómez, J Walther, L.Darré, I Ivani, PD Dans, 

M Orozco. In Computational Tools for
Chemical Biology. RSC, ISBN: 1782627006

Biomolecular simulations: A multi-scale problem

https://www.sciencedirect.com/science/article/pii/S0959440X15001761
http://pubs.rsc.org/en/content/ebook/978-1-78262-700-5
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Calculation time: coarse-grained DNA (MC) vs atomistic DNA (MD) 
simulations

10K structures in 
10 min 
(1 CPU)

vs

650,000 CPU 
hours in the 

MareNostrum
supercomputer

56 mer
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Free linear

Circular

Protein-coated

http://mmb.irbbarcelona.org/MCDNA/

http://mmb.irbbarcelona.org/MCDNA/
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Adopting 
bioactive 

conformation

Accessibility of a protein-coated DNA fiber (MC_DNA + proteins)

DNA-mediated protein-protein communication

Distant contacts in a constrained 
environment (circular MC_DNA)

Dynamics of free linear DNA 
(MC_DNA)
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From molecular mechanics to coarse grained

QM/MM
Dozens to thousands

of atoms
Dozens of ps

Quantum 
Mechanics

Dozens to hundreds
of atoms
Few ps

Molecular 
Mechanics

Thousands to few
millions of atoms
Hundreds of ns 

to few ms

Coarse 
Grained

Several millions of 
“atoms”

Dozens of µs 
to ms

MM/CG
few millions of 

“atoms”
Hundreds of µs 
to (if) few ms
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Relative orientation and
position between adjacent
base-pairs

Base-pair step parameters  (6)

ABC
database

Equilibrium values for each of the
136 unique tetranucleotides (taken as 
the average of a given helical parameter
along time).

X

Y

Pasi. NAR 2014

From cartesian to helical space

x!
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Obtaining the force constants from the covariance matrix in the helical space

E!"# = x# − x#$
%K# x# − x#$

K!

x# ∈ ℝ&, K# ∈ ℝ&'&
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All-atom MD
simulations (parmbsc1)*

* Ivani et al., Nature Methods, 2016

MC_DNA – The method: next-nearest neighbor model

Sequence-specific effects (NN model) included in elastic force constants K

Elastic force constants 𝐊𝐢 of bps i
bps parameters 𝐱𝐢
bps equilibrium 𝐱𝐢𝟎

E!"
# = x# − x#$

%
K# x# − x#$

Equilibrium 
structure built 

with 𝐱𝟎

Structure
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MC_DNA – The method

Base pair 0

Base pair 1

Base pair N

r
Cartesian

reconstruction

Rotation + Translation
(based on 6 helical 
parameters)

Metropolis Monte Carlo

Stochastic 
molecular 
simulation

Ensemble of 
DNA 

structures

Trajectory

bioexcel.eu

Randomly change
helical parameters

of random bp-step k
x# -> x# $%&

Calculate change
in potential energy

∆E = x# $%&
' K x# $%& − x#

' K x#

∆𝐸 ≥ 0: e(∆*/#' > R ??
∆𝐸 < 0: accept x# $%&

accept x# $%& keep x#
yes no
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bp i

bp i+1

x
yP P

AtomisticCoarse-grain

tleap*
+

minimization

MC_DNA – Resolution

* Case et al., J. Comp. Chem., 2005 ** Lavery et al., NAR, 2014

Phosphate position along helical axis**

Phosphate reconstruction in MC_DNA
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MC_DNA

Time-dependent
pseudo trajectories
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Circular MC_DNA

Effects of supercoiled DNA

Distal sites are brought into close proximity
-> gene expression

DNA recognition by proteins

Where does constrained DNA occur?

Plasmids, chromosomal bacterial DNA, DNA with 
robust anchor point (topological domains), RNAP

Lk = Tw + Wr = const.

Mathematical background
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R T
MC

MC_DNA

R T

MC

Circular MC_DNA

i+n

iR T

R

MC Orient RSC*

T
T

T
T

Circular MC_DNA
-

The method

* Minary & Levitt, JCB, 2010
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MC_DNA + Proteins: conformation of protein-bound DNA

DNA conformation 
determined by 

Curves+ *

* Lavery et al., NAR, 2009

Protein-DNA complexes 
(Xray)

DNA adopts bioactive 
conformation (rigid)
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MC_DNA + Proteins

Protein-DNA
(PDB)

Protein-DNA
(MC_DNA)
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Sample input – MC_DNA
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Sample input – Circular MC_DNA
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Sample input – MC_DNA + Proteins
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Protein affinity to bind to 
specific DNA sequence
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Structure

Trajectory



bioexcel.eu

MC_DNA CG MC_DNA AA
Circular 

MC_DNA CG
Circular 

MC_DNA AA
MC_DNA + 
Proteins CG

MC_DNA + 
Proteins AA

Structure Ensemble Structure Ensemble Structure Ensemble Structure Ensemble Structure Ensemble Structure Ensemble

Curves X X X X X X

Stiffness X X X

PCAzip X X

Contacts X X X X X X X X X X X X

Bending X X X X X X X X X X X X

Elastic 
Energy X X X X X X X X X X X X

End-to-
End X X X X

SASA X X X X

Circular X X X X

MC_DNA – Analysis Tools
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Curves
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Stiffness
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PCAzip
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Contacts

DNA-DNA

DNA-protein
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Protein-Protein

Contacts
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Bending

5bp

10bp

w
ho

le
 fi

be
r

Segment

5bp
10bp
whole fiber

Bending Direction

xz plane
yz plane 
absolute bending
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Elastic Energy

DNA DNA not bound to protein protein-bound DNA
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End-to-end distance
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Solvent accessible surface area (SASA)
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Circular parameters



Horizon 2020 
European Union Funding 
For Research and innovation

http://multiscalegenomics.eu/MuGVRE/

https://vre.multiscalegenomics.eu/home/Virtual Research Environment:

What’s MuGVRE?

The MuG Virtual Research 
Environment supports the 
expanding 3D/4D genomics 
community by developing 
tools to integrate the 
navigation in genomics data 
from sequence to 3D/4D 
chromatin dynamics data.

http://multiscalegenomics.eu/MuGVRE/
https://vre.multiscalegenomics.eu/home/


Joint MuG-BioExcel workshop

Multi-resolution 
Nucleic Acids Simulations

22.06.2018 (Barcelona, Spain) 

https://bioexcel.eu/events/multi-resolution-nucleic-acids-
simulations-a-joint-mug-bioexcel-workshop/

co-located with the International Society of Quantum Biology and 
Pharmacology (ISQBP) President’s meeting (19.-21.6.) in Barcelona (Spain)

https://bioexcel.eu/events/multi-resolution-nucleic-acids-simulations-a-joint-mug-bioexcel-workshop/
http://mmb.irbbarcelona.org/ISQBP/
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Adam Hospital (Postdoctoral Fellow)

Back-end, Analysis

Molecular modeling and Bioinformatics group
IRB Barcelona, Spain

Genís Bayarri (Webdevelopper)

Webdesign, Front-end

Molecular modeling and Bioinformatics group
IRB Barcelona, Spain
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Free linear

Circular

Protein-coated

http://mmb.irbbarcelona.org/MCDNA/

http://mmb.irbbarcelona.org/MCDNA/
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MC_DNA – Sample Output
MC_DNA Circular MC_DNA
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MC_DNA – Sample Output: MC_DNA + Proteins
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MC_DNA – Sample Output: MC_DNA + Proteins
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https://vre.multiscalegenomics.eu/workspace/

https://vre.multiscalegenomics.eu/workspace/
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Audience Q&A 
session

Please use the Questions
function in GoToWebinar

application

Any other questions or points 
to discuss after the live 

webinar? Join the discussion 
the discussion at 

http://ask.bioexcel.eu.

http://ask.bioexcel.eu/
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UPCOMING WEBINARS
http://bioexcel.eu/webinars

• 18th April: ”Perspective on the Martini Force Field”, Presenter: 
Siewert-Jan Marrink, University of Groningen

• 26 April: ”Finding a trade-off between speed and accuracy in 
protein-ligand binding description”, Presenter: Walter Rocchia, 
BiKi Technologies

• 10th May: ”High-Confidence Protein−Ligand Complex Modeling
by NMR Guided Docking Enables Early Hit Optimization”, 
Presenter: Andrew Proudfoot, Novartis


