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Computational physics applied to biological science

where Physics, Biology and computer science meet

or

or

1

2



2

Fernando Barroso, FCFRP/USP

SAIFR  - March 9-15, 2020

[p
ic

tu
re

s 
fr

o
m

 in
te

rn
e

t,
 u

n
kn

o
w

n
 a

u
th

o
r]

Temperature

P
re

s
s
u

re

where Physics, Biology and 

computer science meet

Multi -scale & multi-approach modeling
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Molecular base to understand diseases, pharmaceuticals, bioseparation

processes, new functionalized materials, ....
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pH andsalt

General approach: to rationalize key applied systems

From the REAL systemto CG models

Example of measurements

microencapsulation
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+ specific scientific papers

From Computational Physics to Structural Bioinformatics

1. M.P.Allene D.J. Tildesley, Computer Simulation
of Liquids, (Oxford University Press, 1989).
2. D. Frenkele B. Smid, Understanding Molecular 
Simulation, (Academic Press, 2001).
3. T. Schlick, Molecular Modelingand Simulation, 
(Springer, 2010).
4. J.M. Haille, Molecular Dynamics Simulation: 
Elementary Methods, (Wiley-Interscience, 1997).
5. D.C. Rappaport, The Art of Molecular Dynamics
Simulation, (Cambridge University Press, 1997).
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é.Structural Bioinformatics
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Syllabus

VAbout us

VBibliography

VFrom complex problems to key answers

VEarly computer experiments

VWhat is Structural Bioinformatics?

VMolecular modeling

VSolving the model

VElectrostatic interactions & constant -pH simulation methods
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Life is complex!
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Physicistƃs toolbox
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The radial distribution function
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and the radial distribution function

Intermolecular interactions

[Skaf & Barroso da Silva, 1994]

Water

intermolecular interactions
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How do I generate the 
configurations?

The radial distribution function
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How does computer simulation 
enter in this picture?

Easier to be done in a computer experiment!
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rdf
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Structural Bioinformatics
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Computer simulation

Fernando Barroso (fernando@fcfrp.usp.br)
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We need to create a common language!

ñéis conceptualising biology in terms of molecules(in the sense of 

Physical chemistry) and applying ñinformatics techniquesò (derived 

from disciplinessuchas applied maths, computer science and statistics) 

to understand and organise the information associated with these 

molecules, on a large scale.ò
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òOmicsó Molecular 

modeling

biomolecular 
simulationproteomics

data mining

alignments

genomics
structure prediction
docking

Binding affinities
molecular dynamics
protein interactions

Statistics Physics

Homology modeling

Biological approach

1) Find a known structure with a similar 
sequence

2) Align the sequences

3) Model the unknown structure on the

known structure using the alignment 

PSP
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Physical approach

1) Choose or make a model 

2) Simulate

Modelling
Solution of the 

model

What Force field? Molecular dynamics?

Monte Carlo?

Poisson-Boltzmann?

Langevin dynamics?

simplification

reduction in # sites accuracy

practical relevance

)(xf

Genetic algorithm?

Bioinformatics

Fernando Barroso (flbarroso@usp.br)
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ÅModeling
ÅImplementation
ÅSetup 
ÅRuns (simulation)
ÅAnalyses

Computer Experiments

ðOur main tools
Solve

the model 

Real world

Physical approach
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Molecular modeling

ÅComplex? In what condition? Is it stable?

ÅContact residues?

ÅMean smMLK conformation? 

ÅWhat sites have changes on pKas? Where 

are they localized?

ÅEffect of Ca2+ on the CaM-smMLK?

ÅEffect of smMLK on the Ca2+-CaM?

ÅCritical mutation at contact

ÅOther critical mutations

More specific questions
CaM-smMLK

VFundamental interactions

VEach aa contribution

VMolecular mechanisms

General questions

wildGD

mutantGD
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Models
(general idea)

Mesoscopic

models
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B2

Compare with experiments

Direct approach
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Examples of force fields
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