
Andrea Giansanti 
Dipartimento di Fisica, Sapienza Università di Roma 

Andrea.Giansanti@roma1.infn.it 

Physics/Biology/Computation: setting the stage 

CB_23_24 Lecture N.1 
Rome 25th Sep 2023 



Who am I? 
Teaching  

Computational Biophysics (LM Fisica) 
Data Analysis (LM Genetica e Biologia Molecolare 

+ Neurobiologia) 
Algoritni e piattaforme per le decisioni d’impresa 

(LM MANIMP, fac. Economia) 
CONTACTS 

Ufficio 211, Dipartimento di Fisica, Edificio 
Marconi (CU013) 

Tel 0649914367/3385075611 
andrea.giansanti@uniroma1.it 



Research Activity 
 
•  have a look at pubmed  
•  https://

pubmed.ncbi.nlm.nih.gov/ 

•  or to BioRxiv (Giansanti A) 
•  https://www.biorxiv.org/  



WHAT IS COMPUTATIONAL SCIENCE? 

Based on models / numerical data / algorithms (to do what? See e.g. preceding Slide) 
 
Someone (not necessarily a dummy) thinks we have no need of laws, principles 
We need just …predictive correlations, and that’s all folks (The big data solution) 
 
But, ordinarily: 
i) assume a model – not necessarily a mechanical one; 
ii) define a problem whithin  the semantics of the model; 
iii) look for solutions, provided solutions do exist 
iv) compute them through sufficiently rapid, convergent, algorithms  
v) (finite sets of instructions to get a solution, steps to converge) 
vi) Sometimes recursive instructions) 
 
Example: Ising model. Is not mechanical, but used to model: phase transitions (order/disorder: e.g. 
ferromagnetism); disordered – complex – systems: spin glasses, where Jik are random quenched 
variables, that are used to model systems with single/degenerate ground states (see e.g. the problem 
of protein folding, IDPs. See also the inverse statistical mechanical problem: swarms, flocks in 
animal aggregates; I. Giardina’s Course) 



BIG DATA VS MODELS-
THEORY 

•  A manifesto (Anderson 2008)

•  https://www.wired.com/2008/06/pb-theory/ 



But, REMEMBER that, for many, computational biophysics is still  
 

ATOMISTIC SIMULATION 
 
 
 

See e.g. Oren M. Becker, Alexander MacKerrel, Jr. Benoit Roux,  
Masakatsu Watanabe (Eds.)Computational Biochemistry and Biophysics  
M. Dekker New York 2001. 



GALILEI’S REMOUVAL OF THE ANIMAL 

From: Il Saggiatore (1623), 



•  The galilean paradigm: based on the “removal of the animal” 
•  What is physics: the study of material bodies, localized in space and 

time 
•  Reference frames + clocks (newtonian time, not percolating, it 

uniformly flows, always at the same rate 
•  Biology is based on the careful observation of single cases, then 

correlated in a qualitative way, based on senses, into classes 
(classification) (e.g. species) 

•  The darwinian shift biological time vs physical time 
•  The molecular revolution (Watson & Crick) Macroscopic genetic 

laws can be explained by looking at molecular materials 



we need, operationally, another unit, 
 e.g. number of mutations per residue 
 between coding sequences 
 
THERE IS NO MOLECULAR CLOCK! 



A basic critical , distinction when reading the leaflet of the  
Biophysical Society: 
 
Physics of Living systems (cell biophysics, integrative biophysics,  
systems biology, e.g. physics of living plants at the blackboard) 
 
Physics of parts of living systems (molecular biology/biophysics,  
Biomaterials, biophysical chemistry, in vitro, diluted solutions  
single molecule experiments, also x-ray cristallography is  
 single molecule experiment) 
 
Note: there is also a Biological Physics and Physical Biology  
[ homework for next thursday] 

BIOPHYSICS 



TWO DISTINGUISHED ROMAN SCHOOLS OF BIOPHYSICS 





What is Terry Hwa doing? 

• http://biology.ucsd.edu/research/faculty/
thwa  

Example of an ostensive definition: particle 
physics is what particle physicists do…(less stupid 
than it might seem, in a nutshell is an historical 
definition 



Biophysics, as part of biology,  became an evolutionary science, in recent years 
 and here is evolution in a nutshell Evolution in a nutshell  
(remembering Anna Tramontano, pioneer of bioinformatics) 
 

The case of density bullet-holes in surviving war planes 
 



Outline of the next discussions 

• Computational science 
• networks ( as a proxy model of complexity) 
• Molecular evolution 
• Substitution patterns in genes 
• Estimation of the number of substitutions 
• Differences in the gene evolutionary speed 
• Molecular clocks  
• Sequences/structures 
• From the B. O. approximation to Molecular Dynamics 
 






