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The polypeptide biopolymer

Genetic code 

(first secret of life)



Folding dynamics

The properties of polypeptides



Folding dynamics

Native
Structural
Dynamics

The properties of polypeptides



Why Single-molecule approaches are 

essential to unravel structural dynamics??

100 l 1 M

1013 =10 trillions protein structures



The ensemble average of human structure



The ensemble average of human structure 

with single molecule resolution
State 1

State 2





Native Structural Dynamics



Native Structural Dynamics

Allostery. The second secret of life



T
T
T
T
T
T
T
T
T
T
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
N
N
N
N
N
N

A
A
A
A
A
A
A
A
A
A
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
S
S
S
S
S
S

W
W
W
W
W
W
W
W
W
W
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
I
I
I
I
I
I

Statistical Coupling Analysis 
(Ernesto Freire & Rama Ranganathan)
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Allosteric network



Allosteric network



Allosteric network



MD simulations





1. 30% of human cancers

2. Psychiatric/developmental disorders

3. 10 mil$/year (NIH Ras Initiative)

Ras is a major drug target



Why is Ras still 

undruggable?



Why is Ras still 

undruggable?

27 states!



Multiple states, dynamic pockets
State 1 State 2 State 3

State 4 State 5 State 6



Protein Biophysics at FORTH

Protein
Chemistry

IMBB

What is needed for protein biophysics

Prof. Kokkinidis
Emeritus
Structural Biology

Protein Purification 
Facility (Pozidis)



Physics
IESL

What is needed for protein biophysics

Dr. Zacharakis
Researcher
Biophotonics/
Molecular
Imaging

Custom-made smFRET
Confocal set-up

Protein Biophysics at FORTH



Statistics
Machine 
Learning
IACM, ICS

What is needed for protein biophysics

Dr. Pantazis
Researcher
Statistical & Machine Learning

• Statistical Coupling Analysis
• AlphaFold (google)
• smFRET analysis tools
• smFRET/HDX-MS/MD data amalgamation

Protein Biophysics at FORTH
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Protein Biophysics at FORTH




