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Amino Acid Properties

Physico-chemical and biochemical properties of amino acids 
are defined by indexes or propensity scales.

This properties can be used to perform simple protein structure 
predictions by associating each residue to different statistically 
evaluated features.



AAIndex Database
AAindex is a database of numerical indices representing various 
physicochemical and biochemical properties of amino acids and 
pairs of amino acids.

https://www.genome.jp/aaindex/
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Amino Acid Volume
Some scales define the volume of the amino acids 



Amino Acid Surface
Some scales define the surface of the amino acids 



Secondary Structure
  Covalent structure 
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3D structure

Secondary structure 
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Chou-Fasman (I)
Given a set of known structures we can count how many times 
a residue is associated to a structure.

Example: 

ALAKSLAKPSDTLAKSDFREKWEWLKLLKALACCKLSAAL
hhhhhhhhccccccccccccchhhhhhhhhhhhhhhhhhh

N(A,h) = 7, N(A,c) =1, N= 40

P(A,h) = 7/40, P(A,c) = 1/40

Is that enough for estimating a propensity?



Chou-Fasman (II)
We need to estimate how much independent the residue-to-
structure association is. 

P(h) = 27/40, P(c) = 13/40, P(A) = 8/40

If the structure is independent of the residue:
P(A,h) = P(A)P(h)

The propensity is:

P(A,h)
P(A) x P(h)



The prediction method
The Chou-Fasman method was published in 1974 and the propensity 
scales were calculated on a set of 19 proteins. 

Chou and Fasman Biochemistry 1974



Updated Chou-Fasman
An update version of the Chou-Fasman propensity scales are available 
at the AAIndex database.

http://www.genome.jp/aaindex/ 
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Given a new sequence a secondary structure prediction can be 
obtained by plotting the propensity values for each structure, residue by 
residue

Considering three secondary structures (H,E,C), the overall accuracy, as 
evaluated on an uncorrelated set of sequences with known structure, is 
very low
Accuracy = 50/60 %

Secondary Structure

  

T S P T A E L M R S T G
P(H) 69 77 57 69 142 151 121 145 98 77 69 57
P(E) 147 75 55 147 83 37 130 105 93 75 147 75
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Trans Membrane Regions
Predicting the position of Trans Membrane Segments along the sequence

Porin  
(Rhodobacter capsulatus)

Bacteriorhodopsin 
(Halobacterium salinarum)
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β-barrel α-helices
Outer Membrane Inner Membrane
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Partition coefficient
The partition coefficient  (P) is the ratio of  concentrations  of 
a  compound  in a mixture of two  immiscible  solvents 
at equilibrium.

[AA] Octanol

[AA] water

P =
Octanol

Water

AA



Kyte-Doolittle scale
It is computed taking into consideration the octanol-water 
partition coefficient, combined with the propensity of the 
residues to be found in known transmembrane helices



ProtScale at ExPASy
ExPASy webserver plots protein plots based on different scales

https://web.expasy.org/protscale/
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Exercise
Develop your own alpha helix propensity scale based on a set  
of 13130 PDB structures available at:
http://biofold.org/pages/courses/pibn/data/ss_data.tsv.gz 

Compare your scale with the AAindex Chou-Fasman scale

Write a script that given a sequence and propensity scale 
calculates the smoothed score on a window sequence. 

http://biofold.org/pages/courses/pibn/data/ss_data.tsv.gz
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