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Discriminatory functions

Types

● Simple 

○ Number of atomic contacts

● Complex

○ Energy functions (molecular mechanics)

● Knowledge-based (statistical potentials)

○ AA preference

Use

● Validate structure experiments

● Fold recognition

● Ab initio prediction

Discriminate native / non-native conformations



● Close packing

● Strength of electrostatic interactions

● Exposure of polar groups to solvent

● Secondary structure

● Distribution of intramolecular distances

Cα-Cα distances for all possible amino acid pairs

(PDB 1CU4, chain L)

Native features



RAPDF

Residue-specific All-atom conditional Probability Discriminatory Function

Correct conformation Set of distances of atoms i, j of 
amino acid type a, b

An All-atom Distance-dependent Conditional Probability Discriminatory Function for Protein 
Structure Prediction
Ram Samudrala and John Moult. JMB. 1998

b = TYRa = ALA

i = O j = OH

i = N

i = CB



Bayes’ theorem

Likelihood - Probability of observing 
that distance in correct structures 

Prior - Probability of observing that 
distance in any structure

Prior - Probability of 
correct structure

Posterior 
probability



RAPDF

● We want sets of distances not single distances

● We assume all distances are independent of one another

● Then, the joint probability can be calculated multiplying the probability of single distances

likelihood prior



Posterior 
probability

RAPDF

Prior - Constant, independent of 
conformation for a given sequence

Transform the product into a sum using the logarithm

Likelihood - Probability of observing 
that distance in correct structures 

Prior - Probability of observing that 
distance in any structure



RAPDF - How likelihood and prior are defined?

Likelihood - Measure frequencies in (correct) PDB structures 

Prior - Correct + Incorrect conformations, options:

● All distances are equally probable → too simple

● All possible conformations of a loop → too simple

● Distances distribution observed in random coils → RAPDF would 
generate just compact structures

● Calculate the average from a set of possible compact conformations 
(from PDB)



RAPDF
● Different distributions for different atomic combinations (167 → atom + residue)

● Intra-residue contacts are excluded

● 17 bins (first bin → range [0, 3] Å; then → step of 1, up to 20)

● All counts intialized to one → to avoid log of zero
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Too close →unfavored, clashes. Spread → artifact of pseudo counts

 α-elices (i,i+2) (i,i+3) contacts 

Cis peptides

Disulphide bonds

α-elices + β-strands



Solvation energy

● Consider amino acids (AA) instead of atoms 

● Calculate the number of residues i in the neighbourhood 
(eg 10 Å). (i = 0,…,40)

● For example, it can spot charged AA wrongly placed in the 
protein core → when there are a lot of surrounding atoms

(Jones, 1999)

Solvation energy requires calculation of solvent-protein interactions
It can be expressed as statistical potential



FRST

(Tosatto, 2005)

EFRST = w1 * ERAPDF + w2 * ESOLV + w3 * EHYDB + w4 * ETORS

● Solvation (SOLV)

● Hydrogen bonds (HYDB). 3 distance measures

○ 2 ≤  d(Ni, Oj) ≤ 4

○ d(Ni, Oj) < d(Ni, Cj)

○ d(Ni, Oj) < d(Cai, Oj)

● Torsion angle (TORS). Distribution of ϕ,ψ for each AA type 

○ 10° bins



QMEAN

(Benkert, Tosatto, Schomburg, Proteins 2008)



QMEAN



Stability change upon mutation

● Predict ΔΔG

● Force fields or statistical potentials

● Machine learning


