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Sequence identity → Structural similarity

Structural similarity → Sequence identityX Non-uniform distribution of folds

• Few (~10) folds are shared by a large number 
(~30%) of known proteins

• Large diversity in sequences and functions 
among members of these “superfolds”among members of these “superfolds”

Examples:
• Immunoglobulin fold
• Rossman fold
• TIM barrel fold
• Globin fold

Methods for protein structure prediction

Methods are distinguished according to the relationship between 
the target protein(s) and proteins of known structure:
• Comparative modeling: A clear evolutionary relationship 

between the target and a protein of known structure can 
be easily detected from the sequence.be easily detected from the sequence.

• Fold recognition: The structure of the target turns out to 
be related to that of a protein of known structure although 
the relationship is difficult, or impossible, to detect from 
the sequences.

• New fold prediction: Neither the sequence nor the structure 
of the target protein are similar to that of a known protein.

Scheme of 
protein 
structure 
predicition
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Inverse protein folding problem

Which amino acid sequences fold into a 
known three-dimensional structure?

Protein folding problem

Which three-dimensional structure is adopted by a given 
amino acid sequence?

Fold recognition methods

•3D profile methods
•Threading

Profile-based fold recognition 

• Physico-chemical properties of the amino acids 
of the target protein must “fit” with the 
environment in which they are placed in the 
modeled structuremodeled structure.

Profile method for fold recognition

Sequence-structure alignment Frozen approximation
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Position Specific Iterated BLAST: PSI-BLAST

The purpose of PSI-BLAST is to look deeper into the database 
for matches to your query protein sequence by employing a 
scoring matrix that is customized to your query.

PSI-BLAST is performed in five steps

1. Select a query sequence and search it against a protein 
sequence database: regular BLAST

2. PSI-BLAST constructs a multiple sequence alignment, 
then creates a “profile” or specialized position-specific 
scoring matrix (PSSM).scoring matrix (PSSM).

3. The PSSM is used as a query against the database. 
4. PSI-BLAST estimates statistical significance (E values)
5. Repeat steps 2-4 iteratively, typically 5 times. 

At each new search, a new profile is used as the query.

Position-specific scoring matrix 
(PSSM) PSI-BLAST: self-positives

• PSI-BLAST is useful to detect weak but biologically 
meaningful relationships between proteins.

• The main source of false positives is the erroneous 
amplification of sequences not related to the query. For 
instance, a query with a coiled-coil motif may detectinstance, a query with a coiled coil motif may detect 
thousands of other proteins with this motif that are not 
homologous.

• Once even a single non-related protein is included in a PSI-
BLAST search above threshold, it will not go away.

• One way to check results: take newly found sequences and 
perform PSI-BLAST using them, then examine whether we 
‘fish’ original sequence (reciprocal identification)

Science 253, 164-170 (1991)

3D profile method

Find sequences that are most compatible with the 
environments of residues in the 3D structure.
The environments are described by:
1 The area of the residue buried in the protein1. The area of the residue buried in the protein 

and inaccessible to solvent
2. The fraction of side-chain area that is covered 

by polar atoms (O and N)
3. The local secondary structure

Bowie, Lüthy & Eisenberg. Science 253, 164-170 (1991)
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Sequences 
Structures 
Folds

Construction of 3D structure profile

Side-chain environment categories
3D-1D scoring table

Example of a 3D profile Profile search 
for sperm 
whale 
myoglobin
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Comparison of sequence homology 
and 3D profile search

Comparison of a 
sequence homology 
search and a 3D 
profile search with 
ribose binding 
protein (RBP)

Sequence 
compatibility 
search with a 
3D structure 
profile for  
actin

Threading

• Sequences are fitted 
directly onto the 
backbone coordinates 
of known protein 
structures

Nature 358, 86-89 (1992)

structures.
• Matching of 

sequences to 
backbone coordinates 
is performed in 3D 
space, incorporating 
specific pair 
interactions explicitly.

Threading

• A library of different protein folds is derived from the 
database of protein structures.

• Each fold is considered as a chain tracing through space; 
the original sequence being ignored completely.

• The test sequence is then optimally fitted to each libraryThe test sequence is then optimally fitted to each library 
fold, allowing for relative insertions and deletions in loop 
regions.

• The ‘energy’ of each possible fit (or threading) is calculated 
by summing the proposed pairwise interactions and the 
solvation energy.

• The library of folds is then ranked in ascending order of 
total energy, with the lowest energy fold being taken as the 
most probable match.

Knowledge-based (pair) potentials

E(r) = -kT ln[f(r)]

r distance between two atoms (or some other parameter, 
like dihedral angles or solvent accessible surface) g )

E(r) is the energy at r
f(r) is the probability density at r
k is the Boltzmann constant 
T is the absolute temperature
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Represent atoms as spheres with 
appropriate radii and eliminate 
overlapping parts.

Mathematically roll a
sphere all around that 
surface.

The sphere’s
center traces
out a surface
as it rolls.

Solvent accessible surface

Lee & Richards, 1971
Shrake & Rupley, 1973

Cross-section (slice) of a protein structure: 
Inner surfaces here are van der Waals.  Outer surface is that traced out by the 
center of the sphere as it rolls around the van der Waals’ surface.  If any part of 
the arc around a given atom is traced out, that atom is accessible to solvent.  
The solvent accessible surface of the atom is defined as the sum the arcs 
traced around an atom.

van der Waals

there’s not much solvent accessible surface 
in the middle

solvent
accessible
surface from

Lee &
Richards,
1971

surface

arc traced around atom

Accessible surface/Molecular surface 

These are alternative ways of representing the surface which is 
essentially in contact with solvent.

Molecular surface of proteins

depiction of heavy atoms (O, 
N,C, S) in a protein as van der 
Waals spheres

depiction of the corresponding
“molecular surface”--volume contained
by this surface is vdW volume plus
“interstitial volume”--spaces in between

• A pocket is an empty 
concavity on a protein 
surface which is 
accessible to solvent 
from the outside.  

The irregular surface of proteins: 
pockets and cavities

• A cavity or void in a 
protein is a pocket 
which has no opening 
to the outside. It is an 
interior empty space 
inside the protein. 

Pockets and cavities can be critical features of proteins in terms of 
their binding behavior, and identifying them is usually a first step in 
structure-based ligand design etc. 

Fractional accessibility

• Calculate total solvent accessible surface of protein structure (also 
can calculate solvent accessible surface for individual 
residues/sidechains within the protein) .

• Model the accessible surface area in a disordered or unfolded protein 
using accessible surface area calculations on model tripeptides such 
as Ala-X-Ala or Gly-X-Gly.y y

• From these we can calculate what fraction of the surface is buried 
(inaccessible to solvent) by virtue of being within the folded, native 
structure of the protein.

• Fractional accessibility is computed by dividing the accessible surface 
area in the native protein structure by the accessible surface in the 
modelled unfolded protein. The residue fractional accessibility and 
side-chain fractional accessibility are calculated for individual residues 
or side-chains in the structure.   
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Broad distribution among 
b i d id   

A sizeable group are 
completely buried
(hatched) or nearly 
completely buried

Distribution of residue fractional accessibilities

non-buried residues; mean 
fractional accessibility
for non-buried residues of 
around 0.5

Few residues are
completely exposed to 
solvent, but that fractional
accessibility >1 is possible

The interior of a protein is akin to a

nonpolar solvent in which the nonpolar
sidechains are buried. Polar sidechains,

on the other hand, are usually on the
f  

Residue fractional accessibility correlates with 
free energies of transfer for amino acids 
between water and organic solvents

surface. 

However, some polar side chains
do get buried, and it must also be 

remembered that the backbone for every 
residue is polar, including those with 

nonpolar side chains.  So a lot of polar 
moieties do get buried in proteins. 

Miller, Janin, Lesk & Chothia (1987)

Fauchere & Pliska (1983) 

Solvation potential Pairwise pseudo-energy terms

Statistically derived potentials 
Threading histogram for 1CTF
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Threading results
Summary of trial fold-recognition searches

Critical components of 
fold recognition techniques

• Techniques producing useful alignments between 
sequences and structures 

• Criteria for identifying native-like sequence/structure 
combinations

• Energy functions or parameter sets providing a reasonable 
description of protein-solvent systems

Fold recognition results from CASP
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