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Significance of Protein Structure

What does a structure offer in the way of
biological knowledge?

• Location of mutants and conserved residues
• Ligand and functional sites
• Evolutionary Relationships
• Mechanisms



Experimental Method
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Theoretical Model

(1) homology or comparative modeling; (2) fold recognition
(threading); (3) ab initio techniques.
Homology or comparative modeling is currently the most
accurate method to predict the three dimensional structure of
proteins.

Homology Modeling
Given: protein sequence

Aim: model of the 3D structure of the target protein

Approach: use homologous proteins as templates

...MPKYTLHYFPLMGRAELCRFVLAAHG...

Sequence

Template Model



Use of Homology Modeling

What can a homology model provide …
study patterns of conservation
spatial proximity of residues to known active sites
surface exposure of residues

… and what not?
atomic details of protein geometry
exact loop and side chain conformations
local shape
protein flexibility

Computational Determination and Analysis

Databases
CATH (Class, Architecture, Topology, Homologous superfamily)
SCOP (Structural Classification Of Proteins)
FSSP (Fold classification based on Structure Structure
alignment of Proteins)

Prediction
ab initio, theoretical modeling, and conformation space search
Homology modeling and threading
Energy minimization, simulation and Monte Carlo



Growth of Unique Folds Per Year (SCOP)

Growth of Unique Folds Per Year (CATH)



CATH http://www.cathdb.info/

a combination of manual and 
automated hierarchical classification 
four major levels:

Class (C) – based on secondary
structure content
Architecture (A) – based on gross
orientation of secondary structures
Topology (T) – based on connections
and numbers of secondary structures
Homologous superfamily (H) – based
on structure/function evolutionary
commonalities

provides useful geometric information 
(e.g. architecture)
partial automation may result in 
examples near fixed thresholds being 
assigned inaccurately

a purely manual hierarchical 
classification
three major levels:

Family – based on clear 
evolutionary relationship 
(pairwise residue identities 
between proteins are >30%)
Superfamily – based on 
probable evolutionary origin 
(low sequence identity but 
common structure/function 
features
Fold – based on major 
structural similarity (major 
secondary structures in same 
arrangement and topology

provides detailed evolutionary 
information
manual process influences update 
frequency and equally exhaustive 
examination

http://scop.mrc-lmb.cam.ac.uk/scop/ 



FSSP  http://ekhidna.biocenter.helsinki.fi/dali

a purely automated 
hierarchical classification 
three major levels:

representative set – 330
protein chains (less than 
30% sequence identity)
clustering – based on 
structural alignment into fold 
families
convergence – cutting at a 
high statistical significance 
level increases the number 
of distinct families, gradually 
approaching one family per 
protein chain

continually updated, presents 
data and lets user assess
Without sufficient knowledge, 
user may not assess data 
appropriately

list of representative set 

clustering dendogram 

ab-initio, theoretical modeling, 
and conformation space search

• ab-initio = given amino acid primary structure, i.e. sequence, derive 
structure from first principles (e.g. treat amino acids as beads and derive 
possible structures by rotating through all possible , angles using a 
“reliable” energy function, then optimize globally)

• Theoretical modeling = subset of ab-initio, given amino acid primary 
structure and knowledge about characteristic features, derive structure that 
has that structure and features
(e.g. protein has an iron binding site 

possible heme substructure)

• Conformation space search = subset of ab-initio, but a stochastic search 
in which the sample space is reduced by initial conditions/assumptions (e.g. 
reduce sample space to conform to Ramachandran plot)



Homology modeling and threading

• Homology modeling = knowledge-based approach, given a 
sequence database, use multiple sequence alignment  on this database 
to identify structurally conserved regions and construct structure 
backbone and loops based on these regions, restore side-chains and 
refine through energy minimization (apply to proteins that have high 
sequence similarity to those in the database)

• Threading = knowledge-based approach, given a structure database 
of interest (e.g. one that provides a limited set of possible structures 
per given sequence for fold recognition, one that provides a one 
structure per given limited set of possible sequences for inverse 
folding) use scoring functions and correlations from this database to 
derive structure that is in agreement (apply to proteins with moderate 
sequence similarity to those in the database)

Energy minimization, simulation 
and Monte Carlo

• Energy minimization = select an appropriate energy function and 
derive conformations that yield minimal energies based on this 
function

• Simulation = select appropriate molecular conditions and derive 
conformations that are suited to these molecular conditions

• Monte Carlo = subset of molecular simulation, but it is an iterated 
search through a Markov chain of conformations (many iterations 
canonical distribution, P(particular conformation)~exp(-E/T)) proposed 
by N. Metropolis, in which a new conformation is generated from the 
current one by a small ``move'' and is accepted with a probability Pacc
= min(1, exp(- E/kT)), which depends on the corresponding change in 
energy, E, and on an external adjustable parameter, kT



Protein Structure Prediction
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Homology Modeling ( )

Homology modeling = knowledge-based approach, given a sequence 
database, use multiple sequence alignment  on this database to identify 
structurally conserved regions and construct structure backbone and loops 
based on these regions, restore side-chains and refine through energy 
minimization (apply to proteins that have high sequence similarity to those 
in the database)
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What is Homology Modeling?

Predicts the three-dimensional structure of a given protein 
sequence (TARGET) based on an alignment to one or more known 
protein structures (TEMPLATES)
If similarity between the TARGET sequence and the TEMPLATE 
sequence is detected, structural similarity can be assumed.
In general, 30% sequence identity is required for generating useful 
models.

>AAT03210 glyoxalase family protein
MKIEHVALWTTNLEQMKQFYVTYFGATANDLYENKTKGFNSYFLSFEDG
ARLEIMSRTDVTGKTTGENLGWAHIAISTGTKEAVDELTEKLR

Target

Template



Homology detection and template selection

Homology detection
To detect the fold of a probe sequence from a 
library of known target fold.

The three type of methods:
Pair-wise sequence-sequence comparison

FASTA, BLAST

Sequence profile comparison
PSI-BLAST, IMPALA, HMMER, SAM

Profile-profile comparison
prof_sim, COMPASS



PSI BLAST Overview

The importance of the sequence alignment

The quality of the sequence alignment is of crucial 
importance.
Misplaced gaps, representing insertions or deletions, will 
cause residues to be misplaced in space.
Careful inspection and adjustment on alignment may 
improve the quality of the modeling.



Model Building

Steps
Partial backbone generation
Loop modeling
Side-chain modeling

MODELLER



Errors in Homology Modeling

a) Side chain packing      b)Distortions and shifts           c) no template

Errors in Homology Modeling

d) Misalignments e) incorrect template
Marti-Renom et al., Ann. Rev. Biophys. Biomol. Struct., 2000, 29:291-325.



Detection of Errors

A stereochemical check on the modeled structure
PROCHECK
WHATCHECK
DISTAN
which will show deviations from normal bond lengths, 
dihedrals, etc.

PROCHECK

http://www.biochem.ucl.ac.uk/~
roman/procheck/procheck.html



Modelling Servers:

http://ps2.life.nctu.edu.tw/

SWISS-MODEL

http://www.expasy.org/swissmod/SWISS-MODEL.html



>test001
TTSEAAISCGQVSSAIALCLSYARGQGFAPSAGCCSGVRSLNSAARTTADRRAACNCLK
NAARGISGLNAGNAASIPSKCGVSVPYTISTSTDCSRVS

http://www.expasy.org/swissmod/SWISS-MODEL.html

Automatic Modelling Mode









Check Your Model by PROCHECK

Go to PDBsum
http://www.ebi.ac.uk/pdbsum/
Generate
Sumbmit your PDB file for PDBsum analysis

TBI http://www.tbi.org.tw/

http://ps2.life.nctu.edu.tw/



Figure 1. Overview of the protein structure prediction server, (PS)2.

Overview
Step1: Template 

search/selection by the 
consensus of PSI-BLAST 

and IMPALA

Step2: Target-template 
alignment by the consensus 
of T-Coffee, PSI-BLAST, 

and IMPALA

Step3: Model building by 
MODELLER and structure 
evaluation and visualization 

by CHIME and Raster3D 
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Materials and Methods



Results
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Figure 7. Predicted structure results of the (PS)2 server using F2365 glyoxalase protein 
(AAT03210) sequence from L. monocytogenes as a query.

GDT_TS = 45.96 GDT_TS = 60.48

(PS)2 model multi-templates

Target: 2bj7A



http://ps2.life.nctu.edu.tw





Structure quality




