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CAP 5510: Introduction to Bioinformatics!

Giri Narasimhan 
ECS 254; Phone: x3748 

giri@cis.fiu.edu 
www.cis.fiu.edu/~giri/teach/BioinfS11.html 
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Protein Folding!

  How to find minimum energy configuration? 

Unfolded 

Molten Globule State 

Folded Native State 

Rapid (< 1s) 

Slow (1 – 1000 s) 



3/8/2011 CAP5510 / CGS5166 3 

Protein Folding!
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Energy Landscape!
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Modular Nature of Protein Structures!

Example: Diphtheria Toxin 
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Protein Structures!
  Most proteins have a hydrophobic core. 
  Within the core, specific interactions take place between amino acid 

side chains.  
  Can an amino acid be replaced by some other amino acid? 

!   Limited by space and available contacts with nearby amino acids 
  Outside the core, proteins are composed of loops and structural 

elements in contact with water, solvent, other proteins and other 
structures. 
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Active Sites!

Active sites in proteins are usually hydrophobic pockets/
crevices/troughs that involve sidechain atoms. 
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Active Sites!

Left PDB 3RTD (streptavidin) and the first site located by the 
MOE Site Finder. Middle 3RTD with complexed ligand (biotin). 
Right Biotin ligand overlaid with calculated alpha spheres of the 
first site.  
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Viewing Protein Structures!
  SPDBV 
  RASMOL 
  CHIME 
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Structural Classification of Proteins!
  Over 1000 protein families known 

!   Sequence alignment, motif finding, block finding, similarity search 
  SCOP (Structural Classification of Proteins) 

!   Based on structural & evolutionary relationships. 
!   Contains ~ 40,000 domains 
!   Classes (groups of folds), Folds (proteins sharing folds), Families (proteins 

related by function/evolution), Superfamilies (distantly related proteins) 
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SCOP Family View 
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CATH: Protein Structure Classification!

  Semi-automatic classification; ~36K domains 
  4 levels of classification:  

!   Class (C), depends on sec. Str. Content  
  α class, β class, α/β class, α+β class 

!   Architecture (A), orientation of sec. Str. 
!   Topolgy (T), topological connections &  
!   Homologous Superfamily (H), similar str and functions. 
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DALI/FSSP Database!
  Completely automated; 3724 domains 
  Criteria of compactness & recurrence 
  Each domain is assigned a Domain Classification number DC_l_m_n_p 

representing fold space attractor region (l), globular folding topology 
(m), functional family (n) and sequence family (p). 
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Structural Alignment!
  What is structural alignment of proteins? 

!   3-d superimposition of the atoms as “best as possible”, i.e., to minimize 
RMSD (root mean square deviation).  

!   Can be done using VAST and SARF 
  Structural similarity is common, even among proteins that do not share 

sequence similarity or evolutionary relationship.  
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Other databases & tools!
  MMDB contains groups of structurally related proteins 
  SARF structurally similar proteins using secondary structure elements 
  VAST Structure Neighbors 
  SSAP uses double dynamic programming to structurally align proteins 
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5 Fold Space classes!

                                                                                                                                 

Attractor 1 can be characterized as alpha/beta,  
attractor 2 as all-beta, attractor 3 as all-alpha,  
attractor 5 as alpha-beta meander (1mli), and  
attractor 4 contains antiparallel beta-barrels e.g. OB-fold (1prtF).  
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Examples of protein classes!

Parvalbumin!

Serotonin N-
acetyltransfe
rase!

Translation 
Initiation 
Factor 5A!

Hypothetical 
protein from 
yeast!
(α/β alternating fold)!
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Fold Types & Neighbors!

Structural neighbours of 1urnA (top left).  
1mli (bottom right) has the same topology  
even though there are shifts in the relative 
orientation of secondary structure elements. 
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Sequence Alignment of Fold Neighbors!
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Frequent Fold 
Types 
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Protein Structure Prediction!
 Holy Grail of bioinformatics  
 Protein Structure Initiative to determine a set of protein 

structures that span protein structure space sufficiently 
well. WHY? 
!   Number of folds in natural proteins is limited. Thus a newly 

discovered proteins should be within modeling distance of some 
protein in set.  

 CASP: Critical Assessment of techniques for structure 
prediction 
!   To stimulate work in this difficult field 
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PSP Methods!
 homology-based modeling  
 methods based on fold recognition  

!  Threading methods 
 ab initio methods 

!  From first principles 
!  With the help of databases 
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ROSETTA!
 Best method for PSP 
 As proteins fold, a large number of partially folded, low-

energy conformations are formed, and that local structures 
combine to form more global structures with minimum 
energy. 

 Build a database of known structures (I-sites) of short 
sequences (3-15 residues). 

 Monte Carlo simulation assembling possible substructures 
and computing energy 
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Threading Methods!

 See p471, Mount 
!   http://www.bioinformaticsonline.org/links/ch_10_t_7.html 
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Modeling Servers!
  SwissMODEL 
  3DJigsaw 
  CPHModel 
  ESyPred3D 
  Geno3D 
  SDSC1 
  Rosetta 
  MolIDE 
  SCWRL 
  PSIPred 
  MODELLER 
  LOOPY 


