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Levels of  Protein Structure

• Primary

• Secondary 

• Tertiary

• Quaternary



• Sequence to Structure

• Structure to Function



• For many proteins sequence identity is extremely limited. 

• Example retinol-binding protein and odorant-binding 
protein

• Both are lipocalins of  about 20 kDa and are abundant, secreted 
carrier proteins. They share a GXW motif that is characteristic 
of  lipocalins.

• However, pairwise alignment the two proteins share less than 
20% identity.

• Both structure and function are preserved over evolutionary time 
more than is sequence identity. 

• Thus, the three-dimensional structures of  these proteins are 
extraordinarily similar. 



Can it really be generalized?

Can a single priority rule about sequence, structure 
and function of  proteins be forged?



• Even single amino acid substitutions can cause a dramatic
change in protein structure, as exemplified by disease-causing
mutations.

• Many other substitutions have no observable effects on
protein structure.

• Wood and Pearson (1999) examined 36 protein families, each
having five or more members with known three-dimensional
structures.

• They found a very high correlation between sequence
similarity and structural similarity for three-quarters of the
protein families.

• Wood and Pearson concluded that most amino acid sequence
changes cause detectable structural changes. Also, the amount
of structural change is relatively constant within a protein
family.
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• What ligand does each protein transport? 

• Can structural studies reveal the binding domain to suggest the identity 
of  the ligand? How much structural information is required in order to 
predict the ligand from sequence information?

• Mutations in globin genes result in a variety of  human diseases, 
including thalassemias and sickle cell anemia. 

• Can we predict the structural and functional consequences of  a 
specific mutation?

• Globins have been divided into subgroups based on phylogenetic
analyses and their localization. To what extent do those groupings 
reflect structural and functional similarities?

• When a genome is sequenced and a gene encoding a putative novel 
globin is discovered, can we use information about other globins of  
known structure in order to predict a new structure?
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Secondary Structure Prediction Methods

• PHDsec (Rost 1996)

• PROFsec (Rost 2003)

• PSIPRED (McGuffin 2000)

• SAM-T99



Solvent Accessibility Prediction Methods

• PHDacc

• PROFacc

• Jpred (Cuff  and Barton 2000)



Transmembrane Segments Prediction Methods

• TopPred

• PHDhtm

• ProfTMB

• SOSUL

• TMHMM

• DAS



Function Predicting Methods 

• PROSITE
– Catalog of  biologically significant sites 

• Pfam
– Collection of  protein domains

• InterPro
– Protein families, domains and functions 

• BLOCKS
– Family of  proteins



Subcellular Prediction Methods

• PSORT
– Library of  signal peptides

• SUBLOC
– Amino acid composition

• Target P
– Signal peptides at N terminal of  protein

• LOC3D
– Nuclear localization signal



Experimental Protein Structure Determination

• X ray crystallography

• NMR



Protein Structure Database

• PDB

• CATH Class, Architecture, Topology, Homology

• SCOP Structural Classification of  Proteins 



Homology Modeling

• Alignment

• Select backbone segments

• Replace backbone segments

• Replacing side chains

• Energy minimization

• Validating the model



Threading

• Fold recognition method

• Common fold in protein

• No sequence homology

• Approximate models

• Two dimensional threading 

– Prediction based method (PBM)

• Three dimensional threading

• Distance based Method (DBM)



Ab initio Structure Prediction

• Minimize no of  torsional angles disallowed

• Maximize no of  hydrogen bonds

• Minimize exposed hydrophobic residues

– DSSP

– PROCHECK

– VADAR

– Verify3d
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