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Protein Structures!
  Sequences of amino acid residues 
  20 different amino acids 

Primary Quaternary Tertiary Secondary 
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Proteins: Levels of Description!
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Proteins!

  Primary structure  is the sequence of amino acid residues of the 
protein, e.g., Flavodoxin: AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA… 

  Different regions of the sequence form local regular secondary 
structures, such as 
!   Alpha helix, beta strands, etc.  

 AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADA… Secondary 
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More on Secondary Structures!
  α-helix  

!   Main chain with peptide bonds 
!   Side chains project outward from helix 
!   Stability provided by H-bonds between CO and NH groups of residues 4 

locations away. 
  β-strand 

!   Stability provided by H-bonds with one or more β-strands, forming β-sheets. 
Needs a β-turn.  
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Proteins!
  Tertiary structures are formed by packing secondary structural 

elements into a globular structure.  

Myoglobin Lambda Cro 
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Quaternary Structures in Proteins!

Quaternary!
•  The final structure may contain more   

!than one “chain” arranged in a 
!quaternary structure. !

Insulin Hexamer!
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More quaternary structures!

Muscle creatine kinase!
(Homodimer)!

Bovine deoxyhemoglobin!
(Heterotetramer)!
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Amino Acid Types!

 Hydrophobic  I,L,M,V,A,F,P 
 Charged 

!   Basic        K,H,R 
!   Acidic       E,D 

 Polar        S,T,Y,H,C,N,Q,W 
 Small        A,S,T 
 Very Small   A,G 
 Aromatic     F,Y,W 



3/8/2011 CAP5510 / CGS5166 10 

Amino Acid Types!



3/8/2011 CAP5510 / CGS5166 11 

All 3 figures are 
cartoons of an 
amino acid residue.!

Structure of a single amino acid!
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Chains of amino acids!

Amino acids vs Amino acid residues!
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Angles φ and ψ in the polypeptide chain!



3/8/2011 CAP5510 / CGS5166 14 



3/8/2011 CAP5510 / CGS5166 15 

Amino Acid Structures from Klug & Cummings 
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Amino Acid Structures from Klug & Cummings 
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Amino Acid Structures  
from Klug & Cummings 
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Amino Acid Structures from Klug & Cummings 
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Ramachandran Plot!
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Alpha Helix!
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Beta Strands and Sheets!
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Molecular  
Representations!
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Supersecondary structures!

βαβ repeat 

Gamma β!
crystallin 

Greek Key 

βαβ-meander 
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Secondary Structure Prediction Software!

Recent Ones:!
GOR V!
PREDATOR!
Zpred!
PROF!
NNSSP!
PHD!
PSIPRED!
Jnet!
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Chou & Fasman Propensities!
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GOR IV prediction for 1bbc!
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Neural Networks!
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Neural Network Prediction of SS!
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PDB: Protein Data Bank!
  Database of protein tertiary and quaternary structures and protein 

complexes. http://www.rcsb.org/pdb/  
  Over 29,000 structures as of Feb 1, 2005. 
  Structures determined by 

!   NMR Spectroscopy 
!   X-ray crystallography 
!   Computational prediction methods 

  Sample PDB file: Click here [▪]  
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PDB Search Results!
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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) 


