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Protein structure

¦Protein structure validation: Ramachandran plot



Protein structure
¦ How to predict

protein structure?

ü Experimental 
• X-ray crystallography
• NMR

ü Simulational
• Comparative method
• Threading method
• Ab initio method



Protein structure

¦ Experimental

ü X-ray crystallography
• No size limitation
• Single structure

ü NMR
• Structure determination from chemical shift
• Multiple ensemble structures
• less than 300 a.a



Protein structure

ü Ab initio method
• Ab initio = “from the beginning”; in strictest sense uses first principle,

not information about other protein structure

• Size limitation : less than 50~60 a.a

• expensive computing time

• Good for finding new fold structure

• Not exact method for already existed fold structure

¦ Simulational

AKWDSTF
KKGGGLLL



Protein structure

ü Homology modeling
• Comparative protein modeling

• Knowledge – based modeling

• Extrapolation of the structure for a new sequence (target) form the

known 3D structure of related family members (template)

¦ Simulational

AKWDSTF
KKGGGLLL



Protein structure

ü Threading method (Folding recognition)
• Find a compatible fold for a given sequence

• Take all possible segments from all PDB structures, “Thread” a target

sequence through all conformations and compute some energy value

• Lowest energy conformations are predicted conformations for that

segment

¦ Simulational

AKWDSTF
KKGGGLLL



Protein structure

¦ PDB growth in new fold



Protein modeling

¦ Protein modeling

ü How can we use computation methods to analyze, design, or  
predict protein structures and sequences?

ü How can we predict the motion of a given protein structure?

Native structure Folding pathway Protein dynamics



Protein modeling

¦ Major components of protein modeling

Computation Visualization

DATA

Structure
Reaction,
Physicochemical properties



Protein modeling

¦ Power of computation methods



Protein modeling

¦ Software for protein modeling

ü Ab initio method : ACES, CADPAC, Gaussian, MOLPRO…

ü Semi-empirical method :  CNDO, MNDO, NNDO…

ü Empirical method : AMBER, CAChe, CHARMM, GROMOS, X-PLOR



Protein modeling

¦ Protein folding landscape



Protein modeling

¦ Protein folding : global minimal

ü Energy minimization is frequently used to find out global minimal state of 
protein, especially mutant protein.

ü But there are many local minima, so energy function should be accurate to find 
out global minima among them.



Protein modeling

¦ Protein folding : Energy function

ü To predict exact protein structures, more exact energy function is needed.



Protein modeling

¦ Molecular dynamics

ü Cvff : peptide, protein

ü AMBER : protein, DNA

ü CHARMM : large macromolecules

ü ECEPP : peptide, protein

ü Merck : organic molecules

ü…

è FF is dependant upon the kind of target molecules.



Protein modeling

¦ Protein motion : Molecular dynamics 

ü Molecular dynamics can show how the protein will move. 

ü Protein motion can give much more information on protein function  rather 

than static 3D structure.

Relevant time scales

ü Femtosecond timesteps

ü Need to simulate micro to milliesceonds



Protein modeling

¦ Protein motion : Water dynamics

ü Water is important for the biological phenomena.

ü But it is difficult to reflect exact water dynamics.

Explicit model Implicit model



Protein modeling

¦ Softwares for protein modeling

Protein structure
Protein-ligand 

interaction

Visualization



Protein modeling

¦ Softwares for visualization

ü Pymol: http://pymol.sourceforge.net

ü Swiss-PdbViwer: http://spdbv.vital-it.ch

ü Ds visualizer: http://accelrys.com

ü Protein explorer: http:// proteinexplorer.org

ü…



Protein modeling



Protein modeling

¦ Softwares for structure prediction

ü Scwrl 4.0: http://dunbrack.fccc.edu/scwrl4/SCWRL4.php

ü Swiss Model: http://swissmodel.expasy.org

ü RosettaDesign: http://rosettadesign.med.unc.edu

ü FoldX: http://foldx.crg.es

ü…



Protein modeling



Protein modeling

¦ Softwares for protein-ligand interaction

ü GRAMM-X : 
http://vakser.bioinformatics.ku.edu/resources/gramm/grammx

ü ZDOCK: http://zdock.bu.edu

ü Autodock: http://autodock.scripps.edu/

ü…



Protein modeling



Protein modeling

¦ Software for molecular dynamics

ü Gromacs : http://www.gromacs.org



Protein modeling

¦ How do we use this computation method?
: Case studies 

ü Design of protein for increasing stability

ü Redesign of protein-ligand interactions

ü Investigation on protein dynamics in organic solvents

ü …



Protein modeling
¦ Redesign of protein for increasing stability

ü Computational thermostabilization of an Enzyme   : Science , 308, 857-860

ü Combinatorial redesign of 

protein based on rotamer library 

(Rosetta design)

Redesign of yeast cytosine deaminase



Protein modeling

¦ Redesign of protein to enzyme

ü Computational design of a biologically active enzyme   : Science , 304, 1967-

1971

Comparison TIM (Triose phosphate isomerase)  with RBP



Protein modeling

ü Kemp elimination catalysts by 

computational enzyme design: 

Nature 453 (7192), pp. 190-195



Protein modeling

¦ Investigation on protein dynamics in organic solvents

ü Hydration of enzyme in nonaqueous media is consistent with solvent 

dependence of its activity   : Biophysical Journal 87, 812-821



Protein Function

Rational/

Computational

design

Directed

evolution



Protein stability

¦ Rational/computational design vs Directed evolution

Property

•stability

•activity

•optimu pH

•…

Squence space

ideal

protein

Rational 
design

Directed 
evolution


