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The ultimate goal of protein science …

…… Enzymes and receptors are the usual targets 
of drugs, either to restore function or to destroy 
infectious agents or cancers.  The ultimate goal of 
protein science is to be able to predict the 
structure and activity of a protein de novo and 
how it will bind to ligands. When this is achieved, 
we will be able to design and synthesize novel 
catalysts, materials, and drugs that will eliminate 
disease and minimize ill health. 

Alan Fersht, Structure and Mechanism in Protein Science, Ch. 1.   



If you want to understand function, 
study structure. 

What Mad Pursuit: A Personal View of Scientific Discovery (1988), 150

Francis Harry Compton Crick, (8 June 1916 – 28 July 2004) was an English molecular 
biologist, biophysicist, and neuroscientist, and most noted for being a co‐discoverer 
of the structure of the DNA molecule in 1953 together with James D. Watson. He, 
Watson, and Maurice Wilkins were jointly awarded the 1962 Nobel Prize for 
Physiology or Medicine "for their discoveries concerning the molecular structure of 
nucleic acids and its significance for information transfer in living material".



Where do protein structures come from?

• X‐ray crystallography
• Nuclear magnetic resonance (NMR)
• (cryo)Electron microscopy (cryoEM)
• Atomic force microscopy (AFM)
• Homology modeling
• Threading and fold recognition
• Ab initio prediction
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Architecture of the HTT–HAP40 
complex

Structure of HTT domains
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http://www.rcsb.org

Where are protein structures stored?
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Retrieved March 14, 2018. 



X‐ray crystallography and NMR are two major methods 
for protein structure determination



The application of NMR is limited by the 
size of the biomolecules



Good resolution versus bad resolution

At 3-Å resolution of fold of the 
polypeptide chain can be seen 
and approximate positions of 
side chains can be determined. 
Interatomic distances can only 
be measured to about 0.5 Å .

At 2-Å resolution side chains 
are well delineated and peptide 
carbonyls of backbone are 
discernible, allowing the chain 
to be oriented with precision. 
Interatomic distances can be 
measured to a precision of  
about  0.2 Å. Approximately 
three times as many data are 
required as were used at 3-Å 
resolution 

At 1-Å resolution atoms are 
visible and resolved. 
Interatomic distances can be 
measured to a precision of a 
few hundredth of an Ångstrom. 
Almost 30 times more data are 
required for this resolution as 
were used at 3-Å resolution. In 
favorable cases, the position of 
hydrogens can be inferred at 
this resolution.
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Positions of atoms with 0.001 Å resolution? 
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Checking the Gross Errors of the 
Structure Model 

• For structures refined to high 
resolution, for instance, 1.6 Å, the R-
factor should not be much higher 
than 0.16. obs
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Checking the Ramachandran Plot 

• Phospholipase A2 at 1.7 Å resolution. Open squares: glycine; asterisks: all 
other residues. Left: before refinement; right: after refinement.
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Protein Backbone Structures and 
Ramachandran Plot



23http://www.pymol.org/

PyMOL
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CHIMERA

http://www.cgl.ucsf.edu/chimera/
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1iwq.pdb 1iwq.pdb1

PyMOL
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1iwq.pdb 1iwq.pdb1

CHIMERA
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Partial atomic occupancy in 1ajp

PHE146.A

PHE146.B

ARG145.A

ARG145B

1ajp (grey) has two conformations of side chains on PHE146 and ARG145, 
whose atomic occupancy is 0.5. If the alternative conformations that are 
similar to 1ajq (green) were chosen, the estimated energy is only ‐1.87 
kcal/mol due to the appeared clash (magenta ligand and PHE146.A).



Poor fitting quality of the model structure 
to the electron density map for 1ajp

PHE146.A

PHE146.B

ARG145.A

ARG145.B

• The electron density was 
presented by Chimera 
with the setting of “Level = 
0.426”.

• Apparently, the side 
chains of PHE146 dost not 
map to the electron 
density shown in this 
figure.

• A close contact exists 
between the ligand and 
PHE146.A
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Can you see what are missing?  
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In principle, you should not see hydrogen 
atoms in a PDB file unless …..

• The structure is determined by nucleic magnetic resonance 
(NMR) or ultra‐high resolution X‐ray crystallography.    

• The positions of the hydrogen atoms are determined by 
neutron diffraction.
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Preprocessing the PDB files ……

• Construct the functional unit of the biomolecule(s) of interest.
• Make sure if there are missing residues in the PDB file.
• Check if there are post‐translational modifications of amino acids.
• Decide whether the crystal water molecules should be kept.
• Decide whether the metal ion should be loaded, and decide the 

configuration of the ions.
• Check whether there should be disulfide bonds between cysteines.  

(CYS:cysteine; CYX: cystine)
• Determine the pH condition for the simulations.
• Predict the protonation states of titratable residues according to 

the given pH condition.   
• Make sure whether the N‐ and C‐ terminal should be “capped” or 

not. 
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1k4c.pdb 1k4c.pdb1

CHIMERA:  K+ channel
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http://agave.wustl.edu/pdb2pqr/server.html



http://molprobity.biochem.duke.edu/
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Comparative Modeling Procedure

1) Aligning of the target sequence on the 
backbone of the parent structures 

2) Building a structure framework
3) Constructing of core side chains
4) Building the loops
5) Refining the models
6) Estimating the reliability of models
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Superposition of two protein structures

• Translate the second protein structure so that 
its center of masses matches the center of 
masses of the first protein.

• Rotate the second protein structure in the 
way that the root‐mean‐square deviation of 
two structures are minimal.
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Quantifying structural difference: root 
mean square deviation (RMSD)
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Kearsley’s approach
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Normalization of Quaternions
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Gibbs Rotation Formula
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Mapping Quaternions to Elements of the 
Rotation Matrix
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http://salilab.org/modeller/
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http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
Nature Protocols 4, 363 (2009) Times cited: 4176 (2018/3/15)

Nature Protocols 10, 845 (2015)

Times cited: 1721 (2018/3/15)
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/download/

Times cited: 1190 (2018/3/15) Times cited: 3326 (2018/3/15)



59

Times cited: 3353 (2016/5/30)
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http://zhanglab.ccmb.med.umich.edu/I-TASSER/download/
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