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� Large Organic Molecules
� Made of Amino Acids arranged in a linear chain  

� Joined together by peptide bonds between the carboxyl and amino group
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the  ith residue in a long peptide chain.

•free rotations (spins):
around the two bonds
N-Ca and Ca-C and
are commonly known
asf i andy i .
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(From Campbel M. 1991)
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Cartoon representation Surface representation

HIV-1 protease bound to an inhibitor
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Ebond- length = Bond energy calculated by Hook’s law =S kb (l-l 0)
2 where kb is

experimentally known and l and l0 are actual and ideal bond lengths.

Ebond-angle= Bond angle (bending) energy calculated by Hook’s law =S kq (q-q0)
2 where

kq (angular stiffness of the bond) is experimentally known andq andq0 are actual and
ideal bond angles.

Etorsion = S A (1+ cos(nj -j 0)) = whereA is an experimentally determined constant andj
is the torsion angle (the rotation angle around the bond between the 2nd and the 3rd
atom in any serially connected four atoms). The torsion energy is mainly used to
correct the bond and bending energies to make the results agree with experimental
results.

Evan der Waals= The energy due to non-bonded forces between two atomsi andj =
S S(-aij / rij

6 + bij / rij
12)

wherea andb are experimentally known andr is the distance between the two atoms.

E Electrostatic= Electrostatic energy between two atoms =S S qiqj / rij whereq and s are
known andr is the distance between the two atoms.
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Question:  

Under the effect of the force field, what is the 
conformation change of the protein 

molecule?
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How does the Predator
gets the Prey?
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PH is now the origin of the 
coordinate system for all atoms

For every link, the contribution of the forces acting 
on the atoms of that link to the equivalent joint 
torques on all of the joints preceding that link are:

These contributions are then combined to 
calculate the overall equivalent joint torques � .
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Zahra Shahbazi, Horea Ilies, Kazem Kazerounian, “Hydrogen Bonds and Kinematic
Mobility of Protein Molecules”, Journal of Mechanisms and Robotics, 2009.
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Zahra Shahbazi, Horea Ilies, Kazem Kazerounian, “Hydrogen Bonds and Kinematic
Mobility of Protein Molecules”, Journal of Mechanisms and Robotics, 2009.
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Movie: 1K6U Protein for Visual check Red Portions are flexible. Other 
colors are all Rigid Domains
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The geometric model of a Peptide plane 
with standard dimensions reported by 

Pauling and Corey (1951)

In search of the best 
values of the bond 
lengths and bond 
bending angles in a 
Peptide plane that offers 
a better structural 
definition of the proteins 
in terms of their Dihedral 
angles
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The workspace of the backbone of a three residue peptide chain
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