Atomically detailed energy functions

An atomically detailed energy function 
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 returns an energy value (“-score”) for a coordinate vector 
[image: image2.wmf]X

. The coordinate vector is of all the atoms in the protein. For 
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 atoms, we have 
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 vector elements in the Cartesian coordinate representation.

The total energy is presented by a sum of many terms. Terms that depend on two body interactions (most common), three body and four body terms. The total sum is divided into conceptually different type of interactions: Covalent and non-covalent (or non-bonded). 
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The covalent terms take care of the local geometry of the chain. The local geometry includes more that the one-dimensional picture of the 
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 connected but must also include more detailed information on bonding to other atoms and on the geometries of the side chains.

The covalent energy includes the following 
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where the “bond” is for a two body interaction, the “angle” for three, and torsion and improper (torsions) for four body terms.

At the beginning there are “bond”-s. The bond term is yet another sum over a list of covalently linked pair of atoms
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where 
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 is the interaction energy associated with just one bond. If the 
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 bond connects the 
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 and 
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atoms, we have:
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 is the distance between the two atoms
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the 
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 are the Cartesian components of the position vector of the 
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 atom.
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 and 
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 are the equilibrium position and the force constant that are parameterized and determined by the types of  the atoms 
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 and 
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.


[image: image22.wmf]0

r

 and 
[image: image23.wmf]k

 are determined experimentally using (for example) crystallographic information on small molecules (to determine the equilibrium distance) and vibrational spectrum (to determine the force constant). The force constant is a measure of how likely it is that the system will deviate from its equilibrium position.

The idea behind the angle term is similar to the bond. It turns out that covalently linked atoms have in many cases significant rigidity beyond the roughly fixed distance.
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The force constant and the equilibrium (angle) are similar in spirit to the bond term. Note that this is a three-body term. For three atoms with vector coordinates: 
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 we have the following angle
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The torsions are four body terms and the torsion is defined by the angle between the plane 123 and the plane 234. Atoms 1 to 4 are bond sequentially (bonds between 1-2, 2-3 and 3-4)

· How are you going to compute this angle from the Cartesian representation?

The corresponding energy term is 
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The improper torsion is defined in a similar way to (proper) torsions. It is the angle between the planes 123 and 234 but this time the bonds are between 1-2, 1-3 and 1-4.

The energy is taking somewhat different shape
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