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1 Introduction
For over forty years it has been known that a protein spontaneously folds into a compact struc-
ture determined by its amino acid sequence; hydrogen bonds play a key role in folding a protein
into its 3-D structure. We focus on a probabilistic approachwhich seeks to attack protein struc-
ture prediction using statistical shape analysis by defining the hydrogen bond as four atomic
coordinates in 3-D space in a representation equivalent to that of Kortemme et al (2003).

2 Shape Analysis
Data on11653 hydrogen bonds between secondary structures in proteins have been made avail-
able by our collaborating group at Copenhagan University. The data consist of four distances,
three angles, and two categorical variables. Driven by these measurements and previous work
by Paulsen (2009) a new ‘Euclidean-Latitude’ representation of the hydrogen bond is intro-
duced. The new model reduces the original 12 variables to 4 shape variables, incorporating 3
spherical coordinates and a co-latitude.

We show that the joint distribution of the spherical coordinates form a ‘shell’ on the surface
of the sphere with the depth of the shell determined by the length of the hydrogen bond. This
distribution is dependent on the secondary structures and the separation distance between the
interacting pair. We propose a flexible model for the distribution of hydrogen bonds by con-
ditioning on the hydrogen bond length and using the EM algorithm to fit a mixture of Fisher-
Bingham 5 parameter distributions using the full MLEs of theparameters. This is an extension
of the method of Peel et al (2001) which used the moments estimators of the parameters given
in Kent (1982).
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