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We have investigated structural descriptors for struttinailarity and classification of 77 pro-
teins extracted from SCOP. A Support Vector Machine waségito predict structural sim-
ilarity based on paired protein profiles, composed of stnattdescriptors derived from the
geometric properties of secondary structure elements. fdldncross-validation, against the
standard similarity measure from DALI gave a cross-vatidatorrelation coefficienty?, of
0.91. A coefficient of dissimilarity was derived as the Edetn distance among different de-
scriptor types of two proteins. This coefficient was evaddator the classification of protein
pairs to different levels in SCOP hierarchy.

1 Introduction

Protein structure comparison can provide useful inforamatin the biological function of
a proteirt and can imply evolutionary relationships between proteiits low sequence
similarity. This information is crucial in the identificath of new protein folds and un-
derstanding the organisation of the known universe of pratuctures. The aim of this
work is to perform protein structure analysis and compartsoough the use of structural
descriptors. These are numerical values that charactBgssecondary structure elements
of a protein. For example, they may represent the physieorital properties or geomet-
ric properties of the secondary structure elements defioed the 3D coordinates. In our
study we make use of SCOP, DALI and USM. SCOP is a curated asgabhich aims to
provide a comprehensive description of the structural amdugonary relationships be-
tween all protein structurés The principal levels in the SCOP hierarchy are class, fold,
superfamily and family. DALI is a common and popular struat@lignment and compar-
ison method. It represents a protein as a matrix of contact patternsdmtvsuccessive
hexapeptide fragments and makes comparisons with sucicesadf other proteins. USM
is based on the comparison of compressed protein contact ospg the principle of
Kolmogorov complexity.

2 Structural Descriptors

A protein was defined in terms of structural descriptorsvéetfrom its secondary structure
elements. A set of 77 proteins containing exactly and onlgeh helices from the all-
« class of SCOP database was used. The descriptors, such pairtise separatiop
between the centre of mag&O M of any two secondary structure elementand j of
lengthsn andm in a protein along Cartesian coordinatésthe relative orientation cés
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Figure 1. A pictorial representation of structural deserip and their mathematical definitions.

the individual surface accessibilityand the lengthy for each of them were derived from
the DSSP assignmefitsFigure 1 illustrates these descriptors in a protein stmecand
give their mathematical definitions.

3 The Protein Profile

The geometric profiles made up of above defined descriptosased to pair up any two
proteins. Such paired protein profiles included along whih 12 descriptors for each of
the proteins, the RMS difference between respective dqasctiypes for that pair. For the
77 proteins, 2,926 paired protein profiles containing 2&elets each were generated.

3.1 Profile Based Structural Similarity

Using Support Vector Machines (SVMs) the paired proteirfi®were subjected to the
non-linear (multivariate) regression against the proséimilarity values assigned by DALI
and USM. The model was trained by the Sequential Minimal ®isttion algorithm

for regression analysis (SMOrégiyom Waikato Environment for Knowledge Analysis
(WEKA) software packade Parameter tuning was performed to choose the best values fo
complexity parameter and kernel function. Finally, the elaassessment was performed
using 10-fold cross-validation.

3.2 Profile Based Structural Classification

For a pair of proteing andy, a coefficient of dissimilarity2,,, that gives the Euclidean
distance between them was derived from the RMS differenciffefent descriptor types
as below:

me = \/p;ZLsd + ggznsd + n;;}nsd + 5;;}1511
The higher2 more dissimilar are the proteins.
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4 Results

The outcome of multivariate regression of paired proteofifgs against the similarity
values assigned by USM and DALI was significant with crod&daeged correlation coeffi-
cients ¢?) of 0.74 and 0.91, respectively.

The structural classification of protein pairs was basedhencbefficient of dissim-
ilarity ©2. The protein pairs belonging to the same family congregtie@rds a lower
dissimilarity threshold, whilst those sharing the samel fakre associated with higher
values.

5 Concluding Remarks

The results from multivariate regression of protein prafdeggest their potential as a rep-
resentation of protein structures and there further uslkedrptotein structure comparison.
Ideally, the profile based structural classification of pias to different levels in SCOP hi-
erarchy should be distinctive. Our results show some biaarts this. Efforts to improve
this are ongoing. Analysis continues on larger datasetspasing proteins containing
three or four secondary structure elements.
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