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Michael, Malliavin Thérèse, Lisser Abdel, Ordering protein contact matrices, Computa-
tional and Structural Biotechnology Journal (2018), doi:10.1016/j.csbj.2018.03.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.csbj.2018.03.001
https://doi.org/10.1016/j.csbj.2018.03.001


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Ordering protein contact matrices

Chuan Xua, Guillaume Bouvierb,c, Benjamin Bardiauxb,c, Michael Nilgesb,c,
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Abstract

Numerous biophysical approaches provide information about residues spa-
tial proximity in proteins. However, correct assignment of the protein fold
from this proximity information is not straightforward if the spatially close
protein residues are not assigned to residues in the primary sequence. Here,
we propose an algorithm to assign such residue numbers by ordering the
columns and lines of the raw protein contact matrix directly obtained from
proximity information between unassigned amino acids. The ordering prob-
lem is formatted as the search of a trail within a graph connecting protein
residues through the nonzero contact values. The algorithm performs in two
steps: (i) finding the longest trail of the graph using an original dynamic
programming algorithm, (ii) clustering the individual ordered matrices using
a self-organizing map (SOM) approach. The combination of the dynamic
programming and self-organizing map approaches constitutes a quite inno-
vative point of the present work. The algorithm was validated on a set of
about 900 proteins, representative of the sizes and proportions of secondary
structures observed in the Protein Data Bank. The algorithm was revealed
to be efficient for noise levels up to 40%, obtaining average gaps of about 20%
at maximum between ordered and initial matrices. The proposed approach
paves the ways toward a method of fold prediction from noisy proximity in-
formation, as TM scores larger than 0.5 have been obtained for ten randomly
chosen proteins, in the case of a noise level of 10%. The methods has been
also validated on two experimental cases, on which it performed satisfactorily.
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