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Abstract

Protein secondary structure prediction based merely
on protein amino acid sequence is a very exciting
fundamental challenge in protein structure study. Common
interval searching provides a new angle for sequence
pattern study. RCIS (Redundant element sequence Common
Interval Searching) algorithm is designed specifically for
protein amino acid sequence common interval searching.

1. Introduction

Recent developments in whole-genome sequencing
have produced a huge amount of protein sequence data;
unfortunately, protein structure determination technology
(X-ray crystallography, NMR) has not kept up [1][2].
Protein structure prediction based purely on protein’s
amino acid sequence is a promising area of research, as it is
known that nature has just such an algorithm. RCIS
(Redundant element sequence Common Interval Searching)
algorithm is a new approach that studies protein amino acid
sequence information from a new angle, that is, through
common interval (CI) searching. The ultimate goal of this
algorithm is to understand the relationship between protein
amino acid organization patterns and protein structore. The
study is based on previous researches of CI searching
among two or more permutations [3][4].

The common intervals (CI) for two permutations are a
pair of intervals of the two permutations that have the same
set of elements. In 2000, Uno and Yagiura developed an O
(n) time complexity RC (Reduced Candidate) algorithm
that enumerated all CIs of two permutations [3]. The
sequences the RC is capable of processing must comply
with the following limitations: the two sequences must be
permutations of each other and, as a permutation every
element within the sequence must be unique.

P1: 1 2 3 4 5 6 7 8 9 10
P2: 7 9 8 2 4 5 310 6 1

Figure 1.1 P1 (3,5) and P2 (5,7) are a pair of CIs of two
permutation Pl and P2,

RCIS is a CI searching algorithm that finds CIs within
a protein amino acid sequence; it can be easily modified to
handle CI searching between two or more sequences.

2. RCIS algorithm

The RCIS algorithm is designed to find all
subsequences that form common intervals within a given
sequence Seq of length # and with the following properties:
o VainSeq,ac E s E (seqp=(€1,€2 ...,€n); Eisa

set of finite m distinct elements;

e Jain Seq, a could be redundant in Seq.

2.1 Data types and methods used in RCIS

The following are some data types and methods
specifically designed for RCIS.

* eCount([x] [y]: is an object that stores the repeat
times of all m elements in set E (s, from position x to y.
Each array element represents the repeated times of an
element e, e € E (s For subsequence Seq (4, 7) vrgt in
Figure 2.1, eCount of Seq(4,7) - eCount [4][7] is
0,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0,1, 1,0, 0). The
amino acid sequence represented in sequence of eCount
integer array is {a, ¢, d, e, f, g h, i, k,, m,n, p,q, 1,5, ¢, v,
y, w}.

e add (eCount eC, char e): adds 1 to an array
element in eCount that represents e. In Figure 2.1,
eCount [4][8] = add (eCount [4]([7], a)
results in eCount {4]11[8]=(1,0,0,0,0,1,0,0,0,0,0,
0,0,0,1,0,1,1,0,0);

¢ equal(eCount eC,;, eCount eC;): a function
that returns true if every array element in eC, is equal to
the corresponding array element in eC,; and returns false
otherwise. In Figure 2.1, as subsequence Seq (11, 14) is
gvtr.eCount[11][14] =(0,0,0,0,0,1,0,0,0,0,0,
0,0,0,1,0,1, 1, 0, 0); equal (eCount(11][14],
eCount [4] [7]) retumns true,

e element (x): returns the element symbol at position
x of the tested sequence.



2.2 RCIS algorithm:

Line /: initialize eCount [n][n];

Line 2: forx=1, ...,n-1do

Line 3:  add (eCount [x][x], element (x));

Line4: fory=x+1,...,ndo

Line 5: let eCount [x]{y] = eCount [x][y-1];

Linc 6: add (eCount [x][y], clement (y));

Line 7: forx,=1,...,n-1do

Line 8  fory;=x;+1,...,ndo

Line 9: int span = y;-x;;

Linel0: for xp=1, ...,n-span do

Line 11: if equal (eCount [x,][y;], eCount
[x,]{x,+span]) then

Linel2: add x,, y, to CCList;

Linel3: add x2, x2+span to CIList;

Linel4: print CIList.

Line 1 is to initialize eCount for all possible

subsequences of Seq; lines 2 to 6 get all the eCount for all
possible subsequence of Seq; Lines 7 to 14 is to do the
¢Count comparison between any equal length subsequences
of Seq. In Line 9, span is an integer indicating the size of
one subsequence, it is used to make sure that two
subsequences are of the same length, and thus
comparable. The time complexity of RCIS is O (n’).
Figure2.1 showed a pair of CIs of an amino acid sequences
found by RCIS.

1 23 45 67 8 910111213 14

Seq: a gg v r gtaccgyvetr
Figure2.1. Seq (4, 7) and Seq (11, 14) are common

intervals to each other.
2.2 Some other issues of RCIS

The RCIS algorithm described above is just the outline.
The following are some restrictions that are important to be
included during RCIS implementation:

e Setinteger L as the shortest length of a CI. In Figure 1,
we are not interested in CIs of length 1, so L =2; CI (4, 7)
has length 4; L set up is based on research questions;

¢ Adding a restriction that prevents two subsequences
from intersecting will block a large number of unwanted
CIs. In Figure 2, Seq (1, 7) and Seq (2, 8) are a pair of
legitimate CIs according to the above algorithm outline.
But they are unwanted for obverse reasons.

3. RCIS implementation and results

RCIS algorithm was coded in C++ and run under
Linux. Four protein amino acid sequences with four
different protein secondary structure features were tested
for their inner amino acid CI groups. Table 3.1 provides a
summary of the results.

Table 3.1 CI statistics for four amino acid sequences

2™ i Cl Size
SAR | Newn Sruc  [3% 215 16
192 Myoglobin | ahelix | 50%* 210 o
181 Chymotrypsin | P*8%* 138 J12 12 |1 fo
255 Popain | qandp |49 |15 |s |3 |1

* Indicated how many elements in a CI
** Shows number of groups of a certain CI size

4. Conclusion

The testing has shown that RCIS algorithm is applicable
for CI searching for actual protein amino acid sequences.
However, these CI results are not yet explainable
biologically. Our explanation is that since in this
preliminary CI searching application, we have arbitrarily
used the amino acid name classification as our finite
element set, it may not be the best element set. The study
of protein folding pathways indicates that protein structure
forming is more characterized by several features
consistent with low free energy: dense packing of residues
in the interior, satisfaction of hydrogen-bonding potential
of polar groups, and burying of hydrophobic surface, etc.
So an alternate element set needs to be designed to include
all known chemical forces that play roles in protein
structure forming [3], such as:
® Negatively charged versus positively charged amino
acids
¢ Polar versus hydrophobic amino acids
Small versus medium and large amino acids
¢ Hydrogen bond forming versus non-hydrogen bond
forming amino acids
We are currently working on organizing all of this
information into one finite element set.
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