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Abstract: Similarity / Dissimilarity of protein is measured using moment vector. The moment vector is
constructed in a novel way by using physic-chemical properties of amino acids. Moment vector upto
four dimensions are constructed. Euclidean distance between the moment vectors of each pair of
protein measures the similarity between proteins.
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1. Introduction: Development of sequencing techniques have increased the number of biological
sequences in the data bases. Extracting the potential information from these sequences proves to be a
challenging task. Extracting the information is essential as they determine the barer for the physicology
and anatomy study of organisms. This study can be done by homologous method and non-homologous
method.

Some non-homologous method Yao [1] studied the protein sequence based on pk, value of COOH and
NH," of 20 amino acids graphically. Xiao and Wu[2] represented protein in a 2-D graph based on
physicochemical properties Liao et al [3] calculated the similarity or dissimilarity using distance formula
and also represented protein sequence in a 2-D graph. Randic [4] represented protein in 2-D graph
using the physicochemical property to study the similarity. Feng & Zhang [5] represented protein as Z-
curve using hydrophobicity of amino acids. Bai and Wang [6] studied protein by 2-D graph using
nucleotide triplet codons. Based on 3 physicochemical properties Abo el Maaty et al [7] represented
protein in a 3-D graphical method. Yao [8] developed a graphical method to study about protein based
on the Pk, values of COOH and NH," of a amino acids. Also Xiao and Wu [9] studied protein in 2
dimensional graph using the physicochemical properties. In [10], Liao et al measures the similarity and
dissimilarities between proteins using distance formula and also developed a new 2-D graphical
representation. In this paper we present a novel moment vector using the primary structure of protein
sequence. The moment vector of 4 dimension is obtained for each protein similarity/dissimilarity
between protein sequences are measured using Euclidean distance between these moment vector of
proteins.

2. Moment Vector: The primary structure of protein - the amino acid sequence plays a vital role in this
part. PI, and Kh values of the amino acids are considered as x and y co-ordinates of the amino acids.
Then the moment vector of 1 - dimension is calculated using the formula.
M, =X
N
X=Z (XI—yl) where n is the number of amino acids in the sequence.
1

n
The moment vector (X, Y) of 2-dimension is calculated using the formula

M,=(X,Y), X=x(xi—yi) , Y=(xi—yi)
I’l1 1’12
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The moment vector (X,Y,Z) of 3-dimension is calculated using the formula

M=(XY,2)  X=s(xi—yi) » Y=x(xi—yi), Z=%(xi—yi)
n n n
: ! 3 L
M,=(XY,Z,S) X=Z(XI—=Yi) | Y=3x(xi—yi), Z=%(xi-yi),S=3(xi—yi)
1 2 3 4
n n n n

The Euclidean distance between moment vectors of each pair of proteins are calculated. This Euclidean
distance measures the similarity between protein.

Data Used:

Protein ID | Protein Structure Protein Description
4fcar sz TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIPGATCPGDYAN
3uey = — TTCCPSIVARSNXNACRLPGTPEALCATYTGCIIPGATCPGDYAN
3nir <smsssy - | TICCPSIVARSNFNVCRLPGTPEALCATYTGCIIPGATCPGDYAN
2eyb @ TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIPGATCPGDYAN
2eyc @ TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIHIPGATCPGDYAN
2eyd @ TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIPGATCPGDYAN
1yv8 ———— TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIIPGATCPGDYAN
1yva — TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIIPGATCPGDYAN
1CXT m TTCCPSIVARSNFNVCRLPGTSEAICATYTGCIIPGATCPGDYAN
1cnr — TTCCPSIVARSNFNVCRLPGTPEALCATYTGCIIIPGATCPGDYAN

Moment Vector:

Protein-1 (4FC1)

Protein-2 (3UE7)

Euclidean distance

One dimension | X= 5.510652 X=5.524783 0.014130435
. . X=5.510652 X=5.524783

Two dimension Y=0.872683606 Y=o0.855607372 0.022164611
X=5.510652 X=5.524783

Three dimension

Y=0.872683696

Y=0.855607372

7=0.170296821

£=0.159772471

0.024530339

Four dimension

X=5.510652

X=5.524783

Y=0.872683696

Y=0.855607372

7=0.170296821

7=0.159772471

5=0.039524883

7=0.034899799

0.024968447

Protein-1 (4FC1)

Protein-3 (3NIR)

Euclidean distance

One dimension | X= 5.510652 X= 5.510652 o
Two dimension X= 5:510652 X= 5:510652 o)
Y=0.872683696 Y=0.872683696
X= 5.510652 X= 5.510652

Three dimension

Y=0.872683696

Y=0.872683696

7=0.170296821

7=0.170296821

Four dimension

X= 5.510652

X= 5.510652

Y=0.872683696

Y=0.872683696

7=0.170296821

7=0.170296821

5=0.039524883

S5=0.039524883
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Protein-2 (3UE7)

Protein-3 (3NIR)

Euclidean Distance

One dimension | X=5.524783 X=5.510652 0.014130435
. . X=5.524783 X=5.510652
T .
'wo dimension Y=0.855607372 Y=0.872683696 0.022164611
X=5.524783 X= 5.510652

Three dimension

Y=0.855607372

Y=0.872683696

2=0.159772471

7=0.170296821

0.024536339

Four dimension

X=5.524783

X= 5.510652

Y=0.855607372

Y=0.872683696

£=0.159772471

7=0.170296821

7=0.034899799

S$=0.039524883

0.024968447

Result:
Table 1: Result using M1
PRO2 | PRO3 | PRO4 | PRO5 | PRO6 | PRO7 | PRO8 | PROg | PRO10
PRO | o.01413 o o o o o o 0.04521 o
1 0435 7391
PRO 0.01413 | 0.01413 | 0.01413 | 0.01413 | 0.01413 | 0.01413 | 0.05934 | 0.01413
2 0435 0435 0435 0435 0435 0435 7826 0435
PRO 0.04521
o o o o} o o
3 7391
PRO o o o o 0.04521 o
4 7391
PRO o o o 0.04521 o
5 7391
PRO o o 0.04521 o
6 7391
PRO o 0.04521 o
7 7391
PRO 0.04521
o
8 7391
PRO 0.04521
9 7391
Table 2: Result using M2
PRO 2 PRO 3 PRO 4 PRO 5 PRO 6 PRO 7 PRO8 | PROg | PRO10
PRO: | @928 o o o o o o 0.0464 o
4611 9459
PRO 0.022134 | 0.022134 | 0.022134 | 0.022134 | 0.022134 | 0.022134 | 0.0596 | 0.022134
2 611 611 611 611 611 611 7638 61
PRO . o o o o 0.0464 o
3 9459
PRO o o o o 0.0464 o
4 9459
PRO o o o 0.0464 o
5 9459
PRO o o 0.0464 o
6 9459
PRO o 0.0464 o
7 9459
PRO 0.0464
o
8 9459
PRO 0.04649
9 459
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Table 3: Result using M3

PRO2 | PRO3 | PRO4 | PRO5 | PRO6 | PRO7 | PRO8 | PROg | PRO10
PRO | o.0245 o o o o o o 0.04655 o
1 36339 3565
PRO 0.02453 | 0.02453 | 0.02453 | 0.02453 | 0.02453 | 0.02453 | 0.06023 | 0.02453
2 6339 6339 6339 6339 6339 6339 4645 6339
PRO 0.04655
(0] o o o o o
3 3565
PRO o o o o 0.04655 o
4 3565
PRO o o o 0.04655 o
5 3565
PRO 0.04655
(0] o o
6 3565
PRO o 0.04655 o
7 3565
PRO 0.04655 o
8 3565
PRO 0.04655
9 3565

Table 4: Result using M4
PRO2 | PRO3 | PRO4 | PRO5 | PRO6 | PRO7 | PRO8 | PROg | PRO10

0.0249
PRO 0.04655
) 68447 o o o o o o 6042 o
0.0249 | 0.0249 | 0.0249 | 0.0249 | 0.0249 | 0.0249 0.0249
PRO 0.060
5 68447 | 68447 | 68447 | 68447 | 68447 | 68447 70857 68447
PRO o o o o o 0.04055 o
3 6042
PRO o o o o 0.04655 o
4 6042
PRO o o o 0.04655 o
5 6042
PRO 0.04655
6 ° © 6042 ©
PRO o 0.04655 o
7 6042
PRO 0.04655 o
8 6042
PRO 0.04655
9 6042

Conclusion: The similarity / dissimilarity of protein is studied using non-homologous moment vector.
This is a novel method of constructing moment vector using physicochemical properties of amino acids.
This method yields a result close to the results obtained by Blast sequence site. This also shows that as
the dimensions of moment vector increase the accuracy of result obtained also increase.
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