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Estimating Protein Functions Correlation Based on

Overlapping Proteins and Cluster Interactions
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Abstract Usually, the relations between the protein functions do not be considered into protein function/interaction
prediction processes. In this paper, we present a new technique for determining the relation between the protein functions.
The strategy is based on the overlapping number of proteins furthermore interactions over protein clusters to determine the
correlation between the sub-function categories as well as improve the protein function prediction process. The proposed
method was applied to yeast proteome and the results revealed great improvement in increasing the degree of certainty and

accuracy for protein function prediction.
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1. Introduction

Protein is a fundamental component of all living cells, it
consists of sequences of Amino Acids (AAs) and performs a
variety of biological tasks as Control physicochemical con-
ditions inside the cell or transmit biological signals. Usually
proteins can bind to each other and interact so they work in
complex system. Protein complex isolation and mapping
protein-protein interactions is considered one of the most
important problems in proteomics. The target of these
processes is to understand the cell functions and to have
basic idea about the relations between the proteins functions.
A lot of methods have been developed to predict protein
functions based on different information sources as protein
sequences[1,2], protein structure[3,4], protein-protein inte-
ractions[5,6,7], protein domain [8], genetic interactions and
gene expression analysis[9,10]. The accuracy of prediction
can be enhanced by integrating multiple sources of infor-
mation[11,12] or collecting relations between the known
functions[13]. Also a new technique is used to enhance the
protein function prediction process depending on the
weights of interactions[14]. Recently, the researchers intro-
duced different methods to determine the probability of
protein function prediction using the information extracted
from PPI. Although these techniques are promising, they
lack the addressing of effective problems such as determin-
ing the relations between the protein functions. In this paper,
we introduce an integrated algorithm based on the overlap-
ping proteins[12,15] and interactions among different
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protein clusters. The interactions are regarding to the fact,
the interacted proteins have common function (major func-
tion) (Brown et al. 2000; Eisen et al. 1998; Pavlidis et al.
2001). As known, protein may have more than one function
(up to 8 functions in Yeast Saccharomyces cerevisiae ).
Some of these functions may be correlated, anti correlated
or independent. In this paper, an integrated technique will
be introduced to determine the relations between protein
functions. The technique is applied to the three function
categories of yeast and integrated with protein function pre-
diction method; neighborhood counting method and the
results were better than without integration and the accuracy
is increased compared to absolute techniques. The paper is
organized as follows. The proposed algorithm is explained
in section II. Section III presents the results of this work
together with their discussion. Finally, the paper ends with a
conclusion and future work.

2. Methodology

Protein may be seed (self dependent) or participate in
certain function or in-complex (temporary or permanent). If
protein has certain function F1 and it has another function
as F2 but it should not have function F3, so it can be said
that functions (F1, F2) has specific relations and functions
(F1, F3) are anti correlated. The proposed technique is to
explore the relation between the protein functions based on
the overlapping proteins and interactions over the protein
clusters.

A. Function Categories And Overlapping Proteins

As mentioned before, protein may have one function or
more. Regarding the yeast (Saccharomyces cerevisiae) stu-
died species, it has three function categories: Cell location
functions (C.L) (contains 29 sub-function category), Cellu-
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lar role functions (C.R) (contains 43 sub-function category),
and Bio-chemical functions (Bio-ch) (contains 57
sub-function category) as shown in Table-1. Yeast proteins
defined in the Yeast Proteome Database. Each function cat-
egory has certain number of proteins. And some of those
proteins are involved in more than one sub-function cate-
gory. Herein the overlapping number of proteins is calcu-
lated for each two different sub-function categories. And
certain score is recorded related to the smaller number of
proteins for the two categories. As shown in Table-1, the
function category cellular role contains some sub-functions
(up to 43 sub-functions) as: Amino-acid metabolism con-
tains 218 proteins that means there are 218 proteins among
yeast proteins have this function. As similar Carbohydrate
metabolism function, there are 254 proteins having this
function. Also the other function categories, cell location
“Bud neck” contains 61 proteins and Biochemical “ATPase”
contains 247 proteins. The target is to calculate the overlap-
ping proteins between each two sub-function categories.
The overlapping proteins mean that these proteins have the
two sub-function categories. As mentioned in[12], the rela-
tions between the sub-functions are divided into direct and
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the two axes as shown in Table-3 and puts the number of
overlapped proteins in each cross section cell (square) then
compares this number (cell) with the smaller number of the
two surrounding sub- categories (red cells). As shown, the
first top left cell indicates the sub-function category number
one and contains 247 that mean the first sub-function cate-
gory contains 247 proteins. And the rest cells in the first
row indicate the overlapping number of proteins between
the first sub-function and residuals of the same
sub-functions category according to the column number.
Percentage between each cell number and the smaller num-
ber of the two surrounding sub-function categories will be
calculated, by determining threshold equal to 0.85 direct
relationships between the two sub-function categories can
be estimated. As illustrated in Table-2; the method can de-
termine 9 direct relationships among 57 functions in bio-
chemical sub-function categories. It can be noted that if the
threshold value is decreased to 0.72, the direct relations
between the sub-function categories will increase.

Table 2. the direct relations over biochemical sub-function categories
when threshold greater than 0.85.

.. . . Fx_1 Fx 2
indirect relations depending on the suggested threshold D D Fx_1 name Fx_2 name Score
value. The proposed technique tries to determine certain 1 P ATPasc ATP-binding 1
score for each sub-function pair. And integrate these scores 1 11 ATPase Conserved ATP 1
with the extracted values of protein clusters interactions. 1 20 ATPase Helicase 0.99
1 21 ATPase Hydrolase 091
Table 1. yeast sub-function categories, function name and number of pro- 2 21 ATP-binding Hydrolase 1
teins for each function. 9 19 Chaperones Heat shock protein 0.85
Function category | Function name # proteins 11 21 Conserved ATP Hydrolase 1
Cellular role Amino-acid metabolism 218 GTP-binding
17 21 . Hydrol: 0.95
Cellular role Carbohydrate metabolism 254 protein/GTPase ydrotase
Cellular role Cell adhesion 4 20 21 Helicase Hydrolase 0.98
Cellular role Cell cycle control 213
Cellular role Cell polarity 216 The direct relations between the functions mean correla-
Cellular role Cell stress 331 tion between those functions. For example if protein has
Cellular role Cell structure 120 function x, it should have y because there is high correla-
Cellular role Cell wall maintenance 184 . . . .
I tions between function x and function y. as shown in Ta-
Cellular role Cyto kinesis 40 . . .
Cellular role DNA repair 154 ble-2, there are 9 direct relations (green cells in Table-3).
Cell location Bud neck 61 The score between four of them is 1 which means all pro-
Cell location Cell ends 6 teins have the first function they have the second function.
ge}} }Oca@n CCelllwall. 77505 As shown protein has sub-function category 2
ell location ytoplasmic i . _ . -
Cell location Cytoskeletal 107 (ATP-binding) will hav.e by.default sub-function category_l
Cell location Endoplasmic reticulum 225 (ATP ase)_ as shown in Figure-1 and each prOFelﬂ has
Cell location Endosome/Endosomal vesicles 36 sub-function category 11 (conserved ATP) will have
Cell location Extracellular (excluding cell wall) 34 sub-function category 21 (Hydrolase). If the threshold de-
Biochemical ATPase 247 creased into 0.72, a lot of direct relations can be created
Biochemical ATP-binding cassette 31 . .
Biochemical Activator 1 (blue cells) as relation between sub-function category 1
Biochemical Active "transporter," primary 93 (ATPase) and sub-function category 4 (transport.er) Which
Biochemical Active "transporter," secondary 201 has scored 0.72. These scores are collected and will be inte-
Biochemical Anchor Protein 13 grated with scores of cluster interactions.
Biochemical Chaperones 90
Biochemical Complex assembly protein 76

By applying the proposed technique on the yeast function
category (Biochemical), it has found a lot of direct relations
between the sub-function categories as shown in Table-2
and Table-3. Method collects all sub-function categories on

]

Figure 1. The direct relations between the Biochemical sub-function
category_2 towards the sub-function category 1.
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Table 3. biochemical function categories (first 26 sub-functions), number of proteins for each function and the overlapping proteins between each two
sub-function categories. the red cells (diagonal) show number of proteins in each sub-function and the green cells show the overlapping cross section for

correlated functions.
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14 15 16 17 18 19 20 21 22 23 24 25 26
64 0 0 4 0 4 83 224 5 1 0 2 0
0 0 0 2 0 0 0 31 0 0 0 0 0
9 0 0 0 0 2 1 2 4 0 0 1 1
0 0 0 0 0 0 0 66 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 28 0 8 3 15 0 0 0
3 1 0 0 0 0 0 2 2 0 0 1 0
0 0 0 0 0 0 0 23 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0
7 0 0 0 0 0 0 5 0 0 0 0 0
283 0 0 1 0 0 41 70 8 3 0 0 0
0 30 0 0 0 0 0 0 0 0 0 0 0
0 0 26 0 0 0 0 0 0 0 0 0 0
0 0 0 6l 0 0 0 58 1 0 0 0 0
0 0 0 0 23 0 0 0 0 0 0 0 0
0 0 0 0 0 33 0 4 3 1 0 0 0
0 0 0 0 0 0 84 82 2 0 0 0 0
0 0 0 0 0 0 0 640 3 1 0 5 5
0 0 0 0 0 0 0 0 69 0 0 0 0
0 0 0 0 0 0 0 0 0 48 0 0 0
0 0 0 0 0 0 0 0 0 0 6 0 0
0 0 0 0 0 0 0 0 0 0 0 98 1
0 0 0 0 0 0 0 0 0 0 0 0 90

B. Protein Cluster Interaction

Proteins can be acted as network. The simplest represen-
tation takes the form of a network graph consisting of nodes
and edges. Proteins are represented as nodes in the graph and
two proteins that interact physically are represented as adja-
cent nodes connected by an edge. Each group of proteins
doing certain functions called cluster (may have sequence
similarity or not). So the network consists of groups of clus-
ters. The clusters may be self assembled or have external
interactions. The interactions may be from real interactions
(physical interactions between proteins in the two different
groups or clusters) or from overlapping proteins (same pro-
teins are found in the two clusters and have self interac-
tions).

Figure 2. Shows two interacted clusters

As shown in figure-2, two clusters can interact and these
interactions are bidirectional. Table-4 shows the cross sec-
tion numbers of cluster interactions of Yeast Biochemical
function categories. Each cell indicates the interactions

number of the two indicating functions or clusters. For ex-
ample proteins sub-function category 1 (cluster-1) interacts
with proteins sub-function category 14 (cluster-14) by 49
interactions. The number of interactions is small comparing
to the number of overlapping proteins (64) which exciting in
the two clusters (1, 14). Although the interaction number is
small, they have included 17 self interactions and the rest is
correct interactions. Also there are some clusters have no
interactions with any one (self interactions or external) as
clusters (24, 6). The cause is, these clusters have group of
proteins does not have the ability to interact with others or
because the required function needs only one protein. The
threshold that determines the strength of correlation for
cluster interactions is very difficult to specify. The threshold
can be estimated as certain number (specific) or as percen-
tage of the number of proteins. The proposed technique
suggests that the threshold is to be more than 10% of the
number of proteins found in one of the two clusters.

C. Overlapping and Interaction Integration

In this paper, the scores of overlapping and cluster inte-
ractions will be integrated to determine the relation between
the functions either positive (to participate in the same func-
tions) or negative (anti correlations, if protein has one func-
tion, it should not have the other one) or independent (there
is no relations between the studied functions). Herein, if the
score of overlapping proteins is more than the threshold
(0.85), it will be positive otherwise will be negative. Also for
the cluster interactions that have more than 10% will be pos-
itive and other wise will be negative.
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Table 4. biochemical function categories (first 26 sub-functions yellow colored), number of proteins for each functionsand the number of interactions
between each two sub-function categories. the red cells show the number of proteins in each sub-function and the green cells show the higher number of

interactions (cross section) for correlated functions.
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Table 5. yeast biochemical functions, estimated numbers of proteins as
true positive (TP), true negative (TN), false positive (FP).

Function category | TP | TN | FP
1 47 200 | 141
2 2 29 15
4 9 84 18
9 25 | 65 29
11 6 17 10
14 67 | 216 | 194
18 4 19 36
19 7 26 16

20 4 80 | 45
21 91 | 549 | 395

3. Results

The function relation technique has integrated with the
traditional method of protein function prediction (neighbor
counting method). Improved results have been gained than
previous. As known in neighborhood method, it finds the
neighbor proteins and gets their assigned functions and the
frequencies of occurrence of these functions. Then, these
functions are arranged in descending order according to
their frequencies. The first £ functions are considered and
assigned to the un-annotated protein. The authors in[18]
used this technique with £ equals to 3. By applying the
proposed technique on the yeast function categories, the
results are as shown in Table-5 and Table-6. The algorithm
shows the increasing number of true positive (TP) and de-

creasing the true negative (TN) and false positive (FP). Ta-
ble-5 shows each yeast Biochemical function category and
its results. Function category 1 has 247 proteins, 47 of
them identified as TP and the rest (200) identified as TN
and there are 141 proteins identified as FP. On the other
hand function category 2 has 2 proteins as (TP), 29 proteins
as (TN) and 15 proteins as (FP). Also function category 11
has 6 proteins as (TP), 17 proteins as (TN) and 10 proteins
as (FP). It can be noted that the integrated algorithm en-
hanced (increased) the numbers of TP and decreased the
numbers of TN and FP. As shown in Table-6 the integration
between function 1 and Function 2 (positive overlapping
and positive interactions) shows the same numbers of func-
tion_2 (least one). And integration between function 1 and
function_11 has 6 proteins as (TP, the same number of
function_11 true positive) and decreases the number of FP
(141 & 10 = 7). The integration process has been divided
into for cases regarding to the states of overlapping and
interactions. The collected cases are 1)- Positive overlap-
ping & positive interactions (the score of overlapping more
than the threshold (0.85) and the number of interactions are
more than 10% of the minimum number of proteins in one
category), 2)- positive overlapping and negative interactions,
3)- negative overlapping and positive interactions, and 4)-
negative overlapping and negative interactions. It can be
noted that in case of (positive & positive), enhanced results
has been gained specially in increasing the TP and decreas-
ing the TN and FP. Although the number of TP is small re-
lating to one function of them, it is very accurate and equal
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to the minimum number over the two functions. It is very
clear that the numbers of TN and FP are decreased as in
cases functions (1-21) which they have FP equal to 141 and
395 respectively and now it is 74.

Table 6. shows the cases of integrated functions relating to the overlap-
ping number of proteins and number of interactions according to the de-
termined threshold in algorithm.

F:x-y Overlapping Interactions TP TN FP
12 3131 + 31 (~F |2 2 15
1-11 23/23 + 11/23 + 6 17 7

2-21 31/31 + 5/31 + 2 29 13
11-21 23/23 + 10/23 + 6 17 7

1-20 83/84 + 7/84 - 4 80 26
1-21 224/247 + 53/247 + 29 218 74
20-21 82/84 + 12/84 + 4 80 26
1-4 66/99 - 9/93 - 4 14
4-21 66/93 - 9/93 - 4 13
1-14 64/247 - 49/247 + 12 35
18-21 0/23 - 21/23 + 0 12

When the two scores are negative the results are poor
which reflects or demonstrates the effect of overlapping and
interactions. When one of them is positive and the other is
negative, it has variety in results. The negative of interaction
score fixes the number of TN and the negative of overlap-
ping score increases the TN. We can conclude that the over-
lapping numbers of proteins and the number of interactions
has affected the protein function prediction process in posi-
tive way. And the relations between the protein functions
enhanced the degree of confidence.

4. Conclusions

In this paper, an integrated technique is introduced to es-
timate the correlations or relations between yeast protein
functions. The technique depended on the overlapping
number of proteins as well as number of interactions over
the protein clusters. By applying the proposed algorithm on
the collected data, the results have been improved; reducing
the number of true negative and false positive furthermore
increasing the true positive results. The results were good
when the two measures were positive. Although the number
of interactions was important for enhancement the results
but the overlapping number was more critical. In protein
function prediction problem, the effect of the function cor-
relations has been indicated and the results were better than
the absolute method (neighbor counting method without
function correlation). As future work, considering the rela-
tions between protein functions into the different statistical
algorithms is very important step.
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