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Abstract. The aging process is a process experienced by all living organisms. For human
beings, this process occurs gradually starting at a young age. It is believed that proteins in
some parts of the human brain play an important role in the aging process. Therefore, the
protein interaction network for the aging process is aimed at obtaining characterization of
essential proteins. Samples of proteins are obtained from ArrayExpress. Subsequently, data
from Data of Interacting Protein (DIP) is used to obtain the connected proteins to generate
network interactions for the aging process. A total of 38 networks are produced by age and
gender, however we only focus on 24 networks that belong to 2 age classes. Using information
from GeneAge, essential proteins for the aging process are extracted from all generated
networks. Thereafter, five measurements were used to characterize all the essential proteins
which are Degrees, Closeness Centrality, Betweenness Centrality, Local Clustering Coefficient
and Number of Triangles. The results showed four out of five measurements were able to
provide the main characteristics of essential proteins in which Degrees, Betweenness
Centrality, Local Clustering Coefficients and Number of Triangles. All the characteristics of
this protein are compared to age group and gender. Each age group and gender assigned
different major protein markers. Therefore, a unique protein, which is the essential protein that
“stands out” from other essential proteins based on every measurement in each class age and
gender are identified. This analysis shows that there are several unique essential proteins to
men and women that each have a distinctive characteristic in the protein interaction network
for the aging process.

1. Introduction

Aging is a process experienced by every living organism. It can be defined as a slow process of losing
the ability to maintain the normal functions possessed in humans [1]. Typically, the aging process is
divided into two, namely physical change and mental change. Examples of physical changes
commonly encountered by the elderly are wrinkles on the face and the failure to stand upright due to
missing some bones as age increasing [2] while examples of mental changes are the loss of ability to
remember something well [3].

In the aging process, it is believed that the protein has a bearing in effect throughout this process. In a
study conducted by Irizarry [4], B-amyloid protein is one of the factors causing dementia, which is a
memory loss that is considered as one of the aging process. In addition, the study conducted by Kato
and his colleagues [5] showed that there was a change in the number of S-100p protein when the aging
process occurred, that is found to affect the cerebral cortex where it is a large part of the brain that
functions to process information from inputs received before producing output. Therefore, to
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understand the aging process, studies on protein interactions in the human brain are aimed at providing
information on protein characterization throughout the aging process.
The main purpose of this study is to obtain a protein interaction network that involves in the aging
process in humans. Based on the resulting protein-protein interaction (PPI) network, this study has
three objectives as follows:
o ldentify the characterization of essential proteins in the aging process using network analysis.
o Compare essential protein features between age classes and gender.
o ldentify the essential protein that is unique in the series based on the characterization of the
essential proteins.

2. Problem Statement

Aging process can be seen in most of the organisms physically and the visible effects can be seen in
humans [6]. In the human brain, aging can be detected in one's mental changes [7]. Therefore, the
study of gene expression in the proper aging process is aimed to find out the causes and effects of the
aging process. According to Faisal and Milenkovi¢ [8], studies on gene expression have certain
limitations and interaction of gene interactions are not considered. The alternative to this deficiency is
to study the protein interactions involved in the aging process [8].

This study encompasses protein-protein interactions (PPI) network for the aging process. Using a
protein sample obtained from several parts of the brain, the protein interaction network is produced by
age and gender. Subsequently, the essential proteins obtained and characterization for these essential
proteins are measured by several indicator such as degree, Betweenness Centrality (BC), Closeness
Centrality (CC) and Local Clustering Coefficient (LCC) and number of triangles. The study continued
with the identification of the unique essential protein which give a different reading for every measure
tested on these essential proteins.

3. Materials and Methods

3.1 Data Preparation

In this study, the data were obtained from three different sources. The first is gene expression data [9].
This data contains gene expression selected from four parts of the brain: Hippocampus (HC), Superior
Frontal Gyrus (SG), Postcentral Gyrus (PCG) and Entorhinal Cortex (EC). Sample of this gene
expression contains 172 probes each representing the expression of the gene from the protein taken
from the part of the above-mentioned brain. Data from ArrayExpress consists of 63 individuals aged
between 20 - 99 years old as a sample [9]. For each probe, 38909 proteins with different IDs were
tested to see the presence of the protein in each of the existing probes. The ID for this protein is
referred from UniprotID, which provides a list of proteins with different features and functions [10].
These protein IDs are unique to differentiate one from the others. These 172 probes are then divided
according to gender and ages. Then, only the active gene expression will be selected by using majority
vote rule as proposed by Lee and his teammates [11].

The next data is protein interaction data for homo sapiens. The source of this data is from the Database
of Interacting Protein (DIP) [12]. The content of this data is a pair of two proteins that possibly
connecting each other. This data is important to obtain the interacting protein before building the PPI
network. Those active gene expression from different ages and gender are referred to DIP to obtain
static PPI network before further network analysis run over every network.

Finally, data for essential protein for aging process is taken from GeneAge [13]. It is a website that
provides gene database from multiple sources for various uses and research. This data is important to
differentiate which protein in the network is an essential protein. Therefore, the characterization of
these essential proteins will be determined afterwards.
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After obtaining essential protein from the entire network, the analysis is made differently according to
gender and age class. Petry [14] states that age class can be divided into three groups, which are young
(18-35 years), middle-aged (36-55 years) and elderly (>55 years). An addition has been made by
dividing elderly class into two, which are elder (56-72 years) and senior citizen (>72 years). This
separation is done to see whether there is a different characterization of essential protein among
elderly before average human lifespan at 72 years [15] with those after average human lifespan.

3.2 Network Analysis

Basically, network can be measured globally and locally. This PPl network for aging process did not
have a significance difference between ages globally [8]. Therefore, for global analysis, these
networks are compared among gender and the measurement used is average density, given by:

__ 2 1)
b= N(N —1)

where E is the number of edges and N is the number of nodes in the entire network [16].

For local topology, five different measurements used, which are as stated below:

1. Degree (D). Degree of a node is one of the easiest measures and determined by calculating the
number of edges connecting one node with the other.

2. Closeness Centrality (CC). The closeness of a node referred as how close a node with other
neighbouring nodes. This can be calculated using the formula as follows:

_ N )
W) =g dwm

where N is the number of nodes connecting to node v and d(v,v;) describes as shortest path
connecting node v to any node v;.

3. Betweenness Centrality (BC). This centrality indicates how “often” a node is located in between of
a shortest path of two nodes s and t. BC has multiple calculations and for this study, the formula
proposed by Brandes [17] is used, which is:

3
O—SU + & O-St(w) ( )

g, (4 g,
sw teVw) sw st

W:vEPg(W)
where BE(w) = {u € V:{u,v} € E; ds(s,u) = ds;(s,v) + w(u,v) [17].
4. Local Clustering Coefficient (LCC). It has several definitions which one considered as a ratio of
total number of pairs of neighbors of a node v that are connected with the total number of pairs of
neighbors of v [18]. Besides, it is also defined as the probability that two nodes with common
neighbors are connected [19]. An LCC of a node v can be computed using this formula:

2E(v) 4)

LCC(U) = m

where E (v) is the number of edges between neighbors of v and k,, indicates degrees of a node v.
5. Number of triangles, which indicates the total number of triangles formed in a cluster of a node v.
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4. Results and Discussion
The first part of the result is focusing on the network globally. The average network density of male
and female in two classes of elderly stated as follows:

Table 1: Average network density according to gender and age classes

Age class Male (%) Female (%)
Elderly 0.3036 0.3082
Senior 0.3092 0.3292
citizen

From the table, it is clearly stated that PPI network for female has a greater density compared to male,
which means the interaction between proteins in PPl network for aging process in female is greater
compared to male. Even though the density is different across classes, with close insight to the degree
distribution we can see that all the proteins in the networks follows power law distribution. This means
that as the degree of a protein increases, the number of proteins with such value are decreasing. Thus,
we can say that only selective proteins have a high value of degree.
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Fig 1: Graph of degree distribution of essential proteins in male and female elderly and senior citizen

As we can see, most proteins have a degree of less than 10 and below. By looking at the results
obtained, we found out that in all networks, the proteins that have a high degree are the same proteins
in which their degree are more than 10. Therefore, those proteins can be considered as “unique”
proteins due to the high connection with the proteins in the neighborhood. Those “unique” proteins are
P19387, P35222 and Q9Y4KS3.

For the second part, the characterization of essential protein observed in local topological PPI network.
Thus, three analyses have been done upon all the proteins involved in the aging process, which are the
relationships between:

o Betweenness Centrality (BC) and Closeness Centrality (CC)

o Local Clustering Coefficient (LCC) and Degree (D)

o Number of Triangle and Local Clustering Coefficient (LCC)
The results of all three analyses will be described in each section.
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1. Relationship between BC and CC.
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Fig 2: Graph of BC versus CC for essential protein in male and female elderly and senior citizen

From the result, all the graphs give the same pattern as we can see that most of the proteins are located
within 0 to 0.3 for CC value and these proteins have a various range of BC. We can also see that the
correlation of the centralities is negatively weak (near to 0). By applying the interpretation of social
network analysis made by [20] into this PPI network, we can say about the value of centralities of each
protein can be described as follows:

Table 2: Characteristics of proteins behavior that related to CC and BC
Low Betweenness Centrality | High Betweenness Centrality

Low Closeness
Centrality

In the network, these proteins
either did not interact with
other protein or located at the
tail of the paths.

The protein monopolized the
connection from several
proteins to many other
proteins.

High Closeness
Centrality

Network exists in many
paths. The proteins are near
to other proteins and so are
the others.

This kind of protein did not
exist in our PPI network for
aging. If it does, it means that
the protein possessed with a

lot of connection and
important in the entire
network.

We consider low value of CC is below 0.5 and low value of BC is 0.02. To determine the
“uniqueness” of a protein, the distribution of the reading for both centralities should be taken into
account. For closeness centrality, almost 70% of the protein has low closeness value, suggesting a
closeness centrality is not a good measure for measuring the “uniqueness” of a protein because protein
should be close to each other to show that the protein is important in the PPI network. Although there
are some proteins give a high reading of CC, however the protein has a value of 0 for betweeness
centrality indicating that the main protein is not an important protein as an intermediary to two other
proteins in a connecting path. For betweeness centrality, there are some proteins that give a high
readability even though the reading for its closeness centrality is low. Therefore, there are unique
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Characteristics of these proteins and therefore BC is a good measure in determining the “uniqueness”
of proteins in the PPI network for aging process.

As a result, we found out that the proteins with a high value of betweenness centrality is the protein
with ID P20226, P25963, Q01094, Q14186 and P41229. These proteins may have different values of
BC in each network according to age and gender, yet these are among the highest.

Apart from centralities, other measurement that is usually used in PPI network analysis is the strength
of the clusters in the network. With clustering, we can tell the topology of the network has a strong
cluster or not. The objective of clustering is usually to determine if the network can be divided into
sub networks (clusters). From the clusters, we can differentiate the function of the respective clusters
because biological network tends to split into different clusters according to its functionality. Thus, for
the next two analyses, we focused on the clustering of a node which includes the reading of Local
Clustering Coefficient, Degree and number of triangles.

2. Relationship between LCC and D for male and female of elders.
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Fig. 3: Graph of LCC versus D for essential proteins in male and female senior citizen.

3. Relationship between number of triangle and LCC for male and female of elders.
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Fig. 4: Graph of triangles versus LCC for essential proteins in male and female senior citizen

For the resulting clusters, graphs for each age group and gender are almost identical. Based on the
reading, we can identify certain characteristics of the networks:
e For protein having zero readings for both LCC and number of triangles, it means that those
proteins did not have a neighbor that are connecting to each other.
e For protein having a reading of 1 for LCC, it means that the neighbors to that protein are
connecting to each other, forming a triangle. From the graph, we can see that proteins with
LLC =1 have degree either 2 or 3 and with the number of triangles of 1 and 3 respectively.
The connection for these clusters is shown as below:

—8

Fig 5: Proteins with LLC=1 (red) that have a degree of 2 and number of triangles of 1 (left) and degree
of 3 with number of triangles of 3 (right)

Overall, the LCC for analysis in section 2 and 3 comprehend that the essential proteins are not really
in a strong cluster, because most of the proteins that have a strong LCC value has a small degree. The
cluster is considered strong when there are proteins that interact within have a high value of degree as
well as LCC. This can be seen in the network (see Appendix 6.2) where the structure of this PPIN for
aging are more to tree-like instead of cluster-like.

Even though the overall network has a weak clustering, we can still further the analysis by identifying
the clusters locally that gives a constant reading throughout different networks according to age and
gender. These proteins can also be classified as “unique” proteins. This is due to a statement made by
Faisal and Milenkovic [8] stating that the essential proteins usually undergo a dynamic change in
terms of interaction as age continues. So, by using LCC, we present the results of the study by
showing that even if age increases, some essential proteins do not constantly change their interaction
instead some of them has a constant interaction in clusters.

As a result, there are five proteins each for men and women who provide consistent reading for Local
Cluster Coefficient and number of triangles, as shown in the tables below:
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Male Female
P01100 P00553
P00116 P01100
P08047 P00116
P09619 P08047
P12965 P12965
P25445 pP78527
P60484 Q00163
P61244
pP78527

5. Conclusions

This study encompasses the characterization of essential proteins using network analysis in which can
be describe using centralities as well as clustering. For centrality, we used three different types of
centralities which are Degrees, Closeness and Betweenness. Based on analysis, we can concur that CC
did not give a meaningful information since most of the proteins have a low value of closeness with
their neighborhood proteins. Thus, we determined the “unique” protein based on degrees and BC.

In terms of clustering, we decided to see the relationships between LCC, degree and number of
triangles. Although some of the proteins are not remarkable in terms of centralities but maybe several
of them give meaningful information in clustering. Thus, by looking at the clusters of every single
network by age and gender, we managed to pinpoint exactly 5 essential proteins for both male and
female that gives a constant reading. Hereby we conclude all 9 proteins for male and female
respectively that we contemplated as “unique” proteins.

Table 4: List of “unique” essential proteins female from the measurement of characterization

Measurement ID protein
Male Female
Degree P19387 P19387
P35222 P35222
Q9Y4K3 Q9Y4K3
Betweenness P20226 P20226
P25963 P25963
P41229 P41229
Q01094 Q01094
Q14186 Q14186
Clustering P01100 P00553
P00116 P01100
P08047 P00116
P09619 P08047
P12965 P12965
P25445 p78527
P60484 Q00163
P61244
p78527

From the table, the “unique” proteins are similar for both male and female except one protein from
each gender which is P60484 for male and P12004 for female. Therefore, in aging process, these two
proteins are believed to be functioning better at one gender compared to the other, in term of

clustering.
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The study of aging computationally benefits medical fields where by using network analysis it can
help drug targeting especially multi-targeting that has proven gives a better result [20]. Besides, by
understanding biological network especially in aging can also helps in drug design [21] because the
different type of networks can give different signalling and pathways of the protein interaction
therefore different techniques required in designing and targeting the drug to the specific proteins [22].

6. Appendix

6.1 Dataset sample

Below is the sample of pair of interacting proteins for male age 69. The ID of proteins are referred to

Uniprot [10].

P20226
P31946
P25490
P15884
P02593
Q15628
Q16594
Q00403
Q15572
P0O8047
Q00403
P08047
P20226
P06127
P0O1112
Q13671
P42684
P42768
P00533
P25445

6.2 Network sample

All those pairs of interacting proteins will eventually used to construct a single network. This is a part
of PPI network for aging process of male age 69. This network consisting 951 nodes (proteins) and
1103 edges (interaction between proteins). The network is visualized according to the degree. The

P0O9086
P04049
Q09472
Q02535
P35600
P10438
P49848
Q16594
P20226
Q00403
P25490
P25490
Q15544
Q8NEB9
Q13671
P42655
Q13671
P16333
Q13596
P25445

Fig 6: A list of some pairs of interacting proteins

P0OS661
P35568
P29353
P01112
P02593
P19438
Q92793
P46939
P11831
P07948
P11802
Q00534
P11802
P30279
P20226
P11166
P31323
P01111
P32780
P20226

Q12874
P06213
P06213
P04049
P17677
P19438
P16220
Q13424
P35269
P22681
Q96TEQ
Q96TED
P30279
Q96TED
P05412
P27797
P31323
P04049
P19447
Q13487

higher the degree, the larger the node size.

Fig 7: Sample of network (left) and full-scale network (right).

P35221
P08238
P19388
P01100
P09619
P13861
P13861
P41236
P05412
P45984
P05412
P05412
P18843
P04049
P29353
P20936
P19174
P27635
QouQB3
P29323

P35222
P08238
Q00403
P20226
P42229
P13861
P11137
P36873
P28482
PO5412
P53779
P18848
P01100
Q02750
PO0533
PO9619
PO9619
P49768
P49768
P29323

P45983
P45983
QoY618
P19525
P02787
P15692
P15692
P04141
P18075
Q13873
P36894
P49238
P36894
Q12888
Q14192
Q14192
Q14739
P45973
P10276
Q00534

PO5412
PO1112
Q05516
P19525
P02786
P17948
P15692
Q99062
Q13873
Q13873
Q13873
P78423
P36894
P04150
Q13683
P26006
Q13185
Q14739
Q15596
P55273
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