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Abstract

Protein-protein interaction (PPI) is an important
mechanism for the cell’s life. Advances on PPI
information acquisitions made the prediction of PPI
possible. Some high throughput experimental methods
have been applied to find novel PPls. Computational
methods have been proposed for inferring PPI on the
basis of known information about protein function and
sequences. Once the protein-protein interaction can be
predicted successfully, it will helpful to design new
medications. In this paper, we briefly introduce some
computational methods to uncover PPI and illustrate
their achievements. Furthermore, we designed and
demonstrate a tool to retrieve useful information about
PPL

1. Introduction

Protein-protein  interaction (PPI) provides the
valuable information for a better understanding to cell
life. Traditionally, PPI has been studied by chemical
experiments [1-3]. The in-silico prediction of PPI is to
know whether two proteins can interact or not by non-
chemical experiment. The key point of PPI prediction is
to find the rule about how two proteins interact based on
known protein information. Any protein information can
be used for the attempt -- the protein sequence, the
function, the comparative relationship and many
technical literatures for example. Depending on the
work of wet lab, many useful information about PPI has
been obtained and stored in databases for further
research. Recently, a few high throughput approaches,
e.g. yeast two-hybrid system [2,3], produces more than
one half of total PPI information. A computer with
higher speed process ability is essential in understanding
PPI. Owning to the rapid accumulation of PPI knowledge,
the rule about how two proteins interact has the chance to
be extracted. Once the rule is uncovered the complex life
system will be comprehended more clearly. The
prediction of PPI also provides the new direction for the
development of medication and treatment on molecular
level. Pathogenic protein can be inhibited by its
interacted protein. Moreover some researchers display
PPI information using network graph to make protein-
protein interrelationship more clearly. In this paper we
presented some computational methods for PPI
prediction and analyzed their achievements to
demonstrate the feasibility of in-silico PPI prediction.
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Furthermore, we presented some our developed tools to
prepare the data for predicting PPI.

2. PPI Related Databases

2.1. Protein Sequence and Knowledge Databases

The  Protein  Information  Resource  (PIR,
http://pir.georgetown.edu/) is devoted to spreading
protein annotation and standardization. Now we could
use PIR to classify protein families, find protein
Knowledge and search literatures about protein.

SWISS-PROT  (http://ca.expasy.org/sprot/) is a
curated protein sequence database which strives to
provide a high level of annotation and clearly protein
sequence. Because it collects only experimental verified
existences, related researchers could use it to find non-
redundant information.

National Center for Biotechnology Information
(NCBI, http://www.ncbi.nih.gov/) was established in
1988 as a national resource for molecular biology
information. NCBI creates public databases, conducts
research in computational biology, develops software
tools for analyzing genome data, and disseminates
biomedical information - all for the better understanding
of molecular processes affecting human health and
disease. After collection data form many different
databases, researchers may discover that their data forms
are not alike. At this moment, researchers can apply
information in NCBI to transform them, so as to
continuous.

Protein Families Database (Pfam,
http://www.sanger.ac.uk/Software/Pfam/) is a large
database covering many common protein domains and
families. Investigators could look at multiple alignments
of protein, view protein domain architectures and get
known protein structures here. For application,
researchers could use this database to check the function
of one protein and apply it to find similarly functional
regions. In addition, Pfam will show the visual graph of
proteins the users searched.

2.2. PPI Databases

In addition to protein database, there are many
databases for protein-protein interaction. Database of
Interacting Proteins (DIP, http://dip.doe-mbi.ucla.edu/)
database catalogs experimentally determined interactions
between proteins. It combines information from a variety



APAMI 2006 in conjunction with MIST 2006 o

of sources to create a single, consistent set of protein-
protein interactions.

Biomolecular Interaction Network Database (BIND,
http://www.bind.ca/Action) is a database collecting
protein-protein interaction, cellular data and protein
pathway. This web site describes PPI’s characters and
uses public literatures to show us.

The MIPS Mammalian Protein-Protein Interaction
Database (MPPI, http://mips.gsf.de/proj/ppi/) is a
collection of manually curated high-quality PPI data
collected from the scientific literature by expert curators.
They took great care to include only data from
individually performed experiments since they usually
provide the most reliable evidence for physical
interactions.

2.3. Databases for PPI Prediction

These protein databases and PPI databases lead
investigators to interest the prediction of PPI. Now this
kinds of databases increase constantly. There is special
for human PPI, besides biomolecular. Some team uses
PPI to infer protein domain-domain interaction.

PreBIND (http://prebind.bind.ca/) is a tool of PPI
prediction based on BIND and combines published
papers. PreBIND contains biomolecular interaction. That
is not merely protein-protein interactions. It would rather
give a suitable interaction than a prediction. Returns
from the PreBIND import links of related literatures to
NCBI. When researchers link to its homepage, they
could see the search frame. You could use protein name,
NCBI accession number and PubMed ID to search. If
some one wants to know a protein MSN2’s interactions,
he keys the protein name to this search frame and push
submit down (Figure 1). The result page shows him the
information of MSN2 above (Figure 2) and appears those
interactions in published literatures below (Figure 3).

Search for a protein by name and organism:
Enter the name of a protein {one word) and the organism it
comes fram.
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For example, type "Ras1p" and select Saccharomyces
cerevisiae.

Figure 1. Picture of PreBIND’s Search This is the main
page of PreBIND. Type your key word in the search frame,
then push “ Submit” bottom to search.

Protein description and name list

protein name: multicopy suppressor of snf1 mutation

encoding locus name: MSN2
source database: REFSEQ
accession number: NP_013751

gi of protein:
taxon:

6323680 SegHound (NCEI)
Saccharomyces cerevisiae (48332;

[The following table lists the name(s) used to find the above gene product in the literature.
fearch Date last searched Nurnber of results found
ISN2 Sep 02,2002 45

Figure 2. Upper the Result of PreBIND The frame is the
basic information of this protein you key in.

Notes
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Summary of all potential interactors
I he list below shows all other proteins that co-occur inthe literature with your query protein. The number of co-occurence
apers are listed under the column "Wiew supporting papers". Clicking on this number will take you to a more detailed
iew of these co-occurences
View
hame short deseription Irge;h"f nteractor supporting more info  more info
papers
SN4 multicopy suppressor of snf1 mutation Probably 17 SegHound PreBIND
FPK2 Invalved in nutrient control of cell growth and division Probably 2 SegHound PreBIND
[5LKA1 Glucose phosphorylation Probably 1 SegHound PreBIND
member of the NOT complex, a global negative regulator of
transcription Probably 1 SegHound PreBIND
induced by heat shock, entry into stationary phase,
[1SP12 depletion of glucose, and addition of lipids (fatty acids) Probably 2 Seqound PreBIND
PDR2 DNA Damage Responsive Probably 2 SeqHound PreBIND
CTT1 cytoplasmic catalase T Prabably 2 SegHound PreBIND
General negative regulator of transcription; may inhibit
o3 RMA polymerase |l transcription machinery Frobably 1 Seqround PreBiND
FOR1 Involved in cell cycle signaling and meiosis Unknown 3 SegHound PreBIND
1 N3 peciaes alamin gene o dict Liokncun cbioy g DroBIND

Figure 3. Under the Result of PreBIND It shows all

interactions of literatures on the internet.

Human Protein Interaction Database (HPID,
http://wilab.inha.ac.kr/hpid/) is a database for human
protein-protein interactions. HPID applies statistics and
computations to provide researchers finding interactions.
You enter their homepage and see a frame for search.
Here we could type IDs of many database including
NCBI to process. Figure 4 shows the procedures of
search.

. Wwww.HPID.org Human Protein Interaction Database |

A

News - Overview - Interactions =

HPID Search
Human Pratein ID _IF’HSH\

I Search ||

Search result Domain {family) information

ENSPO0000260433  w| | Save my dalahase

Engembl Peptide ID;: ENSPO00002E0433

InterPro IPROOT128
Interaction InterPro IPRO0Z337
Prediction Interaction InterPro |PROC2401
InterP'rg IPRO02403
External Reference Pfam PFOO0GT
EMBL J04127 PRINTS PRO0O355
EMBL 18856 PRINTS PRO0385
EMBL 22246 PRINTS PROD4E3
EMBL 128420 PRINTS PROD4E5
EMBL 307596 Prosite P300086
EMBL 30797 SCOP al104.1.1
EMBL mM30798
EMBL mM30800
EMBL M30801
EMBL 30802
EMBL 30803
EMBL h30804
EMBL *13589
EMBL ¥07508
Ensembl_GENE ENSG00000137863
HPRD 00144
HPRD 00456
I 107910
NCEBI AALZEEEE
NCEI AALIEEET
NCEI AALIETZE
NCEBI AALEIT2
NCEBI AALE214N
NCEBI CAL3ZTE29
NCEI CAAEBE07
RefSeq KP_000094 2
RefSeq NPZ112503.1
SWISSPROT P11511

HPID Online Prediction Report
Protein 1: ENSP00000260433
Supetfamily 1: 21041 (Cytochrorme P450)
Superfamily's partner 1 a.104.1 Click here to see proteinis) with a.104.1 structure.
Superfamily's partner 2 £.23.5 Click hers to see protein(s) with ¢ 23.5 structure
Copyright 2005 Web Intelligence Lab. All rights reserved

C

Figure 4. Procedures of using HPID (A) Researchers can
type what they want in the “Human Protein ID” frame to search.
(B) There is the result page of searching. Users can see its
basic information and click the link “Online Prediction” to
appear a new window to show the prediction of PPI. (C) The
new window of PPI prediction.
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Protein-Protein  Interaction  Database  (PPID,
http://www.anc.ed.ac.uk/mscs/PPID/) is a database
covering human, mouse and rats. We can use association
numbers, type of protein and their PPID number to
search what you want. As the figure F, we chose the kind
of input (Figure 5A) and key what you want to search
(Figure 5B), then press the “Search”. In an instant, it
appears the result below (Figure 5C).

|[FPID ginternal accession nurmben =l

A

Na
Type of Protein (ie. Channel)
Drug (Agonist/Antagonist) =

Diseases imvlved with proteins of PPID

tefar Weight © Type of Protemn

Accession number (Other DataBases) =]

FO5425 = B

I
Tt Tooula by, & TOID ¢ Mame (" Moleculr Weight ¢ T9pe of Prote

Search Reset Form

otal: I row found'
PPID |Protein Name [Type of Protein Mr(kDa) SwissProt UniGene |OMIM Modification Date Interaction Date

UUUO-UO-OOC

Human — [Human
41095 | Amphoterin  |Enzyme 25 Douse Ddouse 163905 |0000-00-00
Rat Rat

Figure 5. Return of PPID (A) Upper the input frame,
researcher has several choices for input type. (B) Users can
type the protein to search. (C) The result.

Database of Interacting Domain (InterDom,
http://interdom.lit.org.sg/) is a specially database. They
predict protein domain-domain interactions from PPIs.
Though it is not for prediction of PPI, their approach is
applied on prediction of PPI. InterDom is a database of
putative interacting protein domains derived from
multiple sources, ranging from domain fusions (Rosetta
Stone), protein interactions (DIP and BIND), protein
complexes, to scientific literatures. When investigators
use, they should chose “Search” and it would give three
selections. Researchers can use protein, domain and
sequence to do their search (Figure 6A). We use protein
P09429 to set an example. Here we should click the “by
Protein” button, then type P09429 into the search frame
(Figure 6B). When we push “Search”, we get the answer.
You could see their description, domain name and
domain-domain interaction (Figure 6C).

By many investigators’ striving, these related
information tools have many achievements. Through
communications of information, researchers can almost

apply these database without misunderstanding (Table 1).

Table 1. Data Sources of Related Protein Databases
PIR SWISS-PROT NCBI Pfam DIP BIND

BIND * *

MPPI * *
PreBIND

HPID

InterDom * *

Yitis appeared that data of PPI interflow by a wide margin.
The consistence of data form means researchers are not
depressed to share their research any more. This research
domain carves out further.

TnterDom A

Databage of Intaracting Demaing

Validate mW  Search P EBowse W §

l bg Frotein

by Dormain

| =

by Seguanca

Validate ™= Search ™™ Browse =

Search for the domain information of a Protein B

Enter protein's Swissprot 1D to obtain domain informatio
I [Pos 25

High mobility group protein 1 {HMG-1) (P09429) C

Function: Binds preferentially single-stranded DMA and unwinds double stranded DMaA, :|
ength (A4) | 214

This protein contains following 1 domains

Putative S
Name Description Length Interaction amr;;'m“nr;‘._.
patners .
‘HMG,hﬂX ‘HMG (high mohility group) box (Piam ‘69 | IEEN | ‘ [P]
| —

Figure 6. Use InterDom (A) At the main page, it shows
three options for search. (B) Search by protein. (C) It is return
for result. Under this page, it shows the information for the
protein and interaction.

3. In-Silico Methods to Predict PPI

Because of the high throughput of protein-protein
interaction, research workers will not be able to analyze
these data by hand gradually. Thus researchers apply the
computer and designed algorithms to analyze and then
transform those data into useful information. That is the
mainstream approach now.

3.1. Homology

Protein-protein  interaction and  DNA-protein
interaction is the important sources for protein research.
However these data are limited. It spent much manpower
and material resources at many laboratory. The final
result is only specific specie. How to apply known
information into other organisms? One way is homology.
Now investigators know protein X and protein Y interact
in organism A. In organism B, there are protein X’ that is
ortholog to protein X and protein Y’ that is ortholog to
protein Y. In that case, researchers could infer there is a
interaction between protein X’ and protein Y’. Such
relationship as above is named the homlology [4-6].

3.2. Rosetta Stone

Rosetta stone is a stele. Archaeologista translate the
ancient Egypt hieroglyph by it. One of protein sequence
alignment approach is named it [4]. If investigators want
to know whether two protein interact or not, they search
similar sequence fusing by the foregoing two in other
organisms. These protein sequences in other organisms
are called Rosetta stone protein. In case they find similar
one or more, they think the prediction exists. Now this
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concept is applied for many relationships, for instance,
domain-domain fusions [6].

3.3. Data Mining

Data mining is a method to mine useful information
from a large number of data. For example, some
investigators used Maximum Likelihood Estimation
(MLE) to predict [7].

Text mining and graph mining are both kinds of data
mining. Text mining is to use published literatures,
journals and the contents of many web sites to test their
key words and contexts for protein-protein interactions.
Finally, researchers store the resulted relationship for get
PPI or domain-domain interaction information [6].

E. Segal et al. point out that many cellular pathway
have two characteristics. One is their gene expression are
similar. Second, products of these genes often interact
[8]. Besides many researchers link those identification
proteins each other to turn them into a connected
network graph. It supports a visual tool to appear
relationship of proteins [9]. Some researcher applies
graph mining to find novel protein complexes [10].

4. Current Achievements of PPI Prediction

Presently plenty research teams effort in PPI
prediction, but all methods can not predict it perfectly.
Nevertheless, the successful percentage of prediction
enhances constantly. Two research teams, Uetz and Ito,
used Y2H system to make high throughput of PPI even
since [2,3]. The prediction of protein-protein interaction
is not so far. It is known that we can get a large network
including 3186 mostly novel interactions among 1705
proteins [1]. This interaction network can be applied to
find interactions linking uncharacterized gene products
and human disease protein about regulatory cellular
pathways. It offers us a new viewpoint of protein-protein
interaction. Edward M. Marcotte et al. brings “Rosetta
Stone” approach. They apply this approach to use gene
sequences for inferring PPI [4]. In the past, the protein
functions depend on their structures, but investigators
can recognize the whole through the observation of the
part by using homology. It creates a distant path. A
database was built by applying homology to extending
PPIs experimentally verified in module organism to the
orthologous proteins in Homo sapiens [5]. Besides
Minghua Deng et al. apply data mining, e.g. MLE
method, Association Method, to predict [7]. Dong-Soo
Han et al. use more accurate computational approach, it
is domain used, to do PPI prediction. In their way, the
sensitivity is 77% and the specificity is 95% [11,12].
Graph mining is used by Xiao-Li Li et al. to build LCMA
algorithm for prediction of PPI [10]. See-Kiong Ng et al.
and Minghua Deng et al. infer protein domain-domain
interactions from protein-protein interactions [6,7]. Their
way differs from others. See-Kiong Ng’s team use
homology and text mining, too. They create the
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InterDom database. Table 2 lists some different methods
from different teams.

Table 2. Lists of Different Methods

Team Methods Result or Verification

Edward M.
Marcotte et

Rosetta Stone By filtering promiscuous
Domain fusion domains, they make true

al.[4] homology interactions by 47% over the

unfiltered predictions.T
Xiao-Li Liet |Graph Mining LCMA was compared with
al.[10] (LCMA algorithm)  |MCODE®.

For the F—measure§, LCMA is
15.99% higher score than
MCODE.

Dong-Soo Han|(domain combination
etal.[11,12] |based protein-protein
interaction prediction
method)

Sensitivity = 77%
Specificity = 95%

Minghua
Deng et al.[7]

Data Mining
(MLE Method)

Compare with the result of
association method and
another database

See-Kiong Ng |Homology (Probabilistically-weighted
et al.[6] Rosetta Stone Odd Ratios)
Text Mining

" This data was about E. coli.

*MCODE is a proposed created by Bader and Hogue [13].
§They defined Recall = | TP| /(| TP| + | FN|) and
Precision = | TP | /(| TP | + | FP|). F-measure takes
into account of both precision and recall and is defined as F-
measure =2 * Precision* Recall=(Precision + Recall).

5. Discussion

Attempts of uncovering protein-protein interactions is
an accumulation of human wisdom. PPI prediction
should be the greatest topic of this generation. Kinds of
Protein complexes are numerous to lead to a huge degree
of difficulty. Although now technology can not decode it,
human continuous study and the high throughput of
relative information would make it truth about
eradicating cancer, stopping aging and curing inheritable
disease some day in the future.

The current trend is to compare some relationship of
interaction for prediction and it gets a considerable
achievement. Even so, there are many job needed to be
strived. Horng JT. et al have supported a approach about
applying computational method with data mining for
protein motif. Their team wants to predict protein
structure [14]. Here we try a way about applying protein
motif to predict PPI without prediction of structure.
Investigators know there is one or more motifs in the
protein. Those motifs concern with protein functions
thickly. For the reason, we find respective motifs out
from known interacted proteins. Next, we may be able to
look for the relationship of protein-protein interaction.
Finally, we could use the relationship found to do PPI
prediction. Now we have collect data of DIP, BIND, PIR
and NCBI and use PHP programs we made to transfer
them to our form. Now DIP and the non-redundant
human PPI of BIND are completed. Total is 18,617 and
store them in our MySQL database. The web-based
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database (Figure 7) is building. Its functions are
fragmentary. InterDom is our direction. We hope that
will support another useful tool when the job is finished.

Enter what vou want to search . |DIP15?‘“N]

IPmtejn_DIP vl

Example > DIF47EN  — Protein_DIP
SWIFOS1OY  — SwissProt
FIE:ITHULM — FIR
GL72068 —GI
NP 000202 — Reffeq

[ Clear]

earch result ©
[Prowin DI [SwissProt PR 1 TRefSea_|pPs teactions

DLP:57411 [sw:P35968 |pir:158357 si.908 7216 [NP_002244|DIP:5740N; DIP:S7421;DIF:S75LN; [MP_577963:NP_003367:np_0u5420:]

BIND's Inieractions

[Protein DIP[SwissProt [PIR GI RefSeq
|DIF:S741N [sw:P35963 [pir:158357 [g:0087218 [NP_002244

IDIP’s Interactions BIND's Interactions
DIF.ST40N;DIF:S742M;DIF:S 751 1; |NP7877963;NP7003367;NP7005420;

Figure 7. Our Database
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