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1. Introduction

Protein-protein interactions (PPIs) control variety of biological phenomena including
development, cell to cell interactions and metabolic processes [1]. The PPIs can be classi-
fied into different groups, depending upon their functional and structural properties [2].
Depending upon their persistence, (1) they may be termed as permanent or transient, as
characterized by their interaction surface, (2) they may be considered as heterooligomeric
or homooligomeric based on their stability, and (3) they may be called as obligate or
nonobligate [3]. A blend of these three pairs may develop a protein-protein interaction.
For example, a permanent interaction of the protein may be able to form a stable protein
complex while on the other hand a transient interaction among the proteins may form a
signaling pathway [4].

To perform the function in a living cell, proteins rarely act as isolated species [5] instead over
80% of the proteins perform their functions in groups [6]. The function of an unidentified
protein can be suggested by its interactions with a protein of known function. The thorough
study of PPIs is also important to demonstrate the molecular mechanism of cellular processes
of proteins [3]. The momentous properties of PPIs are (a) the kinetic properties of the enzymes
can be modified by PPIs; (b) PPIs can allow substrate channeling; (c) they can create a new
binding site for the small molecules; (d) PPIs can suppress or activate a protein; (e) PPIs can
perform regulatory role in downstream or upstream regulation of the protein; and (f) they
can also alter the specificity of binding of the protein for its particular substrate by changing
its interactions [7].
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The proteins that have many interactions include transcription factors and enzymes [8].
Though, PPIs encompass heterogeneous procedures mostly and the possibility of their regu-
lation is enormous. Various interactions and the outcome of these interactions are needed
to identify the better understanding of PPIs inside the cell [3]. By using methods like mass
spectrometry, protein chip technology, phage display, and two hybrid system, PPIs data have
been increased in recent years [3]. These experimental resources are useful for constructing
comprehensive PPI networks. But, day by day the increase in the amount of data on pro-
tein-protein interactions is becoming a challenge for validation in the laboratory. To under-
stand the functions of unexplored protein by using computational approaches is necessary
nowadays.

2. Protein-protein interaction assays

Protein-protein interaction (PPI) assays can be classified into three broad categories, i.e.,
in vivo, in vitro, and in silico. (1) The in vivo techniques apply the whole procedure on the
living cell or organism itself. (2) In vitro methods require the whole procedure completed
outside the cell in a controlled environment in a laboratory, i.e., affinity chromatography,
tandem affinity purification (TAP), protein fragment complementation, X-ray crystallogra-
phy, co-immunoprecipitation, phage display, nuclear magnetic resonance, spectroscopy,
and protein arrays. (3) The techniques that are performed by using computers or computer
simulations are called in silico techniques. The sequence and structure-based approaches,
gene fusion, chromosome proximity, gene expression-based approaches, domain pair-based
approach, in silico two hybrid approaches, phylogenetic profile, and phylogenetic tree are
some approaches which are based on in silico methods [4].

2.1. In vivo techniques for the prediction of protein-protein interactions

The in vivo technique used to study PPIs is yeast two hybrid (Y2H) method [9]. The two
protein domains are involved in the Y2H assay. First domain is the DNA binding domain
which helps in binding the DNA and the second one is activation domain that is involved
in activation of the transcription of the specific DNA. These two domains are required for
the transcription of a particular reporter gene [10]. The interacting proteins that are involved
in the Y2H assays must be present in the close vicinity or inside the nucleus because these
proteins have the capability to activate reporter gene and the proteins that are not present in
nucleus do not have the ability to activate reporter genes. Some other techniques being used
are fluorescence resonance energy transfer (FRET), biomolecular fluorescence complementa-
tion (BiFC), and bioluminescence resonance energy transfer (BRET) [4].

2.2. In vitro techniques for the prediction of protein-protein interactions

To learn PPIs in the inherent environment of the cell, a technique called TAP tagging [11] was
developed. TAP tagging method was first used to analyze the yeast interactome in a high



Introductory Chapter: Protein-Protein Interactions and Assays
http://dx.doi.org/10.5772/intechopen.77337

throughput way [12]. TAP tagging involves two steps, first is double tagging of the protein of
interest and second is two-step process of purification [13]. After the process, the proteins that
remain attached with the target protein can be studied by using SDS-PAGE and then mass
spectrometry analysis is performed to confirm the PPI partner of the protein of interest [14].
TAP tagging used in combination with mass spectrometry which can identify both protein
complexes and protein interactions.

Affinity chromatography is also used to study PPIs in vitro. It is very sensitive technique and
can identify even the weakest interactions among the proteins. Though, it generates many of
the false positive results because of the great specificity of the proteins. Therefore, studies of
protein interactions cannot depend only on affinity chromatography. So, other techniques are
needed in combination with affinity chromatography to further confirm the results generated.
The affinity chromatography is often combined with mass spectroscopy and SDS-PAGE to
produce more convincing results [4].

Co-immunoprecipitation is another in vitro technique that is used for the confirmation of
PPIs by using the complete cell extract wherever proteins are present in a complicated blend
of cellular machinery and in their natural form that is essential for the significant interactions
of proteins [4]. Protein arrays are also being used to study PPIs. A piece of glass is used in
which different protein molecules are attached in an organized fashion [15]. Protein microar-
ray analysis gained marvelous importance to do high throughput analysis by running many
of the parallel analysis in an automated procedure. The PPIs can be studied by using another
proteomics method known as protein fragment complementation assay (PCA). It consists of
a family of assays that can be used to identify the proteins of any molecular weight and it
provides very simple and straight conducts to determine PPIs in living cells, in vitro, and
multicellular organisms [4].

Mass spectroscopy can also be used to determine protein-protein interactions. There are two
ways to identify PPIs by using mass spectroscopy shotgun proteomics and peptide finger
printing [16]. To analyze complicated mixtures, shotgun proteomics is the most suitable tech-
nique while in the peptide finger printing, SDS-PAGE is used to separate the eluted complex.
X-ray crystallography can also be used to determine PPIs in vitro. It is a type of microscopy
with very high resolution that is used for the identification of proteins at atomic level and it is
helpful for functional analysis of proteins [17]. The analysis of PPIs can also be done by using
nuclear magnetic resonance (NMR) spectroscopy. In NMR spectroscopy, the magnetically
active nuclei that are surrounded by a strong magnetic field engross electromagnetic radia-
tions at distinguishing frequencies that are monitored by the chemical surroundings [18].

2.3. In silico techniques to predict protein-protein interactions

Many of the in vivo and in vitro techniques generate a large amount of data that is helpful in
the development of software and tools for the identification of PPIs among various proteins
that are found in many different combinations. The computational methods used for the in
silico prediction of interactions among proteins may include the tools described in Table 1.
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S. No. Tool name Link

1 Coev2Net http://groups.csail.mit.edu/cb/coev2net/

2 TSEMA http://tsema.bioinfo.cnio.es/

3 InterPreTS http://www.russell.embl.de/interprets

4 Struct2Net http://groups.csail.mit.edu/cb/struct2net/webserver/
5 PoiNet http://poinet.bioinformatics.tw/

6 PrePPI http://bhapp.c2b2.columbia.edu/PrePPI/

7 iWARP http://groups.csail.mit.edu/cb/iwrap/

8 PIPE2 http://cgmlab.carleton.ca/PIPE2

9 PreSPI http://code.google.com/p/prespi/

10 SPPS http://mdl.shsmu.edu.cn/SPPS/

11 HomoMINT http://mint.bio.uniroma2.it/HomoMINT
12 P-POD http://ppod.princeton.edu/

13 BLASTO http://oxytricha.princeton.edu/BlastO/

14 PHOG http://phylogenomics.berkeley.edu/phog/
15 COG http://www.ncbi.nlm.nih.gov/COG/

16 OrthoMCL-DB http://orthomcl.org/orthomcl/

17 STRING http://string.embl.de

18 MirrorTree http://csbg.cnb.csic.es/mtserver/

19 G-NEST https://github.com/dglemay/G-NEST

20 InPrePPI http://inpreppi.biosino.org/InPrePPl/index.jsp
21 PRISM PROTOCOL http://prism.ccbb.ku.edu.tr/prismprotocol/

Table 1. The list of in silico tools and their links to predict protein — protein interactions.
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