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ABSTRACT

were highlighted.

Advances in the field of proteomics have created novel opportunities to carry out protein analysis and for biomarker
discovery that serve as basis for diagnostic procedures. In recent years, Proteomics is integrated with bioinformatics
tools to carry out data analysis. High-throughput proteomic analysis, comprised of several steps, represents data
flow. Hence, there are several gaps in this data flow which requires careful analysis to realize the importance of
data in biology. In this article, several challenges of proteomics in the field of bioinformatics, diagnostics and
biomarker discovery were discussed. In addition, viewpoints that are relevant to proteomics and future prospects
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INTRODUCTION

Proteomics is comprised of wide range of techniques that are used
for identification and quantification of proteins in cells. Proteomics
is used to determine three dimensional structures of proteins and
their interactions. Genome expresses variety of proteins that are
cell specific and it is termed as Proteome. Genomic research studies
provided more information regarding activity of gene linked with
disease but very limited information about proteins that undergo
post translational modifications. Both genomics and proteomics
enable to identify the drug targets and novel disease markers. This,
in turn, helps in product designing, diagnosis, prevention and
treatment of diseases [1].

Proteomics is mainly useful for identification, characterization and
quantification of proteins on large scale. These changes in chemical
and biological methods enable to better understand proteins
and to address several questions. Proteomics is not only limited
to protein identification and localization but also determines
different activities, networks, interactions and functions of
proteins. Multiple proteins are encoded by single gene through
mechanism of translation and posttranslational modifications
[2]. Based on cellular environment and integrated networks single
protein will perform different functions. All these possibilities
form a proteome, comprised of proteins associated with genome
which is complicated than genome [3].

Proteomics is used widely in different research settings like
mechanism of understanding pathogenicity, vaccine production
candidates, detection of markers for diagnosis and interpretation
of disease specific functional protein pathways etc. Proteome
characterize the functional information of different genes.
Eukaryotic cells comprising of proteome is dynamic and complex.

Whereas in prokaryotes, itis responsible for mechanism of pathogens
but due to different types of properties such as hydrophilicity,
molecular size, hydrophobicity and quantity it is quite challenging
to do in-depth analysis of proteins [4]. Application of proteomics is
critical for early diagnosis of disease, development and prognosis.
In addition, it also plays a major role in drug development as
molecular targets.

THE POWER OF PROTEOMICS

Proteomics is considered as the most efficient approach to unravel
the complexity of gene function. The biological function of proteins
and their expression levels are dependent on. mRNA levels,
translation control and regulation on host cell. For this reason,
proteomics is examined as pertinent dataset for characterization of
biological system (Figure 1) [5] .

Proteomics is the fast emerging field, as the instrumentation used
for analysis is sensitive, accurate and affordable. Thus, it can be
useful for precision and personalized medicine which improves
the process of treatment, diagnosis and management of disease
in future [6]. For protein analysis, different types of proteomics
technologies are used. These are Conventional, Advanced, High-
throughput and bioinformatics methods (Figure 2).

Proteomics technologies are used to generate large amount of data
which is integrated and stored to search data for easy accessibility.
Proteomics relies on DNA and protein sequence related databases
which enable to track the variations in expression of proteins [7].
Proteome databases, comprising protein databases are species
specific and can be easily accessible.
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Figure 1: Proteomics workflow. Abbreviations: TOF MS: Time-of-flight mass spectrometry; LTQ: Linear Ion Trap Quadrupole; ICAT: Isotope-Coded
Affinity Tag; MALDI: Matrix-Assisted Laser Desorption/lonization; ESI: Electrospray lonization; SELDI: Surface-Enhanced Laser Desorption/
Ionization; iTRAQ: Isobaric Tags For Relative And Absolute Quantification; PTM: Post-Translational Modification.
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Figure 2: Proteomics technologies.

CHALLENGES

The growth of proteomics represents both challenges and solutions.
Some of the challenges are poor stability of proteins making it
difficult to analyse and not being inherent while studying nucleic
acids it is difficult to carry out protein studies. Few species which
are less abundant, it is very difficult to carry out detection as
amplification of proteins is not possible similar to DNA [8]. There
are specific issues with Tandem mass spectroscopy and proteomics
such as databases relevant to protein sequence which will either
exclude isoforms or will be considered in text messages. Due to
this, proteomics based analysis, carried out for identification of
alternative splice isoforms related protein products, and may lead
to incorrect protein and peptide identification. This is because of
presence of peptides which degenerates by corresponding to more
than one specific protein present in sequence database [9]. Other
problems include absence of standardization when dealing with
proteins that are annotated in various places. Due to lack of protein
naming standards and identifiers, it will present a challenge for
integration of annotations from various heterogeneous sources
biologically for proteomic data interpretation [10].

Advances in profiling, regulation and analysis of protein has
been observed in humans and organisms like yeast. But however
application of proteomics in plant research is slow and not advanced
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yet. This is due to complex nature of genome and information
related with protein sequence [11]. However, it is accessible to
conduct further studies using proteomics in plant research and
some of the challenges include [12].

e Comprehensive protein identification, prevalence in tissue
region and isoforms.

¢ Characterization of cellular and biochemical functions of
protein.

e Protein regulation analysis and its association with other
regulatory networks.

Several challenges associated with data storage, integration
robustness needs to be addressed while understanding proteomics
data relevant to specific disease and cell dynamics. Due to presence
of confounding factors the proteomics data is not more often used
in precision medicine [13]. Since there is increase in accessibility
to Proteomics techniques it will lead to increase in volume of
data generated and storage capacity is lacking to retain the data
generated in the form of output. Though cloud storage offers
solution there are issues related with sensitivity and privacy of
data. Omics data for example, RNA-Seq express in raw data format
doesn’t require any storage. Raw data that is discarded will result
in creating more space for data storage but question is will it be a
reality with proteomics (Figure 3) [14].



Vittaladevaram V

OPEN aACCESS Freely available online

Data Storage

Unification of Data Repositories 4
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A combination of proteomics data which is new and existing
together with metadata and omics, is a challenging task which
needs to be addressed. Upon successful data integration will
enable to study the disease and other systems for which there are no
standardized methods [15]. Some of the challenges associated with
data integration include inconsistency with reference to datasets
and annotation including pipelines related with output analysis.
To overcome this standardized and consistent approach should be
used for data collection and recording purposes [16].

Identification of biomarkers requires protein targets, which
are reliable and appropriate is also a major challenge during
extraction from high-throughput data. The challenges are due to
the generation of irrelevant features and noisy which mask true
indicators; and when coupled with biological samples, that are
inherent, will exhibit heterogeneity [17]. For this reason, it will be a
challenging task to isolate biomarkers that are specific and robust.
To overcome this, different types of data should be incorporated
that will promise to make specific biomarker selections across large
biological datasets [18].

It is important to have central access point for sharing data. But
currently, due to lack of unified data resources, the researchers are
facing complications to gather data in wider context. There are
numbers of data repositories exist, of which few are with restricted
access, and others are available for free of cost. For this reason,
there is a need to unify the data associated with proteome from
public repositories. This helps to provide resources to back up
the valuable data. The costs associated with usage of proteomics
in clinical research laboratories are quite expensive. The other
challenge is to integrate proteomics data with metabolomics and
genomics for further carrying out functional analysis [19].

Lack of metadata and experimental data is another challenge for
reusing biological data. This leads to annotation related problems
for data relevant to proteomics. For this reason, a balance between
data sharing and metadata required needs to be maintained [20].
There are possible chances for future challenges such as limited
access to data relevant to clinical research data which requires
controlled resources to access proteomics data.
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VIEWPOINT

The significance of Proteomics cannot be overstated as the term
proteome refers to proteins, which are present within cell and depicts
structure, produce energy and allow movement, reproduction and
communication. Proteins are regarded as structural and functional
units of cell, in which protein complement is dynamic and genetic
information is static in nature [21]. Proteomics allows to discover
new biomarkers for diagnosis and to carry out drug discovery
for identification of molecular targets. There are wide range of
applications identified using protein markers for the purpose of
prognostic and clinical uses and also further use in measuring the
efficacy and speed of clinical trials [22].

Differential proteomics allows drawing correlations between state
of disease progression and different range of proteins produced
within cell. Proteomics enables analysis of series of molecular
events that are clinically relevant, thus assure promise in drug
discovery research. Advanced bioinformatics in combination with
proteomics technologies are used for identification of disease
related molecular signatures based on protein related pathways
and cascade of signalling events [23]. Proteomics based research
provides abundant information complementing with genetic
information provided by genomics based research. Proteomics is
regarded as powerful tool for progression and further development
of functional genomics; and both, together will play a major role
in biomedical field which will have tremendous significance in
developing therapeutic and diagnostic products in near future

[24,25].
FUTURE OF PROTEOMICS

Proteomics is widely used for isolation of proteins and their display
based on criteria followed by identification of proteins. Advances
in instrumentation and other analytical tools is required to get a
complete human proteome map. Proteomics in combination with
genomics would enable researchers to monitor expression levels of
protein targets to characterize the organism behaviour at molecular
level. Proteomics is useful to carry out characterization of proteins,
understand  posttranslational modifications, protein-protein
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interactions and identification of biomarkers for diseases.

CONCLUSION

Recent advances in proteomics technologies, in combination with
bioinformatics tools facilitate the discovery of pathways and data
analysis relevant to proteomics. Bioinformatics tools are designed
to facilitate the pathway discovery and functional annotation
from proteomic based data on large scale and one such example is
iProXpress. This will allow answering complex biological questions
from multiple data resources. The combination of bioinformatics
tool such as high-throughput genomics and proteomics with
iProXpress will speed up the process of pathway prediction
and other functional relationships, thereby, providing support
for genome based studies for knowledge based discovery and
generation of hypothesis.
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