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A B S T R A C T

Mass-spectrometry (MS)-based proteomics is the most powerful approach for identifying proteins and
determining protein expression in tissues under different conditions to identify post-translational modi-
fications in response to stimuli and to characterize protein interactions. Protein identification is a key
step in characterizing proteomes to describe biological processes and to discover disease-related biomarkers,
pharmaceutical targets, protein functions or interactions. In all proteomics workflows, whether commonly-
applied gel-electrophoresis-based methods or gel-free approaches, MS is an indispensable tool for the
identification of protein sequences and modifications. The complexity, high abundance, dynamic range,
presence of similar proteins, and several forms of the same protein all raise challenges for analytical in-
strumentation and data-analysis software. This review provides an introduction to key terms, methods
and challenges in protein identification, and summarizes current solutions and trends, including novel
data-collection approaches, bioinformatics and instrumentation developments.
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1. Introduction

1.1. A brief introduction to proteomics

The “proteome” is the complete set of proteins expressed by the
genome of a cell, tissue or an organism [1]. While genes deter-
mine many of the characteristics of an organism, they do so by
providing instructions through mRNA for synthesizing proteins, the
building blocks and workhorses of cells – ultimately the function-
al players that drive different biochemical processes. Within an
individual organism, the genome is more or less constant, the
transcriptome is more variable, but the proteome is dynamic,
complex, and adaptive, varies from cell to cell and reflects the effects
of both internal and external environmental stimuli. The first rough
draft of human proteome was published recently [2,3], and one of
the authors believes “that the human proteome is so extensive and
complex that researchers’ catalog of it will never be fully com-
plete”. The complexity of any proteome is so large that none
of the existing technologies can deliver complete detection and quan-
tification of all the proteins that are present. The human genome
contains about 20,300 protein-encoding genes, but the total
number of proteins in human cells is estimated to be 0.25–1×106

[4].
The complexity of proteome can be explained by several reasons:

a) each gene may encode several proteins in a process called al-
ternative splicing: one gene may make different mRNA
products and, hence, different protein isoforms;

b) one protein may be modified chemically after it is synthe-
sized (PTM, post-translational modification) so that it acquires
a different function. The most frequent PTMs are phosphory-
lation, glycosylation, and acetylation. [5]. Each protein might
exist in any one of a multiplicity of chemically-modified
proteoforms, resulting in a proteome of even higher com-
plexity (Fig. 1);

c) proteins can interact with each other in complex pathways
and networks of pathways often as components of multi-
molecular complexes, increasing the pool of analytical targets,
if the identification of protein complexes is of interest; and,

d) individual variations in the genetic code (e.g., allele vari-
ants, or single-nucleotide polymorphism) introduce another
level of analytical complexity.

“Proteomics” is the large-scale comprehensive study of a
proteome, including information on the abundances of proteins, their
variations and modifications, and their interacting partners and net-
works. Proteomics technologies can perform the qualitative and
quantitative comparison of proteomes under different conditions
(e.g., normal and pathological) to further unravel complex biolog-
ical processes, to discover biomarkers and to provide information
for systems biology to build integrated network of cells.

To be able to characterize the large diversity of proteins in bi-
ological samples, the technologies and the chemistries need to be
diverse and complex. Nevertheless, technological progress and new
instrumentation has advanced to where this characterization can
be realized on a large scale [6,7].
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Fig. 1. Origin of proteome complexity (top) and challenges in fully resolving complexity by ”bottom-up” proteomics. Presence of proteoforms can be proved by identifying
specific peptides. Based on the lack of identification of specific peptides, no proteoform can be excluded; instead, protein groups are identified via common peptides (bottom).
(Vertical dotted line (⁞): enzymatic cleavage places; △, , ◊, ★: post-translational modifications).
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