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This paper presents a brief introduction to proteomics and defining the concept of proteomics. After that, listing some important techniques that
used in proteomics from 2010 to 2020. It explores proteomics’ techniques advantages and limitations, and how it has advanced in this past
decade. Finally, this paper outlines the proteomics’ evolution and its methods, techniques and modifications made in that period. This paper aim
is to analyse and identify the changes and transitions that proteomics has experienced from 2010 to 2020.

Keywords: Proteomics, last decade, Top-down proteomics, Middle-down proteomics, Mass spectrometry, MALDI-TOF MS

Introduction

New and improving technologies continuously impact biological
research in different ways. Proteomics is the systematic study of
proteins, their properties, and their role in the function of biological
systems that help in many areas such as health and infections /.
The approach of proteomics technologies worldwide helps in the
detection and quantitation of proteins which can create new
chances and challenges to understand diseases. Moreover, advance
bioinformatics connecting with high-throughput proteomics
technologies that used to recognise molecular marks of illnesses
based on protein pathways %/,

The applications of proteomics are diverse, and they are
always coupled with other techniques such as two-dimensional gel
electrophoresis and shotgun proteomics !, Rapid technological
developments have also positively impacted resolution, mass
accuracy, and sensitivity in protein analysis.

In 1907, physicist Joseph John Thomson began using mass
spectrometry to visualising ions and analyse proteins. This
technique was essentially used for separating and classifying
atomic ions by mass ). Mass spectrometry (MS) has created
significant improvements for large-scale studies in protein analysis.
This review paper was studying and summarising the adaptation
and changes in technology technic in the last decade which was
from 2010 to 2020.

Techniques

Shotgun proteomics

Shotgun proteomics is defined as ‘multidimensional separating of
protein mixtures produced from the specific protease such as
trypsin and then analysed by MS’ /. An important method for
recognising and quantifying proteins is using a mixture of liquid
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chromatography combined with mass spectrometry 7. In

addition, this has an important role in MS-based proteome analysis,
which has made charting of protein-to-protein interaction systems
and quantitative reviews with modifications of protein post-
translational . From 2010 to 2020 shotgun proteomics was used
in many fields. For example, in in 2009 research was focusing on
neurological diseases, by using shotgun proteomics-based tandem
mass spectrometry that helps in the identification of proteins in a
compound mixture . Moreover, in 2014, research on microbial
groups concentrating on specimen preparation and prefractionation
on one cell type used shotgun proteomics . Further, in 2020,
research teams at Macquarie University analysed and identified key
proteins in the leaves of rice plants by using label-free shotgun
proteomics !,

Shotgun proteomics is one of the significant techniques
used to recompense the limitations of Two-dimensional gel
electrophoresis 2-DE. This is because the shotgun protein plays a
vital role in digesting total protein as a mixture to separate peptides
by using single- or multidimensional chromatography. The
advantages are sensitivity, dynamic range, molecular weight, and
hydrophobicity 1.

Shotgun proteomics techniques have been used in
increasingly wider-ranging applications. In 2006 Shotgun
proteomics was involved in isobaric tagging of peptides to allow
high-throughput protein analysis. Using iTRAQ reagents enabled
concurrent identification and quantification of proteins with other
specimens of prokaryotic and eukaryotic cells by using tandem
mass spectrometry (MS). There were limitations, as it requires
improvement of the total proteome coverage in obtaining a shotgun
proteomics analysis %!,

In 2020, shotgun proteomics was used jointly with
MaxQuant software, which adds ion mobility to enhance proteome
coverage, quantification accuracy, and dynamic range. There was
significant difficulty as obtaining good computational reviews for
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large datasets with several LC-IMS-MS/MS runs being analysed
together in one project Y.

Other main applications were used in shotgun proteomics
in 2013. ‘Bottom-up’ focuses on analysing peptides released from
the protein throughout proteolysis. Protein identification is made
by comparing the tandem mass spectra with theoretical tandem
mass spectra that had been produced from silicon and separated in
proetid database ™. However, bottom-up has weaknesses such as
loss of location of post-translational (PTMSs), which can occur
when proteins digested peptides %,

In addition, in 2014 research focused on ‘top-down’
proteomics’ facts and perspectives. Top-down was first used to
characterize intact proteins, specifically, undigested proteins,
which measured more than 200 kDa. Other research has discovered
more than 1,000 proteins by using multi-dimensional separations of
multiple samples. However, there were some limitations with
sensitivity and proteome coverage. Even with all of these
difficulties, the top-down technique identifies as an essential
complement and option to digestion-based approaches *°!.

Further, research merging the strengths of top-down and
bottom-up, in ‘middle-down’ proteomics, was done in 2015.
Middle-down proteomics is focusing on proteins that being
digested in equal size when they are in a lysate. This has many
advantages, such as higher mass accuracy and resolution "',

Due to the recent interest in top-down proteomics as MS
technology has improved, there have been major improvements in
many areas, such as improved efficiency in the separation of liquid
chromatography (LC). Enhancements have also been made in data
analysis software. Furthermore, in 2020 quantitative top-down MS
was applied, which aimed to study the biological roles of protein
proteoforms. There were drawbacks to using the top-down method,
such as difficulty in detecting highly-charged proteins %,

To conclude that, research on shotgun proteomics indicates
high growth in the scope of the proteomics field. Future research
will focus on top-down quantitative techniques, which have been
used to recognise biomarkers and in the study of bacterial infection
in humans. Furthermore, improved identification of novel
revolutionary proteases could help improve the field of bottom-up
and middle-down proteomics %,

Mass spectrometry

One of the most important techniques used in proteomics is mass
spectrometry. This method is used to identify and analyse chemical
substances and unknown compounds by sorting volatile ions in
electrical and magnetic fields due to mass-to-charge ratios (. Mass
spectrometry is used in many fields such as pharmaceuticals,
clinical research, and environmental studies. It is also used for
discovering syntheses for medicines and their metabolites and
endogenizing mixtures like peptides ™.

Moreover, in 2003, tandem mass spectrometry was used in
analysing metabolic disorders in newborns. This method was more
sensible, specific, robust, and comprehensive than other old-style
MS assays. Tandem MS was used as a detector to classify the
weight of particles and their fragments [**), There were limitations,
however, such as low false-positive rates.

Research in 2012 on the technical development of liquid
chromatography combined with tandem mass spectrometry (LC—
MS/MS) produced technology that was able to be used in most
clinical laboratories around the globe, especially with its
advantages of high accuracy and analytic multiplexing ability. Still,
some significant disadvantages, such as selectivity regarding the
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appearance of ‘isobaric’ and lack of traceability, may affect the
proficiency of testing °!.

However, this year, there have been improvements in liquid
chromatography-tandem mass spectrometry (LC-MS) regarding
the qualitative and quantitative analysis. There are still weaknesses
to identify and correct, such as isomeric syntheses, wrong mass
formula and ionization inefficiency of the mixtures *’!. More 2020
research is focusing on gas chromatography-mass spectrometry
GC-MS, to be used as alternative to Liquid chromatography—-mass
spectrometry  (LC-MS), especially on pesticide residue
determinations. It was noted that the GC-MS technique is more
sensitive and specific °/.

Another approach taken in 2015 was GC-Triple
Quadrupole MS, which is electronic ionisation done by increasing
ionic energy to achieve the highest level of precursor ions for the
steroid hormones. This technique was used successfully with high
accuracy and selectivity but was somewhat limited in detection [,
In addition, in 2020 there was some development with respect to
those reported in the past, and the results with regard to linearity
and precision were acceptable *°'.

MALDI-IMS (MALDI imagining mass spectrometry) is
defining as a matrix-assisted laser desorption ionization for
imagining mass spectrometry /. However, from 2010 to 2015,
was an important tool for molecular imaging of biological tests.
MALDI-IMS has specific features for analysing tissue samples in a
unique way. It can analyse protein modification, drugs and lipids.
MALDI-IMS’ advantages allow for checking the location of
known and unknown compounds without requiring labelling, and
in helping in biomarker identification and effectiveness.
Limitations were low sensitivity of the mass range and molecular
detection capability regarding MS/MS incapability 227,

However, this year there is some development in the
method for analysing in MALDI-IMS. was used in studying lipid
disorders in fat tissues, and there were improvements in analytical
performance .

Moreover, MALDI-TOF MS (time-of-flight mass
spectrometry) has been used in many fields. And in 2010, was used
in identifying microorganisms such as Archaea, viruses. And was
used in microbiology labs as pathogenic identification in colony
and blood culture. It was easy to use, fast and cost-effectiveness.
However, there were some disadvantages such as recorded errors in
identification process and capacity of MALDI TOF-MS in
identifying cell lines was near to weak. Nevertheless, it is an
economical choice on a widespread basis, but it needs to improve
interpretation significantly .,

In 2020, MALDI-TOF MS was improved and used as
identification of mosquitoes from New Caledonia, and the results
of which showed species classification accurately with high
sensibility and specificity /. It also applied to the rapid
classification of microorganisms separate from clinical samples. It
has many advantages, such as being inexpensive and quick, with
high quality for identification %],

Finally, the facts indicate that research on MS is always
improving. New, developing techniques make analysis simpler,
cheaper, and more precise. Moreover, MS proteomics has
generated high interest in the scientific community, and will be
featured at the 8th Global Conference on Mass Spectrometry on
September and at the 9th Global Mass Spectrometry in October
2020 71,

All these improvements in MS instrument technology will
lead to many new discoveries in protein identification and MS
essential for every clinical laboratory. ™°',
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Proteomics in Australia 2010-2020

In the last decade, Australia has contributed significantly to the
research and application of proteomics, which has been used in
many fields such as agriculture, health, and food quality and safety.

In 2019 the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) conducted research focused on
identifying proteins that led to improved health in Australia's
livestock and plants. The research had conducted using mass
spectrometry (MS) 7.

Moreover, The Australasian Proteomics Society (APS) has
concentrated on proteomics research with the intention of
spreading its knowledge to students in the field “*). Founded in
1994, the APS, a department within Macquarie University for
Molecular Sciences, aims to be a market leader in proteomics
expertise. In addition, Macquarie University’s research has highly
impacted Australian industry !, For example, enhancing crop
yields and wheat support technique. In 2016 research was
conducted on ‘Quantitative proteomic analysis of two different rice
varieties reveals’ °”. And in this year Macquarie University’s
published a research about crude protein effect in broiler chickens.
The responses recognised as an outcome of this study was collected
in the Australian Proteome Analysis Facility (APAF) FY,

Proteomics in Saudi Arabia 2010-2020

In 2011 Saudi Arabia has a large improvement in clinical
proteomics, advancing mass spectrometry and the Proteomics
Society was established. However, advancing MS was used in
many areas such as biotechnology, energy fields and
pharmaceuticals 7.

In 2020 proteomics approach was applied in medical
diagnosis research by using highly developed techniques such as
LC-MS/MS, SELDI-TOF/MS and MALDI-TOF/MS which assist
in discovering new biomarkers, detecting diseases and observance
patient care [°°],

In the same year, King Abdullah International Medical
Research has published characterization of a new cell line in
“protein and phosphoprotein profiling of KAIMRC1 comparison to
MDA-MB-231 and MCF-7” by using mass spectrometry (MS).
And this cell line can be applied for screening targets as anticancer

drugs 1*4,
Conclusion

This review’s initial objectives were the classification and
quantification of proteins. Few techniques and methods were
available to perform the research for this paper. This review has
studied changes of proteomics over the last decade in technology,
methods, and techniques, in shotgun proteomics and pass
spectrometry techniques.

Recently, increased funding for this emerging application
has enabled the development of new methods and techniques to
increase proteomics knowledge. The main difficulties that
proteomics meets at this moment are in detecting highly charged
proteins in top-down proteomics and classifying isomeric syntheses
in liquid chromatography-tandem mass spectrometry. However,
continued research is crucial in achieving better understanding and
awareness of biological systems, in tandem with the development
of methods and machines that assist the studying of proteins,
peptides, and their functions. Finally, it is expected that further
study will lead to advancements in methods and techniques that
will continue have wide-reaching impact far beyond 2020.
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