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INTRODUCTION

Protein, a very intricate molecule found in all creatures, is
essential to life. Amino acid polymers are what we call
proteins. Emil Fischer and Franz Hofmeister stated that
proteins are necessary for metabolic activities in 1902. The
codons in a protein's mMRNA determine the amino acid
sequence, which in turn directs the polypeptide chain on how
to fold into the protein's functional secondary structure.
When a polypeptide segment folds into a corkscrew-shaped
configuration, a secondary structure called the alpha helix is
created. Beta strands, which are linear polypeptide structures,
make form the beta sheet, a two-dimensional structure. Turns
and coils interact chemically to form the proper three-
dimensional structure, which results in the formation of
proteins. The functional protein of many different kinds is
made up of a variety of unique polypeptide subunits, though.
These proteins' quaternary structures are created by
interactions between each of their constituent subunits. One
of the most exciting developments in the study of human
genes and proteins is the discovery of potential new
treatments for illness. Using information from the genome
and proteome, proteins associated with a disease can be
identified. The full examination of all the proteins in a
particular cell line, tissue, or organism was dubbed
proteomics in 1995. Focusing on proteomics as the central
topic is exciting since it provides a deeper understanding of
organisms than genetics. Estimates of a protein's expression
level can be made using genomic data. The basic purpose of
proteomics is to determine which proteins interact, since the
majority of proteins' functions require the cooperation of
other proteins. There is a general consensus that proteomics
is the next logical step after genomes for understanding
living organisms. It's a lot trickier than genomics because,
although an organism's genome remains relatively stable
over time and across varying environmental conditions, the
overall protein expression profile is dynamic and constantly
evolving.
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Forensic scientists frequently employ mass
spectrometry (MS) for the purpose of
identifying chemicals, especially illegal
narcotics. Mass spectrometry (MS) is a
method for detecting chemicals that works by
isolating and identifying ions based on their
specific masses (mass-to-charge ratios). This
strategy makes use of the fact that each
chemical exhibits a different fragmentation
pattern. After being ionized, the sample ions
are sorted according to their mass and
abundance.

TYPES OF PROTEOMICS

Based on the protein proteomics are classified
intodifferent groups.

2. 1. Expression proteomics

Expression proteomics compares and contrasts
the levels and types of expression of a large
number of proteins in two experimental
settings. You can learn about the protein that
causes stress or disease by comparing normal
cells to cells that have been treated or that are
sick. The goal of expression proteomics
research is to uncover the unique protein
expression profiles of pathological cells. EX.
Differential protein expression can be
examined by comparing tumour and normal
tissue samples. Protein activity, multi-protein
complexes, and signalling pathways can be
determined based on whether they are over or
under expressed. Learning more about the
basic biology of tumour growth and the
disease-specific manner in which these
proteins might be used as diagnostic indicators
or therapeutic targets is a major goal of protein
identification studies.

2. 2. Structural proteomics

Structural proteomics helps us comprehend the
intricacy and three-dimensional structure of
functioning proteins. When just the amino acid
sequence of a protein is known (as in the case
of direct sequencing or deduced from the
gene), homology modelling is a method used
to predict the structure of the protein. With the
use of structural proteomics, the structure and
function of protein complexes in a particular
cellular organelle may be clarified. It is
feasible to identify all the proteins present and
specify all the protein interactions between
these proteins and protein complexes in a
complex system, such as membranes,
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ribosomes, or cellular organelles. Several
technical  techniques, such as  X-ray
crystallography ~ and  nuclear  magnetic
resonance spectroscopy, were principally used
to determine structure.

Functional proteomics

The identification of interacting protein
partners is central to functional proteomics,
which explains how the activities of proteins
and the workings of previously hidden
molecular systems within cells may be
deduced. Associating an uncharacterized
protein with members of a recognised protein
complex that is key to a known mechanism is
a strong indicator that the two proteins work
together to perform the mechanism in
question. Additionally, elucidating protein-
protein interactions in vivo could substantially
aid in providing a thorough description of the
cellular signalling cascades.

4. These are the steps that must be taken in
order to analyse an organism's proteome:

a. Protein purification entails removing
impurities using density gradient
centrifugation, chromatographic procedures,
and other methods after samples have been
extracted from entire cells, tissues, or sub-
cellular organelles.

b. Proteins can be separated in 2D gel
electrophoresis according to their molecular
weight and isoelectric point, respectively.
Fluorescent dyes or radioactive probes are
used to locate the spots.

c. To identify proteins, gel spots containing
isolated proteins are cut out and degraded in
gel using a protease. Using mass spectrometry,
the eluted peptides are characterized. Peptide
mass fingerprinting based on the matrix-
assisted laser desorption ionization-time of
flight (MALDI-TOF) technique is commonly
used for protein-molecule analysis. Finally, the
determined amino acid sequence is checked
against a database of known proteins for
confirmation. Mascot, Aldente, Popitam,
Quickmod, Peptide cutter, etc. are only few of
the many available online tools for proteome
analysis.

Techniques involved in proteomics
Proteomic analysis characterized protein
structure and function using both analytical
and  bio-informatics  approaches.  Two-
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dimensional gel electrophoresis and MALDI-
TOF mass spectrometry were employed for
analysis. In the field of bio-informatics, many
different pieces of computer code were
employed.

5.1 2-D gel electrophoresis

Protein samples are sorted according to charge
during the initial phase of 2-D gel
electrophoresis, a procedure known as
isoelectric focusing. Based on molecular
weight, materials are resolved in the second
stage. The ultimate result is a protein-based
image made up of thousands of small dots. A
top-notch 2-D gel can resolve 1,000-2,000
protein spots, which appear as small dots on
the gel after staining. When comparing two
samples that are generally comparable, the 2-D
gel electrophoresis technique is frequently
employed to spot protein differences. Proteins
for IEF should be prepared at the correct
concentration and in the correct solution.
Determine a strategy that keeps proteins at
their  original charge, solubility, and
concentration. IEF can be used to sort proteins
based on their pl. Depending on your sample
load and resolution needs, choose an IPG strip
length and pH gradient. Make sure you load
your samples correctly and use the right
separation conditions. Use SDS-PAGE to
grade proteins by size. Choose the right
separation conditions, gel size, and gel
composition. Proteins can be observed by
either labelling them with fluorescent dyes or
by utilising a total protein stain. Choose a
staining method that works with your needs
and the imaging technology you have access
to. Photograph the 2-dimensional patterns
using sophisticated imaging hardware and
software. Next, use the 2-D programme to
evaluate the patterns. Proteins of interest can
be extracted from a gel, digested, and their
resulting peptides and amino acids can be
analysed using mass

5.2 MS analysis

Analytically, mass spectrometry provides a
spectrum of the masses of the atoms or
molecules in a material sample. Molecules like
peptides and other chemical compounds can
have their structures elucidated by analysing
their spectra, which are used to detect the
elemental or isotopic signature of a sample,
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particle and molecule masses, and atomic
arrangements. The mass  spectrometer
measures the ratio of mass to charge by
ionising chemicals to create charged molecules
or fragments of molecules. When it comes to
identifying proteins, MALDI-TOF is the gold
standard.

5.3 MALDI-TOF-MS

Matrix-assisted laser desorption/ionization
(MALDI) is a soft ionisation technique
employed in spectrometry that enables the
study of biomolecules like DNA, proteins, and
peptides. Because of their low volatility and
thermal instability, biomolecules and synthetic
polymers have been difficult to characterise
using MS. The invention of MALDI-TOF MS,
which utilises a Laser beam to ionise the
material, has greatly reduced these issues, as it
permits the mass determination  of
biomolecules without the degradation that is
common with other methods. Peptide maps
have been generated for protein samples and
described using HPLC or SDS PAGE. Protein
fingerprinting and determining the relative
purity of a known protein in a known sample
are two applications of these peptide maps.
When proteolytic enzymes like trypsin are
used to degrade proteins, the resulting peptides
can be mapped using mass spectrometry. With
this peptide map, you can look up a sequence
in a database and see whether there's a decent
match.

5.4 Sample preparation

Biomolecules can be characterised with
MALDI-TOF MS. This includes organic
polymers, peptides, and proteins. The MALDI-
TOF sample preparation process is a
fascinating and crucial one. However,
impurities can severely disrupt integration of
sample molecules with developing matrix
crystals, hence purifying the protein sample
before MALDI-TOF analysis is recommended.
The optimal ratio of sample to matrix is 1:2.
According to the size of the sample,
researchers may employ a variety of different
matrices, including 2-by-2 and 4-by-4
configurations. For MALDI-TOF analysis, the
protein sample and the matrix are typically
combined on a metal plate and then dried
using the droplet process. Performance was
marginally improved by using multiple

17



I’\

> Agrospheres ™
e-Newsletter

matrices. Standard metal plates should be used
in limited quantities. Hydrophilic sample
anchors, on the other hand, are effective in
producing tiny spots.
ADVANCED
PROTEOMICS
6.1 Isotope-coded affinity tags (ICAT)

It is a chemical labelling reagent-based
technique that eliminates the need for a gel in
quantitative proteomics. Using an isotopically
light-labeled sample and a heavy-labeled
sample allows for a quantitative comparison of
two proteomes. The two samples were mixed
together with isotope-coded tagging reagents.
LC-MS is utilized for the analysis of these
peptides. Deuterium and carbon-13 and
carbon-18 were used as identifiers. Method
relied mostly on comparing the amounts of
proteins in at least two different types of
biological samples. As a supplementary
technique, ICAT Visible tag employs visible
isotope-coded affinity tags, which allow for
straightforward monitoring of the
electrophoresis location of tagged peptides.

6.2 Absolute Quantification (AQUA)

AQUA is a research group that measures the
precise amounts of proteins and their varying
modifications. Synthetic proteins can be made
with the help of covalent modifications. The
chemical composition of these alterations is
the same as those of post-translational changes
that occur spontaneously. After proteolysis, a
tandem mass spectrometer can use these
peptides to determine how much of a protein
has been changed post-translationally.

6.4 SELDI-TOF-MS

In mass spectrometry, the ionization technique
known as surface-enhanced laser
desorption/ionization (SELDI) is employed for
the purpose of analyzing protein mixtures.
Proteins in clinical samples can be detected
using SELDI when coupled with a time-of-
flight mass spectrometer; this allows for the
comparison of protein levels in individuals
with and without an illness, which can aid in
the identification of biomarkers.

Recent trends based on DNA and RNAhigh-
throughput sequencing

Recently, sequencing the genome of the
organism being researched has become an
integral part of the proteomic research process

METHODS IN
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for many microorganisms. Assigning data
based on de novo or homology interpretations
eliminates the need for tedious manual checks.
Even though the data isn't complete, it can still
be given in the form of contigs or scaffolds
that  lack  comprehensive  annotation.
Technologies for RNA sequencing have
matured to the point where they can be trusted.
Building a database of protein sequences
might be done in a matter of weeks for a
modest investment. By limiting the database's
size in comparison to a genome-derived six
reading frame ORF database, we can interpret
MS/MS spectra with greater certainty. Several
papers in the past few months have provided
the groundwork for this strategy.
Microbiology and proteomics

Our view of the microbial world and the
development of life has been drastically
altered by the advent of biophysical
instruments and molecular biology
methodologies. Proteomics, a relatively recent
technology-driven method to proteome-wide
protein identification, aims to do just that.
Higher funding means that the top research
groups in proteomics are concentrating on
human health-related topics. To date, viral
diseases have only represented "a minute part
in terms of proteomics compared to
fundamental human cell biology and the quest
for cancer biomarkers" in this vast field.
However, microbiology is home to both
biological complexity and exquisite diversity.
Using microbiology and proteomics together
to their full potential is the topic of this review.
Microorganisms are valuable experimental
models for creating new proteomic techniques
because of their compact genomes. However,
modern high-throughput proteomic methods
provide microbiologists with additional tools.
Here, | discuss the state-of-the-art proteomic
instruments and methods that now make it
possible to dissect the roles of each major
component in a cell. 1 will describe the most
current developments in microbial proteomics
and show how they are being applied to
various microbiological concerns.
Applications of proteomics

Oncology (tumor biology), biomedicine,
agriculture, and food microbiology are only
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few of the many biological disciplines that
make use of proteomics.

The rise of pathogens resistant to antibiotics
has become a severe concern in recent decades
since it reduces the efficiency of antimicrobial
therapies, leading to therapeutic failure. A
proteomic method can be employed for the
characterization ~ of  bacterial  antibiotic
resistance. Bacteria have several defences
against antibiotics, including enzyme-mediated
antimicrobial molecule modification, efflux
pump  production, decreased antibiotic
permeability, and target site mutation. In order
to improve therapeutic techniques to get over
antimicrobial inefficacy and find novel drug
targets for the development of newer
antibiotics, research into the bacterial
proteome could be very useful. Proteomics has
several potential uses, one of the most exciting
being the evaluation of microbial specific
targets on which antimicrobial medicines may
be effective, leading to the development of
new antibacterial drugs. Specifically, defining
a pathway-specific stimulus or a proteomic
mark highlighting the suppression of a given
target, or investigating if changed antibacterial
compounds are still active against a specific
bacterial target, can all benefit from the
analysis of bacterial proteomes. To be more
specific, bacteria are grown in vitro with and
without the target antimicrobial molecule. The
protein  expression  pattern  of  these
microorganisms is then assessed by analysing
their proteome, with special attention paid to
proteins  whose expression has been
dramatically modified. Proteomics' use in
identifying bacterial infections is the last
clinical application worthy of note. It may take
several days for conventional culture-based
methods to permit adequate bacterial growth
and provide a positive identification of
microbial pathogens. Patients get subpar
empiric antibiotic treatment during this time,
which can complicate future attempts to cure
the infection. Thus, it is crucial to make a
correct and prompt diagnosis of bacterial
infection in order to contain the infection and
save the lives of patients. Proteomics has the
potential to serve as a useful diagnostic tool,
facilitating a speedy diagnosis even in patients
with infections who do not exhibit
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conventional clinical indications or apparent
abnormalities of laboratory values. In the
clinical diagnosis of bacterial infections,
proteomics can be used in one of two ways:
either i) by detecting the presence of bacterial
protein components in a biological sample
(such as blood, cerebrospinal fluid, etc.), or ii)
by analysing the host's protein profile to
determine which proteins show an altered
expression after the bacterial infections. Both
methods facilitate an accurate and speedy
identification of bacterial illnesses by
illuminating relevant diagnostic biomarkers.
Using a quantitative proteomic screening of
cerebrospinal fluid, we have identified markers
that reliably differentiate bacterial meningitidis
(BM) from viral meningitidis (VM). There is
significant potential for these "findings to
enhance early identification of BM and lead to
more tailored individual therapy. Finally, the
analysis of all proteins expressed by a
microbial population, like the gut microbiota,
is one of the most exciting applications of
proteomics. Humans have a rich microbial
ecosystem in their guts, with many species
playing important roles in our health. Intestinal
dysbiosis has been linked to the development
of major diseases like cancer, metabolic
problems, and inflammatory diseases, among
others. Interestingly, the intestinal bacterial
protein pattern, or metaproteome, regulates the
host's response and gut eubiosis. Here,
metaproteomic analysis has the potential to
shed light on microbial functioning and the
role of gut bacteria in health and disease. For
example, people with Crohn's disease (CD)
have an abnormal expression of several
bacterial proteins in the digestive tract. In
particular, compared to healthy controls,
people with CD have been found to have
reduced levels of proteins involved in the
synthesis of short chain fatty acids (SFCAS)
and mucin breakdown, and higher levels of
outer membrane proteins likely involved in
immunological response. Although
metaproteomic data is useful for understanding
the bacterial ecosystem at hand, a more
comprehensive understanding of microbiota,
including its true contribution to human health
and its correlation with the host, can only be
achieved through the integration of
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metaproteomics, metagenomics,
metatranscriptomics, and metabolomics.

9.1 Oncology

Tumor cells are the focus of oncology
research, while tumour metastasis describes
how cancer spreads from its original site to
distant, non-adjacent organs. Defining the
molecular and cellular processes that drive
tumour spread is one of medicine's greatest
challenges. Examining the protein expressions
associated with the metastatic process can shed
light on the mechanism of metastasis and lead
to new approaches in cancer treatment and
management. The study of proteins is known
as proteomics, and it is commonly employed
in the search for biomarkers and to define the
protein expressions and activities of tumour
cells.

9.2 Bio-medical applications

Infectomics is the study of the dynamics
between microbes and their hosts. The study of
this topic within proteomics has attracted a lot
of attention. It covers the groundwork of
where infections come from and how they
damage organs. The primary motivation for
this study is to find more effective means of
disease prevention and treatment. Complex
diagnostic challenges include dealing with
new diseases, a rise in resistant bacteria, and
the ability to create individualised phenotypes
for each patient.

9.3 Agricultural applications

The practical implications of plant proteomics
studies are just beginning to emerge.
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Understanding the interactions between plants
and insects using proteomics can lead to the
discovery of candidate genes involved in the
plant's defensive response to herbivores. There
are substantial constraints on the long-term
viability of agricultural crop production due to
population increase and the impact of global
climate change.

9.4 Food Microbiology

Proteomics' applications in food technology
are discussed, including its use in the
characterization and standardization of raw
materials, the creation of new processes, the
identification of changes across batches, and
the maintenance of product quality. The use of
genetically modified foods and the application
of biological and microbiological safety
measures are given additional consideration.

CONCLUSION

Proteomics has broad biological implications,
and its applications enable new ways to put
expressed protein data to use. Future progress
in proteomics will be determined by
technological developments that speed up the
analysis of thousands of different proteins.
Possibility of significant progress in disease
diagnosis and the development of rationally
conceived pharmaceuticals. Proteomics
applications have practical significance for
biological processes and offer new ways to put
expressed protein data to use.
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