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Abstract
Post-translational modifications (PTMs) are another control mechanism which has been shown to be a major form of
cellular regulation and an added layer of structural and functional diversity to proteins beyond the information that
the cellular genome provides. PTMs are molecular switches that help to regulate the activity, stability, localization,
and interactions of proteins by converting molecule chemical states with phosphorylation, ubiquitination, acetylation,
glycosylation, and methylation. It is this complexity that allows cells to integrate environmental signals, assemble
metabolic processes and dynamically control pathways needed to survive and adapt.
The importance of PTMs in cellular signaling and metabolism is very evident in their role in DNA repair, apoptosis,
immune response and energy metabolism. PTMs disruption has also been widely recognized as a leading cause of
diseases, including cancer, diabetes and neurodegenerative conditions. However, recent developments in mass
spectrometry, proteomics and bio informatics have significantly expanded our understanding of PTMs to the point
that it is now possible to map both modification site and network on a large scale.
A comprehensive description of the application of PTMs to cellular processes and metabolic pathways is provided in
the paper. It talks about classical and novel phosphorylation and ubiquitination and SUMOylation and ADP-
ribosylation. The crosstalk of PTMs and how they might be exploited to optimally tune biological processes by making
decisions at multiple sites on the same protein, which may either interact synergistically or antagonistically, is
discussed. It also talks about advances in high-throughput proteomics methodology and computational modeling that
are used to decipher the complexity of PTM.
The other more informative PTM network applications that are not directly related to pure biology also have
therapeutic applications as they are a form of differential manipulation of the PTMs in human disease.
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1. Introduction

Proteins are the primary actors of cellular work and as a result, are tightly regulated after their translation. PTM (Post-
translational modifications) can be defined as chemical reactions on proteins that greatly changes their structure and
functionality (Walsh et al., 2005). They are molecular codes to add complexity to the proteome in order to respond
dynamically to environmental signals and plant cell activities. They play significant roles in cellular homeostasis by
virtue of their functions in signaling pathways and the regulation of metabolism (Deribe et al., 2010).
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Simple Flowchart: PTMs in Protein Regulation
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2. Background of the Study

Some of examples of PTM include phosphorylation, acetylation, ubiquinion, glycosylation and lipidation which confer
various functional properties. The following are some examples: Phosphorylation is an important part of kinase-
mediated signaling pathways, and ubiquitination identifies proteins that will be destroyed by the proteasome (Hunter,
2007). The researchers have shown that the PTMs not only mediate the actions of individual proteins, but also whole
signalling pathways and can have a variety of effects, including insulin signalling and mitochondrial metabolism
(Choudhary and Mann, 2010). PTM studies are a continuation of decades of work linking structural biochemistry to
systems-level ideas of cell regulation.

3. Justification

PTMs are important to human health and thus learning about influence. Aberrant PTMs have been associated with
diseases such as cancer, cardiovascular diseases and neurodegeneration (Mann & Jensen, 2003). Their therapeutic
potential underlines the importance of changes in the translation of PTMs in response to the phosphorylation state
caused by kinase inhibitors (Lothrop et al., 2013). In addition, it is a good opportunity to combine existing information
and evaluate the roles of PTMs in cellular signaling and in the metabolic control since in recent years proteomics
technologies are growing at a high pace.

4. Objectives of the Study

To gain insights into the molecular events of the main PTMs in cell signaling pathways.
+ To determine the role of PTMs in the control of metabolism.

» To explore methodology to identify and examine PTM.

» To identify the effects of human disease dysregulation of PTM.

» To propose recommendations on how to use PTMs in treatment methods.

5. Literature Review

Post-translational modifications (PTMs) are important to regulate protein activity, localization and stability. The other
most widely studied PTMs are phosphorylation, which regulates the major signal transduction pathways of MAPK,
PI3K Akt, and JAK STAT (Johnson & Barford, 1993; Manning et al., 2002). Ubiquitination is a two-step process that
catalyzes proteolytic breakdown of proteins within proteasomes and regulates non-proteolytic, cellular processes such
as immune responses and repair of damaged DNA (Pickart, 2001; Komander and Rape, 2012). The initial modification
to the histone is acetylation that is now known to be a global regulator of transcription factors and metabolism enzymes
and hence cell fate is associated with the availability of nutrients depending on this modification (Choudhary et al.,
2009; Zhao et al., 2010).

In addition to these classical PTMs, additional significant controllers of nuclear signaling events and stress responses
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are SUMOylation, and DNA repair and chromatin dynamics are regulated by ADP-ribosylation (Flotho & Melchior,
2013; Vivelo and Leung, 2015). Glycosylation has been implicated in stability of receptors, protein folding and immune
escape, particularly in cancer (Ohtsubo & Marth, 2006).

Recent proteomics and mass spectrometry experiments have shown that PTMs cross-talk, that is, multiple modifications
occur on the same protein; these modifications are dynamic and interact to influence and impact each other and their
functions. Similarly, NF-kB phosphorylation, acetylation and ubiquitination are highly regulated aspects of NF-kB
signaling that vary according to circumstances (Perkins, 2006). This PTMs combinatoric richness is reinforced as
critical cellular signal network integration of relevance and as a potential therapeutic agent in cancer, neurodegeneration
and metabolic diseases.

6. Material and Methodology
The purpose of this paper was to perform a systematic review of peer-reviewed papers on post-translational
modifications (PTMs) in cell signaling and metabolism, its control mechanisms, crosstalk, and clinical implications.

6.1 Research Design
It is a Systematic Literature Review work (SLR). It was chosen to assemble, evaluate, and summarize peer-reviewed
studies as a whole without injecting experimenter bias into the process.

6.2 Data Collection

Ex: PubMed, Web of Science, Scopus.

Keywords: post-translational modifications, PTM crosstalk, cell signaling, metabolic regulation, proteomics, and

clinical correlation.

 Period: Publications since 2000.

» Meanwhile, original research articles, proteomics articles, and clinical research articles, along with high impact
reviews of PTMs, were included.

» Exclusion: Publications not in English and conference abstracts having no data and duplications.

 Final Dataset: 124 articles after an initial screen of about 450 articles.

6.3 Algorithms / Tools / Instruments

» Reference Manager: EndNote X9 and Mendeley.

» Screening Tools: PRISMA (Preferred Reporting Items systematic review and meta-analyses flowchart) flowchart
used in transparent screening.

+ Data Ectopic: This will be used to encode the PTM types, pathways, organisms and the disease contexts using Excel
sheets.

» Analytical Focus: proteomics-based mass spectrometry (LC-MS/MS) and western blotting/site-directed
mutagenesis.

6.4 Procedure

Identifying: Boolean operator (AND/OR) searches in databases using key words.

Filtering: Abstraction and duplicity.

Qualification: Final reading by inclusion/exclusion criteria.

Categorization: The research was categorized as: phosphorylation, ubiquitination, acetylation, SUMOylation,

glycosylation and crosstalk.

Extraction: Tabulated the appropriate data such as protein targets, signalling pathways, disease models, and

experimental strategies.

6.5 Validation Techniques

» Reproducibility Check: The findings were identified to cross-verify in two or more separate studies.

» Quality Control: Only studies with certain experimental design, statistically validated (p-value <0.05) or proteomics
confidence score (>95%) were considered.

» Personally, 1 was impressed by the research focusing particularly on data reliability: biological replication and
orthogonal assays were used to confirm the proteomic data.

7. Results and Discussion

7.1 Direct Findings

» Phosphorylation: MAPK cascade-activation, Receptor tyrosine kinase signalling, PI3K-Akt-survival. Malfunction
that is related to cancer and diabetes (Manning et al., 2002).
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» Ubiquitination: It regulates the half-life of protein, and mitochondrial turnover. Parkin and other E3 ligases related
to the Parkinson disease (Komander & Rape, 2012).

» Acetylation: silences glycolytic enzymes, histones and transcription factors. Relates nutrition metabolism with
epigenetics (Zhao et al., 2010).

» Glycosylation: The glycosylation had a key role in the receptor-ligand interaction, membrane protein stabilization
and tumor immunosuppression (Ohtsubo & Marth, 2006).

» SUMOylation and ADP-ribosylation: DNA repair and nuclear trafficking regulator, stress response regulator
(Flotho and Melchior, 2013; Vivelo and Leung, 2015).

7.2 Comparisons

Table 1: summary of PTMs and Roles

Type of PTM  |Primary Role Example Pathways / Targets ||Clinical Implications
) ) ) Cancer, diabetes, growth
Phosphorylation||Signal transduction MAPK, PI3BK-Akt, RTKs )
disorders
o Protein degradation, immune ) )
Ubiquitination NF-«B, Parkin, p53 Cancer, neurodegeneration
response
) Epigenetic regulation, Metabolic pathways, glycolytic )
Methylation ] Cancer, metabolic syndrome
metabolism enzymes
] Receptor stability, immune ) ) ) )
Glycosylation . EGFR, integrins Cancer, autoimmune diseases
regulation
] Nuclear transport, stress Cancer, DNA repair
SUMOylation p53, STATs
response syndromes
ADP- DNA repair, chromatin . .
] ] ) PARP, histones Cancer, neurodegeneration
ribosylation regulation

SUMOylation
ADP-ribosylation

Glycosylation

Phosphorylation

Acetylation

Ubiquitination

Graph 1: Distribution of PTMs studied in Cellular Signalling and Metabolism
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8. Significance

» Proteins are dynamically regulated through molecular controllors, called PTM.

» Context-dependent signaling behavior is more complex since it is caused by crosstalk.
» Abnormal PTMs are treatment targets and biological markers of various disorders.

9. Limitations of the Study

» The limitations of PTM research in the wake of the dynamically evolving progress are as follows:

* Issues of detection: low abundance PTMs may not be detected by proteomic methods (Mann & Jensen, 2003).

+ Context dependency: interactions of PTM can be cellular-state and tissue-type dependent.

 Interpretation of data: The interpretation of functional prediction by PTM is complicated by the complication of
PTMs.

« Biases in the current body of research: Most studies were conducted in well-studied modifications, like
phosphorylation, and some are not widely studied.

10. Future Scope

Additional directions should center on:

» The development of new state-of-the-art proteomics systems to simultaneously map many PTM.
» A synthesis of computational models to predict the interactions of PTM.

» Exploration of PTM use in new disease and personalized medicine (Lothrop et al., 2013).

« Atrtificial intelligence-based technique to detect PTM patterns.

» Translation to create PTMs as a therapeutic target.

11. Conclusion

Controlling cells relies on post-translational alterations, the connection between genetic information and biological
behavior. Their roles in cellular homeostasis, signaling, and metabolic processes play significant roles in cellular
metabolism and the dysregulation of their functions is linked to numerous diseases. Detection technologies and systems
biology solutions are continually expanding in order to comprehend PTM networks. Future research should focus on
the integration of experimental and computational methods into a unified approach to uncovering the complexity of
PTM in all its aspects and exploiting their potential use as a treatment approach.
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