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PTMs on the Rise: Why Now?

Post-Translational Modifications Enter a New Era

Post-translational modifications (PTMs) play a fundamental role in regulating protein function,
localization, and turnover. In recent years, lysine lactylation and O-GlcNAcylation have emerged
as novel regulatory mechanisms that bridge cellular metabolism with gene expression and

chromatin dynamics.

A bibliometric analysis reveals that publications on lactylation have surged over 10-fold since
2020, while O-GlcNAcylation continues to dominate in studies of metabolic adaptation,
neurodegeneration, and cell signaling. These modifications are no longer niche phenomena,
they are being integrated into mainstream epigenetics, cancer biology, and immunology.
“PTMs no longer just mark proteins, they encode environmental signals into functional

outcomes.”
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Figure1. Annual publication trends in lactylation and O-GlcNAcylation research

Why These PTMs Matter in 2024 and Beyond

Dynamic & Reversible: Both lactylation and O-GlcNAcylation respond rapidly to nutrient levels,

hypoxia, and cellular stress, making them ideal sensors of cell state.

Chromatin-Specific: These PTMs act directly on histone tails and transcription regulators, linking

metabolism to gene expression with unprecedented clarity.

Clinical Relevance: They have been implicated in tumor immune escape, Alzheimer’s pathology,

insulin resistance, and more, which highlightings their therapeutic and biomarker potential.
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Focus 1: Lysine Lactylation

Why is Lactylation Attracting So Much Attention?

Lysine lactylation (Kla) is a newly discovered post-translational modification that has redefined
our understanding of lactate, which was once considered merely a metabolic waste. First
reported by Zhang et al. in Nature (2019), Kla occurs when lactyl groups, derived from lactate
metabolism, are enzymatically added to lysine residues on histones and other nuclear proteins.
This discovery bridged two previously separate domains: cellular metabolism and epigenetic

control.

Lactylation provides a direct link from glycolysis to gene expression regulation.”

— Nature, 2019

A surge of studies between 2020 and 2024 reveal lactylation’s potential in the following areas:
e Immunometabolism: Reprogramming macrophages in hypoxic or inflamed tissues

e Cancer biology: Enabling immune escape via tumor-associated lactylation

e Stemness: Influencing epigenetic landscapes in cell fate transitions

More than 100 new studies have been published on Kla in the last two years alone.
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Figure2. Lactate metabolism and lactylation in cells
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What Researchers Are Exploring Now?

Functional Questions:
1. Which metabolic states favor histone lactylation?
2. How does Kla interact with histone acetylation and methylation?

3. Are there non-histone targets critical for transcriptional reprogramming?

Mechanistic Questions:
1. lIs lactyl-CoA enzymatically generated in the nucleus?
2. Which acyltransferases are responsible for Kla in mammalian cells?

3. HowisKla removed or reversed under homeostatic conditions?

Emerging Experimental Approaches

To answer these questions, researchers are using:

Approach Purpose
Antibody-based IP Enrichment of Kla-modified histones
Stable isotope tracing Track metabolic origin of lactate signals
Multi-PTM ChIP-MS Analyze combinatorial histone marks
Single-cell RNA + Kla profiling Define cell state transitions in TME

If you're designing a lactylation study, consider:

v Using hypoxia or LPS treatment to induce Kla in macrophages

v Combining Kla antibody enrichment with DIA-S to identify novel sites
v Integrating RNA-seq or ATAC-seq to validate functional gene targets
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Focus 2: O-GIlcNAcylation

O-GlcNAcylation is the reversible addition of N-acetylglucosamine to serine or threonine
residues, catalyzed by OGT (O-GIcNAc transferase) and removed by OGA (O-GlcNAcase). As a
nutrient-sensitive PTM, it regulates numerous pathways in stress adaptation, synaptic signaling,

and cell fate transitions.

Why Is O-GlcNAcylation a Central Node in PTM Research?

O-GlcNAcylation sits at the intersection of metabolism, signal transduction, and epigenetic
control. Unlike classical phosphorylation, it is a reversible glycosylation event that responds to

nutrient flux via the hexosamine biosynthetic pathway (HBP).

With over 6,000 identified substrates, O-GIcNAc is now recognized as a global modulator of

stress adaptation, aging, neurodegeneration, and tumorigenesis.

OGT (O-GIcNAc transferase) and OGA (O-GIcNAcase) are among the most essential and

evolutionarily conserved PTM enzymes in eukaryotic cells.

What's Driving the Current Research Momentum?

Strategic Research Questions researchers are exploring:
* How does O-GlcNAc integrate with phosphorylation to tune signaling pathways?
e What is the spatial-temporal landscape of O-GlcNAcylation during stress or differentiation?

e Can OGT/OGA activity serve as druggable targets in cancer, CNS disease, or inflammation?

Technology Trends:
e Rise in multi-omics studies integrating O-GIcNAc with transcriptomics and metabolomics
e Development of site-mapping tools for high-confidence glycopeptide identification

* Application of targeted DIA-MS panels for dynamic O-GlcNAc profiling
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Research Hotspots

Field Key Focus Area Example Systems

O-GlcNAc-tau interplay in

Neuroscience Alzheimer's models Mouse hippocampus, CSF
OGT-regulated chromatin Breast, pancreatic tumor
Cancer . . .
remodeling and glycolysis tissues
O-GIcNAc in T cell activati
Immunology chAacin T eelacavation CD4+ T cells, BMDMs

and macrophage fate

Nutrient stress and lifespan

Aging/Metabolism regulation via OGT

C. elegans, aged mouse brain

If you're designing a O-GlcNAc study, consider:

e Use GalNAz or GIcNAz metabolic labeling for enrichment prior to MS analysis
e Apply OGT/OGA inhibitors (e.g., Thiamet-G) to dissect modification dynamics
e Consider click chemistry or chemoenzymatic tagging for site-specific detection

* Use cross-PTM profiling (phospho + GlcNAc) to identify regulatory competition
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Strategic Takeaways & What Comes Next

Where Are Lactylation and O-GlcNAcylation Taking Us?

These two modifications are not merely expanding the catalog of post-translational marks, they
are reshaping how we conceptualize the regulation of gene expression, chromatin architecture,

and cellular fate.

Unlike static genomic codes, lactylation and O-GlcNAcylation represent responsive, reversible
layers of information, directly coupled to the cell’s internal and external environment. Their

emergence signals a paradigm shift in molecular biology:

Gene regulation is no longer just about DNA or RNA, it's about metabolic memory encoded on

proteins.

As tools for detecting, quantifying, and interpreting these PTMs become more accessible,
researchers are uncovering:

* how inflammatory signals leave a lactylation signature on histones,

* how nutrient stress reprograms signaling via O-GlcNAc switches,

e and how these modifications operate as real-time “code overlays” that guide cell identity and

plasticity.

How to Integrate These PTMs Into Your Research

Goal Suggested Strategy

Combine O-GlcNAc/phospho site mapping in
Decode stress adaptation . )
time-course studies

Use Kla profiling in hypoxic or tumor
Track metabolic reprogramming N
conditions

Perform Kla + acetylation co-enrichment with

Uncover epigenetic convergence
P19 J ChIP-MS

Integrate Kla/O-GlcNAc with single-cell RNA-
Compare cell states
seq
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Outlook: Redefining the Frontiers of PTM Research

As our understanding of gene regulation moves beyond static genome models, post-
translational modifications such as lactylation and O-GlcNAcylation are emerging as critical

regulators of dynamic cell states.

In the next 3-5 years, we anticipate:

1. Ashift from single-PTM studies to integrated PTM networks, revealing how metabolic and
signaling pathways intersect on the proteome.

2. Deeper resolution of chromatin-bound PTMs, aided by advanced immunoenrichment,
proximity labeling, and Al-assisted proteomics.

3. Anew wave of drug discovery targeting PTM enzymes (e.g., OGT/OGA, acyltransferases),
particularly in cancer, neurodegeneration, and immune disorders.

4. Cross-talk-centric research strategies, investigating how PTMs cooperate or compete to

control transcription, stability, and phenotype.

In short: the future of functional proteomics lies in decoding not just what is modified, but when,

where, and in response to what.

MtoZ Biolabs offers tailored workflows for PTM discovery and

validation, including:

- Custom enrichment kits
- DIA/TMT-based PTM quantification

- Integrated bioinformatics for PTM motif and pathway analysis
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