Editorial

https://www.alliedacademies.org/journal-pharmaceutical-chemistry-chemical-science/

Transforming drug discovery with ai and new modalities.
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Introduction

Allosteric modulation in G protein-coupled receptors (GPCRs) is
crucial for developing novel therapeutic agents. It allows com-
pounds binding at sites distinct from the orthosteric pocket to finely
tune receptor activity, offering improved selectivity and reduced
side effects in drug design. Understanding these mechanisms is key
to new drug discovery paradigms [1].

Cryo-Electron Microscopy (cryo-EM) has made significant ad-
vancements in drug discovery, providing high-resolution insights
into challenging drug targets like large protein complexes and mem-
brane proteins. This structural information is instrumental for ratio-
nal drug design, leading to more precise and effective therapeutics

[2].

Targeted Protein Degradation (TPD) strategies, particularly PRO-
teolysis TArgeting Chimeras (PROTACsS), offer a transformative
approach in drug discovery. PROTACSs hijack the ubiquitin-
proteasome system to selectively degrade disease-causing proteins,
creating new avenues for targeting *undruggable’ proteins and de-
veloping innovative therapies [3].

Artificial Intelligence (AI) and Machine Learning (ML) are funda-
mentally reshaping drug discovery and development. These com-
putational tools accelerate various stages, from target identification
and lead optimization to predicting drug toxicity and repurposing
existing drugs, promising a more efficient and cost-effective path
to new medicines [4].

The importance of drug-target residence time, beyond just binding
affinity, is growing in drug discovery. Understanding how long
a drug stays bound provides crucial insights into its pharmacody-
namic profile, often correlating with in vivo efficacy and sustained
therapeutic effects. This kinetic perspective drives the design of
drugs with optimal binding kinetics for improved clinical outcomes

[5].

G Protein-Coupled Receptor (GPCR) functional selectivity, or bi-
ased agonism, has profound clinical implications. Different ligands
interacting with the same GPCR can preferentially activate distinct
downstream signaling pathways. This concept helps design drugs

that elicit desired therapeutic effects while minimizing undesirable
side effects by selectively engaging specific signaling cascades [6].

Epigenetic drug discovery is a burgeoning field, moving from
molecular mechanisms to therapeutic applications. Targeting epi-
genetic modifiers, such as histone deacetylases, offers new strate-
gies for treating complex diseases like cancer and neurological dis-
orders. These insights are critical for developing next-generation
drugs that modulate gene expression without altering the underly-
ing DNA sequence [7].

Ion channel drug discovery is exploring emerging targets and inno-
vative approaches. lon channels are vital for many physiological
processes, making them attractive targets for a wide range of dis-
eases, including pain, cardiovascular conditions, and neurological
disorders. Recent progress in identifying novel modulators and ad-
vanced screening techniques drives the next wave of ion channel
therapeutics [8].

Peptide therapeutics present significant prospects in drug discov-
ery. Despite challenges like poor bioavailability, advances in pep-
tide engineering, delivery systems, and computational design are
overcoming these hurdles. This paves the way for a new generation
of peptide-based drugs, offering advantages such as high specificity
and low toxicity [9].

Antibody-Drug Conjugates (ADCs) are a sophisticated class of
targeted cancer therapeutics. They combine the targeting speci-
ficity of monoclonal antibodies with the potent cytotoxicity of small
molecule drugs. Innovations in linker technology and payload
chemistry are enhancing the therapeutic window and efficacy of
these complex molecules, outlining their current clinical landscape
and future directions [10].

Conclusion

The field of drug discovery is rapidly evolving, driven by innova-
tions across multiple fronts. Artificial Intelligence (Al) and Ma-
chine Learning (ML) are fundamentally reshaping development,
accelerating target identification, lead optimization, and toxicity
prediction, ultimately offering a more efficient pathway to new
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medicines. Concurrently, advanced structural biology techniques
like Cryo-Electron Microscopy (cryo-EM) provide high-resolution
insights into complex drug targets, enabling rational drug design.
Novel therapeutic strategies are also emerging. Targeted Pro-
tein Degradation (TPD), notably through PROteolysis TArgeting
Chimeras (PROTAC:s), offers a transformative approach to se-
lectively degrade disease-causing proteins, opening doors to pre-
viously “undruggable” targets. In G protein-coupled receptors
(GPCRs), allosteric modulation and functional selectivity (biased
agonism) are being harnessed to finely tune receptor activity, aim-
ing for improved selectivity and reduced side effects. Epigenetic
drug discovery is also gaining traction, focusing on modulating gene
expression to treat complex diseases. Furthermore, the importance
of drug-target residence time, beyond just binding affinity, is pro-
viding crucial insights into pharmacodynamic profiles for design-
ing drugs with optimal kinetics. New therapeutic modalities like
peptide therapeutics, with their high specificity, and sophisticated
Antibody-Drug Conjugates (ADCs) for targeted cancer therapy, are
overcoming previous limitations through advances in engineering
and linker technologies. Ion channel drug discovery also continues
to identify emerging targets and refine approaches, broadening the
scope of treatable conditions. These diverse advancements collec-
tively promise more precise, effective, and efficient drug develop-
ment.

References

Arthur C, Denise W, Celine V. Allosteric Modulation of G Protein-Coupled
Receptors: Emerging Opportunities for Drug Discovery. Annu Rev Phar-
macol Toxicol. 2024;64:181-203.

Alpesh K, Peng M, Di W. Cryo-EM in drug discovery: current progress and
challenges. Nat Rev Drug Discov. 2023;22:749-772.

Sachin P N, Hao T, Hailin L. Targeted protein degradation in drug discovery:
from mechanisms to new modalities. Cell Chem Biol. 2024;31:16-33.

Debanjan P, Ganesh S, Amita S. Artificial intelligence and machine learn-
ing in drug discovery and development: a new paradigm. Nat Rev Chem.
2023;7:938-953.

Jian L, Xiao-Ping H, Bryan L R. The emerging role of drug-target residence
time in drug discovery and development. Cell Chem Biol. 2020;27:3-12.

Emma S, Beatrice P, Sumaira R. Molecular mechanisms and clinical im-
plications of G protein-coupled receptor functional selectivity. Pharmacol
Ther. 2024;254:108605.

Min T, Yuan F, Ronggui L. New frontiers in epigenetic drug discovery:
from molecular mechanisms to therapeutic applications. Pharmacol Ther.
2023;247:108422.

Stephan K, Mateusz K, Patrice L. Ion channel drug discovery: emerging tar-
gets and approaches. Br J Pharmacol. 2023;180:2405-2420.

Da K, Mengna W, Cheng M. Peptide drug discovery: current status and fu-
ture perspectives. J Med Chem. 2020;63:13350-13364.

Xiaolin Z, Di C, Chengcheng Z. Antibody-drug conjugates in cancer therapy:
a review of current developments and future directions. J Hematol Oncol.
2023;16:114.

Citation: Zhang W. Transforming drug discovery with ai and new modalities. J Pharm Chem Chem Sci. 2025,;09(03):195.

J Pharm Chem Chem Sci, Volume 9:3, 2025


https://pubmed.ncbi.nlm.nih.gov/37774771/
https://pubmed.ncbi.nlm.nih.gov/37774771/
https://pubmed.ncbi.nlm.nih.gov/37774771/
https://pubmed.ncbi.nlm.nih.gov/37452140/
https://pubmed.ncbi.nlm.nih.gov/37452140/
https://pubmed.ncbi.nlm.nih.gov/38070624/
https://pubmed.ncbi.nlm.nih.gov/38070624/
https://pubmed.ncbi.nlm.nih.gov/37446736/
https://pubmed.ncbi.nlm.nih.gov/37446736/
https://pubmed.ncbi.nlm.nih.gov/37446736/
https://pubmed.ncbi.nlm.nih.gov/31806497/
https://pubmed.ncbi.nlm.nih.gov/31806497/
https://pubmed.ncbi.nlm.nih.gov/37996025/
https://pubmed.ncbi.nlm.nih.gov/37996025/
https://pubmed.ncbi.nlm.nih.gov/37996025/
https://pubmed.ncbi.nlm.nih.gov/37024097/
https://pubmed.ncbi.nlm.nih.gov/37024097/
https://pubmed.ncbi.nlm.nih.gov/37024097/
https://pubmed.ncbi.nlm.nih.gov/37292270/
https://pubmed.ncbi.nlm.nih.gov/37292270/
https://pubmed.ncbi.nlm.nih.gov/33185368/
https://pubmed.ncbi.nlm.nih.gov/33185368/
https://pubmed.ncbi.nlm.nih.gov/37684698/
https://pubmed.ncbi.nlm.nih.gov/37684698/
https://pubmed.ncbi.nlm.nih.gov/37684698/

