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Peptide Libraries: Expanding Frontiers in Drug Discovery

and Development

Crude Peptide Libraries in Determining Druggable Targets
Crude peptide libraries are compositionally diverse collections
of peptides used primarily for exploratory and high-throughput
research applications. Despite their crude (less purified) nature,
these libraries have significant value in several critical facets of
drug discovery, starting with target identification and validation.
As one of the foundational steps in drug discovery, target ID is
the process of identifying biological targets linked to disease.
Peptide libraries enable researchers to probe complex biological
systems by testing thousands of peptides against potential
target proteins or receptors. By identifying peptides that bind
specifically to a target, researchers can validate whether that
target is druggable and suitable for further development. This
rapid, empirical approach helps accelerate early discovery phases
by spotlighting new therapeutic candidates and mechanisms.

The combinatorial nature of peptide libraries enables
high-throughput screening of vast sequences, significantly
reducing the time and cost compared to traditional methods.
Automated systems rapidly assay thousands of peptides for
binding or functional activity, providing rich datasets for
downstream development. This scalability makes crude peptide
libraries essential tools in the discovery pipeline, from academic
research centres to pharmaceutical companies.

Figure 1: Peptide Libraries for high-throughput screening

Protein Interaction and Functional Studies

Protein-protein interactions (PPls) govern many cellular
pathways and represent a rich source of potential drug targets.
Peptide libraries facilitate dissecting PPIs by identifying peptide
motifs that modulate or inhibit these interactions. Screening
can reveal minimal peptide sequences capable of disrupting
or enhancing PPls, guiding the design of peptide mimetics
or small molecules to alter disease-relevant pathways. Once
initial hits are identified, further optimisation is necessary to
improve binding affinity, specificity, stability and biological
activity. Libraries can be tailored with focused diversity around
lead sequences to explore structure-activity relationships (SAR).
Functional screening can elucidate mechanisms of action and
define critical residues for activity, driving thorough lead
optimisation.!?

Mapping and Understanding Key Epitopes

Understanding the precise binding sites (epitopes) on target
molecules is essential for designing effective drugs, particularly
biologics such as antibodies and vaccines. Mapping libraries
containing overlapping or systematically varied peptide
sequences allows detailed mapping of epitopes recognised by
antibodies, immune cells or other interactors. This information
supports the development of highly specific therapies and can
inform vaccine antigen selection.

Epitope mapping is critical for protecting therapeutic
antibody patents because it provides precise information
about antibody binding sites on the target antigen, which
can differentiate new antibodies from existing ones. This
specificity helps meet patent requirements such as novelty
and non-obviousness by showing that the antibody binds
a unique epitope, thus avoiding overlap with prior art. For
example, in notable cases like Biogen v. GSK, the patentability
of an antibody depended on demonstrating that it targets a
different epitope than the patented antibody. Furthermore,
detailed epitope mapping supports the written description
requirement for broad patent claims by defining a genus of
antibodies sharing a specific epitope at the amino acid level.

Epitope mapping also plays a key role in establishing patent-
eligible subject matter. While natural epitopes themselves
cannot be patented as products of nature, antibodies designed
to bind these epitopes are man-made inventions and thus
patentable. Additionally, second-generation antibodies can
use epitope data to show differentiation from earlier patented
antibodies, which aids freedom-to-operate and reduces
infringement risks. The importance of epitope mapping is
underscored by its central role in several legal disputes over
therapeutic antibodies, highlighting how high-resolution
epitope information strengthens the scope and enforceability
of antibody patents. *

Spotlight: Stable Isotope-Labelled Peptide Libraries
Stable isotope-labelled peptide libraries (SIL peptide
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libraries) represent a specialised class of peptide libraries
where specific amino acids within peptides are substituted
with non-radioactive heavy isotopes such as *13C, ~15N, or
deuterium (*2H). These modifications preserve the chemical
and physical properties of peptides but provide distinct
molecular weights, enabling precise analytics and applications
across drug development.

* Quantitative Proteomics: SIL peptides are indispensable
for absolute quantification of proteins and peptides in
complex biological samples through mass spectrometry-
based proteomics. This capability allows monitoring of drug
targets, biomarkers and post-translational modifications
with high precision and reproducibility.

«  Pharmacokinetics and Metabolism: Tracking labelled peptides
in biological systems enables detailed pharmacokinetic
studies, revealing absorption, distribution, metabolism and
excretion (ADME) profiles critical for drug development.

e Structural and Functional Analysis: SIL peptides facilitate
advanced nuclear magnetic resonance (NMR) studies for
solving peptide and protein structures, aiding rational drug
design.

«  Biomarker Discovery and Validation: By serving as reference
materials in clinical biochemistry and metabolomics, SIL
peptides support robust biomarker quantification to
evaluate disease states and therapeutic responses.

Spotlight: T-Cell Activating Peptide Libraries

T-cell activating peptide libraries represent a significant
advancement in peptide-based technologies, with critical
applications in immunotherapy and vaccine development.

These libraries comprise peptides that are rationally
designed or empirically screened for their ability to activate
T-cells by mimicking antigenic epitopes presented by major
histocompatibility complex (MHC) molecules. As key effectors
of the adaptive immune system, T-cells require activation
signals mediated primarily through the interaction of their T
cell receptors (TCRs) with peptide-MHC complexes displayed on
Antigen Presenting Cells (APCs). CD8+ cytotoxic T lymphocytes
recognise peptides bound to MHC Class | molecules, while
CD4+ helper T-cells engage peptides presented by MHC
Class Il molecules. Upon antigen recognition, combined with
co-stimulatory signals, T-cells undergo clonal expansion and
functional maturation. Cytotoxic T-cells subsequently mediate
direct lysis of infected or aberrant cells, whereas helper T-cells
facilitate the activation of additional immune effector cells.

In the context of autoimmune diseases such as psoriasis,
asthma and inflammatory bowel disease, the dysregulated
activation of autoreactive T-cells is a hallmark pathological
feature. Utilisation of peptide libraries paired with
high-throughput screening methodologies enables identification
of antigenic peptides driving aberrant T-cell activation, thus
providing valuable biomarkers for disease monitoring and
facilitating the development of antigen-specific therapeutic
interventions. Moreover, these approaches offer insights into
immunological dysfunction in conditions characterised by
impaired T-cell responses, including immunosenescence, HIV
infection and disorders involving perturbations in effector or
regulatory T-cell repertoires.

Exploiting the specificity of T-cell recognition, it is possible to
stimulate or engineer T-cells to target neoantigens or tumour-
associated antigens, thereby directing cytotoxic immune
responses against neoplastic cells. This principle underpins

APC (Antigen Presenting Cell)

0ee0eee e e oo oo eeee
0LOBOEO 2908800800008000808800
Sessnee N0 00000000000000008000e0ee

B7 (CD8 or CD86)

LAT
(linker for activation of T-cells)

zeta dimer A
tyrosine kinase)

Figure 2: T-cell activation
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emerging cancer immunotherapies, such as personalised cancer
vaccines and adoptive T-cell transfer. These modalities hold
promise for enhanced target specificity, reduced systemic toxicity
and improved clinical outcomes compared to conventional
oncological treatments. Overall, systematic screening of T-cell
activating neoantigen peptides is instrumental in identifying
efficacious targets for T-cell-based immunotherapies, while
in-depth characterisation of T-cell function provides critical
insights into the immunopathogenesis of various diseases.*

Future Perspectives and Challenges

Peptide libraries are evolving rapidly in both complexity and
application, driven by continual advancements in chemical
synthesis, high-throughput screening methodologies and
computational design algorithms. The synergistic integration
of peptide libraries with complementary technologies such
as multi-omics platforms, artificial intelligence and structural
biology is poised to deliver transformative insights into disease

mechanisms and expand the therapeutic landscape. Despite these
advancements, several critical challenges persist. These include
enhancing peptide stability and bioavailability in vivo, developing
efficient and targeted delivery systems and refining predictive
models to accurately forecast peptide biological activity.>?
Notably, the expanding utilisation of diverse peptide library
formats, ranging from crude collections for exploratory research
to stable isotope-labelled libraries for precise quantification and
T-cell activating libraries for immuno-oncology applications,
highlights their indispensable role in advancing next-generation
drug discovery and development.

To fully realise this potential, strategic collaboration with a
globally recognised partner possessing comprehensive expertise,
state-of-the-art facilities and proven capabilities in peptide
library design and production is essential. Such a partner should
demonstrate a strong track record in delivering high-quality,
scalable peptide libraries tailored to specific research objectives,
thereby accelerating innovation and discovery. To further
accelerate therapies, working with a partner who can provide
both research-grade material and GMP peptides means that the
move from bench to clinic is seamless.*
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