Beijing Dilun Biotechnology Co., Ltd.
Specializes in R&D and manufacturing of peptide synthesis equipment, providing comprehensive technical
solutions and services.

Web: www.peptidescientific.com. Email: chengchao.wei@dilunbio.com

How Peptide Chip Technology Revolutionizes
Drug Screening
In traditional drug discovery, identifying a lead compound that tightly
binds to a disease target is akin to searching for a needle in a haystack. This
process typically costs billions of dollars, takes over a decade, and carries
an extremely high failure rate. The root cause lies in conventional
screening methods, which often suffer from limited throughput, high costs,
and an inability to simulate complex biomolecular interactions. In recent
years, a high-throughput technology called the peptide array has been
quietly transforming this landscape. With its unprecedented parallel
analysis capabilities, it has propelled drug screening from an inefficient
trial-and-error approach into an era of precise, efficient, and intelligent
discovery.
I. Core Technology: What is a Peptide Chip?
Peptide chips are essentially highly miniaturized and integrated
bioassay platforms. They form an ordered microarray by synthesizing or
immobilizing thousands or even millions of peptide probes with distinct

sequences at extremely high density on solid-phase carriers, such as

DilunBio Peptide Synthesizer :www.peptidescientific.com. — 1 —



https://www.peptidescientific.com./
http://www.peptidescientific.com./

specially treated glass slides.

Each peptide probe can be regarded as a potential “drug candidate” or
“molecular probe,” capable of mimicking functional domains of proteins,
substrates of enzymes, binding epitopes of antibodies, or ligands of
receptors. When target molecules under investigation (such as disease-
associated proteins, serum, cell lysates, etc.) are incubated with the chip,
they bind to peptides on the chip with specific affinity. Through high-
precision fluorescence or chemiluminescence scanning, researchers can
simultaneously detect all interaction sites and their intensities in a single
pass.

II. Why Revolutionary? The Unique Advantages of Peptide Chips

Compared to traditional drug screening methods—such as 96-well
plate-based biochemical assays and phage display library screening —
peptide array technology delivers breakthroughs across multiple
dimensions:

1. Ultimate high throughput and efficiency: This represents its core
advantage. A single standard-sized chip can accommodate over one million
independent test points, enabling truly ultra-high-throughput screening. A
single experiment can accomplish the screening workload that would take
months using traditional methods, significantly widening the entrance to
the drug discovery funnel.

2. Minimal Sample Consumption and Low Cost: Due to the
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miniaturization of the detection system, each reaction requires only
picoliters to nanoliters of sample and reagents. This is crucial for precious
or scarce clinical specimens such as tumor tissue biopsy samples and
patient serum.

3. High Flexibility and Customizability: Peptide sequences can be
freely designed according to research objectives. Whether systematically
scanning every mutant of a protein to identify key binding sites or
constructing a peptide library covering the entire pathogen proteome to
discover vaccine targets, both can be achieved through customized chips.

4. Providing highly informative functional data: Peptide arrays not
only inform researchers of “whether binding occurs,” but also reveal
“binding affinity” through quantitative signal intensity. By employing
precise sequence design (such as alanine scanning), they pinpoint key
amino acids essential for binding, offering direct guidance for subsequent
drug optimization.

5. Compatibility with Dynamic and Complex Systems: Next-
generation microfluidic peptide chips overcome the limitations of static
incubation by introducing fluid environments, enabling real-time
monitoring of binding kinetics. They even support live cell culture on-chip
to study interactions between cells and peptide microenvironments,
thereby facilitating screening under conditions closer to physiological
reality.
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II1. Core Applications: Practical Scenarios of Peptide Chips in Drug
Screening

Leveraging these advantages, peptide chip technology has been deeply
integrated into multiple critical stages of drug discovery.

1. Target Discovery and Validation: From “Black Box™ to “Roadmap”
The molecular mechanisms of many diseases resemble a black box.
Peptide arrays can systematically map protein-protein interaction networks
within disease-related signaling pathways. For instance, in tumor research,
screening peptides that bind to specific cell surface receptors in the tumor
microenvironment via the array can reveal novel, druggable targets.
Furthermore, it can identify interactions dependent on post-translational
modifications (such as phosphorylation and acetylation), which often serve
as critical switches regulating cellular functions and represent ideal targets
for developing specific drugs.

2. Direct Screening of Lead Peptide Drugs

Peptides themselves have become an important class of drugs. Peptide
chips serve as powerful tools for discovering novel therapeutic peptides.
Researchers can immobilize peptide libraries containing vast amounts of
random or designed sequences onto chips, directly combining them with
target protein screening to rapidly “fish out” high-affinity, high-specificity
candidate peptides. For instance, a domestic research team employed a

similar principle using microfluidic chip technology to efficiently screen a
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vast peptide library, identifying a high-affinity self-assembling peptide
probe for early-stage blood diagnosis of Alzheimer's disease.

3. Kinase Inhibitor Screening and Characterization

Kinases represent one of the most successful target families in cancer
therapy. Peptide arrays can display thousands of distinct peptide substrates
for high-throughput profiling of kinase activity and sensitivity to inhibitors.
This approach not only discovers novel kinase inhibitors but also
comprehensively evaluates candidate drug selectivity, mitigating adverse
effects caused by off-target effects.

4. Tumor Immunotherapy and Personalized Vaccine Development

In the field of immunotherapy, peptide chips have demonstrated
remarkable potential. They can be used to screen for tumor-specific
neoantigens: by creating chips from mutated peptide fragments potentially
expressed by a patient's tumor cells and reacting them with the patient's
own immune serum or T cells, these chips identify personalized
neoantigens capable of eliciting potent anti-tumor immune responses.
These neoantigens are then utilized to tailor cancer vaccines. This approach
provides the technological foundation for achieving true “precision
immunotherapy.”

5. Research on Drug Mechanisms of Action and Resistance

When drug efficacy declines, peptide chips can help decipher resistance

mechanisms. By comparing the protein activity profiles (e.g.,
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comprehensive overviews of kinase substrate phosphorylation states)
between resistant and sensitive cell lines, abnormally activated alternative
signaling pathways can be identified, providing clues for designing
combination therapies to overcome drug resistance.

IV. Cutting-Edge Advances: Technology Convergence and Intelligent
Upgrades

Currently, peptide chip technology is evolving toward greater intelligence
and integration:

* Deep Integration with Artificial Intelligence: Massive chip screening data
serves as prime fuel for training Al models. Al algorithms can learn
complex patterns between peptide sequences and their binding activities,
enabling reverse prediction and design of peptide drugs with higher affinity
or novel functions. Institutions have developed novel drug R&D platforms
integrating proprietary peptide chips with Al computing, significantly
boosting R&D efficiency.

* Spatial Omics and Microenvironment Analysis: Integrating peptide chips
with high-resolution imaging enables in situ analysis of multiple target
activity states on tissue sections. This reveals drug distribution and action
heterogeneity within tumor microspaces, advancing spatial pharmacology.
* More Complex Bionic Interfaces: Cutting-edge research focuses on
developing intelligent peptide interfaces. For instance, designing peptides

capable of morphological transformation on chip surfaces—self-
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assembling from nanoparticles into nanofiber networks—significantly
increases probe density and resistance to biofouling, elevating detection
sensitivity to unprecedented levels.

V. Challenges and Future Outlook

Despite its promising prospects, peptide chip technology still faces several
challenges: the orientation and structure of peptides on the chip may differ
from those in solution, potentially affecting binding authenticity; short
linear peptides have limited simulation capabilities for targets involving
complex three-dimensional spatial conformations; additionally,
standardized processing and biological interpretation of massive datasets
require the establishment of more robust workflows.

Looking ahead, peptide chip technology will profoundly transform drug
discovery in the following ways:

1. End-to-End Integration: Spanning the entire drug development
lifecycle—from early target discovery and lead compound optimization to
preclinical efficacy biomarker analysis, patient stratification, and treatment
response monitoring.

2. Core of Personalized Medicine: Serving as a tool for rapid analysis of
individual patients' disease molecular characteristics, it acts as the pivotal
technology bridging “diagnosis” and ‘treatment’ to realize “personalized
medication regimens.”

3. Disruptive Cost and Speed: With technological proliferation and cost
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reduction, it is poised to compress the cost and timeline of certain
preclinical studies by an order of magnitude, significantly lowering the
barrier to new drug development.

VI.Conclusion

Peptide chip technology, with its inherent capabilities of high throughput,
miniaturization, and high information density, is transforming drug
screening from a slow, luck-dependent process into a data-driven, targeted
precision campaign. It serves not only as a powerful tool for scientists but
also represents a paradigm shift in drug discovery: moving from blind
searches for single targets toward a comprehensive understanding and
intervention of disease networks. Through continuous integration with
cutting-edge technologies like artificial intelligence and microfluidics,
peptide chips will unleash immense potential, accelerating the emergence
of safer, more effective innovative drugs that ultimately benefit patients

worldwide.
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