
www.wuxibiology.com

Contact Us
Japan: fumio_itoh@wuxiapptec.com

Korea: sycho@wuxiapptec.com

USA: mahnaz_arjomand@wuxiapptec.com

EU/UK/Israel: dave_madge@wuxiapptec.com

China/Singapore/Australia: xu_longji@wuxiapptec.com

Abstract

DNA-Encoded Libraries and Display Technologies Empower Early 

Discovery of Peptide Drugs and Peptide-Based Delivery Tools
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mRNA displayPhage display

Peptide therapeutic discovery is experiencing a resurgence, particularly for challenging, historically
“undruggable” targets. WuXi AppTec is leading the way in this field with cutting-edge technologies and
platforms. Traditional phage display, while cost-effective and providing substantial library diversity, is limited
by its reliance on only the 20 natural amino acids, resulting in restricted chemical diversity. In response, we
have developed our mRNA display capabilities, which surpasses phage display in robustness with macrocycles
up to 20 amino acids long. Currently, this service uses only natural amino acids, but we plan to incorporate
unnatural amino acids starting in 2026.
Additionally, our peptide DNA-encoded library (DEL) service provides an alternative approach, leveraging
unnatural amino acids to generate hundreds of billions of linear and cyclic peptide-like molecules. These DEL
macrocycles offer broader chemical diversity and improved physicochemical properties compared to
traditional peptide libraries, with smaller ring sizes (4-12 amino acids) and innovative cyclization strategies,
beyond disulfide and thiol-ether bonds, such as the ‘click’ reaction. Conversely, we can also design a focused
peptide-DEL library based on an initial phage or mRNA-Display screen with up to 4 sites to include any of our
1400+ validated natural and unnatural amino acids, and diverse cyclization strategies can be used. In our
poster, we demonstrate the effectiveness of our technologies for discovering peptides including 1) discovered
both orthosteric and allosteric peptide binders with single-digit nM binding via mRNA display, 2) identified a 9
nM cyclic inhibitor of the MDM2-p53 interaction through peptide DEL, 3) discovered potential tumor cell-
specific peptide ligands that are being explored for targeted delivery of payloads via oligonucleotides or
radioisotopes, 4) Peptide DEL and mRNA display show a synergy both in peptide discovery and hit-to-lead
optimization.

Off-the-shelf peptide DEL (PeptideDEL 2.0)

Cyclization strategies for custom peptide DEL

Amino acid selection for custom peptide DEL

I. Protein-protein interaction: MDM2-p53 inhibitor

II. Display to peptide DEL for hit-to-lead optimization

➢WuXi AppTec integrated peptide platform offers customized solutions, from de novo screening using DEL, phage
display, and mRNA display, to optimization supported by expertise in peptide-specific CADD, medicinal chemistry, and
assay capabilities.

➢Newly designed libraries and validated cyclization strategies enable flexible choice for peptide hit discovery and
library customization.

➢mRNA display platform aided in allosteric binder peptide discovery with single-digit nm binding affinity and key
binding residues were confirmed from alanine scan experiment.

➢Peptides identified through peptide DEL screening have been successfully validated across multiple assays,
demonstrating the robustness and effectiveness of the platform in generating high-quality peptide hits.

➢Peptide DEL and mRNA display show a synergy both in peptide discovery for high success rate and hit-to-lead
optimization with better physicochemical properties.
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II. Discovery of tumor cell-specific peptide ligands

Linear libraries: ~ 61 billion

Library diversity: ~86 billion

Small cyclic peptide libraries: ~52 billion

New
➢ Superpool 2.0

• 10+ cyclization strategies for 
custom peptide DEL

• Higher structural diversity 
and biological stability. 

• Broader substrate scope 

• Similar to natural cyclic peptides
• Comparable to display platform
• Improved biocompatibility

• 30+ validated linkers for use in
various monocyclic and bicyclic peptide
libraries.
• Cyclization using natural amino acids 
allows for a balance between natural 
biocompatibility, biological stability, 
and diversity.

Nature-based method

Cyclization strategies

Synthetic method

Disulfide bond & amide bond AA-based Chemistry-based method

BT8009, BT5528, etc.

Octreotide, PEN-221, etc.

RAD-301, etc.

✓ 1,400+ validated natural and unnatural 
amino acids

✓ 1000+ α-amino acids with diverse side 
chains

✓ 300+ non α-amino acids with diverse 
backbones

✓ 10% amino acids with αn-alkylation

Abundant natural amino acids and their derivatives enhance the
structural optimization and modification of natural peptides.
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Unnatural amino acids offer far superior 
structural diversity than natural amino 
acids.
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Amino acid collection:

Natural amino acids and derivatives:

Unnatural amino acids: 

Linear peptide:
• X7, X12 (commercial)
• X9, X30 (customized)

Mono-cyclic peptide:
• CX7C, CX13C (customized)
• CX4CX9 (customized) Cyclized by disulfide bond Cyclized by chemical linker

MCXnC, n=6-15
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MCXnC, n=6-15

✓ Both orthosteric and allosteric binders were discovered
✓ 21 peptides were selected with hit rate close to 62% (KD <20 μm)

✓ Selection performance of target 
shows a good enrichment trend

✓ 19 sequence clusters are observed with count number >= 10

Peptide discovery using mRNA display

✓SPR results show that the first two cysteine residues are 
important for cyclization

➢Discover critical cyclization site by Cys to Ser mutation
KD (nm)

Cys to Ser

Original peptide 8.6
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➢Discover critical residues by alanine scan

✓Residues at positions 3-6 and 9 are essential for binding

Peptide optimization services

Bioassay results X-ray structural analysis 

Post-selection analysis shows potential enriched 
peptide chemotypes

Affinity selection using DNA encoded library

4.5-billion-member cyclic peptide DEL library:
• Highly non-proteinogenic
• High backbone diversity
• Lower MW, TPSA, HBD and HBA count than 

phage and mRNA display

I. Complementary synergy of peptide DEL and mRNA display for hit peptide discovery
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Data performance in mRNA display
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➢ mRNA display screening with CXnC, n=8-15
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Peptide 1: orthostatic binder
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Phage/mRNA display data 
• Sequence alignment/ clustering

Amino acid scan data
• SAR from Ala/N-Me/D-AA scanning

Crystal/NMR/cryo-EM structures
• Apo protein and complex

Wet lab Computational simulation methods

• Data-driven model
• Binding mode prediction
• Residue virtual scan
• Peptide binding hotspot prediction

Optimized peptide hits 
synthesis and validation

Key amino acids and interaction 
determination

Focused peptide DEL design and production
• Unnatural amino acids substitution at variable positions between conserved regions
• Diverse peptide cyclization chemistry (mono-,bicycle)
• Truncation of initial peptide hit

Metabolic stability assessment
• Identify labile sites

DEL screening, decoding, and 
data analysis

Case Studies for Peptide DEL

Integrated Approaches in Peptide Discovery

Off-The-Shelf & Highly Customizable Peptide Libraries

Off-The-Shelf Libraries for Phage Display & mRNA Display 

Case Studies for mRNA Display

Summary

Reference

Incorporation of unnatural amino acids by reprogramming 

• Validated two methods for unnatural amino acid incorporation into model peptides

• Correct mass was detected for peptide sequence containing the unnatural amino acids and no misincorporation was observed

• Other unnatural amino acids can be incorporated by the stop codon

➢Incorporation of 4-Fluoro-L-phenylalanine using amino acyl tRNA 
synthetase charging of tRNA

➢ Incorporation of Biphenylalanine using pdCpA ligation of tRNA

Chemotype A

Chemotype B Chemotype C

0 50 100 150 200

parental peptide

Chemotype B_01

Chemotype C_01

Chemotype A_01

Max_enrichment Max_copy

Target

Peptide Timeline: 7 Months
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>300 Fold 
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pmol 

binding affinity

Case Study Highlights

Diversity: ~33 Billion Diversity: ~61 Billion Diversity: ~61 Billion

Library diversity: ~260 billion

➢ Superpool 1.0

Diversity: ~11 Billion Diversity: ~2.1 Billion Diversity: ~2.3 Billion Diversity: ~0.42 Billion

Diversity: ~12.7 Billion
Diversity: ~1.6 Billion Diversity: ~20 Billion


