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Radioligand therapeutics (RLT) aim to selectively deliver radioisotopes to 
cancer tissues to eradicate tumor cells while limiting the damage to 
surrounding tissues. The therapeutic potential of RLT strongly depends on 
their biostability and tissue residence time after injection. Macrocyclic 
peptides are well suited as tumor-targeting ligands for RLT because their size 
and molecular characteristics confer optimal pharmacologic properties that 
can be fine-tuned during the development process: 1) high-affinity, 2) small in 
size improving tumor penetration, 3) short plasma half-life reducing off-target 
toxicity, 4) long tumor retention for optimal delivery of radiation dose, 5) no 
immunogenicity, 6) synthetic production facilitating modifications and 
shortening development timelines and costs1,2.

mRNA display is a powerful platform for macrocyclic peptide drug discovery 
and has the potential to produce tumor-targeting macrocyclic peptides for 
RLT. mRNA display is an in vitro selection method that identifies high affinity 
macrocyclic peptide ligands to a target by enriching a highly diverse library 
(>1013 members)4. Here, we describe the use of mRNA display to discover 
macrocyclic peptides that bind to the extracellular domain of a tumor target. 
These peptides will be developed into radioligands and assessed for their 
ability to deplete solid tumors.

Introduction

To select sequences for peptide synthesis and hit confirmation, individual 
macrocyclic peptides from each sequence cluster were produced by in vitro 
translation and screened for high affinity target binding. Most of the 
sequences tested show binding to the target protein and only a few show 
binding to a closely related protein from the same protein family.
 

Binding enrichment of the peptide-mRNA fusion library for the recombinant 
target protein was observed after four rounds of selection with no further 
enrichment in round five. Peptide sequences present in each selection round 
were determined by Illumina sequencing. Clusters of related sequences in the 
enriched library were determined by hierarchical clustering of the top 1000 
sequences with highest counts in round 5. 43 clusters were identified using a 
Hamming distance of 8.

mRNA display selection produced library enriched for 
target binding peptides

A subset of peptides was selected based on target binding screen results for 
chemical synthesis (purity >90%) and hit confirmation. Binding affinity to the 
target protein and a closely related protein was determined by surface 
plasmon resonance (SPR). 90% of analyzed candidates show high-affinity 
binding to the target with 45% showing KD between 100-500 nM and 45% 
binding with KD < 100 nM. Most analyzed candidates showed relatively weak 
or no binding to a closely related protein or irrelevant protein. 

Binding affinity measurements confirm identification of 
high affinity macrocyclic peptide ligands for target

By using mRNA display, we discovered novel macrocyclic peptides with high-
affinity binding properties against a selected target in a short-time frame of   
9 months.

A set of macrocyclic peptides selected based on SPR and kinetic solubility 
data will be further characterized and optimized for cellular binding, stability, 
in vitro anti-tumor efficacy, and in vivo biodistribution.

Conclusions & Outlook

Target binding screen of enriched library identifies 
peptide sequences for synthesis and hit confirmation

Figure 1. Radiopharmaceuticals selectively guide therapeutic radionuclide payloads to tumor cells for 
targeted therapy (Figure adapted from Desai et al., 2022 by using BioRender).

Figure 2. mRNA display method overview (Figure adapted from Ma and Hartman, 2012). An mRNA 
library is generated by in vitro transcription from library DNA and crosslinked to a puromycin/poly(A) 
linker. This mRNA library is converted to an mRNA-macrocyclic peptide fusion library by in vitro 
translation followed by cyclization and reverse transcription. During in vitro translation, the puromycin 
linker covalently links the peptides to the mRNA sequences that encode them. This enables 
amplification and detection of the peptides that bind the target immobilized on magnetic beads during 
the target panning step. The sequences of the fusions that bind the target are amplified by PCR and are 
the library input for the next round of selection. The selection is repeated until target binding 
enrichment of the library is observed.

Figure 3. (A) Binding enrichment of library after each round selection. Significant enrichment over empty 
magnetic bead background beads was observed in R4 and R5. (B) tSNE (Stochastic Neighbor Embedding) 
projection of hierarchical clustering of top 1000 sequences in R5. Data point color corresponds to 
sequence cluster with Hamming cut-off = 8 and data point size is scaled by Log10 (sequencing counts). 

Figure 4. Percent binding of representative peptides from each sequence cluster to target and closely 
related target protein. Individual peptides were produced by in vitro translation and incorporated 35S 
for detection of binding. 
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Figure 5. Exemplary SPR data of synthesized peptide hit candidates. Biotinylated target protein was 
immobilized on streptavidin biosensor chips and binding of purified peptides was tested at different 
concentrations up to 10 µM. Reported KD values are an average of two experiments.
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