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Theme Lead: Dr Nicholas Mitchell, University of Nottingham

Theme Description: Peptide and oligonucleotide therapeutics are becoming
increasingly central to modern medicine, offering potent and highly selective
interventions that address a broad range of diseases with significant further potential.
Due to the programmable nature of these ‘new modality’ therapeutics, solid-phase
synthesis (SPS) is the technique of choice for the preparation of both classes of molecule.
Efficient and reproducible chemistry has been developed that can be automated at low
scale and scaled up for manufacturing. The almost unlimited potential of synthetic
chemistry enables the incorporation of non-canonical amino acids, nucleosides,
linkages, and appended moieties, all of which are vital components in peptide and
oligonucleotide drugs. Such molecular engineering is not readily achievable using
biological machinery. However, due to a reliance on hazardous reagents, very low atom-
economy, the production of large volumes of toxic solvent waste, and purification
challenges, manufacturing of these modalities using contemporary technology is
becoming less viable. As governments push for enhanced sustainability within
manufacturing processes, regulatory requirements will only become stricter, leaving
current methodology exposed. This CDT theme will focus on exploring the Al-driven
evolution of SPS, photocatalytic methods for the late-stage functionalisation/
macrocyclisation of peptides, and the development of next-generation
chemoenzymatic peptide and oligonucleotide synthesis.

The following sub-themes are proposed; these will be developed further with our
industrial partner to identify the most relevant and impactful PhD projects.

Project 1: Al-directed evolution of solid-phase and liquid-phase peptide and
oligonucleotide synthesis — This project will explore the development of Al to enhance
the sustainability of peptide/oligonucleotide synthesis. Two machine learning (ML) tools
will be considered; one of which will be taken forward: 1. Reagent and solvent
reduction/replacement; 2. Predictive peptide and oligonucleotide fragment
condensation. The first ML algorithm will enable us to recommend suitable ‘green’
replacements for the solvents and reagents commonly used in solid-phase synthesis.
The second tool will leverage a suite of ML methods to predict the most effective
synthetic route to complex peptide and oligonucleotide therapeutics via fragment
condensation in solution, enabling us to dramatically reduce the time, effort, and thus
cost, currently invested in this approach.

Project 2: Next-generation chemoenzymatic peptide and oligonucleotide synthesis
— A toolkit of biocatalysts will be developed within this project to enable sustainable
peptide/oligonucleotide synthesis. Areas of exploration willinclude the chemoenzymatic
synthesis of non-canonical amino acids/nucleosides, and on-support biocatalytic
amide/phosphodiester bond formation on polar resin.

Project 3: Late-stage functionalisation and macrocyclisationof peptide
therapeutics — This project will involve the development of innovative new chemistry to
enable late-stage chemoselective functionalisation and macrocyclisation of peptides.


https://www.nottingham.ac.uk/chemistry/people/nicholas.mitchell

Photocatalysis will be explored to install functionalities of interest, both in batch
synthesis and across large peptide libraries. This chemistry will also be harnessed to
introduce novel bridging motifs aimed at enhancing stability and facilitating the
development of orally bioavailable peptide macrocycles.
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