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Project Outline Aims and objectives 
PROTACs (PROteolysis TArgeting Chimeras) are a new class of therapeutic agents 
of great interest to the pharmaceutical industry because they can make accessible 
to therapy the ‘undruggable’ proteome. They are hetero-bifunctional molecules 
that bind at one end to the ubiquitination machinery (E3 ligase) and at the other, 
to a selected target that is brought close to the ubiquitination machinery. PROTACs 
therefore seek out cellular targets and direct them for ubiquitination and 
subsequent destruction, harnessing cellular ubiquitination machinery (for example 
[1]). One factor that limits application of the PROTAC approach for therapeutic 
purposes is the lack of understanding of the geometrical constraints required for 
efficient ubiquitin transfer leading to productive degradation. New research 
funding was recently awarded to Dr Catherine Lindon (CL) and Professor Laura 
Itzhaki (LSI) to support the creation of peptide tools that can be used to 
characterise the ubiquitination and degradation profiles of substrates, with the 
aim of systematically delineating relationships between PROTAC architecture and 
degradation efficiency. The rotation project proposed here is a collaboration 
between the labs of CL and LSI, with the following specific objectives: 
• To design E3-binding (degron) motifs through use of conformationally 

constrained peptides 
• To use cell-based functional assays to measure activity of these peptides 

Successful peptides will then be used to generate families of PROTACs for 
functional assays of ubiquitination (quantity and specificity) and for proteolysis of 
selected targets, as the core objective for a PhD arising out of this project. 

Experimental plan The so-called ‘degron’ motifs that mediate binding of substrates to E3s are 
typically short unstructured motifs mediating low-affinity interactions. This is true 
of the well-characterized degrons that mediate interaction between the major E3 
ligase APC/C–Cdh1 and its substrates. In this project we propose to design high-
affinity APC/C-binding motifs through use of conformationally constrained 
peptides [3]. Chemical constraints (crosslinks) have been shown to lock peptides 
into their biologically active conformation and they also impart improved 
pharmacokinetic and pharmaceutical stability (e.g. stapled peptide inhibitor of 
MDM2/MDMX currently in clinical trials). We will model degron-Cdh1 binding 
using computational methods to predict constrained peptides mimicking the 
conformation of Cdh1-bound degron motif. In LSI’s lab the degron motifs will first 
be constrained within a protein scaffold to rapidly screen many different 
‘constraints’ and then select only the most potent binders to be made as 
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constrained peptides. Intracellular delivery of the PROTACs will be achieved by 
modifying the crosslink chemistry and attachment of cell-penetrating moieties. In 
CL’s lab the biological activity of these peptides will be tested using cell-based 
assays for Cdh1 binding and for competitive inhibition of endogenous substrate 
ubiquitination and degradation.  
This project could be extended into a PhD project by creating a family of peptide 
PROTACs designed to direct degradation of targets in cell-based assays in CL’s lab, 
using the optimized constrained degron peptides fused to constrained target-
binding peptides (some of which already available in LSI ‘s lab). The family of 
PROTACs will have different linkers between the two functional modules and the 
resulting target ubiquitination and degradation profiles will be characterised. The 
conformations of successful peptide PROTACs will be used by industry 
collaborators as a starting template for design of small molecule drugs to translate 
these tools to the clinic.  

Main Techniques In LSI’s lab the candidate will use: 

• protein engineering 

•  protein expression in E. coli and peptide synthesis to construct a small set 
of proteins and constrained peptides to bind Cdh1 

• biophysical techniques (fluorescence spectroscopy and circular dichroism, 
thermodynamic stability measurements, and limited proteolysis) will be 
used to assess the global conformation and stability of the proteins and 
peptides. 

In CL’s lab the candidate will learn techniques required for mammalian cell biology, 
including: 

• cell culture and transfection 

• fluorescence microscopy  

• time-lapse imaging 

• quantitative image analysis. 
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