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PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT  

Our initial aim was to develop a cysteine-targeting covalent inhibitor of the stress-inducible molecular chaperone, HSP72, an 
important regulator of cell homeostasis and a challenging drug discovery target. Although several high affinity reversible 
inhibitors (Ki<100 nM) have been reported for this protein, their cellular activity is disappointing (IC50>10 µM).1 We hypothesised 
that the poor cellular activity against HSP72 was due to the high affinity for its endogenous substrate, ATP (Km=~5 µM), and that 
targeted covalent inhibition was a viable strategy to overcome this competition and deliver a potent and selective chemical 
probe. We had previously thoroughly investigated the binding mode and structure activity relationships of the 8-
aminoadenosine-derived HSP72 ligands, establishing biochemical assays and crystallography protocols.2 Using these data, we 
designed a covalent inhibitor that targeted a binding site cysteine residue, Cys-17. However, through proteomics and single-
point mutations, we discovered that no cysteine residue was responsible for the covalent bond formation and it was actually a 
highly conserved lysine residue, Lys-56, that was the key reacting residue.3 

Despite the importance of targeted covalent inhibition as a drug discovery strategy, the rarity of cysteine in the proteome has 
limited its application. This has led to increased interest in targeting other nucleophilic residues. Protein kinases possess a 
highly conserved ATP-dependent phosphorylation mechanism based on a catalytic lysine residue. This residue has been 
demonstrated to be reactive towards appropriately positioned hard electrophiles, and despite being highly conserved, selectivity 
can be maintained across the kinome.6 

PROJECT AIMS (up to  5 bullet points) 

 Design and synthesise a 3rd generation lysine‐targeting HSP72 covalent inhibitor 
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 Design and synthesise an HSP72 ABPP probe to study target engagement in human cancer cells 

 Based on known high affinity  reversible EGFR  ligands, design and synthesise catalytic  lysine‐targeting 
covalent inhibitors 

 Design  and  carry  out  EGFR  assays  to  determine  the  key  kinetic  parameters  kinact  and  KI  to  evaluate 
inhibitors and aid covalent inhibitor design 

 Evaluate the lysine‐targeting covalent inhibitors of EGFR in human cancer cells 

RESEARCH PROPOSAL  

Lysine-Targeting Covalent Inhibitors 

HSP72 

 
Figure 1. Design hypothesis for the 1st and 2nd generation lysine-targeting covalent inhibitor of HSP72. 

Because our original design hypothesis was to target a cysteine residue, the first generation HSP72 covalent inhibitor displayed 
only weak activity (Figure 1). Therefore, we began an inhibitor optimisation programme, focused on the unique challenges of 
targeting lysine as a nucleophile in proteins.4 Essential to our optimisation strategy was the development of a time-dependent 
fluorescence polarisation assay that could be used to determine the kinetic parameters of binding and covalent bond formation 
and which would allow direct comparison of covalent inhibitors with reversible analogues.5  

The second generation HSP72 targeted covalent inhibitor displayed a ~108-fold improvement in the second order rate constant 
kinact/KI; however, further analysis revealed that this improvement was driven largely by kinact, as the electrophile was now more 
appropriate for the harder lysine nucleophile, rather than improvements in KI.  

The proposal for this PhD studentship is to continue the optimisation of the HSP72 lysine-targeted covalent inhibitor, focusing on 
reversible affinity whilst maintaining the lysine selective reactivity. The SAR is well established but a versatile synthetic route to 
the required chemotype will need to be developed. Once this improvement has been achieved, the student will then investigate 
their third-generation inhibitor in human cancer cells using activity-based protein profiling (ABPP)9 to establish target 
engagement, isoform selectivity and off-target reactivity. Crucial to the development ABPP assay is the design and synthesis of 
the clickable ABPP probe, where the alkyne linker will exploit a vector-to-solvent previously established in our group.10 
Enrichment of both specific and non-specific covalent protein targets wound then be determined using quantified whole 
proteome mass spectrometry. The student would then evaluate this data to determine a selectivity window between specific and 
non-specific covalent tagging to inform on further electrophile design, such as altering the electronics and sterics of the 
warhead. Finally, with a well characterised and selective (based on its general off-target reactivity profile and its isoform 
selectivity determined by ABPP) HSP72 covalent chemical probe in hand, the student would investigate the phenotype of 
selective HSP72 covalent inhibition. Proposed client proteins of HSP72 would be analysed initially by Western blot, before 
quantification with WES and by MS. The phenotype would be compared to HSP90 inhibition, particularly in relation to activation 
of the heat shock response. There are possibly 17 isoforms of HSP70 and interpretation of the isoform selectivity will be crucial 
to interpreting the covalent inhibitor phenotype. For example, if ABPP profiling suggests that GRP78 is a more sensitive isoform 
to lysine-targeting covalent inhibition, then this would change the focus of the phenotypic profiling of the inhibitor. 

C797S Mutant EGFR 

The advantage of lysine-targeting covalent inhibitors over their cysteine counterparts for kinases should be the avoidance of 
resistance from single-point mutation. One of the resistance mechanisms to cysteine-targeting covalent inhibitors of EGFR 
emerges from mutation of the cysteine residue to serine.7,8 Because the catalytic lysine residue in kinases is essential, mutation 
is unlikely without destroying the catalytic function of the protein. Also, covalent bond formation with a protein using sparingly 
reactive electrophiles requires both reversible occupancy and the accurate positioning of the electrophile to satisfy the required 
angles and distances for the reaction to occur efficiently. This could increase the selectivity of lysine-targeting covalent kinase 
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inhibitors compared to their reversible counterparts.  

 
Figure 2. Osimertinib bound to WT-EGFR (PDB: 4ZAU). C797, T790 and the catalytic lysine K745 are highlighted in grey. 

The PhD student would modify high affinity reversible ligands of C797S mutant EGFR with lysine-targeting electrophiles using 
structure based rational design (Figure 2). The student would then characterise their inhibitors using biochemical methods to 
establish kinetic parameters and compare with the wild-type proteins. By analogy to the precedent with HSP72, the biochemical 
assays would require development to ensure they can deliver robust data. The kinetic data would then be used to inform further 
compound design and optimisation, comparing to known EGFR inhibitors for C797 mutant activity and the selectivity profile 
versus the parent reversible compound. The inhibitors would then be applied to cancer cells to establish kinome selectivity, off-
target reactivity, determined using ABPP profiling, and wild-type/mutant cell therapeutic index. The outcome of the project would 
therefore be to establish a platform for the development of selective lysine-targeting covalent inhibitors through proof-of-concept 
demonstration for two important anticancer targets. 

The student’s time at Astra Zeneca would be focused on applying their knowledge of the specific challenges of targeting a lysine 
residue in HSP72 gained at the ICR, to C797S mutant EGFR. AZ have a long running EGFR programme, including cysteine-
targeting covalent inhibitors, so have access to multiple protein constructs, kinome selectivity panels and activity assays that 
could allow a student to rapidly develop their lysine-targeting covalent inhibitor.   
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre‐requisite qualifications of applicants:  BSc or MChem Chemistry 

Intended learning outcomes: 

 

 Synthetic organic chemistry of complex druglike 
compounds 

 Assay development 

 Enzyme kinetics 

 Rational ligand design 

 Target validation 

 


