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PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT   

The Endoplasmic Reticulum (ER) aminopeptidases ERAP1 and ERAP2 are key components of the antigen processing 
machinery. Antigen processing starts with the degradation of proteins by the proteasome which are then transported 
into the ER by the TAP complex. Subsequently ERAP1/2 play key roles in trimming N-terminal residues to generate 
peptides of optimum length, ~9 amino acids, for binding to MHC Class I. These MHC Class I/peptide complexes are 
transported to the cell surface where they are directly involved in antigen presentation controlling the activation of 
CD8+ T-cells and NK cells. The concerted actions of ERAP1/2 play a major role in determining the immunopeptidome 
and hence are attractive targets for cancer immunotherapy 1-3.  

ERAP1/2 are part of the oxytocinase subfamily of zinc-dependant M1 aminopeptidases and can exist in two 
conformations. The closed conformation is largely responsible for catalysis, however, it has no access to solvent and 
peptide binding/product release requires cycling to an open conformation4-6.  

ERAP1 has been more extensively studied than ERAP2, largely due to the absence of ERAP2 in rodents. ERAP2 is also 
absent in ~25% of the population. ERAP2 has different substrate preferences to ERAP1, preferring basic residues at P17 
and possesses an ability to trim shorter peptides. ERAP2, therefore, plays a distinctive role in shaping the 
immunopeptidome in the majority of people8. 

There are a dearth of good cellular tools for ERAP2. The most potent compounds contain a phosphinic acid motif and 
although it has been possible to achieve reasonable selectivity over ERAP1 these compounds lack cellular permeability9. 

Through a mixture of counter screening from our ERAP1 programme and an ERAP2 fragment screen, using thermal 
shift, we have identified a number of starting points for the generation of ERAP2 inhibitors. Furthermore, we have 
established ERAP2 crystallography and have obtained crystal structures with a number of bound ligands. 
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PROJECT AIMS  

1. The overall aim is to generate a selective, cell permeable, ERAP2 inhibitor suitable for use as a chemical tool to 
investigate the effects of ERAP2 inhibition on antigen presentation in human tumour cell lines. 

2. Evaluate structure-based design from 3 complimentary starting points: 
- A series of small molecule dual ERAP1/2 inhibitors that bind in close proximity to the catalytic site 
- A set of small molecules which binds to the catalytic zinc atom and show some selectivity for ERAP2 over 

ERAP1 
- Novel fragments 

3. Select the most promising approach for evolution of potent, selective inhibitors 
4. Design and synthesise novel ERAP2 inhibitors 

RESEARCH PROPOSAL  

RESEARCH PROPOSAL  

During the course of our research efforts we have identified a number of potential starting points for the generation of 
selective, cell permeable ERAP2 inhibitors. In the first part of the project the student will evaluate these starting points 
with the aim of selecting two different areas to take forward for optimisation. To date, we have obtained ligand bound 
crystal structures for two different chemotypes which bind at overlapping sites near the catalytic binding site. It is 
envisaged that the student will use these structures to identify vectors and synthetic approaches that can be used for 
optimisation of these inhibitors. Furthermore, we have carried out a fragment screen against ERAP2 using thermal shift 
and have identified a number of additional hits. The student will be involved in the confirmation and validation of these 
hits through biochemical and biophysical testing, and the synthesis and purchase of analogues. Where possible we will 
seek to support these efforts through on-going structural biology. 

 

 
 

In determining which areas to prioritise the student will need to consider both the potency and ligand efficiency of the 
compounds, in addition to synthetic tractability and the available structural information. 

Existing Hit Series 

Hit Series 1 
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As part of our research efforts we have identified a series of ERAP1/ERAP2 dual inhibitors that bind close to the catalytic 
site of ERAP2. These compounds possess modest potency ~14-200 µM IC50s against ERAP2 which has enabled us to 
obtain crystal structures of several exemplars bound to ERAP2. These structures indicate a number of sites that could 
be targeted to enhance ERAP2 binding affinity. The compounds typically occupy one of two related binding modes in 
similar positions within the active site of ERAP2. Furthermore, structural overlays with the published ERAP1 structures 
show that there are significant differences within these regions that could be taken advantage of to obtain selective 
ERAP2 inhibitors (Fig 1). 

 

 
Fig.1: (A/B) Binding mode of Hit Series 1 bound to ERAP2. The compounds typically bind proximal to the catalytic zinc 
atom without interacting directly with the metal ion. The nature of the cyan group determines whether the 
compounds bind preferentially in mode A or B. (C) Areas for optimising potency against ERAP2 (D) Overlay of ERAP2 
crystal structure (pink) with ERAP1 structure (green) (PDB:6RYF) showing differences between ERAP2 and ERAP1 in 
the areas we plan to target.  

Hit Series 2 

Hit series 2 consists of a limited number of analogues which contain a metal binding group which targets the catalytic 
zinc atom. Compounds typically show modest potency in the 5-100 μM range but some examples show selectivity over 
ERAP1, making them attractive starting points for this programme. Our ligand bound crystal structures suggests that π-
stacking interactions with Trp-363 a non-conserved residue with ERAP1 could be important for obtaining selective 
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inhibitors. This residue has previously been highlighted as a site where peptidic inhibitors can interact with ERAP210. 
We will look to retain this interaction whilst optimising interactions with the underutilised S1 and S1’ pockets. In 
addition we will seek to investigate a range of zinc-binding groups to identify alternative groups that may be better 
suited to the M1 amino peptidase family (Fig.2). 

 
Fig.2: Crystal structure of Hit Series 2 compound bound to ERAP2; areas for optimisation indicated. 

 

Throughout this programme the student will be required to design, synthesise and test the compounds that they make 
against ERAP2. The initial aim will be to generate sub-micromolar ERAP2 inhibitors and we will then look to determine 
the selectivity of these compounds against ERAP1 and other M1 amino peptidases using our in-house assays. Calculated 
properties will be used to ensure that the compounds remain within the physiochemical space compatible with good 
cellular permeability ~MoKA logP 1-4, PSA < 140 Å2 with appropriate solubility measured in 0.1-1% DMSO/PBS7.4 to 
ensure that the compounds are compatible with use in cellular and biochemical assays. Where appropriate permeability 
of the compounds will be assessed using appropriate in vitro assays within our labs. We will subsequently look to design 
and synthesise compounds which have an ERAP2 pIC50 >7.5 and >30 fold selectivity over ERAP1. Broader screening 
against other metalloproteases such as MMPs can be carried out using commercial screens as required. Once we have 
identified suitable ERAP2 probes the aim will be to investigate the effects of these compounds on antigen presentation 
and immune activation, in human cancer cell lines, using the suite of assays we are establishing for our ERAP1 
programme. 
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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 
 

MSc or MChem in Chemistry or Medicinal Chemistry, 
incorporating laboratory-based training in synthetic chemistry 

Intended learning outcomes 
 

• Expertise in synthetic and medicinal chemistry  
• Experience and skills in the application of in silico methods for 

structure-based drug design 
• Expertise in fragment-based ligand discovery 
• Experience and skills in the application of biological assays 

and the application of techniques such as ligand based NMR 
for assessing fragment binding 

• Knowledge of protein crystallisation and X-ray crystallography 
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