
 A High Throughput Screening Platform for the Identification of Small 
Molecule Inhibitors of the Ubiquitin E3 Ligase E6AP
 
1  Division of Chemical Biology, The Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade, Parkville, Victoria 3052, Australia;                                                                                                          
2 Department of Medical Biology, The University of Melbourne, Parkville, Victoria 3010, Australia;                                                                                                                                                                                                                                         
3 CRC for Cancer Therapeutics,   4 Research Avenue, Bundoora, 3086, Australia;                                                                                                                                                                                                                       
4 CSIRO MSE, 343 Royal Parade, Parkville VIC 3052, Australia;                                                                                                                                                                                                                                            

The ubiquitin proteasome system is an essential intracellular degradation pathway intrinsic 
to cellular growth control. Therapeutics targeting the proteasome, the endpoint of this 
pathway, are now used for the treatment of cancers.  The conjugation of ubiquitin to protein 
substrates is a multi-step process involving E1 activating enzymes, E2 conjugating 
enzymes and E3 ubiquitin ligases (Figure 1A). Over 500 E3 ligases have been characterized 
and are known to be involved in a wide range of biological functions, some of which are 
critical to tumourigenesis.  Small molecule inhibitors of E3 ligases therefore provide the 
opportunity to develop novel therapeutics with improved selectivity compared to the 
general proteasome inhibitors.
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The Ubiquitin Proteasome System and Cancer

The aim of this study was to establish a robust HTS platform to enable the identification 
of inhibitors of E6AP.  Once established and validated, we used the HTS platform to screen 
our library of 250,000 compounds.  In addition, we applied this technology to screen other 
E3 ligases.

Aim

We established two types of Alphascreen based ubiquitination assays, as outlined in 
Figure 3 below.  We were able to miniaturize these assays to a total volume of 5mL in 1536-
well assay plates, achieving Z’ values exceeding 0.6.

Methodology Developed

As the conjugation of ubiquitin is a multi-step process, we first produced large quantities 
of HTS quality E1 activating enzyme Ube1, E2 conjugating enzyme UbcH5b, the E3 ubiquitin 
ligases E6AP, other E3 ligases, N-biot-Ub and various substrates (Figure 2).

Protein Production

A robust assay platform has been established for detection of both auto- and substrate-
ubiquitination utilizing Alphascreen technology.

Conclusions

By applying our novel E3 ligase assay platform to screen against multiple E3 ligase targets, 
in conjunction with appropriate counter screens for each HTS campaign, we were able to 
quickly select compounds of interest for validation in other assay formats and progression 
to medicinal chemistry structure-activity-relationship studies.  Hits were triaged according 
to the process outlined in Figure 8.

Hit Triage Process

Two independent HTS campaigns, each screening 250,000 lead-like small molecules, were 
conducted using our novel E3 ligase platform.  The first campaign was directed against 
E6AP (HECT domain E3 ligase), and the second campaign against a RING domain E3 
ligase.  By performing two independent HTS campaigns, we were able to use selectivity 
to readily identify compounds that interfered with the common components of both assays 
(E1 ligase, E2 ligase and Alphascreen technology).  Figure 5 exemplifies the robustness 
of the E6AP primary screen, which achieved an average Z’ of 0.61 across all 1536-well 
assay plates screened.

HTS Campaigns
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E1: Ubiquitin activating enzyme Ube1 130 mg

E2: Ubiquitin conjugating enzyme UbcH5b 120 mg

E3: Ubiquitin ligase enzyme E6AP 99 mg

Substrate: His-Substrate  30 mg

There are no published, direct small molecule inhibitors of E6AP activity.  However, a 
macrocyclic peptide inhibitor has been described3.  We utilised this peptide as a control 
to validate our E6AP HTS assay, the results are presented in Figure 4 below.
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Figure 1: A schematic diagram of the ubiquitination process involving E1, E2 and 
E3 enzymes, leading to substrate degradation by the proteasome.  Ubiquitin 
transfer from HECT domain E3 ligases occurs via a different mechanism compared 
to RING domain E3 ligases.

Figure 2: Large quantities of HTS quality proteins were required for this project.

Figure 3: (A) A schematic diagram representing assays established for both 
auto-ubiquitination of an E3 ligase and substrate ubiquitination, both utilizing an 
Alphascreen format. (B) Kinetics of auto- and substrate-ubiquitination reactions.

Figure 4: An IC50 curve demonstrating that the published macrocyclic peptide 
inhibits our E6AP substrate ubiquitination Alphascreen assay, with an IC50 of 
<10nM.

This assay was used to screen a library of 250,000 compounds against the E3 ligase E6AP 
and a RING domain E3 ligase also implicated in cancer.

Figure 8: A schematic diagram representing our hit triage process.  
All compounds were screened against multiple E3 ligase targets, 
selective compounds were progressed to additional counter 
screen assays prior to progression to MOA studies.

Our assay technology could be applied to detect de-ubiquitination of substrates or auto-
ubiquitinated E3 ligases.

Independent small molecule hits were identified in each screening campaign, these are 
currently undergoing further evaluation.
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Figure 5: HTS assay robustness, determined by Z’, calculated on all 1536-
well assay plates. Z’>0.5 was considered acceptable.  Assay plates 
demonstrating Z’<0.5 were re-screened.  The average Z’ for all assay plates 
was 0.61.
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In order to select hits for initial follow-up,  a combination of RZS and assay selectivity was 
used.  Figure 6 shows a scatter plot of the primary screen percent inhibition results for all 
250,000 compounds against two E3 ligases. 

Figure 6: Percent inhibition against the HECT domain E3 ligase E6AP (y-axis) 
vs percent inhibition against a RING domain E3 ligase (y-axis) for 250,000 
compounds screened against two targets using a miniaturized 1536-well 
Alphascreen assay format.
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Since both assays utilised different substrates, antibodies and Alphascreen beads, we 
developed an additional counter screen to identify assay specific false positives.  To achieve 
this, we ran our primary ubiquitination assay in the absence of compound, added EDTA to 
quench ubiquitination, before adding compounds and Alphascreen beads (Figure 7).  This 
method allowed us to directly identify compounds able to interfere specifically with our 
ubiquitination assays.

Additional Counter Screening

250,000 lead-like small molecules were screened against both E6AP (HECT domain E3 
ligase) and a RING domain E3 ligase using the highly miniaturized (1536-well assay) and 
robust Alphascreen format outlined here.  Compounds identified as hits in either screen 
were initially re-screened in duplicate 4-point titrations.  Confirmed compounds (~30%) 
were then progressed to duplicate 11-point titrations against both E3 targets and counter 
screens.  Some example compound results  from the duplicate 11-point titration screening 
effort are provided in Figure 9.

Example Compound Results

Figure 7: A counter screen was designed to identify compounds able to 
interfere specifically with either HTS setup.
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Figure 9: Duplicate 11-point titrations for representative 
compounds in our E6AP E3 ligase assay (left column), E6AP 
counter screen assay (centre column) and RING E3 ligase assay 
(right column).  IC50 values have been calculated and displayed 
on each graph.

E6AP E3 Ligase Assay RING E3 Ligase AssayE6AP Counter Assay
CTX-0272859:02

A

CTX-0197195:02

CTX-0291736:02

IC50=2.7mM IC50=86.6mM IC50=5.2mM

IC50=0.6mM IC50=1.3mM IC50=1.9mM

IC50=27mM IC50 >100mM IC50 >100mM

CTX-0272859:02 demonstrated activity in both our E6AP and RING E3 ligase ubiquitination 
assays, with very little counter screen activity.  This compound is potentially an E1 or E2 
inhibitor.

B

CTX-0291736:02 demonstrated activity in not only our E6AP and RING E3 ligase ubiquitination 
assays, but also our counter screen assay.  This compound is potentially interfering with 
the Alphascreen detection technology employed.

CTX-0197195:02 demonstrates activity in only our E6AP ubiquitination assays.  This is the 
activity profile of most interest.
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E6AP is a HECT domain E3 ligase critical for the suppression of p53 in human papilloma 
virus (HPV)-related cancers, and in certain contexts also in non-HPV infected cells.  More 
recently, we have revealed a role for E6AP as a key regulator of PML1,2.  The proteins p53 
and PML are known tumour suppressors, controlling both apoptosis and cellular 
senescence.  We have recently demonstrated that a partial loss of E6AP is sufficient to 
attenuate Myc-induced B-cell lymphomagenesis by the induction of cellular senescence. 
We hypothesized that small molecule E6AP inhibitors could be useful for the treatment of 
HPV-related cancers and malignancies where PML expression is suppressed. 

This assay format is exquisitely sensitive, results in a large dynamic range, and allows the 
use of substrates relevant to specific E3 ligases.

E6AP contains 852 amino acids and is ~98KDa.  E6 represents the HPV E6 interacting 
region.  E2s are able to bind to a region within the HECT domain.  p53 interacts with a 
larger region identified above.  The active site cysteine is Cys-820.


