
Moving Beyond the Boundaries 
in Early Drug Discovery

Changes and challenges in early drug discovery today

Early drug discovery sets the foundation for the successful delivery of novel medicines to improve the quality 
of human life. The science for targeting new diseases has changed dramatically over the last five years, with 
more changes to come. The new challenges and limitations facing researchers in early drug discovery will 
be discussed in the context of the conventional technologies that exist, and where the need for disruptive 
technologies is most pressing.
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Adam Hill is currently CEO of Prospective Research, Inc., an antibiotics discovery company based in Beverly, 
MA and a Partner in Triple Sharp Venture Engineering, an early stage life sciences VC. 
Adam received his D. Phil. from the University of Oxford. After a post-doc at Harvard he established one of 
the first academic high throughput screening centers at the University of Connecticut in 1995. After stints at 
Schering-Plough and Millennium Pharmaceuticals he spent 11 years at the Novartis Institutes for BioMedical 
Research where he headed the Screening group in Cambridge until 2016. 

Constantly innovating and improving on lead finding, Adam has aided in the discovery of a number of 
marketed therapeutics including Boceprevir (for HCV), Sonidegib (basal cell carcinoma), and LMI070 in 
the clinic for SMA. He has also been responsible for the development and implementation of a number 
of innovative approaches to drug discovery including the use of design of experiment, facilitated access 
to screening technologies, and the development of the MALDI PharmaPulse. An early adopter of modular 
automation, he has overseen the installation of a number of automation systems for sample management, 
assay development, small scale and large scale screening including BL2+ environments and bespoke 
solutions for cell culture and high content imaging.
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High-throughput MALDI TOF mass spectrometry for drug discovery  
in the ubiquitin system

High-throughput MALDI TOF mass spectrometry has become an exciting new method for drug discovery. 
It allows ultra-fast, label-free screening and has with its flexibility the potential to become the tool of choice 
for many drug discovery efforts. Here, we present the current state of MALDI TOF mass spectrometry and 
demonstrate a novel screening method to assay E1-E2-E3 ubiquitin ligase activity and specificity using high-
throughput MALDI-TOF mass spectrometry. 

The ubiquitin system consists of the ligating enzymes E1, E2, E3 while deubiquitylases (DUBs) reverse 
the reaction. E3 ligases recognize substrates with high specificity and are thus of key interest as drug 
targets. Deregulation of the ubiquitin network is correlated with a variety of human diseases, particularly 
neurodegenerative disease and cancer. In vitro, active E2/E3 ligase complexes produce free or attached 
poly-ubiquitin chains, thus free ubiquitin rapidly disappears from the assay solution. It is therefore possible to 
determine the activity of E2/E3 ligases by measuring the disappearance of monoubiquitin in the assay. We 
have developed a fast and sensitive assay to analyse in vitro activity and specificity of E2-E3s by MALDI-TOF 
mass spectrometry. In this assay, we quantitate the decrease in the amount of free monoubiquitin in an in 
vitro E2/E3 ligase ubiquitylation reaction. Quantification is facilitated by using 15N-labelled ubiquitin as an 
internal standard for light ubiquitin quantitation. As proof of concept we used three well studied E3 ligases: 
MDM2 (a RING-type E3 ligases relevant for the stability of p53 oncosuppressor), ITCH (a HECT domain-
containing E3 ligase) and HOIP (an E3 ligase part of the LUBAC complex). Firstly, we measured the kinetics 
of our three E3 ligases paired with E2 reported in literature to be functional. Secondly, we can show that 
the assay can be used to identify the specificity of the E3s to form active pairs with any of 32 recombinantly 
expressed E2 ligases which is currently undertaken laboriously and non-quantitatively using SDS-PAGE. 
Finally, we evaluated whether the MALDI-TOF E2/E3 assay had potential to be deployed to assess potency 
and selectivity of E2/E3 inhibitors. To undertake this, we tested a ~1,600 compounds against these three E3 
ligases and further determined of the hits inhibition kinetics and IC50s. We identified a number of hits which 
we are currently further validating in cell-based assays.

Virginia de Cesare1, Stella Ritorto2, Rachel Heap1,2 and Matthias Trost1,2

1Newcastle University, Newcastle upon Tyne, UK; 2MRC PPU, University of Dundee, Dundee, Scotland, UK

Matthias Trost, Professor of Proteomics, Newcastle University, Newscastle-up-
on-Tyne, UK and Program Leader and Head of Proteomics at the MRC Protein 
Phosphorylation and Ubiquitylation Unit, University of Dundee, Scotland

Matthias Trost studied chemistry in Freiburg, Germany and Manchester, UK. He has a PhD in Cellular 
Microbiology & Proteomics from the Helmholtz Centre for Infection Research, Braunschweig, Germany 
and was a postdoctoral fellow with Michel Desjardins at the University of Montreal, Canada and with Pierre 
Thibault, Institute for Research in Immunology and Cancer, Montreal, Canada. In 2010 he became Program 
Leader and Head of Proteomics at the MRC Protein Phosphorylation Unit at the University of Dundee, UK. 
Since 2016, he is Professor of Proteomics at Newcastle University. Matthias’s research focusses on large-
scale proteome and PTM analyses to understand innate immunity in macrophages. He also has a strong 
interest in drug discovery for which his lab developed high-throughput MALDI TOF mass spectrometry. 
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Advancements in MALDI-TOF Mass Spectrometry towards 
Ultra High Throughput Screening

Mass spectrometry (MS) offers a label free, direct detection method for screening of enzyme targets and 
recent developments within Matrix Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry 
(MALDI-TOF) offer an alternative to the limitations of high throughput MS detection. In this webinar we 
will describe the development and validation of assays for both small molecule and peptide analytes using 
MALDI-TOF coupled to nanolitre liquid handling. Assay validation data will be shown, as well as correlation 
to lower throughput MS formats. We also describe the latest advancements in the technology and sample 
preparation process to further increase throughput, robustness and remove bottlenecks, and future 
opportunities of the platform will be discussed.  
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Melanie graduated from the University of Bristol, UK with first class honors in Biology, and joined GSK in 
2005. She has since held roles of increasing responsibility in high throughput screening, compound profiling 
and assay development, predominantly in support of respiratory, neuroscience and immune-inflammation 
therapy areas. Melanie has particular expertise in the application of high throughput mass spectrometry 
techniques for screening and compound profiling. 

In her current role as Director of Screening, Profiling and Mechanistic Biology, at the GSK Medicines 
Research Centre in Stevenage UK, Melanie leads a department of 50 scientists who partner with therapy 
area units to select the best targets for small molecule drug discovery approaches. Her team develop and 
prosecute assays and mechanistic biology studies to understand target:molecule interactions using a range 
of biochemical, biophysical, cellular and phenotypic assay approaches
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