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Bern Summer internship projects 2023 

 

Project 1 

Non-covalent inhibitors of acid ceramidase  

For several rare Lysosomal Storage Disorders, the accumulation of toxic molecules called 
lysoglycosphingolipids is the primary cause of the destructive symptoms observed. Inhibition of the 
enzyme that generates these toxic molecules shows promise as an exciting new therapy. Existing 
inhibitors covalently react with the enzyme, increasing the risk of off-target toxicity. We have recently 
discovered a first-in-class non-covalent inhibitor and are in the process of optimising this hit and would 
welcome a new member to the team to help in this exciting endeavor. Synthesis and biological 
evaluation will take place at the Medicines Discovery Institute.   

Director: Dr D. Heulyn Jones, Dr Helen Waller-Evans 

Contact: jonesd80@cardiff.ac.uk 

 

Project 2 

PROTAC degradation; removal of destructive misfolded proteins 

The misfolding and aggregation of certain proteins are implicated in several destructive 
neurodegenerative diseases (e.g. prion diseases, ALS, CTE). One exciting new potential therapy is to 
use new PROTAC technology to target these misfolded proteins for degradation, using the cell’s own 
architecture. There is an opportunity to join our team at Cardiff to either target a new protein, TDP-43, 
or to supplement an existing project we have in place for the PROTAC-mediated degradation of 
misfolded prion proteins. Synthesis and biological evaluation will take place at the Medicines Discovery 
Institute.   

Director: Dr D. Heulyn Jones, Dr Helen Waller-Evans 

Contact: jonesd80@cardiff.ac.uk 

 

Project 3 

Phytic acid prodrugs; a novel treatment for Lysosomal Storage Disorders 

Recently, elevated Zn2+ levels have been found to be an upstream phenotype observed in many rare 
Lysosomal Storage Disorders. Phytic acid, a known chelator of zinc, has been shown to reverse the 
accumulation of both Zn2+ and cholesterol in lysosomes in cellular models. The use of phytic acid 
however, is limited by its poor membrane permeability. We propose to synthesise prodrugs of phytic 
acid to overcome this limitation and explore removal of Zn2+ as a potential therapy for these destructive 
disorders. Synthesis will take place in the Medicines Discovery Institute and biological evaluation at 
Dr Evans’ biology lab.   

Director: Dr D. Heulyn Jones, Dr Emyr-Lloyd-Evans 

Contact: jonesd80@cardiff.ac.uk 
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Project 4 

Preparing for the next pandemic: Creating lead candidates that target against inflammation-
induced cytokine storm  

 

COVID-19 has overwhelmed some of the best healthcare system worldwide because many patients 
needed to be admitted to the intensive care unit. While coronavirus is the causative agent, the intense 
illness is caused by the abrasive immune responses - collectively known as “cytokine storm.” Our 
immune system normally battles against infections, but in many COVID patients they go rogue flooding 
the body with cytokines. When bound to their receptors, the cytokines induce a high level of 
inflammation, hence the severe illness and even deaths. To prepare ourselves for the next pandemic, 
this project aims to adapt critical Chemical Biology techniques including organic/peptide synthesis and 
computational biology - to create novel hyper-stable peptide ligands as potential lead candidates for 
cytokine storms. The PI has co-published two peer-reviewed articles with the previous IQS Barcelona 
student. 

Director: Dr Louis Luk 

Contact: LukLY@cardiff.ac.uk 

 

Project 5 

Future Cancer Vaccine: Designing a new Inhibition Mechanism targeting Oncogenic 
Transcription Factor. 

Many transcription factors are oncogenic because their dysregulation results in aberrant gene expression 
and unregulated cell growth/migration. However, TFs were viewed as “undruggable” due to their 
intractable binding pockets. In collaboration with Bath University, we will adapt a high-throughput 
screening technology, called Transcriptional Block Survival (TBS), to create engineered binders - that 
can mediate the addition of chemical tags to TF for their proteolytic degradation. Binders with such a 
bioconjugation capacity can propagate the TF degradation events and effectively inhibit gene 
expression, hence superior candidates for mRNA vaccine design. The student will modify binders 
available in the laboratory for the intended TF bioconjugation reactions.   

Director: Dr Louis Luk 

Contact: LukLY@cardiff.ac.uk 

 

Project 6 

Total synthesis of dibutyroxynonane, the sex pheromone of the orange wheat blossom midge 

 

A synthetic route will be developed using a ring-closing metathesis as a key step in this synthesis. After 
a batch synthesis, the protocol will be adapted to continuous flow chemistry. Expansion towards an 
enantioselective synthesis would allow the efficient use of the pheromone in commercial traps. 

Director: Prof. Thomas Wirth  

Contact: wirth@cf.ac.uk 
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Project 7 

Mechanisms of protein folding: Removal of dynamical bottlenecks via data-driven discovery of 
collective variables 

 

Molecular simulations are extensively used in chemistry, to elucidate details of molecular processes 
that are particularly difficult to access experimentally. Specifically, molecular dynamics has developed 
into a universal tool across the discipline spectrum, from biology, to materials to energy conversion 
applications. Several bottlenecks must nonetheless be removed to increase scope and impact of existing 
techniques. Deep learning is currently providing novel strategies. 
 
Understanding how proteins fold is paramount not only for fundamental research, but specifically as 
part of a broad strategy of drug design. The use of techniques of molecular dynamics has enjoyed a 
formidable boost from so called coarse-grain techniques, which are designed to accelerate efficiency 
and extend applicability. Such techniques require the choice of specific criteria to distinguish between 
several states in the system, including folded and manifold unfolded states. How to best define these 
states is often a result of intuition using empirical descriptors. This is technically called “exploration of 
configuration space” and descriptors that allow to distinguish states are called “collective variables”, 
CV. Using neural networks, functions that take atomic coordinates as arguments and map them into 
CVs can be learned from data resulting from simulations obtained from generically designed CVs. This 
project intends to setup automatic protocols of unsupervised CV learning, which can be used across 
several flavours of molecular dynamics techniques, with emphasis on biological processes, due to their 
complexity and inherent inefficiency.  
 
Explore novel, original approaches to molecular dynamics simulations, using concepts of nonlinear 
neural networks. Understand how machine learning/AI is changing the scope and impact of molecular 
sciences. 
 
Design, code and document a simulation driver, that takes simulation data as input and learn coarse-
grain variables, which are problem specific but universal in their machine learning representation.  

Director: Dr Stefano Leoni  

Contact: leonis@cardiff.ac.uk 

 

Project 8 

Advancing New Strategies for Structure Determination of Organic Materials from Powder X-ray 
Diffraction Data 

The aim of the research project is to determine crystal structures of organic materials directly from 
powder X-ray diffraction data, exploiting state-of-the-art data-analysis methodology that is being 
developed in the research group of Professor Harris. The specific materials to be investigated in the 
project will focus primarily on materials of pharmaceutical and biological relevance. In some cases, the 
structure determination protocols will also involve the analysis of three-dimensional electron diffraction 
(3D-ED) data for the material of interest, as well as consideration of structural insights derived from 
solid-state NMR data. The student will undergo several training courses during the early stages of the 
internship, including training in laboratory safety and training in the use of general laboratory 
instruments. The student will then be trained in the specific research skills required to carry out the 
assigned research project, specifically training in: (i) techniques for preparing high-quality powder 
samples for the materials of interest, (ii) the use of powder X-ray diffraction instrumentation for 
recording high-quality powder X-ray diffraction data, and (iii) computational techniques for analysis of 
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powder X-ray diffraction data and 3D-ED data. In addition, the student will receive training in the 
recording, organization, appraisal and presentation of scientific data, as required in order to be well-
prepared for regular scientific discussions on the progress of the project and planning the next steps in 
the research. 

Director: Prof Kenneth Harris 

Contact: harriskdm@cardiff.ac.uk 

 

Project 9 

Sub-Nanometre Frontier of Chemistry 

However, the increasing world population and its demands on energy and goods place the environment 
under untenable pressure. Innovation in catalysis can drive step-changes in sustainability. The catalytic 
properties of very small, supported transition metal clusters do not scale to those of traditional metal 
catalysts, implying that they may elude the Sabatier limit and offer new chemistry at the frontier 
between molecules and solids. The project aims to investigate sub-nanometre particles' catalytic 
properties in processes promoting sustainability and clean energy by employing innovative and robust 
computer simulation techniques. 

Director: Dr Alberto Roldan 

Contact: RoldanMartinezA@Cardiff.ac.uk 

 

Project 10 

Small molecules therapeutics for rare and neglected diseases. 

Drug discovery research in rare diseases are becoming increasingly important because governments in 
USA, UK among other are changing their policy to tackle these diseases. In my laboratory we already 
discover few molecules that show potential affects in rare muscular disease GNE and ADSSL1 
myopathies or active again neglected parasitic diseases such leishmaniasis. In these projects the students 
will be able to synthesise these molecules and analyse them via multi nuclear 1D and 2D NMR, Mass 
spectrometry and HPLC. Computational ADME can also be performed to assess the drug-like behaviour 
of these new scaffolds. 

Director: Dr. Fabrizio Pertusati 

Contact: pertusatif1@cardiff.ac.uk 
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