1. Project Execution (Publishable)

The overall objective of the project was to develop inhibitors of Plasmodium dUTPase to generate advanced leads or preclinical drug candidates for the treatment of malaria. There are around 500 million clinical cases of malaria each year and about 1-2 million people die from this debilitating disease. There is an urgent need for the development of new drugs because of drug resistance issues. New drugs should have novel mechanisms of action to prevent cross-resistance with existing drugs.

As part of a Framework 5 programme (QLRT-2001-00305), the project team discovered novel, drug-like and selective inhibitors of the enzyme, deoxyuridine triphosphate nucleotidohydrolase (dUTPase) from Plasmodium falciparum, the causative agent of malaria. This enzyme has not previously been examined as a drug target for malaria. This enzyme is a house-keeping enzyme, responsible for hydrolyzing the nucleotide dUTP to dUMP. If the enzyme is blocked, it will affect the ability of the parasite to replicate itself. The aim of this project is to optimise these early lead molecules to generate late-stage leads or preclinical drug candidates.

The project included:

1. Medicinal chemistry activities for the preparation and optimisation of lead compounds

2. ADME-Tox assays to ensure that the compounds have correct “drug-like” properties

3. Biological evaluation to determine the efficacy of the compounds

4. Mode of action studies

5. Crystallography of inhibitor complexes with the enzyme to assist in the drug design process.

Within the project, compounds were designed using information on the structure of the protein and from the results of assays. Compounds were prepared and then evaluated against the enzyme from both Plasmodium falciparum and the human enzyme. Compounds were also screened against the intact parasite and counter-screened against mammalian cells as an initial indication of toxicity. Appropriate compounds were crystallized with the enzyme to assist in the design process. The drug-like properties of compounds which were active and selective were investigated. The mode of action of the most active compounds was investigated using a variety of cellular and enzymatic studies.

Outcome:

We have prepared and investigated a wide variety of chemical types for inhibition of both the parasite enzyme, dUTPase, and the intact parasite. We have developed potent and selective inhibitors of the enzyme. We have also developed potent and selective inhibitors of parasite growth. The compounds are still in the process of optimization. Further work is required to optimize these compounds to the level of preclinical candidates.

Potential applications:

The potential applications of outputs of this project are compounds which could go through to preclinical development for the treatment of malaria and, if successful, proceed to clinical trials.

The consortium consisted of 5 partners.

1 University of Dundee Coordination, Medicinal Chemistry,

Computational Chemistry, DMPK

2 Medivir AB Medicinal Chemistry, DMPK

3 Consejo Superior de Investigaciones Cientificas

Enzymology, mode of action studies

4 University of York Protein crystallography

5 Swiss Tropical and Public Health Institute 

Parasite screening

There were 6 workpackages.

WP Title Partner

1 Design and Preparation of Compounds Dundee, Medivir

2 ADME-Tox Evaluation Medivir, Dundee

3 Assays (enzyme, in vitro and in vivo) CSIC, STI

4 Mode of Action Studies CSIC

5 Crystallisation Studies York

6 Management All

2. Dissemination and Use (Publishable)

We have prepared a number of potent inhibitors of the enzyme Plasmodium falciparum dUTPase. We have also prepared a number of potent inhibitors of parasite growth. The main exploitable results are potent inhibitors of the growth of Plasmodium falciparum. These compounds still require further optimisation. Approaches are being made to various funding organisations to obtain further funding to continue this work further. Some of the work is currently being written up for publication. Various presentations of the work have also been carried out at scientific conferences
