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Synopsis of project
Aim

The aim of this project is to determine the molecular targets mediating xenon neuroprotection against ischemic brain injury. We will use the powerful in vivo molecular genetics techniques available using Drosophila.
Background
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The inert gas xenon is a general anaesthetic with neuroprotective properties[1]. That xenon causes general anaesthesia had been known since the 1950’s[2].  However, until recently, its molecular targets were unknown.  We were the first to show that xenon is an NMDA receptor antagonist [3, 4]. This led to the idea that xenon might be used a neuroprotectant and xenon has now been shown to be neuroprotectant in in vitro and in vivo models of ischemia, stroke and traumatic brain injury[5-7].  Xenon is about to begin clinical trials at the Hammersmith Hospital for use as a neuroprotectant in neonatal asphyxia. However the mechanism of xenon neuroprotection remains a mystery.  We have recently shown that xenon inhibits the NMDA-receptor by competing with the co-agonist glycine[8] (see Figure 1). This is the first time that a specific anaesthetic binding-site has been identified on the NMDA-receptor. Xenon inhibition at the NMDA-receptor glycine-site may underlie xenon neuroprotection. This project will use molecular genetics to understand how xenon produces neuroprotection in vivo.  An understanding of the molecular targets underlying xenon neuroprotection will provide a rational basis for translational research aimed at is clinical use. Such translational studies could eventually lead to the use of xenon as a neuroprotectant in clinical scenarios such as ischemia, stroke and brain-trauma patients in neuro intensive care units.
Although the NMDA-receptor is a plausible target underlying xenon neuroprotection, whether xenon’s neuroprotective properties result from inhibition of NMDA-receptors has not been unambiguously determined. Indeed, other putative targets for xenon have recently been identified (e.g. the two pore domain K-channel TREK-1[9] and the ATP-sensitive K-channel[10]).  The principal aim of the proposed research is to determine whether or not inhibition of the NMDA-receptor at the glycine site mediates xenon neuroprotection (see Fig 1). We already have evidence from an in vitro ischemic injury model that xenon neuroprotection is reversed at elevated glycine concentration consistent with NMDA-receptor glycine-site inhibition mediating xenon neuroprotection against ischemia. The aim of this project is to use a behavioural endpoint to measure functional neuroprotection in vivo in Drosphila melanogaster and to use molecular genetics to dissect out the targets mediating xenon’s actions.
Experimental Design & Methods

The experiments will use a behavioural assay to assess neurological function via established learning and memory paridigms in Drosophila.  Flies will be subjected to a defined period of hypoxia and deficits in learning will be quantified using video-tracking of individual flies.  Xenon-treatment will be given immediately after hypoxia and improvements in learning/memory outcome will be quantified. We will test the hypothesis that competitive inhibition at the glycine site underlies xenon neuroprotection in TBI. Electrophysiological studies have identified a Phe758Trp mutation in the NR1 subunit of the NMDA receptor that eliminates xenon binding at the glycine site. In the first instance mutant flies incorporating this mutation will be used to determine whether inhibition at the glycine site mediates xenon neurprotection against hypoxic injury in vivo. If time permits we may screen other putative targets (eg TREK-1, K-ATP)
The project will involve the following techniques:

Behavioural neuroprotection assay, molecular genetics. molecular biology, transfection, video-tracking & image analysis.
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Figure 1. Xenon atoms (red spheres) bind at the glycine site of the NMDA receptor. 








