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Background 

The human brain contains upwards of 100 

billion (1011) neurones (nerve cells) which 

form a network that acts as the ultimate 

‘information superhighway’ continuously 

sending and receiving signals, then 

processing them to control every aspect of 

our behaviour – from simple, but 

fundamental, tasks such as breathing and 

walking to the complex such as perceiving 

emotion, interpreting our senses and storing 

and recalling memories.  Neurones 

‘communicate’ with each other at specialized 

sites known as synapses – a site where one 

neurone releases a chemical (known as a 

neurotransmitter) that binds to specific 

proteins (receptors) on the second neurone.  

It is estimated that there are 100-1000-

times more synapses than neurones in the 

human brain.  Certain neurotransmitters act 

on receptors that contain within their 

structure a pore which opens when the 

neurotransmitter binds to it.  This pore 

allows ions to flow into the neurone 

generating a tiny electrical signal which we 

can measure and which is essential for the 

process of synaptic transmission.  The 

electrical signals that result from the open of 

ion channels are around a million million 

times smaller than the current required to 

operate a desktop computer, however we 

are able to measure these signals (Fig. 1).  

The electrical activity generated in the 

human brain is equivalent to about 20 watts 

of power. 

 

Structure-function studies of NMDARs 

There are many different neurotransmitters 

but the one of most interest to us is 

glutamate – the major excitatory  
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neurotransmitter in the brain.   

Glutamate binds to several different 

types of receptors but one in 

particular has been the focus for 

much research over the past 20 

years and is known as the N-

methyl-D-aspartate receptor 

(NMDAR).  This receptor plays a 

very important role in both normal 

and abnormal brain function.  For 

example, in early life this receptor 

helps to ensure that the correct 

wiring pattern is laid down in the 

developing brain, without it we 

would be unable to store many 

types of memories, if it is 

overactivated it causes epilepsy 

while following a stroke the 

glutamate released from dying cells 

acts on NMDARs to cause more 

neurones to die and its altered 

function may play a role in such 

diseases as Alzheimer’s, Parkinson’s 

and schizophrenia.  To complicate 

things a little more there are four 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NMDAR subtypes which each are 

subtlety different in their function.  

We know the amino acid sequence of 

all NMDAR subtypes and because of 

this we are able to clone the proteins 

and express them in cells to study 

their function.  Studies from our lab 

have been aimed at understanding its 

function at the very basic level and we 

have done this by making changes to 

the amino acid sequence of the NMDA 

receptor (i.e. mutating the protein) or 

by swapping functional domains from 

one NMDAR subtype into another and 

then recording the properties of the 

currents generated following their 

activation.  In this way we can 

determine the regions of the protein 

that determine the unique properties 

of each subtype (Fig. 2).   

 

how such pharmacology could be exploited 

to develop new therapeutic agents that could 

be used in the treatment disease.   

Comparatively few ligands exist that can 

(unequivocally) distinguish between different 

NMDAR subtypes although some do show 

enough selectively to allow them to be used 

under particular conditions (Fig. 3).  

Nevertheless, one must be mindful that 

many in vitro experiments are not carried 

out under conditions that replicate the time-

course of events that occur during synaptic 

transmission and this can influence greatly 

the apparent selectively of certain receptor 

antagonists. 
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Pharmacology of NMDAR subtypes 

Related to our mutagenesis studies 

are investigations into the 

pharmacological characterization of 

the various NMDAR subtypes.  Being 

able to distinguish different NMDARs 

by their differential sensitivity to 

ligands (either agonists or 

antagonists) not only allows us to 

generate a ‘pharmacological 

fingerprint’ that can be used to 

identify the subtypes of NMDARs that 

exist at particular synapses in the 

brain but also may give clues as to  

 

Being able to monitor the activity of a single 

ion channel by recording the current that 

flows through it is the equivalent of watching 

individual proteins move.  Not only can we 

record the consequence of this movement in 

‘real time’ but by understanding how the 

rates at which this occurs is altered by 

mutations or pharmacological intervention 

allows us to make predictions about the 

functioning of the nervous system. 
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