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What am I  
interested in?

What did I do?
Rett syndrome (RTT) is a disorder which affects 1 in 10,000 young girls. 
Affected boys rarely survive infancy. Girls with RTT appear normal during  
the first 6-18 months. They then begin to miss developmental milestones  
and lose many acquired skills, such as speech and the use of their hands. 
RTT is characterised by abnormal breathing patterns, seizures, repetitive 
hand movements, digestive and bowel problems, a lack of verbal skills  
and social withdrawal.

More than 95% of cases of RTT are caused by mistakes (mutations) in  
the DNA of one gene which is located on the X chromosome (one of the  
2 possible chromosomes of the pair of chromosomes which determine the 
sex of an individual: Males = XY; Females= XX). This gene produces the 
protein methyl-CpG-binding protein 2 (MeCP2) which binds to DNA and 
changes how other genes are expressed. Loss of functional MeCP2 alters 
the expression of many genes and causes large alterations in brain function. 
Mouse models have been developed to study RTT - mutations in their 
MeCP2 gene lead to animals which display RTT-like symptoms. 

In humans, boys with mutations in MeCP2 on their only X chromosome 
generally die before birth; while in the mouse model, male mice (referred  
to as ‘null’) develop symptoms at 4 weeks old and do not survive beyond  
16 weeks of age, as only the mutant copy of the gene can be expressed.

Female mice which carry one normal copy (called wild type (WT)) and one 
null copy of the gene have delayed and more variable symptoms (symptoms 
appear at 4–12 months). In the females, each cell expresses either the one 
mutant null Mecp2 copy of the gene or the normal WT copy of the gene 
giving rise to the variability in symptoms. 

Nerve cells (neurons) in the brain transmit messages via electrical signals. 
There is tight regulation between excitatory and inhibitory systems. The 
main system which calms electrical activity in the brain involves a chemical 
messenger called GABA (see Figure 1). Nerve cells which release GABA 
are called GABAergic neurons. The electrical activity of some of these 
GABAergic neurons is very fast, typically impulses occurring over 100 times  
a second. This places a high demand for energy production in each neuron.

Mitochondria are the compartments within the cell where energy is produced 
(they can be likened to energy factories) and prior to discovery of MeCP2, 
Rett Syndrome was classified as a mitochondrial disorder. We now know that 
mutations in MeCP2 interfere with its binding to DNA and reduce the ability 
of cells to make other proteins, particularly those proteins involved in energy 
production within 
the mitochondria, 
but we do not know 
the details of the 
molecular pathways 
giving rise to the 
various neurological 
symptoms seen  
in RTT.

The deficits in mitochondrial respiration are apparent 
in the hippocampus, however, given the number of 
different types of excitatory and inhibitory neurons, 
different methods are necessary to examine the 
mitochondria in individual neurons.

The next step of this project is to combine patch-clamp 
electrophysiological recording from female mice with 
2 WT copies of the MeCP2 gene and heterozygous 
female mice (which have one WT and one null copy of 
the gene). This involves sealing small glass pipettes 
onto the surface of the cell to record electrical activity. 
The activity and location of mitochondria will be 
measured using fluorescent dyes and I will identify 
different sub-types of GABAergic interneurons on the 
basis of expression of particular proteins, which are 
known to be found specifically in the different subtypes 

of neurons. This will allow us to compare directly the 
mitochondrial activity within identified GABAergic 
neurons and other neuronal types (see Figure 4). I am a Medical Research Scotland sponsored Daphne Jackson 

Research Fellow at the University of Glasgow. I began my training 
in Biomedical Science at the University of Ulster, before going on to 
do my Ph.D. at the University of Nevada School of Medicine, Reno, 
USA. My research career began looking at how electrical activity and 
calcium stores regulate contraction in smooth muscle. I had a break 
from academic research between 2005-2014, during which time I 
was a science communicator specialising in events for young children 
and their families. My Medical Research Scotland sponsored Daphne 
Jackson Research Fellowship has enabled me to return to academic 
research on a part time basis. My main research interest now is the 
pathophysiology of Rett Syndrome, in particular the relationship 
between the excitability of nerves and energy production.

Elaine began her Medical Research Scotland sponsored Daphne Jackson Trust Fellowship, entitled “Metabolic resilience of neuronal activity 
in a mouse model of Rett Syndrome” in 2014 at the University of Glasgow, supervised by Dr Stuart Cobb & Dr Mark Bailey.

I found that the MeCP2-null mutation reduced both State 4 (resting)  
and State 3 (maximal) oxidative phosphorylation in the hippocampus 
(n=8) compared to wild type littermates (see Figure 3A), which 
resulted in increase in the RCR (respiratory control ratio, State3 
(maximal)/State4 (resting)) in MeCP2-null animals (see Figure 3B). 

A part of the brain called the 
hippocampus contains a relatively 
large abundance of GABAergic 
neurons, the loss of which leads to 
hyper-excitability and seizures, and 
I wanted to investigate whether 
the high energy demands of fast 
spiking GABAergic neurons from 
the hippocampus makes them 
more vulnerable (less resilient) to a 
decrease in energy production by 
mitochondria in RTT compared to 
other cell types.

Mitochondria produce ATP (the energy currency of life) in a 
process in known as “oxidative phosphorylation”, during which 
oxygen is consumed. By measuring oxygen consumption of 
mitochondria in a sealed system we can determine how much 
oxygen-dependant ATP production is taking place. The process 
of oxidative phosphorylation, also known as respiration, can 
be divided in to different states. State 3 represents maximal 
respiration and State 4 represents a resting state.

I isolated mitochondria from the hippocampus of male WT mice 
and Null male mice carrying no functional MeCP2 gene and 
measured the oxygen consumption at resting and maximal states 
(see Figure 2). 
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Figure 1 The counterbalance of  
excitatory and inhibitory electrical  
activity is crucial for homeostasis  
(i.e. maintaining a state of balance of the internal environment of 
the brain). Loss of inhibitory circuits results in increased electrical 
excitability of the network of neurons within the brain leading to 
seizures, abnormal breathing and behavioural patterns.

Figure 2 shows a sample measurement of oxidative phosphorylation of WT mitochondria. 
The blue line indicates oxygen (O2) concentration [O2] within the sealed chamber within 
which measurements were taken. The red line indicates the rate of change of [O2] with 
time (dv/dt), which reflects the state (1, 3 and 4) of oxidative phosphorylation.

Figure 3A shows a reduction in State 3 and State 4 respiration in mitochondria from the hippocampus of 
male WT mice (n=8) and male mice null for the MeCP2 gene (n=8). Figure 3B shows an increase in oxidative 
phosphorylation efficiency, measured by RCR (St3/St4), in MeCP2-null animals compared to WT littermates. 
Plots present mean ± S.E.M., and were compared using paired t-tests. * p < 0.05.

Figure 4 A combination of patch-clamp electrophysiological recording, 
fluorescent measurement of mitochondrial location and activity of neurons, with 
identification of neuron subtypes, based on their expression of specific proteins, 
are being utilised to investigate individual neurons.


