
Go through the animation that accompanies this activity before you start.

Cytochrome oxidase is a protein that spans the inner mitochondrial
membrane. When cells break down carbohydrates, amino acids and fats,
electrons are removed from the molecules in these foods and channelled
along the mitochondrial electron transport chain. Energy is released during
electron transport and converted to chemical energy in the form of ATP, the
energy currency of all cells. Cytochrome oxidase is the final protein of the
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“Georgina was diagnosed with Leigh’s syndrome during the first year
of her life. She is now seven years old, and has various problems associated
with this disease. Because her muscles are weak she often falls over
in the playground, and she can’t take part in any sport. She has a
speech therapist to help her use the muscles she needs to speak clearly.
She is beginning to read now, and has a really nice classroom helper
who gives her some extra time each afternoon.” 

“Georgina has had her fair share of medical problems, but she keeps
very cheerful. Georgina’s symptoms are basically problems with nerve
and muscle functions. She suffers from ataxia, which is trouble with
balance and coordination, and her mental development is slightly
retarded. She has regular checks at the hospital, where blood tests
and development tests monitor her condition. At the moment she is
coping well at school with a part-time helper, but we need to make
sure that her mild eyesight and hearing problems do not interfere
with her learning”

“I get a bit fed up because I feel so tired. When I get
back from school I just go to sleep. Sometimes my mum
has to wake me up to make me eat my tea. I like going
to the hospital for my check-ups though because I get a
day off school. I don't  mind not doing sport because they
let me do a drawing or painting instead.”

“Leigh’s syndrome is due to a mutation in
the mitochondrial DNA. In Georgina’s case
the mutation means lack of cytochrome
oxidase.”

 Georgina's Mum

 Georgina

 Georgina's consultant, Ms Parks

Georgina's GP,
Dr Stuart



electron transport chain. This enzyme is where the electrons meet molecular
oxygen and hydrogen ions to form water. Cytochrome oxidase abnormality
or deficiency means less ATP production, and also higher levels of circulating
free radicals. When cytochrome oxidase does not work properly, the
electrons passing down the electron transport chain are passed to oxygen to
form superoxide radicals. These highly reactive molecules can cause cell and
genetic damage.

1 a) What are Georgina’s main symptoms? 

b) Which tissues are most affected?

2 The data in the table below show the oxygen consumption of some
tissues and organs.

Use the data in the table above to explain Georgina’s symptoms as
described by her GP.

3 Georgina’s consultant describes how high levels of free oxygen radicals
can result from deficiencies in cytochrome oxidase. Use your knowledge
from Topic 1 to describe some of the possible health risks associated with
free radicals.

4 Read the three statements below:

A Mutations in mitochondrial DNA leading to defects in cytochrome
oxidase have been associated with Alzheimer’s disease and ‘normal’
ageing processes. 

B Curcumin, a chemical in the spice turmeric that is present in most
curries, has been shown to neutralise free radicals.

C Some studies show that the incidence of Alzheimer’s disease in the
ageing population of India is lower than in the West.

a) Suggest a theory that could link statements A, B and C. 

b) What advice would you give to Georgina’s mother about Georgina’s
diet?

Student sheet

Salters-Nuffield Advanced Biology, Heinemann Educational 2003. © University of York Science Education Group.

2 of 3

Activity 8.5

A208ACT05

Organ Oxygen consumption of Oxygen consumption per

organ/tissue (ml O2 h�1) mass of tissue (ml O2 g
�1 h�1)

Brain 1.11 3.08

Bone 0.30 0.28

Heart 0.14 1.27

Skeletal muscles 8.63 1.26

Skin 1.37 0.48



5 Georgina’s consultant needs to explain to the first year medical students
she teaches why Georgina is not able take part in sport. Annotate the
diagram below to explain the role of cytochrome oxidase in ATP
production, which is necessary for muscle contraction. The animation with
this activity shows the events on the mitochondrial inner membrane.

6 Georgina’s blood tests show that the levels of pyruvate and lactate in her
body are higher than normal. Use your knowledge of the pathways
involved in cellular respiration to explain these results.
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