


pinpointed. The abnormal protein can be
mapped on to the candidate genes for disease,
and any causal mutations involved identified.

In 2003, Vamsi Mootha, a computational
biologist at the Broad Institute in Cambridge,
Massachusetts, and his colleagues published a
list of several hundred new mammalian mito-
chondrial protein§ raising the known mam-
malian total to around 600. Crucially, however,
Moothaes group also examined tissue varia-
tions. In mice, they found that around half the
mitochondrial proteins identified were pre-
sent in four different tissues ,, brain, heart,
liver and kidney. But the other half tended to
be tissue-specific, with some degree of overlap
(around 50%) between different tissues.

about 40% lower than normal; and they have a
large accumulation of fat molecules, or lipigs,
around 60% above normal B
The key, says Shulman, is the high level of
lipids. Lipids can cause insulin resistance by
jamming the cellular machinery that helps
receive the hormoness signal. But what causes
their levels to rise in the cell? There are two
main possibilities: a faster rate of lipid break-
down and delivery to muscles from fat tissues;
or a defect in the muscle mitochondria them-
selves. If faulty mitochondria donst burn fats as
fast as they should, then that could lead to a
build-up of lipids inside the muscle cells. That
would suggest the primary genetic cause of
type 2 diabetes lies in the mitochondria. Faulty

mitochondria also contribute to obesity, by not

Building a powerhouse burning fats properly, and obesity in itself
Mitochondria are well known to carry out spe-Genes in the nucleus that encode proteins forthe ~ exacerbates diabetes.
cific tasks in different tissues; for example, thegitochondria (above) could underpin diseases. Shulmanes group could find no evidence

make haem, part of the oxygen-carrying pro- that abnormal fat breakdown and delivery
tein haemoglobin, in bone marrow cells. BuThe first is that cells become resistant to thfieom fat tissues was responsible, and so turned
the finding that hundreds of mitochondrial effects of insulin, the hormone made by th& look at possible faults in mitochondria.
proteins varied in amounts from tissue to tissupancreas that normally prompts them to take Following up on Moothaes findings, the
came as a shock. If corroborated, this variatiaup and burn glucose. The second is high levetsam looked as whether a mutation in the
suggests that the control of mitochondrial genef glucose in the blood, or hyperglycaemiagenes controlling the tissue-specific mito-
activity is very sophisticated. And this has msulin resistance is typically one of the earliehondrial proteins Err and Gabpa/b could
corresponding impact on our susceptibility toest signs of diabetes, often preceding hyparaderpin the low density of mitochondria in
disease; the more complicated the contrajlycaemia by decades. the volunteers. The result, published in
system, the more likely it is to falil. Faulty mitochondria have already beemecember last year, was a surprise. They could
Moothass group reported the first two tissuelinked to the second phase of the disease find no such mutations, implying that the
specific mitochondrial proteins, known asnamely the emergence of hyperglycaemigeduction in gene expression measured by
Err and Gabpa/b, in 2004 (ref. 7). Both conbefective mitochondria in . . Mootha was not the primary
trol gene activity, which in turn affects howthe pancreas fail to burn *Faulty mitochondria  cayse of diabetes. The primary
much mitochondria replicate themselves irsufficient glucose, so themay well be the cause of fault must lie in another, as yet
particular tissues. If the expression of Emd  levels of ATP in pancreatic diabetes. but we still unknown pathway governing
Gabpa/b is high, then mitochondria replicatecells are abnormally low. ' mitochondrial proliferation
at a high rate, and become densely packedBut these cells rely on ATP d0ONet know Whatfnakes and activity.
the tissue. If their expression is lower, thievels to help them estimate them faulty,Z So faulty mitochondria may
number of mitochondria and their ability to the amount of glucose in the well be the cause of diabetes,
burn fuel falls. Critically, Errand Gabpa/b blood. As a result, the cells do not sense glout we still donst know what makes them
influence mitochondrial function and densitycose properly, do not release appropriatiaulty. Yet with hundreds of unknown mito-
in particular tissues, notably the heart anémounts of insulin and the blood glucose levehondrial proteins still to uncover, Shulman
muscle, and play a lesser role in tissues suctceseps up and Mootha have a long list of possible sus-
the liver. Mootha notes that this tissue speci- But what about insulin resistance? Shulmapects to work through. Whether they will get
ficity makes them valuable drug targetsthinks that faulty muscle mitochondria couldresults in time to help Shulmanes young vol-
because it restricts the potential for side effeatmiderlie insulin resistance in muscle tissuanteers is an open question, but the answers
in other tissues. and was intrigued by Moothass findingsseem set to revolutionize our understanding
The next question for Mootha and his teamWesve been working with volunteers whf disease.
was what happens if the activity of Eend have a high genetic risk but a low elifestylee riskck Lane is a science writer based in London.
Gabpa/b falls? They predicted that a fall in thef diabetes. We hope to eliminate confoundin
number and capabilities of mitochondria infactors such as obesity, or indeed the earty
particular tissues would result, a finding that stages of diabetes itself, and focus on the eajli-
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