
 

Study reveals enzyme function, could help
find muscular dystrophy therapies

January 9 2012

Researchers at the University of Iowa have worked out the exact
function of an enzyme that is critical for normal muscle structure and is
involved in several muscular dystrophies. The findings, which were
published Jan. 6 in the journal Science, could be used to develop rapid,
large-scale testing of potential muscular dystrophy therapies.

The enzyme, called LARGE, adds a critical sugar chain onto an
important membrane protein called dystroglycan. This sugar chain acts
like a glue allowing dystroglycan to attach to other proteins and by doing
so, reinforce cell membranes in many tissues including muscle and brain.
Dystroglycan does not function properly without this sugar link, and that
malfunction causes muscular dystrophies and brain abnormalities.

"LARGE is a critical enzyme involved in maintaining muscle cell
viability," says Kevin Campbell, Ph.D., professor and head of molecular
physiology and biophysics at the UI Carver College of Medicine and a
Howard Hughes Medical Institute investigator. "It adds on a unique sugar
chain that allows the muscle cell to protect its membrane from injury. By
figuring out the function of this enzyme we've finally identified this
critical sugar link."

The new study shows that the enzyme activity of LARGE has two
specific sugar-adding functions -- it transfers the sugars xylose and
glucuronic acid. Using nuclear magnetic resonance analysis (NMR), the
team was also able to determine the precise structure of the sugar chain
produced by LARGE, which has not been seen before.
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The study confirmed that this unique sugar chain is responsible for
dystroglycan's ability to attach to its protein partners, which include
laminin in muscle and neurexin in brain.

In addition to LARGE, several other enzymes are involved in building
the important dystroglycan sugar chain, and mutations in all these
enzymes cause congenital muscular dystrophies collectively known as
secondary dystroglycanopathies. These disorders include Fukuyama
Congenital Muscular Dystrophy, Walker-Warburg Syndrome, Muscle-
Eye-Brain disease, Congenital Muscular Dystrophy 1C and 1D, and limb-
girdle muscular dystrophy 2I.

However, in all cases, the part of the sugar chain that is critical for
dystroglycan function is the part that is added by LARGE. Furthermore,
work from Campbell's lab has shown that boosting LARGE activity in
cells from patients with these types of muscular dystrophies is sufficient
to restore dystroglycan function and overcome the defects in the cells.

By understanding what the LARGE enzyme does, the researchers have
now been able to develop a test, or assay, to monitor enzyme activity.

"It's exciting that we now have this enzyme assay, which could be used in
a large-scale high-throughput screen for drugs that increase (or decrease)
LARGE activity," Campbell says.

Using the assay to identify compounds that boost LARGE activity might
lead to potential treatments for the secondary dystroglycanopathies. The
assay could also be used to look at variations in LARGE activity in
patients' cells. This may help identify patients who are affected by these
LARGE-related muscular dystrophies.

LARGE activity is important in other diseases
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The unusual sugar chain that LARGE builds onto dystroglycan is also
implicated in other diseases. A group of viruses that includes Lassa fever
appear to require the sugar chain to infect cells. Lassa fever is a
hemorrhagic illness that can cause serious disease and death.

Now that the researchers have determined the make-up of the unusual
sugar, Campbell suggests that it will be possible to make and test it as a
therapeutic to block or reduce infection by these viruses.

Campbell is also excited by another aspect of the Lassa fever link. A
genome-wide study of populations in West Africa where Lassa fever is
endemic suggests that the LARGE gene may be modified in this
population. Campbell speculates that altering LARGE activity might
provide some protection against infection by the Lassa fever virus. In the
future, he hopes to use his team's newly developed enzyme assay to
investigate if LARGE activity is altered in this population.
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