PROTEIN CRYSTALLOGRAPHY

THE MOLECULES BEHIND TAY-SACHS DISEASE

Researchers using the BioCARS sector 14
beamline at the APS have determined how
changes in a pair of proteins lead to the family of
neurological disorders that includes Tay-Sachs dis-
ease. They solved the three-dimensional structure
of one protein essential to Tay-Sachs and modeled
the structure of a second key protein based on the
first. The results help explain why different muta-
tions lead to different forms of the same class of
neurological disorder, and may help in developing
treatments against them.

Tay-Sachs is caused by an inherited deficiency
of the enzyme Hex A, which removes a sugar
residue from fatty molecules found in brain cells.
Without it, fat builds up in the cells and kills them in
a still mysterious way. Three genes must interact to
remove the sugar properly: HEXA and HEXB,
which produce the a- and b-subunits of Hex A,

respectively; and GM2A, whose protein product,
Gm2A, activates Hex A. Mutations that significantly
reduce the activity of these genes can cause one of
several related disorders, including Tay-Sachs and
Sandhoff disease. One in 35 Ashkenazi Jews car-
ries the mutation that causes Tay-Sachs, and 1 in
300 individuals in general carries it. Understanding
the structures of the proteins involved might enable researchers
to design drugs to activate or replace them. However,
researchers had, to date, only determined the structure of the
Gm2A protein.

The group solved two structural problems at once — Hex
A and the closely related Hex B — as reported in the April 11,
2003, issue of the Journal of Molecular Biology. They first crys-
tallized Hex B, made of two b-subunits, and determined its
structure by analyzing its x-ray diffraction pattern. In Hex B,
which is easier to crystallize than Hex A, two kidney-shaped b-
subunits come together so their active sites, or catalytic
regions, face each other but are offset (Fig. 1). Previous stud-
ies had indicated that each type of Hex subunit has an active
site capable of performing a slightly different type of sugar
removal, but that two subunits must come together for either
one to be active. To determine how the b-subunit active site
binds its substrate, the researchers soaked a Hex B inhibitor
that mimics the substrate into the crystallized enzyme. They
found that the active sites work cooperatively because several
of the amino acids that make up each subunit's active site
come from the other subunit. People who have mutations in
these amino acids experience a mild, chronic form of Sandhoff
disease, or a variant or acute form of Tay-Sachs, depending on
which amino acid is mutated. Soaking the crystal with a differ-
ent inhibitor also confirmed that Hex B uses a similar catalytic
mechanism to related enzymes.

Next they modeled the a-subunit based on the b-subunit,
which has 60% of the same amino acids. In support of the mod-
eling approach, much of the amino acid similarity occurs in the

Fig. 1. Schematic image of Hex B showing its two identical, rotationally symmetric
subunits. Small molecule inhibitors are shown as black, red, blue, and yellow space-
filing models. The enzyme active sites, which contain the inhibitors, are offset per-
pendicularly to the plane of the image.

regions implicated in subunit joining or catalysis, suggesting
that the b-subunit binds the a in the same way it binds itself;
Hex A would probably need a similar overall shape to that of
Hex B to support the same type of subunit binding. The model
indicates that three amino acids in the a-subunit are responsi-
ble for Hex A's ability to bind substrates with a negative charge
at one end. Biochemical studies of the enzyme's reaction rate
when these amino acids are mutated support the conclusion.
The predicted subunit interface also forms a large groove suit-
able for binding the cup-shaped activator protein Gm2A. Shape
and electrostatic complementarities suggest that the activator
positions itself over the a-subunit active site.
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