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Acetylcholine Receptor

Nerve cells need to be able to send messages to each other quickly and clearly. One way that
nerve cells communicate with their neighbors is by sending a burst of small neurotransmitter
molecules. These molecules diffuse to the neighboring cell and bind to special receptor proteins
in the cell surface. These receptors then open, allowing ions to flow inside. The process is fast
because the small neurotransmitters, such as acetylcholine or serotonin, diffuse rapidly across the
narrow synapse between the cells. The channels open in milliseconds, allowing ions to flood into
the cell. Then, they close up just as fast, quickly terminating the message as the neurotransmitters
separate and are removed from the synapse.

The Cascade of Contraction

Acetylcholine receptors are found on the surface of
muscle cells, concentrated in the synapse between nerve
cells and muscle cells. A similar form is also found in the
central nervous system, relaying messages from nerve to
nerve (for more information on acetylcholine receptors
from a genomics perspective, visit the Protein of the
Month at the European Bioinformatics Institute). These
acetylcholine receptors are composed of five protein
chains, arranged in a long tube that crosses the cell
membrane. Two of these chains, colored orange here,
have binding sites for acetylcholine on the side, colored
here in red. When acetylcholine binds to these two chains,
the shape of the entire receptor changes slightly, opening
the channel. This allows positively charged ions, such as
sodium, potassium, and calcium, to cross the membrane.
Muscles are constantly pumping sodium out of their cells,
so when they are relaxed, there is more sodium outside
than inside. When they get the signal from the nerve,
however, the channels open and sodium ions to rush back
inside, starting the process that will lead to muscle
contraction.

Biological Electricity

The acetylcholine receptor shown here (PDB entry 2bg9)
is found in electric torpedo rays. It is a good subject for
study because it is similar to the one found in our nerve-
muscle synapses, and it is found in high concentrations in
the electric organs of the ray. Electric rays and electric
eels generate bursts of electricity with a special electric
organ. It is composed of many modified muscle cells,
which are flattened and stacked on top of one another. The
small voltage differences across each cell membrane,
controlled by the dense packing of many acetylcholine
receptors, add up over the large stack, together producing
a large electric shock that can stun their prey.
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Cobras and Curare

The acetylcholine receptor is an essential link between the brain and the muscles, so it is a
sensitive location for attack. Many organisms make poisons that block the acetylcholine receptor,
causing paralysis. These include a neurotoxin in cobra venom, shown here from PDB entry 1yi5.
In this structure, five molecules of toxin, shown in red, are bound to a protein that is similar to
the acetylcholine receptor. Other poisons that paralyze the acetylcholine receptor include curare,
nicotine, and the deadly venom from cone seashells.
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Exploring the Structure

Although there aren't currently structures for both the open and closed states of the acetylcholine
receptor, you can see what happens when acetylcholine binds by looking at a similar protein,
acetylcholine-binding protein. This protein was discovered in certain sea slugs, where it
modulates the signals carried by acetylcholine. It is very similar to the outer part of the
acetylcholine receptor, without the membrane-crossing part. The binding site of the acetylcholine
receptor (PDB entry 2bg9) is shown here on the left, in the closed state before acetylcholine
binds. The important amino acids in the binding site are shown in atomic colors, including an
unusual disulfide linkage between two adjacent cysteines]. The similar portion of the
acetylcholine binding protein (PDB entry 1uv6) is shown on the right, with acetylcholine bound
(shown in green). Notice that these amino acids fold up around the neurotransmitter. As the
binding site closes around acetylcholine, it shifts the conformation of the whole receptor,
opening the pore through the membrane.




