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Introduction




Every time you move a muscle and every time you  think a thought, your nerve cells are hard at work. They are processing  information: receiving signals, deciding what to do with them, and dispatching  new messages off to their neighbors. Some nerve cells communicate directly with  muscle cells, sending them the signal to contract. Other nerve cells are  involved solely in the bureaucracy of information, spending their lives  communicating only with other nerve cells. But unlike our human bureaucracies,  this processing of information must be fast in order to keep up with the  ever-changing demands of life.  


Neurotransmitters


Nerves communicate with one another and with muscle  cells by using neurotransmitters. These are small molecules that are released  from the nerve cell and rapidly diffuse to neighboring cells, stimulating a  response once they arrive. Many different neurotransmitters are used for  different jobs: glutamate excites nerves into action; GABA inhibits the passing  of information; dopamine and serotonin are involved in the subtle messages of  thought and cognition. The main job of the neurotransmitter acetylcholine is to  carry the signal from nerve cells to muscle cells. When a motor nerve cell gets  the proper signal from the nervous system, it releases acetylcholine into its  synapses with muscle cells. There, acetylcholine opens receptors on the muscle  cells, triggering the process of contraction. Of course, once the message is  passed, the neurotransmitter must be destroyed, otherwise later signals would  get mixed up in a jumble of obsolete neurotransmitter molecules. The cleanup of  old acetylcholine is the job of acetylcholinesterase. 


Acetylcholinesterase in Action


Acetylcholinesterase is found in the  synapse between nerve cells and muscle cells. It waits patiently and springs  into action soon after a signal is passed, breaking down the acetylcholine into  its two component parts, acetic acid and choline. This effectively stops the  signal, allowing the pieces to be recycled and rebuilt into new  neurotransmitters for the next message. Acetylcholinesterase has one of the  fastest reaction rates of any of our enzymes, breaking up each molecule in about  80 microseconds.  


Electric Fish


Acetylcholinesterase was first studied by using the form  found in electric fish, such as the torpedo ray. These fish have massive arrays  of nerve-like structures in the organs that generate electricity, so  acetylcholinesterase is particularly abundant. The form shown here, from PDB  entry 1acj, forms  a dimer in the crystal structure. It normally has lipids attached to the protein  chains, which anchor the enzyme to the cell membrane. The lipids were removed in  the crystal structure, however, to allow crystallization. The active site is  found in a deep pocket, just big enough for the acetylcholine to slip down  inside. At the base of the pocket is a triad of three amino  acids--serine-histidine-glutamate--that is almost identical to the triad used in  the serine proteases like trypsin and  chymotrypsin.


Attacking Acetylcholinesterase




Since acetylcholinesterase has an  essential function, it is a potential weak point in our nervous system. Poisons  and toxins that attack the enzyme cause acetylcholine to accumulate in the nerve  synapse, paralyzing the muscle. Over the years, acetylcholinesterase has been  attacked in many ways by natural enemies. For instance, some snake toxins attack  acetylcholinesterase. The picture at the top shows a view straight down the  active site tunnel, from PDB entry 1b41, showing the  active site serine in red. The middle picture shows how a lethal toxin from the  eastern green mamba blocks the active site and poisons the action of the enzyme.  For more information on snake toxins, take a look at the Protein of the Month at  the European Bioinformatics Institute. 
 
Doctors are now willfully  poisoning acetylcholinesterase in an attempt to reverse the symptoms of  Alzheimer's disease. People with Alzheimer's disease lose many nerve cells as  the disease progresses. By taking a drug that partially blocks  acetylcholinesterase, the levels of the neurotransmitter can be raised,  strengthening the nerve signals that remain. One drug being used in the way is  shown at the bottom, from PDB entry 1eve. It inserts  into the active site pocket and temporarily blocks entry of acetylcholine. Other  poisons, as shown on the next page, take a more permanent approach. 


Exploring the Structure




The nerve toxin sarin and insecticides such as  malathion directly attack the active site machinery of acetylcholinesterase. The  structure shown here, from PDB entry 1cfj, shows the  active site triad of acetylcholinesterase after being poisoned by sarin. In the  normal reaction, the serine amino acid forms a bond to the acetyl group of  acetylcholine, breaking the molecule. Then, in a matter of microseconds, a water  molecule breaks the new bond, releasing acetic acid and restoring the serine to  its original form. Sarin, however, transfers a nasty methylphosphonate group  (MeP in the picture) to the serine. The phosphonate is far more stable and will  disable the enzyme for hours or days. 
 
This picture was created with  RasMol. You can create similar pictures by clicking on the accession codes and  picking one of the options under View Structure. 
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