Types of Signal Transmission


1) Nonspecialized: diffusion of chemicals from bloodstream into cell (humoral), cell to cell (paracrine), or cell to itself (autocrine.)

2) Ephaptic: Current flow between two membranes separated by a small amount of extracellular space.

3) Electrical: Current flow between gap junctions which join the cytoplasm of two cells.

4: Chemical.

Five Steps of Chemical Neurotransmission (using acetylcholine (ACh) as example)

1. Synthesis of the neurotransmitter in the presynaptic neuron.


The acetyl group from acetyl-coenzyme A is transferred to choline by the enzyme choline acetyltransferase (ChAT). 

2. Storage of the neurotransmitter and/or its precursor in the presynaptic nerve terminal (in vesicles).


Transporters called vesicular cholinergic transporter (VAChT) actively move ACh into cells.

3. Release of the neurotransmitter into the synaptic cleft.

4. Binding and recognition of the neurotransmitter by target receptors.

4b. Binding of neurotransmitter to autoreceptors that regulate transmitter release, synthesis, or firing rate.


Binding of ACh to autoreceptors on the presynaptic membrane causes down-regulation of ACh release.

5. Termination of the action of the released transmitter.


ACh is inactivated primarily by enzymes that break it down into choline and acetic acid. Other means of inactivation of neurotransmitters include simple diffusion away from the receptor, uptake by glial cells, and reuptake by the presynaptic neuron.

Brief summary of different neurotransmitters:
Catecholamines:


Tyrosine is converted to L-DOPA, which is converted to dopamine, a neurotransmitter associated with the brain’s pleasure system. The dopamine system is overactive in patients with schizophrenia. Dopamine can be converted to norepinephrine, which can be converted to epinephrine. Norepinephrine causes the fight-or-flight response, while epinephrine has the opposite effect.


Serotonin:


Like the catecholamines, synthesized from an amino acid (tryptophan). Depression is linked to abnormally low serotonin activity.


Glutamate/GABA:


Glutamate is formed from a product of glucose metabolism; it can be converted to GABA in the presence of the correct enzyme. Glutamate is the major excitatory neurotransmitter, while GABA is the major inhibitory neurotransmitter.

Acetylcholine:


Transmitter at the neuromuscular junction of mammals.


Types of Receptors


Ionotrophic: open when neurotransmitters bind, letting through ions. Fast-acting (milliseconds).


Metabotrophic: can set in motion a variety of chemical reactions when neurotransmitters bind. Act slowly (seconds to hours).

Structure of Ionotrophic Receptors (ACh)

--Each receptor consists of five different subunits, of four different types.


--Each subunit consists of four different membrane-spanning segments. 


--Negative ions are kept away from the mouth of the channel by three rings of negatively charged amino acids.


--The neurotransmitter binding sites are in two small pockets that jut out from the side of the inside of the pore.


--When the channel is closed, a single amino acid from each TM2 segment extends into the center of the pore, blocking it. Binding of neurotransmitter causes the TM2 segments to rotate, moving these amino acids out of the center.


--Receptors desensitize. Depending on the subunits that compose a receptor, desensitization time constants may range from 100 ms to 20 s.


--Other ionotrophic receptors are variations on the basic ACh receptor structure.

NMDA Receptors

--Require both membrane depolarization (which removes a magnesium blocker obstructing the channel) and glutamate binding to open.


--Also contain many, many agonist and antagonist binding sites.

