
48.4: Neurons communicate with other cells at synapses 

Chemical Synapses (Majority of synapses) 

 
1 Nerve impulse reaches presynaptic axon terminal. An action potential arrives, depolarizing the presynaptic 

membrane. 

2 The depolarization opens voltage-gated channels, triggering an influx of Ca2+. 

3 The elevated Ca2+ concentration causes synaptic vesicles to fuse with the presynaptic membrane, 
releasing neurotransmitter into the synaptic cleft (exocytosis). The neurotransmitter diffuses through 
synaptic cleft. 

4 The neurotransmitter binds to ligand-gated ion channels in the postsynaptic membrane. Ion channels 
open in postsynaptic membrane, which result in a change in post-synaptic membrane potential. 

 

Generation of Postsynaptic Potentials 
Ionotropic Receptor: Ligand-gated ion channel that binds & responds to neurotransmitters 

Excitatory postsynaptic potential (EPSP): Depolarization that brings membrane potential to threshold (K+ & Na+) 

Inhibitory postsynaptic potential (IPSP): Hyperpolarization that moves membrane potential away from 

threshold (K+ & Cl-) 

Summation of Postsynaptic Potentials (E1 & E2 are excitatory synapses, I is inhibitory synapse) 

 
Temporal summation = Several EPSPs or/and IPSPs from same synapse one after the other 

Spatial summation = 2 or more EPSPS or/and IPSPs from different synapses 



Termination of Neurotransmitter Signaling 

• Neurotransmitter needs to be cleared from the synaptic cleft (VERY IMPORTANT).  

o Re-uptake into presynaptic neuron  

o Taken up by astrocytes 

o Degradation by enzymatic hydrolysis 

o Diffusion 

• After reuptake, neurotransmitters are repackaged in synaptic vesicles or transferred to glia for metabolism 

or recycling to neurons 

 
Direct Synaptic Transmission (FAST): Neurotransmitter opens ion channels on postsynaptic membrane. Action 

via ligand-gated ion channels (Ligand Gated ion Channels) 

 

Indirect Synaptic Transmission (SLOWER): Neurotransmitter binds to receptor on postsynaptic membrane. 

Activates a signal transduction pathway & involves a second messenger. (G-Protein Coupled Receptor) 

 

Neurotransmitters 

Acetylcholine 

 

• Vital for nervous system functions (muscle stimulation, memory formation, 
learning) - Two major classes of receptors:  

Ligand-gated ion channel  

• When acetylcholine released by motor neurons binds this receptor, the ion channel 
opens, producing an EPSP, which is soon terminated by acetylcholinesterase 
(enzyme in synaptic cleft that hydrolyzes the neurotransmitter)  

G protein-coupled receptor - Found at vertebrate CNS & heart 

• In heart muscle, acetylcholine activates a signal transduction pathway. G proteins 
in pathway inhibit adenylyl cyclase & opens K+ channels in muscle cell membrane, 
which both reduces heart pump rate 

• Effect of acetylcholine in heart muscle is inhibitory rather than excitatory. 

Amino Acids 

 

Glutamate – in invertebrates – Located at synapses that has a key role in formation of 
long-term memory (EPSP) 
Gamma-aminobutyric acid (GABA) – Most of brain’s inhibitory synapses 

• Binding to postsynaptic cells increase membrane permeability to Cl-, resulting in 
IPSP (Valium reduces anxiety by binding to a site on a GAB receptor) 

Glycine – Inhibitory synapses in part of CNS that lies outside of brain (IPSP) 

Biogenic Amines 
(G-protein) 

Norepinephrine: Excitatory in autonomic nervous system (part of PNS) 
Dopamine (made from tyrosin) & serotonin (made from tryptophan): 

• Released at many sites in brain & affects sleep, mood, attention, and learning.  

• Some psychoactive drugs (e.g. LSD & mescaline) produce their hallucinatory effects 
by binding to brain receptors for these neurotransmitters 

 



 

• Parkinson’s disease associated with brain’s lack of dopamine 

• Depression is often treated with drugs that increase brain conc. of biogenic amines. 
Prozac, for instance, enhances the effect of serotonin by inhibiting its reuptake 
after release. 

Neuropeptides • Short chains of amino acids that operate via G protein-coupled receptors 
(produced by cleavage of much larger protein precursors) 

Substance P: Key excitatory neurotransmitter that mediates perception of pain.  
Endorphins:  

• Produced in the brain during times of physical/emotional stress  

• Function as natural analgesics, decreasing pain perception, reduce urine output, 
decrease respiration, & produce euphoria/emotional effects 

• Opiates (morphine, heroin) mimic endorphins & its physiological effects as it binds 
to the same receptor proteins as endorphins 

 
Gases 

 

• In human males, certain neurons release nitric oxide (NO) into penis’ erectile tissue 
during sexual arousal. Resulting relaxation of smooth muscle in blood vessel walls 
of erectile tissue allows it to fill with blood, producing erection 

• Viagra works by inhibiting enzyme that terminates action of NO 

• Synthesized on demand, rather than stored in cytoplasmic vesicles 

• Works like most hormones by stimulating an enzyme to synthesize a second 
messenger 

 

Determinants of Action Potential Conduction Speed down Axon: 
Diameter: The wider the axon, the faster the signal will travel (due to less resistance) 

Degree of myelination: More myelination = less electrical current losses (affects more than diameter) 

Temperature: Higher temperatures means faster chemical reactions = faster conduction speed. 

 


