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Otto Loewi 1873 - 1961 

Is transmission  

chemical? 

 

If so, how could  

this be tested? 



Figure 5.4  Loewiôs experiment demonstrating chemical neurotransmission (Part 1) 



Figure 5.4  Loewiôs experiment demonstrating chemical neurotransmission (Part 2) 
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Bernard Katz 1911 - 2003 

How is chemical 

transmission  

accomplished? 

 

Are there packets 

of transmitter  

molecules? 



Figure 5.6  Synaptic transmission at the neuromuscular junction (Part 1) 



Figure 5.6  Synaptic transmission at the neuromuscular junction (Part 2) 







Katzôs ñquantal hypothesisò 
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quantal content = m = n * p 











Figure 5.7  Quantized distribution of EPP amplitudes evoked in a low Ca2+ solution 



Figure 5.7  Quantized distribution of EPP amplitudes evoked in a low Ca2+ solution 
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Synapses 

ÅTwo major types of synapses 

ÁElectrical 

ÁChemical 

ÅChemical Synapses 

ÁSpecialized neuroanatomy to support it. 

ÁTypical synapse in mammalian brain is very small (< 1 um2) 

ÁNeurons have large numbers of synapses: 5-10 K for small neurons, as 

many as 100 K for large neurons. 

ÁAxons branch, taper, and form synaptic boutons: presynaptic terminals, 

postsynaptic density, synaptic cleft which separates them (20-40 nm) 

ÅNeurotransmitter release 

ÁCa2+-dependent release of packets of neurotransmitter, packaged into 

vesicles. 

ÅTwo categories of chemical synaptic transmission 

ÁIonotropic: fast, local channel-mediated changes in membrane potential 

(EPSPs, IPSPs) 

Á Metabotropic: slow, G-protein- and second-messenger- mediated 

changes  

 



Overview of Synaptic Transmission 

Å FIGURE 12.1.  Overview of synaptic 

transmission mechanisms. Gap junctions 

(left) directly couple the presynaptic and 

postsynaptic membrane potentials. 

Ionotropic receptors open ion-selective 

channels  that can modify the postsynaptic 

membrane potential as well as pass calcium 

ions, which play an important role in 

intracellular second messenger pathways. 

G-protein coupled receptors, also called 

metabotropic receptors, can directly affect 

the properties of ion channels such as K+  or 

Ca2+ channels. They can also cause calcium 

to be released from internal stores through 

activation of phospholipase C(PLC) and 

generation of inositol1,4,5-triphosphate 

(IP3). In addition, diacylglycerol (DAG) 

can activate protein kinase C (PKC) which 

in turn affects the function of K+ and Ca2+ 

channels. Finally, protein kinase A (PKA) 

can affect the function of Ca2+ channels 

following activation by adenylyl cyclase 

and cyclic AMP (cAMP). Intracellular 

calcium can in turn activate calmodulin and 

a range of calmodulin-dependent enzymes.  



Figure 5.3  Sequence of events involved in transmission at a typical chemical synapse 



Figure 5.3  Sequence of events involved in transmission at a typical chemical synapse 



Benefits of chemical transmission 

Benefits of chemical transmission 

ÅAmplification 

ÅSign inversion 

ÅGraded vs. all-or-none 

ÅVaried temporal duration 

ÅMultiple receptors with distinct properties 

ÅMalleability/plasticity 

 



 

 

 

Steps in neurotransmission 

 

ÅSteps in neurotransmission 

Å Vesicle loading, docking, priming 

Å Action potential invasion 

Å Ca2+ channel opening, Ca2+ influx 

Å Exocytosis 

Å Postsynaptic membrane potential    

change 

Å Membrane reuptake (endocytosis) 

 



Figure 5.5  Metabolism of small-molecule and peptide transmitters 



Figure 5.5  Metabolism of small-molecule and peptide transmitters (Part 1) 



Figure 5.5  Metabolism of small-molecule and peptide transmitters (Part 2) 



Figure 5.5  Metabolism of small-molecule and peptide transmitters (Part 2) 



Figure 5.5  Metabolism of small-molecule and peptide transmitters (Part 4) 



Figure 5.8  Relationship of synaptic vesicle exocytosis and quantal transmitter release 



Figure 5.8  Relationship of synaptic vesicle exocytosis and quantal transmitter release (Part 1) 



Figure 5.8  Relationship of synaptic vesicle exocytosis and quantal transmitter release (Part 2) 



Figure 5.8  Relationship of synaptic vesicle exocytosis and quantal transmitter release (Part 3) 



Figure 5.9  Local recycling of synaptic vesicles in presynaptic terminals 



Figure 5.9  Local recycling of synaptic vesicles in presynaptic terminals (Part 1) 



Figure 5.9  Local recycling of synaptic vesicles in presynaptic terminals (Part 2) 



Box 5B  Diseases That Affect the Presynaptic Terminal 



Box 5B  Diseases That Affect the Presynaptic Terminal 
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Figure 5.10  Ca2+ entry through the specific voltage-dependent calcium channels in the presynaptic 

terminals causes transmitter release 



Figure 5.10  Ca2+ entry through the specific voltage-dependent calcium channels in the presynaptic 

terminals causes transmitter release (Part 1) 



Figure 5.10  Ca2+ entry through the specific voltage-dependent calcium channels in the presynaptic 

terminals causes transmitter release (Part 2) 



Figure 5.11  Evidence that a rise in presynaptic Ca2+ concentration triggers transmitter release from 

presynaptic terminals 



Figure 5.11  Evidence that a rise in presynaptic Ca2+ concentration triggers transmitter release from 

presynaptic terminals (Part 1) 



Figure 5.11  Evidence that a rise in presynaptic Ca2+ concentration triggers transmitter release from 

presynaptic terminals (Part 2) 


