
More Than Conventional
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15:00-15:30��� Neuropeptides and Their Cytoplasmic Signaling Pathways.

15:30-16:00 ��� The Use of Multiple Neurotransmitters at Synapses

16:00-16:30	�� Neuron-glial Cell Interaction in Drosophila



1. The difference between neurotransmitter and neuropeptides.

2. The signaling within neuropeptide receptors.



1. Precursor molecules and synthesis

Neurotransmitter: Various precursors available within the axon terminal.

For example 1. Acetylcholine (Ach): choline and acetyl CoA 

the unique synthetic enzyme

FIGURE 16.10
Physiological regulation of acetylcholine synthesis.

Stephen D. Meriney, Synaptic Transmission . 1e (2019)



For example 2. Glutamate

The vesicular glutamate transporter (VGLUT) is 
uniquely expressed in the vesicular membranes of 
glutamatergic cells. 

None of the synthesis pathways described here is 
unique to glutamatergic cells.

FIGURE 18.6 The glutamate cycle.



Neuropeptide: formed from amino acids on ribosomes on the rough ER in the cell body.

Gene à mRNA à prepropeptide à propeptide à peptide



2. Vesicles: Expression of GABA and NPY in nerve terminals 
synapsing onto POMC neurons in the ARC

Neurotransmitters – small clear synaptic vesicles ( SSVs)
SCSVs are initially formed in the Golgi apparatus and then travel down
the axon to the nerve terminal.
Neurotransmitters are pumped into SCSVs by energy-driven vesicular 
transporters in the presynaptic terminal.

Neuropeptides – large dense-core vesicles (LDCVs)
Prepropeptides are packaged into large dense-core vesicles in the Golgi 
apparatus.
Post-translational processing happens in LDCVs with specific synthetic 
enzymes.



Neuropeptides – large dense-core vesicles (LDCVs)

Prepropeptides are packaged into large dense-core vesicles in the Golgi apparatus.
Post-translational processing happens in LDCVs with specific synthetic enzymes.

Prepropeptides are packaged into large dense-core vesicles in Golgi.



D. Pauls et al., Eupa Open Proteom. 3, 114–127 (2014). 

Eric J. Nestler, Molecular Neuropharmacology: A Foundation for 
Clinical Neuroscience, 3e (2015)



3. Vesicular Release
Neurotransmitter:
SSVs response to large, transient increase in intracellular Ca2+ .
A single action potential can cause SSVs to fuse with the cell membrane.

FIGURE 8.8 The regulated process by which synaptic vesicles fuse with the plasma 
membrane.

SSVs are released within active zones at nerve terminals, 



FIGURE 8.12
Selective targeting of particular SNARE proteins by each 
serotype of botulinum toxin (BoNT/A-G) or by tetanus toxin 
(TeTx). The pink dots represent cleavage sites on each SNARE 
protein for the labeled toxin.

FIGURE 8.11
CORE complex proteins are associated with the attachment 
of a synaptic vesicle in close proximity to the plasma 
membrane.



Neuropeptides:

LDCVs requires increases in ca2+ of lesser magnitude but longer duration so that the ca2+ can diffuse in adequate
concentration to reach these vesicles.

LDCVs are released in a paracrine and 
extrasynaptic fashion.

FIGURE 7.7  Summary of calcium buffering and handling 
mechanisms in the nerve terminal.



Specific patterns of electrical activity in a neuron may lead to the preferential release of a

neuropeptide or a small molecule neurotransmitter.



4. Concentrations and affinities:

neurotransmitters ( in small clear vesicles): ~100mM
receptor affinities: low

neuropeptides (in large dense-core vesicles): – 3-10mM
receptor affinities: very high

For example, acetylcholine binds to its receptors in the 100uM to 1 mM range, whereas
some neuropeptides can bind with nanomolar affinity.



5. Termination/recycling:

Neurotransmitters 

Either undergo reuptake into the presynaptic terminal or 
glial cells, or are degraded by enzymes.

The neurotransmitter molecules themselves, or their 
breakdown products, can be reused. 

FIGURE 16.6 The synthesis and breakdown of 
acetylcholine at a synapse. 



Neuropeptides

Their action is terminated by endopeptidases and exopeptidases that cleave peptide bonds.

Neuropeptides are not recycled and need to be synthesized anew from raw materials in the cell body.

Eric J. Nestler, Molecular Neuropharmacology: A Foundation 
for Clinical Neuroscience, 3e (2015)





1. The difference between neurotransmitter and neuropeptides.

2. The signaling within neuropeptide receptors.



GPCR cAMP Pathway

PKA phosphorylates a wide variety of targets, 

including many receptors and ion channels 

that govern the excitability of neurons.

cAMP-PKA Pathway



DTK receptor





UAS-Epac-cAMPs:
the FRET-based cAMP 
sensor

C. G. Vecsey, N. Pírez, L. C. Griffith, The Drosophila neuropeptides PDF and sNPF have opposing electrophysiological and 
molecular effects on central neurons. J Neurophysiol. 111, 1033–45 (2013). 

PDF causes excitation of larval motor neurons expressing the PDFR

PDF increases cAMP levels in both motor neurons and muscle cells expressing the PDFR



sNPF inhibits larval motor neurons expressing the SNPFR.

sNPF causes a slight reduction in cAMP and suppresses spontaneous calcium waves in motor neurons expressing the sNPFR.





FIGURE 12.13  The phosphoinositol (PI) pathway.

GPCR Phosphoinositol Pathway
PLC-PKC pathway



J. Shim, S. Gururaja-Rao, U. Banerjee. Dev Camb Engl. 140, 4647–56 (2013). 

Enzyme-Linked Receptors: receptor tyrosine kinases

Insulin Signaling Modulates Expression of sNPFR1

C. M. Root, K. I. Ko, A. Jafari, J. W. Wang, Cell. 145, 133–44 (2011). 
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Nicholas C. Spitzer
University of California, San Diego
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Nervous Tissue
neuron: Receive, integrate, and transmit nerve impulses

glial cell: support neurons
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Tripartite Synapse

surrounding glial cells

presynaptic terminal

postsynaptic cell
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Glia

perineurial glia (PNG)

subperineurial glia (SPG)

cortex glia (CG)

astrocyte-like glia (ALG)
ensheathing glia (EG)

surface glia

neuropil glia
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