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The point at which two neurons communicate iIs

known as a

« Axodendritic (Dendritic spin)
« Axosomatic

» Axo-axonal (axon to axon),

» Dendrodendritic (dendrite to

dendrite) bern2008 0.1 mm
« Dendrosomatic (dendrite to soma) dendrive
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Figure 7.18  Different types of synapses. Depicted here
are (a) axodendritic, (b) axoaxonic, (¢) dendrodendritic, and

(d) axosomatic synapses.
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Distinguishing Properties of Electrical and Chemical Synapses

Distance Cytoplasmic
between continuity
pre- and between pre-
Type of postsynaptic cell and postsynaptic  Ultrastructural  Agent of Synaptic Direction of
synapse membranes cells components transmission  delay transmission
Electrical 4 nm Yes Gap-junction lIon current Virtually Usually
channels absent bidirectiona
Chemical  20-40nm No Presynaptic Chemical Significant: Unidirectional
vesicles and transmitter at least 0.3 ms,
active zones; usually
postsynaptic 1-5 ms

receptors or longer
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* Spines are membranous protrusions from the
neuronal surface.

® They consist of a head (volume ~ 0.001-1 p3)
connected to the neuron by a thin (diameter <0.1
um) spine neck.

* They may arise from the soma, dendrites, or even
the axon hillock, and they are found in various
neuronal populations in all vertebrates and some
invertebrates.

* Human brain thus contains >1013 spines.

* Spines are highly specialized compartments for
rapid large-amplitude Ca2+ signals underlying the
induction of synaptic plasticity.

Medium spiny neurons
(GABA)

Cerebral cortex
(glutamate)

-

Substantia nigra
(dopamine)

Large aspiny neurons
(acetylcholine)
\
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Gap-Junction Networks in the Cochlea A
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P2R expression 1n hair cells )\(

» P2YR are associated with release of CaZ2+

Stimul
Jrom intracellular stores [endoplasmic 2 H EELR ey p
reticulum (ER) or Hensen’s body|, whereas niaeniied channeis
: 2o == Gap junctions
P2XR are localized on the stereocilia of the
hair cells, in proximity of the MET
channels, as well as in the apical cell
surface. B
ATP:

» Extracellular signaling by nucleotides has
long been associated with sensory systems,
where ATP acts as a co-transmitter and/or

neuromodulator. | ' IP3:E+ ?tlng ( )
* In both endolymphatic and perilymphatic ( ) i
compartments, basal level of extracellular Outer hair cell Supporting cell

ATP 1s maintained in the low nanomeolar
range by the action of ectonucleotidases.



Pathogenic mechanism
of deafness-associated Cx26 mutations

Wild-type connexins oligomerize in the
ER/Golgi.

Hemichannels traffic to plasma
membrane through the secretory
pathway by a cytoskeletal-dependent
mechanism.

Epithelial and supporting cells in the
cochlea express both Cx26 and Cx30.
(A) Cx26 homomeric GJCh are
permeable to ions, like K, and bigger
molecules, like IP3.

Cx30 homomeric GJCh have high
permeability to K but lower
permeability

to IP3. (B) Heteromeric Cx26-Cx30
GIJCh. (C) Heterotypic channels.
Deafness-associated Cx26 mutations
may produce.
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1. Truncated protein connexin
subunits;

2. Oligomerization defects impeding
the assembly of hemichannels;
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3. Defective trafficking of the

hemichannels, impeding targeting to - =)
the plasma membrana; Ucletsl) o 3 Xt
| . & 5

4. Nonfunctional channels; normal
trafficking and assembly into the
plasma membrane and gap-junction
plaque formation, but the GJCh are
closed or their pore structure severely
affected, impeding the diffusion of
1ons and small metabolites;

5. Functional channels permeable to
1ons but with reduced permeability to
bigger molecules like IP3, affecting
propagation of calcium waves or other
metabolites;
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6. Mutant Cx26 that can act as dominant
negative of co-expressed wild-type
connexins. Mutant Cx26 can oligomerize
with wild-type connexins, producing
nonfunctional heteromeric channels.
Heterotypic combination between mutant
Cx26 hemichannel and wild-type
hemichannels can also lead to nonfunctional
channels;

7. Aberrant functionality of free
hemichannels in the plasma membrane,
allowing an increase in plasma-membrane
permeability that may lead to cell death due
to either loss of important intracellular
metabolites (like ATP or NAD), or increase
infracellular calcrum concentration.
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Synaptic transmission at chemical synapses involves several steps.

Action potential in Ca®* entry causes Receptor-channels open,
narve tarminal vasicla fusion and MNa® enters the pastsynaptic
opens Ca®*channels transmitter release call and vasicles recycle
Prasynaptic
action potential Prasynaptic
nerve
m ] terminal
+40 @
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Figure 5.15

EPSP summation. {a) A presynaplic action polential triggers a
small EPSP in a posisynaptic neuron. (b) Spatial summation of
EPSPs: When two or more presynaplic inputs are active al the
same time, their individual EPSPs sum. (¢} Temporal summa-
tion of EPSPs; When the same presynaptc fiber fires action
potentials in quick succession, the individual EPSPs sum.
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Spillover Phenomena

* It was thought that transmitter released at a synapse affected only a

specific postsynaptic cell.

* Spillover of a transmitter produces significant cross-talk to non-

postsynaptic cells.

Frasynaptic
S terminal

Transmitter

Postsynaptic
call

A

ey
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