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Types of Synapses
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Table 8—1 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 lon current Virtually Usually
channels absent bidirectional
Chemical 20-40 nm MNo Presynaptic Chemical Significant: Unidirectional
wvesicles and transmitter at least 0.3 ms,
active zones; usually
postsynaptic 1-5 ms
receptors or longer
A Current pathways at electrical synapses B Current pathways at chemical synapses
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Figure 14-6 Neurotransmitter is released in fixed increments, or quanta. Each quantum

of transmitter produces a unit postsynaptic potential of fixed amplitude. The amplitude of
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the postsynaptic potential evoked by nerve stimulation is egual to the unit amplitude multiplied
by the number of quanta of transmitter released.
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A Synaptic vesicle cycle

1 Meurctransmitter Early endosome

Presynaptic cell

3 Docking 4 Priming

7 o < ndocytosis
/E Receptors (E\ Postsynaptic cell

B Mechanisms for recycling synaptic vesicles

1 Reversible fusion pore 2 Clathrin mediated 3 Bulk retrieva
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1. Kiss-and-stay (low stim.)
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v, gk A: SNARE Proteins Drive Fusion

v-SNARES bind with t-
SNARES to bring membranes
together and induce fusion
(exocytosis).

SNARE: soluble N-
ethylmaleimide-sensitive
factor attachment protein
receptor proteins 1] & P4:N-
Zﬁf&ﬂ%@ﬁ‘:ﬂ UK T 5
HH 2
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Cystgine-string protein
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Protein
Syntaxin

SMNAP-25

Nsec-/munc-18

Complexin

Function

SMARE protein present on plasma membrane (and on
synaptic vesicles to a lesser extent); forms core complex with
SMNAP-25 and WVAMP/synaptobrevin; essential for late step in
fusion

SMARE protein present on plasma membrane (and on
synaptic vesicles to a lesser extent); forms core complex with
syntaxin and YVAMP/synaptobrevin; essential for late step in fusion

Syntaxin-binding protein required for all membrane traffic to
the cell surface

Syntaxin-binding protein; may stabilize an intermediate in core
complex formation

Snapin Binds SNAP-25; associated with synaptic vesicles; unknown
function
NSF ATPase that disassembles SNARE complex; likely to disrupt
complexes after exocytosis
a-SMNAP Cofactor for NSF in SNARE complex disassembly
unc-13/munc-13 Active zone protein; vesicle priming for release;
modulation of transmission by diacyl glycerol and Protein
Kinase C

Rabphilin C2 domain protein; Ca2+-binding protein; binds rab3
and associates with synaptic vesicle; modulation of
transmission (7)

DOC2 CaZ -binding C2 domain protein; binds munc-18 and
SNARES; regulates spontaneous fusions and
asynchronous release

RIM1 and related proteins Active zone proteins; bind rab3; modulation of
transmission

Piccolo Likely scaffolding protein at active zones

Bassoon Likely scaffolding protein at active zone

Exocyst (sect/8 complex) Marks plasma membrane sites of vesicle fusion; not

needed for synaptic vesicle fusion
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membrane fusion

(3) Entering Ca®" binds to synaptotagmin
(4) Ca® -bound synapbotagmin catalyzes

Synaptotagmin (5SfihZ

membranes together

{2) SNARE complexes form to pull

(1) Vesicle
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® One-way Conduction: Excitatory /W
transmitter 1s only found in the axon &\
Dendrodendritic

terminals. The presynaptic neuron can
cause an action potential in the post-
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Axoaxonal

=, . Transmitter Reuptake |/
Go) . into axon terminal

synaptic neuron.
® Synaptic Delay: Time to release
transmitter, move across cleft, and bind to

receptors.
® Synaptic Fatigue: Depletion of
transmitter from presynaptic terminals.
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postsynaptic receptor
santic || @nd opens a sodium channel
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