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The Synaptic”
Bouton of a
chemical
synapse

Presynaptic

MELIT N
Svnaptic vesicle
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Postsynaptic

PELIFCIT
Chemical synapse Synaptic Meurotransmitter released
with synaptic cleft ; Presynaptic membrane

\

neurotransmitter

receplor lons flow through membranes

postsynaptic channels
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The Electrical synapse
works with graded
potentials
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Electrical Finally there are the gap junctions

through which electrical synapses
Synapses function

[A) Presynaptic (B

= cell membrane
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Membrane potential (mV)

evtoplasm of two

neurons

S| Brief (~0.1 ms)
svnaptic delay

e[Fast transmission

Usually Bidirectional

eSynchronisation of electrical activity

*Also allows movement of molecules <1500 dalton



Current flow across squid axon

Depolarization
a brief capacitive current

*a longer-lasting but transient phase
of inward current

*a delayed but sustained outward current
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In the retina, hyperpolarisation is the
ACTIVATED state

Light activation causes a graded change (GRADED POTENTIAL)
In membrane potential and a corresponding change in the rate
Of transmitter release onto postsynaptic neurons
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Quantal transmission at chemical synapses

Stimulate .~ EPP: Excitatory Post-synaptic Potential
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Calcium in synaptic transmission
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Presynaptic potential

MELIFCTT

Fostsynaptic
MELIFOnN

-iIF'I!'L"

Voltage
clamp

Caz2+ entry triggers
transmitter release

! from presynaptic terminal

! Fura-2 loaded terminal show
Increase In Ca2+ concentration
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Local recycling of synaptic vesicles

AP causes
* endocytosis

Briefly

(B}

(Heuser-Reese Model)

New functional
vesicles

i) ()

[y Wash away
extracellular HEF;

wait 5 minutes 1 hour later

Y

stirmulate
presvnaptic

Synaptic
vesicles fuse

Horseradish perosidase (HRF)

(E)

Exocytosis

Endosome

Coated pits and
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coabed vesicles
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Synaptic vesicles
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Alternate: Kiss-and-Run :
- Model of vesicle fusion
' Cecarelli et al. !




Neurotransmitters

Dale’s Principle — A neuron is basically either excitatory or inhibitory.
Neurons release the same set of transmitters at all of their synapses.

Neurons can release multiple types of neurotransmitters at its different
synaptic ends.

Excitatory — Glutamate, Dopamine ; opens Ca2+ and Na+ channels

Inhibitory — GABA ; opens transmitter-gated Cl- or K+ channels in the
postsynaptic membrane

(A) (E)

simaatevasis— OQfto Loewi’s Experiment, 1926
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somion |- ST |

s Information can
\ be transferred
Tine (9 from one neuron

Contraction F
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The myelin sheath ensures that the signal
strength remains strong during propagation
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Myelinated vs.
Unmyelinated axons

Unmyelinated axon
conduction velocities
0.5to 10 m/s,

Saltatory Conduction
Localisation of ion channels
at discrete paranodal regions

Myelinated axons
conduct at
velocities upto
150 m/s

t=1

Unmyelinated axon



http://www.ncbi.nlm.nih.gov/bookshelf/?book=neurosci&part=A2251&rendertype=def-item&id=A2297
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Events In
synaptic
transmission
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Action Potential

Rising phase — Depolarisation

1. Opening of Na+ selective
channels

2. Entry of Na+ inside cell

Overshoot — Depolarisation

1. Open Na+ channels -
prolonged

2. Entry of Na+ ions

Falling phase — repolarisation

1. Desensitisation of Na+
channels,

2. Opening of K+ selective
channels; K+ ions go out of

cytoplasm

1. Opening of Ca2+ selective

Channels; exit of Ca2+ ions

Undershoot — Hyperpolarisation
Open K+ channels; exit of K+
lons




Voltage-gated channels at the Pre-synaptic terminal

VGLTA{T'E—C'AT[.D 1‘.._I IAH['--. EL‘}

Animation

Gated — opens to stimuli

«Selectivity — shows ion selectivity

eSaturation — Can show desensitisation

*Gating current — Changed permeability to membrane potential


http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=neurosci&part=A246&rendertype=figure&id=A247

Synaptic AMPARSs recycle in LTP and

LTD
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«fast excitatory
neuro-transmission

«fundamental roles in
synapse stabilisation
& plasticity

LTP - New GluR1-containing receptors are inserted into both

non-silent & silent synapses

Later — New equilibrium with GluR3-containing receptors



Glia: The “Other Half” of the Brain
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Glial cells and neurotransmission

Astrocyte Oligodendrocyte Microglia

Processes v

Tracings of cells as visualized by impregnation with silver salts

Ensheathment of synapses
*Glial cell activation by neurotransmittion
*Glial cell modulation of neuronal activity

*Glial cells modulate development of synaptic contacts



Glia are intimate functional
elements In the neuronal network

Purkinje Cell

The cerebellar network
with Bergmann glia and
NG2+ cells intertwining
the Purkinje and
Granule neurons

Parallel Fibres
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1 NG2-glial cell
Granule Cell

EergmarnnjGlial Cell

Climbing Fibre

Kirchoff et al 1 Anatomv 2007



Functions of Glia

Healthy neuron Sick neuron Dead neuron
y
Resting microglia (green), Activated microglia (red), Phagocytic microglia (red),

monitor tha naurons health  detact a change in tha nourcns  produce cytotowic chamicals o
anvironmant and change shapa degrada tha naursn

Maintain the ionic milieu of nerve cells

Modulate the rate of electrical signal propagation
Microglial cells; primary scavengers in the brain
*Provide a scaffold for neural development
*Aiding or preventing repair of injured regions

Modulate synaptic action by uptake of neurotransmitters

*Support, modifies and defines plasticity of synaptic contacts.




Classical roles of Glia.....

Myelination
Mopping up neurotransmitters
Scaffold



Oligodendrocytes are the myelinating cells of
the CNS

From the spinal cord of
a 2 da oId kltten i

A myellnatlng ollgodendrocyte
extends cytoplasmic connections
to at least two myelin sheaths

Biogenesis of myelin sheath
with anterograde & retrograde signalling
between neurons and oligodendrocytes.




Oligodendrocyte-Neuron Interactions at the
Paranode

Schematic diagram of T g e o
oligodendrocyte-paranode 7 R e
juxtaposition at the internodes

Immature

0<%, | oligodendrocytes

¢4 sit cheek-by-jowl with
% | neurons too!

a \ TZasmesag i Holitor
outer tongue / / y "~ tongue
= process

process
\ /A
Al

t CNS — immunolabelled for NG2

compact myelin

paranodal loops

]
N
A \inner tongue process

Electron micrograph image



Endfeet processes of
astrocytes siphon off
elevated extracellular K*
for depositing in areas of
lower K* levels

Expression of GLAST In
astrocytes to mop up
glutamate

Glial cell

Presynaptic
(energy)
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Glial rolein ..........

Zebrafish
Wild-type zebrafish Glia
@_’ ot 5/- = &
Neurcnal Er—:-wié
e=ll bodies AXENS

Misrouted axons

Blocked axon outgrowth

&

Ablated glia
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TRENDS & Neurosolences

....Nerve assembly.

Bidirectional signaling
between neurons & glia
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Radial glial cells ......

dStretch through the thlckness of splnal cord retina, cerebellum, forms
elongated filaments .

Newly-born neurons migrate radially along
the extended bipolar process of the radial glia

dRadial glia actively divide, producing daughter
cells that include both neurons and glia.

QA subset of forebrain radial glia may serve as
the founders of adult forebrain neural stem cells

Source of progenitors for repair; upregulated in
areas of neurodegeneration



NT-mediated Neuronal-Glial
Slgnalllng *NT release activates

Presynaptic terminal several typeS of
lonotropic,
metabotropic
receptors & NT
transporters.

Initiate a variety of

Intracellular
signalling processes,
Postsynaptic neurcne ~ associated
I Metabotropic ‘H Glutamate @ with propagating
3 e cytoplasmic Ca2+
ANPA, NMDA, Glu Glutamate :
u jonotropic GIuRS  GIn Glutamine Sign als.

Neurotransmitter sensors expressed in glial cell membranes
allows the glia to decode neuronal activity and to synchronize

and integrate neuronal and glial circuitries.



Glia as an active participant
In neuron-neuron signalling

Neurons & glia can communicate through
Calcium waves !




Glia as an active
participant of
neuron-neuron
signalling

Bergles et al., 2000

Neuron-Glial Synapse

Ong and Levine 1999 Paranodal

G“a Butt et al.,
1999

Perisynaptic
Glia




Glia sit cheek-by-jowl with neurons!

B Anbooylso Elomants
B Synopbe Bosibons

»Glutamate application on CA1l W spines -
pyramidal neurons elicited inward | e T
current bursts in OPCs. Astrocytes in hippocampus

Synaptic specialisations
between neurons and
Lglial

post-synaptic
% membrane specialisation is

Bergles et al., 2000



Effect of AP on glia on optic nerve
of mud puppy

(A) @ Glial cell

Optic nerve
of Necturus

Recording arrangement

Astrocyte

&
o
=
B
L
]
o
o
T

Glial cell membrane
potential (mV)

RN Astrocyte modulation of
o neu ronal Ca** levels

Single stimuli to axons



Calcium waves in glial cell syncytium
Waves of increased intercellular Ca** travelling at 5-10 pm/s

Response of brain astrocytes to
mechanical stimulation of a single cell:
wave propagating from stimulated cell
to many surrounding cells

Imaging field showing fluorescence intensity
of Ca** indicator fluo-4

Craig Charles Lab, UCLA Med School
400 pm

Calcium waves in glial cell culture 400 um
In response to mechanical
stimulation of a single cell with a

micropipette




Spiral Waves in Mouse Hippocampus

Observation of intercellular Ca*™ spiral waves in hippocampal slice
cultures 55 um

—— Estimated
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: Astrocytes increase synaptic
I CIrCIe efficiency

— presynaptic

marker
— postsynaptic marker

B erg mann Mo GLIA Plus GLIA
C
P85 1,_&:.1 £ -
P -

Glutamatergic
signalling helps
maintain glial
ensheathment in
cerebellar synapses
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