DENDRITE
AXON
SYNAPSE
GLIAL CELLS
DISEASES
GBME Advanced Principles of Neroscience
Dep. of Biomedical Engineering
HFK

Good morning
with beautiful
EM image!
Dendrite
Axon
Synapse

TYPES OF SYNAPSE

SYNAPSE
Long structure…

Understand the basic EM image

Understand the basic EM image

Putative
Glutamatergic

Putative
GABAergic

TYPES OF SYNAPSE
(EM)

TYPES OF SYNAPSE (EM)

Asymmetric
synapse

TYPES OF SYNAPSE (EM)

Asymmetric
synapse

TYPES OF SYNAPSE (EM)

Symmetric s
ynapse
See the vesicle shape.

DENDRITE

transfer to the soma (in contrast to apical dendrites of
hippocampal CA1 cells, where dendritic spikes can
amplify synaptic events [23]). ssTEM analysis of the
cortical spines would also reveal how the cytoarchitecture
and presence or absence of organelles could impact the
transfer of charge and the flow of biochemical signals.

Long-term potentiation converts ‘learning
spines’ into ‘memory spines’

enable the transport of polyribosomes and other
plasticity-related proteins into the potentiated spines
[40]; however, sustained spine enlargement is accompanied by an increase in F-actin levels [41!]. New spines
are also formed in response to stimulation paradigms that
can induce LTP, and with time their spine heads also
enlarge [42,43].

TYPES OF DENDRITIC SPINES
Long-term
potentiation
(LTP)
is an enduring enhanceCONEUR-488;
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ment of synaptic transmission that is thought to be the
cellular correlate of learning and memory. In the immature hippocampus, one effect of LTP is to increase spine
head size [36,37,38!,39!!], which is followed by an
accumulation of AMPA receptors at the synapse
(Figure 2) [38!]. Both large and small spines undergo
the same absolute increase in head volume and surface
area [37,38!]. Recent work reveals a mobilization of
recycling endosomes and vesicles (RCs) and amorphous

Structural synaptic plasticity also occurs in the more
mature hippocampus after the induction of LTP. Polyribosomes are significantly upregulated in dendritic
spines two hours after the induction of LTP, and spines
that have polyribosomes also have enlarged synapses [44].
The proportion of perforated and complex PSDs is
increased one hour after induction of LTP [45]. The
volume and area of thin and mushroom spines are
increased relative to control stimulation six hours after
the induction of LTP in the dentate gyrus in vivo [46].
ssTEM has shown that the size of the PSD is perfectly

Do thin spines learn to be mushroom spines that remember?
Jennifer Bourne and Kristen M Harris

Figure 2

Dendritic spines are the primary site of excitatory input on most
principal neurons. Long-lasting changes in synaptic activity are
accompanied by alterations in spine shape, size and number.
The responsiveness of thin spines to increases and decreases
in synaptic activity has led to the suggestion that they are
‘learning spines’, whereas the stability of mushroom spines
suggests that they are ‘memory spines’. Synaptic
enhancement leads to an enlargement of thin spines into
mushroom spines and the mobilization of subcellular resources
to potentiated synapses. Thin spines also concentrate
biochemical signals such as Ca2+, providing the synaptic
specificity required for learning. Determining the mechanisms
that regulate spine morphology is essential for understanding
the cellular changes that underlie learning and memory.

or whether they instead switch shapes depending on
synaptic plasticity during learning.

Maturation and stabilization of spines

Spines tend to stabilize with maturation [5"]; however, a
small proportion continues to turnover in more mature
brains [5"–7"]. The transient spines are thin spines that
emerge and disappear over a few days, whereas mushroom spines can persist for months [5",6"]. Mushroom
spines have larger postsynaptic densities (PSDs) [1],
which anchor more AMPA glutamate receptors and make
these synapses functionally stronger [8–12]. Mushroom
spines are more likely than thin spines to contain smooth
endoplasmic reticulum, which can regulate Ca2+ locally
[13], and spines that have larger synapses are also more
Addresses
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NEUROGLIA
• Neuroglia, also called glial cells or
simply glia, are non-neuronal cells that
maintain homeostasis, form myelin, and
provide support and protection
for neurons in the central and peripheral
nervous systems.
To surround neurons and hold them in place
To supply nutrients and oxygen to neurons
To insulate one neuron from another
To destroy pathogens and remove dead neurons.
Illustration of the four different types of glial cells found in the
central nervous system: ependymal cells (light pink), astrocytes
(green), microglial cells (dark red), and oligodendrocytes (light
blue).
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Astrocytes (Astro from Greek astron = star and cyte
from Greek "kytos" = cavity but also means cell), also
known collectively as astroglia, are characteristic starshaped glial cells in the brain and spinal cord. The
proportion of astrocytes in the brain is not well defined.
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synaptic strength

Astrocyte Control of Synaptic Transmission
and NeurovascularBrain
Coupling
communication via vesicular exocytosis and quantal release of

To address these questions, we studied communication between
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MICROGLIA

• Microglia are a type of neuroglia (glial cell) located throughout the brain and
spinal cord. Microglia account for 10–15% of all cells found within the brain.
• As the resident macrophage cells, they act as the first and main form of active
immune defense in the central nervous system (CNS).

EPENDYMA AND CHOROID PLEXUS
Where is the ventricle?

The ependyma is made up
of ependymal cells called
ependymocytes, a type of
glial cell. These cells line the
CSF-filled ventricles in the
brain and the central canal of
the spinal cord.

Ventricle

Choroid plexus

DISEASE

ABNORMAL AGGREGATION

A BETA PEPTIDE
• The findings, published March 2 in the journal Neuron, come from positron
emission tomography (PET) of 53 adults. Five were young adults aged 20-26,
33 were cognitively healthy adults aged 64-90 and 15 were patients aged 5377 who had been diagnosed with probable Alzheimer’s dementia. The PET
scanner is located at the Lawrence Berkeley National Laboratory.

Amyloid beta (Aβ or Abeta)
denotes peptides of 36–43
amino acids that are crucially
involved in Alzheimer's disease
as the main component of the
amyloid plaques found in the
brains of Alzheimer patients.
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PATHOGENESIS OF PARKINSON’S
DISEASE: DOPAMINE, VESICLES
AND α-SYNUCLEIN
Julie Lotharius* and Patrik Brundin
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Parkinson’s disease is a devastating neurological condition that affects at least four million
people. A striking feature of this disorder is the preferential loss of dopamine-producing neurons
in the midbrain. Several aetiological triggers have been linked to Parkinson’s disease, including
genetic mutations and environmental toxins, but the pathway that leads to cell death is unknown.
Recent developments have shed light on the pathogenic mechanisms that underlie the
degeneration of these cells. We propose that defective sequestration of dopamine into vesicles,
leading to the generation of reactive oxygen species in the cytoplasm, is a key event in the
demise of dopaminergic neurons in Parkinson’s disease, and might represent a common
pathway that underlies both genetic and sporadic forms of the disorder.
Parkinson’s disease is a progressive, neurodegenerative
disorder that is characterized by severe motor symptoms, including uncontrollable tremor, postural imbalance, slowness of movement and rigidity. The main
pathological hallmark of this disorder is a pronounced
loss of dopamine-producing neurons in the substantia
nigra pars compacta, which results in a drastic depletion
of dopamine in the striatum, to which these neurons
project. Additional neuronal systems, including other
CATECHOLAMINERGIC nuclei, are also affected, albeit less
severely.
In addition to sporadic forms of Parkinson’s disease,

inheritance, pathogenic mechanisms have been more
difficult to understand, and a range of factors, including
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Abstract
Peptides or proteins convert under some conditions from their soluble forms into highly ordered fibrillar aggregates. Such transitions
can give rise to pathological conditions ranging from neurodegenerative disorders to systemic amyloidoses. In this review, we identify
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Glutamate exocytosis from astrocytes controls
synaptic strength
Pascal Jourdain1,6, Linda H Bergersen2,6, Khaleel Bhaukaurally1,6, Paola Bezzi1, Mirko Santello1,
Maria Domercq3, Carlos Matute3, Fiorella Tonello4, Vidar Gundersen2,5 & Andrea Volterra1

PATHOGENESIS OF PARKINSON’S
DISEASE: DOPAMINE, VESICLES
AND α-SYNUCLEIN

The release of transmitters from glia influences synaptic functions. The modalities and physiological functions of glial release
are poorly understood. Here we show that glutamate exocytosis from astrocytes of the rat hippocampal dentate molecular layer
enhances synaptic strength at excitatory synapses between perforant path afferents and granule cells. The effect is mediated
by ifenprodil-sensitive NMDA ionotropic glutamate receptors and involves an increase of transmitter release at the synapse.
Correspondingly, we identify NMDA receptor 2B subunits on the extrasynaptic portion of excitatory nerve terminals. The receptor
Julie Lotharius* and Patrik Brundin
distribution is spatially related to glutamate-containing synaptic-like microvesicles in the apposed astrocytic processes. This glial
regulatory pathway is endogenously activated by neuronal activity–dependent stimulation of purinergic P2Y1 receptors on the
astrocytes. Thus, we provide the first combined functional and ultrastructural evidence for a physiological control of synaptic Parkinson’s disease is a devastating neurological condition that affects at least four million
activity via exocytosis of glutamate from astrocytes.
people. A striking feature of this disorder is the preferential loss of dopamine-producing neurons

in the midbrain. Several aetiological triggers have been linked to Parkinson’s disease, including
Brain communication via vesicular exocytosis and quantal release of
transmitter has long been considered to be specific to neuronal synapses.
There is strong evidence, however, that astrocytes release transmitters,
such as glutamate, through a Ca2+-regulated mechanism1–5. Recently,
the direct observation of exocytic fusions of glutamatergic vesicles in
cultured astrocytes6–8 and the ultrastructural identification of synapticlike microvesicles (SLMVs) equipped with the machinery for storing
and releasing glutamate in astrocytes of the adult hippocampus6,9,10
have considerably substantiated the evidence for an exocytotic pathway
of glutamate release from astrocytes.
Astrocytes in situ respond to synaptically released neurotransmitters
and other signaling substances with intracellular Ca2+ ([Ca2+]i) elevations that may, in turn, activate the astrocytes to release glutamate10.
Synaptic glutamate triggers its own release from astrocytes by stimulating astrocytic metabotropic glutamate receptors (mGluRs)2,6,11. ATP,
released from neurons or astrocytes during synaptic activity, induces
[Ca2+]i elevations mediated by G protein–coupled purinergic receptors
of the P2Y1 type (P2Y1Rs) in hippocampal astrocytes12. We recently
found that P2Y1R signaling in astrocytes is coupled to Ca2+-dependent

genetic mutations and environmental toxins, but the pathway that leads to cell death is unknown.
To address these questions, we studied communication between
astrocytes in the hippocampal dentate molecular layer and excitatory
Recent developments have shed light on the pathogenic mechanisms that underlie the
synapses on dentate granule cells using a combination of patch-clamp
degeneration of these cells. We propose that defective sequestration of dopamine into vesicles,
2+
electrophysiology, Ca imaging and high-resolution immunogold
cytochemistry. We show that glutamate exocytosis from astrocytes
leading to the generation of reactive oxygen species in the cytoplasm, is a key event in the
enhances synaptic strength at these synapses. The effect is mediated via
demise of dopaminergic neurons in Parkinson’s disease, and might represent a common
presynaptic NMDA ionotropic glutamate receptor 2B subunit (NR2B)pathway that underlies both genetic and sporadic forms of the disorder.
containing NMDA receptors (NMDARs) that increase the probability
of transmitter release at the synapse. We consistently identified NR2B
subunits on the extrasynaptic portion of excitatory nerve terminals
making synapses on granule cell spines, mostly lying within
Parkinson’s disease is a progressive, neurodegenerative
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