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LIFE

Beautiful creatures which is protected from outside 
for being ordered but also communicate each other 
for survival, love and reproduction.
http://www.mymodernmet.com/profiles/blogs/tippi-degre-growing-up-with-african-wildlife
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Cell!
Noun
1.a small room, as in
a convent or prison.
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http://www.nature.com/scitable/topicpage/what-is-a-cell-14023083
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FIGURE 3-1  ANATOMY OF A MODEL CELL

= Plasma membrane

= Nonmembranous organelles

= Membranous organelles

Secretory vesicles

CYTOSOL

Centrosome and Centrioles

Centrosome

Centrioles

Cytoplasm contains two centrioles 
at right angles; each centriole is
composed of 9 microtubule triplets 
in a 9 + 0 array

Functions
Essential for
movement of
chromosomes
during cell 
division;
organization of
microtubules in
cytoskeleton
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Proteins organized 
in fine filaments or
slender tubes

Functions
Strength and
support;
movement of
cellular structures
and materials

Plasma Membrane

Functions
Isolation;
protection;
sensitivity;
support;
controls entry
and exit of
materials

Free
ribosomes

= Plasma membrane

= Nonmembranous organelles

= Membranous organelles
Microfilament

Microtubule

Lipid bilayer containing 
phospholipids, steroids, proteins, 
and 
carbohydrates

Cytosol (distributes
materials 

by diffusion)

Cytoskeleton
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= Plasma membrane

= Nonmembranous organelles

= Membranous organelles

Microvilli

Membrane extensions
containing microfilaments

Function
Increase surface
area to facilitate
absorption of 
extra-cellular 
materials
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= Plasma membrane

= Nonmembranous organelles

= Membranous organelles

Proteasomes

Hollow cylinders of proteolytic
enzymes with regulatory 
proteins at their ends

Functions
Breakdown and recycling of 
damaged or abnormal intracellular 
proteins 

Cilia

Cilia are long extensions
containing microtubule
doublets in a 9 + 2 array (not
shown in the model cell)

Function
Movement of material over 
cell surface

Ribosomes
RNA + proteins; fixed ribosomes
bound to rough endoplasmic
reticulum, free ribosomes
scattered in cytoplasm

Function
Protein synthesis
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Golgi apparatus

Stacks of flattened membranes
(cisternae) containing chambers

Functions
Storage, alteration, and packaging 
of secretory products and 
lysosomal enzymes

Mitochondria

Double membrane, with inner
membrane folds (cristae)
enclosing important metabolic
enzymes

Functions
Produce 95% of the ATP
required by the cell

Endoplasmic reticulum (ER)

Network of membranous
channels extending
throughout the 
cytoplasm

Functions
Synthesis of secretory
products; intracellular
storage and transport

Rough ER
modifies and
packages newly
synthesized 
proteins

Smooth ER
synthesizes 
lipids and 
carbohydrates

Peroxisomes

Vesicles containing
degradative enzymes

Functions
Catabolism of fats and other
organic compounds,
neutralization of toxic
compounds generated in
the process

NUCLEUS

= Plasma membrane

= Nonmembranous organelles

= Membranous organelles
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Peroxisomes
Vesicles containing
degradative enzymes

Functions
Catabolism of fats and other
organic compounds,
neutralization of toxic compounds 
generated in the process

Lysosomes

Free
ribosomes

Vesicles containing
digestive enzymes

Functions
Intracellular removal of
damaged organelles or
pathogens

= Plasma membrane

= Nonmembranous organelles

= Membranous organelles
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Chromatin

Nuclear
envelope

Nucleolus
(site of rRNA
synthesis and

assembly of
ribosomal
subunits)

Nuclear
pore

NUCLEOPLASM

NUCLEUS

Nucleoplasm 
containing
nucleotides, 
enzymes,
nucleoproteins, and
chromatin; 
surrounded by a 
double membrane,
the nuclear envelope

Functions:
Control of 
metabolism; storage 
and processing of 
genetic information;
control of protein
synthesis
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NEURON
1. Plasma membrane

2. Cytoplasm

3. Organelles

4. Nucleus

5. Structural proteins

6. Communication





Exocytosis



Channels & receptors



CHAPTER 4 
THE CELLS OF THE NERVOUS SYSTEM



STRUCTURE OF NEURON

What is the difference 
from usual cell in shape?
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Kim HF et al., 2006



SOMA OF NEURON



SEM / TEM

Transmission electron microscopy

Scanning electron microscope

is a microscopy technique in which
a beam ofelectrons is transmitted
through an ultra-thin specimen,
interacting with the specimen as it
passes through it.

is a type of electron microscope that 
produces images of a sample by scanning 
it with a focused beam of electrons.



Find 
Endoplasmic reticulum

and so on…
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R: ribosome
Mt: microtubule
AT: axon terminal
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ORGANELLES OF THE NEURONS

Nucleus
Endoplasmic Reticulum
Golgi
Mitochondria
Lysosome
Microtubule
Neurofilament



ORGANELLES OF THE NEURONS

Nucleus
Endoplasmic Reticulum
Golgi
Mitochondria
Lysosome
Microtubule
Neurofilament

Gene and protein synthesis
Energy
Cellular structure
Protein degradation
Protein secretion
Neuronal structure
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TYPES OF SYNAPSE





Putative
Glutamatergic

Putative
GABAergic
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TYPES OF SYNAPSE (EM)

Symmetric 
synapse



GOLGI & ER MEMBRANES: FROM THE 
CELL BODY INTO DENDRITE

Where is the spine?

Golgi and ER?

Dendrite vs. Axon



TYPES OF DENDRITIC SPINES

Three types

Thin
Stubby
Mushroom



TYPES OF DENDRITIC SPINES

reduce charge transfer [33,34!]. Long-necked spines are
essentially electrically silent at the soma, although Ca2+

indicators demonstrated that they are activated by unca-
ging of glutamate at their synapses. It will be interesting
to know whether the absolute dimensions of these spine
necks are in the special range where slight changes
modulate charge transfer [35] and whether these basilar
dendrites lack active properties that could boost charge
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’
Long-term potentiation (LTP) is an enduring enhance-
ment of synaptic transmission that is thought to be the
cellular correlate of learning and memory. In the imma-
ture 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

vesicular clumps (AVCs) into spines within minutes after
the induction of LTP [39!!]. AVCs provide a source of
plasma membrane for spine enlargement and RCs prob-
ably transport AMPA receptors. By two hours after the
induction of LTP, polyribosomes redistribute into the
heads of dendritic spines that have enlarged synapses
[14]. A transient decrease in levels of F-actin occurs
immediately after the induction of LTP and this might
enable the transport of polyribosomes and other
plasticity-related proteins into the potentiated spines
[40]; however, sustained spine enlargement is accom-
panied 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].

Structural synaptic plasticity also occurs in the more
mature hippocampus after the induction of LTP. Poly-
ribosomes 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? Bourne and Harris 3
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Figure 2

Model of LTP-related enlargement of dendritic spines and synapses. (a) Amorphous vesicular clumps (green, AVC) and recycling vesicles (red,
RC) are recruited to potentiated dendritic spines. (b) AVCs insert new membrane as the spine head enlarges. RCs that contain AMPA receptors
(blue lines) are inserted and then receptors migrate to the vicinity of the synapse; this migration might be facilitated by the fact that the newly
inserted membrane is less crowded with other proteins. (c) Polyribosomes (black dots, PR) are unmasked and/or recruited to the heads of potentiated
spines, where proteins are synthesized locally to stabilize the AMPA receptors and enlarge the postsynaptic density (PSD). At some point the
presynaptic axon enlarges, vesicles are recruited and a dense core vesicle (DCV) fuses to enlarge the presynaptic active zone to match the
enlarged PSD. Astroglial processes (AS) are attracted to the perimeter of the enlarged synapses, possibly by the spill-out of glutamate from the
synaptic cleft (orange arrow).

www.sciencedirect.com Current Opinion in Neurobiology 2007, 17:1–6
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Do thin spines learn to be mushroom spines that remember?
Jennifer Bourne and Kristen M Harris

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.
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Introduction
The majority of excitatory synapses in the brain occur on
dendritic spines. Mature spines have a bulbous head that
forms part of an excitatory synapse and is connected to the
dendrite by a constricted neck. Neighboring spines vary
dramatically in size and shape (Figure 1). In adult hippo-
campus and neocortex, spine shapes differ categorically
with>65% of spines being ‘thin’ and!25% being ‘mush-
room’, having head diameters >0.6 mm [1,2]. Under
normal circumstances, !10% of spines in the mature
brain have immature shapes: stubby, multisynaptic, filo-
podial or branched [1–4]. These shapes can be recognized
using light microscopy if the spine is properly oriented,
but accurate identification and measurement of spine
synapses, dimensions and composition requires recon-
struction from serial section transmission electron micro-
scopy (ssTEM). Here we evaluate evidence from the
past few years that addresses the question of whether
thin and mushroom spines represent distinct categories,

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 mush-
room 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
likely to contain polyribosomes for local protein synthesis
[14]. Furthermore, large but not small spines have peri-
synaptic astroglial processes, which can provide synaptic
stabilization and regulate levels of glutamate and other
substances [15",16]. These features suggest that mush-
room spines are more stable ‘memory spines’ [17]. By
contrast, thin spines form or disappear relatively rapidly in
response to different levels of synaptic activity [18,19].
Thin spines have smaller PSDs that contain NMDA
receptors but few AMPA receptors, making them ready
for strengthening by addition of AMPA receptors [8–12].
Thin spines maintain structural flexibility to enlarge and
stabilize, or shrink and dismantle, as they accommodate
new, enhanced, or recently weakened inputs, making
them candidate ‘learning spines’ [5",6",17].

During the first postnatal week in rats, dendritic filopodia
emerge and interact with axons to form nascent synapses.
Most of these developmental filopodia contract resulting in
shaft synapses or stubby spines. During the second post-
natal week, thin and mushroom spines begin to emerge [3].
In more mature brains, filopodia-like protrusions can also
emerge and ssTEM shows that they lack synapses
[6",20"",21]; by contrast, spines with bulbous heads that
persist four or more days have synapses [20""]. Blocking
synaptic transmission in mature, but not immature, hippo-
campal slices results in a homeostatic spinogenesis that
significantly increases numbers of nonsynaptic filopodia,
shaft synapses, multisynaptic protrusions and stubby
spines, suggesting a recapitulation of early development
[21,22]. If the head of the filopodium swells to accommo-
date a PSD and other subcellular organelles, then it
becomes a dendritic spine. The adult neuropil is more
compact and might prevent contraction of nonsynaptic
filopodia back to the dendritic shaft. In addition, mature
dendrites might possess more local resources (e.g. proteins,
mRNA and organelles) that can be transported into a

www.sciencedirect.com Current Opinion in Neurobiology 2007, 17:1–6
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ATLAS OF FIBRILLARY STRUCTURES

1. Microtubule (Tubulin)
2. Neurofilament
3. Microfilament (g-actin)



Rat Embryonic Sensory 
Neurons With Neurofilaments
Stained Red With Rhodamine
And Microfilaments Stained 
Blue



Side view of a network of microtubule 
inside the axon of a neuron.



SEE THE NEURONAL 
STRUCTURE

Think what happens 
at the end?



CYTOSKELETAL STRUCTURE 
OF AN AXON

Looks what?

Why looks like?

Think what happens 
at the end?



CYTOSKELETAL STRUCTURE 
OF AN AXON



Real movement along the 
Microtubule

(Jiang et al., 2015)

Two proteins for moving 
inside neuron



Dynein



Kinesin



Which direction?



MEMBRANE TRAFFICKING

What is retro & antero?



FINDING THE CONNECTION?



ANTERO & RETROGRADE TRACERS

Virus
Protein
Chemical



VIRUS



RABIES VIRUS

(Wickersham,…,Seung, 2013)



PROTEIN 



CHEMICAL

Kim HF et al., 2014



HOW  TO SHOW?



MEMBRANE TRAFFICKING

Mitochondria are transported from 
and to the RGC cell body (arrowhead) 
in the axon (asterisk). Long, snake-like mitochondria are 

transported smoothly through the curve of 
the RGC axon (asterisk).

Takihara et al., 2015



RIBOSOMES IN THE DENDRITIC ARBOR

What’s the function of ribosome in dendrite?



PROTEIN SYNTHESIS IN THE ER



MYELIN INSULATION AROUND AXON



REGULAR GAPS CALLED THE NODES 
OF RANVIER
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ASTROCYTE PAPERS!!

Astrocyte Control of Synaptic Transmission
and Neurovascular Coupling

PHILIP G. HAYDON AND GIORGIO CARMIGNOTO

Silvio Conte Center for Integration at the Tripartite Synapse, Department of Neuroscience, University of
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Ricerche and Dipartimento di Scienze Biomediche Sperimentali, University of Padua, Padua, Italy

I. Introduction 1009
II. Astrocytic Calcium Signaling: The Biochemical Basis of Glial Excitability 1010

III. Neuron-to-Astrocyte Signaling in the Control of Cerebral Circulation 1011
IV. Neuronal Activity-Dependent Calcium Elevations in Astrocyte Endfeet 1013
V. Propagating Calcium Wave in Astrocytes May Contribute to Control Microcirculation 1014

VI. Activation of Astrocytes Can Also Trigger Arteriole Constriction 1014
VII. Discovery of Gliotransmission: Astrocytes Talk to Neurons 1016

VIII. Mechanisms of Glutamate Release From Astrocytes 1016
IX. Kiss-and-Run Release of Glutamate From Astrocytes 1017
X. The Tripartite Synapse: Astrocytes Modulate Neuronal Excitability and Synaptic Transmission 1018

XI. Release of Glutamate From Astrocytes 1018
XII. Astrocytes Activate Extrasynaptic NMDA Receptors 1019

XIII. Why Are Astrocyte-Evoked NMDA Currents So Large in Amplitude? 1020
XIV. Astrocytes Synchronously Activate Groups of Pyramidal Neurons 1021
XV. D-Serine: Selective Synthesis in and Release From Astrocytes 1021

XVI. Release of ATP From Astrocytes 1022
XVII. Glial-Derived ATP Modulates Neuronal Excitability 1023

XVIII. Purinergic Modulation of Synaptic Transmission 1023
XIX. Introduction of Molecular Genetics to Address the Roles of the Astrocyte in Neuronal Function 1024
XX. Gliotransmission Regulates Synaptic Cross-Talk 1025

XXI. Summary and the Future 1026

Haydon, Philip G., and Giorgio Carmignoto. Astrocyte Control of Synaptic Transmission and Neurovascular Coupling.
Physiol Rev 86: 1009–1031, 2006; doi:10.1152/physrev.00049.2005.—From a structural perspective, the predominant glial cell of
the central nervous system, the astrocyte, is positioned to regulate synaptic transmission and neurovascular coupling: the
processes of one astrocyte contact tens of thousands of synapses, while other processes of the same cell form endfeet on
capillaries and arterioles. The application of subcellular imaging of Ca2! signaling to astrocytes now provides functional data
to support this structural notion. Astrocytes express receptors for many neurotransmitters, and their activation leads to
oscillations in internal Ca2!. These oscillations induce the accumulation of arachidonic acid and the release of the chemical
transmitters glutamate, D-serine, and ATP. Ca2! oscillations in astrocytic endfeet can control cerebral microcirculation through
the arachidonic acid metabolites prostaglandin E2 and epoxyeicosatrienoic acids that induce arteriole dilation, and 20-HETE
that induces arteriole constriction. In addition to actions on the vasculature, the release of chemical transmitters from
astrocytes regulates neuronal function. Astrocyte-derived glutamate, which preferentially acts on extrasynaptic receptors, can
promote neuronal synchrony, enhance neuronal excitability, and modulate synaptic transmission. Astrocyte-derived D-serine,
by acting on the glycine-binding site of the N-methyl-D-aspartate receptor, can modulate synaptic plasticity. Astrocyte-derived
ATP, which is hydrolyzed to adenosine in the extracellular space, has inhibitory actions and mediates synaptic cross-talk
underlying heterosynaptic depression. Now that we appreciate this range of actions of astrocytic signaling, some of the
immediate challenges are to determine how the astrocyte regulates neuronal integration and how both excitatory (glutamate)
and inhibitory signals (adenosine) provided by the same glial cell act in concert to regulate neuronal function.

I. INTRODUCTION

The nervous system consists of two classes of cell,
the neuron and glia. Although it is without doubt that

neurons are essential for nervous system function, studies
over the past decade are raising our awareness about the
diversity of roles played by glial cells in nervous system
function. In this review we focus on one of the subtypes

Physiol Rev 86: 1009–1031, 2006;
doi:10.1152/physrev.00049.2005.
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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

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
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
activity via exocytosis of glutamate from astrocytes.

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 synaptic-
like 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) eleva-
tions that may, in turn, activate the astrocytes to release glutamate10.
Synaptic glutamate triggers its own release from astrocytes by stimulat-
ing 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
glutamate exocytosis7.

Together, the above data strongly suggest that a bidirectional
neuron-astrocyte communication involving exocytosis of glutamate
from astrocytes exists in vivo. However, the occurrence of this phenom-
enon is not fully documented and no information exists about the
structural-functional relationships that would govern it. Consequently,
its physiological significance remains unknown.

To address these questions, we studied communication between
astrocytes in the hippocampal dentate molecular layer and excitatory
synapses on dentate granule cells using a combination of patch-clamp
electrophysiology, Ca2+ imaging and high-resolution immunogold
cytochemistry. We show that glutamate exocytosis from astrocytes
enhances synaptic strength at these synapses. The effect is mediated via
presynaptic NMDA ionotropic glutamate receptor 2B subunit (NR2B)-
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
synaptic distance from SLMVs in the facing astrocytic processes. The
astrocytic control is endogenously activated by activity-dependent
stimulation of astrocytic purinergic P2Y1Rs during normal functioning
of these synapses.

RESULTS
Astrocyte-induced synaptic potentiation
We took dual whole-cell patch-clamp recordings from cell pairs
consisting of a molecular layer astrocyte and a dentate granule cell in
rat hemibrain horizontal slices, bathed in Mg2+-containing medium
with the GABAA receptor blocker picrotoxin added. This approach
allowed us to stimulate the astrocyte selectively and to perfuse it
internally with agents preventing exocytosis, while simultaneously
monitoring excitatory activity in the granule cell (see Methods). In
each experiment, we initially verified the electrical properties of the

Received 29 September 2006; accepted 16 January 2007; published online 18 February 2007; doi:10.1038/nn1849

1Department of Cell Biology and Morphology, University of Lausanne, Rue du Bugnon 9, 1005 Lausanne, Switzerland. 2Department of Anatomy and the Centre of Molecular
Biology and Neuroscience, University of Oslo, POB 1105 Blindern, 0317 Oslo, Norway. 3Department of Neurosciences, University of the Basque Country, 48640 Leioa,
Vizcaya, Spain. 4Department of Biomedical Sciences, University of Padova, Viale Colombo, 3, 35121 Padova, Italy. 5Department of Neurology, Rikshospitalet University
Hospital, 0023 Oslo, Norway. 6These authors contributed equally to this work. Correspondence should be addressed to A.V. (andrea.volterra@unil.ch) or to V.G.
(vidar.gundersen@medisin.uio.no).
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EPENDYMA AND CHOROID PLEXUS

Where is the ventricle?
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R E V I EW S

Parkinson’s disease is a progressive, neurodegenerative
disorder that is characterized by severe motor symp-
toms, including uncontrollable tremor, postural imbal-
ance, 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,
which have been linked to environmental risk factors,
there are various familial forms of the disease, including
those linked to mutations in α-synuclein and parkin.
Furthermore, the age of onset, rate of disease progres-
sion and precise profile of symptoms vary between
patients. Recent findings show that many cases that pre-
viously would have been grouped into one category and
referred to as ‘idiopathic’might have distinct underlying
aetiologies1. In a few of these cases, a clear genetic influ-
ence has been identified, although the steps from
mutant gene to neurodegeneration are only beginning
to be elucidated1,2. In patients without a clear genetic

inheritance, pathogenic mechanisms have been more
difficult to understand, and a range of factors, including
environmental toxins, OXIDATIVE STRESS and mitochondrial
dysfunction, have been implicated3. Fortuitously, the
anatomical pattern of neurodegeneration in Parkinson’s
disease provides an important clue to the pathogenic
mechanisms that underlie the loss of nigral neurons 
in this disorder, and suggests that the final common
pathway in the demise of these cells might involve
dopamine-dependent oxidative stress.

In this review, we provide a general overview of
potential pathogenic mechanisms that might underlie
the loss of dopaminergic neurons in Parkinson’s dis-
ease.We suggest that the first neurodegenerative change
that occurs in this disorder is a loss of terminals in the
striatum, accompanied by the accumulation of aggre-
gated proteins in nigral processes known as Lewy neu-
rites. Indeed, a recent study reported extensive axonal
pathology, abnormal accumulation of monomeric and 
aggregated α-synuclein, and Lewy neurites in the stria-
tum of patients with LEWY BODY diseases4. Furthermore,
in a neurotoxin-induced rat model of Parkinson’s 
disease, intrastriatal injections of 6-hydroxydopamine
(6-OHDA), which is thought to induce oxidative stress,

PATHOGENESIS OF PARKINSON’S
DISEASE: DOPAMINE,VESICLES 
AND α-SYNUCLEIN
Julie Lotharius* and Patrik Brundin

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.
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CATECHOLAMINE
A neurotransmitter that is
characterized by a catechol ring
and an alkylamine side chain;
examples are dopamine,
adrenaline and noradrenaline.

OXIDATIVE STRESS
A state of imbalance between the
production of reactive oxygen
species and their clearance by
cellular antioxidant systems.
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Abstract
Peptides or proteins convert under some conditions from their sol-
uble forms into highly ordered fibrillar aggregates. Such transitions
can give rise to pathological conditions ranging from neurodegen-
erative disorders to systemic amyloidoses. In this review, we identify
the diseases known to be associated with formation of fibrillar aggre-
gates and the specific peptides and proteins involved in each case. We
describe, in addition, that living organisms can take advantage of the
inherent ability of proteins to form such structures to generate novel
and diverse biological functions. We review recent advances toward
the elucidation of the structures of amyloid fibrils and the mecha-
nisms of their formation at a molecular level. Finally, we discuss the
relative importance of the common main-chain and side-chain inter-
actions in determining the propensities of proteins to aggregate and
describe some of the evidence that the oligomeric fibril precursors
are the primary origins of pathological behavior.
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DEFECTS IN MYELIN PROTEIN



DEFECTS IN MYELIN PROTEINS



SUMMARY

Think about major difference of neuron from other cells!



WHAT’S NEXT…


