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Neuronal plasma membrane



The neuronal plasma membrane

contains several local domains 

with unique properties

Presynaptic

terminal



Endoplasmic

Reticulum



Polyribosomes are 

located at the basal 

portion of dendritic spines

Protein targeting in dendritic spines 

is regulated by local synthesis

In neurons the Nissl 

bodies are present in 

the soma and dendrites

Where is the protein synthesis

machinery in neurons?



The 

Golgi



Job & Eberwine, 2001

Nature Review Neurosci 2:889-98

Thus dendritic 

spines contain 

all the necessary 

machinery for 

protein 

glycosylation 

and secretion 

The Golgi complex is present 

in the somatodendritic 

compartment and does not 

extend into the axon

Differently from 

neurons, in 

most eukaryotic 

cells the Golgi 

complex is 

confined to the 

perinuclear 

region



Neuronal cytoskeleton

Microfilaments

Intermediate 

Filaments

Microtubules



Let’s have a look to a simple type of polarized cell: 

the intestinal epithelial cell



Microtubules in axons and distal dendrites are unipolar, with the + end pointing away from 

the cell body.  However in proximal dendrites are of mixed polarity.

Distribution of neurofilaments

and microtubules in the neuron

Organization of the cytoskeleton

in a cross section of an axon. 

Left: Electron micrograph of a 

myelinated toad axon in crosssection. 

Right: Diagram of the same axon. Most of 

the axonal diameter is taken up by the 

neurofilaments (clear area). The 

microtubules (MT) tend to be found in 

bundles and are more irregularly spaced. 

They are surrounded by a fuzzy material 

that is also visible in the region just below 

the plasma membrane (stippled areas,

right). These areas are thought to be 

enriched in actin microfilaments

Neurofilaments are largely excluded from the dendritic compartment and are highly 

abundant in large axons. 

Copyright © 2012, American Society for Neurochemistry. Published by Elsevier Inc. All rights reserved.



Intermediate filaments of the nervous system

appear as solid, rope-like fibrils from 8 to 12 nm 

in diameter, they may be many mm long.



Neurofilaments have

an unusual degree of 

metabolic stability, 

with a special role in 

stabilizing and 

maintaining neuronal

morphology



CMT = Charcot Marie-Tooth desease

Mutations in neurofilament genes are associated with some neuropathologies

IF in neurons are 

formed by 3 subunits, 

the neurofilament

triplet, each encoded

by a separate gene



IF in neurons (NFs):

- Side arms of NFM & NFH contribute to wider spacing of NFs relative to glial IFs

- The side arms of NFH & NFM have consensus phosporylation sites. 

Phosphorylated side arms repel adjacent NFs with similar charge

IF in glia (or other non-neuronal cells):

- are shorter and lack side-arms

Comparison of IF in neurons and glia



(A) In a normal myelinated axon of the sciatic nerve, neurofilaments and microtubules are widely

spaced, so they occupy considerable volume. (B) In contrast, a comparably sized axon from the

sciatic nerve of the demyelinating Trembler mutant mouse has a denser cytoplasm, with

neurofilaments densely packed. This has been shown to result from a shift in the net

dephosphorylation of neurofilaments produced by demyelination. This effect on the axonal

cytoskeleton is highly localized. (C) Similar changes in the organization and phosphorylation of

the axonal cytoskeleton occur even over the short gap in the myelin sheath which occurs at the

node of Ranvier. Such changes illustrate the dynamic nature of the axonal cytoskeleton. Bars

represent 0.5 μm with (A) and (B) at the same magnification. (Micrographs supplied by Sylvie de

Waegh and Scott Brady.)

Copyright © 2012, American Society for Neurochemistry. Published by Elsevier Inc. All rights reserved.

The local environment can alter the 
organization of the axonal cytoskeleton



• Synapse structure

filopodia and lamellipodia

Microfilaments



http://cellix.imba.oeaw.ac.at/cytoskeleton

http://cellix.imba.oeaw.ac.at/cytoskeleton








The neuronal actin cytoskeleton

Konietzny et al., 2017

Frontiers in Cellular Neurosci.

doi: 10.3389/fncel.2017.00147





Microtubules





Role of MAPs and other MT regulators



Conde & Caceres, 2009

Nature Reviews Neurosci

doi:10.1038/nrn2631

Microtubule

organization

in axons and 

dendrites



MAP2 and tau bind to MTs



Microtubles are tracks for axonal transport



How do we study axonal transport?
 Metabolic cell-labeling experiments in the 1960s demonstrated the rapid movement of 

newly synthesized proteins along the axon in a process termed ‘‘cellulifugal transport’’ 

(Weiss, 1967).

 Experiments with drugs that disrupt the cellular cytoskeleton demonstrated that 

microtubules are required for active transport along the axon (Kreutzberg, 1969).

 Pulse-chase labeling experiments led to the discovery of multiple phases of transport. 

Organelles were observed to move outward from the cell body at ‘‘fast’’ speeds of up to 

400 mm/day, while cytoskeletal proteins and some soluble proteins were observed to 

move via ‘‘slow’’ transport, at speeds of <8 mm/day.

 The development of live-cell imaging allowed the direct observation of organelle

motility (Allen et al., 1982; Brady et al., 1982). These observations led to the discovery 

of the microtubule motor kinesin, now known as kinesin-1; cytoplasmic dynein was 

discovered soon after.

Video microscopy reveals that organelle

movement can continue in apparently

normal fashion in axons isolated from 

their cell bodies and divested of a cell

membrane.  The implication is that

transport must be driven by local energy-

generating mechanisms

https://www.youtube.com/watch?v=i3hxq4XPez0


Fast axonal transport

100-400 mm/day

Membranous organelles

ANTEROGRADE 

&

RETROGRADE



~ 0.2-2.5 mm/day

Cytosolic and cytoskeletal 

proteins

Slow axonal transport



Roles of axonal transport:



Molecular Mechanisms of Axonal Transport

Microtubule motor proteins kinesin and dynein drive the

movement of organelles, vesicles, RNA granules, and proteins

along the axon. Kinesins drive anterograde transport outward

from the soma, and dynein drives retrograde transport back from

distal axon. To avoid either distal accumulation or distal depletion

of cellular components, anterograde and retrograde axonal

transport must be in balance.



The autoinhibition of kinesin-1 is key to its regulation. The binding of kinesin

tail to the motor domain blocks motor function; inhibition is relieved by 

specific binding partners such as the scaffolding proteins JIP1 and JIP3

Kinesins: motor, stalk and cargo binding



Hirokawa 2009

Nature Reviews Mol Cell Biology

doi:10.1038/nrm2774

The structure 

and phylogeny 

of major mouse 

kinesins

The kinesin

superfamily

constitutes 45 genes 

in the mammalian 

genome, 38 of which 

are expressed in 

brain.

Kinesin genes can be 

grouped into 14 

subfamilies that 

share structural and 

functional similarities; 

motors from the 

kinesin-1, kinesin-2, 

and kinesin-3 families 

all contribute to axonal

transport dynamics.



Hirokawa 2009

Nature Reviews Mol Cell Biology

doi:10.1038/nrm2774



The complement of motors, adaptors, and scaffolding proteins bound 

to each cargo is organelle specific, leading to distinct patterns of motility 

and localization along the axon.

Cargo-bound motors are regulated by organelle-specific

complements of scaffolding and adaptor proteins. 



Intracellular transport by molecular motors in 

neurons, non-neuronal cells and cilia.

Hirokawa 2009

Nature Reviews Mol Cell Biology

doi:10.1038/nrm2774



Opposing motors bind simultaneously to 

cargos along the axon

Many axonal cargos have 

multiple motor types bound 

simultaneously.

Quantitative analyses and 

live-cell trapping experiments 

suggest that 1–2 kinesins and 

6–12 dyneins may act 

together to move a single 

organelle along the 

microtubule.





In dendritic spines, vescicular cargoes switch from microtubles to actin

filaments, where Myosin motors are used for short distance transports

Nirschly et al, 2017

Nature Reviews Neuroscience

doi:10.1038/nrn.2017.100 


