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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 dendrtitic 

spinesProtein 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.

Distrubution 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.



IFs of the nervous

system appear as

solid, ropelike

fibrils 8-12 nm in 

diameter and can 

be many

micrometers long. 

Neurofilaments have

an unusual degree of 

metabolic stability, 

with a special role in 

stabilizing and 

maintaining neuronal

morphology





Neurofilaments regulate axonal caliber



IF in neurons (NFs):

- Side arms of NMF & 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



CMT = Charcot Marie-Tooth desease

Mutations in neurofilament genes are associated with some neuropathologies



• Synapse structure

filopodia and lamellipodia

Microfilaments



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

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










Actin instability is higher in one of 

neurite growth cones of unpolarized

neurons: the future axon

Rac and Cdc42 induce higher 

activity of actin-severing proteins 

Migrating 

fibroblast

Developing 

neuron

Da Silva and Dotti, 2002

Nature Reviews Neurosci 3:695-704



Microtubules





MAP2 is a marker 

for neuronal 

dendrites



Conde & Caceres, 2009

Nature Reviews Neurosci
doi:10.1038/nrn2631

Microtubule

organization

in axons and 

dendrites





TABLE 8-1. MAJOR MICROTUBULE CYTOSKELETAL PROTEINS OF THE NERVOUS SYSTEM 

 

Protein Expression pattern and dstribution Modifications 

-Tubulin (multigene family) In all cells but some isoforms preferentially expressed in 

brain 

Acetylation, tyrosination 

-Tubulin (multigene family) In all cells but some isoforms preferentially expressed in 

brain 

Phosphorylation, 

polyglutamylation 

-Tubulin In all cells, pericentriolar region/MTOC ? 

MAP1a (multigene family) Appears late, Wide distribution Phosphorylation 

MAP1b Appears early, then declines, enriched in axons Phosphorylation 

MAP2a (single gene) High MW, dendritic in mature neurons Phosphorylation 

MAP2b High MW, dendritic expressed throughout lifetime Phosphorylation 

MAP 2c Low MW, dendritic in developing neurons Phosphorylation 

Tau (single gene)   Phosphorylation 

 High MW Peripheral axons with distinctive phosphorylation pattern   

 Low MW Enriched in CNS axons with distinctive phosphorylation 

pattern 

Phosphorylation 

MAP4 Primarily non-neuronal, multiple forms, widespread 

distribution 

Phosphorylation at mitosis 

 

MAP, microtubule-associated protein; MTOC, microtubule-organizing center; MW, molecular weight 





Microtuble 

organization in 

developing 

axons

Conde & Caceres, 2009

Nature Reviews Neurosci
doi:10.1038/nrn2631



NEURON POLARITY 

The unique shape of each neuron is 

the result of a cooperative interplay 

between plasma membrane 

components (the lipid matrix and 

associated proteins) and cytoskelatal

proteins

Although neurons come in many 

shapes and sizes, they all polarize
into discrete functional domains

A spinal motor neuron. 

Sodium channels (red); 

MAP2 (green).





Axon intial

segment

Marking the border between somatodendritic and axonal compartments:



How are distinct axonal 

and somatodendritic 

domains maintained?

Immature axon

Mature axon

In mature axons diffusion is 

impeded because of the 

existence of tight pockets of 

membrane components 

anchored to the subadjacent 

actin cytoskeleton.

This not only results in the 

trapping or immobilization

of selected groups of membrane 

proteins required for electrical 

transmission, but also prevents 

the intermixing of freely mobile 

molecules in the adjacent 

territories

Dotti & Poo, 2003

Nature Cell Biology 5(7):591-94


