
How are integral membrane proteins and secreted factors 

delivered to the appropriate neuronal domain, at the right time 

and in the right amounts?

Two main mechanisms:

1. Long-range protein trafficking (from cell body to 

proximal/distal dendrites, axon, presynaptic terminal, etc……)

2. Local RNA translation and trafficking (within dendritic

spines, growth cones, immature axon terminals and 

regenerating axons)









In neurons, specific mRNAs are transported

to dendritic spines

Job & Eberwine, 2001

Movement of RNA-

containing granules

in dendrites (visualized with 

the fluorescent dye SITO-14)



Neuronal dendrites can be isolated by mechanical dissection, 

this preparation can be used for further molecular analysis

Hinkle et al., 2004





Job & Eberwine, 2001

Numerous mRNAs

are detected in 

dendrites of cultured

neurons and their

abundance is

regulated over time.



Bramham, 2007

mRNAs in dendrites are regulated by synaptic activity





 mRNA localization and regulated translation provide a means 

of spatially restricting gene expression within each of the 

thousands of subcellular compartments made by a neuron, 

thereby vastly increasing the computational capacity of the brain.

 Recent studies reveal that local translation is regulated by stimuli 

that trigger neurite outgrowth and/or collapse, axon guidance, 

synapse formation, pruning, activity-dependent synaptic

plasticity, and injury-induced axonal regeneration.

 Impairments in the local regulation of translation result in aberrant 

signaling, physiology and morphology of neurons, and are linked 

to neurological disorders.

Spatially restricting gene expression

by local translation at synapses





Mechanisms of mRNA transport

&  translation in dendrites

Bramham et al., 2007



Wang et et al., 2010



Fragile X Syndrome (FXS) is the most

common form of inherited intellectual

disability and also considered a

monogenic cause of Autism

Spectrum Disorder. FXS symptoms

include neurodevelopmental delay,

anxiety, hyperactivity, and autistic-like

behavior.

The disease is due to the mutation or

loss of the FMRP (Fragile X Mental

Retardation Protein), an RNA-binding

protein involved in different steps of RNA

metabolism, including mRNA decay,

dendritic targeting of mRNAs, and

protein synthesis.

Fragile X Syndrome: a genetic intellectual disability 

based on silencing of the FMR1 gene encoding for 

an RNA-binding protein

De Rubeis et al., 2012

In neurons lacking FMRP, a wide array of mRNAs encoding proteins involved in synaptic 

structure and function are altered. As a result of this complex dysregulation, in the absence of 

FMRP, spine morphology and functioning is impaired.

FXS is due to triplet repeat expansion (90% of patients) or point mutations

in the Fragile X mental retardation 1 (FMR1) gene. CGG expantion leads

to hypermethylation of the CGG, transcriptional silencing, and abolished

production of the Fragile X Mental Retardation Protein (FMRP)



De Rubeis et al., 2012



mRNA transport in axons?

Polyribosomes in axons?
Alvarez et al., 2000

Early studies clearly indicated that presynaptic protein synthesis plays a part in the navigation 

of axonal growth cones in developing neurons, that presynaptic translation plays a part in 

invertebrate neurons and in specific classes of vertebrate neurons whose axonal/dendritic

polarity might not be not fully established, and finally, that axonal protein synthesis is recruited 

during regeneration of injured axons. 

Giuditta et al., 2002

However, in the last 2-3 years the idea that there is no mRNA transport and protein synthesis in normal

mature axons has changed!!! 



Transport of specific mRNAs along the axons 

of olfactory neurons

J Neurosci 1995 Jul;15(7 Pt 1):4827-37

Olfactory marker protein mRNA is found in 
axons of olfactory receptor neurons.
Wensley CH, Stone DM, Baker H, Kauer JS, 
Margolis FL, Chikaraishi DM.



The mRNA encoding 

each olfactory 

receptor is transported 

along the axon to a 

single glomerulus



Hypothesis: a regulated local 

translation of OR mRNAs in axons 

may allow controlling the distribution 

of ORs along OSN axons, which then 

may trigger the space-dependent 

sorting of OSN axons

Dubacq et al., 2014



Jung et al. , 2012

Local translation in growth cones

http://www.youtube.com/watch?
v=Wj3C6cLqXzY

http://biochemie.charite.de/en/research/signalin
g_mechanisms_in_brain_development_and_diseas
e/projects/

http://www.youtube.com/watch?v=Wj3C6cLqXzY
http://biochemie.charite.de/en/research/signaling_mechanisms_in_brain_development_and_disease/projects/


Lin et al., 2008

Retrograde signalling of locally

(growth cone) synthesized

transcription factor

NGF

CREB



RNA-specific

transport and 

translation in axons

Jung et al. , 2012



Jung et al. , 2012

Model of stimulus-

induced axonal

translation


