
The neuron as a 

secretory cell

The secretory pathway. Transport and 

sorting of proteins in the secretory pathway 

occur as they pass through the Golgi 

complex before reaching the plasma 

membrane. Sorting occurs in the cis-Golgi 

network (CGN), also known as the 

intermediate compartment, and in the trans-

Golgi network (TGN). Proteins exit from the 

Golgi complex at the TGN. The default 

pathway is the direct route to the plasma 

membrane. Proteins bound for regulated 

secretion or for transport to endosomes and 

from there to lysosomes are diverted from 

the default path by means of specific 

signals. In endocytosis, one population of 

vesicles is surrounded by a clathrin cage 

and is destined for late endosomes. Another 

population appears to be coated in a lace-

like structure whose composition is yet to be 

defined. 

EXOCYTOSIS ENDOCYTOSIS



Blackstone et al, 2011



The 2013 Nobel prizes in Medicine and Physiology

“for their discoveries of machinery regulating vesicle traffic, a major transport system in our cells”

J.E. Rothman R.W. Sheckman T.C. Sudhof







Synaptic visicles for 

small-molecule 

(small/clear vesicles)

and peptide transmitters 

(dense-core granules)





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)

Mechanisms of trafficking and 

targeting of neuronal proteins



Recettori metabotropici per il glutammato
Specific neurotransmitter receptors and ion channels 

must be delivered to specific subcellular compartments 

(axonal, somatodendritic, etc.)

What is the targeting mechanisms of these 

proteins? Is there only one fundamental 

targeting mechanism, or more than one exists?  

Mechanisms of trafficking and targeting of 

neuronal proteins…..



Targeting of axonal 

and dendritic proteins
is mediated by multiple 

mechanisms

Horton & Ehlers, 2003

a) direct polarized delivery from the trans-Golgi 

network

b) non-polarized delivery followed by selective 

retrieval and retention

c) indirect polarized delivery via endosomes

(transcytosis)



How are proteins and small organelles delivered

to the axon terminal?



Roles of axonal transport:



NGF retrograde transport:



Real-time Imaging of Axonal Transport of Quantum Dot-labeled BDNF in 

Primary Neurons

Xiaobei Zhao1, Yue Zhou2, April M. Weissmiller1, Matthew L. Pearn3,4, William C. 

Mobley1, Chengbiao Wu1
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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





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.



Fast axonal transport

100-400 mm/day

Membranous organelles

ANTEROGRADE 

&

RETROGRADE



~ 0.2-2.5 mm/day

Cytosolic and cytoskeletal 

proteins

Slow axonal transport



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

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.



Cytoplasmic dynein: the minus end motor



Intracellular transport by molecular motors in 

neurons, non-neuronal cells and cilia.

Hirokawa  2009



Hirokawa  2009



Genetic evidence confirms an essential role for active transport in the neuron, as defects in many of the 

proteins involved are sufficient to cause either neurodevelopmental or neurodegenerative disease



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.

Thus, while broad themes emerge, the specific mechanisms regulating the transport of 

each organelle or protein complex may be unique.

There is increasing evidence for the localized regulation of trafficking in key zones along the 

axon, such as the axon initial segment or in the distal axon.

Cargo-bound motors are regulated by organelle-specific

complements of scaffolding and adaptor proteins. 



Combinations of molecular motors and adaptors 

for anterograde transport of axonal cargoes

Synaptotagmin, 

synaptophysin, 

RAB3A

Hirokawa & Takemura 2005



Combinations of molecular motors and 

adaptors for transport of dendritic cargoes

Hirokawa & Takemura 2005



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.









Arnold 2009

The axonal initial 

segment contains an 

actin-based  filter that 

prevents vescicles 

carring dendritic 

transmembrane proteins 

to enter the axon.

Selective axonal entry of 

KIF-driven vescicular 

carriers depends on 

both the efficacy of the 

motor and the specific 

cargos it carries.

A model for dendritic targeting


