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Simple scaling experiment 

• Cell body=10 μm---- Axon=100,000 μm (1m) 

   

• Cell body=50 m-------- Axon=500,000 m 

  

• Cell body=Conference room ----Axon=300+miles  

             ends in Phoenix 







Why study axonal transport? 

• Fundamental mechanism responsible for 

axonal and pre-synaptic homeostasis 

 

• Axonal and presynaptic neuropathology in 

neurodegenerative diseases, mutations in 

motor proteins 



• Axonal transport – a brief historical 

perspective 

• An potential example of axonal transport 

impairment in Alzheimer’s disease 



Paul Alfred Weiss H. Hiscoe. Experiments on 

the mechanism of cell outgrowth.  

J. Exp. Zool. 107: 315-395. 1948   





Discovery of motor proteins (kinesins and dyneins) 

Brady ST, Nature (317) 1985, 73-75 

 



Classical paradigm demonstrating axonal transport Inject 

radiolabeled 

amino acids 

TIME 



Fast and slow axonal transport 

FC SCa SCb 

zzz 

• Classical “pulse-chase” radiolabeling 

revealed two major populations: 

•    Fast axonal transport   

 (vesicles, mitochondria)-

 100-400mm/day (1-5µ/s)     

•    Slow axonal transport   

            **SCa- neurofilaments and   

 microtubules                               

 **SCb- ~200 “soluble” or “cytosolic”  

 proteins  



Roy, Zhang, Lee, Trojanowski. Acta Neuropathol (2005) 109:5-13 

General principles of axonal transport 



Take home message: Neurons adopt 

diverse strategies for moving cargoes 

? 

VESICLE NEUROFILAMENT 

“SOLUBLE” 

CARGO 



Synaptophysin Amyloid precursor protein 

Bassoon – marker of dense-core vesicles 

Mitochondria 

Synapsin – “soluble” protein 
Neurofilament 



 



Axonal transport and Alzheimer’s Disease 



Amyloid-beta: A central player in 

AD 





Synaptophysin:mRFP Bassoon:GFP 



 

Kymographs 

Distance 

Time 





Experiments in cultured hippocampal neurons 

DIV-4 

DIV-21 
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a-synuclein….. 



ALPHA
SYNUC
LEIN  





Intracellular 
aggregates of α-syn in 
LB diseases 

Gene-multiplications of α-
syn in familial LB diseases  

Autosomal-dominant 
mutations of α-syn 
in familial LB 
diseases 

Neuronal loss in mouse, 
yeast, fly and worm α-

syn models 

SNCA variation is  
the most important 
genetic risk factor 
in four independent 

GWAS studies  

Consider the  
evidence 



Subtle increases in WT a-synuclein levels 
can manifest phenotypes 

• Multiplication patients show that excessive 
protein can cause disease 

• Increased a-syn  mRNA in sporadic disease  

• A sporadic polymorphism (Rep1) increases a-
syn expression (Chiba-Falek/Nussbaum and colleagues) 

• GWAS studies in sporadic cases 

• MPTP/LPS models show attenuated pathology 
in the absence of endogenous a-syn (Dauer et. al. 

PNAS, 2002/Gao et al., J Neurosci 2008)  

Devine et. al.,  





Parkinson’s disease 



“Braak staging” for PD 

McKeith et al. Neurology, 2005 



Alpha-synuclein staining of a DLB case 



Axonal aggregates of α-synuclein in PD brains  

Progression of LB pathology 

Unpublished observations 





• Modestly elevated α-synuclein in a neuron 

 

 

 

 

 

 

• Synaptic physiology/function 

What are the cell-biologic events 
following a-synuclein elevation? 

? 
???? 



Advantages of PDGF promoter: 

- Neuron-specific expression 

- Modest over-expression 

 

Advantages of EGFP tag: 

- Precise identification of over-expressing 
neurons 

- Alpha-synuclein expression can be followed 
over time 

 

Quantitative model system using cultured hippocampal neurons from α-synuclein transgenic mice 

PDGF-promoter Αlpha-synuclein 

EGFP 

PDGF-promoter Αlpha-synuclein 



DIV-21 

100 microns  



Scott et al., J Neurosci, 2010 PMID: 20554859



Scott and Roy, J Neurosci. July 2012 (PMID: 22836248) 



Recycling pool 

Resting pool 



Experiment: Load WT or Tg boutons with FM4-64 

GFP 

a-syn 

FM 

FM 

Exo and endocytic deficits in α-synuclein over-expressing neurons  
K+  or field stimulation 

Data from ~ 4000-6000 boutons 

FM dye 

Scott and Roy, J Neurosci. July 2012 (PMID: 22836248) 

Scott et al., J Neurosci, 2010 PMID: 20554859 



DIMINISHED SYNAPTIC RESPONSES IN a-SYN OVEREXPRESSING NEURONS 

Iustin Tabarean, Scripps Scott et al., J Neurosci, 2010 PMID: 20554859 



pHluorin assays 



Diminished neurotransmitter release 
demonstrated using pHluorins 

Wang et al., unpublished 



Effects of modestly elevated a-

synuclein on neurotransmission 
FM-dye exocytosis 

EPhys 

Vglut:pHluorin assay 





Outcomes of modestly elevated alpha-synuclein 

• Reduced synaptic RECYCLING POOLS 

• Reduced neurotransmitter release 



Replenishment of synaptic recycling pools 

aka “superpool transport” 

Adapted from Pechstein and Shupliakov, frontiers in synaptic neuroscience  



Replenishment of synaptic recycling pools 

aka “superpool transport” 

Adapted from Pechstein and Shupliakov, frontiers in synaptic neuroscience  



Movement of vesicles between boutons – 
“superpool trafficking” 

FM4-64 loaded boutons 





Assay for analyzing intra-synaptic exchange of recycling vesicles 

Scott and Roy, J Neurosci. July 2012 (PMID: 22836248) 



Scott  and Roy, J Neurosci. July 2012 (PMID: 22836248) 



Replenishment of synaptic recycling pools 

aka “superpool transport” 

Adapted from Pechstein and Shupliakov, frontiers in synaptic neuroscience  



ALPHA-SYNUCLEIN IS DELIVERED TO SYNAPSES BY SLOW AXONAL TRANSPORT 

 

The slow axonal transport of alpha-synuclein – mechanistic commonalities amongst diverse cytosolic cargoes.  

Tang Y, Das U, Scott D and Roy S*. Cytoskeleton (special issue), 2012  PMID: 22309053 

 

Mechanistic logic underlying the axonal transport of cytosolic proteins.  

Scott D, Das U, Tang Y and  Roy S*. Neuron May 2011  PMID: 21555071  

 

A simple photoactivation and image-analysis module for visualizing and analyzing axonal transport with high temporal 

resolution. Roy S*, Yang Ge, Tang Y and Scott D. Nature Protocols, 2011 Dec PMID: 22179592 

Axonal transport of synaptic vesicle (SV) precursors 



Axonal transport of synaptic vesicle precursors (SVPs) 
in neurons transiently transfected with a-synuclein 

Morfini et al., PNAS 2006 PMID: PMID: 17287338 

WT a-Synuclein (10mM) 

Morfini and Brady, unpublished 

Method: Tang et al., Traffic, 2012, PMID: 22309053  

Co-transfect  

GFP:a-syn  + Synap:mRFP  

in DIV 10 neurons  

Wait  24h 

Visualize Synap:mRFP 

 using optimized 

protocols 



An „extra-synaptic‟ mechanism to explain a 
„synaptic‟ deficit: a  possible scenario… 



? ?? 

• Modestly elevated α-synuclein in a neuron 

 

 

 

 

 

 

 

 

• Synaptic physiology/function 

•  a-syn attenuates neurotransmitter release (the effect 
appears dose-dependent)  

•  a-syn diminishes the size of synaptic recycling pools    

•  a-syn acutely alters biased axonal transport of SVPs 

•  What is the pathologic form of a-syn?  

What are the cell-biologic events following a-
synuclein elevation? A hypothesis 



Could the a-syn induced synaptic 
phenotypes – decreased recycling 

pools/diminished superpool trafficking – 
reflect the normal role for a-syn ? 



Physiologic effects of a-syn  on recycling pools   

N ~ 25,000 – 50,000 boutons/condition 

Scott and Roy, J Neurosci. July 2012 (PMID: 22836248) 



Physiologic effects of a-syn  on recycling pools   

Iustin Tabarean, Scripps 



a-syn  may have a normal role in 
regulating inter-synaptic trafficking and 

maintaining recycling pool levels 



a-synuclein….. 



David Scott 

Utpal Das 

Yong Tang 

Subhojit Roy 

  A pathologic cascade leading to synaptic dysfunction in α-synuclein-induced neurodegeneration (2010).  
              Scott D, Tabarean I, Tang Y, Cartier A, Masliah E, Roy S. Journal of Neuroscience Jun 2010 16;30(24):8083-95.  

Eliezer Masliah, UCSD 
Iustin Tabarean, Scripps 
 

Alpha-synuclein inhibits inter-synaptic vesicle trafficking and regulates recycling-pool homeostasis. 
             Scott D and Roy S. Journal of Neuroscience, 2012 July 25; 32(30):10129-35.  

Early and selective impairments in axonal transport kinetics of synaptic cargoes induced by soluble amyloid-beta 
protein oligomers. Tang Y, Scott D, Das U, Edland S, Radomski K, Koo E and Roy S.  
      Traffic, May 2012;13(5):681-93..                                                          
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