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After proteins are synthesized in the endoplasmic reticulum, they need to be 

transported to proper subcellular regions, such as nucleus, mitochondria, and 
cytoplasmic membranes.  Proteins expressed on plasma membranes are known to be 
removed by a process called endocytosis, and enter recycling or degradation processes.  
It is needless to say that a life of protein is tightly regulated by accurate trafficking 
and degradation mechanisms.  Indeed, the Nobel Prize was awarded to the regulatory 
protein trafficking based on proteins' own amino acid sequence tag called zip-code in 
1999, reflecting the importance of this research field.  Active researches have been 
continued thereafter all the more, and exciting data have accumulated. 

The dynamic regulation of the subcellular protein localization is especially focused 
in neuroscience.  Neurons are highly polarized cells—a long extended axon sends to, 
and elaborate dendrites receive signals from, neighbor neurons via the structure called 
synapse.  Many proteins, such as neurotransmitter receptors and ion channels, need 
to be differentially sorted and trafficked to appropriate membrane domains.  In 
addition, the number of neurotransmitter receptors at the postsynaptic sites are 
shown to be regulated by the neuronal activity via exocytosis and endocytosis.  When 
the number of neurotransmitter receptors change for certain duration of time, 
neuronal communication achieved by synaptic transmission via such receptors will 
also be significantly modified.  Therefore, this phenomenon is thought to underlie 
certain aspects of “learning and memory”, and has become one of the hottest topics in 
neuroscience. 

Because the number of proteins can also be regulated by the degradation process, 
the regulatory degradation pathway is also an important process in the “life of protein”.  
Autophagy is an evolutionally conserved process for degradation of a bulk protein.  It 
is initiated by forming an autophagosome, a specialized membrane structure around 
the target protein, which is eventually fused to lysosome containing a degrading 
enzyme lysozyme.  There is another more specific protein degradation pathway 
involving ubiquitin.  In this case, target proteins are first ligated to ubiquitin and 
degraded by proteosome.  The ubiquitin-mediated protein degradation is one of the 
most exciting topics in cell biology which was awarded Nobel Prize in 2004. 

The session will cover trafficking in general, endocytosis at synapses, and 
ubiquitin-mediated degradation by Drs. Takei at Okayama Univ. and Bredt at Univ. 
California San Francisco. 
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Endocytosis: Why and how is it studied? 
 
 Vesicular traffic is a major transportation system in eukaryote, in which 
molecules are transported in encapsulated in membrane vesicles form one organelle to 
another.  There is variety of vesicular traffic in cells depending on destinations of 
transport vesicles, or target organelles. 
 Endocytosis is a vesicular transport event at the plasma membrane.  In 
endocytosis, vesicles are generated from the plasma membrane, and transported inward.  
Virtually all eukaryotic cells utilize endocytosis for internalization of various molecules 
derived form outside of the cells, such as nutrients, antigens, growth factors, or 
pathogens.  Not only exogenous molecules, but also components of plasma membranes 
are internalized by endocytosis to achieve cellular functions.  For example, cells 
internalize receptors at the cell surface by endocytosis to “down regulate” sensitivities to 
ligand molecules to the receptors. Another example is retrieval of synaptic vesicle 
membranes in the synapse. Upon neurotransmitter release, synaptic vesicle membranes 
are fused to the plasma membrane, and they need to be retrieved for the reformation of 
synaptic vesicles.  Furthermore, from biomedical point of view, endocytosis would be one 
of crucial steps to achieve efficient drug delivery of or successful gene therapies. 
 The basic mechanisms underlying endocytosis have fascinated cell biologists for 
more than two decades, While a large number of molecules have been identified over the 
years to be implicated in endocytosis, insights into how they precisely function have been 
gained only recently.  It was pertly because vesicular traffic is dynamic process in 
general, and partly because different types of vesicular traffic events take place in a cell.   
 One powerful strategy to defeat these difficulties in studying mechanisms 
involved in endocytosis is to reconstitute the single type of vesicular traffic process in 
vitro (Figure).  By using the in vitro reconstitution system, endocytosis process is readily 
manipulated, and several kinds of analysis become applicable.  Here, I present how 
mechanisms in endocytosis are studied using the experimental system.  I also 
demonstrate that some molecules that function in endocytosis might be involved in the 
process of cell division, during which vesicular traffic is halted. 
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