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Eukaryotic cells synthesize different types of molecules that are 
transported within the cell to discrete areas, or secreted outside of 
the cell, in small packages, called vesicles. The mechanism by which 
intracellular vesicles carrying distinct cargo molecules are delivered 
to specific cellular compartments, and the means by which vesicles 
fuse with specific organelles or the plasma membrane, to deliver 
their cargo, is the focus of intense investigation by many laboratories. 
Studies performed by three pioneering scientists, who won the 2013 
Nobel Prize in Physiology or Medicine, contributed significantly to 
the understanding of these mechanisms. The three Laureates, James E. 
Rothman, from the Department of Cell Biology, at Yale University in 
New Haven, Connecticut, Randy W. Schekman, from the Department 
of Molecular and Cell biology, at the University of California at 
Berkeley, California, and Thomas C. Südhof, from the Department of 
Molecular and Cellular Physiology at Stanford University, in Stanford, 
California, were jointly awarded the Nobel Prize “for their discoveries 
of machinery regulating vesicle traffic, a major transport system in our 
cells”.

Randy W. Schekman utilized the baker’s yeast, Saccharomyces 
cerevisiae, to study vesicle transport and fusion [1], and by screening 
a large number of temperature-sensitive mutants, he succeeded in 
identifying 23 genes that participate in the regulation of intracellular 
transport [2]. Moreover, based on the accumulation of membranes 
reflecting blocks in the traffic from the endoplasmic reticulum (ER), 
Golgiapparatus, or cell surface, he was able to identify genes that are 
involved in vesicle transport to distinct cellular organelles, or to the 
plasma membrane [3]. The work by Schekman provided a genetic 
basis for vesicle traffic and fusion by identifying key proteins that are 
essential for the vesicle transport system.

James E. Rothman used a biochemical in vitro reconstitution 
approach to identify molecules that participate in intracellular vesicle 
fusion processes. He discovered several new proteins that are essential 
for vesicle fusion with appropriate target membranes [4,5], and 
demonstrated the critical role of the SNARE proteins in vesicle delivery 
to specific subcellular compartments [6,7]. By showing that particular 
SNARE proteins in a vesicle (v-SNARE) interact with just one or few 
of the many types of potential SNARE proteins in the target vesicle 
(t-SNARE), Rothman provided evidence for the directionality of the 
transport mechanism, which enables vesicles deliver their cargo to 
specific destinations within the cell.

Thomas C. Südh of studied the processes by which nerve cells 
communicate with each other, focusing on those that regulate the rapid 
exocytosis of synaptic vesicles and the release of neurotransmitters. He 
elucidated the mechanism by which calcium ions trigger the release 
of neurotransmitters and discovered and characterized proteins that 
are essential for the calcium-regulated vesicle fusion machinery [8,9]. 
Studies by Südhof unraveled the mechanisms by which intracellular 
calcium signals are being sensed and translated into the transport 
and fusion of vesicles. His important discoveries shed light on the 
mechanisms that regulate the temporal and precise control of vesicle 
fusion.

The discoveries made by the three new Nobel Laureates represent 

a major contribution to our understanding of the spatial and temporal 
events that enable the delivery of specific cargo molecules, with 
timing and precision, to precise destinations within and outside of 
cells. Furthermore, these studies provide mechanistic explanations to 
pathological conditions whereby disturbances in the vesicle transport 
mechanisms result in specific diseases, including neurological and 
immunological disorders, as well diseases of the endocrine system, 
such as diabetes.
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