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Feature

A Nobel Prize for membrane traffic: Vesicles find

their journey’s end
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Cell biologists everywhere rejoiced when this year’s
Nobel Prize in Physiology or Medicine was awarded to
James Rothman, Randy Schekman, and Thomas Stidhof
for their contributions to uncovering the mechanisms
governing vesicular transport. In this artficle, we highlight
their achievements and also pay tribute to the pioneering
scientists before them who set the stage for their remark-
able discoveries.

In 1974, nearly 40 years ago, the Nobel Prize in Physiology or
Medicine was awarded to George E. Palade, Albert Claude, and
Christian de Duve for work that effectively established a new
field, cell biology. Collectively, the efforts of these three pio-
neers not only defined the essential features of cells but also
how to study them. Correlating morphological observations by
electron microscopy with biochemical analysis enabled not
only the identification of nearly every major organelle in the eu-
karyotic cell (although endosomes were missed at that time) but
also what their respective functions were. Palade’s efforts dem-
onstrated the now-canonical pathway of protein secretion: syn-
thesis in the endoplasmic reticulum (ER), oligosaccharide
processing in the Golgi complex, concentration in secretory
granules, and release at the plasma membrane. Palade understood
implicitly that the ER, Golgi, secretory granules, and plasma
membrane had to be interconnected by a series of vesicular car-
riers that carried cargo from one station to the next—dissocia-
tive transport. He also appreciated that the process had to be
regulated if compartment specificity was to be maintained. The
need for specificity defined the next major conceptual chal-
lenges: how do proteins intended for secretion traverse the
compartments of the secretory pathway, how are transport vesi-
cles formed, how do vesicles recognize their appropriate desti-
nations, how does fusion occur after the appropriate destination
is reached, and, finally, how are the components from the origi-
nating compartment returned or recycled to their sites of origin
after fusion with the destination compartment? Palade may have
framed these problems, but it was left to the next generation of
cell biologists to solve them.

Correspondence to Ira Mellman: mellman.ira@gene.com; or Scott D. Emr:

sde26@cornell.edu

The Rockefeller University Press
J. Cell Biol. Vol. 203 No. 4  559-561
www.jcb.org/cgi/doi/10.1083/jcb.201310134

This year’s Nobel Prize in Physiology or Medicine awarded
to James Rothman, Randy Schekman, and Thomas Siidof rec-
ognizes a truly remarkable body of work that provides superb
conceptual clarity and mechanistic insight into virtually all of
the issues defined by Palade and colleagues. To a large extent,
the award also provides a satisfying degree of recognition to
the large community of scientists who established the field of
“molecular” cell biology. But it was the intellectual leadership,
passion, and courage provided by this year’s awardees (Figs. 1
and 2) that played a major role in driving the spectacular ad-
vances of the past three decades. Particularly in the case of
Rothman and Schekman, the scientific dynamic they helped to
generate gave the field focus and excitement, from which came
great things. The elegance of their experiments together with
the exceptionally clear and simple logic that they presented in
their papers moved the field ahead quickly and drew many new
converts into membrane trafficking.

The first foray into a mechanistic, molecular approach
to the cell biological problems defined by Palade was really due
to the work of Giinter Blobel and his colleagues Peter Walter
and Bernhard Dobberstein working at The Rockefeller Univer-
sity. These investigators devised a complex but elegant approach
enabling the cell-free reconstitution of the first step of secretion,
namely the insertion of newly synthesized proteins into and
across the ER membrane. Combined with conventional cold-
room biochemistry, Blobel and others were able to provide a
detailed understanding of the biochemistry of protein transloca-
tion. Blobel was duly awarded the Nobel Prize in Physiology or
Medicine for his work in 1999. Influenced by Blobel and also
Arthur Kornberg, then chair of the Biochemistry Department at
Stanford, Jim Rothman (who was a young faculty member at
Stanford in the early 1980s) initiated his courageous effort aimed
to reconstitute subsequent steps, namely the transport of secre-
tory and membrane protein cargo to and through the Golgi com-
plex. As is often the case with innovative work that pushes the
limits of knowledge, Rothman’s interpretations were on occa-
sion controversial, but there was absolutely no controversy re-
garding the importance of the various components he and his
team identified. These components included soluble factors
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Randy Schekman and James Rothman (center) with many of
their former trainees at the American Society for Biochemistry and Molecu-
lar Biology meeting on “Biochemistry of Membrane Traffic: Secretory and
Endocytic Pathways,” October 2010.

Figure 1.

needed for vesicle formation in the Golgi as well as for vesicle
fusion, most notably the COPI coat protein complex, NSF (NEM-
sensitive factor) and SNAP (soluble NSF attachment protein). With
Richard Scheller, Rothman recognized that the synaptic vesicle—
associated proteins cloned and purified by Scheller represented
both the docking sites for NSF and SNAP and a key component of
the mechanism whereby vesicles recognized and even fused with
each other. Indeed, the SNARES (as these proteins are now called)
clearly comprise the core fusion machinery that underlies virtually
all membrane fusion events in the cell. SNAREs form a family of
proteins that are organelle specific, helping to ensure the specificity
of membrane traffic as well as the biochemical and functional
identity of individual membrane compartments.

If Rothman’s work began as a quintessential biochemical
approach, Randy Schekman’s started at the other end of the spec-
trum: genetics. Again with great courage, Schekman decided to
use the yeast Saccharomyces cerevisiae as a genetically tractable
eukaryote to dissect the steps and various components associated
with the secretory pathway. At the time, few thought that yeast
cells were capable of higher-order processes such as secretion or
that their activities had anything to do with mechanisms in animal
cells. Yet Schekman and his then graduate student Peter Novick
designed a deceptively simple screen to identify secretory (or
“sec”’) mutants. Their approach was to look for cells that could
not secrete by reasoning that continued synthesis of secretory
cargo would render the mutant cells more dense. The approach
worked, and literally dozens of mutants were discovered, a large
number of which could be shown to generate intriguing pheno-
types and to control key steps in the secretory, or sometimes even
the endocytic, pathway. Although the original sec screens done
by Schekman and colleagues did not immediately turn up the
SNARE proteins, they did reveal the presence of small Ras-
related monomeric GTPases of the Rab family that helped en-
force the specificity of vesicle interactions. They also uncovered
cytoplasmic coat proteins (COPII) and complex cytosolic “teth-
ers” that serve to gather vesicles at their targets before the final
fusion step. When an increasing number of sec mutants began to
overlap with components identified by Rothman’s independent
biochemical purifications of components required for fusion or
vesicle budding, it was clear that both groups (and indeed the
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Figure 2. Thomas Siidhof (top row, center) and his laboratory circa 1993.

field) were on the right track and the transport machinery was
universal. Through whatever controversies bubbled up over the
years, this basic fact remained unchallenged. Schekman too
moved toward the same type of functional biochemical analysis
championed by Rothman, and the circle was completed.

Focused on one of the key problems in neurobiology,
Thomas Siidhof’s efforts may appear less general but are no less
important. The synapse represented a special case in the area of
membrane traffic since the realization that neuronal transmis-
sion reflected the release of quanta of neurotransmitters due to
the action potential-triggered fusion of synaptic vesicles with
the presynaptic plasma membrane. The work of Cesare Monte-
cucco and colleagues on bacterial toxins provided an important
insight, namely that synaptic vesicle release can be blocked by
certain bacterial toxins (e.g., botulinum toxin) that act as spe-
cific SNARE proteases. Scheller and Rothman had shown that
the SNAREs comprised the basic unit of the fusion machinery,
but this insight alone did not explain how secretion in the
synapse was coupled so tightly to electrical activity. Thomas
Siidhof’s remarkable body of work, although not growing out of
the molecular cell biology community as much as the neurosci-
ence community, provided the conceptual answer: the synapto-
tagmins. These proteins were found to associate with SNARESs
and serve as Ca**-sensing triggers that temporally linked synap-
tic vesicle transmission to individual neuronal impulses. In ad-
dition, Siidhof and colleagues discovered Munc18 in the mouse,
which corresponds to the yeast Secl protein, and demonstrated
that it interacts with the SNARE complex, revealing that Munc18
as well as other members of the Sec1/Munc18-like protein fam-
ily function as part of the vesicle fusion machinery.

Collectively, these are remarkable achievements that pro-
vide conceptual and mechanistic understanding of basic cellular
processes at the most fundamental level. It is certainly the case
that others, for example Scheller and Novick mentioned here,
might just as easily have been included in this award. Regretta-
bly only three are permitted, and there can be no doubt but that
the three selected are entirely deserving given not only the na-
ture of their findings but also the scientific leadership they con-
tributed in a myriad of intangible ways to the incredible progress
we have witnessed in the post-Palade era of cell biology.

We congratulate our colleagues and friends Jim, Randy,
and Thomas for this well-deserved honor. Mazal tov!
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