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Preface

AMILLO GOLGI (1843-1926) DEVISED A STAIN that launched a new organelle at the end of the 1800s.

Despite the beauty of these early images, it took several decades to establish a role for the
Golgi in secretion and a few more for its role in glycosylation. In part, this reflected the uncertainty
concerning the specificity of the silver stain, and in fact it was not until the early 1960s that the organ-
elle’s ubiquitous presence in eukaryotic cells was established.

The 1960s also saw the mapping of the secretory pathway, the route taken by cargo from the
endoplasmic reticulum (ER) to the Golgi and then to secretory granules. The 1980s onward saw
the molecular characterization of the cargo-carrying machinery: the COPII vesicles that ferry
newly synthesized cargo from the ER to the Golgi; the COPI vesicles that help move it within the
stack; the sorting signals and sorting adaptor proteins; the different GTPases; and the tethers and
SNARE:s that finally seal the transport process, catalyzing vesicle fusion and thereby delivering the
cargo to the next compartment on the pathway.

But as the contributions here make clear, there is still much that we do not know, particularly at
the mechanistic level. Although COPI vesicles mediate transport within the Golgi, as part of the
process that ensures exposure of the cargo to the glycosidases and glycosyltransferases for the
correct amount of time and in the correct order, it is not clear how this is achieved. Is the cargo
carried in vesicles to the enzymes or the enzymes to the cargo? Or both? And to what extent is it
important to keep the enzymes segregated within domains or discrete cisternae through specific
retention mechanisms? The hope is that newer methods of fluorescence microscopy, which can
peer below the normal resolution limit, and in real time, will allow individual vesicles to be
tracked from budding to fusion so that traffic routes within the Golgi can be accurately mapped.

Achieving an understanding of the mechanics of the coated vesicle machinery is being driven by
structural studies at the atomic level, backed up by biophysical and biochemical approaches that
allow partial reactions to be reconstituted in cell-free systems: coat-GTPases that select cargo and
abort when there is no cargo to be found; amphipathic proteins that sculpt and cut membranes,
generating vesicles; phosphoinositides that regulate the sorting and bending processes; GAPs
(GTPase-activating proteins) and kinases that remove the coat at the right time; tethers that
capture vesicles at a distance but release them if there are no downstream SNARESs; and the zippering
up of cognate SNARESs that trigger the final specific fusion step. Together these partial reactions are
adding up to a complete picture of vesicle-mediated transport, the discontinuous process that lies at
the heart of membrane traffic in eukaryotic cells, maintaining organellar identity in the face of high
flux rates.

Newly synthesized cargo molecules share the same route up to and including the Golgi stack,
until the trans-Golgi network (TGN) is reached. Here they are separated and sorted to their final des-
tinations: the cell surface, the endosome/lysosome system, or secretory granules (in those cells with
regulated secretion). The TGN can be considered an organelle in its own right, at the intersection of
the exocytic and endocytic pathways, acting as a hub to sort and cycle fluxing proteins and lipids.
A role for the Golgi as a signaling hub corroborates this idea.

More puzzling is the architecture and spatial distribution of the Golgi. Although all eukaryotes
have Golgi components, not all are organized in the form of stacks. Cisternae are often tubulo-
reticular and sometimes dispersed, which begs the question as to the functional role of cisternal
stacking, and of the Golgi ribbon, which subsumes stacks into a branched reticulum that in metazoan
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Preface

cells is often next to the nucleus and the centrosomes. One hope is that studies on the role of the Golgi
during development will shed light on this organization, as well as studies of Golgi biogenesis,
especially in mammalian cells where almost complete disassembly into vesicles occurs at the onset
of mitosis, to be followed by reconstruction of the Golgi ribbon at the end of cell division.

A primary function of the Golgi is the modification of oligosaccharides on almost all transiting
cargo molecules. For plasma membrane proteins, the Golgi determines the surface flavor, a unique
oligosaccharide fingerprint. This varies enormously from organism to organism: Budding yeast is
decorated with hundreds of mannose residues on all surface proteins, whereas mammals have mul-
tiple forms of sialic acid. This variety has given rise to the idea that oligosaccharides (and hence the
Golgi) act as a means of defense, with hosts engaging in an arms race with pathogens, using global
oligosaccharide variations to combat attack. The increasing number of human diseases that affect
oligosaccharide fingerprints should aid studies of this idea.

More than 100 years after the first publication, the Golgi continues to fascinate and perplex cell
biologists. There is much that still needs to be done.

GRAHAM WARREN
JaMES ROTHMAN
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