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Traffic in the rear-view mirror
were replete with exciting and
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tions of ‘new’ membrane-bound
organelles and structures. Using
this tool, Dalton and Felix 1
revealed the Golgi cisternal stack
and associated masses of vesicles,
which suggested the possibility
for vesicular traffic between
organelles. Later, Roth and Porter 2
identified clathrin-coated structures at the cell surface, which
was a milestone in the characterization of the endocytic pathway.
During the 1970s, these
discoveries fuelled huge interest
in organelle function, which
culminated in ground-breaking
work using fractionation of cell
components combined with electron microscopy. These studies
revealed the integrity and function
of membrane-bound lysosomes
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When I was a lad, the adage that “cells are not simply bags full of
enzymes” was already popular in biology, and how true it turned out to
be.We now know that eukaryotes comprise cellular compartments
whose integrity and composition is maintained by specific mechanisms,
including the membrane traffic between membrane-bound organelles. So
what attracts cell biologists to the challenge of membrane traffic? One
reason may be the complexity in composition and spatio-temporal
dynamics — a complexity that manifests itself in the sheer beauty of the
physical forms of the trafficking organelles. Another motivation may be
the simple question of how complex mixtures of substances can be
moved around selectively in membrane-bound vesicles while maintaining
the compositional integrity of organelles.Whatever the attraction, it is
clear that the full molecular inventory of traffic machinery will be known
soon, and we stand now on the threshold of a deeper understanding. It is
therefore a good time to look at what has been achieved so far.
Interestingly, the focus of membrane trafficking research has come full
circle. Initially, discrete organelles with specialized functions were
described and then came a mass of molecular information. Now, we are
back to the organelles, trying to work out how they are built and how
they function in a dynamic way.As in any story of science, the road to
discovery has been crucially dependent on clever insights, married with
technical developments at both molecular and atomic resolution.
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trafficking biology, namely that
vesicles (mostly surrounded by a
cytoplasmic coat) select their cargo,
bud off from a donor compartment,
uncoat and are transported to a target
organelle where they become
tethered, dock, fuse and deliver their
cargo. In the late 1970s and early
1980s, Jim Rothman realized that
the molecular analysis of vesicular
transport could be tackled using in
vitro assays that recapitulate in vivo
Golgi-stack compartments obtained
by immunoelectron microscopy and
cellular fractionation, his laboratory
constructed an assay that measured
the bringing together of cargo and
ments, to show cargo entry into
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in the years that followed, an
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somal enzymes to lysosomes.
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and therefore recycled.
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way has been relatively slow. For
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Sar1, at the ER, are now known to be

Modern era: molecular
sorting, vesicle
biogenesis, targeting
and fusion
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clathrin coats , and a breakthrough
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in the understanding of protein
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targeting to the ER by Blobel and
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and target organelles, bringing their

Dobberstein 7 . This work suggested

emerging from the ER, only

membranes close together for fusion.

that signals might also sort cargo

limited sets of proteins have

These proteins are now a major focus

into trafficking vesicles. Indeed,

been found to contain signals.

of interest in trafficking research.

In vitro assays and yeast

identified important proteins, but

Goldstein, Anderson and Brown
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subsequently found that ligands

Clearly, the in vitro approach

bind to re-usable receptors that

a test of function in vivo was pro-

interact with cytoplasmic adaptors

The work on clathrin-coated vesicles

vided elegantly by work in yeast.

that are bound to the clathrin coat.

reinforced a second great theme of
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function. From the knowledge of
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major advances are likely to

and how proteins mould them
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capitalize on methods that afford

during vesicle budding and fusion
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higher resolution in both time and

are major challenges. There is

mutants. These assigned proteins

space, and provide a shift to under-

also a burgeoning interest in the
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pathobiology of membrane traffic

the secretory pathway and, by
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(not least in response to the need
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for translational research), with a
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ates in the processes of vesicle
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follow the dynamics of trafficking-
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vesicle targeting by forming large
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traffic may help us to unravel
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to ensure specificity during vesicle
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evolved, allowing humans to

tethering and fusion).
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microscopy (a technique with as

position in the eukaryotic pecking
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order. Whatever the future holds,

high-resolution tomographic

the work of pioneers in this field

With all the molecular details

cryo-electron microscopy, which

has already ensured that, at 50-

available now, one might get the

provides an opportunity to view

plus years, the ‘budding’ discipline

impression that the pathways and

the near-native state of whole-cell

of membrane traffic has finally

compartments are now well worked

assemblies. There will also be the

come of age.

out. Not at all: there are still impor-

challenge to develop in vitro assays

tant questions to be answered. For

that can follow small, but signifi-

example, despite over 50 years of

cant, changes in processes tracking

study, we are still not certain of the

the conformation of proteins

mode of transport through the Golgi

within molecular machines in the

and it is unclear whether proteins

microsecond range. Hopefully,

traverse the stack in small transport

all of these advances will then help

vesicles or remain in the cisternae

to answer the ‘second order’

(maturation/progression). Part of the

problems such as, how organelles

problem is the complexity of these

are made and maintained, why

membranes and the final answer will

organelles are positioned in the

depend on methods that can reliably

way they are and what the

trace the provenance of cargo mole-

regulatory networks that govern

cules throughout the system.

the relationship between the

Future perspectives

Genome sequencing will be of

amounts and functions of different

significant help in future research

organelles under different environ-

on membrane trafficking, but only

mental and growth conditions

if it is combined with knowledge of

are. Encouragingly, bioinformatics

the functional components that are

is already providing, not only

present within trafficking struc-

important tools for integrating

tures (their proteomes). Hopefully,

the data obtained, but also quanti-

this information will enable us to

tative methods for measuring

make a holistic synthesis that will

outcomes. Another area that is ripe

culminate in understanding the

for development is the role of lipid

structure and function of trafficking

organization: how these molecules

organelles from cellular to atomic

co-operate in concentrating,

levels. To achieve this goal, the

sorting and recruiting proteins
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ated a large ‘library’ of mutants
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