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Abstract COP-coated vesicles have originally been implicated 
in vesicular transport between subcompartments of the Golgi 
complex in mammals in a cis to trans direction. More recently, 
a role for COP-coated vesicles in transport between the endo- 
plasmic reticulum (ER)and Golgi in mammalian cells has been 
proposed. Under certain conditions COP-coats have been lo- 
calized to special domains of the transitional ER and to the cis 
side of the Golgi complex. This led to the assumption that COP- 
coated vesicles are involved in export of proteins from the ER. 
In addition, new findings point to a function of COP-coated 
vesicles in back transport of proteins from the Golgi to the ER. 
At present it is not known whether COP-coated vesicles move 
only in one or in both directions between ER and Golgi. 
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I. Introduction 

Intracellular transport between membrane-bound organelles 
of the endocytic and exocytic pathways is mediated by coated 
vesicular carriers (for reviews see [1-4]). Three types of vesicle 
coats have been defined on a molecular basis: (i) the clathrin/ 
adaptin coat [5], (ii) the COP-coat [6] and (iii) the COPII-coat 
[7]. Clathrin-coated vesicles bud from two types of membranes: 
from the plasma membrane during endocytosis and from the 
trans-Golgi network in transport to endosomal organelles [5]. 
COP-coats have been localized to Golgi membranes as well as 
to special domains of the transitional ER in mammals [8,9]. 
COPII-coated vesicles can be generated from ER membranes 
in S. cerevisiae [7]. 

The specificity of clathrin-coated vesicles from the two types 
of membranes is provided by protein complexes, named adap- 
tors, which seem to be involved in sorting and concentration 
of membrane proteins [5]. For  non-clathrin-coated vesicles a 
function in sorting is less defined. Biosynthetic protein trans- 
port from the ER, through the Golgi complex and to the plasma 
membrane has been proposed to occur by default, i.e. without 
sorting and concentration steps [10,11]. Accordingly, residency 
of a protein in a particular organelle requires some kind of 
structural information in the polypeptide chain in order to be 
excluded from a departing transport vesicle. Proteins that do 
not contain a retention signal are transported in COP-coated 
vesicles between successive Golgi cisternae in mammals [6,12]. 

COP-coated vesicles have also been suggested to play a role in 
ER to Golgi transport both in mammals and in yeast [13,14]. 
However, their exact role in this transport step is presently 
unknown. In yeast, COPII-coated vesicles can mediate protein 
transport between ER and Golgi without need for COP pro- 
teins [7]. Homologues to mammalian COP-coat subunits have 
been identified in yeast [13,15,16]. and homologous subunits 
of COPII coats have been found in mammals [17,18]. The 
differences between COP- versus COPII-mediated transport 
remains to be determined (see also the review by Barlowe in this 
issue). 

2. Golgi-derived COP-coated vesicles 

COP-coated vesicles can be formed in vitro by incubation of 
mammalian Golgi membranes with cytosol and ATP [19,20]. 
These vesicles, originally termed non-ctathrin coated vesicles 
have been characterized biochemically and by immunocyto- 
chemistry [6,21,22]. They are uniform in size, with a diameter 
of about 75 nm. Their fuzzy coat on the cytoplasmic surface, 
which is 18 nm thick, is distinct from but resembles the clathrin 
coat. The coating process is confined to budding regions on 
Golgi membranes and this was taken as a first indication that 
vesicle budding might be driven by the assembly of the coat 
from cytoplasmic precursors [6,12]. Addition of GTPT~S, a non- 
hydrolyzable analogue of GTP, during the generation of Golgi- 
derived transport vesicles in vitro results in the accumulation 
of COP-coated vesicles. This has allowed their isolation and 
identification of the major protein components [21,22]. 

Recently an integral membrane component of COP-coated 
vesicles, termed p24, has been characterized [23]. This protein 
belongs to a family of integral membrane proteins with type l 
topology. All members of this family contain typical heptad 
repeats of hydrophobic residues in their lumenal domain that 
might be part of a coiled-coil structure [23]. Coiled-coil motifs 
have been found in several proteins involved in membrane 
fusion reactions [24]. It has been hypothesized that p24 of 
COP-coated transport vesicles might have a function in vesicle 
budding [23]. One might also envisage a role for p24 as a protein 
anchor either for the cytoplasmic coat or cargo proteins or for 
both. Indeed, there are indications that another member of this 
family, Emp24p, is involved in sorting of cargo proteins. 
Emp24p is a component of ER-derived COPII-coated vesicles 
in S. cerevisiae [25]. 

3. Coat proteins 
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The coat of COP-coated vesicles consists of eight polypep- 
tides: seven of which, termed COPs (for coat proteins), are 
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pre-assembled in a cytosolic complex, named coatomer. The 
remainder coat component is ADP ribosylation factor (ARF), 
a small GTP-binding protein (Table 1) [22,26,27]. Both coat- 
omer and ARF are mainly cytosolic with only minor amounts 
present on membranes. All subunits of mammalian coatomer 
(~-COE fl-COP, fl ' -COE g-COE ~-COR e-COP and (-COP) 
have been cloned and sequenced, except e-COR In S. cerevis- 
iae, the homologues of ~z-, fl-, fl'- and g-COP are the products 
of the RET1, SEC26, SEC27 and SEC21 gene, respectively 
(Table 1) [16,28,29]. Sequence comparison between mammalian 
COPs and their yeast homologues reveals a high degree of 
similarity suggesting a conserved function of COPs in evolution 
[15,16,28,30]. Mutant yeast cells defective in SEC21, SEC26 
and SEC27 are defective in ER to Golgi transport [13,16]. In 
addition, mutants in SEC21, SEC27 and RET1 are affected in 
retrieval of proteins back to the ER [29]. 

fl-COP shows some homology to fl adaptin of clathrin-coated 
vesicles [31], while ( -COP is related to the 17 kDa and 20 kDa 
subunits of the clathrin/adaptin system [32]. For  ~- and e-COP 
no homology has been found to any known protein (Auerbach 
et al., in preparation) [33]. Remarkably, a-COP [29,30] and 
If-COP [16,34,35] contain in their N-terminal domains four and 
five WD-40 repeated motifs, respectively. WD-40 motifs are 
typically found in fl subunits of trimeric G proteins but also in 
other subunits of hetero-oligomeric protein complexes (for re- 
view see [36]). The function of this motif is unknown, however. 
It might represent an oligomerization motif  and/or mediate 
binding ofcoatomer to membrane-associated proteins. Possible 
binding partners of WD-40 motifs present in ~- or If-COP 
include G~-subunits or ARF. Both G~ and A R F  are able to 
bind fly subunits of trimeric G proteins, and both are involved 
in the recruitment of coatomer to membranes [37,38]. 

Each individual COP is a constituent of the cytosolic coat- 
omer as well as of transport vesicles as shown by immunolocal- 
ization and peptide sequence comparison [22,33,34]. Both 
membrane-bound and cytosolic coatomer contain each COP in 
an equimolar stoichiometry. ~'-COP is the only coatomer sub- 
unit that, in addition to its coatomer-associated form, is also 
present as a soluble monomer in the cytosol [32]. 

A R F  was originally discovered as cofactor in Cholera toxin- 
catalyzed ADP-ribosylation of stimulatory G protein c~-sub- 
units [39]. It belongs to the Ras superfamily of GTPases (for 
review see [40]), but differs from other members of this family 
by the absence of a carboxyl-terminal prenylation motif and by 
the presence of a myristylation on an amino-terminal glycine 
residue, a modification essential for membrane association [41]. 

Membrane-associated ARF is concentrated in coated buds on 
Golgi membranes and is a stoichiometric component of COP- 
coated vesicles [8,26,42]. In yeast as well as in mammals, A R F  
function is essential for transport in vivo [4345]. 

4. Possible functions of COP coats 

Coat proteins might have several functions: (i) to act as a 
mechanical device to force a flat membrane into a bud, (ii) to 
prevent premature or random fusion and (iii) to sort and con- 
centrate cargo. 

4.1. Vesicle formation and consumption 
Vesicle formation is initiated by the recruitment of A R F  and 

coatomer from the cytosol to the Golgi membrane (Fig. 1) 
[46,47]. A R F  binding precedes the binding ofcoatomer. Mem- 
brane-bound N-myristylated A R F  contains GTP, while cy- 
tosolic ARF is in the GDP state [41]. Membrane binding is 
triggered by the exchange of GDP for GTP and is prevented 
by treatment with brefeldin A [48,49], a fungal metabolite that 
prevents secretion [50]. Thus, the nucleotide exchange factor is 
a likely target for brefeldin A. It has been suggested that the 
nucleotide exchange reaction induces a conformational change 
in A R F  that results in the exposure of the amino-terminal 
myristic acid residue (for review see [40]). This hydrophobic tail 
is believed to serve as a membrane anchor of ARF-GTP. A 
certain population of ARF-GTP has been shown to bind to 
Golgi membranes in a saturable manner, indicative for the 
existence of a specific ARF-receptor [51]. The molecular iden- 
tity of this receptor is unknown. Saturable, specific binding of 
A R F  primes the Golgi membrane to recruit coatomer [47]. 
Coatomer binding initiates coat assembly thereby triggering the 
formation of coated buds [8,42]. In order to release a coated 
vesicle, membrane fission has to occur at the base of the bud. 
This fission event is dependent on long chain acyl-coenzyme A, 
such as palmitoyl-CoA [52]. Vesicle formation and transport 
are blocked by a non-hydrolyzable analogue of palmitoyl-CoA 
[52]. This might indicate that palmitoylation of a fusion protein 
is involved in vesicle release. Indeed, palmitoylation of a 62- 
kDa protein has recently been demonstrated to affect vesicular 
transport [53]. A R F  and coatomer are the only cytosolic pro- 
tein components that are required for the formation of func- 
tionally active transport vesicles from isolated Golgi mem- 
branes [54]. 

Once the budding is completed, the vesicle coat has to be 
removed in order to allow the vesicle to fuse with the target 

Table 1 
Coat proteins of Golgi-derived transport vesicles 

Protein Mr (Da) Present in 

Coatomer Vesicles 

Monomeric 
in cytosol 

Homologue in S. cerevisiae/protein features 

a-COP ~ 160,000 + + 
fl-COP 107,010 + + 
If-COP 102,041 + + 
)'-COP 97,385 + + 
~-COP 57,109 + + 
e-COP 34,500 + + 
g'-COP 20,219 + + 
ARF 21,000 - + 

Retlp/four WD40 repeats of fl-transducin family 
Sec26p/homologous to fl-adaptin of AP2 
Sec27p/five WD40 repeats 
Sec21p 

Homologous to AP19/17 of the API/AP2 complex 
ADP-ribosylation factor; small GTP-binding protein 

For references see text. 
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G ARF-GDP ~ ARF-GTP ~ COATOMER 

Fig. 1. Steps in the budding of a COP-coated Golgi-derived transport 
vesicle. Membrane-binding of ARF is triggered by the exchange of 
GDP for GTP. The myristic acid tail is exposed and serves as a mem- 
brane anchor for ARF-GTP. Specific ARF-binding primes the mem- 
brane to recruit coatomer. Coatomer binding initiates coat assembly, 
thus driving the formation of buds. A coated vesicle is released by a 
process that requires fatty acyl coenzyme A. The coat disassembles 
following hydrolysis of GTP. Coat subunits can be re-used for another 
cycle of coated vesicle formation. Model based on [54]. 

membrane. This uncoating reaction depends on hydrolysis of 
GTP bound to ARF [55]. Conditions which prevent GTP hy- 
drolysis (either by generating coated vesicles in the presence of 
GTP?'S or in cells that are transfected with a GTPase mutant 
of ARF) result in the accumulation of coated vesicles that are 
incompetent for fusion with the acceptor membrane [44,45,55]. 
Uncoating might be considered as a reversal of coat assembly: 
when GTP is hydrolyzed, ARF undergoes a conformational 
change that results in retraction of the myristic acid tail and 
release of ARF-GDP into the cytosol followed by the release 
of coatomer (Fig. 1). This cycle allows the protein coat to serve 
as a device to prevent direct fusion between Golgi subcompart- 
ments [56]. 

4.2. Sorting and concentration 
COP-coated vesicles generated from Golgi membranes con- 

tain cargo proteins in concentrations similar to those found in 
the parental Golgi membrane. This was taken as an indication 
that Golgi-derived COP-coated vesicles are bulk carriers [6,12]. 
However, for export from the ER the situation is less clear. At 
least for some proteins a concentration step seems to occur 
during export from the ER, possibly in COP-coated vesicles 
[57,58]. A net concentration of cargo could be explained by an 
interaction of cargo proteins with components of the cytoplas- 
mic coat. In the case of membrane proteins, concentration and 
sorting via their cytoplasmic tail similar to receptor concentra- 
tion in endocytosis might be considered [59]. For secretory 
(lumenal) proteins, concentration and sorting could occur 
through transmembrane proteins, as has been suggested for 
Emp24p, a component of COPII-coated vesicles [25]. However, 
no direct evidence exists for a cargo-coat interaction in COP- 
coated vesicles. Concentration might also be obtained by the 

sequestration of proteins to distinct domains of an organelle: 
proteins to be retained form a matrix in their residential organ- 
elle similar to what has been postulated for the Golgi [60], 
whereas proteins destined for export diffuse to specialized do- 
mains that are competent for budding and are trapped by a 
coated structure (Fig. 2). Specific elements of the transitional 
ER have been shown to be enriched in coatomer and thus might 
represent such exit sites [9]. Interestingly, these domains can be 
distinguished from areas containing a component of COPII 
coats (Sec23p) [17]. Identification and quantitation of the cargo 
of COP-coated versus COPII-coated vesicles should provide an 
answer as to their specificity. 

4.3. Retrograde transport 
Recent findings suggest a role for COP-coated vesicles in 

retrograde transport from the Golgi complex to the ER (Fig. 
2). First, coatomer has been shown to bind to a di-lysine motif 
(KKXX) present in ER-resident membrane proteins [61] and 
known to serve as a retrieval signal [62]. Second, a yeast mutant 
defective in the gene for s-COP is deficient in the retrieval of 
proteins containing a di-lysine motif to the ER [29]. Possibly, 
di-lysine tagged membrane proteins are sorted into retrograde 
moving COP-coated vesicles. Isolation of those putative retro- 
grade carriers would confirm a role of coatomer in retrograde 
trafficking. 

5. Conclusion 

The reconstitution of distinct intracellular transport events 
in cell free systems allowed the identification of components 
that are required for specific transport steps. In the case of 
coated vesicle formation, a general mechanism seems to apply 
for distinct vesicle types in various cells (from yeast to human): 
a small GTP-binding protein plays a key role in the recruitment 
of coat components that exist in the cytosol as a preformed 
oligomeric complex. Coat assembly then drives bud formation, 
and finally a coated vesicle is released. Hydrolysis of a guanos- 
ine triphosphate bound to the small GTP-binding protein deliv- 
ers the energy required for uncoating. Coat proteins are re- 
leased into the cytoplasm and are re-used for another round of 
vesicle formation. For COP-coated vesicles specific questions 
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Fig. 2. Model for the anterograde and retrograde ER-Golgi transport 
of membrane proteins by COP-coated vesicles. In the ER proteins 
destined for export are sequestrated to budding competent exit sites. 
Anterograde transport occurs without an active concentration step 
leaving behind resident proteins of a certain organelle. Proteins that 
escaped retention are transported in retrograde moving vesicles. 
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remain to be answered. For  example, what is the identity of the 
nucleotide exchange factor for ARF,  the likely target for bre- 
feldin A, and which molecule serves as a putative coatomer 
receptor? Is coatomer present on retrograde moving transport  
vesicles and if so, what regulates anterograde versus retrograde 
transport? A combinat ion of experimental systems varying 
from yeast genetics to cell free systems - should allow to gener- 
ate various COP-coated vesicle populations and to characterize 
their individual function. 
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