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Phospholipid vesicles referred to as li-

posomes allow reconstitution of protein

function in the absence of other pro-

teins. Liposomes have been widely used

in exploring viral fusion proteins and,

more recently, proteins that mediate

intracellular fusion. An evolutionarily

conserved family of proteins called

SNAREs (soluble N-ethylmaleimide-

sensitive factor attachment protein

receptors) is critically important in

membrane and protein trafficking in

eukaryotic cells including docking and

fusion of synaptic vesicle carrying

v-SNARE VAMP with plasma mem-

brane carrying t-SNAREs SNAP-25

and syntaxin (1). The specific role of

SNAREs in intracellular fusion has

been explored by many groups and in

many experimental systems. However

the important question whether pairing

of v- and t-SNAREs directly mediates

fusion or acts upstream of it remains

under debate (1–5). One of the most

important arguments that SNAREs

might act as fusogens came from

reports on fusion between SNARE-

bearing proteoliposomes (6). Two arti-

cles in this and previous issues provide

new insights into fusogenic activity of

reconstituted SNAREs (7,8).

Do SNAREs represent minimal fu-

sion machinery? According to one of

the conventional definitions, a fusion

protein is a protein that is critical for

fusion in a biologically relevant context

and is sufficient to promote merger of

both outer and inner leaflets of the

membranes in model systems. SNAREs

satisfy this definition, as evidenced by

fusion reported for SNAREs reconsti-

tuted in lipid bilayers (6,9–11) and

expressed at cell surface (12). A stron-

ger definition would additionally require

this reconstituted fusion to be com-

parable with the biologically relevant

one in rates of both lipid and content

mixing under conditions that mimic

physiological conditions; in particular,

in dependency on the lipid and medium

compositions; and in the numbers of

the proteins required for fusion. The

surface density of fusion proteins de-

termines not only the rates of fusion but

also the observed fusion phenotypes,

with fewer proteins required for the

merger of outer leaflets (hemifusion)

than for complete fusion (10,13).

In many earlier articles, SNARE–

mediated liposome fusion was studied

at very high surface densities of SNAREs

with protein/lipid ratios of v-SNARE

VAMP as high as 1:20–50 (6,10) cor-

responding to 300–750 proteins per

vesicle. This exceeds v-SNARE densi-

ties characteristic for synaptic vesicles,

widely quoted as 30–100 v-SNAREs

per vesicle (3) but might be as low as

10–15 v-SNAREs/vesicle (protein/lipid

;1:1000) as estimated in Dennison

et al. (8). Two new articles explore the

fusogenic activity of proteoliposomes

with SNARE (synaptobrevin) surface

density in the range from1:950 to 1:120.

Both groups formed proteoliposomes

by a direct reconstitutionmethod, where

detergent-solubilized SNAREs were

added to preformed liposomes rather

than by a comicellization technique

based on mixing of proteins and lipids

in detergent.Whereasmost of the earlier

work on SNARE proteoliposomes was

done on comicellization proteolipo-

somes (6,11) but see Lu et al. (10),

proteoliposomes prepared by direct re-

constitution are much more homoge-

neous in size and protein content (7) and

thus are better suited for analysis of the

effects of the surface density of recon-

stituted proteins. In contrast to studies

using proteoliposomes with high sur-

face densities of SNAREs (6,10), both

Chen et al. and Dennison et al. report

that at lower protein/lipid ratios of up

to 1:120–250, fusion is very slow and

inefficient (7,8), and does not exceed

4% even after 75 min (8). At these

protein densities, fusion is not observed

even when efficient docking of proteo-

liposomes is induced by subfusogenic

concentrations of polyethylenglycol

(PEG) (8), indicating that in artificial

systems, a high density of SNAREs is

needed not only to increase docking

probability but for the actual fusion

reaction as well. Interestingly, for the

same average protein density, proteoli-

posomes formed by comicellization are

more fusogenic. Thismight be explained

by the heterogeneity of these liposomes

containing a fraction of smaller and

apparently more fusogenic vesicles that

are enriched in SNAREs (7).

At high enough density, SNAREs

mediate robust lipid mixing between

proteoliposomes (7,10), and, even at

lower densities, reconstituted SNAREs

promote fusion driven by PEG (8). In

both cases, SNARE-promoted fusion be-

tween liposomes proceeds by the same

fusion-through-hemifusion pathway as

diverse biological fusion reactions in-

cluding intracellular fusion (13). Based

on the analysis of the effect of

SNARE proteins on the kinetics of

PEG-induced fusion, Dennison et al.

(8) conclude that SNAREs promote

formation of a local hemifusion con-

nection, referred to as a stalk interme-

diate (13). Finding that similar to many

other fusion reactions (13), including

SNARE-dependent fusion between

yeast vacuoles (5), SNARE-dependent

liposome fusion observed at high pro-

tein densities is inhibited by lysophos-

phatidylcholine (7) further strengthens

this conclusion.

Although work on SNARE proteoli-

posomes, including the new studies,

has already brought important insights

into the mechanisms of the interactions
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between v- and t-SNAREs and between

SNAREs and other components of

the machinery (8,11,14), we still do

not know enough to fully apply these

results to SNARE-dependent biological

fusion. Note that even when densities

of SNAREs are high enough to pro-

mote PEG-dependent fusion, this pro-

motion does not require formation of

trans-SNARE complexes (8). In addi-

tion, matching surface densities of

SNAREs in proteoliposomes to those

in synaptic vesicles likely oversimplifies

the comparison. In contrast to proteo-

liposomes, where SNAREs might be

randomly distributed over the sur-

face, in a biological setting SNAREs

along with other proteins are likely

concentrated in a prefusion complex

with a specific lipid composition. This

can be important for the assembly of

SNARE aggregates and coordinated

function of multi-protein machinery

(2,15).

In different reconstituted systems,

SNAREs-mediated fusion alternatively

proceeds fast and efficiently (9), re-

quires thermal activation (3) or induc-

tion by PEG (8), or fails completely (7).

What might be the basis for such

variability? Viral fusion proteins such

as influenza virus hemagglutinin both

catalyze formation of early intermedi-

ates in the fusion pathway and provide

the driving force for fusion by making

the postfusion state energetically more

favorable than the prefusion state (13).

Assuming that the intracellular fusion

machinery performs both of these jobs,

one can suggest that SNAREs promote

the earliest fusion intermediates. These

intermediates effectively advance to

become observables such as lipid mix-

ing and content mixing only under the

tension (13,16) that in biological reac-

tions might be generated by other

fusion proteins involved in SNARE-

dependent fusion. The two new articles

(7,8) describe well-defined reconstituted

systems where SNAREs are insuffi-

cient for fusion. These data are consis-

tent with the work in native membranes

emphasizing the importance of proteins

other than the SNAREs. In the absence

of these proteins, the driving force

necessary for fusion might come from

the intrinsic properties of a particular

model system. Comparative analysis of

SNARE-dependent fusion in different

well-defined model systems will hope-

fully help in understanding the par-

ticular role that SNAREs play in the

fusion event in those systems and

ultimately in vivo.
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