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Summary

The changes that SNARESs undergo during exocytosis were SNAP-25:syntaxin binary association, without lowering its
studied in permeabilised chromaffin cells treated with abundance. The individual SNAREs were protected against
Ca?*, MgATP or botulinum neurotoxin A. High-resolution trypsin proteolysis to varying extents in binary and ternary
2D SDS-PAGE revealed multiple SDS-resistant SNARE complexes of different sizes, suggestive of distinct folding
complexes having a wide range of sizes and in which SNAP- intermediates. Our data suggest that C# triggers an
25 and syntaxin predominate over synaptobrevin. Their early stage of SNARE complex formation causing an
formation increased upon Ca&*-stimulated exocytosis; accumulation of partially folded intermediates, especially
notably, the 2D protocol proved much superior to 1D SDS- of binary forms, as well as their maturation into smaller,
PAGE for the detection of large complexes and revealed more protease resistant states. In addition, botulinum
that for forms with relative molecular mass greater than  neurotoxin A inhibits exocytosis by perturbing the
100,000 stimulated induction was more significant than syntaxin:SNAP-25 ratio in binary intermediates.

for smaller species. MgATP enhanced Ca-triggered

catecholamine release but reduced the content of

complexes. By contrast, botulinum neurotoxin type A Key words: Secretion, Membrane fusion, SNAP-25, Syntaxin,
inhibited exocytosis and altered the stoichiometry of the Synaptobrevin, Clostridial neurotoxins

Introduction to be incorporated into an SDS-resistant compleM g5 K

In chromaffin cells, catecholamines are stored in large denst2gether with syntaxin, synaptobrevin and the SNAP125
core granules and released by exocytosis, in response atgavage product of BoNT/E. Based on these data, it was
increased concentrations of intracellular fre@*q8urgoyne  proposed that C&induced formation of the latter drives
and Morgan, 1995), which requires synaptosomal-associatedembrane fusion. Unfortunately, no comparison was made
protein of molecular weight 280° (M=25 K) (SNAP-25},  between the amounts of the 65K entity present id*Ca
syntaxin and synaptobrevin. This process is inhibited bgtimulated and CGa-free cells. Thus, the induced formation of
botulinum neurotoxins (BoNTs), which cleave SNAP-25this complex during Ca-triggered exocytosis has yet to be
(BoNT/A, /C1 and /E), synaptobrevin (BoNT/B, /D, /F and /G)established conclusively, especially because the peptide was
or syntaxin (BoNT/C1) (Niemann et al., 1994; Schiavo et al.jncorporated into complexes even in the absence 3f(Chen
2000). These three proteins spontaneously associate in vitrode g 1999). Moreover, if exocytosis is linked to SNARE
form a stable complex thatois resistant' to denaturation by SD&)mplex formation, it should be possible to demonstrate this
at temperatures up to ~80°C (Hayashi et al., 1994) and WhiGRationship in cells that have not been poisoned by BoNT/E,

binds N-ethylmaleimide-sensitive factor (NSF) via solubley, ;1 yate this has not been re ; ISP
; ) ported. Such an investigation is
NSF attachment proteins (SNAPs), hence, SNAP-25, SyntaXU\}arranted, particularly in view of the amount of SNARE

and synaptobrevin are known collectively as SNAREs (for omplexes not being altered by Zatimulated exocytosis
SNAP-receptors) (Sollner et al., 1993). The SNARESs catalys o ) }
rom semi-intact nerve-endings (Leveque et al., 2000; Mehta

membrane fusion following reconstitution into lipid vesicles ; .
(Weber et al., 1998). Formation of the SDS-resistant SNARE! al., 1996). Also, several different SDS-resistant complexes

complex in vitro is prevented by cleavage with BoNT/E ofVere observed in the nerve terminal memb_ranes (Hayashi et
SNAP-25 between Arg180-lle181, which removes 26 residuedl-» 1994; Otto etal., 1997), whereas only a single complex was
from its C-terminus (Hayashi et al., 1994). Accordingly, inSeen in PC-12 cells (i.e. a single bandve#105 K for the
semi-intact PC-12 cells, this toxin severely reduces the amouRgtive ternary SNARE complex or one bandw£65 K for

of Ca*triggered exocytosis (Banerjee et al., 1996); howeveithe abnormal Céd-induced complex containing SNAP-2£s0
evoked secretion could be recovered by the addition of plus the exogenous C-terminal peptide) (Chen et al., 1999).
peptide corresponding to residues 142-206 of SNAP-25 (Chefhe basis of these large complexes is not clear; they may be
et al., 1999). This SNAP-25 C-terminal fragment was showiigher order oligomers of SNARE heterotrimers (Tokumaru et
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al., 2001) or individual complexes caught in distinct foldeddetails) was added directly to the digitonin-containing KGEP from a
states (Brunger, 2001). 10 mg/ml stock in the same buffer.

Data in this study support the hypothesis that*Ca
stimulates the formation of SNARE complexes but, throug
the use of an improved detection method, shows thét-Ca

lnduced_ Cre?tloln of a\/ltrft'.GS tlﬁ tspecuis IS dmlnlr_n?l ;n At the end of the experiments, a membrane-enriched fraction was
comparison 1o larger entiies that are formed mainly 1ro repared by scraping the cells from the plates with a rubber

SNAP-25 and syntaxin. The latter were found to cover a Widggjiceman, followed by trituration through a 26 G needle. Large
size-range and to be differentially sensitive to proteolysisgebris was removed from the lysed cells by centrifugation at 000
suggesting that they may represent folding intermediatesor 5 minutes and the membranes in the supernatant were pelleted at
BoNT/A did not reduce the abundance, or inhibit?€a 360,000g for 20 minutes. The sediment was dissolved in 50 mM
induced formation, of complexes in situ despite itsTris.HCI, pH 5.8 containing 1% SDS and subjected to PAGE using
destabilising effect on ternary SNARE complexes in vitrothe NUPAGE system (Novex, San Diego), according to the
(Hayashi et al., 1994); instead it altered the stoichiometry dpanufacturer’s instructions. Relative molecular mass values were

SNAP-25 to syntaxin in binary association calculated by reference to the migration of protein standards
' (Multimark, Novex). Proteins were transferred from the gels onto

PVDF membrane at 50 mV for 12-16 hours while fully immersed in

. 25 mM Tris, 192 mM glycine containing 20% (v/v) methanol.
Materlals and Methods Western blotting was performed using standard protocols (Lawrence
Materials et al.,, 1996), binding of primary antibodies being detected using
Tissue culture media and reagents were purchased from Lifeorseradish peroxidase-conjugated secondaries and visualised by the
Technologies (Paisley, UK), digitonin was from NovabiochemECL system (Amersham-Pharmacia, UK). Digital images were
(Nottingham, UK) and all other chemicals, including the monoclonakaptured using a flat-bed scanner and signal intensities were
antibody HPC1, were obtained from Sigma Chemical Co. (Poolajetermined using NIH Image. The data presented in each of the
UK). The production of antibodies against the recombinant SNAP-25jgures are representative of results obtained consistently and on at
or a synthetic synaptobrevin peptide, has been described previousbast three separate occasions.

(Foran et al., 1996; Lawrence et al., 1996). BoONT/A was purified to

homogeneity according to a procedure described previously (Shone

rﬁnrichment, SDS-PAGE and western blotting of membrane-
bound proteins

and Tranter, 1995). Results
Multiple forms of SDS-resistant SNARE complexes
Chromaffin cell preparation and culture occur in unstimulated permeabilised chromaffin cells:

Bovine adrenal chromaffin cells were isolated as described previousifi€ir abundance is increased by Ca?*

(Lawrence et al., 1994), and maintained as monolayer cultures Bhromaffin cells were permeabilised and exposed for 15
Dulbecco’s modified Eagle m_edium suppler_nented with 10% (V/Vminutes to KGEP in the absence or presence Qf\ a2,

fetal calf serum, 2 mM glutamine, 2 mM sodium pyruvatepgnl  the cation stimulated a large increment of catecholamine
gentamycin, 10 uM cytosine arabinofuranoside, 8UM gjaa5e above the basal value (to 2.7-times the basal value; Fig.
fluorodeoxyuridine, 2.51g/ml fungizone, 25 1U penicillin, 2fg/ml 1A). To determine whether the amounts of SDS-resistant

streptomycin, 25 ~mM  N-[2-hydroxyethyl]piperazine-N-[2- - -
ethanesulfonic acid] (HEPES) pH 7.4. The cells were used foﬁNARE complexes in the cells were altered during*Ca

experiments between 3 and 10 days after isolation and where stafé@gered exocytosis, a membrane-enriched fraction was
pre-intoxicated with BoNT/A, using a protocol that facilitates its Subjected to SDS-PAGE without boiling, transferred to PVDF

uptake (Lawrence et al., 1996). Briefly, the cells were exposed for 2and analysed by western blotting with SNAP-25 antibodies.
hours at 37°C to BoNT/A in 5 mM NaCl, 4.8 mM KCI, 2.2 mM This revealed a number of SDS-resistant complexes in the
CaCp, 1.2 mM MgSQ, 1.2 mM NaHPQs, 20 mM Hepes pH 7.4, membranes of nonstimulated cells (Fig. 1B; two major bands
5.6 mM glucose, 220 mM sucrose and 0.5% [w/v] bovine serunpf M;=195 K and 120 K plus several less intense signals),
medium and maintained for 24-72 hours before further manipulationslggs. Otto et al., 1997). Following &astimulation the largest '
band was found to diminish, ti=120 K signal intensified
Stimulation and assay of catecholamine release and two new faster migrating band¥€83 K and 63 K)

Immediately prior to experiments, which were all performed a@PPeared. These findings are dissimilar to those reported for
~22°C, cells were rinsed with a Hepes-buffered saline solution (148C-12 cells (Chen et al., 1999), in which?Caaused a

mM NacCl, 4.8 mM KCI, 1.2 mM NakPQy, 20 mM Hepes, pH 7.4) diminution of aM;=105 K band and the appearance bfa65
before permeabilisation by exposure to |24 digitonin in KGEP K complex. Unfortunately, the SDS-resistant SNARE
(139 mM potassium glutamate, 5 mM EGTA, 20 mM PIPES, pH 6.5)complexes did not transfer efficiently and consistently from the
Aliquots of CaC} were added to the KGEP to produce the desirecye| to PVDF (the abundance of thg=83 K and 63 K bands,
concentrations of buffered-free €aand, where indicated in the in particular, were subject to experimental variation); thus, an
figures, 2 mM ATP and 4 mM Mgglwere also included. In all ;h6ved method (Otto et al., 1997) was adopted for their
experiments, CH and MgATP (if included) were co-applied to the separation and detection. As before, the samples were not

cells with digitonin to avoid deterioration of the exocytotic respons . . .
(known as ‘run-down’), which occurs due to loss of soluble cytosolif‘,heated before being subjected to SDS-PAGE but, instead of

proteins and metabolites through the detergent-induced pores. Afdirect transfer of the proteins from the gel, the sample lanes
the stimulation period, an aliquot was removed and the amount §fere excised and cut into fragments. These were boiled in 1%

catecholamines released from the cells assayed, as describe®S/sample buffer to disassociate the SNARE complexes and
(Lawrence et al., 1994). Where used, trypsin (see figure legends feolubilise their constituents. The proteins recovered from the
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gel pieces were then re-subjected to SDS-PAGE before transierel). The amount of complexes in cells exposed to both the
to PVDF and western blotting (Fig. 1C). Thus, in the first gehucleotide and G4 (Fig. 1B,C) was lower than in cells treated
the migration of the SNAREs was determined by the size ofith the cation alone (again, 80%); this is most likely due to
the complexes but, following their dissociation, they displayedSNARE complex disassembly mediated by the ATPase, NSF
the mobilities of their individual constituents in the secondHayashi et al., 1995; Sdéllner et al., 1993). Thus, the amount
dimension; Fig. 1C shows an immunoreactive signal abf complexes present within the cells is not proportional to the
M=24.5 K following western blotting with antibodies to extent of exocytosis elicited: secretion is greatest from cells
SNAP-25 of samples from the gel slices, revealing thexposed to Cd and MgATP together, but SNARE association
occurrence of varied sized complexes containing SNAP-25 iis most abundant in cells stimulated with the cation alone.
nonstimulated chromaffin cells. Notably, the two-gel technique

is more reproducible and clearly superior for the resolution and . ] .

detection of SDS-resistant complexes than western blotting &fyntaxin and synaptobrevin are also found in the SDS-

protein transferred from the primary gel (i.e. non-heatedesistant complexes in situ

samples; Fig. 1B). Exposure toLaignificantly increased the Second dimension gels of the samples used in Fig. 1C were
level of such large complexes (to 1.6-times the level irprobed for syntaxin (Fig. 2A) and synaptobrevin (Fig. 2B). As
unstimulated cells in the representative experiment showexpected, both proteins were also found in SDS-resistant
here)*. Such a Ca-induced enhancement in the content ofcomplexes and the amounts recovered were increased (1.6-
SNAP-25 in complexes was consistently observed [e.g. sagnes for Sbr and 1.5-times for syntaxin) by 2Cabut
below], but the extent of the increment was variable and thedecreased (to 20% [Sbr] and 70% [syntaxin] of control
was no correlation with the amount of secretion, which waamounts) by MgATP, as found for SNAP-25. ThéGaduced
always enhanced more strongly (Fig. 1A; and
data not shown). Additionally, two &a
induced bands of smaller sizd£83 K and 6.

K, respectively), observed in the 1D b -
seemed much less abundant when analys:
the 2D protocol; in fact, thel;=63 K signal wa
rarely detectable in 2D gel blots (Fig. 1C; .
data not shown). There are several pos 83 =

reasons for this. First, as has been noted alr 1 = -

the large complexes are not easy to electra

to PVDF; thus, it is likely that small

complexes, which migrate easier through the |—I—| |'F| us— - - . .
matrix, more efficiently transfer and, hen 0 r ' r r

appear anomolously abundant compared Cca* — + — o+ Ca?* — + — +
larger forms. Second, thé=83 K complex i MgATP — — + +
resistant to SDS/heat denaturation, b
observed intact in the gel after boiling

sample (Fig. 1C). C

>

B Mr (k)

195 w=ip-

[y
o

120 = = = =

Catecholamine Release
(% total cell content)
-
o

MgATP — — +

Mr before boiling (k)
ca?*|MaaTp |18 2 X 58 75100130165 180 5 | 16 23 30 55 75100130156 180 _
9 19 27 45 75100130 155 180 220 19 27 45 75100130 155180220

The amount of SNAP-25 in SDS-resistant — | = prE—
complexes is reduced by MgATP — —

Exposure of permeabilised chromaffin cells
MgATP had minimal effect on basal level
exocytosis, but significantly enhanced 2G. SNAP-25 immunoreactivity |
triggered release (2.2-times; Fig. 1A).

220

+
+] |+

contrast, cells exposed to the nucleotide ir Fig. 1.Ca?+induces the formatiqr_l of mqltiple MgATP_—di_ssociatabIe complexes in_situ.
absencé of G4 showed a reduced amount Chromaffin cells were permeabilised vv_|th |20 (_jlgltonln in KGE'I3 and maintained in

. - the absence or presence off@d Ca2*, with or without the inclusion of 2 mM MgATP.
SDS-resistant complexes compared With  after 15 minutes, aliquots were removed and assayed for catecholamines. Cells in
level in MgATP-free controls (Fig. 1B,C; in some wells were solubilised in Triton X-100 and used to estimate the total amount of
the signal intensity of SNAP-25 in complexe  catecholamine remaining and the amounts released (A) were expressen=@jsas. a
cells treated with MgATP is 80% of the con'  percentage of the total cell content, calculated by summing the amounts released with

the level remaining. The remaining cells were lysed in KGEP, 2 mM PMSF was added

*The intensity of signals in blots from the second gel, originatin@nd membrane-enriched fractions were isolated, as detailed in the Materials and
from slices of theMr= 55-220 K region of the primary gel, were Methods. The latter were dissolved in 50 mM Tris-HCI, pH 5.8 containing 1% SDS
ggf‘;}g)'e:n Joing MIHIMAGE éﬁememg’('jat‘gﬁfair?r;dﬂg%fg'}g?fhg‘iglgaqfore adding ¥ sample buffer and being subjected to SDS-PAGE. The separated
amount of the SNAP-25 present in complexes. In the case of ceffOteins were either transferred directly to PVDF (B) or extracted from the gel by
exposed to neither €anor MgATP, the figure was normalised to boiling in fresh sample buffer and re-electrophoresed before transfer (C). The PVDF
1.0 and values for cells treated with the other conditions wennembranes were blotted with antibodies raised against recombinant SNAP-25.
Sﬁfffrsnfig {ﬁ'?x'éifﬁ] éhasd;::;;aemﬁee“;#gé’g”g;gfedpﬁgcgggre Amunodetection of primary antibody binding was performed as described in Materials
on the amounts of synaptobrevin and syntaxin present in complex@fd Methods. Note that the left and right panels show signals for two different bands
in situ. (Mr=25 K and 83 K, respectively).
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increase in the level of synaptobrevin within complexes wat=18 K) was over-exposed. This suggests that a large fraction
blocked by MgATP, which had minimal effect upon the of the SDS-resistant complexes contain SNAP-25 and syntaxin
increased incorporation of syntaxin. However, synaptobrevibut lack synaptobrevin.
was only just detectable in the complexes, despite extensive
development of the blot such that the signal for monomer (at

BoNT/A alters the composition of SNARE complexes in

situ

A Mr before boiling (k) Pre-treatment of chromaffin cells with BoNT/A potently
Ca?*|MgATP | <16 16 23 30 55 75100130155180 blocks agonist-evoked release of catecholamines (Foran et al.,
19 27 45 75100130 155 180 220 1996; Lawrence et al., 1996). This toxin cleaves SNAP-25
-1 = . - o i 4 between GIn197-Arg198, thereby, removing nine amino acids
+ — : from its C-terminus (Niemann et al., 1994; Schiavo et al.,
— + s 2000). This region is important for stability of the ternary
+ + SNARE complex in vitro (Hayashi et al., 1994); complexes

formed with BoNT/A-truncated SNAP-25 are 50% less likely
| to become SDS-resistant than are those incorporating full-
length SNARE. Thus, it was suspected that cell poisoning with
BoNT/A would reduce the amounts of SDS-resistant SNARE

Sbr immunoreactivity

B — complexes in both resting and atimulated chromaffin
Mr before boiling (k) cells. Exposure of cells to the toxin, using a protocol that
Ca**|MgATP |<16 1_2 gg i_g ?‘21;'3133122123 ;gg results in cleavage of >95% of their SNAP-25, is accompanied
= by a similar reduction in depolarisation-induced exocytosis
. —_— (Lawrence et al., 1996). Control and BoNT/A-poisoned
+ — chromaffin cells were permeabilised and exposed for 45
— + minutes with or without Cd, before isolating a membrane-
+ + enriched fraction for analysis by 2D SDS-PAGE and western

| blotting. Unexpectedly, in the absence of?Cahe level of
syntaxin associated with SDS-resistant complexes was
Fig. 2. Detection of synaptobrevin and syntaxin in the multiple increased (5.7-times) following BONT/.A (F'g: 3A). By
SNARE complexes in situ. Aliquots of the samples used in Fig. 1 contrast, the amount of SNAP-25 associated with complexes
were subjected to SDS-PAGE and western blotting with antibodies Was reduced (to 70% of the control amount). As noted for
raised against a synthetic synaptobrevin peptide (A) or monoclonal toxin-free cells (Fig. 2; Fig. 3A), there was virtually no

syntaxin immunoreactivity

HPC1, which is specific for syntaxin (B). detectable synaptobrevin associated with these complexes. The
Mr before boiling (k) Mr before boiling (k)
Ca®* 55 75 100 130 155 |55 75 100 130 155 | 556 75 100 130 155 |55 75 100 130 155
75 100 130 155 220 |75 100 130 155 220 | 75 100 130 155 220 |75 100 130 155 220
Syntaxin — E——
_ |SNAP-25|- e—ess—"—" | e —— -
-
Sbr .
Syntaxin k e e L e ——— —
+ |SNAP-25 ey D o ca—  —
- -
Sbr
No toxin 66nM BoNT/A No Toxin 66nM BoNT/A

- trypsin + trypsin

Fig. 3.BoNT/A alters the ratio of SNARESs in complexes. (A) Control and BoNT/A-pre-treated chromaffin cells (see Materials and Methods)
were permeabilised with 20M digitonin in KGEP, in the absence or presence giil0Ca2*. After 45 minutes, 2 mM PMSF was added, the
cells were lysed and a membrane-enriched fraction prepared. Two-dimensional SDS-PAGE and western blotting was perfoonitee &s des
Figs 1 and 2. (B) Cells were treated as in (A), except that 15 minutes after permeabilisation the cells were expqsgfiniarip8in for 30
minutes.
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same pattern was observed for cells exposed #; @Gathe  now. These complexes were found to exist in several forms,
presence of the cation, the amounts of SNAP-25 and syntaxéeparable by SDS-PAGE over a wide size-range, in
in complexes were increased in BoNT/A-treated cells, as notgzermeabilised chromaffin cells lacking €aand, thus, not
previously for control cells. Synaptobrevin remained below thetimulated to elicit exocytosis. These findings concur with
limit of detection. prior studies on synaptosomes (Hayashi et al., 1994; Otto et
al., 1997) but are at variance with the existence of a single
_ _ complex in PC-12 cells (Chen et al.,, 1999). However, the
Several SDS-resistant SNARE complexes exist procedure used in the latter study was shown herein to be
The observed separation of multiple SNARE species magroblematic, because SDS-resistant complexes are not
indicate their multi-merisation or, possibly, occurrence intransferred efficiently from the gel to PVDF and/or they react
several folded states. These possibilities were evaluated Isyb-optimally with antibodies. Two bands were observed in
examining their susceptibility in situ to degradation by trypsinwestern blots of 1D SDS-PAGE gels of resting chromaffin
This was performed in tandem with the experimentells, atM;=195 K and 120 K; the latter may correspond to
documented in Fig. 3A. The cells were treated identicallythe singleM,=105 K band observed in €astimulated PC-12
except that trypsin was added 15 minutes aftecells (Chen et al., 1999) (unfortunately, it is not known if this
permeabilisation and maintained for the remaining 30 minutesomplex is present in nonstimulated PC-12 cells as this data
before preparing membranes for biochemical analysis. In theas not shown). However, an improved 2D SDS-PAGE
absence of G4, virtually all the syntaxin was proteolysed but method revealed that these two are not the only forms of SDS-
a significant amount of SNAP-25 remained (Fig. 3B). Inresistant complexes; in fact, they do not even represent the
BoNT/A-treated cells, a lower level of SNAP-25 was most abundant species. Nevertheless, the central proposal of
recovered (Fig. 3B), which is not surprising as less SNAP-2the latter study — that €ainduces the formation of SDS-
is associated with the complexes following intoxication (Fig.resistant SNARE complexes during triggered exocytosis — is
3A). The notable appearance of trypsin-resistantonfirmed. However, it has now become clear that the cation
synaptobrevin was unexpected (Fig. 3B) in view of it beingriggers the formation of a wide range of complexes and not
absent from complexes in cells not exposed to trypsin (Figust a single entity; possibly, explaining the noted
3A); perhaps the protease blocked turnover of ternarinconsistencies between complex formation and stimulation of
complexes. Less synaptobrevin was found in complexes froexocytosis (Chen et al., 1999). Moreover, complexes did
BoNT/A-treated cells (Fig. 3A). After Ga stimulation, the apparently form, albeit at a reduced rate, in the absence of
amount of trypsin-resistant SNAREs recovered increased @&+ and triggered exocytosis; this was most obvious when
all cases (Fig. 3B); this accords with the fact that the catioMgATP was omitted, presumably precluding their
stimulates complex formation (Figs 1, 2, Fig. 3A). Likewise,disassembly by NSF (Sdllner et al., 1993). The relationship
the induction by C# of protease-resistant SNARE complexesbetween exocytosis and complex formation is qualitative; no
was not blocked by BoONT/A (Fig. 3B; SNAP-25 and clear correlation between the amount of complexes and the
synaptobrevin increased 2.4- and 7.8-times, respectivelgxtent of exocytosis was evident (this study and data not
compared with 2.1- and 1.1-times in control. The fold-shown). Moreover, MgATP reduced the complexes but
induction of trypsin-resistant syntaxin is not quantifiable, buenhanced exocytosis. The amount of SNARE complexes
clearly it was not inhibited), as expected, because this toxipresent in permeabilised nerve terminals was found to remain
does not inhibit complex formation in trypsin-free cells (Fig.unchanged during neurotransmitter release (Leveque et al.,
3A). Notably, different sized complexes offered varying2000; Mehta et al., 1996); however, Triton X-100 was used to
degrees of protection to each of the SNAREs. It was theolubilise and isolate the synaptosomal membrane proteins,
highest mobility complexes that best protected synaptobrevidespite the known inability of this detergent to prevent the
(My=100 K), intermediate complexes for syntaxmM;£100-  formation of complexes (Otto et al., 1997).
155 K) and SNAP-25 was protected over a broad range
(M=55-155 K). This suggests that the relative accessibility of . )
each SNARE to trypsin is not the same for complexes dBinary SNAP-25:syntaxin complexes predominate over
different molecular mass which, in turn, may imply that thesdéernary SNARE forms
represent distinct folded states rather than multimers ohnother notable finding from our investigation is that the
SNARE complexes (see Discussion). majority of SDS-resistant complexes in chromaffin cells lacks
synaptobrevin. There have been prior reports of association of
SNAP-25 with the cytosolic domain of syntaxin, but this was

Discussion _ . deemed not SDS-resistant (Fasshauer et al., 1997; Hayashi et
Multiple forms of SNARE complex are induced during al., 1994), although they could gain added stability from the
exocytosis presence of the transmembrane anchor of syntaxin (Poirier et

Permeabilised chromaffin cells were used to investigate thal., 1998). Thus, the composition of these complexes might be
effect on SNARE complexes of agents that either triggeimportant for fast secretory responses, as BoNT/A slows down
(Ca*), augment (MgATP) or inhibit (BoNT/A) catecholamine the rate of the exocytotic burst and the C-terminus of SNAP-
release. Although it has been proposed that*Qaduces 25 has been implicated in a late step of exocytosis (Xu et
SNARE complex formation during exocytosis in al., 1999). Curiously, trypsin increased the amount of

neuroendocrine cells (Chen et al., 1999), a direct comparis@ynaptobrevin recovered in the SDS-resistant complexes,
of the amounts of SDS-resistant SNARE complexes ipossibly due to a dynamic association of this protein that is
nonstimulated and C&treated cells has not been made untilupset in trypsin-treated cells.
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Different sized complexes could be distinct folded states the content of SNAP-25-syntaxin complexes in synaptosomes
that may facilitate fast exocytosis caused an increase in the ready releasable pool of
The spread of SDS-resistant complexes over a wide size-rangeurotransmitter (Lonart and Sudhof, 2000).
suggests that they occur in a variety of states (Hayashi et al.,
1994; Otto et al., 1997; Brunger, 2001). This would explain o ] ) ]
the non-overlapping trypsin-sensitivity profiles for the BONT/A inhibits secretion by perturbing binary
individual components. It is tempting to speculate thatomplexes that may be vital for fast exocytotic response
complexes of varied mobility on SDS-PAGE represent distincin chromaffin cells poisoned with BoNT/A, the composition
folded intermediates. Fully-folded complexes would be morand state (trypsin sensitivity profile) of the SNARE complexes
compact and, hence, likely to migrate faster on SDS-PAGRere perturbed. These findings support the proposal (Xu et al.,
and be more resistant to protease attack. An alternativi999) that the partially folded complexes are important for the
hypothesis, that the less mobile bands could be oligomers tdstest phase of secretion, as BoONT/A slows down the
SNARE heterotrimers (Tokumaru et al., 2001), is difficult toexocytotic burst (Xu et al., 1998). The toxin blocks secretion
reconcile with the greater protease resistance observed for response to depolarising stimuli almost completely; this is
smaller complexes. Site-directed mutagenesis of residues im accordance with the hypothesis that such responses require
one of the four helices of the SNARE bundle creates pool of partially folded SNARE complexes to drive secretion
complexes exhibiting different degrees of thermal stabilityrapidly, before the [G4]; signal fades. By contrast, following
(Chen et al.,, 1999), indicating that stable, SDS-resistamermeabilisation, a lower but persistent increase ctCdoes
abnormally folded states can be created in vitro. Likewiseglicit secretion from BoNT/A-poisoned cells. This would
stable folded complexes can be formed between SNAP-25uggest that BONT/A does not prevent the slower formation of
syntaxin and C-terminally-truncated forms of synaptobrevinpcomplexes: exactly as observed in situ in the cells. Hence,
these appear to be folded completely N-terminus to thBoNT/A blocks the accelerated phase of exocytosis stimulated
truncation site, but are unstructured at the C-terminal enby high [C&*];, but not slow release mediated by lowerjia
(Margittai et al., 2001). (Xu et al., 1998). This proposal does not support a prior
Cat triggered the formation of complexes across the entirbypothesis that BoNT/A reduces the 2Casensitivity of
size range, which could be achieved by stimulation of an earkgxocytosis due to a reduction of theZ2Gaffinity for the
stage of a SNARE association and folding reactions that cggromotion of synaptotagmin binding to SNAP-25 (Gerona et
then proceed in its absence. Alternatively, there could bal., 2000; Schiavo et al., 1997). It is possible that the latter
various intermediate steps that are also accelerated 3y Cainteraction could be involved in the most rapid exocytotic
indeed, several kinetically distinct phases of secretion can bmirst elicited by high [CH]; (Xu et al., 1998). However, the
distinguished by their Céa-sensitivities (Bittner and Holz, interaction is not likely to mediate the much slower*€a
1992). Moreover, in an attempt to reconcile biochemical anttiggered exocytosis that ensues from permeabilised
electrophysiological data, it has been proposed that the fastesturoendocrine cells; the latter response requires |@$ah
phase of exocytosis may involve maturation of a partialljthe EGois not (or only modestly, at most) altered by poisoning
folded SNARE complex intermediate. Accordingly, anof the cells with BoNT/A (Gerona et al., 2000; Lawrence et al.,
antibody that binds to SNAP-25 in partially, but not fully, 1996).
folded complexes delays the exocytotic burst, whereas In  summary, high-resolution 2D SDS-PAGE has
another that recognises only free (i.e. non-complexed) SNARlemonstrated that the relationship betweer?*@aluced
25 retarded only the slower phases of secretion (Xu et alSNARE complex formation and triggered exocytosis is more
1999). Low [C&™]s (<1 uM) may stimulate the early stages complicated than previously reported. Specifically, large
of SNARE association and higher levels (p81) could  SNAP-25:syntaxin complexes are present before secretion has
trigger exocytosis by inducing maturation of partially foldedoccurred and more are created during the reaction; ternary
complexes (Voets, 2000). Therefore, it is notable that theomplexes and smaller forms are relatively rare. However, this
putative C&*-sensor, synaptotagmin, exhibits a dualPCa may be due to the rapid turnover of the latter, which can be
affinity for promotion of its binding to syntaxin, with blocked by trypsin. Our interpretation of the data is th& Ca
ECs0=0.7 uM and 180pM, respectively (Chapman et al., stimulates an early step of syntaxin association with SNAP-25
1995). In permeabilised neuroendocrine cells, secretion &nd that the resultant components go through a number of
triggered by >1pM [Ca2*]; and is optimal at ~2QUM folded states before fusion is triggered by the binding of
[although higher levels accelerate the fastest phase (Bittneynaptobrevin and formation of the SDS and trypsin-resistant
and Holz, 1992); therefore, high [€% is not essential for ternary complex; it is envisaged that?Cwould regulate this
complex maturation, but only for acceleration of the finalseries of reactions at several points.
steps (Xu et al., 1998). This is almost exactly equivalent to
the C&*dependence for stimulation of conformational This work is sponsored by Allergan, Inc.
changes in synaptotagmin (Davletov and Sudhof, 1994) and
for inducing it to bind acidic phospholipids (Davletov and
Sudhof, 1993). Thus, the latter may be critical interaction®eferences
that, by bringing complexes in the process of maturation int8anerjee, A., Kowalchyk, J., DasGupta, B. R. and Martin, T. F. J(1996).
close proximity with the cell membrane (Davis et al., 1999), ;’(\('Q;-ggsss éﬁfﬂ“ﬁﬁi n:‘g; laz(l)e;tze7 %%sztggckmg step ir2*@ependent
drive the fusion re"’.‘Ct'O”' Apcumulatlon of partlall_y folded Bittner, M. A. .and Holz, R. W. (1992). Kinetic analysis of secretion from
SNARE complex intermediates could be an important permeabilized adrenal chromaffin cells reveals distinct comporkiBl.
mechanism for synaptic plasticity; indeed, enhancement of Chem 267, 16219-16225.
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