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Abstract

Cysteine string protein (CSPa) is a member of the cellular folding machinery that is located on regulated secretory vesicles. We have
previously shown that CSPa in association with Hsc70 (70 kDa heat shock cognate protein) and SGT (small glutamine-rich tetratrico-
peptide repeat domain protein) is a guanine nucleotide exchange factor (GEF) for Gas. Association of this CSPa complex with N-type
calcium channels, a channel key in coupling calcium influx with synaptic vesicle exocytosis, triggers tonic G protein inhibition of the
channels. Syntaxin 1A, a plasma membrane SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein receptor) critical
for neurotransmission, coimmunoprecipitates with the CSPa/G protein/N-type calcium channel complex, however the significance of
syntaxin 1A as a component of this complex remains unknown. In this report, we establish that syntaxin 1A interacts with CSPa,
Hsc70 as well as the synaptic protein interaction (synprint) region of N-type channels. We demonstrate that huntingtinexon1, a putative
biologically active fragment of huntingtin, displaces both syntaxin 1A and CSPa from N-type channels. Identification of the protein com-
ponents of the CSPa/GEF system is essential in establishing its precise role in synaptic transmission.
� 2006 Elsevier Inc. All rights reserved.
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Cysteine string protein (CSPa) is a 34 kDa member of
the large, evolutionarily conserved J protein family also
called the DnaJ or Hsp40 (heat shock protein 40) protein
family (Fig. 1A) [1]. The importance of the J protein family
in protein folding has been recognized for many years
(reviewed: [2,3]). In humans, over 40 J protein family mem-
bers, classified as type I, II, and III, have been identified
[4,5]. Each member of the J protein family contains a 70
amino acid region of homology comprised of four a helices
with a highly conserved tripeptide of histidine, proline, and
aspartic acid (HPD motif) located between helices II and
III, called a ‘‘J domain’’. Outside of the J domain, J pro-
teins are divergent. J proteins act in concert with the
Hsp70/Hsc70 (70-kDa heat shock protein and cognate pro-
tein) chaperone family to regulate the conformation of sub-
strate proteins. Via their J domain, J proteins recruit and
stimulate the ATPase activity of Hsp70s, thereby harness-
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ing the ATPase activity for conformational work on specif-
ic proteins (e.g. recycling of clathrin coats by auxilin).
Substrates of Hsc70 do not share homology but typically
demonstrate significant conformational flexibility. In most
cases, the mammalian targets of the J protein/Hsp70 chap-
erone complexes remain unknown. CSPa, a type III J pro-
tein family member, is expressed on synaptic vesicles [6]
and clathrin-coated vesicles [7] in neurons as well as exo-
crine [1,8], endocrine [9], and neuroendocrine [10,11] secre-
tory granules but no obvious CSPa homolog is found in
Saccharomyces cerevisiae [12]. In addition to the signature
‘J domain’, CSPa contains a distinctive cysteine string
region, a linker region, and a C terminus region that is
not conserved throughout evolution. Most of the cysteine
residues are palmitoylated and are required for membrane
attachment to the secretory vesicle [13,14] and may under-
lie the association of CSPa with caveolin-containing lipid
raft fractions [15]. Via its J domain CSPa interacts with
Hsc70 and enhances its ATPase activity [16,17]. Together
with Hsc70 and SGT (small glutamine-rich tetratrico-
peptide repeat domain protein), CSPa assembles into an
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Fig. 1. CSPa interacts with syntaxin 1A and the SNARE complex. (A) A
schematic representation of rat CSPa. J, J domain; L, linker region; CCC,
cysteine string region. (B) CSPa was immobilized, bound syntaxin 1A was
eluted in sample buffer and identified by Western blotting with anti-
syntaxin (Sigma). (C) SNARE proteins VAMP2, syntaxin 1A, and
SNAP25 were purified and incubated overnight at 4 �C to form SNARE
complexes. GST and GST-tagged constructs of full-length CSPa,
CSPa1–82, CSPa83–198, and CSPa1–112 were purified and immobilized on
glutathione-Sepharose beads. SNARE complexes were incubated with the
immobilized GST-tagged proteins at 4 �C. The beads were washed, and
bound proteins were eluted in sample buffer, fractionated by SDS–PAGE,
and analyzed by Western blotting with an anti-syntaxin antibody (Sigma).
In the last three lanes syntaxin 1A, and SNARE complexes were loaded
directly on the gel. A star indicates samples that were heated at 80 �C
for 15 min (which disrupts SNARE complexes) prior to loading
on the gel.
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enzymatically active chaperone complex [18,19]. The
presence of this chaperone complex on secretory vesicles
suggests that CSPa is a coordinating anchor in a regulatory
step involving conformation/activity changes in client
protein(s) critical in exocytosis.

CSPa is a critical component in synaptic transmission.
Deletion of the CSPa gene severely impairs central and pre-
synaptic transmission in Drosophila melanogaster [20–22]
as does mutagenesis of Hsc70-4 [23]. The Drosophila CSPa
null mutants die as larvae or within days of adulthood. The
small number of flies that survive to adulthood are charac-
terized by uncoordinated sluggish movements, shaking,
and temperature-sensitive paralysis [20]. Deletion of CSPa
in mice causes no significant change at birth but a progres-
sive neurodegeneration ensues, with no survival beyond
four months [24,25]. In the absence of CSPa, it is predicted
that Hsc70 will not be localized to synaptic vesicles, there-
by rendering Hsc70 folding activity mechanically ineffective
at this cellular locale. In the CSPa mutants it appears that
the capacity of the protein quality machinery is exceeded
and misfolded synaptic proteins accumulate to dangerous
levels triggering neurodegeneration, however the precise
sequence of pathogenic events remains to be identified. A
direct demonstration of the action of misfolded proteins
on CSPa activity was shown in human endothelial kidney
cells expressing either mutant (misfolded) or native (con-
trol) huntingtinexon1. In this study, we found that CSPa
activity is inhibited when levels of misfolded proteins (i.e.
mutant huntingtinexon1) are increased [26] providing more
conclusive support that CSPa is involved in protein confor-
mation remodeling and that the capacity of the CSPa
machinery can be exhausted by increased levels of misfold-
ed proteins. Folding activity of the CSPa complex may be
dynamic. Expression of CSPa is reported to be modified by
antidepressants [27–31], amphetamines [32], and diabetes
[33] while Hsc70 expression is induced by synaptic activa-
tion and other types of cell stress (reviewed: [34]). These
studies indicate that changes in CSPa chaperone activity
due to altered protein levels or activities have significant
consequences.

What are the authentic substrate(s) for the CSPa
chaperone complex? It is possible that the CSPa chaper-
one complex is a dedicated complex with one primary
target however we cannot rule out the possibility that
the CSPa complex regulates the conformation/activity
of several client proteins. A number of possible targets
have been proposed based on their association with
CSPa including; G proteins [19,35], vertebrate voltage-
dependent calcium channels [35,36], syntaxin 1A [37,38]
however see [36,39], VAMP/synaptobrevin (vesicle associ-
ated membrane protein) [36,40], and synaptotagmin I
[41]. In addition, CSPa–CSPa interactions have been
identified [42]. Furthermore, Gas activity is regulated by
the CSPa complex [19]. Exactly what conformational
change is achieved and how the conformational changes
are transmitted are not yet known for G proteins or
other potential substrates. Hsc70s are implicated in
diverse transactions with substrate proteins and most of
these conformational steps involve Hsp40s other than
CSPa (e.g. auxilin, HDJ-1, etc.) In fact, Hsc70 is pro-
posed to play a role in the conformational demands of
several trafficking events including: recycling of clathrin
coats [43], exocrine granule exocytosis (protection against
pancreatitis) [44], ER to Golgi transport [45], Xenopus

cortical granule exocytosis [46], endosomal trafficking
[47], and proteasome trafficking [48], and is also a candi-
date chaperone in synaptic plasticity. In addition, several
studies have implicated Hsc70 in the modulation of pro-
tein aggregation (reviewed; [49]). Identification of the
precise conformational change(s) achieved by the CSPa/
Hsc70/SGT complex remains challenging given Hsc70s’
versatility.
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We have recently shown that in association with Hsc70
and SGT, CSPa regulates heterotrimeric GTP-binding pro-
tein (G protein) function by preferentially targeting the
inactive GDP-bound form of Gas and promoting GDP/
GTP exchange which increases cAMP [19]. CSPa is selec-
tive for Gas, and, as such, is the first identified GEF (guan-
ine nucleotide exchange factor) for Gas. In addition, CSPa
enhances G protein inhibition of N-type calcium channels
[35,50], through interactions with the synprint (synaptic
protein interaction) region of the N-type calcium channel
and G protein bc subunits. The downstream effects of the
CSPa-induced increase in cAMP remain to be established.
However, CSPa has been implicated in the modulation of
transmembrane calcium flux [51–53] as well as exocytosis
[9,54–60] and signaling through Gas may underlie these
events. Co-immunoprecipitation experiments suggest that
syntaxin 1A is a component of the CSPa/G protein/N-type
calcium channel complex [35], suggesting a link between G
protein signaling and the exocytotic machinery. Although,
the molecular basis of syntaxin 1A’s involvement with this
complex remains unresolved. In this study, we address the
association of syntaxin 1A with the complex. We demon-
strate that syntaxin 1A binds to CSPa and Hsc70 as well
as the synprint region of N-type calcium channels. These
studies indicate that the CSPa chaperone/GEF system
operates in conjunction with syntaxin 1A.
Materials and methods

Preparation of fusion proteins. The glutathione-S-transferase (GST)
fusion proteins, cytosolic syntaxin 1A/GST, SNAP-25/GST, VAMP2/
GST, Hsc70/GST, SGT/GST, and CSPa/GST, the CSPa truncation
mutants, and the His6 fusion proteins, Cav2.2718–963 (synprint region) and
Cav2.2 truncation mutants, were prepared as described previously
[1,19,61,62]. The Myc-tagged huntingtin with 20 polyglutamines (pGEX-
htt_20Q) was prepared as previously described in detail [26]. Recombinant
GST fusion proteins were purified from glutathione–Sepharose beads by
cleavage with 0.2 lM thrombin in 50 mM Tris, pH 8, 150 mM NaCl,
2.5 mM CaCl2 followed by incubation in 0.3 mM PMSF. His6 fusion
proteins were purified from Ni2+ beads with 500 mM imidazole. The
concentrations of recombinant proteins were estimated by Coomassie blue
staining of SDS–polyacrylamide gels using bovine serum albumin (BSA)
as a standard.

In vitro-binding assays. Equal concentrations of the soluble proteins
were incubated with equal concentrations of bead-immobilized GST-tag-
ged proteins or control GST for 30 min at 37 �C. For experiments
involving SNARE complexes, GST-tagged proteins incorporating the full
cytoplasmic domains of VAMP2, SNAP25, and syntaxin 1A were purified
and their GST tags were removed by thrombin cleavage. The SNARE
protein concentrations were then determined by SDS–PAGE using BSA as
a standard. Two micromolars of each SNARE proteins was incubated
together at 4 �C overnight. Preformed SNARE complexes were then
incubated with equal concentrations of immobilized CSPa/GST and
CSPa/GST truncation mutants, SGT/GST and Hsc70/GST for 30 min at
4 �C. The beads were washed and bound proteins were eluted in sample
buffer, fractionated by SDS–PAGE, and analyzed by Western blotting.

Immunoblotting. Proteins were transferred electrophoretically at con-
stant voltage from polyacrylamide gels to nitrocellulose (0.45 lm) in
20 mM Tris, 150 mM glycine, and 12% methanol. Transferred proteins
were visualized by Ponceau S. Nitrocellulose membranes were blocked for
non-specific binding using a 5% milk, 0.1% Tween 20, PBS solution and
incubated with primary antibody overnight at 4 �C or for 2 h at room
temperature. The membranes were washed in the blocking solution and
incubated with horseradish peroxidase-coupled secondary antibody.
Antigen was detected using chemiluminescent horseradish peroxidase
substrate (ECL, Amersham Biosciences), followed by exposure to Amer-
sham Biosciences Hyperfilm-MP. For competition experiments, bound
anti-sera were quantified by BioRad Fluor-S MultiImager Max and
Quantity One 4.2.1 software and values were expressed as mean ± stan-
dard error of at least three independent experiments.
Results

CSPa binds both syntaxin 1A and the SNARE complex

Protein–protein interactions between CSP and syn-
taxin have been reported [37,38,63,64] although this find-
ing has been controversial [36,39]. We have previously
shown that anti-syntaxin monoclonal antibody immuno-
precipitates the CSPa complex from rat brain homoge-
nates [35]. To investigate the possible direct association
between the CSPa complex and syntaxin 1A, glutathi-
one-S-transferase (GST) fusion proteins consisting of
full-length CSPa coupled to glutathione beads were used
in an in vitro-binding assay. The beads were incubated
with equal amounts of purified soluble syntaxin 1A.
CSPa was found to directly and specifically interact with
syntaxin 1A (Fig. 1B).

Syntaxin 1A assembles with VAMP2/synaptobrevin
(vesicle associated membrane protein) and SNAP25 (syn-
aptosomal associated protein of 25 kDa) into a four heli-
cal bundle structure known as the SNARE (soluble
N-ethylmaleimide-sensitive factor attachment protein
receptor) complex. The SNARE complex is critical for
neurotransmitter release. Resistance to disruption by
SDS is a hallmark feature of the SNARE complex and
is thought to be representative of the extreme stability
of this complex in intact neurons. The SDS-resistance
of the SNAP25/VAMP2/syntaxin complex results in a
shift of the apparent molecular masses of syntaxin1A,
SNAP25, and VAMP2 upon SDS–PAGE from mono-
mers to higher molecular weight multimers if the samples
are not boiled prior to electrophoresis. To determine
whether CSPa interacts with SNARE complexes in addi-
tion to syntaxin 1A, we performed in vitro-binding
assays between SNARE complexes and immobilized
CSPa constructs (Fig. 1C). Briefly, the SNARE proteins
VAMP2, syntaxin 1A, and SNAP25 were purified and
incubated overnight to form SNARE complexes, which
were then incubated with bead-immobilized GST and
GST-tagged full-length CSPa, CSPa1–82, CSPa83–198,
and CSPa1–112. The beads were washed, and bound
proteins were eluted in sample buffer, fractionated by
SDS–PAGE, and analyzed by Western blotting with an
anti-syntaxin antibody. In agreement with previous
studies [65], SNAREs formed SDS resistant complexes
that were disrupted upon incubation at 80 �C for 15 min.
Fig. 1C demonstrates that the SNARE complex binds to
CSPa1–198 and weaker binding was observed with CSPa
truncation mutants CSPa1–82, CSPa83–198, and CSPa1–112.
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CSPa and syntaxin 1A bind two regions of N-type calcium

channels

N-type channels are composed of a pore-forming Cav2.2
subunit with b and a2-d modulatory subunits. The Cav2.2
subunit is shown schematically in Fig. 2A. Syntaxin 1A
[66,67] and CSPa [35] both bind N-type calcium channels
at the synprint region, located within the domain II-III
intracellular linker of the Cav2.2 subunit, and enhance G
protein regulation of N-type channels [35]. Syntaxin 1A
interacts with synprint at two sites [62,66,68]. To begin to
understand the structural requirements for CSPa’s interac-
tion with synprint, four synprint truncation mutants were
constructed, expressed, and purified (Fig. 2B). Equal con-
centrations of the soluble His6Cav2.2 truncation mutants
were incubated with the immobilized CSPa/GST in an in vi-
tro-binding assay. Bound proteins were eluted in sample
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Fig. 2. Binding of His6Cav2.2 synprint truncation mutants to CSPa/GST.
(A) Membrane topology of the Cav2.2 subunit of the N-type calcium
channel. (B) Diagram of Cav2.2 synprint truncation mutants. (C)
Imidazole-eluted full-length His6Cav2.2 synprint and His6Cav2.2 synprint
truncation mutants (His6Cav2.2718–919, His6Cav2.2718–869, His6Cav2.2718–

820, and His6Cav2.2821–963) were incubated with CSPa-GST or GST
immobilized on glutathione-Sepharose beads for 30 min at 37 �C. Results
were determined by Western blotting with anti-Xpress monoclonal
antibody (Invitrogen) which recognizes a sequence expressed in the N-
terminal His6 tag region (Thr-Leu-Tyr-Asp-Asp-Asp-Asp-Lys). Note that
the visualization of His6Cav2.2821–963 (right panel) required longer
exposure times.
buffer, fractionated by SDS–PAGE, and analyzed by Wes-
tern blotting using anti-Xpress monoclonal antibody.
Fig. 2C demonstrates that the binding to full-length syn-
print and His6Cav2.2718–919 is robust. Binding to His6-

Cav2.2718–869 is substantially reduced, whereas deletion of
a further 50 amino acids (His6Cav2.2718–820) completely
abolishes binding. We also observed binding of His6-

Cav2.2821–963 to CSPa (Fig. 2C). These results indicate that
CSPa interacts with two sites within the synprint region.
Our study suggests that the regions of synprint to which
CSPa binds overlap or are very closely adjacent to the
regions previously shown to bind syntaxin 1A [62,66,69].

Direct evaluation of syntaxin 1A and CSPa competi-
tion for synprint is confounded by the capacity of syn-
taxin 1A and CSPa to bind to one another (Figs. 1 and
3A). However, we compared their synprint binding using
huntingtinexon1, another synprint-binding protein that
does not interact with either CSPa or syntaxin 1A [62].
Huntingtin is a cytosolic protein targeted by specific pro-
teases. Proteolytic huntingtin fragments are thought to
have their own discreet physiological functions and N-ter-
minal huntingtin fragments (i.e. huntingtinexon1) have
been shown to compete with syntaxin 1A for association
with synprint [62]. Although huntingtinexon1 like syntaxin
1A interacts with synprint, it does not trigger G protein
inhibition of the channel. Increasing concentrations of
thrombin cleaved soluble CSPa were preincubated with
equal amounts of solubilized synprint, followed by the
addition of immobilized huntingtinexon1, the beads were
washed, bound proteins were eluted, and Cav2.2 synprint
binding was assessed by Western blot. Fig. 3B shows that
CSPa (like syntaxin 1A) blocks the association of hun-
tingtinexon1 with synprint in a concentration-dependent
manner. In Fig. 3C, for comparison purposes, CSPa
(from Fig. 3B) and syntaxin 1A (from [62]) competition
of the huntingtinexon1/synprint association is shown in
graphical form. Our results indicate that CSPa, syntaxin
1A, and huntingtinexon1 associate with the same region
of synprint; syntaxin 1A has a greater affinity for synprint
than CSPa.

Next we evaluated the effect of the other CSPa-binding
proteins Hsp70 and SGT on the CSPa/synprint interac-
tion. CSPa-GST and GST were immobilized on glutathi-
one-Sepharose, and preincubated with Hsp70, SGT, and
ATP, as indicated in Fig. 3D, before the addition of equal
amounts of solubilized synprint. The beads were washed,
bound proteins were eluted, and Cav2.2 synprint binding
to CSPa-GST was assessed by Western blot. Neither
Hsc70 nor SGT influenced the interaction of CSPa with
synprint (Fig. 3D). The trimeric chaperone complex
CSPa/Hsc70/SGT previously shown to modulate G pro-
tein function by promoting GDP/GTP exchange did not
alter CSPa/synprint association.

Finally we examined a possible Hsc70/syntaxin 1A asso-
ciation. GST fusion proteins of CSPa, Hsc70, and SGT
were incubated with equal amount of soluble syntaxin
1A. Syntaxin 1A was found to interact with Hsc70 in addi-
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mixtures were then added to immobilized huntingtinexon1(20Q) and these
were incubated together for 30 min at 37 �C. The beads were washed
and bound proteins were eluted in sample buffer, fractionated using
SDS–PAGE, and analyzed by Western blotting using anti-Xpress
monoclonal antibody (Invitrogen). (C) Concentration–response curve
from the data in part (B) and for syntaxin 1A (Ref. [62], with
permission from Elsevier.) (D) Immunoblot analysis showing binding of
soluble His6Cav2.2 synprint to immobilized CSPa-GST or GST.
Immobilized proteins were preincubated with Hsp70, SGT, and 2 mM
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profile is shown. � indicates recombinant GST–SGT that is non-
specifically detected by anti-syntaxin.

L.A. Swayne et al. / Biochemical and Biophysical Research Communications 348 (2006) 83–91 87
tion to CSPa. The Hsc70/syntaxin 1A interaction was
robust and specific (Fig. 4A). Furthermore, Hsc70 was
found to bind to the SNARE complex in addition to
monomeric syntaxin 1A. GST-Hsc70 increased the assem-
bly of syntaxin 1A into the SNARE complex (Fig. 4B).
The association between SGT and syntaxin 1A was
observed to be very weak. The band labeled with � repre-
sents cross-reactivity of anti-syntaxin monoclonal with the
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abundant recombinant protein GST–SGT rather than syn-
taxin 1A (see Ponceau S for comparison) (Fig. 4C). Taken
together, these results demonstrate that syntaxin 1A is a
component of the CSPa chaperone system.

Discussion

J protein and Hsp70 families are implicated in diverse
cellular functions, however the common mechanism under-
lying these functions is thought to be the ability to bind
hydrophobic polypeptide stretches of client proteins and
elicit conformational changes. The identification of specific
J protein/Hsp70 chaperone pairs and the events that they
regulate in vivo remains a central biological question. One
of the important neural J protein/Hsp70 chaperone
machines is the CSPa/SGT/Hsc70 complex, a complex that
is critical in neurotransmission [20,25]. While the basic
mechanism of the CSPa/SGT/Hsc70 complex is most likely
universal, we expect the non-conserved regions of CSPa to
confer specialization. The precise role of this complex is
unknown. In particular, it has been unclear if syntaxin
1A is a component of the CSPa complex. In this study,
we provide evidence that CSPa directly associates with syn-
taxin 1A (Fig. 1A), the SNARE complex (Fig. 1B), and
two regions of synprint (Figs. 2 and 3), a key regulatory site
of vertebrate N-type calcium channels. We show that syn-
taxin 1A and CSPa bind to similar regions of synprint and
that the synprint-binding protein huntingtinexon1 competes
with both syntaxin 1A and CSPa for synprint binding
(Fig. 3). Assembly of the active trimeric CSPa/Hsc70/
SGT chaperone complex does not alter the CSPa/synprint
association (Fig. 3), suggesting that the active complex is
anchored to the synprint site of N-type calcium channels.
Hsc70 is known to manifest its chaperone activity in several
Fig. 5. Current working model of CSPa interactions. The synaptic vesicle prote
exchange of Gas. The active GEF/chaperone complex associates with the synpr
linker, to trigger the Gas-mediated increase in cellular [cAMP] and the Gbc-me
and synprint. Syntaxin 1A and huntingtin N-terminal fragments compete w
fragments do not modulate G protein signaling.
different contexts, by transiently binding unrelated protein
targets and preventing their unproductive aggregation.
Here we report that Hsc70 also associates with syntaxin
1A and the SNARE complex further implicating syntaxin
1A as either (1) a target of chaperone folding activity or
(2) a downstream target of the Gas signaling cascade. Con-
sistent with our findings, CSPa knockout mice have been
shown to have reduced SNARE complex assembly [24].

Synaptic transmission is under the control of several
intracellular messenger pathways. One such pathway,
which is important in the modulation of synaptic transmis-
sion, is the regulation of N-type calcium channels by
heterotrimeric GTP-binding proteins (G proteins). G-pro-
tein-coupled receptors respond to extracellular stimuli by
activating G proteins. The activation involves an exchange
of GDP for GTP on Ga subunits and release of GaGTP
and Gbc to interact with their effectors. Gbc inhibits N-type
calcium channels, a channel critical in coupling calcium
influx with synaptic vesicle exocytosis. G proteins are
themselves under the control of yet other regulators such
as RGS (regulator of G protein signaling) and GEF pro-
teins. The CSPa/Hsc70/SGT chaperone complex has
emerged as a GEF [19,35]. CSPa has a number of func-
tional parallels with a structurally distinct protein called
Ric-8A (synembryn). CSPa and Ric-8A are both abundant
neural GEFs that are implicated in neuronal transmitter
release [1,70]. Deletion of either CSPa or Ric-8 causes
paralysis. CSPa is a GEF for Gas but not Gai1, while
Ric-8A is a GEF for Gai1, Gaq, and Gao but not Gas. Thus,
it seems that CSPa, like Ric-8, is responsible for integrat-
ing synaptic G protein signaling pathways. Our results sug-
gest that association of CSPa with synprint targets the
CSPa chaperone system to G proteins located near N-type
channels.
in, CSPa, when activated by Hsc70 and SGT, promotes guanine nucleotide
int region of the N-type calcium channel, located within the domain II–III
diated inhibition of the channel. Syntaxin 1A associates with CSPa, Hsc70
ith CSPa for association with N-type channels. Huntingtin N-terminal
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A current working model demonstrating the known
interactions of the CSPa multimeric complex is illustrated
in Fig. 5. In this model, CSPa, when in close proximity
to the active zone, binds G proteins and N-type calcium
channels. In the presence of Hsc70 and SGT, CSPa is acti-
vated and promotes GDP/GTP exchange of Gas, increases
[cAMP], and enhances Gbc inhibition of N-type channels
[19]. The GEF activity of CSPa involves two G protein-
binding sites. Site 1 (residues 83–113) binds Ga and Gbc,
while site 2 (residues 1–82) binds Ga. Both huntingtinexon1

and syntaxin 1A compete with the CSPa system for associ-
ation with N-type calcium channels. Our model proposes
that syntaxin 1A is a dynamic component of the CSPa
complex interacting with CSPa, Hsc70 as well as N-type
calcium channels. Further investigation is required to
establish the precise events underlying CSPa modulation
of Gas signaling and the role of syntaxin 1A in this process.

In most cases the role of mammalian J domain/Hsp70
chaperone complexes remains unknown. A major endeavor
of current inquiry is to understand the biochemical events
underlying the function of individual J proteins. The iden-
tification of the CSPa/syntaxin 1A, CSPa/synprint, Hsc70/
syntaxin 1A, syntaxin 1A/synprint protein–protein interac-
tions is an important step in that direction. It is now pos-
sible to further investigate the mechanisms whereby the
CSPa chaperone machinery participates in neurotransmit-
ter release.
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