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Background
The plasma membrane serotonin transporter (SERT) is a
key regulator of synaptic serontonergic neurotransmis-
sion and is a major target of both antidepressents and
psychostimulant drugs of abuse. The pre-synaptic soluble
N-ethylmaleimide-sensitive factor attachment protein
receptor (SNARE) protein syntaxin 1A has been reported
to modulate the intrinsic activity of multiple monoamine
neurotransmitter transporters both in vitro and ex vivo.
However, in contrast to the dopamine transporter (DAT)
little is know of its effect on SERT-dependent ampheta-
mine-mediated efflux in neuronal cells. Thus, the pur-
pose of this study was to examine the specific effects of
syntaxin 1A on both SERT function and regulation by
common drugs of abuse.

Methods
Murine catecholaminergic cells (CAD cells) were tran-
siently transfected with either DAT or SERT in the
presence and absence of syntaxin 1A. Transporter
function was assessed by [3H]MPP+ and [3H]5-HT
uptake, respectively. The cells were pre-loaded with
[3H]MPP+ and superfused with amphetamines in order
to determine the effect of syntaxin 1A co-expression
on amphetamine-mediated transporter-dependent
efflux. Mutagenesis was performed using the Quik-
Change II site-directed mutagensis kit from Stratagene.
Transporter and syntaxin 1A co-localisation was con-
firmed using confocal microscopy.

Results
The co-expression of SERT and syntaxin 1A led to a sig-
nificant reduction in the Vmax, but not the Km, for [

3H]5-
HT uptake. Similarly, syntaxin 1A co-expression greatly
reduced parachloroamphetamine-induced SERT-depen-
dent efflux. Neither the pharmacological inhibition of
CaMKII, nor the mutation of a CaMKII-binding motif in
the N-terminal tail of SERT had any effect on the down-
regulation of SERT activity by syntaxin 1A in neuronal
cell lines. In contrast to SERT, the co-expression of syn-
taxin 1A and DAT had no effect on [3H]MPP+ uptake
via DAT. Moreover, D-amphetamine-induced efflux via
DAT was increased by the co-expression of syntaxin 1A.

Conclusions
In contrast to DAT, syntaxin 1A is a negative regulator
of amphetamine-induced SERT-mediated efflux, an
effect which occurs independently of CaMKII activation.
The significance of this differential regulation is cur-
rently being investigated using endogenous expression
systems.
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