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Background: The serotonin transporter (SERT) mediates the re-

uptake of 5-HT from the synaptic cleft and thus replenishes vesicular 

stores by operating in tandem with the vesicular monoamine 

transporter. Drugs such as amphetamines induce a reverse transport 

or efflux of 5-HT. Truncation of the N-terminus of SERT or its 

tethering to the membrane diminishes amphetamine-induced reverse 

transport. Here we explored the mechanistic basis for the role of the 

N-terminus in supporting amphetamine-induced reverse transport. 

Methods: Membranes were prepared from HEK 293 cells stably 

expressing SERT (N-terminally tagged with YFP) and incubated in 

buffers of different ionic composition to stabilize the outward or 

inward conformation and in the absence and presence of para-

chloroamphetamine (pCA). These membranes were subjected to 

limited tryptic digestion. Removal of the N- and C-termini was tracked 

by immunoblotting for GFP and a monoclonal antibody directed 

against a C-terminal epitope of SERT, respectively. In addition, 

mutant versions of SERT were generated, in which the N-terminus 

was truncated by 22, 32 and 42 residues (SERT-Δ22, -Δ32 and -Δ42). 

These were transiently expressed in HEK  293 cells to examine their 

ability to transport substrate in the forward and reverse mode and to 

bind inhibitors. Finally, the transport cycle was explored in real time 

by measuring substrate-induced capacitive currents and transport-

associated currents in the whole-cell patch clamp configuration. 

Results: In the presence of pCA, the N-terminus of SERT was 

protected against proteolytic cleavage by trypsin, indicating that 

binding of amphetamines to the hydrophobic core changes the 

conformation of the N-terminus. After transient expression, SERT-

Δ22, -Δ32 and -Δ42 did not differ in their ability to support inward 

transport of 5-HT and in their ability to bind radiolabelled imipramine. 

However, amphetamine-induced release of preloaded serotonin was 

significantly reduced in SERT-Δ32 and -Δ42. The electrophysio-

logical recordings indicated that SERT-Δ32 was less likely to operate 

in the reverse mode than SERT-Δ22 or wild-type SERT. 

Discussion: The observations are consistent with the lever arm 

hypothesis, which posits that (i) amphetamine-induced release relies 

on the oligomeric structure of the transporter, and that (ii) the 

communication between the individual moieties is achieved by the 

N-terminus. 
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