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Background: We have previously reported that deletion of the first 
64 amino acids of the serotonin transporter (SERT) N-tail region, 
leads to complete abolition of amphetamine-induced efflux [1]. We 
have also identified a highly conserved threonine (Thr 81), residing 
at the juxtamembrane region of the N-tail, as another key site for 
amphetamine-induced reverse transport by SERT [1]. In this study, 
we further elucidate how the N-tail domain promotes outward 
substrate transport by monoamine transporters. 
Methods: A series of truncated variants or alanine mutants were 
created along the N-tail domain of hSERT by PCR and site-directed 
mutagenesis (Quikchange kit, Stratagene). To examine whether the 
mutated versions of SERT affected the delivery of SERT proteins to 
the plasma membrane, we examined all (YFP-tagged) mutations by 
confocal laser scanning microscopy. We used tryptic digestion to 
assess conformational changes in the N-tail induced by a variety of 
buffer (ion replacement) conditions in the absence or presence of 
amphetamine, imipramine or ibogaine. An extensive pharmacologi-
cal characterisation of the mutants was carried out using radioligand 
uptake, release and binding assays. 
Results: None of the N-tail mutants investigated in the present 
study impaired the trafficking of SERT to the cell surface. However, 
detrimental effects were observed in amphetamine-induced sub-
strate release by several mutants, particularly those located in the 
mid fragment of the N-tail. These defects in outward transport, 
however, were not due to impaired serotonin uptake kinetics (i.e. no 
significant changes in the Km and Vmax values compared to the wild-
type SERT). Moreover, all mutants displayed normal affinity for 
amphetamines and ibogaine, measured from inhibition of 
imipramine binding. In outward-facing conformations of SERT, the 
N-tail was found to be protected from cleavage by trypsin. 
Remarkably, amphetamines were able to shield the transporter from 
becoming digested even in the inward-facing conformational states. 
Discussion: The N-tail domain plays an indispensable part in 
asserting amphetamine action on monoamine transporters. Our 
current data provide new evidence in support of the recently 
proposed mechanistic model [1], where the N-tail acts as a lever 
activating the second moiety of the transporter oligomer, allowing 
substrate release to take place. 
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