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Institute of Pharmacology, Centre of Physiology and Pharmacology, 
Medical University of Vienna, Austria 

Background: Solute carrier 6 (SLC6) proteins exit the endoplasmic 
reticulum (ER) compartments by recruiting the coat protein complex 
II (COPII) machinery. The COPII component SEC24 is responsible 
for the interaction with specific ER export motifs located on the C-
terminal domains of cargo proteins. We have previously shown that 
ER export of the serotonin transporter (SERT) relies exclusively on 
SEC24C [1] and that mutations in the C-terminal SEC24 binding 
motif of SERT impair folding of the transporter [2]. We here propose 
a model where SCL6 transporters first associate with heat shock 
proteins (HSPs) until they adopt their final stable conformation, 
which allows release of HSPs and renders the ER export motif 
accessible to SEC24C. 
Methods: We examined the role of HSPs in SERT folding by 
measuring specific [3H]5-HT uptake, [3H]imipramine binding, GST 
pull-down assays, immunoblotting and FRET microscopy. 
Results: We verify that HSP isoforms 70 and 90β are involved in 
SERT folding, based on the following evidence: (i) SERT interacts 
with HSP70 only in the ER compartments but not at the plasma 
membrane, (ii) the presence of an HSP binding motif on the SERT 
C-terminus, (iii) co-immunoprecipitation of HSP70-1A and HSP90β 
with SERT, (iv) siRNA-induced knock-down or inhibition of HSP70 
and HSP90β affects the affinity of pharmacochaperones (e.g. 
noribogaine), reflective of the folding state of SERT mutants, (v) 
HSP70 shows a dramatically higher association with a SERT mutant 
stalled in an intermediate stage of folding and (vi) these effects 
could be recapitulated in JAR cells endogenously expressing SERT. 
Discussion: Our results shed new light onto protein folding 
mechanisms of SERT and other SLC6 family members. Inhibition or 
depletion of HSPs promotes cell surface expression of folding-
deficient transporter mutants. ER resident luminal chaperones (e.g. 
calnexin) are required for protein folding. We here identify cytosolic 
HSP chaperones as additional key players in the protein folding 
trajectory of SERT. Depleting HSPs and / or treating ER-retained 
SERT variants with pharmacological chaperones can rescue their 
expression and activity at the cell surface. An association between 
HSP70 activity and response to antidepressant treatment has 
already been reported in the literature [3]. Our findings may have 
therapeutic potential, particularly in the treatment of neuro-
psychiatric disorders resulting from defective folding of monoamine 
transporter proteins. 
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