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ABSTRACT. To establish a purification procedure for the human serotonin transporter (hSERT) we expressed
in Sf9 insect cells an epitope-tagged version of the transporter containing a FLAG epitope at the N-terminus
and a polyhistidine tail at the C-terminus (FLAG-hSERT-12H). For purification, the transporter was
solubilized in digitonin followed by nickel affinity and subsequent concanavalin A chromatography. Using
this procedure we were able to obtain an overall purification of 700-fold and a yiel® df mg/L of cell

culture. The purified transporter displayed pharmacological properties similar to those of hSERT expressed
in native tissues and in transfected cell lines. Fluorescent labeling of the purified transporter with the
thiol-reactive fluorophore nitrobenxoxadiazol-iodoacetamide (IANBD) and Texas Red bromoacetamide
preserved the pharmacological profile of FLAG-hSERT-12H. Collisional quenching experiments revealed
that the aqueous quencher iodide was able to cause marked quenching of the fluorescence of the IANBD
labeled transporter with Ksy of 3.4 £ 0.10 ML, In a mutant transporter with five cysteines mutated
(5CysKO) we observed a significant reduction in this quenchitg & 2.1+ 0.16 M™%, p < 0.01). This
reduction was most likely due to labeling ¥¥Cys since mutation of this cysteine alone resulted in a
reduction in collisional quenching that was similar to that observed with 5Cy3k € 2.2 + 0.15

M~1). These data suggest that labeling!®Cys contributes substantially to the overall fluorescence of
IANBD labeled FLAG-hSERT-12H. On the basis of these data we infer #38Yys is embedded in a
mixed hydrophobic/hydrophilic environment at the external ends of transmembrane segments 1 and 2.
Further use of fluorescent techniques on purified hSERT should prove useful in future studies aimed at
understanding the molecular structure and function of/Sk-dependent neurotransmitter transporters.

Termination of monoaminergic neurotransmission is medi- alternating extracellular and intracellular loops with an
ated via the action of three distinct, but highly homologous, intracellular location of the N- and C-termini (Figure 1) (
transporters in the presynaptic membrane, the serotonin2). A high-resolution structure is, however, not yet available
transporter (SERT), the dopamine transporter (DA&hd for any of these transporters, and our insight into the packing
the norepinephrine transporter (NET). These transportersof the twelve helices remains limited,(2). At present, the
serve as targets for many psychoactive compounds includingonly available proximity relationships in the tertiary structure
both antidepressants and commonly abused drugs, such asf this family of transporters are derived from identification
cocaine and amphetamine. The SERT, DAT, and NET and engineering of high-affinity 2 binding sites in the
belong to the family of N&CI~-coupled transporters that DAT, SERT, GAT-1, and glycine transporter-1b (GlyT1b)
also includes transporters for other neurotransmitters, such(3—8). Interestingly, evidence suggests that K&i--coupled
as glycine and/-amino butyric acid (GABA). transporters exist in the membrane as oligomeric structures.

Little is known about the tertiary structure of this class of The stoichiometry of the oligomeric complex is not yet clear,
transporters. Considerable evidence supports the presence Qfut recent studies using a cysteine cross-linking strategy
12 putative transmembrane segments (TMs) connected byindicated that the DAT forms a tetrame®<12). It is
noteworthy that the structures of two secondary active

* Mlailing address for correspo?deﬂce: Th(=i Molecular Nt:aurophar- transporters, lactose permease and the glycerol-3-phosphate
mgtci&?e?y Srfﬁ’fé?éit?e@?"é"fgénﬂage rirms}g_ozg%% 1go%elhaeg§r?”"if‘ transporter (GIpT) fromEscherichia coli,were recently
Denmark. Tel: +45 3532 7548. Fax:+45 3532 7610. E-Mai: ~ Solved at high resolutionl@, 14). The structures revealed
SGFR@neuropharm.ku.dk; gether@neuropharm.ku.dk. the transporters in their putative inward facing conformation
_ Ut\rbt;]rsvgttgnsN E?EF;E} Qulr:eanhsnenrgt?p;r; éra:riggrteGrA DfaTr'r,“cri]%pam- with the substrate binding site exposed to the intracellular
It?t?tyri? e (CABA) t;anspoﬁ’ter_'i; GLYTID, glyciné trar?sporter-lb; milieu. However, neither of these two transporters displays
GIpT, glycerol-3-phosphate transporter; CNX, calnexin; Con A, con- any homology to the NdCI™-coupled transporters except
canavalin A; IANBD, N,N'-dimethyl-N-(iodoacetyl)N'-(7-nitrobenz- for the presence of 12 transmembrane helices. Thus, to what

2-oxa-1,3-diazol-4yl)-ethylenediamide; TM, transmembrane; 5CysKO, .
FLAG-hSERT-12H containing mutations C15S, C21S, C109A, G225, degree the structure of lactose permease and GlpT mimics

and C622A; 5-HT, 5-hydroxytryptamine; RTI-558%4-iodophenyl)- that of the Na/Cl~-coupled transporters remains an open
tropane-g-carboxylic acid methyl ester; MTSEA, ethanethiosulfonate but highly interesting question.

ethylammonium; TEMPO, 2,2,6,6-tetramethylpiperidiiexyl; PMSF, . . . .
phenylmethylsulfonylfiuoride; PP2A, protein phosphatase 2A; wT, ~ IN @ddition to knowing little about the tertiary structure
wild-type. of Na*/Cl~-coupled transporters, we have also limited insight

10.1021/bi048022b CCC: $30.25 © 2005 American Chemical Society
Published on Web 02/11/2005




Purification and Fluorescent Labeling of hSERT Biochemistry, Vol. 44, No. 9, 2005495

OOSDOEEECRg,

o EXTRACELLULAR
® & O
I'J & @gﬂ @0
% § o & 9
DeneT; —® & G @ 0
TORR § ® ® ®
_OEGREEY g \3 ') 1% '? 20D
D @
= (! N (%] i ()
109.5° _@mmoe“;"o é\! ‘Eé ® c@ ©
C E)
eds e@8D O 8Ly oBy o@¥s @ alfle 5o
B “":‘*‘gg oot “Eg@ BRNG OR S, Seiho Wity
G e G Y SO SR HVSS HE (E
WhL: (DD I tribk gy Ui et e UoEem R
S50 R0 s RS I (S G0 RS0 Gy
@e® 0 @ ®, ® O o O %
Booon 8 B Peas  ® g & @
i WAL 5. 5§ &
oOUUOUEEE o Saa o o
oec-@o@@@ ‘%o § % é’
> &)
{AUBEEEY Cha® DU
o B
CEe0eeeey, INTRACELLULAR
ORITBOET
RHEOEeOEE0EeEECOROENOENTEM N &

21 15 FLAG epitope 12 His epitope

Ficure 1: Snake representation of the epitope tagged hSERT. The hSERT contains 18 cysteines shown with white letters in gray or black
circles. The cysteines knocked out in the hSERT-5CysKO construct are shown with white letters in black circles. The FLAG M2
immunodetection epitope and the 12 histidine epitope for nickel affinity chromatography (black letters in gray circles) were cloned on the

amino- and carboxy-terminal tail, respectively. The N-linked glycosylation in extracellular loop 2 was utilized for the Con A affinity
chromatography.

into the predicted large-scale conformational changes re-EXPERIMENTAL PROCEDURES

sponsible for the substrate translocation process. Several o

biochemical and electrophysiological approaches have been MutagenesisUsing the Pfu polymerase (Stratagene, La
applied and provided some information about conformation- Jolla, LA) for the PCR and primers containing the FLAG
ally active domains 1 2, 15), but still the character and  epitope with an upstreamNotl restriction site and primers
dynamics of the conformational changes remain poorly €ncoding a 12-histidine tag with a downstrexivel restric-
understood. This might at least in part be due to the fact tion site, the hSERT was tagged at the amino- and carboxy-
that e.g. fluorescence techniques on purified transporterterminus, respectively resulting in FLAG-hSERT-12His. The
preparations, which have proven very useful for studying CDNA encoding FLAG-hSERT-12His tagged transporter was
the molecular function of other membrane proteins, have not inserted into the mammalian expression vector pUbZEY. (
yet been applied to this family of proteins. Notably, the To facilitate the mutagenesis the cDNA encoding hSERT
app”cation of fluorescent technique to tm adrenergic was modified with a silenPuul site in pOSitiOﬂ 724, Mfel

receptors 16—19) and the Lac permease Bbcherichia coli  Site in position 1684, and &lindlll site in position 955
(20, 21) has provided substantial insight into the molecular silently knocking out aVifel site. The additional restriction
function of these proteins. sites and the cysteine knock-out mutants of the hSERT cDNA

In this study we have sought to establish a system thatWere generated by PCR-derived mutagenesis using Pfu
allows for fluorescent as well as for other biophysical polymerase according to manufacturer’s instructions (Strat—
analyses of a N&CI—-coupled transporter. To achieve this adene). The generated PCR fragments were cleaved with the
goal we expressed an epitope-tagged version of the humarfiPPropriate restriction enzymes, purified by agarose gel
SERT in Sf9 insect cells and established a purification €lectrophoresis, and cloned into the pUbilz FLAG-hSERT-
procedure using a combination of nickel chromatography and 12His construct. SubseqL_JentIy, the transporter constructs
concanavalin A chromatography. We show here that in this Were cloned into the Sf9 insect cell vector pVL1392 (BD
way we have been able to obtain sufficient and sufficiently Biosciences Pharmingen, San Diego, CA) via Nwil and
pure transport protein for spectroscopic studies. We also Xba sqes Mutations were cpnflrm_ed by restriction enzyme
show that the purified transport protein has pharmacological 2nalysis and DNA sequencing using an automated ABI 310
properties similar to those of the transporter in native tissue Seduencer (Applied Biosystems, Foster City, CA) according
and that it can be derivatized with specific fluorophores t0 Manufacturer’s instructions.
without perturbing its ligand binding properties. Moreover, Expression in Sf9 Insect Cell§f9 insect cells were
we provide evidence that a cysteine situated in the shortmaintained in SF-900 Il medium supplemented with 5% heat
extracellular loop between TM1 and 2 is a labeling site for inactivated fetal calf serum (Invitrogen) and 0.01 mg/mL
the environmentally sensitive fluorophore IANBD. The data gentamicin at 27C either as monolayer cultures in tissue
suggest that the cysteine is situated in a mixed hydrophobicculture flasks or as suspension cultures in Erlenmeyer flasks
environment consistent with its localization close to the pre- under constant rotation (120 rpm). For expression in Sf9
dicted but not yet experimentally verified membrane/surface insect cells hSERT, hSERT-5CysKO (containing the cysteine
border. Altogether, the current data support the prospect ofknock-out mutations C15S, C21S, C109A, C522S, C622A),
applying spectroscopic techniques to unravel the molecularand hSERT-C109A in the pVL1392 vector were co-infected
function of Na/Cl -coupled transporters in further detail. with linerized baculovirus DNA (BD Biosciences Pharmin-
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gen) into Sf9 insect cells according to the manufacturer’'s volumes) in ice cold wash buffer (25 mM Hepes pH 7.4,

instruction (BD Biosciences Pharmingen). Baculovirus con-

0.1% digitonin, 10% glycerol, 300 mM NaCl) and eluted in

taining the canine molecular chaperone calnexin (CNX) was wash buffer containing 250 mM-methyl-mannopyranoside

kindly provided by Dr. Chris Tate, MRC Cambridge, U.K.

and spin concentrated as described above. For the initial

Baculovirus encoding the transporter constructs and CNX fluorescence labeling experiments, hSERT expressed in Sf9
were isolated by plaque purification and through several cell membranes was labeled for 30 min @G under slow

rounds of amplification high titer virus stocks were obtained
(~10 plaque forming units/mL).

Purification ProcedureFor purification, insect cells were
grown in 1 L cultures at a density of 2 million cells/mL.
The culture was co-infected with 1:25 of a high titer virus
stock of the hSERT and 1:12 dilution CNX. The cells were
harvested 4864 h later by centrifugation (10 min at 50§)0
and the pellet kept at-80 °C until purification. The
transporter was purified using a two-step purification pro-
cedure. One pellet of Sf9 cells frol L of infected culture

rotation in the presence of 5QM IANBD or Texas Red.
For the MTSEA experiments Sf9 cell membranes were
incubated for an additional 15 min period in the presence or
absence of 2 mM MTSEA at RT. Purified hSERT was
labeled in the presence of 10M IANBD or 200 uM Texas
Red in vials under slow rotation at°€ for 30 and 45 min,
respectively. As control, unlabeled hSERT received analo-
gous treatment. ThByax values of the control and labeled
hSERT were estimated from homologous competition bind-
ing using 0.25 nM 9]RTI-55 as radioligand according to

was resuspended in ice-cold lysis buffer (25 mM Hepes pH methods described below.

7.4 with 10ug/mL leupeptin, 1Qeg/mL benzamidine, and 1
mM phenylmethylsulfonylfluoride (PMSF)). Following cen-
trifugation (3000@ for 30 min at 4 C) the lysed cells were

resuspended in buffer (25 mM Hepes pH 7.4, 30% glycerol,

100 mM NacCl, 1Qug/mL leupeptin, 1Q:g/mL benzamidine,

Ligand Binding AssaysBinding experiments on hSERT
expressed in Sf9 insect cell membranes and of the purified
transporter were performed usifgq{]RTI-55 (NEN, Boston,
MA) as radioligand. In competition binding assays on
membranes, g of membrane protein was assayed in a total

and 1 mM PMSF) containing 1% digitonin (Calbiochem, San volume of 25QuL using a sodium phosphate buffer (50 mM
Diego, CA) and homogenized in a Dounce homogenizer (25 Na;HPOJ/NaH,PQy, pH 7.4) containing 0.25 nM¥3]RTI-

strokes with the tight pestle) and stirredr 8 h at 4°C.
Following centrifugation (300a9for 30 min at 4° C) the

55 and increasing concentrations of competing ligands, 5-HT,
citalopram, imipramine, cocaine, or RTI-55. The membranes

solubilized transporter was incubated under rotation with 18 were incubated fo2 h atroom temperature before separation
mL of nickel equilibrated chelating sepharose (Amersham of bound from unbound by rapid filtration over glass fiber

Biosciences, Piscataway, NJ)f2 h at 4°C containing 2
mM imidazole and 300 mM NaCiIThe nickel column was
washed with 8 columns of ice cold wash buffer (25 mM
Hepes pH 7.4, 0.1% digitonin, 10% glycerol, 300 mM NaCl)
containing 2, 5, 10, 20, 30, 40, 50, and 60 mM imidazole,
respectively. PA]RTI-55 binding activity was eluted in 500
uL fractions using wash buffer containing 200 mM imida-

filters (FilterMat B) (Wallac, Turku, Finland) using a Tomtec
96-well cell harvester. MeltiLex Melt-on scintillator sheets
(Wallac) were used for counting of the filter in a Wallac
Tri-Lux f scintillation counter. Competition binding experi-
ments on purified transporter (15 fmol of transporter) were
performed in digitonin buffer (25 mM Hepes pH 7.4, 0.1%
digitonin, and 150 mM NaCl) in a total volume of 10Q

zole. Fractions containing SERT were pooled and further using 0.25 nM of }?4]RTI-55 and increasing concentrations

purified using concanavalin A (Con A) resin (Amersham

of unlabeled ligands. The binding assays were incubated at

Biosciences). The nickel pure SERT was incubated for 2 h room temperature for 30 min before separation of bound from

at 4°C with 1000uL of Con A agarose equilibrated in wash

unbound on 2 mL Sephadex G-50 columns (Amersham

buffer. The resin was washed with 15 columns of ice cold Biosciences). The eluate was collected directly in 4 mL

buffer. Elution was performed by stopping the column flow
and adding wash buffer containing 250 mi#methyl-

counting vials (Wallac) using 10Q€L of ice-cold digitonin
buffer. HiSafe scintillation fluid (Wallac) was added, and

mannopyranoside. The resin was resuspended in the elutiorthe vials were counted in a Wallac Tri-Lyx scintillation

buffer several times during the 45 min incubation time at

counter. To estimate thByax of hSERT in pellets, mem-

room temperature. Two to three consecutive batch elutionsbranes, and of the purified transportéfJ|RTI-55 binding
were performed. The eluted Con A pure protein was was performed using a single subsaturating concentration of
concentrated using Centricon YM-30 spin concentrators the radioligand (0.5 nM) in the presence and absense &f 10

(Millipore, Billerica, MA).
Labeling with Fluorescent ProbeBor fluorescence spec-

M RTI-55. Byax was calculated by the equati®@yax =
Bo(1 + Kg/[radioligand]). Binding was assayed using the

troscopy the transporter constructs were labeled with the same buffers and method of separation as described above.

fluorescent probes on the Con A resin. Usually abot® 1
nmol of hSERT eluted from the nickel affinity sepharose
was incubated with 500 to 10Q4. of Con A resin in a 15
mL tube on slow rotation for 90 min at4C. Then 10Q«M
N,N'-dimethyl-N-(iodoacetyl)N'-(7-nitrobenz-2-oxa-1,3-dia-
zol-4-yl)ethylenediamine (IANBD) (Molecular Probes, Eu-
gene, OR) or 20uM Texas Red & bromoacetamide

All determintaions in the binding assays were done in
triplicate. Binding data were analyzed by nonlinear regression
analysis using Prism 2.0 from GraphPad Software, San
Diego, CA.

Fluorescence Spectroscoplluorescence spectroscopy
was performed on a SPEX Fluoromax-2 spectrofluorometer
connected to a PC equipped with the Datamax 2.2 software

(Molecular Probes) was added and the incubation continuedpackage (Jobin Yvon Inc., Edison, NJ). In all experiments
in darkness for another 30 or 45 min, respectively. The the excitation and emission band-pass were set at 5 nm. The
reaction was quenched by addition of 1 mM cysteine. The excitation and emission scans were performed on 10 pmol

Con A resin was transferred to a Poly Prep column (Bio-

Rad, Hercules, CA) and washed extensively{30 column

of IANBD or Texas Red labeled transporter added toxa 5
5-mm quartz cuvette (Helma, Mulheim, Germany) containing
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400 'ML_ of buffer (25_mM Hepes,_ 150 mM NaCl, 0.1% Table 1: Purification of hSERT from Sf9 Insect Célls
digitonin, pH 7.4). Excitation scanning of the IANBD labeled

. : ity + SE
hSERT between 400 and 528 nm was obtained by recording yield + SE p(upr,;);Vmg fold purification
emission at 540 nm. IANBD emission scanning was mea- (nmol) protein)  stepwise overall
sured from 495 to 625 nm with excitation set at 480 NM. stq cell culture 152t 08 75+1.1
Excitation scanning of the Texas Red labeled hSERT solubilized membranes 921.3 26.9+ 3.0 3.6 3.6
between 400 and 630 nm was obtained by recording emissionNi** affinity pure 3.0+£0.2 1099+395 41 148

at 640 nm. For Texas Red emission scanning, excitation wasCon A affinity pure  0.95£ 0.2 5167+ 1225 4.7 694
set at 550 nm and emission was recorded from 560 to 675 2The table shows the yield, purity, and fold purification at various
nm. Emission scans of IANBD free in water or dioxane/ slt?ges of the purification procedure of FLAG-hSERT-12His. We used
water mixtures were measured from 495 to 625 nm with [CIRIFSS bl sett to ceternne he amoun of unctona
excitation set at 480 nm. The excitation and emission spectra
are averages of three consecutive scans obtained with an o o
integration time of 0.3 s/nm. The spectra were corrected for PY TEMPO at the used excitation and emission wavelengths.
any background fluorescence by routinely subtracting control The corrected data were plotted according to the Stern
spectra on buffer alone. Volmer equationFo/F = 1 + K [Q], whereFy/F is the ratio
Fluorescence Anisotropythe SPEX Fluoromax-2 spec- of fluorescence intensi_ty in the absence and presence of
trofluorometer was equipped with an automated L-format guencher (Q) andKs, is the Sterr-Volmer quenching
polarization accessory including two Glan-Thomson UV constant 23).
polarizers placed in the sample chamber to enable poIarizedRESUL.I_S
excitation and emission detection. The anisotropy measure-
ments were carried out using the Constant Wavelength Expression and Purification of the hSERThe cDNA
Analysis program with the excitation set at 480 nm and encoding the human SERT was tagged at the C-terminus
emission measured at 528 nm with a 10 s integration time. with 12 histidines and at the N-terminus with a FLAG
Concurrent measurements of the emission intensity with the epitope for expression iBpodoptera frugiperdéSf9) cells
excitation-side polarizer in the vertical position (V) and the (Figure 1). The expression level of the resulting construct
emission-side polarizer in either the V or horizontal position (FLAG-hSERT-12His) was 8.6 0.6 nmol of hSERT/1 L
(H) were carried out. Measurements of fluorescence aniso-of culture (containing 2< 10° Sf9 cells) as determined by
tropy on IANDB free in water or buffer (25 mM Hepes, ['?9]RTI-55 binding (W = 4). To increase the fraction of
150 mM NacCl, 0.1% digitonin, pH 7.4), IANBD labeled to  mature and correctly folded SERZS), the insect cells were
nickel affinity purified protein, and on the Con A purified co-infected with baculovirus encoding the molecular chap-
and IANBD labeled hSERT was carried out at Z0. The erone calnexin (CNX). Coexpression with CNX increased
data were converted to anisotropy according to the equationthe Byax to 14.54 0.6 nmol of hSERT/culturen(= 8).
A= (lw — Glywy)/(lywv + 2Glyn), wherelyy is the intensity For purification, isolated insect cell membranes from one
measured with both the excitation-side and emission-sidel L culture were solubilized in buffer containing 1%
polarizer in the vertical position (V)lyn is the intensity digitonin. The transporter was purified in two steps by nickel
measured with the excitation-side polarizer in the vertical affinity and concanavalin A (Con A) chromatography. The
position (V) and the emission-side polarizer in the horizontal nickel chromatography provided 41-fold purification whereas
position (H), andG is the ratio of the sensitivities of the the subsequent Con A step added an extra 4.7-fold of
detection system for vertically and horizontally polarized purification (Table 1). Overall, we achieved 694-fold puri-
light (S/S4) (23). fication relative to the starting material, i.e., the cell lysate.
Fluorescence Quenching Experimer@ienching experi-  The final purity of the hSERT following the Con A
ments were performed on +20 pmol of IANBD labeled chromatography was 5.2 nmol/mg protein (Table 1) corre-
transporter in 40@L of buffer. Stock solutions (1.0 M) of  sponding to 36% functional transporter as measuredd [
the hydrophilic quencher potassium iodide (KI) containing RTI-55 binding. The purified hSERT analyzed by SDS-
10 mM Na&S,0; was prepared freshly for each round of polyacrylamide gel electrophoresis and silver staining
experiments. The hydrophobic quencher TEMPO (2,2,6,6- comprised 46%t 8 (meant= SE,n = 6) of the total protein
tetramethylpiperidinéN-oxyl) was dissolved in 10% DMSO  (Figure 2). Hence, around 80% of the purified transporter is
at a concentration of 100 mM and immediately used. To functional. In general about 1 nmol of hSERT (0.07 mg)
correct for dilution/ionic strength effects on fluorescence, could be obtained fim 1 L of cell culture (Table 1).
measurements were performed in parallel using a 1.0 M stock Since a major goal of this study was to site-selectively
of potassium chloride (KCl) and a 10% DMSO stock for label the hSERT with sulfhydryl-reactive probes, we wished
the Kl and TEMPO quenching experiments, respectively. Ten to reduce the number of reactive cysteines in the transporter.
microliters of quencher (potassium iodide or TEMPO) or We decided first to remove cysteines present outside the
control solution (potassium chloride or 10% DMSO) was transmembrane region because we predicted that these could
added sequentially followed by thorough mixing after each more likely be mutated without perturbing expression and/
addition and subsequent recording of fluorescence using theor function in comparison to transmembrane cysteines. With
Constant Wavelength Analysis program in the Datamax a minor change in expression (1601.9 nmol of hSERT/
software package. The excitation wavelength was 480 nm, culture jh = 6]) we were able to remove five cysteines
and the emission wavelength was 528 nm. In the experimentspresent outside the transmembrane region including C15S,
with TEMPO, the fluorescence intensities were corrected asC21S, C109A, C522S, and C622A resulting in hSERT-
describedZ24) for inner filter effects caused by the absorption 5CysKO. Mutation of additional residues outside the trans-
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observed 3- to 9-fold higher affinities whereas the affinities
for cocaine and the cocaine analogue RTI-55 were essentially
identical in membranes and in the purified transporter
preparation (Table 2). Taken together, the results support
the inference that the overall conformation of the transporters
is conserved upon purification.
Fluorescent Labeling of hSERT Is Well Toleratfah
examine the sensitivity of hSERT toward cysteine-reactive
<+ CNX fluorescent probes the transporter expressed in Sf9 mem-
< hSERT branes and upon purification was labeled with NBD iodo-
acetamide (IANBD) or Texas Red bromoacetamide. In the
Sf9 cell membranes, labeling with either fluorophore resulted
in a small increase in thk; value for ?9]RTI-55 (about
2-fold) without a significant change in tH&ax (Table 4).
A similar observation was done when reacting with the
charged sulfhydryl-reactive reagent MTSEA (methanethio-
sulfonate ethylammonium) (Table 4). It is important to note
Ficure 2: Purification and fluorescence labeling of hSERT. that this does not disagree with previous reports showing
Samples at various stages of purification were separated on 10%marked inhibition of J?4]RTI-55 binding to SERT in

SDS/polyacrylamide gel and silver stained (left panel) or imaged .
for fluorescence (the two right side panels). From left to right shows response to MTSEASD). These assays were performed with

a sample of solubilized proteins from Sf9 cell membranes, a sample @ Subsaturating concentration of the radioligand and under
of the protein eluted from the nickel column, and a sample of protein these conditions even a minor 2-fold decrease in affinity can
eluted from phe Con A resjn. The solubilized protein in. thg SDS/ cause a large decrease in apparent bindBg). (This is
polyacrylamide gel contains 20-fold les$?qJRTI-55 binding directly illustrated by the binding curves in Figure 3 showing

activity than that loaded of the nickel and Con A pure protein. The L
fluorophore labeled hSERT was imaged in a Bio-Rad FluorS Imager 40—50% reduction inB, for IANBD and MTSEA labeled

using transluminant UV light for excitation of the IANBD or Texas ~ transporter as the result of a 2-fold decrease in affinity with
Red fluorophores. Emission was recorded using the 520 nm long no change iByax (Table 4). Interestingly, in both 5CysKO

Ni affinity pure
Con A affinity pure
Texas Red labeled

g
Q
©
fa
i)
o
[aa]
=
<
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kDa

160
105
15
50

35

e
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pass filter settings. and C109A we did not see any change'fi[RTI-55 affinity
_ upon IANBD labeling whereas a small decrease in affinity
membrane region such &$Cys, 1*Cys, and*'Cys de-  was still apparent in response to MTSEA (data not shown).

creased expression of this construct in Sf9 cells so profoundly  For the purified transporter we observed a similar scenario.
that purification was essentially impossible (data not shown). |n the hSERT wild type, labeling with IANBD or Texas Red
Furthermore, additional mutation of transmembrane cysteinespromoacetamide did not chanBgax but caused a marginal
in hSERT-5CysKO, such d8%Cys,**Cys, and®*Cys, also  decrease (1.5-fold) in affinity for'f4]RTI-55 (Table 4).
had a dramatic negative impact on expression (data notHowever, similar to our observations in membranes we did
shown). Thus, we decided to continue with h\SERT-5CysKO ot see any affinity change fol2fi]RTI-55 in both 5CysKO
in our Iapeling studies.. In addition to hSERT-5CysKO we snd C109A (Table 3). This suggests that labeling®tys
also studied a mutant in whic*Cys was mutated to Ala  is responsible for the'f3]RTI-55 affinity change seen in
(hSERT-C109A). The expression level of hNSERT-C109A the wild-type hSERT in response to IANBD or Texas Red
coexpressed with CNX was 848 0.33 nmol of hNSERT/  promoacetamide. Of interest, labeling'8iCys appeared to
culture @ = 7). Application of the purification protocol  have no impact on the affinities for cocaine, citalopram,
described above for the wild-type to C109A and 5CysKO imipramine, and 5-HT (Table 2). In fact, the affinity
resulted in the same purification efficiencies (data now jncreased slightly for 5-HT (Table 2). Altogether, it seems
shown). reasonable, therefore, to conclude that the overall conforma-
The Purified SERT Retains Negi Ligand Binding Prop- tion of the transporters is conserved both upon purification
erties. The pharmacological profile of the hSERT construct and upon fluorescent labeling.
expressed in Sf9 cell membranes was assessed in competition The covalent fluorescent labeling of the purified transporter
binding experiments usingfl]RTI-55 as radioligand (Table  was directly visualized by SDSpolyacrylamide gel elec-
2). The observed binding affinities were altogether within trophoresis followed by fluorescence imaging as illustrated
the same range as those observed previously in nativein Figure 2. The two major bands corresponding to hSERT
transporter preparation derived from brain tissue and blood and CNX constituted 87% and 13% of the total transporter/
platelets 26—28) and in transfected mammalian cell lines CNX fluorescence, respectively as assessed by densitometry
(29-34). This supports proper folding of the epitope tagged analysis (Figure 2). Similarly the Texas Red fluorescence
transporter in the Sf9 cell membranes. from hSERT constituted 84% of the combined total transporter/
Subsequent competition binding on théMCon A affinity CNX fluorescence. The combined fluorescence from trans-
chromatography purified hSERT (Table 2) and hSERT porter and CNX amounted60% of the total fluorescence
mutants 5CysKO and C109A (Table 3) revealed substrateleaving~40% to background fluorescence from other protein
and inhibitor affinities that in general were similar to those impurities and aggregated hSERT running as high MW
obtained for the transporter in the Sf9 cell membranes (Table complexes. The high MW aggregate constitutes around 7%
2). For 5-HT we observed an apparent affinity in the purified for both fluorescently labeled transporters.
preparation of~0.8 uM as compared to~8.3 uM in the Decreased Rotational Freedom of IANBD Labeled to the
Sf9 cell membranes. For citalopram and imipramine we hSERT. Anisotropy represents a measure of molecular
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Table 2: Binding Properties of Purified and Fluorophore Labeled hSERT in Comparison to hSERT in Sf9 Membranes

Ki [SE interval] (nM)

Sf9 membrane hSERT

purified hNSERT

purified and IANBD

labeled hSERT

purified and Texas Red

labeled hSERT

5-HT 8270 [7366-9290] 823 [727-933] 303 [269-342] 284 [233-246]
RTI-55 0.60 [0.53-0.68] 0.60 [0.54-0.67] 0.92[0.84-1.0] 0.85[0.72-1.0]
cocaine 204 [189220] 191 [168-217] 191 [166-220] 157 [133-185]
citalopram 8.7[8.6-9.6] 3.0[2.8-3.2] 4.0[3.74.4] 3.3[3.13.5]
imipramine 13.5[12.615.1] 1.5[1.3-1.6] 15[1.4-1.7]

a Competition binding on hSERT expressed in Sf9 insect cell membranes and on purified and fluorescently labeled transporter using 0.25 nM
[**™]RTI-55 as radioligand. Th&q values were calculated by the equatin= I1Cso — [radioligand]. The 1G, values used for calculation ¢
values were obtained from means of pJ& SE.K; values were calculated according to the equakip® 1Cs¢/(1 + L/Kg) whereL is concentration
of radioligand.

Table 3: Binding Properties of Purified and Fluorophore Labeled Cysteine Knock-Out Mutants of hSERT
Ki [SE interval] (nM)
purified and IANBD purified hNSERT

purified hNSERT purified and IANBD

5CysKO hSERT 5CysKO C109A labeled hSERT C109A
5-HT 296 [242-362] 362 [272-480] 556 [447-691] 575 [513-645]
RTI-55 0.71[0.61%0.82] 0.89[0.76-1.05] 1.24[1.12-1.36] 1.0[0.83-1.24]
cocaine 187 [157221] 245 [227-264] 261 [211-324] 227 [199-259]
citalopram 4.3[4.64.6] 4.4[4.0-5-0] 4.7 [3.6-6.2] 4.1[3.6-4.6]
imipramine 5.8 [5.16.5] 5.7 [6.1-6.5] 2.4[1.9-3.1] 3.2[2.9-3.7]

a Competition binding on purified and fluorescently labeled transporter mutants using 0.28%]MT[l-55 as radioligand. Th&g values were
calculated by the equatidfy = ICso — [radioligand]. The 1G, values used for calculation &f values were obtained from means of pJ& SE.
K; values were calculated according to the equallprr 1Cs¢/(1 + L/Kg) wherelL is concentration of radioligand.

Table 4: Effect of Fluorescent Labeling @uax of hSERP o 100 ——=_g ® ool
Buax + SE Ki .§ % 1 MTSEA
(% of unlabeled) [SE interval] (nM) 53 —
85 s0f T
Sf9 membranes EE
unlabeled SERT 100 0.60[0.58.68] x8
IANBD labeled SERT 99.2- 7.3 1.3[1.18-1.52] g
Texas Red labeled SERT 821414.8 1.3[1.13-1.49] - 0 L,
MTSEA labeled SERT 115.% 25.2 1.4[1.151.70] 01110 -9 8 -7 6 -5
purified Log RTI-55 concentration (M)
unlabeled SERT 100 0.60 [0.50.67]
IANBD labeled SERT 98.6- 5.0 0.92[0.84-1.01] Ficure 3: Effect of IANBD and MTSEA on hSERT. Sf9
Texas Red labeled SERT 96173.8 0.85 [0.72-1.00] membranes expressing hSERT were incubated in the absence

* The NSERT was expressed n S19 cell membranes and abeled uporfo 50 .00 eC ollowed py treatment 1 he presence (tiangles)
purification with IANBD and Texas Red as described in the Experi- o ahsence (squares and open circles) of 2 mM MTSEA for 15
mental Procedures. Briefly, the membranes were labeled in the presencenin at RT. The effects of the treatments were measured by
of 500 uM IANBD or Texas Red and the purified transporter in the homologous competition binding using 0.25 NMRTI-55 as
presence of 10@M IANBD or 200 uM Texas RedBuax values of  ragigligand. The binding affinity of RTI-55 to the control (squares),
control and labeled hSERT were estimated from homologous competi- he membranes treated with IANBD (open circles), and MTSEA
tion binding using 0.25 NM'AIRTI-55 as radioligand. (triangles) was calculated using the equatior= ICso/(1 + L/Kq)

to be 0.6, 1.3, and 1.4 nM, respectiveByax is estimated from
motions at a nanosecond time scaR8)( Accordingly, e equatiorBuax = Bo(1 + Ky/[radioligand]).
steady-state anisotropy measurements were carried out t6¢C (Figure 4). After removing the remaining free IANBD
investigate the rotational freedom of free IANBD and by extensive washing on the Con A resin the labeled hSERT
IANBD labeled to the purified hSERT. The anisotropy of was eluted. The anisotropy of the purified and IANBD
IANBD free in water was 0.04%- 0.001 (means- SE,n = labeled hSERT was 0.322 0.002 (means: SE,n = 3) at
3) at 20°C (data not shown) consistent with substantial 20 °C (Figure 4), indicating a significantly constrained
rotational freedom. The anisotropy of IANBD free in buffer rotational freedom of the fluorophores on the purified
containing digitonin micelles was 0.126 0.002 (means: transporter. Interestingly, the same degree of anisotropy was
SE,n = 3) at 20°C (Figure 4). This increase in anisotropy achieved in the purified rat SERT upon binding of a
most likely reflects some degree of association of IANBD fluorescent cocaine analogue RTI-233, containing an equiva-
to the detergent micelles restraining the rotational freedom lent NBD fluorophore 86).
of the fluorophore. Following nickel affinity chromatography Evidence for IANBD Labeling Sites in Highly Hydrophobic
the eluted protein was labeled for 30 min af@ in the Transporter DomainsThe emission from IANBD is, in
presence of 100M IANBD. The anisotropy of this mixture  contrast to the Texas Red fluorophore, highly sensitive to
was measured to a slightly larger value than the free IANBD the polarity of the environment. In water, we observed that
revealing a residual excess of free IANBD compared to theAlwax (wavelength at which maximum emission occurs)
labeled protein, 0.146- 0.003 (means: SE,n = 3) at 20 of IANBD was 542 nm when the optimal excitation
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Ficure 4: Fluorescence anisotropy of the purified and IANBD
labeled hSERT in comparison to free IANBD and unwashed 054

IANBD labeled nickel pure protein. Fluorescence anisotropy of
IANBD free in digitonin buffer (left bar), of a diluted sample of a
mixture containing nickel pure protein labeled for 30 min in the
presence of 10tM IANBD (middle bar), and of the IANBD
labeled and Con A purified transporter in which excess |IANBD
has been removed by an extensive wash (right bar). The anisotropy

was determined as described in the Experimental Procedures. cC 528 nm
1.0

400 450 500 550 600 650

Normalized fluorescence intensity

. . ™ NBD-hSERT C109A
wavelength of 480 nm was used (Figure 5A). Decreasing iy

the polarity of the solvent surrounding the fluorophore by
addition of increasing concentrations of dioxane caused a
dramatic elevation in the fluorescence quantum yield and
an associated blue-shift of the emissiinx (Figure 5A).
Using this biophysical property of IANBD, inferences about
the molecular environment of putative IANBD labeling site-
(s) might be possible. As shown in Figure 5B, the IANBD Wavelength (nm)

labeled hSERT has Auax of 528 nm corresponding to the  FiGURE 5: Fluorescent properties of IANBD free in solution and
fluorescence from free IANBD in dioxane/water mixtures ©f IANBD and Texas Red labeled hSERT. (A) Emission spectra

P 0% A ; of free IANBD in dioxane/water. The fraction of dioxane ranges
(v/v) containing more than 95% dioxane. This would suggest from 0% to 100% (v/v) in selected intervals. (B) Excitation (solid

that IANBD s labeling cysteine(s) embedded in highly |ine) and emission (dashed line) spectra of the purified and IANBD
hydrophobic environments. Note that, as a consequenceor Texas Red labeled hSERT. The emission maximigpy) of

hereof, labeling of cysteines exposed to the aqueous environ-?hg. IAt\Nc:IBDC |aé>e|¢tdt.transp|9(;t?r (NBD(;hSERT) is d52ﬁ gﬁr as
ment cannot be inferred as the emission from these likely !S”pe"é‘t?‘r: df( ttze Sﬁlri%égna%) : ANgeD) ;‘%elga“ﬁg'gg_lﬁ_ é‘iog " \II\TI(teI’)l
areé minor as compared to the fluorescence from the an emissiorlyax of 528 nm. The spectra shown are representative
hydrophobic sites. of three independent purification and fluorophore labeling experi-
Evidence fort®®Cys as a Major IANBD Fluorescence Site. ments.
Next we investigated the accessibility of IANBD covalently
attached to the transporter in collisional quenching experi- the data also suggest th&fCys is embedded in a hydro-
ments. Collisional quenching requires a bimolecular interac- phobic environment that nevertheless is in close contact with
tion between the quencher and the fluorophore, and, therethe aqueous phase.
fore, such experiments can determine directly the accessibility Besides 1°Cys, one or more additional hydrophobic
of the fluorophore to the surrounding environment. The labeling sites exist in the transporter since repla¢figys
aqueous quencher iodide Jlwas able to cause a marked with alanine does not change thgax of IANBD labeled
guenching of the fluorescence of the IANBD labeled hSERT-C109A (Figure 5C, dashed line spectra) compared
transporter. This is illustrated by the linear Stekfolmer to IANBD labeled hSERT (Figure 5B, dashed line spectra).
plot in Figure 6A in whichFy/F is plotted against the = These observations are supported by experiments using the
potassium iodide concentration. The slope of the line lipid-soluble short-range quencher of fluorescence 2,2,6,6-
represents the SteriVolmer constantKs,), which was 3.4 tetramethylpiperidinéN-oxyl (TEMPQO). TEMPO quenching
+ 0.10 M1 for the IANBD labeled hSERT. The fluorescence experiments on IANBD labeled hSERT and hSERT-C109A
guenching by iodide was considerably reduced in the labeledresulted in SterrrVolmer quenching constant&4,) of 72.4
hSERT mutant 5CyskO where five cysteines were knocked + 1.9 (1 = 3) and 71.3t 1.7 (0 = 3), respectively (Figure
out, displaying &s, value of 2.1+ 0.16 M* (Figure 6B). 7). The removal of*®®Cys does not change the TEMPO
The single cysteine knock-out mutant (C109A, Figure 6C) quenching, suggesting th&tCys is equally sensitive for
is entirely responsible for the quenching phenotype seen inTEMPO quenching as the remaining hydrophobic labeling
the 5CysKO mutant (Figure 6B) as it was quenched with a site(s) combined.
Ke Of 2.24 0.15 M. These data strongly suggé&iCys Effect of Substrate, Inhibitors, and lons on Fluorescence
as a labeling site that contributes considerably to the overall from IANBD or Texas Red Labeled SERhe possibility
fluorescence of the IANBD labeled SERT. Due to the of assessing time-resolved ligand induced conformational
environmentally sensitive nature of the NBD fluorophore, changes of the purified and fluorescently labeled SERT was

0.5

400 450 500 550 600 650
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which fluorescence emission at a fixed optimal wavelength
NBD-hSERT A was measured over time at a fixed optimal excitation wave-
length. Following achievement of a stable baseline fluores-
cence under magnetic stirring, the effect of adding 5-H¥ (1
10/1Mﬁna|), RTI-55 (1—10ﬂMﬁna|), citalopram (]rlOﬂMfina|),

NaCl or LiCl (100 mMina in NaCl free buffer) was recorded
for at least 500 s. However, we were unable to detect any
I . . : I reproducible changes from the baseline in response to any
0 50 100 150 200 of these compounds. We also tried several other sulfhydryl-
2.0 reactive fluorescent probes including anilinonaphthalene-
el IR 2 sulfonate, monobromobimane, fluorescein maleimide, and
coumarin maleimide with a similar negative result (data not
shown).

DISCUSSION

In this study we have developed the critical methods for
performing direct structural studies on the human serotonin
transporter (hSERT). The transporter was expressed in Sf9
NBD-hSERT C109A G insect cells, and a purification procedure was established.
This procedure allowed purification of transporter in larger
154 amount and of higher purity than described previously; hence,
although purification of the SERT has been described several
times before, it has only been purified from native tissues
Ksy=2210.15M-1 in total yields of less than 10 pmol with a generally low
I . I : : purity (27, 37—40). Of the Na/Cl~ coupled transporters,

0 50 100 150 200 successful purification has only been reported before for the
KI [mM] GABA transporter-141, 42). Using the present procedure

Ficure 6: Fluorescence quenching of the IANBD labeled trans- we were able to'pqufyvo..l .mg of hSERT p(?r Ilter. of |ns¢ct
porter by potassium iodide. Sterolmer plots showing collisional ~ Cell culture. This is sufficient for performing biophysical
quenching of NBD fluorescence by the water-soluble quencher studies based on e.g. fluorescent labeling (see below).
potassium iodide (KI). (A) IANBD labeled hSERT (NBD-hSERT).  Importantly, we were able at least in part to circumvent the
(B) IANBD labeled hSERT-5CysKO (NBD-hSERT 5CysKO). (C)  jnherent problem of the Sf9 insect cell system that a large

IANBD labeled hSERT-C109A (NBD-hSERT C109A). The broken . .
shaded lines in panels B and C represent the IANBD labeled hSERTfrac.tlon of the exprgssed protein 0.'065 not undergo proper
in A. The quenching experiments were carried out, and the datafolding and maturation2s, 34, 43). First, we expressed the

was plotted as described in the Experimental Procedures. Theprotein in the presence of the molecular chaperone calnexin
Stern-Volmer quenching constant&g) were 3.4+ 0.10 M, (25), and second we purified selectively glycosylated and

2.1+ 1.6 M1, and 2.2+ 1.5 M~! (means+ SE,n = 3) for the ; ; i _
IANBD labeled hSERT, hSERT-5CysKO, and hSERT-C109A, thhus :“atth”.re protein by “S'”%lcotncagta‘(a“” 'A.‘f.d:jr?matog"’t‘
respectively. In all experiments the excitation was 480 nm and the pny. In this way, we were able 10 obtain puritied transpor

emission was recorded at 528 nm. protein of which around 80% was active as assessed by the

ability of the protein to bind radiolabeled RTI-55.

The pharmacological properties of the purified protein
were similar to those observed in native tissue, suggesting
that the overall tertiary structure of the transporter has been
conserved after purification and thus that it was in an active
conformation. The affinity of 5-HT was 10-fold higher in
the purified preparation as compared to that observed in the
. . . . corresponding membranes. Similarly, the affinity for imi-

0 05 1.0 15 2.0 pramine increased from 13.5 nM to 1.5 nM (Table 2). One
TEMPO [mM] conceivable explanation would be that the detergent (digi-

Ficure 7: Fluorescence quenching of the IANBD labeled trans- tonin) constrains the transporter in a conformation that is

porter by TEMPO. SteraVolmer plots showing collisional quench- ~ more favorable for binding these compounds. Interestingly,
ing of NBD fluorescence by the lipid-soluble quencher TEMPO. increased affinity for agonists was previously reported for
Filled circles: IANBD labeled hSERT (NBD-hSERT). Open the 2 adrenergic receptor upon solublization in digitonin
squares: IANBD labeled hSERT-C109A (NBD-hSERT C109A). qnsistent with the ability of digitonin to constrain the

The quenching experiments were carried out, and the data was . high-affini f . It should
plotted as described in the Experimental Procedures. The-Stern '€Ceptor in a high-affinity state for agonis&4. It shou
Volmer quenching constant&4,) were 72.4+ 1.9 M~* and 71.3 also be taken into account that the phenomenon of substrate
+ 1.7 M1 (meanst SE,n = 3) for the IANBD labeled hSERT  affinity changes for SERT as compared to native tissue has
and hSERT-C109A, respectively. In all experiments the excitation peen seen before in other overexpression stud&sie). It

was 480 nm and the emission was recorded at 528 nm. could accordingly be considered that an “endogenous factor”,
a major objective of this study. Accordingly, hSERT labeled such as critical lipid or associated proteins, that affects the
with JANBD or Texas Red (1525 pmol in buffer containing  affinity of substrate binding to SERT exists. Such a factor

0.05% digitonin) were subject to a spectroscopic analysis in still needs to be identified; however, it is important to point
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out that the affinity change seen upon purification may reflect of MTSEA was nonetheless not eliminated in either 5CysKO
the absence or presence of a SERT modulator rather than ar C109A (data not shown). This agrees with previous
fundamental alteration of SERT tertiary structure. observations suggesting that the inhibitory effect of MTSEA
We have not yet been able to assess whether the purifiedon [*29]RTI-55 binding is the result of labeling not only
transporter, although capable of binding substrates and!®Cys but also®*'Cys @5).
inhibitor, is fully functional and thus able to transport. To The data raise the question whether IANDB/ Texas Red
address this question, functional reconstitution of the purified bromoacetamide label a different subset of cysteines than
protein into liposomes is required, but we have so far not MTSEA, or, alternatively, they label the same subset of
been able to accomplish this. The SERT has previously beencysteines but labeling with a hydrophobic fluorophore has a
functionally reconstituted into liposomes from platelets or different impact on transporter structure and transporter
placental brush border cells extracted in cholate or digitonin function than labeling with the positively charged MTSEA
(39, 47, 48). In parallel to the considerations in the previous group. Since IANBD was unable to protect against the effect
paragraph, it is interesting to consider the possibility that of MTSEA in an experiment where we labeled with IANBD
our purification procedure removes essential lipids or as- prior to MTSEA and compared to MTSEA alone (data not
sociated proteins critical for achieving functional reconstitu- shown), it is most likely that IANBD and MTSEA display
tion. Another problem is the sensitivity of the purified different labeling patterns. This is also not surprising given
transporter to different detergents. Out of 40 different tested the different chemistry by which the cysteines are labeled
detergents (DSOL-90-10 solution master detergent kit from (MTS versus iodacetamide and bromoacetamide), which
Anatrace Inc., Maumee, OH) the purified transporter only might profoundly affect the reactivity of the individual
preserved its ability to bind radiolabeled RTI-55 in digitonin cysteines. The reaction between sulfhydryls and MTS
(data not shown). Unfortunately, this detergent is particularly reagents occurs, for example, a billion times faster in an
difficult to remove during reconstitution due to its very low aqueous solution; hence, MTS reagents are in contrast to
critical micelle concentration (CMC). iodoacetamide reagents unlikely to label cysteines buried in
A major purpose of establishing an efficient purification a hydrophobic nonaqueous environment and, therefore, a
procedure was to implement the use of spectroscopic completely different labeling pattern could be obtained with
technigues in our study of the monoamine transporters. the different sulfhydryl-reactive compounds.
Previously, we have successfully used fluorescence spec- The hSERT contains 18 cysteines of which two in the
troscopy to characterize ligand-induced conformational changessecond extracellular loop are believed to form a disulfide
in the purified3; adrenergic receptor. In particular, we took bridge 61, 52) leaving 16 cysteines potentially available for
advantage of fluorescent molecules with an emission dis- chemical derivatization. Because the estimated stoichiometry
playing high sensitivity to the polarity of the surrounding of the labeling was-4—5 mol/mol of WT transporter (data
environment such as NBD (nitrobenxoxadiazol). On the basis not shown), we were labeling at least four and probably
of the spectroscopic analyses it was possible, for example,several more of these cysteines since some sites likely are
to deduce a key role of TM 6 movements for agonist not completely labeled. Upon mutating the five cysteines in
activation of the receptorl6—18). The use of fluorescent 5CysKO the estimated stoichiometry of labeling was reduced
techniques has also previously been successfully applied toabout one-third from WT labeling for both fluorophores (data
other transport proteins such as the Lac permease Eom not shown). For C109A the estimated stoichiometry of
coli (20, 21, 49, 50). labeling was reduced about one-sixth of WT labeling for both
To implement the use of fluorescent techniques, we fluorophores (data not shown). Thus, even upon removal of
analyzed first the consequences of labeling the purified 5 cysteines outside the transmembrane regions we had
hSERT with either IANBD or another sulfthydryl reactive considerable labeling consistent with labeling of sites in these
fluorophore, Texas Red bromoacetamide. This labeling was parts of the transporter. In light of the dependency of IANDB
compared to that seen in Sf9 cell membranes. Overall, emission on the molecular environment, the labeling of
labeling was well-tolerated by the transporter. Using-200 transmembrane cysteines was also supported by the spec-
200 uM fluorophore we could derivatize endogenous cys- troscopic analyses showinglaax of the emission from the
teines in the purified transporter without any major inter- labeled transporter, which corresponds to that observed in
ference with ligand binding (Tables 2 and 3). Specifically, 95—100% dioxane, and by the observation that the hydro-
we observed no effect on thgyax for [**4]RTI-55 binding phobic short range quencher of fluorescence, TEMPO,
in response to IANBD or Texas Red bromoacetamide either strongly quenched the IANBD fluorescence (Figure 7). In
in membranes or on the purified transporter; however, this context it is important to emphasize that, due to the
labeling was accompanied by a small decrease in affinity environmentally sensitive nature of IANBD, the fluorescence
for [*?4]RTI-55 (Table 4). A similar decrease in affinity was emission from sites in a hydrophobic milieu will strongly
observed upon MTSEA labeling (Table 4). This decrease is dominate other labeling sites exposed to more polar environ-
likely to explain previous reports showing a marked decrease ments. Thus, there is no direct correlation between the degree
in response to MTSEA in binding when using a subsaturating of labeling of a given site and the contribution to the overall
concentration of PI|RTI-55 (By) (Figure 3) @5). Interest- fluorescence.
ingly, the decrease in affinity in response to IANBD and  The present data suggest that one of the IANBD labeling
Texas Red bromoacetamide was eliminated upon mutationsites is!°®Cys. Mutation of this residue reduced substantially
of 1°°Cys, suggesting that the decrease in affinity was causedthe quenching by the water soluble quencher iodide. This
by labeling of this cysteine and thus that derivatization of suggests first of all tha®Cys is being labeled and that the
10%Cys with fluorescent labels has a minor structural impact fluorescence from this site contributes significantly to the
on the transporter (Table 3 and data not shown). The effectoverall fluorescence from the labeled transporter (Figure 6).
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We were unable to see a difference in the absolute reuptake inhibitors (SSRIs) (Rasmussen and Gether, unpub-
fluorescence when comparing labeled wild type with C109A lished observation). Thus, the future strategy will be to insert
most likely because the total fluorescence is a highly sensitivenew cysteines into positions predicted to be in conforma-
and poor quantitative measure that inevitably varies betweentionally active domains. Another important prospect of
different labelings/purifications. Most importantly, the ability having an efficient purification procedure of a monoamine
of iodide to quench thé”Cys fluorescence also suggested transporter is the possibility of studying the structural basis
that this residue must be located in a mixed hydrophobic/ and functional consequences of proteprotein interactions
hydrophilic environment. The ability of iodide to quench the with known regulatory proteins such as PP2&4) and
fluorescence requires at least partial exposure to the aqueousyntaxin 1A 65) in an isolated reconstituted system.

milieu whereas its contribution to the overall fluorescence

requires a hydrophobic microenvironment. Such a milieu is ACKNOWLEDGMENT

only found at the membrane/micelle boundary, and thus the
data support a partially buried location’§fCys in the short
extracellular loop connecting TM1 and 2. In addition, the
findings for'%Cys correspond well to our previous observa-
tion for a stretch of cysteines inserted at membrane/micelle
boundary at the intracellular end of TM 6 in thgadrenergic
receptor 18). It is also of interest that the quenching in
response to TEMPO did not change upon mutation of REFERENCES

10%Cys (Figure 7). This indicates that TEMPO is quenching
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