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moters (p10, polyhedrin) to drive the expression of for-
The baculovirus-insect cell expression system has eign genes in insect cells after infection with a respec-

proven to be a valuable tool for the high level production tive recombinant baculovirus (1-4). Meanwhile, a mul-
of a multitude of recombinant proteins. However, pro- titude of different baculovirus vectors are available and
duction of membrane proteins in infected insect cells the generation of a recombinant baculovirus is an easyis often hampered by incorrect folding and processing task. The infected insect host cells provide the eucary-which results in the accumulation of non-functional pro-

otic cellular machinery for the production of the recom-tein. Here, we report the construction of a Sf9 insect cell
binant protein and, therefore, carry out most of theline stably transformed with the ninaA gene from D.
post-translational processing events such as glycosyla-melanogaster (Sfn cell line). The ninaA protein is a mem-
tion, phosphorylation, palmitoylation, myristoylationbrane bound cyclophilin which acts as a peptidyl-prolyl
or addition of glycosyl-phosphatidylinositol (GPI) an-cis/trans isomerase during the folding process of rhodop-
chors (4, 5). Nevertheless, despite the great advantagessin 1 in D. melanogaster rhabdomere. Engineered Sfn
offered by this system its major drawback is, that, dueinsect cells infected with a recombinant baculovirus
to the dramatic perturbations of the cellular environ-bearing the human dopamine transporter gene under
ment caused by the virus infection, the insect cells maythe control of the polyhedrin promoter showed a §5

times enhanced uptake of [3H]dopamine in comparison not be able to fulfill the post-translational modifica-
to similarly infected Sf9 cells. This increase in specific tions exactly. Especially, in the case of the production of
transport activity was not due to an altered Km value in membrane proteins, correct folding of the recombinant
the Sfn cell line. The uptake in infected Sfn cells was protein in the insect cells is often the rate limiting step
blocked by the peptidyl-prolyl cis/trans isomerase inhib- (6). Therefore, despite the massive production of recom-
itor cyclosporin A which had no effect on infected Sf9 binant membrane protein after onset of the polyhedrin
cells. From these results we conclude that the prolyl- promoter (ú12 h p.i.), often only low levels of functional
cis/trans isomerase activity of the ninaA in the stably protein can be detected. These deficiencies in the fold-
transformed Sfn cell line was responsible, directly or ing pathway can result in the accumulation and/or pre-
indirectly, for the improved folding of the heterolo- cipitation of the immature protein in or at the ER.
gously produced human dopamine transporter. q 1997 Possibilities to circumvent these problems are either
Academic Press to change the promoter for expression of the foreign

gene, e.g. selection of viral promoters which initiate
transcription earlier in infection and, therefore,
allowing a longer period for post-translational pro-The baculovirus expression system has developed
cessing while host modification pathways are still func-into a valuable and popular tool for the production of tional (7-9) 2.), to fuse target or signal peptides to theforeign proteins in lepidopterian insect cell lines. In foreign gene which enforce correct translocation andmost cases the system uses late viral baculovirus pro- subsequent folding (7-12) or to construct or to use insect
cell lines which are or have been optimized for correct
folding and processing of the desired recombinant1 To whom correspondence should be addressed. Fax: /49-69-

96769-423. membrane protein (13-15).
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CACAATGT-3 *). The PCR-fragment was restricted with BamH I/Nevertheless, there is only limited knowledge about
Nru I, the plasmid pKS-ninaA which bears the complete ninaA cDNAthe processes involved in the folding of integral mem-
with Nru I/Kpn I and after purification both fragment were clonedbrane proteins. In general, molecular chaperons pre- into BamH I/Kpn I-linearized vector pAc-IE1-Tom (Lenhard, unpub-

vent the proteins from wrong intra- and/or intermolec- lished vector construct). The resulting plasmid pAc-IE1-Tom-ninaA
was co-transfected into Sf9 insect cells with plasmid pAc-IE1-neoular interactions which otherwise would result in ag-
which contains the neomycin resistance gene under the control ofgregation and degradation (16-18). Foldases such as
the IE1-promotor (7). Subsequently, the cells were incubated at 277Cpeptidyl-prolyl cis/trans isomerases and disulfide-iso-
in FCS deficient medium. After 24 h the medium was supplemented

merases accelerate the folding of proteins (19). Re- with 5% FCS and the transfected cells were incubated for another
cently, the ninaA-gene (nina: neither inactivation nor 48 h. In order to select G418 resistant cells, 20000 cells were seeded

into a 24-well dish and propagated in TNM-FH medium supple-afterpotential) was isolated from Drosophila melano-
mented with 1mg/ml Geneticin G418. It has been demonstrated pre-gaster photoreceptor cells and found to encode a 237-
viously (7-9), that about 70 % of the G418-resistant cells are alsoamino acid protein with striking homology to cyclophi- recombinant with respect of the desired gene. Cells were kept for 3

lins of other organisms (20-22). Cyclophilins are pro- weeks at 277C under selective pressure with two changes of selection
teins which catalyze the cis/trans isomerization about medium. After that, resistant cells were isolated by dilution and

resulting cell lines were tested for the presence of the ninaA genean Xaa-Pro peptide bond, an activity important for
by Southern blot analysis and PCR. One stably transformed cellprotein folding in vivo. The immunosuppressant
clone was selected for further experiments.cyclosporin A (CsA) binds to the active site of cyclophi-

Construction of hDAT-recombinant baculovirus. The cDNA en-lins with nanomolar affinity and is thus a potent inhibi-
coding for the human dopamine transporter kindly provided by Dr.tor of the PPI activity (23, 24). NinaA has been found
T. Liu (Hoechst/Roussel; USA) was recloned into pBluescript. Ato directly interact with rhodopsin 1 ensuring correct PCR was performed with the oligonucleotides pNKs-ori-for (5*-CC-

folding of this membrane bound protein in the rhab- CGGTACCAAGCTTATAAATATGAGTAAGAGCAAATGCT-3 *) and
pNKs-ori-rev (5*-GGGCTCGAGGTACCTACACCTTGAGCCAGTGG-3*)domere of the fly (25).
(matching sequence underlined) to provide KpnI sites 5* and 3 * ofIn this report, we describe the construction of an
the coding region. Afterwards this DNA fragment was ligated intoinsect cell line stably transformed with the D. melano-
the baculovirus transfer vector pVL1393 (3). 1-2 mg of the resulting

gaster ninaA gene under control of the early baculovi- plasmid pVL93hDAT with 0.4 mg of linearized baculovirus Baculo-
rus promoter ie1. This insect cell line revealed a time- Gold-DNA (Autographa californica BaculoGold; Pharmingen) was co-

transfected into Sf9 insect cells using cationic liposomes (Lipofectin;dependent cyclosporin-inhibitable dopamine transport
GIBCO BRL). After 5 days of incubation at 277C the virus containingtwo days after infection with a recombinant baculovi-
supernatant was collected and recombinant virus clones wererus bearing cDNA of the human dopamine transporter screened by plaque assay on Sf9 cells. For verification of the selected

gene. In comparison to wild-type Sf9 cells this cell line virus clones, genomic DNA from infected cells was prepared and
revealed a § 5 fold higher import rate for dopamine examined for the presence of the hDAT by Southern hybridization

(31) using a digoxigenine labeled DNA-fragment from the hDAT cod-and a§ 5 fold higher value of WIN 35.428 binding sites
ing region. From one recombinant virus which was selected for fur-due to improved folding of the recombinant protein in
ther experiments a stock solution was produced and titered.the engineered cell line.

SDS-Page and immunoblot analysis. Infected cells were har-
vested at 600 g for 10 min at 47C and resuspended to a final concen-MATERIALS AND METHODS tration of 10000 cells/ml in cold TEN-buffer [50 mM Tris-Cl pH 7.4,
150 mM NaCl, 10 mM EDTA] supplemented with protease inhibitor

General methods. Recombinant DNA techniques were performed cocktail [Pefabloc 0.5 mM, Leupeptin 5 mg/ml, Aprotinin 5 mg/ml, Peps-
according to established protocols (26,27) and all cloning steps were tatin 2 mg/ml, EGTA 0.1 mM]. The buffer also contained 1% SDS
ensured by DNA sequencing (28). for solubilization. After a 1:2 dilution with TEN-buffer a benzonase

treatment was performed for at least 15 minutes on ice with 3 U/mlCells, cell culture, and infection of cells. Spodoptera frugiperda
benzonase. After that treatment, the proteins were separated on acells (Sf9-cells; ATCC no.:CRL 1711) as well as Sf9 cells stably trans-
10% SDS-polyacrylamide gel (32), transferred to a polyvinylidened-formed with the D. melanogaster ninaA gene (ÅSfn cells) were rou-
ifluoride membrane and processed as described (33). The membranetinely propagated at 277C in TNM-FH medium supplemented with
was blocked for 1 hour at room temperature with 5 % non-fat milk5% fetal calf serum (FCS) and 50 mg/ml gentamycin (29). Suspension
powder in PBS-Tween [13.7 mM NaCl, 2.7 mM KCl, 1.5mM KH2PO4cultures of insect cells were maintained in 250 ml spinner flasks
13 mM Na2HPO4, 1.5 mM NaN3, 0.02% Tween 20]. Membranes,(Techne, England) stirred at 70 rpm and 277C in TNM-FH medium.
thereafter, were incubated with either the ninaA-specific antibodyInfection of cells with baculovirus were carried out when cells were
(dilution 1:200) or the NET213/230 antiserum (dilution 1:2000) forin logarithmic growth phase at a cell density of 1-1.51106 cells/ml.
1 hour. The membrane was washed for three times and subsequentlyVirus used for the experiments was titered by the end point dilution
was incubated with goat-anti-rat alkaline phosphatase conjugate ormethod (30) and expression experiments were performed by infecting
goat-anti-rabbit alkaline phosphatase conjugate (Sigma; dilutioncells with a moi of 10. If not stated otherwise, cells were harvested
1:1000), respectively. Protein bands were visualized by enzymatic40-48 hours after infection.
reaction in alkaline phosphatase buffer [100mM NaCl, 100mM Tris

Generation of a stably transformed ninaA Sf9 insect cell line. The pH 9.5, 5mM MgCl2] with 30 ml 5-bromo-4-chloro-3-indolylphosphate
cDNA bearing the Drosophila melanogaster ninaA-gene was kindly p-toluidinium salt [BCIP-stock: 50 mg/ml DMF] and 30 ml nitroblue
provided by Prof. Dr. Zuker (University of California). To facilitate tetrazolium chloride [NBT-stock: 50 mg/ml 70% DMF].
subsequent cloning steps, the coding region was amplified with the
primers ninaAfor (5*-CCCGGATCCCCGCAAAATCATGAAGTC- Immunoprecipitation. 31106 cells were infected with recombi-

nant baculovirus in petri dishes (6 cm Ø, Nunc). For deglycosylationATTGCTCAATCGGA-TAAT-3 *) and ninaArev (5*-GTCGCCGTT-
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experiments infected cells the medium was supplemented with 10 levels are reduced ú100 fold. NinaA is a member of
mg/ml tunicamycin [stock-solution: 1 mg/ml in 0.1 M NaOH]. After the family of cyclophilins which act as peptidyl-prolyl
48 h the cells were washed several times with methionine-free TNM- cis/trans isomerases catalyzing the rate limiting stepFH-medium and the cells were labeled for 4 h in methionine-free

in the folding process. The target of the NinaA is Rh1TNM-FH-medium supplemented with 25 mCi/ml [35S]-methionine
[NEN, 10.2 mCi/ml; 8.68 mM]. Afterwards cells were rinsed three which like all rhodopsins belongs to the family of G
times with cold PBS-buffer and solubilized on ice in cold radioimmu- protein receptors. Therefore, we choose the cDNA of
noprecipitation buffer for 30 min [RIPA: 150 mM NaCl, 1 mM EDTA, the D. melanogaster ninaA gene for the construction
250 mM phenylmethylsulfonyl fluoride, 0.1% (w/v) SDS, 1% (v/v) Tri-

of a stable transformed Sf9 cell line. For constitutiveton X-100, 1% (w/v) sodium deoxycholate, 10 mM Tris-HCl, pH 7.4].
expression in the insect cells the gene was cloned underThe extract was centrifuged for 15 min at 8000 g (47C) and the

supernatant was incubated overnight with 10 ml of the hDAT specific the control of a early baculovirus promoter. The imme-
NET213/230 antiserum at 47C (antiserum NET213/230 was a gener- diate early baculovirus vector pAcIE1 which already
ous gift from Dr. R. Hammermann, University of Bonn (34, 37). The had been used for the construction of other stablyhDAT/antibody complex was pelleted after binding to Protein-A

transformed Sf9 based cell lines was utilized (7-9). AsSepharose CL-4B beads (Sigma) for another 2 h at 47C. The beads
shown in figure 1a, the resulting plasmid pAcIE1ninaAwere washed three times with RIPA-buffer and, finally, vortexed for

30 min at 47C in 50 ml of 11SDS sample buffer. As judged by scintilla- contained the complete coding region of the ninaA gene
tion counting, equal amounts of protein were separated by SDS- under the control of the ie1 promoter, which is a early
PAGE. SDS gels were fixed for 10 min in 10% acetic acid, soaked in baculovirus derived promoter recognized by the insectsodium salicylate for 1 h at 47C, dried and exposed to X-ray film

cell polymerase immediately after transfection (7, 35).(Kodak XAR-5) at 0707C for 12 h.
The 5*- and 3 *-untranslated regions of the ninaA cDNAUptake experiments. Insect cells were infected and harvested as
have been deleted during construction of the plasmid.described above. Experiments performed to check the influence of

tunicamycin or cyclosporin A on the activity of the transporter were Sf9 insect cells were cotransfected with pAcIE1ninaA
carried out by incubation of the cells in TNM-FH medium supple- and pAcIE1Neo and G418-resistant cell clones were
mented with 10 mg/ml tunicamycin or 20 mM cyclosporin A, respec- selected, raised and propagated (7). To ensure that
tively. For time course experiments, the cells were grown and in-

these G418-resistant cell clones had been transformedfected in spinner flask (Techne). At different time points, cells were
with the ninaA-containing plasmid, they were exam-harvested and submitted to SDS-PAGE and subsequent immunoblot

analysis as well as uptake experiments. The experiments were per- ined for the presence of the ninaA gene by Southern
formed in uptake buffer [90 mM NaCl, 5 mM Tris-HCl, 7.5 mM hybridization as well as PCR (Fig. 1b). Several cell
HEPES, 5.4 mM KCl, 1.2 mM CaCl2, 1.2 mM MgSO4, 5 mM D- clones scored positive during this analysis and oneGlucose, 0.1 mM ascorbic acid]. 106 cells were pelleted (RT, 600 g,

clone was selected and characterized for further experi-10 min), washed once with and resuspended in uptake medium. The
assay volume always was 200 ml. Cells were preincubated in 100 ml ments. In figure 1c, an immunoblot analysis of this
of either uptake buffer (total transport) or uptake buffer containing insect cell clone which was named Sfn, in comparison to
300 mM cocaine (unspecific transport) for 10 min (10 min preincuba- Sf9 cells is presented. Only in the Sfn cells the ninaA-
tion in the presence of cocaine ensures equilibrium) at 257C by slow

specific antiserum stained a twin protein band withrotation. The transport was started by the addition of 0.2 mM [3H]-
an apparent molecular mass of 33-35 kDa confirmingdopamine (NEN; spec. activity: 41.5 - 56.5 Ci/mmol; final assay con-

centration of 0.1 mM [3H]dopamine in each vial) in 100 ml of uptake- successful production of the NinaA. As revealed during
buffer. The cells were incubated for 10 min at 257C (the steady-state further characterization the growth of the Sfn cells in
phase of uptake lasts at least 20 minutes; data not shown). Dopamine comparison to Sf9 cells was reduced (Fig. 1d). A similaruptake was terminated by addition of 1 ml cold uptake buffer. Subse-

reduction in growth rate was also detected in the casequently, cells were pelleted (10 min, 600 g, 47C), washed once with
uptake buffer and lysed in 200 ml 1% SDS. The amount of [3H]- of a Sf9 line stably transformed with the human b2
dopamine transported into the cells was determined by scintillation adrenergic receptor (9).
counting (Canberra Packard Tri Carb 1500). Non inhibited transport
was carried out in triplicate, cocaine-inhibited transport in duplicate. Immunological detection and characterization of the

hDAT produced in the baculovirus infected insect cells
lines Sf9 and Sfn. After infection of the Sfn cell lineRESULTS AND DISCUSSION
with different recombinant baculoviruses bearing differ-
ent G protein coupled receptors (human b2 adrenergicConstruction of a stably transformed insect cell line
receptor, mouse 5HT5A receptor, human D2S receptor) noSfn producing the D. melanogaster NinaA. The initial
significant enhanced production levels could be detectedidea was to engineer an insect cell line with an opti-
(data not shown). Unexpectedly, comparison betweenmized folding apparatus especially suited for the pro-
the Sfn cell line and Sf9 cells, both infected with a recom-duction of G protein coupled receptors. Recently, the
binant baculovirus containing the human dopamineninaA-gene from D. melanogaster has been described
transporter gene (36), revealed a dramatic effect. Asto be essential for the folding of the main rhodopsin
schematically depicted in figure 2, the baculovirus used(Rh1) in the rhabdomere of the fly. NinaA specifically
for infection of the insect cell lines contained the hDATinteracts and complexes with Rh1 enforcing correct
cDNA under the transcriptional control of the polyhe-folding and subsequent targeting. In ninaA mutant

flies the Rh1 is retained in the ER and the rhodopsin drin promoter. As expected, infection of Sf9 and Sfn in-
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FIG. 1. Construction and analysis of the Sfn cell line. (a) Plasmid pAcIE1ninaA used for establishment of a stable transformed Sf9
insect cell line. The D. melanogaster ninaA-gene (D.m. ninaA) was cloned under the control of the ie1-promotor (Pie1). amp, ampicillin
resistance gene. (b) PCR analysis of the stably transformed Sfn cell line. Genomic DNA from the insect cells was isolated as already
described (9). A PCR (1min 947C, 1min 527C, 1.5 min 727C; 30 cycles) with the primers ninaAfor and ninaArev which match to the DNA
sequences up- and downstream the ninaA gene was performed. Lane 1, Sf9 cells; lane 2, Sf9 cells infected with BaculoGold virus; lane 3,
plasmid pAcIE1ninaA; lane 4, Sfn clone. (c) Immunoblot analysis of the Sfn cell line with NinaA-specific antibody. Cells were harvested
and 51104 cells were loaded per lane on a 10% SDS polyacrylamide gel. After electroblotting onto a poly(vinylidene difluoride) membrane
it was probed with the ninaA specific antiserum. The proteins were visualized as described. Lane 1, control, Sf9 cells; lane 2, Sfn cells. (d)
Growth curve of the Sfn cell line in comparison to Sf9 cells. Sfn and Sf9 cells were grown in suspension and cell number was determined
at the indicated time points. ,, Sfn cells; h, Sf9 cells.

sect cells with this baculovirus resulted in a time depen- 2b), the production levels for the recombinant trans-
porter were in the same range for both cell lines. Con-dent production of the transporter as was revealed by

immunoblot analysis with the polyclonal antibody NET trary to the immunological analysis, functional analysis
of the transporter performed by uptake of [3H]dopamine213/230 (Fig. 2c). In both cell lines the glycosylated

transporter exhibited an apparent molecular mass of 56 two days after infection of the cells revealed that the
Sfn cells exhibited § 5 times more functional proteinkDa. As can be seen in figure 2b, the Sfn cells showed

a slightly more efficient glycosylation of the transporter. even É20 fold increase in uptake compared to Sf9 cells.
Non-infected as well as the two cell lines infected withNevertheless, as judged from the Western blots as well

as from the results of the immunoprecipitations (Fig. the BaculoGold virus did not show specific uptake of
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FIG. 2. Production of the human dopamine transporter in Sf9 and Sfn insect cells after infection with a recombinant baculovirus. (a)
Plasmid pVL93hDAT was used to generate the recombinant baculovirus VL93hDAT. In the plasmid the cDNA encoding the human dopamine
transporter is under the transcriptional control of the polyhedrin-promotor (PPol). (b) Immunoprecipitation analysis of the hDAT. Sf9 and
Sfn cells were infected with a moi of 10 with VL93hDAT virus. After 48 h, infected cells were metabolically labeled and subsequently
solubilized in RIPA-buffer. The solubilized proteins were incubated with the transporter specific NET213/230-antiserum and protein was
precipitated and analyzed by SDS-PAGE. An autoradiography of the gel is presented. Lane 1, [14C]-labeled protein marker (DuPont NEN);
lane 2, Sf9 cells infected with BaculoGold virus; lane 3, tunicamycin treatment of Sf9 cells infected with BaculoGold virus; lane 4, Sf9 cells
infected with baculovirus pVL93hDAT; lane 5, tunicamycin treatment of Sf9 cells infected with baculovirus pVL93hDAT; lane 6, Sfn cells
infected with BaculoGold virus; lane 7, tunicamycin treatment of Sfn cells infected with BaculoGold virus; lane 8, Sfn cells infected with
baculovirus pVL93hDAT; lane 9, tunicamycin treatment of Sfn cells infected with baculovirus pVL93hDAT. (c) Time-dependent expression
of hDAT in Sf9 insect cells. Sf9 cells were infected with recombinant baculovirus pVL93hDAT, and every 12 hours after infection, beginning
with 24 h p.i., cells were harvested and subjected to immunoblot analysis using the NET213/230-antiserum. Lane 1 represents the immunore-
active band 24 h after infection, lane 9 the band after 120 h. (d) Time course of production of recombinant transporter in Sf9 and Sfn cells
as measured by uptake of [3H]dopamine. Sf9 and Sfn cells were infected with pVL93hDAT at a moi of 10 in a 250 ml spinner flask.
BaculoGold infected Sf9 cells were measured as control. At the time points indicated, cells were harvested by centrifugation and uptake of
dopamine was measured as described under Experimental Procedures.

dopamine (Fig. 2d). Subsequent determination of the KM uptake measurements described above, binding studies
with the specific dopamine transporter radioligand WINin both cell lines revealed that the difference in the up-

take of dopamine was not due to a dramatically altered 35.428 performed on membranes prepared from infected
Sf9 and Sfn cells revealed that in Sfn cells § 5 timesKM (Fig. 3) but that the Vmax had changed significantly.

Also, two other stably transformed cell lines which more binding sites occured whereas the KD (Sf9:
KDÉ56.6 nM; Sfn KDÉ49.5) was not changed signifi-scored positive during the subsequent screening of the

G418-resistant cell clones revealed enhanced dopamine cantly. Also here, non-infected as well as the two mock-
infected cell lines showed no specific WIN 35.428 bind-transport after infection with the DAT-virus. Here, one

cell clone showed a slightly lower, the other cell clone a ing sites. From these results, we concluded that in the
Sfn cells more functional transporter was produced andsimilar increase in uptake of dopamine in comparison

to the Sfn cell (data not shown). In agreement with the targeted to the plasma membrane.
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FIG. 3. Kinetics of dopamine uptake in infected Sf9 and Sfn cells. Sf9 (a) and Sfn (b) cells were grown in suspension in 250 ml spinner
flasks and infected with pVL93hDAT virus with a moi of 10. 48 hours after infection cells were harvested and uptake was assayed in the
presence of the indicated concentration of [3H]dopamine for 10 min. Eadie Hofstee plots of the data are presented in the insets.

Influence of tunicamycin and cyclosporin A on the From the immunoprecipitation analysis one can con-
clude that tunicamycin did not reduce transporter syn-transporter activity in infected insect cells. Tuni-

camycin which inhibits N-linked glycosylation was thesis (Fig. 2b). However, treatment with tunicamycin
resulted in a reduction of the molecular mass of theused to determine the effect of glycosylation on the

apparent molecular mass and the function of the hDAT recombinant protein from É56 kDa to É50 kDa. This
shift of about 6 kDa is in agreement with the postulatedin the Sf9 and Sfn cell lines. Treatment of the two

insect cell lines infected with the recombinant baculovi- presence of 3 potential N-glycosylation sites detected
in the amino acid sequence. From this we concluded,rus reduced the uptake of dopamine to about 30-40%

of that detected in both non-treated cell lines (Fig. 4). that glycosylation of the hDAT influenced, directly or
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merase activity of certain cyclophilins (43-46). The
cyclophilin NinaA which is constitutively produced in
the Sfn cell line is a peptidyl-prolyl cis/trans iso-
merases implicated in catalyzing protein folding of Rh1
in the Drosophila compound eye (22, 23, 47). This led
us to the question whether the drug cyclosporin A
would exert an inhibitory effect on the production of
the transporter in the infected Sfn insect cell line. To
address this question, we compared the effects of
cyclosporin A treatment on the production of functional
dopamine transporter in infected Sf9 and Sfn cells. The
results presented in figure 4 revealed that dopamine
uptake in Sfn cells was reduced to about 40% of that
of non-treated cells. Contrary to the tunicamycin treat-
ment which effected both cell lines, cyclosporine A ex-
hibited no inhibitory effect in the infected Sf9 cells.
From this we concluded that the increased uptake level
in the infected Sfn cells in comparison to infected Sf9
cells was due to the activity of the NinaA. In Sfn cells

FIG. 4. Effect of tunicamycin and cyclosporin A on the function more correctly targeted transporter is present which as
of recombinant transporter. Cells were seeded in petri dishes and revealed by radioligand binding is due to more correctlyinfected with baculovirus pVLhDAT with a moi of 10. The cell culture

folded transporter. Therefore, the NinaA influences, di-medium was supplemented with either 10 mg/ml tunicamycin or 20
mM cyclosporin A. Uptake assay was performed as described. Maxi- rectly or indirectly, the folding process of the nascent
mal transport rate in each cell lines was normalized to 100%. Column transporter in the engineered cell line. The hDAT fea-
1, uptake into infected, non-treated Sf9 cells; column 2, uptake into tures 24 proline residues in its amino acid sequence,
infected Sf9 cells after tunicamycin treatment; column 3, uptake into

from which six are located in the second extracellularSf9 cells after incubation with cyclosporin A; column 4, uptake into
loop. In a direct way, the NinaA might interact withinfected, non-treated Sfn cells; column 5, uptake into infected Sfn

cells after tunicamycin treatment; column 6, uptake into Sfn cells the transporter catalyzing cis/trans isomerization of
after incubation with cyclosporin A. one or more of the Xaa-Pro connections. This kind of

isomerization has been shown to be the rate-limiting
step in the in vitro folding of a number of proteins
and might play a essential role in vivo also (48-52).indirectly, stabilization, folding and/or targeting of the

transporter to the plasma membrane. Nevertheless, Nevertheless, it has been shown that the NinaA only
complexes with the Rh1 but not with the other rhodop-glycosylation did not change the functional properties

of the transporter. The KM of the transporter after tuni- sins (Rh2-Rh7) in the eye of the fly. This specificity of
action would exclude a direct interaction of the NinaAcamycin treatment was not severely affected which is

in agreement with results obtained from BHK-21 cells with the transporter. Therefore, other indirect actions
of the NinaA have to be taken into account.heterologously producing this transporter (37). Similar

effects of tunicamycin treatment have been described In conclusion, the Sfn cell line described in this paper
might be a valuable tool for the production of foreignfor the GLYT1 glycine transporter (38), the SERT (39,

40) and the NET (41). Also here, tunicamycin treat- proteins via the baculovirus expression system.
ment as well as mutations of the potential glycosylation
sites led to a progressive decrease in the transport ac- ACKNOWLEDGMENTS
tivities and the apparent molecular masses of these
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26. Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular Chem. 264, 8956–8962.

Cloning: A Laboratory Manual, 2nd ed., CSH Press, NY. 52. Kiefhaber, T., Quaas, R., Hahn, U., and Schmid, F. X. (1990)
Biochemistry 29, 3053–3061.27. Ausuble, F. M., Kingston, R. E., Moore, D. D., Seidman, J. G.,

830

AID BBRC 7395 / 6939$$$561 09-05-97 13:52:48 bbrcgs AP: BBRC


