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Abstract 
Transporter associated with antigen processing (TAP)-like (TAPL; ABCB9) is a half-type ABC 
transporter with sequence similarity to TAP1 and TAP2 that function in the ER membrane. To de-
termine the cellular localization, TAPL and truncated forms of it were tagged with GFP at their car-
boxyl termini. Intracellular localization of these fusion proteins was compared between transient 
and stable expression in CHO-K1 cells. When they were expressed transiently, the fluorescence of 
the fusion proteins was detected on the intracellular membrane, mainly in the ER, and all the fu-
sion proteins, i.e., TAPL(M1-A766)-GFP, TAPL(M1-S275)-GFP, TAPL(M1-K182)-GFP, TAPL(M1-R141)-GFP 
and TAPL(M1-G75), were co-localized with an ER marker, PDI. However, the fluorescence of all of 
them except for TAPL(M1-G75)-GFP and TAPL(M1-S275)-GFP overlapped with a lysosome marker, ca-
thepsin D, upon stable expression. Lysosomal localization was similarly observed with TAPL(M1- 
A766)-DsRed, which was stably expressed. These results suggest that TAPL is sorted to the lyso-
somal membrane when expressed stably in CHO-K1 cells. Furthermore, the lysosomal targeting 
signal may comprise the N-terminal four transmembrane helices since the N-terminal two trans-
membrane helices may not be enough to function as such a signal. 
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1. Introduction 
The ATP-binding cassette (ABC) transporters transport a variety of substrates from inorganic and organic ions 
to various xenobiotics and biomolecules across membranes using the energy of ATP hydrolysis [1]. Furthermore, 
mutations of the transporter genes cause congenital diseases such as cystic fibrosis, adrenoleukodystrophy and 
bare lymphocyte syndrome [2].  

TAPL is a half-type ABC transporter that forms a homo-dimer [3] [4]. The TAPL molecule is highly homo-
logous to each subunit of TAP composed of a hetero-dimer of TAP1 and TAP2 [3]. Consistent with the amino 
acid sequence similarity of these three proteins, the gene organizations of TAPL, TAP1 and TAP2 are highly 
conserved [5]. Furthermore, both TAPL and TAP are peptide transporters, but the specificities of their transport 
substrates are different [6] [7]. The TAP transports antigen peptides into the lumen of the endoplasmic reticulum 
(ER) from the cytoplasm [8]. However, physiological function of TAPL has not been unveiled. Thus it is im-
portant to determine the cellular localization of TAPL in detail.  

It is postulated that TAPL has ten transmembrane helices [9], and the following cytoplasmic ABC domain is 
conserved in the ABC transporter family [1]. The downstream six transmembrane helices and the ABC domain 
of TAPL form a core domain essential for homo-dimerization, while its N-terminal four transmembrane helices 
do not participate in the dimer formation by TAPL [4]. When the fusion protein comprising TAPL with the 
green fluorescent protein (GFP) at its C-terminus was stably expressed in Chinese hamster ovary (CHO)-K1 
cells, it was localized on the lysosomal membrane [4] [10]. It is further suggested that the N-terminal four trans- 
membrane helices of TAPL comprise an unidentified lysosomal targeting signal [4].  

However, transiently expressed TAPL and carboxyl terminal deletion constructs of TAPL fused with GFP 
[TAPL(M1-A766)-GFP, TAPL(M1-S275)-GFP and TAPL(M1-G75)-GFP] were distributed mainly in the ER mem-
branes of Cos-1 and HEK-293 cells [5] [9]. In this study, we further compared their intracellular localizations 
together with those of TAPL(M1-R141)-GFP and TAPL(M1-K182)-GFP when they are transiently and stably ex-
pressed in CHO-K1 cells. Interestingly, the amino-terminal two transmembrane helices of TAPL were localized 
in the ER membrane upon stable expression as well as transient expression. We also confirmed the lysosomal 
localization of the full-length TAPL molecule with a different tag, Discosoma sp. red fluorescent protein 
(DsRed), instead of GFP. 

2. Materials and Methods 
2.1. Expression Plasmids for Truncated TAPL-GFP Fusion Proteins 
The expression plasmids for TAPL(M1-A766)-GFP, TAPL(M1-S275)-GFP, TAPL(M1-R141)-GFP and TAPL(M1-G75)- 
GFP were described in our previous papers [4] [9]. The expression plasmid for TAPL(M1-K182)-GFP was con-
structed as follows; a DNA fragment encoding M1-K182 was amplified by means of the polymerase chain reaction 
method using primers TM070 (5’-ccagatctaaccagcaggATGcgg-3’) and YM125 (5’-cgtcgacCTTggtgtaggagag-3’) 
carrying BglII and SalI sites (underlined) upstream of the initiation codon and downstream of the K182codon, re-
spectively (bold capital letters) [preheating (94˚C, 5 min), followed by 30 cycles of denaturation (94˚C, 30 sec), 
annealing (64˚C, 30 sec), and extension (72˚C, 30 sec), and then post-incubation (72˚C, 7 min)]. The BglII-SalI 
fragment was inserted into the corresponding site of pEGFP-N1 (Clontech). An expression plasmid for 
TAPL(M1-A766)-DsRed was described previously [9]. The molecular biological methods used for DNA manipu-
lations were based on the standard procedures [11]. DNA sequences were determined by means of the dideoxy 
chain-termination method [12]. 

2.2. Cell Culture and Transfection 
CHO-K1 cells were cultured in Ham’s F-12 medium (GIBCO) supplemented with 7% (v/v) fetal bovine serum 
(JRH Biosciences) [13]. Transient transfection was carried out as follows: on a Lab-tek II 4-well chamber slide 
(NalgenNunc), 5 × 103 cells were seeded in 1 ml of the medium and then cultured overnight. FuGENE6 (Pro-
mega) was used for transient transfection of plasmid DNA (1 μg), the plasmid solution being mixed with 98.5 μl 
of the medium (without antibiotics and serum) and 1.5 μl of FuGENE6. The mixture was processed for 30 min 
at room temperature and then poured into the culture medium. Cells were cultured further for 24 hr and sub-
jected to analysis by immunofluorescence microscopy. Stable transformants were isolated in the presence of 0.1 
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mg/ml G418 (Nacalai) [13]. 

2.3. Immunofluorescence Microscopy 
The cells were fixed in methanol and then subjected to antibody-treatment as described previously [13] [14]. 
The antibodies [protein disulfide isomerase (PDI), cathepsin D and mannose-6-phosphate receptor (M6PR)] 
were diluted with 0.2% (w/v) gelatin in PBS, and then an aliquot (0.2 ml/well) was reacted at room temperature 
for 1 hr, followed by 5 min incubation with a gelatin solution (0.5 ml/well) three times. The second antibodies 
were similarly diluted (2000×) and used (1 ml/well). Cells were viewed under a microscope (Olympus IX70) 
equipped with an AQUACOSMOS U7501 (HAMAMATSU PHOTONICS). Cells were also incubated with ei-
ther brefeldin A BODPY 558/568 or LysoTracker Red DND-99 (Molecular Probes) in the medium for 30 min 
[9], and then monitored under a microscope as above. 

2.4. Preparation of Soluble and Membrane Fractions 
Cells (1.5 × 107) cultured for 2 days in a dish (Φ10 cm) were collected in 1 ml of ice-cold phosphate-buffered 
saline (PBS) [10 mM sodium phosphate buffer (pH 7.2), 137 mM NaCl, 3 mM KCl]. The cell pellet (12,000 × g, 
5 min) was suspended in 0.5 ml 0.1M Tris-HCl (pH 7.5) containing protease inhibitors (3 μg/ml pepstatin A, 3 
μg/ml leupeptin and 1 mM phenylmethylsulfonyl fluoride), and then sheered 70 times with a 26 G needle. Cell 
debris and nuclei were precipitated (750 × g, 5 min). The resulting supernatant was centrifuged (100,000 × g, 1 
hr) (Beckman 50.3Ti rotor). The supernatant and precipitate were used as the soluble and membrane fractions, 
respectively. The membrane precipitate was suspended in 0.1 ml 0.1 M Tris-HCl (pH 7.5). Protein concentra-
tions were determined with a BIO-RAD Protein Assay Kit [15] using bovine serum albumin (Fraction V, Sigma) 
as a standard. 

2.5. SDS-Polyacrylamide-Gel Electrophoresis and Western Blotting 
TAPL-GFP fusion proteins were analyzed by the published method [9]. Briefly protein samples were treated at 
55˚C for 10 min and then subjected to sodium dodecyl sulfate (SDS)-polyacrylamide gel-electrophoresis [16]. 
Proteins were electro-blotted onto an ImmobilonTM-P filter (Millipore) [17]. The filter was reacted with anti- 
GFP monoclonal peroxidase conjugated (6000× diluted, BD Biosciences), and then chemiluminescence was de-
tected with an ECL Western Blotting Kit (GE Healthcare) using Scientific Imaging Film (KODAK).  

2.6. Chemicals 
Restriction enzymes and Ampli-Taq were obtained from New England Biolabs and Perkin Elmer, respectively. 
Agarose-LE Classic Type and Ligation Kit ver2 were purchased from TaKaRa. Oligonucleotides were pur-
chased from Gene Design Inc. All other chemicals used were of the highest grade commercially available. 

3. Results 
3.1. Co-Localization of Transiently-Expressed TAPL-GFP Fusion Proteins with an ER 

Marker 
CHO-K1 cells, transiently expressing TAPL derivatives tagged with GFP at their carboxyl termini (Figure 1), 
were fixed and processed for immunofluorescence detection using anti-PDI rabbit IgG and then Alexa 568- 
conjugated anti-rabbit mouse IgG. We compared the fluorescence of PDI (an ER marker) with that of TAPL de-
rivatives, i.e., TAPL(M1-A766)-GFP, TAPL(M1-S275)-GFP, TAPL(M1-K182)-GFP, TAPL(M1-R141)-GFP and 
TAPL(M1-G75)-GFP. As shown in Figure 2(a), TAPL(M1-A766)-GFP was co-localized with the signal of PDI. 
The rest of the derivatives were distributed similarly to the signal of PDI (Figures 2(b)-(e)).  

The GFP signals of TAPL and its derivatives were co-localized with brefeldin A BODPY 558/568 (an ER marker 
dye), but only partly with LysoTracker Red DND-99 (a lysosome marker dye) (Figure 3(A) and Figure 3(B), 
[a]-[e]). These results suggested that TAPL and its derivatives are mainly distributed in the ER membrane when 
expressed transiently in CHO-K1 cells, as demonstrated in Cos-1 cells and HEK-293 cells [9]. It should be noted 
that free GFP was distributed in the cytoplasm, but did not overlap with the ER marker signals of PDI and bre-
feldin A BODPY 558/568 (Figure 2(f), and Figure 3(A) [f] and Figure 3(B) [f], respectively). 
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Figure 1. Membrane topology of TAPL-GFP and its truncated derivatives. The mem-
brane topology of human TAPL fused with GFP [TAPL(M1-A766)-GFP] is illustrated. 
Numerical values indicate the amino acid residue numbers at the ends of potential 
transmembrane helices. Helix numbers are also indicated by the underlined values in 
the center of transmembrane segments. The amino-terminus is indicated by “N”. The 
cytoplasmic catalytic domain is indicated by “ABC”. The truncated TAPL molecules 
with GFP [TAPL(M1-S275)-GFP, TAPL(M1-K182)-GFP, TAPL(M1-R141)-GFP and 
TAPL(M1-G75)-GFP] are also schematically shown.                              

3.2. Detection of TAPL-GFP Fusion Proteins in the Membrane Fraction 
We examined whether the TAPL-GFP fusion proteins were localized in the membrane or not. A cell homoge-
nate after transient expression was fractionated by ultracentrifugation (100,000 × g, 40 min), membrane and so-
luble fractions being prepared. Fusion proteins were probed by means of Western blotting with antibodies for 
GFP. As shown in Figure 4, all the fusion proteins were recovered in the membrane fraction (Figure 4(A), lanes 
1 - 5), but not in the soluble fraction (cytoplasm) (Figure 4(B), lanes 1 - 5), whereas free GFP was only detected 
in the soluble fraction (Figure 4(A), lane 6 and Figure 4(B), lane 6). We concluded from these results that the 
GFP signals observed in Figure 2 and Figure 3 were due to the fusion proteins in the membrane. 

Furthermore, the molecular masses on the gel (Figure 4(A), lanes 1 - 5 and Figure 4(B), lane 6) were closely 
similar to the sum of those of the GFP and TAPL moieties; the estimated values on the gel were 92, 54, 48, 43, 
(39 and 36), and 28 kDa, and the calculated values [determined with genetic information processing software 
GENTYX MAC (Tokyo Japan)] were 114, 58, 48, 43, 36 and 29 kDa, respectively, for TAPL(M1-A766)-GFP, 
TAPL(M1-S275)-GFP, TAPL(M1-K182)-GFP, TAPL(M1-R141)-GFP, TAPL(M1-G75)-GFP and GFP, respectively. 
The doublet bands of the smallest construct, TAPL(M1-G75)-GFP, could be due to proteolytic cleavage or mod-
ification, since this fusion protein was distributed throughout the entire intracellular membrane and would thus 
have the chance to encounter various proteases or protein modification systems. 

3.3. Comparison of GFP Signals of Stably Expressed TAPL-GFP Fusion Proteins with Those 
of Organelle Marker Proteins 

Next we monitored the distribution of TAPL-GFP and its truncated versions stably expressed in the CHO-K1 
cells. Previously, TAPL(M1-A766)-GFP and TAPL(M1-R141)-GFP were suggested to be localized to lysosomes, 
as determined by organelle staining with a fluorescent dye [4]. In this study, we detected the immunofluores-
cence of organelle marker proteins such as cathepsin D (a lysosome marker) and PDI (an ER marker) on micro-
scopy.  

As shown in Figure 5(a), TAPL(M1-A766)-GFP was co-localized with cathepsin D but not with PDI. Fur-
thermore, TAPL(M1-R141)-GFP and TAPL(M1-K182)-GFP were sorted to lysosomes and were not retained in the 
ER (Figure 5(c), Figure 5(d)), suggesting that the amino-terminal four transmembrane helices (TM1 - TM4) 
were enough to target the TAPL molecule to the lysosomal membrane. The cytoplasmic loop between TM4 and  
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Figure 2. Cellular localization of transiently expressed TAPL-GFP and its 
truncated derivatives. CHO-K1 cells were transiently transfected with either 
the expression plasmid encoding full length human TAPL [TAPL(M1-A766)- 
GFP] or one of its truncated derivatives [TAPL(M1-S275)-GFP, TAPL(M1- 
K182)-GFP, TAPL(M1-R141)-GFP and TAPL(M1-G75)-GFP] tagged with GFP. 
The transfected cells were fixed and processed for immunofluorescence using 
anti-PDI rabbit immunoglobulin G (IgG) (1/100 dilution) and then Alexa 
568-conjugated anti-rabbit mouse IgG (1/2000 dilution). Cells were imaged to 
localize an ER marker PDI (left center) and GFP (right center). The nuclei 
were stained with 4’,6-diamidino-2-phenylindole (DAPI) (left). All three fig-
ures were merged (right). From top to bottom; full length TAPL(M1-A766)- 
GFP [a], truncated derivatives with GFP carrying the M1-S275, M1-K182, 
M1-R141 and M1-G75 residues ([b]-[e], respectively), and GFP only [f]. Scales 
of all the figures are the same as [f] Merge (bar, 20 μm).                    

 
TM5 of TAPL(M1-K182)-GFP (Figure 1) had no effect on lysosomal targeting. Thus, the amino-terminal four 
transmembrane helices were enough for its targeting.  

However, TAPL(M1-S275)-GFP was not co-localized with the signal of cathepsin D, as the GFP-signal was 
rather accumulated in cytoplasmic granules and ER (Figure 5(b)). An additional two transmembrane helices 
(TM5 and TM6) of truncated TAPL could be toxic and/or hinder the formation of the lysosomal signal even 
with their presence within the amino-terminal four transmembrane helices (TM1 - TM4). It was further dem-
onstrated that the amino terminal two transmembrane helices (TM1 and TM2) were not enough to target TAPL 
to lysosomes, since TAPL(M1-G75)-GFP overlapped with the signal of PDI but not with that of cathepsin D 
(Figure 5(e)). 
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Figure 3. Co-localization of transiently-expressed TAPL-GFP and its derivatives with 
an ER marker. CHO-K1 cells transiently expressing TAPL-GFP or one of its truncated 
derivatives were incubated for 30 min with either brefeldin A BODPY 558/568 (ER 
marker) (A) or LysoTracker Red DND-99 (lysosome marker) (B). The cells were mo-
nitored under a microscope equipped for fluorescence emission detection (left; GFP 
signals, center; brefeldin A BODPY 558/568 (A) or LysoTracker Red DND-99 (B)). 
Merged figures are shown on the right. The overlapping of merged signals of GFP with 
ER and lysosome would be due to weak association of free GFP to membrane surface 
in the living cells, since free GFP was recovered in the soluble fraction as shown in 
Figure 4. Scales of all the figures in (A) and (B) are the same as [a] TAPL-GFP (A) 
and [a] TAPL-GFP (B), respectively, (bar, 20 μm).                                

 

 
Figure 4. Detection of TAPL-GFP and its derivatives in mem-
branes. Membrane (A) and soluble cytoplasmic (B) fractions (10 
μg protein) prepared by the published method [25] were subjected 
to SDS-polyacrylamide gel-electrophoresis. GFP-fusion proteins 
were detected by means of Western blotting with anti-GFP anti-
bodies. Lane 1, TAPL(M1-A766)-GFP; lane 2, TAPL(M1-S275)- 
GFP; lane 3, TAPL(M1-K182)-GFP; lane 4, TAPL(M1-R141)- 
GFP; lane 5, TAPL(M1-G75)-GFP; lane 6, GFP; lane 7, mock 
transfection with pME18S [10].                              
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Figure 5. Cellular localization of stably-expressed TAPL-GFP and its truncated derivatives. 
TAPL-GFP or one of its truncated derivatives was stably expressed in CHO-K1 cells. The 
stable lines were fixed and processed for immunofluorescence using anti-PDI rabbit IgG or 
anti-cathepsin D rabbit IgG, and then Alexa 568-labeled anti-rabbit mouse IgG. Cells were 
imaged to localize either the marker proteins (left) or GFP signals (center). The nuclei were 
stained with DAPI and all three figures were merged (right). Scales of all the figures are the 
same as [e] Cathepsin D (merged) (bar, 20 μm).                                        

3.4. Lysosomal Localization of TAPL Fused with DsRed 
To further confirm the lysosomal localization of TAPL, we substituted the GFP moiety with a different fluores-
cent protein, DsRed. Stably expressed TAPL(M1-A766)-DsRed was co-localized with cathepsin D (a lysosomal 
marker), but not with PDI (an ER marker) or M6PR (a Golgi marker) (Figure 6). These results clearly indicated 
that the fluorescent protein moiety does not affect the lysosomal targeting of the TAPL molecule. 

4. Discussion 
In this study, we examined the membrane localization of TAPL under different expression conditions in detail. 
TAPL and carboxyl-terminal truncated forms of it were tagged with GFP. TAPL(M1-A766)-GFP, TAPL(M1- 
S275)-GFP, TAPL(M1-K182)-GFP, TAPL(M1-R141)-GFP and TAPL(M1-G75)-GFP were expressed transiently and 
stably in CHO-K1 cells, and the intracellular distribution of the fluorescence of GFP was compared with that of 
organelle markers on microscopy.  
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Figure 6. Lysosomal localization of TAPL-DsRed. TAPL-DsRed (TAPL- 
DR) was stably expressed in CHO-K1 cells. Cells were treated (from top 
to bottom) with anti-cathepsin D, PDI or M6PR IgG, and then Alexa 
488-labeled anti-rabbit mouse IgG. Cells were imaged to localize either 
the marker membrane proteins (center) or TAPL-DR (left). The nuclei 
were stained with DAPI. Merged figures are shown (right). Scales of all 
the figures are the same as PDI (merged) (bar, 10 μm).                 

 
The fluorescence of TAPL-GFP and its derivatives was co-localized with ER markers (PDI and brefeldin A 

BODPY 558/568), but only partly with lysosome markers (cathepsin D and LysoTracker Red DND-99) upon 
their transient expression in CHO-K1 cells. However, TAPL(M1-A766)-GFP, TAPL(M1-K182)-GFP and TAPL(M1- 
R141)-GFP as well as TAPL-DsRed expressed stably in CHO-K1 cells were co-localized with a lysosome marker 
protein, cathepsin D, rather than an endoplasmic reticulum marker, PDI. This localization is consistent with our 
previous findings [4] [10], and that for a SKOV3 cell line derived from human ovaries [18]. The expression lev-
el would be too high upon transient expression, resulting in inhibition of the normal targeting pathway from the 
ER to lysosomes because various components for lysosomal targeting [19], limiting amounts of which are 
present in the ER, could be saturated by the excess TAPL molecules. It is also possible that the increased 
amounts of TAPL derivatives tagged with GFP under transient expression could become targets of quality con-
trol system(s) of ER [20] and that the exit of TAPL molecules from ER to lysosomes through Golgi apparatus 
could be prohibited.  

Stably expressed TAPL(M1-S275)-GFP and TAPL(M1-G75)-GFP were not localized to the lysosome membrane, 
while TAPL(M1-K182)-GFP and TAPL(M1-R141)-GFP were targeted to lysosomes. These results suggest that 
truncated TAPL with six transmembrane segments may be incapable of retaining a correct structure for mem-
brane localization and thus may be accumulated in large granules, although the lysosomal targeting signal could 
comprise the N-terminal four transmembrane helices. There are three possibilities as to the lysosomal targeting 
signal; it is present in transmembrane helix 1 (TM1) and TM2, in TM3 and TM4, or TM1 - TM4. If the first 
possibility is the case, TAPL(M1-G75)-GFP could not attain the correct conformation without TM3 and/or TM4.  

The sorting of transmembrane proteins involves recognition of short peptide signals in their cytoplasmic tails 
by cytoplasmic proteins [21]. Interestingly, the LLLWKN motif in the N-terminal cytoplasmic tail directs 
ABCA transporters (members of subfamily A of ABC transporters [1]) to a post-Golgi vesicular sorting station 
[19]. Although TAPL, TAP1 and TAP2 are closely related ABCB subfamily members [5], TAP (a heterodimer 
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of TAP1 and TAP2) is localized to the ER and cis-Golgi [22], while TAPL is sorted to lysosomes from the Gol-
gi (this study and [4] [10]). Interestingly, TAPL is 15 residues longer at the N-terminus than TAP1 and TAP2 
[3], the 3LWK5 sequence related to the LLLWKN motif being conserved in man and rodents [5]. It is of interest 
as to whether the N-terminal LWK sequence functions as a Golgi exit signal or not when TM3 and TM4 are as-
sembled with TM1 and TM2 in TAPL.  

In contrast, it is also claimed that transmembrane helices play a role in intracellular trafficking; the GxxxG 
motif and an arginine in the membrane-spanning domain are critical for interhelical interactions [23]. Such a 
GxxxG motif is present in TM2 of TAPL (63GATTG67) together with neighboring 58R and 70K [5]. Furthermore, 
related motif SxxxS [24] is also found in TM4 of TAPL (126SLGAS130). Thus, residues and motifs not only in 
cytoplasmic tails and loops but also in transmembrane segments should be focused on the search for lysosomal 
targeting signals for TAPL. 

5. Conclusion 
When a half-type ABC transporter, TAPL, and truncated forms of it were tagged with green fluorescent protein 
(GFP) at their carboxyl termini, the fusion proteins, i.e., TAPL(M1-A766)-GFP, TAPL(M1-S275)-GFP, TAPL(M1- 
K182)-GFP, TAPL(M1-R141)-GFP and TAPL(M1-G75)-GFP, were distributed on the intracellular membrane, 
mainly in the ER, upon transient expression in CHO-K1 cells. However, TAPL(M1-A766)-GFP, TAPL(M1-K182)- 
GFP, TAPL(M1-R141)-GFP and TAPL-DsRed were co-localized with a lysosome marker protein, cathepsin D, 
on stable expression. Stably expressed TAPL(M1-G75)-GFP was localized to the intracellular membrane. These 
results suggest that the lysosomal targeting signal comprised the amino-terminal four transmembrane helices, 
but amino-terminal two transmembrane helices were not enough to function as such a signal. 
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