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TAPL is a half-type ABC transporter with sequence similarity to TAPl and TAP2 that is
transcribed in various rat tissues [Yamaguchi, Y., Kasano, M., Terada, t , Sato, R., and
Maeda, M. (1999) FEBS Lett 457, 231-236]. Primary structures of the human and mouse
orthologous counterparts were deduced from cDNAs cloned by means of polymerase
chain reaction, and they were compared with that of the rat. The mammalian TAPLs
(rat, mouse, and human) are highly conserved, since about 95% of the amino acid resi-
dues are identical between rodents and man. Phylogenetic analysis demonstrated that
the evolutional rate of TAPL is much slower than those of TAPl and TAP2, although
TAPL could have diverged from an ancestor of TAPl or that of TAPl and TAP2. The
TAPL-GFP fusion protein transiently expressed in Cos-1 cells was co-localized with PDL
suggesting that TAPL is inserted into endoplasmic reticulum membrane. The conserva-
tion of the peptide-binding motifs of TAP proteins in TAPL raises the possibility that the
TAPL might be a peptide transporter. The gene for human TAPL is assigned to chromo-
some 12q24.31-q24.32, while those for TAPl and TAP2 are located at the MHC locus of
chromosome 6p21.3. Furthermore, the transcription of TAPL gene is not responsive to
interferon-Y, in contrast to TAPl and TAP2. These results indicate that the gene regula-
tion of TAPL is different from those of TAPl and TAP2.
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The ABC transporters with a conserved ATP-binding do- a single transmembrane and single ATP-binding domain
main (named ABC, ATP binding cassette) are widely dis- are also found, and they form a dimer to function. Com-
tributed in the membranes of various organisms from pro- plexes of four separate domains are often reported in bacte-
karyotes to eukaryotes (2). The canonical type of this family rial ABC transporters (2). Although most ABC transporters
has two transmembrane and two ATP-binding domains are truly "membrane transport proteins," their functions
arranged alternately. However, half-type transporters with are not restricted to the transport of proteins such as P-gly-

coprotein and histddine permease. Actually, CFTR is a Cl~
1 This research was supported in part by grants from the Ministry of channel and SUR is a receptor-like protein (2). The ABC
Education, Science, Sports and Culture of Japan. The nudeotdde se- transporters are of interset from the viewpoints of medica-
quences for human and mouse TAPL reported in this paper have tions and diseases, since they are responsible for drug re-
been submitted to DDBJ/EMBL/GenBank under accession number sistance of cancer cells and infectious parasites as well as
(accession nos. AB045381 and AB045382, respectively). congenital human disorders (3).

i^^^^7tz^sz:^tT ar\known £
Abbreviations: ABC, ATP-binding cassette; BAC, bacterial artificial tnbuted in mtracellular organelle membranes.
chromosome; bp, base pairs; BSA, bovine serum albumin; DMEM, TAP heterodimers, TAPl and TAP2, are located on the ER
Dulbecco's modified Eagle's medium; ER, endoplasmic reticulum; membranes and transport peptide substrates into the ER
EST, expressed sequence tag; FISH, fluorescence in situ hybridiia- lumen from the cytoplasm coupled to ATP hydrolysis. The
tdon; GFP, green fluorescence protein; MHC, major histocompatibil- function of TAP is important for cellular immunity, since
ity comply PDL protein disulfide isomerase; RACE, rapid amplifi- tidea transported by TAP are used to present antigens
cation of cDNA ends; PCR, polymerase chain reaction; SDS, sodium * ., ,, _JT̂  l n , i 1 1 1 1 tj\ r\_ •
dodecyl sulfate; TAP, transporter associated with antigen process- o n * « ̂  s u r f e c e MHC daBB l molecules (4). On percooso-
ing; TAPL, TAP-like. m a l membranes, there are as many as four half-type trans-

porters (5) which seem to play roles in the biogenesis of
© 2000 by The Japanese Biochemical Society. peroxisomes and very long chain fatty acid metabolism (6).
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The mitochondrial inner membrane also has a half-type
ABC transporter involved in the iron homeostasis (7).

Recently we found an additional half type ABC trans-
porter gene expressed in various organs of rat (8). This
putative transporter has a high degree of amino acid se-
quence similarity to TAPl and TAP2 and was thus named
TAPL (TAP-like). Pairwise comparisons of TAPL, TAPl and
TAP2 demonstrated that about 40% of the amino acid resi-
dues are identical. In this study, we examined whether this
novel transporter is regulated similarly to TAP proteins.
Interestingly, we demonstrated that TAPL is a highly con-
served protein, in contrast to TAPl and TAP2. The chromo-
somal location, responsiveness to cytokine, and cyto-
plasmic localization of TAPL were also compared with
those of TAPl and TAP2, and the biological significance of
TAPL is discussed.

MATERIALS AND METHODS

cDNA Cloning—HEK-293 cells (human embryonic kid-
ney cell line) (9) and I-10 cells (mouse Leydig tumor cell
line) (10) were cultured in two (}>10 cm dishes, and total
RNA was extracted by Isogen (Wako Chemicals) (11). The
cDNAs for human and mouse TAPLs were amplified by
means of RT-PCR. The first stranded cDNA was synthe-
sized from 5 jjLg of RNA by Superscript preamplification
System (Gibco BRL) with oligo dT^ primer, and 1 nl of
reaction product was subjected to PCR (12) vriiiiAmpli Taq
(Nippon Gene). Various combinations of primers [designed
from the sequences for rat (8) and registered ESTs] listed
in Table I (A and B) were used. Sequence strategies are
shown schematically in Fig. 1. In general, PCR conditions
for the 1st and 2nd PCRs were 35 cycles of denaturation
(94"C, 1 min), annealing (52-65#C, 1-2 min), and extension
(72*C, 1-3 min). Either dimethyl sulfoxide (5%, v/v) or
betaine (1.25 M) was added to the reaction mixture. In the
present study, preheating (94*C, 3 min) and poet-incubation
(72*C, 7 min) were carried out before and after PCR, re-
spectively.

DNA Sequencing—Amplified cDNAs were analyzed by
agarose gel electrophoresis [1%, (w/v) Takara Type L03]
using TAE buffer ( lx) (13). The DNA fragment was ligated
to the pCR™II vector (Invitrogen, CA) or pGEM-T Easy
vector (Promega, WI). Both strands of cloned DNA were
sequenced by the dideoxy chain-termination method (14)
using a Silver Sequence DNA Sequencing System (Pro-
mega) or Shimadzu DNA Sequencer Model DSQ-1000L
with Thermo Sequenase fluorescent labeled primer cycle
sequencing kit (Amersham Pharmacia Biotech).

Construction of Expression Plasmid for TAPL-GFP
Fusion Protein—cDNA of human TAPL was amplified by
PCR using primers TM048 and TM049 (Table IC) carrying
.EcoRI and Spel sites upstream of initiation codon and
downstream of Glu-757 codon, respectively [30 cycles of
denaturation (94"C, 1 min), annealing (48"C, 2 min), and
extension (72°C, 3 min)]. The £coRI-SpeI fragment (Met-1-
Glu-757 codons) and the Nhel-Xhol fragment (coding
region of GFP) derived from pGFP-Cl (CLONTECH) were
ligated into EcoRI and Xhol sites of pBluescript SKII(+).
Then the EcoRI-Xhol fragment was inserted into the corre-
sponding sites of mammalian expression vector pME18S.
The resulting plasmid was named pMEhTAPL-GFP.

Indirect Fluorescence Analysis—Cos-1 cells (IS) were

grown for a day on glass coverslips in DMEM (GIBCO
BRL) containing 7% (v/v) fetal bovine serum (JRH Bio-
science). The expression plasmid for GFP (pGFP-Cl) or
TAPL-GFP (pMEhTAPL-GFP) was introduced by DEAE-
dextran method (16) and cultured for 2 days. The empty
plasmid vector (pME18S) was also introduced as a "Mock"
experiment. Coverslips were processed and reacted (17)
with the rabbit polydonal-antibodies for PDI (1:200 dilu-
tion, Stress Gen), followed by incubation with Alexa Fluor
568-conjugated goat anti-rabbit IgG (1:200 dilution, Molec-
ular Probes). Fluorescence of GFP and 2nd antibodies were
monitored under a microscope (Olympus BX50).

Western Blotting—Soluble and membrane fractions were

TABLE I. Primer sequences and their combinations for PCR.
Sequences of primers (A) and their combinations (B) for PCR am-
plification of human and mouse TAPL cDNAs were indicated. Each
circled number in (B) corresponds to that on the amplified fragment
schematically shown in Fig. 1. The primers for construction of ex-
pression plasmid pMEhTAPL-GFP and those for semiquantitative
PCR to determine interferon-7 responsiveness of TAPL, TAPl, and
TAP2 mRNAs are shown in (C). The base substitutions to introduce
restriction enzyme sites are indicated by the underlines. The prim-
ers for P-actin were used to normalize the PCR amplification (h,
human).

(A)
YY0O4 51- CCC OOC COC CCT OCA GAO GO -3'
YY0O7 y-CTCGOCTOTOaTOCTOOCTCTO-31

YY0O8 S- OAO AOC CTC TTO TAG TAC TTO CCO -3'
YY009 51- TTG TCC TOG OAO ACT OCA TOO A -3'
YY019 51- CTA COO CAA OTA CTA CA -3'
YYQ20 y- GOC CTT GCC CCO OTO AG -3'
Y Y021 S- A AO CCT OCC CCT GTC ACC -3'
MKO23 S- ATO GCC TGC TOG ATC AG -3'
MK024 y-CAGGTTOCCOTOGATOG-3'
MK031 y-TCAOCACCCOCCCACCTCC-3'
MKO32 31- OTG OOC ACA TCT OCC AGO -3'
MKQ33 y- ACC GOO TCC TCT OCC ACC O-31

MK034 y- CAT OOC AOC TOO COO OTO -3'
MKQ35 y- OOA OCA ACT OGA AGO AGO C -3'
MK036 y- CTG OAC CGC AOC CTC CTO OA -3'
MK044 y- ATO AOA ACC OCA CAG OOO AC -3'
MKO45 y- CTO TAO OAC CTO TOT OTO GO -3'

(B)
® litYY02O-MKQ32
<Z> lttYY020-YY007
O lttYY019-MKQ24
<3) litYY019-YY0O4
® litYY(X»-MK024
<S> l*YY02O-MKQ34
<3) lstYY020-MK007
<H> lttMKO36-YY00e
® litMKOM-MKOtt
© litYY019-YY004
® lstYY009-MK024

2nd;MKQ31-MKa33
2niYY020-YY008
2nd:MK019-MK023
2nd:YY019-YY0O4
2nd:YY009-MK023
2«tYY021-MKa35
2mtYYO2O-YY00e

2n<tYY019-YY0O4
2n±YY009-MK023

(C)

hTAPL
/OFP

hTAPL

TMW8
TMW9

y- CCQ AAI TCC AAC CAO CAO OAT O -3'
y- CTA CIA OTJ COT TOT OOC CAO CT-31

MK031 y-TCAOCACCCOCCCACCTCC-31

MK037 y- CAO CCA CCA OAO CAO GAA OOA -3'
hTAPl MKQ38 y- OCT ACT TCT COC COA CTG GO -3'

MK039 y- CCC CAO TOC AOT AOC CTO GO -3'
hTAP2 MK040 y- CCC GCC GCO GCT OAO CCA -3'

MK042 y- OOC ATO OOO GTC AAA ATC ACC -3'
hfl-aam hflictiD-S y-OCA AQA GAT OOC CAC TOC COC-3"

h B Km-A y- OCT QAC AGO ATO CAG AAO GAO A -3'
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prepared (IS) from Cos-1 cells transfected with expression
plasmid for either GFP or TAPL-GFP as above, and ali-
quots were subjected to SDS polyacrylamide (10 or 17%, w/
v) gel electrophoresis (19). The proteins were electro-blotted
onto Immobilon P (MILLIPORE) (20). GFP or TAPL-GFP
was reacted with the rabbit polyclonal-antibodies for GFP
(1:2,000 dilution, Boehringer Mannheim), then detected by
use of an Amersham ECL™ Western blotting analysis sys-
tem with horseradish peroxidase-linked donkey anti-rabbit
Ig (1:4,000 dilution). Protein was assayed with a Bio-Rad
Protein Assay (27), with BSA (fraction V, Sigma) as a stan-
dard.

FISH—The BAC clone containing human TAPL gene

was used as a probe for FISH. The FISH combined with
replicated (pro)metaphase R-bands (direct R-banding
FISH) was applied (22, 23). For suppression of the repeti-
tive sequences in the cosmid clone, we used about 2-fold
excess human Cot-1 DNA (BRL) compared with the pub-
lished method (24). Labeling, hybridization, rinsing and
detection were performed in a routine manner. The image
was captured using CytoVision (Applied Imaging). The
BAC clone was isolated by hybridization (13) of the high-
density niters of the library (Genome Systems) with probes
covering from the 5'-noncoding region to Val-563 codon of
human TAPL. The probes were radiolabeled with [ot-^P]-
dCTP (110 TBq/mmol, Amersham Pharmacia Biotech)

2367 bp

human
JA) 641 bp

(3) 1020 bp

(Si 700 bp
•

© 2433 bp

mouse
1109 bp

• • 698 bp

(iiji 641 bp

(8) 962 bp

737 bp

200 bp

h-TAPL
•-TAPL
r-TAPL

Fig. 1. PCR amplification of human and
mouse cDNAs for TAPL, and their se-
quence strategy. cDNAs were prepared
from human (HEK-293 cells) and mouse (I-
10 cells) total RNAs. Sequences and combi-
nations of PCR primers are shown in Table I
(A and B). The double arrows with sizes indi-
cate the PCR-amplified fragments. Circled
numbers are corresponding to the primer
pairs used for PCR (Table IB). The coding re-
gion of TAPL is boxed, and the shadowed por-
tion with ABC corresponds to ATP-binding
cassette region. The positions for registered
ESTB are also shown.

h-TAPL 121:VWTYISL«SFLLWn.LSTVW^rr(^LEW^TEAEaT«(»PPPE(MSaTL(^LSYTOWAFLVAASFFLIVAALGE^ 240
•-TAPL 121:VWmSLAASFLLKLLATVRPQAEALEPC---N-EGFH(I«^AE<MS«TL<^LSYTKP0W 236
r-TAPL 121:VWmSLAASFLLWGLUTVRPMEALEPG---H-EGFHGEGGAPAE<^S«U<yLLSYTI^ 236

h-TAPL 241 :F
•-TAPL 237:1
r-TAPL 237:L

h-TAPL 441 :
•-TAPL 477:
r-TAPL 477:

pepttde binding 1
EFIDRQPT* mDGSLAFmEaWDFENVTFTYRTRPHT<JVLOWSFSLSP«VTALV
EFIDRQPTH fHDGSLAPWLEQWDFENVTFTYRTRPHTQYLQWSFSLSF«VTALV 3>S(BGKSS(^LENFYPLQGGRVLLDGKPIGAYDHCYLHRVISLVSQEPVLFARSITDNP 596
;FIDRqpT4ftflX»LAPraL£(CTDFEHyTTTreTRPHTWL(WSFSLSP<^ 596

p^pttdo binding 2
" 6 9 9

Walker A
h-TAPL 6«l:jSYGLmPFEHWEAAQKAiaittFI)eLQ[XtfSmGEKaQLSGGQXQRVAWM^^ 729

r-TAPL 597:£YaPTVPFFJWEAAQKAWKFI )€LqoremGEK«QLS«reWAWKALVW^ 716

Walker B <

h-TAPL 721:QGTHQQLUQGGLYA)CLVQRQHLGLQPAADFTAGWCPVANGSHCA
m-TAPL 717:Q(rrHWUQGGLYAKLVQR<3M.GLEHPLDYTASHCEPPSHTEHKA
r-TAPL 717:QGTHQQLUQGGLYAiaVQRQMLGLEHPLDYTAGHKEPPSKTEM«

Fig. 2. Amino acid sequence comparisons of TAPL proteins.
The amino acid sequences of the human (h), mouse (m), and rat (r)
TAPL proteins are aligned. Asterisks and hyphens show identical res-
idues and gaps, respectively. The ATP binding regions between

766
762
762

Walker A and Walker B motdfe (37) are boxed with a dotted lina Two
potential peptide-binding domains (peptide binding 1 and 2) com-
pared with those for TAP1 and TAP2 (25) are also boxed. The residue
numbers are shown on each line.
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using Random Primed Labeling Kit (TaKaRa). The tem-
plates were the rat cDNAs PCR-amplified with primer
combinations 2 and 4 (Table I and Fig. IB).

Induction Experiment with Interferon-y—HeLa cells
were cultured (1.8 X 106 cellsAblO cm dish) in DMEM con-
taining 7% fetal bovine serum for 1 day, then the medium
was changed. Interferon--Y (R&D Systems) dissolved in 10
mM CH3COOH and 0.1% (w/v) BSA was added (final
500,000 units/ml) into the fresh medium and further incu-
bated for the indicated times in the text. HEK-293 cells
were similarly cultured. Total RNA was isolated (2 dishes
for each time point) (11) and cDNA was synthesized as
described in the section "cDNA Cloning." One microliter of
reaction product was subjected to semiquantitative PCR
analysis using primer pairs shown in Table IC. The dena-
turation and extension conditions [(94*C, 0.5 min) and
(72*C, 0.5 min), respectively] are common for the amplifica-
tion of human TAPL, TAPl, TAP2, and p-actin cDNAs, but
cycle numbers and annealing conditions were changed [28
cycles (68"C, 0.5 min), 24 cycles (64*C, 0.5 min), 24 cycles
(64'C, 0.5 min), and 16 cycles (60"C, 0.5 min), respectively].
After agarose gel electrophoresis (1.8%, w/v), the DNA
bands were visualized with ethidium bromide and their

images were processed on Fluorlmager Model 595 (Molecu-
lar Dynamics).

Chemicals—Restriction enzymes were obtained from
New England Biolab (MA), TaKaRa Shuzo (Kyoto), Toyobo
(Osaka), or Nippon Gene (Toyama). T4 DNA ligase was
from TaKaRa or Toyobo. The PCR primers were purchased
from GIBCO BRL. All other chemicals used were of the
highest grade commercially available.

TABLE II. Conservation of amino acid residues of TAPL,
TAPl, and TAP2, and that of nucleotide residues in their
coding sequences. Identical amino acid residues (AA) between
each pair of TAPL, TAPl, or TAP2 protein are indicated by percent-
age values. The conservation of nucleotide residues (NA) in their
coding sequences is similarly shown in the parentheses. For the se-
quence data, see Fig. 2 and the legend to Fig. 3.

TAPL

TAPl

TAP2

AA.
(NA)
AA.

(NA)
AA

(NA)

Human/mouse

95
(89)
75

(75)
77

(80)

Human/rat

94
(89)
71

(74)
75

(78)

Mous^rat

99
(95)
90

(90)
91

(92)

1000 Saknon TAP2 (ZB3328)

Rainbow tout TAP2B (AF115538)

- Shart TAP2 (AF108385)

Frog TAP2 (AHKB3B3)

Rartow troulTAP2A(ZB332S)

CUcktn TAP2 (AL023518)

1000

1000

1000
811

• Syrian hamator TAP2 (AF001155)

Syrian harotor TAP2 (AF001157)

R«tTAP2(X8»S4)

Moun TAP2 (M00459)

-OoraaTAP2 0.49033)

- Human TAP2 (222930)

1000

483

1000

— Start TAPl (AF10e3a7)

r - Satnon TAPl (2S33Z7)

0 I RaHxw »UK TAP1(AF115530)

ChfcfcanTAPI (AL02JS19)

1000

1000

1000

Syrian himmr TAPl (AF001156)

Syrlsn lumatwTAPI (AF001154)

1 ( 0 0 ,FUJTAP1DV(Y1O231)

1000

lRj»TAP1u(Y1023S)

I Uoum TAPl (U60023)

M O U M T A P 1 ( U S 0 0 1 S )

r Oortbi TAPl (1764SB)

Human TAPl (L2120S)

1000 f

1000 |

RctTAPLl (AB027520)

H o w TAPL (ABO4S382)

Human TAPL (AB04S361)

a aavani ooankl F43E2 (AF00Q2S4)

TAP2

TAP1

TAPL

Fig. 3. Phylogenetic tree of TAPL,
TAPl, and TAP2. The amino acid se-
quences were aligned using the CLUSTAL
W program. The distance matrix thus ob-
tained was used to construct a neighbor-
joining tree (38). To assess the reliability of
branching patterns, 1,000 bootstrap repli-
cations were performed. Numbers at the
nodes indicate the bootstrap confidence
level in permillage. The sources of the nu-
cleotide sequences are from GenBank data-
base and accession numbers are cited.
Horizontal bar indicates genetic distance. A
C. ekgans ABC transporter whose gene is
located in F43E2 region is also included,
since it showed the highest homology to
TAP.
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RESULTS

Mammalian TAPL Proteins Are Highly Conserved— Pri-
mary structures of human and mouse orthologous TAPLs
were deduced by sequencing PCR amplified cDNAs from
HEK293 cells and mouse 1-10 cells, respectively, and com-
pared with the rat TAPL. PCR primers are listed in Table I,
and amplification of cDNA is shown schematically in Fig. 1.
Mammalian TAPLs are half-type ABC transporters with
about 750 amino acid residues and they are mutually well
conserved (Fig. 2). Pairwise comparison demonstrated that
99% of the amino acid residues are identical between rat
and mouse, and surprisingly as much as 95% of the resi-
dues are identical between rodents and man (Table II). This
finding contrasts with that for the paralogous TAP pro-
teins, since only 75% of the amino acid residues for TAP1 or
TAP2 are identical between rodents and man in spite of the
90% identity between mouse and rat.

The phylogenetic analysis suggested that the origin of
TAPL is old enough to trace back to the point of divergence
of ancestral genes for TAP1 and TAP2 (Fig. 3). The ances-
tral gene for TAPL seems to have diverged immediately
after the appearance of that for TAPl. Furthermore the
evolutional rate of the TAPL gene is much slower than
those for TAPl and TAP2, since genetic distances between
mammalian TAPLs are shorter than those for TAPl and
TAP2.

Intracellular Location of Transiently Expressed TAPL-
GFP Fusion Protein—For TAPl and TAP2 proteins, poten-
tial peptide-binding sites have been proposed (25). Such
substrate binding domains are also conserved in mamma-
lian TAPLs (Fig. 2). Fifteen residues from the start of the
potential peptide-binding domain 1 of human TAPL are
aligned together with the corresponding residues of human
TAPl and TAP2 (Table III). Actually, the sequences are
well conserved among TAPL, TAPl, and TAP2. However,
similar comparisons demonstrated that the sequences (25)
are not conserved in the half-type ABC transporters of per-
oxisomal membrane (Table III).

Sequence similarity of TAPL to TAPl and TAP2 prompt-
ed us to examine cytoplasmic location of TAPL. Since TAPl
and TAP2 form a heterodimer on the ER membrane (26),

we examined whether the closely related TAPL is also
located on the ER. For this purpose, we constructed an ex-
pression plasmid for TAPL-GFP fusion protein and intro-
duced the plasmid into Cos-1 cells. The fluorescence emis-
sion from fusion protein was monitored under a microscope
(Fig. 4A). The fluorescence was localized on the intracyto-
plasmic membrane. Probing the same culture with antibod-
ies for PDI (Fig. 4B), a marker protein for ER (27), clearly
indicated that the fluorescence from GFP was co-localized
with that of the antibodies (Fig. 4C). When the free GFP
was expressed, the fluorescence was distributed in the
entire space of the cytoplasm (not shown).

We also carried out Western blotting analysis using anti-
bodies for GFP. As shown in Fig. 5A (upper), a fusion pro-
tein of slightly smaller apparent molecular size (100 kDa)
than the sum of the predicted values for human TAPL (84
kDa) and GFP (28 kDa) was detected in the membrane
fraction, but not in the soluble cytoplasmic fraction. The
increased amounts of membranes gave much stronger sig-
nal for the fusion protein (Fig. 5B). The mock and GFP-
expressed cells had no protein of comparable size in either
membrane or soluble fraction [Fig. 5, A (upper) and B]. The
GFP was recovered in the soluble fraction (Fig. 5A, lower).
These results suggest that at least the TAPL carrying GFP
on its carboxyl terminus is inserted into ER membrane.

Chromosomal Location of Human TAPL—The chromo-
somal location of TAPL could not be determined precisely

TABLE III. Comparison of potential peptide binding domain
of TAPL with those of TAPl and TAP2. A portion of potential
peptide-binding domain 1 of human TAPL is compared with those
of human TAPl and TAP2 (see legend to fig. 3). Identical residues
with human TAPL are open-boxed. The amino acid sequences
located in the corresponding regions of peroxisomal membrane
ABC transporters (PMP70 and ALDP; accession nos. X58528 and
Z21876, respectively) are also shown. The residue numbers are
indicated oh the right.

hTAPL
hTAPl
hTAP2

hPMP70
hALDP

n/RSFANEEEE
rVRSFANEEQE
rVRSFgAiEE

364-378 «•••
378-390
341-355

NSEEIAFYNGNKREK 275-288
NSEEIAFYGGHEVEL 28&-302

(A) (B) (C)
TAPL-GFP PDI

Fig. 4. Detection of TAPL-
GFP fusion protein tran-
siently expressed in Cos-
1 cells. Cos-1 cells were
plated on coverslips and
grown for 1 day, and then
expression plasmid for
TAPL-GFP fusion protein
or GFP was introduced. Af-
ter 2 days' incubation, the
cells were fixed, then re-
acted with polyclonal-anti-
bodies for PDI followed by
Alexa Fluor 568-conjugated
goat anti-rabbit IgG. Green
fluorescence of TAPL-GFP
was monitored (A). The dis-
tribution of PDI (red fluo-
resence) in the same field as
(A) was visualized (B). The combined image was obtained by monitoring the both fluorescences at the same time (C).
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(A) (B)
4*

M S M S M S

kDa

175

83

TAPL
-GFP

f
M S M S M S

kDa

32.5

25

16.5

GFP

TAPL
-GFP

83

Fig. 5. Presence of TAPL-GFP fusion protein on the membranes. Expres-
sion plasmid for TAPL-GFP (pMEhTAPL-GFP) or GFP (pGFP-Cl) was intro-
duced into Coa-1 cells (5 x 10* cells/4) 10 cm dish). After 2 days' incubation, cells
from 2 dishes were scraped and homogenized. Soluble (S) and membrane (M)
fractions were prepared as described in "MATERIALS AND METHODS." Protein
samples (5 jjug) were subjected to SDS-polyacryl amide gel electrophoreeis and
Western blotting. GFP moiety of TAPL-GFP (A, upper) and GFP (A, lower) were
reacted with rabbit anti-GFP polydonal antibodies, and then detected by means
of ECL. The empty plasmid vector (pME18S) was also introduced as a "Mock" ex-
periment. The increased amounts of membrane protein (20 jig) were analyzed in
(B). The polyacrylamide gel concentration was 10% (w/v) for A (upper) and B, and
17% (w/v) for A flower).

Fig. 6. Chromosomal location of human 1JVPL. Location of hu-
man TAPL gene is shown on R-banded metaphase chromosomes by
FISH as described in "MATERIALS AND METHODS." The arrow
indicates fluorescent signals on 12q24.31-q24.32. The BAC clone
containing human TAPL gene was used as a probe.

from the human EST sequence (2S). Thus we isolated a
BAC clone carrying the human TAPL gene by hybridization
with a human cDNA segment. The clone was subjected to
FISH analysis and 50 typical R-banded metaphase plates
were examined As shown in Fig. 6, twin-spot signals due to
the clone were localized on chromosome 12. No signal was
detected on the other chromosomes. The result indicated
that the gene for TAPL was located on the chromosome
12q24.31-q24.32. The genes related to diseases such as
scapuloperoneal spinal muscular atrophy (12q24.1-q24.31),

spinal muscular atrophy-4 (12q24.1-q24.33), brachydactyly
typeC (12q24.1-q24.33), and Noonan syndrome 1 (12q22-
q24ter) [MEM numbers 181405, 158590, 113100, and
163950, respectively, registered with Online Mendelian
Inheritance in Man (OMIM) ] are located near to or over-
lapping the TAPL locus of chromosome 12.

Effect of Interferon-y on the mRNA Level of TAPL—The
closely related TAP1 and TAP2 genes are responsive to
interferon--)' (29). To determine whether the transcription of
TAPL gene could be similarly regulated, we cultured hu-
man cells and studied the effect of interferon--y on the
mRNA level of TAPL. Semiquantdtative PCR analysis dem-
onstrated that TAP1 and TAP2 mRNA levels in HeLa cells
were elevated significantly at 2.5 h after interferon-7 addi-
tion (Fig. 7, left). Their mnyimfll levels (10- and 15-fold,
respectively) were observed at 10 h, then gradually de-
creased. However, the mRNA levels of TAPL and (J-actin
were unchanged. Essentially the same results were obtain-
ed in HEK-293 cells (Fig. 7, right). These results suggest
that the TAPL gene is not responsive to interferon--y. Fur-
thermore, the gene regulation of TAPL could be different
from those of TAP1 and TAP2.

DISCUSSION

Sequence comparison of mammalian TAPLs demonstrated
that they are highly conserved proteins, while closely
related TAP1 and TAP2 (TAPs) are less conserved. The
phylogenetic analysis suggest that the evolutional rate of
the TAPL gene is slower than those of TAP genes, although
the ancestral gene for TAPL seems to have diverged very
soon after emerging of the common ancestor for TAP1 and
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Fig. 7. The mRNA levels of TAPL, TAP1, HeLa
and TAP2 in human cultured cells upon
adding interferon-7 in the medium. HeLa
cells were cultured in the presence of inter-
feron-7 and total cellular RNA was prepared
at the indicated times. The mRNA levels were
determined by means of RT-PCR. The prod-
ucts (267, 321, and 582 bp for human TAPL,
TAP1, and TAP2, respectively) were analyzed
by agarose gel electrophoresis. The mRNA
level for p-actin (278 bp) was also determined
as a control. Primers used for PCR are listed
in the Table IC. A similar experiment was car-
ried out with HEK-293 cells and the amplification products at time zero were compared with those at 12 h of incubation.

HEK293
0 12 (hr)

TAPL

TAP1

TAP2

p-actln

TAP2 genes. These results suggest that the biochemical
mechanism of TAPL could be closely related to the peptdde
transporter TAPs. The facts that the peptdde-binding motifs
proposed for TAP1 and TAP2 (25) are also conserved in
TAPL and that the mammalian TAPLs are highly con-
served suggest the potential role of TAPL as a peptide
transporter recognizing a specific peptide substrate(s).

The gene regulation of TAPL seems to be different from
those of TAP1 and TAP2, since the transcription of human
TAPL gene was not affected by interferon-7, in contrast to
the great enhancement of the expression of TAP1 and
TAP2 genes by this cytokine. Although an interferon-re-
sponsive element [(C/G)AAAAGKCyDGAAACC] (30) and a
STAT-binding element [TTCCC(A/GXG/T)AA] (31) are
located in the proximal promoter regions of TAPl and
TAP2 genes (32), such elements could not be found within
600 bp upstream from the initiation codon of TAPL gene
(not shown).

The chromosomal location of human TAPL gene is also
different from those of TAP genes; tandem TAP genes are
located in the MHC class II region of chromosome 6 {32,
33), while that of TAPL is in chromosome 12. TAPL is not
encoded in the chromosomal regions related to the adaptive
immunity which are produced by gene duplications (33).
Thus the physiological roles of TAPL are of interest from
the viewpoints of secretion of biologically active peptide
molecules or excretion of waste compounds produced dur-
ing development and aging as well as from that of partici-
pation in the inflammatory activation through antigen pre-
sentation. It is also of interest to know whether the human
diseases being mapped near the TAPL gene (12q24.31-
q24.32) are associated with the alterations in the expres-
sion level and/or biochemical properties of this ABC trans-
porter.

The loss of TAPl molecule affected the assembly of TAP
proteins on microsomal membranes (34), suggesting that
TAPl and TAP2 heterodimer is the predominant species in
the native membrane, and that the monomer or homo-
dimer of TAP2 is unstable. However, the TAPl molecule is
stable in the absence of TAP2 (35). TAPL-GFP fusion pro-
tein transiently overexpressed in Cos-1 cells where TAPL is
transcribed (not shown) seems to be stably assembled on
the ER membrane. Thus it is worthwhile to investigate
whether TAPL could associate with TAPl or TAP2 as well
as itself, since TAPs are widely expressed in the tissues (4).
The TAPL-GFP fusion protein co-localized with PDI, a
marker protein for ER, is also detectable on the small
peripheral vesicles, although in less significant amounts.

These results suggest that TAPL might be a component of
organelle membranes which traffic through the vesicular
transport system (36).
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