
of April 27, 2010 
This information is current as

 2003;170;941-946 J. Immunol.
 
Christoph Huber and Barbara Seliger 
Ulrike Ritz, Ingo Drexler, Dirk Sutter, Rupert Abele,
 

 TAP1
SubunitAlteration in the Peptide TAP 

Attributable to a Single Amino Acid
Antigen Processing (TAP) Function 
Impaired Transporter Associated with

 http://www.jimmunol.org/cgi/content/full/170/2/941

 References
 http://www.jimmunol.org/cgi/content/full/170/2/941#BIBL

, 17 of which can be accessed free at:cites 29 articlesThis article 

 Subscriptions
 http://www.jimmunol.org/subscriptions/online at 

 isThe Journal of ImmunologyInformation about subscribing to 

 Permissions
 http://www.aai.org/ji/copyright.html

Submit copyright permission requests at 

 Email Alerts
 http://www.jimmunol.org/subscriptions/etoc.shtmlup at 

Receive free email alerts when new articles cite this article. Sign

Print ISSN: 0022-1767 Online ISSN: 1550-6606. 
Immunologists, Inc. All rights reserved.
Copyright ©2003 by The American Association of
Rockville Pike, Bethesda, MD 20814-3994.
The American Association of Immunologists, Inc., 9650 

 is published twice each month byThe Journal of Immunology

 on A
pril 27, 2010 

w
w

w
.jim

m
unol.org

D
ow

nloaded from
 

http://www.jimmunol.org:80/cgi/adclick/?ad=22727&adclick=true&url=http%3A%2F%2Fwww.biolegend.com
http://www.jimmunol.org/cgi/content/full/170/2/941
http://www.jimmunol.org/cgi/content/full/170/2/941#BIBL
http://www.jimmunol.org/subscriptions/
http://www.aai.org/ji/copyright.html
http://www.jimmunol.org/subscriptions/etoc.shtml
http://www.jimmunol.org


Impaired Transporter Associated with Antigen Processing
(TAP) Function Attributable to a Single Amino Acid
Alteration in the Peptide TAP Subunit TAP11

Ulrike Ritz,* Ingo Drexler, † Dirk Sutter, ‡ Rupert Abele,§ Christoph Huber,* and
Barbara Seliger2*

The heterodimeric peptide transporter TAP belongs to the ABC transporter family. Sequence comparisons with the P-glycopro-
tein and cystic fibrosis transmembrane conductance regulator and the functional properties of selective amino acids in these ABC
transporters postulated that the glutamic acid at position 263 and the phenylalanine at position 265 of the TAP1 subunit could
affect peptide transporter function. To define the role of both amino acids, TAP1 mutants containing a deletion or a substitution
to alanine at position 263 or 265 were generated and stably expressed in murine and human TAP1�/� cells. The different TAP1
mutants were characterized in terms of expression and function of TAP, MHC class I surface expression, immune recognition, and
species-specific differences. The phenotype of murine and human cells expressing human TAP1 mutants with a deletion or
substitution of Glu263 was comparable to that of TAP1�/� cells. In contrast, murine and human TAP1 mutant cells containing a
deletion or mutation of Phe265 of the TAP1 subunit exhibit wild-type TAP function. This was associated with high levels of MHC
class I surface expression and recognition by specific CTL, which was comparable to that of wild-type TAP1-transfected control
cells. Thus, biochemical and functional evidence is presented that the Glu263 of the TAP1 protein, but not the Phe265, is critical
for proper TAP function. The Journal of Immunology, 2003, 170: 941–946.

T he TAP belongs to the large family of ABC transporters
and shares the typical three-domain structure of these
transporters. TAP consists of a C terminus spanning the

membrane of the endoplasmic reticulum (ER)3 several times, a
substrate binding domain, and the hydrophilic nucleotide binding
domain containing the Walker A and B consensus motifs (1). ABC
transporters translocate a variety of substances/molecules, includ-
ing ions, sugars, amino acids, peptides, and polysaccharides, but
each transporter is specialized for the transport of one unique sub-
strate or class. The best characterized human ABC transporters are
the cystic fibrosis transmembrane conductance regulator (CFTR),
a chloride channel that is defective in cystic fibrosis (2), and the
P-gp (3) that export hydrophobic drugs, lipids, and phospholipids
out of the cell.

In the P-gp as well as in the CFTR protein, point mutations
causing an amino acid substitution or deletion have been identified,
which result in either a loss of function or alterations in quality and
quantity of substrate transport: in CFTR point mutations of the
amino acids, Phe508, Tyr109, Pro208, and Glu92 close the channel

(4, 5), whereas mutations at His117, Phe334,337, and Arg347 result in a
lower chloride flow rate through the channel (6). Substitutions of
Phe

72, 335, 522–525, and 978
to Ala of the P-gp change the transport specific-

ity, which can be associated with a distinct substrate binding and
consequently with an altered drug-resistant profile of cells (7, 8).

Although TAP is a typical ABC transporter with the highest
sequence homologies to P-gp, it differs in its structure and function
from other transporters of this family. TAP is the only ABC trans-
porter with a function in the immune system as it translocates
antigenic peptides length and sequence specific from the cytosol
into the ER, where they are loaded onto MHC class I molecules
(9). Moreover, TAP consists of two subunits, TAP1 and TAP2,
and the formation of a heterodimeric complex is required for its
proper function (1, 10, 11).

It is apparent that TAP is involved in numerous interactions
inside the ER and the cytosol, but the exact features of TAP have
not yet been defined. Based on structural and functional analyses,
different topology models for TAP have been postulated. Func-
tional analyses of C-terminal deletion mutants as well as peptide
cross-linking experiments to the human TAP defined multiple re-
gions in both subunits, which putatively contribute to the peptide
binding site (12, 13). Using a series of deletion mutants in the
potential peptide binding domain, the residues 366–405 of the
TAP1 subunit have been identified to contain structural and/or
functional relevant sequences for peptide transport (14). Further-
more, many groups characterized the ATP binding domain of TAP
using a panel of deletion or chimeric mutants of TAP1 and TAP2,
thereby demonstrating an influence of the NTP binding on TAP
function, conformational changes, and peptide binding (15–19).

To provide information about the structural features of TAP that
alter its function, the TAP sequence was compared with that of
P-gp and CFTR and their known residues/amino acids resulting in
functional changes. Using this approach, 2 aa potentially important
for TAP function, the glutamic acid at aa position 263 and the
phenylalanine at aa residue 265, respectively, were postulated.
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TAP1 mutants containing either a deletion or a substitution to ala-
nine at Glu263 or Phe265 were subsequently characterized in terms
of protein expression, ER localization, dimer formation with
TAP2, peptide transport, MHC class I surface expression, and spe-
cific lysis by MHC class I-restricted CTL. By comparing the bio-
chemical and functional properties of the cell lines expressing
TAP1 mut/del 263 and TAP1 mut/del 265, we present evidence in
this work that Phe265 of TAP1 has a minimal effect, whereas
Glu263 of TAP1 has a striking effect on TAP function.

Materials and Methods
Construction of TAP mutants

The vector pBluescript SK� containing the human 2.3-kb TAP1A cDNA
served as a template for standard PCR (1 min, 95°C; 1 min, 54°C; 1 min
and 30 s, 72°C for 25 cycles) using the native Pfu polymerase (Stratagene,
Amsterdam, The Netherlands) and TAP1-specific primers. The forward
primers 1 contain a BbrPI restriction site (italic letters) and the deletion or
the desired mutation to alanine at aa position 263 or 265 (bold letters),
respectively; the reverse primer 2 contains a SpeI restriction site (italic
letters; Table I). The resulting amplification products of 500 or 503 bp were
then reintroduced into their original positions of the TAP1 wild-type (wt)
cDNA. Upon confirmation of the integrity of the substituted or deleted
amino acid by sequencing, the designed TAP1 mutants were cloned into
the EcoRV site of the expression vector pIRES-neo (20).

Cell lines and culture

The murine TAP1�/� cells kindly provided by H.-G. Ljunggren (Karolin-
ska, Stockholm) were established from a methylcholanthrene-induced tu-
mor of a TAP1�/� C57BL/6 (B6) mouse (H-2b) (21); the human TAP1�/�

BRE cells kindly provided by H. delaSalle were derived from a patient with
bare lymphocyte syndrome (22). The TAP1�/� cells were either main-
tained in RPMI medium (mouse TAP1�/� cells; Seromed, Frickenhausen,
Germany) or in DMEM (human BRE cells) supplemented with 10% FCS
(Greiner, München, Germany), 2 mM L-glutamine, 100 �g streptomycin/
ml, and 100 U penicillin/ml medium.

Stable transfection of TAP1�/� cells

Gene transfer of TAP1�/� cells was performed by lipofection using the wt
or mutant TAP1 constructs and/or the HLA-A*0201 expression vector
(23), as recently described (14). Stable neomycin-resistant (neoR) trans-
fectants were selected in culture medium supplemented with 500
�g/ml G418.

Immunofluorescence and flow cytometric analyses

For immunofluorescence, 1 � 105 cells/well were seeded on sterile cover
slips or in six-well plates for 24 h, then washed twice with PBS, followed
by fixation with 4% paraformaldehyde in PBS for 10 min. After blocking,
the cells were incubated with the appropriate concentration of the human
anti-TAP1 (24) or anti-calnexin (Affinity, Golden, U.K.) mAb, respec-
tively. Cells were then incubated with Hoechst stain (Roche Biochemicals,
Mannheim, Germany) and using as a secondary Ab a goat anti-mouse
FITC-conjugated Ig for TAP1 and a goat anti-mouse Cy-3 for calnexin,
respectively. Images were obtained using a confocal laser microscope
(Leica, Buffalo, NY).

Indirect immunofluorescence analysis was performed by flow cytom-
etry, as recently described (14). Briefly, 5 � 105 cells were incubated with
the appropriate concentration of the primary Ab (anti-H2 KbDb; Cedarlane
Laboratories, Hornby, Ontario, Canada) or HLA-ABC (Coulter/Beckman,

Krefeld, Germany) for 30 min on ice, then washed twice with PBS and
additionally incubated with a goat anti-mouse FITC Ig for 30 min at 4°C.
A total of 10,000 viable cells were analyzed on a flow cytometer (Coulter
Epics XL MCL software, Coulter Epics XL MCL System II 3.0; Coulter/
Beckman). A mouse anti-IgG2a served as control, and the mean specific
fluorescence intensity was calculated by setting the results of the control
and the probe in relation.

Immunoprecipitation

A total of 2 � 106 cells were lysed with buffer containing 1% Nonidet P-40
before adding a murine anti-TAP2 mAb (kindly provided by K. Früh, San
Diego, CA) overnight at 4°C, followed by the addition of protein A-Sepha-
rose for 4 h. After two washing steps, the bound proteins were eluted,
precipitated with TCA, and further subjected to Western blot analysis (see
below).

ATP-agarose-binding assays

ATP-agarose-binding assays were performed, as previously described (15).
A total of 1 � 107 cells were disrupted by freezing and thawing, and the
resulting cell suspension was centrifuged at 1,000 � g for 10 min at 4°C.
The supernatant was spun at 100,000 � g for 1 h. Membrane pellets were
resuspended in lysis buffer (TBS/MgCl2/2% 3-[(3-cholamidopropyl)dim-
ethylammonio]-1-propanesulfonate), incubated for 30 min on ice before
centrifuging at 10,000 � g for 30 min. Proteins were incubated with ATP-
agarose, eluted with elution buffer, and subjected to Western blot analysis.

Western blot analysis

For the detection of TAP proteins, samples from both the immunoprecipi-
tation and the ATP-binding assays were size fractionated by 10% SDS-
polyacrylamide gels, visualized by Ponceau S, and transferred onto nitro-
cellulose membranes (Schleicher & Schüell, Dassel, Germany). The
membranes were blocked with TBS/10% horse serum/5% milk powder/
0.1% Tween 20 for 2 h, briefly rinsed with TBS/0.1% Tween 20, and
additionally incubated with the anti-human TAP1 mAb 148.3 recognizing
the C terminus of TAP1 for 2 h. After rinsing twice in TBS/0.1% Tween
20, membranes were incubated with either alkaline phosphatase- or HRP-
conjugated rabbit anti-mouse Ig-specific Ab (DAKO, Hamburg, Germany)
for 1 h, followed by two washing steps. Then, the membranes were de-
veloped with the ECL determination kit (Amersham Pharmacia, Freiburg,
Germany) or using nitroblue tetrazolium/X phosphate as substrate (Roche
Biochemicals).

Membrane preparation and peptide-binding assays

Cells were thawed on ice in 10 mM Tris buffer (pH 8.0) supplemented with
protease inhibitors and 1 mM DTT and homogenized with a glass homog-
enizer. Lysed cells were centrifuged at 1000 � g for 10 min. For collection
of crude membranes, supernatant was centrifuged at 200,000 � g for 30
min and pellets were resuspended in PBS. The protein concentration of the
crude membranes was determined by micro bicinchoninic acid protein as-
say. For peptide binding, the peptide RRYQKSTEL was labeled by the
chloramine-T method using 1.5 nmol peptide and 100 �Ci 125I. To deter-
mine the amount of functional TAP, the membranes were incubated with
radiolabeled peptide (200 nM) in a total volume of 50 �l in PBS, 5 mM
MgCl2 for 15 min on ice. Unbound peptide was removed by adding 500 �l
PBS, 5 mM MgCl2, and centrifuged for 8 min at 20,000 � g. The super-
natant was discarded, and the washing procedure was repeated once. The
membrane-associated radioactivity was directly quantified by gamma
counting.

Table I. Primers used for PCR mutagenesis

Primer 1, Position 754 Primer 2, Position 1257

Deletion of Glu263 5�-accatgggccacgtgcacagccacttgcaggga
DEL263gtgtttggggctgtcctgcgccag-3�

Mutation of Glu263 to Ala 5�-accatgggccacgtgcacagccacttgcaggga
gcagtgtttggggctgtcctgcgccag-3�

5�-acctgaaatactagtggt
ccagga-3�

Deletion of Phe265 5�-accatgggccacgtgcacagccacttgcaggga
gaggtgDEL265ggggctgtcctgcgccag-3�

Mutation of Phe263 to Ala 5�-accatgggccacgtgcacagccacttgcaggga
gaggtggcagggctgtcctgcgccag-3�
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Peptide transport assay

Peptide translocation assays were conducted on streptolysin O-permeabil-
ized cells using the reporter peptides TNKTRIDGQY and RRLYQNSTEL,
as described by Neefjes et al. (25). Shortly, the peptides were radiolabeled
with 125I by the chloramine T method using 10 nmol peptide, 1.0 mCi 125I,
and Sephadex G-10 columns for removal of unincorporated iodine. After
trypsinization, 2.5 � 106 TAP1�/� cells or transfectants were permeabil-
ized with 2 IU streptolysin O (Welcome Reagent, Beckenham, U.K.) in 50
�l incubation buffer (130 mM KCl, 10 mM NaCl, 1 mM CaCl2, 2 mM
EGTA, 2 mM MgCl2, and 5 mM HEPES, pH 7.3) for 5 min at 37°C,
followed by the addition of 10 �l ATP (10 mM; Roche) and 2.5 �l of
radioiodinated peptides (0.5 �M) in a final volume of 160 �l, and incu-
bated at 37°C for 20 min. Subsequent to cell lysis in 1% Nonidet P-40
(Sigma-Aldrich, St. Louis, MO), glycosylated peptides were recovered by
adding Con A-Sepharose beads (Pharmacia, Uppsala, Sweden) overnight,
and after extensive washing the radioactivity associated with the beads was
measured by gamma counting. Translocation efficiencies were calculated
according to the formula: cpm (glycosylated labeled peptides bound to Con
A beads)/cpm (total label of peptides) � 100.

Cytotoxicity assay of TAP1 transfectants

Human BRE�/� cells and their wt or mutTAP1/HLA-A2-transfected de-
rivatives were used as targets for HLA-A2-restricted tyrosinase-specific
CTL using the standard chromium release assay (26). Cells were infected
with 10 U/cell of vaccinia-tyrosinase virus and incubated at 37°C, as de-
scribed (27). After 3 h, cells were labeled with 51Cr and further incubated
at 37°C. Twelve hours postinfection, cytotoxicity assays were performed.
51Cr-labeled targets were mixed with different concentrations of effectors
(E:T ratio) in triplicates and incubated for 4 h at 37°C. Supernatants were
then harvested, and radioactivity was counted in a gamma counter. Percent
specific lysis was calculated as 100 � (experimental release � spontaneous
release)/(maximal release � spontaneous release).

Results
Identification of potentially important amino acids of TAP by
sequence comparison with other ABC transporters

Single amino acids have been described in the CFTR as well as in
the P-gp, which influence their binding specificities and/or func-
tion. These include the Glu92 of CFTR and the Phe72 of P-gp.
Using computer-based sequence analyses, an overlapping stretch
of CFTR and P-gp sequences was identified in the TAP1 subunit,
postulating a potential importance of these 2 aa: the Glu263 and the
Phe265 (Fig. 1). To explore the role of Glu263 and Phe265 in TAP
function, both amino acids were either deleted (TAP1 del263 and
TAP1 del265) or substituted to alanine (TAP1 mut263 and TAP1
mut265) by PCR mutagenesis. Wt and mutant TAP1 constructs
were stably expressed in both murine (TAP1�/� C57BL/6) and
human TAP1-negative cells (BRE fibroblasts). Upon selection in
G418, stable integration of wt and mutant TAP1 cDNA was con-

firmed in neoR clones by genomic PCR using construct-specific
primers (data not shown).

The different mutTAP1 proteins are localized in the ER
membrane, bind ATP, and form complexes with TAP2

Expression of human wt and mutant TAP1 proteins in murine and
human TAP1�/� transfectants was determined by Western blot
analysis. Murine and human TAP1�/� cells served as controls. A
similar protein expression pattern of human wt and mutant TAP1
proteins was detected in murine and human cell lines analyzed
(data not shown). To define the biological properties, ER localiza-
tion, ATP-binding ability, and heterodimer formation of the dif-
ferent TAP mutants and the wt TAP1 transfectants were evaluated.
Immunostaining with the anti-TAP1 mAb 148.3 revealed ER lo-
calization of all mut/del TAP1 proteins, as representatively shown
for the murine cells transfected with the human TAP1 del263 mu-
tant, which was comparable to that of wt TAP1 and calnexin (Fig.
2, a, c, and d). As expected, no TAP1-specific staining was de-
tected in TAP1�/� cells (Fig. 2b). As representatively shown for
the human BRE TAP1�/� cells, this was also associated with lack
of TAP1/TAP2 complex formation (Fig. 3a, lane 1) and deficient
ATP binding (Fig. 3b, lane 1). In contrast, the human cells trans-
fected with human wt TAP1 and the different mut/del TAP1 con-
structs possess the capability to form heterodimers with TAP2 and
to bind ATP (Fig. 3, a and b). Thus, both the deletions and amino
acid replacements of Glu263 or Phe265 of the TAP1 subunit seem
not to influence the structure of the peptide transporter because a
protein product of the expected size, ER localization, heterodimer
formation with TAP2, and ATP binding were detected.

Deletion or mutation of the glutamic acid at aa position 263
results in loss of TAP function and MHC class I surface
expression

Human BRE cells expressing TAP1 mutants as well as TAP1-
negative and wt TAP1-transfected control cells were investigated
for peptide binding to TAP. As representatively shown in Fig. 4,
peptide binding was abolished in the TAP1-negative control cells
and in the human cells expressing TAP1 mutants with a point
mutation at Glu263. In contrast, peptide binding was demonstrated

FIGURE 1. Sequence comparison of three ABC transporters. Se-
quences from two ABC transporters, CFTR and P-gp, which influence their
function and/or binding specificity, were compared with that of the TAP1
subunit. Two amino acids potentially essential for proper TAP function,
Glu263 and Phe265, were identified and either deleted or mutated to Ala for
further analyses.

FIGURE 2. ER localization of mutTAP1 proteins. Immunfluorescence
was performed as described in Materials and Methods. Calnexin (a) and wt
TAP1 (c) served as positive controls for ER localization, whereas the
TAP1�/� cells served as negative control (b). TAP1 del263 is clearly lo-
calized in the ER membrane at a position comparable to that of wt TAP1
and calnexin (d).
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in the TAP1 mut265 cells (13,600 cpm), which was comparable to
that of wt TAP1 BRE transfectants (13,400 cpm).

To confirm the different TAP function of TAP1 mut/del 263/265
cells, TAP-mediated peptide translocation into the ER was deter-
mined using two different iodinated reporter peptides. Murine
NIH3T3 fibroblasts, human cervical carcinoma cells (HT3), wt
transfectants, and TAP1�/� cells served as controls. As expected,
murine and human cells transfected with human wt TAP1 transport
peptides with a high efficiency of 2.9, 2.1, and 4.4%, respectively
(Fig. 5a). In contrast, a heterogeneous peptide transport rate was
demonstrated in the different mut/del TAP1 proteins: the human
cells expressing human TAP1 mutants with either a deletion or
point mutation at Glu263 lack peptide transport and show a trans-
port efficiency similar to that of TAP1�/� cells (transport rate:
0.01–0.1%). In contrast, human cells containing TAP1 mutants
with a deletion or point mutation at Phe265 were capable of trans-
locating peptides with an efficiency ranging from 1.2 to 2.5%,
depending on the peptide used. This efficiency was comparable to
that of murine NIH3T3 fibroblasts and the cervical carcinoma cell
line (HT3) exhibiting a peptide transport rate of 1.1 and 3.2%,
respectively, but represents only 50% of the level of translocation
of wt TAP1 transfectants.

Peptides translocated by TAP are loaded onto the �2-micro-
globulin (�2m)/MHC class I dimer, which is then transported to
the cell surface and presented to CTL. TAP deficiencies result in
the expression of unstable �2-microglobulin/MHC class I dimers.
To assess the functional consequences of the different peptide
transport rate of TAP1 mut/del 263 and 265, MHC class I surface
expression was analyzed by flow cytometry using MHC class I-
specific Abs. As shown in Fig. 5b, the murine and human cell lines
transfected with TAP1 mut/del 263 showed no MHC class I sur-
face expression (Fig. 5b), whereas the TAP1 mut/del 265 cell lines
expressed significant levels of MHC class I surface Ags that were
comparable to that of wt TAP1 transfectants, murine NIH3T3, and
human HT3 control cells.

Cells transfected with TAP1 del or mut 263 are not recognized
by specific CTL

To define whether there exists a correlation between MHC class I
surface expression and immune recognition, vaccinia tyrosinase-
infected parental BRE TAP1�/� cells as well as BRE wt and
TAP1 mut/del 263/265 variants were used as targets for HLA-A2-
restricted tyrosinase-specific CTL. Before cytotoxicity assays, all

cell lines were stably transfected with an HLA-A2 expression
vector.

As expected, the HLA-A2-positive BRE TAP1 �/� cells were
not lysed by tyrosinase-specific CTL. Similarly, the HLA-A2-ex-
pressing BRE TAP1 mut/del 263 cells were not recognized by
these CTL. In contrast, BRE wt and TAP1 mut/del 265 transfec-
tants as well as tyrosinase-transfected NA8 melanoma control cells
were efficiently lysed (Fig. 6), thereby confirming the data from the
peptide translocation assay and MHC class I surface expression.

Discussion
It has been postulated that the Glu263 and Phe265 of the TAP1
subunit are involved in the function of the peptide transporter. This
assumption was based on sequence comparisons between TAP and
two other members of the ABC transporter superfamily, the CFTR
and P-gp, in which these amino acid residues alter the substrate
specificity and function of the transporters, respectively (4, 7, 28,
29). The Glu263 and Phe265 of human TAP1 were either deleted or
substituted to alanine, and the constructs were transfected into mu-
rine and human TAP1�/� cells. The TAP1 variants were analyzed
regarding their individual contributions to TAP function. The ex-
perimental data concerning MHC class I surface expression of
both the human and murine TAP1 del/mut-transfected cell lines
were comparable. These data confirm the absence of species-spe-
cific differences between the human TAP1/TAP2 complex and the
TAP heterodimer consisting of human TAP1 and murine TAP2, as
described earlier (14, 30).

The deletion or mutation of aa 263 or 265 resulted in various
effects on TAP function, despite their normal properties of TAP1
in terms of protein expression, ER localization, and ATP binding.
These data suggest that the deletion or mutation of the aa residues
263 or 265 in TAP1 causes no conformational changes. However,
a deletion or mutation to Ala at Glu263 of TAP1 causes a loss of
transporter function, as measured by both peptide binding and
translocation using model peptides, which have been demonstrated
to be optimal substrates for TAP. This impaired TAP function was
directly associated with the lack of MHC class I surface expression
and CTL-mediated immune recognition. The peptide transport is
proposed to be a two-step process that includes peptide binding,
followed by the peptide transport cycle (19). Because alterations at
Glu263 of TAP1 affect peptide binding, the mut 263 cells lack
peptide transport. In contrast, a deletion or mutation to Ala in
residue Phe265 of TAP1 does neither affect MHC class I surface
expression nor immune recognition when compared with that of wt
TAP1 transfectants or control cells. Concerning TAP function,
peptide binding was not impaired in these cells, whereas a reduced
transport activity of the TAP1 mut/del 265 transfectants in com-
parison with wt TAP1 control cells was detected with both pep-
tides used. These data suggest that alteration at Phe265 of TAP1

FIGURE 3. Heterodimer formation with TAP2 and ATP binding of the
TAP1 mut/del proteins expressed in human BRE cells. Lysates of TAP1
mut/del transfectants and control cells were analyzed for the TAP complex
formation by immunoprecipitation (a) and ATP-binding capacity (b), as
described in Materials and Methods.

FIGURE 4. Peptide binding to wt TAP1 and TAP1 mut 263/265 trans-
fectants. BRE cells were analyzed for peptide binding to TAP, as described
in Materials and Methods. The results are expressed as recovered �-cpm.
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affects the peptide transport rather than peptide binding to TAP.
This altered peptide transport specificity in comparison with wt
TAP1 transfectants might be attributable to changes in the trans-
port kinetic for these peptides. In this view, the amino acid Phe265

may play a role in the pore-forming activity of TAP and not as earlier
proposed in peptide binding (12–14). Similar effects have been de-
scribed for different amino acid substitutions in the P-gp (7).

The deletion or mutation of Glu263 abolishes TAP function,
whereas the deletion or mutation of Phe265 influences peptide
transport specificities rather than peptide binding, proposing func-

tional differences between both amino acids. In contrast to previ-
ous studies, recent data show that the TAP1-mediated ATP hydro-
lysis is not essential for peptide translocation, but is involved in
later stages of the translocation cycle or in controlling TAP activity
(19). Furthermore, there exist functional differences between the
nucleotide binding domains of the TAP1 and TAP2 subunits re-
garding the distinct steps of the TAP transport cycle (18, 19). The
early events in the peptide transport produce conformational
changes in TAP. This may be associated with a coordinated
crosstalk among ATP binding, ATP hydrolysis, peptide binding,

FIGURE 5. Peptide translocation and MHC class I surface expression of wt TAP1 and TAP1 del/mut-transfected TAP1�/� cells. A series of murine and human
cells expressing human TAP1 del/mut 263/265 mutants and control cells (NIH3T3, HT3, and murTAP1�/�) was analyzed for peptide transport utilizing the peptide
translocation assay using two peptides (a) and MHC class I surface expression by flow cytometry (b), as described in Materials and Methods. The results are
expressed as percentage of transported peptides (a) and as mean specific fluorescence intensity (b; MFI). All experiments were performed at least twice.

945The Journal of Immunology
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and translocation (16, 31). Further studies aimed at confirming this
assumption by both peptide translocation and binding assays using
a series of model peptides and by functional analyses of Glu263 and
Phe265 replacements by different amino acids are currently per-
formed. The distinct biological properties of Glu263 and Phe265 of
the TAP1 subunit further support the hypothesis that structural fea-
tures of members of the ABC transporter family provide information
about amino acids or domains critical for TAP function. Thus, se-
quence similarities may lead at least in some cases to the prediction of
motifs important for substrate specificity and transporter function.
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FIGURE 6. TAP1 del/mut 263 are not recognized by tyrosinase-specific
CTL. Vaccinia tyrosinase-infected BRE TAP1 mut/del cells served as tar-
gets in a standard chromium release assay with tyrosinase-specific CTL
using different E:T ratios. Tyrosinase-positive NA8 melanoma cells served
as controls. All experiments were performed at least three times.
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