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ABSTRACT: A peptide-binding assay employing the
HLA class I molecules on intact human B cells is de-
scribed. The peptide antigens are stripped from the HLA
class I molecules by mild acid treatment, after which the
cells are incubated with a FL-labeled reference peptide
together with different concentrations of the peptide of
interest. The effectiveness by which the latter peptide
competes for binding to the HLA class I molecules is
assayed by measuring the amount of HLA-bound FL-
labeled reference peptide with FACscan analysis. The as-
say is easy to perform because there is no need to purify
HLA class I molecules, or to transfect cells with HLA
class I molecules, and no radioactive label is used. More-

ABBREVIATIONS
B-LCL B-lymphoblastoid cell line
BSA bovine serum albumin
CTL cytotoxic T lymphocyte
ER Tndoplasmic reticuium
Fl fluorescence index
FL 4-(iodoacetamido)fluorescein
HIV human-immunodeficiency virus
HPV human papiiloma virus

over, large panels of HLA-typed human B-cell lines are
available as tools for peptide binding to a vast array of
HLA molecules.

The binding assay was optimized and validated with
peptides of known binding capacity to either HLA-
A»0201 or HLA-A*0301. The kinetics of peptide bind-
ing in this assay were shown to be comparable to that in
assays employing soluble HLA class I molecules. Appli-
cation of the assay in the search for potential HLA-
A*0301 restricted CTL epitopes, derived from HIV-1
polymerase, resulted in the identification of five high-
affinity binding peptides. Human Immunology 44, 189-
198 (1995)

IC50 concentration of peptide needed to inhibit
binding of the FL-labeled peptide to 50%

IMDM ISCOVE's modified Dulbecco's medium
MF mean fluorescence
MHC major histocompatibility complex
PBA196 PBS + BSA \%
PBS phosphate-buffered saline

From the Department of Intntnotatmalology and Bloedbank
tS.H. v.d.B., E.R..J.V.D.. W.E.B., C.J.M.M., WM.K.)anJtbe
Dcfarnnaa of Surgery (E.R., A.J.A.B.), University Hospital, Leiden,
The Netherlands.

AJJrtss reprint rtquuli K V, M. Kast, Department of Imrnunobaema-
lohgy and Blood Bank, University Hospital, P.O. Box 9600, 2300 fiC
Laden, Tht Netherlands.

Received March 13, 1995; accepted August 1, 1995.

Human Immunology 44, 189-198 (1995)
C American Society for Histocompatibuity and Immunogenetics, 1995

INTRODUCTION

Proteins in the cytosoi are processed into peptides and
then transported to the endoplasmic reticuium (ER)
where they bind to major histocompatibility complex
(MHC) class I molecules. The peptide-ciass I complexes
assembled in the ER are then transported to the cell
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surface {1], where they are presented to CDS + cytotoxic
T lymphocytes (CTLs) [2-Q.

Several features of MHC class I presentation have now
been elucidated. Allele-specific motifs predictive of pep-
tide binding to MHC class I, based on the presence of
amino acids at anchor positions in the peptide, were
defined by the analysis of naturally processed peptide
pools eluted from class I molecules [reviewed in 5, 6] and
peptide-binding studies [7, 8]. The structures of several
MHC class 1 molecules were studied by x-ray crystallog-
raphy which revealed that these anchor amino acids en-
gage specific pockets in the MHC class I molecule [re-
viewed in 9}. The elucidation of these allele-specific
MHC class I peptide-binding motifs and the definition
of size requirement for peptide binding [10—12] facili-
tate the identification of CTL epitopes in proteins of
interest [13, 14}. The approach is based on scanning the
amino acid sequences of virus-derived proteins or tumor-
specific proteins for the presence of potential class I bind-
ing peptides [15].

Peptide-binding assays employ either cell-bound
MHC class I molecules [16-21] or purified "cell-free"
MHC class I molecules [22—25]. Assays relying on cell-
bound MHC class I molecules are based on upregulation
[17, 18, 21] or reconstitution of MHC class I molecules
[19, 20} as detected by MHC class I conformation-
specific antibodies. Cell-free systems are quantitative and
make use of purified MHC molecules, to which labeled
reference peptides are bound in a competition set-up
[25]. Purification of MHC class I molecules, however, is
laborious and conformational changes may occur during
purification and/or storage.

In the present study we report the utilization of flu-
orescein (FL)-labeled reference peptides that bind to
HLA class! molecules on HLA-homozygous B cell lines,
of which the bourttt peptides have been removed by mild
acid treatment. We show that the binding of FL-labeled
peptides to these peptide-stripped HLA class I molecules
is specific and allows the semiquantitative determination
of the binding capacity of peptides. The kinetics of pep-
tide binding to these peptide-stripped HLA class I mol-
ecules is comparable to that of soluble HLA class I mol-
ecules and independent of biosynthesis of new HLA class
I molecules. We applied this new assay to identify po-
tential HLA-A*0301 restricted conserved CTL epitopes
derived from human immunodeficiency virus (HlV)-l
polymerase.

MATERIAL AND METHODS
Cell lines. The Epstein-Barr Virus-transformed B-lym-
phoblastoid cell lines (B-LCLs) used for the competition
assays are JY (HLA type: A«0201, B7, Cw7, DR4,
DRw6, DPw2) and EKR (HLA type: A3, B7, DR7,
DQw2).

The B-LCLs used to confirm specific binding of ref-
erence peptides are B109, BRM, D100, DUO, K97,
ML, NL, P98, S59, and S99. The HLA type of these cell
lines is given in Fig. 1.

Peptidei. FL-labeled reference peptides were synthesized
as Cys-derivative. Labeling was performed with 4-(io-
doacetamido)fluorescein (Fluka Chemie AG, Buchs,
Switzerland) at pH 7.5 (Na-phospate in water/acetoni-
trile 1:1). The labeled peptides were desalted over Seph-
adex G-10 and further purified by CIS RP-HPLC. La-
beled peptides were characterized by MALDI-MS (Laser-
mat, Finnigan, UK). The reference peptide used for
HLA-A*0301 binding was KVFPC(FL)ALINK (MH^c
= 1521.8, MH^ = 1521.4); the reference peptide
for HLA-A*0201 was FLPSDC(FL)FPSV (MHctlc =
1500.6, MH*TO = 1500.1).

The reference peptides used for binding to HLA-
A*0301 or HLA-A*0201 were published by Sette et al.
[25). In both peptides these investigators introduced a
tyrosine which they used to tag a radioactive label to the
peptide. We have substituted this tyrosine for a cysteine.
The cysteine allowed the conjugation of 4-(iodoaceta-
mido)fluorescein. The polymerase amino acid sequences
of 14 different full-length sequenced HIV-1 virus
strains, LAI, MN, NL43, OY1, SF2, RF, MAL, D31,
CAM1, HAN, ELI, NDK, JRCSF, andJRFL{26], were
screened for possible HLA-A*0301 restricted CTL
epitopes using a scoring system [15]. The HLA-A*0301
motif used was based on the studies of Kubo et al. [8}
and Engelhard [5]. At the anchor at position 2 a L, I, V,
or M was preferred and at the C-terminal anchor a K, R,
or Y was preferred. Peptides were synthesized that con-
tained the mentioned residues at both anchor positions
and were completely conserved among all 14 HIV-1
strains.

Peptides were synthesized by solid-phase strategies on
an automated multiple peptide synthesizer (Abimed
AMS 422, Langenfeld, Germany) using Fmoc-chem-
istry. Peptides were analyzed by reverse-phase HPLC,
dissolved in 20 JJL! dimethyl sulfoxide (DMSO), diluted
in 0.9% NaCl to a peptide concentration of 5 mg/ml,
and stored at — 20°C before usage.

Mild acid treatment of B-LCLs. Mild acid treatment of
HLA-A2 or HLA-A3 on B-LCLs was performed accord-
ing to Bremers modification [manuscript submitted] of
the procedure of Storkus et al. [20]. Briefly, cells were
washed twice with phosphate-buffered saline (PBS) and
then put to rest on ice for 5 minutes. The cells were then
treated 90 seconds with ice-cold citric acid Na2HPO4

buffer (mixture of an equal volume of 0.263 M citric acid
and 0.123 M Na2HPO4) [27]. For HLA-A3 the buffer
was adjusted to pH = 2.9 and to pH = 3.2 for HLA-
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FIGURE 1 Specificity of FL-labeled reference peptides. Reference cell line EKR (HLA-A*0301) was mild acid treated at pH
= 2.9. The reference cell line JY (HLA-A*0201) was mild acid treated at pH = 3.2, and the 10 different other B-LCL lines
were mild acid treated at pH = 2.9, when subjected to incubation with the HLA-A*0301 FL-labeled reference peptide, or at
pH = 3.2 when incubated with the HLA-A*0201 FL-labeled reference peptide. EKR cells are incubated with 150 nM of the
HLA-A*0301 FL-labeied reference peptide (open ban), JY cells are incubated with 150 nM of the HLA-A«0201 FL-labeied
reference peptide (hatched ban), and the 10 different other B-LCL lines were incubated with 150 nM of either the HLA-A*0301
(apen bars) or HLA-A*0201 FL-labeled reference peptide (batched barf), for 4 hours at 26°C. The FI was calculated for each cell
line and the FI of FL-labeled reference peptide bound to EKR (for binding to HLA-A*0301) and the FI of FL-labeled reference
peptide to JY (for binding to HLA-A*020l) was equated to 100% binding. By the formula: (FI cell line/FI reference cell line)
X 10096 the relative peptide-binding percentages of the 10 different B-LCL lines were calculated. The upper left side shows the
full HLA-type of the reference cell lines together with the overlapping HLA-type of other cell lines. The lower left side shows all
10 B-LCL lines with their full HLA-type.

A2; these pH differences are essential for optimal elution
of bound peptides and reconstitution of the MHC class I
molecule with the exogenous added peptide [Bremers,
manuscript submitted]. Immediately thereafter the
eluted cellsjyere buffered with cold ISCOVE's modified
Dulbecco's medium (IMDM), washed with IMDM, and
«suspended at 700.000 cells/ml in IMDM +1.5 Jig/ml
(J2 microglobulin (Sigma, St. Louis, MO, USA).

Peptide competition assay. For competition assays, 25 JJ.1
FL-labeled reference peptide (end concentration: 150 nM
in PBS) was incubated with 25 (il competitor peptide
(different end concentrations in PBS) in a 96-well U-bot-
tom plate (Costar, Cambridge, MA, USA). A total of
100 M-l of the mild acid treated B-LCLs (A2:JY,
A3:EKR) was added to these wells.

The mixture was incubated for 3 or 24 hours at 4°C or
26°C, washed twice with PBS containing 1% bovine
serum albumin (BSA) (PBA1%), «suspended in PBA \%
containing 0.5% paraformaldehyde, and analyzed at a
FACscan (Becton-Dickinson, Etten-Leur, the Nether-
lands).

The mean fluorescence (MF) value obtained in the
experiment without competitor peptide was regarded as
maximal binding and equated to 0% inhibition; the MF
obtained from the experiment without reference peptide
was equated to 100% inhibition.

Percent inhibition of binding was calculated using the
following formula:

{1 — (MF 150 nM reference and competitor peptide
— MF no reference peptide)
-5- (MF 150 nM reference
- MF no reference peptide)] X 100%

In experiments where no competitor peptide was
added the fluorescence index {FI) was calculated to indi-
cate how much fluorescence above the background (no
reference peptide) was measured. The FI = (MF sample
— MF backgroundVMF background.

To block protein synthesis in B-LCLs a final concen-
tration of 100 u,M emetine (Sigma) was used, as shown
previously [27].
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RESULTS

Sensitivity and specificity of FL-labeled reference peptides bind-
ing to HLA clasi I . The reference peptides binding to
HLA-A*0201 and HLA-A*0301 were described and
used in a moiecular binding assay by Sette et al. [25] In
both peptides a tyrosine was used to tag a radioactive
label to the peptide. We substituted this tyrosine with
cysteine, to which 4-(iodoacetamido)fiuorescein was con-
jugated.

The amount of fluorescent peptide needed for the
competition assay was established. For this purpose a
peptide titration was performed. After incubation of 3
hours at 26°C the MF was measured. At concentrations
from 2 nM to 100 nM for the HLA-A*0201 reference
peptide and from 2 nM to 150 nM for the HLA-A*0301
reference peptide a sharp increase in MF was found (data
not shown). Mild acid treatment of the B cells before
incubation wirivFL-labeled reference peptide resulted in
a higher fluorescence maximum and also sharper increase
of the MF at low peptide concentrations (Fig. 2).

In order to investigate if aspecific peptide binding to
cell components, including other HLA class I alleles, at
the surface of the cell line used occurred, 10 different
B-LCL cell lines were incubated with 0 or 150 nM of
FL-labeled reference (either HLA-A*0201 or HLA-
A*0301) peptide. The FI for each cell line was calculated
and the FIs obtained for reference cell lines JY (binding
of peptide to HLA-A*0201) and EKR (binding of pep-
tide to HLA-A*0301) were equated to 100% binding.
To relate the binding of FL-labeled reference peptide to
the 10 different cell lines with the binding of the FL-
labeled reference peptide to JY or EKR, the relative

FIGURE 2 Peptide binding on eluted vs noteluted HLA
class 1 molecules. JY cells (•) and JY cells with HLA class I
molecules mild acid treated (D) were incubated with increas-
ing amounts (nM> of the HLA-A*0201 FL-labeled peptide.
Cells were incubated for 3 hours at 26°C, washed, and MF was
measured at a FACScan. The lines shown are the result of
logarithmic regression analysis of the concentration of FL-
labeled reference peptide versus the MF.

60 120 180 24O 300 360

Time (minutes)

FIGURE 3 Kinetics of peptide binding to mild acid treated
HLA class I molecules. EKR cells were mild acid treated and
incubated with 150 nM of HLA-A*0}01 FL-labeled reference
peptide for different periods of time at 4°C (A), 26°C (D), or
37°C (•). At 10, 20, 40, 90, 180, and 360 minutes the
binding of Fl-labeled peptide was measured. Binding is given
as the fluorescence index (FI). The lines shown for 4°C and
26°C are the result of linear or logarithmic regression analysis,
respectively.

peptide-binding percentages were determined. The rel-
ative peptide-binding percentages of the FL-labeled ref-
erence peptides to each cell line were calculated as: (FI
cell line/ FI reference cell line) X 100%. For both FL-
labeled reference peptides the nonspecific binding to
other cell components, of the cell lines used in the com-
petition assay, never exceeded 20% (Fig. 1). Because the
peptide binding motif of HLA-A*0301 is very similar to
the binding motif of HLA-A11 [8], binding of the HLA-
A*0301 FL-labeled reference peptide to B-LCL cell lines
expressing this allele was also observed (Fig. 1). The cell
line NL binds the HLA-A*0301 FL-labeled reference
peptide. It expresses the HLA-A28 allele of which two
subtypes, HLA-Aw6801 and HLA-Aw6803, shire the
peptide-binding motif with HLA-A*0301 [A. Sette,
personal communication}.

Kinetics if peptide binding to mild acid trtattd HLA class 1
molecules. To study the effect of peptide binding at dif-
ferent temperatures, EKR cells were eluted and incu-
bated with FL-labeled peptide for different periods of
time at 4°C, 26°C, or 37°C. At 4°C the peptide binds
rapidly initially and then increases steadily in time (Fig.
3). Peptide binding at 26°C is faster (Fig. 3). The
amount of peptide bound after 6 hours at 26°C did not
differ from the amount of peptide bound at 4°C. Peptide
binds fast at 37°C but no increase of bound peptide is
found when incubated longer (Fig. 3). The tack of in-
crease in bound peptide at 37°C is probably due to two



HLA Class I Peptide-Binding Assay

phenomena. The HLA class I molecules, present on the
surface of the cell to which no peptide was bound, dis-
integrate at this temperature [21]. Second, the dissoci-
ation of peptides is dramatically faster at 37°C compared
to the dissociation of peptides when incubated at 4°C
{23}.

Binding to mild acid treated class I molecules is not dependent
on de nova protein synthesis. To characterize the interaction
of peptides with cell-associated mild acid treated HLA
molecules, peptide-stripped EKR cells were incubated
with FL-labeled peptide for different periods of time at
4°C or 26°C. As shown in Fig. 4, the fluorescent label-
ing at 4°C of the cells steadily increases in time. The use
of 100 |O.M protein synthesis inhibitor emetine for 1 hour
prior to elution decreased the amount of peptide bound
at 26°C but not at 4°C (Fig. 4).

Thus, the binding of a peptide to mild acid treated
HLA class I molecules at 4°C was unaffected by the use
of a protein-synthesis-inhibiting drug. Because meta-
bolic processes are reduced at 4°C, the binding of pep-
tides to the eluted HLA class I molecules is only depen-
dent on the availability of the HLA class I molecules
already present at the outer surface of the cell.

Competition assay. Plotting MF against the concentration
of FL-labeled reference peptides resulted in a log-shaped
curve. We chose 150 nM of FL-labeled reference peptide
as standard concentration in all competition experi-
ments. The use of 150 nM FL-labeled reference peptide
resulted in a MF of about 4 to 5 times the background
(not shown). The nonlabeled reference peptide was ti-
trated into 150 nM of FL-labeled reference peptide, the
percentage inhibition was calculated and plotted against

10: -

4° C

1 3 4 , 5 1 3

incubation in hours

4.5

FIGURE 4 Binding of FL-labeled pepcide to protein-
synthesis-inhibiting, drug-treated cells. EKR cells were
treated with 10 "4 M emetine (open liars) or not (hatched ban),
for 1 hour prior to mild acid treatment [27]. Then, 150 nM of
HLA-A*0301 FL-labeled reference peptide was added and
binding was monitored at 1, 3, or 4.5 hours of incubation.
Cells were incubated at 26°C or 4°C.
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the concentration of the unlabeled peptide (Fig. 5). In a
24-hour competition assay at 4°C the nonlabeled HLA-
A*0201 or HLA-A*0301 reference peptide needed about
3-5 times (0,4 |U,M and 0,7 flM, respectively) the con-
centration used of the FL-labeled reference peptide to
inhibit binding of the FL-labeled peptide to 50% (IC50)
(Table 1).

To determine the optimal experimental conditions
and to validate the assay we tested peptides derived from
human papilloma virus (HPV)16 E6 and E7 proteins
with known binding properties to HLA-A*0201 or
HLA-A*0301 [28, 29] at different concentrations, for 3
or 24 hours at 4°C or 26°C (Table 1). When the cells
were incubated for 24 hours less peptide was needed
(Table 1). The lowest amount of competitor peptide was
needed when the cells were incubated for 24 hours at 4°C
(Table 1). No difference was observed between an incu-
bation time of 24 hours or 48 hours at 4°C (not shown).
This implicates that the test is more sensitive when equi-
librium is reached. Probably, due to a faster association
of the FL-labeled reference peptide, more competitor
peptide is needed to reach IC50 in short incubations.
Ranking the peptides to their IC,0 shows that when the
cells are incubated at 4°C for 24 hours, their order is
comparable to that found by Kast et al. [28] using the
molecular binding assay (Table 1). All peptides that did
not possess the described binding motif showed low
binding affinity. Taken together these results and the
results of peptide-binding to HLA class I molecules on
emetine-treated cells, we conclude that the competition
assay is best performed at 4°C with an incubation time of
at least 24 hours.

Competition with known CTL epitopes. Five HLA-A*0201-
restricted CTL epitopes, one HLA-A*0301-restricted
CTL epitope, and two HLA-A*0301 peptides, identified
via peptide pool-sequencing, were used to determine the
IC50 values of high affinity binding peptides. The five
peptides tested for binding to HLA-A*0201 all com-
peted very well with an IC,0 *£ 1.7 (J.M (Table 2). The
known HLA-A*0301-restricted CTL epitope derived
from HIV was tested. This peptide, derived from HIV-
nef, bound with an IC50 of 0.5 jJiM. The two peptides,
which were identified via peptide pool sequencing bound
with an IC50 «5 15 (iM (Table 2). We therefore conclude
that peptides competing with an IC50 ̂  15 u.M must be
considered potential CTL epitopes.

Binding of conserved HlV-1 pal sequences to HLA-
A*0301. Twenty peptides 8-11 amino acids long were
selected on the basis of the HLA-A*0301 binding motif
and their conservation in the polymerase gene products
of different HIV-1 strains. The peptides were tested in
the competition assay for 24 hours at 4°C. Nine peptides
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kvfpCfFDalink 150nM flpsdC(FL)fpsv 150nM

10 15 20

competitor peptide

O 5 10 !5 20 25 30 35 « 46 50

competitor peptide //M

FIGURE 5 Competition of nonlabeled reference peptide with FL-labeled reference peptide. EKR cells (left) or JY cells (right)
were incubated with 150 nM of FL-labeled reference peptide, kvfpC(FL)aIink or flpsdC(FL)rpsv, respectively, and increasing
amounts (u,M) of nonlabeled reference peptide. Inhibition of binding was calculated and is shown in relation to the amount of
nonlabeled reference peptide used.

were shown to bind to HLA-A*0301. Four peptides
bind with intermediate affinity and competed with an
IC50 ^15 (xM (Table 3); the other five peptides (marked
with an asterisk) bind with high affinity and competed
with an 1C50 'S 2.9 H-M. Considering the IC50 obtained
with the known CTL epitopes, these five peptides may
be candidate CTL epitopes.

DISCUSSION

In recent years various assays have been developed to
identify potential CTL epitopes in proteins of cellular or
viral origin [16-25, 37^0]. Peptides with a high ca-
pacity to bind to a MHC class ] molecule may be im-
munogenic whereasjpw-affinity binding peptides are not
[29, 41]. We report an assay that employs the HLA class
1 molecules present on human B cells and show that the
kinetics of binding of peptides to these HLA class I
molecules is comparable to the kinetics observed with
soluble HLA class ! molecules [42].

The FL-labeled reference peptides specifically bound
to their HLA molecules and not to other components at
the surface of the cell lines used for the assay (Fig. 1).

The use of a protein synthesis inhibitor decreased the
amount of peptide bound at 26°C but not at 4°C (Fig.
4). This indicates that during incubation at 26°C novel
MHC class 1 molecules reach the cell surface [21], to
which peptides might bind. Due to the limiting amount
of FL-labeled peptide only the competitor peptide will
bind to the de novo produced HLA class I molecules and
therefore a higher amount of competitor peptide is
needed to compete in the assay at 26°C. We conclude
that, because peptides bind at 4°C and emetine has no

effect at this temperature, the binding of peptide to
eluted HLA class 1 molecules occurs at 4°C and is not
determined by metabolic processes.

Luescher et al. [42] reported that binding of peptide
to peptide-loaded HLA molecules at the cell surface did
not take place at 4°C and that binding of peptides was
dependent on de novo produced HLA class I molecules.
However, when these peptide-loaded HLA molecules
were stripped from their peptides by mild acid treatment
the FL-labeled reference peptides did bind at 4°C as
shown in our study (Fig. 3). We observed that the fate
of peptide upon incubation at different temperatures
shows comparable characteristics to those seen with pep-
tide binding to soluble MHC molecules [42]. We there-
fore conclude that the kinetics of peptide binding to
acid-eluted cell-bound MHC molecules are comparable
to those of peptide binding to soluble MHC molecules.

Validation of the assay shows that the assay is most
sensitive when performed at 4°C with an incubation time
of at least 24 hours. The ranking of the HLA-A*0201
and HLA-A*0301 motif-bearing peptides, according to
their 1C,0, is comparable to that seen by Kast et ai. [28].
When the HLA-A*0201 motif-bearing peptides are
ranked to the IC^ reported by Sette et al. [29], ranking
of the motif-bearing peptides is similar in our assay. The
four peptides also tested for binding to HLA-A*0301 in
the cell-free assay, which uses FL-labeled reference pep-
tide [Dnjfhout, manuscript in preparation], competed to
the same extent in the cellular binding assay.

When the competition assay is performed for 3
hours at 4°C, the HPV16 peptides LLMGTLGIV (E7
82-90, HLA-A*0201), KLPQLCTEL (E6 18-26,
HLA-A*0201) which is naturally processed [43], and
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TABLE 1 HPV 16 E6 and El peptides tested for binding in competition assay at
different temperatures for different incubation times

ICM'<u.M)

195

4°C 26°C

Sequence'

HLA-A«0201
TLGIVCPI
LLMGTLGIV
YMLDLQPETT
TLGIVCPIC
KLPQLCTEL
AMFQDPQER
LQTTIHDU
FLPSDCFPSV

HLA-A*0301
IVYRDGNPY
HLDKKKQRFH
AMFQDPQER
TTLEQQYNK
IVCPICSQK
AMSAARSSR
QQLLRREVY
KVFPCALINK'

HPV 16

E7
E7
E7
E7
E6
E6
E6

E6
E6
E6
E6
E7
E6
E6

"-»
(nM)

7

8/208
46/33

153
328/5556

1818/>25000
3157/>25000

10/660
68

290
384

1111
4285/6600
5000/>6600

-/660

rresence
of motif 3 hour

+ 3.9
+ 20
+ 2.9

>25
+ >25

>25
>25

+ 0.8

+ 2.1
+ 1.9
+ 7.6
+ 16.5
+ 4.1
+ 4.3

17

+ 0.5

24 hour

0.7
5
0.7

15.7
8.3

17.5
20.3
0.4

0.8
1.7
3.3
4.2
3.9
4

>25
0.7

3 hour

6.5
10
11
29
36

>50
>50

1

2.5
9

12.5
41
24

6
>50

3

24 hour

3.1
6.9
7.3

10
34.5

>50
>50

1.1

2.5
17
15
38
24
7

>50
4

" Amino acid sequence of the HPV peptides.
* Binding capacity (JC50) to the given HLA class I molecule as tested in the molecular binding assay [28]. For some
peptides two IC,0 values are given: HLA-A*Q2Q,, che value at the right of the backslash, was reported in a later publication
[29}; HLA-A*0301, the value at the right side, was determined using a molecular binding assay which employs the same
FL-labded reference pepcide as used in the cellular binding assay [Drijfhouc, manuscript in preparation].
' The presence of the HLA-A*Q201 or HLA-A*Q}01 binding motif in the peptide.

Binding capacity of the peptides is shown as the concentration of peptide needed to inhibit binding of che PL-labeled
peptide EO 50% (IC>0 in u.M).
' The nonlabeled reference peptides; che dash means that their IC)0 in the molecular binding assay is not known.

TABLE 2 Binding capacity of known processed and
presented peptides

Sequence" (nM) Origin Reference

HLA-A'0201
FLPSDFFPSV

GO.GFVFTL

ILKEPVHGV
SLYNTVATL
YMNGTMSQV

HLA-A'0301
QVPLRPMTYK
KLFNIMVTY
KLHKQRAKS

2.8

6

242

—
—

11

—
—

0.4

0.4

1.7
1.3
1.7

0.5
15
12

Hepatitis B
nucleocapsid

Influenza A
matrix

HIV-1 RT
HIV-1 gag
Tyrosinase

HIV-1 nrf
Unknown
Unknown

30

31

32
33
34

35
36
36

* Amino acid sequence of the peptides.
' Binding capacity (IC,0 in nM) to the given HLA class I molecule as tested
in che molecular binding assay [29}.
' Binding capacity of the peptides in the present study is shown as the con-
cenctacion of pepcide need to inhibit binding of the FL-labeled pepcide to 50SÉ
(IC„ in u-M).

TTLEQQYNK (E6 93-101, HLA-A*0301) are mea-
sured as low-affinity binding peptides. However, these
peptides display a higher affinity in a 24-hour assay.
Obviously, these peptides have a low association rate and
only at equilibrium do they show high-affinity binding.
This means that these peptides must have a low disso-
ciation rate at 4°C. What this observation means, in
terms of eliciting a CTL response by the peptide in vivo,
is still speculative. It could be that the immunologie
importance of a peptide is dependent mainly on the dis-
sociation rate of the peptide.

Two HLA-A*0301-restricted peptides, which were
identified via peptide-pool sequencing, competed with
an IC;0 ^ 15 (J.M. Therefore peptides binding to HLA
class I molecules with an IC50 =S 15 \M are considered
candidate CTL epitopes. All six known CTL epitopes,
however, competed with an IC50 < 2 (J.M. In the search
of potential CTL epitopes it is, therefore, best to focus on
peptides that display binding affinities of approximately
2 (iM.

The screening of HIV polymerase protein sequence for
conserved sequences bearing the HLA-A*0301 motif re-
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TABLE 3 Binding of conserved HIV-1 pol
sequences compliant with the
HLA-A»0301 binding motif

Sequence* Position*

PISPIETVPVK
PIETVPVKLK
PIETVPVK
PLTEEKIK
AIKKKDSTK
GIPHPAGLK
SVTVLDVGDAY
TVLDVGDAY
VLDVGDAY
NVLPQGWK
WMGYELHPDK
ELELAENR
ELAENREILK
QLDCTHLEGK
AVHVASGY
QVRDQAEHLK
AVFIHNFKR
GIGGYSAGER
KIQNFRVYY
KIQNFRVY

160-no
163-172
163-170
184-191
22 1-229
252-260
264-274
266-274
267-274
306-313
388-397
459-466
461-470
781-790
795-802
883-892
898-906
909-918
938-946
938-945

>100
>100
>100
>100

1.0-3.0*
0.3-0.5*
>100
>100
>100

30.0-40.0
14.0-20.0

>100
14.0-20.0
8.5-10.0

21.5-25.0
2.9-3.0'
0.3-0.5*
6.5-10.0
1.8-2.5*

70.0-90.0

- Arnino acid sequence of conserved peptides derived from HIV-1.
* Position of first and last amino acid in HIV-1 polymeraie derived from srrain
JR-CSF.
c Peptides were tested in the competition assay at 4°C with an incubation rime
of 24 hours. The binding capacity of the peptides is shown as the range of the
concentration of peptide needed to inhibit binding of the PL-labeled peptide
to 509Ê {IC50 in (JLM). Peptides marked with a ailtnsk (•) are considered to be
potential CTL epicopes.

suited in the selection of 20 peptides, five of which were
shown to bind with a binding affinity comparable to that
of already known epitopes. These peptides are considered
potential CTL epitopes and their immunogenicity is cur-
rently under investigation.

The system developed has a number of advantages
compared to previously described assays. Native HLA
class I molecules present on the surface of B-LCLs are
used and the binding of peptides is measured via FACS
analysis. The FACscan system is very sensitive and allows
the measurement of low amounts bound FL-labeled pep-
tide (Fig. 2), also in short incubations. The system is
relatively simple because there is no need to purify sol-
uble HLA class I molecules or to transect these molecules
in cells and no radioactive label is used. Although the
data of the assay when it is compared to the molecular
assay is compressed, and therefore discrimination be-
tween high-affinity and very high-affinity binding pep-
tides is more difficult, peptides are categorized in the
same ranking order. Furthermore, in contrast to other
cellular peptide-binding assays, no monoclonal antibod-
ies are needed to detect peptide binding to HLA class I.
Moreover, large panels of HLA-typed B-cell lines are
available for measurement of peptide binding to a vast

array of HLA molecules. Presently the system is also used
successfully for the HLA class 1 molecules HLA-A1 and
HLA-B7

ACKNOWLEDGMENTS
We thank Drs. T.H.M. Ottenhoff and R. Offringa for criti-
cally reading the manuscript. W. Martin Kast is a senior
fellow of the Royal Netherlands Academy of Arts and Sciences
(KNAW). This study was supported by Grant 95-017 from
the Raad voor Gezondheidsonderzoek, Amsterdam, The Neth-
erlands and N1H grant RO1 CA 57933 (to W.M.K.).

REFERENCES

1. Nuchtern JG, Bonifacio JS, Biddison WE, Klausner RD:
Brefeldin A implicates egress from endoplasmic reticulum
in class I restricted antigen presentation. Nature 339:
223, 1989.

2. Bjorkman PJ, Saper MA, Samraoui B, Bennett WS,
Strominger JL, Wiley DC: Structure of the human class I
histocompatibility antigen, HLA-A2 Nature 329:506,
1987.

3. Bjorkman PJ, Saper MA, Samraoui B, Bennett WS,
Strominger JL, Wiley DC: The foreign antigen binding
site and T cell recognition regions of class I histocompat-
ibility antigens. Nature 329:512, 1987.

4. Townsend, A, Ohlén C, Bastin J, Ljunggren HG, Foster
L, Karre K: Association of class 1 major histocompatibil-
ity heavy and light chains induced by viral peptides. Na-
ture 340:443, 1989.

5. Engelhard VH: Structure of peptides associated with class
I and class II MHC molecules. Annu Rev Immunol 12:
181, 1994.

6. Joyce S, Nathenson SG: Methods to study peptides asso-
ciated with MHC class I molecules. Curr Opin Immunol
6:24, 1994.

7. Drijfhout JW, Brandt RMP, D'Amaro J, Kast WM, Me-
lief CJM: Detailed motifs for peptide binding to HLA-
A*0201 derived from large random sets of peptides using
a cellular binding assay. Hum Immunol 43:1, 1995.

8. Kubo RT, Sette A, Grey HM, Appella E, Sakaguchi K,
Zhu NZ, Arnott D, Sherman N, Shabanowitz J, Michel
H, Bodnar WM, Davis TA, Hunt DF: Definition of spe-
cific peptide motifs for four major HLA-A alleles. J Im-
munol 152:3913, 1994.

9. Young ACM, Nathenson SG, Sacchettini JC: Structural
studies of class I major histocompatibility complex pro-
teins: insights into antigen presentation. FASEB J 9:26,
1995.

10. Rotzschke O, Falk K, Deres K, Schild H, Norda M,
Meczger J, Jung G, Rammensee HG: Isolation and anal-
ysis of naturally processed viral peptides as recognized by
cytotoxic T cells. Nature 343:252, 1990.

11. Elliot T, Cerundolo V, Elvin J, Townsend A: Peptide



HLA Class I Peptide-Binding Assay 197

induced conformational change of the class I heavy chain.
Nature 351:402, 1991.

12. Guo HC, Jardetzky TS, Garret TPJ, Lane WS, Srromin-
gei JL, Wiley DC: Different length peptides bind to
HLA-Aw68 similarly at their ends and bulge out in t'ie
middle. Nature 360:364, 1992.

1}. Feltkamp MCW, Smits HL, Vierboom MPM, Minnaar
RP, De Jongh BM, Drijfhout JW, Ter Schegget J, Melief
CJM, Kast WM: Vaccination with cytotoxic T lympho-
cyte epitope-containing peptide protects against a tumor
induced by human papillomavirus type 16-transformed
cells. Eur J Immunol 23:2242, 1993.

14. Burg SH van der, Klein MR, Velde CJH van de, Kast
WM, Miedema F, Melief CJM: Induction of a primary
human cytotoxic T-lymphocyte response against a novel
conserved epitope in a functional sequence of HIV-1 re-
verse transcriptase. AIDS 9:121, 1995.

15. D'AmaroJ, Houbiers JGA, Drijfhout JW, Brandt RMP,
Schipper R, Bouwes Bavinck JN, Melief CJM, Kast WM:
A computer program for predicting possible CTL epitopes
on HLA class l peptide binding motifs. Hum Immunol
43:13, 1995.

16. Bodmer HC, Bastin JM, Askonas BA, Townsend ARM:
Influenza-specific cytotoxic T-cell recognition is inhibited
by peptides unrelated in both sequence and MHC restric-
tion. Immunology 66: 163, 1989.

17. Nijman HW, Houbiers JGA, Butg SH van der, Drijf-
hout JW, D'AmaroJ, Kenemans P, Melief CJM, Kast
WM: Identification of peptide sequences that potentially
trigger HLA-A2.1-restricted cytoroxic T lymphocytes.
Eur J Immunol 23:1215, 1993.

18. Dillner J: Enzyme immunoassay detection of induction of
MHC class I expression by synthetic peptides from the E6
and E7 regions of human papillomavirus type 16. J Im-
munol Methods 167:195, 1994.

19. Zeh III J*f, Leder GH, Lotze MT, Salter RD, Tector M,
Stuber G, Modrow S, Storkus WJ: Flow-cytometric de-
termination of peptide—class I complex formation; iden-
tification of p53 peptides that bind to HLA-A2. Hum
Immunol 39:79, 1994.

20. Storkus WJ, Zeh III HJ, Salter RD, Lotze MT: Identi-
fication of T-cell epitopes: rapid isolation of class I-pre-
sented peptides from viable cells by mild acid elution. J
Immunother 14:94, 1993.

21. Ljunggren HG, Stam NJ, Öhlen C, Neefjes JJ, Höglund
P, Heemels MT, Bastin J, Schumacher TNM, Townsend
A, Karre K, Ploegh HL: Empty MHC class I molecules
come out in the cold. Nature 346:476, 1990.

22. Cerundolo V, Alexander J, Anderson K, Lamb C, Cress-
well P, McMichael A, Gotch F, Townsend A: Presenta-
tion of viral antigen controlled by a gene in the major
histocompatibility complex. Nature 345:449, 1990.

2}. Cerundolo V, Elliott T, Elvin J, Bastin J, Rammensee
HG, Townsend A: The binding affinity and dissociation

rates of peptides for class I major histocompatibility com-
plex molecules. Eur J Immunol 21:2069, 1991.

24. Schumacher TNM, Heemels MT, Neefjes JJ, Kast WM,
Melief CJM, Ploegh HL: Direct binding of peptide to
«nn-y MHC class I molecules on intact cells and in vitro.
Cell 62:563, 1990.

25. Sette A, SidneyJ, delGuercoMF, Southwood S, Ruppert
J, Dahlberg C, Grey HM, Kubo RT: Peptide binding to
the most frequent HLA-A class I aileles measured by
quantitative binding assays. Mol Immunol 31:813, 1994.

26. Myers G, Wain-Hobson S, Korber B, Smith RF, Pavlakis
GN (eds): Human retroviruses and AIDS (vol I-H): a
compilation and analysis of nucleic acid and amino acid
sequences. Los Alamos, NM, Los Alamos National Lab-
oratory, 1993.

27. Sugawara S, Abo T, Kumagai K: A simple method to
eliminate the antigenicity of surface class I MHC mole-
cules from the membrane of viable cells by acid treatment
at pH 3. J Immunol Methods 100:83, 1987.

28. Kast WM, Brandt RMP, SidneyJ, Drijfhout JW, Kubo
RT, Grey HM, Melief CJM, Sette A: Role of HLA-A
motifs in identification of potential epitopes in human
papillomavirus type 16 E6 and E7 proteins. J Immuno!
152:3904, 1994.

29. Sette A, Vitieilo A, Rehcrman B, Fowler P, Nayersina R,
Kast WM, Melief CJM, Oseroff C, Yuan L, Ruppert J,
SidneyJ, del Guercio MF, Southwood S, Kubo RT, Ches-
nut RW, Grey HM, Chisari FV: The relationship be-
tween class 1 binding affinity and immunogenicity of po-
tential cytotoxic T cell epitopes. J Immunol 153:5586,
1994.

30. Bertoletti A, Chisan FV, Penna A, Guillot S, Galati L,
Missale G, Fowler P, Schlicht HL, Vitieilo A, Chesnut
RC, Fiaccadori F, Ferrari C: Definition of a minimal op-
timal cytotoxic T-cell epitope within the hepatitis B virus
nucleocapsid protein. J Virol 67:2376, 1993.

31. Morrison J, Elvin J, Latron F, Gotch F, Moots R,
Strominger JL, McMichael A: Identification of the non-
amer peptide from influenza A matrix protein and the role
of pockets of HLA-A2 in its recognition by cytotoxic T
lymphocytes. Eur J Immunol 22:903, 1992.

32. Tsomides TJ, Walker BD, Eisen HN: An optimal viral
peptide recognized by CDS + T cells binds very tightly to
the restricting class I major histocompatibility complex
protein on intact cells but not to the purified class I
protein. Proc Natl Acad Sci USA 88:11276, 1991.

33. Johnson RP, Trocha A, Yang L, Mazzara GP, Panicali
DL, Buchanan TM, Walker BD: HÏV-1 gag-specific cy-
totoxic T lymphocytes recognize multiple highly con-
served epitopes. J Immunol 147:1512, 1991.

}4. Wölfel T, Van Pel A, Brichard V, Schneider J, Seliger B,
Meyer zum Buschenfelde KH, Boon T: Two tyrosinase
nonapeptides recognized on HLA-A2 melanomas by au-
tologous cytolytic T lymphocytes. Eur J Immunol 24:
759, 1994.



198 S. H, van der Burg et a!.

35. Koenig S, Fuerst TR, Wood LV, Woods RM, Suzich JA,
Jones GM, De La Cruz VF, Davey Jr. RT, Venkatesan S,
Moss B, Biddison WE, Fauci AS: Mapping the fine spec-
ificity of a cytolytic T cell response to HIV-1 nef protein.
J Immunol 145:127, 1990.

36. Engelhard VH: Structure of peptides associated with
MHC class I molecules. Curr Opin Immunol 6:13, 1994.

37. Parker KC, DiBrino M, Hull L, Coligan JE: The Pr

microglobulin dissociation rate is an accurate measure of
the stability of MHC class I heterotrimers and depends on
which peptide is bound, j Immunol 149:1896, 1992.

38. Choppin j, Martinon F, Gomard E, Bahraoui E, Connan
F, Bouillot M, Levy JP: Analysis of physical interactions
between peptides and HLA molecules and application to
the detection of human immunodeficiency virus 1 anti-
genie peptides. J Exp Med 172:889, 1990.

39. Chen BP, Rothbard J, Parham P: Apparent lack of MHC

restriction in binding of class I HLA molecules to solid-
phase peptides. J Exp Med 172:931, 1990.

40. Frelinger JA, Gotch FM, Zweerink H, Wain E, Mc-
Michael AJ: Evidence of widespread binding of HLA class
I molecules to peptides. J Exp Med 172:827, 1990.

41. Feltkamp MCW, Vierboom MPM, Kast WM, Melief
CJM: Efficient MHC class I-peptide binding is required
but does not ensure MHC class I-restricted immunoge-
nicity. Mol Immunol 31:1391, 1994.

42. Luescher IF, Lóez JA, Maiissen B, Cerottini JC: Interac-
tion of antigenic peptides with MHC class I molecules on
living cells studied by photoaffinity labeling. J Immunol
148:1003, 1992.

43. Bartholomew JS, Stacey SN, Coles B, Burt DJ, Arrand
JR, Stern PL: Identification of a naturally processed HLA
A0201-restricted viral peptide from cells expressing hu-
man papillomavirus type 16 E6 oncoprotein. Eur J Im-
munol 24:3175, 1994.


