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Multiple, Non-conserved, Internal Viral Ligands
Naturally Presented by HLA-B27 in Human
Respiratory Syncytial Virus-infected Cells*s

Susana Infantest§, Elena Lorentet§, Eilon Barneaf], llan Beerq], Juan José Cragnolini|,
Ruth Garciat, Fatima Lasalat, Mercedes Jiménezt, Arie Admon9], and Daniel L6pez}§**

Cytotoxic T lymphocyte (CTL)-mediated death of virus-
infected cells requires prior recognition of short viral pep-
tide antigens that are presented by human leukocyte an-
tigen (HLA) class | molecules on the surface of infected
cells. The CTL response is critical for the clearance of
human respiratory syncytial virus (HRSV) infection. Using
mass spectrometry analysis of complex HLA-bound pep-
tide pools isolated from large amounts of HRSV-infected
cells, we identified nine naturally processed HLA-B27 li-
gands. The isolated peptides are derived from six internal,
not envelope, proteins of the infective virus. The se-
quences of most of these ligands are not conserved be-
tween different HRSV strains, suggesting a mechanism to
explain recurrent infection with virus of different HRSV
antigenic subgroups. In addition, these nine ligands rep-
resent a significant fraction of the proteome of this virus,
which is monitored by the same HLA class | allele. These
data have implications for vaccine development as well as
for analysis of the CTL response. Molecular & Cellular
Proteomics 9:1533-1539, 2010.

The recognition of short viral peptides associated with hu-
man histocompatibility complex (human leukocyte antigen
(HLA)") class | molecules on the cell surface allows cytotoxic
T lymphocytes (CTLs) to recognize and kill virus-infected cells
(1). These peptides are generated by proteolytic processing of
newly synthesized viral proteins in the cytosol by the com-
bined action of proteasomes, ERAAP (endoplasmic reticulum
aminopeptidase associated with antigen processing), and in
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some cases other peptidases (2). This degradation of viral
proteins generates peptides of 8—11 residues that are trans-
located to the endoplasmic reticulum lumen by transporters
associated with antigen processing. These short peptides
then assemble with the HLA class | heavy chain and B,-
microglobulin. Usually, two major anchor residues in the an-
tigenic peptide, at position 2 and the C terminus (3, 4), must
be deeply accommodated into specific pockets of the antigen
recognition site of the HLA class | molecule to stabilize the
nascent complexes (5, 6) and allow for their subsequent trans-
port to the cell membrane where they are exposed for CTL
recognition (7).

Human respiratory syncytial virus (HRSV) (8), a member of
the Paramyxoviridae family, is the single most important
cause of bronchiolitis and pneumonia in infants and young
children (9-11). Infections of this virus occur in people of all
ages, but although usually mild infections are reported in
healthy adults, HRSV poses a serious health risk in immuno-
compromised individuals (12, 13) and in the elderly (14, 15).
The single-stranded, negative-sense RNA genome of this en-
veloped virus codes for 11 proteins.

Although the immune mechanism involved in HRSV disease
and protection is not well understood, specific CD8* T lym-
phocytes are required for the clearance of virus-infected cells
(16). Previously, several HRSV epitopes restricted by different
HLA class | molecules were identified using CTLs from sero-
positive individuals (17-21). However, these experiments
were performed with synthetic peptides against individual
proteins. In contrast, only one published study attempted to
elucidate the nature and diversity of the possible array of
HRSV ligands restricted by individual HLA molecules (22). In
this study, virus-infected cells were cultured with stable, iso-
tope-labeled amino acids, which were expected to act as
anchor residues for the HLA allele of interest. The MHC mol-
ecules were then immunoprecipitated, and mass spectrome-
try analysis was performed. This study identified one HRSV
ligand for each of the HLA-A2 and -B7 class | molecules (22).
Therefore, is only one HRSV ligand restricted by a single HLA
molecule exposed on the cell membrane surface as sug-
gested by this study? Conversely, could a particular HLA
molecule bind several ligands of this small virus simulta-
neously? To answer these questions, we compared HLA-B27
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ligands isolated from large amounts of healthy or HRSV-
infected cells without any methodological bias (selection of
individual protein, use of HLA consensus scoring algorithms,
etc.). This analysis demonstrated the existence of diverse,
naturally processed HLA-B27 ligands from six different HRSV
proteins in infected cells.

EXPERIMENTAL PROCEDURES

Cell Lines and Antibodies (Abs)—B27-C1R is a transfectant (23) of
the human lymphoid cell line HMy2.C1R (C1R) that expresses its
endogenous HLA class | antigens at a low level (24, 25). RMA-S is a
transporter associated to antigen processing (TAP)-deficient murine
cell line that expresses the mouse H-2° haplotype (26). The RMA-S
transfectant cells expressing HLA-B27 were described previously
(27). All cell lines were cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum and 5 um B-mercaptoethanol. The Abs
used in this study were the polyclonal FITC-anti-HRSV Ab (which
recognizes HRSV F and G proteins) (Chemicon International, Single
Oak Drive Temecula, CA), the monoclonal W6/32 Ab (which is specific
for a monomorphic HLA-A, -B, -C determinant) (28), and the ME1 Ab
(which is specific for HLA-B27, -B7, -Bw22) (29).

Synthetic Peptides—Peptides were synthesized in a peptide syn-
thesizer (model 433A, Applied Biosystems, Foster City, CA) and
purified by reverse-phase HPLC. The correct molecular mass of
peptides was established with MALDI-TOF MS, and the correct
composition of HRSV peptides was determined by quadrupole ion
trap micro-HPLC.

Isolation of HLA-bound Peptides—HLA-bound peptides were iso-
lated from 4 X 10 healthy or HRSV-infected B27-C1R transfectant
cells. Cells were lysed in 1% Igepal CA-630 (Sigma), 20 mm Tris/HCI
buffer, 150 mm NaCl, pH 7.5 in the presence of a protease inhibitor
mixture. HLA-peptide complexes were isolated by affinity chromatog-
raphy of the soluble fraction with the W6/32 monoclonal Ab. HLA-
bound peptides were eluted at room temperature with 0.1% aqueous
TFA and concentrated with a Centricon 3 column (Amicon, Beverly,
MA) as described previously (30, 31).

Electrospray lon Trap Mass Spectrometry Analysis—Peptide mix-
tures recovered after the ultrafiltration step were concentrated with
Micro-Tip reverse-phase columns (C,g, 200 ul, Harvard Apparatus,
Holliston, MA). Each C,4 tip was equilibrated with 80% acetonitrile in
0.1% TFA, washed with 0.1% TFA, and then loaded with the peptide
mixture. The tip was then washed with an additional volume of 0.1%
TFA, and the peptides were eluted with 80% acetonitrile in 0.1% TFA.
Peptide samples were then concentrated to about 18 ul using vac-
uum centrifugation.

Recovered HLA class | peptides were analyzed in three different
HPLC runs by uLC-MS/MS using an Orbitrap XL mass spectrometer
(Thermo Electron, San Jose, CA) fitted with a capillary HPLC column
(Eksigent, Dublin, CA). The peptides were resolved on homemade
Reprosil C,g capillary columns (75-um inner diameter) (32) with a
7-40% acetonitrile gradient for 2 h in the presence of 0.1% formic
acid. The seven most intense masses that exhibited single, double,
and triple charge states were selected for fragmentation from each full
mass spectrum by CID.

Database Searches—Pep-Miner (33) was used for peak list gener-
ation of the uLC-MS/MS data. The peaks were identified using mul-
tiple search engines: Pep-Miner, Proteome Discoverer 1.0 SP1
(Thermo) combining the results of Sequest 3.31 and Bioworks
Browser 3.3.1 SP1 (ThermoFisher) (34), and Mascot (server 2.2, Ma-
trix Science) (35) using the human and the virus parts of the NCBI
database (June 2008) including 574,003 proteins. The search was not
limited by enzymatic specificity, the peptide tolerance was set to 0.01
Da, and the fragment ion tolerance was set to 0.5 Da. This search was

not limited by any restriction bias (selection of individual protein, use
of HLA consensus scoring algorithms, etc.). Identified peptides were
selected if the following criteria exist: Pep-Miner score above 75,
Mascot score above 20, Sequest Xcorr above 2, P(pep) less than 1 X
10~ with Bioworks Browser, Proteome Discoverer score higher than
20, and mass accuracy of 0.005 Da (see Table I). When the MS/MS
spectra fitted more than one peptide, only the highest scoring peptide
was analyzed.

Electrospray lon Trap Mass Spectrometry Analysis of Synthetic
peptides—In addition, the corresponding synthetic peptide was
made, and its manually identified MS/MS spectrum was used to
confirm the assigned sequence of the HRSV ligand. Sequencing of
the synthetic peptides was carried out by quadrupole ion trap elec-
trospray MS/MS in a Deca XP LCQ instrument (Thermo Electron)
coupled to uLC (Thermo Electron) with a 7-40% acetonitrile gradient
for 24 min in the presence of 0.5% acetic acid. An MS/MS mode was
used that focused on each hypothetical parental peptide with an
isolation width (m/z) of 1.5 Da (36). The charge and mass of the ionic
species were determined by high resolution sampling of the mass/
charge rank. Collision energy and ion precursor resolution were im-
proved to optimize the fragmentation spectrum.

MHC-Peptide Complex Stability Assays—The following synthetic
peptides were used as controls in complex stability assays: Flu NP
(SRYWAIRTR, HLA-B27-restricted) (37) and C4CON (QYDDAVYLK,
HLA-Cw4-restricted) (38). RMA-S B27 transfectants, a cell line defi-
cient in TAP that expresses low amounts of MHC class | on the cell
surface (27), were incubated at 26 °C for 16 h in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum. This
allows the expression on the cellular membrane of empty MHC class
I molecules (without antigenic peptide) that are stable only at 26 °C
but not at 37 °C. Later, the cells were washed and incubated for 2 h
at 26 °C with various concentrations of peptide in the same medium.
Then, the MHC-specific peptides could bind and stabilize the empty
MHC class | molecules. Later, the cells were transferred to 37 °C and
collected for flow cytometry after 4 h. This allows the internalization of
empty MHC class | molecules and thus can discriminate between
bound and unbound peptides. MHC expression was measured using
100 wl of a hybridoma culture supernatant containing the ME1 (anti-
HLA-B27) monoclonal Ab as described (39). Samples were acquired
on a FACSCalibur flow cytometer (BD Biosciences) and analyzed
using CellQuest Pro 2.0 software (BD Biosciences). Cells incubated
without peptide had peak fluorescence intensities close to back-
ground staining with secondary Ab alone. The fluorescence index was
calculated for each time point as the ratio of peak channel fluores-
cence of the sample to that of the control incubated without peptide.
Binding of peptides was expressed as ECs,, which is the molar
concentration of the peptide at 50% of the maximum fluorescence
obtained at a concentration range of 100—-0.001 um.

RESULTS AND DISCUSSION

Nine Viral HLA Ligands Were Differentially Detected in
HRSV-infected Cells—B27-C1R cells were incubated with the
Long strain of HRSV and assayed at different times for the
presence of HRSV antigens by flow cytometry. The results
indicate that the transfectant cell line incubated with the
virus, but not the mock-infected control, expressed HRSV F
and G proteins (110 = 10 mean fluorescence intensity ver-
sus 4 = 3 for the mock control cells). These cells continued
to synthesize HRSV viral proteins and secrete infectious
virus several months after infection (data not shown). Thus,
a B27-C1R transfectant cell line persistently infected with
HRSV was obtained in the same manner as previously re-
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ported for Epstein-Barr virus-transformed human B-cell
lines (40).

HLA-bound peptide pools were isolated from large
amounts of either healthy or HRSV-infected cells. These pep-
tide mixtures were subsequently separated by reverse-phase
HPLC and analyzed by mass spectrometry. Using several
software technologies (see “Experimental Procedures”), 209
fragmentation spectra were resolved as peptidic sequences
of different human cellular proteins.? Moreover, 10 fragmen-
tation spectra present in the HRSV-infected HLA-bound pep-
tidic pool, but absent in the control uninfected pool (data not
shown), were resolved with high confidence parameters as
peptides of HRSV viral proteins. Additionally, a human pro-
teome database search failed to reveal the identity of these
spectra as human protein fragments, confirming the viral or-

28, Infantes, E. Lorente, E. Barnea, |. Beer, J. J. Cragnolini, R.
Garcia, F. Lasala, M. Jiménez, A. Admon, and D. Lépez, manuscript
in preparation.

igin of these peptides (data not shown). Two different ion
peaks at m/z 409.9 and 614.3 were assigned to the same viral
amino acid sequence. These ion peaks corresponded to dou-
ble (Fig. 1, upper panel) and triple charge (Fig. 1, lower panel)
states, respectively, of the peptide HRQDINGKEM, which
spans residues 100-109 of the HRSV nucleoprotein (Table ).
Virtually all significant fragments of both MS/MS spectra were
assigned as daughter ions of the tentative peptidic sequence
(Fig. 1). This theoretical assignment was confirmed by identity
with the MS/MS spectrum of the corresponding synthetic
peptide (supplemental Fig. 1). In addition, the eight other
molecular ions were assigned as HLA-restricted viral ligands
(Table | and supplemental Figs. 2-9), and their tentative se-
quences were confirmed as above with the respective syn-
thetic peptide (supplemental Figs. 2-9). Thus, these results
indicate that a total of nine HRSV ligands were endogenously
processed and presented in the infected cell line.
Identification of viral HLA ligands by immunoproteomics
analysis is still very limited. A previous study identified 12 viral
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TABLE |
Summary of HRSV ligands detected by MS/MS analysis

Nomln: ! Experlmeantal AMass® m/z Sequence® Protein Position
mass mass
614.299 614.297 0.002 2+ HRQDINGKEM Nucleoprotein 100-109
409.868 409.868 0.000 3+ HRQDINGKEM Nucleoprotein 100-109
672.862 672.858 0.004 2+ RRANNVLKNEM Nucleoprotein 184-194
444278 444277 0.001 3+ KRYKGLLPKDI Nucleoprotein 195-205
488.766 488.764 0.002 2+ SRSALLAQM Matrix 76-84
536.809 536.807 0.002 2+ VRNKDLNTL Matrix 169-177
525.770 525.769 0.001 2+ GRNEVFSNK Polymerase 2089-2097
389.924 389.922 0.002 3+ KRLPADVLKK Matrix 2-22k 150-159
445.563 445.562 0.001 3+ LRNEESEKMAK Phosphoprotein 198-208
404.893 404.891 0.002 3+ HRFIYLINH Non-structural protein 2 37-45
2 Mass of monoisotopic ion in amu.
b Difference between nominal and experimentally detected monoisotopic ions.
¢ The HLA-B27 anchor motifs are underlined.
, , , , N 100-109 | —
ligands presented by HLA-A*0201 by differential stable iso- N 184194 | -
tope labeling of large amounts of vaccinia virus Ankara-in- N 195205 | -
fected cells (41). In another study with a similar approach but M 76-84 | .
10-fold fewer infected cells, only one HRSV ligand was iden- R M 169-177 | L
tified for each HLA-A*0201 or -B*0702 class I molecule (22). In £ | 2089-2097 | —
our current report in which the amount of cells used was & .22 5059 | —
similar to that in the vaccinia virus study and the peptide pools P 198-208 | —
were compared directly without any labeling, nine endog- NS2 37-45 | —
enously processed HRSV HLA ligands were found. Thus, our FluNP | —
current report shows a similar number of HLA ligands be- C4coN [F—
tween viruses that differ 13-fold in their respective proteome 10 1t5 2t0 2f5

sizes. Therefore, large scale immunoproteomics could allow
for the systematic identification of the array of viral HLA
ligands.

HRSV-specific Ligands Efficiently Bind to B*2705 Mole-
cule—The classical anchor motifs for HLA-B*2705 binding,
Arg at position 2 (P2) and basic or aliphatic C-terminal resi-
dues (SYFPEITHI database (4)), were present in all detected
viral ligands (Table I). To confirm that HLA-B*2705 is the MHC
class | molecule that presents these ligands, MHC-peptide
complex stability assays were performed using TAP-deficient
RMA-S cells transfected with the HLA-B*2705 molecule. The
nine HRSV synthetic peptides induced similar numbers of
HLA-peptide surface complexes to a well known HLA-B*2705
epitope from the influenza virus (Fig. 2). In addition, the rela-
tive MHC class | affinity was determined for all HRSV pep-
tides. These peptides bound to HLA-B*2705 class | molecules
with ECg, values in the range commonly found among natural
ligands (Table Il). These data indicate that all ligands detected
in HRSV-infected cells were endogenously presented in as-
sociation with the B*2705 molecule.

Among the nine HRSV peptides discovered by the pro-
teomics analysis, four (matrix 76-84-, matrix 169-177-, po-
lymerase-, and non-structural protein 2-derived peptides)
were nonamers. In addition, two (matrix 2-22k and nucleo-
protein 100-109 ligands) were decamers, and the other three
(phosphoprotein, nucleoprotein 184-194, and nucleoprotein

Fluorescence Index

FiG. 2. HLA stabilization assay of HRSV synthetic ligands. The
stability of HLA-B*2705-peptide complexes on the surface of RMA-S
transfectant cells was measured by flow cytometry. The indicated
peptides were used at 200 uMm. The C4CON (38) and Flu NP (37)
peptides were used as negative and positive controls, respectively.
The results, calculated as fluorescence index (see “Experimental
Procedures”), are the mean (bars) = S.D. (error bars) of three to four
independent experiments.

TaBLE Il
Summary of binding of HLA-B27 ligands of HRSV
Peptide? Sequence EC,, + S.D.°

M
N 100-109 HRQDINGKEM 26 =5
N 184-194 RRANNVLKNEM 10 = 1
N 195-205 KRYKGLLPKDI 5+2
M 76-84 SRSALLAQM 9+2
M 169-177 VRNKDLNTL 12+5
L 2089-2097 GRNEVFSNK 18+ 3
M2-22k 150-159 KRLPADVLKK 9=+2
P 198-208 LRNEESEKMAK 14 +3
NS2 37-45 HRFIYLINH 11 =4
Flu NP SRYWAIRTR 8+2

2 All peptides were derived from the sequence of the Long strain of
HRSV except for Flu NP 383-391 (37), which was used as positive
control for HLA-B27 binding.

b Data are means of three to five independent experiments and are
expressed as EC5, = S.D. (see “Experimental Procedures”).
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195-205) were undecamers. No correlation was found be-
tween the length of the peptides and their affinity for the
HLA-B*2705 molecule (Table Il). Of the 239 B*2705-bound
cellular ligands previously sequenced (SYFPEITHI database),
4% were octamers, 65% were nonamers or decamers, and
11% were undecamers or longer peptides with both HLA-
B*2705 anchor motifs. Thus, this HLA molecule could easily
accommodate bulged peptides. The results shown here (Ta-
ble 1) indicate that bulged viral ligands could be presented by
the B*2705 molecule.

Internal Protein, but Not F Protein, Ligands Are Presented
by HLA-B*2705 in HRSV-infected Cells—Eleven proteins are
encoded by the HRSV genome (8). In general, the larger
proteins in this proteome contain more Arg residues with the
exception of the G protein (Table Ill) and thus are candidates
for the source of HLA-B27-restricted epitopes. All nine iden-
tified HLA-B*2705 ligands are derived from viral proteins with
a significant Arg content in their sequences with the one
exception. The F protein is the second largest protein in the
HRSV proteome and is also the second most Arg-enriched
protein of HRSV, containing 18 Arg residues (Table Ill). The

TasLE llI
Distribution of Arg content and HLA-B27 ligands in HRSV proteome

Number of

L%r‘;gtg;aaun %Lf")\q%%r Pec:fcir:tgacge residues” Ol?e;)r%eiggargge Ligands'
L 81 51.6 2165 49.2 1
F 18 115 573 13.0 0
N 16 10.2 391 8.9 3
P 11 7.0 219 5.0 1
M2-22k 11 7.0 195 4.4 1
M 6 3.8 256 5.8 2
NS2 6 3.8 124 2.8 1
M2-2 3 1.9 90 2.0 0
G 2 1.3 186 4.2 0
SH 2 1.3 65 15 0
NSt 1 0.6 138 3.1 0

2 The abbreviations used are: L, polymerase; F, fusion protein; N,
nucleoprotein; P, phosphoprotein; M2-22k, matrix protein 22k; M,
matrix protein; NS2, non-structural protein 2; M2-2, matrix protein 2;
G, attachment protein; SH, small hydrophobic protein; and NS1,
non-structural protein 1.

® Number of Arg in the viral proteome.

¢ Percentage of Arg included in the viral proteome .

9 Total number of residues.

¢ Number of residues of each protein/number of total residues as a
percentage.

"Number of HLA-B27 ligands in HRSV.

epitope prediction for HLA-B*2705 binding using various web
software tools showed HLA-B27 peptide scores similar to
those for the binding of other HRSV proteins with HLA-B*2705
ligands (data not shown). In addition to the fusion protein F,
the HRSV envelope contains two other transmembrane sur-
face glycoproteins, the attachment protein G and the small
hydrophobic (SH) protein (8). Both G and SH proteins contain
only two Arg in their amino acid sequences; these residues
are needed to anchor peptides to the HLA-B27 molecule.
Thus, the lack of HLA-B27 ligands in these envelope proteins
could be expected. In summary, the absence of F and, to a
lesser extent, G and SH protein ligands indicates that HLA-
B*2705 exclusively sampled internal HRSV viral proteins. This
lack of envelope protein ligands was also recently described
for influenza epitopes restricted by the HLA-B*0702 allele (42).
Therefore, for some pairs of HLA and virus, only internal
ligands are found associated to class | molecules.

Most of HLA-B*2705 Ligands Are Not Conserved between
HRSV Antigenic Subgroups—HRSV exists as a single sero-
type but has two antigenic subgroups, A and B (8). Most
proteins are highly conserved between these subgroups (88—
96% amino acid identity). Greater differences are found in
M2-2, G, and SH proteins (61-71% amino acid identity).
Within subgroups, the percentage of nucleotide and amino
acid identity between viruses is much higher for all proteins
(97-100% amino acid identity). In addition, mutations that
enable escape from host immunity do not appear to accumu-
late with time (8). Thus, it would be reasonable to infer the
identity of HLA-B*2705-restricted ligands between strains of
different subgroups. Therefore, amino acid sequence com-
parison was performed for the ligands identified in the Long
strain with two or three representative strains of subgroups A
and B, respectively. Table IV shows that two-thirds of the
ligands detected in the Long strain are mutated in all of the
subgroup B strains sequenced. N 195-205 and M 76-84
ligands had mutations in T cell receptor-interacting residues,
whereas N 100-109 and N 184-194 were mutated at the N-
and C-terminal anchor residues, respectively. The sequences
of the B subgroup present alterations in the P2 anchor motif
as well as a change in the sequence of both NS2 37-45 and
M 169-177 ligands. Only P 198-208, M2-22k 150-159, and L
2089-2097 peptides were conserved in all strains studied.
Two ligands were not conserved across subgroup A strains:
Arg was changed to Lys in the NS2 37-45 ligand of the A2

TaBLE IV
Conservation of HLA-B27 viral ligands in several HRSV strains

Strain® N 195-205 M 76-84 N 100-109 N 184-194 NS2 37-45 M 169-177 P 198-208 M2-22k 150-159 L 2089-2097
Long  KRYKGLLPKDI SRSALLAQM HRQDINGKEM RRANNVLKNEM HRFIYLINH VRNKDLNTL LRNEESEKMAK  KRLPADVLKK GRNEVFSNK
S2 e oo N et e e
A2 e - Vommm mmmmmmmmmm —mmmm B el e e T T e
9320 ------ I---- ---- V--mo Ymmmmmm o —mmme I -K------ N -K-----S- —----—------ —mmmmmmmem oo
18537 ------ I--——- --—-- A e e I -K------ N -K-----S- ——=---------  ——mmm—m—m oo
Bt = - I---- ---- Voomm Ymmmmmm o —mmme I -K------ N -K-----S- —---——-momm mmmmmmmm oo

2 Long, S2, and A2 strains are representative of HRSV subtype A, whereas 9320, 18537, and B1 are HRSV subtype B strains.
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TABLE V
Proteome size, Arg content, and HLA-B27-restricted epitope/ligands
in several RNA viruses

i Proteome Arg ) ‘
Virus? - . Epitopes'
Residues %°  Number®  %°
HRSV 4402 2 157 6 9
Influenza 4112 2 284 2 6
HIV 3151 4 184 7 13

2 The sequences used were Long strain (HRSV), A/Puerto Rico/
8/34 strain (influenza), and human immunodeficiency virus (HIV) clade
B consensus (Los Alamos National Laboratory, National Institutes of
Health).

b Total number of residues.

¢ Percentage of proteome included in the detected epitopes/
ligands.

9 Number of Arg in each viral proteome.

¢ Number of epitopes or ligands/number of total Arg as a percentage.

"Number of ligands in HRSV.

strain, and a Val — Leu substitution was detected in both S2
and A2 strains. In addition, a substitution at position 80 is the
only change in the M protein sequence of the Long and A2
strains. Similarly, only residues 8, 26, and 38 were altered in
the NS2 protein across different strains of this subgroup. In
summary, HLA-B*2705 mainly binds non-conserved peptides
of the Long strain of HRSV compared with other strains in
accordance with the percentage of amino acid identity of
proteins of antigenic subgroups of this virus. In addition to
evidence that CD8" T cells are partially functionally inacti-
vated in the respiratory syncytial virus-infected respiratory
tract in model mice (43), the surface expression of non-con-
served HRSV ligands could explain the mechanism of rein-
fection with different HRSV antigenic subgroups (44).

Significant Fraction of Viral Proteome Was Monitored in
Association to HLA-B*2705 Class | Molecule—The proteome
of the Long strain of HRSV contains 4402 residues; 157 of
them are Arg. Thus, the nine detected ligands represent 2% of
the proteome and 6% of the possible B*2705-restricted Ii-
gands (Table V). In other RNA viruses with similar proteome
sizes and Arg content, about 6-13 B*2705-restricted epitopes
were identified (summarized in the Immune Epitope Database
(45)). As shown in Table V, the percentages of “immune cov-
erage” are similar in these RNA viruses: around 2-4% of the
total proteome and 2-7% of the maximum number of poten-
tial HLA-B*2705 ligands. If these data are typical for all HLA
class | molecules, the cellular immune response would mon-
itor 14-25% of the proteome of these viral pathogens in
heterozygous HLA-A, -B, and -C infected individuals. In a
study similar to our report, 12 ligands of vaccinia virus re-
stricted by HLA-A*0201 and three restricted by HLA-B*0702
were identified (41). Namely, around eight ligands were iden-
tified per HLA studied, very close to the nine detected in our
report. As both viruses have a similar ligand/HLA ratio but very
different proteome sizes, although different studies are not
always comparable, these data suggest that the cellular im-
mune pressure could be higher in some small viruses.

In summary, the present report demonstrates that the en-
dogenous processing of HRSV proteins generates multiple
different peptidic species that are bound to the HLA-B27
molecule in infected cells. These ligands, identified by mass
spectrometry of intricate cellular extracts, induce high num-
bers of HLA-peptide complexes, and their respective MHC
class | affinities are similar to those of other natural HLA-B27
ligands. All nine peptides are derived from internal proteins of
the infective virus, and the sequences of most of the peptides
are not conserved between the two HRSV antigenic sub-
groups described above. Lastly, these nine ligands represent
a significant fraction of the proteome of this virus monitored
by the same MHC class | allele.
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