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In the absence of treatment, most HIV-1-infected humans develop
AIDS. However, a minority are long-term nonprogressors, and re-
sistance is associated with the presence of particular HLA-B*27/
B*57 molecules. In contrast, most HIV-1-infected chimpanzees do
not contract AIDS. In comparison with humans, chimpanzees ex-
perienced an ancient selective sweep affecting the MHC class I
repertoire. We have determined the peptide-binding properties
of frequent chimpanzee MHC class I molecules, and show that,
like HLA-B*27/B*57, they target similar conserved areas of HIV-
1/SIVcpz. In addition, many animals appear to possess multiple
molecules targeting various conserved areas of the HIV-1/SIVcpz

Gag protein, a quantitative aspect of the immune response that
may further minimize the chance of viral escape. The functional
characteristics of the contemporary chimpanzee MHC repertoire sug-
gest that the selective sweep was caused by a lentiviral pandemic.
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In evolutionary terms, chimpanzees and humans are each oth-
er’s closest living relatives (1), and both species are susceptible

to infection with HIV type 1 (HIV-1), which in particular in-
dividuals can lead to acquired immunodeficiency syndrome
(AIDS). The HIV-1 pandemic in humans arose from multiple
zoonotic events caused by the transmission of the chimpanzee-
derived simian immunodeficiency virus (SIVcpz) (2). Natural in-
fections with various SIVcpz strains have been documented in
Central and East African chimpanzee populations (3). Recently,
AIDS-like immunopathology was reported for some animals
of the East African subspecies (4). However, naturally infected
chimpanzees of the same subspecies that have been monitored
carefully during captivity over long periods of time—at our
center—do not develop any signs of AIDS, despite relatively
high viral plasma loads (5). Moreover, AIDS-like disease did not
emerge in West African chimpanzees after the experimental
introduction of a natural SIVcpz strain (5). Hence, chimpanzees
are susceptible to HIV-1/SIVcpz infection but are relatively re-
sistant to progress toward AIDS (6, 7). On the contrary, most
human subjects develop AIDS upon HIV-1 infection. However,
cohort studies have established the existence of individuals who
have been infected for more than 17 years but have not pro-
gressed to AIDS; these are the long-term nonprogressors/elite
controllers. Resistance has been attributed to infections with
defective viruses or to mutations in the chemokine (C-C motif)
receptor 5 of the host, the primary coreceptor for viral entry (8,
9). Furthermore, cytotoxic T-cell (CTL) responses play a prom-
inent role in controlling intracellular viral infections. The T-cell
receptor on such cells may recognize major histocompatibility
complex (MHC) class I molecules complexed with a viral pep-
tide, and subsequently the CTL will lyse the infected cell. In
humans and chimpanzees, these molecules are designated HLA-
and Patr-A, -B, and -C, respectively, and they display abundant

levels of polymorphism (10). Resistance to progression to AIDS
in human subjects is strongly associated with the presence of
particular HLA-B*27/B*57 molecules, in conjunction with spe-
cific killer-cell inhibitory receptors (11, 12). Genome-wide asso-
ciation studies have further substantiated the prominent role of
the MHC class I region in controlling HIV-1 replication (13, 14).
We have reported several lines of genetic evidence that chim-

panzees experienced a selective sweep that targeted the Patr class
I repertoire, and hypothesized that this was caused by HIV-1/
SIVcpz or a related ancestral retrovirus (15–17). The sweep, dated
to ≈2–3 million years ago, also matches the time frame with re-
spect to when the chimpanzee genome might have been exposed
to retroviral integrations (18). We wished to investigate whether
the selective sweep was caused by HIV-1/SIVcpz or a closely re-
lated ancestor, and whether this repertoire skewing resulted in the
preferential selection of Patr molecules that are similar to AIDS-
resistant molecules in human individuals, such as HLA-B*27/
B*57. For this purpose, we have determined the peptide-binding
motifs of Patr molecules that occur at a high frequency in a wild-
caught chimpanzee population. Based on this information, the
HIV-1/SIVcpz proteomes were scanned for potential CTL epito-
pes, which were subsequently tested in peptide-binding studies.
Attention was focused on the Gag (p24) protein as a model sys-
tem, as adaptive immune responses to this viral protein are
thought to play a prominent role in the control of viral replication
(19–21). In addition, cellular immune-response data were reeval-
uated in the context of the information gained from the peptide-
binding studies. The results demonstrate that most chimpanzees
from the population investigated possess at least one Patr molecule
that can bind analogous conserved areas of the HIV-1/SIVcpz Gag
protein, as does HLA-B*27/B*57.

Results
Definition of Peptide-Binding Motifs. The peptide-binding site of
MHC class I molecules generally accommodates nonamer pep-
tides. The second residue of the peptide (numbered from the N
terminus) is often fixed as an anchor in the B pocket, whereas the
C terminus is bound to the F pocket (22). HLA and Patr class I
gene products display polymorphism and, as a consequence,
different molecules possess distinct peptide-binding motifs (10).
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The Patr-A and -B molecules present in the population studied
were clustered based on the sharing of similar B and F pockets
(Fig. 1). The molecules with the highest frequency within a given
cluster (Patr-A*0301, -B*0101, -B*0301, and -B*0501) were se-
lected for the determination of their peptide-binding motifs.
For this purpose, single-molecule-expressing cell lines were
constructed. Subsequently, the Patr molecules were isolated by
immunopurification, followed by extraction of the pool of natu-
ral bound peptides. We then identified the amino acid sequence
of the isolated peptides by tandem mass spectrometry. Binding
motifs were assembled from the isolated 8-, 9-, and 10-mer
peptides (Tables S1 and S2 and Fig. S1).
The motifs elucidated for Patr-A*0301 and -B*0101 share their

B-pocket anchor with HLA-B*5701 (Fig. 1), in accordance with
data generated by others (23, 24). For Patr-A*0301, the F-pocket
anchor is similar to HLA-A*03/11, whereas Patr-B*0101 prefers
hydrophobic amino acids at this position, a phenomenon shared
with different HLA molecules (25). The as yet unreported motifs
for Patr-B*0301 and -B*0501 were either similar to those de-
scribed for particular HLA-B*27 molecules or were identical to
those of HLA-B*3902/B*4801, respectively (25). With the current
data, the total number of peptide-binding motifs defined for Patr
class I molecules is 12. This further broadens our ability to under-
stand and study the MHC–peptide interactions in chimpanzees.

Prediction and Selection of Potential HIV-1/SIVcpz Gag Epitopes. The
peptide-binding motifs allowed us to scan the entire Gag protein
for potential epitopes using a database (26). We paid particular
attention to those areas of Gag that are also recognized by HLA-

B*27/B*57, as these epitopes may be crucial for the control of
viral replication in humans (19, 27). These CTL epitopes have
been designated IW9, KF11, TW10, KK10, and QW9 (Fig. 2).
Based on the binding motifs, Patr-A*0301 and -B*0101 are
predicted to recognize two peptides that overlap with the IW9
epitope (Fig. 2). In addition, Patr-B*0101 is predicted to bind
a TW10-related epitope as well. The scan for Patr-B*0301 re-
vealed that it can target overlapping areas of IW9 and KK10,
whereas Patr-B*0501 can recognize different areas such as IW9,
KF11, KK10, and QW9 (Fig. 2). Taken together, 10 different
Gag peptides were selected for further analysis of their capacity
to act as ligands for the four Patr molecules (Fig. 2 and Fig. S2).
Subsequently, an additional algorithm was applied as a tool to

verify the binding affinity of the selected peptides (28, 29). More-
over, this algorithm was used to search for other potential CTL
epitopes.Twopeptides,HK9andRL9,werechosen, as they showed
high binding level scores for various Patr molecules (Fig. 2). In
humans, CTL responses directed against HK9 and RL9 have been
observed in conjunction with the restriction elements HLA-A*11
and -B*52 or -A*02, respectively (http://www.hiv.lanl.gov). The
Gag-derived peptide NPPIPVGEI and a Gag-unrelated peptide
EEALQAFTY, both predicted to have no or a very low binding
affinity for each of the four molecules, were selected as controls.

Peptide-Binding Studies. To determine the binding affinity of the
selected Gag peptides, a cell-based peptide-binding competition
assay was developed. Each Patr molecule has its specific biotin-
labeled indicator peptide against which the binding affinity of the
different selected peptides was determined. The binding affinity

Fig. 1. Chimpanzee class I molecules clustered
based on B- and F-pocket similarities. The B and F
pocket of HLA-B*5701 are taken as consensus. A
dash indicates identity to the consensus, an amino
acid replacement is represented by the conven-
tional one-letter code, and an asterisk indicates
the position where the amino acid is unknown.
The allele frequency (All. fr.) figures of the wild-
caught founder population have been provided.
Molecules depicted in light and dark brown are
from chimpanzees of the Central and East African
subspecies, respectively. Dark orange represents
unreported peptide-binding motifs, whereas light
orange highlights the motifs that are in agree-
ment with data reported by another research
team (23, 24). The binding motifs for HLA-B*2705
and -B*5701 as well as previously identified Patr-
binding motifs are provided (23–25, 43). aThe
conventional one-letter code identifies the pre-
ferred, or in brackets the tolerated, residues at
the corresponding positions. bPatr-B*2402 has
an identical B and a similar F pocket (–TL-F—–)
as Patr-B*2401. Binding motif shown is from
Patr-B*2401. cMolecule present in West and East
African subspecies. dMolecule present in West,
Central, and East African subspecies. The # marks
additional primary anchors.
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of the indicator peptide itself was verified using its unlabeled
peptide as a competitor, henceforth referred to as the standard-
ized competitor (SC). Dose-inhibition curves for the peptides
predicted to bind to Patr-A*0301, -B*0101, -B*0301, and -B*0501
were derived from pooled data from five individual experiments
(Fig. S3), and all showed a high or intermediate affinity to the
relevant Patr molecules (Fig. 3, bold). The intrinsic binding af-
finity of the SC for Patr-B*0301 was high in comparison with the
binding affinity of the SCs for the other three molecules. Because
the peptides RTLNAWVKV and KRWIILGLN bound with
a similar high affinity to Patr-B*0301 as its SC, this implicates
a high binding affinity for these peptides as well. Moreover, for
HK9, tested for Patr-A*0301, we observed a binding affinity
similar to that of the SC, whereas RL9 has disparate binding af-
finities for the different molecules.
In addition, the selected peptides were tested in all other con-

ceivable combinations with the four Patr molecules. The results,
derived from pooled data from three individual experiments, are
summarized (Fig. 3 and Fig. S2B). Based on a peptide-binding
motif, one would expect that each MHC class I molecule can bind
a restricted spectrum of peptides. Indeed, we found that for most
additional tested Patr/peptide combinations, the peptides bound
with a lower binding affinity than that of the corresponding SC.
However, for a few Patr/peptide combinations, a higher binding
affinity than that of the corresponding SC was observed: for ex-
ample, Patr-A*0301 in combination with KRWIILGLN (Fig. 3).
Such additional specific binding was not predicted based on the
peptide-binding motifs. Apparently, however, some of the Patr
class I molecules can bind a broader range of peptides that map to
conserved areas ofGag. Themolecular basis of this phenomenon is

not yet understood. Finally, the two control peptides were found to
bind with a low binding affinity to all four Patr molecules.
In conclusion, the data illustrate that Patr-B*0301 and -B*0501,

each previously described to act as restriction elements for pep-
tides in the KK10 and IW9 areas (30), respectively, also have the
capacity to bind other peptides mapping to areas targeted by
HLA-B*27/B*57. Overall, the four Patr molecules investigated

B57-IW9B57-IW9 B57-KF11B57-KF11 HK9HK9

Patr-A*0101
Patr-A*0401
Patr-A*0901
HLA-B*2705

Patr-B*1301
Patr-B*1401

Patr-B*1401

Patr-A*0901

Patr-B*0901
Patr-A*0701
Patr-A*0901

Patr-B*1301
Patr-B*1101 P.t.t.
Patr-B*2801 P.t.s.

Patr-B*1301
Patr-A*0401

B57-QW9B57-QW9

Patr-A*0701
Patr-A*0901

B57-TW10B57-TW10 B27-KK10B27-KK10 RL9RL9

Patr-B*1301

Patr-A*0901
Patr-A*0101
Patr-A*0401
Patr-A*0601
Patr-A*0901

Patr-B*2501 P.t.s.

Patr-B*1401

Patr-B*1401

Patr-A*0601

Patr-A*0601

HLA-B*1501
HLA-B*1510
HLA-B*5701

Patr-B*0101

Patr-B*2303 P.t.s.

Fig. 2. Map of potential HIV-1 Gag CTL epitopes recognized by Patr class I molecules. The Gag sequence of HXB2 is taken as consensus, with the consensus of
SIVcpz above (http://www.hiv.lanl.gov). A lowercase letter in the SIVcpz consensus indicates a variable position. HLA-B*27 and -B*57 CTL epitopes are marked
in yellow and red, respectively. Potential 9-mer epitopes are indicated by an arrow, with the relevant Patr molecule(s) mentioned. Molecules marked in
green indicate the predicted MHC/peptide combinations that are tested in peptide-binding studies. Molecules specific for Central (P.t. troglodytes, P.t.t.)
or East African chimpanzees (P.t. schweinfurthii, P.t.s.) are indicated. The predicted binding affinities using the NetMHCpan 2.0 algorithm are indicated
by 1high, 2intermediate, or 3low. The arrows above the underscored Patr molecules indicate previously reported CTL epitopes (30). The two potential
epitopes, HK9 and RL9, identified with the NetMHCpan 2.0 algorithm are marked in blue. The control peptide, NPPIPVGEI, is boxed. The box in the B57-TW10
epitope indicates covered variation (Fig. S2).

Fig. 3. IC50 (μM) values of the different competitor peptides tested for Patr-
A*0301, -B*0101, -B*0301, and -B*0501. The IC50 values in bold were de-
termined from regression curves (Fig. S3) derived from pooled data from five
individual experiments. For all other conceivable combinations, the IC50

values were derived from pooled data from three individual experiments.
Previously described CTL epitopes are underscored (30). The color codes of
the peptides correspond to the colors in Fig. 2. SC, standardized competitor
(a peptide similar to the biotin-labeled indicator peptide). An asterisk indi-
cates a significantly higher or lower binding affinity than the SC.
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seem to be able to bind peptides with a high binding affinity,
mapping to areas that overlap the IW9, KK10, and QW9 CTL
epitopes. Hence, the majority of the peptides that were selected
as potential epitopes indeed represent good binders for the re-
spective molecules.

Evaluation of CTL Data. The actual binding of a peptide to anMHC
molecule does not warrant that immune recognition by effector
cells will take place. On the basis of the present findings, we re-
evaluated the cellular immune responses for three chimpanzees
(Laurens, Zeef, and Thijs) belonging to an HIV-1-positive cohort
(31). For Laurens, polyclonal CTL responses to four different
Gag pools were detected (Fig. 4). The highest percentage of
specific lysis was detected for Gag pool 1–3, and was at that time
ascribed to epitope HQAISPRTL (part of the IW9 area) pre-
sented in the context of Patr-B*0501 (30). However, the present
data illustrate that other molecules expressed by Laurens (Patr-
A*0301 and -B*0101) can bind peptides overlapping with HQA-
ISPRTL or the KF11 epitope, and could therefore contribute to
the polyclonal CTL response to Gag pool 1–3 (Fig. 4). Moreover,
the molecules expressed by Laurens were found to bind the RL9
peptide and peptides overlapping the TW10, KK10, and QW9
epitopes, which may contribute to the polyclonal CTL responses
observed for Gag pools 11–14 and 15–18 (Fig. 4). For Zeef, only
a response to Gag pool 11–14 was observed (Fig. 4). Initially, this
response was ascribed to KRWIILGLN (part of the KK10 area)
presented in the context of Patr-B*0301 (30). The results suggest
that the combination of Patr-B*0101 and peptide TTSTLQEQI
(part of the TW10 area) could contribute to the high specific lysis
observed for peptide pool 11–14 as well. Finally, for Thijs,
responses to three different Gag pools were detected (Fig. 4), al-
though at that time the restriction elements were not understood.
Thijs does not possess Patr-B*0301 and -B*0501, responsible for
the CTL responses in Zeef and Laurens, respectively. This implies
that other molecules (for instance, Patr-B*0101) are also able to
recognize conserved areas (Fig. 4).
The absence of CTL responses to certain Gag pools in Lau-

rens, Zeef, and Thijs is most likely explained by the fact that

these areas do not contain peptides that can bind to the mole-
cules present in these particular animals. Alternatively, CTL-
precursor frequencies may be too low to detect in the polyclonal
assays used. In contrast, these areas can be recognized by various
HLA molecules (http://www.hiv.lanl.gov). Thus, these results sug-
gest that many of the CTL responses observed in chimpanzees
may be directed to conserved areas of the Gag protein, which are
also targeted by the HLA-B*27/B*57 molecules in humans.

Peptide-Binding Results in the Context of Patr Class I Haplotypes. A
haplotype is defined as the unique combination of MHC alleles
segregating together on a chromosome. MHC region genes are
codominantly expressed and, like humans, chimpanzees possess
one A and one B gene per haplotype. The peptide-binding study
results have been superimposed on the chimpanzee haplotypes.
First, it was noted that most animals possess at least one mole-
cule with the ability to bind a conserved area of Gag that is
targeted by HLA-B*27 and/or -B*57 in humans (Fig. 5). Second,
some animals encode multiple class I molecules, in cis (e.g.,
Jacob and Yoko) or trans configuration (e.g., Jolanda, Liesbeth,
and Marco), which can bind similar and/or disparate conserved
HIV-1 Gag peptides as HLA-B*27/B*57. These observations
imply that the quality of the Patr molecule to bind conserved
areas of Gag may play an important role in the protection against
the development of AIDS. However, the fact that particular
animals encode multiple class I molecules able to bind conserved
Gag peptides suggests that, in chimpanzees, perhaps also a quan-
titative feature is operative. In conclusion, the majority of the
founder animals possess at least one Patr molecule that, like HLA-
B*27/B*57, is able to bind peptides from similar conserved areas
of Gag, and as such could respond to an HIV-1/SIVcpz infection in
a similar way as described for HLA-B*27/B*57-positive human
long-term nonprogressors.

Discussion
We have investigated whether the selective sweep targeting the
Patr class I repertoire was possibly caused by HIV-1/SIVcpz
(or a closely related retrovirus) and has resulted in the prefer-
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Fig. 4. Analysis of cellular immune responses in
three chimpanzees belonging to an experimentally
infected HIV-1 cohort. The peptides present in the
Gag peptide pools are summarized in Fig. S4. A plus
sign indicates that a CTL response to the Gag pool
was observed, and the percentage-specific lysis is
given in brackets (31). The Patr-A and -B molecules
present on the haplotypes of chimpanzees Laurens,
Zeef, and Thijs are given. The relevant MHC/peptide
combinations that probably contribute to the pre-
viously observed Gag-pool-specific CTL responses
are given, and the color codes of the peptides cor-
respond to the colors in Fig. 2. Previously described
CTL epitopes are underscored (30). A gray back-
ground indicates data obtained using only the
NetMHCpan 2.0 algorithm. aAnimal is homozygous
for this molecule.
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ential selection of molecules that confer resistance to AIDS. The
peptide-binding motifs of four frequent Patr class I molecules
were defined, and we found that these molecules, like the AIDS-
protective HLA-B*27 and -B*57 molecules, bind peptides de-
rived from conserved areas of the HIV-1/SIVcpz Gag protein.
Ninety-four percent of the wild-caught West African chimpan-
zees studied possess at least one of these four Patr class I mol-
ecules. Moreover, many chimpanzees express several molecules
that can bind multiple peptides originating from various con-
served Gag regions, which suggests that chimpanzees may have
developed a “double-lock” strategy. In humans, the importance
of heterozygous advantage with regard to AIDS resistance is also
applicable (32), and one would expect that heterozygous indi-
viduals that contain both HLA-B*27 and -B*57 progress more
slowly to AIDS or behave as elite controllers (33). Accordingly,
three chimpanzees of an experimentally infected HIV-1 cohort
were shown to display broadly reactive CTL responses to con-
served areas of HIV-1. Taken together, the results suggest that
the chimpanzee MHC class I repertoire was skewed to favor the
survival of animals whose Patr molecules recognized conserved
areas of Gag, a property shared with HLA-B*27/B*57. This may
be due to the sharing of similar peptide-binding motifs between
humans and chimpanzees, but also to the ability of some Patr
molecules to target overlapping areas of the Gag protein, which
are conserved across different strains. As such, the present re-

port significantly extends the information that was gathered in an
earlier CTL study (30). Apart from Patr-B, a Patr-A molecule
was also shown to bind peptides from conserved Gag areas
similar to those targeted by HLA-B*27/B*57, and as such may
contribute to controlling HIV-1/SIVcpz viral load. In comparison
with HLA-A, Patr-A molecules have more promiscuous peptide-
binding motifs, allowing the presentation of a greater spectrum
of peptides (Fig. 1). Nonetheless, one should bear in mind that
we only determined the peptide-binding motifs for four Patr
molecules. Whether the picture that emerges may become more
prominent could be addressed when peptide-binding and cellu-
lar data become available for other molecules. To verify this as-
sumption, the Gag protein was scanned with the NetMHCpan
2.0 algorithm (28) for two additional molecules: Patr-A*0401
and -A*0901. High- or intermediate-affinity peptides overlapp-
ing the IW9 and KK10 epitopes were identified (Fig. 2), and
indeed CTL response to Gag pools covering these peptides was
observed (Fig. 4). The incorporation of the data for Patr-A*0401
and -A*0901 into the haplotype list further strengthens both the
qualitative and quantitative features of the immune response to
an HIV-1/SIVcpz infection (Fig. 5). However, it has to be taken
into consideration that it is likely that other Patr molecules may
not be able to target conserved areas of Gag similar to those
targeted by HLA-B*27/B*57.
Immunodominant CTL responses to Gag found in HLA-B*27/

B*57-positive human long-term nonprogressors and HIV-1-infec-
ted chimpanzees may play a crucial role in the control of viral
replication (19, 27, 30). The Gag protein may represent one of the
Achilles’ heels of HIV-1/SIVcpz. However, from a mechanistic
point of view, it is not clearly understood how this works (27),
because not all HLA-B*27- or -B*57-positive individuals can
control anHIV-1 infection. Although heterozygous advantagemay
have an additional impact, other host and viral factors may play
a role as well. In this respect, it is worth mentioning that we do not
want to claim that theMHC is the only genetic region that explains
the relative resistance to AIDS in chimpanzees, because other
genes, such as the chemokine (C-C motif) receptor 5 and CD4,
show signs of selection and may have been affected by a sweep as
well (34, 35). Furthermore, it was shown recently that rhesus
macaques that are elite controllers in AIDS vaccine studies possess
T-cell responses to different viral proteins, primarily Vif and Nef,
restricted by the Mamu-B*08 or -B*17 molecule (36, 37). These
observations illustrate that, at least in rhesus macaques, T-cell
responses to different viral proteins could play a prominent role in
elite control. Therefore, the present study, in which we focused on
different conservedGag epitopes, may only represent a part of our
understanding how chimpanzees may control viral replication.
Follow-up studies are needed to sort out the role of other viral
proteins in controlling the development of AIDS in chimpanzees.
A recent report indicated that naturally infected East African

animals contract AIDS (4). The fact that chimpanzees can de-
velop AIDS was shown earlier for one animal that was found
to contain a recombinant virus that emerged after a coinfection
with three different HIV-1 isolates (7). After transfer of this
virus isolate to other chimpanzees, it caused CD4+ T-cell de-
pletion and increased plasma viral loads as well, indicating that
specific HIV-1 isolates are able to provoke AIDS or AIDS-like
symptoms. SIVcpz strains isolated from naturally infected chim-
panzees appear to represent a mosaic of Old World monkey
virus segments (38). Chimpanzees and their ancestors were most
likely infected by preying upon different monkey species known
to have been infected with several types of SIV strains. It is
plausible that new recombinant SIVcpz strains are generated oc-
casionally (39), and that some of these strains have pathogenic
characteristics. Nonhuman primate species have been challenged
by SIV infections over long periods of time, and must have de-
veloped ways to control the development of AIDS (15, 40), like
the AIDS-resistant West African chimpanzees studied here. There

Chimpanzee ChimpanzeeB* B*A*

Diana 0101
1301

0501
0302

Lady NT
2402

NT
0301

Louise 0901
0101

0602
0101

Sherry 0501
0101

0701
1401

Tasja 1301
2402

0301
0501

Marga 0501
16011

NT
0101

Renza 1301
NT

NT
0701

Wodka 0501
1401

NT
0101

Yoko 0501
16011

0301
1401

Gerrit 1301
2901

0501
0301

Frits 0301
1401

0601
0401

Carolina 0101
NT

0401
NT

Regina 0101
1401

0401
0201

Tineke 0101
NT

0401
NT

Sonja 0101
0101

0401
0901

Nina 0101
0501

0901
0601

A*

Indira 1401
0501

0101
0701

Susie 2402
NT

0301
NT

Liesbeth 0101
2402

0701
0301

Karin 0501
1301

0701
1101

Pearl 1301
0101

1101
0601

Mario 0301
1401

0701
NT

Isaac 0401
0101

0101
1401

Yvonne 2402
NT

0301
NT

Igor 2402
NT

0701
NT

Jacob 0501
1301

0301
0501

Renee 0101
0101

0901
1401

Gina 0101
1401

0901
NT

Debbie 0101
1401

0901
0101

Marco 0101
0501

0901
NT

Toetie 0101
2402

0901
0301

Jolanda 0101
2901

0901
0301

Fig. 5. MHC class I haplotypes of the founder chimpanzees. Molecules that
bind conserved Gag peptides overlapping the areas targeted only by HLA-
B*57 are presented in red, whereas orange indicates molecules binding
peptides overlapping the areas targeted by HLA-B*27 and -B*57. Boxed
molecules are predicted to bind HLA-B*27/B*57-like overlapping conserved
Gag peptides based on the NetMHCpan 2.0 algorithm. NT indicates not
typed, because data are no longer accessible.
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is evidence that the selective sweep or subsequent selection pro-
cesses must have been more prominent in West African chim-
panzees than in other chimpanzee populations (34, 35, 41). This
may be due to population separation, and may be dependent on
the monkey species being preyed upon and on their respective SIV
infections (42). As a consequence, repertoires could have been
edited in slightly different manners. Nevertheless, the broad pic-
ture that is emerging suggests that most chimpanzees possess
MHC class I molecules that bind conserved epitopes in Gag,
similar to those targeted by AIDS-resistant HLA-B*27/B*57-
positive humans. The present functional characteristics of the
skewed MHC class I repertoire in chimpanzees suggest that the
ancient selective sweep was caused by a lentiviral pandemic. As
a consequence, most chimpanzees seem to be able to cope with
retroviral infections such as HIV-1/SIVcpz, like AIDS-resistant
HLA-B*27/B*57-positive humans.

Materials and Methods
Patr-A- and -B-Transfected Cell Lines. Constructs containing the relevant Patr-
A or -B sequences were individually transfected into K562 cells (which lack
HLA expression) by electroporation. Details are described in SI Materials
and Methods.

Determination of Peptide-Binding Motifs. K562 Patr-A- or -B-positive trans-
fectantswere cultured in IMDMsupplementedwithG418and5%FCSup to1×
1010 cells. Subsequently, the cells were lysed. Sepharose beads covalently

linked to monoclonal antibody W6/32 were used to preclear the lysate. The
beadswere thenwashed, and in afinal step theMHC-peptide complexeswere
eluted with 10% acetic acid in water. High molecular mass material (MHC
molecules) was removed through Centriprep filtration. The peptide pool was
prefractionated on a C18 RP-HPLC system (Dr. Maisch GmbH), and was sub-
sequently analyzed by nano-HPLC-tandemmass spectrometry with an LTQ-FT
(Thermo Electron). Details are described in SI Materials and Methods.

Selection and Synthesis of Indicator and Competitor Peptides. Details are de-
scribed in SI Materials and Methods.

Cell-Based Peptide-Binding Competition Assays and CTL Assays. A plate-based
cell-based peptide-binding competition assay was developed to measure the
binding affinity of the different peptides using time-resolved fluorescence as
read-out (see also Fig. S5). The full protocol is described in SI Materials and
Methods. Previously described CTL assays were reevaluated (30, 31).

Calculation of Percentage Inhibition, IC50 Values, and Statistical Analysis.
Details are described in SI Materials and Methods.
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