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Crystal structure of HLA-B*5801, a protective
HLA allele for HIV-1 infection

Dear Editor,

Conquering the AIDS epidemic remains one of the most
challenging global health issues. Despite impressive
advances in combination antiretroviral therapy (cART) to
treat HIV, and substantial progress in the development of
prevention interventions, a protective vaccine has remained
elusive. Successful vaccination will require the immune
system to function better than it does in natural infection, in
which the infection invariably becomes chronic. However,
there are a very small number of patients termed “elite
controllers” who become infected but can control viremia,
with the preponderance of evidence pointing to CD8" T cell
mediated immune control. The existence of such patients
implies that the human immune system, although not able
to eradicate infection, is potentially capable of durable
control of HIV-1 and prevention of HIV-associated disease
[reviewed in (Deeks and Walker, 2007; Walker and Yu,
2013)].

The beauty of Major Histocompatibility Complex (MHC)-
restriction in T cell immunity is that within a population, there
may always be individuals who bear particular MHC alleles,
able to present antigenic peptides derived from invading
pathogens for T cell receptors (TCRs) to recognize. This
ultimately gives rise to effective cellular immunity to control
chronic infection to save the species (Zinkernagel and
Doherty, 1997). This has been exemplified by the global HIV-
1 epidemic. The above-mentioned “elite controllers” (as
opposed to progressors) are enriched in expression of cer-
tain “protective” class | Human Leukocyte Antigen (HLA)
alleles such as HLA-B*57/5801 subtypes and B*27. By
contrast, other persons who express so-called deleterious or
disease susceptible alleles, including HLA-B*18/53 are much
more likely to develop AIDS in the absence of cART (O’Brien
et al., 2001). Obviously, the differential peptide presentation
by HLA molecules is rooted in host MHC polymorphism.
Indeed, a genome-wide association study (GWAS) clearly
demonstrated that specific amino acid variations in the
peptide-binding groove are associated with host control of
HIV-1 infection (Pereyra et al., 2010). Therefore, unraveling
the molecular mechanism of host control of HIV-1 infection
by cellular immunity is extremely important for eventually
devising a strategy to eliminate the HIV-1 epidemic.

To begin to address the structural basis for T cell mediated
control of HIV, we initiated a structural analysis of an
immunodominant CD8" T cell epitope QW9 (QASQEVKNW,
p2499 residues 176—184) from HIV-1 bound to the restricting
HLA class | molecule B*5801. This epitope is of particular
interest because the conserved Gag protein forms the
essential capsid of HIV-1 (Zhao et al., 2013), with mutations
likely to impose a fitness cost. In addition, QW9 can be
presented by a spectrum of HLA molecules for comparative
investigation (Buseyne et al., 2001; Buseyne et al., 1997;
Currier et al., 2005; Kloverpris et al., 2013). Here, we report
the first crystal structures of HLA-B*5801, one of the most
HIV-protective HLA molecules, loaded with QW9 and its
natural variants QW9-S3T and QW9-E5D. All three struc-
tures are in a very similar crystal lattice and have two inde-
pendent molecules in one asymmetric unit. Fig. 1A is the
overall view of one of the QW9wt/HLA-B*5801 complexes in
crystal structure. The most interesting feature of these three
QWO9/HLA-B*5801 complex structures is that the conforma-
tion of the middle portion of the bound peptide appears
varied (Fig. 1B), even between the two independent mole-
cules in the same crystal structure (Fig. 1C-E). It is not
uncommon to have a highly exposed residue at the center of
the presenting peptide on the HLA molecule to have its side
chain flexible (Ladell et al., 2013). Our unique observation is
that among these six QW9/HLA complexes in three crystal
structures, the peptide residue K7 can be modeled outwards
in two cases (Fig. 1C for QW9wt-1 and Fig. 1D for QW9-
E5D-2), but buried inwards in another two cases (Fig. 1C for
QW9wt-2 and Fig. 1E for QW9-S3T-2). It should be
emphasized that despite the weak density of the long and
floppy side chain, the density for the main chain conforma-
tion and the Ca-Cp direction of the K7 residue in Fig. 1C-E is
actually convincing enough for the assignment of its side
chain to be outwards (convex-shaped main chain in Fig. 1C
for QW9wt-1 and Fig. 1D for QW9-E5D-2) or inwards (con-
cave-shaped main chain in Fig. 1C for QW9wt-2 and Fig. 1E
for QW9-E5D-2).

The above structural data imply that unlike those
anchoring residues (W9 in QW9 as a typical example, see
Fig. 1B), the conformation of the central protruding residues,
K7 in particular, can actually be in a dynamic distribution.
This is probably because the whole protruding and mobile
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Figure 1. Structures of HLA-B*5801 complex with QW9 and its variants. (A) Overall view of the structure of QW9wt/HLA-B*5801.
The heavy chain is in green and the B2m domain is in cyan. The peptide QW9wt is in a yellow stick model. (B) Overlay of structures of
HLA-B*5801 loaded with wild-type QW9 and its variants, E5D and S3T. The front helix of HLA has been removed for clarity. (C-E)
The 2Fo-Fc difference maps for the bound peptide only. Shown here are peptides in six independent peptide/HLA-B*5801 complexes
of three crystal structures determined. The map is contoured at 0.9 o level. Note that in Fig. D and E, the densities of QW9-E5D-1 and
QW9-S3T-1 are too weak to assign the long floppy side chain of K7. Only Ala is modeled instead. But their main chain conformations
are in convex shape, indicating that the flexible side chain of K7 should point outwards. (F) The peptide-binding mode. Shown here is
the hydrogen-bonding network between peptide and HLA molecule for three representative structures. Hydrogen bonds are shown in
magenta dash lines. The magenta-colored balls are water molecules. HLA-B*5801 and its residues are in green and QW9 is in yellow
stick model. The important residues on QW9 and the variants are labeled in red. Again the front helix of HLA has been removed for
clarity.
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Figure 2. Comparison between HLA-B*5801 and HLA-B*5301. (A) Sequence alignment of HLA-B*5801 and HLA-B*5301
(residues 61-72). Only eight residues differ between the two HLA molecules, and the residue R65 which contributes to the large
positive area in HLA-B*5801 is labeled with a star. (B) Ribbon drawing of HAL-B*5801 molecule viewing down the peptide-binding
groove from the TCR perspective. The distinct residues between HLA-B*5801 and HLA-B*5301 are in red region and cluster at the
al-helical region of HLA molecule. The R65 is labeled and highlighted as sticker here. (C and D) Electrostatic potential surface
representation in the same view as in the ribbon drawing in B, for HLA-B*5801 and HLA-B*5301 (PDB: 1A1M), respectively. The red
color represents negative potential, the blue positive and the while color neutral. The most remarkable distinction between HLA-

B*5801 and HLA-B*5301 is highlighted as a circle.

portion of the peptide (residues 6 to 8) gives the central K7
enough room for flexibility. It is possible that during the
peptide loading process, the K7 residue can populate in
statistically different conformations, either fluttering on the
peptide/HLA surface or embedded in the anchoring pocket of
the peptide-binding groove. Fig. 1C-E reflect what are cap-
tured in crystallization. It should be extremely interesting to
explore, in the future, how the dynamic features of this
peptide presentation by its restricting HLA molecule would
affect TCR recognition in the context of host control of HIV-1
infection.

The side chain of QW9 residue E5 is fully buried inside
the binding-groove, whereas residue S3 has its hydroxyl
group semi-exposed (Fig. 1B and 1F). Fig. 1F demonstrates
the QW9 specific binding mode in the peptide-binding
groove of HLA-B*5801 in three representative complexes.
lllustrated in this figure is a hydrogen-bonding network,
mediated by three conserved bound water molecules within
the groove. Comparing E5 in the structure of QWOwt/HLA-
B*5801 (Fig. 1F, left panel) with D5 in the structure of QW9-
E5D/HLA-B*5801 (Fig. 1F, middle panel), they both form
three hydrogen bonds in the binding groove. Apparently the
mutation of E5D does not change this binding pattern. The
mutation S3T is somewhat complicated. First of all, the
replacement of S3 to T3 does not noticeably change the
location the hydroxyl group, as shown in Fig. 1B. The “extra”
methyl group in QW9-S3T/HLA-B*5801 appears buried and
occupies a space near the bound water labeled as a blue
“W” in Fig. 1F (right panel). Comparing QW9wt/HLA-B*5801
(Fig. 1F, left panel) with QW9-S3T/HLA-B*5801 (Fig. 1F, right
panel), this “extra” methyl group does not seem to affect the
overall conformation of QW9/HLA-B*5801. In other words,
from a structural point of view, this “extra” methyl group in
S3T mutation does not seem to affect peptide presentation.

To sum up, we may have provided a structural rationale as to
why the naturally occurring E5D and S3T mutations would
not be expected to significantly alter presentation and
recognition of epitope QW9 presented by HLA-B*5801
(Navis et al., 2007).

The genes coding for the heavy chain of HLA molecules
are highly polymorphic, which determines differential pep-
tide-presentation and TCR-recognition. The sequence vari-
ation between the HIV-1 “protective” allele HLA-B*5801 and
the deleterious allele HLA-B*5301 is eight residues (Fig. 2A),
which cluster on the a1-helical region of the heavy chain
shown in red in Fig. 2B. Fig. 2C and 2D demonstrate the
electrostatic potential surface representation for HLA-
B*5801 and HLA-B*5301, respectively. The view is down
from the TCR perspective, identical as the ribbon drawing of
HLA-B*5801 shown on Fig. 2B. As expected, the most
remarkable distinction between HLA-B*5801 and HLA-
B*5301 is at the top left region (shown as a circle in Fig. 2C
and 2D), corresponding to the sequence variable area
between HLA-B*5801 and HLA-B*5301 (the middle portion
difference between Fig. 2C and 2D was basically from the
bound peptides). This is the region that is contacted more by
the TCR complementary-determining region 1a (CDR1a
loop and also the CDR3a loop in a common pMHC/TCR
docking mode that was first identified in 1998 (Teng et al.,
1998). This canonical binding mode is now seen in over 50
uniqgue pMHC/TCR structures determined. The TCR will use
its germline-derived CDR1 and CDR2 loops to contact
genetically encoded polymorphic helical regions of MHC
molecule, and its V(D)J-recombined CDRS3 loop in the center
of the complex for antigenic peptide recognition (Adams
et al., 2016).

In T cell immunity, MHC-restriction means that a TCR not
only recognizes antigenic peptide, but also directly interacts
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with the specific MHC molecule that presents this particular
peptide. The surface representation shown in Fig. 2C and/or
2D is the combined recognition surface, and the top left
corner difference between these two figures is what HLA-
B*5801 and HLA-B*5301 would differentially contribute to
stimulate disparate TCR molecules. It should be emphasized
that the exposed R65 in HLA-B*5801 (star-marked in Fig. 2A
and shown in Fig. 2B as a stick model) as opposed to Q65 in
HLA-B*5301 must be the important factor to give rise to the
large positive area in the region for HLA-B*5801. This area is
more likely to be contacted by CDR1a loop of a TCR, a
germline-derived structural element. Our immunological data
show that even sequences encoding the CDR3 loop were
significantly more “germline-like’ used by controllers than
those used by progressors (Chen et al., 2012). The advan-
tage here may be related to a greater ability to recognize
mutational variants of an epitope. These should all contribute
to the host control of HIV-1 infection. It should also be
emphasized that more of the 8-residue differences between
HLA-B*5801 and HLA-B*5301 are involved in peptide-bind-
ing, which may not show up on the surface and hence not be
directly engaged in TCR contacts. These HLA residues
determine which peptide to present. While some distinct
HLA-alleles can present the identical peptide, the polymor-
phism may cause disparate HLA molecules to have different
peptide binding affinities and binding kinetics, which will also
affect TCR recognition (Kloverpris et al., 2013).

In summary, we have reported the first crystal structure of
HLA-B*5801 loaded with an immunodominant antigenic
peptide QW9 derived from HIV Gag protein. The unique
observation is that the central peptide residue K7 can
assume either a buried conformation in peptide-binding
groove or an exposed one. This dynamic may affect TCR
recognition. We have also provided a structural rationale for
why natural mutations of E5D and S3T can elicit a similar T
cell response as the wild type QW9 does. Comparing the
surface representation between HLA-B*5801 and HLA-
B*5301, we have discussed how these two HLA alleles may
contribute differently to host control of HIV-1 infection.

FOOTNOTES

We would like to thank Kemin Tan at 191D beamline of the Advanced
Photon Source at the Argonne National Laboratories for the help in
X-ray data collection. We also thank Huabiao Chen for his helpful
discussions. The work was supported by a Ragon Innovation Award
to Jia-huai Wang, and Harvard University Center for AIDS Research
(CFAR, P30 Al060354) to Bruce Walker. Xiaolong Li, Pedro A.
Lamothe, Robert Ng, Shutong Xu, Maikun Teng, Bruce D. Walker
and Jia-huai Wang declare that they have no conflict of interest. This
article does not contain any studies with human or animal subjects
performed by the authors.

Xiaolong Li"?, Pedro A. Lamothe®, Robert Ng®
Shutong Xu?, Maikun Teng', Bruce D. Walker®*™
Jia-huai Wang'-2%*

1 School of Life Sciences, University of Science and Technology of
China, Hefei 230027, China

2 Department of Medical Oncology and Cancer Biology, Dana-
Farber Cancer Institute, Harvard Medical School, Boston, MA
02215, USA

3 Ragon Institute of Massachusetts General Hospital, Mas-
sachusetts Institute of Technology, Harvard University, Boston, MA
02139, USA

# Howard Hughes Medical Institute, Chevy Chase, MD 20815, USA

5 Department of Pediatrics and Department of Biological Chemistry
and Molecular Pharmacology, Harvard Medical School, Boston,
MA 02115, USA

8 Present address: Biomarin Pharmaceutical, 790 Lincoln Ave, San
Rafael, CA 94901, USA

P4 Correspondence: bwalker@mgh.harvard.edu (B. D. Walker),
jwang@crystal.harvard.edu (J. Wang)

OPEN ACCESS

This article is distributed under the terms of the Creative Commons
Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

REFERENCES

Adams JJ, Narayanan S, Birnbaum ME, Sidhu SS, Blevins SJ, Gee
MH, Sibener LV, Baker BM, Kranz DM, Garcia KC (2016)
Structural interplay between germline interactions and adaptive
recognition determines the bandwidth of TCR-peptide-MHC
cross-reactivity. Nat Immunol 17:87-94

Buseyne F, Stevanovic S, Rammensee HG, Riviere Y (1997)
Characterization of an HIV-1 p24gag epitope recognized by a
CD8+ cytotoxic T-cell clone. Immunol Lett 55:145-149

Buseyne F, Chaix ML, Rouzioux C, Blanche S, Riviere Y (2001)
Patient-specific cytotoxic T-lymphocyte cross-recognition of nat-
urally occurring variants of a human immunodeficiency virus type
1 (HIV-1) p24gag epitope by HIV-1-infected children. J Virol
75:4941-4946

Chen H, Ndhlovu ZM, Liu D, Porter LC, Fang JW, Darko S,
Brockman MA, Miura T, Brumme ZL, Schneidewind A et al (2012)
TCR clonotypes modulate the protective effect of HLA class |
molecules in HIV-1 infection. Nat Immunol 13:691-700

Currier JR, Harris ME, Cox JH, McCutchan FE, Birx DL, Maayan S,
Ferrari G (2005) Immunodominance and cross-reactivity of

764 © The Author(s) 2016. This article is published with open access at Springerlink.com and journal.hep.com.cn


http://orcid.org/0000-0003-3478-829X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Crystal structure of HLA-B*5801

LETTER

B5703-restricted CD8 T lymphocytes from HIV type 1 subtype
C-infected Ethiopians. AIDS Res Hum Retroviruses 21:239-245

Deeks SG, Walker BD (2007) Human immunodeficiency virus
controllers: mechanisms of durable virus control in the absence
of antiretroviral therapy. Immunity 27:406—416

Kloverpris HN, Stryhn A, Harndahl M, Payne R, Towers GJ, Chen F,
Riddell L, Walker BD, Ndung'u T, Leslie A et al (2013) HLA-
specific intracellular epitope processing shapes an immunodom-
inance pattern for HLA-B*57 that is distinct from HLA-B*58:01.
J Virol 87:10889-10894

Ladell K, Hashimoto M, Iglesias MC, Wilmann PG, McLaren JE,
Gras S, Chikata T, Kuse N, Fastenackels S, Gostick E et al
(2013) A molecular basis for the control of preimmune escape
variants by HIV-specific CD8+ T cells. Immunity 38:425-436

Navis M, Schellens |, van Baarle D, Borghans J, van Swieten P,
Miedema F, Kootstra N, Schuitemaker H (2007) Viral replication
capacity as a correlate of HLA B57/B5801-associated nonpro-
gressive HIV-1 infection. J Immunol 179:3133-3143

Electronic supplementary material The online version of this
article (doi:10.1007/s13238-016-0309-y) contains supplementary
material, which is available to authorized users.

O’Brien SJ, Gao X, Carrington M (2001) HLA and AIDS: a cautionary
tale. Trends Mol Med 7:379-381

Pereyra F, Jia X, McLaren PJ, Telenti A, de Bakker PI, Walker BD,
Ripke S, Brumme CJ, Pulit SL, Carrington M et al (2010) The
major genetic determinants of HIV-1 control affect HLA class |
peptide presentation. Science 330:1551-1557

Teng MK, Smolyar A, Tse AG, Liu JH, Liu J, Hussey RE, Nathenson
SG, Chang HC, Reinherz EL, Wang J-H (1998) Identification of a
common docking topology with substantial variation among
different TCR-peptide-MHC complexes. Curr Biol 8:409-412

Walker BD, Yu XG (2013) Unravelling the mechanisms of durable
control of HIV-1. Nat Rev Immunol 13:487-498

Zhao G, Perilla JR, Yufenyuy EL, Meng X, Chen B, Ning J, Ahn J,
Gronenborn AM, Schulten K, Aiken C et al (2013) Mature HIV-1
capsid structure by cryo-electron microscopy and all-atom
molecular dynamics. Nature 497:643-646

Zinkernagel RM, Doherty PC (1997) The discovery of MHC
restriction. Immunol Today 18:14-17

© The Author(s) 2016. This article is published with open access at Springerlink.com and journal.hep.com.cn 765

©
&)
o3
=
(]
e
(o]
|
o



http://dx.doi.org/10.1007/s13238-016-0309-y

	Crystal structure of HLA-B*5801, a protective
HLA allele for HIV-1 infection

	References




