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Abstract

Introduction: The MHC-peptide interaction has a subtle influence on host
resistance to virus. This paper aims to study the relationship between
MHC-peptide interaction and MHC-related virus-resistance.

Methods: By 3D homology modeling, the structure of chicken BF2 molecule
BF2*0201 (PDB code: 4d0d) was studied and compared with the known
structures of BF2 molecule BF2*0401 (PDB code: 4e0r) to elucidate the
characteristics of BF2*0201-binding antigenic peptides.

Results: The results show that due to the amino acid difference between the
two binding groove of 4e0r and 4d0d, the size of the binding groove of the two
are 1130 A3 and1380 A3 respectively, indicating the amino acid species that
4e0r binding peptide has lower selectivity than 4d0d; and because of large side
chain conformation of Arg (especially Argl11) of 4e0r replaced by small side
chain Tyr111 of 4d0d, the volume of central part of the binding groove of 4d0d
is obviously larger than that of 4e0r, indicating that the restrictive of binding
antigenic peptides for 4d0d is narrower than that of 4e0r; and on account of
the chargeability of the binding groove of the two are different, namely the
binding groove chargeability of 4e0r (strong positive polarity) and 4d0d (weak
negative polarity).

Conclusion: There are generally more peptides presented by the BF2 of B2
haplotype than by that of B4 haplotype, leading to more resistance of B2 than
that of B4 to virus.
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1 | INTRODUCTION

With particular traits across all jawed vertebrates, the
major histocompatibility complex (MHC) has two gly-
coproteins of primary sorts binding peptides that came
from antigens of intracellular or extracellular to present
to circulating T cells and have an integral effect on im-
mune systems of innate and adaptive.’

MHC I, which provides the circumstance in which
the pathogen is identified, primarily defines the specifi-
city of adaptive immune responses. The BF genes, MHC I
of chickens, contain two classes of Ia genes: BF1 (pre-
viously designated BFI, BFII, or BF minor), BF2 (also
called BFIV or BF major) genes. Before the discovery of
the BF2 gene as a single gene presenting chicken classical
peptide antigen, considerable headway has been made in
showing the configuration of the BF2 and displaying its
function.™”

The BF2 gene in the chicken has been assumed to be
responsible for the MHC-related Rous Sarcoma (RS) or
Marek's Disease (MD) resistance in chickens.” °

B21 haplotypes are generally reported to confer the
strongest resistance to MD, B2 medium resistance, and
B4 weak resistance.””* For RS, B21 and B2 haplotypes
have stronger resistance than B4.””'’

The objective of this study was to study the structure
of BF2 molecule BF2*0201 of the B2 haplotype, which
was compared with that of the B4 to elucidate the
characteristics of BF2*0201-binding antigenic peptides,
and with the characteristics of BF2*2101-binding anti-
genic peptides in previous literature,’’ to further in-
vestigate the relationship between MHC—peptide
interaction and resistance to virus in chickens.

2 | MATERIALS AND METHODS
2.1 | Comparison of amino acid
sequences of 4d0d/4e0r

The amino acid (AA) sequences of 4d0d (BF2*0201-VLS)
and 4e0r (BF2*0401-IE8) were procured from Protein Data
Bank (PDB) respectively, which include A chain, B chain,
and C chain. For fasta files of 4e0r AA sequences, DNAMAN
version 5.0 software was used to compare al—a2 super-
domain of A chain with that of 4d0d amino acid sequences.

2.2 | Comparison of DSSP of 4d0d/4e0r

The definition of the secondary structure of proteins
(DSSP) of 4d0d/4e0r was procured from the PDB website.
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The differences of DSSP between 4d0d/4e0r on A chain,
B chain, and C chain were analyzed.

2.3 | Comparison of carbon backbone of
4dod/4e0r

The carbon backbone of 4d0d/4e0r was compared, and
the root mean square error (RMSD) value of which was
compared.

24 | Comparison of peptide binding
grooves of 4d0d/4e0r

Structural figures and electrostatic potential surfaces of
4d0d/4e0r were obtained by the 3D molecular model
(PyMOL) version 1.7 software molecular graphics sys-
tem, and they were compared visually with each other
under the same magnification. By using PyMol v1.7
software, the amino acids of peptide binding grooves
were eventually identified. The comparison of 4d0d/4e0r
in properties of the pocket of the binding grooves was
well described in previous literature."'

2.5 | Comparison of the mode of
interaction between peptide and binding
grooves of 4d0d/4e0r

The comparison of 4d0d with 4e0Or of differences of the
3D modes of interaction between peptide residue and
pocket was carried out using the PyMol v1.7 software.

3 | RESULTS

3.1 | General structure of 4d0d/4e0r

The 4d0d was solved by 4e0Or as a reference model
(Figure 1A'*"%). Superposition demonstrates that the
structure of the 4d0d molecule'” is remarkably similar to
that of the 4e0r molecule (Figure 1B), with RMSD be-
tween positions of the carbon backbone of A chain of
0.674 A (Figure 1C), and between positions of ol/a2
domains of 0.550 A (Figure 1D), and between positions of
carbon backbone of the B chain of 0.339 A (Figure 1E),
and an identical orientation of the f2m domains. Al-
though the amino acid sequences of 4e0r and 4d0d have
significant differences (Figure 2D, E), the secondary
structure of some amino acids in the DSSP of the two is
different accordingly. Not only that, but even big
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FIGURE 1 The structure of the chicken
MHC I molecule BF2*0401(PDB code: 4e0r)
and its comparison with BF2*0201(PDB code:
4dod). (A) The overall structure of chicken
BF2*0401, a typical MHCI structure.

(B) Superimposed Ca-traces of chicken
BF2*0201-VL8 (blue), BF2*0401-IE8 (purple).
It shows that the overall structures of the two
chickens MHC I are very similar.

(C—E) Carbon backbone deviation analysis of
BF2*0201-VL8 and BF2*0401- IE8. (C) The
ratio of the carbon backbone of the A chain.
(D) The ratio of the carbon backbone of the
al-a2 chain. (E) The ratio of the carbon
backbone of the B chain

differences were apparent in the ratio of the carbon
backbone within the two molecules (Figure 1C).

3.2 | Compared with 4e0r, 4d0d has a
relatively broad binding groove

The structures of 4d0d and 4e0r are presented in the form
of molecular surfaces. Most of the 4d0d’ binding grooves
have been covered by the 4e0r, that is to say, pockets A,
D, E, and F. Similar to most MHC I molecules but unlike
4d0d, 4e0r has unique pockets A—F (Figure 2A—C).
Pocket A of 4d0d/4e0r is exactly the same. Although
the number of residues in pocket B is the same, the types
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are different. The properties of pocket C and pocket B are
the same, and pockets D, E, and F vary both in number
and type, especially 4d0d'F pocket has more than one
hole to 4e0r’, and residues of Tyr110, Met113, Alall4,
Tyr115, and Leul57 were found in the peptide-binding
groove of the 4d0d while residues of Ile121 and Phe130 in
the 4e0r.

It is the change of spatial configuration caused by
these different aa residues that made the binding
groove size of 4e0r (1130 A3)/4d0od (1380 A3) difference
by 250 A3 in volume (Figure 2A—C). This indicates a
significant difference of 4d0d/4eOr, and 4d0d has a
relatively broad binding groove, as described by
Chappell et al.'”
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FIGURE 2 The peptide-binding groove of BF2*0201and its comparison with BF2*0401. Comparison of the peptide-binding grooves
between BF2*0201 and BF2*0401, illuminating a relatively large binding groove of BF2*0201 and an extremely narrow groove of BF2*0401.
(A, B) Molecular surfaces (gray) of the peptide-binding grooves of BF2*0201 (A), BF2*0401 (B) with the peptides (VL8, IE8 colored in blue
and purple, respectively). The N-(P1) and C-(P8) termini of the peptides are marked. Pockets in each groove are sequentially labeled
A—-F. (C) The surface of the BF2*0201-VL8 binding groove is superimposed onto that of BF2*0401-IE8. BF2*0201-VLS8 is shown in blue,
while BF2*0401-1E8 is purple. (D, E) Structure-based amino acid sequence alignment of the al-a2 domains of BF2*0201 and BF2*0401, with
the secondary structure elements indicated above. Conserved residues are highlighted in red

3.3 | Comparison of the properties of
the pockets of 4d0d/4e0r peptide-binding
grooves

By analyzing the pockets of 4d0d and 4eOr peptide
grooves, we found that the hydrophobic character of
pockets A, B, D, E, and F of both 4d0d and 4eOr is
dominant, but the pockets C of 4e0r were mainly hy-
drophilic, while that of 4d0d equally hydrophilic and
hydrophobic. About chargeability, pocket A of both is
the same without charge, Asp24 of 4d0d in pocket B
produces negative charge, while there has no charge in
that of4eOr, and Asp73 of 4d0d in pocket C produces
negative charge, and all they have in common is a
positive charge of Arg9, and Argl52 of 4e0r in pocket D
has a positive charge, whereas there is this something
that only the public positive charge of Arg in that of

4d0d, the 4e0r in the pocket as well as the public
positive charge of Arg9 has both positive and negative
charges from Arglll and Glul49, while is this some-
thing that only the public positive charge from Arg in
that of 4d0d, and the 4d0d’ F pocket owns a positive
charge that comes from Arg83 and Lysl143, while
Arg80, Arg83, and Lys143 that produce positive char-
ges in that of 4e0r.

3.4 | Specific amino acids in the
peptide-binding groove make the central
part of the binding groove of 4d0d
extremely broad

The 4d0d has Arg9 (positively charged) at the bottom of
the groove, with long flexible side chains, as well as the
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FIGURE 3 Peptide binding groove
amino acid and molecular surface of
BF2*0201and BF2*0401. (A) Peptide binding
groove amino acid of BF2*0201. (B) Peptide
binding groove amino acid of BF2*0401.

(C) Peptide binding groove molecular surface
of BF2*0201. (D) Peptide binding groove
molecular surface of BF2*0401

negative Asp24 and Asp73 (Figure 3A), while the 4e0r
has charged Arg9 and Argll1 (positively charged) at the
bottom of the groove, with long flexible side chains, and
the Arg80 in the pocket F at the bottom of the groove
(Figure 3B). It is the effect of smaller side-chain con-
formation of Tyr111 in 4d0d (Figure 3A) than that of Arg
(especially Arglll,) in 4e0r (Figure 3B) that makes the
central part of the binding groove of 4d0d peptide
broader than that of 4e0r (Figure 3C, D) which can be
compounded by that binding groove contained only
6 tyrosine residues (6/37) in 4e0r while 12 tyrosine re-
sidues (12/39) in 4dod.

3.5 | Compare the peptide presentation
motifs of 4d0d/4e0r

The major function of the BF2 molecule is to present
antigenic peptides. The more peptides presented, the
stronger the resistance of the BF2 molecule. The pep-
tide presentation motifs of BF2*0401 are as follows:
x-(D or E)-x-x-(D or E)-x-x-E.” The eight-peptide IE8 of
4e0r was consistent with this rule. But the peptide
presenting rule of BF2*0201 has not been studied yet.
According to the BF2*0201 may be bound to peptide
VL8 (VIFPAKSL) or YL9 (YPYLGPNTL),” it is specu-
lated that BF2*0201 can bind an exceedingly large
variety of peptides, with relaxed peptide motifs and
wide peptide repertoires.

5of 8
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3.6 | Compare the corresponding
relationship between peptide residues and
4d0d/4e0r'pockets

The bound antigenic peptides of 4d0d and 4e0r are both
8mer peptides, and the corresponding amino acids of the
pockets are different: for 4d0d (Figure 4A—C, G—I), they
are P1Val-pocket A, P2Ile-pocket B, P5Ala-pocket C,
P3Phe-pocket D, P6Lys-pocket E, and P8Leu-pocket F;
while for 4e0r (Figure 4D—F, J—L), they are P1Ile-pocket
A, P2Asp-pocket B, P5Asp-pocket C, P3Trp-pocket D,
P6Gly-pocket E, and P8 Glu-pocket F, respectively. Due
to the difference in the number of peptides, the binding
of peptides and pockets does not conform to the rule of
human HLA. However, we found that the corresponding
amino acid positions of the pockets of 4d0d and 4e0r are
the same.

3.7 | Compare the MHC—peptide
interaction of 4d0d and 4e0r

One salt bond and 14 hydrogen bonds were formed be-
tween peptide and binding groove in 4d0d, while in 4e0r
23 hydrogen bonds and 4 salt bonds. The latter had more
hydrogen bonds with binding grooves, which may make
the binding more firm. The grooves are weakly nega-
tively charged and tend to bind to positively charged
peptides to some extent by the Arg9 (positively charged
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FIGURE 4 Corresponding relationships of pockets and
amino acids in BF2*0201 and BF2*0401, respectively.

(A) Pocket A and corresponding amino acids of BF2*0201.
(B) Pocket B and corresponding amino acids of BF2*0201.
(C) Pocket C and corresponding amino acids of BF2*0201.
(D) Pocket A and corresponding amino acids of BF2*0401.
(E) Pocket B and corresponding amino acids of BF2*0401.
(F) Pocket C and corresponding amino acids of BF2*0401.
(G) Pocket D and corresponding amino acids of BF2*0201.
(H) Pocket E and corresponding amino acids of BF2*0201.
(I) Pocket F and corresponding amino acids of BF2*0201.

(J) Pocket D and corresponding amino acids of BF2*0401.
(K) Pocket E and corresponding amino acids of BF2*0401.
(L) Pocket F and corresponding amino acids of BF2*0401.

residues), Asp24, and Asp73 (both negatively charged
residues) of 4d0d, its Arg9 produced one hydrogen bond
with peptide P3Phe, P4Pro peptide bonds, and Tyr97, and
itsAsp24 produced two hydrogen bonds with Tyr36, and
its Asp73 produced respectively a hydrogen bond with
Asn69, Tyr22, and Asn76 (Figure 5A). However, the
Arg9, Arg80, and Argl11 (all positively charged residues)
of 4e0r make the grooves have a strong positive charge
and are extremely easy to bind with negatively charged
peptides, its Arg9 produced respectively one hydrogen
bond with peptide P3Trp and P4Phe peptide bonds, and
produced respectively two hydrogen bonds and two salt
bonds with P2Asp, P5Asp peptide bonds, and Trp95, and

its Arg80 produced respectively a hydrogen bond with
Asn76, Arg83, Tyr84, and Alall4, and produced two
hydrogen bonds with Ser113, and produced three hy-
drogen bonds and salt bonds with P8Glu, and its Argl1l
produced one hydrogen bonds and salt bonds with P5
Asp peptide bond and Leul23 (Figure 5B). Thus, al-
though the binding force of the 4e0r molecule is stronger
than that of the 4d0d molecule, the selectivity of the
peptide is weaker than that of the 4d0d molecule.

4 | DISCUSSION

The single, dominantly expressed BF2 gene in the
chicken is postulated as responsible for the MHC-related
RS or MD resistance in chickens.” © In this study, two
points illuminate principles of MHC—peptide interac-
tion, each of which may help in understanding the pro-
blems above.

First, the crystal structure 4d0d of the BF2*0201 from
the B2 haplotype has two negatively charged residues
(Asp24 and Asp73) and one positively charged residue
Arg9, pointing upward from the beta chain which forms
the base of the binding groove. The resulting groove
tends to be both negative charge and positive charge,
which should explain both positive charge and negative
charge peptide motif that can be determined by B2
haplotype, while the 4e0r of B4 haplotype exists as a
highly positively charged surface that has not so far been
observed in other MHC molecules,”'” which has unique
positive charge groove to bind some negative charge
anchor residues. Due to the amino acid difference be-
tween the two binding grooves, the size and chargeability
of the binding groove of them are different, leading to
different selections of binding peptides.

Second, there are the shorter side chain Argl11 in the
4d0d peptide-binding groove of BF2*0201 than side chain
Tyr111 in the 4e0r peptide-binding groove of BF2*0401,"’
and there are some differences of specific amino acids
between Arg9, Arg80, and Arglll in the 4e0Or peptide-
binding groove of BF2*0401'° and Arg9, Asp24, and
Asp73 in the 4d0d peptide-binding groove of BF2*0201.
Therefore, the middle of the binding groove of BF2*0201
becomes obviously wider and the bound restriction of
amino acid becomes less.

In this study, the configuration of BF2*0201 that
leads to a relatively promiscuous motif was focused
on,”'” presenting peptides to T cells on the cell surface,
compared with that of BF2*0401."” Thus, the BF2 of the
B2 usually presents more peptides than that of the B4,
leading to resistance to pathogens, for example, Rous
Sarcoma virus and Marek's Disease Virus. In previous
literature,"’ there are generally more peptides presented
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FIGURE 5 Hydrogen bonds of three
important specific amino acids of BF2*0201 and
BF2*0401, respectively. (A) The Arg9, Asp24,
and Asp73 of BF2*0201 make the groove weak
negative charge and, to some extent, tend to
combine with the positively charged peptide. (B)
The Arg9, Arg80, and Argl1l of BF2*0401 make
the groove strong positive charge and extremely
tend to combine with the negatively charged
peptide.

Open Access,

by the BF2 of B21 than by that of B2 haplotypes, so B21
has stronger host antiviral ability than B2 haplotype.
This is basically consistent with results—B21 haplo-
types have the strongest resistance to MD, B2 medium
resistance, and B4 weak resistance,”'*!'" and B21,
and B2 haplotypes confer stronger resistance to RS
than B4.”7"°
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