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Positional Effect of Amino Acid
Replacement on Peptide Antigens for
the Increased IFN-y Production from
CDAT Cells

Tianyi Liu!, Hitoshi Kohsaka?, Motoharu Suzuki!, Rie Takagi!, Kumiko Hashimoto!,
Yasushi Uemura!, Hideki Ohyama! and Sho Matsushita!

ABSTRACT

Background: Based on the fact that site-specific amino acid replacement on peptide antigens stimulated T
cell clones to produce increased amount of IFN-y, we investigated this structure-function relationship, using
various peptide analogues.

Methods: We used three human ThO clones (BC20.7,BC33.5 and BC42.1) that express distinct TCRo and
TCRB chains, but recognize the same TCR ligand ; i.e., the same framework of peptide antigen BCGa p84-100
in the context of DRB1°1405. These T celis were stimulated with various peptide analogues, followed by deter-
mination of proliferative responses and IFN-y production.

Results: Replacement of Leu at peptide position 2 (P2) by amino acids which are less hydrophobic than the
wild type (Val, Ala) or those with similar structural or neutral charge (Thr, Ser), induced increased IFN-y produc-
tion from T cells. This phenomenon was associated with structural features of TCR, especially the length of
CDR3 region of TCRa.. Amino acid replacement at the other positions did not induce increased IFN-y produc-
tion.

Conclusions: Amino acid substitution at P2 frequently induces increased IFN-y production in a clone-specific

manner, which is associated with the structure of CDR3 in TCRVa chains.
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INTRODUCTION

Recent studies showed that T cell activation is not an
all-or-none type of event ; rather, qualitative changes
in T cell responses can be induced by amino acid sub-
stitutions by either MHC molecules or antigenic pep-
tides, i.e., TCR ligands. Flexibility in recognition re-
sults in T-cell activation in'the absence of a prolifera-
tive response, which is designated by the following
terminology as demonstrated in previous studies by
our group and others : partial agonism,! TCR antago-
nism, ¢ anergy,3 survival4 and cytokine-specific up-
regulation,>6

Amino acid residues on antigenic peptides have
been roughly divided into two groups ; one that is
important for binding to TCR (T cell epitope), and the
other that is important for binding to MHC (MHC an-
chor). However, the crystal structure of the human
class II HLA-DR1 complexed with the influenza pep-
tide reported by Stern et al.”7 demonstrated that all
the amino acid residues of the influenza virus peptide
physically made contact with both HLLA and TCR,
with the exception of only one residue at the amino
terminus which is buried deeply in the groove of
class II, hence, there is no possibility for interaction
with TCR.
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In our previous studies, single amino acid substitu-
tions on a group | allergen in the Cryptomeria japon-
ica -derived peptide resulted in a significant increase
in IFN-y production, with no remarkable changes
either in proliferative response or 11.-4 production.5 In
this study, by using various analogue peptide species,
we stimulated three human ThO clones that exprcss
distinct TCRa and TCRB chains, but recognize the
same TCR ligand, and tried to determine the
structurc-function relationship that leads to increased
IFN-y production from T cells.

METHODS

SYNTHESIS OF PEPTIDES

The wildtype BCGa p 84-100 ( EEYLILSARD-
VLAVVSK) and its analogue were synthesized using
a solid-phase simultaneous multiple peptide synthe-
sizer PSSM-8 (Shimadzu Corp., Kyoto, Japan), and
were purified by C18 reverse-phase HPLC (Milli-
pore).

T CELL CLONES

BCGa p84-100-specific T cell lines were established
as described.8 Three human CD4+ T cell clones {(BC
20.7,BC33.5 and BC42.1) specific to BCGa p84-100+
DRA/DRB1°1405, yet bearing distinct TCRp (BV13S3
,BV6S1 and BV5S54, respectively ; )8 established from
PBMC of a BCG-primed healthy individual as de-
scribed elsewhere,* were used throughout the study.
T cells were fed 50 U/ml human rIL-2 and irradiated
autologous PBMC prepulsed with the wild-type
BCGa p84-100 on a weekly basis.

ASSESSMENT OF T-CELL RESPONSES
Antigen-induced proliferation of the T cell clones
were assayed by culturing the T cells (3x104/wcll) in
96-well flat-bottomed culture plates in the presence of
a peptide (s) and irradiated PBMC (1.5x105/well), us-
ing RPMI 1640 medium (Gibco, Grand Island, N.Y.)
supplemented with 2 mM L-glutamine, 100 units/ml
of penicillin, 100 pg/ml of streptomycin, and 10%
heat-inactivated autologous plasma. For the prolifera-
tion assay, cells were cultured for 72 hr in the pres-
ence of 1 uCi/well of[3H }thymidine during the final
16 hrs. Culture supernatants collected immediately
before the addition of[3H]}thymidine were used to de-
termine lymphokine concentrations, using hGM-CSF
ELISA kits (R&D systems) and hIFN-y ELISA kits
(Otsuka,Tokyo,Japan).

DETERMINATION OF TCRA GENE USAGEBY T
CELL CLONES

To determine TCRVA gene usage of the T cell clones
that were cultured with irradiated autologous PBMC,
RNA were extracted from the cell mixture, and con-
verted to ¢cDNA. TCRA variable region cDNA were
amplified with anchored PCR as described previously
for amplification of TCRA variable region cDNA.Y A
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Table 1 A panel of labeled TCRAV-specific oligonucleo-
tide probes

AV gene sequence pool
AV4, 20 TGCTAAGACCACA/CCAGCC A
AVil TCTTCAGAGGGAGCTGTG A
AV2 ATCCTTGAGAGTTTTACT B
AV8a CCATTCGAGCTGTATTTA B
AV8b GCATTCGAGCTTTATTTA B
AV15 CATTTGCTGGATTTTCGT B
AV17 GATCTTAGGAGCATCATT B
AV21 TGGGGGCATCAGTGCTGA B
AV3 GAGAAGAGGATCCTCAGG c
AV5 ACTATTCTCCAGCATACT c
AV10 CCGTGTCCATTCTTTGGA Cc
AV13 GAGAGGAATACAAGTGGA C
AV1i9 CAATTTTTGTTGGCTATT c
AV24 AGCATCTGACGACCTTCT Cc
AV25 TCCTTGAACATTTATTAA C
AV26 CCTAGGGATATTGGGGTT C
AV27 GAAAAAACTATACCATCT C
AV29 CAGGCACCTTGTTGTGGC c
AV32 ACTCATCACATCAATGTT C
AVig CTTTGGCAGCCCCATTAC D
AV23 GAGACCCTCTTGGGCCTG D
AV28 ACTAACTTTCGAAGCCTA D
AV30 GGAGTGTGCATTCATAGT D
AV7 GGAGGCACTA/GCAGGACAA E
AV6 ACAGCTTCACTGTGGCTA F
AVi12 TGCCAGCCTGTTGAGGGC F
AVi4 GTGA/GTCTCCACCTGTCTT F
AVia CTCCTGTTGCTCATACCA G
AV1ib CTCCTGCTGCTCGTCCCA G
AVic CTCCTGGAGCTTATCCCA G
AV9 AAGCCCACCCTCATCTCA G
AV16 GCCTCTGCACCCATCTCG G
AvV22 CTGATACTCTTACTGCTT G
AV31 CCTCTCTGGACTTTCTAA G

Oligomucleotide probes specific to TCRAV family genes, De-
generated probes were used to specify AV4 and AV20, AV7, and
AV14 families. Three probes for AV1 family, and two probes for
AV8 family were required to specify all members of each family.
These probes were grouped inio seven pools (pool A to G) de-
pending on sequence similarity.

primary PCR was followed by two sequential nested
PCR. TCRAC-specific primers used for primary PCR,
nested PCR, and final PCR were CA4 (5-CAG AAT
CCT TAC TTT GTG AC), CA3 (5°-ATC GGT GAA
TAG GCA GAC AG), and biotinylated CA5 (5'- CAC
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Table 2 TCRVA and TCRVB usage of BC clones

BC clone TCRVA TCRVB B
20.7 (AV25S1)FCAGHNAG(AJ1483) (BV1283)CASRQAGTAYE(BJ287)
33.5 (AV3S1)FCATERGQ(AJ1352) (BV6S1A1)CASSPTGTANT(BJ151)
42 1 (AVBS1A1)FCAASLDNY(AJ126) (BV5S1A1)CASRRSTGE(BJ2S2)

TCRVA and VB usage are shown, with amino acid sequences in the N(D)N region.

TGG ATT TAG AGT CTC TC), respectively. A panel
of labeled TCRAV-specific oligonucleotide probes
(Table 1) were used to study TCRAV gene usage with
PCR-ELISA.!0 First, seven pools of the AV-specific
probes were hybridized with immobilized PCR prod-
ucts in microplates to find out positive wells. Then,
the products were hybridized with individual AV
probes in another set of plates to pin-point the AV
genes predominantly used by the cDNA. To clone the
entire variable region cDNA, cDNA were amplified
with CA4 and reamplified with a nested primer, CA2
(5-ACG CGT CGA CAC TGG ATT TAG AGT CTC
TC). The products were subcloned into pBluscript 11
SK+ (Stratagene, La Jolla), and recombinant clones
with the dominant VA gene were selected with dot
blot DNA hybridization using corresponding VA-
specific oligonucleotides. After sequence determina-
tion of these clones, dominant clones were selected
as cDNA for the T cell clones.

RESULTS

TCRVA AND VB SEQUENCES

TCRVA and VB sequences of three T-cell clones BC
20.7, BC33.5 and BC42.1 are shown in Table 2. The N
(D)N region sequences are shown as one-letier codes
for amino acids, between V and ] segments in paren-
theses. As described in our earlier studies, these T-
cell clones recognize BCGa p84-100 (EEYLILSARD-
VLAVVSK ; with first anchor underlined), in the con-
text of HLA-DRB1°1405.4 It is especially important to
note that N(D)N region consists of 8 and 11 residues
at TCRVA and VB of BC20.7 and BC33.5, respec-
tively, whereas that of BC42.1 consists of 9 and 9 resi-
dues, repectively.

STIMULATORY ACTIVITIES OF BCGA P84-100-
DERIVED ANALOG PEPTIDE L87V TO BC20.7

To evaluate the effects of single amino acid substitu-
tions, proliferation and lymphokine production in re-
sponse to analogue peptides were determined and
findings were compared with those seen with the
wild-type peptide. Most of the analogue peptides that
stimulated BC clones showed a pattern of lym-
phokine production similar to that for the wild-type
peptide (not shown). However, IFN-y production of
BC20.7 was increased in response lo several ana-
logue peptides at high concentration (16 yM), espe-
cially peptide L87V in which Leu is replaced by Val at
the 87th residue of the peptide BCGa p 84-100,
whereas neither T cell proliferation nor production of
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other lymphokines, showed any remarkable change ;
i.e., only the production of IFN-y was affected for rec-
ognition of the analog peptide L87V. As shown in Fig-
ure 1, to delermine whether or nol the change of
IFN-y production was due to differences in the HLA-
peptide or TCR-TCR ligand avidity between L87V and
the wild-type peptide, responses of BC20.7 to several
different concentrations of L87V were compared with
those of the wild-type peptide. In the range of concen-
trations from 0.016 uM up to 16 uM, IFN-y production
in response to L87V constanily exceeded that of the
wild-type peptide. Moreover, the plateau level of L87
V-driven IFN-y production was significantly higher.
Mean IFN-y production of BC20.7 for L87V increased
significantly in comparison to the wild-type, whereas
no statistical differences were noted in proliferative
responses between R21K and the wild-type at a range
of 0.16 uM to 16 uM. The IL4 production of BC20.7
for each analogue peptide was proportional to the
proliferative response to each peptide, at a range of
0.0016 to 16 uM (not shown). In contrast, production
of GM-CSF gradually increased, in a dose-dependent
manner throughout the range of 0.016 to 16 uM.
These data indicate that the plateau responses and
proliferation of IFN-y are not due to saturation of the
TCR ligand on the APC surface.

STIMULATORY ACTIVITIES OF BCGA P84-100-
DERIVED ANALOGUES TO THREE BC CLONES
All three T-cell clones were stimulated with ana-
logues at 16 uM, with replacements at P1 (=86Y)
through P9 (=94V). Table 3 summarizes the results,
regarding proliferative responses and IFN-y produc-
tion. P1 (=86Y) replaced by Ala (A) indicates a pep-
tide species EEALILSARDVLAVVSK. Relative IFN-y
responses are shown, where IFN-y production was di-
vided by proliferation. P1 replaced by A gave values
of 96/100/98, indicating that BC20.7,BC33.5 and BC
42.1 exhibited 96%, 100% and 98% responses respec-
tively, as compared with the wild-type. Asterisks indi-
cate peptide species that did not exert full agonistic
aclivity ; 7.e., peptide stimulation even at 16 uM did
not give a plateau response.

Most of analogues that exhibited full agonistic ac-
tivity, stimulated IFN-y production at levels roughly
similar to the wild-type peptide, i.e., at around 100%.
However, it is important to note that 1.87T,L875,1.87A,
and LB7V significantly ($<0.01) induced increased lev-
els of IFN-y production of BC20.7 and BC33.5, but not
of BC42.1. Such a clone-specific phcnomenon was
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Fig. 1 IFN-y production, GM-CSF production and proliferation of BC20.7 in recognition of either the wild-type peptide or L87V,
at different concentrations. BC20.7 cells were cultured in triplicate with peptides and irradiated autologous PBMC, at the indi-
cated concentrations. After 48-h incubation, supernatant fluids of triplicate cultures were collected. The remaining cells were
pulsed with [3H}-thymidine, harvested after 16h, and subjected to liquid scintilation counting. Closed circle, wild type peptide;
open circle, L87V. Results are expressed as the geometric means = standard error. IFN-y production induced by L87V was sig-
nificantly (p<0.01) higher than that induced by the wild-type peptide, at peptide concentrations ranging from 0.016 to 16 pM. On
the other hand, plateau level of proliferation did not exhibit a significant difference, beiween 0.16 and 16 uM (p>0.05). GM-CSF
production did not reach a plateau response even at 16 pM, without any statistical difference between L87V and the wild-type

peptide, at 16 uM.

also observed when P5- and P8-substituted analogues
were tested. Thus, S90E,S90G,590M,D93Q,D93T and
D93Y exhibited full agonism, in a clone-specific man-
ner.

DISCUSSION

It is not very easy to identify TCR genes used by T
cell clones, since they are usually cultured with irradi-
ated autologous PBMC that includes polyclonal T
cells. Random cloning of TCR ¢DNA derived from the
cultured cells is minimally helpful in the identifica-
tion, unless a large number of clones are examined.
This problem was circumvented by the use of PCR-
ELISA that was developed for TCRBV use,? and es-
tablished in the present report for TCRVA usage.
This technique allowed us to quantitate TCRV gene
usage in the cDNA samples, and thus to identify the
TCRV gene used by the T cell clones.

Three T-cell clones used in the present study rec-
ognize the same TCR ligand, as proven in our previ-
ous study. This is based on the fact that these clones
recognize BCGa p84-100(4EEYLILSARDVLAVVSK
100) in the context of DRB1°1405, and react to trun-
cated peptides in a similar fashion.!! Both BC20.7 and
BC33.5 have 8 and 11 residues at N(D)N region of
TCRVA and VB, respectively, whereas BC42.1 alone
exhibits a different pattern, i.e., 9 residues at N(D)N
regions of TCRVA and VB. When peptide antigen is
presented by class II MHC molecules, the N-terminal
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half of antigenic peptide is recognized mainly by
CDR3 of TCRVA, whereas the C-terminal half is
recoginized by CDR3 of TCRVB, which corresponds
to N(D)N regions.!2 Interestingly, certain amino acid
replacements on P2 induced increased IFN-y produc-
tion in BC20.7 and BC33.5 but not in BC42.1 cells,
whereas those on P8 exhibited full agonism in BC
42.1 cells alone. It is thus likely that structural fea-
tures of VACDR3 and VBCDR3 are responsible for
specific responses induced by P2 and P8 analogues,
respectively. Shuffling of N(D)N sequences between
BC 42.1 and BC 20.7, or between BC 421 and BC
33.5 is underway to address this point.

Only 1L.87T,L87S,1.874A,and 187V induced IFN-y en-
hancement. These arrangements are either smaller
hydrophobic (A and V), or structurally similar neutral
amino acids (T and S), indicating that close contact
between P2 and TCRVA is taking place. Indeed, such
a phenomenon is also seen in B-cell somatic hyper-
muation.!3 Thus, B-cell V region mutation in immuno-
globulin heavy chain genes shows higher affinity
than the germ-line sequence, usually associated with
Gly, Ala, Val, Ser, Thr, or Cys, i.e., small hydrophobic
or small neutral residues. Apparently these mutations
are not associated with static charges, but can affect
either hydrogen bonding, van der Waat's force, or hy-
drophobic interactions.

In our previous studies using cedar pollen-derived
peptides, T to V replacement on P2 also induced IFN-
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¥ enhancement, whereas proliferation remained the
same. Therefore, although not generalized, mutual
replacement on G, A, V, L, S, or T at P2, tends to in-
duce IFN-yspecific enhancement. Such observations
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also have been reported in another study with differ-
ent peptide species.! In this sense, analogue-induced
clonal anergy is often observed, especially when resi-
due replacement is made on P7 or P8.1! Moreover,
truncation of the C-terminal moiety of antigenic pep-
tides, in general, exhibit TCR antagonism.!> In other
words, if a rule that applies to altered polycional novel
responses induced by peptide analogues is estab-
lished, it will lead us to novel therapeutic interven-
tions using peptide analogues. Our observations on
P2 replacement which is associated with increased
IFN-y production are imperative to furthering our un-
derstanding.
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Abstract By determining the nucleotide sequences of
more than 700 cDNA clones isolated from 16 cynomolgus
monkeys, we identified 26 Mafa-B alleles. In addition, nine
sequences with similarity to Mamu-I alleles were identified.
Since multiple Mafa-B alleles were found in each indi-
vidual, it was strongly suggested that the cynomolgus MHC
class I B locus might be duplicated and that the Mafa-I locus
was derived from the B locus by gene duplication, as in the
case of the Mamu-I locus of rhesus monkeys.

Keywords Cynomolgus - MHC - Mafa - Allele

Introduction

It is well established that CD8™ T-cell activation is triggered
through recognition of the MHC class 1 molecule loaded
with an antigenic peptide by an antigen-specific T-cell
receptor. The MHC molecules of the mammals including
primates are known to influence the outcome of many dis-
eases such as infectious diseases, cancer, and metabolic
disorders. HLA class 1 genes are divided into three dif-
ferent categories, classical (HLA-4, -B, and -C), non-clas-
sical (HLA-E, -F, and -G), and pseudogene (HLA-H, -J, -K,
and -1), according to their degree of polymorphism and
cell surface expression, and the presence of orthologues of
the human HLA-A, -B, -E, -F. and -G genes were identified in
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several species of the Old World monkeys (Alvarez et al. 1997;
Boyson et al. 1996a,b; Evans et al. 2000; Lafont et al. 2004;
Otting and Bontrop 1993; Prilliman et al. 1996; Sidebottom
et al. 2001; Uda etal. 2004). Cynomolgus monkeys as well
as rhesus monkeys are preferentially used for biomedical
research; however, cynomolgus MHC class 1 was not ex-
tensively studied compared with those in rhesus monkeys.
We have previously reported the nucleotide sequences of
cynomolgus MHC class 1 4 locus and have shown that at
least 14 Mafa-A alleles were present in cynomolgus mon-
keys (Uda et al. 2004). Although the MHC class I B locus is
the most polymorphic MHC locus in primates, little infor-
mation is available concerning the MHC class 1 B locus of
cynomolgus monkeys. In this study, therefore, we have ex-
panded our analysis on cynomolgus MHC class I genes and
identified 26 B locus alleles by analyzing 16 monkeys. We
have also found the presence of a novel locus that is very
similar to MHC class I 7 locus recently identified in rhesus
monkeys.

Materials and methods
Animals

All cynomolgus monkeys were raised and reared in the
Tsukuba Primate Center for Medical Science, the National
Institute of Infectious Diseases (NIID). Both genders were
involved, and the cynomolgus monkeys were between
5 and 24 years old. This study was conducted in accor-
dance with the Guides for Animal Experiments Performed
at the NIID.

RT-PCR and nucleotide sequencing

Preparation of mRNA from peripheral blood mononuclear
cells (PBMC) and RT-PCR were performed as described
before (Uda et al. 2004). Primers used in this study are
listed in Table 1. 5 MBS and 3' MBS primers designed to
amplify the gene products of the rhesus MHC class 1 B
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Table 1 Primers used for the amplifications and sequencing of MHC class I cDNA from cynomolgus monkeys .

Primers Binding region (position) Sequence”

Primers for amplification

5" Beta 3 XMO"  All loci exon 1 (-27-1) 5'-CGC TCG AGG ACT CAG AAT CTC CCC AGA CGC CGA G-3'
Mafa-Bla B and I loci exon 8 (1089-1117) 5'-CCA CTT AAG ACA GTT TCA GGC TTT T-3’

5' MBSP B and l'loci exon 1 (10-34) 5'-GCC_TCG AGA ATT CAT GGC GCC CCG AAC CCT CCT CCT GC-3'
3' MBS® B and 1 Joci exon 8 (1095-1116) 5'-GCA _AGC TTC TAG ACC ACA CAA GAC AGT TGT CTC AG-3'
Primers for sequencing

T7 primer pCR4BIunt-TOPO vector (328-347) 5'-TAA TAC GAC TCA CTA TAG GG-3'-

T3 primer pCR4Blunt-TOPO vector (243-262) 5-AAT TAA CCC TCA CTA AAG-3’

1a698 All loci exon 4 (680-698) 5'-TAG AAG CCC AGG GCC CAG C-3'

15437 All loci exon 3 (437-456) 5-ATT ACA TCG CCC TGA ACG AG-3'

Xhol, Sall, and HindlIll sites of 5’ beta 3 XHO, 5’ MBS, and 3’ MBS primers, respectively, are underlined
®From Boyson et al. (1996b)

locus by Boyson et al. (1996b) were also used to amplify Clane Leader peptide
the cynomolgus MHC class 1 B locus. PCR amplification - “animal 20 cwe
was performed at least twice for each animal. PCR products Sm_gigigf URVT ‘”RTI\:L“‘I‘“ GAVALTETHA
were cloned into pCR4Blunt-TOPO plasmids (InVitrogen,  yn, pro: M S L
Carlsbad, Calif., USA) and 48 clones were sequenced by Mamu-Bx03 oM F S L
310 Capillary DNA Sequencer (Applied Biosystems, Foster ~ Mamu-B+04 ) sl TS L
City, Calif., USA) or 3100-Avant Capillary DNA Sequencer i{aﬁa'gigi 3;’ SRLEEREREREE 3 IR
(Applied Biosystems). The Mafa-B nucleotide sequences yoro o 1343 Q :: Ty i
were assembled with the Contig Manager of the DNASIS  yuro-B+04 90 M S L TLS
pro (Hitachi Software, Yokohama, Japan). The Clustal W Mafa-B+03 362 ML LS LTLS
algorithm provided in DNASIS PRO was used to align :ﬁf: g:g? 2‘8’} ﬁ Lo : ~Tt5 ------
Malda] i B ) e L
sequences. Mata O3 21 M SLTLY.L L
Mata-B#09 2172 Mo, S Lo,
Mala-B%10 E I T Sl
Phylogenetic analysis Mafa D11 1671 S Lo
_ Mala—R#12 1742 Mo, ST I
The full-length nucleotide sequences of Mafa-B, Mafa-1, :\:‘:ﬁ_gi}; .‘,,.i',é ﬁ : p]L'
Mafa-A, Mamu-A, Mamu-B, Mamu-I, HLA-A, and HLA-B  yafa-B#15 1001 e S..Lo......
were aligned using Clustal W provided online by the DNA ~ Mafa-Bx16 2644 M SAL.K..
Data Bank of Japan [(DDBJ) http://www.ddbj.nig.ac.jp]. }‘:"?"‘gﬁz f? o :’ --------- S -~{-5 ''''''
A phylogenetic tree of these nucleotide sequences was ;,:{,:_B*Ig 002 Q'“: e "I""Q"‘
constructed by the neighbor-joining method of the Molec-  y,1,-pag 60 T S
ular Evolution Genetics Analysis, version 2.1 (MEGA 2.1).  Mafa-Bx21 22:2 QIM .l S.Liven.
Genetic distances were estimated using the method of  Mafu-Bx22 362 M Sohe
Jules-Canter. At the sites in which alignment indicated a :z“f’:g:::j fé (“; i‘j L : IL """ R
gap. nucleotides at this position in all the sequences were  y o p.o o I
deleted. The reliability of the tree topology was tested by  Mata-Bx26 571 MG Sl
the bootstrap method. Thousand relationships and 64,238 Manu-1x04 T lls L
random seeds were used for determining bootstrap values ~ Nemt T<07 MG 5oL
(Fig. 2a, b). Since the bootstrap values of less than 50% :}fﬂ"‘j:ﬁg,o,g 30 o kw‘“: i
were unreliable, the values of less than 50% were Not  yara-+02 1241 NG S L.
shown in Fig. 2a. b. Wala=1%03 333 MoGonn S Thavenn..
, : MaFa—1#04 2/1 M..G.....: Sl
Mafa - %03 1171 MG S
Mafa~T#06 16:2 MG S oL,
Mafa-1%07 371 MG Sl
Mafa—1%08 51 I I I P
Fig. 1 Deduced amino acid sequences of Mafa-B and Mafu-1 alleles. p Matu~1%09 5173 MG Sl
Amino acid sequences of HLA-4, HLA-B, Mamu-4, Mamu-B, HLA-¥020] SAM VLS LG
Mamu-I, Mafa-4, and Mafa-E alleles were also included. Amino  Mamu=A%01 T VS YL QR
acids identical to those of HLA-B*2702 are indicated by dots. The ~ Mamu-a®02 - <o VS L QR
deletions of amino acids are indicated by hyphens. The total numbers ~ Mafa-2%01 AN LS LR
of clones obtained and the numbers of animals having the allele were =~ Mafa-A*02 AN V.S VL QR
indicated qfter the allele name . Mata A*06 CAM L V.S LFL... Q. L.
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191
Alpha 2 domain

10 20 30 10 50 60 70 80 90 100 -

HLA-B#2702  GSHSMRYFIT SVSRPGRGEP RFITVGYVDD TLFVRFDSDA ASPREEPRAP WIEQEGPEYW DRETQICKAK AQTDRENLRI ALRYVNQSEA | GSHTLQNMYG
HLA-B%5701  ........ Yo AL Ao Qoo MA .o GoORNML.S LooYooooo o RV A
Mamu-B+02 GFUS AL Ro.o WYLE...... . [ koM v .. NURNS VT F. VG GN ERG Kf...... W.o..
Mamu-B*03 ..., S Sooo Q.o Eoooooooii | RN EE..RNA.GH ..... AD.GN LRG....... | ...... T...
Mamu-B*04  ........ SAA L. YLE. ..... . Qe i Moo Voo EE. . RRA. GN F.¥G.GN LRG.. ... .. YW
Mafa-B+01  ........ T Ao o Voo . [ AP EooML T Moo EEQ.R. V.DN F.VD.GT LRG....... I.T...
Mate-B+02  ........ ToA oo | S Q..o oM T M EEQ. R. V. DN F.VD.GT LRG....... LT ..
Mafa-B*03 cFLss AL Ro. ... Sooe Q... EoooMoo Voo . N.RNS. VT FOVS.GN LRG. ... Kofoooo.. R...
Mafa-B*04  ........ S.AL... Ro. WYLE. ..... . Q... [ R EE. . RRA..N CVSLGN LR V.l
Mafa-B*05 FO T | P R.. WYLE. ..... . [ R EooMoo NRNALT L ¥D.GT LRG...... G I.W
Mafa-Bx06 S P AL..... | Yoo Q..o EMLL Moo EE..R AN .. VD.GT LRG...... G ILW.S
Mala-B+07  ........ T AL..... ... ... N Q... E..M..R oo EEQ. R. A. DA F.VG.G. LRG....... Y. W
Mala-Bx08 ... ..., S Voo Aol | S EoooMo oV EEQ. R. A IV FVG.GT LRG. . ... .. F.RS
Mafa-B+09 b Yo Tl Ao [P FoooMLo R FEQ. RRV. . R AD.GT IRG. ... .. G L.
Mafa-Bx10  ........ Go Toveiivnnn o Yoo QAL ... [ER ) R Voo EDV.RRA..R ..... VD.GT LRG. ... G}....LIL
Mafa-Bx11 ... ... Yooooooaaa Ao Q..oone ..M Vioooooo Q.. NLTAT... AD.GT L. .. RG LT..
Malu—B%12 oo Lo Ao v ... Seoi Q.Y ..o Bl Moo EEH.R. AN H.G...T LRG...... G Lh..
Mafa -B13 R A |V Sl (AR Eoooooos ML RADA VNGO TLRG ... |1 I K...
Mata-B+14 R PR . Yoo Qoo oo Moo Moo NORRACDN oL VDLGT ol (O I K...
Mafo-B*15 oS0 T Y LA Q... EoooMooo . Moo ool RNALUN Lol Voo.T Lo K M1
Mafa-B*16 o Lo Ss AL UR WYVEL L Q... E...oMo..o0 M N. RRA. Gl W6 ..TL....... G LIS
Mafa=Bk17 ... ... T AL, R.. WYLE...... . Q... VEM o0 Ve N. RRA. GN EG..TL....... G V. R.
Mafa-Bx18 ... .. .. S.OA R.. WYLE...... . QWAL ELo M Ve N.RRA.GN .. F.VD.GN LRG.. .. .. G T.W.S
Mata Bl oo SOALL L R OVLE. ... QW oM VL JNRNALGH LG T (O N [LJN
Mafa-Bk20 © ........ T Ao Ro. WLE...... . Qoo VE..Lo.... . Moo EE..RRAET ... .F.G...T .. o0t DG T.W A
Mafa-DB*21 A Ao V.. ... S Q... CoooMooo DM EE..R AN LUILVDLLT cooas Gl...... T ..
Mafa-B*22  ........ T. V...D.R.A WYLE...... . [ VE Moo Ve EEQ.RNS..N ... ILVDL.T oovnn e Gl...... T...
Mala-B*23 B V| [ Eoooooooos Mo EEQ.RA.N .. HVYD.GT L. .. C T
Mata-B¥24 e GO oo A [ AU Foooh A FECORAR CUREGURT Lo Ghoooo.. K. ..
Mafa-B*25 .. ...... SooALian Ao Q... | DY R RRV.GN oo Gl...... K.
Mafa-B%26 PP PR T . Ao Q.o E..oMoooo Mo EE..R.A..R E.D..T . ......... G ..K.C
Mamu-T#04 coc ke G Tl Ao Q... EMooo M EE..R AR EG..T . .ooooi ..K.C.
Mamu- I+07 LG Tol Ao [ LMoL Moo EEQ.R.A..R EG..T......... G ..K.C
Mamu-— 108 R PO G Y [ DA R A EERALR .o G..T . ......... L KC
Mafa-T#0101 % 0 O £t - Ao [N AP EoooMooooo M FE..R. AR EG..T . oo, G K
Mafa~1*02 Lo..G TooQoeeovs L AN LR E...0M ..o WM EE..R AR ..... GT..TL........ Gl...... K...
Mafa—1*03 RO S ¢ R D € R Ao Q.oovien EooMo | A EE..RAA LR OLEG..T .o, G KOG
Mafu-1%04 PR T L Ao Q....... E.oMoo0 M EE..R AR .LEG..T ..ol G ..K.C
Mata—1#05 R P O Ao Q... EoooMooo M FE..RA R .UEG LT ool G KRG
\afa - T#06 oo Toooans LoV ALLLLL [{ FoooMoooos Mo FE..RA.R..EG..T ool LRC
Mafa- 1%07 FR P Ao Q.o.ovie LKMo WM FE.LR AR LLEG..T ool L KC
Mafa-1%08 R P e . N Q... E...M..0 M EE..RA.R...EG.WT ......... G ..K.C
Mafa- 104 PR DR e Ao [ FoooMoooo M EE..R AR ...E.G.WF ......... Gi......K.C
HLA-A%0201  ........ PP Ao [ QM. .G, RKV..H S H.VD. (,T IRG....... LW VRG
Mamu-Ax0 | G RY UM Qe LA Qe QM N URMTE TONAPYL LT L e ROV
Mamu-A%02 ... YoM Koo A [ QM.... . Vioooooon oo R\NLE T, T\I.\P\. .. .\ IRG....... .o LR
Mafa-A*%01 SO A Q.. QM Voo L RNMUTE TOMAPYD, QN LRG.. ... LT
Mafa—-A%02 ..., SV YMeol L VAo Qv o QM. Voo, oNCRMLE TUNAPY.LUN LRG.. ... R ) | A
Mafa -Ax06 R AP SR ¢ M QN ¥ L RNMUTA TUNAPY.LUNLRG. Lo RV

Fig. 1 (continued)

GenBank accession numbers

The Mafa-B and Mafa-I sequences described in this manu-
script had been deposited in the DDBJ and were assigned
accession numbers AB195431 to AB195465. We pre-
viously deposited Mafa-A alleles in the DDBJ, and these
alleles were assigned accession numbers AB154760 to
AB154773. The GenBank accession numbers for other
sequences used in this study are as follows: HLA-4*0201,
U07161; HLA-B*2702,1.38504; HLA-B*5701, Al458991;

Mafa-E*01, U02976; Mamu-A*01, U50836; Mamu-4*02,
US50837; Mamu-4*03, U41379; Mamu-A*04, U41380;
Mamu-B*02,U41833; Mamu-B*03,U41825; Mamu-B*04,
U41826; Mamu-B*05, U41827, Mamu-B*06, U41828;
Mamu-B*07, U41829; Mamu-B*08, U41830; Mamu-B*36,
AJ556886; Mamu-I*01011, AF161865; Mamu-I*02012, AF161869,
Manu-I*04, AF4161874; Mamu-*07, AF161875; Manu-*08,
AF161876; Manu-I*09, AF161877; Manu-F*10, AF161878; and
Manwi-r*11, AF161879.
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Alpha 3 domain

110 120 130 140 150 160 170 18¢ 190 200
HLA-B*2702  CDVGPDGRLL RGYHQDAYDG KDYIALNEDL SSWTAADTAA QITQREWEAA RVAEQLRAYL EGECVEWLRR YLENGRETLQ RA | DPPKTHVT HHPISDHCAT
HLA-B%6701  .......... .. HD. S i e e e PR P
Mamu-B*02
Mamu-B*03
Mamu-B*04
Mafa-Bx01
Mala-B*02
Mata-B*03
Mata B¥04
Ma la-3%05
Mafa-B%06
Ma{a-Bx07
Mafa-B*08
Mafa-B*09
Mafa-B¥10
Mafa-DB*11
Mafa-B*12
Mafa-B*13
Mafa-DB¥14 M LRV
Mafla-B*15 R PO VN Qover e Ro..... M. NK G YL R Ll L.... S A T Voo
Mafa~B¥16 F P Yoloooo oo Ro..... Moo o WL [ S Yoo .. Voo,
Mala-B*17 FE PO S Ro.....M . RE.L.oo EoooM. | T 2 P (PP Voo,
Mata B*18 Lol Foovo oo Ro.....M. RE........ Eoo.Qoo.o. oo Lol 5 [ |
Mala-DBx19 F Foooo oot Ro..... M. RF........ E...Q... ... | Voo,
Mala-B*20 LBl DH ..o ;R M. N E. EoooMLL S
Mafa -B¥2} R PN Yoo ol Q. R..... Moo N GE...R.... Rocoiie i El ... ... Foo.o...
Mula-B*22 Lovevin v Yoo ool Q. Ro..... M. N GE...R.... El........ ... Voo,
Mafa-B*23 R TN Seil Ro..... R, HN CACLLQ L O Vioeoo..
Mafa-B¥24 PR T Y.Reooo oo Ho.o.o.o.. L. N Co...R.... L U Voo Tl
Mafa-B*25 F T YR ool Ho..... Lo ONoaae G....R.... RLooon s o Voo TI
Mafa-B*26 Lo ol Y.8 ... Rooooo, R..... GR.. Nooooo... Go...Ro... L L.L.S.. e AL U
Mamu-I%04 P T Y.S8 ..o Roeooooi Ro....GE.. .No....... GE...R... S Voo
Mamu- 107 PR Y.S8o.0 Roooos Ro.... GE.. .No....... GE...R.... R S Voo,
Mamu-I%08 R T Y.S.... Rl R..... GE.. .N........ GE...R.... .. R Voo,
Mafa 1%01013 .. L....... ... Y.S... R Ro....GE. N GE.. R0 LR | Voo,
Mafa 1%02 b Yoo, Ro.oooo... Ro..... Lo N GE...R.... R oo S
Mafa-1%03 A T | Yosoo.o Reoooaoos R..... Gl HN.oooL GE...R... R0 ... S Vooo.o.
Mat'a 1%04 RS PO Y.Soo.0 Reoooooon, Ro.... Gl Nooooos. Gl UR L R0 o S Vooo...
Ma [a~T*05 F P Y.S.o... R Ro.... GV.. N GE...R... Roooooon oo S Voo,
Ma Ca=T#06 FE D V.S R, Ro.... GE.. .No....... GE...R... | S S Voo
Mafa-I*07 J P T S | R..... GE.. .N........ GE...W.... .. Rooooove O V....P
Mafa-1%08 PR T V.8 .0 Rl R.... GE.. .No....... GE...R.... ..R....... ... O Voo,
Mafa- 1409 F T Y.Sooo Reeos Ro.... GE.. .N........ GE...R.... ..R...... ... P Voo,
HLA-A*0201 ....S.WF. ..... Yoooo aen K.. R..... M., .T.KH..... Hooooooooo o Toveiii TEOA UM LAV L
Mamu-A*01 B EYoooo oo Ro..... Voo DN D.o..SM.... Q....P. ..oRKooL T .ooooooon o Voooo..
Mamu-A*02 P SN S R DM UK GE...H.T.. ....L.... «ooooiiiis oo VooQo..
Ma fa—A%01 R T EF.... Reoooviit, Ro..... M. N Go...M Y., R Lo e Voov..
Mafu-A%02 PR PO D.F.... . D.. Roo.... L. N LT ¥ ) P O Voov...
Mafa=A*06 FE D E.Y.o... ... | Roo..o.. L. N, G.... 1. L Seos s e Voo

Fig. 1 (continued)

Results

Detection of 26 MHC class 1 B locus alleles and nine
[ locus alieles in cynomolgus monkeys

To amplify cynomolgus MHC class 1 B locus genes, PCR
was carried out using primers that were successfully used
for amplification of rhesus MHC class 1 B locus genes
along with newly designed ones (Table 1; Boyson et al.
1996b). We obtained 48 clones from each animal. The
nucleotide sequences that were found in just one clone

were excluded from the subsequent analyses to avoid incor-
poration of artificial sequences generated by PCR error or
during the cloning procedure into public databases. Ambig-
uous sequences were also excluded. When the nucleotide
sequence was shared by more than two clones, regardless
of whether they were derived from one animal or multiple
animals, the sequences were regarded as a consensus se-
quences representing a particular alleles of each animal.
Eventually, 43 candidate alleles were obtained, and 34 of
43 were found to have substantial homology with Mamu-B
alleles. Amino acid sequences deduced from the nucleo-
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Transmembrane domain

210 220 230 240 250 260 270 280 290 300
HLA-B%2702  LRCWALGFYP ALITLTWQRD GEDQTQDTEL VETRPAGDRT FQKWAAVVVP SGEEQRYTCH VQHEGLPKPL TLRW | LPSSQS TVPIVGIVAG LAVLAVVVIG
L S 3£ O P
Mamu-B*02 T G ... Guvee e e R ] T.
Mamu=B*03 - ... ... ool L | SN G..G. ... Gt el | I S Lo oo T.
Mamu-B*04 . e e e G..G ... Goverr e e Q..E.. ... ... | P e T.
Mafa B¥01  .......... ... S...RQ LLE L [ Govrr e LE.. ... ... . ¢ SLovoiee i T.
Mata-B*02 L e e e [C G e e A P oMo T.
Mafa-B*+03 Ve G ... G e e A N T.
Mafa-B¥04  .......... Ve e e G..G. .... Gt i e | T LM T.
Mafa-B*05 ... ... .. .o i e LF..... G..Goo.... Gev e e e e O T...... Voo T.
Mafa-B*06  .......... ... ... o e 1LE..... G..G. ... P E.. . ... IoUUALLV LT
Mafa-B*07 .. .. . e e e G..G. ... Gt v e [0 I ) T.
Mafa-Bx08 R G..Go.... G e e RE.. ....|..conn . ] T.
Mafa-B*09 Vo e e e G..G. ... G e e E.. ... oo N T.
Mala=-B*10 ... ... oo Eoooooon ool GooGoo e e e |- Lo.Sooos oo, T.
Mafa=Bk11 . e e e G..Goo.... Govvve i Hooooo oot Eooooooo oo | PN T..T.
Mata~B12 .. ... .. oo L A GooGe e e e O Toveee e T.
Mata DRI o e e e GooGo o e e LE.. ... . S ) T.
Mafa-B®14 .. ... ... . .ol o LE G Gl Govvr vl [ P | P Vo ool 1.
Mafa-DB%15 ... ....... ... O GNG, ... Goove o E.. ..o | T.
Mafa—B*16  .......... ... . Eoovvvnn oot G..G ... Gt e e e RE.. ....]. ..o | Go.... T.
MafaB¥1T . e e e G..G. ... Gt e e R LMoo e, T,
Mala—B%18 . . e e e G..G. ..., Gove e s e O ) -—T.
Mafa-B¥19 . . e e e G..G. ... Gev e e e R |7 Ve --T.
Mafa-B 20 . e e G e e e E.. ....].... T T.
Mala~B*21 ... .. .. oo Eovvrion o G (S 5 P R Lo..... Voo T.
Mafa-B#22 ... ... ... ..o L Y G .... Gooooo o Ho L. .... R PR 5 LT
Mafa D23 ... ... oo Eoovooon oo G G GooGoo oo D LMoV oo 1.
Mafa-B*24  ...... Do s e G..GooLLL G e e Eo.ooooo oo ) P T.
Mafa-B*25  ...... D e e G..G. ... G e P Tooooooo e P....T.
MaTa-B¥26 ... ..... .. ... o0 . Eoo.... oo G..G.o.... Gt e e | 1A ... V. LT
Mamu-1%04 ... . ... oo L Evvvvvnr o GooON v e e e A Y LMoo T.
Mamu=T*07 i i e e G GN e e e P TooM oo T.
Mamu=1%08 . e e e GooON e e e | LMoo o T.
Mafa=THOT013 .. i et it e GooGN e e e E..o ..o oo Moo T.
Mafa=TH02 e e e e GoGN o e e T oMo ot T
Mala-1%03 . ... .. eeeo. W E oo L GLGN L R e ..M oo o T
Mafa-T#04 ... ... ... ... .. ON e e e E.. ... . oMo T.
Mafa 1#05 ... ... ... oo oo GN o e R P LMoo o T.
Mafa-T%06  .......... .......... ..E...... ... .G 5 R TooMoo T.
Mafa~1%07 ... ... .. oo L G e e e A oMo T.
Mafa-T#08 ... . ... oo . GN o e e E.. .... JTOUM LT
Mafa-1%09 ... ....... .......... JE.oooo0 oGl ON e e A LMoo T.
HLA-A%0201  ...... S G ¢ PP IS P.L....1.. .VLFGA.IT.
Mamu=A%0L e e e e G L H..K JFooo UM L. JVLLGALLT.
Mamu-A*%02 e e e G Kovvvroo oot RE.. ....}...... IL....I.. .VL.GIL....
Mafa-A%01  .......... . Govevenen o Lo e G e e e E.. .... Lo L. JVLLGALLT
Mafa-A%02 o e e e G KIL.... ..o E.. ... 1.0 1. JVLLGALLT.
Mafa-A%06  ..... L [ Koo oo K LT T OVLLGALL T

Fig. 1 (continued)

tide sequences of these 34 candidate B alleles were further
subjected to phylogenetic analysis using the neighbor-joining
- method (Saitou and Nei 1987, data not shown). When the
predicted amino acid sequence variation between two
candidates was negligible (4<0.025), the amino acid se-
quence shared by a majority of the clones was regarded as
representing a particular allele. The other sequence shared by
a minority of clones was excluded from the subsequent
analyses. As the result of the analysis, 26 Mafa-B alleles
were identified. It was found that the remaining nine can-
didate alleles were closely related to those of Mamu-I locus

reported by Urvater et al. (2000b). Since Urvater et al. also
identified two Mafa-1 alleles (Mafa-I*01011 and Mafa-
I*01012), we named tentatively alleles identified here Mafa-
I*01013 through Mafa-I*09. The Mafa-1¥01013 allele was
identical in amino acid sequence with Mafa-I*01011 and
Mafa-I*01012, but there were several synonymous nucleo-
tide changes scattered around the sequence. We therefore
considered that this alleles was a variant of Mafa-I*01,
although reported sequences of Mafa-1*01011 and Mafa-
1*01012 were incomplete. The deduced amino acid se-
quences of Mafa-B and Mafa-1 alleles were shown in Fig. 1
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Cvtoplasmic domain

310 320 330 310

1
i

HLA-B%2702
HLA-B*3701
Mamu - Bx02
Mamu-B*03
Mamu-B%04
Mafa-B+01
Mafa~Bx02
Mafa-Bx03
Mafa-B#04
Mafa~B+05
Mafa-Bx06
Mafa-B*07
Mafa-B%08
Mafa-Bx09
Mafa-B*10
Mata-B*11
Mafa Bx12
Mafa~B*13
Mafa-Bk14
Mafa-Bx15
Mala-B*16
Mala-B%17
Mafa-B* 18
Mafa Bx19
Mafa-B*20
Mafa-Bx21
Mafa-Bx22
Mula-B+23
Maa~B%24
Mala-Bx25
Mafa~B*26
Mamu—1%04
Mamu~1%07
Mamu-T*08

AVVAAVMC

RR KSSGGRGGSY SQAACSDSAQ GSDVSLTA#*—

Mafa~]1%02
Mata 1403
Mafa—T%04
Mufa-T%05
Mala-1%06
Mafa-1%07
Mafa-1%08
Maf'a—1%09
HLA-A*(201
Mamu-A*01
Mamu - A*02
Mafa—A%01
Mata-A%02
Mata-A%06

Fig. 1 {continued)

along with those of alleles reported for other primates. The
total numbers of clones obtained and the numbers of ani-
mals having the allele were shown in the figure. The puta-
tive glycosylation site was located at residue 86, and the
conserved cysteine residues occurred at positions 101 and
164 in o2 and at positions 203 and 259 in o3. To evaluate
whether the nucleotide sequences of Mafa-B and Mafu-1
alleles established in this study were gene products of class
1 B and / loci, respectively, Mafa-B and Mafa-I alleles were
phylogenetically analyzed (Fig. 2a). The full-length nucle-
otide sequences of Mafu-B, Mafa-I. Mafa-A, Manu-A, Mau-
B, Mamu-I, HLA-A, and HAL-B were aligned by Clustal W, A

A « Mafa-1"04 3\
Mafa-1*03

Mafa-1*05
Mafa-1*01013
Mamu-1"07
Mafa-1"06
Mafa-1*09

1 Mafa-1"08
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Mafa-1*02 /
Mata-B*26
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Mafa-B*24

Mafa-B*22
Mata-B*21

Mafa-B*10
Mata-B*09

Mata-B*06
Mata-B*05
Mafa-B*15
Mafa-B*14
Mafa-B*13
Mafa-B*12

Mafa-B*23
Mamu-B*03

Mata-B*02
Mafa-B*01
Mafa-B*08
Mafa-B*07
Mata-B*03
Mamu-B*02
Mamu-B*04
Matfa-B*04
Mafa-B*16
Mafa-B*20
Mata-B*17
Mata-B*19

[ loci

B loci

: Mata-B*18
Mafa-B* 11
el Mamu-B*36
HLA-B*2702
ﬂHLA-B’S?O‘I
—————————— HLA-A*0201 M
- Mr;mu«A‘02
amu-A*01 :
ista-A06 A loci
Mafa-A*01
Mata-A"02 <

et
[0

Fig. 2 Phylogenetic analysis of primate class I MHC molecules. The
phylogenetic tree was constructed using a full-length and b exon five
to eight nucleotide sequences by neighbor-joining method with
MEGA2.1. The bootstrap values of more than 50% were shown

phylogenetic tree was constructed by the neighbor-joining
method of MEGA2.1 software. The reliability of the tree
topology was tested by the bootstrap method, and the boot-
strap values are shown in Fig. 2a. Since the bootstrap values
of less than 50% were unreliable, the bootstrap values of
greater than 50% are shown in Fig, 2a. Several Mafa-B alleles
(Mafa-B*21, 22, 24, 25, and 26) appeared to cluster with
Mamwu-1 or Mafa-1 allele rather than B locus alleles. Since
amino acid difference between alleles of / and B loci were
more apparent at the carboxy half of the protein, we recon-
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Fig. 2 (continued)

Table 2 Segregation of alleles with haplotypes

Haplotypes Alleles Animal no.

3032 3028 1159 1113 0079 7071 0068

O O
O O

A Mafa-B*03
Mafa-I*09
B Mafa-B*24
Mafa-B*25
C Mafa-B*17
Mafa-B*20
Mafa-I*06
D Mafa-B*01
Mafa-B*04
E Mafa-B*16
Mafa-I*03
F Mafa-B*06
Mafa-B*23
Mafa-I*02

o O 0O
o000 CQ0Co0

O 0 00O

O 0000

O :Alleles were detected in each individual

3032 3028 1159
E/F AB Cc/D
0079 7071 0068
B/E B/C AD

Fig. 3 The family pedigree demonstrating the inheritance of alleles
of the MHC class I B and [ loci of cynomolgus monkeys. Male and
female are denoted by squares and circles, respectively. The animal
number assigned to the animal is shown. The haplotypes of each
animal are given by capital letters

structed the phylogenetic tree using the amino acid sequences
of the exons 5 to 8. The result clearly showed that these nine
alleles clustered with Mamu-I alleles (Fig. 2b). These results
strongly suggested that these cDNA clones were derived from
distinct alleles on MHC class I B and [ loci of cynomolgus
monkeys.

Inheritance of Mafa-B and Mafa-I in a
family of cynomolgus monkeys

A family consisting of three parents (one sire and two dams)
and four offspring was subjected to genetic analysis to study
inheritance of Mafa-B and Mafa-I alieles. By nucleotide
sequence analysis, ten Mafa-B alleles and four Mafa-1 alleles
were detected in this family as shown in Table 2. Since
certain alleles appeared to be inherited in this family as a
complex, we considered those gene complexes as haplotypes
and assigned letters A through F to those combinations of
alleles (Table 2). Haplotype A (Mafa-B*03 and Mafa-1* 09)

Table 3 The presence of multiple Mafa-B alleles in cynomolgus
monkeys

Animal Alleles

Number of Primers

no. copies
2010  Mafa-B*09 5 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*1] 16 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*12 7 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*19 2 5'MBS/3’MBS, 5'Beta 3’
XHO/Mafa-Bla
5076  Mafa-B*10 4 5'MBS/3'MBS
Mafa-B*14 17 5$'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*15 10 5'MBS/3'MBS

Mafa-I*010103 13 5'MBS/3'MBS, 5'Beta 3

XHO/Mafa-Bla
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was detected in 3028, 1113, and 0068, whereas haplotype B
(Mafa-B*24 and Mafa-B*25) was carried by 3028, 0079,
and 7071 (Fig. 3). Haplotype C (Mafa-B*17, Mafa-B*20),
and Mafa-I*06) was found in 1159 and 7071, haplotype D
(Mafa-B*01 and Mafa-B*04) in 1159 and 0068, haplotype E
(Mafa-B*16, Mafa-1*03) in 3032, 0079, and 1113, and
haplotype F (Mafa-B*06, Mafa-B*23, and Mafa-1*02) in
3032 (Fig. 3). We could not detect Mafa-1 alleles in monkeys
bearing haplotypes B and D. 1t was evident that Mafa-B
alleles were inherited in a Mendelian fashion. Moreover,
cynomolgus monkeys in this family were shown to have two
to four Mafa-B alleles. The presence of multiple Mafa-B
alleles was confirmed by nucleotide sequences analysis of
two additional cynomolgus monkeys unrelated to this fam-
ily. Table 3 showed that 2010 had four Mafa-B alleles and
5076 had three Mafa-B alleles. These results indicated that
MHC class 1 B locus of cynomolgus monkeys was duplicated
as in the case. of rhesus monkeys (Boyson et al. 1996b).

Discussion

Although cynomolgus monkeys are widely used as animal
models in a variety of biomedical researches, there are no
nucleotide sequence data on cynomolgus MHC class 1
B locus. In this study, we tried to identify the alleles of cy-
nomolgus MHC class I B locus, using PBMC ¢cDNA from 16
cynomolgus monkeys.

Nucleotide sequence analyses and following phyloge-
netic analysis identified 26 Mafa-B alleles (Figs. 1, 2a). We
also found nine clones with the nucleotide sequences show-
ing high homology with those of Mamu-I alleles. Phylo-
genetic analysis showed that these clones were derived from
nine Mafa-I alleles. It was reported that novel MHC class 1
I locus in thesus monkeys, Mamu-1, could be amplified
with B locus-specific primers, and that the / locus was
recently evolved from a classical MHC class I B locus by
duplication (Urvater et al. 2000b).

The haplotypes of rhesus MHC class 1 composed of at
least one A4 locus and at least two B loci (Boyson et al.
1996b). In cynomolgus monkeys, we previously reported
that the A4 locus had been duplicated, because one to four
Mafa-A alleles were found in an animal (Uda et al. 2004).
The presence of up to six Mamu-B alleles in a rhesus
monkey (Urvater et al. 2000a) indicates that rhesus mon-
keys have three class 1 B loci. In this study, we also
showed that two to four Mafa-B alleles were present in
each individual, strongly suggesting that cynomolgus mon-
keys have multiple MHC class 1 B loci. Regarding the
I'locus, it seemed possible that at least one locus was pres-
ent in each animal, although some individual appeared not
to have the locus. The apparent lack of the I locus in some
individual was probably due to low efficiency of amplifi-
cation of the / locus because of the presence of the multiple
B loci.

Information on MHC class I molecule is particularly
important in better understanding of pathogenesis of var-
ious infectious diseases including HIV infection. So far the
nucleotide sequence data are available for the alleles of

Mafa-A (Uda et al. 2004), Mafa-E (Alvarez et al. 1997;
Boyson et al. 1995), Mafa-G (Arnaiz-Villena et al. 1997,
Castro et al. 1996), Mafa-I (Urvater et al. 2000b), Mafa-DRB
(Gaur et al. 1997, Kriener et al. 2000; Leuchte et al. 2004),
Mafa-DOA (Kenter et al. 1992), and Mafa-DOB (Otting
et al. 2002) in cynomolgus monkeys. The identification of
Mafa-B alleles would, therefore, greatly help understand
the pathogenesis of various pathogens that naturally or
experimentally infect cynomolgus monkeys.
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