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Seqguence analysis of the MHC class || DPB1 gene in

chimpanzees (Pan troglodytes)

E.-J. Bak,* V. Ishii,* T. Omatsu,* S. Kyuwa,* |. Hayasakat & Y. Yoshikawa*

Summary

The diversity of the MHC class II region in non-human
primates is a focus of biomedical research because this
region plays a crucial role in the recognition of antigens
in the immune system. In particular, the chimpanzee
[Paa troglodytes ( Patr)}, which belongs to the superfamily
Hominoidea, has been used as a human model for the
study of diseases such as human hepatitis C virus (HCV),
human hepatitis B virus (HBV) and human immunodefi-
ciency virus (HIV) infections, to which only humans
and chimpanzees are susceptible. In the present study,
polymorphisms of the MHC-DPBT gene {Patr-DPB1)ina
chimpanzee colony in Japan were examined using a step-
wise polymerase chain reaction (PCR) technique. In order
to design a suitable primer pair which would amplify exon
2 of the Patr-DPB1 gene, a fragment of approximately
8 kb from exon 1 to exon 3 was amplified from chimpan-
zee genomic DNA. After designing a 500-bp primer
pair at the 3’ region of intron 1 and the 3 region of intron
2, analysis of DPB1 exon 2 alleles of each chimpanzee was
carried out. Twenty-two chimpanzees were used in our
study, and we identified seven alleles by sequence analysis
on the Patr-DPBT gene, including one new allele. The
obrained nucleotide sequence patterns suggest that
Patr-DPB1T alicles emerge by genctic variations such as the
exchange of sequence motifs and the accumulaton of
point mutations.

Introduction

Major histocompatibility complex (MEC) class 1T mole-
cules are highly polymorphic cell surface glycoproteins
that mediate both humoral and cell-mediated immune
responses. They are heterodimers comprised of two sub-
units which consist of an o chain and a B chain {Korman
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et al., 1985; Slierendregt et al., 1993), and the extracellu-
lar part of the o chain includes al and 02 domains;
similarly, the B chain has B1 and B2 domains (Jones, 1997).
The primate MHC class II region consists of DR, DQ
and DP subregions (Slierendregt et al., 1993; de Groot &
Bonuwop, 1999). In both humans and chimpanzees (Pan
troglodytes), two pairs of genes are located in the DP
subregion: DPA1/DPB1 and DPA2/DPB2 (Bontrop et al.,
1999). Although the DPA2/DPB2 genes are not functional,
the DPA1 and DPB1 genes are both functional and poly-
morphic, leading to variation in the DP protein (Slierendregt
et al., 1995). Polymorphisms of MHC-DPA1/DPB1 genes
are confined largely to the second exon, which encodes the
functional domain that forms the peptide-binding region
of the molecules (Marsh & Bodmer, 1989; Bugawan et al.,
1991; Klein et al., 1993).

Evolutionary stability and the trans-species mode of
inheritance have been found in many primate MHC DQ
and DRB lincages (Gyllensten et al., 1991; Bontrop et al.,
1999). Additionally, Pan troglodytes (Patr)-DPA1 alleles
are closely related to some homan equivalents (Otting &
Bontrop, 1993; de Groot & Bontrop, 1999). 1lowever,
maintenance of the DPB1 allelic variation might be con-
trolled by a different mechanism from that of other M11C
class IT genes, and this mechanism may have been gener-
ated during cvolutionary history. First, the primate
MHC-DPB1 gene shows a relatively species-specific
polymorphism, which is thought to occur by segmental
recombination and point mutation within the same species.
Sccondly, in a survey of substitution patterns in hominoid
species, the namber of synonymous changes at the antigen
recognition site (ARS) in hominoid DPB1 alicles was
found to be only about half that for hominoid DRB1 and
DQB1 alleles (Gyllensten ez al., 1990, 1996; Satta et al.,
1994), suggesting that the allelic diversification at the
DPB1 loci has evolved faster than that of other MHC
class loci. Lastly, in contrast to all other class II loci, the
DPBI gene appears to have been subjected to strong
positive sclection only in the human lineage (Hughes &
Nei, 1989; Bergstrom & Gyllensten, 1993).

Because of the species-specific character of the MIIC-
DPB1 gene, we attempted to develop a DNA-based typing
method for Patr-DRB1 alleles for use with the polymerase
chain reaction (PCR) technique. This typing technique, in
combination with direct sequencing analyses, can be
effectively used to detect unique Patr-DPBI alleles.
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. Table 1. Distribution of Patr-DPB1 alleles in individual chimpanzees
Materials and methods

Name Numiber Age (years) Sex Patr-DPB1 alleles
DNA extraction
1 * *
The 22 chimpanzees used in this study were housed at the Eigz 1?2 ii 2211‘6 *121 *;Z)
Kumamoto Primate Park, Sanwa Kagaku Kenkyusho, iyo CB4 27 Female  *13, *22
in Japan. Table 1 lists the name, registration number, age Izou 24 26 Male *16, ¥22
and sex of each animal. All chimpanzees except Kirara, Kirara® 277 7 Female  *13
Kurara and Miyuki were captured in Africa and transported ~ Koiko 51 27 Female ™11, ™17
to Japan. The pedigree of this chimpanzee colony 1s Eonani ;(7)2 2; Eemaie :g ‘29
available at htp//www.nbr-chimp.org/chim/zoo/sanwal Nl‘gi:zu 109 24 ,\j:l] eae “1, 413
sanwa-m_all.html. Miyuki and Tetsu are the parents of Miro c30 31 Female  *13, *16
Kirara and Kurara. There were no other genetic relation- Miyuki® 204 19 Female  *13
ships among the chimpanzees used in this study. Nozomi 112 26 Female  *11,*16
Genomic DNA was isolated from a peripheral blood Remu 106 22 Female ™13

sample using the QlAamp DNA Blood Mini Kit (Qiagen, ~ Fomen €89 20 Female ™13
Hilden, Germany} following the manufacturer’s instructions. Sango £35 28 Femsle 716, *22

Sanzou €33 30 Male 11, *13

Siomi 85 24 Female *16
Design of a primer set for Patr-DPB1 exon 2 Sumiko 86 24 Female  *11.*13

Susumu 82 26 Male *16, ¥17
In order to create a specific primer pair which would Takabo 104 27 Male 11,113
amplify exon 2 in each Patr-DPB1 allele, 8-kb PCR, Tamae 108 25 Female  *16, %17

Tetsu® 44 28 Male *13, *16

covering the area from exon 1 to exon 3 on the DPB1 gene,
was performed using the genomic DNA of Sanzou and Iyo
(Fig. 1a and b). The primer pair (DPB-E1+ and DPB-E3-)

* Miyuki and Tetue are the parents of Kirara and Kurara (identical twins).

(@)

DPB-E1+—» 8-kb PCR for design of primer set of 500-bp PCR <+— DPB-E3-
Exon 1 Intron 1 Exon 2 Intron 2 Exon 3
(264 bp)
DPB-E2+ —» 500-bp PCR <«— DPB-E2-
DP-iabelling* =) (2 DP-labelling~ } direct sequencing
(b)
DPB-E1+
tcccggacagtggctctgacggcgttactgatggtgctctmcatctgtggtocagggcagggoc;ctcrag Intron 1 Eé‘f“_é Intron 2

- onl <«

tocagcctaaggtgaacgtttccccctccaagaaggggcccctgcagcaccacaacctgcttgtctgccacgtgacagatttctacécaggcagcattcéag
—3 Exon3 ’ Dl:-;B-ES—

tcogatggticctgaat

C
© DPB-E2+ DP-labelling*
aactcctattttaaaatccagdoctgagtgggaagatugggaagaatcgttaatattgagagagagaigggagaaagaggaﬁaggtgaga@ggcgccccc

getealgtcegececcicecegeag Eéon_é gtgagtgggagcettigggecaggagteccagggeagecgeaggggeccgigeccagggegeaggagea

Intron! < > Intron2

gccgggccggcc{taagggaccttagtgccaggcagg#aagaggactttgggttggggattcatogggggagcccatclggagc’ttgtcagggga
DP-labelling™ DPB-E2-

Figure 1. Designing specific primers. {a) Schematic diagrarm of the ptimer pairs used in the present study. {b} A primer pair for 8-kb PCR. DPB-E1+
and DPB-E3- {grey rectangle) are located in exon 1 and exon 3, respectively. The intron 1, exon 2 and intron 2 sequences are omitted. {c) Primer pairs
for the exon 2 fragments. Grey rectangular boxes are DPB-E2+ and DPB-E2~. White boxes are DP labelling + and DP labelling — primers for direct
sequences of exon 2.
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was designed using a chimpanzee DP ¢DNA clone as
previously described (Hatta et al., 2002).

The reaction mixture contained 0.25 units of LA Taq
polymerase (Takara, Kyoto, Japan), 2.5 mM dNTP, 2.5 mm
MgCl,, 4 uM of each primer, and 2 pl DNA template.
Amplification was first performed with 14 cycles of
denaturation at 94 “C for 20 s, and annealing and exten-
sion at 68 “C for 20 min. This was followed by 17 cycles
of denaturation at 94 “C for 20 s, and annealing and
extension at 68 “C for 20 min in stepwise elongation with
an incubation time of 15 s/cycle. After electrophoresis
in a 0.8% agarose gel (Wako, Osaka, Japan), the purified
8-kb target PCR product was ligated into a PCR-XL-
TOPO vector (Invitrogen, Carlsbad, CA} and tans-
formed into a DHSo™ competent cell {Toyobo, Qsaka,
Japan). The obtained clones were checked by PCR
against the primer pair (sense: 5-GCTACGCGTTTAAT-
GGGACACAG-3; antisense: 5-CTCGGCGCTGCAG-
GGTCACGG-3') that was used to amplify the 258-bp
product of chimpanzee DPB1 exon 2. Each of four
plasmid clones from Sanzou and Iyo was isolated using
the NucleoSpin® Plasmid QuickPure kit (Macherey-
Nagel, Diren, Germany).

The plasmid samples were then labelled with a Big
Dye™ terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA) and analysed with an ABI
PRISM™! 377 DNA Sequencer {Applied Biosystems).
Based on the obtained sequences, a PCR primer pair
for each chimpanzee was designed (DPB-e2+ and
DPB-e2—; Fig. 1a and ¢) in order to amplity a 500-
bp product containing the entire exon 2 (264-bp)
sequences.

PCR and cloning

PCR was applied to the DNA of the 22 chimpanzees as
follows. Amplification was performed using Amplilag
Gold {Applied Biosystems) with the DPB-E2+ and
DPB-E2- primers. The target products were then cloned
into a pCRI-TOPO vector (Invitrogen). Afrer wansfor-
mation of the vector, 10 clones were selected for each
chimpanzee.

Direct sequencing

Direct sequencing was carried oot to confirm the sequence
of the clones of Patr-DPB1 exon 2 amplificd by PCR. The
500-bp products were gel-purified with a Wizard® SV gel
and PCR Clean-Up System (Promega, Madison, Wi} and
were sequenced directly using direct sequencing primers
(DP labelling + and DP labelling — Fig. 1a and ¢}

MHC Patr-DPB1 nomenclature

The official designation for the Patr-DPB1 allele detected in
this study was obtained from R. E. Bontrop and Natasja
G. de Groot (Biomedical Primate Research Centre-TNQ,
Rijswijk, the Netherlands). This new allele has been
registered in the DNA Data Bank of Japan (DDBJ).

The MHC class Il DPB1 gene in chimpanzees 189

Results and Discussion

Distribution of the Pair-DPB1 allele in each chimpanzee

Table 1 shows the patterns of Patr-DPB1 alleles in each
chimpanzee. The Pat~DPB1%13 allele was found at very
high frequency, being presentin 13 of 22 chimpanzees. Of
the five chimpanzees homozygous for DPB1¥13, Kirara
and Kurara are identical twins whose parents are Miyuki
{*13 homozygote) and Tetsu (*13 and *16 heterozygote).
A previous survey of the Biomedical Primate Research
Center (BPRC) chimpanzee population showed that
the Patr-DPB1*13, *16 and *17 alleles were the most fre-
quently observed (Otting et al., 1998). The Patr-DPB1%13
allele may occur frequently in the gene pool of wild
chimpanzees.

Patr-DPB1 polymorphism

To date, 28 alleles of the Patr-DPB1 gene have been
reported in the chimpanzee (Otting et al., 1998; Bontrop
et al., 1999). In the present study, the 22 chimpanzees had
seven different alleles, including one novel Patr-DPB1
allele. The nucleotide sequences of Pat-DPB1 exon 2 and
the deduced amino acid sequences are depicted in Figs 2
and 3, respectively. The hypervariable region (I1V) of the
MHC-DPBI exon 2 nucleotide sequence in human and
non-human primate species is restricted to six major var-
iability regions (Slierendregt et al., 1995). The variations
of the new allele were found in these regions, supporting
the hypothesis that this new allele is not the result of ran-
dom PCR error. The Patr-DPB1*29 allele was similar
to the Patr-DPB1%04 allele, but was found to differ from
the Patr-DPB1%04 allele in three non-synonymous substi-
tutions: at codon 55 (GC1: Ala — GAT: Asp) in 11V3,
codon 69 (GAG: Glu — AAG: Lys) in HV4, and codon 76
in FIVS (ATG: Met — ATC: He) (small grey rectangular
box in Fig. 2). Furthermore, the non-synonymous substi-
tution was present at codon 24, which is located in the
region immediately adjacent to the HV1-6 region (TTC:
Phe — TAC: 'tyr) (large grey rectangular box in Fig. 2).
These variations may be considered to be point mutations.

Typing techniques for Patr-DPB1 alleles

Cloning and sequencing methods using PCR techniques
arc the traditional approach for typing MIIC alleles. In
MHC-DPB1 alleles which include point mutations, it is
important to design a suitable primer pair for amplification
of the target gene. For example, the owl monkey Aotus
nancymaae has a unique sequence motif PLI/NRK at the
C-terminus of Aona-DPB1 exon 2, and an attempt to
amplify gene segments with a primer pair suitable for
HLA-DPB1 exon 2 sequences failed (Diaz et al., 2002).
Also, the PCR rechnique using primer pairs derived
from humans is limited because of the polymorphic
patterns of Patr-DPB1 alleles. In our preliminary
examination using a primer pair reported in a previously
published paper (Bugawan ezal., 1991), three or four
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Figure 2. Alignment of the nucleotide ssquences of Pai~DPB1 exon 2 alleles. The six previously known alleles and one new allele detected in this
study are indicated by bold type (Pat~DPB1*29; DDBJ accession number AB183471). The HLA-DPB1¥0101 allele is shown at the top of the figure.
- Dashes (-} indicate identity with this allsle. Synonymous substitutions appear in lowercase, while hon-synonymous substitutions are in uppercase.
The inferred amino acid sequence of the HLA-DPB1%0101 allele is shown with the conventional one-letter code. Codons 9, 11, 28, 30, 37, 38, 57,

61.67,70,71

, 74, 78, 82 and 86 are antigen recognition sites { V).

© 2005 Blackwell Publishing Ltd, International Journal of Immunogenetics 32, 187-192

— 282 —



v
v 70 ¥
{ ¢t E E K R A V P
HLA-DPB140101
Patr-DPBI0]  Coen mnn v nme @on mmm men eee omn e
Palr-DPB1:02 G- cv- on wem Gomommn mme wne aes e ces ASGiees
Patr-DPB1+03  C-- --- -+ c-= Bommmn o -oe -
Patr-DPB1+04 C-- -vn -ov -on
Potr-DEB1:20  C-- --- ---
Patr-DPB1+0S G- -+ --- -
Par-DPB1-06 G-- --- ---
Patr-DPB1+s07  C== ==« =v- cse moc an
Palr-DPB1=08  C-- ~o+ -cn cnn mom coe aen ws
Patr-DPB1«09 Coaw -=~ --- -
Patr-DPB1«10  Corr =-- -=- -
Patr-DPBI«11  C-- --- ---
Patr-DPB1+12  Co-- - «on --
Patr-DPB1613  C-- --- ---
Patr-DPBi«14  C-- --« «-n -en com oo e el e
Patr-DPB1s16 G- ~vv mos mmm s eme aae cn oo
PoAr-DPB1:16  Cov --- -ov mos men ams eme oo e
Patr-DPBIe17  Cor- on« sor com Gommen mee ove s
Patr-DPB1“18  C-- . e
Patr-DPB1«19 C-- --- - ---
Par-DPB1:20 C-- --- --- . e
Patr-DPB1+21  C-- --
Patr-DPB1-22 C--
Patr-DPB1:23 C-- ...
Patr-DPB1-24 C--
Patr-DPB1625  C-= =« -t tom cmm mon men mee aas
Patr-DPB1627 G- =- wen vmm Gommee mee moe oon -
Patr-DPB1428  G-x mov ==n =on Gommes mme o s
>
Hv4 HVS
Figure 2. Continued
10 20 SO 40
HLA-DPB1-0101
Patr-DPB1+01

Patr-DPB1=02
Patr-DPB1-03
Patr-DPB1.04
Patr-DPB1:05
Patr-DPB1+06
Patr-DPB1+07
Patr-DPB1-08
Patr-DPB1-08
Patr-DPB1+10
Patr-DPB1=11

Patr-DPB1+12
Patr-DPB1+13
Patr-DPB1x14
Patr-DPB1-1§
Patr-DPB1+16
Patr-DPB1+17
Patr-DPB1*18
Patr-DPB1+19
Patr-DPB1-20
Patr-DPB1-21

Patr-DPB1+22
Patr-DPB1-23
Patr-DPB1+24
Patr-DPB1+25
Patr-DPB1-26
Patr-DPB1+27
Patr-DPB1+28
Patr-DPB1+29

v
DR V C R H

fee ce i A Qe mem mmm mmm e mme aan
e e et A en mme e e mme mae ans
N Y R T
(R N + S
P P N T
PR YK I
hee cceAeG - mee mem mer mes mee oman
PN o ST
R R S
. Y R
Y U
T I T
R NP ¢ SRR

S

The MHC class || DPB1 gene in chimpanzees 191

v 80 v v 80
N Y E L D E A V T L QR R

ATC CTG GAGGAG AAG CGG GCAGTG CCG GACAGR GTA TGC AGA CAC AAC TAC GAG CTG GACGAGGCC BTG ACC CTG CAGCGCCGA
cerA-Bone men e mme mem e oen

cee mme o mmm mm- m- —a- cee wuwooww

P N « T L LT T T T

mmm e mem acs mmm mma eas kA bR

Ave weaCrBTn me wen =en

e S

P

80 60 70 &0 80
vV v v

v v v
NYVYQGRQECYAFNGTQRF L ERY i YNREEYARFDSDVGEFRAVTELGRPAAEYWNSQKD | LEEKRAVPDRVCRHNYELDEAVTLQ

Figure 3. Alignrhent of the deduced amino acid sequences of 28 known PstrDPB1 exon 2 alleles and one new allele detected in this study. The
new allele is indicated by bold type. The HLA-DPB1*0101 aliele is shown at the top of the figure. Dots (.} indicate identity with the HLA-DPB1*0101

allale. The symbol ¥ indicates antigen recognition sites

independent alleles among selected clones were detected
in some chimpanzees.

By designing a specific primer pair tor the chimpanzee,
we successfully analysed the exon 2 nucleotide sequences
of Patr-DPB1 loci using cloning and direct sequencing.

& 2005 Biackweill Publishing Ltd, inernational Journal of immunogene

The application of direct sequencing was particularly use-
ful to exclude incorrect 1A cloning sequencing resulting
from PCR error. The methods used in the present study
should facilitate the identification of Patr-DPBI1 alleles,
and contribute towards maintenance of Patr-DPB1 allelic
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diversity in chimpanzee groups in Japan through colony
management,
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Abstract

The MHC-DRBI gene is known to display the most extensive allelic polymorph-
isms among MHC class II genes. We attempted the selective identification of
chimpanzee (Pan troglodytes) DRBI1 (Patr-DRBI) alleles using the polymerase
chain reaction (PCR) technique in three steps: first, we performed Patr-DRB1#02
lineage-specific 8-kb PCR for *02 lineage detection in each chimpanzee; second,
we performed 620-bp PCR for amplification of full-length exon 2; and finally, we
carried out an insert check using the pattern of microsatellite repeat length
variability. In the genomic DNA of 23 chimpanzees, nine Patr-DRB1 alleles
containing two new alleles were detected. Our approach provides a relatively
effective method of identifying Patr-DRB1 alleles in individual chimpanzees and
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introduction

The classical major histocompatibility complex (MHC) class
II molecules are heterodimeric surface glycoproteins com-
posed of polymorphic « and B chains (1-3). MHC class II
molecules play a key role in orientation in the immune
response due to their restricted expression on professional
antigen-presenting cells (APCs) (4, 5). Additionally, differ-
ential peptide binding of distinct MHC class II molecules
can lead to different T-helper cell activation, and MHC class
II molecules are therefore associated with susceptibility or
resistance to infectious diseases (6, 7).

Chimpanzees have a significantly favorable response to
human immunodeficiency virus (HIV)-1 and human hepati-
tis B virus (HBV) (8, 9). Furthermore, the chimpanzee model
of human hepatitis C virus (FHICV) infection is suitable for
determining the identity of epitopes targeted by CD4" cells.

High levels of genetic homology between chimpanzees
(Pan troglodytes) and humans are a major reason why the

134

should also contribute to our understanding of the features of MHC molecules in
non-human primates. '

chimpanzee represents an important experimental animal
for comparative bioscience (10). In both humans and
chimpanzees, the MHC class II genes are divided into
DP, DQ, and DR subregions. The DR subregion appears
to display the most extensive polymorphism in MHC class
1I genes in which the B chain is encoded by any of a series
of polymorphic DRB loci, while the o chain is encoded by
the virtually monomorphic DRA locus (11, 12).
Chimpanzees have three functional loci (DRB1, DRB3,
and DRBS5) among several DRB loci (DRB1, DRB3,
DRB4, DRB5, DRB6, DRB7, DRWS, and DRW9). The
functional DRB loci are characterized by an extensive
amount of allelic variation that is confined primarily to
the second exon. Patr-DRB2, Patr-DRBS8, and Patr-
DRB9, denoted as HLA-DRB2, HLA-DRBS, and HLA-
DRBY, respectively, are thought to be present, but the
alleles have not yet been determined (13).

The analysis of the DRBI gene among the DR regions
has generally been considered to be the most important

© 2006 The Authors
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parameter for studying phylogeny and disease association
(14-18). In particular, the Patr-DRBI! gene has been
shown to be the most polymorphic of the functional
DRB genes (2). Therefore, a rapid and precise typing
method for DRBI genes is necessary for defining poly-
morphisms and performing sequence analysis of a large
number of individuals for group management as well as
for genetic analysis of disease susceptibility. In the present
study, we developed a useful method for the determination
of Patr-DRB! alleles and examined Patr-DRBI1 allelic
diversity in a chimpanzee group in Japan.

Materials and methods

DNA samples

The 23 chimpanzees used in this study were housed at the
Kumamoto Primate Park, Sanwa Kagaku Kenkyusho, in
Japan. The name, registration number, age, and sex of
each animal are listed in Table 1. All but six of the chim-
panzees (Miyuki, Kirara, Kurara, Kotetu, Paru, and
Zugo) were captured in Africa and transported to Japan.
The genetic relationships among the chimpanzees are sum-
marized in Figure 1. To the best of our knowledge, there
were no other genetic relationships among the chimpan-
zees used in this study. The pedigree of this chimpanzee
colony is provided at http://www.nbr-chimp.org/chim/
zoo/sanwa/sanwa-m_all.html.

Table 1 Patterns of Patr-DRB1 ailleles in individual chimpanzee

Name No. Age Sex Patr-DRB1
Ichigo 115 25 ? *0302, *0307
lyo C54 28 ? *0204, *0307
Izou 24 27 é *D0201, *0311
Kirara 277 9 ? *0305, *0307
Koiko C51 28 ? *0307
Konatu 105 28 Q *0312

Kotetu 244 15 I3 *0201, *0312
Kurara 278 9 ? *0305, *0307
Maruku 109 25 3 *0204, *0302
Miyuki 204 20 ? *0204, *0305
Nozomi 112 27 Q *0302

Paru 228 16 ? *0307

Remu 106 24 Q *0201, *0204
Roman Cce9 31 ? *0201, *0307
Sango C35 29 Q *0204, *0307
Sanzou C33 31 3 *0201, *0307
Siomi 85 25 2 *1001, *0302
Sumiko 86 25 Q *0309
Susumu 82 27 3 *0307
Takabo 104 28 3 *0201, *0311
Tamae 108 26 ? *0204, *0302
Tetu 45 29 5 *0204, *0307
Zugo 256 13 5 *0307

© 2006 The Authors
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Miyuki @ Tetn Sango
*0204/%0305 ‘i‘;‘?f; 2 *0204/40307 *0204/40307
| I
Kirara & Kurara $ Kotetu Paru$ Zugo
*0305/40307| {*0305+0307| |*0204/%0312 *0307 *0307

Figure 1 Pedigree patterns of the three chimpanzee families. The hor-
izontal and vertical bars mean the partner (double line) and thier proge-
nies {single line), respectively. Tetu (gray box} is an alpha male.

Genomic DNA was isolated from a peripheral blood
sample using a QIAamp DNA Blood Mini Kit according
to the manufacturer’s instructions (Qiagen, Hilden,
Germany).

Design of the primer set for Patr-DRB1 exon 2

In order to determine a specific primer pair which
amplifies exon 2 in each Patr-DRBI allele, 8-kb polymer-
ase chain reaction (PCR) covering the area from exon 1 to
exon 3 on the DRBI gene was performed using the geno-
mic DNA of Sanzou and Iyo (Figure 2A,B). The primer
pair (DRB-E1+ and DRB-E3-) was designed from a Patr-
DR cDNA clone as previously described (19). The reac-
tion mixture contained 0.25 U of LA Taq polymerase
(Takara, Kyoto, Japan), 2.5 mM dNTP, 2.5 mM MgCl,,
4 pM of each primer, and 2 pul of DNA template.
Amplification was first performed for 14 cycles of dena-
turation at 94°C for 20 s with annealing and extension at
68°C for 20 min. This process was followed by 17 cycles of
denaturation at 94°C for 20s with annealing and
extension at 68°C for 20 min in a stepwise elongation
with an incubation time of 15 s/cycle. Only one band of
8 kb was detected during electrophoresis with an 0.8%
agarose gel (Wako, Osaka, Japan). The purified 8-kb tar-
get product was ligated into a pCR-XL-TOPO vector
(Invitrogen, Carlsbad, CA) and then transformed into a
DHS5™ competent cell (Toyobo, Osaka, Japan). The
obtained clones were checked by PCR with the primer
pair (sense: 5-GCTTCGACAGCGACGTGGGGGAGT-
3'; antisense: 5-ACCCGCTCCGTCCCATTGAAGAAA-
3’) that was used to amplify the 250-bp product of the
chimpanzee DRBI1 exon 2. Each of three plasmid clones
from Sanzou and Iyo was isolated with a Nucleospin®
Plasmid QuickPure kit (Macherey-Nagel, Diiren,
Germany).

The plasmid samples were labeled with a Big Dye™
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosysterns, Foster City, CA) and analyzed with an
ABI PRISM™ 377 DNA Sequencer (Applied
Biosystems). Based on the sequence, the PCR primer pair
for each chimpanzee was designed (DRB-Intl+ and
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(A) . .
Microsatellite repeat
Exon 1 Intron 1 Exon 2 (270bp) Intron 2 Exon 3
e~ DRB-E1+ DRB-E3- <z=ma. 8 kb
(Patr-DRB1*02 lineage)
DRB-Inti+ == <= DRB-Int2- b. 620bp (Patr-DRB1 alleles)

c. 230-240bp (Patr-DRb1*02 lineage)
DRB-Int2- 200-210bp (Patr-DRB3 loci)

DRmicrosatellite-+ e dm=a }
180-190bp (Patr-DRB1*03 lineage)

(B)
DRB-E1+

Patr-DRB1¥02¢DNA ATGCTGTGTCTGAAGCTCCCTGGA @tctcctgcatgacagcactgaca GTGACACTGATGGTGCTGAGCTCACCACTGGCTTTGGCTGGG
Patr-DRB1*03CDNA ... G. Co e

von I"""'"'

Patr-DRB1*02cDNA GAGTGGTTTCTATCCAGGCAGCATTGAAGTCAGGTGGTTCCTGAATGGCCAGEARGAGARGGCTGGEGTGGTGTCCACAGGCCTGATCCAG

Patr-DRBI*0 CDNA . .. .t ite et osaeaienenananaeanaans oo [¢ JAE. - Bttt e e e e
©)

DRB-Intl+
Patr-DRB1*02 GGAGGATGAGCC |cctaggttgctggtggtgggcgtt[ GCGETTEGEECCEETTAAGGTT - CCAGTGCCCGCACCCCGCTCAGGGAGCCCCG
Patr-DRB1*03 ........... 1 L ... G- AGL el e i Coiiiniiee e

DRmicrosatellite+

Patr-DRB1*02 GATGGTGGCGTCECTGTCCGTGTCTTCTCAGGAGGCCGCC-CTGTGACCGGATGGTTCGTGTCCCCACAG H v
Patr-DRB1*03 ............ A

Patr-DRB1*02

.‘|—=> Intron2 N

Patr-DRB1*02 GTGTGTGTGTGTGTGTGTGTGTGTGTGT GAGAGAGACGAGAGAGAGAGAGAGAGAGACAGAGAGAGACAGAGAGAGGAAGAGAGAGAGAGAG

Pabr-DRBI*03 —= = ittt e T T T T T e a s [€ G...-=----rmmmm e e .
DRB-Int2-

Patr-DRB1*02 CGCCATCTGTGAGCATTTAGRATCCTCTCAGTCCCGA[gcaagcagttctgagagcacaggty] GTGTGTGTAAARGTGTGGATTTGTCTGT

Patr-DRBL*03 .. ... ... i iiiiiinancncannn TA...T..

Figure 2 (A} Schematic diagram of the primer pairs used in this study. (a) 8-kb PCR for the detection of Patr-DRB1#02 lineage. (b} 620-bp PCR for the
exon 2 amplification of Patr-DRB1 alleles. {c) An insert check for colony selection of Patr-DRB1 alleles. (B) A primer pair for 8-kb PCR. DRB-E1+ and
DRB-E3- (a white rectangle) are located in exons 1 and 3, respectively. The upper and lower nucleotide sequences are the Patr-DRB1*02 lineage
cDNA and Patr-DRB1*03 lineage cDNA {accession number AY663401), respectively. Dots (.} indicate identity with the Patr-DRB1*02 fineage. Exon 2
sequences are omitted. (C) Primer pairs for the exon 2 fragments and insert checking. The upper and lower nucleotide sequences are the Patr-
DRB1*02 lineage and Patr-DRB1*03 lineage, respectively. Dots (.} indicate identity with the Pat-DRB1*02 lineage. Dashes (~) indicate the deleted
sequence. The primer pairs for exon 2 appear inside the white rectangular boxes (DRB-Intt+ and DRB-Int2-). The primer pair for the insert check in
clones appears in the gray and white boxes (DRmicrosatellite+ and DRB-Int2-). PCR, polymerase chain reaction.

DRB-Int2—; Figure 2A,C) to amplify 2 620-bp product  PCR, cloning, and the selection of DRB1 clones
containing the entire exon 2 (270 bp) sequences. In addi-

tion, amplification of Patr-DRB! lineages other than the
Patr-DRB1*02 lineage was confirmed in one other chim-
panzee (Siomi).

PCR was applied to the DNA of the 23 chimpanzees as
follows. Amplification was performed using AmpliTaq
Gold (Applied Biosystems) with DRB-Intl+ and DRB-

136 © 2006 The Authors
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Int2— primers, and the 620-bp products were cloned into a
pCRII-TOPO vector (Invitrogen). Due to the high genetic
homology of Patr-DRBI*03 and the DRB3 gene, the tar-
get products were detected in both the DRBI and DRB3
genes (sequence data of detected Patr-DRB3 not shown).
In order to select only DRBI alleles, a specific insert check
was carried out on the 12 selected clones. A new sense
primer (DRmicrosatellite+) was designed from the micro-
satellite repeat region of intron 2, and PCR was carried
out (Figure 2A,C). Identification of amplified products
was performed on the 8% acrylamide gel. Based on the
results of the electrophoresis, we again selected 6-8 clones
of DRBI alleles and sequenced them.

MHC Patr-DRB1 nomenclature

The official designation for the Patr-DRBI allele detected
in the present study was obtained from mMGT-NuHP database
(20). New alleles have been registered in the DNA Data
Bank of Japan (DDBJ).

Results

Specific separation of DRB1 alleles in individual
chimpanzees and microsatellite repeat patterns of each
allele

In the DRBI loci of the HLA, the lengths from exon 1 to
exon 3 containing intron 1 on the HLA-DRBI1*15 and
HLA-DRBI1*16 lineages (denoted as the Patr-DRB1*02
lineage in chimpanzees) and the HLA-DRBI1*03 lineage
(denoted as the Patr-DRB1*03 lineage in chimpanzees)
(21) were approximately 8 and 11 kb, respectively.
Similarly, the lengths from exon 1 to exon 3 of the Patr-
DRB1*03 lineage was approximately 11 kb (accession
number, AY663401).

In the present study, we were able to identify the exis-
tence of a Patr-DRB1*02 lineage by the amplification of
8 kb using the DRB-El+ and DRB-E3- primer pair
[Figure 2A, (a)]. Nine (Kirara, Kurara, Ichigo, Nozomi,
Koiko, Susumu, Sumiko, Paru, and Zyugo) of the 23
chimpanzees did not have the target band of 8 kb. In
fact, the Patr-DRB1*02 lineage was not detected in these
chimpanzees in their sequence analysis (Table 1). We next
amplified the second exon of DRBI alleles with a 620-bp
primer pair [Figure 2A, (b)] and cloned it in vector. We
then attempted to carry out an insert check with the new
primer pair [DRmicrosatellite+ and DRB-Int2—;
Figure 2A, (c)]. Sequence analysis indicated that the
lengths of the allele-specific PCR product were the follow-
ing: the Patr-DRB1*02 lineage, Patr-DRB3 locus, and
Patr-DRB1*03 lineage were 230-240, 200-210, and
180190 bp, respectively (Figure 3). As a consequence,
the detection quality of the DRBI alleles was maximized

© 2006 The Authors
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A
( ) DRB1 DRB1 DRB! DRB3 DRBI
*0204 *0204 *0201 *0208 *0204
Remu
(B) DRB1 DRB1 DRB3 DRBI
#0302 *0307 *0102 *0307
Ichigo | “' -

Figure 3 An acrylamide gel for each of the clones derived from Remu
and Ichigo. PCR products were amplified by a DRmicrosatellite+ and
DRB1-Int2—~ primer. The target band for each clone is represented by a
white triangle. (A) Remu shows DRB1%¥0201, DRB1*0204, and
DRB3*0208. (B) Ichigo shows DRB1*0302, DRB1*0307, and
DRB3*0102. PCR, polymerase chain reaction.

by the present PCR technique and we were able to effec-
tively detect the DRBI alleles in each chimpanzee.
Moreover, we analyzed allelic diversity using a complex
microsatellite located in intron 2, close to the polymorphic
second exon. The detected polymorphism in the intron 2
microsatellite displays a complex pattern, with both
sequence and length variability between alleles (Table 2).

Patterns of Patr-DRB1 alleles in individual chimpanzees

The patterns of the Patr-DPBI alleles in each chimpanzee
are summarized in Table 1. Nine alleles, including two
new alleles (Patr-DRB1*0311 and Patr-DRBI1*0312),
were detected in this study and could be divided into
three lineages: the Patr-DRB1*02 lineage, which included
the Patr-DRB1*0201 and Patr-DRB1*0204 alleles; the
Patr-DRB1*03 lineage, which included the Patr-
DRB1*0302, Patr-DRB1*0305, Patr-DRB1*0307, Patr-
DRB1*0309, Patr-DRB1*0311, and Patr-DRB1*0312
alleles; and the Patr-DRBI1*10 lineage, which included
only the Patr-DRB1*1001 allele. In this study, the Patr-
DRB1*07 lineage was not detected.

The majority of chimpanzees (16/23) showed heterozy-
gotes that combined with the DRB1*02 (1/16), DRB1*02/
03 (11/16), DRB1*03/03 (3/16), and DRB1*1001 allele/03
lineages (1/16). The Patr-DRB1*0307 allele was found in
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Table 2 Microsatellite variation of alleles detected in this study

E. J. Bak et al.

Allele 5 repeat

Dinucleotide™ repeat
number of a complex

Middle repeat 3’ repeat microsatellite
Patr-DRB1*0201 (GThg_20 (GA)11-1,CA{GAN,CAIGA)3GGAA (GAg 47-49
Patr-DRB1*0204 (GThe (GA}14CA(GA),CAIGA):GGAA (GA)e 47
Patr-DRB1*0302 (GT)z1 (GAJgAA {GA)e 34
Patr-DRB1*0305 (GThe (GA)LAA (GA), 28
Patr-DRB1*0307 {GT)44 s (GA)21 32
Patr-DRB1*0309 {GTho (GA)1CA (GA)4 33
Patr-DRB1*0311 (GT)ao (GA)sAA (GA)s 32
Patr-DRB1*0312 (GT)g (GAeCA (GA)4 30
Patr-DRB1*1001 (GT)g (GA)1CA(GA),AA (GA), 30
Patr-DRB3*0208 {GTs (GA)14(GAlgGGAA(GA)4CA (GA); 39
Patr-DRB3*0102 (GT), (GTHAT(GTIg(GAIAAIGA)sGGAA(GA),CA (GA)a 38

13 chimpanzees. The identical twin chimpanzees, Kirara and
Kurara, were found to share Patr-DRB1*0307 (Figure 1).

Sequence analysis of the Patr-DRB1 allele

The nucleotide sequences of Patr-DRB1 exon 2 and the
deduced amino acid sequences are depicted in Figures 4 and
5, respectively. None of the alleles, including the two new
alleles, displayed features characteristic of a pseudogene.

The common sequence motifs were concentrated in the
upstream region in the exon 2 segment (codon 9-45) within
the Patr-DRBI lineages. All of the Patr-DRB1*03 lineages
containing the two new alleles were found to show the
EYSTS amino acid motif at positions 9-13 (the gray rectan-
gular box in Figure 5). In addition, the Patr-DRB1*02 line-
age was found to share an identical EEFMRFDSDYV amino
acid motif at positions 35-44 and the LQPKG amino acid
motif at positions 9-13 (except the Patr-DRB1*0205 allele;
solid-lined boxes in Figure 5). The FLDRYFY motif at
positions 26-32 was found in two Patr-DRB1*02 alleles
(Patr-DRB1*0202 and Patr-DRB1*0205) and six Patr-
DRBI1#*03 alleles (Patr-DRB1*0306, Patr-DRB1*0308,
Patr-DRB1%0309, Patr-DRB1%0310, Patr-DRB1%0311,
and Patr-DRBI1*0312; dotted-lined box in Figure 5).

On the other hand, there appeared to be broad variation
in the downstream region of exon 2 (codon 60-90). The
variations of the two new alleles (Patr-DRB1*0311 and
Patr-DRB1*0312) were found in this region.
Patr-DRB1*0311 was similar to Patr-DRB1*0310, but a
different non-synonymous substitution was found at
codon 84 (Gly—Arg;, the gray box in Figure 4).
Additionally, Patr-DRB1¥0312  was  similar to
Patr-DRB1*0309, but two non-synonymous substitutions
were found at codon 57 (Asp—Ser) and codon 61
(Trp—Tyr; solid-lined box in Figure 4). Furthermore, sev-
eral alleles were encoded to valine, alanine, and leucine at
position 86; Patr-DRB1*0305, Patr-DRB1*0306, and
Patr-DRB1%¥0310 were changed to valine, Patr-
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DRBI1*0307, Patr-DRB1*0309, and Patr-DRB1*0312 to
alanine, and Patr-DRB1*0701 to leucine.

- Discussion

Studies of the MHC class II DR molecule have been
progressing with the intent of developing therapeutic and
preventive vaccines (22). Specifically, the influence of
CD4" T cells against individual epitopes in HCV has
been studied in humans and chimpanzees (10, 23). Most
individual epitopes fit the DR supertype motif and show
high affinities with the DRBI1 molecule, DRB1*1001,
DRB1#0701, and DRB1*0402. It is believed that DRBI
alleles may play an important role in vaccine development.

Useful identification of MHC DRB alleles in the rhesus
macaque (Macaca mulatta) and common marmoset
(Callithrix jacchus) has been achieved through denaturing
gradient gel electrophoresis (DGGE) and PCR-single-
strand conformation polymorphism (PCR-SSCP) (24—
26). In the chimpanzee, the traditional approach for typing
DRB alleles involves cloning and sequencing methods
using PCR (1, 2, 10, 21). However, DNA sequencing
specific to each DRB gene from individual chimpanzees
has been difficult, because there is high genetic homology
within functional DRB loci. The traditional approach for
cloning and sequencing exon 2 on DRB genes for a given
colony has been reported to be disadvantageous, in which
a minimum of 30 different molecular clones must be
selected (10). Furthermore, in our preliminary experiments
using the primer set derived in a previous study (1), we
were unable to detect DRBI alleles among 25-30 different
clones in the tested chimpanzees (data not shown).
Therefore, in the present study, we hypothesized that a
PCR technique using three separate steps could facilitate
the identification and characterization of unique Patr-
DRBI alleles and provide a rapid and unambiguous detec-
tion method for Patr-DRBI alleles.
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10 15 20 25 30 35
HLA-DRB1* 0101 CGT TTC TTG TGG CAG CTT AAG TTT GAA TGT CAT TTC TTC AAT GGG ACG GAG CGG GTG CGG TTG CTG GAA AGA TGC ATC TAT AAC CRA GAG
Patr-DRB1¥0201 --- --- C-= =T- ==~ =C= ==+ GGG -~G -~- ~-= === woo —on see amm e mee o GA- - mmm -em mee -
Patr-DRBL¥0202 --- --- C-- -T- --- -C- --- GGG --G B LT P PP “A- T-- --- —mm mm -
Patr-DRB1*0203 --- --- ¢-- -T- --- -C- --- GGG --G ——. - GA-
Patr-DRB1#0204 --- --- Q- -T- --- -C- --- GGG -~G --- --= --= --= e mem mm- -A-
Patr-DRB1*0205 --- --- C-- =T~ --- =C- --= BAGG --G --= === =~= === === === m=o e e oo -A-
Patr-DRBL*0213 *%# *%% Cou “T- ~wv -C- == GGG --G =~= -=-= === —== === ——= —-- B b GA-
Patr-DRB1#0302 --- --- --- GA- T-C TC- -C- -C- --G C-m ane =G ---
Patr-DRB1#0305 --- --- --- GA- T-C TC- -C- -C- --G C-- === --G ---
Patr-DRB1*0306 *** *** --- GA- T-C TC- -C- -C- --G mes e --G o=
Patr-DRB1*0307 --- --- --- GA- T-C TC- -C- -C- --G C-- === -G ---
Patr-DRB1*0308 **% #%% --- GA- T-C TC- -C- -C- --G - --- -<G ---
Patr-DRB1%0309 --- --- --- GA- T-C TC- -C- -C- --G .- m-- --G ---
Patr-DRB1#0312 --~ --- --- GA- T-C TC- -C- -C- --G - === -G ---
Patr-DRBL*¥0310 *** *** --- GA- T-C TC- -C- -C- --G mes mes oG e
Patr-DRB1%0311 --- --- --- GA- T-C TC- -C- -C- --G mm- mm- --G -~
Patr-DRB1*1001 --- --- --- GA- --- GC- === =@ ==@ === === === === mom —es mo —oo —oo men mee oo -e- oo G --- C-~ --- C-- ~-- -G ---
Patr-DRBL*¥070L *** #%% C-- —=- «o- AG- --- -A- A-G --- === === -== -=C --- === Rl CIE T T P CT- T-- -o= ~== --G -~~~
Patr-DRBL*0702 --- --- C-- -2= === @G- --- -A- A-G --- -== === -vw =oC === --- --- ——- =wu “A~ --C === --- --- CT- T-- --- === --G ---
40 45 50 55 60 65
HLA-DRB1*0101 GAG TCC GTG CGC TTC GAC AGC GAC GTG GGG GAG TAC CGG GCG GTG ACG GAG CTG GGG CGG CCT GAT GCC GAG TAC TGG AAC AGC CAG ARG
Patr-DRBL#0201 --- -T- A-- === === === === mo= —oo e mmm e mem mme mem mee ma mwe e —om === 2PC --- - eQ wmm mma mem wen

Patr-DRB1*0202
Patr-DRB1*0203
Patr-DRB1*0204
Patr-DRB1*0205
Patr-DRB1*0213

Patr-DRB1#0302 m—— mmm -e-

Patr-DRB1*0305 === === -T-

Patr-DRB1*0306 ~T-

Patr-DRB1*0307 ~T-

Patr-DRB1*¥0308 -T-

Patr-DRB1%0309 -T-

Patr-DRB1#0312 -T-

Patr-DRB1*0Q310 T~

Patr-DRB1*0311 T~

Patr-DRBI¥1001 --- GA- === === === === =m= c-e eoe oo wom me= mme mee mme mms mee s mme mmm mme <=0 mme mee wee e cn e e mee
PAtr-DRBL*070L === ~Tr =ms =a= =-e =oe vov mmw ooT e mem mme oo mme mom mmm mme mmm mee me mmn 2TQ = mm= =0e mmm —mm mmm —mm o
Patr-DRBI¥0702 -=- -T- —-- - —oo ooo mm mm oo oo o —mm —mm oo oo o J T T EeyvyU v

75 80 85 20

HLA-DRB1+*0101 GTG GAC ACC TAC TGC AGA CAC AAC TAC GGG GTT GGT GAG AGC TTC ACA GTG CAG CGG CGA
Patr-DRB1#0201 m-= m=n SAT e mmm mmo mee cme oo mom e B
Patr-DRB1*0202 dmm mme AT - mmm mmm mmmmmm mmm mmm —em *kk khkk Khkk kEE Kkw
Patr-DRB1*0203 ecm cae “BT e mme mee mme me cee e e kEE KRk kkk KkE KA
Patr-DRB1*0204 mmm ma= AT “mm meo mmm mme mme mmm mme mee hen mmm mma mam mee
Patr-DRB1*0205 g UG kK Khkk kkk kkE kkk
Patr-DRB1*0213 ——— mmm a-a e A A A A S R L R X
Patr-DRB1#0302 G-C «~- === -G- CA- === === =AT e mem wme wme eee
Patr-DRBL*Q305 G-C === -=- -G~ CA~ --- --- -AT mee mem eem mem —-
Patr-DRB1+*0306 G-C === =-- -G- CA- --- --- -AT Nkw RRE kkk KEE R Rk
Patr-DRB1#%0307 G-C GR- --- —m- cee mem aen e mmm mmm mmm mma mww
Patr-DRB1*0308 G-C GA- ~w~ —-r —=e - ——— ——- Kk kEK kkk Kkk kkk
Patr-DRB1*0305 G-C GA- --=- w-= e oo man eao

Patr-DRB1*0312 G-C BGA- =~nu mm= moe mmm mmm a-m mee mmm mam mmm —on
Patx-DRBL*0310 G-C --- --- -G- CA- --- --- -AT KRk kEE kAR kAR Kk
Patr-DRB1#0311 @-C ~== ==~ =@~ CA- --= --« <AT P
Patr-DRB1#1001 --=- A-- -c- =Q= =cu won con con AQ === ;o coo 2P- mmn mem dmm e s mem mme mmm mmm Moo mmn mme s maa mae oo
Patr-DRB1*0701 --- --- «ww oo @-C === ~-= -G~ CAn~ =~ne e==m 2o GTG =v~ =we oo —cc ccc cwc wme TTG =ne =m=- -==- KkKk kkk kkk kkk Fk¥
Patr-DRB1*0702 ~-- --- --- -=n G=C -== === -G- CA- --= —== === GTG --- --- e L L T

Figure 4 Alignment of the nucleotide sequences of Patr-DRB1 exon 2 alleles. The seven known alleles and two new alleles detected in this study are
highlighted by bold print (Patr-DRB1*0311, DDBJ accession number AB201752; Patr-DRB1*0312, DDBJ accession number AB201753). An HLA-

DRB1*0101 allele is given at the top. Dashes (-} indicate identity with the consensus sequence and the asterisk (*), a lack of availability of sequence
information.

We were able to analyze the full length of exon 2 on B-pleated sheet and the a-helical portion have evolved
Patr-DRBI loci using a 620-bp primer pair. The sequence distinctly from one another. In the B-pleated sheet por-
data of exon 2 of Patr-DRBI1 alleles suggest that the tions, similar amino acid motifs within the Patr-DRB1*02
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RFLWQLKFE CHFFNGTERV RLLERCIYNQ EESVRFDSDV GEYRAVTELG RPDAEYWNSQ KDLLEQRRAA VDTYCRHNYG VGESFTVORR

Patr-DRB1#*0201 RN e~y AUPUPRRUUOR . s ;i SO BN S B Veu-Cumm -- R Newommon meecceaa-
Patr-DRB1*0202 =-L-PeGl - ----oco- qF-D-YFobo foFM-ocoooo ceoooooooe o V---C--- -- F---A--- -- S whEx K
Patr-DRB1*0203 —dL-P-G} ---==mmm-- qF==-D-be Moo e - Vommmmnn = I---A--- -~ N--rmmmm oo me *rEEE
Patr-DRB1%0204 R ) AF-H-YF-b o | FMe o] e oo VoonCoem == I---A--- -- Nemommmm mmmmmcmmon
Patr-DRB1*0205 —-dL-P-Rf ~---m-mmmn AF-D-YF-pom |- =FM-mmood —mmmmmmmom - e R---B —--mmmmmmm mmmes EhEkE
Patr-DRB1*0207 - dL-P-G} emmmmoee- HF-H-YF-p - | -FM---oof oo - VoooCrmm —- I--HE--- ---~- RAAEKE KAk AR
Patr-DRB1%0208 [ e I | TR S Y VoooComm -- I--HE--- —-N-**tkks *hkkastrss
Patr-DRB1*0209 = L-P-GF ---=----en AF-R-YFobo |--FM-----q -----osees oo AV T--HE--- —-Nokttkd% *kkkkkesss
Patr-DRB1*0210 R 0 -0 A F-- Db oFMe o e - VoooComm -- I---AG-- ---- ERKAEE ERERAARAER
Patr-DRB1*0212 PR § - T | qmmemyFb o Mo e e For—ommmm -~ Nokkkkkd *hhwhhshrd
Patr-DRB1*0213 - dL-P-G} e-emmm--- 4F---D-- }- - FM--— e~ —cmmeeemmm - VoooCommm —eem Rov=Br =-Vommmon mmmee ErkEk
1
Patr-DRB1*0301 - -EYST§- ---------- JF—D—YFHL- DY mmmmen mmmmmmmmmm oo Vo-Gemmm -- I--DSG-T -—---**kkkk FxkERXEXEH
Patr-DRB1%0302 ---BYSTS- ------=--- {F-D-YFHR- --Yeeoseeo co-osoooon coVosBeo-o ooI--DoGQ -oNeooooss coooooooo-
Patr-DRB1+0303 YSTS F-D-YFHb- --Y---oo-- -- Fovmomoo —meecam—a - T--Ro--E ----kkkkks XAxAEKRAAK
Patr-DRB1%0304 -~ ~EYST8- ---------- AF-D-YFH-- —-emmeeoee o Froeooom -- AT YV--K-GQ —-N-k**khs *kkhhwrxss*
Patr-DRB1*0305 ---BYST§- ~---n----- AF-D-YFH-- --Y-er-en=e -= Forcmnm= == Vommmmmm mmn D--GQ --N------- AVewmmcnnn
Patr-DRB1*0306 - -BYSTS- -----mm-m- JF-D-YF-p- --¥-----o- - Formmmom mmmmmmmmmm — oo D--GQ --N------ R =V--—4kkax
Patr-DRB1#*0307 ---B¥ETS- ---------- Jp-D-¥PH- -----m--e- -- Fovmmmmn mmcmmmmmae oo YV-DE~=- =====--n-e - Awmmemmnn
Patr-DRB1+0308 e cBYSTS- ~m-m----m= -D-YFep- --Yewoooon —=Fom-eeoe eoVeooYeon —-YV-DE--- -ss-e--ooo oooo *Ekxx
Patr-DRB1*0309 ~--BYBT§- ---------- F-D-¥F-b- --¥e-ooooo oo F-rommm mmmme—ama oo YV-DE--- =—===-----n - )
Patr-DRB1%0310 - -EYST§- ------mn-- F-D-yF-Lo Fommmmmm mmmmmmemmm — o D--GQ --N------- AV--—**xrs
Patr-DRB1#0311 R I AF-D-YF--o —oy-ooeooo - Fommmmmm mmmmmmmmee oo D--GQ --N---=-- R mmmmmmmmmm
Patr-DRB1%*0312 - -EYSTE- --------- AF-D-YF-p~ -~¥---w-=- =-Fe---e-o ~-§--=Y-re -=YV-DE--- ----oo--o-- J E———
Patr-DRB1*1001 e tE-A-C- ~---wmmmo= -Fee-R-He= --Decocmms =memcmmmm== c—memcomce ==l-BRem=~D —o-Fooomon commooaeoo
Patr-DRB1*0701 ----- S-YK --=---mo-~ QF---LF--- -~ | VerSmmmm wooo- D--GQ ---V---wnmw - L -k ke k
Patr-DRB1*0702 ----- G-YK —--------- QF---LF--- -- Frocommer mmmmmmme—e o V-o-Germm ———m- D--GQ ---Vommmom —mmmm oo o

Figure 5 Alignment of the deduced amino acid sequences of Patr-DRB1 exon 2 alleles. The detected alleles in this study are highlighted by bold print.
An HLA-DRB1*0101 allele is given at the top. Dashes () indicate identity with the consensus sequence and an asterisk (*), a lack of availabitity of

sequence information.

and Patr-DRB1*03 lineages have converged at positions
26-32. Interestingly, the FLDRYFY motif shares some
alleles of the HLA-DRBI1*04 lineage. In the present
study, this motif of some alleles of the Patr-DRB1*02
and Patr-DRB1*03 lineages ‘was found to be conserved
in some of the B-pleated sheet portions of the HLA-
DRB1*04 lineages. These variations were thought to
have been introduced by point mutations in combination
with recombination within the B-pleated sheet portion in
humans and chimpanzees. In addition, similar variations
have been found in the B-pleated sheet portion in other
primate species (26-29). Specifically, the Patr-DRB1*02
lineage shows the LQPKG amino acid motif at positions
9-13, except in the Patr-DRBI1*0205 allele, and the
EEFMRFDSDYV amino acid motif at positions 35-44.
These amino acid motifs, which appear to be of a more
recent origin than the EYSTS motif of the MHC-
DRBI1*03 lineages, are shared in all primates and are
likely to have been conserved after speciation of the Patr-
DRB1*02 lineage and found only in the homnoids.

On the other hand, new alleles appear to be generated
primarily by changes in the a-helical loop portion. These
variations are consistent with those identified in previous
studies (21, 30, 31), which suggest that the allelic variation
at MHC-DRB1 has been generated primarily through
exchanges in the o-helical loop portion of exon 2.

140

Additionally, amino acid variations of Patr-DRBI alleles
at position 86 have been described in other non-human
primate species (28, 32). Because the side chain of position
86 is directly related to the antigen-binding site, position 86
is known to influence DR dimer stability and the length of
the peptide for the antigen-biding site (33). Therefore, these
findings suggest that the differential peptide-binding func-
tion in non-human primates may be achieved by employing
other types of amino acids.

In the present study, we used a 620-bp PCR technique
to analyze not only the full length of exon 2 but also the
sequence of a complex microsatellite located downstream
of the end of exon 2. The microsatellite structure of HLA-
DRBI1 alleles is different among individual allelic lineages
(34). However, until now, intron sequence variability of
the Patr-DRB gene presenting among alleles within a line-
age has provided only limited information. In the data
provided in Table 2, the general structure of the microsa-
tellite was strongly associated with individual lineages.
Interestingly, microsatellite repeat structures such as the
(GT)x(GA)y structure in Patr-DRB1*0307 differ from
those in other Patr-DRB1*03 lineages. - However, the
microsatellite repeats of all Patr-DRB1*03 lineages have
comparable lengths.

Because 620-bp PCR detected Patr-DRB3 genes as well
as Patr-DRBI genes, we decided to carry out a
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microsatellite-PCR  technique using the variable repeat
length of a complex microsatellite located in intron 2 of
the Patr-DRB1I and Patr-DRB3 loci. Based on the vari-
ation of microsatellite repeat patterns between Patr-DRB1
alleles and Patr-DRB3 alleles, we successfully selected
Patr-DRB! alleles.

Identification and analysis of Patr-DRBI alleles using
this method should be useful in facilitating colony man-
agement of chimpanzee groups in Japan and are expected
to contribute to studies on disease association and suscept-
ibility associated with MHC class II molecules. In add-
ition, the data of the microsatellite sequences of the
chimpanzees analyzed in the present study will provide a
basis for examining the evolution of microsatellite
sequences and for tracing the origin of individual Patr-
DRBI alleles.
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Infectious disease of simian herpes B virus
Ryo Hondo, Aya Saito, Fukiko Ueda
Department of Veterinary Public Health, Nippon Veterinary and

Animal Science University

Abstract
The epidemiology and the method of diagnosis were elucidated for simian herpes B

virus (SHBV) infection. It is important that usefulness was demonstrated for the methods
. of DNA diagnosis having high sensitivity and specificity for SHBV and HSV-1, 2 types,
and of detectable serological diagnosis for each specific antibody.

The methods allowed the final diagnosis of the human infection due to the reactivation

of latent SHBV and the HSV infection from human to monkey. These results would be

able to become important and fundamental knowledge for the sero—epidemiological analysis

of the infectious stile.

Key words: a—herpesvirinae, simian herpes B virus, DNA diagnosis, PCR—microplate

hybridization, sero—epidemiology
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BWEIC L BERENBETH D, BRIV
A DFIEMALIC & 5 BRERR 5 Z RIS
ZOELZZEDHELPIIENTVS, T, U
A WVARBRGED T FIVEER ST VEOERR
BEMLTWAZ LIIMAT, RETENY b
REOIEWE LR EORRTFNPLDOLE PAD
BAHR S STV B,

¢ THIEYILO SHBV BT
EBEIICBWT, WA 7 EY VD SHBV
PFAROBREARE ThRTw5, AES =
7 4 FNTORETIE, ©1979-874F : 2,018 ]
D 51.2%, ©1994-954 : 1,200 BEH D 41.9

%75 SHBV FifklB ik T & o 7z (E L RRGENT 28
- S EEEY Yy —). T, EMKRE:
EERHFAT P VETORAE (1997 4F) TlE, @~
% 2 J& O VI 947 BEFR O 40 % PR TE T,
Dbk VIV T34 % HRRETH
o) f:s).

SHBV HiRBEF Vi, SRR ICERO
WECHEEYANVAZRAETHZ L TEERA
RTH 5.

2. SHBV BIEDDFRE

22 5%, SHBV &S - PUEBHEOWA 7S
=7 AFN, ABUOE)B XU BAHCE D
A = T A S PCR(polymerase chain
reaction) £ 12 & AR SHBV 7/ A Ot & 34
Kl FORBREZELISRLZ. SHBV HifklE
BHELVOS b, STAEEICBRERELECL
TW5 b DI 35-50%Th b LAHBL
72, IS OERYT 4 VAR N L AR
Bl LOBERIC X ) FEERLEEDETI LI
LY, WEPSTANVABPMENT, EBEK
BRERVELLDEEZLNS.
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F£1 HZUATFIL=XEEEHICH T 3 SHBV QAR

5 SHBV - ¥l - SHBV - #H
No. | fE#%F5 | #:51 Zi) PCR hybri-  No. | f#3ES | M5 (l;g) PCR  hybri-
£ dization dization
1]96C0O819| M {365 |H: (=) (=) 11 | 96C0576 | F | 815 |H: (—) (=)
A G B O L (=) (=)
2 (96C0527F M | 290 |H: () () 12 196C0220| F [290 | A : (=)  (+)
E: ) (+) E: (=) (=)
3197C0123| M |3.05 | A : (=) (+) 13 196CO304| F | 260 A : (=) (—)
E: (=) (=) (=) (=)
4 196C0389 1 M | 245 | A& : (++) () 14 196C0384| F | 260 [H: (=) ()
K (=) (=) E: (=) ()
5197C0633| M | 250 | & : (=) (=) 15 196C0O306| F | 235 |4H: (=) (=)
(=) (=) £ (=) (=)
6196C0129| M |[3.30|FH: (—) (=) 16 196C0296| F |265 | A : ()  (+)
£ (=) (=) L () ()
7196C0627 | M |[3.20 4 : (=) (=) 17 | C965546 | F [38.00 |&: (=) (=)
(=) (=) (=) (=)
8196CO743 | M | 285 A (=) (=) 18 | C967547 | F | 255 |H: (=) (=)
£ (=) (=) £: (=) (=)
9196CO115| M | 310 |H: (=) () 19 1C965285 [ M | 3.05 |4/ : (—) (=)
A+ () £ (=) (=)
10 {96C0O558| F [3.00 | & : (=) (=) 20 1C965411 | M 325 |H: (=) (=)
E: (=) (=) (=) (=)
MIA A = 7 4 N BB (20 6E).

3. SHBV B DERRAEIR

SHBV 255 8 T W B L2 B IE 7 &2
LB LIHE, BIFCOSE—RIMME, X
MR Z (RE L PRI EEL, 147
MFRACHBMRLR U, R0 7 R
We2d 5. OFRMEIR : BAEEOME L 2
DR, AVEREABOKEREE, V) v/ HilE
K. @QHHEIR @ 58, IR0 BRE R MK
W, WA L. @BRBEIR ;| BERE & EIEE,
ol SWEM:, BIREER (K8, EMMERE
F, AR, BEREE, WALZETH B

4, SHBV BZeiE B
a. EEFEETOZH
TV X 8B, BVEEREEICKEDF

%J@*q}ﬁ%fﬁ'ﬁ%% Lt M=) b* (= SHBV@J‘EZ%%

RE). FEEDWNE, BREWE, FHMEbBLo
ME2REE LT, BRI VAT 7 20K
PHAEDRIETIT ). EMOKBEICHEY, EH
SERGERTTERT - R ERE L ¥ —CEMBL
Twb., 7B, Yo SHBV PR IL T
EHEREEREEY Y ¥ —H) CEBL TV 5.
$/2, SHBVREEDOBEZBU L 25E1E, &
FY ORI BRI RN EE D B (K
HeREEE - 55 12 5%).

b. EERETDE

SHBV EIHEDMEEZIICOW T, FEFEIC
WEEAE) L ZATH B, T4 VAGEETIE
INA FANF—=F LRV TPINS P4 R #z%
Thh, BEMITIIARTEEEL TL W, T,
RO CEEFEANVRA Y 4 VA, B2
CHBHZBE T ABEMANRZA T L VA1, 28
(herpes simplex virus: HSV-1, 2) & OfEFE
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‘ PCR - 7 Hu— A% VELIKE (B 8#H5) ] (ﬁle??z% ] microplate + hybridization |
PSS — HB-3A, HB-2B N6 hybridization fREE : 56TC
BMAFINo, No2 No3 Nod No§ Noil2 Nol4 Nolé ;f s DNA T
gEAl2  M* 2R 2L 3R 3L 4R 4L 9R 9L 12R 12L 14R 14L 16R 16LpBV 1) B SHBV-pDNA/C(641 bp)
b - '— ¥ o4ra; A o 2R =+ OR = 16R
D £ 16L - 2L -8 9L -+ 16L
R Y 3k - 3R -0~ 12R<- pDNA
587— & ] - 3L - 12L -o- cont
267— ¢ A R < 4R = 14R
v 2F ne & 4L -0 14L
3 1R W
v o1k " ' y
LR
g o Lo N
2 3 5
. . s v e i S (log10)
1 nested PCR + 7 40— A7 VERKKE) (B #HI15) } ﬁixi{ig% i 08
FILT— HB-3A, HB-2B ”» 4re
k¥ No. No2 No3 No4 No9 Nol2 No.l4 No.l6 7 DNA 7T -
$FMY  M” 2R 2L 3R 8L 4R 4L 9R 9L 12R12L 14R 14L 16R 16LpBY Uo3r HSV-1/HF (330 bp)
bp ~ ? 2R 4 9R - 16R
N -<-2L & 9L % 16L
¥ o2r 23R -0-12R <~ pDNA
587— ] 3L -2 12L -O-cont
267— i ] v 4R - 14R -0-HSV-1
‘ a 1+ ©-4L o 14L
P
. [ .
a) FEFI - = ARSI DNA No.2 2R, 2L), B 0 M;JFEM ; "_ﬂfi —
No0.3(3R, 3L), No.4 (4R, 4L), No9(9R, 9L), pp_— 5’ 0
No.12(12R, 12L), No.14(14R, 14L), No.16(16R, 16L) R 0gl0

DBV (pBlueSK+2.6Kbp), *M: #4 X< —%—

— PCR ®%f4 : 1) denature : 94T 2%
2) annealing: 65°C 34"

3) extension: 72°C 4 4
4) DMSO: 2.5 %

2 HZ VA FILZXEER D S OERSHBY 7/ LORH
PCR-miicroplate hybridization 3.

A3 L M D TRERET, R A )V ARRYHE & O
WBHOML WEZATH 5.

1) BiEFEWE

7 AN AGEC DB FEE LT, PCREEK
L BUERY L VA ) AOWMBS—IRITH 5.
W LT AV A Y A VR & RO
&\, SHBV # ./ & L& Us 838 (ORF, Usb:
g], Us6: gD) % % —7"v MM & L, PCREEL
microplate ~hybridization """ & L7z, 4
BHEBEODWY ) AORBEFREB L UOT
Jha¥—-BoggEr BT, BMERED,L
®DSHBV ¥/ 2 OB R ER L T 5 (K2).
2) MiEZHIEZHIE

ELISAR W TR Y v 7 Uy MEB X UHRE#R
WEBETEBE N TS, & MLE T,
HSV-1, 28 & o@HEEI R, TORX
P o b MRGSER COENZIIIEETH 5.

¥ 523, SHBV B L OTHSV-1, 2By
LHEERER A (gD, gG)® WERHR & L-#0k
ELISAEIC & 5, BEETHREROSVMES
W EEORSEZ R A, FOEAEZHL I

L7

AR, BEKSEEB X UCEBEPFEBRED
SUETICBWT, BPUMEOFRE G L7,
HOGHEAT ORERE RS AR 2 R, FRiIa L
7o MEDERGEREL b - C, PulizHzEd
LFEETH .

AFEFEIZL Y, SHBV O gD HFE Ti&, HSV-
1, 2 BUREemiE & OIS K<, SHBV 4§
BYRORIB S TRETH 5 (F2). F/2, HSV-
1, 2% gGHRETIX, SHBVIELMmME & D
TIPS % <, HSV-1, 2HoZ5ERIED
M e HSV-1, 2 B> EHEEH0 b SRR M1
PIATT R TH 5 (R 3).
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