Immunogenetics (2001) 53:643-648
DOI 10.1007/s00251-001-0380-1

ORIGINAL PAPER

Juan F. Parra-Cuadrado - Manuel Gémez del Moral
Pablo Garcia-Pavia - Fernando Setién
Eduardo Martinez-Naves

Characterization of the MHC class I-related MR1 locus

in nonhuman primates

Received: 9 July 2001 / Accepted: 18 September 2001 / Published online: 6 November 2001

© Springer-Verlag 2001

Abstract We characterized the MHC-related 1 (MR1)
locus in two nonhuman primates species, Pongo pygmaeus
and Pan troglodytes. MR1 cDNA sequences encoding
several isoforms generated through alternative splicing
were observed in both species. Amino acid alignment
between the five species in which MR1 has been charac-
terized to date — human, chimpanzee, orangutan, mouse,
and rat — reveals a very high degree of conservation spe-
cialy in the al and a2 domains of the molecule. The
main differences concentrate in the transmembrane and
cytoplasmic domains. In the three primates species there
is alysine residue inside the putative transmembrane do-
main which is not present in rodents. Furthermore, the
MR1 cytoplasmic region is longer in rodents, with a con-
served serine-containing motif that could be involved in
endocytosis; remarkably, this motif is absent in the three
primate species. We also describe the presence in the
chimpanzee of a sequence homologous to the MR1P1
pseudogene previously found in humans.
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Introduction

Human classical MHC class | genes (HLA-A, -B, -C) map
to MHC loci on Chromosome (Chr) 6. Among human
nonclassical genes, HLA-E, -F, -G (O'Calaghan and Bell
1998), HFE (Feder et a. 1996), and MIC (Bahram 2001)
map to MHC loci, whereas AZGP1 (Pendas et al. 1994),
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PROCR (Fukudome and Esmon 1994), ULBP (Cosman
et a. 2001), FCGRT (Ghetie and Ward 2000), CD1
(Porcelli and Modlin 1999), and HLALS (MR1) (Hashimoto
et al. 1995) are sited outside the MHC complex.

MR1 was originaly identified as a cODNA sequence
by Hashimoto and co-workers (1995). The gene for
human and mouse MR1 (Riegert et al. 1998; Yamaguchi
et a. 1998) as well as a rat cDNA encoding MR1
(Walter and Gunther 1998) have been described.

MR1 is not polymorphic (Parra-Cuadrado et al. 2000)
and is ubiquitously expressed, as revealed in various
Northern blot and RT-PCR experiments. Several mRNA
isoforms generated through alternative splicing have
been found in human, mouse, and rat (Hashimoto et
al. 1995; Riegert et al. 1998; Walter and Glinther 1998;
Yamaguchi et al. 1997).

MR1 function is unknown, and of the nonclassical
MHC class | proteins it shows the highest level of amino
acid identity to classical molecules, specialy in the al
and a2 domains. The sequence conservation between hu-
man, mouse and rat is also very high. In humans, a MR1-
related pseudogene (MR1P1) has been found containing
exon 2, intron2, and exon 3 sequences (Parra-Cuadrado
et al. 2000).

Here we present the isolation and characterization of
MR1 homologues in chimpanzee and orangutan.

Materials and methods

Cell lines

The following Epstein-Barr virus-transformed B-cell lines pur-
chased from the ATCC (Manassas, Va.) were used: CARL (ATCC
CRL 1857) from chimpanzee (Pan troglodytes) and PUTI (ATCC
CRL 1850) from orangutan (Pongo pygmaeus).

cDNA amplification

MR1 cDNA was obtained after RT-PCR amplification using oligo-
nucleotides homologous to human MR1 as previously described
(Parra-Cuadrado et al. 2000).
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Genomic DNA amplification

MR1 genomic DNA encompassing exons 2 and 3 and the interven-
ing intron was amplified using primers homologous to the human
MR1 gene as previously described (Parra-Cuadrado et al. 2000).

Cloning and sequencing

PCR-amplified products were cloned and automatically se-
quenced. Segquence analysis was performed using GCG (Genetics
Computer Group) software. Multiple sequence alignment was ob-
tained with ClustalW software at the EBI (European Bioinforma-
tics Institute) server.

Results

PCR amplification of the chimpanzee and orangutan
MR1 cDNA

To characterize MR1 cDNA sequences, RT-PCR experi-
ments were carried out with primers previously used in
our laboratory to amplify full-length human MR1 cDNA
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Fig. 1 RT-PCR analysis of MR1 expression in orangutan and
chimpanzee EBV B-cell lines (C chimpanzee sample, O orangutan
sample, — negative control, Mw molecul ar-weight marker)

Fig. 2 Diagram representing
the different cDNA isoforms
found in chimpanzee and oran-
gutan. EMBL/GenBank acces-
sion numbers are indicated for
each isoform. The asterisk in
the orangutan MR1B3 isoform

Pan troglodytes
(Chimpanzee)
MR1 transcripts

MRI1B2 (790 nt}
AJ275983/A1275985

MRIB1 (1066 nt)
AJ275982/A)275984

o

(Parra-Cuadrado et al. 2000). Amplification was success-
ful and we obtained several bands in samples from both
species, as shownin Fig. 1.

Orangutan MR1 cDNA

In atotal 12 clones we obtained three types of sequence
in the orangutan samples (see Fig. 2). A 1066-nuclectide
seguence containing information for the leader peptide,
al, a2, a3 transmembrane and cytoplasmic domains
was found (MR1B1). This sequence was 97.8% homolo-
gous to the human MR1 cDNA clone reported by Hashi-
moto and co-workers (1995). A second kind of clone,
790 nucleatides in length, named MR1B2 was found that
lacks exond encoding the a3 domain and is very likely
generated through alternative splicing. The third MR1
transcript (MR1B3) identified was 710 nucleotides long
and identical to MR1B2 except for a deletion of 79 nu-
cleotidesin the 3' end of the a1l domain. A cryptic splice
donor site located 77 bp from the 3' end of the al do-
main generates this gap.

Chimpanzee MR1 cDNA

In chimpanzee, we identified a 1066-nuclectide cDNA
clone (MR1BL1), 99.7% homologous to human MR1 and
97.9% homologous to orangutan MRL1. In addition, a
chimpanzee MRL1 transcript lacking the a3 domain
(MR1B2) was found (see Fig. 2).

Six out of 15 MR1 chimpanzee clones show a point
mutation in codon 197 (ACCO ATC) resulting in a sub-
stitution of threonine (accession numbers AJ275982,
AJ275983) by isoleucine (accession number AJ275984,
AJ275985). Thisindicates that CARL is a heterozygous
cell line for the MR1 gene. Orangutan and human
MRL1 sequences have T197, thus 1197 is a chimpanzee-
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Fig. 3 Multiple alignment of

V Leader Val domain
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the predicted MR1 amino acid consensus  MGELMAFLLP LIIVLMVKHS DSRTHSLRYF RLGVSDPI-G VPEFISVGYV
p
sequences from primates (hu- L i He =mmemm e 50
man, chimpanzee, and orangu- CHIMPANZEE = —-—=m==o=s mo——m———mo —mmmmm—om —moo o H- ———m -
tan) and rodents (mouse and ORANGUTAN =~ —========= —=——=————-- N-—=——mmmmm —mmm - R- ————mommoo
rat). Asterisk marks position MOUSE -ML--- -LA-FL--R- HT-------- --— A----GPV ——————~—=—
303: lysinein the three primate RAT - ~7A-==-GP- —-———mm—-
species. Identities with the
MR1 consensus sequence are consensus ~ DSHPITTYDS VTRQKEPRAP WMAENLAPDH WERYTQLLRG WQOMFKVELK
indicated by dashes, dele- HUMAN ~  m==m==mmos mommmmomms mommm oo oo mommmmmme s momm e 100
tiong/insertions are shown by CHIMPANZEE  —=====mmos oo o oo mms mo oo oo s s o s m e m e e e
dots. GenBank accession num- Mopse N T T T LTI T
bers are: human MR1, U22963; RAT e e RT-OT——R
chimpanzee MR1, AJ275984;
orangutan MR1, AJ271828; v o2 domain
m%ulseYNi%%ZUgMQSQ, rat consensus ~ RLQRHYNHSG SHTYQRMIGC ELLEDGSTTG FLQYAYDGQOD FLIFNKDTLS
' HUMAN =~ mmmmmmmmmm mmmm oo oo e 150
CHIMPANZEE ~—=——====== —mmmmmmmmo oo e
ORANGUTAN =~ — == mmmmmmm mmmmmm oo e e
MOUSE H----————— T i I
RAT He=mmmmmm— T i T-=D--m-m
consensus ~ WLAVDNVAHT IKQAWEANQH ELQYQKNWLE EECIAWLKRE LEYGKDTLOQR
HUMAN =~ ——mmmmmmmm —mmmmmmee o Lemmmmmm o —mmm o 200
CHIMPANZEE ——~==—==-—--= ———————ooe —o Lm———mmm mmmmmmmmmm o
ORANGUTAN ~ —————————— —= Rermmm = e e e
MOUSE ——-M-Y~~-I T------- L= ==mmmmmmmm mmmmmmmmmm oo R---E-
RAT ——=M-—=- I T-R-——-—- Le —mmmmmmmmm s oo S-A-E-
¥ a3 domain
consensus  TEPPLVRVNR KETFPGVTTL FCKAHGFYPP EIYMTWMKNG EEIVQE-DYG
HUMAN  ——===——m—— —mmmm——— A- —rmo—mm—m—— o ———— oo e I--- 250
CHIMPANZEE —-—-—--=-=——- ——=—————- A~ —mmmm e mmm e — e I-—-
ORANGUTAN ~ —======mm= mmmmmm——— o —mmmmmmmm —o—eeen oo M--~
MOUSE ——H-V==TT~ —=———==== F —-R-—-==== —— Smmmmmmm —ee A-—V-—-
RAT --H-V--TT- —--==~--—-—--— —-=R---=--—-= --8-I-K-—- - ————-V--—
Y Trans-
consensus  DILPSGDGTY QTWASVELDP QSSNLYSCHV EHCGVHMVLQ VPQESETIPL
HUMAN ~ —=—————mm - A-mmm——o— mmomooomm— —o—————mee oo 300
CHIMPANZEE —-—--=—====== =—————=———= ———=—————=— —==——————ms —os—s— e
ORANGUTAN =~ ———=—====—== —==== Fom== —=mmmm—oo— smmmmm—ooo oo A-—-
MOUSE Grmmmmmm e — L--N--= -- NDV----- —=-- RQ---E A-R--GD-LR
RAT G-===-—=====M-V--D--= -TKDI~---= --=--— LQ---E A----GNTL-
membrane domain ¥ Cytoplasmic tail
consensus ~ VMKAVSGSIV LVIVLAGVGV LVWRRRPREQ NGAIYLPTPD -EGSSPS
HUMAN =~ ———=——=—==—= ———--—ooom mmmm————m— ——— oo R 347
CHIMPANZEE  =—==—====== ———=—==———= ————==———— —ooo——ee oo R
ORANGUTAN ~ —=—======== L it
MOUSE - .8T===TT- ———RA-=---= -==-.==-S0-L KEVM-Q--QV N=------
RAT ~BNT—-==T== ——==—===— A ————em S--P KEVM-Q-—QV N-----=
*
specific substitution that alters the hydrophobicity in
the a2 domain located outside the putative peptide-
binding region.
a5 A comparison of the MR1 predicted amino acid se-
guences from human, chimpanzee, orangutan, mouse,
MR1P1 2036 . X Bt
(1315 BP) it and rat reveals some interesting features as shown in
\ Fig. 3. The highest similarities between species are
found in the al and a2 domains, a3 and, in particular,
MR1 the transmembrane and cytoplasmic domains being more
(1156 BP) : . ; S
1018 divergent. In primates, there is a positively charged ly-

Fig. 4 PCR amplification of MR1 and MR1P1 fragments encom-
passing exon2, intron 2, and exon 3 from human (H), chimpanzee
(C), and orangutan (O) genomic DNA. MR1P1 sequences were
not amplified in orangutan

sine residue (number 303 in Fig. 3) inside the putative
transmembrane domain which corresponds to serine in
mouse and asparagine in rat. The cytoplasmic domain of
MRL1 in primates is shorter than in rodents which display
three serine residues absent in primates.
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Fig. 5 Comparison between
MR1 sequences from chimpan-
zee (c(MR1) and human (hMR1)
genomic DNA encompassing
exon 2, intron 2, and exon 3 (a)
and comparison between
MR1P1 sequences from chim-
panzee (cMRP1) and human
(hMRP1) genomic DNA en-
compassing exon 2, intron 2,
and exon 3 (b). Identities be-
tween sequences are indicated
by dashes, deletions/insertions
are shown by dots, single point
substitutions are indicated by
diamonds. MR1 and MR1P1
exons are boxed. Database ac-
cession numbers are: cMR1,
AJ315655; hMR1, AF073484;
cMR1P1, AJ315654; hMR1P1,
AJ132011

A) MR1
exon 2 (domain al)
cMR1 |GGCGTTTCGG ATCCCATCCA TGGGGTCCCT GAATTTATTT CGGTTGGGTA CGTGGACTCG CACCCTATCA CCACATATGA 80
hMR1 -
cMR1 |CAGTGTCACT CGGCAGAAGG AGCCACGGGC CCCATGGATG GCAGAGAACC TCGCGCCTGA TCACTGGGAG AGGTACACTC 160
hMR1
.
cMR1 [AGCTGCTGAG GGGCTGGCAG CAGATGTTCA AGGTGGAACT GAAGCGCCTG CAGAGGCACT ACAATCACTC A%;tgtgcat 240
hMR1 == A 1 t
intron 2 .
cMR1 geggcagaga cagacgcttce ccccateccca a g ggctgg tccaataage ggatgctgaa 320
hMR1 - g -
*
cMR1 ttgecacctge tgtagetttg geaaagectg agaaatcagg ttggtggagt tcagggecte ccatctgect gtgeatctte 400
hMR1 -=g
*
cMR1 tggactgtcc ctctctccce caggagecact ctgtcatttg ccccacecac tettecceccat ctetgtatecc gtatcegeat 480
Y e I TP e
+ *
eMR1 cccattteca ctcaggectte tgatatgecat ctecttttec attctaaatt tgeccattct gtgtctcact tectggtage 560
hMR1 -c t
*
cMR1l caggcctagt gacttgctta tgegtatcga cagtaacttt cccaggggta tttctggete ctgeatctct ctecctecte 640
hMR1 a
. *
cMR1 cactgcagtc agaatagcca caaagtttat cagtcattce catt taac gg at tagc tc 720
hMRl1 a-------== —------ess cescmmcmco —o- g —-——=
.
cMR1 ctttgacagg cagtagttac ttcacagata cctgctgaca ggtgggettce cataaggggg acctcetggg gactcagega 800
hMR1 g
.
cMR1 tgeccacggeca ggcectggggg gtgacataat gtagaccaaa ggatgcttcc ageccatgece ctgetcccag cacttgagag 880
hMR1 -—--=-f--== ——m—m—meee cemcemecos —emco—meo
*
eMR1l ccecacctetg tetetgtgtg gacccctetg ggottgtgtg tgtgtteccag [GGTCTCACAC TTACCAGAGA ATGATTGGCT 960
hMR1 -
exon 3 (domain a2)
cMR1 |GTGAGCTGCT GGAGGATGGA AGCACCACAG GATTTCTGCA GTATGCATAT GACGGGCAGG ATTTCCTGAT CTTCAATAAA 1040
hMR1 -
.
cMR1 |GACACCCTTT CCTGGCTGGC TGTAGATAAT GTGGCTCACA CCATCAAGCA GGCATGGGAG GCCAATCAGC ATGAGTTGCT 1120
hMR1 - -
cMR1 |GTATCAAAAG AATTGGCTGG AAGAAGAATG TATTGC 1156 [‘
hMR1 mmmm—eees mmmmmmmen —moee
B) MR1P1
exon 2 (domain al) *
cMR1P1 |GGCGTTTCGG ATCCCATCCA TGGGGTCCCT GAATTTATTT CGGTTGGGTA TGTGGACTCG CACCCTATCA CCACATATGA 80
hMR1P1 -A -
. *
cMR1P1 |CAGTGTCACT CCGCAGAAGG AGCCACGGGC CCCATGGATG GCAGAGAACC TCGCGCCTGA TCACTGGGAG AGGTACACTC 160
hMR1P1 A ---T
* * * —
cMR1P1 |AGCTGCTGAA GGGCTGGCAG CAGA TCA ACT GAAGCGCCAG AAGAGGCACT ACAATCACTC AGhtgtgcat 240
hMR1P1 G Co=m-Amm—= —om-—m—ee oo
intron 2 *
cMR1P1 gcagcagaga cagacgctte cct gggctyg tccaatgage aatgctgact tgcacctact 320
hMR1P1 === - - - g
* +
cMR1P1 gtggcttttg gcaaaacctg ggaaatctgg ttggtggagt tcagagcatc ccatctgect gtgeatctte tggactgtcoe 400
hMR1P1 ——— P g
cMR1P1 ctctctccce caggagccct ttatcctetg ccgeatccce cttecccata tccccatcte ctttocccatt ctaaatttge 480
hMR1P1
* .
cMR1P1 ccattctgtg tctcacttct tggtagccag goctagtgac ctgcttgett atgcataatg acattaactt tcccagggat 560

hMR1P1 --g

cMR1P1 atttctaget cctgcatcte totccectect t t caaatag cagtttatca atcaatcatt cccattacag 640
hMR1P1
. .

cMR1P1 gataactccc caagaaggga attatcacac tcctttggea tgcagtagga tcttcacaaa tacctgttgt cagagtggta 720
hMR1P1 B ——— .
cMR1P1 taatggacac tggcgactca ggaaggggaa aggtggaagg tgggtgaggt gaaaaaaacc acctactgag tacaacatac 800
hMR1P1 B bttt bt bttt it tedated

* *
cMR1P1 acgattcggg tgacagatac accaaaagcc cagagttcac cactacacga ttcatccatg caatcaaaaa ctacttgtat 880
hMR1P1 - g

*
cMR1P1 ccctaaagct atatgaacca caaaaaattt aaaaaacaac cctgetgtca ggtgggcettc caaagaggga cctcctgggg 960
hMR1P1 a -
cMR1P1 acttagcgat gccacagcag gectgtgggg tgacgtagac tgc t g t g gcte ttg 1040
hMR1P1
. .
cMR1P1 agagecccacc totgtctetg tgtggacccc tcotgggcttg tgtgtgtgtt ccaﬁGMTWCﬂWIT
hMR1P1 ~-----==== ——=====-—— —-=-=- §_— ..
exon 3 ({domath 02) .
cMR1P1 |GGCTGTGAGC TGCTGGAGGA TGGAAGCACT ACAGGATTTC TGCAGTATGC ATATGATGGG CAGAATTTCC TGATTTTCAA 120
hMR1P1 - - = mee=Cmm———
*
eMR1P1 |TAAAGACACC CTCTCCTGGC TGGCTGTAGA TAATGTGGCT CACACCATCA AGAGGGCACG GGAGGCCAAT CAGCATGAGT 128
hMR1P1 -A- - ————
. -

cMR1P1 |TGCAATATCA TAAGAATTGG CTGGAAGAAG AATGTATTGC 1320
hMR1P1 A




MR1 genomic DNA amplification

We wanted to investigate whether the MR1P1 pseudo-
gene found in humans is also present in orangutan and
chimpanzee genomes. To do this, PCR reactions using
genomic DNA were carried out with primers used previ-
ously in our laboratory to amplify DNA fragments of the
human MR1 gene as well as MR1P1 pseudogene, con-
taining exon 2, intron 2, and exon 3.

In orangutan, a single band of 1156 nucleotides in
length was observed (Fig. 4), DNA sequencing revealed
that this PCR product corresponds to the MR1 gene frag-
ment (Accession number AJ315656). MR1P1-related se-
guences were not found.

In chimpanzee two PCR products of 1320 and 1156
nucleotides in length respectively were observed (Fig. 4).
The short product corresponded to the expected fragment
of the MR1 gene and was 98.87% homologous to the hu-
man MR1 segment. The long product was 98.6% homolo-
gous to human MR1P1. Thisresult indicates that there are
two MR1 sequences in chimpanzee as in humans. Com-
parison between chimpanzee and human MR1 fragments
(Fig. 5a) reveals a very high degree of conservation with
just one point mutation in exon 2 and one in exon 3, both
of them synonymous. In contrast, 11 substitutions can be
seen in the intron sequence. This situation is very differ-
ent from that observed in the MR1P1-like fragment
(Fig. 5b). In the intron, there are nine point substitutions
as well as five deletions that differentiate human and
chimpanzee sequences. In exon 2, there are six point sub-
gtitutions, only two of which are synonymous. In exon 3,
there are three point substitutions (one synonymous). In-
terestingly, the stop codon (position 151) present in hu-
man MR1 is tryptophan in chimpanzee.

Discussion

We have found that MR1 orthologues exist in chimpanzee
and orangutan. MR1 cDNA isoforms generated by alterna-
tive splicing were observed in both species. Similar iso-
forms have aso been found previously in human, rat, and
mouse. Thus, the pattern of multiple cDNA isoforms gen-
erated through aternative splicing mechanisms is extend-
ed to the species analyzed here and reinforces interest in
the possible functional implications of these isoforms.

Our results show that MR1 is a highly conserved mol-
ecule between primate and rodent species, especialy in
the a1 and a2 domains, the a3 domain and, in particular,
the transmembrane and cytoplasmic regions showing
higher variability. This indicates strong evolutionary
pressure to maintain the a1l and a2 domains, suggesting
that this molecule binds a very conserved ligand.

This pressure can be appreciated by comparing the
chimpanzee and human genomic sequences we have ob-
tained from the MR1 gene and MR1P1-like sequences. In
the MR1 sequences, the differences between species ac-
cumulate inside intron 2, with the exons being almost
identical in both species. In contrast, the differences be-
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tween both species appear in both intronic and exonic se-
guencesin MR1P1.

Interestingly, the stop codon found at position 151 in
human MR1P1 encodes a tryptophan in chimpanzee,
suggesting the locus could be a functional gene. Howev-
er, in our experiments with cDNA, we found no tran-
scripts corresponding to chimpanzee MR1P1.

We did not find MR1P1-like sequences in orangutan.
This could indicate that this locus does not exist in oran-
gutan or that orangutan MR1P1 cannot be amplified with
the primers we used.

Multiple alignment of MR1 amino acid sequences
from human, chimpanzee, orangutan, rat, and mouse
demonstrates some interesting features with possible
evolutionary and functional implications.

As aready mentioned, there is a remarkable conser-
vation of the al and a2 domains, with the a3 domain
being more divergent. The most intriguing differences
are located in the transmembrane and cytoplasmic do-
mains. The three primate MR1 sequences exhibit a posi-
tively charged amino acid (lysine) inside the putative
transmembrane region which is converted to serine in
mouse and asparagine in rat. In contrast, both rodent spe-
cies show longer cytoplasmic tails, with a conserved ser-
ine-containing motif (NEGSS) similar to that found in
HLA class | (SD/EXSL) and pig CD1 (CDPSS) mole-
cules (Chum et al. 1999). In HLA class | molecules, this
motif is necessary for constitutive endocytosis (Vega and
Strominger 1989) and the serine residue can be phos-
phorylated (Guild and Strominger 1984). Although the
function of MR1 is currently unknown, these features in-
vite some speculations. MR1 possibly binds to a ligand
that has been highly conserved through evolution, such
as a peptide or a membrane protein, through the al and
02 domains. MR1 is aso conceivably involved in endo-
cytosis and/or signal transduction. If so, the signal could
be transduced using different mechanisms in rodents and
primates. Rodents may phosphorylate the conserved ser-
ine in the cytoplasmic tail. In primates, this signal would
be transduced using a coupled protein associated with
MR1 through saline bridges between the lysine in MR1
and a negatively charged amino acid present inside the
transmembrane region of the second protein, in a manner
resembling immune receptors such as the T-cell receptor,
some FcRs, or some natural killer receptors.
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