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Abstract The amphibian Xenopus laevis is the most pri-
mitive vertebrate in which the major histocompatibility
complex (MHC) has been defined at the biochemical,
functional, and molecular genetic levels. We previously
described the isolation and characterization of cDNA
clones encoding X. laevis MHC class II B chains. In the
present study, genomic clones encoding class II B chains
were isolated from X. laevis homozygous for the MHC
f haplotype. Three class II B chain genes, designated Xela-
DAB, Xela-DBB, and Xela-DCB, were identified. Sequence
analysis of these genes showed that Xela-DBB and Xela-
DCB correspond to the previously characterized cDNA
clones F3 and F8, respectively, whereas Xela-DAB encodes
a third, hitherto unidentified class II  chain of the MHC
f haplotype. As a representative of X. laevis class II B chain
genes, the Xela-DAB gene underwent detailed structural
analysis. In addition, the nucleotide sequence of Xela-DAR/
¢DNA clones was determined. The Xela-DAB gene is made
up of at least six exons, with an exon-intron organization
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similar to that of a typical mammalian class IT B chain gene.
The 5'-flanking region of the Xela-DAB gene contains
transcriptional control elements known as X1, X2, and Y,
but lacks typical TATA or CCAAT boxes. A notable feature
of the X. laevis class IT B chain genes is that the sizes of the
introns are larger than those of their mammalian counter-
parts. As assessed by northern blot analysis, the three
class II B chain genes had similar expression patterns,
with the highest level of transcription detected in the
intestine. Identification of the Xela-DAB, -DBB, and
-DCB genes is consistent with our previous observations,
which suggested that the MHC of the tetraploid frog X.
laevis is diploidized at the genomic level and contains three
class II B chain genes per haplotype that cross-hybridize to
one another under reduced stringency conditions.

Introduction

The major histocompatibility complex (MHC) of the am-
phibian Xenopus laevis is one of the best characterized non-
mammalian MHCs. Our previous biochemical studies
showed that X. laevis has both MHC class I and class II
molecules and that the class I o and class IT o/p chains are
highly polymorphic (Flajnik et al. 1984; Kaufman et al.
1985a, 1985b). Furthermore, genetic analysis using MHC
homozygous strains provided evidence that the class I
o chain and both chains of class II molecules are encoded
by a single chromosomal region that controls mixed lym-
phocyte culture reactions, T-B-cell collaboration, cell-
mediated lympholysis, and graft rejection (for reviews,
see Du Pasquier et al. 1989; Flajnik and Du Pasquier
1990). These results suggest that the essential properties
of the MHC, as revealed from the analysis of the mamma-
lian MHC (Klein 1986), were already established when the
amphibian emerged ~ 350 million years ago.

The MHC of X. laevis provides not only important
information about the phylogeny of adaptive immunity,
but has two unique features that could serve as models of
immunological interest. First, despite the fact that X. laevis
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Fig, 1 Nucleotide sequence of 2627 taiiiaianins cTGCAéTGATcTTACT:GcTGGccAAACTGGCAAAGéCAcTCTTCAC-';CAAAAAATGzicccTTTGTGACEGSSCGCAggggng -42
- -541 TTACAGTATAT TATT PCCAGAGGAAAGTAGCCAGTTGAGGCACTTTTGTATTGTTT TATAAAGGAACACCAAAA -
the Xela—l?ABf gene. The de. —iﬂ ggggégﬁ?égggg}égéix;@rT‘I‘gi'ru&‘gT’I‘G’I‘GGGGAGAAG‘I‘TTTACCAACAAAGTT'I'TGCCATCTTTGTCA'I‘CATTAT'I‘ATTTAGTCAGTGACAGTA -342
duced amino acid sequence is -341 AGTTG‘I‘ACAACTTAACATAA‘I‘AAAACTGAGGAAA’I‘GAAACAG’I‘AGTATAATGAAATGAAIéggGgéigigTAGAggggﬁ%ggg@g@ggﬁgg@zﬁiﬁ 242
: - GGGGCAAATACTCATGGTAGCAAATGTATAATGATCCCAATCTGCGA ABAD -
shown below the nucleotide se- 241 GAAGGAMTAGTGIGCT CATGGTAGCARATS! o Y
quence in a standard three-letter 141 GICGCAGTARCATITATGCAAGTCCCTTGCCTCTCETTAGTAACAAGT GACTCORGCATTGCCTICAACAGTCTATIGGTGICAGI GCTGTGTGTGIGCAG  ~42
code. Only the coding region and -41 TATAGGAGCCAGCTA’I‘TGCTAGG'I“TCTCG’I‘GTACCACAGCC;:CACTG'I"I‘E‘L_GCTGGTGAGT‘GAGAAATATCTACTATATAGGCAT'I’TTTCACAGGACCCT 59
the 5'-flanking region are num- . : 81 domain
bered. An in frame stop codon 60 ATG i;gn;icpigélga CCA QTG CCT GTA TTG TGP GTG CTA CTG ACC CTG GGA CTG TGT CTC TGC TCC ICC CCC CCA 134
ered. . ! ‘ P e Met Tyr asn Ile Pro Val Proc Val Leu Cys Val Leu Leu Tyr Leu Glu Leu Cys Leu Cys Ser Ser Pro Pro
preceding the translation initia- TTGGGATATCCAACTAGTACAGTTACCAGGCCAGCATACATTGACC
; H ; 135 G GTATTGTATGTGGCATTTATACTGGACTCTAGGTGACAAGTCAGAATAGATA
tion cpdon is (fioublly r'mder.flzneii. S e
Putafive polyadenylation signals COTGAATGCATCAGTGCTARACA . « v e e e esnsrnaraannasoens (1 0BKDDY « v« evewraeaeeaemaeeananrenas AAATARATC
(ATTAAA and AATAAA) are ATAACCTGTGAACCTGTGTTACTTTAT AGTTATCTCATGARTAACACACGCTTCAATGCGGCCCCTCAGCACT GACCCACTGTCTGTTCTCTCCCCGCAG
ltallClZfzd .and und.erln_led. TWO 136 AG GAT TAC GTG TAT CAG TAC AAG GCT CAG TGT TAC TTT AGG AAC GGC ACC GAC ABT CIC AGG CTT CTG 16G CGC 209
transcrlptlon termination sites lu Asp Tyr Val Tyr Gln Tyr Lys Ala Gln Cys Tyr Phe Arg Asn Gly Thr Asp Asn Val Arg Leu Leu Trp Arg
identified by the 3'-RACE tech- 210 CAC TAC TAT AAC CTG GAG GAA ACC GAT TAC TTT GAC AGT GAT GT(l-‘, g(l;T gTG gT %'i'c iET %AA ’;ﬁi gzlxg Eﬁﬁ <G;tl;§ 284
3 H M : | G hr A Tyr Phe Asp Ser Asp Va el e e a Lys
nique are indicated by asterisks. Bis Tyr Tyr hsn Leu Glu Glu Thr Asp Ty b Ser Asp ¥
i iption initiati 285 ABA CCG AGT GCG GAT TAT TGG AAC AGC CAG AAG GAG ACC CTA GAG CAG ARA CGG GCT GCG GTG GAT ACA GIC TGC 359
’Ijhe ma:]or transcnptlon imtiation Lys Pro Ser ala Asp T Trp Asn Ser Gln Lys Glu Thr Leu Glu Glo Lys Arg Ala Ala Val Asp Thr val Cys
site defined by the 5"-RACE . " e o G GTGAGTATCTCGCACCTGCAAGTCTTACTTCTACTGAT
i is indi 360 AGA CAC AAC TAT COG TTC GAT AAA CCC TTC ACT ATA GAC AGG AAA T GTGAGTATCT!
techmque 18 lndlcate,d by #. Neg— Arg His Asn Tyr Pro Phe Asp Lys Pro Phe Thr Ile Asp Arg Lys S
atlve.numbers are given for nu- ATTCCTGTAACAGGTTCTATTCTATTTACTGTTGT TTTACCCAGTCACTAAAAAT TTCACTAAARARATTGCTCTAATTTTAGTTGTCTGACAAARA . «
cleotides located upstream of the 777 U (312.7KDD) «e e e v eeeenneeenannmeeeaan ATAGTGAAGATAAAGTTAATTATTTCAGAAGGGACAACATTTT
major transcription initiation site ABATTGATTATATPATATTTATT TP TCTTTCAGTATGATCAT P T TTGTAATAGTTCACATT TAAGTATATACATATT TGCATT TTAATT TTATTTCCCAG
i tory elements in 82 domain
Putatllve regu la ory. ts 406 CT CAA CCC AAT GTG AAG ATT GTA AAC ACA AAG ACA TTG GAT TTG GAA CAT GAA AAC CTG ATA ACC TGC TTT GTG 479
the 5 —ﬂankmg [Eglon are boxed. er Gln Pro Asn Val Lys Ile Val Asn Thr Lys Thr Leu Asp Leu Glu His Glu Asn Leu Ile Thr Cys Phe Val
A second X1 box-like sequepce 480 GGT GGG TTT TTT CCT CCT TTG ATA AAG GTG ACT TGG CTG AAG AAT GGG ATT GAA GAA GGA GAG CAG GTC ACA TCC 554
located upstream of the X1 is Gly Gly Phe Phe Bro Pro Leu Ile Lys Val Thr Trp Leu Lys Asn Gly Ile Glu Glu Gly Glu Gln Val Thr Ser
underlined. The sequence shown 555 TCA GAG TTA CTA CAG AAT GGA GAC TGG ACA TET GAA ATC CAT G’I‘(l; AT(t; g‘I‘G gisc %gA %gc ‘:‘EET EAA }c{z_w SﬁT izsxg 629
3 T THr Pl Glu Ile His Val Me eu Glu r r e Lys His y
as exon 5 (encodlng the cyto— Ser Glu Leu Leu Gln Asn Gly Asp Trp r e u e Hi
plasmic region) was obtained 630 ACT TTC ACC TGC CGG GIG GAG CAC AGC AGC CTT CAA CAA CCT GTA TAT TTA AAC TGG ¢ GTATGTTATATATTAAATACAT
Thr Phe Thr Cys Arg Val Glu His Ser Ser Leu Gln Gln Pro Val Tyr Leu Asn Trp G
from the Xela-DAB cDNA clone. cenc e S
i i PGTCACGACCAGCACCCAATACCAGAACAAGTGCCAAGCACCCTGETCTCGGCTCGGCTTCACCAGTAGTGTGACCACCATTY
The conserved dinucleotides (GT/ CAGCTTACTT. . vovnsnn-n (57 .9KDD) « v e mevncnnvneon TCTACTCCGGAGTAAGAAGAGTAAGTATTTCTAGTACAAGTTAAACATAACTAGC
AQG) at the splice donor/acceptor CTATATTTGCAACAGPGTG T PTTTTTCCAGTATTAATTAT TT TAACAATTACTTCTAAAAATGARCATTTCTTACAAAAGGATACATGTTTCCTCACAG
sites (Mount 1982) are under- Connecting peptide Transmembrane region
lined. The GSDB/DDBJ/EMBL/ 688 AG CCA GAT GTA TCT GAA TCT GCT CGC AAT AAG ATG TTG ACT GGT ATA ATT GGG TTT GIG CTT GGA TCC ATC TTC 763
mned. € lu Pro Asp Val Ser Glu Ser ala Arg Asn Lys Met Leu Thr Gly Ile Ile Gly Phe Val Leu Gly Ser Tle Phe
NCBI accession numbers for the ) )
- Cytoplasmic region
Xela-DABYS genomic sequences 762 ATC ATA GIT GGC CTC GTA GTC TAC CTC CGG AGT AAG AAG A GTAAGTATTTCTAGTACAAGTTAAACATAACTAGCTATATTTGCAA
. val Val Tyr Leu Arg Ser Lys Lys T
are D50037 (exon 1 and adjacent Ile Ile Val Gly Leu Val Val Tyx Leu Arg ¥s Lys
CAGTGTGTTTTTTITCCAGTATTAATTATTTTAACAATTACTTCTARAAATGAACAT TTCTTACAAAAGGATACATGTTTCCTCACAGAGCCAGATGTAT
sequenceg), D50038 (exon 2 and CTGAATCTGOTCGCAATAAGATCTTGACTGGTATAATTGGGTTTGTGCTTGGATCCATCAAGCTTATCGATACCGACGACCTCEA . « < v e v e e v e s as
adjacent intron sequences), .
: ; 802 CT ATG GCT CAC TTT TCA TCT GTA CAG AAT GAA A
D50042 (exon 3 and ad-]acent - hy Met Ala His Phe Ser Ser Val Gln Asn Glu A
tron seguencqs) , D50039 (exon 4 52.3KDD) « e vt e TTGCTCATATATTTGTAAATARCAATTTAGGT TGCTGGCCGATTAATTAGTAATTCTAG
and adjacent mtron Sequences), TTAAATTICTATTAGCCTAAATAAGGTCAGATATGCTTTACCAGTGTATTTTAGT TG T TAATTATTATATTTAAT TACATATTTATTTATCTTTTCCAG
and D50041 (the last exon and 3'_untranslated regi
gion
adjaCCHt Sequences) The acces- 835 AT CTA ATG TAA TGATATCAGAAGAAGACATTATTAACAACAGGAGITGGACTGATATAATCAAGGAATTATGTTCTGCTTTGGGGAATCIGCTAR 929
. ) sn Leu Met End
sion numbers for the Xela-DABS CATGCTGTAATTTCTTCATARCATGTATATGAGCCATCTTCAGTTTATAARACCACATGTAGGAAAT 1029
. 930 AACCCAAATCACTACCCTGTGATTTTTACAAATCAT TTCTTCATAR
cDNA sequences, which can be 1030 GAAAATATTAAGGACATGGGETGTATTCTGCAACACATTTTTTTTTTTAGCTGGAGGAGTAATGCCCAGTTGTGRGTATTTAGCCTGTCATPTAGTTTAS 1129
deduced from the exonic 1130 AGGAATCTGCCTGTAACTAGTAGGTACAACATTTTTGTCTGAAATCCACCTCTCTCTACATGCTTACATTGAACTGTATGACAGACCAAATGGCCATGAT 1229
. P 1230 CAGGTATTTCACTGCCATCTGTAAAGACTCAGAAGTACAGATTATTCCPTTGTGCCATAGGCCAAATTACTTTCTCTTATTGGATTACCTATATGTCTTG 1329
sequences shown in this Flgure, 1330 TTTACTTTTCTGATAGTAGATCAAACTGAAATATGTCATATITTTCTGTGTATATGGTTGTTT T TTATATAGCATGATTATTTGGTTCTAATATTAATT 1429
are D50036 (for the cDNA clone 1420 TTTAATTCCAGATTAAACTTAGTATTTCATAAAACTTAATTTGCTCTGAGAACATTCTPITTCTCTCTCTCTCATGTTTTGCTTTTACCCCTCTAATAAA 1529
*
i i iti 1530 TETTCTTEGETTCATTTACCAGCCCCTGATGTCTTTTTACTTCCCCAGCCTTGTGCAGTCCTATCTATTATGT TATTTTCAGATTCTTCCTCATTTATCC 1629
ending at nucleotide position 1630 CATTCTCGTTTGTCATATTCACTCTGTTCTGAACAATTCGTATTCAAAT TATAACAATGATAATAAAGTTTAACTAAAAACTGCTACACTCCATGGGTAT 1729
1466) and D50035 (for the cDNA 1730 CACTCTCCTGCATGTTATTTGCTCTTCTACTT *

clone ending at nucleotide posi-
tion 1720)

is a tetraploid species that arose ~ 30 million years ago as a
result of allopolyploidization between two diploid species
(Bisbee et al. 1977), it expresses only one diploid set of the
MHC. Because many of the genes duplicated in the allo-
polyploidization event are still retained and expressed in X.
laevis (reviewed in Kobel and Du Pasquier 1986), the
diploidization of the MHC suggests that a selective pressure
is at work against an increase in the number of functional
MHC genes. Second, the tissue distribution of MHC class I
and class II molecules changes dramatically before and
after metamorphosis (Flajnik et al. 1986). In particular,
class 1 molecules start to appear ubiquitously first at
metamorphosis, raising the possibility that the emergence
of class I molecules might serve as a signal for the tissue

destruction and reorganization that accompany metamor-
phosis.

To understand the molecular basis of the above-men-
tioned unique features of the Xenopus MHC and to gain
further insights into the evolution of the MHC, we have
initiated the molecular genetic characterization of the
Xenopus MHC. In our preceeding papers, we described
isolation of cDNA clones encoding MHC class I o and
class II P} chains of X. laevis (Flajnik et al. 1991, 1993; Sato
et al. 1993; Shum et al. 1993). These studies showed that
the MHC of X. laevis contains only one class | o and most
likely three class II B chain genes per haplotype. In the
present study, we describe the isolation and characterization
of genomic clones encoding class II B chains of X. laevis. In
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accordance with a proposal by Klein and co-workers
(1990), we named the three class II B chain genes described
in this paper Xela-DAB, Xela-DBB, and Xela-DCB.

Materials and methods

Isolation and characterization of genomic clones encoding
X. laevis MHC class II B chains

Two genomic libraries were used to isolate clones encoding X. laevis
MHC class II § chains. One was a lambda GEM-11 library made from
X. laevis homozygous for the MHC f haplotype. This library was
constructed using the Xho I half-site arms cloning system (Promega,
Madison, WI) following the instructions of the manufacturer. The other
was an EMBL3 genomic library prepared from MHC f/f homozygous
X. laevis (Schwager et al. 1988). Screening of the libraries was
performed according to the standard procedure (Sambrook et al.
1989) at 42 °C in a solution containing 30% formamide, 1 M NaCl,
10 x Denhardt’s solution, 50 mM Tris-HCI (pH 7.5), 1% NasP207, 1%
sodium dodecyl sulfate, and 150 pg/mi of sheared and denatured
salmon sperm DNA. The probes used for screening were full-length
¢DNA clones encoding X. laevis class I § chains (Sato et al. 1993).
Restriction maps of the positive A clones were constructed using the
method of Rackwitz and co-workers (1984).

Isolation of Xela-DAB ¢DNA by polymerase chain reaction (PCR)

Total spleen RNA isolated from X. laevis homozygous for the MHC f
haplotype was reverse-transcribed using a (dT)17 adapter primer (5'-
GACTCGAGTCGACATCGATTTTTTTTITITTTTTTT-3') as pre-
viously described (Kasahara et al. 1991). The ¢cDNA thus obtained
was subjected to PCR according to the standard procedure (Saiki et al.
1988) using Ampli7ag DNA polymerase (Perkin Elmer Cetus, Nor-
walk, CT). The coding region of the Xela-DAB cDNA was obtained
using a primer (5'-GTGTGTGCTACTGACCCTGG-3") corresponding
to the sense strand of the exon encoding the signal peptide (nucleotides
89-108 in Figure 1) and a primer (5'-CCAACTCCTGTTGTTAATA-
3"), the sequence of which was inversely complementary to that of the
exon encoding the 3’ untranslated (UT) region (nucleotides 865—883
in Fig. 1). The remaining 3'-portion of the Xela-DAB cDNA was
amplified by the 3'-RACE (rapid amplification of the 3’-end) techni-
que (Frohman et al. 1988) using an adapter primer (5'-GACTC-
GAGTCGACATCG-3") and an oligonucleotide (5'-CTATGGCT-
CACTTTTCATCT-3") specific for the cytoplasmic region of the
Xela-DAB gene (nucleotides 802-821 in Fig. 1). The PCR reaction
mixtures (50 pl) contained 3 i of the cDNA, 200 uM dNTPs, 0.4 uM
of primers, 10 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.5 mM MgCL,
gelatin (0.2 mg/ml), and 2.5 units of AmpliZ7ag DNA polymerase. The
condition of PCR was 30 cycles of 1 min denaturation at 94 °C, 2 min
annealing at 54 °C, and 2 min extension at 72 °C, followed by 10 min
incubation at 72 °C.

Determination of transcription initiation sites

Transcription initiation sites of the Xela-DAB gene were determined by
the 5'-RACE (rapid amplification of the 5’ end) technique (Frohman et
al. 1988) as described by Kandil and co-workers (1995), with minor
modifications. Briefly, total spleen RNA (10 pg) isolated from X.
laevis homozygous for the MHC f haplotype was reverse-transcribed
using a primer (5'-CAATCCCATTCTTCAGCCA-3') inversely com-
plementary to nucleotides 513-531 of the B2 domain (Fig. 1). After
tailing with dATP, the cDNA was amplified by PCR using the primer
mentioned above, the (dT)17 adapter primer, and the adapter primer
(30 cycles of 1 min at 94 °C, 2 min at 52 °C, and 2 min at 72 °C). The
second round of PCR was performed with 1/25 of the material from the
first PCR using the adapter primer and a nested Xela-DAB-specific
primer (5'-ATCGGTTTCCTCCAGGTTATAGTAGTG-3") that was
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inversely complementary to nucleotides 210-236 of the p1 domain
(Fig. 1). The condition of PCR was the same as in the first round of
PCR.

Inverse PCR

Exon 4 and the adjacent introns of the Xela-DAB gene were
cloned by inverse PCR as described by Ochman and co-
workers (1990). Briefly, genomic DNA isolated from X.
laevis homozygous for the MHC f haplotype was digested
with Tag 1 and circularized by self-ligation. PCR was
performed using 0.5 Ug of the circularized DNA as a
template. The sequences of the primers were 5'-ATCA-
TAGTTGGCCTCGTAGTC-3" (sense) and 5'-GATG-
GATCCAAGCACAAACCCA-3' (antisense). These prim-
ers were designed to anneal to a putative exon 4 sequence in
the opposite, outward orientations (nucleotides 762-782
and 737-758 in Figure 1). The condition of PCR was
50 cycles of 1 min denaturation at 94 °C, 2 min annealing at
52 °C, and 2 min extension at 72 °C, followed by 10 min
incubation at 72 °C.

DNA sequencing

Double-stranded plasmid DNA was sequenced by the chain-termina-
tion method (Sanger et al. 1977) using the Sequenase Version 2.0
sequencing kit (US Biochemicals, Cleveland, OH).

Northern blot hybridization

Northern blot hybridization was performed as previously described
(Kasahara et al. 1987).

Results

Isolation of genomic clones encoding X. laevis MHC class 11
B chains

We previously isolated two distinct class TT B chain cDNA
clones, designated F3 and F8, from X. [aevis homozygous
for the MHC f haplotype (Sato et al. 1993). In addition, a
class IT B chain cDNA clone, designated T4, was identified
from a thymus/spleen library constructed from outbred X.
laevis (Sato et al. 1993). Sequence comparison of these
clones suggested that T4 was derived from a gene distinct
from that corresponding to F3 or F8. We therefore screened
the X. laevis f/f genomic libraries using a mixture of cDNA
clones F3, F8, and T4 as probes. Screening of the libraries
was performed under reduced stringency (30% formamide
at 42 °C) so that one could isolate all class II B chain genes
with sufficient sequence similarity to the probes. Seven
positive clones were identified (Fig. 2). Restriction map-
ping of these clones showed that only clones A2-4 and A2-1
had an overlap. Clone Al-1 contained exons encoding the
signal peptide and the B1 domain, and clone A2-6 contained
an exon encoding the P2 domain. The sequences of the
exons in clones A1-1 and A2-6 were identical to those of the
corresponding regions of clone F3. Thus, we concluded that
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Al-1 and A2-6 were derived from a single gene, and
designated this gene Xela-DBB. Clone Al-4 contained
exons encoding the signal peptide and the Pl domain
(Fig. 2). The sequences of these exons matched those of
the corresponding regions of clone F8. This gene was
named Xela-DCB. The sequences of the exons found in
clones Al1-3, A2-4 (A2-1), and A3-6 (Fig. 1) were most
closely related to those of the corresponding regions of
clone T4. This result suggested that these A clones might be
derived from a single gene, presumably allelic to the gene
from which the cDNA clone T4 was derived.

To test this possibility, we synthesized two PCR primers
based on the exonic sequences of A1-3 and A3-6. One of the
primers (5'-GTGTGTGCTACTGACCCTGG-3') had a se-
quence corresponding to the sense strand of the exon
encoding the signal peptide (nucleotides 89-108 in
Figure 1). The sequence of the other primer (5'-
CCAACTCCTGTTGTTAATA-3") was inversely comple-
mentary to that of the exon encoding the 3'UT region
(nucleotides 865—883 in Figure 1). PCR was then perform-
ed using cDNA synthesized from the spleen RNA of an
MHC f/f individual as a template. A single DNA fragment
of 795 base pairs (bp) was amplified. The sequence of this
fragment was identical to the exonic sequences of A1-3, A2-
4 (A2-1), and A3-6, indicating that these A clones are
derived from a single gene. We named this class II
B chain gene Xela-DAB.

Isolation of Xela-DABY ¢cDNA clones

Xela-DBB and Xela-DCB correspond to the previously
characterized ¢cDNA clones F3 and F8, respectively. In
contrast, Xela-DAB is a third class II 3 chain gene of the
MHC f haplotype, for which no corresponding cDNA
clones were identified in our previous study (Sato et al.
1993). We therefore decided to determine the complete
cDNA sequence and the structure of the Xela-DABf gene.

Fig. 2 Exon-intron organization of X. laevis MHC class II B chain
genes. Exons are shown as solid boxes. SP Signal peptide; 51 Pl
domain; 2 B2 domain; CP Connecting peptide; TM Transmembrane
region; C Cytoplasmic region; 3'UT 3'UT region. Restriction enzymes
used for the construction of the map are Eco Rl, Bam HI, Hin dIII
(abbreviated as E, B, and H, respectively). Individual A clones are
indicated by horizontal bars beneath the restriction map. The exon of
the Xela-DAB gene encoding the connecting peptide, the transmem-
brane region, and a part of the cytoplasmic region was isolated by
inverse PCR. The genomic fragment corresponding to the 33 bp
cytoplasmic region of the Xela-DAB cDNA could not be cloned.
Assuming that it is encoded by a single exon, it is shown in
parentheses. The exon encoding the 3'UT region of the Xela-DAB
gene is drawn in length corresponding to the shorter transcript ending
at nucleotide position 1466 (Fig. 1)

The 5" and 3’ ends of the Xela-DABf cDNA not covered
by the 795 bp fragment mentioned above were cloned by
5’- and 3'-RACE, respectively, using spleen cDNA pre-
pared from X. laevis homozygous for the f haplotype as a
template. Two ¢cDNA fragments of ~680 and ~920 bp
were obtained by 3'-RACE using the adapter primer and
the oligonucleotide (5'-CTATGGCTCACTTTTCATCT-3")
specific for the cytoplasmic region of the Xela-DABS gene.
Sequence analysis of these fragments showed that the Xela-
DAB{S gene has two transcription termination sites, one
located at nucleotide 1466, and the other at 1720 (indicated
by asterisks in Figure 1). In both cases, putative polyade-
nylation signals were found ~25 bp upstream from the
transcription termination sites. The 5’ end of the Xela-DABf
¢DNA was cloned and sequenced as described below (see
the section on the determination of transcription initiation
sites). The composite, full-length ¢cDNA sequence thus
obtained was identical to the exonic sequence of the
Xela-DABS gene shown in Figure 1.
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Fig. 3A-C Nucleotide and de-
duced amino acid sequences of
the 5’ end regions of the A, B
Xela-DBBY and Xela-DCBf genes
and the alignment of the promoter
sequences of the MHC class II

B chain genes isolated from C

X. laevis, chicken, zebrafish, and
humans. The GSDB/DDBJ/
EMBL/NCBI accession numbers
for the sequences shown in A and
B are D50043 and D50040, re-
spectively. The second methio-
nine residue, which might be the
actual translation initiation site, is
italicized. The GT dinucleotide at
the splice donor site is doubly
underlined. The sources of the
sequences in C were as follows:
Xela-DAB, Xela-DBB, and Xela-
DCB from X. laevis (this work);
B-LBII from the chicken (Zoorob
et al. 1990); Brre-DAB from the
zebrafish (Siiltmann et al. 1994);
HIA-DRBI (Andersson et al.
1987), HLA-DQBI (Jonsson et al.
1987), HLA-DPBI (Kelly and
Trowsdale 1985), HLA-DOB
(Servenius et al. 1987), and HLA-
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A. Xela-DBB
X1 X2 Y
ARGCTTCTGTGTCTCTCETTAGCARCAR '_ﬁ_@ ACACTTGCTGGGAACTGECAATTGGTGICAGGACTGTCAGAAT TCTGTACAGA

ATTTGAGCTTAACAATTGCAAGTGCCCTTTACCAACAACTCTGTTATTTTGCTTT ATG ACT TTC TGT CTG GAC GTA AGG ATG
Met Thr Phe Cys Leu Asp Val Arg Met

TGT GGG GTA TCA GTG CGA GTT GTG TCT GTA CTA CTG ACC CTC AGT GTG TGT CTC TGT TAC TCA CTC CCA
Cys Gly Val Ser Val Arg Val Val Ser Val Leu Leu Thr Leu Ser Val Cys Leu Cys Tyr Ser Leu Pro

G GTAATGTATAGCAGCACTCGTGCACCGATGTCTCCAGTAACGACTGGGAATTATATTTAATAAGCACTGACCGTTTCAGGGGGACAAA
G =

TCAAACCCCTGAAATTAAGGACAGGGCCTCTAAAGCAGGGCTACAAAATAGCTACCCAGGAAC

B Xela-DCB

AATACAAATTAGAAAAGGCATTTAGAATACTTTTTATTTCCTTGGGATGAAGT TTATATAATATTTCTGTTTTTAGAGCTTATTTGTAAT
AGTAATTGTTCGTAATCACATCCTCTCTTTCAAATTTAAATTTTCAGCACCTTCTGGTCCTAACTATTGAAGCAATAAAGCAGAAACCGC
CTGATTAACAGGTACCTGTAAAGAAGCACAGTCTTGGCTGCCAAATAGCTGGGTATATGTTAGGTTTTCTAGACCAAGTAATACGTTTAT
TGGGTTATGGCTAAAACATGAACAGTATCTGGAACTTCAAGAAATCAGCTTGATATTTATTCAGCATGTTAGAATATCCCA%;GTTAATA

X1

CAGTCCTCTCCACTTGTCCCACTTGTGATCCGAGAGCCAAATGATCACAGGCGTTTTGTGTCTCTCLTTAGTAACAAGLGACGATIGARAT
Y
CGATGGCGCATETGATTGET T CAGCATTCTGTGCAGAAT TTCAGTCAGACTATTACCAGTGTCATTTACACACAACTGTTATTTTGCTT
T ATG ACT TTC TGT CTG GAT CTA AGG ATG TGT GGG GTA TCA GTG CGA GTT GTG TCC GTA CTA CTG ACC
Met Thr Phe Cys Leu Asp Leu Arg Met Cys Gly Val Ser Val Arg Val vVal Ser Val Leu Leu Thr

CTC AGC GTG TGT CTC TGT TCC TCA CCC CCA G GTAATQTATATGCTGCCTCAGGCTGCGGAGGGGCCAGGATCGCCCCTG
Leu Ser Val Cys Leu Cys Ser Ser Pro Pro G =
AATGTATAACATGTCATGTGTACACTGATGTCTATGTAACACATGTACATGATTAGCTGGGAACGAACACAAATGTAACAACTACGGGGE

Cc
X1 Y

DMB (Radley et al. 1994) from TCCCTTGCCTCTCCTTAGTAACAAGTGACTCGGGCATTGCC / TTGAACA! CTATTGGTGTCAGTGCTGTGTG‘I‘GTG Xela-DAB
the human. The dash (-) and the ~T-TG~—T c GTT-A=-C-TG-TGG--~~T~~A-——-——| L —~—GA----CA-AA-T ;{eia-még
i indi denti PTG~ Tm e mm e m e A b~ —CAT-C-=-—CAGA ela-D

oblique stroke (/) indicate identity G-G-AGAA-~——G-C-G-AG--GG~~| (CTCCCCGCCC-GCCCC-  B~LBIT
to the top sequence and absence ABG-AGTTT-TGA-C--~C==-~CT-A AG-T-AT-TA-BAATCC  Brre-DAB
of residues, respectively -A-AGCAT-~-~GACC-~CG--TGA~-] CTCCAA-AC-AGA-TAC  HLA-DRBI
ABAAAAATG-—-Q-C-—~AG-~~GA~T] C-TT-C-AAA-GACCAT  HLA-DQB!
~A-TAACTT---G-C-==--G-GC~A~~ CTTT-CTCAGACTCTGT — HLA-DPBT
~GAAAGTATC~~A-C ~TGA-] GTCAAT---A-GAGT-T  HLA-DOB
AGGA-GA-G-T-A-C~===--~TGA=-] | -TACAT-TGTCCCTGC ~ HLA-DMB
CYYAGHRACWRRTG CYSATTGGTY Consensus

Exon-intron organization of the Xela-DABS gene

Because neither clone A2-1 nor A3-6 contained sequences
corresponding to the connecting peptide, transmembrane
region, or the cytoplasmic region (Fig. 2), inverse PCR was
used to isolate these sequences. A pair of primers described
in Materials and methods led to amplification of the 114 bp
exonic sequence (exon 4) and the adjacent intronic se-
quence (Fig. 1). However, repeated attempts to isolate the
33 bp sequence encoding the cytoplasmic region were
unsuccessful. Thus, it was not possible to rule out the
possibility that this 33 bp sequence was split into more
than two exons. The precise exon-intron boundaries of the
Xela-DAB? gene were established by comparing the cDNA
and genomic sequences (Fig. 1). This analysis revealed that
the exons of the Xela-DABS gene encode the following
domains or regions: exon 1, the 5'UT region, the signal
peptide, and the first four amino acids of the B1 domain;
exon 2, the B1 domain; exon 3, the B2 domain; exon 4, the
connecting peptide, the transmembrane region, and the first
six amino acids of the cytoplasmic region; exon 5, the
cytoplasmic region; and the last exon, the last three amino
acids of the cytoplasmic region and the entire 3'UT region.
Thus, the overall exon-intron organization of the Xela-DAB
gene was similar to that of a typical mammalian class II
B chain gene (Radley et al. 1994; Trowsdale 1995).

Furthermore, as in mammalian MHC class I and class II
genes (Hood et al. 1983), RNA splicing always took place
between the first and second bases of the junctional codon

(Fig. 1).

Determination of transcription initiation sites of the
Xela-DAB gene

To determine the transcription initiation sites of the Xela-
DAB gene, the spleen ¢cDNA prepared from X. laevis
homozygous for the f haplotype was subjected to 5'-
RACE using the adapter primer and the Xela-DAB-specific
primer. This resulted in amplification of 250~270 bp
fragments. These fragments were cloned into the pBlue-
script SKII* vector, and the sequences of ten independent
clones were determined. Three of the clones contained the
inserts that started at the adenosine residue located 62 bp
upstream from the translation initiation site (indicated by #
in Figure 1). This site was therefore judged to be the major
transcription initiation site. The remaining seven clones had
inserts with various sizes and started at nucleotides —21,
-11, -9, +2, +11, +43, and +44.



F. Kobari et al.: Organization of Xenopus MHC class II B chain genes

Signal peptide
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-20 —10
Xela-DABE MYNIPVPVLCVLLYLELCLC
Clone ™4 = mommmeeee— L-=-T-G--~~
Clone F3 (Xela-DBBI) MTFCLDVR~CGVS~R-VS--~T-5V---
Clone P1 SGVS-R~-VS~---T-8V---
Clone P6 ---§--L--CGVS-R-VS---T-SV---
Clone F8 (Xela-DCBE)  ---—--- L-~CGVS~-R-VS——-T-SV-—~
+ -
1 domain 3 S
10 20 30 40 50 60 701‘._—} 80 90
Xela-DABE SSPP!DYVYQYKAQCYFR&GTDNV‘RLLWRHYYNLEETDYFDSDVGLFIAKTELGKPSADYWNSQKETLEQKRAAVDTVCRHNYPFDKPFTIDRK
ClcneT™ = m-m—=—= FrmeFeGrm=Y - m—pmmm e e m e D==N=-—=~~ DF
Clone F3 (Xela-DBBf) Y-L~=-==-F-W-S~~-Y-=~}-=~=~Y-EGYAN-Q--YA--——~~— EYK-~-NDF-EVQ-K- DL-D
Clone P1 --L--=—-F-W-S-~—~Y-}-----Y-EGYAN-Q~-~YA~-=--=-—= EYK--NDF-EVQ-K- DL~D--~-V
Clone P6 = —=m===-= P-G- -——-F-A-YIN-Q-~¥YA-----—- S----NDF-RVQ——- -I
Clone F8 (Xela-DCBE) —==—==eF-==-8-G——-Y - V-YIS$-Q--FV-——-E~~F———-N-W--~D--N --V-RY-~E-—=-—-m——— QSV--Y-
pppP PP PP t p tpp tt tp tpp tp ttp tp tpp tt
St s2 s3 sS4 H1 H2
2 d i
[ omain S S
Y 100 110 120 130 140 150 160 170 180
Xela-DABE SQPNVI( IVNTKTLDLEHENLITCFVGGFFPPLIKVTWLKNGIEEGEQVTS SELLQNGDWTFEIHVMLETTIKHGDTFTCRVEHS SLQQPVYLNW
Glome T e1a-DBBE) Do CTTTi- DT NS A
Clone F3 (Xela~DBBf) ——-D-----——mmemmmo—memn I-D-~——- M- mmmm Re-mm=m—= A= Ko o e e e e Q---
Clone P1 -——D-—— e mm e I-D----- M- R-=m— BA-w Ko me e e Q-———————— SV--
Clone P6 ——=D-N-—mmem— = M-~-I-D--—-—- I S e gg::
Clone F8 (Xela-DCBf) ————————-————-——————mm—ee D~—=—- M-———mmmm—m— e m—— oo [ e Q-
s1 52 83 S4 55 S6 57
Connecting Transmembrane Cytt?plasmic
peptide region region
190 200 210 220 230 240
Xela-DABE EPDVSESARNK MLTGIIGFVLGSIFIIVGLVV YLRSKKTMAHFSSVQNENLM
Clone T4  mmmm—ooemeo v m—————mmem— e e
Clone F3 (Xela-DBBf)  ~——s—emwmoee  —emws Vommmmmm e mmmm e TR-=Vmmm m e s
Clone P1 =mmmmeemsmm—— meees Vommmmmmmmmmmmmm —mmm TR--V-——-————
Clone P6 = —mmm———mem—- —-——- Voo Vommmm e VIR- V= N
Clone F8 (Xela-DCBE)  -~--- D—-—== === Yoo mmmm s e TR~V mm— =

Structural features of the promoter region of the
X. laevis MHC class I B chain genes

The promoter region of the Xela-DABf gene did not contain
typical TATA or CCAAT boxes at expected positions.
However, the regulatory sequences known as the X1, X2,
and Y boxes (Benoist and Mathis 1990) were found 94, 89,
and 62 bp upstream from the major transcription initiation
site, respectively (Fig. 1). A sequence related to the X1 box
was also found 200 bp upstream from the major transcrip-
tion initiation site. The Xela-DABS gene had a pyrimidine-
rich sequence immediately upstream from the X1 box and a
sequence with weak similarity to the S box. The tissue
distribution of class II molecules changes markedly at
metamorphosis in which thyroid hormone plays an indis-
pensable role (Flajnik and Du Pasquier 1990). However, the
thyroid hormone responsive element (TCAGGTCANNNT-
GACCTGA; Beato 1989) was not present in the promoter
region of the Xela-DAB’ gene. Analysis of the promoter
regions of the Xela-DBB and Xela-DCB genes revealed that
they also have X1, X2 and Y boxes (Fig. 3). With the
exception of these boxes, the promoter regions of the three
X. laevis class II B chain genes displayed only a low level of
sequence similarity. Interspecies comparison of the promo-
ter sequences showed that the X1 and Y boxes, in particular

Fig. 4 Amino acid sequence comparison of the Xela-DABf molecule
with previously reported X. laevis class I B chains. The sequences of
clone F3 (Xela-DBBY), clone F8 (Xela-DCBf), and clones T4, P1, and
P6 (cDNA clones isolated from outbred X. laevis) were taken from
Sato and co-workers (1993). Sequence alignment was performed
manually to maximize sequence similarity and to avoid gaps in the
predicted B strand regions. A dash (-) indicates identity to the top
sequence. The predicted location of B strands (S1~S4 in the B1 domain
and S1-S7 in the B2 domain) and a-helices is based on the crystal
structure of HLA-DR1 molecules (Brown et a. 1993). Residues thought
to interact with peptides and the T-cell receptor are indicated by “p”
and “t”, respectively. A potential N-linked glycosylation site is boxed
Exon-intron boundaries of the Xela-DABf gene are indicated by arrow-
heads. The first eight residues of the signal peptide (-28 to ~21), which
might not be translated, are shown in italics

the Y box, are highly conserved in the class II B chain genes
(Fig. 3).

Amino acid sequence comparison of X. laevis MHC class 11
B chains

The deduced amino acid sequence of the Xela-DAB mol-
ecule (Fig. 4) isolated from X. laevis with the MHC f
haplotype (Xela-DABf) was then compared with those of
the previously reported class II B chains (Sato et al. 1993).
The Xela-DABf molecule was most similar to the T4
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Fig. 5 Tissue distribution of Xela-DAB, -DBB, and -DCB transcripts.
Total cellular RNA (10 pg) isolated from the indicated organs of X.
laevis homozygous for the f haplotype was subjected to northern blot
analysis. Hybridization was performed in a solution containing 50%
formamide using the 3"UT region segments of Xela-DABY, -DBBf, and
-DCBf cDNAs as probes. The amount of RNA loaded on each lane was
similar as judged by the intensity of ethidium bromide staining (data
not shown). Note that the RNAs were extracted from whole organs
without enrichment for any particular populations of cells. The
approximate sizes of the transcripts were 1700~ 1900 bases for
Xela-DAB, 1800 bases for Xela-DBB, and 1600 bases for Xela-DCB

molecule isolated from outbred X. laevis (91.5% overall
amino acid sequence identity). This was followed by F8
(DCBY; 81.9%), P6 (78.8%), P1 (78.1%), and F3 (DBBf;
76.9%). This result indicates that the T4 molecule is most
likely encoded by an allele of the Xela-DAB locus. The 1
domains of the Xela-DABf and T4 molecules differ by 12
amino acids (Fig. 4). Seven of the substitutions are located
at residues presumed to interact with peptides, and three at
residues presumed to interact with the T-cell receptor. This
distribution pattern of polymorphic residues suggests
stronlgy that the Xela-DAB gene encodes a functional
class II B chain that plays a major role in antigen presen-
tation. Our previous analysis of the T4, F3, P1, P6, and F8
c¢DNA sequences showed that nonsynonymous substitutions
occur more frequently than synonymous substitutions at
presumed peptide-binding sites (Sato et al. 1993). Thus, the
three class II B chain genes of X. laevis are equipped with
essential features of functional MHC genes.

It is notable that, unlike F3, P6, and F8, the Xela-DABf
molecule does not have the ATG codon at position —28
(Figs. 1, 4). Instead, Xela-DABf has the ATG codon at
position —21 (Fig. 1). However, this ATG codon is absent in
T4 (Sato et al. 1993) and is not embedded in Kozak’s
consensus sequence (Kozak 1984). Therefore, the transla-
tion most likely starts at position —20 in the Xela-DABf
molecule. The methionine at position -20, rather than at
position —28, might also serve as a translation initiation site
in other class II B chains, because the former methionine is
shared in all class II B chains.

Expression of Xela-DAB, Xela-DBB, and Xela-DCB
genes in X. laevis tissues

Northern blot analysis was performed to examine expres-
sion of the Xela-DAB, Xela-DBB, and Xela-DCB genes in
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Xenopus tissues (Fig. 5). To monitor the expression of
individual genes separately, hybridization was performed
under stringent conditions using the 3'UT region probes.
Figure 5 shows that the three class IT § chain genes have
essentially similar expression patterns. The transcripts were
most abundant in the intestine and barely detectable in the
muscle. In the liver, the Xela-DCB transcript was more
abundant than the Xela-DAB or Xela-DBB transcript.

Discussion

Accumulated evidence indicates that the number of poly-
morphic, abundantly expressed, and hence functionally
important MHC genes shows little variation in phylogene-
tically diverse species ranging from humans to fish (re-
viewed in Kasahara et al. 1995). Thus, humans, mice,
chickens (Zoorob et al. 1993), and zebrafish (Siiltmann et
al. 1994) have one to three polymorphic class I B chain
genes (per haplotype) thought to play a major role in
antigen presentation. Because an individual MHC molecule
can bind only a limited set of peptides with certain
structural motifs (Rammensee et al. 1993), one might
think that acquisition of a large number of MHC molecules
with distinct peptide binding capabilities is advantageous to
the organism. However, an increase in the number of MHC
molecules enlarges not only the repertoire of foreign pep-
tides presented to T cells, but also that of self peptides, and
consequently, the number of T cells deleted or inactivated in
the thymus. Because a significant proportion of T cells
positively selected by one MHC molecule is negatively
selected by another MHC molecule, the presence of too
many functional MHC molecules has a net effect of
decreasing the T-cell repertoire size (Lawlor et al. 1990;
Takahata 1995). Presumably, the optimal number of func-
tional MHC class IT B chain genes that maximizes the size
of the class II-restricted T-cell repertoire lies in the range of
one to three per haplotype.

The amphibian Xenopus offers a unique opportunity to
illustrate the constraint imposed on the number of function-
ally important MHC genes. Because the genus Xenopus
speciates by allopolyploidization, there exist polyploid
species with 4n, 8n, and /2n chromosomes. Evidence
obtained from electrophoretic analysis of proteins and
gene cloning indicates that the polyploid species of Xeno-
pus including X. laevis (4n chromosomes) retain and
express many of the duplicated genes (reviewed in Kobel
and Du Pasquier 1986). In sharp contrast, they express only
one diploid set of MHC genes, with the exception of X.
ruwenzoriensis (12n chromosomes) that is thought to be a
recent polyploid (Du Pasquier et al. 1977). Because labo-
ratory-made polyploids express MHC genes of each con-
stituting species codominantly (Du Pasquier et al. 1977),
diploidization of the MHC in polyploid species of Xenopus
is a process accomplished over evolutionary time. It is
therefore reasonable to assume that diploidization of the
Xenopus MHC is a consequence of the selection pressure
that acts against an increase in the number of functional
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MHC genes. We previously showed by Southern blot
analysis that the genome of X. laevis contains only three
class II B chain genes per haplotype which cross-hybridize
with the cDNA clone F3 and that the three genes segregate
with serologically defined MHC haplotypes (Sato et al.
1993). This result suggested that the diploidization of the
MHC in X. laevis was achieved at the genomic rather than
the transcriptional level. Our present study confirms this
suggestion and demonstrates that the genome of X. laevis
indeed contains the three predicted class IT  chain genes.
Failure to find more than three genes indicates that the
second, inactivated set of MHC class II B chain genes was
either deleted or that their sequences diverged too far to be
detected by DNA hybridization with the expressed class I
B chain genes.

The overall exon-intron organization of the Xela-DAB
gene (Fig. 1) is remarkably similar to that of typical
mammalian class II B chain genes (reviewed in Trowsdale
1995). Comparison of the Xela-DAB gene and the HLA-
DRBI gene (Andersson et al. 1987) indicates that the
relative positions of introns are perfectly conserved.
Furthermore, the promoter regions of the Xela-DAB,
-DBB, and -DCB genes contain the X1, X2, and Y boxes
(Figs. 1, 3). Similar observations have been made for the
class II B chain genes of chickens (Zoorob et al. 1990),
cichlid fishes (Ono et al. 1993 a), and zebrafish (Siiltmann
et al. 1994). Therefore, the present study confirms and
extends the previous conclusion that the exon-intron orga-
nizations as well as the regulatory sequences of MHC genes
are highly conserved in evolution (Klein et al. 1993). The
X1 and Y boxes of the X. laevis class II B chain genes are
21-23 bp apart (Fig. 1). This distance, which nearly
corresponds to two helical turns of DNA, is in good
agreement with that (18—22 bp) observed in the mamma-
lian and avian class II B chain genes (Fig. 3). A notable
exception is the zebrafish class IT B chain gene Brre-DAB
(Siiltmann et al. 1994), in which the distance is only 12 bp.
However, this spacing almost corresponds to one helical
turn. It is therefore conceivable that, as in the other class 1T
B chain genes, the X1 and Y boxes of the Brre-DAB gene
can form the specific stereospecific alignments required to
interact with transcription factors (Vilen et al. 1990).

A notable feature of the X. laevis class 1T B chain genes
is that they have long introns (Fig. 2). Thus, intron 2 is at
least 12.7 kilobases (kb) long in the Xela-DAB gene, and at
least 17.0 kb long in the Xela-DBB gene. Furthermore, both
genes have intron 3 that exceeds 9.0 kb. In contrast, the
entire length of most mammalian MHC genes is less than
10 kb (Radley et al. 1994). To estimate the intron sizes of
the Xela-DAB gene more accurately and to clone intron
sequences between unlinked exons, we performed long-
distance PCR (Barnes 1994) using primers located on
adjacent exons. However, no specific amplification pro-
ducts were obtained (F. Kobari and M. Kasahara, unpub-
lished data). It therefore appears that all introns other than
intron 1 are quite long in the Xela-DAB gene. The haploid
genome size of X. laevis is similar to that of humans
(Thiébaud and Fischberg 1977). Also, other X. laevis
genes, such as o and 3 globin genes (Patient et al. 1980),
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have introns with sizes comparable to those of their
mammalian counterparts. These observations suggest that
the presence of long introns is unlikely to be a general
feature of X. laevis genes. As shown in Figure 2, none of the
three class II 3 chain genes could be cloned in its entirety.
One obvious reason for this is that the introns are unusually
long. A small exon such as that encoding the transmem-
brane or cytoplasmic region is unlikely to give strong
hybridization signals if it is present alone in a A clone.
Another plausible explanation is that the Xenopus genome
might contain many unclonable sequence stretches. This
possibility is suggested by the fact that, when cloned into
cosmid vectors, Xenopus genomic DNA is quite susceptible
to rearrangements and deletions (B. P. Shum and M. F.
Flajnik, unpublished data). The Xenopus genome might
contain unclonable sequences on the average every 50 kb.

Our results indicate that the MHC of X. laevis contains
three almost equally transcribed class II B chain genes
(Fig. 5), and no pseudogenes with sufficient sequence
similarity to the Xela-DAB, -DBB, or -DCB gene (Fig. 2).
This is in contrast to the fact that the MHCs of humans,
mice, and zebrafish harbor class I pseudogenes. Our
previous study showed that the genome of X. laevis con-
tains a large number of non-MHC-linked class Ib genes and
pseudogenes (Flajnik et al. 1993). However, we were
unable to detect any class I pseudogenes encoded by the
MHC (Shum et al. 1993). The significance of the apparent
absence of class I o and class I B chain pseudogenes in the
Xenopus MHC is not clear.

The three class II B chain genes of X. laevis are
transcribed most abundantly in the intestine (Fig. 5).
Although class II genes are expressed also in the intestine
of mammals (reviewed in Klein 1986) and fish (Ono et al.
1993 b; Siiltmann et al. 1994), the expression level is not as
high as in X. laevis. Preliminary results indicate that the
organ in which the class Ia gene of X. laevis is transcribed
at the highest level is the intestine (L. Salter-Cid and M. F.
Flajnik, unpublished data). These observations suggest that
the mucosal immune system might play a particularly
important role in X. Jaevis.

In adult X. laevis, class Il molecules are expressed on the
surface of all resting T and B cells. In contrast, tadpoles
express class II molecules on the surface of B, but not T,
cells (Flajnik and Du Pasquier 1990). The genomic clones
described in this study should facilitate the identification
and isolation of the DNA-binding proteins responsible for
differential expression of class IT molecules in tadpoles and
adult X. laevis.
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