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ABSTRACT
We have isolated a unique fragment of the HLA-DR alpha gene and
probed human genomic DNA at low stringency to search for
homologous sequences. A minimum of six non-polymorphic
cross-hybridizing high molecular weight fragments were found in
all DNAs examined. In order to obtain molecular clones of these
cross-hybridizing fragments, we constructed lambda and cosmid
libraries of human DNA and screened them at low stringency with
the HLA-DR alpha gene specific subclone. We have isolated clones
corresponding to each of the six fragments and, in this paper,
describe those which contain the gene encoding HLA-SB(DP) alpha.

INTRODUCTION

The major histocompatibility complex immune response (class

II) region encodes a group of heterodimeric cell-surface

glycoproteins which are essential elements of mammalian immunity

and which are implicated in many of its failures (reviewed in 1).

The polymorphic character of these gene products has allowed the

functional, structural, and genetic dissection of this region.

The HLA-SB(DP) immune response subregion, originally described by

Shaw and coworkers (2), can be detected by the stimulatory effect

of these antigens in primed lymphocyte cultures. Its products

have been demonstrated to function as restriction elements in the

presentation of foreign antigen to T cells (3). Five alleles of

SB have been demonstrated (4) and the complex has been mapped

approximately 3.3 cM centromeric to HLA-DR (5). Coincident with

these functional and genetic studies, the SB subregion has been

approached by molecular biologists exploiting the homology

between the sequences of the genes encoding these proteins and
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those of the DR subregion. First cDNA (6,7), and more recently,

genomic clones (8,9,10,11) sharing homology with DR alpha have

been isolated. Those encoding SB gene products have been

identified by comparison with the amino acid sequence of Hurley

et. al. (12). This paper reports the isolation of cosmid and

lambda clones encompassing over 70kb of DNA from the SB subregion

including individual clones which contain pairs of complete SB

alpha and SB beta genes. We have determined the nucleotide

sequence of over 14kb of DNA encoding the SB alpha gene. This

sequence, together with that of Kelly and Trowsdale (13),

completes the sequence of the functional SB alpha and beta genes.

Furthermore, we provide evidence for additional SB related

sequences and evidence suggestive of novel evolutionary

mechanisms operative in this gene family.

MATERIALS AND METHODS

Construction of Libraries of Human DNA

High molecular weight human DNA was isolated by the method

of Blin and Stafford (14) from the HLA-hemizygous lymphoblastoid

cell line 3.1.0 (HLA-A2, B27, Cwl, DR1, SB4) (15) kindly provided

by Dr. D. Pious. Following partial Sau3A digestion, fragments of

15-25kb and 30-50kb were fractionated by sucrose density

centrifugation. Appropriately sized fragments were ligated into

the cosmid vectors pJB8 (16) or pCOS2 (17), or the lambda vector

charon 28 (18) with T4 DNA ligase (New England Biolabs).

Recombinant DNAs were packaged into lambda phage particles

utilising freeze-thaw and sonic extracts prepared by the method

of Hohn (19) from E.coli strains BHB2688 and BHB2690. Host cells

for lambda libraries were LE392 and for cosmid libraries, HB101.

Recombinant clones were obtained at efficiencies of 105 cosmids

and 107 phage/microgram insert DNA. Lambda clones were also

obtained from the HaeIII-AluI library of human placental DNA

constructed by Dr. T. Maniatis (20).
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Sources of Probes

DNA fragments for Southern blotting, library screening, and

sequencing were isolated by subcloning into plasmid vectors

pBR322 or pBR328 and subsequent extraction from low melting

temperature agarose. In order to completely eliminate

contaminating vector sequences from probes used to screen

libraries at low stringencies, fragments were subjected to an

additional subcloning into lambda gt WES (21) followed by

isolation of the fragment from low melting temperature agarose.

DR alpha like sequences were detected using the 3.lkb EcoRl-EcoRl

fragment of a DR alpha genomic clone which we have descibed

previously (22,23). DR beta like sequences in the lambda and

cosmid clones were detected using the DR beta cDNA probe (24)

kindly provided by Dr. H. McDevitt. DNA fragments were nick

translated to a specific activity of greater than 108

cpm/microgram.

Restriction Mapping of Clones

Restriction maps of lambda clones were generated by probing

Southern blots of partial digests of lambda DNA. Restriction

maps of cosmid clones were determined by probing blots of single,

double, and triple digests of cosmid DNAs prepared by standard

procedures.

DNA Sequencing

Libraries of DNA fragments for sequence analysis were

constructed by sonication of intact plasmid subclones, followed

by ligation of S1 treated, Klenow filled, size selected fractions

into SmaI-cut phosphatase treated M13mp8 (Amersham). Recombinant

DNAs were transfected into JM101 and clones for template

preparation were selected by hybridization of appropriate probes

to plaque lifts. Templates were prepared by published methods

and sequenced by the method of Sanger and Coulson (25).
Electrophoresis in Hong's buffer gradient gels (26) with slight
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modifications enabled over 500 nucleotides to be determined from

a single template with no detectable loss of accuracy.

Overlapping sequences were aligned using the DBCOMP and DBUTIL

programs of Staden (27). The resulting database consisted of 247

templates and 59507 determinations (average = 241

determinations/template). Each of the 14646 assigned nucleotides

was determined from at least three templates (average = 4.1

determinations/nucleotide). The juxtaposition of the three

sequenced subclones was confirmed by subcloning and sequencing

the overlapping HindIII-BamHI and HindIII-HindIII fragments as

indicated in figure 1. The resulting sequence was analysed using

the Wisconsin group of programs (28).

RESULTS AND DISCUSSION

We have previously described the isolation of a lambda phage

clone of HLA-DR alpha utilising the primer extension method

(29,22,23). Hybridization of subclones of this clone in whole

genome Southern blots indicate that while both the 4.4kb

EcoRI-EcoRI and the 1.9kb SstI-EcoRI fragments containing the

first exon and intron of DR alpha include sequences highly

repeated in the human genome, the 3.1kb EcoRI-EcoRI fragment

containing the second through fifth exons hybridizes to a single

band under conditions of high stringency (O.lxSSC, 680C). Under

lowered stringency conditions (3xSSC, 500C), the 3.lkb fragment,

when labelled to high specific activity, hybridizes weakly, but

distinctly, to a minimum of six nonpolymorphic Eco RI bands of

greater than 5kb in a panel of DNA's from five HLA-nonidentical

cell lines.

Lambda and cosmid libraries of human DNA were screened at

low stringency with the 3.1kb EcoRI-EcoRI fragment in order to

obtain molecular clones of these fragments. Two strongly

hybridizing and six weakly hybridizing clones were isolated from

a cosmid library of HLA-hemizygous 3.1.0. DNA containing
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Eigure 1. Molecular map of the HLA-SB(DP) subregion. (i)
Restriction map of 70kb from the SB subregion. Closed boxes
indicate regions of hybridization with the alpha probe and open
boxes indicate regions hybridizing with the beta probe.
Individual exons and introns are indicated where determined by
sequence analysis. (ii) indicates the extent of the individual
overlapping cosmid and lambda clones. Clones cos SB1-SB5 and
lambda D were isolated from libraries of 3.1.0 DNA, lambda (8+RI)
was isolated from the library of human placental DNA (20). (iii)
Restriction map of the sequenced llkb, 4kb, and 2kb EcoRI-EcoRI
fragments containing SB alpha. The open box indicates the first
exon of SB beta, the closed boxes indicate the exons of SB alpha,
the striped box indicates the position of the region of sequence
sharing homology with the IgC epsilon genes (see text and figure
3), and the stippled box indicates the location of a Kpn element.
The solid bar at the bottom shows the position of the
HindIII-HindIII and HindIII-BamHI fragments sequenced to confirm
the alignment of the three EcoRI-EcoRI fragments.

approximately 500,000 clones. An additional five weakly

hybridizing clones were isolated from the lambda libraries. Five

of the weakly hybridizing cosmid clones and two of the lambda

clones were found to overlap in a single group, as determined by

restriction fragment analysis (figure 1). As indicated in figure

1, both the 3.1kb EcoRI-EcoRI fragment of DR alpha and the DR

beta cDNA probe hybridize to two regions within the cluster.
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Linkage of the alpha-i and beta-i genes was confirmed by DNA

sequencing (see below). The relative direction of transcription

of these two genes was determined as head to head by comparing

the hybridization patterns of the 4.2kb MspI-MspI fragment

isolated from lambda (8+RI), which contains the first exons of

both genes, to the patterns obtained with the DR alpha 3.ikb

EcoRI-EcoRI fragment and the DR-beta cDNA probe. The

completeness of the SB alpha-i and SB beta-1 genes within

individual cosmid clones (cos SB1-3) was determined by sequence

localization of the 3' untranslated exon of SB alpha and by the

presence of additional alpha hybridizing sequences downstream

from the SB beta-i gene. The alpha-2 and beta-2 regions

presumably correspond to the SB alpha pseudogene described by

Servenius et. al. (10) and the SB beta pseudogene described by

Kappes et. al. (30). The overall arrangement of the cluster is

in close agreement with the recent data of several groups

(8,9, 10,31).

The DR alpha hybridizing llkb EcoRI-EcoRI fragment of lambda

(8+RI) was initially selected for sequence analysis. Templates

constructed from this fragment and selected with the DR alpha

probe corresponded predominantly to the highly conserved third

exon (encoding the alpha-2 domain). Comparison of this sequence

with the SB alpha cDNA sequence (6) allowed the preliminary

identification of the clone as SB alpha. As shown in figure 2,

the complete sequence confirms this identification. The

translated genomic sequence is identical to the SB alpha cDNA

sequence of Auffray et. al. (7) and differs by one nucleotide in

the fourth exon from that of Erlich (6). The untranslated

sequences are also identical with the exception of a dinucleotide

insertion, TC, in the 3' untranslated regions of both our and

Auffray's sequence relative to Erlich's. These identities,

together with the absence of restriction fragment length
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-ProThrAIdArgGlG 1nVa1
1 TTTGATCCCTTAAAGATAACGTCCCCTAGGAATTGTTCCCTGAGCCAGACCCTCCAAGAATGGCAGTTCGGCTCTTACCTGGAGTGGCCCTGCCCTGGAC (a )

ValSerThrLeuLeuValEletLeuLeuAlaThrLeuAlaValThrArgProAlaAlaSerValGlnLetuVal'letUlet
101 CACAGATGTGAGCAGCACCATCAGTAACGCCGTCAGAGCCACTGTCCGGGGGGCCGCAGAAACCTGCAGAACCATCATGGAGCTGGAAAAGGATGIGCAAA
201 ATGAAAAGAGCTGCAGTCAGGAAAAGAAGGACTCGCTAAAGGGAGCTCCTGTIGAAATATTAGAGACCATGAACCCAAGIAGTCTTCTGI'GACCCTGGG
30 1 ATTGGACAGAGTCTGAGAAAAGAACCAATGGACACTGAGCTTTGTATGAGTCATTGCTCACTAGGCAGAAAGTTAGTATGAAAGGTCTGAAAATATAAAG
401 CCTGTGATGCACTTAAGATGACGGAGGAAAGACAGTGATACTCA=AACCAGTCAGATAAGTCATGATGTTGGGGAGATTATGCGTTTTCTTTGCTC (b)
501 TGAAGGTGATCTCAAATATTCTGCTG CCCATCTACAGGGATTATCATTTCCCCAATTCTGCCACACCTCACACACCCACAGGACATGGTCTGTTGTGGA
601 AAAAGTGCTATCTTAGTGTGTAAAAGGTCATTCAGTGGCATGACTTAGAGGGATTAGAGTACCCATCTCAGAACTCAAATGAGGTCTGAGTCTGTCTGTC
701 TTGCCTTTGTCCAAGGGTGTGTTTAAGATTAGCACCCATTCATATTTACTTTCTCCCAGAGGTCTGTGAGTCCTGCGATGTGCAGG.AGTTACCAGGTTCT
801 TCCACAGGACTGTCATCAGGGTCAGGAGGGCTCAGTCTAGGGACCTTACACTGGGAGCGTGGACACACCACCTACCCTACCATGTAA.ATATGCAGCTTA
so01 ACGACACTGCCTCTCTTGGACTTCGATTCCTTGTCTTCAATATGGGGATGATATAACCTGCCTTATAGCAAAGCTCTTAAGATCAAATGAGATCAATAGG
100 1 TCTGAAATTGCTTGGAAAAATAAAGTCCATAGAGAATATAAATTGACTGGTAAATAAGGAAGAAAGTGAAAAAAAATCATCAAAGACCCCACCTCCTTC
1 10o1 AAAGCATCTGATTCTATTTTGTTAGAGTGAATAiiTT CAATTTAM CmAAAGAACATTACTTCTTACTTAGACACTTATAAATGTGATCCTGTTGGAC
120 1 CACCAATTCTAATTCAAAAAAAATCAAATTGGCATCATTCTTAAATCAATATTAAAATGTAAATAGAAGGCTAGCATGTAAAATGCAAGAGAAGAAA
130 1 ATAATTATGTAGTAGAAGGTGTCTAGTAGGATTAAGGGGCCAGGAGAGGATTGTGGAGAAAAACTCAGTTTTTTAGTAACTGCCTGGGTGGGACTTTC
1401 TCCTTGTCATTACCTGCCATAGATAATTAGACAAATACTTCCTCGATGTCTCAGGTAAmATTTATACAGTAGACATTAATAATACCTCCCTCAGGTT
1501 TAATATGAGGTTAAATGAGGTAATGCATGCAAAGCACTAATAACAGAATCTCTCATGTCCTAATCTGTTAGTAATTATTATTATGCAAGGTAAGGCTA
160 1 CCACAAATAAGATAAAATATTAACGTAATATATGTACTTCATCATTACATTAAATAGTAAATGTTTTGTGACCTTCTCTATGAGTATCAAATAAATAGCT
1701 CAAA.ATTGAAATATTAAAATGAGACTAGAAAAGTATTCTTAAATATGGTAAAGAGAATATAAAATAAAAAATTA.ACATTACCTGTAACAGAAAAACAT
180 1 TAGAGAAACCCTTCTTAAAAACAAGATCAAAATATGGGCGCACATTGTTACCACAGGTAATGCTGTCCTGGGTATTCTTATATGA.AAATGAAATAACAAG
190o1 ACTAGTAATTAAAGATAAAAATGTTATTACACTGTTAAATACCAGGAAAAATCAAATACTAAGAAATCTGAAAAATAAAAATTATCTAGAAATTCAC
200 1 TAACAAAGGTAACCAGGAATAGATAAACAATTAAAGATCAACTTCATTCAAGTTAATTAAMACCTCTAAATAGAAATTATAACACTTCTGCAGAAATGAT
210 1 TAAATAAAAAGGAGGTATCTCAGGGAGGTGGACCTGAAAGAAAGATrAATTATATATTTTATTAGATAGCACATTCATTCTTAATTATCAGCAGAATATT
2201 TrGTAAAATATTGACAACATAACATMAAACATGATTAAAATATAGTGACCAAAAAACATCAAAGATCATCTGACTGTCTGGGATGGGGGTGGGGCTCG
2301 GGAGAAGGAACATAATGGAAAACATTGCCGTCAGAAGAAGGTGTAACTTATCTTTTACATCTCmTTCTTAACTCTGAAAATGAACTGTGAACTGGAG ( c)
240 1 CTCTCTTGACCACGCTGGTACCTAAAATTCTCCCATCTCTTCCCCAGCACCTTCCAGCGTCCTCTTACCCAGCAACAGAGAATGTCAGCTCTATGATTT
2501 CTCTGATAGGTGAATCCCAGCCATGCTGATTCCTCTCCACCCATTTCCAGTGCTAGAGGCCCACAGTTCAGTCTCATCTGCCTCCACTCGGCCTCAGrT

MletArgProGluAspArgMletPheHisI leArgAlaValI lel.etiArgAla
2601 CCTCATCACTGTTCCTGTGCTCACAGTCATCAATTATAGACCCCACAACATGCGCCCTGAAGACAGAATGTTCCATATCAGAGCTGTGATCTTGAGAGCC (ad)

LeuSerLeuAlaPIleLeuLeuSerLeuArgGlyAlaGlyAlaI leLysA
2 701 CTCTCCTTGGCTTCCTGCTGAGTCTCCGAGGAGCTGGGGCCATCAAGGGTGAGTGCTCAGGAGGACGCAGGAGCGTCGGGGTGAGTGATGGGGTGGTTC
280 1 ACATCAATTGCTGCTTCAGGGATCACAGATTTTAGGGGCTCATTGATCTATCTGGTCCTCATAGTCTATGTTCCCTCTGGCCCTCATAATA.ATA.ACAGCA
2901 ATAACAGCCAGAATTATGAGACTCCTGCATAGTTTCTTCCCATTACATCTCACAGGAATCTTCAATGAAGATAATATTCCATTCATTAGAAArrA
300 1 TTCCTATTTAAGAAATTATTTTGAAAAACTGAAGCTCAAAAAGATGAATAAGTTCCAAGGTTACACAGCAGATCAACGAGCCAAGTTTGAAGTCC
310 1 AGACCCAGCTCTGAGGGTCATACACTGCCTTCCCCAGATTCCTGCACACAGTGACCTACTATCAGGGCCCTCCTATCTCTCTGGGATCCCCAGCCTCTAT
320 1 CTTTGTGGCTGCTTACAGGAACTCCGAGCTATGGACTCTGCATTAGGAGACGAAGTGCAAAGAGTGTTTCTGTATCCTCCCTCTCTTCTAGGACCCTA
3301 GGGCTCTTCCTGGGTCTTGTGGGTGGTCACAAGCcTcTTCCTTTAAGACAGCAGGGTTGCATGGTCTTGATAGCCTTGTGATTCGGGrrCTGAGAGAT
340 1 TCAGGACTGCAAGGGAGGCCTAGACTlFGATAGCTGCAAGGACTCAGCCAGAGATGGACCGTAGTGAATGCTCcrlblrcCTGTAGCTGAAATCAGGGA
3501 GAATGACATCAAGCCTGTGCATGATCCTGTCATTCCAAAATCTAGTGATGGGGAAGGTTAGAATCCATAACGI'ACAAGATGCACACTGGC1-1 CAGACAGT
3601 TTATTTAGATGTGTAGAATAAAGAGGAGGTCAGGCTGGGTAGAACCAGAAGTATCTATTGCCCTGTTCGCGGTCACCTGAG rr1ATrrCTAAI'GTTrATG
3 701 TTATAATAAACACCACAATAGGCTcTCTTTCATAGATGCAAATACTTTTAGTATTCTTGGTAGAAATTCCTAATGAGCTCAGCTGTCTCTTCAGGGCT'
3801 CCCTGCCCAGTCTCTTAACATTAAACATGTCATcTTACCTAAAACATAAGTGCAAACCAACTGATAAAAAACAACCTTGCCTTCAGTCTGCA rcCTGI'
3 901I CCCAGAGACACTTCTTGTGTCCTCACACGTGGAGCTAAGCTTCTGACTTGTCTCTGGTACATCCCTGAGGATCCTCTCATCTTGGCCATCAGGAA(C'C
400 1 CTACAGAAGGTCAAATTCAGTGGGTrTCrCTCAGTGCCTCTGACTTGAGTTACTAATAACATTTGCACTATAATCCACTTCTTTCTGATGA.Ac'rACCCTG
4101o TCCTTArT=CTCCTGTTACCTGGATCCI'CCTTATCATC=rTAAACC ACCTCTrAACTATCATGTcTCTCTATTATACCCTGAGATCI'CGGCAArrc
42^0 1 TGATTTTGGCACTCTTCCTGGAAAATCTTATTAACCTGCACCTGCCACTAMTGAcTcTcAGrTcTATGGccTA4A4ArlCCTCTCCTGAGACCACccATA
4301 ATCCACAAATATCTATGTATTATTCTCcrrAGATGACTTCAGGTCTTCTAAGTGCAATAGCCCCACAGTAAACTCAGTATCTTCTCCCGGTCAG(;CTG
440 1 TCTTCCCTGAGAGAAGTGGCrrTGCCCI'G=rTCTGAATGCCTACATTGAAGCCATCTGTTCCCCAGGAAGCCTTCCCTGATGTGCTGTl'TGGTCGCAT
4 .01 CTTGTGTATACCTACGTATCTGCACI'TATCCTTCTGAACCTGCTGTTGTCCTGTCACTTGTGTTCCTTCTGTGACTTATACGCGTCTGCAGAACAGGAC
4601 GTATGTATTArrTATTTGGGTATTAGCATCTAACAGTGTTGACATATAGTAGTCrrrAATACATATmTGTCTGAATGGAAATG;ATA=TGAA
4 701 GAAAAATAATCTGTTCCATAGCTGGCTGATCTTGGACTGCAGAACTTGTGAAAGTGT T=AAAAAGCA=TTAAAAAG rACAAGGGACATTCATGTA
480 1 TTAAGAAGATGAGTTCCAATAACTGCTAGAGGACTTTGTGTCTmTAT=ACCCTCTTTTTCCTGATGAGTCCTTGAGTCC=AAACTGAGGAGC
490 1 AAGCTAAGTTTCCTAGTGAAATACCTATAGGATTGTTTTGTTAGT7CAAATACCACTC lCTTGGCCACTTACTGTGTCAGGGAGTCATTCTCAG
Soo TGAAAAATAAGACACAGGTCATACCCTCTAGACACITACAATTACAGTGGCAAGGAGTCATr CTTGTCACTGTAAGTGGCCAAGC6CAGACTGGGTCCt(e )
S10lolCCACATGTCAGGGCTGAAAACTCACAGGGAAATCTGTGAGTTGGGAGGTGAGAGCAGAAGAGTCCCGTAGTTCCTTCTCACTCTGATGCATTrATCATl C
S520o1 TAAACCCAGACmCACATACACATTCATCGTCTTTCmATGATAATAGTTGCTrrATCCTCTTATCTTGCTAATTCTTACAAACTAATAAAGACTA
5 301 AGAAACAAAATAAATTAAATC CTACAGGTGTTCCAAACTCAGCAATAArTTTCTAGTTGGCCTCTAAAACAAAAATCAAAATATAAATGTAAGAAAAGI TT
540 1 AGAATGCTTAGTACCTGTGTGATGAAATAATCTGTACACTAAACCCCCAAGTCATGAG=ACCTATACAACAAACCTGCACATGTACTCCTGAACAI'AA
; S O AATAAATGTTGAAATATTrTTTAAAAAGGAAACAAAAGTTGGAACAAATGCCAAAATAACTGTACTGTAC=GATTTGAATATGCCCCAAATGAAAAAT
5601 ATTATCAACAAAGCTATACATTCTACAGTTTATGTTCA%TAAACTAAGAC AGAAA=TTAAAACTGTCAAGAGCCCTAAAATm'GAAGGATA=CTTCTT
5 701 TTCCTCTCAA=TTGTATTTTTTCTACClTrCTATAATAAGAAAAAGAAAATGTCCATTCcCCCACcCCCATGACTCTAAAAACAA=TTACATCTGT
S 801 GTCATAGAAAAATTAAGATCTTAATGGGAGAGAAAACCTCTCTACTAGTTCCGCCAGTAGCCGTATGACCTTAGCAAGTTATTAATATGTAACTTCCCTG
5 9 01 CATTCCTTACCTGTAAAATGTATG,ATATGTATTGCTTCATAGGGTTATTGTGACAATTCAGCGAGTGAAATATGTAAAGTATTAGAAGGATGCCTGG
oOO01 CACAAGTAAGTGCTCAACAAATGTTAGCTGTCATTGTTACTATTACTATTGTGTAGGGTCAGGATGCCCAGAC =CAAAGACCAGGAAGCAGCTTGACT
6101o TATCAGTGATAAAC=TTCA=TTCTTTTmGCTcCC=CTTT7ATAACTGCTCATCTGCTCTGTATTAmcTCCmATGGTGTTGCTCCTTCTTCTTC
6201o CCCATATGTCCTTCCTTGACCTCTTACCTTCTTCCTTTTTATATTCATAAGTCTTATTCATTCTCTAGCTTGACCACTTGCATATTCAAACTGACAT

laAspHisVa lSerThrTyrAlaAlaPheVa lG lnThrHisArgProThrG lyG luPlieMetPlieG 1
6301 TMTTCGTGnynmTCTACTGTCTTATGCAGCGGACCATGTGTCAACTTATGCCGCTTGTnACAGACGCATAGACCAACAGGGGAGTTTATGTTGA

uPheAspGluAspGluM\etPheTyrValAspLeuAspLys LysGl1uThrValTrpHisLeuGluGl1uPheGl1yGI1nAl1aPhieSerPheGl1uAlaGI1nGly
6401 ATTTGATGAAGATGAGATGTrCTATGTGGATCTGGACAAGAAGGAGACCGTCTGGCATCTGGAGGAGTTTGGCCAAGCCTTTmCCmGAGGCTCAGGGC (f )

GlyLeuAlaAsn IleAlaIl1eLeuAsnAsnAsnLeuAsnThrLeu Il1eGlnArgSerAsnHisThrG lnAlaThrAsnA
650 1 GGGCTGGCTAACATTGCTATATTGAACAACAACTTGAATACCTTGATCCAGCGTTCCAACCACACTCAGGCCACCAACGGTACGCCCTATCTTTGCCTCT
660 1 TCCTCTGTAGCCCAACTGGAAGGGATGAGAGGGCCTCTCTGCCACCCTCAGACTAGGAAGCCTAAGTGCCCCCTGCTGTGTGATCCTCTTCCCCTAGTGG
6 701 CCATGGGCTGATCCCACTACAGCAAGGGCTTGCATC TCTC1TCTAGGAGAGAGAAAGGTGAGCAGAGTGAGGCTGGTCAGTGGTGTGATACCCCTCTC
680 1 TGTGATTCAGAGCTGCCATAAAATCTAAGGCTGAGGTAGAGGACCACCCTCCCCTAAGAGGTGGAGCCTTGTGATTCATCCCAGAAGAGGGGCCTAACC
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spProProGluValThrValPhleProLysGluProValGluLeuGlyGliiProAsnTlirLeul leCysilisI lcAspLysP
6901 TGGTGCTGTCTCCTTCCAGATCCCCCTGAGGTGACCGTGTTCCCAAGGAGCCTGTGGAGCTGGGCCAGCCCAACACCCTCATCTGCCACATTGAC AA(;T

hePheP roProVal1LeuAsnVal1Th rTrpLeuCysAslGlG1yGl1uLeuVa lTh rG luGl1yVal1Al1aGl1uSe rLetl PhieLeuP roA rgThrAspTy rSe rl I'
7001 TCTTCCCACCAGTGCTCAACGTCACGTGGCTGTGCAACGGGGAGCTGGTCACTGAGGGTGTCGCTGAGAGCCTCTTCCTGCCCAGAACAGATTACAGCTT (g)

eHisLysPheH isTyrLeuThrPhieVal1ProSe rAl1aGl1uAspPheTyrAspCysArgVal1Gl1uH isTrpGl1yLetiAspG lnP roLeuLeuLvsll isTrp
7 101 CCACAAGTCCATTACCTGACCTTGTGCCCTCAGCAGAGGACTTCTATGACTGCAGGGTGGAGCACTGGGGCTTGGACCAGCCGCTCCTCAAGCACTGG

G
7201 GGTATGCAACTGC=CTCTCCATAATCTCCTGGCATCCTCTATTCCAAAGACCTGGTGTCCTCTGCACCAGC=CCGCACTGGCTGGGTCTCAGTCC
7301 TCTCCTCGTCCTAACATCCAATTAACTGGTCCATAACCTTCAATTCCCACAACCATCCCAGGCCATCACCACCCTCACTGCACCTCCTGACCCTATCTCT

luAlaGInGluProI leGlnNletProGluThrThrGluThrValLeuCysAlaLeuGlyLeuVa lLetuGlyLeuVa lGly llle1
7401 TCATTCTTCCCCCAGAGGCCCAAGAGCCAATCCAGATGCCTGAGACAACGGAGACTGTGCTCTGTGCCCTGGGCCTGGTGCTGGGCCTAGTCGGCATCAT (4h)

eValGlyThrValLeuIleI leLysSerLeuArgSerGlyHisAspProArgAlaGllnGlyThrLetu
7501 CGTGGGCACCGTCCTCATCATAAAGTCTCTGCGTTCTGGCCATGACCCCCGGGCCCAGGGGACCCTGTGAAATACTGTAAAGGTGGGAATGTAAAGAGGA
7601 GGCCCTAGGA GTAGAATGTAAGGAAGGGAGGAAAAATTCAATCTGATAAGTGTTCATTGATCTTCTAATGGGTTAAAAGCATTCAGCCACATAACAA
7701 CAACAACACCGATAACTAACTGAGTAGTTAATATGGTCAGGCGCTATTCTGAGGAT ACATTTAACTCACTATTCTCACACATAGTCTGAGG
7801 TAGGTACTATTA=CACTATTTCACATGAGAGATACTTACATCTT ACATACACAGAGACTAAGCAC=GATCAAGTTCCCACAGCTATGAAG
7901 TAGTAGGGCTAGCTTCCAATCCAGAAAGTCTGGATCCAAGACTGTATCCACTGTCCTATTCACCCTA=GTGAAGGAAAAGACCAAGTTCAAA7rc
8001 TCCAGAGTCCATTGCCAAATAATGGAGTCAGATCTATATCTATACATAATTACAACACAGTGTGGTGGGTGCCTGTAACTACTTACTGTCTCTACTTG
8101 GACTCATrCCATGGCAATGTTCACACAAAAAATGCCCCTCCAGAGATCTTACAGG=CTATATCATAACACTCACCATGCTATATTTTTATATGT
8201 TTTGGGAATTCTCTTAGCAT7AGACAGTGAACTTCCATGCAGATGACCACATCTAATTCATTATTTATTGTTATCATGCTGGACCTCAGGTACAAAA
8301 GGTTAAGAACTTCTCAGTTCATTATATGATCATCATTGGTGCCTCCGAGCTCTCTCTCTCTCCCTTGA=ATTTGGTCCC=ATCTCCAGTCCTTAC
8401 TCCCATATCTAACCTCTTACCCCTACCTCATAGGTAAACA= AATGAAT GATGTCC=A7GCATAGATCCTCTGTAATATGTAGTAGTGT
8501 CCAGTGTACATGTATT AATTAACCAAAATGGCATTAAATTATAGATCTAA= GTACATCCAGTGTCTTCCAAATCTTCCATAGTA=AC
8601 ITTATATGTCCATGCATTAGTCCA=GCATTGCTATAAAGGAATATCTGAAGTTACCTAA=ACGAAGAAAAGAGCTAAATGGCTCACAGATCTG
8701 ICAGGCTGTACGCGAAACATGGCACTAGCATCTGCTTCTGTTGGGGGATTCTGGAAGC=ACTCATGGTGGAAGGCAAGTGGAGCCAGTGCATCACATGI
8801 GTCATAGAGGGAGAAAGAGACATAGAAAGAGGTGCCAGCCTC ()AACAACCAGGTCATGTGCACTAATAGAGTGAGAACTCACTCATTACCCGGAI(i)
8901 GAGGGGACAAAGCCATTCATGAGGGTCTCCTCCATGATTCAAATACCTCCCACCAGGCCCCACCTGCAACACTGGGGATCAA=CAACA TGAGACTTGI
9001 GAAGTGACAAATATCCAAATCATATTAATCCACATATCTACATTGCTCCTGGGATACCTGGATCATTCCTGGITCTCTACTATTGCAAGCAATGCTTGTAI
9101 TCTCACATGGAACTGCATATACATGTGGGCCTGACCTGCATCCCTGGAATGTATGTATCCTAGAAAGGGGTTGCAGGGTGCTGGAGATGCAGCTCCTTA
9201 ATGACTAAACACTGCTCATCTTCTCATCAGAATGGCTGTACTCATCTGAACTTCCTGTCAGTACTCTAATTGTCCTGCAACTCCTAAATGGACTTC
9301 AACACTGGACATTATCCAG=CTAAC=GCCAATCATGTGCATAAAGAAATATGCTG= A= GCA7CTAATTACI'AATAATTGGGG
9401 CTATAATTAGGACTGATTAGCCACTTGGGGGTTCC=CTATAAATTGCCTGTTCACATTCATTGTCCATTGTACTATGTGCTTCCATCA=CT
9501 TATTGAMGCAGGTGATCCTTATATAGTCCTGCTAGT,XGTCCCTTGTCAG=AGGCATTGCAAATG=CCTCTAATCTGACTTCTGGCAACTGTC
9601 TCCTTGGTCCTTGAAGAGAAATCCTTAATA=GTAATGAAGTCCATCAACTGTATT GTTTGTGTGTCTTT AAAAGAAGTCTTCCCT
9701 ATACTGAGATATCAAAGATACTCTTAAAACATCTCCTACAG=AAATCACATTTACTACTTTAATTCATCTGGGATTCATCTTTGl'GTTTGATGGG
9801 GATCATG=AT CTTTATATAATGGGCCAGTGTGTTCCCACAACTACTAAATAGTTCACC=CCCCATAGGTTAGTAGTGTCTCCTGCTAT
9901 ACTGAAAGCTCCCATTATAGGTGGGCCTGTGTCTGAGTTCCATCTTGTTCCACTGTTCTGTGTCTCTTCTTGTGCCAGTGTCCTAGTA=GATTAC
10001 TATGACATTAGTGTGTGTTAGTATCCAGTAGGACAAATTCT7G=ATTTTTCTTAGTTCACACACATTTATAATTATATCTAI'AATGArl7GTAACA
10101 GAGTGAAGTGAATGTAGAATG1 CAGATGTTAAGAGGAAGAATGGAAAAGAGGGCTGGGACTAGGGTGATGTAGGGGATGCACCTGGCTTAGGTGCAAAAT
10201 TTGGGGGATACCAAAAGAACTCAGTAATAAXTCATA=AATGAAATATCTTGAAAAGGC AATA TGCAAAGATACATGA rTAACAAAAC
10301 AGAGGAGTATAACAAAAATGGAGAAGCAGAGAAGCAGAAGAATTAGGAGAATATGCTGTCACATGAGCCAAGGAATTAAAGAATTCAGGAAGGAGGAA
10401 GTACTGCTGTCAGATGTTCAACAGAGGTCATTAGAAAATACCTTGGTT GAAATCCAAAGAGCAGTATACACAATGTGAGCAAGTATCCT
10501 TCG7TCATTGCCGTCATTGATATGGT1TGGATATTTGTCCCTTCCAATTCTCA17CCAGGGTTAAGCTTCTTCTCTGCCCTCAGTAATGTGGCCCTTCCC (i)
10601 CrGTCTGTATA=GGAGACATGAAGCATGTGGGATGGCCTCACAGTCAGCTGGGGTGAGGGTGAAATTCAATGACTCGTGAACTCCrTGGCTC
10701CTATGTGCTC0TCACTGGAGGACCAGGGCATGTGCAGGGATGACCACCTTCTCCCTGGGACc'rGAACAGGGCAGAGAAATGGGAAGCTCGGGTGCAAAGG
10801 GAGTGGGGAAGATGGGTCCGGGCTTACAGTACTGAACCCAGGAATGACAATAACTGTGTGTGTTGCTGCAGGTGACAAAATATCTGAACAGAAGAGGACT
10901 TAGGAGAGATCTGAACTCCAGCTGCCCTACAAACTCCATCTCAGC=CTTCTCACTTCATGTGAAAACTACTCCAGTGGCTGACTGAATTGCTGACCC (j)
11001 TCAAGCTCTGTCCTTATCCATTACCTCAAAGCAGTCATTCCTTAGTAAAGTCCAACAAATAGAAATTAATGACACmGGTAGCACTAATATGGAGA
11101 TTATCCATTGAGCC=ATCCTCTGTTCTCCGAAGACCCTCACTGTCACCTTCCGAGAATACCTAAGACCAATAAATACTTCAGTAT
11201 TCAGAGCGGGGAGACTCTGAGTCArTTACTGGAAGTCTAGGACCAGGTCACATGTGAATACTATCTTGAAGGTGTGGTCAACCTCTGTTGCCGA
11301 TGTGGTTACTAAAGGTCTGATCCACTTGAACGGAAAGGTCTGAGGATATTGATTCAGTCCTGGGT=CCTAACTACAGGATAGGGTGGGGTAGAG
11401AAAGGATA140GGGGGAAA=ACr1GGATGAAGA=CTTGGATGTAGTGAAGACTGCAGTGTGAAGTCTCTGAGGGAAGAGATGGTCTG'
11501 CTGGATCAAGAmcAGGCAGATTAGGATTCCATTCACAGCCCTGAGCTTCCTTCCAAGGCTGTATTGTAATTATAGCAATATCATGGAGGA=
11601 TCTACATGATAAACTAAGAGCCAAGAAATAAAATTAAAATGCCTAATTCATTGCAArTACCAGCCATAGTCACTCCATGTGGGAGAACTTAAA
11701 TCATGATTACCAGAGCTCAAAGGTGAGAATAGTGATGATTATGAAGAAAAATATCTTTGAGCAAGGA=G=TGmATGAGTGrCATTA
11801 GATATTACGATGAAAAAAGCATGAAATGGTAAAAATTCAGATAAATATAAAAACATGTTCTCTAGmTmAAGTTAAAAAAGGAATTGmAAAGTA
11901 AAAATTAmGGGGGTATAACATACCAGAAGTAAAATATGATGACAATGGCACAAAGAATAGAAGGGAGAAATGGAAGTATAATGTTGTAAGT
12001 TATACATGTTAAGTGGTGTGTTATTATGAAGGTAGAATGTATTAAGATGAATA=AAGCTCCTGATAACTATTGAAAAAAAAAGAGGTATAGCCAA
12101 GAGGCCAATGGAGAAGATAAAATAGAACACTAAGCAI'AArAATTCAAAATAAAGAAATAAAAAAGGGAAAGTCTGGTAAGACAAAAAGAAAACAAACI'G
12201o ITAAGATGGIAAGGTAAAACAACA ATACI'AATAATGAATTAATGCACATGGCCTAAATATTCTAATGAAAAGGGAAAGATTGTCAGAATGCACAAAA
12301 AAATCI ACAGGCCAAC71 CA rGCT(,TC rACATAATGCCTC7rrAAATATGAAGGCAAAGACAGGTAAAAAGTAAAAGAATGGGAAAATACATGTATACC
12401 GTGGAATGCTATGCAGCCATAAAAAATGAGCATGrl GTTTGTGGGGACATGGATGAAGCTGGAAGCCATCCTTCACAGCAAACTAACACAGGAACAGI
12501 IAAAACCAAACACCACACGTTCTCACTCGTAAGI-GGGAGTTCAACAATTAGAACACATGGACACAGGGAGGGGAACACCTCACACCAGGGTCTGTCAGGGCI (k)
12601 IATGGGGAGCAAGGGGAGGGAGAGCA-l AGGACACATACCGAATGTATGCATGGCTTAAAACCTAGATGATGGGTTGATAGATGCAGCAAACCACATGG
12701 ACATGrATAACTATG_'AACAAA_CCIGCACArCTOGCACATGTATCCCAG_AACTTAAAGTAAAAAAAAAAAAAACGAAAATAATGCCAACCATGGAAGTATI
12801 rGGTGGC rGTG7rAA rATCAGAAATA AAGACI CAGAAATA rTACCAAGGAGAAAGAAGGATAGTCATAATGATAAAAGAI'CArrATTA rCAACATA
12901 TAACAATc rAAATGTGm Gl7C rAGAAAAl ATGTCrl AAAI'CACArATACCAAAAATGATAAAAATAAATCAGAAATAGACAAArl'CACAArATAT
13001 TT7AGIArrcTAGCACTCAGTAAACAAI'AAAAl ArrAGGAAAAAACTCATGAGGACATGATAGAm AAATAACATrATCAATGAACCAACGTGATC'
13101 AAI'CAAGATCTGTAGAAI'ATCCACCCAA'ATAGTGGCAGAATACACArA=CAAATGCTCAAGAATA' rCCACAGGACAGAC'I'ATACACTGGGTCATA
13201 AACACATATAAATAAATG rCTAAATAATAAATGTC'l CTATTGAAATCATACAGAATACATTCTCGGACCACAATAGCA'rAAATTACAAACCAATAACA
13301 GAAAAATACC7rGAAAGTCCCAAATACC'l'AGAAArAAAAAGTATACTGCTAAACAGCACCTGGATAAAAAGAGTCAGAAGGAAAATTAGAAAA'rA'r
13401 l'GAACTGAGTGAATATGAAAiCACACTATCAAAArAGTATGATACACTAArACACAATAATATAACTACATAATTGGAAAGGAGGGAAACTCT
13501 AAAATCAACCATCTAI'G71'CCCATC7FAAGAAGCTAGAAAAAAAAGTCAAATGAATCCCAAGA7rAArAAGATCAGAAAI'AAATGCAA rAAAA'GGACA
13601 AACAATAAAGAAAATAAACAAAGTCAATTGCTGG=CAATAAGGCTCAATACATTCATGAATCTCTAGGTAGATGGATCAAGAAAAAGAGATAAGACT
13701CAAA7CC1CCAATAI'CAGAAAI'GGAAG'I'(,GGTACGTCACAACAAATCATACAGACATTAAAAGTATTATGACAGAATGCTATGAAAATGCCAATAAACAAA
13801 AA rGACAATAAAl-17GACAATACATTGTTAAATTAAATTAAATGGTGTAAAGCTCCATATCI TAAATCCTACATAGCAAACTAACCAACT
13901 TAACATAAc rGCGTTAI'GCAAACAAACTACAGCCTAACTTAAGAGTGTTGTAATAAATAGCTGAGTCTCAGCCAATCACAGGCTGCCAAGTGATCA rAT
14001 ATGTCCCATAAGCAAATGCCTCATCACGCCATGCCATAI'AAGGCAAACACTGAGCTGTAATAAATTGGCTGG =GAGTATCACTTCCI'GrTA
14101 TCTATAAACACTGCCTCACATGTTGc rGGACAGAGCTCTGAATCTCTGGGTTCTGAGGGCTCCCAATCATGAATTGTCTGCTAAATAAAC
14201 TCTGTTAAATTCAAC7rCTCI'AAA A rrTTA=AACAACATGAAATAGAAACATCTGAACGATCAAATTACCAAAACTAAATCAAGAAGAAATC
14301 TCTGTCAATGGAAGAAATTAAGI TTG AA=AAAAATCCITCACAGAGAAGGCCAAATGGTCCAGGTCAGATGGCTTCATTGArAA rCAI'AG
14401 TArCTGTCAI'AAI'ACTGTCATAA1'AC=AATGTCTGTATGATTAATTCTATTATACATAAGGAAGAAACAATACAAACTCAATACAAACTCTC
14501 AACAAAAGAGCAGAAGAAAACACATCCCAATAAm ACAAGTCCAATATACTAACATCAAACAATGACATTAAAAGAAAAGGAAACTAAAGACACACAAA
14601 CAIAGCCATGAAAATGTTTAACAAAAT:ATFTTTAAAATTGAATTC
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polymorphisms between the alpha regions of the 3.1.0 cosmid

clones and those of other haplotypes (8,9,10,31) further attest

to the extremely limited polymorphism of the SB alpha immune

response genes.

The complete nucleotide sequence of the SB alpha gene is

presented in figure 2. The overall organisation of the gene is

analagous to other alpha genes with a large (3584bp) intron

separating the leader peptide and first two codons of the mature

protein from the tightly linked second, third, and fourth exons.

A comparison of intron and exon sizes of available alpha genomic

sequences is presented in table 1. The conservation of intron

sizes, with the notable exception of SB alpha intron 4 (see

below), is impressive in these otherwise considerably diverged

genes. A similar conservation of intron and exon sizes has been

observed in other gene families such as the globin genes

(reviewed in 32).

Our results confirm the tight linkage of the SB alpha and

beta genes, as well as the presence of several putative

Figure 2. The complete nucleotide sequence of the HLA-SB(DP)
alpha gene from the lambda clone (8+RI) including the alpha-beta
intergenic region and the first exon of the SB beta gene. Letters
indicate: (a) the first exon of SB beta, as indicated by Kelly
and Trowsdale (13); (b) the locations of the beta consensus
sequence, the single nucleotide substitution and the beta
proximal 13bp inverted repeat; (c) the analagous alpha consensus
sequence, single nucleotide substitution and inverted repeat; (d)
the first exon of SB alpha as determined by comparison with the
cDNA sequence of Erlich (6). A leader peptide of 31 amino acids
is indicated although a shorter, 25 amino acid leader may be
utilised. As is the case for other related alpha genes, the
first two amino acids of the mature protein are also encoded in
this exon. (e) indicates the position of sequences of unknown
origin or function involved in a complex 27bp inverted and l9bp
direct repeat; (f) the location of the second exon encoding 82
amino acids of the alpha-i domain of the mature protein; (g) the
third exon encoding 94 amino acids of the highly conserved
alpha-2 domain; (h) the fourth exon encoding 51 amino acids of
the transmembrane and cytoplasmic domains. The box at (i)
indicates the location of the sequences sharing homology with the
IgC epsilon genes (see figure 3). The 39bp inverted repeats are
indicated by the arrows. (j) indicates the position of the fifth
exon encoding the 3'-untranslated region as determined by
comparison with the cDNA sequence (6). The box at (k) indicates
the position of a repetitive element of the Kpn family.
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E-(a) I1 E2 12 E2 13 E4 14 E5(b)

SB | 82 3584 246 340 282 214 167 3289 312

DR 82/50(c) 2200* 246/68 491 282/75 288 166/61 738 263(366)/46

DX 1 82/65 3500* 249/61 250* 282/74 200* 175/60 - -

DC - - - - 282/72 - 175/59 - -

I-E 82/57 2242 246/61 487 282/64 537 169/59 626 312/38

Table 1. Intron/exon sizes and % homologies of genes related to
HLA-SB(DP) alpha. (a) values omit 5' untranslated sequences.
(b) values from exon 5 start to first nucleotide of
polyadenylation signal. (c) nucleotides/%homology with SB alpha.
Data compiled from the NIH-GenBank database (28).

regulatory elements, including the alpha consensus sequence (c in

figure 2) noted by Kelly and Trowsdale (13). This consensus

sequence of 54 nucleotides is 69% homologous to a sequence
located at an equivalent position immediately upstream from the

DR alpha gene. Our sequence of the 2.3kb alpha-beta intergenic

region is identical to that of Kelly and Trowsdale (13) with

exception of substitutions of C>G at position 457 and G>A at

position 2263. These substitutions are notable in that they occur

in analagous positions between the perfect 13bp inverted repeat

common to the two SB genes and the alpha and beta consensus

sequences immediately upstream of each gene (b and c in figure

2). Bestfit analysis (28) of the beta-proximal half of the

intergenic region with the alpha-proximal half selects an

imperfect 23bp inverted repeat that includes these two nucleotide

positions, further emphasizing the possible biological

significance of these intergenic polymorphisms. We have not

detected any additional sequence elements shared between this

region or other noncoding regions in the SB alpha sequence and

other sequenced immune response genes.

As noted above, the sequences five prime to the DR alpha

gene are highly repeated in the human genome. In contrast, the

sequences five prime to the SB alpha gene are not. In fact,

hybridization of the 4.2kb MspI-MspI fragment containing the

first exons of SB alpha and SB beta and the intergenic region in
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whole genome Southern blots reveals the presence of three

strongly hybridizing high molecular weight (7-12kb) Eco RI bands

in DNA from the 3.1.0 cell line, at least one of which is

polymorphic. One of these bands is accounted for by the SB

intergenic region and another by the second region of

hybridization of the 4.2kb MspI-MspI fragment in the cosmid

cluster near the beta-2 gene (see figure 1). The third band

remains unaccounted for and, consequently, suggests the presence

of another alpha, beta, or intergenic region closely related to

the SB complex in the human genome.

Hybridization of nick translated human DNA to restriction

digests of the cosmid and lambda clones indicates that highly

repetitive sequence elements are interspersed throughout the 70kb

SB subregion. Analysis of the available genomic sequence

indicates the presence of several Alu and Kpn family repetitive

elements (13) as well as intermediately repetitive elements (9)

within the introns of SB beta. In contrast, the introns of SB

alpha appear to be free of highly repetitive sequences as

determined by hybridization and sequence analysis, suggesting the

possible restriction of such elements to the polymorphic members

of this gene family. A Kpn family repetitive element is located

approximately one kilobase downstream from the fifth SB alpha

exon (figure 2).

In contrast to the 3.lkb EcoRI-EcoRI fragment of DR alpha

which contains exons two through five and is essentially unique

in the genome, the roughly analagous 4.8kb HindIII-HindIII

fragment of SB alpha, which contains exons two through four,

appears to hybridize as an intermediately repeating element.

Between ten and twenty Eco RI bands are apparent over a diffuse

background in whole genome Southern blots. As noted above, a

major structural distinction between the two genes in this region

is the presence of an unusually large fourth intron in SB alpha
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Ce 1 AAGAGGTTTGCACCAGCCACTGTCGCCAAGGAAGGGAGGATTAACTAGCTCACAGTTCTGCAGCCATTCCG. GAAACACGGCCCTGGCATCTGCTTCTG.
I 11 I III III 1111 11111111 1111111 11 HIM111 1 1111111111111

SBa AGGAATATCTGAAGT TACCTAATTTACGAAGAAAAGAGCT TTAAATGGCTCACAGATC TGCAGGCTGTACGCGAAACATGGCACTAGCATCTGC T TCTGT
111 ii11 1 11 1111 11111 11 111111111111

Ce2 CAACArAGTGAGAACTTGTCTTGAAAAAGACAAGAAGAAGGGAAGGGCGGGGAGAGCAGAAGAGCAGAAGGGAAACACGGCCCTGGCATCTGCT TCTGG

Ce 1 GCGAGGCCTCAGGGAGATTGCAATCACGGTAGAAGGCCAAGGGCGAGCACGCATGTCACATGG. CA. AGAGGCACCAACACA. ACACAACTCCCACGTCC
II1I1 111111111 11II 111111II 1 111111 11111111I11I1111111I1111111I1111I 11

SBa TGGGGGATTCTGGAAGCTTTTACTCATGGTGGAAGGC. .AACTGCAGCCAGTGCATCACArGCTCATAGAGCGAGAAAGAGACATAGAA... AGAGGTGC
liii 11111111111111 111111 11111 1 1111111111111111 11111IIIIIIIIIIIIII 111111

Ce2 T. GAGGCCTCAGGGAGATTGCAATCATGGCAGAAGGCGAAGGGGGAGCAGGCATGTCACATGG. CA. AGAGGGAGCAAGAGA. AAAGAAGTGGCACGTCC

Cel CAC ACTTTTAAACAATGACCTGTCACAGCGACTAACTGAGGCAGAACTCCCTCATCACCTCGCAGATCCTCCTACGCCATTCATCAGGCGTCCACCCC
111 111111111I11I 111 1111 11111111111111IIIII 111II 11111 11 1III11111111111111

SBa CAGCCTCTTTTTAACAACCAGGTTTCATGTGCACTAATAGAGTGAGAACTCACTCATTACC. CCCACAGGGGACAAAGCCATTCATGAGGG. . TCTCCTC
111 11I1l111 1 111 1 11111 111 1111 111111 111 11111 11 1I1I11111111111111 1I

Ce2 CAG. AATTGTATTCAACGGGCTGTCTCTGGGACTAACTGAGGGAGA.... ACTCATCACCTGGGAGATGGTGCTAGGCCATTCATCAGGGGTCCXCCCC

Cel CATGATCTAATCACCTCCCACXA. XXXXCACCTCCAACACTGGGAATCACATCTCAACATGAAATTTGG. ACAGACACACATCCAAAC. . TATTGCACCA
111111 11 111111111 11111 IlllllllllIi111 11111111 111111 1111 1 1111111 1111 111

S8a CATGATTCAAATACCTCCCACCAGGCCCCACCTGCAACACTCGGGATCAATT T TCAACTATGAACTTGCAAGTCGACAAATA tCCAAATCATAT TAATCCA
111111 11 1111111111111 11111iIiiiI1T1I111 _I 11II I liii1I

Ce2 CATGATCTAATCACCTCCCACCAGC. CCCACCTGCAACACTGGGGGCCTGAGAGAGAAGAGAACCTCCCCCAGCACTCGCTGTCCATCGGTAGTGAAGGA

Cel CAGGAAGCTGGAAGAGGTGGACGGTCCTCCCCTGGAGCACTCAGAG.
11 III

SBa CATATCTACATTGCTCCTGGGATACCTCGATCATTCCTGGTTCTCT... 1437bp... ATTGATATGGTTTGGATATTTGTCCCTTCCAATTClC;...I II I I
Ce2 GCCTCACCTGAGCCCCCGCTTTGCCTCAATCGAATTCCCAACAAA.

Figure 3. Alignment of the homologous IgC epsilon and HLA-SB(DP)
alpha sequences. Cel indicates the sequence approximately 8kb
upstream from the functional IgC epsilon gene. Ce2 indicates the
homologous sequence directly upstream from the deleted
pseudogene. Both sequences are from Hisajima et. al. (33). SBa
indicates the sequence from the fourth intron of SB alpha (pos.
8641-9078 in figure 2). Arrows indicate the positions of the
39bp inverted repeats. The TGGGG pentanucleotide at the
IgC-epsilon pseudogene deletion endpoint is underlined (see text
for further details).

(737bp in DR alpha versus 3289bp in SB alpha). Comparison of the

sequence of this intron with the NIH-GenBank nucleotide sequence

data library (28) revealed a striking homology with sequences

studied by Hisajima et. al. (33) upstream from the IgC epsilon

pseudo and IgC epsilon functional genes. As shown in figure 3,

there is a 73% homology between the SB alpha intron sequence and

the IgC epsilon gene over 300bp. In the pseudogene, this

homology ends abruptly at the pentanucleotide TGGGG

characteristic of Ig switch regions. A deletion at this site is

thought to be in part responsible for the inactivation of the

second IgC epsion gene (33). The homology of the SB alpha intron

sequence with the IgC epsilon functional gene extends beyond the

TGGGG deletion endpoint through a 39bp sequence which is repeated

nearly perfectly (90%) in an inverted fashion 1.5kb downstream
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near the beginning of SB alpha exon 5 (figures 2 and 3). This

repeat does not appear to be present in the available IgC epsilon

sequence nor are these sequences found elsewhere in the SB region

sequence. As Hisajima et. al. (33) have noted, it is conceivable

that the Ig switch mechanism may be involved in germline

rearrangements such as the deletion of sequences near IgC

epsilon, and, in this case, the apparent insertion of DNA in the

SB alpha gene relative to DR alpha. Although it seems more

likely that these sequences are involved primarily in such

rearrangements, we cannot rule out the possibility that they are

involved in a functional relationship between the SB and IgC

epsilon genes or gene products.

In conclusion, we have described the structure and genomic

organisation of the gene encoding HLA-SB(DP) alpha. The clones

described, containing pairs of complete SB alpha and SB beta

genes, together with the ability to obtain integration and

expression of exogenous DNA in transgenic animals, will provide a

favourable model system in which to study the function and

regulation of the SB genes and gene products.
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