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ABSTRACT

The complete nucleotide sequence of an HLA-DPB1 gene and part of the
adjacent DPal gene, up to and including the signal sequence exon, were
determined. The sequence of the DPB1 gene identified it as the DPw4 allele.
The six exons of the DPB1 gene spanned over 11,000 bp of sequence. The
arrangement of the gene was broadly analogous to genes of other class II §
chains. The $1 exon was flanked by introns of over 4 kb. Comparisons with
published sequences of c¢DNA clones indicated that an alternative splice
junction, at the 3' end of the gene, is used in at least one allele.
Variation in choice of splice junction indicates an additional mechanism for
allelic variation in class II genes. The sequence also indicated that the
DP81 and DPal genes are separated by only 2 kb at their 5' ends. Comparison
of the 5' ends of the DPal and 81 genes with other class II sequences,
including the DZa gene, showed conservation of several blocks of sequences
thought to be involved in control of expression. Some areas of the introns
were partially conserved in the DQB gene, and several other intron sequences
were homologous to sequences found in other unrelated genes.

INTRODUCTION

The class II HLA antigens are heterodimeric, cell surface glycoproteins,
consisting of a and 8 chains, of approximately 34,000 daltons and 28,000
daltons, respectively (1,2). A detailed understanding of the HLA-D region,
containing the class II genes, is emerging from analysis of the glycoproteins
and, more recently, their genes and cDNA clones of their transcripts (3,4).
Bo}th a and B chains are organised into two extracellular domains. The
membrane-proximal domain of each chain shows homology to immunoglobulin
constant domains. Both chains have a transmembrane domain of hydrophobic
amino acids and a short cytoplasmic tail of charged or hydrophilic residues
(3,4).

An important feature of class II antigens is their extensive
polymorphism, which is located on the B chains of DR, and both a and B chains
of DQ, predominantly in the amino-terminal domains (5-9). At least six HLA-D

region a chain genes have been reported, and there are over seven § chain

© IRL Press Limited, Oxford, England. 1607



Nucleic Acids Research

genes (10-14). The three most clearly established regions containing these
genes are called DP, DQ and DR (15).

The HLA-DP region has been analysed in considerable detail, after its
original description by primed lymphocyte typing (16). There are two DPa and
two DP§ genes, arranged in the order: DPB2, DPa2, DPf1, DPal (17). The two
pairs of a and B genes have their promoter ends adjacent: DPB1 with DPa1;
and, though separated by a larger distance, DPB2 and DPa2. The DPf sequences
are more closely related to each other than to genes from the other loci,
although only an incomplete sequence is published for the DPB2 gene (17,18).
The DPa2 and DPB2 genes are probably non—-functional pseudogenes (18), but
DPal and B$1 have been shown, in transfection experiments, to encode DP
antigens which, after expression in mouse L cells, could function to present
antigen to appropriate DP-restricted T cell clones (19).

In order to facilitate manipulation of the DPB1 gene in studies of the
regulation of its expression we determined the nucleotide sequence of 15 kb
of DNA encompassing the functional DP81 gene up to, and inecluding, the signal
sequence of the adjoining DPal gene, covering the promoter regions of both
genes. In this paper the promoter regions of both of genes are compared with
those from published class II gene sequences, including the DZa gene.

MATERIALS AND METHODS

DH1 bacteria were obtained from Dr. D. Hanahan. RNAase was from Sigma.
Merck proteinase K was supplied by British Drug Houses (Poole, England). The
Klenow fragment of DNA polymerase, for sequencing, and T4 DNA polymerase,
were supplied by Bethesda Research Laboratories. Cosmid LC11 was derived
from DNA taken from a lung carcinoma (9,17).

Procedures for prewing plasmids and cosmids, DNA isolation, Southern
blot hybridization and P-labelled probes have been described in recent
papers from this 1laboratory (9,17,19,20). Any modifications to these
procedures are noted in the Text.

Subcloned DNA fragments, as shown in Pig. 1, were prepared from
recombinant plasmids grown in the DH1 strain of E, ¢oli. After self ligation
about 10 pg of each DNA fragment was sonicated four times for 4 secs. in an
MSE sonicator, end prepaired using T4 DNA polymerase, and ligated into
Smal-cut MP8 vector (21). Random clones of about 300 bp were then sequenced
using the chain-termination method (22,23). Multiple overlapping sequences
were aligned to provide accurate consensus sequences using computer programs
designed by Staden (24). The DBUTIL program was modified by Dr, P. Stockwell
(unpublished), to provide a screemediting system, called VTUTIL. The
strategy for DNA sequencing is outlined in Pig. 1.

RESULIS AND DISCUSSION
Overlapping cosmid clones covering the HLA-DP genes were described in a
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recent paper from this laboratory (17). One of the clones, LC11, containing
the DPa2, DPB1 and DPal genes was used in this work. The nucleotide sequence
for the whole of the DPB1 gene and part of the adjoining DPal gene was
determined by the chain termination method, using the strategy outlined in
Pigure 1. This sequence is presented in Migure 2. Prom comparisons to
published sequences for HLA-DPa and 8 chains it was possible to determine the
locations of the transcripts from the genes, as depicted in Pigure 2.
Detailed analyses of the gene sequences are presented below.

Exon-int isati

The exon organisation of the DPB1 gene and the adjacent DPa1 gene first
exon, derived by alignment with ¢DNA clones, is shown in Figure 2. The DPal
gene first exon lies 3' to 5' in Pigure 2 and has a splice junction at bp 440
and the initiating methionine codon of the signal sequence at bp 540. The
exact 5' limit of this exon has not been mapped, however, comparison of DPB1
with a DPa cDNA clone suggests a 5' untranslated leader sequence of 79 bp and
a signal sequence of 31 mainly hydrophobic amino acid residues (Pigure 2).
Ppromoter sequences upstream of the methionine codon conform to a pattern
conserved between all of the class II genes consistent with this being the
start of the DPa gene sequence (see below). The DPal and DPB1 genes lie just
over 2 kb apart and are arranged 5' to 5' in respect to direction of
transcription of the two genes.

The DPB1 gene, oriented 5'-3' on Pigure 2 (bp 2943-13736) is contained
within 6 exons, encompassing approximately 11 kb of DNA. As with other HLA
genes, the exons correspond with the envisaged structural domains of the
mature protein, i.e. exon 1 comprises the 5' untranslated leader sequence, a
signal sequence of 29 predominantly hydrophobic amino acids, and the first
five amino acids of the 81 exon. A second possible signal sequence,
previously identified, is present at position 6043 to 6136, however, it is
not known if this sequence is used (17). It is not directly preceded by
promoter sequences characteristic of other class II genes, described in a
later section, and has an uncharacteristically high proline content.

The second (AAs 6-93) and third (AAs 94-187) exons encode the two
extracellular domains f1 and isz respectively. PFour cysteine residues are
available at amino acid positions, 15, 77, 115 and 171 for intradomain
disulphide bond formation and a potential carbohydrate attachment site [ASN,
GLY, THR] is found at amino acid position 19. This sequence is common to all
of the human and mouse class II B chains described so far. Another potential

site, [ASN, VAL, SER] is located at amino acid 98, in the 2 domain.
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Pigure 1

Molecular map of the HLA-DP region and sequencing strategy for the DPB1
gene and its adjacent DPal gene first exon. Dashed boxes show the
approximate positioning of DP genes as determined by restriction endonuclease
mapping (17). Genes covered by DNA sequencing are shown by boxes with solid
lines. The region spanned by cosmid LC11 is indicated and an expanded view
of the sequenced insert, with cutting sites of the major restriction
endonucleases utilised during sequencing is shown.

Solid lines ( ) indicate subcloned fragments used for the generation
of random M13 inserts and dashed lines (- - ->) depict specific M13
constructs, that were made using restriction enzyme sites.

Exon 4 encodes amino acids 188 to 224, which comprise the so—called

22 predominantly hydrophobic
residues and 5 amino acids of the cytoplasmic tail.

connecting peptide, a transmembrane domain of

The remaining 6 amino
acids forming the carboxyl terminal of the DPf1
exon 5,

glycoprotein are contained on
along with the TAA stop codon and 4 bp of 3' untranslated sequence.
The organisation of this area of the gene is analogous to that of other class
II B chain genes, both human and mouse, except for DQB, which has a shorter
cytoplasmic tail and apparently lacks the splicing signals to bring into play
the 5th exon (11,27).

Exon 6 comprises an estimated 220 bp of 3' untranslated sequence,

however transcripts from different alleles show some polymorphic variation.
All splice junctions within the DP81 gene conform to the GT/AG rule,
noticably four out of the five 5'
AGGT.

and
splice junctions comprise the sequence
Alignment of cDNA clones pHAB (25) and p11-8-7 (26) with the DPB1 gene
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SGATCCCABAGAGATAGBABGECCCTBATAGTAGE TCACTGTETECAGGATCTEE6BANGECAGTE TATGACCCTCAGAGLTERTCTEBACTTCAMAC TTBBCTCBTTBATCTGCTET 120
GTAACCTTBBAMACTTATICATCTTTTTGAGCTTCAGT TTTYTCAAMATAATTTCTARATAMAGEAAT AATTTCTAAATEAATEGAATATTATCTTCATTBARGATTCCTETGAGATE 240
TAAATGOBGAMAGAMCTATECAGEAGTCTCATAMTTCTBRCTE T TATTGCTETTATTAT TATGAGGECCAGAGOGMCATAGACTATBAGSACCABATAGATCAATGABCCCCTARAA 360
TCTGTBATCCCTBAMCABCARTTBATGTGAACCACLLCATCACTCACCCCGACCTCLTBCETECTCL TEAGCACTCACCLTTBATBECCCCABCTCCTCBEABALTCABCABBARAGL 480

ASGASAGBECTCTCARGATCACASH TICIGICT GCATGTIGTGH6GTCTATAATIGATGALTE TGAGCACAGGAR GABGAACTGASGLE 400
ABTEGABECABATGAGACTBAMALTGTGBECCTCTAGCACTGBANAT GO TSAGASEAATCAGLATGEC T666ATTCACCTATCAGAGARATCATABAGCTBACATTCTCTBTTELTES 720
GTARAGAGGACELTGOAABETEC TGE66AABAGATEBEAGAATTT TABGTACCABLSTES TCMGABAGCTCCAGTTCACABTTCATTTTCAGAGT TAGAGAAAGAEATETAMMAAGATA 840
AETTACACCTICTICTGACEGCAMATGTTTTCCATTATETTCCTTCTCCCBABCCCCACCCCCATCCCAGACAGTCABATBATCTTCEATETTTTTTBETCACTATATTTTARATCATET 960
TITATETTATETTGTCANTATTTTACAMAAATAT ICTECTGATAATTAABARTGAATGTEC TATCTARTAAAATATATAATTARTCTTICTTTCABSTCCACCTCCCTBABATACCTELT 1080
TTTTATTTATCATTTCTECAGARG T TTATATTTCTATTTAGAGETTTTARTTANCTTGAATGAAGTTBATCTTTAATTGTTTATCTATTCCTGBTTACCTTTTTABTEARATTICT 1200
AGATANTTITTATTTTICABATTTCTTAGTATTTBATTTTTCCTEETATTTAMACAGTETATMCATT TTTATCTITARATTACTAGTCTTGTTATTICATTTICATATARGAATACEE 1320
AGGACABCATTACCTGTB6TMCAATGTRCSLCATATTTTBATCTTGTTTTTAAGAAGEE TTTCTCTAATSTTITTCTETTACAGGTARTETTAATTTTTTATTTTATATICTCTTTAC 1440
CATATTTAGAMATACTTTTCTAGTCTCATTTTARATATTTCAATTTTBABCTATTTATTTEATACTCATAGAGAMGE TCACAMMACAT TTACTATTTARTBTAATGATBARGTACATAT 1560
ATTACGTTAATATTTTATCTTATTTGTB6 TABCCTTACCTTGCATARATATARTTACTAACAGAT TAGEACATGAGAGATTCTETTATTAGTECTTTBCATECATTACCTCATTTARAC 1680
CTCATATTAAACCTGAGEEAGETATTATTAATETCTACTETAMMAATAAATTACCTGAGACATCBABGARGTAT TTRTCTARTTATCTATBECAGETAATGACAAGEAGARAAGTCLCA 1800
CCCABECAGTTACTMAAARACTEAGTTTTTCTCCACAATCCTCTCCTEBCCCCTYATCCTACTAGACACC TTCTACTACATAATTATTTICTICTCTTGCATTTTACATBCTABLLTT 1920
CTATTTACATTTTATATTGATT TAMAGARATGATECCARTTTGATTTTTTTTGAMTTABAATTGETESTCCAACAGGATCACATTTATAAGTETCTMAGTAMGARGTARTETTCTTT 2040
BAMGTTTGTARAARTATTCACTCTARACARAATAGARTCAGATEL TTTGAGGABSTEREGTCTTIGATBATTTTTTTICACTITCTICCTTATTTACCAGTCARTITATATICTCTAT 2160
BEACTTTATTTTTCCAABCANT TTCAGALCTATTBATCTCATTTGATCTTAMGABCTTTELTATAABECAGG TTATATCATCLCCATATTGAGACAAGGAATCARGTCCANGAGAGE 2280
CAGTGTCETTMABCTBCATAT TTACATGSTAGGSTABG TG TBTETCLACGCTCCCAGTETABETCCLTAGACTBAGCCLTCCTGACCCTBATBACAGTCCTETBEARGAACC TEETA 2400
ACTCCTBCACATCECAGBALTCACAGACL TCTGE6ABAME TAMTATGAATEGETECTAATCTTAAACACACCLTTBBAARAGELAABACABACAGACTCABACCTCATTTBABTTCT 2520
GABATGBGTACTCTAATCCCTCTARGTCATELCACTGAATEACE TTTTACACACTANGATAGCACTTTTTCCALAACAGACCATETCCTE TGS6 T TETBAGBTETEBCAGAATTEEBSA 2640
MATGATAATCCCTETAGATEGECCAGCAGAATAT TTGAGATCACCTTCAAGCAMGARAACGCATARTC TCELCARACATCATBACTTATC TBACTBETTARAATEABTATCACTETCT 2760
TICCTCCETCATCTTARGTGCATCACAGECTTTATATTTTCAGACCTTTCATACTMC TTTCTBLCTAGTGAGCARTEAC TCATACARBLTCAGTETCCATTBRTTCTTTTCTCABACT 2680
CT6TCCAATCCCABE6TCACAGANGACTA TTGBG T TCATEETC TCTANTATTTCAACAGGABCTCCCTTTAGCEABTCL TTCTTTCCTGACTCABCTCTTTTCATTTTBECATEET 3000

=
NetNetValLeuGinValSerAlaAlaProArgThrVal AlaLeuThrALaLeul eetVal LeuleuThrServalVal61n61 yhr gAlaThrProG 5

TTICCAGLTCCATEATGETTCTBLABGTTTCTSCB6LCCEC66ALABTEECTCTGACEELETTAC TGATBETECTECTCALATC TGT66TCCAGBECAGECCACTCCAGETARBARCE 3120
BARCTGCCATICTTBBABBETCTEO TCAGGAACAATTCLTAGGGEACETTATLTTTAGEGATCAART TCTEAGACABGCTOCEB6BECTCCTBLCCTARBECABTBTCCTCTCTICS 3240
CAGLTAGAGARABABG TTCATCCC TATAGATAGCTTGLTACCCTAC TERCC TATTCTCTCTCCAABEACATESGTACAG TAMACAGAGAGAGETGCCCABTBTCAGTATECTTBCT 3360
TTGGE6AAMATEEBACCANGAGETCCTEGATAACC TTE6ACAGACARGE TTTBLAGAGAGAGAAST TBECANGTECABGCTCCTBBBCETETTCATGTCTECATCLABCLTEEABBEBAC 3480
TCABGCAGAGABCCC TAGC TEEAGTETCCAGEL TCTOABGATCACTEABGATTCAGTECTCACBAAGARTECCTCTTATTCCCCAGBE TEBAGCABBABCCCACATCCCTTBBACAATT 3400
AAGGAGAGARSBBAGBGAEBBGATAGET TTTAGCCLCTOANBECATTCTCATTAMBSTACTICTCCCAGCCTCCCCAGAACT TGETTAGGGTACTAGABTBB TTECOACTTBTABEA 3720
AGAATGAGATBAGETTETETEG6TECATBACAGGEATTEAG TETAGET TATCAGACAGCCAAGOAABLASTAACCARGTBARRAATCTCTTCTTCCTGETBCCTCCCTETBECTBETETA 3840

WIDD HORDDUN 3 DUIALA AYODL O 0

CTARTTCTAGATCCTTBAGBAATTGCCACACTETC TGABATACCAT WM&WLMM&M@A@EI‘E@!WETF_MTE 4560
mcgcmy_mmr_tg_r_sgs_a_cp_rma_symr_& I TTE DM TCCARATTTACACCAACACTCTEAGAGEANGEACTECARABTABSTACCTTAG 4680
TTTTCCACTBACTTCCALTTTTCCTRCTTACACCCTTCCTCCTABACLTCTCCACACCCCTCCTAGBACACACCTAAARGS TACTEACATCATSTCACCTCCTCATCTTTCAGBETAGCA 4800
AGETTBBANTCTCCTEAATACABCCCCTCAABCCCTAAMCCTCTTATCTATTACCTTBBTTCATTGTCCABGAMGBEBABBAGACTTBAACTTETAGTCACAGAABBGTBLTEABAA 4920
CTAACCABCAGBACBELTCAGCCL TEBBAAC TBLAGABBS TBAGECTERBEABABACBASELTBRABCABCALTEETEACALTGANCAG TG TCAGBAGEARGTEACBBATELABCECCE 5040
CCATCCCATABBCABABCTBTCATGTB66ATGAGBGACAG TG T T66BABCCACCMBBAAACCCABAGB TEE65ABCABAGABLAGARGEEABCA TG TEATBLTEEACABTEARAGEEA 5160
G6ACAGECAAAGGL TEEETT6AGETTT6TAGB666AATBAGATEAGECABTBGACCATE TBACABGSAC TEABEETAGATTACTGEAGLTCLCTECETAGARTEAATETTCATCARAR 5280
TTT6CTBGABBEABABCTBBABCCATABGEEAETBET AMAGTEBECABBEC TBATTCCACARTTCCCTBCATBLTCCCCCAACTCCACACACATCCCCAACCTCARACABBSCACAAGA 5400
CCAAGBECTEAGBABCLABGCTATABCTTAMAGAGELT6636BABAMAGL TTBECTEAGACAACCCATAGEEABCTAGAGE TTTTTARTATATCCTATTCTBAATABABACBAATTC 5520
ATICAGATCAGTGETTTCAMCCETECTCTBBBCAACTCANTTECTANGEETICCACAAACAGBATAMGT T TCTTATATACARAANMMAATGAAGET TTCAATTACACCATARAACCE 5640
CTCATTECTTATGTCTACTTGECAGETAMAT TCCATTTCARAG TTAMATETACTTAMMAATTACCTARGAC TEGETARATTAARAARAT TARATGTTGCARAGARARRATTCARAAT 5760
TCTTATTCTTBAATGAAAAACET TCTCTTACTBGTGATTBAGEAGBABAMCANAGACT ANCAAAT GARATBEEAGAATCCACACTCAGAG TEBBECAACTGAACABBLABSSSCEEAT 5880
GGATGECAGAGBABBABBANTCTBEACCARBBAGLTEG6666CTCTBBECCTBBANT TTTAGBS TCTBBBECCCANCACCABBABAGAGECAGETCAGBATATCTBAGTCAAGACCTEGE 4000
ATCTTBLCTTABCAATBACACTBGABACTAMGGTBEACTCCATBETBLCCTT TACCCCATCTCCACTATCCTCT T6T6CAACTICTGCTAGGEBTEAGE 6120
T1AATARACTEBABAAGTTARTTTETBBAGCATGAMACAGATEAGCAGAACAATCACAGCACCTTATTTCCCCAGTETECCCAAGARCAGAECAGECC TGARGATACTCAARCABARAL 6240
MAACATTBLCBTETCACTGATAATTCTETETAGACACACACCTBLCABACACTEL TCATGECACTCLCTAGBARGAACASCATETGEGANAGECTECCARAATTGTTCATE TARRARTT 6320

CTACATCTCCTACATECAAAACAACABBABCAAGT TBAGEAATTCTCAAGAAACTBG TCEAGAABAGAGAGCECT TAGCTATEGARARGAGAARGARGEAAGEEABBECTTCCTE6ABEA 7200
6BTBECATTTBAACCABBAL TBACATCAGEATBEAAATETCAGTCABBEAGTTAABTABBBBEABCAGLTCCECCCTCCACGTCCCCABCTCCTCCCBCCCCTRTTTITICTCCCABTBA 7320
CCCCACETBARACGTCTCCECCTCCTCCABCCACCABCABANBEBACTBCCTTCCCCTCABTBCTCBCCCCTCCCTABTBATCACTCAGTECCCCTBABCTCATTCTTTICASTARATTC 7440
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1CTCTCTBCETE6TEAGAAAACABECC TEEABAGECTCTECEACCCEL TTAGEACCACABAACTCEETACTABEAAAACTCCTATTTTAMATCCAGCCCTEBETEBBANBATTTEEEAR 7560
TuhsnThrLeuPheB]nBl yArgBinEluCysTyral 17

BAATCETTAATATTBAGAGABABAGEGABARAGAGGAT TAGATBABASTBECECCTCCBCTCATBTCCBCCCCCTCCCCECABAGART TACCTT TTCCABEGACBECABEARTBCTACGE 7680
aPheAsnGlylMSlnArgPhtLeuSluArgTyrlleTyrﬁsnkgSluGlnPMAlwm»s«mwmyﬂnm#ghlaVallurGluLnGlykqProthlaﬁl §7
GTTTAATGEEACACABCECT TCCTBEABABATACATCTACAACCEE6ABBAETTCBCBCEC T TC6ACAGCEACET66666A6TTCCBEBCEETBACEEABI B m
ulerpMnSchluLympllouuslusluLysArgAlaVaIhmkgmttyw;ﬂxmnTyrllultuSlyGlyProMtTherSlnkoW
BTACTBEAACAGCCABAABBACATCCTBEABEABAABCEEGCABTBCCEEACABEATETBLASACACAAL TACEAGCTBEECEEECCCATEACCCTECABCECCBABETBAGTBABEELT 7920

T1665CCEBCE6TCCCABBECABCCCCBLBEECCCETBCCCABBECECASBABCAGLCEE6TTEECE TAMBESACCTTAGTBCCEEECEBANBEBEACTTTBEETTRGEEATICATEES 8040
B6BABCCCATCTBEABCTTETCABBEEABCEABLECEEE6ACC TBEACTEEEC TEABCATEEAGTEAGBABEACEABASCAGAGABACCCCCEBEAECTTCATCAGBCCTBECAGCTBAC 8160
T6CATBTEE66T6AAAMANGEARBCCACABBACABLECACAAGEE TATEETETEEAGATE0AGET6EAGATEECACABCABECCACACABABARSAAACC TACABBBAGETACTEESTT 8280
TBAGETGCTTBABEEECAGATBEETBETCTEATEE6CAGETABACABAASGETCTECAGCCEEE6ABEABAC TBABATACATGABACCATCCABEEAGABBBBACCCABEEEEANGASCA 8400
MBBACCEBATCCTB66AACTBBACAGTTETBATTTGECCAABACABARARGCL TG TEAMBABALCAMARAAACCC MG TECABTETEABBABABECCTEABASMBAGTCTTEEAAS 8520
CT6ABB66ABETBACCTCABCABCACABTBEACASCEE TECCABTEAC TTEE0AREETCAGAANACAGAAGATEEAAAG TEEET TTGEAAACCAGBEAGACE TBEEBABABCABSTTEEC 8640
CBCAGCBECABEAECTE6AAT666A56566TBCATEABECTBASTETEEC6CATCCTCCTCE666CTBABATEBATTTTACTTGTCTTE66TTCCCCACBECTETCACABBBCABTEBTCT 8760
CAGTTCATTCBTCTTTTICCTTCABEAABTCTEEETETAMGGEATBEABAGABSTBAGE TETETECAGTAAGABBATTTCTCABEATEEEACAGEARGECCTTRBABCTTTBECTTCE 8880
TCCT6TEAACTTETBE65T6666A5CCTE6TECACCAACC TGABE6ACT TBAGEEAGTAGTATCAGEATETEGEATTBAGCCCTEEACCTTTTTTCTAGAAAGAGSAMAANTEAAGES 9000
AGEAGEABEABBAABC TBEE6ABATCACACCTTTBATTTTCTTETTCCTEBARAGTBAMBEAAGTTCACCTEL TATGASTEABARGE TEEACACACTGE6TBEE6ATEABETBABTBAC 9120
ATBAGCTTAGBAAAGTTECTEACETAATTEET TOABAGAGE TETTCAMATAMMAARTAACECAAT TESCAAMAAC TETTACTAABACTTTETAGAGECACCMTCAGTBACATBECAGCAT 9240
TTICTTTCACAGTAATCAACTBCCABATTBCABACAGCCCTEATGCCABCCTAABEAGTETBE6TTTCTCCTCCAGECCCECABETCCCCAACCTCACTCCTCTBAAGACTCTTCTBEAS 9360
ATCCTCTBTBATECACASATCTCCABACTCASTBCCCCCAGACTCAGAT TCCCTBE5TEEBEAGE TCTEE66ATCTCTBCT TETAATCAGCTCCCTAGABETTCCCATETAGCCABATAR 9480
BTATTGTCAGAACACTGAAGATTTTTAARAATEARARAGAGAAGE TTGEABATETETCTTCAGARBACTAL TAAGEETC TEECTABAGGABEBACCABAGECABEEASATBAGETASE 9600
ARACTBCTATTATTTGTCAGEBAAATTGCAATCAABECAT6AGT TAGAACAGEGARAACACABAGECARBEBABACE TEEARGEEEEAGBAAAGAAGTAGTEACAATTCCAGBETBEATE 9720
TCCACCCAARTCTAGAABTAATTBAGCAARTETTTTCTBEECAT TABAGAAGSCAACTAGARCAAACAGEAATCLTTECCTTRETEAAATETATTTGAACTBEE TCAGARATEABECCAT 9840
T6B6TATCAGBCCTTACTCCAGCGCACCCTBEAGETCACTBATETBECTCCAGECTBACCTECTCCTETCARABAATATTBASCARGATGCCTCTCETERAATETTCTEEEACCTTAM 99560
ACAGATACCCAABTATTCCCCCTEATTTCATEETTCCCABAABCTC TATGEGEAABARAT TGTAGETARTTCACAACTEAGATTTAGACATAAGTTGAATASTETAATGBACATTBASTT 10080
ARCCGAGETAATGAAGTAGTBAGACACABE TECCCT TGARATAMCTCACAT TOAGEGAAGASGC TEACAATE TEEATCAGTCTEARAACAAGECAARAATACAATABEEAGTAAGESTT 10200
BT6TETCAGTTCAAGACTETACTTTTACCTEECCCABCBCCATETTABBETATTTETGTTCTCCAGEAABTAGARGEAMAGAACTEAGTEATTAGSGACCTABANGACTAMTTTBASAC 10320
ATTCCTCTTBATBAGCTETTCTCTAGEETAGTCC TCTEAMEABL TETTCTCTAGTEBATCTCCCTOAATEAAL T T TCTCTAGGASCACTTBACECTITICIRIGTTIBITITITGIIT 10440
TSYST"SIGTTTO"T'lT“GMASST'II:TutTTTSTtTﬁCCMSCTSﬂSTSt15TIGEMZCATEATSGCYMTMSRTCWCEUSSSUWTMYCCYECTGCCTW 10360

NYTTETRCTTTCTEAGEAEEAARARGE TACTEETGECAGABATCCAAAAGAAAAGTTEL 10800

CAGTGBCASTETE6AAAT TCACCTGAGAACAACABBACAWGL T6666CALAAATECARAGATELAGAGEGABECAACACCTEETCATCTETGAGACC TTCATGEEACCTBARGACELAGE 10920
ACAGAGBAGEAACTTBARAAAGBACEGEAT TTCTACTACTCAASCATETABEAGCTCABGATATTCTETAMTATEAAGATTTTGAGT TTTTETAGETEASETAAMMARATACATAGETT 11040
TTTTACAGARTAAGACATETARAGCTCTCTTCATTTTCTTTGTATTTTCATGARGT TATTAGATTCACAGECCACCATAATECCATTETCTGTATATCTTAATTICABATATTATTTEA 11160
BTAARTTTTBCTTCCTTTETATCAABATAGAACTTTBAAAABE TAGSTAATTTCACAGTTGATCAAATATTCTTTGCCCAARTTACTTTTEETTAMAATTTCTCCTAAATGTGLTACABA 11280
GTBCARACTCTBTCTCCCTBCCATTCCECTATATACTTACTAACTATTATTTTATTCARGATCATECATECTCTACTTBAAGETCTATTTCTATCTTTTCAATECTACCCTTACCCACTA 11400
GCCIMTCACMMTTWTAWTTCMCMCT‘GMMCM]'MCA“GTSMCATSCCTMMMTMTMICTWYWGTSSNCASGCCCGTMTCEMGEI:C"TW&G 11520

TCARATTCTATTTCATTATTTTTCTTCCACECTCCTAGTCCAGCCTAGBETEARTETT ACCTECTTGICT
oTerroﬂ ySor I1e6lnVal koerPMLwAsnSl y61n61 uel mru nSl yvaival smmmmumgmsl yAsperThrPheEl nmuwu NetLeubl 140
6§ BATBETTCCTEAATEEA! : : BA A GETGATBCTEGA 12120
ullotthProilnSlnGlymValTerhrtysianalSlumﬂhrScruumSchroValthvllilutrpl. 187
AATBACCCCCCABCABEBABATETCTACACCTBCCAABTEEABCACACCABCCTEBATABTCCTETCACCOTREAGTEGABTOAGTCTCTBATBACCCTCTAGACCCCACCTCTEMGAS 12240
msssmcmsscmsssnccmwcnncnmcnmamccrssssccarstccmtccmtmctmmccmmtmmnmm 12360
ATBBABACTTCCTEACCTTBECTTABEEETTCCTEAAGATTCATAGTTCTCCCCCTTETCABAGAATCTABBEACACTBACTEETCTCBAMACCCTCACACTTABGAMCTBACCTCACAC 12480
ATAGBARCABTTCTCTTCCTTCABCATTTTAGCCTCTTCTCABECATTTTBABAGECARCT TCCABAATCABCATTTBCCACCTTETTBABETCACACCCCTETTCCABATATEAGESTE 12400
GCTCTTTCTBAATTTCCTCTTAGCAABCTTTTTCCECTECACTETCCTCATCCCBATATECTECATCAGECTCCABAMTCTCAGACAGEACATBASTASBEATECASCTOBTBBAGETEA 12720
yshl .sxns«mswuwgs.rmmmmsxymslyslmwmumymuomcnslmmmmm 218
CACTARACCTBEETCTBTCCTTCCCAGASS b A 5 1666 CTICATGL 12840
ISIySlulyMlaanql 2291
isArghrgSerLysLysV 2%
ACAGSABEABCAABAAAGE TBABAAABCCTBCABEBTBABCBBBACTTACCTTCCCCTBECATATTCACACTTATTCCACGATEAGEEET TTGACAGAMMASAMTETCASAMECTCTA 12960
GAGECCACTBATATCAGATAATCEBEEAACAMCATBACC TATAGCEABABABBEATCCCAGECTEBEATCTTMTECABCCASATBCATBAGETCCCARGTACTCABECTCCTECEEAE 13080

[PheAsnBlubspl [234)

2l61nArgBlySe 228
CETCCATTGAGTBATEB6CAATEEAATTTBETBBEATBEAMTGTTTCTCTAATTATCTBABSTBETYTCAATEECTBATTATATAACCTTTCETCTTTCATTICABTTCAACBAGBATC 13200
eulislysbln) 1237)
rhlaees 29

T6CATAMACAGBTAATATTCCTBCTTTGATTTCCTTETE666T606TTGLAGGAGEATATBAGTCCTTTCTETECATTGTAMCACTGAGECTCCTCCAGEANGEBARTCTCAGSCATEAR 13320
CCCCTCTTTCAATETCAGCC TTCAGECAAGTEEEBAAAGAGCAT TBCTTBECTCCATTBCTEAABEAMGCAGAGATCAAC TCTETTATTTATCABCCTGABACECATCCTCTCACCATM 13440
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[61ySerses) 2m
TITTTICTCTCCTGEACTTACAGGAABEAGEC TBECAACCTBGEATAACTTBTC TTTTACCCCCACAGEET TCLTBABCTCACTEAMAABACTATTGTELCTTAGGAMABCATTTECTET 13560

STTICETTAGCATCTBECTCCABBACAGACCT TCAACTTCCAAAT TEBATACTGCTECCAABAABT TELTCTGARGTCAGTITCTATCATTCTECTCTTTGATICARRBCACTETTICTL 13680
CACTE66(CTCCARCCATETTCCCTTCTTCTTAGCACCACARRTARTE AMAACCCAACATGACTETTTGTTTTCCTTTAAAAATATECACCAARTCATCTCTCATCACTTTTICTCTBAG 13800

TTTAGTABACAGTAGEAGTTARTAAAGAAGTTCATTTTBETTTAAMACATAGEAARGAAGAGAACCATBAAMTEEE6ATATETTAACTATTGTATAATEEEGCCTETTACACATEAC 13920
ACTCTTICTEAATTBACTETATTTCAGTGABCTBCCCCCAMATCAAGTTTAGTECCCTCATCCATTITATETCTCABACCACTATTCTTAACTATTCAATGETGAGCABACTECAAATCTEE 14040
CTBATABBACCCATATTCCCACASCAC TAATTCAACATATACCTTACTBAGASCATETTTTATCATTACCATTAABARGTTAMTGAACATCAGAATTTAARATCATAMATATAATCTAR 14160
TACACTTTAACCATTTTICTTTGTETGLCATCACAMATACTCCTIAMACCAATACGECTTBBACTTTTBARTECATCCAATAGACGTCATTTETCETCTAABTCTBCATTCATCCACCASE 14280
CTABECCTCCTETCTTAATTTCATACAGACAGAAATGAC TCCCAC TG6E6ANAGASCAMGCAATACATETABCACTCTTTTTCAMMACACTEGTCTTTTTTTTTTICTIAACARTCCAAC 14400
ATTGTTATETETTTIBCETCTCATATTGACACET TTTGETCAAGETABABBACATETTTBTTGTAABCTTTCTTTTTCETETAGABEATEBATTCTICACTCCTEATACACACAATCAET 14520
GCACAGCAGCTCTCTTATACATCCABTTGATBCCTTCABTCTCCCTBOCTTCTTACAAGLATCTTCTREGCCTTETETETCCCTBEBCACCTETCCCTEETCAATTCCCBAMBCTALTE 14640

TBCTCCTCTTECCCATCTCCCCTTRCAAATAATATCTTCCATCE6B6BACCEECTTCCTCCAAT TTCABBAGABSTEE66CTBAAGBCACASACTTEEECETCACTEECACABATATAAG 14760
TAMTACASCTGRASTCTECAS 14782

Pigu

The nucleotide sequence of the DNA fragments of cosmid LC11 encompassing
the complete DPB1 gene and the first exon of the DPal gene. Transcribed
regions, as determined by comparison with ¢DNA clones, for DP§ (18,25,26) and
DPa (pSBa-318; H. Ehrlich, personal communication), are underlined. (The
putative signal sequence (bp 6043-6136) previously identified is also shown;
17). The most probable transcription product of the DPB1 gene is indicated
and an alternative transcript produced by a differential splicing at the 3!
end of the fourth exon, as seen in ¢DNA clone pl11-B-7 (26) is shown in
brackets. Termination codons (xxx) and polyadenylation signals AATAAT and
AATAAA apre shown. Alu and other repeat sequences are underlined ( ) and
their terminal repeats boxed. PFor further details, see Text.

from cosmid LC11 shows that the variation in both length and composition of
the cytoplasmic domains of these clones appears to be a result of an
alternative splicing event at the 3' end of exon 4. The splice junction
(AGGT) present at position 12859 in the DPB1 genes appears to have been used
in the processing of the pHAB transcript, whereas, a second splice site
(GGGT), located 17 bp downstream was used for the p11-p-7 transcript. Thers
is a mutation in p11-p-7 which has altered the second splice juntion from
GGGT observed in the DPB1 gene, to AGGT. This interesting observation
indicates that there is polymorphism for choice of splice junction in the DP§
genes. There are no indications that either of the variations prohibits the
function of the resulting glycoprotein chain, but the substantial differences
between the 3' ends of the transcripts from different alleles may result in
subtle effects that remain undetected.

Variability in the 3' end of the DPB1 gene is further complicated by
the observation that the atypical polyadenylation signal AATAAT, present in
the DP81 gene at bp 13723, and in the corresponding position in the
transcripts for both p11-f-7 and pHAB, appears to have directed polyA
addition to two different sites, approximately 30 bp apart (bp 13736 for pHAB
transcripts and bp 13759 in p11-p-T7). A second polyadenylation signal,

apparently not represented in any of the published cDNA clones, is present
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101 bp downstream of the first, at position 13824. Additional and, in some
cases, alternative polyA+ addition sites are a common feature of several
eukaryotic genes, for example DRa (20) and dihydrofolate reductase (28).

The available evidence indicates that DPal and DPB1 are functional
genes. It is known, for instance, that transcripts identified as DPa and 8
correspond closely to the DPB1 and DPal sequences and to available protein
sequence data (see legend to Figure 2 and ref. 29). Moreover, when
transfected into mouse L cells, cosmids containing the DPB1 gene (in
conjunction with DPa genes 1 and 2) gave rise to expressed HLA-DP
glycoprotein on the cell surface. The antigen so produced was shown to be
capable of presenting antigen to an appropriate DP-restricted T cell clone
(19). From sequence data DPa2 and DPB2 are pseudogenes so it seems fair to
assume that all of the published transeripts originated from the DPf1 gene
(18).

Southern blots were used to demonstrate that there are only the two DPB
genes per haploid genome. If, therefore, only one pair is functional, one
has to find other explanations for published evidence that more than one DP
locus is expressed. This was suggested by primed lymphocyte tests (30), and
by the fact that the monoclonal antibody ILR1 binds to B cell mutants that
lack one complete haplotype, and only have the DPB2 gene in the other (31).
Unless the DPB2 gene is functional in some haplotypes (and this has not been
completely ruled out), it seems possible that there are additional class II
genes centromeric to DPB2.

Partial sequences of several different DPB1 alleles have been determined
(18). Comparison of the sequence of the DPB1 gene on Figure 2 with DPw2, w3
and w4 sequences revealed an exact match with the coding regions of DPw4, and
only 4 nucleotide differences, in intron regions. On the other hand, there
were numerous differences between our sequence and those of the other two
alleles. In addition, comparison of 3 kb of our sequence with that of
another, independently derived DPw4 allele, identified only one nucleotide
difference, in an intron (K. Gustafsson and D. Larhammar, personal
communication). The gene that we have sequenced, from an untyped lung
carcinoma, is therefore identified as DPw4. Indeed, as pointed out by Kappes
et al., there is remarkably little sequence difference between DPw4 alleles
(18). Even in the introns, from the sequences we have compared, the number
of substitutions is less than 0.2 percent.

Intron seguences

A computer search of the current nucleotide sequence databanks (EMBO -
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version 4, GENBANK - version 25), with the sequences shown on Figure 2, using
the Wilbur and Lipman algorithm for rapid sequence comparisons, revealed some
interesting sharing of sequences with those from other genes (32). The
presence of a processed pseudogene, flanked by a 17 bp direct repeat
sequence, about 700 bp upstream of the 81 exon, has already been described in
detail (17). This has now been identified as a pseudogene for ribosomal
protein L32, details of which will be published elsewhere (J. Young and J.
Trowsdale, manuscript in preparation). Some other interesting matches are
outlined on Figure 2. They include two Alu repeat units present in the
intron separating exons two and three. The first (bp 10416-10748) matches
241/314 bp of an Alu repetitive sequence present in the 5'-flanking
intergenic region of a pseudo alpha-globin gene (33). It possesses a 9 bp
direct repeat at each end (CCITTTCTG), is composed of two homologous units
approximately 150 bp long, and shares 76% homology with a 114 bp section of
the second Alu unit (bp 11475-11775). This latter repetitive sequence, also
composed of two roughly equal length (150 bp) wunits, apparently 1lacks
terminal repeat sequences but is flanked at its 3' end by a 102 bp highly
deoxyadenosine rich region (57%) which includes the sequence (GGAA)11. All
these characteristics are common to repetitive DNA sequences (34).

A fourth region of repetitive DNA (bp 3880-4625) flanked by an 18 bp
terminal repeat, with a single mismatch (TACTCTGAGGAEATTTCT), is present in
the first intron of the DPB1 gene. This sequence, containing several shorter
internal repeats, appears to comprise a central Bam5 element approximately
250 bp long (67% homologous to 195 bp of a Bam5 determinant described by
Wilson and Storb (35)) flanked on one side by a sequence 93% homologous to a
113 bp region of repetititve DNA associated with the leukocyte interferon
gene cluster (36), and on the other side by DNA, presumably also of the
middle repetitive class, which is over 79% homologous with a 138 bp sequence
present in the first intron of the mouse kallikrein gene (37). It seems
likely therefore that this sequence has evolved through multiple insertion of
one repetitive sequence into another.

The function, if any, of such sequences is unknown, however Singer et
al. have noted a specific association of classes of repetitive DNA with HLA
genes and it is possible therefore that they have some function associated
with the regulation of expression, or the polymorphism of these genes (38).
Recently, the functional insertion of an Alu type 2 sequence into a murine
class I gene has been reported (39).

1615



Nucleic Acids Research

<=e==cc---(3U01STY GZH) dq gZTn: > LVODLLIVOLD

<-(ureys 3y37y 31 A pue Yp)eomooeeeo -===--dq 06N---==-~ --=>  IVODLLLVHLID
O --(2u0318YY VZH) dq 9T > 9OLLVILID <==--dq 2g--->  LVOVOVVIOVIO
<m===eee-{7-ys3 ¥[00°'¥) dq z9t > 095LLVOLOOL <==-=--dq gg---> hm%<u<<hc<0o
oLV <--dq gL-Lp--> <--dq £9-bg--> DJOLVVID <--dq 1Z-g1--> awouss<usoma--w <--dq 9T/ST--> a<c<o<w-u<moonama,-w<
NOQod RA AR SNSNISNOD
NOILVILINI NOILJIHYOSNVHL vd 4 SNSNISNOD V SNSNISNOD
o SNSUISUOD ®33g
SIVOOYI9LI010100134919L0010VOLILIIIILLIIOLILOVYOLIIOVOVALOVVLLY ®33q JeI
STVOVOVILOD9LO10IVLILVIOOLIVOLONLIDINVILILIONSOY 933Q yelI
STVILVYOIIOLOOLIIDILLLIOVIOVIIVIOVOLLOLOLIOVYIILOOVIIVID ®33q 0g
uuaouauo<uuaaaauup<uuuaaau<uaaapumuu<uuao<uhwua«uauaamuau<uue<uuauuo 339 da
-5 .- SNSNISNOD INIOL
STVovYOVIIIOVOVLYILYYILYOLSvOvaLonuordoatorovolvorootovazans eydre dg
e e . STVVLOLOVOVIOVIOVYVILYDLLIVOLOVOVOIONDD eydte 29
uuq«««w«« YY w DHYOYVYYIIILIVHLIVLILIOVIIIILIVILIID eudte ug
fora AL BLA £LLERE YovYY) eydIe Fel
SNSUISUOD eudly
- » 9 Dew=)de Jewsa)| [=H)]]lVeac)ece |anacon SNSUISUOD ®3ag
YOVOVVVIOVOLYVIOVILOIV LOLI19LOD1IOIVVOLOVIONVYYIOOLOVIIIVVIJOVILIII9910vI0VdI0]| 109941v01091v9d |11201= v33q 3e]
u«u«uc OYVOLOLILIOILLIOVYOVIVLIOOVIOLIOVIIVOVILLLYHIDLILOVIVOLTIIVVOIYIOOLLIOVILID]| 1199LLYOLIOLVYD |20V ©33q yel
Soﬁuﬁg%33589kﬁ:gﬂazaiSgagagaﬂﬂﬂzgégiﬁzsu23268220887 390 00
109V09VovYVOILIIVIVYIOLO199LVOLLI999L LIVIOVOVYOVIVILIOOVDISINVIDLOLILIVOVILOLLLED] & uuaa<u05wuu<. 109VVe ®33q da
1 lewedenlmsnnnaneucnna| ] uupp<opupu.-m cemcen SNSHISHOD IN1OL
9010¥294909194¥1918VLL19VIVIII99VIVIOOLOVIILLLIYIIOVISISIIDLLIVOLO9LYIIOVIIOLYY] 0500vavousioesl [veaved eydte dg
DVIVIIVILIILOLIILEOLLIINIILIIVILIIILIOLAILLILLOLILVYDILSTIVITIIIIIOODOVYOVIVSVY| 1099L1VOLYLIILL [VVOVOV eudte za
1041980494101V LILIDILILOLOIIYIVIIIOVIVILYIDLOVOVILOO MH YISEFFYIF LYV ST uuxm&m<ﬂmmhmwmw « Al eudte g
OVD20VVOL2129992¥9091019VILIIBLILIvYEI01201a9vaLi1d00dvyililvadli isAlovaliovyv brﬁ. v 4L [voNs eydie Jel
1 1 Vel ce99elydlelelil |[Yooyee SNSUISUOD wydTy

8 SNSNISNOD

eusssvcaye| syccuyondyedealelocay oy SNSUISUOD ®33Q
OVH91I94VO| LYOLOVYIOVIOVVLIOLILYY [DLOVVVIOLOIIVOONONYOVILILOVYIOLOVVOVOVYOLYVLIOLYIILIVIOVOLIVIVIIIOVIONID ®33q 3eI
JLLIDYYIVH| OVOVIVIVIVIOIIVIIAOVYY [OVYVLIOLLLDIOVOVOVIVIOILIIOLYIIVOVIVYVOVYOLYILINODOLOVIILVOLLIOIVYYILIDD ©313Q yer
D1100199V1| LVSYOVOVOVLIOIOLILOLYY [VYVYYYYIVIIIOIVYOVOLLIVOOLIIVIOOVIIOLOVIVILOIVOVYOLLIVYIOLIOVIILYILIOLVY ®33q 0g
YOVIVILOVD ~<.uo<wpu< 209430119V VIOVLVOLLIOIVOVILLLLIVIVLLIIIOOVOVILYIOLOVYLLILVILOIDLIDLLLILOLIVILIYLOV ®399 dd

cemcaccane] 1VOVIVE=VYI=L Loty lecay 20 v SNSNASNCD INIOP
129VYJ191vyY wmw«w“awm wmwﬁ. EI§97 [4909VI01100VI9VI00110101VIIIIDILYYVVIIIVLOOLILIVIOIVILLILILIINYOOLIIVYD eydte dq
DALY S 10211510995999v5101420v3011001v¥919v3209999913922139994 21391 LIVVYYIILD eudte 2q
m«.« m«. LEFFRETDRER <wa«www D00V991DI1OL9dLOLYIOVIOIVYOLVYIDILIVILLOLIIVILLIOVYVIVYLIILSLILY eydre Hg
LSRR TR 1LY VYO LDILIOVIOVIVYYIIVIVODILIVYYOOLOVYLIOLVYYOLLIOLLAVIIVYVYOOVELLDL oydTe eI

aYHVIVYIOY =) J=ule) )} o] J SNSUISUOD eudty

¥ SNSNISNOD

1616



Nucleic Acids Research

Promoter regions of class II genes

As previously mentioned, the precise limits of the 5' ends of both the
DPB1 and DPal genes have not been determined although if it is assumed that
cDNA clones pDD2 and pSBa 318 (see PFigure 2), are full 1length, then
untranslated leader sequences of 79 and 69 bp, respectively, could be
predicted. This compares favourably with an estimate of about 63 bp obtained
by comparison of class II sequences in general (Fig. 3), where cDNA clone
analysis, primer extension and S1 mapping studies have been used to locate
probable sites of transcriptional initiation. Examination of sequences 5' to
the initiation MET codon of class II sequences from both man and mouse (PFig.
3) reveals several regions of strong sequence conservation. In particular
two regions (A and B, Pig. 3) present in DPal and to a lesser extent DPB1,
bear striking homology to upstream promoter pregion sequences, previously
reported as conserved between I-Ea, DRa and I-Ef genes (42-45). Although the
homology of DPal with these sequences was immediately apparent, a more
extensive comparison of class II genes was prequired to reveal the
corresponding blocks in the DPB1 gene. It is evident from Pigure 3 that
whilst there is a high degree of inter group (a and $ chain) sequence
conservation, in the above mentioned locations, there is an even greater
level of intra group (a or B chain) homology. This is highlighted firstly by
the exact sequence conservation observed between the DZa and DPa genes in the
larger conserved region and secondly by the observation that the distance
separating the two conserved regions is kept constant at precisely 16 bp in
all the a chains and 15 bp in all the B chains.

Figure 3

Alignment of sequences upstream of the ATG initiating methionine codon
of human and mouse class II genes. Areas of sequence highly conserved
between: I-Ea and DRa, DQB and I-AB, and DZa and DPa, are shown aligned
(dashed boxes). Blocks of sequence strongly conserved in both alpha and beta
chains are shown boxed (solid 1lines). The alpha/beta chain consensuses
define positions with 100% nucleotide conservation whilst the joint consensus
defines positions where a single base occurs in >75% of cases or two bases
occur in 100% of cases. The ATG initiating MET codons are underlined.
Putative transcriptional start positions ( A ), as defined by cDNA clones,
primer extension studies or S1 mapping are shown, and potential CAT/TATA
sequences are also underlined. Sequence information was from the following
sources. DQ 8 (11), I-Ep (42), I-Ap (43), DRa (44), DZa - Trowsdale and
Kelly (manuscript in preparation). I-Ea (45).

The joint consensus is drawn again, underneath the main figure, but
including some frequent alternative nucleotides and additional positions.
The upstream sequences from the following genes are also given, for
comparison: E, ¢oli glutathione synthetase gsh-II (49); sea urchin histone
H2A (48); human and mouse V and V., Immunoglobulin light chains (47); H2B
histone from a variety of species (5&) Por details, see Text.
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Interestingly, similar upstream determinants have been observed in
immunoglobulin genes (40,46,47). Conserved decanucleotide (dc¢) and
pentadecanucleotide (pd) elements, shown to be essential for correct gene
transcription, are located upstream of all sequenced human and mouse
immunoglobulin K genes. Furthermore, a consensus sequence (CGTGATTTGC)
spanning almost the entire dc¢ element matches 9 out of 10 consecutive bases
in the smaller class II conserved element. It therefore seems plausable to
speculate that these elements are fulfilling some similar, as yet
undetermined function. There is evidence for similar sequences in a number
of different genes from various organisms (48). We have aligned some
conserved upstream blocks of sequence from immunoglobulin and histone genes
with the concensus sequences from class II genes on Pigure 3. Also shown,
are sequences upstream of the E, ¢oli glutathione synthetase gsh~II gense,
which exhibit remarkable similarity to the conserved blocks A and B (49).

The degree of intersequence homology outside the above mentioned
elements, excluding alleles of the same gene is generally low. Comparison of
the I-Ea and DRa genes, where one might expect considerable conservation,
shows a 90 bp highly homologous (85%) region spanning regions A and B on
Pigure 3, a 75 bp region with some detectable homology encompassing the
putative transcriptional initiation sites and a 12 bp region of exact
homology directly preceding the methionine (initiation) codon. The degree of
homology throughout the I~Aa and DRa signal sequences then remains high (83%)
over an 82 bp section. A similar prelationship exists between I-AB and DQ8,
in that aproximately 60 bp of homologous DNA with 79% homology spans regions
A and B, but further downstream little detectable homology exists through the
5' untranslated leader sequence and homology between signal sequences is
lower (64%) than that observed in the case of I-Ea and DRa genes. Upstream
of blocks A and B no detectable sequence conservation is observed.
Throughout all the other sequences little homology exists outside the A and B
units, with the exception of a possible CAT consensus sequence CCAATCC which
lies approximately 18 bp 3' to B in all the B chains. A similar but less
easily recognisable sequence is present in the DP and DZ a genes in a similar
position, but in neither I-E nor DR a genes. There appears to be no strong
requirement for highly conserved "TATA" like sequences; and where marked,
possible candidates lie uncharacteristically close to the 5' end of the genes
(Fig. 3). Prom these data a concensus for the 5' region of class II genes
was derived (PFig. 3).

The existence of regulatory factors 5' to those described is not
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excluded. Examination of the DPal and B1 intergenic regions reveals two
approximately 70% AT rich 400-500 bp regions respectively 400 and 800 bp
upstream of these genes. Such regions would offer situations of reduced
interstrand basepairing, possibly facilitating strand separation at these
points. Several small repeats and inverted repeats are also present in this
region, however the significance of any of these sequences is uncertain.

Comparison of the DPB1 gene to the other human class II § gene that has
been sequenced, DQf, is consistent with the derivation of the genes by
duplication of a common precursor sequence followed by rapid sequence
diversification in the introns. Some regions of the introns do show a
residual level of homology, bp 13209-13240 in Pig. 2, for example, with the
analogous intron in the DQB gene (11), but there are few strikingly conserved
regions that might indicate sequences of functional importance in the
introns. Nevertheless, the length of the DPf1 gene is remarkable in
comparison to class II a genes. In particular, the introns flanking the §1
domain are over 4 kb in length.

The separation of the DPB1 and a1 genes by only 2 kb at their 5' ends is
a feature which provides an ideal opportunity to study the influence of the
promoter regions of both genes upon their regulation. The insertion of these
sequences into appropriate expression vectors should enable us to identify
which, if any, of the conserved sequences are important for transcription of
the genes under appropriate conditions.

Finally, the proximity of the promoter regions of the two genes suggests
that they may be controlled co—~ordinately by an enhancer, or other sequence,

in or near the intergenic region. This possibility is under investigation.
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