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ABSTRACT
The complete nucleotide sequence of an HLA-DP.61 gene and part of the

adjacent DPa1 gene, up to and including the signal sequence exon, were
determined. The sequence of the DP,13 gene identified it as the DPw4 allele.
The six exons of the DP13l gene spanned over 11,000 bp of sequence. The
arrangement of the gene was broadly analogous to genes of other class II 13
chains. The 11 exon was flanked by introns of over 4 kb. Comparisons with
published sequences of cDNA 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
DP,13 and DPa1 genes are separated by only 2 kb at their 5' ends. Comparison
of the 5' ends of the DPa1 and 611 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 DQP 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 1 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).

Both a and 1 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 1 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 13 chain
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genes (10-14). The thre 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: DPp2, DPa2, DPf1, DPa1 (17). The two

pairs of a and 0 genes have their promoter ends adjacent: DP,81 with DPal;
and, though separated by a larger distance, DPP2 and DPa2. The DPP sequences

are more closely related to each other than to genes from the other loci,

although only an incomplete sequence is published for the DPP2 gene (17,18).

The DPa2 and DPP2 genes are probably non-functional pseudogenes (18), but

DPal and P1 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 DPP1 gene in studies of the

regulation of its expression we determined the nucleotide sequence of 15 kb

of DNA encompassing the functional DPP1 gene up to, and including, 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.

MATE5RIALS AND M5THODS
Soarces of Materials

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 LCll was derived
from DNA taken from a lung carcinoma (9,17).
Nucleic Acid Technigue

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

Subcloned DNA fragments, as shown in Fig. 1, were prepared from
recombinant plasmids grown in the DHI strain of J cola,. After self ligation
about 10 pg of each DNA fragment was sonicated four times for 4 sees. in an
MSN sonicator, end repaired using T4 DNA polymerase, and ligated into
SmaI-cut MP8 vector (21). Random clones of about 300 bp were then sequaenned
using the ohain-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 screen-editing system, called VTUTIL. The
strategy for DNA sequencing is outlined in Fig. 1.

RULTS AmD DIgiSCUSIO
Overlapping cosamid clones covering the HLA-DP genes were described in a
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recent paper from this laboratory (17). One of the clones, LCll, containing

the DPa2, DPo1 and DPa1 genes was used in this work. The nucleotide sequence

for the whole of the DPp1 gene and part of the adjoining DPa1 gene was

determined by the chain termination method, using the strategy outlined in

Figure 1. This sequence is presented in Figure 2. From comparisons to

published sequences for HLA-DPa and 6 chains it was possible to determine the

locations of the transcripts from the genes, as depicted in Figure 2.

Detailed analyses of the gene sequences are presented below.

Exon-intron or0anisation

The exon organisation of the DPo1 gene and the adjacent DPa1 gene first

exon, derived by alignment with eDNA clones, is shown in Figure 2. The DPa1

gene first exon lies 3' to 5' in Figure 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 DPp1
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 (Figure 2).

Promoter 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 DPa1 and DPo1 genes lie just

over 2 kb apart and are arranged 5' to 5' in respect to direction of

transcription of the two genes.

The DPo1 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 f1 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 ,B1 and f2 respectively. Four 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 P chains described so far. Another potential

site, [ASN, VAL, SER] is located at amino acid 98, in the f2 domain.
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Molecular map of the HLA-DP region and sequencing strategy for the DPpl
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 LCll 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

connecting peptide, a transmembrane domain of 22 predominantly hydrophobic
residues and 5 amino acids of the cytoplasmic tail. The remaining 6 amino

acids forming the carboxyl terminal of the DP131 glycoprotein are contained on

exon 5, 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 f3 chain genes, both human and mouse, except for DQP3, 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 DPBl gene conform to the GT/AG rule, and

noticably four out of the five 5' splice junctions comprise the sequence

AGGT. Aligrnment of cDNA clones pHAP (25) and pl1-ft-7 (26) with the DPpl gene
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't6AtCT6CT6T 120
[CCT9T6A6AT6 240
BA6CMCTAAAA 360
:A6CA66AAA6C 480
OAACtMA66CC.6 600
:TCT67T6CT6S 720
r6TAAAAA6ATA 640
rTTAAATCAT6T 960
iA6ATACCTCCT 1060
WT6BAAATTTCt 1200
1TAA6AA7ACCC 1320
rATTCTCTTTAC 1440
T6AA6TACATAT 1560
CTCATTTAAAC 1680

-1 *1
NhtNtValLSu6lnYlSerAIaAlIProArgThrVYlAlAL.uThrAlaLwuLeuNhtVYlL.uLwuThrS.rVYlVa6SInGlyArgAlathrPro6
CA'T6AT6TTtC76CASSTTTCT6C66CCCCCC66ACA6T66CTCt6AC66C6TTACT6AT66T6CT6CTCACATCTBT66TCCA666CA66BCCACTCCA66'
TCtt66A666tCt66CtCA666AACAAttCCtA6666ACSttA'TCttTAA666AtCAAATtCt6A6ACA66Ct6C66666CtCCTSCCCtAA66CA6t6tCC'
kAAA667TCATCCCTATA66A7A6Ctt6CTACCCTACT66CCTATTCTtCTCTAA66ACAt666TACA6TAAACA6A6A6A66T6CCCA6T66tCA67ATI
It666ACAA6A66TCCT66A7AACCtt66ACA6ACAA66TTl6CA66A6A6AA67T66CAA6T6CA66CTCCt666CT6T6tCAT6TCT6CATCCA6CCT61
A6CCCTAA6C'T66AT676CCA66CTCT6A66ATCACT6A66ATTCA6t6CTCCK6MAT6CCTCttATTCCCCA666t66A6CA66A6CCCACAT=CTTI
B66A61W666A8A66TTTTA6BCCCCT6AA66CATTCTCATTAAA866ACTTCTCCCA6CCTCCCCABAACTt66TTA666TACTA6A6T666TTBCBAC
6A66TT6T6t66t6CAt6ACA666AT76A6t6TA66T7ATCA6ACABCCA66AA6CA6TACCAA6T6AAAAATCTCTTCTTCCT6CT6CCTCCCT6T66
,ATCTAT6AtCCATT6tTTTTCtCTCWiA,§tC_CA6£_tt_C3t1tCjttAT_AtATAtATA C_ttAAS6TTCt666TACAT6T6CACAAC6t6CA866TT
6t6ECCAt6TT66T6T6Ct6CACCCATTAACtC6tCATfTACATTA66tAtAtTTTMAAT6CtATCCCTCCCCCCtCCCCCCACCCCACAACA66CCM66TI
,t6T6TCCAt6t6fCtfCAtt76TTCAiTTCCCACCTATWf6WAFtA6ACT666tCtTT76_TT7tT6TCCtt6CAAtA6ttt6CT_T6AA6 6ttCCAI

t1920
t2040
t2160
6 2280
A 2400
T2520
A 2640
t2760
1 2880
T3000

5
C 3120
C 3240
T3360
iC 3480
t3600
IA 3720
A 3840
iT 3960
64080
C 4200
6 4320
L4440
94560
6 46B0
A 400
iA 4920
C 5040
A 5160
iA 5280
'A 5400
C 5520
CC 5640
7T 5760
IT 5680
;6 6000
j6 6120
IC 6240
TT 6320
it 6480
FT 6600
PA 6720
A 6640
6t 6960
rT 7080
iA 7200
iA 7320
rC 7440
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tCTCTCt6CT666T6A6AMAACA66CCT66A6A6TC6CtACCCC6TTA66ACCACA6AACtC66tACTA66AAACCTTTAAAATCCtttActCM6CCCtatATYTtUAA 7560
luAsnThrLeuPht6ln6lyArgGInGuCysTyrAI 17

6AATC6TTAATATtT6W6A66AS66A6AAABTA6@AJTe@ tlB6 TC6CTiCATBTCCCCCUCTCCCC6CA6A6AATTACCTTfTCCArK CA66AACteCTl6 7F
aPhtAsn6lyThr6lnArgPhtLeu6luArgTyrIleTyrAsnArg6lu6l uPheAlaArgPheAspStrAspV^l6ly6luPheArgAlaValThr61laLo6lyrArgProAliAlE6I 57
6TTTAAT666ACACA6C6CTTCCT66A6A6ATACATCT C tACa"6TTC6 6C6ttC6ACA6C6AC6rT6666W TtCC66K6C666AC66A6CTt6NCTCtC 790
utyrtrpAsnStr6l nLyskpilrLtu61 u61luLysArgAl YalProAspArgRttCysArgHi sAsnTyr6luLou61 y61yProetTthrLtu6lnArpArl 93
6TACT66AACA6CCA6AA66ACATCCT66A66A6AA6C666CA6t6CC66ACA66AT6T6CA6ACACAACTAC6A6CT666C666CCCAt6ACCCt6CA6ICM6CCZ6AB666CT 7920

Yt666CC66C66TCCCA666CA6CCCCC C666CCC6t66= 666CCA66CA6CC666TT66CCTAA6ACCTTA6T6CC666C66AAA6666ACTTNYT66TtAtCAt666 804
666A6CCCATCT66A6CTT6TCA6666A6C6A6CBC6666ACCT66ACT666CT6A6CAT66A6t6A66A66AC6A6A6CA6A6A6ACCCCC666A6CTtCATCA66CCt66B6t6&C 8610
t6CAt6T6666t6AAAAAA66AA6CCACA66ACA6C6CACAA666tAT66t6T66A6AT66A66t66A6AT66CACW6A66CCACACA6WA6AAC6rWCT66ACT66TT 6260
t6A66T6Ctt6A6666CA6AT666T66TCT6AT666CA66TA6ACA6AA666TCT6CA6CC6666A66A6ACt6A6ATACATL 6A6MATM A666A6 COMMAND*6 1400
S;66ACC66ATCCt666AAC766ACA6tt6t6ATfT66CC6ACA6ACA6AA6CC76t6AAA6A6ACCAAAAAAACCCAA6TBCA6T6T6A66A6A66CMC6CABAA66TCttCZ 1520
CT6A6666A66T6ACCTCA6CA6CACA6t66ACA6C66T6CCA6T6ACTT666AA66tCA6AAAACA6AA6AT66AAA67666T Tt66AAACCA666A6ACCTtAAC6TT66C 6U40
C6CA6C66CA66A6CT66AA7666A66666T6CAT6A66C76A6t6t66C6CAtCCTCCTC6666Ct6A6At66ATTTTACTT6tCTT666TtCCCCAC66CT6tCACA66CA6T6tCt 8670
CA6TTCATTC6TCTTTTTCCttCA66AA6TCT666T6TAAk666AT66A6A6A66TL6A6T6t6T6CA6TAA6A66ATTTCTCAA66AT666ACA66AA66CCTth6CTttUCTTCC "0
7CCT6t6AACTT6T6666T6666A6CCT66t6CACCAACCt6A666ACttZ4666A6TA6 ATACA66A76T 666ATT 6A6CCCT66ACCtTTTTCtA6AA6A 6AAAAATAA666 tO000
A66A66A66A66AA6CT6666A6ATCACACCTTT6ATTfTCTT6TTCCT66AAA6T6AAA66AA67TCACCt6CTAT6A6T6A6AA66T66ACACACT666T6666AT6A66T6A6t6AC 9120
A76A6CTTA66AAA6T76Ct6A66tAATT66TT6A6A6A6676TTCAAAt7AAAAtAAC6CAAT766CAAAAACT6TtACTAA6ACtTT6TA6A66CAMAATCA6tLCAUT66CA6CAT 9240
TTTCTTTCACA6TAATCAACt6CCA6ATT6CA6ACA6CCCT6AT6CNCkCtAA66A6T6t666TTTCTCCTCCA66CCCSCA66TCCCCAACCTCACTMCCTC6AA6ACtTtCTC66A6 9360
AtCCtCt6t6At6CACA6AtCtCCA6ACtCA676CCCCCA6ACtCA6AttCCCtS666t6666A66tCt6666AtCtCtT6Ctt6AAtCA6CtCCCtA6A667ttCCCAt6tABCCA6AtAA 940
6TATt6TCA6AACACt6AA6ATTTTt6AAAAAT6AAAAA6A6AA66t766A6AT6t6TCTTCA6AA6ACTACtAA666T6CT66CTAB66A666ACC6CA6A66A66AT666tA66 9600
AAACt6CTATTATtT67CA666AAATT6CAATCAA66CAT6A6TTA6AACA666AUACA6A66CAA666A6A66T66AA66666A66AAA6AA6TA6T6ACAATTMA666T66AT6 9720
tCCACCCAAATCTA6AA6TAATT6A6CAAAt6tTTTCT666CATTA6A6AA66CAACtUACAAACA66AAtCCTT6CCtt66T6AAAT6TATTT6AACT666tCA6AAAt6A66CCAT 9*U0
1666XtACA66CCTTMACTCC66CACCCT66A66TCACt6AT6T66CTCCA66CT6ACCt6CtCCT6TCAAA6AATATt6A6CAA6At6CCTCTC6TV6AAt6ttCT666ACCTTAAA no0
ACA6AtACCCAA6tAttCCCCCt6AtttCAt66ttCCCA6AA6CtCtAt6666AA6AAAtt6tA66tAAttCACAACtBA6AtttA6ACAtAA6tt6AAtA6t6tAAt66MACtt6A6tt 10060
AACC6A66tAAT6AA6tA6T6A6ACACA66T6CCCCt6AMAAASCTCACATT6A666AA6As6T6ACAAT6T66ATCA6tCt6AAAACAA66CAAAAATACATA66A6TAA666TT 10200
T6t6t6CA6ttCAA6ACt6tACttttACCt66CCCA6C6CCAt6ttA666tAttt6t6ttCtUA66AA6tA6AAA66AAA6AACt6A6t6AttA666ACCtA6AACtAAtttCW 10320

AttCCTCTt6At6A6Ct6TTCTCtA666tA6TCCTCt6AAA6A6Ct6TtCTCtA6T66ATCTCCCT6AAt6AACT67TCTCTA66A6CACTT69ft_T T l6TT6_TTTT6TfT 1044
T6T6TTTS6T6TTOTTTTT6A6ACA66TtCTCACTTt6TCTCCCA66CT66A6T6Ct6T66CACCATCAT66CTCACTCA6CCtCAACCTCCT666CTCAA6t6ATCETt6fCCtC'AB 1OS

CAC-tCWCC-C#T6Ct6AiCETACC6AtATCfAC6iT-ACAi6C7At6AlCt6 Af6CtAfttATtCttfTtA66T6TCI66ttCtC 6fACtA6t6CC66C6tCCAACCtCCAA6T 10"0
NO

CA6T66CA4-i-6t6t66AAAttCACt6A6ACiA'EACA66CA-A6C-66-66C-ACAA-AT6CA-AA6AT6-CA-6A-666A66CAACACCt66TCATCYT66A6ACCTTCAt666ACCTBA6AC6CA6C IMO2
ACA6A66A66AACTT6AAAAA66AC666ATTTCTACTACTCAA6CAT6TA66A6CtCA66ATATTCT6TSAtAAT6AA6ATM6A6TTtT6TIA66T6A66TAAAAAAAACAtA66Tt 11"04
ITtTACA6AATAA6ACAt6tAAA6CICTCttCATTfTCTtT6TA7TTtCAt6AA6TTATTA6ATTCACA66MCACCAtAAt6CCATT67CT6tATA7CTTAATTtCAA6ATATTATtT6A 11160
6TAAATTTI6CTTCCttt6TATCAA6ATA6AACTTT6AAAA66TA66tAATTTCACA6Tt6ATCAAAtAttCttt6CMAAATTACTTTT667TtAAAtTTTCTCCTAAAT6T6CtACA6A 11260
C76CAAACtCt6tCTMCT6CCATTCC6CTATATAC7tACtAACtATTATTTTATTCAIAIACAT6CAt6CTCtACIT6AA66TCtATTTCtATCTTTTC*AATTACCCTTACCCACTA 11400
6CCTAATCACATTATtCCTA"TTCAACATCTA66AATCAATTACATA6T6AACAT6CCtAA6AATWAATCt666CA6AT6CA6T66CtCA66CCC6TAATCCCA6CCCTtT6A6AW6 11520
6CC6A6C666t66AtCACtt6A66tCA66C6tt66tCAA6t6CtCCt6AACCA66Ct6ACCAC At66A6AAACC_t_t6tCtCCtAATAAtACAAAAAtTA6CCA66T6AA6t66C 11440

LAICTCCATC CiAA A_AAA6AA6AATI6 A_6_A6A_6A6C6AtCAt61T_T6CTAAA^AAAA66A,A66AA.66AA66AA,66AA66AA66AA66AA6;6AA66AA66A,AA6AA.ACTC tO1"
&16lnProArgVelAsnY,1lStrProSerLysLys6l yProLou61nNi sHisAsnL#uLeuV&ICy&NisVaIlthrAspPh 120

tCAAATTCtATYtCAtTATTTTTCTTCCAC6CtCCTA6tCCA6CC7A666T6AAT6TTtCCCCC CCAA6AA6666CCCTT6CA6CACCACAACCT6CTT6tCT6CCAC6T6AC66AtTT 12000
#TyrPro6l ybrIlIeInValArgTrpPhoLtuAsn6ly6ln6lu6l uthrAl ^6l yVelVaIStrThrA%nLtull ArgAsn6l yAsptrpThrPht6l nieLeuVYAlStL u6I1 10
CTACCCA66CA6CATTCAA67CC6At667TCCt6AAt66ACA66A66AAACA6CT6666TC6T6tCCACCAACCT6ATCC6TAAT66A6ACTB6ACCTTCCA6ATCCT66T6AT6CT66 12120
uAletThrPro6ln61 n61lyA%pV^ltyrThrCys6 nVal 61uNi sthrStrLeuAspSerProValthrV^l6luTrpL 1t7
fiAT6ACCCCCCA6CA666A6At6TCIACACCT6CCAA6T66A6CACACCA6CCT66ATA6tCCT6TCACC6I66A6T66A6T6A6TCTCT6At6ACCCTCtAiACCCACKCTCtI 6 12240
CA6666ACICtCT66CTCt6666TCCACtCAtCT7A7CtTCt6CATC7ATACCCt6666CCAT6tCCAAACCCCATCtTTCTTCTATACCA6CTCC7t6A6CTA6TTTIAA6CAC 12360
A6At6ACttCCt6ACCTTf6CttA666167TM t6AA6ATtCATA6TTCtC=CCT76TCAtAACtA666ACACYt*Ctt6TCtCP CCTCACCACABTtS6CtCt" 12480
A7A66AKAC6TTCTCTTCCTTCUCAtTTTA6CCTCTTCTCA66CATTTT6A666CAACTtCCA6ATCA6CATTTBMCACCTl6TTZ66tCACACMCCT6TTCA6ATAt6MTB 12600
6CTCTTTCT6AATTTCCTCYtA6CA6tttfTCCBCT6CACt6tCCTCAtCCC6ATT6CT6CATCA6CCtCA6AATCTCt6CAtBCAtBA6TACC6C6ATlAt^6 6A 12720

ysA&61 nSwAspS*rAl ArgStrLysThrLwuThr61 yAlI l61 y:1hoVel Lou6yLtulltlltCys6ly flly 6llk tN 216
CACTAAACCT66StCT6TCCttCC s 6TAC766ATTCT6CCC66A6tAA6ACATT6AC666A6CT66666CTTC6t6Kt6666CTCATCATCT6766A6t668CAC"TTCAI6C 12U40

t6Iy61uLysA1 CysArgl t2291
isjrArqS*rLy%LyV 224
ACA66A66A6CAA6AAA66TA6AAAU6MTKA66T6t6U6C6ACTTACCTT=CCT66CATATTCACACTTATT CCAC6UAB6"ACt6AAAA 6TCA6AAAKTCC A 12960
6A6;6CCAC76ATATCA6ATMAIC6666AACAAACAT6ACCtATA6C6A6666TMCA66CT666ATCTTM76CA6CCA6ATBCAT6A66TCCCAA6TACtCA66CtMCt6C6A6 1300

[Ph*Asn6ImfpL t2341
&I61nArlIy9 228

C6TCCATTOA6TOT66CAAT66AATTT6T6tZT6AAAT6T7TCTCtAATTATCT6^666TTTCAAt66CTBnATAtATACC"TCTtITTtCAMCATTCAAC6A66ATC 1l
OisLyd a1r t2371
rAltt 9
7KTAACAtC66tAATATTCCT6CTt6AtTTCCTT676666T666TTCA66A66tat6A6tMYCCtC6T6CAtt6tAACACT6AB MM66AAtC ATCTCtC A6CTS 13320
CCCCICT7tCAAT6TCA6CCTTCA6t6CAS66AA6A6CATl6CTT66CTCCAtT6CT6A6AA6CA6AATCAACtCT6TTATTTATCA6CCT66C6CATCCtCTCACCATAA 140
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ZSlySWron 12391
TTYUI ftCTCM66ACTTACA6AA6U CICtACCtBAtAACAT6TCTTTTAMCMACA66 TCCT6A6CTCACT6AAAA6ACTATT6TCCTTA66AAAA6CATTT6CT6T 13560
6TTtC6rtA6CAICT66CTCA66ACA6ACCTICAACTTMC8AAIT66ATACTSCT6CAC6AA6TT7C76AA6AtCA6TCTATCATTC16CTCTTt6ATICAAA6CACT6TTTCTC 1360
7CACT666CCTCCAACCAT61TCCC1TCTtCTt18CACCAC*6T1IAAAACCCAACAT6AC16Tt16TtTTCCTTIAAAAATAT6CACCAAATCATCTCTCATCACTTtTCTCT6A6 138
6til1A6iA6ACA67A66A6ttAATAAA6AA6TTCAtttt66ttAlACAtO tA6 76666AT6TTACTAtT6tAtAT666CCT6TtACACA76AC 13920
ACTC7TCt6APT76ACttATTTCA6t6AJC^A6CMZCCAACAATTA6TCC*TJAt6CtCAT6TTAACCACtATtCTTAACTATTCAAt66T6ACA6ACT6CAATCT6C 14"04
Ct6AIA66ACCCAtATtCCCACA6CACtAArTCAACAtAtACCTtACTA6A6SCAT67TT7ATCATtA£CAT7SAA6tAA6TAATBAACATCA6AATTTAAAATCATAAATATATSCTAA 14160
tACttUACTTCtts6CCATTCtTTTTCCACACUbATKCYCCTlCCAAATAC66CTT6WCttfT6&AA6CATMAtA6C6TCATTT6tC6TCrTA6CT6CATTCATCCACCA6C 14260
CtA66CCTCCT67CTTAATt7CAtACA6ACA6AAAt6ACTCCCACt6666AC6CAA6CAATACAt6tA6CACtCtt7ttCAACCT66tCttTtTrTTTTTCTTAACAATCCAAC 14400
ATT67TAT6TTTK6rTt66CTCAtATT6ACACCTTT667CA6A66AA66ACAT6Ytt6TT6tAA6CTTTCTTCttt6T67A666AT66ATTCT7CKTCCt6ATuAC^ArCACATA 145o
ACA6CAKIC7TTAtACTCCA6TT6ATKCTCAtCTC7=T6Y6CttttC77CA6CATCttCTC66MTt6t6t6TCCCT666CACCt6tCCCT667CAAtTCCU -6Ct^CT6 144U0

76CYCCTC7t6CMATCY= CTTBCATAATATCTUTMAC66666AMC66CTTMTCtCAATC66A6A66T6666CT6AA66CAC*ACTT666CSTCACt6KCAC6ATAtAA6 14760
lZUTACWTCWCTW.6 14702

Fitzure 2
The nucleotide sequence OI° the DNA fragments of cosmid LCll encompassing

the complete DP,81 gene and the first exon of the DPal gene. Transcribed
regions, as determined by comparison with cDNA clones, for DPO (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 DP,81 gene is indicated
and an alternative transcript produced by a d ifferential splicing at the 3 '
end of the fourth exon, as seen in cDNA clone pl 1-,B-7 ( 26) is shown in
brackets. Termination codons (xxx) and polyadenylation signals AATAAT and
AATAAA are shown. Alu and other repeat sequences are underlined ( .) and
their terminal repeats boxed. For further details, see Texct.

from cosmid LCll shows that the variation in both length, and composition of

the cytoplasmaic domains of these clones appears to be a resullt of an

alternative splicing event at the 3' end of exon 4. The splice junction
(AGGT) present at position 12859 in the DPol genes appears to have been used

in the processing of the pHAP transcript, whereas, a second splice site

(GGGT), located 17 bp downstream was ulsed for the p1ll-0-7 transcript. There

is a mutation in p1ll-0-7 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 DPO
genes . There are no ind ications that either of the variations prohib its the

function of the resulting glycoprotein chain, but the substantial d ifferences
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 DPol gene is further complicated by
the observation that the &typical polyadenylation signal AATAAT, present in

the DPol gone at bp 13723 , and in the corresponding position in the

transcripts for both p11l-0-7 and pHA,B, appears to have d irected polyA
addition to two different sites, approxcimately 30 bp &part (bp 13736 for pHA,B
transcripts and bp 1 3759 in p11l-0-7 ). A second polyadenylation s ignal,
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 DPa1 and DPf1 are functional

genes. It is known, for instance, that transcripts identified as DPa and 13

correspond closely to the DPB81 and DPa1 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 DP,B1 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 DP82 are pseudogenes so it seems fair to

assume that all of the published transcripts originated from the DPf1 gene

(1 8) .

Southern blots were used to demonstrate that there are only the two DP,B

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 DPO2 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 DP9I alleles have been determined

(18). Comparison of the sequence of the DP131 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 seauences

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 ft1 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 (CCTTTTCTG), 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) units, apparently lacks

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 (TACTCTCAfGAGATTTCT), is present in

the first intron of the DPo1 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).
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Promoter regions of class II genes

As previously mentioned, the precise limits of the 5' ends of both the

DPo1 and DPal genes have not been determined although if it is assumed that

cDNA clones pDD2 and pSBa 318 (see Figure 2), are full length, 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 Si 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 (Fig.

3) reveals several regions of strong sequence conservation. In particular

two regions (A and B, Fig. 3) present in DPa1 and to a lesser extent DPP1,
bear striking homology to upstream promoter region sequences, previously

reported as conserved between I-Ea, DRa and I-Ep genes (42-45). Although the

homology of DPal with these sequences was immediately apparent, a more

extensive comparison of class II genes was required to reveal the

corresponding blocks in the DP,B1 gene. It is evident from Figure 3 that

whilst there is a high degree of inter group (a and f chain) sequence

conservation, in the above mentioned locations, there is an even greater

level of intra group (a or f 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 0 chains.

Fiizure 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, DQP and I-Ap, and DZa and DPa, are shown aligned
(dashed boxes). Blocks of sequence strongly conserved in both alpha and beta
chains are shown boxed (solid lines). 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 Si mapping are shown, and potential CAT/TATA
sequences are also underlined. Sequence information was from the following
sources. DQ B (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. coli glutathione synthetase gsh-II (49); sea urchin histone
H2A (48); human and mouse Vk and V Immunoglobulin light chains (47); H2B
histone from a variety of species (5d). For 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 correot gene

transcription, are located upstream of all sequenced human and mouse

immunoglobulin K genes. Furthermore, a consensus sequence (CGTGATTTGC)

spanning almost the entire do 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 Figure 3. Also shown,

are sequences upstream of the E. coli glutathione synthetase gsh-II gene,

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

Figure 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 relationship exists between I-A and DQ3,
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 P 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 "TATA3 like sequences; and where marked,
possible candidates lie uncharacteristically close to the 5' end of the genes

(Fig. 3). From these data a concensus for the 5' region of class II genes

was derived (Fig. 3).

The existence of regulatory factors 5' to those described is not
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excluded. Examination of the DPal and f1 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 ,B gene that has

been sequenced, DQP, 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 Fig. 2, for example, with the

analogous intron in the DQP gene (11), but there are few strikingly conserved

regions that might indicate sequences of functional importance in the

introns. Nevertheless, the length of the DPo1 gene is remarkable in

comparison to class II a genes. In particular, the introns flanking the Pl
domain are over 4 kb in length.

The separation of the DPf1 and al 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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