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ABSTRACT We have used a 175-nucleotide-long primer ex-
tension product corresponding to the 5' end of HLA-DR a-chain
mRNA to isolate a genomic clone from a human DNA library. The
entire HLA-DRa gene is contained in two contiguous EcoRI frag-
ments spanning about 7.5 kilobases (kb); most of the sequence has
been determined. The 5' end of the gene is contained in a 4.4-kb
fragment, and the coding segments and the 3' untranslated region
are contained in a 3.1-kb fragment. The gene is split into five ex-
ons. The 5' untranslated region, the leader peptide, and the first
two NH2-terminal amino acids are fused into the first exon. Exons
2 and 3 represent two extracellular coding domains of mature p34.
The transmembrane domain, cytoplasmic domain, and part of the
3' untranslated region are merged into a fourth exon. The rest of
the 3' untranslated region is in exon 5. The predicted amino acid
sequence of mature p34, as deduced from its gene structure, has
229 residues and reveals a single potential disulfide loop (between
cysteine residues 107 and 163) as well as a 22-amino acid residue
membrane integrated segment (residues 193-214). Fifteen amino
acids (residues 215-229) reside on the cytoplasmic side of the plasma
membrane. There is considerable amino acid sequence homology
between the second external domains of p34 and p29, as well as
the immunoglobulin-like third domain of HLA-B7, and A3-mi-
croglobulin and the homologous constant region domains of the
light and heavy chains of immunoglobulins.

Human chromosome 6 and murine chromosome 17 contain a
cluster of genes, known as the major histocompatibility com-
plex, that encode a number of cell surface glycoproteins in-
volved in various immune interactions (1-3). The HLA-A, -B,
and -C and H2-K, -D, and -L glycoproteins are designated class
I antigens, and HLA-DR and I(a) are class II antigens. Class I
antigens are expressed on almost all types of cells and consist
of a heavy chain (Mr, 45,000) associated noncovalently with (2-
microglobulin (,82m), a protein of Mr 11,400. In contrast, the
class II antigens have limited tissue distribution and are pre-
dominantly expressed on B lymphocytes and macrophages. Class
II antigens consist of a heavy a chain (Mr, 34,000; p34) bound
noncovalently to a light (3 chain (Mr, 29,000; p29). The class II
antigens are polymorphic; the p34 chain has limited polymor-
phism, whereas the p29 chains vary among individuals (4-7).

Structural analysis of murine and human class I antigens and
their genes shows that they are divided into a series of discrete
domains-a hydrophobic leader, three extracellular or external
domains, a transmembrane domain, and a cytoplasmic domain
(8-13). Similar to immunoglobulin domains, both the second
and third external domains of class I antigens have a centrally
placed disulfide loop.

Recently, two groups of investigators (14, 15) reported the
amino acid sequence of p29 for class II antigens. One of these
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groups isolated a cDNA clone for a p29-like polypeptide (16).
Several investigators (17-19) have isolated cDNA clones of HLA-
DRa. To date, only a limited amino acid sequence from the
NH2 terminus of p34 is known (20).

Earlier work in this laboratory used the primer extension
technique for cloning class I and II genes (19, 21). In the case
of class II genes, a 20-nucleotide-long primer was synthesized
and the 5' y-32P-labeled 20-mer was hybridized to poly(A)+
mRNA from B-cell line LG-2 and extended in the presence of
four deoxynucleoside triphosphates and reverse transcriptase to
give a 175-nucleotide-long product encoding the 5' end of HLA-
DRa mRNA (19, 22), which was used to isolate a genomic clone
(22). The genomic DNA was subcloned into plasmid pBR328.
Two clones with inserts of 3.1 and 4.1 kilobases (kb) hybridized
with the p34 probe. The 5' end of the gene was contained in
a 2-kb Bgl II-Bgl II fragment of the 4.4-kb EcoRI insert, whereas
all the coding sequence and the 3' untranslated region of the
gene were present in the 3.1-kb EcoRI fragment. The entire
gene was contained within these two contiguous EcoRI frag-
ments spanning about 7.5 kb.
We report here the nucleotide sequence of the 7.5-kb frag-

ment of a human genomic clone of HLA-DRa. This sequence
includes five exons and predicts the complete amino acid se-
quence of the mature precursor p34 polypeptide. Analysis of
the structure of the HLA-DRa gene and the deduced amino
acid sequence of mature p34 revealed that, like the class I genes,
exons 2 and 3 of HLA-DRa may correlate with the two struc-
turally defined external protein domains of p34. Unlike the class
I antigens, the transmembrane and the cytoplasmic domain of
p34 are fused into exon 4. Considerable sequence homology
exists between the second external domain of mature p34 and
p29, as well as the third external domain of HLA-B7, 32m, and
the corresponding homologous constant region domains of im-
munoglobulin light and heavy chains. These results suggest that
an immunoglobulin-like domain is also preserved in the p34
polypeptide.

MATERIALS AND METHODS
Materials. Restriction enzymes and T4 DNA ligase were

purchased from New England BioLabs and Bethesda Research
Laboratories. The dNTPs were obtained from Collaborative
Research (Waltham, MA), Escherichia coli DNA polymerase
large fragment was from P-L Biochemicals, T4 polynucleotide
kinase was made from a T4-infected E. coli strain. [y-32P]ATP
(2,000-3,000 Ci/mmol; 1 Ci = 3.7 X 1010 Bq) and [a-32P]dNTP
(7,900 Ci/mmol) were purchased from Amersham.

Subeloning of EcoRI- and HindlII-Digested Genomic Frag-
ments. Subcloning of 3.1-kb and 4.4-kb EcoRI fragments and

Abbreviations: kb, kilobase(s); bp, base pair(s); Am, 3-microglobulin.
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a 2.3-kb HindIII fragment in pBR328 and pBR322 was done as
described (22).

Restriction Map of HLA-DRa. A restriction map for HLA-
DRa was constructed by the procedure of Smith and Birnstiel
(23) as described (22).
DNA Sequence Analysis. To determine the sequence of the

3.1-kb EcoRI fragment, the plasmid was digested with EcoRI
and HindIII, and 2-kb and 1.1-kb EcofI-HindflI insert frag-
ments were purified from a 40-cm-long 4% acrylamide gel.
Similarly, a 2-kb Bgl II-Bgl II fragment of the 4.4-kb EcoRI
insert was also purified. These DNA fragments were digested
with different restriction enzymes and labeled at the 5' end with
[y-32P]ATP and T4 polynucleotide kinase or at the 3' end with
the appropriate [a-3 P]dNTP and E. coli DNA polymerase I large
fragment or [32P]cordycepin and terminal transferase.
The rest of the 4.4-kb EcoRI fragment and a portion of the

2.3-kb HindIII fragment were analyzed by cutting the whole
plasmid with the appropriate enzymes and labeling the 3' end
of the DNA fragments with [a-32P]dNTP and E. coli DNA poly-
merase large fragments. The DNA fragments were subjected
to sequence analysis by the method of Maxam and Gilbert (24).

RESULTS AND DISCUSSION
We isolated a genomic clone from a partial EcoRI-digested hu-
man B-cell (JY) DNA library in phage A Charon 4A with the
175-mer probe as described (22); we also isolated an additional
six partial homologous genes. This original clone (HLA-DRa)
was subcloned into the EcoRI sites of pBR328, and two sub-
clones containing 3.1-kb and 4.4-kb inserts were found to hy-
bridize with the 175-mer.

Restriction Map of HLA-DRa. Fig. 1 shows the restriction
map of clone HLA-DRa. We determined the restriction maps
of the 3.1-kb and 4.4-kb EcoRI fragments separately. Because
only the 2-kb-long Bgl II-Bgl II fragment of the 4.4-kb EcoRI
insert hybridized with the 175-nucleotide-long probe (data not
shown), the 5' portion of the gene must be contained within
this fragment. Exons and introns were assigned only on the ba-
sis of DNA sequence data. In order to construct a restriction
map of HLA-DRa, we also subcloned the genomic insert into
the HindIII site of pBR322. Only a single clone, containing a
2.3-kb HindIII insert, hybridized with the 2-kb EcoRI-HindIII
DNA fragment of the 3. 1-kb EcoRI insert. The 2.3-kb HindIII
fragment contained a single EcoRI restriction site approxi-
mately 250 base pairs (bp) from its 5' HindIII end. The nu-
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FIG. 1. Restriction map of the HLA-DRa gene and positions of in-
dividual sequences obtained. The 4.4-kb and 3.1-kb EcoRI fragments
and 2.3-kbHindm fragment were isolated forDNA sequence analysis.
The location of exons are indicated by black rectangles. The hatched
box denotes the3' untranslatedregion. TheAlu sequences are also shown.
E, EcoRI; H, Hindlll; Bg,Bgia;Pv, Pvu H; M, Msp I; N, Nco I; X, Xba
I; S, SstI; T, Taq I; K, Kpn I; P, Pst I. Solid arrows, length of the se-
quence obtained in the 5' -*3' direction with [A.32P]ATP-labeled frag-
ments; dashed arrows, length of sequence obtained in the 3' -*5' di-

rection obtained by3'-end-labeling with [a-32P]dNTP; dotted arrows,
length of sequence obtained in the 3' -* 5' direction by labeling the 3'

end with cordycepin.

cleotide sequence of the 5' HindII1 end across the EcoRI site
was identical with that of the 3' HindIII-EcoRI DNA fragment
of the 4.4-kb EcoRIclone and also overlapped the 5' EcoRI end
of the 3.1-kb EcoRI clone. This result showed that HLA-DRa
gene is contained in two contiguous EcoRI fragments spanning
about 7.5 kb.

Nucleotide Sequence of HLA-DRa. The nucleotide se-
quence of HLA-DRa was determined by the method of Maxam
and Gilbert (24). The DNA sequence starting from the 5' Bgl
II end is given in Fig. 2. The nucleotide sequence was deter-
mined on both strands at many parts of the insert. The se-
quence was confirmed by analysis twice in the same direction.
Comparison of the genomic sequence with that of the 175-nu-
cleotide-long extension product (19) and with the cDNA se-
quence of HLA-DRa (18) clearly indicates that HLA-DRa is
split into five exons. Exon 1, assigned on the basis of the nu-
cleotide sequence of the 175-mer extension product, contains
the 5' untranslated region and a leader peptide containing 25
amino acids, of which 18 are hydrophobic. In contrast to class
I genes (10-13), the first two NH2-terminal amino acids are
contained in exon 1. In the case of class I genes, exon 1 was
identified by characterizing the donor-acceptor sites in the in-
tron-exon junction because the sequence of the 5' end of the
mRNA was not known. In our case, with the primer extension
method, the 5' sequence of HLA-DRa was obtained and hence
the sequence of the 5' hydrophobic signal peptide is con-

firmed.
Exons 2-5 were assigned on the basis of the presence of typ-

ical donor-acceptor sites and confirmed by cDNA sequence data
(18). Exon 2 contains amino acid residues 3-84 and may rep-
resent the first external domain of the p34 polypeptide. Amino
acid residues 85-178 are contained in exon 3 which comprises
the second external domain of p34. Exon 4 contains amino acid
residues 179-229 and a stop codon at amino acid position 230.
The predicted amino acid sequence data in this region indicate
the presence of a stretch of hydrophobic amino acids (residues
193-214) followed by 15 amino acids (residues 215-229) of which
most are hydrophilic. In the case of class I antigens and also the
human p29 polypeptide, it has been found that a stretch of hy-
drophobic amino acids at the COOH terminus represents the
membrane-integrated region. This is followed by a sequence of
charged amino acids representing the cytoplasmic domain of
the proteins (14, 25). Thus, in the case of p34, the hydrophobic
amino acid residues 193-214 represent the membrane-inte-
grated region of p34 and residues 219-229 are exposed inside
the cytoplasm. By analogy with the structure of class I genes,
amino acid residues 179-214 and residues 215-229 represent
the transmembrane and cytoplasmic domains of the p34 poly-
peptide, respectively (25).
The structure of class I genes revealed that the transmem-

brane domain is present in a separate exon and the cytoplasmic
domain is split into several exons (10-12). The sequence of the
class I genes in this region raises the possibility that alternative
splicing events may produce alternative forms of class I mRNA,
resulting in proteins containing different cytoplasmic domain.
Because both the transmembrane and cytoplasmic domains of
p34 are fused into a single exon, there is less possibility of al-
ternative splicing events in this region of HLA-DRa. Thus, only
one form of p34 polypeptide is implicated by the gene struc-

ture. Exon 4 also contains 11 nucleotide residues from the 3'
untranslated region of the gene. The rest of the 3' untranslated
region is contained in exon 5. In the case of the HLA-B7 gene,
the 3' untranslated region is also present in a separate exon,
whereas the 3' untranslated region of a mouse transplantation
antigen gene is fused with the last cytoplasmic domain in a sin-

gle exon (10).
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AGATCTTTAAT AATCATATGACAAGAGAAAAACTTTCATAATCTTATGACATGAGGGAAGGAATATTAAAGCCGTTCTGTGAGTTATTATCTCTAACGTTCCCAAT|AGAATAGGCTTTG 9

AATCCCAGCACTTTGCGAGGCCAAGGCGGGCAAATCACGAGGTCAGGAGTCTGAGACCAGCCTGACCAACATGGTGAAACCCCGTCTCTACT 239
Alu Sequence

AAAAATACAAAAATTAGCC--- GGGAGGCCGAGATTACAATGAGCTGAGATCACACCACCAACTCCAGCTTGGGCGACAGAGCAAGACTCTGTCAAAAAAAAAAAAAAAAAAA AGAAT 354
AGGCTTTGCCAC ATACTCTCTCATATTCATTGACCTTGAATCCTCAAATGAGGTGTGTCCATTAGTCAACTCCAATCTCTTGTCATATATAAGATGGTAGAGATGAGAAGAAGGTAGCT 474
CCTTTACAGCCCACTATTTCCACTAACTACTACCTGTGTTTCAAGATACAGCCTTTCACCTCCTTCTCCAGTGTTG AGAGTGTTGAACCTCAGAGTTTiTCCTCJCATTTTCTCTAAATG AGA 597
TACAATGCCAGCCATCCCAAGCTCTTGGCCTGAGTTGATCATCTTCAAGTC TAGGACTCCAAGAAGCATGAAAAGAGCTTCTTTAGTG AAGCTATGTCCTCAGTACTGCCAAAATTCACAC 7 7
AATCTCCATGGCCTGACAATTTACCTTCTATTTGGGTAATTTATTGTCCCTTACGCAAACTCTCCAACTGTCATTGCACAGACATATG ATCTGTATTTAGCTCTCACTTTAGGTGTTTCCAT 839

CGATTCTATTCTCACTAATGTGCTTCAGGTATATCCCTGTCTAGAAGTCAGATTGGGGTTAAAGAGTC TGTCCGTGATTGACTAACAGTCTTAAATACTTGATTTGTTGTTGTTGTTGTCCTC 962
TTTGTTTAAGAAACTTTACTTCTTTATCCAATGAACGGAGTATCTTGTGTCCTGGACCCTTTGCAAGAACCCTTCCCCTAGCAACAGATGCGTCATCTCAAAATATTTTTCTG ATTGGCCAA 10O84

'CAP' Site
AGAGTAATTGATTTG AATGGTCAGACTC ATTA|CACCCCACATTCTCTTTTCTTTTT CTTGTCTGTTCTGCCTCACTCCCGAGCTCTACTGACTCCCAAAAGAGCGCCCAAG 1204

Exon 1
Met Ala lie Ser Gly Val Pro Val Leu Gly Phe Phe lie lie Ala Val Leu Met Ser Ala Gin Glu Ser Trp Ala lie LyS G

AAGAAA ATG GCC ATA AGT GGA GTC CCT GTG CTA GGA TTT TTC ATC ATA GCT GTG CTG ATG AGC GCT CAG GAA TCA TGG GCT ATC AAA G GTAGGTGCTGAGGGAATGA 31
Leader peptide

AATCTGGGACGATAGACTACGAAGCATTGGAGAAAAGACCTATGGACATTTGG AAGATAATGTGTGGAGTGAAAGAATAGTGTGAC AGGTATTATGTGGTCTCGACAGAAAGTATA AC 429
AAATTGTGGTTTGGTGGAGTTCTTCCCTCACCACAAACTGAAGTAAGTCAAATTTGGTTTAG AGGGTCAAAACTGAGTTGTGTATTGGTGAATAGCACGGTCCTGCTACAAGCCAAACTG 549
GGGGTGGGGGTGGGGGTGGGGGAGGAAGAATATTTTCTGGCAAGCATTAACAAGTTATATTTCTGGGCTTTAATTATTCTTCTGGAAAATTAGTAAAATTAAAAACTAAAAACCACACA |1668
TAGTTTTGCTAGATTAATCAAAAAAAAAGTTATTAGCCCTGTTCTTATCTGAATACATGATACAGTAGTTATTTTTTGGAGTGTAAATCTGTCGGTATATATCAGCACATATATTGTG TGA 789
AGATTACTAGAAGGAAAAGTCATC GAAAAGCAACAATTTACCCCAGGAAAAGGGGAGGGAAGGCATGCTGATATGAGTTGCCTCATGGGACAGTGATAGCCATTCCCTGCCTTCCCATCT |1909

CC---AGATCTTTATATCATGTTAACTTAGTAATATTTSCCAAGAGAGTrAGAAAAATAAGTAAGG(AAATGGGiGAATCTGATATTATTGTCTCTCATCTCCAGAGCAACATTGGTGCTrGTTGTA 2028
AAGATGTACTGTAGAAAAGTATTCTTCACCCAGCGTGACCCCCACAGAAGGTGTCAGGTAGACTTGAAATAAGCAAAGTAATAACCCAGCTCCCATACCCATAGT (:GCAATTGTAGATTT 2 148
CTATTGCCCCAAAAGAGCCA TACATAGGGATACTTACCTAGAAA(' ACAGAGGATCTTCCCTTGGTTTGTGAAGAGGCAGCTAGTATATTTGTGTGTr,TT TGCATAGATGCAAAGCGTAAA2268
TAAATTCCTAGGTTTATC GTCTCAAACAACCAAACCAAAACA 23 10
AAACAAAATATCTCACCTTATCTTTGAAGACTAAGGAAAAAAAAAATC TCCCACTCATCGATACACTCCACAGAGGCAGCATACTCTCCCAGCGCA GCTTTCTCTTTTCATGTTC ATTATT 24 3
CCCTTGGTGTTGGTTATTCTCA ATGTCAATCGTAACAGAACATCTTCCATAATAACAGTCCCAATTTAAGGAGCATTAAGATAAAAGGTGGAATTG CCAAGGTCAATC CAGACGAGAACC 25 5 |
TTCTCATAGAGGTAACCACCGTGTGGGT TTGGATGCTGGGAAGCAGGGGGAC TATGACGCTACAAGGTCTCAGTCTTAAT TTTTGGAGTACTTCAGTCCCCAG GTATATTT TCCATAGATT TGGCCC 2678TTAAATAAAAAG AAGCTTCTGACTCTAAAA TGTAAACAGTGCTTGTTAC AGTCTTGTTGATATATTAAGAAATTACTCACCTTATCTCATTTAATCTT AAAAACAAACCCCTGACAGGA*C 2799
AAAACCACAGCAGGACTACATAATAGGAAAACTATACATAAATAGGTAGAATAATCTGCTCAGGATCACTAGGTAAGTTGCTGAATAAGAATTCA AGATGTTTTTGATCCCAGAGTTTA 29 18
AAACCCAACCTTTCAAACAGTGTTTCCTTCT TCTTAGAGTACAATGTTTCTGAGAAGAGACCTCTGGAATTCTGGCCTAAGTGTATTTAATGCCCGGGTAAAGAAAGTGAG AGAACATTT 3038
C TCTTTAGGGGCTGCTGCTGGATTTCTAAAAAGAAAATAATTT CTCA GCT AGT AACA TGGA GCCAA ACAACAGC TTCACA AGACTCTGGG TTCTTTA GCCCTCATCTCCTT CATTC 315 4CA CCCTCTTTATAACCAGTCCTTCTTGTT TTTCCCCTCCCAGCTT T(iTrcAGCAGCATGCTTTCACCCAGACCTTGTCTTGTCACTCATCCCTACTCGCCATCAT TCTTTCATTCCTCTTGGC 327 7

lu Glu His Val Ile lie Gin
CCAATCTCTCTCCACCACTTCCTGCCTACATGTATGTAGGTTATTCATTTCCCTCTCTTGATTCCCCCCACCCAACTCTCTTTCTCCATTTCTTGCCTTTCAG AA GAA CAT GTG ATC ATC CAG3400

Exon 2
Ala Glu Phe Tyr Leu Asn Pro Asp Gin Ser Gly Glu Phe Met Phe Asp Phe Asp Gly Asp Glu lie Phe His Val Asp Met Ala Lys LyS Glu Thr Val Trp ArgGCC GAG TTC TAT CTG AAT CCT GAC CAA TCA GGC GAG TTT ATG TTT GAC TTT GAT GGT GAT GAG ATT TTC CAT GTG GAT ATG GCA AAG AAG GAG ACG GTC TGG CGG 3505
Leu Glu Glu Phe Gly Arg Phe Ala Ser Phe Glu Ala Gin Gly Ala Leu Ala Asn lie Ala Val Asp Lys Ala Asn Leu Glu lie Met Thr Lys Arg Ser Asn Tyr
CTT GAA GAATTT§GGA CGA TTT GCC AGC TTT GAG GCT CAA GGT GCA TTG GCC AAC ATA GCT GTG GAC AAA GCC AAC CTG GAA ATC ATG ACA AAG CGC TCC AAC TAT 3 610
Thr Pro Ile Thr Asn V
ACT CCG ATC ACC AAT G GTACCTCCCTCTCTGCTGCACTCCTGGACATGGGAATCCATAGTTTGAAAGTAGTTGCTTCAGCTCTTTGTGTTAGATTATTGTAACTGATTTTCCCTCCAAGG 3730
GCCTAACCTTGCCATTAACAAGCCCCAAATTCTCATGCCAGAGGTCTGAGAACTTTATGGGTTTGATCCTATCTTGTTGTGCTCAAGTCTTGTCTCTGTCATCCATGGTCTCCTACGAAGTC 3852
ATTGCCCTAAGTTCATGCTAGGGGAGCCAG AAGGGAAGTCCTTGGATATCTTATACCTCAATATTGGCTCAATTTCTTGGGGAGGGGGTGCTGTCAGAGATTGTTATCTGAGGATGTGAC 3972
ATAGATTTCTCAGGGCACAATTTCAACTACTTTTTC AGCTTTAGGGTTTTTAGATACGTTTGTACCACAATTGAGCATGGGAGGGAGAGGGGTGAGCCTAAGCAGTGATGGCTGATTTCT 4092

Exon 3
al Pro Pro Glu Val Thr Val Leu Thr Asn Ser Pro Val Glu Leu Arg Glu Pro Asn Val Leu Ile Cys Phe lie Asp Lys Phe

GTCACGTCTGTCATGTGTCCCCCAG TA CCT CCA GAG GTA ACT GTG CTC ACG AAC AGC CCT GTG GAA CTG AGA GAG CCC AAC GTC CTC ATC TGT TTC ATC GAC AAG TTC 4200
Thr Pro Pro Val Val Asn Val Thr Trp Leu Arg Asn Gly Lys Pro Val Thr Thr Gly Val Ser Glu Thr Val Phe Leu Pro Arg Glu ASP His Leu Phe Arg LysACC CCA CCA GTG GTC AAT GTC ACG TGG CTT CGA AAT GGA AAA CCT GTC ACC ACA GGA GTG TCA GAG ACA GTC TTC CTG CCC AGG GAA GAC CAC CTT TTC CGC AAG 4305
Phe His Tyr Leu Pro Phe Leu Pro Set Thr Glu Asp Val Tyr Asp) Cvs Arg Val Glu His Trp Gly Leu Asp Glu Pro Leu Leu Lys H~is Trp G
TTC CAC TAT CTC CCC TTC CTG CCC TCA ACT GAG GAC GTT TAC GAC TGC AGG GTG GAG CAC TGG GGC TTG GAT GAG CCT CTT CTC AAG CAC TGG G GTATGGACCAACAC 4 41|3
TCAATCTCCTTTATTTCAAGGTTTCCTCCTATGATGCTTGTGTGAAACTCGGTGTTCTAACTGTTTCATAATATCTGCTACAATTAATATAACTGTCTTCTCCTACTATCCAGCTTCCTCCTT 4 536
TTTTTAATCTGTAATTCTCTCAATACATCATTCTGTCTTCCTCTTCTTTAATCTATGAATAACTTTTCTCTTTATTAAGAACCCTACATTTGATTCTGAGTGTTACTTCTTCCCACACTCATT A4660

lu Phe Asp Ala Pro Ser Pro Leu Pro Glu Thr Thr Glu Asn Val Val Cys Ala Leu Gly Leu Thr Val Gly Leu Val Gly IleCCATGTACTCTGCCTTATCTCCCCCA G AG TTT GAT GCT CCA AGC CCT CTC CCA GAG ACT ACA GAG AAC GTG GTG TGT GCC CTG GGC CTG ACT GTG GGT CTG GTG GGC ATC 4770
Ile Ile Gly Thr Ile Phe lie lie Lys Gly Val Arg Lys Ser Asn Ala Ala Glu Arg Arg Gly Pro Leu
ATT ATT GGG ACC ATC TTC ATC ATC AAG GGA GTG CGC AAA AGC AAT GCA GCA GAA CGC AGG GGG CCT CTG TAAGGCACATGGAGGTGAGTTAGGTGTGGTCAGAGGAAGA 4 879
CATATATGGAGATATCTGAGGC.AGGAAAACAGGGTGGGGAAAGGAAATGTAATGCATTTAAGAGACAAGGTAGGAACAGATGTGGCTCTTGATTTCTCTTTGCTAGAATGAATCAGAC 4997
ATTGGTATCATCTGGTATCCCAAAGCTTCAGGGTCTGTCATCCCTTTCTATAGACGGGCACCTTGATCACGGCTCCAGTCTTAGAAATCATCTCCAGTACCTAAAACCATTGTTTCAC ATTA 5 1 1 9
GAATACTGAGTCTAGGGATCTAGAAAATACATTAGAATATGGAGTCTAGGGATCTAGAAAATACTGAGTCTAGGGATCTAGAAAAATAAGCCTCAAGATTTGGGCACATCC TAGCTTGT 5 238
ATTTCTTGGGGCAGGTCATCAGTTCAGAAGCATTTCCAGATCCTGGCTCCTTTCAGGTTAGGGTCAATTCATTGCATGAAATGGGAATCTCTTAGAGGCCAATGCCTGCTTTTGCTTCTTTA 5 360
GTCTCAAATGTAGTATGAGAAACTCTAAAAAAAGGTAAAGCATGGTTGCTTATTATGTTCAGTTGG AGAGTAGGAACTAACTGTATACAGTTAGTTCATGTTGGAAAGGTTAGATGAAC 5 479
ATTGAAAGAATTTTGCAAAGTCAAAGGATTAAGAGAGAAGAGGAAGGAATCTGAAGCAAGGAGCTCAATGCGGATCTTAAATTCCTTG GTAACTATGTGTGTCTTGCTATAGGT GAT 5 596
GGTGTTTCTTAGAGAGAAGATCACTGAAGAAACTTCTGCTTTAATG ACTTTACAAAGCTGGCAATATTACAATCCTTGACCTCAGTGAAAGCAGTCATCTTCAGCGTTT rcCAGCCCTATA 5 71 7

Exon S
GCCACCCCAAGTGTGGTTATGCCTCCTCG ATTGCTCCGTACTCTAACATCTAGCTGGCTTCCCTGTCTATTGCCTTTTCCTGTATCTATTTTCCTCTATTTCCTATCATTTTATTATCACC ATG 5841
CAATGCCTCTGGAATAAAACATACAGGAGTCTGTCTCTGCTATGGAATGCCCCATGGGGCATCTCTTGTGTACTTATTGTTTAAGGTTTCCTCAAACTG TGATTTTTCTGAACACAATAAA 5962

Poly (A) Signal'Poly (A) Signal
CTATTTTGATGATCTTGGGTGGAA TTTTTGGTG TTTAAGCCAGT TC TTTG(ii(;TGGiCGGTG(GGGGGTGGGGAGTCGGTCCTAGGGAATATATGTGATCCTTTCCCGGTAAAATATCTGAAT 6082
GTTGAATTTATCTTATAAATTCTAGAATTC 6 1 12

FIG. 2. DNA sequence of the 6.3-kb BgI II-EcoRI DNA fragment ofHLA-DRa gene. The amino acid sequences encoded by exons ofHLA-DRa
are shown above theDNA sequences. The 3' untranslated region is underlined. The region ofAlu sequences, the CAT box, theTATA box (promoter),and the mRNA transcription initiation site (CAP site) are marked. ***, Stop codon; polyadenylylation signals are also indicated. ---, Stretch ofDNA for which the sequence has not been determined. Numbers on the right have not been adjusted for the estimated lengths of segments of DNA
represented by dashes.
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AGATCTTTAATAATCATATGACAAGAGAAAAACT ACATAATCTTATGACATGAGGGAAGGAATATTAAAGCCGTTCTGTGAGTTATTATCTCTAACGTTCCCAATIAGAATAGGCTTTG 119
CACTGGTGCGGTGGCTCATGCCTGTAATCCCAGCACTTTGCGAGGCCAAGGCGGGCAAATCACGAGGTCAGGAGTCTGAGACCAGCCTGACCAACATGGTGAAACCCCGTCTQTACT 239

Alu Sequence
AAAAATACAAAAATTAGCC--- GGGAGGCCGAGATTACAATGAGCTGAGATCACACCACCAACTCCAGCTTGGGCGACAGAGCAAGACTCTGTCAAAAAAAAAAAAAAAAAAA AGAAT354
AGGCTTTGCCAC ATACTCTCTCATATTCATTGACCTTGAATCCTCAAATGAGGTGTGTCCATTAGTCAACTCCAATCTCTTGTCATATATAAGATGGTAGAGATGAGAAGAAGGTAGCT 474
CCTTTACAGCCCACTATTTCCACTAACTACTACCTGTGTTTCAAGATACAGCCTTTCACCTCCTTCTCCAGTGTTGAGAGTGTTGAACCTCAGAGTTTCTCCTCTCATTTTCTCTAAATGAGA 597
TACAATGCCAGCCATCccAAGcTcTTGGccTGAGTTGATcATcTTcAAGTcTAGGAcTccAAGAAGcATGAAAAGAGcTTcmTAGTGAAGCTATGTccTcAGTAcTGCcAAAATTCAGAC 7 18
AATCTCCATGGCCTGACAATTTACCTTCTATTTGGGTAATTTATTGTCCCTTACGCAAACTCTCCAACTGTCATTGCACAGACATATG ATCTGTATTTAGCTCTCACTTTAGGTGTTTCCAT 840

,,TGTTAAGAAACTTTACTTTTTl,ATCCAATGAACGGAGTATCTTGTGTCCTGGACCCTTGCAAGAAcCCTTcCCCTAGCAACAGATGCGTCATCTCAAAATATTTTTCTGATTGGCCAA 083
'CAP' Site

AGAGTAATTGATTTGICl| IATGGTCAGACTCLTTT|ACCCCACATTCTCTTTTCTTTTMCTTGTCTGTTCTGCCTCACTCCCGAGCTCTACTGACTCCCAAAAGAGCGCCCAAG 1203
* Exon 1

Met Ala lie Ser Gly Val Pro Val Leu Gly Phe Phe lie lie Ala Val Leu Met Ser Ala Gin Glu Ser Trp Ala lie Lys GAAGAAA ATG GCC ATA AGT GGA GTC CCT GTG CTA GGA TTT TTC ATC ATA GCT GTG CTG ATG AGC GCT CAG GAA TCA TGG GCT ATC AAA G GTAGGTGCTGAGGGAATGA 13 10Leader peptide '-
AATCTGGGACGATAGACTACGAAGCATTGGAGAAAAGACCTATGGACATTTGGAAGATAATGTGTGGAGTGAAAGAATAGTGTG ACAGGTATTATGTGGTCTCGACAGAAAGTATAAC 428
AAATTGTGGTTTGGTGGAGTTCTTCCCTCACCACAAACTGAAGTAAGTCAAATTTGGTTAGAGGGTCAAAACTGAGTTGTGTATTGGTGAATAGCACGGTCCTGCTACAAGCCAAACTG 1548
GGGGTGGGGGTGGGGGTGGGGGAGGAAGAATATTTTCTGGCAAGCATTAACAAGTTATATTCTG GGCTTAATTATTCTTCTGGAAAATTAGTAAAATTAAAAACTAAAAACCACACA 66 7
TAGTTTTwGCTAGATTAATCAAAAAAAAAGTTATTAGCCCTGTTCTTATCTGAATACATGATACAGTAGTTATTTTTTGGAGTGTAAATCTGTCGGTATATATCAGCACATATATTGTGTGA 1788
AGATTACTAGAAGGAAAAGTCATCGAAAAGCAACAATTACCCCAGGAAAAGGGGAGGGAAGGCATGCTGATATGAGTTGCCTCATGGGACAGTGATAGCCATTCCCTGCCTTCCCATC 1907
TCCAGATCTTTATATCATGTTAACTTAGTAATATTTCCAAGAGAGTAGAAAAATAAGTAAGGAAATGGGGAATCTGATATTATTGTCTCTCATCTCCAGAGCAACATTGGTGCTGTTGTA 2027
AAGATGTACTGTAGAAAAGTATTCTTCACCCAGCGTGACCCCCACAGAAGGTGTCAGGTAGACTTGAAATAAGCAAAGTAATAACCCAGCTCCCATACCCATAGTGGCAATTGTAGA 2 147
CTATTGCCCCAAAAGAGCCATACATAGGGATACTTACCTAGAAAGACAGAGGATCTTCCCTTGGTTGTGAAGAGGCAGCTAGTATATTTGTGTGTGTTTGCATAGATGCAAAGCGTAAA 2267
TAAATTCCTAGGTTT|ATC --- 2 285

GTCTCAAACAACCAAACCAAAACAAAACAAAATATCTCACCTTATCTTGAAGACTAAGGAAAAAAAAAATCTCCCACTCATCGATACACTCCACAGAGGCAGCATACTCTCCCAGCGCA 2 405
GCTTTCTCTTTTCATGTTCATTATTCCCTTGGTGTTGGTTATTCTCAATGTCAATCGTAACAGAACATCTTCCATAATAACAGTCCCAATTTAAGGAGCATTAAGATAAAAGGTGGAATTG 2526
CCAAGGTCAATCAAGCTTCTGACTCTAAAATGTAAACAGTGCTTGTTAC AGTCTTGTTGATATATTAAGAAATTACTCACCTTATCTCATTAATCTTAAAAACAAACCCCTGACAGGATC 2 647
AAAACCACAGCAGGACTACATAATAGGAAAACTATACATAAATAGGTAGAATAATCTGCTCAGGATCACTAGGTAAGTTGCTGAATAAGAATTCAAGATGTTTTT,GATCCCAGAGmTA 2 766a
AAACCCAACCTTT|CAAACAGTGTTTT|CTCTAGAGTACAATG1TTT|CTGAGAAGAGACCTCTGATTCTGAATTCTGGCCTAAGTGTATTT|AATGCCCGGGTAAAGAAAGTGAGAGAAcAmT 2 886
cTCTTTAGGGGCTGCTGCTGGATTCTAAAAAGAAAATAATTTCTCAGCT AGTAACATGGAGCCAAACAACAGCTTCACAAGACTCTGGGTTCTTTAGCCcTCATTCTTCCTTT§CATGTTc 3007
CACCCTCTTATAACCAGTCCTTCTTGTTTTT|CCCCTCCCAGCTTGTTCAGCAGCATGCTTCACCCAGACCTTGTCTTGTCACTCATCCCTACTCGCCATCATTCTTCATTCCTCTTT§GGC 3 132

lu Glu His vaL lie Ile Gln
CCAATCTCTCTCCACCACTTCCTGCCTACATGTATGTAGGTTATTCATTTCCCTCTCTTGATTCCCCCCACCCAACTCTCTTTCTCCATTTCTTGCCTTT|CAG AA GAA CAT GTG ATC ATCCAG3 2 5 5

Exon 2
Ala Glu Phe Tyr Leu Asn Pro Asp Gln Ser Gly Glu Phe Met Phe Asp Phe Asp Gly Asp Glu lie Phe His Val Asp Met Ala Lys Lys Glu Thr Val Trp ArgGCC GAG TTC TAT CTG AAT CCT GAC CAA TCA GGC GAG TT ATG TTT GAC TT GAT GGT GAT GAG ATT TTC CAT GTG GAT ATG GCA AAG AAG GAG ACG GTC TGG CGG 3 360
Leu Glu Glu Phe Gly Arg Phe Ala Ser Phe Glu Ala Gin Gly Ala Leu Ala Asn Ile Ala Val Asp Lys Ala Asn Leu Glu Ile Met Thr Lys Arg Ser Asn TyrCTT GAA GAA mT GGA CGA TTT GCC AG.C TTT GAG GCT CAA GGT GCA TTG GCC AAC ATA GCT GTG GAC AAA GCC AAC CTG GAA ATC ATG ACA AAG CGC TCC AAC TAT 3466
Thr Pro Ile Thr Asn V
ACT CCG ATC ACC AAT G GTACCTCCCTCTCTGCTGCACTCCTGGACATGGGAATCCATAGTTGAAAGTAGTTGCTTCAGCTCTTTGTGTTAGATTATTGTAACTGAT |CCCTCCAAGG 3 586
GCCTAACCTTGCCATTAACAAGCCCCAAATTCTCATGCCAGAGGTCTGAGAACTTTATGGGTTTGATCCTATCTTGTTGTGCTCAAGTCTTGTCTCTGTCATCCATGGTCTCCTACGAAGTC 3 708
ATTGcCCTAAGTTCATGCTAGGGGAGCCAGAAGGGAAGTCCTTGGATATCTTATACCTCAATATTGGCTCAATTCTTGGGGAGGGGGTGCTGTCAGAGATTGTTATCTGAGGATGTGAc 3 828
ATAGATTTCTCAGGGCACAATTTCAACTACTTTTT|CAGCTTTAGGGTTTTT|AGATACGTTTGTACCACAATTGAGCATGGGAGGGAGAGGGGTGAGCCTAAGCAGTGATGGCTGATTCT 3948

Exon 3
al Pro Pro Glu Val Thr Val Leu Thr Asn Ser Pro Val Glu Leu Arg Glu Pro Asn Val Leu Ile Cys Phe Ile Asp Lys PheGTCACGTCTGTCATGTGTCCCCCAG TA CCT CCA GAG GTA ACT GTG CTC ACG AAC AGC CCT GTG GAA CTG AGA GAG CCC AAC GTC CTC ATC TGT TTC ATC GAC AAG TTC 4056

Thr Pro Pro Val Val Asn Val Thr Trp Leu Arg Asn Gly Lys Pro Val Thr Thr Gly Val Ser Glu Thr Val Phe Leu Pro Arg Glu Asp His Leu Phe Arg LysACC CCA CCA GTG GTC AAT GTC ACG TGG CTT CGA AAT GGA AAA CCT GTC ACC ACA GGA GTG TCA GAG ACA GTC TTC CTG CCC AGG GAA GAC CAC CTT TTC CGC AAG 4 61
Phe His Tyr Leu Pro Phe Leu Pro Ser Thr Glu Asp Val Tyr Asp Cys Arg Val Glu His Trp Gly Leu Asp Glu Pro Leu Leu Lys His Trp G
TTC CAC TAT CTC CCC TTC CTG CCC TCA ACT GAG GAC GTT TAC GAC TGC AGG GTG GAG CAC TGG GGC TTG GAT GAG CCT CTT CTC AAG CAC TGG G GTATGGACCAACAC 4 269
TCAATCTCCTTTATTTCAAGGTTTCCTCCTATGATGCTTGTGTGAAACTCGGTGTTCTAACTGTTTZCATAATATCTGCTACAATTAATATAACTGTCTTCTCCTACTATCCAGCTTCCTCCTT 4 392
TTTTTAATCTGTAATTCTCTCAATACATCATTCTGTCTTCCTCTTCTTTAATCTATGAATAACTTmTTCTCTTATTAAGAACCCTACATTGATTCTGAGTGTTACTTCTTCCCACACTCATTA 4 5 6

lu Phe Asp Ala Pro Ser Pro Leu Pro Glu Thr Thr Glu Asn Val Val Cys Ala Leu Gly Leu Thr Val Gly Leu Val Gly lieCCATGTACTCTGCCTTATCTCCCCCA G AG TTT GAT GCT CCA AGC CCT CTC CCA GAG ACT ACA GAG AAC GTG GTG TGT GCC CTG GGC CTG ACT GTG GGT CTG GTG GGC ATC 4 6 26
Ile Ile Gly Thr Ile Phe lie Ile Lys Gly Val Arg Lye Ser Asn Ala Ala Glu Arg Arg Gly Pro Leu

Eo

ATT ATT GGG ACC ATC TTC ATC ATC AAG GGA GTG CGC AAA AGC AAT GCA GCA GAA CGC AGG GGG CCT CTG TAAGGCACATGGAGGTGAGTTAGGTGTGGTCAGAGGAAGA 4 735
CATATATGGAGATATCTGAGGGAGGAAAACAGGGTGGGGAAAGGAAATGTAATGCATTTAAGAGACAAGGTAGGAAC*A*GATGTGGCTCTTGATTTCTCTTTGCTAGAATGAATCAGAc 4 853
ATTGGTATCATCTGGTATCCCAAAGCTTCAGGGTCTGTCATCCCTTTCTATAGACGGGCACCTTGATCAC GGCTCCAGTCTTAGAAATCATCTCCAGTACCTAAAACCATTGTTTCACATTA 4 97 5
GAATACTGAGTCTAGGGATCTAGAAAATACATTAGAATATGGAGTCTAGGGATCTAGAAAATACTGAGTCTAGGGATCTAGAAAAATAAGCCTCAAGATTGGGCACATCCTAGCTTGT 5094
ATTTCTTGGGGCAGGTCATCAGTTCAGAAGCATTTCCAGATCCTGGCTCCTTTCAGGTTAGGGTCAATTCATTGCATGAAATGGGAATCTCTTAGAGGCCAATGCCTGCT |GCTTCTTA 5 2 6
GTCTCAAATGTAGTATGAGAAACTCTAAAAAAAGGTAAAGCATGGTTGCTTATTATGTTCAGTTGGAGAGTAGGAACTAACTGTATACAGTTAGTTCATGTTGGAAAGGTTAGATGAAC 5 33 5
ATTGAAAGAATTTTGCAAAGTCAAAGGATTAAGAGAGAAGAGGAAGGAATCTGAAGCAAGGAGGGCTCAATGCGG.ATCTTAAATTCCTTG (GTAACTATGTGTGTCTTGCTATAGGTGAT 5 454
GGTGTTTCTTAGAGAGAAGATCACTGAAGAAACTTCTGCTTTAATGACTTTACAAAGCTGGCAATATTACAATCCTTGACCTCAGTGAAAGCAGTCATCTTCAGCGTTTITCCAGCCCTATA 5575

Exon 5
GCCACCCCAAGTGTGGTTATGCCTCCTCGATTGCTCCGTACTCTAACATCTAGCTGGCTTCCCTGTCTATTGCCTTT|TCCTGTATCTATTTTCCTCTATTTCCTATCATTTTATTATCACCATG 5 699
CAATGCCTCTGGAATAAAACATACAGG.AGTCTGTCTCTGCTATGG.AATGCCCCATGGGGCATCTCTTGTGTACTTATTGTTTAAGGTTTCCTCAAACTGTGATTTTTCTGAACACAATAAA 5820Poly (A) Signal' ~

Pol (Aiga
CTATTTTGATGATCTTGGGTGG.AATTTTTGGTGTTTAAGCCAGTTCTTTGGGTGGCGGTGGGGGGTGGGG.AGTCGGTCCTAGGG.AATATATGTGATCCTTTCCCGGTAAAATATCTGAAT 5 940
GTTGAATTTATCTTATAAATrTCTAGAATTC 5972

FIG. 2. DNA sequence of the 6.3-kb Bgl II-EcoRI DNA fragment ofHLA-DRar gene. The amino acid sequences encoded by exons ofHLA-DRaare shown above the DNA sequences. The 3' untranslated region is underlined. The region ofAlu sequences, the CAT box, the TATAA box (promoter),and the mRNA transcription initiation site (CAP site) are marked. ***, stop codon; polyadenylylation signals are also indicated.

Correlation of the structural domains of p34 polypeptide with adenylylation of the HLA-DRa.the different exons of HLA-DRa is presented in Fig. 3. Nu- Comparison of the nucleotide sequence of the 5' end of thecleotide sequence data show the presence of two poly(A) signal HLA-DRot gene with the sequence of the 175-nucleotide ex-sites characterized by the sequence A-A-T-A-A-A. The second tension product (19, 22) shows that about 60 nucleotides up-poly(A) signal site exists about 97 nucleotide downstream from stream from the initiation codon there exists an ATT sequencethe first one. Because the two poly(A) signal sites also exist in that most probably is the transcription initiation site or cap site.the cDNA of HLA-DRa mRNA and at the same distance apart, All eukaryotic genes contain an A+T-rich region about 30only the second poly(A) signal site seems to be used for poly- nucleotides upstream from the cap site which is known as the
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FIG. 3. Organization of exons and introns in HLA-DRa gene. Ex-
ons 1-4 are shown as black boxes; exon 5, which represents the 3' un-
translated region, is shown as the hatched box. Exon 1 has been as-
signed on the basis of the DNA sequences of the 175-mer. Exons 2-5
are assigned on the basis of the presence of donor and acceptor sites in
the sequence, confirmed by the published cDNA sequence (18) and by
a personal communication from H. Erlich. Protein domains are pos-
tulated on the basis of protein comparison.

TATA box (26). At approximately 70 nucleotides upstream from
the transcription initiation site, another region, known as the
CAT box, is found which is required for efficient transcription
of the gene (27). Like other eukaryotic genes, HLA-DRIc has
a short TATTA sequence approximately 30 nucleotides up-
stream from the potential cap site and probably represents the
promoter of the gene. But, unlike other genes, there exists a
C-A-T-T-T-T sequence approximately 48 nucleotides upstream
of the cap site, which may represent the potential CAT box. It
remains to be seen whether this sequence is required for ef-
ficient transcription of the gene.

Approximately 1 kb upstream from the transcription initia-
tion site, an Alu sequence (28) is found flanked by direct ter-
minal repeats.

Predicted Amino Acid Sequence of the Mature Precursor
p34 Chain. The complete amino acid sequence of the mature
precursor p34 chain is shown in Fig. 4. The amino acid se-
quence has been deduced from the nucleotide sequence of ex-
ons 1-4. The first 25 amino acids, most of which are hydro-
phobic, represent the signal peptide of p34. The deduced amino
acid sequence predicts that the mature protein is composed of
229 amino acid residues. From the protein comparison (25), it
is likely that approximately the first 84 amino acids represent
the first external domain and amino acid residues 85-178 com-
prise the second external domain. In the second external do-
main there are two cysteine residues, at positions 107 and 163,
which form a disulfide loop encompassing 55 amino acids. There
are two sites, Asn78-Tyr79-Thr8 and Asn118-Valli"9Thr120 which

represent the region of glycosylation of the membrane protein.
Thus, carbohydrate moieties are most likely linked to these as-
paragines, one in each of the two extracellular domains.
Amino acid residues 179-214 represent the transmembrane

domain. The 22 amino acids (residues 193-214) that we pre-
sume are integrated into the lipid bilayer of the plasma mem-
brane are preceded by 14 amino acids (residues 179-192) of
which most are negatively charged and followed by a hepta-
peptide containing basic amino acids (Lys215, Arg218, and Lys2l9),
which could represent the region of the p34 polypeptide in-
tegrated with the phosphate residues of phospholipids to the
plasma membrane. There is another cysteine residue at posi-
tion 195 in the membrane-integrated segment which does not
appear to take part in disulfide bond formation. There is little
homology between the amino acid sequence in the membrane-
integrated regions of p34, p29, and class I transplantation an-
tigens. Unlike class I antigens, only a short segment-10 amino
acids (residues 220-229)-marks the COOH-terminal region of
p34. As expected, there is little homology between and among
class I and class II antigens in the cytoplasmic domain. A single
serine residue at position 220 represents the potential site for
phosphorylation as in class I antigens (25) and p29 (14, 15).
Amino Acid Sequence Homology Among p34, p29, HLA-B7,

Pim, and Immunoglobulin Constant Region. In order to find
possible amino acid sequence homologies, we compared the
p34 sequence with that of p29, human class I antigen HLA-B7,
A32m, and various regions of immunoglobulin. We found con-
siderable amino acid sequence homology between the second
external domain of p34 and p29, as well as the third external
domain of HLA-B7, the constant region of human K chains, the
three domains of 'y chains, and (32m. Fig. 5 compares amino
acid sequences of p34 (residues 152-182) and p29, HLA-B7,
constant region domains of human K and y chains, and (Am.

Although the sequence homology is scattered throughout the
second external domain of p34 (about 25-30% amino acid po-
sitions are identical), it is especially noticeable around cysteine
residue 163. Between amino acid residues 159 and 170 of p34,
eight amino acids are identical with p29 and HLA-B7 and seven
amino acids are identical with ,Am, human immunoglobulin K
light chain constant region domain, and three domains of y
chains. The data suggest that all three classes-immunoglob-
ulin, class I, and class II-appear to have a similar domain in
the protein. The disulfide loop in the second external domain
of p34, p29, in the third external domain of HLA-B7, and }3am
encompasses exactly 55 amino acids. The amino acid sequence
in the third external domain of HLA-B7 and the second ex-

NH2 Met Al. IIe Ser Gly Val Pro Val Lou Gly Phe Ph. Ii. 11e Ale Val Lou Met Ser Al. Gin Glu Ser Trp Al. lie Lys Glu Glu His Va1 1i. Ii Gin

10
Leder Peptde

20 30 40

Ala Glu Ph. Tyr Lou Asn Pro Asp Gin Ser Gly Glu Phe Met Phe Asp Phe Asp Gly Asp Glu lie Ph. His Val Asp Met Ala Lys Lys Glu Thr Val Trip

50 60 70
Arg Lou Glu Glu Phe Gly Arg Phe Al. Ser Phe Glu Ala Gin Gly Ala Lou Ala Asn lie Ala Val Asp Lys Al. Asn Lou Glu lie Met Thr Lys Arg Ser

0 ~~~~~~90100 110

rnTvr ThrlPro ie Thr As V.1 Pro Pro Giu V.1 Thr Val Leu Thr Asn Ser Pro Val Glu Lou Arg Glu Pro Asn Va Lou He CsPhe IHI Asp Lys

120 130 140
Ph. Thr Pro Pro Val Val &n. ViL ThtTrp Lou Arg Asn Gly Lys Pro Vol Thr Thr Gly V.1 Ser Glu Thr Val Ph. Lou Pro Arg Glu Asp His Lou Phe

150 160 170
Arg Lys Ph. His Tyr Lou Pro Ph. Lou Pro Ser Thr Glu Asp V.1 Tyr Asp Cys Arg Vol Glu His Trp Gly Lou Asp Glu Pro Lou Lou Lys His ITrp

180 190 200 - 210
Glu Ph. Asp Ale Pro Ser Pro Lou Pro Glu Thr Thr Glu Asn V.1 Vol Cys Ala Lou Gly Leu Thr Val Gly Lou Val Gly lie 110 Ile Gly Thr lie

Mernbre Intqroted Regon
220

Ph II lie Lys Gly V.l Arg Lys Ser Asn Ala Al. Glu Arg Arg Gly Pro Lou COOH

HYDROPHIILIC COON TERMINUS

FIG. 4. Amino acid sequence of precursor mature p34 polypeptide as predicted from the nucleotide sequence ofHLA-DRa gene. The leader pep-
tide, membrane-integrated region, and hydrophilic COOH-terminal region are underlined. Amino acids 1-84 represent the first external domain,
85-178 are the second external domain, 179-214 are the transmembrane domain, and 215-229 are the cytoplasmic domain. Lys215 to Ser220 rep-
resents the amino acid sequence required to anchor the lipid bilayer on the cytoplasmic side. The single potential disulfide loop is between Cysi07
and Cys'", shown in boxes. The two potential sites for glycosylation at Asn78 and Asn118 are shown in boxes.
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A Glu[ ThrFiPro Thr - Giu]Lys -[QGlu Tyr Ab Cys Arg Vol AK Thel euSer Gin - Lys lie Val - LysFTrpAsp Arq[giMet
B Leu Ser Lys Ala Asp Tyr Gu ILys His LysFVol Tyr Al Cys Gau Val Thr Hts GInG-iy LeusSer Ser Vol Thr - Lys Ser Phe - - Asn Arg Gly Glu Cys
C Vol Pro Seo Sero[]Leu Gly Thr Gln - Thr Tyr lie Cys Asn Val Asn Hs Lys Pro Ser Asn Thr Lys Val - Asp Lys Arg Val - - Glu Pro Lys Ser Cys
D Val Leu Hs Gin Asn Trp La Asp Gly Lys Glu T r LysCysLys Val Ser Asn Lys AoLeu Pro Ala le - Glu Lys Thr Ie Ser Lys Ala Lys Gly
E Vol Asp Lys Ser Arg Trp Gin Gin Gly Asneil ResSer Cy

Ser Vol met His Glu Ala Leu His Asn His Tyr Thr Gin Ly Ser Leu Ser Leu Ser Pro Gly - -

FPro[hLLProeSer|ThrG --Fu VolTyr Asp Os A b Glu His Trp LeuAop _i 3eLeeu-nLys --Hs Trp G ihe A
G Glu Meti Tihr- -Gln Arg Gly jX Tyr Thr ys His Vd Glu HisPRo Ser Leu Gin Ser PNo lie Thr - -Vol Glu - - Trp - Arg -iAl
H Gin Arg _TyrTrs His VGlnHGb Leu PM Lys Pr eiTew - -Leu --Ar rp Plo - -

FIG. 5. Comparison of amino acid sequences of human p34 and of p29, HLA-B7, human (2m, constant region ofhuman K chain, and three do-
mains ofhuman y chains. Sequences of f32m, K chain, and ychains are taken from Peterson et al. (29); those ofp29 andHLA-B7 are from Larhammar
et al. (14) and Ploegh et al. (25), respectively. Identical residues are enclosed in boxes. Numbering is for p34 polypeptide. A, (32m (residues 70-100);
B, EU-CL (residues 181-214); C, EU-CH1 (residues 188-220); D, EU-CH2 (residues 308-341); E, EU-CH3 (residues 412-446); F, HLA-DR p34 (res-
idues 152-182); G, HLA-DR p29 (residues 162-190); H, HLA-B7 (residues 255-276).

ternal domain of p29 have about 50% homology with p34. The
homology is prominent around Cys107 and Cys'". The homol-
ogy with p29 around the region of Cys'07 is strong. Between
residues 103 and 107, three amino acid positions are identical
and there are two conservative substitutions. Between residues
107 and 163, 19 amino acid positions are identical and 3 con-
servative substitutions are found between p34 and p29. There
is little amino acid sequence homology in the first extracellular
domains of p34 and p29 or the first and second extracellular
domains of HLA-B7.

After this manuscript was prepared, the complete nucleotide
sequence of p34 cDNA and the complete amino acid sequence
of p34 as deduced from the cDNA of p34 were published (30).
The nucleotide sequence of the cDNA matched completely with
that of the exons of HLA-DRa, except that the codon in use for
the cDNA at amino acid position 82 was ATT instead of ATC.
Also, on the cDNA sequence, amino acid position 178 was a
termination codon, TAG, instead ofTGG encoding tryptophan.
During the review of this manuscript, a partial nucleotide se-
quence of HLA-DRa was published (31). Comparison of our
sequence with that of Korman et al. shows 19 differences, all
of which are single-base substitutions in the introns.
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