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ABSTRACT We have determined the complete nucleotide se-
quence of a human class II histocompatibility antigen DCl gene.
The gene spans more than 7 kilobases and contains five exons cor-
responding to the different domains of the DC,8 polypeptide. The
exon-intron organization is thus analogous to that of class II an-
tigen a-chain genes, class I antigen heavy chain genes, and the
constant parts of immunoglobulin genes, emphasizing further the
evolutionary relationship among these molecules. The mature
polypeptide deduced from the DC.8 gene shows 93% and 88% ho-
mology, respectively, to sequences derived from two DC.8 cDNA
clones of other haplotypes. The allelic polymorphism of DC.8 chains
resides predominantly in the first extracellular domain, whereas
the rest of the polypeptide is virtually constant. The exons of the
DCfi gene display high homology to the corresponding exons of
a murine I-Ar gene. Also, the introns show significant homology.
The DCI3 chains lack eight amino acids in the cytoplasmic tail, as
compared to DR and I-A .8 chains. This is probably due to a non-
functional splice junction of DC13 genes, causing a separate cy-
toplasmic exon to be nonexpressed.

The D region of the human major histocompatibility complex
(MHC) harbors genes involved in the regulation of the immune
response (1). The known products of this region, the class II
antigens, are polymorphic glycoproteins composed of two dis-
similar subunits: an a chain of approximately 34,000 daltons
and a ( chain of approximately 28,000 daltons (2). The poly-
morphism is primarily carried by the (3 chains (3). Class II an-
tigens are expressed on the surface of cells involved in various
aspects of an immune response such as B lymphocytes, sub-
populations of T lymphocytes, and macrophages (4).

Three different class II heterodimers, denoted DR (2), DC
(5), and SB (6), have been identified by immunochemical tech-
niques and primed lymphocyte typing. Also a fourth antigen
called BR has been proposed (7). Southern blot analyses with
fragments derived from (-chain cDNA clones provide evi-
dence that the class II family contains more than three (chain
genes (8). The exact function of the different class II antigens
in cell interactions is as yet unknown.

Through cloning of cDNAs corresponding to class II antigen
a and P chains, we have recently shown that the two chains
display structural homology to each other as well as to class I
antigens and immunoglobulins (9-11), suggesting that these
immunologically important proteins have evolved from a com-
mon ancestor by gene duplications.

As a step towards the understanding of the evolution and
mechanisms for generation and maintenance of the polymor-
phism of class II antigens, we present here the nucleotide se-
quence of a human class II antigen (8-chain gene.

MATERIALS AND METHODS
Isolation of Genomic Clone. A genomic library was con-

structed from DNA donated by an HLA-homozygous human
individual typed to be Dw4/DR4 (unpublished data) in the cos-
mid vector pHEP (12). The library was screened with a 627-base-
pair (bp) Ava I fragment containing almost the entire coding
part of the DCP cDNA clone pII-,3l [previously denoted pDR-
/3-1 (9)]. Screening of the cosmid library and growth and anal-
ysis of cosmid clones were performed as described (13), as were
Southern blot analyses (14). DNA probes were labeled by nick-
translation (15).
DNA Sequence Determination. Nucleotide sequences were

determined with the chemical degradation procedure (16) and
a modification of the dideoxy chain termination method (17)
using exonuclease III and synthetic oligonucleotide primers
(unpublished results).

RESULTS AND DISCUSSION
Isolation of a Cosmid Containing a DCP8 Gene. Genomic

DNA from a panel of DR-homozygous human individuals has
been analyzed in Southern blotting experiments using a frag-
ment from a DCBcDNA clone as probe (8). All blots with DNA
digested with different enzymes show one strong constant band
and one or two strong polymorphic bands. The (&chain gene of
cosmid clone cosII-102 accounts for the strong polymorphic DCB
bands of the genomic donor DNA. Thus, this clone was chosen
for further characterization.

Exon-Intron Organization of the DC.8 Gene. Two overlap-
ping fragments containing the DC(8 gene [a 7.7-kilobase (kb)
EcoRI fragment and an 11-kb BamHI fragment] were sub-
cloned in pUC9 to facilitate sequence determination (see Fig.
1). A restriction map of the DCB gene and the sequencing strat-
egy are shown in Fig. 1. Exons were localized by comparison
with the DCB cDNA clone pII-(3-2 (unpublished results). The
nucleotide sequence and the translated amino acid sequence
are shown in Fig. 2. The DCB gene encompasses more than
7 kb and contains five exons correlating with the different do-
mains of the DCB polypeptide (see Fig. 3). The first exon cor-
responds to the 5' untranslated region, the signal sequence,
and four amino acids of the first domain. The remainder of the
first domain and the second domain are encoded by exons 2 and
3, respectively. Exon 4 encodes the connecting peptide, the
membrane-spanning segment, and six amino acids of the cy-
toplasmic tail. The last four amino acids of the cytoplasmic tail
are encoded by a separate exon also containing the 3' untrans-
lated region. All splice junctions conform to the G-T-A-G rule
(18). Overall, the exon-intron organization is analogous to that
of genes for class II antigen a chains (refs. 19 and 20; unpub-

Abbreviation: bp, base pair(s).
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FIG. 1. Restriction map of the DCp gene of cosmid clone cosII-102. Exons are shown as filled boxes. The hatched box shows the nonfunctional
cytoplasmic exon, whereas the open box corresponds to the cosmid vector. Subcloned fiagments are indicated by bars below the map. Sequencing
strategy is shown by bold arrows for the dideoxy chain termination method with synthetic primers and fine arrows for the chemical degradation
procedure. At sites indicated by an asterisk, no overlapping sequence was obtained. Scale shows distances in kb.

lished data) and class I antigens (21, 22), as well as to the con-
stant parts of immunoglobulin genes (23). This finding, to-
gether with the previously described structural homologies

between the class II, class I, and immunoglobulin polypeptides
(9-11), suggests that these molecules, all of which are of central
importance in immune responses, have evolved from a com-

* * * * 4 .*
GGATCCCCACTTAATmGCCCTACTGAMAGAATC CCMAGTATAAAAACMACCAGrmTAATCAATATTACAAAGATGMATCTT7TGAATCGCMMTT-
ITTAOGCATTAATCTTCiSAGrcAMTGGMl-li ACCTCAAATGTTCATCCAGTGCAMTTTGAAGACGTCACAGTGCCAGGGACTGGATTGAGAATCACnAcAAA
MAASIX:ITGCCTAGAG;ACAGATTMGGCCTCmAGCTCCAGTGCTGATGTCCTTTClECAAAGGACCATCCAATCCTGCCACGCAGGGAA ACATCCACAGGTTATCrCACAG

Met Ser Trp Lys Lys Ala Leu Arq I le Pro Gly Gly Leu Arq
GTACATCAGATCCATCAGGTCCAAGCT=TGTTGACTACCACTACTTTTCCCTTCGTCTCAATT ATG TCT TGG AAG AAG GCT TTG CGG ATC CCT GGA GGC CTr CGG

-1 +1
Val Ala Thr Val Thr Leu Met Leu Ala Met Leu Ser Thr Pro Val Ala Glu Gly Arg Asp Ser Pro G
GTA GCA ACT GTG ACC TSG ATG CTG GCG ATG CTG AGC ACC CCG GTG GCT GAG GGC AGA GAC TCT CCC G GTAAGTGCAGGGCCACTCTCTCCAGAGCC
GCTCACGGGCCGGCAGGGCGGCGGCIG:CGGOGCGGCCTGGGCTGGATCTCCATGATCTCGGACACATCTTTCATCCCCATTTCG AG AGANGTAGTGACGATGACGCCTTCC

_CC~~~~~~~~~CATCCTACAGGCT G CTTAGCCGMDIG AA/CAA~mCAC~GCGl

AAGIACC~t:GGT~mmG~sACG~lTICTCAGAGACACAGCAGGATTT ATCTTAGGCGTGCCCCAAGAL'=rGCCTGACTAAATATTATGGGATCCTGCATTSGCMAA

GGCATAjGWA TAATGGTC ACC TGAGGACAGTGCTCGTACT GCTG ACT AGACTACATCTTATGC

G_T GGG GTGATATCGGGCGGTGACGCCGGGCOGCCTGCCGCCGAGTACTOGMCAGC GGM GTCCTG

OCO GAGTN GAG ACG GTG ~J AGA CAC MC TACAGCTNTGAGTCCCACOATCAAACCTNCAAAGCOGCAGC GTGTCGCCGTCTGCGAGGCCCA

__ACTYGMTOATOITNTAAGGCAGrITAA~rr CTCACATGCATMCMAAGGCACMATCCAGGCATGGGAAGGGAGGTATA CCGAGGGACCAAGMATrCGATATCAG_~~~~~~~~~~CCTTGAACTCAC_ GCTAt;ATGGCTCG

w
> _ z _ GGT~~~~~~~~~~TCACAGGCTCCGGCAGGGACAGGGCTCCGCCTTTCCTGCKCTGCAGAGC

GGATTCCCGtAGCCCcCCAGAGGCGGGCAGGGCTGCCACAGCCGCCGGGCGG ATCACAATAA GCGCCAGGCA C_CGAGA AG

lu Asp Phe Val Tyr Gln Phte Lgs
CTC TGCCGGGTCG _:CCGGCTGGGGGCGCTGG GGCGGGCCGGGGCCTGACTGACCGGCCGGTGATTCCCCGCAG AG GAT TTC GTt; TAC CAG mT AAG

GIg MetnThCluTIT r Phe ThrrnGkhll rg Val Ar Leu Val Thr Arg Tyr Ile Tyr Asn Arg Glu Glu Tyr Ala Arg Phe Asp Ser
GCATG~mA TTC ACCIjAACGGCIGGCCIT CGT CTT1 GTG ACC AGA TAC ATC TAT AAC CGA GAG GAG TAC GCA CGC TTC GAC AGC

Asp Val Gly Val Tyr Arg Ala Val Thkr Pro Leu Gly Pro Pro Ala Ala Glu Tyr Trp Asn Ser Gln Lys Glu Val Leu Glu Arg Thr Arg
GAC GTG GGG GTG TAT.CGG GCG GTG ACG CCG CTG GGG CCG CCT GCC GCC GAG TAC TGG MAC AGC CAG AAG GAA GTC CTG GASG AGG ACC COGG

Ala Glu Leu Asp Thxr Val Cya Arq His Asn Tyr Gln Leu Glu Leu Arg Thr Thkr Leu Gln Arg Arg V
GCG GAG TTG GAC ACG GTG TGC AGAK CAC AAC TAC CAG TTG GAG CTC CGC ACG ACC TTG CAG CGG CGA G GTGAGCGTCGTCGCCCCI;GCA

_ C~~~~~~~~~~~~~~~~~-TCICCGACCICGTCCACCC _

Tr.G TG A C G C T G r C CCATGCATCTCCGCGGCTCGC CTCT

TGCCllr: --GTGCCTTAC 'A:mcCTTACCmAGTTCTCT CCCCAATCCGCCCTCTTCCCCTG;CCCGCCCGCCCG CTAGCCGCGCACCCCGCCA

AGGTCCACCTACACAGCTCATGCAGTWGGGGCTT£ACGAC= %CTGCGGTAGGITCCCACACGCGGCGGCACCACACAGTTGTAI1TAGWATGGATTCGTTACGCA

_
_ _ _ _ < _ t ~~~~~~AGCTGCCMATC_

c TTAAGCGrTtTTTACTA_

ATA~~mCA~~l~llAC~~rlrlCT~CACTAGC CATAAATTTATTTAC

CTTATU~iATACCGTCTTGTTACGTC~mAATC TACATGGrTGCACCTGCTACTCACAATCTAGCTATATAATCA CA~rTTA__AGGTGTAGACATGCAGAMG~jTACTTAcTA _AGA wTCATTAAmATTTTACAGTTCA

(Fig. 2 continues on the next page.)
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AACTAAGATAAGAAWATA =TWTAAAGATAXAGGATAGAGTGAAAGAGACAGCTAA=ACTATGACGAT:TAA T 4430

GAATCGAGTTATGG GCAAACATGATGTTTG ATCAGTGTTAiACTGTTsSTGACGGCCTGCTACATT-''TTT 1ITGCTGC 4550

TTACTAGATCGCACATTTGTAAAiGGCAGWACCAiTGGTA'B 'GGAT-Xs-aAlTCTCAGTGATTGlTCATATTTATATTTlTGA/TGAMTCTTAATCCAAGACTTGGACTCCAGG 467 0

al Glu Pro Thr Val 9'
TATCTrCCACTCTGGTTCCAAGGAGGGACCATrCCCMTGTAGACGTGCTGTGTGGTCTCACATCTCACTCUTGCl CTGlTACTGCCCTCAG TG GAG CCC ACA GT1G 4784

Thr Ile Ser Pro Ser Arq Thr Glu Ala Leu Asn His His. Asn Leu Leu Val [si Ser Val ThrkAep Phe Tyr Pro Ala Gln Ile Lys Val 124
ACC ATC TCC CCA TCC AGG ACA GAG GCC CTC AAC CAC CAC AAC CTG CTG GTC TG TCA GTG ACA GAT TTC TAT CCA GCC CAG ATC AAA GTC 4874

Arg Trp Phe Arg Asn Asp Gln Glu Glu Thr Thr Gly Val Val Ser Thr Pro Leu Ile Arg Asn Gly Asp Trp Thr Phe Gln Ile Leu Val 159
CGG TGG mTT CGG AAT GAC CAG GAG GAG ACA ACT GGC GTT GTG TCC ACC CCC CTT ATT AGG AAC GGT GAC TGG ACC TTC CAG ATC CTG GTG 4964

Met Leu Glu Met Thr Pro Gln Arg Gly Asp Val Tyr Thr ~ His Val Glu His Pro Ser Leu.Gln Asn Pro Ile Ile Vai Glu Trp A 188i
ATG CTG GM ATG ACT CCC CAG CGT GGA GAC GTC TAC ACC | CAC GTG GAG CAC CCC AGC CTC CAG MC CCC ATC ATC CTG GAG TGG C GT 5054

AAA7C;GTATArrCGTATGGGCCCCACAsAGACAAAGGGCAGAG CTCCTTCTGA CCCATT CCTTCCCATCTCTT-ATCCCTGATGTCACTACTGAGCTGGGGATCACAG-GAGA 5174,

CTAGA~rCJCIr~cAG~MTc~A MCcTGATCTCATCACCTTTCCAGATGCTAGGGAATATTATCTACGTACII lc=AGATCCCAGTCCTGATAGCTCGG 5294

ArG,AC-TAArATTAGGCTA~rGAGMWTCTA~rTTAG-,AGGATGAGTTCc-rGAGGAGTG :;AGATCTGC7ITCCCGCTCTCfTCACCTACTCACTATACCGAM<GACCTATT 5414

GGUICV1 1CCCCTCCCITAGGGTGTCGATGGGGCXAGGTT~CCTTTGACACTTTrCACCTCCTGCATCTCAGACTGGAClrACCTCAGCAGGTCTTGGTT 5534

rg Ala Gln Ser Glu Ser Ala Glin Ser Lys Met Leu Ser Gly Ile Gly Gly Phe Val Leu Gly Leu 210
GAACAMCGCTGACA AGGCTCTGCTI'C;-ACG GG GCT CAG TCT GM TCT GCC CAG AGC AG ATG CTG AGT GGC ATT GGA GGC TTC GTG CTG GGG CTG 5632

tIle Phe Leu Gly Leu Gly Leu Ile Ile His His Arg Ser Gin Lys G . 225
ATC TTC CTC GGG CTG GGC CT ATT ATC CAT CAC AGG AGT CAG AMA G GTGAGGAACCCCMGGGAAAAGGGGAAGATGGCITGACCCAGACCCTCTGCAGG 5736

GAGG 1'C r AgC C T A GGA CWGCGiAGC ATU ArAT~ G 5856

AAAGGTrAGCCCTGTCACACAGGTGACTrGATAAGCTATTCCATATACnrACCATTrCATCATCTCATTGCTCCTTTCCAAAAMTCTCCATTCACGAGGCAGAGCCTTGGCCT 59 76

CCTTC' ATGACAA(M-TI£TACTGACM _ ATGAGTGGTAAGAGAATATAACTCTAATTrAAGTCACATGTGT TTCA 6096

(17GAAGi TGTlAATGAGAC TUTAATIlwGACCrCTAGGGCCTCCACCACAGGCATATrrCAGCATGAGCCAGll;IGWGG 621.6

(;.CACAGG;TGTAAGAGGGA^AGAGC'ATGAGCTG;AATGCACCTGACCACAATGiGTCTCTGTTCTA CC~GGTAGAAGGrGCCGA^Grl'CTAGA 6336

ATCTCCAGA(,GTGTTCCCCAGAACCAAGCC A _TTGT _TTTTTTAMTTGCCAG AACCACAGCTTAAATGTTAGACAAGAGGATGATGCCCACTTTGT;CCACA 6456

7IGTGITGCTACT'GCCTGAGGATTTCC__ClmCTAAGCCTCATATTCCCCAGAAGAGTAiA 6576

-AG%-'Ll TCGCCACTTCCACATATCTGCATCMAGCG TCTGAAGrTCCTCACGAG~wCCmCCGTrGGGCAGlAMTTAClGCCCTCAGCT 6696

ly Leu Leu Hls AAA 229
LL-IX-ICT AACTGCAoCGGGGGCCCTGGGGGGGGAGAT:AGCCCCCAGCGTACCCTCS ATCCCTCTTTTlTTCAG GG CTC CTG CAC TGA 6808

C'TCCTGAGACm _ CCTGCCCAGhATTCCCAGTGCTGiTGTCAGCCTGCCCCCTGATCAGlGT'CCTACGy 6928

CTGTCACGCAGCCACCAGGTCATCTCMCATCCCCAC aiT TGAC~lCCCTGCTTCCTGCATACCCAGGCCTCTi-l CTGTGCACGGCCAGCTGCGTCTACTGAGG 7048

C~CCCAA G --i-lTCltl<CTCAGACTGCTCAA AGCCTA AACATACCTGCITAGCATTTACIATGTrCCTGA GI *Ac 7168

TCAAC MTTAATTFCGACAGAGGCAGGAAATCACTGCAGAAGAGlGAACATACCTrAGGTG ACCCAGCCAACTCTCCCAGAGAGTGACC~r;Ah 727 2

nG. 2. Nucleotide sequence and translated amino acid sequence ofthe DC.8 gene. Underlined in the 5' part of the gene are the putative "CAT,"
"TATA," and "cap" elements, with an arrow marking the putative cap site. Cysteine residues and the glycosylation site are within boxes. The non-
functional'cytoplasmic axon is underlined, as is the 3' untranslated region. The polyadenylylation signal is within a box.

mon ancestor by- processes involving gene duplications. cosylation site at asparagine-19 is common to all. known ,B chains.
Polymorphism of DCB Chains. Resides in the First Extra- A hydrophobic membrane-spanning segment of 21 residues -is

cellular Domain. The ,P chain encoded by cosII-102 has a signal followed by a short cytoplasmic- tail of 10 residues.
peptide of 32 amino acids displaying the characteristic features Comparisons between the DCB chain amino -acid sequences
of archetypal signal sequences. It contains a core of hydro- deduced from cosII-102 and twocDNA clones of other hap-
phobic amino acid residues, and the-amino acid preceding the lotypes (9, 11) reveal a conspicuously uneven distribution of
mature protein has no side chain (24). The mature DC,8 chain amino acid replacements along the polypeptides (see Fig. 33.
contains 29 amino acid -residues (9). Four cysteines, most The -first extracellular domain encoded. by cosII-102 displays
probably forming two disulfide. loops,'are present, as in all class 84% and 80% homology to the pII-,B 1 and- pII-,-2 DC,B chains,
II P-chain sequences known to date. Likewise, the single gly- respectively, whereas the second domain' shows 97% and 95%

-30 -20 -10 -1 1 1Q 2 30 40 50
cosIrI-102 MSWKKALRIPGGLRVATVTLMLAMLSTPVAEG RDSPEDFVYQFKGMCY ~iEVRLVTRYIYNREEYARFDSDVGVYRAVTPLGPP

pII-B-2 D I-SSL-- L- G- V QR
pII-8-l - S-S W EF ~LL-

6Q 70 90 100 11 11o 20 130 140
cosII-102 AAEYWNSQKEVLERkTRA:ELDTVCRHNYQLELRT'TLQRRVEPTVTISPSRTEALNHHNLLVCSV'TDFYPAQIKVR~WFRND)QEETTGVWST

pII-0-2 VGA-SV-R ~EVAY-GII- SA
pII-6-l DI-K-AV-RA

150 160 170 180 l0 ~200 210 220 t
cosII-102 PLIRNGDWTFQILVALEMTPQRGDVYi~TCvEHiPSLQNPIIVEWRAQSESAQSK MLSGIGGFVLGLIFLGLGLII HiHRSQKGLLH-

pII-B-2 - S-T -__ V RQ- R
pII-B-l S-T-

FIG. 3. Comparison of amino acid sequences deduced from the DC(3 gene and two DC/ cDNA clones, pll-,-1 (9) and pII2-2 (11). The standard.
one-lettercode is used; a horizontal line indicates identity with the amino acid in the sequence above it. Arrows show exon boundaries. The boundary
between the signal peptide and the mature protein and -the boundaries of the membrane-spanning segment are marked with vertical bars. The
glycosylation site. is within the box.
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homology, respectively. Thus, within one subset of class II A3
chains, the first extracellular domain carries most of the allelic
polymorphisms, whereas the second domain appears virtually
constant (25). In the nucleotide sequences encoding the first
domains of the three DC,( chains, mutations in the first and
second positions of codons are at least as prevalent as third-base
mutations. This pattern of nucleotide substitutions is also found
in the variable domain exons of immunoglobulins (26-28), par-

ticularly in the codons of the hypervariable regions (29). Models
involving either positive selection favoring substitutions lead-
ing to amino acid replacements (26) or suppression of silent mu-
tations (28) have been proposed. Whereas the class I antigen
polymorphism may be due partly to gene conversion events (30,
31), the DCP pattern of nucleotide substitutions is consistent
with multiple independent mutational events, as has been sug-

gested for the immunoglobulins (27). In the nucleotide stretches
encoding the DCP second domain, the pattern of substitutions
is as expected for a conserved region-i.e., silent third-base
substitutions in the codons are more frequent than first- and
second-base substitutions. At only 4 of 34 variant positions do
all three DC13 chains have unique amino acids. This low num-

ber may be due to structural constraints, allowing only a few
different amino acids at a certain position.

Exon 4, encoding the connecting peptide, the membrane-
spanning segment, and the first six amino acids of the cyto-
plasmic tail, is highly conserved. Its translated amino acid se-

quence is identical to that of the cDNA clone pII-f3-1 and dif-
fers from that deduced from pII-f3-2 at only four positions.

The 3' untranslated region of the DC(3 gene in cosII-102 shows
98% and 92% homology to pII-(3l and pI-/3-2, respectively.
The polyadenylylation signal A-T-T-A-A-A (ref. 9; see also ref.
32 and references therein) is present 330 bp downstream of the
termination codon. Although the sequence determination was

extended more than 100 bp 3' of the region, no additional poly-
adenylylation signal was found.

In all four exons available for comparison, the DCB gene shows
greater homology to pII-,B1l than to pII-,B-2. The mature DCB
chain deduced from the gene displays an overall homology of
93% and 88%, respectively, to the amino acid sequences de-
duced from pII-,Bl and pII-,&2. The DCB chain encoded by
cosII-102 thus appears to be more closely related to that de-
duced from pII-/-l than to that of pI-.8-2.

DCG, Genes Lack a Cytoplasmic Exon. The cytoplasmic tail
of DC(3 chains is eight amino acids shorter than that of DR3
chains (11). The nucleotide sequence of the murine I-A,3 gene
(33), the structural homologue of DCB, has provided evidence
that a separate exon of 24 nucleotides accounts for this differ-
ence. A nucleotide stretch of 24 bp is indeed present in the
DC13 gene, displaying clear homology to the corresponding
segments of the DR(3 cDNA clones and the A(3 gene. The-ab-
sence of this segment in the two DC.3 cDNA clones whose se-

quences have been determined to date is probably due to an

altered 5' splice junction of this exon. Instead of the preferred
sequence A-GI G (18), A-As G is found. Whether the difference
in cytoplasmic tails between DC3 and DR3 chains has any

functional significance remains to be investigated. Although this
exon is not expressed in the DCP genes, it remains well con-

served at the genomic level (21 of the 24 nucleotides are iden-
tical with the AB cytoplasmic exon). However, the entire intron
between exons 4 and 5 of the DC13 gene is highly homologous
to the corresponding stretch of the AB gene, indicating that
there could be a general conservative pressure acting on the
nucleotides of this part of the DC,8 gene. Also, the third DCP3
intron. shows. clear homology to the corresponding AP3 intron.
Significant homology can also be detected in parts of intron 1

and intron 2 by using a computer alignment program (34).

Promoter Region. The transcriptionally important DNA se-
quences G-G c-C-A-A-T-C-T (CAT) and TATA are expected at
about 70 bp and 30 bp upstream from the cap site of transcribed
genes, respectively (18). Because no full-length DCPcDNA clone
is available that can define the cap site, assignment of these
elements can only be tentative. A computer comparison of the
5' part of the DC13 gene with the corresponding region of the
AP gene aligns a TATA-like sequence and a possible cap se-
quence with the proposed Ad TATA and cap sequences, re-
spectively (33). These putative TATA and cap elements, as well
as a CAT-like sequence, are underlined in Fig. 2. Provided the
proposed cap site is correct, the DCP mRNA will have a 5' un-
translated region of 329 nucleotides, unless an intron occurs in
this region. The homology between the DC13 gene and the AP3
gene in the region extending from the putative cap sites to the
initiation codons is about 60%, counting insertions as mis-
matches.
The nucleotide stretches flanking the first domain exon are

extremely rich in G+C, a feature shared with the nucleotide
stretches flanking the first domain exon of the AP3 gene (33) as
well as the first and second domain exons of class I heavy chain
genes in man (21) and mouse (22), but not of the DRa (19), I-
Ea (ref. 20; unpublished data), and P32-microglobulin (35) genes.
The significance of the G+C-rich stretches is unclear. How-
ever, it is interesting to note that they flank exons encoding
polymorphic domains.

Concluding Remarks. The DC(&chain gene reported here
corresponds to the highly polymorphic DC3 gene detected in
Southern blotting analyses of genomic DNA. The gene displays
all the characteristics of. a functional gene. The polymorphic
region of DC13 chains is predominantly located in the first ex-
tracellular domain. The exon-intron organization of the DC(3
gene is similar to that of class II antigen a-chain genes, class
I antigen heavy chain genes, and the constant parts of im-
munoglobulin genes; the similarity supports previous evidence
for an evolutionary relationship among these molecules.
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