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ABSTRACT  Using the cross-hybridization with plasmid pDCg-
1, containing the cDNA coding for the DCB chain of the human
major histocompatibility complex class II molecules, we have cloned
and subjected to sequence analysis both the cDNA and genomic
gene for the EB chain of the BALB/c (d haplotype) mouse. The
nucleotide sequences of the cDNA and genomic DNA clones per-
mitted us to deduce the entire primary structure of the ES chain
and the complete exon-intron structure of the EB gene. Unlike
a chain genes that contain five exons, the EB gene consists of six
exons corresponding to the six functional domains—the leader, 1
and 2 domains, transmembrane peptide, intracytoplasmic pep-
tide, and 3’ untranslated region. In addition, two short blocks of
sequences common to @ and B chain genes were identified in the
5’ flanking regions. We propose that these sequences are involved
in the coordinate expression of « and B chains.

The I region of the major histocompatibility complex (MHC)
contains Ir (immune response) genes that control the level of
immune responsiveness to particular antigens (1, 2). These genes
encode the class II molecules of the MHC referred to as Ia
(immune associated) antigens, which are a set of glycoproteins
present on the surface of the antigen-presenting B lymphocytes
and macrophages (for a review, see ref. 3). The function of the
class IT molecules is to provide certain types of T lymphocytes
(helper- and delayed-type hypersensitivity T cells) with the
specific molecular context in which to recognize the antigens
(MHC restriction; for a review, see ref. 4). The molecular anal-
ysis of the organization, structure, and expression of Ir (or Ia)
genes is important for understanding MHC restriction and the
control of immune responsiveness.

In mice two class IT molecules, both heterodimers composed
of a and B chains and designated as Ae AB and Ea EB, have
been well characterized by serological and biochemical meth-
ods (3). However, information concerning the primary amino
acid sequences of these four chains has been limited. Although
the entire sequences of an Aa and an Ea chain were recently
deduced from the analysis of cDNA clones (5, 6), only partial
NH,-terminal sequences have been reported to date for the other
two chains (for EB chain, see refs. 7, 8). In man three class IT
molecules designated DC, DR, and SB, each consisting of an
a and a B chain, have been identified (9, 10). The amino acid
sequences of some of these chains have been determined either
directly (11) or deduced by the analysis of cDNA clones (12—
19). This sequence information suggests that the mouse I-A and
I-E molecules correspond to the human DR and DC molecules,
respectively (20). The mouse counterpart of the third human
class IT molecule, SB, has not yet been identified.

Studies on the structure of the class II (or Ir) genes began
only recently. To date the complete exon—intron structure has
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been reported only for the a chain genes—namely, those for
the Ea and DRa chains (6, 12). We report here the complete
exon-intron structure of a B chain gene, specifically the ES
gene. The results show that the B gene is organized somewhat
differently from the a genes and contains six exons, each of
which corresponds to a specific functional domain.

MATERIALS AND METHODS

Escherichia coli strains K803 and 1776 and phage A Charon
4A are from our laboratory collection. BALB/c B-cell lym-
phoma L10A2] (I-A? and I-E? positive) was obtained from Phil-
ippa Marrack (National Jewish Hospital, Denver, CO). Prep-
arations of mouse embryo (BALB/c) EcoRI partial and EcoRI*
libraries by using Charon 4A as a vector were described pre-
viously (21, 22). A cDNA library of L10A2] mRNA was con-
structed according to Okayama and Berg (23), except that we
used x1776 as a host strain. These libraries were screened by
the methods of Benton and Davis (24) and Hanahan and Me-
selson (25). The human DCB c¢DNA clone used as the hybrid-
ization probe was previously designated as pDRB1 (14). Be-
cause we now know that the clone in fact contains DC rather
than DRB cDNA (18), we refer to this clone as pDCp1 to avoid
any possible confusion. Nucleotide sequences were determined
according to Maxam and Gilbert (26).

RESULTS AND DISCUSSION

Isolation and Sequence Analysis of EB ¢cDNA Clones. We
screened the L10A2] ¢DNA library by using plasmid pDCp1
as the probe. Independently isolated cDNA clones fell into two
distinctive groups on the basis of their restriction maps. The
clones of the first group hybridized to the human DCB probe
much more strongly than the clones of the second group. Be-
cause the human DC gene corresponds to mouse AB gene (20)
and because AB and EB genes are expected to cross-hybridize
(27), we tentatively concluded that clones in the first group con-
tained the mouse A8 cDNA and those in the second group, the
mouse EB cDNA. Among the five putative EB ¢cDNA clones,
one (pEB24) contained an insert of about 1.3 kilobases (kb),
which was almost as long as the EB mRNA. Because the original
isolate of pEB24 tends to spontaneously produce a small dele-
tion in the relatively long poly(dA) tail, we subcloned a plasmid
(pEB24-1) with a shorter poly(dA) tail. We then constructed the
restriction map of this clone and determined its nucleotide se-
quence according to the strategy shown in Fig. 1.

Isolation of the EB Gene Clones. We isolated a series of
overlapping genomic DNA clones that contain the entire EB

Abbreviations: MHC, major histocompatibility complex; TM and CP
peptides, transmembrane and intracytoplasmic peptides, respectively;
bp, base pair(s); kb, kilobase(s); Ir, immune response; Ia, immune as-
sociated.
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Fic. 1. Restriction map of the mouse EB¢ cDNA insert of pEB24-1 and the sequence analysis strategy. The arrows indicate the direction and
extent of the sequence determination. Open circles and filled circles indicate 5'- and 3'-end labeling, respectively. bp, Base pairs.

gene and its flanking regions. First we screened the BALB/c
embryonic EcoRI partial library by using the Pst I-EcoRI frag-
ment of pDCPI as the probe (14) and isolated 12 independent
clones. The restriction mapping analysis indicated that 11 of the
12 clones are identical (represented by clone 9.2) and contain
two EcoRI fragments of 6 and 9 kb. The 12th clone (clone 11.1)
was different from the others and contained two EcoRI frag-
ments of 1.9 and 12 kb. Comparison of the restriction enzyme
cleavage sites contained in each of our two types of clones and
the data reported by Steinmetz et al. (27) indicated that clone
9.2 contains the AB gene, whereas clone 11.1 carries the EB
gene. This conclusion was supported by the fact that both the
1.9- and 12-kb EcoRI fragments of clone 11.1 hybridized strongly
with the EB ¢cDNA clone pE 824, whereas clone 9.2 hybridized
with this cDNA clone much more weakly (data not shown).
The sequence analysis revealed that clone 11.1 lacks the leader

exon (see below). To isolate the genomic clones containing the
leader exon, we screened the same EcoRI partial library by us-
ing the 5’ end probe dissected out from ¢cDNA clone pEB24-
1 (probe 1 in Fig. 1) and obtained clone HS1. This clone con-
tains a 13-kb EcoRI fragment carrying the leader exon but does
not overlap with clone 11.1. To isolate clones that bridge the
sequences contained in the two clones, we screened the BALB/
¢ EcoRI* library with the 1.25-kb EcoRI-Pvu II fragment of
clone 11.1 (probe 2 in Fig. 2A) as the hybridization probe and
isolated clones 6D and 10A. The restriction maps of the four
genomic clones showed that they contain overlapping frag-
ments covering a continuous stretch of about 28 kb. Our com-
posite restriction map shown in Figure 2 is, for the most part,
in agreement with that of Steinmetz et al. (27). However, their
map lacks several relatively small restriction fragments such as
the 0.7-kb EcoRI fragment located in the middle of the map.
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Fic. 2. (A) Restriction map of the mouse genomic DNA segment containing the EB¢ gene. The inserts in the four overlapping A phage clones
are shown by horizontal bars. The three regions (I, I, and III) that hybridized to the cDNA clone pEB24-1 are enlarged in B. Positions and ap-
proximate sizes of exons are shown by filled boxes. The horizontal arrows indicate the sequence analysis strategy. kbp, Kilobase pairs.
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To locate the exons we analyzed the four genomic clones by
Southern gel blotting using various subfragments of clone pE824-
1 as the probes. These studies lead to the identification of three
regions (I, II, and IIT shown in Fig. 2A) that showed homology
to the cDNA. By comparing the detailed restriction maps of
these areas (Fig. 2B) with that of pE24-1 (Fig. 1), we could
identify five distinct exons—namely, exons 1, 2, 3, 4, and 6.
One additional exon (exon 5) was identified by DNA sequence
analysis (see below).

Nucleotide Sequence and the Complete Exon-Intron Struc-
ture of the EB Gene. The nucleotide sequences of the six ex-
ons and the flanking regions of the EB gene are shown in Fig.
3. Comparison of these sequences with the nucleotide se-
quence of the cDNA clone pEB24-1 permitted the identifi-
cation of the exact exon~intron boundaries, except for the 5'
end of the first exon. Because we do not know whether the cDNA
is a full transcript of the EB mRNA, we could not precisely
identify this end. Within the exons the cDNA sequence matches
exactly with the genomic DNA sequence. Thus, in Fig. 3 those

Proc. Natl. Acad. Sci. USA 80 (1983)

sequences contained in the cDNA clone are indicated simply
by underlines.

The six exons indeed code for the EB chain. In the cDNA
sequence the first methionine codon ATG is located at the nu-
cleotide positions 53-55. This methionine codon is followed by
an open reading frame for translation of 792 nucleotides that
spans the six exons. The predicted amino acid sequence (264
residues in total) is indicated in Fig. 3. The methionine is fol-
lowed by a hydrophobic peptide composed of 26 residues, which
is reminiscent of a signal peptide. This peptide is followed by
a peptide having a high degree of sequence homology with the
previously determined partial NHy-terminal amino acid se-
quence of the mouse EB? chain (7, 8): of the 15 determined
amino acid residues of the 28 NHy-terminal positions, 13 matched
with the residues predicted by the nucleotide sequence (Fig.
4). In addition to these matches, the predicted amino acids from
the positions 15-19 correspond exactly to the pentapeptide Glu-
Cys-His-Phe-Tyr, which was shown to compose the corre-
sponding region of the mouse EB* chain (27). Altogether, the

B1

B2

' ™

CP

14

3-UT

CCTCTGCCTCCTGAGTGCTGGGATATGAGGCATGGGCCAGCAGCCCAGACTGAGTATCCATGTAATGAAGAGAAC TGCAAGT TTCAGAAGGGGACCTGCAAACTGAATCTC
TAACTAGCAACTGATGATGCTGGACTCCTTTGATGLTGATTGGE TCCCAGCACTGGCCTTACECAANCCAGTGGCAAAGCAGTGAATGTCCTGTCTCTTAT TATETTAGCA

-26 ~20
MET Val Trp Leu Pro Arg Val Pro Cys
ATGAGTAAAGAGAATTAAGTT ACAGTCTGAAGTTTGCCTTCCCCTCTGACTCCTGTGTCTCCTCTCCTGCAGC ATG GTG TGG CTC CCC AGA GTT CCC TGT
-10 -1
Val Ala Ala Val Ile Leu Leu Leu Thr Val Leu Ser Pro Pro Val Ala Leu
GTG GCA GCT GTG ATC CTG TTG CTG ACA GTG CTG AGC CCT CCA GTG GCT TTG

1
Val Arg
GTC AGA

Asp Thr Arg P
GAC ACC AGA C GTAAGTGCACACCTCAGGTGC

TGGGATGCTTGGGGTCGGGGAAGGAAGGAGCTAACATTCTCACTGTCCAGGCCAAG ... . about 3.2 kb GAGAGGGACTCGGGCATCT

20
Tyr Asn
TAC AAC

10
Glu
GAA

Phe
TTT

Leu
176

Ser
TCcT

Arg
CGG

Tyr
TAC

Glu Cys His
GAG _TGT CAT

ro Gly Thr Gln His

TGTCGGCAGAGAAGAAGATAATTCTTGTCTCCACAG CA GGG _ACG CAG CAC
30

Leu Glu Arg

CTG GAG AGA

50
Arg Ala
CGC_GCG

Val
GTG

Arg Phe
CGG TTT

Glu
GAG

Glu Asn
GAG AAC

Asn
AAC

Phe
TTC

Ile
ATC

Tyr
TAC

val Thr
GTG ACA

Ser
AGC

Leu
CTG

Arg
CGG

Asp
GAC

Asp Val
GAC GTG

Glu Tyr
GAG TAC

60
Glu Asn
GAG AAC

80
Tyr Cys
TAC TGC

70
Glu
GAG

Glu Leu Gly Arg Pro
GAG CTG GGG CGG CCA

Gln
CAG

Glu
GAG

Ser
AGC

Pro
cce

Ser Val
TCG GTG

Asp Ala
GAC GCC

Trp Asn
TGG AAC

Asp
GAT

Ala Arg
GCG CGG

Asp Thr
GAC ACG

90
Phe
TT7C

Ile
ATC

Val
GTG

Leu
CcTT

Asn
AAC

His
CAC

Arg
AGA

Tyr Glu
TAT GAG

Ser Asp Lys
TCG GAT AAA

Arg
CGG

Arg
CGG

Arg

12
AGA G GTGAGACAGGACGGGGTGGGTGGGGCGGAACCACGGTGAGGGTGGGGCT

GTGGGGAGCAGCAGAAGGCAGTGTGCATATGCGCAGGAGCCGCAGGGAATGCTGGGTTCCTTGCAGC TGGAGCCACAGGCGCTTTTAAGCAGCCTCTTGGCAGGGGAA .

about 3.9 kb GTCTGGATGGATAGATGGAGGTAGGCAGGCAGGCAGGCATGCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGGCAGGCA

100
val
GTG

al Glu
TGCAGGCAGCCTACAAGGAGGACAGCTCCACCCTCATGGCTCCTTCTCACCTCTCTTTCTCTAG TT_GAG
110 120
Leu Glu His His Asn Leu Leu Val Cys Ser Val Ser Asp Phe Tyr Pro
CTG GAA CAC CAC AAC CTC CTG GTC TGC TCT GTG AGT GAC TTC TAC CCT
140 150
Glu Glu Glu Thr Gly Ile Val Ser Thr Gly Leu Val A;g
GAG GAG _GAA ACA GGA ATT GTG TCC ACG GGC CTG GTC CGA

Pro Thr
CCT _ACG

Thr
ACT

val
GTG

Thr
ACG

Tyr
TAC

Pro Thr Lys
CCC _ACA AAG

130
val
GTC

Gln Pro
CAG CcC

Gly Asn
GGC AAC

Ile
ATT

Glu
GAA

Arg
AGA

Trp Phe Ary Asn
TGG TTC CGG AAT

160
Val Met Leu Glu
GTG_ATG CTG GAG

Thr
ACA

Leu
CTe

Asn
AAT

Gly Lys
GGC AAG

Gly Asp Trp Thr
GGA GAC TGG ACC

Phe
T1C

Gln
CAG

170
Glu
GAG

180
Pro Ser Leu

CCC_AGC

His
CAT

190
Glu Trp L

Thr Val 4
GAG TGG A GTGAG

ACG GTT

Pro Gln Ser Gly
CCT CAG AGT GGA

Val
GTT

Tyr Thr Cys Gln
TAC ACC TGC CAG

val Glu
GTG _GAG

val
GTC

Thr Asp
CTG ACC GAC

Pro
ccr

val
GTC

Thr
ACG

TGGTAACTTCCAGACTCTGTGAATGCCTGCCTGGGTGGGTGTGGTTTATCCCTGCCTGTCAGCTTTCTCCACTCACACACTCTTTCCACTGGCTTTGTGCTGTCCTGCCTT

TCACCATGGCTTACAGGGTAGG
190
y8
TCAG AA

about 0.4 kb GAGTGGAAATGGGATTTGGGCTAAAACCCTCCAAACCTTTGGCTTCCTTTC

200 210
Ala Gln Ser Thr Ser Ala Gln Asn Lys Met Leu Ser Gly Val Gly Gly Phe Val Leu Gly Leu Leu Phe Leu Gly Ala
GCA CAG TCC ACA TCT GCA CAG AAC AAG ATG TTG AGT GGA GTT GGG GGC TTC GTG CTG GGC CTG CTC TTC CTG GGA GCG
220
Phe Ile Tyr Phe Arg Asn Gln Lys G
TTC ATC TAC TTC AGG AAC CAG AAA G GTAAGGAGCATGGTGGGAGCCCCAACTCCATAGCATTTCAGGGAAAAGCCATGGCTTTGTTCTCAGGAT

Gly Leu
GGG CTG

GCCATTGGCCCTGTGACCTCAGGTTTCATTGGATTCTGAATGCAACAGTCTGTGGTTACTTGATTTGACCCTGAGGAGGGATAACACATGGGAGAGTTAAGTTGATTCTGG
CTTGAGACCTGAGGACAGAGGAAGGCTGGGGGGAGCCATGGACACTGCCGGTGACTGAAGATCCCTAAGCCCCTTCCTCTGTCCATGCTCCTCTTGGTTCTGTGTGCTCTG
GGCAGTATTACCAGAGGAATCTCAGGTGGCAGCTCAGAGTCTGGGGACATGTGTCTGGGGACAGATCTGCCTTCATGCATGTAAGCACCTATTTTATTCTCTCTTTITCTAG

230
ly Gln Ser Gly Leu Gln Pro Thr G
GA CAG TCT GGA CTT CAG CCA ACA G GTAACACCCATTGTCTTCTCTCAGAGACAGATCTGCTTTCCCTACAGTATGGGGGC TGGGGTGATGGACTCAGGGCAC

AAAATGGGGAAGACTGAGATCCCAGGGTTGGCCAGGCAGT TAGCACTGAGCCTTGCTCCCTGCACTTACTGAAGCCTGTGCTCTGAAGCAGCAATGACTCGGGGCATGAGA

Ly Leu
AGTTCCTCTCTGCTCACTGCCATGCTGTAAGGCGAGGCCTGAAGCAGTCAGAGAAGCCACTGCAGAGTGAGGTCTGGAAACAGCCCTGTCCCCTGTGCTCTACAG GA CTC
238
Leu Ser TER
CTG _AGC TGA GATGAAGTAACAAGGCTGAAGGAAGGAGTTCCCCCCGTGTCTCCATGCCATGAAAACATGTCCTGCTTGGCCCACATCCCTCCAGAGACACTGCTCTTC

TAGGACTTGGCTCCTCCTGATTCTCCACCCTGGAGATCTGTGCTCCTGATGGCTGCTTATCCCTGACCCAGGCCTTGCAGCTCCCAGAACAGAGGCCCCACTCTTCAGATC

TCCTGTCCCCTTTTGTCCCTTGCCTTTTGTCTGGCACTTCTGAGCCAGTCTGCTGTCATATGCTTTCTTACATTTTTCTCANATAAALAAATAATGAAAGTCA TCTGCTT

CATAGAGTTTCAAGCAGAAGAAACAGTAAAAAGAAAGACAGGACCCACTATAAGACACTGTTCATGCATAATTGTAGATGCCAGCAGC TAGATGAACTGGG

Fic. 3. Nucleotide sequences of the EB gene and the predicted amino acid sequences of the ES chain. The nucleotide sequences of the six exons
[i.e., leader (L), 81, B2, transmembrane (TM), intracytoplasmic (CP), and 3’ untranslated (3'-UT)] and their immediate flanking regions are shown.
The nucleotide sequence of the cDNA insert in pE24-1, which is indicated by underlining, matches exactly the exon portions of the genomic DNA
sequences. The predicted amino acid sequences are shown above the nucleotide sequences. The numbers refer to the amino acid positions in the
mature ES chain. Several possible controlling DNA elements involved in the transcription are enclosed in boxes; these are: two 5' upstream se-
quences common among the EB, Ea, and DR« genes (see text and Fig. 54), “CCAAT” and “TATA” boxes, and the poly(A) addition signal A-A-T-

A-A-A.
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7 8 9 10 11 12 13 14 15

Protein vVal Arg --- Ser Arg Pro --- Phe Leu --- Tyr Val Lys Ser ---
cDNA Val Arg Asp Thr Arg Pro Arg Phe Leu Glu Tyr Val Thr Ser Glu

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Protein = --- --- Phe Tyr --- --- =c- -o- --- --- --- Phe Leu --- ---
cDNA Cys His Phe Tyr Asn Gly Thr GIn His Val Arg Phe Leu Glu Arg

A
Fic. 4. Comparison of the determined partial amino acid sequence of the NH,-terminal of the EB¢ chain (7, 8) with the amino acid sequence
predicted from the nucleotide sequence. A dash indicates that the amino acid residue at that position has not been determined. Matching residues

are underlined.

number of matches between the predicted and determined NH,-
terminal amino acid residues are 16 out of 18. The discrep-
ancies occur at amino acid positions 4 (threonine vs. serine) and
13 (threonine vs. lysine). These discrepancies may result from
errors in either the amino acid or the nucleotide sequence de-
termination, although consistent data have been repeatedly ob-
tained by nucleotide sequence determination. Alternatively, the
discrepancies could be attributed to microheterogeneity within
an inbred strain because both substitutions could be explained
by single base changes in the corresponding codons. Ulti-
mately, we believe that it is highly unlikely that this gene codes
for a hitherto unidentified EB-like chain. The reasons are that
the amino acid sequence match is good, all five independently
isolated cDNA clones give indistinguishable restriction maps
and therefore should represent the major ES mRNA species
expressed in L10A2], and four genomic clones clearly contain
the genomic EB gene on the basis of its restriction map (com-
pare Fig. 2 with the restriction map of ref. 27).

Exons correspond to the functional domains. As was first shown
for an immunoglobulin heavy chain gene (28) and subsequently
confirmed by numerous examples, including the E« (6) and DR«
(12) genes, the EB gene is split into multiple exons, each of
which corresponds approximately to a functionally distinct do-
main. Thus, exon 1 corresponds to the 5’ untranslated region
and the signal peptide. Exons 2 and 3 code for the external do-
mains 81 and B2, respectively. Each of these exons contains a
pair of codons for cysteine that will probably form intradomain
disulfide bonds. Exon 4 contains codons for a stretch of 23 hy-

A

drophobic amino.acids (positions 200-222) that comprises the
expected TM peptide. Unlike the Ea or DRa gene, the core
portion of the CP peptide of the E B gene is encoded by its own
exon (exon 5). Also unlike Ea or DRa gene, where the 3’ un-
translated region is split into two exons, the sixth exon of the
‘EB gene encodes the entire 3’ untranslated region and the
COOH terminus of the CP peptide. In these two respects the
structure of the EB gene is more similar to those of MHC class
I genes than to the Ea or DRa gene (29).

Human DC gene may lack the independent CP exon. The
nucleotide sequences of the human DCB and DRB cDNAs have
been reported (14, 18). In the translated regions, EB is highly
homologous to both DCB and DR (the: nucleotide sequence
homology of EB and DCB is 72%, and that of EB and DR is
81%), except for a deletion of a 24-bp stretch near the 3’ end
of DCB (Fig. 5A). Interestingly, the core part of the CP pep-
tide encoded by the exon 5 of the EB gene is precisely the pep-
tide deleted in the DCP chain (compare Fig. 3 and Fig. 5A).
This immediately suggests the possibility that the human DC
gene lacks the corresponding exon. This is reminiscent of the
demonstrated absence of one of the two CP exons in the human
class I genes in comparison with the mouse counterparts (30).
However, it is also possible that the DCB gene does have the
exon 5 but the pDCB-1 cDNA clone arose from a mRNA that
was generated by the direct splicing of the donor splice site at
the 3’ end of the exon 4 with the acceptor splice site at the 5’
end of the exon 6. Tt is unknown whether such skipping of the
exon 5 sequence might occur as a normal or abnormal event in

225 230 235
Arg Asn Gln Lys Gly Gln Ser Gly Leu Gln Pro Thr Gly Leu Leu Ser TER
EB AGG AAC CAG AAA GGA CAG TCT GGA CTT CAG CCA ACA GGA CTC CTG AGC TGA
DCB AGG AGT CAG AAA G GG CTC CTG CAC TGA
Arg Ser Gln Lys G ly Leu Leu His TER
10 20 30 40 50 60
EB ACTAGCAACTGATGATGCTGGACTCCTTTGATG [CTGATTGGCTCCCAGCACTGGCCTTACCCAA
Ea CICTAGCAACAGATGTGTCAGTCTGAAACATTTTTICTGATTGGTTAAAAGTTGAGTGCTTTGGATT
DRa CICTAGCAACAGATGCGTCATCTCAAAATATTTTTCTGATTGGCCAAAGAGTAATTGATTTGCATT

70 80 90

100 110 120 130,

EB TCCAéTGGCAAAGCAGTGAATGTC&TGTCTCTTA%TATCTTAGCAATGAGTAAAGAGAATTAAGTT%CA

Ea TTAATCC
DRa

CTTTTAGTTCTTGTTAATTCTGCCTCAGTCT

TTAATGGTCAGACTCTAATACACCCCACATTCTCTTTTCTTTTA TTCTTGTCTGTTCt?CCtPACTCC

L.

Fic. 5. (A) Comparison of the determined nucleotide sequences and the predicted amino acid sequences in the COOH-terminal regions of the
mouse EB chain (this work) and the human DCp chain (14). Note that the 24-bp stretch deleted in the DC gene corresponds exactly to the region
encoded in the CP exon of the EB gene (see Fig. 3). (B) Comparison of the nucleotide sequences of the 5’ flanking regions of the EB, Ea, and DR«
(6) genes. Nucleotides common to all three genes are shown in boldfaced type, and the two blocks of homologous sequences discussed in the text
are enclosed in boxes. The transcription start sites of the Ea and DRa genes are indicated by the solid arrows. The-5’ end of the EB ¢cDNA insert
that is thought to be in close vicinity of the transcription initiation site (see text) is indicated by the dotted arrow. The gaps are placed in order to

maximize the sequence homology.
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the processing of the primary RNA transcript. An interesting
possibility is that both RNA forms are physiologically functional
and that the two corresponding forms of the polypeptide chain
that differ in the CP peptide structure have different effector
functions. The determination of the exon-intron structures of
the DCB and DRP genes and more extensive analysis of the
mRNA encoded by these and EB genes in different cells will
resolve this issue.

Conserved sequences in the 5' flanking regions of Ia genes.
Like many eukaryotic genes, the E gene seems to carry a TATA
box (31) and a CCAAT box (32) in the 5’ flanking region (Fig.
3 and Fig. 5B). The TATA box plays a critical role in deter-
mining the precise transcription initiation site (33).

The comparison of the nucleotide sequences in the 5’ flank-
ing regions of three Ia genes—Ea, DRa (6), and EB—revealed
two short conserved sequences further upstream (Fig. 5B). These
are C-T-G-A-T-T-G-G and C-T-A-G-C-A-A-C-?-G-A-T-G lo-

cated 89 and 116 bp upstream of the 5’ end of the pEB24-1
insert, respectively. The locations of these sequences.relative
to the cap sites vary somewhat depending on the individual Ia
gene,. but the length of the spacer separating the two sequences
is remarkably conserved and is19 (EB) or 20 bp (Ea and DRa).
Recently two upstream DNA elements (beside the. TATA and
CCAAT-boxes) have been identified that.are essential for high
level transcription of ‘the thymidine kinase gene. These ele-
ments are located around 50 and 100 bp upstream of the cap
site (34). Although no sequence homology can be found be-
-tween these DNA elements and the elements associated with
the Ia genes, it is tempting to speculate that the latter play a
critical role in the expression of the Ia genes. In light of the
conservation of these sequences-between: a and. 8 chain genes,
one possibility is that these sequences are involved in the co-
ordinate expression of the two types of chains. This hypothesis
can be experimentally tested by applying the DNA-mediated
gene transfer technique to these gene systems.

We thank Dr. P. A. Peterson for the generous gift of the plasmid
pDCB1. We also thank Dr. David Ucker for the construction of the
¢DNA library and Ms. Lisa Sultzman and Mr. John McMaster for ex-
cellent technical help. L.K.C. was supported by a National Institutes
of Health postdoctoral fellowship. The work was supported by National
Institutes of Health Grants AI-17879.and CA-14051.

1. McDevitt, H: O. & Benacerraf, B. (1969) Adv. Immunol. 11, 31-
74.

9. Benacerraf, B. & McDevitt, H. O. (1972) Science 175, 273-279.

3. Moller, G. (1976) Transplant. Rev. 30, 1-302.

4. Moller, G. (1978) Immunol. Rev. 38, 1-162.

5. Benoist, C. O., Mathis, D. J., Kanter, M. R., Williams, V. E. &
McDevitt, H. O. (1983) Proc. Natl. Acad. Sci. USA 80, 534-538.

6. Mathis, D. J., Benoist, C. O., Williams, V. E., Kanter, M. R: &
McDevitt, H. O. (1983) Cell 32, 745-754.

7. Klein, J. (1979) Science 203, 516-521.

8. Cook, R., Vitetta, E. S., Capra, J. D. & Uhr, J. W. (1977) Im-

munogenetics 5, 437-443.

10.
11.
12.

13.
14.

15.

16.

17.

18.
19.

21.

AN

27.

28.

29.
30.
31.
32.

34.

Proc. Natl. Acad. Sci. USA 80 (1983)

Shackelford, D. A., Mann, D. L., van Rood, J. J., Ferrara, G. B.
& Strominger, J. L. (1981) Proc. Natl. Acad. Sci. USA 78, 4566—
4570.

Hurley, C. K., Shaw, S., Nadler, L., Schlossman, S. & Capra, J.
D. (1982) J. Exp. Med. 156, 1557-1562.

Shackelford, D. A., Kaufman, J. F., Korman, A. ]. & Strominger,
J. L. (1982) Immunol. Rev. 6, 133-187.

Lee, J. S., Trowsdale, J., Travers, P. J., Carey, J., Grosveld, F.,
Jenkins, J. & Bodmer, W. F. (1982) Nature (London) 299, 750—
752.

Korman, A. J., Knudsen, P. J., Kaufmann, J. F. & Strominger, ]J.
L. (1982) Proc. Natl. Acad. Sci. USA 79, 1844-1848.

Larhammar, D., Schenning, L., Gustafsson, K., Wiman, K.,
Claesson, L., Rask, L. & Peterson, P. A. (1982) Proc. Natl. Acad.
Sci. USA 79, 3687-3691.

Larhammar, D., Gustafsson, K., Claesson, L., Bill, P., Wiman,
K., Schenning, L.,:Sundelin, J., Widmark, E., Peterson, P. A. &
Rask, L. (1982) Cell 30, 153-161.

Stetler, D., Das, . H., Nunberg, ]. H., Saiki, R., Sheng-Dong, R.,
Mullis, K. B., Weissman, S. M. & Ehrlich, H. A. (1982) Proc. Natl.
Acad. Sci. USA 79, 5966-5970.

Gustafsson, K., Bill, P., Larhammar, D., Wiman, K., Claesson,
L., Schenning, L., Servenius, B., Sundelin, J., Rask, L. & Pe-
terson, P. A. (1982) Scand. J. Immunol. 16, 303-308.

Long, E. O., Wake, C. T., Gorski, J. & Mach, B. (1983) EMBO
]2, 389-394.

Wake, C. T., Long, E. O., Strubin, M., Gross, N., Accolla, R.,
Carrel, S. & Mach, B. (1982) Proc. Natl. Acad. Sci. USA 79, 6979—
6983.

Bono, M. R. & Strominger, J. L. (1982) Nature (London) 299, 836—
838.

Maki, R., Traunecker, A., Sakano, H., Roeder, W. & Tonegawa,
S. (1980) Proc. Natl. Acad. Sci. USA 77, 2138-2142.

Roeder, W., Maki, R., Traunecker, A. & Tonegawa, S. (1981) Proc.
Natl. Acad. Sci. USA 78, 474—478.

Okayama, H. & Berg, P. (1982) Mol. Cell. Biol. 2, 161-170.
Benton, W. D. & Davis, R. W. (1977) Science 196, 180-182.
Hanahan, D. & Meselson, M. (1980) Gene 10, 63-67.

Maxam, A. M. & Gilbert, W. (1980) Methods Enzymol. 65, 499—
560.

Steinmetz, M., Minard, K., Horvath, S., McNicholas, J., Srelin-
ger, ]., Wake, C., Long, E., Mach, B. & Hood, L. (1982) Nature
(London) 300, 35—42.

Sakano, H., Rogers, J. H., Huppi, K., Brack, C., Traunecker, A.,
‘Maki, R., Wall, R. & Tonegawa, S. (1979) Nature (London) 277,
627-633.

Steinmetz, M., Moore, K. W., Frelinger, J. G., Sher, B. T., Shen,
F.-W., Boyse, E. A. & Hood, L. (1981) Cell 25, 683-692.
Malissen, M., Malissen, B..& Jordan, B. R. (1982) Proc. Natl. Acad.
Sci. USA 79, 893-897.

Goldberg, M. (1979) Dissertation (Stanford Univeisity, Stanford,
CA).

Efstratiadis, A., Posakony, J. W., Maniatis, T., Lawn, R. M.,
O’Connell, C., Spritz, R. A., DeRiel, J. K., Forget, B. G., Weiss-
man, S. M., Slightom, J. L., Blechl, A. E., Smithies, O., Baralle,
F. E., Shoulders, C. C. & Proudfoot, N. ]J. (1980) Cell 21, 653
668.

Corden, J., Wasylyk,  B., Buchwalder, A., Sassone-Corsi, P.,
Kedinger, C. & Chambon, P. (1980) Science 209, 1406-1414.
McKnight, S. L. & Kingsbury, R. (1982) Science 217, 316-324.



