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The mouse E32 gene: a class HIMHC gene with limited
intraspecies polymorphism and an unusual pattern of transcription
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Analysis of genomic clones containing the E(2 region from
the mouse major histocompatibility complex (MHC) reveals
a gene that is similar to conventional class II f3 genes in its
overall organization and sequence but unusual in that it shows
limited intraspecies allelic polymorphism. Like the conven-
tional class 11 3 genes, the E(2 gene is transcriptionally active
in a variety of B lymphoid cells. However, its transcripts con-
sist of multiple polyadenylated species from 1.8 to 3.6 kb in
size which are present at only - 1/20 the level ofE3l mRNA
in the same cells. In addition, unlike other class II genes, E(32
transcription is not induced by y-interferon treatment of
macrophage/monocyte tumor lines. These distinctive features
suggest that the E(2 gene product may have a unique func-
tional role, different from that of previously studied class II
proteins.
Key words: class II MHC (3 gene/gene expression/Ia antigen/nu-
cleotide sequence/polymorphism

Introduction
The only well-characterized products of the murine H-2I and the
human HLA-D regions of the major histocompatibility complex
(MHC) are components of heterodimeric cell surface glycopro-
teins. These class II or Ia molecules, the murine I-A (AOl :Aa)
and I-E (E(3::Ea) antigens, their human homologues DQ (DQ(:
DQa) and DR (DR(l1:DRa), respectively, and the human DP
antigen (DP(3:DPa), are composed of a 34-kd a chain non-
covalently associated with a 28-kd (3 chain, and are expressed
predominantly on B lymphocytes, monocytes, macrophages, den-
dritic cells and activated human T lymphocytes (Hood et al.,
1983; Kaufman et al., 1984). These proteins and their respect-
ive genes show extensive intraspecies allelic polymorphism.
Transfection studies have shown that the polymorphism within
the amino-terminal domains of the oa and ( chains controls the
phenomenon of MHC-restricted helper T lymphocyte recognition
of antigen (Folsom et al., 1985; Germain et al., 1985; Lechler
et al., 1986). This same sequence variation also appears to control
the overall immune respornse potential of an individual (Ir gene
phenotype) (Schwartz, 1986).
Other immune phenomena that appear to be regulated by loci

lying within the murine I region cannot be readily accounted for
by the direct activity of these conventional class II molecules.
Such phenomena include regulation ofT cell activity by the I-B,
I-C, I-J and I-N subregions (Klein et al., 1983), the determin-
ation of whether an animal activates suppressor T cells to a given
antigen (Is phenotype) (Benacerraf and Dorf, 1977), and the pres-
ence of Ia-like molecules on T cells (Ia-t) (Hiramatsu et al.,
1982). Thus, attempts have been made to identify additional class
II genes in both mouse and man whose products may account

for these functional observations. Hybridization studies using
various class 11 a or (3 gene probes have led to the identification
of several cross-hybridizing but distinct genomic or cDNA clones
with significant homology to the conventional class H a and (
genes, designated E(32, A(32, E(33 and A(33 in the mouse (Stein-
metz et al., 1982; Larhammar et al., 1983a; Devlin et al., 1984;
Widera and Flavell, 1985), and DXai, DZox, DX(3 and DO(3 in
man (Auffray et al., 1984; Spielman et al., 1984; Okada et al.,
1985; Tonnelle et al., 1985).
Among these additional murine class II sequences, E(32 is of

particular interest due to its location between E(l and Ea, near
to where immunogenetic, but not molecular genetic analysis maps
the I-J locus (Steinmetz et al., 1982). E(2 was first identified
as a DNA segment to which 3' DQ(3 but not 5' E(3l or DQ(3
probes hybridized (Steinmetz et al., 1982). To determine if this
region ofDNA contains a complete, potentially expressible class
II ( gene, and to compare the organization, sequence and mode
of expression of any such gene with conventional ( genes, we
have analyzed genomic clones containing the E(2 region. Our
results reveal the presence of additional, previously unidentified
exons which are similar, but not identical to those of conventional
class II (3 genes in size and organization. The E(32 gene has a
low level of intraspecies allelic polymorphism, and shows an
unusual pattern of transcription and expression. These findings
are similar to those recently reported for two other atypical class
II genes, A(32 (Wake and Flavell, 1985; Larhammar et al., 1985a)
and DO: (Tonnelle et al., 1985), suggesting that these three genes
are members of a new class II sub-family whose products may
have unique functional roles.

Results
Isolation ofE(2 genomic clones and hybridization localization
ofputative E(32 exons
Genomic clones containing the E,B2 locus from the H-2d and
H-T2ak haplotypes were isolated using a cDNA probe containing
ElJ exon 3 and 4 sequences. Cosmid H-2k 7.1 was provided
by M.Steinmetz (Steinmetz et al., 1984). To determine if se-
quences homologous to the major class II ( gene exons were
contained in the E(2 region, ( exon specific probes were hybrid-
ized to Southern blots containing DNA from the three genomic
clones. An E(l exon 1 probe, a DR(3 exon 2 probe and the
E(3l 3' probe described above hybridized to restriction fragments
containing putative E,B2 exons 1-4, respectively (Figure 1).
Organization and sequence of the E(32 gene
Following the strategy outlined in Figure 2, the nucleotide se-
quence of the exons identified by cDNA cross-hybridization, their
immediate flanking regions, and both the expected promoter
region 5' of exon 1, and the region downstream of exon 4 antici-
pated to contain the exons for the intracytoplasmic and 3' un-
translated regions, was determined (Figure 3). The borders for
exons 1, 2, 3 and 4 have been chosen based on homology to
other class 11( genes and the occurrence of consensus splice se-
quences in E(32 at these positions (Breathnach and Chambon,
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Fig. 1. Molecular organization of the mouse MHC and restriction map of
the E32 gene. (a) The location of the class II genes (boxes) are shown as
they lie in the mouse MHC on the short arm of chromosome 17. The
centromere lies to the left of the figure. Arrows indicate direction of
transcription of the genes (where known). The A(3 and E(3 loci have not
been directly linked to the other genes, hence the discontinuities in the map.
Inserts of the three clones used in this study are shown relative to their
positions in this region. (b) Boxes identify regions having homology to other
class II (3 genes as determined by cross-hybridization to cDNA probes. 1
refers to the portion of the gene homologous to sequences encoding the
leader peptide; 2, the N-terminal external domain; 3, the second external
domain; and 4, a region homologous to the transmembrane coding exon of
E(1. The starred region shows sequence homology to the 3'UT region of
ElJ. The restriction fragment shown containing exon 1 comes from the
Ef32k allele. The rest of the map describes the E(2d allele. B = BglII; BA
= BamHI; H = HindIII; K = KpnI; P = PstI; R = EcoRI.
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Fig. 2. Strategy for sequencing the E,32 gene. Arrows show the direction
and their length indicates the extent of sequence obtained from each clone
for the k, d or a/k alleles. The box indicates where a synthetic
oligonucleotide primer was used. Solid bars correspond to the exons
described in the legend to Figure 2. The E(32 fragments used as
hybridization probes are numbered 1-5. Dashes indicate the full length of
the restriction fragment used to make probes 1-5 where that length is
different from the length sequenced. A = AluI, Ac = AccI, B = BglII,
H = HindUI, Hf = Hinfl, Hp = HpaH, M = MboI, P = PstI,
R = EcoRI.

1981; Cech, 1983). Analysis of E,B2 intron sequences demon-
strates the presence of potential lariat branch points appropriate-
ly located 5' of these consensus splice acceptor sites (Reed and
Maniatis, 1985). As for other members of the immunoglobulin
supergene family, all predicted splicing occurs between the first
and second nucleotides of a codon (Hood et al., 1983).

Several conserved sequences are found in the putative promoter
region 5' of exon 1. Two short stretches of conserved sequences

found in all other class II genes analyzed to date are located 158
and 123 bp upstream of the potential initiation codon (Mathis
et al., 1983; Kelly and Trowsdale, 1985). A possible CAAT box
is found at position -93 relative to this ATG (Figures 3 and
4). Although E12 does not contain a TATA sequence at the ex-
pected position, at least one expressed class II gene, AO]1, also
lacks an identifiable TATA box in this region (Malissen et al.,
1983; Larhammar et al., 1983a).
The likely initiation codon was identified by alignment with

the Efi sequence. The sequence immediately 5' of this initiator
conforms to the consensus (Kozak, 1984) and this codon is the
first ATG triplet following the upstream conserved sequences.
Starting with this putative initiation codon, and assuming splicing
occurs as indicated, a continuous open reading frame encoding
253 amino acids is found. Based on analogy to other class 11
genes, especially E1l, exon 1 would encode a hydrophobic leader
peptide of 28 amino acids, followed by the first five amino acids
of the mature E,B2 protein. Exons 2, 3 and 4 would encode ,31,

2 and TM domains of 89, 94 and 37 amino acids respectively.
These are similar in size to those of other class H products and
the exon 3 sequence is identical to that recently reported for E132d
(Denaro et al., 1985). A stretch of 22 hydrophobic amino acids
in exon 4 could serve as the membrane spanning segment of the
protein. Immediately following the hydrophobic region, several
charged amino acids are encoded. Such charged residues are
thought to help anchor molecules in the membrane.

In the sequence 3' of the transmembrane exon, several stretches
having limited homology to the intracytoplasmic exon of one or
another class II 1 gene could be identified. However, none of
these could be definitively determined to be an E132 intracyto-
plasmic exon. This exon may be too divergent to detect by this
method or may lie in a more 3' region not sequenced. As shown
in lines 23-25 of the sequence (Figure 3), a region was found
which has homology to the 3'UT region of E(3. This is followed
by the sequence AATAAT which, although different from the
usual polyadenylation signal (Proudfoot and Brownlee, 1976),
is the same as that found in a DP13 gene (Kelly and Trowsdale,
1985). While several possible splice acceptor sites precede this
potential 3'UT sequence, sequence analysis of genomic cloned
DNA alone cannot reveal which, if any, of these splice sites are
used. More significantly, Northern blot analysis indicates that
this sequence is not contained in the majority of E32 transcripts
(see below). The precise identification of the E12 IC and 3'UT
exons will therefore require isolation of an E12 cDNA.

Lastly, an inverted repeat consisting of 31 GT dinucleotides
followed by eight repeats of the unit AGAC is found in the intron
between exons 2 and 3. The GT-rich region is of interest in that
it is typical of sequences capable of forming Z-DNA (Rich et
al., 1984).
Comparison of E12 with other class II 1 sequences
To determine if the potential E12 protein shares features common
to the other class II 1 sequences, the proposed E,B2 amino acid
sequence was aligned with that of other class II 13 polypeptides
(Figure 5). The overall sizes of the various protein domains are
very similar, the intradomain disulfide-linked cysteines present
in the other class II 01 and 12 domains are conserved in E12,
and the hydrophobic portion of the E132 protein aligns with the
hydrophobic, transmembrane portions of the other molecules.
Additionally, analysis of the second domains shows that those
residues shared among classI132 domains and immunoglobulin
domains are retained in E132.
The alignment of the amino-terminal domains of the 1 poly-
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Structure and expression of the murine E(32 gene

kAAGCT TCTAGGCTCTGAGCTGAAGCAGTCTGTCTGCTTAACAAAGGAAACTGGAAATTTCAGAAAGACCTTCACTCTGCGCC(TCTGACGACGT7GC GCTGGTGCTC 1

k TTGGC TGCTGATT:G:GTT TTCAGCACTGAAGGTGC~jj~CAGCACCAGTGGGTGGAGTCTCTCACCCTTGCCAGTCAGCCAGGTTGGCCTGCCTCTCTAGCAACCAACCT 2

-20 -10
~~~~~~MET Vol Sor Lou Trp Lou Pro Arg Gly Lou Cys Vol Alo Alo Vol Ile Lou Ser Lou Mot Mot Vol Thr Pro

k CTCCTCTCCTCAAGC ATG GTG TCT CTG TGG CTC CCC AGA GGC CTC TGT GTG GCA GCT GTG ATC CTG AGT CTG ATG ATG GTG ACC CCT 3

k Pro Vol Ile Lo Vo Arg Asp Pro Arg P
k CCG GTG ATT TTuA GOTC AGG GAC CCA CGA C GTAAGTGCACCACCTCTCATGTTCTGAGTTGCTAGGGGTTGGGAA.o...bout 8 kb....CTGCAGG 4

1 0
a/k ro Arg Pho Lou Glu Gln Lou
a/k TGTCACAGTTCCTTTCACTGACTGCCATTCTGGAGCATTGTCTGTCCTCACAGACATCCTGTCATTGGGTTCATGTATCCACAG CA CGT TTT CTG GAG CAG TTG 5
d
d

2 0 30 4 0
o/k Lys Alo Glu Cys His Tyr Pho Ass Gly Lys Glu Arg Vol Trp Sor Vol Thr Arg Pho Ile Tyr Asn Gin Gbu Gbu Pho Ala Arg
o/k AAG GCT GAG TGT CAC TAC TTC AAT GGG AAG GAG CGT GTG TGG AGT GTG ACC AGA TTC ATC TAT AAC CAG GAA GAG TTT GCC CGC 6
d
d

0/k Pho Asn Sor Asp Pho Gly Lys Pho Lou Ala Vol Thr Glu Lou Gly Arg Pro Ilo Vol Gbu Tyr Lou Ass Thr Gln Lys Asp Met
0/k TTT AAC AGT GAC TTT GGG AAG TTC CTG GCA GTG ACT GAG CTG GGG CGG CCC ATA GTT GAG TAC TTG AAC ACC CAG AAG GAC ATG 7

d

7 0 010 00
0/k Lou Asp Asn Tyr Arg Alo Sor Vol Asp Arg Cys Arg Asn Ass Tyr Asp Lou Vol Asp Ilo Pho Mot Lou Asn Lou Lys A
o1k CTG GAC AAT TAT CGT GCC TCA GTA GAC AGG TGC AGA AAT AAC TAT GAC CTT GTG GAT ATC TTC ATG TTG AAC TTA AAA G GTAAGC 8
d
d

0/k ATTAGATAGAGAGTAGATGGGTTGAGGTGTGTGTGTGTGTGTGT................................... 9
d .---------TGGGTTGAGGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTAAAAGAGACAGTCAGCAGACAGAC

0/k .......0.45 kb....AGATCTTCAGCCTGGGTGGATGGAGGCAGGTAGGCAGCCTACAGGGAGGGCAGCTTTATCCTCAGGGTTCTTTCTCACCTCCTTTTC 11
d T GAGAAA.. .... --------------------C------A.------------------

100 110 12 0
a/k la Glu Pro Lys Vol Thr Vol Tyr Pro Ala Lys Thr Gln Pro Lou Glu His His Ass Lou Lou Vol CVs Sor Vol Ile
a/k TCCTCTAG CT GAG CCC AAG GTG ACT GTG TAC CCT GCA AAG ACA CAG CCT CTG GAA CAC CAT AAC CTC CTG GTC TGC TCT GTG ATT 12

1 30 140
a/k Asp Phe Tyr Pro Gly Sor Ilie Glu Vol Arg Trp Phe Arg Ass Gly Glu Glu Glu Lys Thr Gly Vol Vol Sor Thr Gly Lou Ile
c/k GAC TTC TAC CCT GGC AGC ATT GAA GTC AGA TGG TTC COG AAT GGC GAG GAG GAG AAG ACT GGA GTT GTG TCC ACC GGA CTG ATC 13
d
d

a/k GIn As l s r h y b TrLou Vol Met Lou Glu Thr Vol Pro Arg Gly Gly Glu Vol Tyr Thr Cys Gln Vol Glu
a/k CAA AAT GGA GAC TGG ACC TAC CAG ACC CTG GTG ATG CTG GAG ACG OTT CCT CGG GGT GGA GAG GTT TAC ACC TGC CAG GTG GAG 14
d
d

100
a/k His Pro Sor Lou Thr Scr Pro Vol Thr Vol Gbu Trp A
a/k CAT CCC AGC CTG ACC AGC CCT GTC ACA GTG GAG TOO A GTGAGTGGGAAACCCTCAACACTGCAAATGCCCAACCACTGTGTAGTAGGAGTGACTTTCTC 15
d.- -TG--T.--
d - Lou

a/k TGCGTCTTTTACTTATCTCTTAGAGAAGGGCCAAGAAAGAAATTCATATGTTATCCC 16
d.-- -C.--

a/k CTAGTTCAACATCTATGCCCGGTACACTTGCTGATTAAGATGGAGGCCTTGTGGAAATGTTCCCAAACAGAAAGTCACTGAAAAAGTAAAGATCT....085 kb....17
d.-- -G -

a/k 18TTCATTGTTATTAAACTCCGATGAGTTATCCATCCGTTCGTTGATGGTAACAACGC l
d.0.-- -G -

190 200 210
0/k rg AIoaArg Sor Thr Ser Alo Gin Ass Lys Lou Lo Ser Gly Vol Mot Gly Met Alo Lou Gly Lou Pho Ilb Lou
a/k TTCCATCCTTAG GG GCT COG TCC ACA TCT GCA CAG AAC AAG TTG TTG AGC GGA GTC ATG GGC ATG GCG CTA GOT CTG TTC ATC CTC 19
d.-- A.-- -G

d Thr.Ser.Ala

220
a/k Ala Vol Gly Lou Ph. Phe Tyr Lou Arg Ass Lou Arg X
a/k GCA GTG 000 CTG TTC TTC TAT TTA AGO AAT CTG AGA G GTAAGAAGCCTGGCGGTGGCTGAGATTCCATAGCGTTTCATGTGGGAGAGTTATTCATGGCT 20
d.-- -C -

d

a/k TAGAGTAATCAGATGCGACGGGAAGTACCCGTACCGCCAGACGCAGCGCGGGACTTG 21
d.-- -CA.-- -A.--

a/k CCTATGATATGAAAGGTATACTCGCGTAGTAAAGAAGAGAGGCCGGATCAGTTGTGC 22
d.-- -G----G.-- -A - -T.--

a/k AGTGATACTGTGTCCTAGAGCGGTTAGACTGCTGGAGGATCTCTCCGGTACTCOAGO 23
d --C.-- -C.-- -C.--

a/k A AAGAOCTCC TCCACTTAAT OCGCrGTGGCCCCTCCCCCCACCCCCTCGTCTCTCT24
d.-- -C.-- -C.--

a/k AT CTCC CCT GCO CCT OCCCCCCCTGGCAGAGCCCCCCTCCCCCCTCTGATTTGAATGCGTCATGA 2 5
d.-- -C - -0-- --G

a/k GCGTCGGCTAACTTAATTCTATAGATTGGAACTCGAAAATGAGTAACTGACTACTCT 26
d.-- -T.(-- G) ---- ----0.T.--

a/k TAGTTATAAGTATATGAW~!~IICATATGCAGAATTC 27
d

Fig. 3. Nucleotide sequence and predicted amino acid sequence of the Ef32 /k and E32d alleles. The exons shown encode the signal peptide, first and second
external domains, and transmembrane regions of E(32. Exon boundaries were determined by alignment with other class HI i genes and the conserved AG and
GT dinucleotides at the proposed splice sites are underlined. Dashes represent identity between the two alleles. Dots represent regions not fully sequenced.
Amino acids are numbered consecutively with no. 1 being the predicted amino terminus of the mature protein as deduced by alignment with other class II 1
chains. Conserved cysteines in the two external domains are italicized and the 22 hydrophobic amino acids predicted to form the transmembrane region are
underlined. Boxed sequences in lines 1 and 2 are conserved residues found in the promoter regions of other class II genes. The boxed sequence in line 27
may serve as a polyadenylation signal for one of the transcripts. The parentheses in line 26 represent a deletion of four nucleotides in the d allele. The
italicized stretch of 158 nucleotides in lines 23-25 shows homology with the E1l 3'UT region.
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ZP2
zpl
DRP#
ApI
DQp
DPp
Ap2

1P2
zpl
DRP#
ApI
DQp
DPp
AP2

-160 -140 -120 -100 -80
ACTCTGCGCC TCTGACCAGCAACTGATGC TGCTGGTGCTCTTGG TGCTGATTGGTTCTTCAGCACTGAAGGTGCCCAACCCAGCACCAGTGGGTGGAGTCTC
AAACTGAATC TCTAACTAGCAACTGATGA TGCTGGACTCCTTTGA TGCTGATTGGCTCCCAGCACTGGCCTTACCCAATCCAGTGGCAAAGCAGTGAATGTCC
ATACAGCATC TCTGACCAGCAACTGATGA TGCTATTGAACTCAGA CGCTGATTCATTqTCCAACACTAGATTACCCAATCCAGGAGCAAGGAAATCAGTAACT
GTAAACAATG TCTACCCAGAGACAGATGA CAGACTTCAGGTCCAA TGCTGATTGGTTCCTCACTTGGGACCAACCCTGACACTCTGGGATTTCAGATCACTCT
AAAAAAAAT TCTGCCTAGAGACAGATT GGTCCTTCAGCTCCA TGCTGATTGGTT CTTTCCAAAGGACCATCCAATCCTGCCACGCAGGGAAACATCCAC
ATACTAACTTITCTGCCTAGTGAGCAATG CTCATACAAAGCTCA TGTCCATTGGTT TTTTCTCAGACTCTGTCCAATCCCAGGGTCACAGAAGACTACTTG
AGCAAAGTGTITCTGCCTAGCAACAAATGG TGCAAA--GTCTTCO TCTTGATTGGTT ACAGTGTGAAGGAGGCTGCATAATTACCTATCTATTTTTTTTTTC

-60 -40 -20 +1
TCACCCTTGCCAGTCAGCCAGGTTGGCCTGCCTCTCT>GCAACCAACC -----------------------------TCTCCTCTCCTCAAGCATC
TGTCTCTTATTATCTTAGCAATGAGTAAAGAGAATTAAGTTACAGTCTGAAGTTTGCCTTCCCCTCTGACTCCTGTGTCTCCTCTCCTGCAGCATG
TCCTCCCTATAATTTGGAATATGGGTGGAGCAGGGTCATAGTTCTCGCTGAGTGAGACTTGACTGCCCCTCTGGGCCCTGGACCTGTCATGCTCCTTAGCA rc
AGGCTACAGAACTTTGCTTTCTGAAGGGGGCACAGCAGGTGTGAGTCTTGGTGACTGCCATTACCTGTGCCTTAGAGATC
AGGTTTTTATTCTTTCTGCCAGGTACATCAGATCCATCAGGTCCAAGCTGTGTTGACTACCACTACTTTTCCCTTCGTCTCAATTATO
GGTTCATGGTCTCTAATATTTCAAACAGGAGCTCCCTTTAGCGAGTCCTTCTTTTCCTGACTGCAGCTCTTTTCATTTTGCCATCCTTTTCCAGCTCCATA
AGCTGTGTGGAAGACAGCTCTATTCTAAATAGGTGTATCAGTCTCTTCATTGCCCCTTTGTCCCCTCCAGAATC

Fig. 4. Comparison of the promoter regions of class II genes. The conserved 19-mer and 12-mer sequences are boxed, CAAT and TATA sequences are
underlined, and the initiation codons are italicized. Numbering is based on the E,B2 sequence. Dashes represent gaps inserted to maximize homology.
Sequences were obtained from: Ef3l, Saito et al. (1983); DRf3*, Larhammar et al. (1985b); AO3], Larhammar et al. (1983a); DQj3, Larhammar et al.
(1983b); DP(3, Kelly and Trowsdale (1985); A,B2, Larhammar et al. (1985a).
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DRpl -G T L S F T RFLE HFH Y V EYR R D W S L EQK GQ NY H GV- ES TV R
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DOp
DPp
y2a
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100 120 140 160 180 I
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V IS REA N I T A- R -FI MT QRfl
V

R P1 HO
T DQ A- M R -F MT EL I SRVQG; PL HQ tt T 0R D F KMN A- R

F MT EL L S
KG O T Q NYKNTF IVMTRO E 9 < PPAEE-TKKEF IT I RSNYKNT DS SYFMYSKLRVQKSTWE SLF E NHLTTKT

200 220
RARSTSAQNKLLSGVMGMALGLFILAVGLFFYLRNLR
K 0 M G FV LF GA I F QK
S E S M G FV LF GA I F QK

Q E RS M IG CV VIF GL IRH SQK
Q E S M G FV IF GL IIRQ SRK

M Q EYSWK I AAVFL IVFL VVIH KAQK
EYSWR M IAAFL IF L IVIQ AQK

K Q D RS T T-AG FV IICG I VHR SKK

Fig. 5. Alignment of class II ( polypeptides. The deduced amino acid sequence of E(32 is shown starting with the predicted NH2 terminus of the mature
protein. For the other class II (3 chains, only those residues that differ from E/32 are shown. Dashes represent gaps inserted to preserve the homology.
Numbering is based on the E/32 sequence. The open boxes enclose first domain residues common to all class II (3 chains except E(32. The hatched boxes
enclose residues in common with an immunoglobulin constant region domain and the class II 02 domains. The transmembrane regions are underlined in all the
chains. Arrows represent exon boundaries. The * represents the amino acid substitution in E(32 which alters the site for N-linked glycosylation. Sequences
were obtained from: E(31, Saito et al. (1983); DR,81, Long et al. (1983); Afll, Malissen et al. (1983); DQJ3, Schenning et al. (1984); A32, Larhammar et
al. (1985a); DO,B, Tonnelle et al. (1985); DP,B, Kelly and Trowsdale (1985); -y2a, Dognin et al. (1981).

peptides shows that 18 out of 24 residues common to all other
(1 domains are present in E,B2. Two of the six differences are
conservative (Ala - Val and Glu - Asp), three are non-con-
servative (Asp - Asn, Trp - Leu and Arg - Leu), and the
final difference (Thr - Lys) eliminates the single site for N-
linked glycosylation found in all the other class II (3 chains.

Overall nucleic acid and deduced amino acid sequence hom-
ologies between the E(2 exons/domains and other class II (3
exons/domains are given in Table I. At both the nucleotide and
amino acid levels, exon 3 (second domain) is clearly most hom-
ologous to E(3l and shows the same degree of homology to DR(3
as is found between the other interspecies class 11( homologues,
i.e. ElJ and DR/31 or AO]J and DQ(3. In this respect E(3l and
E(2 seem to be like the non-allelic DR( loci in comprising an
isotypic family. However, the E(32 second exon (first domain)
has no clear homologue: it is no more like E,(3, DR(3J or DR,83
than E,BI is like AO]J or DP(3. This divergence is much greater
than that seen between the human non-allelic but isotype-related
DR(3J and DR(3 loci. The transmembrane region is similarly
divergent.

Relative lack ofpolymorphism among E(32 alleles
The sequences of the d and a/k alleles of E,B2 (Figure 3) show
that their second exons are identical. In the third exon there are
two nucleotide changes and in the transmembrane coding exon,
three changes. All five changes alter the amino acid at their
respective positions; at each of these positions, the E,82a/k amino
acid sequence is the same as Ef3ld (Saito et al., 1983) while the
E,32d sequence is different. Note that while the exon 2 sequences
shown are identical, allelic differences in the intervening sequence
(not shown) confirm that the two sequences derive from different
haplotypes. E,82 is therefore less polymorphic than other (3 genes
and, in particular, shows fewer exon 2 polymorphisms between
alleles than does either E(3J (Saito et al., 1983; Mengle-Gaw and
McDevitt, 1983; Denaro et al., 1984) or AO3 (Choi et al., 1983).
Whether this relative lack ofE32 polymorphism is a consequence
of selection for function or results from E(32 lying in a region
of the MHC having low sequence divergence (Steinmetz et al.,
1984) remains to be determined.
To examine further the extent of polymorphism at this locus,

DNA from mice having the p, s, r, b, d, a and k H-2 genotypes
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Table I. Percent homology between class II , exon nucleotide and deduced amino
acid sequencesa

A 1 2 3 4 5 6 7 8 B 1 2 3 4 5

A. Exon 2 (f81 domain)

E,B2 E(31 A,BI A,82 DR,81 DQ,B DPf3 DOj3 DR,f3
Ef32 - 67 63 58 70 65 64 61 73
Ej3I 53 - 75 60 78 70 70 63 75
A,B1 45 60 - 63 74 77 73 63 76
A,32 41 45 45 - 61 64 64 83 63 % Nucleotide
DR,31 55 68 55 46 - 72 77 63 89 homology
DQ,B 50 57 66 49 57 - 74 67 73
DP,3 54 61 63 50 66 61 - 64 74
DO,B 45 48 52 78 52 57 51 - 65
DR,83 60 63 64 52 76 57 62 54 -

% Amino acid homology

B. Exon 3 ((2 domain)

E162 - 90 71 70 85 73 77 71 -
Ef1 85 - 70 70 83 73 77 70 -
A(31 67 66 - 66 69 82 76 68 -
A(32 62 65 59 - 73 70 71 83 - % Nucletoide
DR,B1 85 82 68 65 - 73 77 73 - homology
DQ,B 68 70 83 63 69 - 79 73 -
DP,B 71 70 72 62 72 76 - 72 -
DO,B 63 63 63 80 66 66 66 - -

% Amino acid homology

C. Exon 4 (TM domain)

Efl2 - 77 67 57 75 67 59 57 -
E,BI 62 - 72 62 87 73 71 64 -
AjlI 46 70 - 65 76 85 70 68 -
Afl2 35 41 41 - 63 69 63 79 - % Nucleotide
DR,B1 59 89 73 41 - 78 68 68 - homology
DQI3 51 73 81 46 76 - 71 75 -
DP,B 43 57 59 43 54 59 - 63 -
DO,B 41 51

'For source of
Spies et al. (19

2.2-
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Fig. 7. E(32 transcripts in various cells. (A) 10 jig of poly(A)+ cytoplasmic
RNA (lanes 1-3 and 5), poly(A)+ whole cellular RNA (lane 4), or
unselected total cellular RNA (lanes 6-8) from untransfected L cells (lane
1), L-cell transfectant NB4.1 (lane 2), CH-1 (lane 3), MRL lpr/lpr spleen
(lane 4), LK35-2 (lane 5), BALB/c non-adherent splenocytes (lane 6), or
LPS-stimulated BALB/c (lane 7) or C57B1/6 (lane 8) splenocytes were
applied in each lane and hybridized to E(32 probe 2 (Figure 3) following
transfer onto nitrocellulose. (B) Each lane contains S Ag of poly(A)+
cytoplasmic RNA from CH-1. The transferred RNAs from lanes 1-5 were
hybridized to E(32 probes 1-5 (Figure 3) respectively. (C) 1 Ag (lanes
7-11), 5 ig (lane 2) or 10 tsg (lanes 1 and 3-6) of poly(A)+ RNA were
analyzed per lane. The RNAs were from an L-cell control (lane 1), CH-1
(lanes 2 and 7), unstimulated P388D1 (lanes 3 and 8) or WEHI-3 (lanes 5
and 10), and -y-interferon stimulated P388D1 (lanes 4 and 9) or WEHI-3
(lanes 6 and 11). The transferred RNAs from lanes 1-6 were hybridized
to Efl2 probe 2 and those from lanes 7-11 to the E(3J 3' cDNA probe.

other and from the other five alleles, which showed a common
-pattern (not shown). EcoRI digests revealed no polymorphisms
between the b, d and k alleles (not shown). Thus, consistent with
the DNA sequence anlaysis, E(32 shows fewer restriction frag-
ment length polymorphisms for these H-2 haplotypes than does
E3l or Aj3l (Robinson et al., 1983; Bukara et al., 1985).

57 73 51 57 43 - - Expression of E32 specific transcripts
% Amino acid homology To examine the transcriptional activity of the E,32 gene, a probe

sequences, see legend to Figure 6. DR3 sequence was from from exon 2 of E32 (probe 2 in Figure 2) was utilized because,
)85). as predicted by sequence analysis, it did not cross-hybridize under

high stringency to Southern blots of DNA from cosmids span-

1 2 3 4 5 6 7 ning all of the other seven known murine class II loci (not shown).
Northern blots hybridized to probe 2 demonstrate the presence

of four transcripts of 3.6, 2.4, 2.2 and 1.8 kb in RNA from the
B cell tumor CH- 1, MRL lpr/lpr spleen cells, and in LPS-stimu-
lated BALB/c and C57B1/6 spleen cells. These transcripts plus
two others (4.1 and 1.0 kb) were found in RNA from the B cell
hybridoma LK-35.2 (Figure 7a). The sizes of these transcripts
differ from the 1.3-kb mature AO]1 and E(l1 mRNA and the

~striction fragment polymorphism. Lanes contain 10 Ag of steady-state level of the predominant species is about 1/20th that
ver DNA from the following mouse strains: (1) BIO. of the E3l mRNA when directly compared using a different probe
).S (H-2'); (3) BlO.RIII (H-2r); (4) C57BI/6 (H-2b); that hybridizes to both E(3 and E(32 (see Figure 7b, lanes 3
1-2d); (6) BIO.A (H-2a); (7) C3H (H-2k). Hybridization probe and 4). The pattern of transcript sizes is neither allele specific
,as used for this Southern blot. DNA size markers correspond nor tissue specific as similar sized transcripts were found in H-2b
sted X DNA. and H-2d spleen, the H-2k B-cell tumor CH-1, and in an L-cell

transfected with cosH-2k 7. 1 (NB4. 1). As probe 2 clearly does
I by Southern blotting. One such blot of PstI-digested not hybridize to E(l mRNA, its detection of RNA species in
lized to E,B2-specific probe 2 (see Figure 2) is shown NB4. 1 which co-migrate with the unique RNA species detected
As can be seen, the only polymorphism is in the in the other cells establishes that these transcripts are encoded
PstI sites are not present in the exons of the d or by the E(2 gene. All of the E(2 transcripts appear to be typical
e Figure 1), this polymorphism does not necessarily of mature mRNA molecules by several criteria. They are present
ference in the E,32b coding sequence. Similarly, in cytoplasmic mRNA preparations (Figure 7a, lanes 2, 3 and
sted DNA showed r and b to be distinct from each 5), and are specifically enriched by oligo(dT) purification to the
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same extent as E13 transcripts (data not shown). Finally, the four
E(2 transcripts detected in the CH-1 cell line do not appear to
contain sequences from introns 1, 2 and 3 as determined by
Northern blot hybridization to probes from each of these predicted
E32 introns (data not shown).

Probes from each of the predicted exons (probes 1-4, see
Figure 2) were used to determine if each of these regions are
represented in all of the Ef32 transcripts. Each probe detects the
same four E42-related mRNA species in the B cell tumor CH-l
(Figure 7b, lanes 1-4). In addition, probes 3 and 4 detect a
typical E31 message. Probe 5 (Figure 2), which comes from the
region having sequence homology to the 3'UT region of E,3l,
detects Eo3 mRNA but only the 1.8-kb E32 transcript. The size
of this latter transcript is consistent with a mRNA species contain-
ing properly spliced sequences from exons 1-4, but continuing
past the predicted 3' end of exon 4 and ending with a poly(A)
tract directed by the possible polyadenylation signal (AATAAT)
noted above (Figure 3, line 27). That probe 5 does not detect
the other three transcripts suggests that they represent splicing
to an unidentified 3'UT region. Such alternative splicing of the
3' end of other class II genes has been previously reported
(Kappes et al., 1984). Thus, the heterogeneity of E,B2 transcripts
reflects, at least in part, alternative splicing, and may additionally
be due to the use of alternative polyadenylation signals for some
of the mRNA species.

Expression of mRNA for the conventional class II genes ap-
pears to be coordinately regulated and can be induced in several
macrophage or monocyte tumors by oy-interferon (Steeg et al.,
1982; Paulhock-King et al., 1985). In Figure 8c, RNA from two
such lines, P388D1 and WEHI-3, clearly show induction of E/3J
transcription after culture with -y-interferon-containing condition-
ed medium. In striking contrast, no E32 transcripts were found
in the RNA from these same Ta positive 'y-interferon-treated cells.

Discussion
The data presented here show the E(32 gene to be similar in many
regards to conventional class II ( genes. Like these genes, the
leader peptide, two external domains and the transmembrane
region are encoded by separate exons. Each of these exons is
appropriately flanked by splice sequences conforming to the
AG/GT rule, potential lariat branch points are present, and the
predicted fully spliced mRNA should have an open reading frame
allowing its translation into a protein product. The predicted pro-
tein shows homology to other class H ( chains, contains the func-
tionally important hydrophobic leader and transmembrane
sequences, has appropriately placed cysteines to allow for in-
trachain disulfide bonding necessary to define the two external
( domains, and shows homology to immunoglobulin C-regions
in its second domain. Sequences found in the promoter regions
of other class II genes are conserved in the homologous E(2
region and polyadenylated E(2 specific transcripts containing se-
quences from the predicted exons can be detected in cytoplasmic
RNA from several sources. As these transcripts do not contain
intron sequences, it is most likely that they represent fully pro-
cessed mRNA. Thus E(2 does not appear to be a pseudogene
and its transcripts should be translated into a class II :-like pro-
tein in those cells expressing E32 mRNA.

With respect to the potential for E,B2 polypeptide expression
on the cell membrane, several issues need to be considered. First,
the exon(s) encoding the C terminus of P32 have not yet been
identified. However, the sequence in the transmembrane exon
following the region encoding the hydrophobic membrane span-
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ning segment encodes a typical charged intracytoplasmic segment.
Thus, although the full extent of the intracytoplasmic portion of
E,B2 is unknown, at a minimum, those residues necessary to
anchor the E,B2 protein in the cell membrane are present. Fur-
thermore, since theE32 transcripts detected are polyadenylated,
there must be at least one additional 3' E1(2 exon which contains
the 3'UT region and a signal for polyadenylation. Second, an
unusual feature of the predicted E32 protein chain is the lack
of a site for N-linked glycosylation. However, other proteins
which lack N-linked sugars are expressed on the cell membrane.
These include the 6 chain of the human T cell T3 complex (Van
den Elsen et al., 1984) and a truncated version of a mouse class
I molecule having only the C-2 external domain, transmembrane
and intracytoplasmic regions (McCluskey et al., 1986). The
absence of N-linked sugars on the E,B2 protein should not, there-
fore, preclude its surface expression. Third, it is likely that any
E,B2 protein, like all other (3 polypeptides, requires a class II a
chain for membrane expression (Germain and Malissen, 1986).
E,B2-like molecules have not been detected to date in immuno-
precipitates obtained with anti-Aa or Ea specific monoclonal anti-
bodies. We have also been unable as yet to detect cell surface
Ea chain expression on L-cells co-transfected with the Ea and
E(2 genes using an Ea chain specific monoclonal antibody
(14.4.4S). This was despite finding E(2 and Ea mRNA in the
primary transfectant pool (unpublished observations). Aside from
the possibility that E32 does not encode an expressed protein
product, the failure to detect E(2 protein in immunoprecipita-
tion experiments or Ea protein in the transfection experiments
may have been due to: (i) the low level ofE(2 mRNA expres-
sion; (ii) the loss of the relevant a chain epitopes following pair-
ing with the E(2 chain; or (iii) a requirement for E,B2 to be
expressed with some as yet unidentified Ea2. In the latter case,
the identification of a putative a chain partner for E,B2 may re-
quire biochemical isolation of the E32:a chain protein dimer.
Homologues for all previously studied murine class II genes

have been found in man (Kaufman et al., 1984; Widera and Flav-
ell, 1985; Tonnelle et al., 1985), suggesting the existence of a
human E(2 equivalent. Of all the identified human class II (
genes, the best candidate is DR33. Both E12 and DR(3 lie in
similar locations in their respective MHCs, have a high level of
second domain homology to E,3l and DRf3 (Table I and Denaro
et al., 1985), and show significantly lower levels of intraspecies
polymorphism than E(] or DR(3 respectively (Sorrentino et al.,
1985; Spies et al., 1985). However, the (1 domains of the E1B2
and E1( polypeptides are only 50% homologous, while the com-
parable DR(3 and DR(I domains are 76% homologous (see
Table I). The DR(3 polypeptide also retains the site for N-linked
glycosylation seen in other ( chains. Additional insight into the
possible relationship between E,(32 and DR33 should come from
analysis of the tissue distribution and interferon sensitivity of
DR(3 expression.
E32 differs from the conventional class II : genes in two im-

portant ways and these differences must be taken into account
in considering possible functions of an E(2-containing molecule.
First, E(2 is relatively non-polymorphic. Second, E1(2 is ex-
pressed only at low levels in B cells and is not induced in macro-
phage or monocyte tumor lines by y-interferon. Both of these
features are shared by the newly described murine A(32 gene and
its human homologue DO(3, and are in marked contrast to AO],
E,B3, DQ,3 and DRl3J. Thus, if E(32 or A(2 polypeptides were
to pair with a polymorphic anchain, the low level of expression
and restricted tissue distribution of these (3 chains suggest that
the resultant class II molecule could have a distinct role even
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as a participant in the conventional antigen-presentation pathway
involving Ta. Perhaps of greater interest is the possibility that
these atypical ,B chains might pair with non-polymorphic a chains,
such as Ea. In this case, one might speculate that such conserved
molecules have a unique role in presentation of a specific subset
of antigens or are molecules with a distinct role in differentiation
or regulatory interactions of B lymphocytes.
The present study was undertaken to evaluate the potential role

of Ef2 in certain immunological phenomena not attributable to
conventional class H molecules. We conclude that Ef2, along
with A32 and DO:, comprise a new and distinct family of MHC
genes whose products and pattern of expression are sufficiently
different from the prototypic class II genes to suggest that they
play unique roles in the functioning of the immune system.

Materials and methods
Reagents
Calf intestinal phosphatase and DNA polymerase I (whole enzyme) were obtained
from Boehringer-Mannheim, and DNase I from Worthington. All other DNA-
modifying enzymes and all restriction endonucleases were purchased from either
Bethesda Research Laboratories or New England Biolabs. Deoxy- and dideoxy-
nucleotides, and oligo(dT) were from Pharmacia P-L Biochemicals. [a-32P]dATP
and [c-32P]dCTP were from Amersham. The 17-bp universal sequencing primer
was purchased from Collaborative Research. Fetal calf serum (FCS) was obtained
from Hyclone. All other tissue culture media were from M.A.Bioproducts or
Gibco.
Gene cloning and sequencing
A BALB/c embryo (H-2') genomic DNA library was prepared by cloning MboI
partially digested DNA into the BamHI site of X Charon 28 and was provided
by J.Seidman and P.Leder. A cosmid library was similarly constructed in the
BamHI site of pOPF using DNA from the [B1O.A x BW5147] (H-2a x H-2k)
T cell hybridoma 2B4 (Hedrick et al., 1982) and was provided by D.Margulies.
These libraries were screened with nick-translated cDNA probes as described
(Maniatis et al., 1982). Relevant restriction fragments were subcloned into pUC-9
or M13mp8 or 9. Sequencing of M13 subcloned fragments was done as described
(Miller et al., 1985). A synthetic oligonucleotide primer (5'-TAGCAACTCAGA-
ACATG-3') was made on an Applied Biosystem 380A DNA synthesizer by solid
phase chemistry and was used for one template. The sequence of exons 2 and
3 of E,I2aIk was determined by sequencing homologous restriction fragments
from E32d and E(32a'k, running like nucleotide lanes together (i.e. AAGGCCTT),
and analyzing for any differences between adjacent lanes.
Cell lines
DAP.3 is a subclone of a thymidine kinase (tk) negative L-cell line (Margulies
et al., 1983), LK35-2 is a mouse B cell hybridoma (H-2d x H-2k) (Kappler et
al., 1982), and CH-1 is a mouse B cell lymphoma (H-2a) (Lynes et al., 1978).
P388D1 is a BALB/c derived monocyte-macrophage line (Koren et al., 1975),
and WEHI-3 a BALB/c myelomonocyte line (Warner et al., 1969).
Cell culture and cell separation
DAP.3 was maintained in DMEM supplemented with 10% FCS, 2 mM L-glu-
tamine, 0.1 mM non-essential amino acids, and 10 Lg/ml gentamicin (DMEM-10).
P388D1 and WEHI-3 were grown in the same media additionally supplemented
with 130 jg/ml oxaloacetic acid, 80 ,g/ml insulin, 55 jxg/ml sodium pyruvate
and NCTC-109 medium (1:10). For stimulation with y-interferon, 50 x 106
P388D1 or WEHI-3 were cultured for 72 h at 10% CO2, 37°C in 200 ml medium
supplemented with 10% v/v supernatant from 72 h Con-A stimulated rat spleen
cells. LK35-2 and CH-1 were grown in RPMI supplemented with 10% FCS,
2 mM L-glutamine, 0.1 mM non-essential amino acids, 5 x 10-5 M 2ME, and
10 jtg/ ml gentamicin (RPMI-10).
Non-adherent BALB/c and C57B1/6 spleen cells were prepared as described

(Mosier, 1967). 4 x 107 of each BALB/c or C57B1/6 non-adherent splenocytes
were cultured for 60 h at 37°C, 5% CO2 in 100 mnl RPMI-10 containing 50 Agg/ml
LPS.
DNA-mediated gene transfer
DAP.3 was co-transfected with the indicated gene(s) plus the tk gene using the
standard calcium phosphate precipitation technique as described (Margulies et

al., 1983). Selection was in DMEM-10 supplemented with hypoxanthine (15 1ig/
ml), aminopterin (0.2 lAg/ml) and thymidine (5 Ag/ml).
RNA preparation and Northern blots
Cytoplasmic RNA was extracted from CH-1, LK35-2, DAP.3 and DAP.3 trans-
fectants as described (Mushinski et al., 1980). Total cellular RNA from whole

MRL lpr/lpr spleen, stimulated and fresh non-adherent splenocytes, and -y-inter-
feron induced or non-induced P388D1 and WEHI-3 was prepared by the guanidine
isothiocyanate method (Chirgwin et al., 1979). RNAs were fractionated in 1%
agarose formaldehyde gels and blotted as described, except that the formaldehyde
concentration in the gel was only 0.22 M (Maniatis et al., 1982).
DNA preparation and Southern blots
Genomic DNA was prepared, gel electrophoresed, and blotted as described pre-
viously (Southern, 1975; Wilson et al., 1979).
Probes and hybridization
cDNA probes were prepared by nick-translation of appropriate gel-purified restric-
tion fragments. Ef32 gene probes (1-5) were prepared from M13 subclones by
synthesizing a radiolabelled second DNA strand using the sequencing primer and
limiting amounts of [Ca-32P]dCTP. This was followed by a chase with excess cold
dCTP. The labelled insert was prepared by digestion with the appropriate restriction
enzyme(s), polyacrylamide gel electrophoresis, and electroelution.

All hybridizations were carried out at 40°C in 10% dextran sulfate, 40%
formamide, 4 x SSC, 1 x Denhardt's solution, 50 jig/ml salmon testis DNA,
and 1-2 x 106 c.p.m./ml of radiolabelled probe. Blots were washed in three
changes of 2 x SSC, 0.1% SDS at room temperature followed by three changes
of 0.1 x SSC, 0.1% SDS at 600C.
Computer graphics
Figures 4, 5 and 6 were drawn with the help of the DNA:DRAW program as
described by Shapiro and Senapathy (1986).
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