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An immunoglobulin epsilon heavy chain gene was isolated
from a DNA library of the human epsilon chain-producing
myeloma 266B1, using a JH gene region probe. The gene was
shown to be the one expressed in the myeloma by Southern
hybridisation analysis and by comparison of nucleotide se-
quences with the known amino acid sequence of the epsilon
chain made by the myeloma. The gene consists of a variable
region segment separated from a constant region segment by
a 3.5-kb intervening sequence. The complete sequence of the
constant region gene segment shows that this segment is split
by intervening sequences into four coding segments corres-
ponding to the four constant region domains of the protein.
Using the cloned epsilon constant region gene segment as a
probe we obtained evidence, from Southern hybridisation
analysis, for three non-allelic epsilon constant region genes.
An order on the chromosome for these three genes can be
predicted from their pattern of retention in myeloma 266B1
DNA.
Key words: antibody genes/immunoglobulin E/human
myeloma/nucleotide sequence

Introduction
Antibodies are composed of heavy (H) and light (L) chains,

each of which has a variable (V) and constant (C) region. In
man there are five antibody classes, known as IgM, IgD, IgG,
IgE, and IgA, which have different biological activities and
are structurally distinguished by their CH regions (CIL, C5,
CGy, Cc, and Ca, respectively). Protein sequencing has also
revealed four IgG and two IgA subclasses, which can show
further differences in biological activity.
The genes which encode these proteins in humans consist

of multiple VH gene segments (Matthyssens and Rabbitts,
1980) linked to a small number of CH gene segments on
chromosome 14 (Croce et al., 1979; Hobart et al., 1981).
B-lymphocyte differentiation involves sequential usage of CH
genes. The CAt gene is the first to be expressed. The active
human i gene is formed by integration of VH and D gene
segments with a JH segment which is located upstream of the
C/t gene (Matthyssens and Rabbitts, 1980; Siebenlist et al.,
1981; Rabbitts et al., 1981; Ravetch et al., 1981). Studies in
mouse and man have revealed something of the way in which
subsequent CH gene switching occurs. C/t and CA genes are
co-expressed by differential processing of a large RNA
transcript which includes the VH segment and both CA and CA
(Maki et al., 1981; Rabbitts et al., 1981; Knapp et al., 1982).
The class switch in antibody secreting cells from CI to C7y,
Cc, or Ca, however, involves deletion of DNA (Honjo and
Kataoka, 1978; Coleclough et al., 1980; Cory and Adams,
*To whom reprint requests should be sent.

1980; Rabbitts et al., 1980a) so that the VH segment is
transcribed with the next CH gene. This deletion involves
recombination between S segments located upstream of each
CH gene except CA (Davis et al., 1980; Kataoka et al., 1980;
Rabbitts et al., 1981). These S segments in mouse and man
were found to contain short tandem repeated sequences
(Dunnick et al., 1980; Rabbitts et al., 1981; Obata et al.,
1981) which are probably involved in homologous recom-
bination, perhaps by sister chromatid exchange (Rabbitts et
al., 1980b).
Human IgE is medically important as the mediator of aller-

gic reactions. However, only one Cc protein sequence is
available (Bennich and von Bahr-LindstrOm, 1974) and there
is no information on possible IgE subclasses. Furthermore,
nothing is known about human c genes. Portions of sequence
near the end of the mouse c gene (Nishida et al., 1981) and
near the end of the rat cDNA (Hellman et al., 1982) have
been published but no complete CE gene sequence is available
for any species.
We describe here the isolation of a human e gene from an c-

producing myeloma. The cloning strategy was to construct a
DNA library from the myeloma and detect clones containing
the active e gene using a JH gene region probe. This approach
relies on the retention in the active e gene of sequences which,
before H chain switching, were between the JH segments and
the CA gene. We have shown that the cloned c gene is the one
expressed in the myeloma and we present the complete se-
quence of the CE gene segment. Using the CE gene segment as
a hybridisation probe, we have shown that there are at least
three non-allelic CE-like genes in the human genome.

Results and Discussion
Isolation of the expressed c genefrom a human myeloma cell
line

In order to isolate the expressed e gene from the c-pro-
ducing human myeloma 266B1 (Nilsson et al., 1970) Sau3AI
partial digestion fragments of 266B1 DNA were cloned in the
phage vector X1059 (Karn et al., 1980). The resulting library
was screened with mixed probes C76R51A and C76R51B
which together contain a 3.8-kb sequence from the JH gene
region of human foetal liver DNA (Figure 1 and Materials
and methods). A positive clone, designated XE1.2, was
isolated from the library and studied by restriction mapping,
hybridisation, and sequencing.

Figure 2 shows a restriction map of Xc 1.2. VH and CE gene
segments were initially located within the clone by Southern
hybridisation: the probe for VH was a VHIII gene clone
(VH52-1) (Matthyssens and Rabbitts, 1980) while the probe
for CE was short cDNA made on total poly(A)+ RNA from
266B1 myeloma cells. The V and C segments were sub-
sequently characterised by nucleotide sequencing. Figure 2 in-
cludes the nucleotide sequence corresponding to the start of
the VH segment (obtained by sequencing from a BamHI site
located within the leader segment) extending for 21 codons in-
to framework region one. The derived amino acid sequence
corresponds exactly to that of the VHI chain expressed by
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Fig. 1. Relationship of JH probe to arrangement of CA and CA genes in human
DNA. A. R = EcoRI, Bg = BgII, P = PstI, Sut = switch region of i gene, ;
= position of A JH segment. The only BgIll and PstI sites shown are those at
the ends of the C76R51A and C76R51B sequences. B. Sequences shown are
those encoding the JH segments plus the homology boxes similar to those ad-
jacent to the 3' end of the human VH genes. The arrows represent RNA splice
sites, the cirde represents an altered splice site (GGC) of the {J. The derived
amino acid sequence of the J segments is shown in the single letter code.
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Fig. 2. The expressed e gene of myeloma 266B1. A. Restriction map of the
XE1.2 insert. R = EcoRI, B = BamHI, P = PstI, H = HindlII, S = Sall.
Protein coding regions are shown by raised boxes. The L Oeader), V, and CE
regions were identified by nucleotide sequencing. B. Nucleotide sequence of
the 5' end of the VH segment. The deduced amino acid sequence is shown in
the single letter code above the nucleotide sequence.

266B1 cells (Bennich and von Bahr-Linsdstrom, 1974). This
correspondence strongly suggests that Xc1.2 contains the e
gene which is expressed in myeloma 266B1. This conclusion
was confirmed by Southern filter hybridisation comparing
XcE1.2, 266B1 myeloma DNA, and human placental DNA
(Figure 3). The DNAs were digested with either PstI (filter A)
or BamHI (filter B) and hybridised with the JH gene region
probes C76R51A and C76R51B. Both digests of 266B1 DNA
(slots A2 and B2) showed single hybridisation bands (3.4 kb
PstI and 3.2 kb BamHI) different from any bands in placen-
tal DNA (slots A3 and B3). This implies that 266B1 myeloma
DNA contains only a single H chain gene locus, and the
bands presumably represent the rearranged, active e chain
gene. The bands from 266B1 DNA coincide with bands from
XcE1.2 (shown in slots Al and Bi) confirming that the XcE1.2
clone contains an accurate copy of the active e gene. An addi-
tional hybridising 0.8-kb BamHI fragment from XcE1.2 (slot
BI) is visible but this fragment was too small to give a detect-
able band in the digest of 266B1 genomic DNA. It is interest-
ing that two different placental DNAs showed two bands of
hybridisation with the JH region probes despite the absence of
BamHI and PstI sites from the probe sequences. This implies

Fig. 3. Southern blot hybridisation of JH gene region probes to XE1 .2,
myeloma 266BI DNA, and placental DNA. The DNAs were digested with
PstI (A) or BamHl (B). In A the probe was C76R5lB, while in B mixed
C76R51A and C76R51B were used. (1) XE1.2, (2) 266B1 myeloma DNA,
(3) placental DNA. On filter A, lane 1 was exposed for a shorter period
than the others in order to make band intensities more similar. The two
placental DNAs used in this experiment were from different sources.

a high degree of polymorphism within the JH area in humans
as previously described in mice (Marcu et al., 1980; Forster et
al., 1980).

XcE1.2 thus represents the active c gene from 266B1 DNA
containing a VH gene segment and a CE gene segment
(described below) separated by an intervening sequence of

- 3.5 kb. Comparison of XE1.2 with the human foetal liver JH
region in XC76 by restriction mapping and Southern hybrid-
isation indicates that the point at which H chain switch
recombination occurred to produce the active e gene was

< 1.5 kb upstream of the CE segment.

Complete nucleotide sequence of a human CE gene

Figure 4 shows the sequencing strategy and the complete
nucleotide sequence of the CE gene segment in Xci1.2. The
amino acid sequence deduced from the nucleotide sequence
matches the published sequence for the e chain produced by
266B1 cells (Bennich and von Bahr-LindstrOm, 1974) except
for 15 discrepancies, which probably result from protein se-

quencing errors. The terminal codon of CE4 codes for lysine
(before a TGA chain termination codon). The e protein made
by the 266BI myeloma was found to possess a heterogeneous
carboxy terminus (equimolar yields of C-terminal Gly-Lys
and Gly were detected) and it was suggested that loss of Lys
from some molecules resulted from carboxypeptidase activity
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GGATCC CTGCCACfiGGfi TCCC CAGC TCCCC CATCCAGGCCCC CCAGGfC TGA Tfif fC fCTfiGCCTGiAfifCTfifCACTfiAC TAfiGTTCTGTCC TCA CAG,CCTCC ACACAfiAfiCCCAT CCG TC 120
t12
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TTCCCCTTGACCCGCTGCTGCAAAAACATTCCCTCCAATGCCACCTCCGTOACTCTGGGCTGCCTGGCCACfGGr,CTACTTCCCGfiAGCCGGTfATGGTGACCTGGGACACAGGCTCCCTC 240
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AACGGGACAACTATGACCTTACCAGCCACCACCCTCACGCTCTCTfiGTCACTATGCCACCATCAGCTTGCTfiACCGTCTCG,fiGC,TGCG3TGGr,GCCAAGCAGATGTTCACCTGCCGTGTGGCA 360
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CACACTCCATCGiTCCACAGACTGGGTCGACAACAAAACCTTCAGCGGTAAGAGAGGGCCAAGiCTCAGAGfACCACAGiTTCCCAfif AfiTfCCAfif CTfiAfifiCTfifCAGAGTGGiGCAGGGGT 480t
TGAGGGGGTGGGTGGGCTCAAACGTGGGAACACCCAGCATGCCTGGGGACCCfiGGCCAGGACGTGfifGGCAAGAGGAGGfiCACACAfiAfiCTCAAGAfAGGCCAACAACCCTCATGACCACC 60

600

L
V & S fR D F T P P T V K I LO S S E D G G G H F P P T I 0 L L ® L V S G

AGCT C TCCCCCAGTC TG CTCC AGGGAC TTCACC CC GCCCAC CG TGAAfiATC TTACAfiTC fT CC TGCfiACfifCGGC GGfiCACT TCCC CCCfiACC ATC CAGCTCCT GTGCC TCfiT CTCT GGG 720

E S E
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TACACCCCAGGGACTATCAACATCACCTGGCTGGAGGACGGGCAGGTlCATGGACGTGGACTTGTCCACCGCCTCTACCACGCAfiGAGGGTGAGCTGGCCTCCACACAAAGCGAGCTCACC 840

L S O K H W L S E R T Y T © Q V T Y 0 G H T F E D S T K K ] A
CTCAGCCAGAAGCACTGGCTGTCAGACCGCACCTACACCTGCCAGGTCACCTATCAAGGTCACACCTTTGAGGACAGCACCAAGAAGTGTGCAfifTACGTTCCCACCTGCCCTGGTGGCC 960

t
D

E S N P R G V S A Y L S R P S P F D L F I
GCCAC GGAGG CC AG AGAAGAGGG GC GGGTGGG CC TC AC AC AGCC CT CC GGTGTACCACAGATTCCAACCCGAGAGGfiGTGAGCGCC TACCTAAGCCGGCCCAGCCC GT TCGACC TGT TCA 1080t

R K S P T I T ® L V V D L A P S K G T V N L T W S R A S G K P V N H S T R K E E
TCCGCAAGTCGCCCACGATCACCTGTCTGGTGGTfiGACCTGGCACCCAGCAAGGGGACCGTGAACCTGACCTGGTCCCGGGCCAGTGGGAAGCCTGTGAACCACTCCACCAGAAAGGAGG 1200

K Q R N G T L T V T S T L P V G T R D U I E G E T Y O C R V T H P H L P R A L N
AGAAGCAGCGCAATGGCACGTTAACCGTCACGTCCACCCTGCCGGTGGGCACCCGAGACTGGATCGAGGGGGAGACCTACCAGTGCAGGGTGACCCACCCCCA.CCTGCCCAGGGCCCTCA 1320

R S T T K T S G P R A A
TGCGGTCCACGACCAAGACCAGCGtGTGAGCC AT GGGC AGGC CGGGGT CG TGGGfiGAAGG GAGGGAGC GAGTGAGCGGGGCCC GGGCTGACCCCACGTCTGGCCACAGtGCCCGCGTGC TGC 1440t t

P E V Y A F A T P E U P G S R D K R T L A © L I 0 N F N P E D I S V 0 U L H N E
CCCGGAAGTCTATGCGTTTGCGACGCCGGAGTGGCCGGGGAGCCGGGACAAGCGCACCCTCGCCTGCCTGATCCAGAACTTCATGCCTGAGGACATCTCGGTGCAGTGGCTGCACAACGA 1560

Q E
V 0 L P D A R H S T T 0 P R K T K G S G F F V F S R L E V T R A E U E 0 K D E F

GGTGCAGCTCCCGGACGCCCGGCACAGCACGACGCAGCCCCGC'AAGACCAAGGGCTCCGGCTTCTTCGTCTTCAGCCGCCTGGAGGTGACCAGGGCCGAATGGGAOCAGAAAGATGAGTT 1680

I © R A V H E A A S P S 0 T V Q R A V S V N P G K *
CATCTGCCGTGCAGTCCATGAGGCAGCGAGCCCCTCACAGACCGTCCAGCGAGCGGTGTCTGTAAATCCCGGTAAATGACGTACTCCTGCCTCCCTCCCTCCCAGGGCTCCATCCAGCTG 1800

TGCAGTGGGGAGGACTGGCCAGACCTTCTGTCCACTGTTGCAATGACCCCAGGAAGCTACCCCCAATAAACTGTGCCTGCTCAGAGCCCCAGTACACCCATTCTTGGGAGCGGGCAGGGC 1920

Fig. 4. Nucleotide sequence of the CE gene segment from XE1.2. A. The sequencing strategy. The CE coding segments are shown by raised boxes. Fragments
for sequencing were generated using the restriction enzymes shown, or by sonication (Fuhrman et al., 1981). B = BamHI, P = PstI, S = Sall, Bg = BglII,
Sm = Smal. B. The Cc nucleotide sequence. The deduced amino acid sequence for the coding regions is shown in the single letter code above the nucleotide
sequence. The letters above the derived amino acid sequence indicate discrepancies with the previously published protein sequence and dashes indicate residues
absent from that sequence. The characteristic recognition sequence for polyadenylation is underlined and the RNA splice sites are arrowed. Cysteine residues
involved in conserved intradomain disulphide bonds are circled, those involved in an additional intrachain bond are enclosed by triangles, and those involved
in interchain bonds are enclosed by squares (the first of these joins to L chain and the other two to H chain). Glycosylated asparagine residues are underlined.
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Fig. 5. Hybridisation of a CE probe to XE1.2, 266B1 myeloma DNA, and genomic DNA from non-IgE-producing cells of 10 unrelated individuals. All the
DNAs were digested with BamHI. The probe was nick-translated e1.2BP25. The sources of the human DNAs were as follows: (1) X)E1.2 phage, (2) 266B1
myeloma, (3), (4), (6), and (7) placentas - lanes 3 and 7 are from the same source, (5) liver, (8) spleen from an Italian thalassaemic patient, (9) Daudi,
an IgM-producing line from an African patient with Burkitt's lymphoma (Klein et al., 1968), (10) Raji, an IgM-producing line also from a Burkitt's lym-
phoma patient (Pulverlaft, 1965), (11) Molt 4 cells from an acute lymphoblastic leukaemia patient (Minowada et al., 1972), (12) HMy2, an IgG-producing
lymphoblastoid cell line (Sikora et al., 1982), (13) HeLa cells. Lane 1 was exposed for a shorter period than the others in order to make band intensities more
similar.

(Bennich et al., 1973). The CE gene is split into four coding
segments corresponding closely to the four domains of the
CH region of the protein. We found no separate hinge-coding
segment. The human Cy genes were found to possess small
separate hinge coding segments (Ellison and Hood, 1982;
Krawinkel and Rabbitts, 1982) so the absence of a separate
hinge-coding segment from human CE, like C/ (Ravetch et
al., 1980; Takahashi et al., 1980; Rabbitts et al., 1981), im-
plies that the hinge domain arose within the ey genes after
divergence from CA and Cc genes. The splice sites at the in-
tervening sequence boundaries are homologous to the consen-

sus sequences deduced for other genes (Mount, 1982) and 106
bases from the CE4 termination codon is the sequence A-A-T-
A-A-A which is characteristic of polyadenylation sites, thus
defining the end of the gene for the secreted c chain.
Evidence for three non-allelic CE genes in human DNA
The availability of a cloned CE gene enabled us to perform

Southern blotting experiments to study the number of CE
genes in human DNA. For use as a CE probe, the 2.1-kb
BamHI to PstI fragment containing the CE gene of XE 1.2 was
subcloned into M13mp701. Figure 5 shows Southern blots in
which this subclone, Ei.2BP25, was used to probe BamHI
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digests of XE1.2, 266B1 myeloma DNA, and DNA of non-
IgE-producing cells from 10 unrelated individuals. 266B1
myeloma DNA showed two hybridising bands at 9.0 kb and
2.7 kb (slot 2). The 2.7-kb band coincides with the band
detected in Xc1.2 (slot 1), and we have shown by sequencing
that this 2.7-kb fragment of XEi1.2 contains the entire CE gene
expressed by 266B1 cells. As discussed earlier, the 266B1
myeloma cell line seems to possess only one chromosome car-
rying H chain genes, so the results indicate that two non-

allelic Ce-like genes exist in 266BI DNA.
When the CE probe was hybridised with 10 other human

DNAs which do not express IgE, we found evidence for a
third CE gene. In addition to the 9.0-kb and 2.7-kb BamHI
fragments found in the 266B1 DNA, we detected a further
6.0-kb band in the other human DNAs studied, including
DNA from cells producing IgM (Raji and Daudi) or IgG
(HMy2) (Figure 5). The presence of the three hybridisation
components in these randomly selected human DNAs indi-
cates that they do not segregate in a Mendelian fashion and
argues strongly for the existence of three non-allelic CE-like
genes. One of the placental DNA samples used in our analysis
showed, in addition to the three hybridisation bands discuss-

kb
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ed above, a fourth BamHI restriction fragment (slot 4). This
additional band may represent either an allelic or non-allelic
segment.
We can predict an order for the three CE-like sequences in

genomic DNA. The H chain class switch in antibody-produc-
ing cells results in deletion of all CH genes between the active
VH segment and the newly-active CH segment. Therefore, the
absence of the 6.0-kb hybridising fragment from 266B1 DNA
could be explained in terms of deletion of this fragment dur-
ing the activation of the gene on the 2.7-kb fragment. Thus
the 6.0-kb fragment is probably upstream of the 2.7-kb frag-
ment, while the 9.0-kb fragment is probably downstream
since it is retained in the e myeloma DNA. The order of the
genes on the chromosome is thus likely to be 5' -Cu-6kbCE-
2.7kbCE-9kbCE-3' although it is, of course, possible that they
are not tandemly associated.
The data presented above indicate that the human genome

contains at least three non-allelic CE-like genes. This finding
contrasts with studies on the mouse where only one CE gene
was found and no further CE-like sequences were detected by
hybridisation (Nishida et al., 1981). We do not know whether
the two CE-like genes that we detected by hybridisation only
(Figure 5) are potentially active genes or inactive pseudo-
genes. Cloning and characterisation of the relevant areas of
human DNA should help us resolve this issue, and allow us to
study the gene organisation in more detail.

Materials and methods
Construction and screening of a phage X library
DNA from the human IgE-producing myeloma cell line 266BI was partially

digested with Sau3AI and fractionated on a sucrose gradient as previously
described (Dunnick et al., 1980) to obtain fragments of -15 - 20 kb. These
were ligated to BamHI-cut X1059 (Karn et al., 1980) and packaged in vitro.
The resulting library of -2 x 106 recombinants was then amplified and library
screening was performed using -5 x 106 p.f.u. of the amplified library. Cellu-
lose nitrate filter replicas of the phage plates were made (Benton and Davis,
1977) and the filters were hybridised to nick-translated probe (see below) in 4 x
SSC at 65°C. After hybridisation for 2 days with 3 x 105 c.p.m./ml of probe,
the filters were washed in 2 x SSC, 0.1% SDS for 4 h, then autoradiographed
using an intensifying screen (Laskey and Mills, 1977). The JH gene region
probe came from a 3.8-kb EcoRI to PstI fragment from the 5' end of phage
XC76 (Rabbitts et al., 1981) which is derived from human foetal liver DNA.
The 5' end of this fragment (Figure 1) was shown by nucleotide sequencing
(as described below) to contain four JH segments and a pseudo JH which are
similar to J3 to J6 plus the pseudo JH previously described (Ravetch et al.,
1981). For use as a probe, this EcoRI to PstI fragment was subcloned in two
pieces in M13mp7: C76R51A (2.5 kb, EcoRl to BglIl) and C76R51B (1.3 kb,
Bg,ll to PstL). Figure I depicts the relationship of these JH probes, in the
XC76 clone, to the organisation of human genomic DNA in the area of the CA
and CA genes.
Southern filter hybridisation

Probe DNA was labelled to a specific activity of -2 x 10' c.p.m./Ag by
nick-translation (Rigby et al., 1977). Transfer of DNA to nitro-cellulose filters
and hybridisation were carried out as described (Denhardt, 1966; Southern
1975; Jeffreys and Flavell, 1977). The salt conditions for hybridisation were 6
x SSC at 650C, and post-hybridisation washes were carried out in I x SSC at
65°C. For hybridisations requiring a cDNA probe derived from e mRNA,
RNA was prepared as described (Auffrey and Rougeon, 1980) and the
poly(A)+ fraction isolated on oligo(dT) cellulose. cDNA synthesis was per-
formed as in Rabbitts et al. (1977) using pT1o as the oligonucleotide primer.
Nucleotide sequencing
The dideoxy chain termination procedure was used in all experiments

(Sanger et al., 1980) utilising fragments cloned in M13mp7 (Messing et al.,
1981) or M13mp8 and M13mp9.
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