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ABSTRACT

e nucleotide sequence of the rat e-chain mRNA has been determined by
sequencing cloned cDNA copies of the mRNA. The established sequence covers
the coding region, the 3'-non coding region and most of the 5' non-coding
region. A comparison with the nucleotide sequence of the human g-chain
constant region reveals that C3 and C4 are the most highly conserved
domains. The rat e-chain contains a C-terminal decapeptide which is not
present in the human counterpart.

INTRODUCTION

A vast amount of knowledge has accumulated during the past decade concerning
the structure of immunoglobulin molecules. The primary sequences of numerous
heavy and 1ight chains have been determined either by amino acid or nucleo-
tide sequencing and it is now well established that heavy chain genes are
assembled by joining V-, D-, J- and C-segments (for a review see 1). Immuno-
globulin E (IgE) is a minor but important component of the immune system,
being of great medical interest, since IgE is a mediator of allergic react-
ions of the immediate type (2). Studies of the human IgE system have been
hampered by the lack of IgE-secreting myelomas and less than twenty IgE
myelomas have so far been identified, one of which, IGE(ND), has been stud-
ied in detail (3). An animal model to aid the study of the biology of the
IgE system is provided by the IgE-secreting immunocytomas, which occur spon-
taneously in LOU/c/Ws1 rats (4). We have prepared cDNA copies of the e -chain
mRNA from the rat immunocytomas IRZ and IR162, and one cDNA clone was
recently described (5). In the present communication we have constructed and
sequenced cDNA copies which cover almost the entire e-chain mRNA from the
IR2 immunocytoma.

MATERIALS AND METHODS
Cells and mRNA
Tumors were produced and mRNA was extracted according to already published

© IRL Press Limited, Oxford, England. 6041
0305-1048/82/1019-6041$ 2.00/0



Nucleic Acids Research

procedures (5).

Preparation of cDNA clones

The clone IR2:11 was prepared as described (5). The clone IR2:4 is a cDNA
clone prepared by using fragments of the cDNA present in the clone IR2:2:11
as primers. The primer fragments were generated by cleavage with endonuc-
Teases Aval, Pvull and Hphl. The second strand of clone IR2:4 was prepared
by attaching (dC) tails of the first strand followed by priming the second
strand with oligo(dG) as described by Land et al. (8). The cDNAs were in-
serted into the Pstl cleavage site of the pBR322 plasmid after dG/dC tail-
ing.

DNA sequencing

The method of Maxam and Gilbert was followed (13).

RESULTS AND DISCUSSION

Construction of cDNA clones covering the rat e-chain mRNA:

In order to establish the complete structure of the rat e-chain, a cDNA
library was constructed as described (5). One clone (pIR2:2:11) which con-
tained an approximately 1.1 kilobases (kb) long insert was partially cha-
racterized, and sequence analysis of the clone revealed that it contains
sequences from the 3' part of the e-chain. Analysis of RNA from the immuno-
cytomas showed, however, that the complete e-chain mRNA is approximately 2
kb long (5) and none of the clones in the original 1ibrary contained cDNAs
approaching this size. We therefore constructed an additional cDNA 1ibrary
using fragments from the original clone pIR2:2:11 as primers. The primer
fragments were generated by cleavage with a mixture of endonucleases Aval
and Pvull and the purified fragments were recleaved with endonuclease Hphl
to increase the molar concentration of fragments. Using this approach seve-
ral clones which include the 5' part of the e-chain mRNA were obtained. One
of these, designated pIR2:4, contains a cDNA insert which is 1,406 nucleo-
tides long. This clone together with the original clone pIR2:2:11 were used
to sequence the coding region together with the entire 3' and most of the 5°'
non-coding regions of the e-chain mRNA.

The structure of the rat e-chain mRNA and its protein product

The strategy uséd to-sequence the two cDNA clones is shown im Fig. 1 and the
established 1,866 nucleotides long sequence is shown in Figs. 2 and 3.
Sequences corresponding to the signal peptide as well as those corresponding
to the V-, J-, and C-segments were identified as shown in Fig. 1. The D-seg-
ment could not be mapped precisely since no germline V-region, D- or J-seg-
ment sequences of the rat have been published. The approximate junction bet-
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Figure. 1. The structure of the rat c-chain mRNA and the strategy used to
determine its sequence. Two cDNA clones, IR2:2:11 and IR2:4 were used to
establish the sequence and their structures are shown in the figure. The
cleavage sites which were used for sequencing are shown, and the arrows
indicate the extent of sequence information obtained from individual clea-
vage sites. The brackets at the top of the figure indicate regions of the
&chain which were determined by chemical amino acid sequencing using auto-
mated (Beckman 890 C Sequencer) Edman degradation of CNBr fragments
(Engstrom, A. et al., unpublished results). Nucleotide sequence information
was also collected from a cDNA clone prepared with mRNA from the IR162 rat
jmmunocytoma as template. The arrows indicate the amount of sequence in-
formation collected from this cDNA clone. In the mRNA structure, the signal
peptide (S), the variable region (V) and the D- and J-segments are indicated
as well as the four constant (C) domains C1-C4.

ween V- and D-regions was found by a comparison with the published mouse
germline V-gene sequences (6). A slight homology with the mouse germline
D-segment DSPZ.I (7) was found in the expected area between the V- and
J-regions (Fig. 2). Approximately two-thirds of the predicted amino acid
sequence has been verified by amino acid sequence analysis (Engstrom et al.,
unpublished results) as illustrated in Fig. 1, and the results obtained by
the two methods were found to be consistent. A corresponding cDNA clone,
originating from the IR162 immunocytoma was ‘partially sequenced (Fig. 1) and
the results were found to be identical with those obtained for the IR2
e-chain, suggesting that identical C-genes have been translocated in the two
tumors. The junction between the signal peptide and the V-segment was deduc-
ed from the chemically determined amino acid sequence of the N-terminal end
of the IR2 e-chain. By amino acid sequencing the same carboxy-terminal se-
quences was identified as could be predicted from the nucleotide sequence,
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Figure.2: The nucleotide sequence of the 5' non-coding region of the rat
e-chain mRNA and regions encoding the signal (S) peptide and the variable
(V) segment. The coding part of the sequence is translated into the predict-
ed amino acid sequence. The junction between the S- and V-regions was deduc-
ed from the amino acid sequence as determined by chemical sequencing of the
amino terminal end of the mature rat e-chain. The junction between V- and
D-regions was found by comparing the sequence with published mouse germline
V-region sequences (6). The junctions between S and V as well as V and D are
indicated by arrows. As a comparison, the sequence of three mouse J-segments
(9), JH1, JH2 and JH3 and a germline mouse D segment DSPZ 1 is includ-

ed. Underlined nucleotides are homologous. °

thus proving that no processing occurs at this end of the e-chain. The
signal peptide consisting of 19 residues ends with a cysteine residue, and

like other signal peptides it is rich in hydrophobic amino acids. The length
of the processed e-chain is 552 amino acids as deduced from the cDNA sequen-
ce, and the length of the 3' non-coding region of the mRNA is 86 nucleotid-
es. In this part of the mRNA the poly(A) addition signal AAUAAA is found
10-15 nucleotides upstream from the poly(A) addition site. The structure of
the entire 5' non-coding region of the e-chain mRNA cannot be deduced from
cDNA clones since 5' sequences usually are lost when cDNA clones are prepar-
ed. However, as a primer was used to prepare the second strand of the cDNA
(8) we expect that only a few nucleotides are missing from the 5' end, which
makes the entire length of the rat e-chain mRNA about 1,900 nucleotides

6044



Nucleic Acids Research

excluding the poly(A) tail.

The mouse heavy chain J-segments have recently been sequenced (9) and a
comparison with the IR2 -sequence is shown in Fig. 2. The J-segment present
in the IR2 sequence resembles the mouse JH3 segment; four differences are
apparent, possibly generated by somatic mutations.

Analysis of the codon usage reveals nothing striking as compared to other
eucaryotic genes (10) and codons ending with C (40%) or G (26%) are clearly
overrepresented.

A comparison between rat and human e-chains

Max et al. (11) have recently established the nucleotide sequence for the
gene segments encoding the constant (C) domains of the human €-chain. The
predicted amino acid sequence for human and rat e-chains were aligned for
comparison as shown in Fig. 4 and Table 1 lists the degree of homology
obtained in terms of amino acids and nucleotides, respectively. The highest
degree of sequence homology is found within the CH3(50%) and CH4(54%) seg-
ments, both at the DNA and the amino acid levels. Particularly striking is
the very high degree of homology present within the 3' non-coding region
(Fig. 3). The relatively high degree of homology as displayed by the amino
acid sequence, particularly in the CH3 and CH4 domains, is interesting in
view of the fact that human and rat IgE neither cross-react immunologically
using conventionally produced antisera, nor bind to mast cells or basophilic
leucocytes of the opposite species (4).

The positions for cysteinyl and tryptophanyl residues are highly conserv-
ed as expected, and it is noteworthy that those cysteinyl residues involved
in the formation of the two inter-epsilon disulfide-bridges, both are locat-
ed within the exon coding for the CH2 domain, which in e- and p-chains is
analogous to the hinge region of o-, 6- and y-chains. The extra intra-chain
disulfide loop present in the CHl domain of the human €-chain and the rabbit
Y-chain is apparently absent in the rat e-chain.

The predicted amino acid sequence for the rat €-chain (IR2) contains as
expected two invariant tryptophanyl residues in the CH4 segment, which is
consistent with the amino acid sequence data for CH4 domain of the human
€-chain (ND) (3). In contrast, the nucleotide sequence of human e-chain
shows that one of the tryptophane residues is replaced by a leucine.
However, a tryptophane codon is present in this position in a duplicated
€-pseudogene, thus indicating polymorphism in the human e-chain locus (11).

The human e-chain (ND) contains six glycosylation sites each having a
glucosamine residue attached to the asparaginyl residue in the configuration
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Figure 4: Comparison of the primary structure of human and rat C-region
omains 1 to 4 as predicted from the nucleotide sequences of the rat (top
11ne) and human (11) (bottom line) e-chains. The sequences were aligned to
maximize homology. Black boxes “above the sequences indicate homologous amino
acids. Known glycosylation sites in the human e-chain (3) are indicated by
filled circles, and putative glycosylation site in the rat e-chain are
indicated by open circles. Known disulfide bridges in the human sequence are
indicated; cysteine residues are marked with a star (+), and the location of
polymorpmc site (Leu/Trp) in the human CH4 domain is also indicated.

-ASN-X-THR. The rat €-chain (IR2) contains 9 putative glycosylation sites
(-ASN-X-SER- and ASN-X-THR) as shown in Fig. 4. Three of these sites, one in
CH1 and two in CH2, are homologous to the corresponding sites identified in
the human e-chain (3). Concerning the remaining putative locations of carbo-
hydrate side chains, it is noteworthy that one site is located in the carbo-
xy-terminal deca-peptide, which is absent in the human €e-chain (ND) (Fig.
4). The finding of an additional C-terminal segment comprising 10 amino acid
residues, which appears to be unique for the rat e-chain, is intriguing in
terms of its possible contribution to the biological functions of IgE and
its evolutionary relationship to the extended C-terminal segments present in
the o=, & and p-chains. In contrast to the highly conserved structure of

Figure 3: The nucleotide sequence of the C-region of the rat €-chain (IR2)
Fﬂ the 3' non-coding region of the e-chain mRNA. For comparison the corre-
sponding nucleotide sequence of the human €-chain (11) is also shown. Nuc-
leotides, which are identical in the two sequences, are underlined. The
junctions between the 4 domains, as predicted from the human e-sequence, are
indicated by vertical dashed lines. The termination codons are indicated by
stipled boxes.




Nucleic Acids Research

TABLE 1. Sequence homology between the constant regions of rat and
human €-chains.

percent homology
Region _amino_acids nucleotides
CH1 43 60
CH2 38 60
CH3 50 63
CHaX 54 64
3' non-codingXX - n

Xexcluding the tail peptide of rat e-chain.
XXfrom the termination codon in the rat e-chain.

the a- and p- nonadeca-peptides (12), there is no direct homology between
these and the deca-peptide of the rat e-chain except for the methionyl resi-
due at position 10. Similarly, the deca-peptide shows no homology with the
C-terminal octa-peptide of the §-chain except that both peptides terminate
with a methionine.

The biological significance of an extended CH4 domain is obscure. Though
it seems unlikely that the deca-peptide contributes to the unique features
of IgE to bind to mast cells and basophils, it might well be of importance
for some yet unknown biological functions of rat IgE.
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