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Abstract. Antibody screening and colony hybridiza-
tion of cDNA libraries have been used to isolate clones
of the immunoglobulin light (IgL) chain from Atlantic
cod (Gadus morhua L.) and rainbow trout (Oncorhyn-
chus mykiss Walbaum). Sequence analysis shows dis-
similarities in the constant part of the molecule (CL)
within each species. Comparisons of the amino acid
sequences of the constant parts of the IgL chains show
a 55% identity between the two teleost species. When
compared with other species the highest similarities are
found to the constant domain of the IgL chain from
mammals (30% —-37%), but the teleost Igl. chain can be
classified neither as ¥ nor A. The VL domain in Atlantic
cod and rainbow trout is also more similar to those of
mammals than to those of other animal species, but no
difference between ¥ and A was noticed. Genomic
Southern blots hybridized with fragments coding for
the constant part of Igl. gave several bands larger than
2 kilobases and a similar pattern was obtained with
fragments coding for the variable part. These results
show that the locus of the IgL chain has a multiple
organization in teleost fish and that the locus has an
organization similar to that of sharks. Several of the
c¢DNA clones isolated from both the head kidney and
the spleen represent nonrearranged or nonspliced
mRNA, and northern blot analysis shows that such
transcripts are present in both the head kidney and the
spleen.

Correspondence to: L. Pilstrom.

Introduction

The genomic organization of the immunoglobulin (Ig)
heavy chain locus in vertebrates (except reptiles) can be
divided into three main types, i.e., the elasmobranch
type (Kokubu et al. 1988; Harding et al. 1990), the
avian type (Reynaud et al. 1989), and the mammalian
type (Earley et al. 1980; Kawakami et al. 1980). In the
first type each of a variable (V), diversity (D), joining
(J), and constant (C) segment form clusters of 10
kilobases (kb), which are repeated in the genome. In the
second, avian type, there is only one functional V, D, J,
and C segment and antibody diversity is generated by
conversion of gene segments from a pool of pseudo-V
genes upstream of the functional gene. In the mamma-
lian type, clusters of V segments precede clusters of D
and J segments followed by the C segments. The heavy
chain locus of amphibia (Schwager et al. 1988) and
teleost fish (Amemiya and Litman 1990; Wilson et al.
1990; Bengtén et al. 1991) is of the mammalian type,
and the organization in reptiles is unknown.

Studies of the Igl. chain gene have shown that the
organization of this locus is similar to that found in the
heavy chain locus in the different groups, i.e., the V, J,
and C segments of elasmobranchs (Heterodontus) form
clusters of 2.7 kb (Shamblott and Litman, 1989a, b),
there is only one functional V, J, and C segment in birds
(Reynaud et al. 1987), and in mammals several V seg-
ments precede some J segments with one C segment
(Reviewed by Zachau et al. 1989; Selsing et al. 1989).
In amphibians the organization of the L chain locus is
of the mammalian type (Schwager et al. 1991), but no
data are available about reptiles and about teleost fish.

Two isotypes of light chains (i€ and A) are known in
mammals and they are encoded by different loci (Za-
chau et al. 1989; Selsing et al. 1989). The above classi-
fication of the organization of the IgL chain gene is a
simplification, because the A locus of mammals seems
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Fig. 1. Nucleotide sequence alignment of the IgL. chain clones from ¢cDNA libraries of head kidney and spleen from Atlantic cod (Gadus
morhua L.). The sequences are aligned based on the stop codon (bold print) of the constant part of IgL. Dashes indicate nucleotide identity to
clone cHg 1.1, and apostrophe signs denote gaps introduced to optimize the alignment. The VL of clone cSg L6L and the putative start of the
constant domain of the IgL chain is indicated by CL. The J segment is boxed and the harched box indicates the splice signal sequence. The grey
box (second section from top) shows the E-box core motif. These nucleotide sequences are available from the EMBL, GenBank, and DDBJ
nucleotide sequence databases under the accession numbers X68511-X68516, respectively.

to be more complicated and contains from a few to
several functional C segments and some pseudogenes
(Selsing et al. 1989; Hayzer 1990). Although the A
locus is organized in a repetitive way (in mouse V-J-C-
J-C-V-J-C), the gene duplication seems to have oc-
curred at a later stage in evolution and is not related to
the type found in Heterodontus, because different
mammalian species have different organization of the A
locus (Hayzer 1990). Two isotypes of the light chain (p
and ©) have also been described in the amphibian Xen-
opus (Schwager et al. 1991; Zezza et al. 1991). The
organization of the loci for G is of the mammalian type
(Schwager et al. 1991) but that of p is so far unknown.
However, o is expressed in two closely related forms,
each with its set of V genes, indicating a comparatively

recent gene duplication (Schwager et al. 1991). By

using monoclonal antibodies the light chain of channel
catfish (teleost) has also been divided into two isotypes
designated, for the time being, F and G (Lobb et al.
1984). Two putative isotypes of the light chain have
also been described in the reptilian alligator (Saluk et
al. 1970). The light chain from the elasmobranchs He-
terodontus and Carcharhinus are most similar to A of
mammals (Schamblott and Litman 1989 a; Hohman et
al. 1992).

In this paper we present the first results regarding
the Igl. chain loci in two species of teleost fish.
Sequencing of cDNA clones and Southern blot hybrid-
ization with these clones show that the locus has a
complicated organization, with several repeats of the
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Fig. 2. Nucleotide sequence alignment of the IgL chain clones from cDNA libraries of head kidney and spleen from rainbow trout (Oncorfyn-
chus mykiss). The sequences are aligned based on the conserved cysteine and tryptophan codons (underlined) of the constant part of the IgL.
Dashes indicate nucleotide identity to clone rtSg E and apostrophes denote gaps introduced to optimize the alignment. The start and stop codons
are in bold print. The hepatmer-nonamer recombination signal is indicated by underiined italics. Boxes show E-box core motifs. These
nucleotide sequences are available from the EMBL, GenBank, and DDBJ nucleotide sequence databases under the accession numbers X65260
and X68517 —X68522, respectively.

variable and constant domains indicating an organiza-
tion similar to that found in sharks. The cDNA
sequences show the presence of unrearranged tran-
scripts in the head kidney and the spleen, and northern
blot analysis also shows transcripts of three different
sizes of the IgL chain.

Materials and methods

Animals and collection of tissue. Atlantic cod (Gadus morhua L.)
and rainbow trout (Oncorhynchus mykiss Walbaum) were caught,
kept, and killed as described by Bengtén and co-workers (1991) and
Lee and co-workers (1993). In both cases the spleen, the head kidney
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(pronephros), the liver, and for cod either the ovarium or the testis,
were removed, frozen in liquid nitrogen, and stored at -70° C.

Antibodies. Antiserum against cod serum immunoglobulin (CS-Ig)
was prepared in rabbits and the antibodies purified by affinity chro-
matography with CS-Ig coupled to Sepharose 4B (Pilstrém and
Petersson '1991; Israelsson et al. 1991). Antiserum specific for the
light chain was obtained by immunizing rabbits with the L-chain
band from a sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) gel of CS-Ig run under reduced conditions
(Harlow and Lane 1988). The specificities of the isolated antibodies
were determined by immunoblot analysis.

RNA and ¢cDNA library preparation and analyses. Poly(A)* RNA
and cDNA libraries were made from cod spleen and head kidney
(Bengtén et al. 1991) as well as rainbow trout spleen (Lee et al. 1993)
and screened in Escherichia coli Y1090 for expression according to
Huynh and co-workers (1985) with rabbit anti-CS-Ig antibodies and
a highly cross-reactive rabbit antiserum against Ig from brown trout
(Salmo trutta L.; Thuvander et al. 1987), respectively. Commercial
goat anti-rabbit JgG alkaline phosphatase conjugate (Sigma,
St. Louis, MO) was used as secondary antibody. One of the clones
from cod (cHg 1.1) isolated by this technique was used as probe for
rescreening of the cod libraries together with a rabbit antiserum
specific for the light chain of cod. The cDNA clones obtained from
rainbow trout with the antibody screening were rescreened by hy-
bridization with a cDNA fragment encoding the main part of the
secretory IgH from Atlantic salmon (Salmo salar L.). One clone
(1tSg E), which showed a strong signal with the antiserum but no
signal with the probe from salmon indicating a putative L-chain clone,
was used as the probe for rescreening of the rainbow trout library.
Positive clones were isolated, and those selected for further analysis
were subcloned into pGemini blue (Promega, Madison, WI).

Probes. For the Southern and northern blots V- and C-specific probes
were used. These were for cod cDNA fragments containing nu-
cleotides 1~256 of clone ¢Sg L6L and nucleotides 1-325 of clone
‘cHg 1.1, respectively (Fig. 1) and for rainbow trout, nucleotides
1-254 and nucleotides 457-587 of clone rtSg E, respectively
(Fig. 2). The different probes were labeled by random priming ac-
cording to Feinberg and Vogelstein (1983).

Southern blot. Genomic DNA from cod erythrocytes and rainbow
trout liver was isolated, as described by Sambrook and co-workers
(1989) and digested with restriction enzymes. The DNA was sepa-
rated on an agarose gel and transferred to a nylon membrane Hy-
bond-N+ (Amersham, Amsetham, UK) by vacuum blotting with
0.4 M NaOH. The filters were prehybridized and hybridized in a
medium (modified from Church and Gilbert 1984) containing 0.5 M
NaH;PO4/NaHPO4 (pH 7.2), 1 mM ethylenediaminetetraacetate
(EDTA) and 7% (w/v) SDS with random primed cDNA fragments.
The filters were washed in 1 x standard sodium citrate (SSC), 0.1%
SDS at 65° C and autoradiographed.

Northern blot. Poly(A)* RNA from spleen, head kidney, liver, and
ovary was fractionated on an agarose gel containing 8.6% formalde-
hyde, and transferred to a nylon membrane Hybond-N (Amersham)
in 20 x SSC. The filters were fixed by UV cross-linking, prehy-
bridized, hybridized, and washed as described for Southern blot. To
ensure that similar amounts of poly(A)* RNA were present in each
lane of the filters, an MEB 3 mouse ribosomal RNA probe was used
as a control in the hybridization.

Sequencing. The Sanger dideoxy nucleotide chain termination meth-
od was used (Sanger et al. 1977) with T7 DNA polymerase, and the
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plasmid sequencing primers Sp6/T7. All the clones were sequenced
in both directions and the nucleotide sequences were compared and
translated into amino acid sequences with the MacMolly™ (Soft-
gene, Berlin, Germany) and DNA Star™ software (DNA Star, Lon-
don, UK).

Results

The IgL gene has duplicated several times in bony fish.
c¢DNA libraries from the spleen and the head kidney of
one Atlantic cod were screened with affinity purified
antibodies against cod Ig. Several positive clones were
found, most of which represented the Ig heavy chain
(Bengtén et al. 1991). One of the clones (cHg 1.1)
represented the main part of the constant domain of the
light chain (Fig. 1). In order to get full-length clones of
the light chain(s) of the putative two isotypes, we re-
screened the libraries with cHg 1.1 as a probe and with
a rabbit antiserum specific for the cod IgL chain (isolat-
ed by SDS-PAGE under reduced conditions). Several
positive clones were isolated, and five of them, desig-
nated cHg L.2I., cHg L5, cHg L10, ¢Sg L2A, and ¢Sg
L6L, have been studied. The first three derive from a
head kidney cDNA library and the two latter from the
spleen library. The clones cHg L2L and cSg L6L were
isolated by antibody screening with L-chain-specific
antiserum, while clones ¢Sg L2A, cHg L5, and cHg
L10 were isolated by hybridization with cHg 1.1 as the
probe. Sequence analysis of these clones revealed sev-
eral irregularities in comparison to cHg 1.1. In the part
coding for the constant domain (CL) there are 9/280,
7/305, 5/152, 9/305, and 6/305 nucleotide dissimilari-
ties, and in the 3’, non-coding part, there are 10—86/129
nucleotide dissimilarities (Fig. 1). The dissimilarities of
the coding region are not of such a magnitude that they
indicate a presence of L-chain isotypes. Thus, these
results indicate that the Igl. chain locus of Atlantic cod
is multiple similar to the A locus in mammals. In order
to get some idea of the degree of polymorphism, South-
ern blot analyses of genomic (erythrocyte) DNA were
made with a probe representing the coding part of the
CL and with a probe representing the variable domain
(V0L). The hybridized filters show that the locus is
highly multiple, with at least 20 bands which are longer
than 2 kb, some of which probably contain several co-
pies, as judged from the intensity of the signal (Fig. 3).
The pattern of the two filters are similar, particularly
with fragments >2 kb (Fig. 3), which shows that the IgL
locus has a clustered organisation of the Vi and Ci
segments. Southern blot hybridization of genomic
DNA from other individual cod gave similar but not
identical banding patterns (data not shown).

To establish whether this type of organization is a
general phenomenon in teleost fish or particular to
Atlantic cod, a cDNA library from the spleen of one
individual rainbow trout was screened with an an-
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Fig. 3. Southern blot analyses of genomic (erythrocyte) DNA (10 pug
per lane) of Atlantic cod, with probes containing the variable domain
(left) and the constant domain (right) of IgL chain from cod. The
restriction enzymes used are denoted above each lane and the posi-
tion of size markers (in kb) are shown on the left-hand side.

tiserum against Ig of brown trout, known to show cross-
reactivity with Ig of rainbow trout (Thuvander et al.
1987, Lee et al. 1993). Several positive clones were
isolated and those giving the strongest signal were re-
screened with a 1300 bp cDNA probe coding for the Ig
heavy chain from Atlantic salmon (Hordvik et al.
1992). One clone — rtSg E — was negative in this
rescreening, indicating that it might represent the IgL
chain of rainbow trout. Sequencing of rtSg E showed
that it coded for the leader peptide, the whole VL, the
CL, and the 3’ non-coding polyA tail (Fig. 2). More
clones were isolated from the same cDNA library with
clone rtSg E as probe, some of which were selected for
further analysis. As seen in Figure 2, there are IgL
nucleotide dissimilarities in rainbow trout as is the case
with Atlantic cod. This is particularly clear in the leader
and first framework (FR1) of the VL and at the position
of the stop codon. In the frameworks of the Vi-region
(excl CDRs) there are 30/246 nucleotide dissimilarities

203
£ =
I I
IE%E EEEE
SE£5 SEEE
o i oD
EE%EEEE E:’E:EEEIE
o £ Ele o o o oo Eo
O oo0o@d@0 O®.E 5]
(L, o0, T, L, L eny, L LIJ.ED,I,LIU.I,ﬁ,m,ﬁ
235:1 '
b - - .‘--”
9.4 !!! : ' 'g :s
- v
&5—',- L B 3 ‘
43 | ;l: > &8
- B = 4
=& 2
- -.__‘
2.2 — .
2.0/=

Vo CL

Fig. 4. Southern blot analysis of genomic (liver) DNA (10 pg per
lane) of rainbow trout with a probe containing the variable domain
(left) and the constant domain (right) of IgL chain from rainbow
trout. The restriction enzymes used are denoted above each lane and
the position of size markers (in kb) are shown on the left-hand side.

in the clones rtSg 3 and rtSg 10, respectively, in com-
parison with clone rtSg E. A comparison between the
segments encoding the constant part of the L chain
show 3-28 dissimilarities per 316 nt in the clones rtSg
3, 6,10, 9, and 2 when compared with clone rtSg E.
There is also a deletion of 73 nt in the non-coding 3’
end of the clones rtSg E and rtSg 9 in comparison with
the others, and, apart from this deletion there are
19/169, 20/182, 21/158, 5/179, and 8/186 nucleotide
dissimilarities in this part of the clones (Fig. 2). South-
ern blot analysis was performed with genomic DNA
from the liver of rainbow trout which was hybridized
with the VL and CrL fragments of rtSg E (Fig. 4). The
hybridized filters show that the locus is repetitive with
more than 10 bands longer than 2 kb as is the case in
Atlantic cod (Fig. 3). The patterns of the VL and CL
filters are very similar, showing that the organization of
the IgL gene is clustered, more the elasmobranch type
than the mammalian type, and not organized like the
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heavy chain of teleost fish. As in cod, there is a small
variation between individual rainbow trout in the
Southern blot hybridization (data not shown), indicat-
ing allelic variation in the population.

Some IgL genes are transcribed and spliced without
rearrangement. The clone ¢Sg LL6L from cod and the
clones rtSg E, rtSg 3, rtSg 6, and 1tSg 10 from rainbow
trout contain sequences which are homologous to mam-
malian Vi upstream of the constant region. The clone
cSg L2A from cod contain only 24 amino acids up-
stream the constant region but its sequence is very
similar to FR4 and CDR3 of cSg L6L, indicating that it
is rearranged and spliced as expected. The clone cHg
L5 (from cod) has 250 nt 5° of the beginning of the
constant domain i. e., it ought to code for most of the VL
domain (Fig. 1). However, no such sequence could be
found; instead, the splicing acceptor nucleotides
TCCTCTCTCTCTCTTCCAGT were recognized
(Sanapathy et al. 1990) at the putative start of the CL
domain. Therefore, this clone may represent an un-
spliced mRNA. The clones rtSg 4 and rtSg 9 from
rainbow trout contain the spliced J segment but the
sequence upstream does not seem to code for any VL.
Instead, the heptamer/nonamer recombination signal
segment (RSS) is recognized in front of the J segment
in these clones, showing that they represent J-C-spliced
mRNA from unrearranged DNA.

Northern blot analysis was performed with mRNA
from three different organs — spleen, head kidney and
ovary (cod), or liver (rainbow trout) — in order to test
whether the transcription and splicing of the nonrear-
ranged IgL chain gene is common or simply something
abnormal isolated by chance. As seen in Figure 5A,
there is a main band at 1 kb of mRNA from the spleen
of Atlantic cod but two equally intense bands at 1 kb
and 2 kb in the head kidney when the filter is hy-
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bridized with a probe of VL. Hybridization with the CL
probe gave bands similar to those with the VI probe in
the head kidney, but gave a smear in the spleen with a
slight banding at 0.5, 1, and 2 kb. In rainbow trout, the
northern blot hybridization with a VL probe gave a
strong band at 1 kb in both the spleen and head kidney
(Fig. 5B). With the CL probe there are also fainter
bands at 0.5 and 2 kb in the spleen and even fainter in
the head kidney. The 1 kb band is the strongest in both
species and most probably represents the correct tran-
scripts for a functional (rearranged and spliced)
L chain. The CL probes also hybridize to two additional
bands at 0.5 and 2—2.5 kb, which are most obvious in
Atlantic cod. The VL probes hybridize only to the long-
er transcript, indicating that it represents unrear-
ranged/unspliced mRNA and that the short (0.5 kb)
transcript only contains CL transcripts. The smeared
appearance of the northern blot filters in Atlantic cod
(Fig. 5A) demonstrates the presence of transcripts in
the whole size range from 0.5 to >2.5 kb with VL and CL
sequences.

Comparison of teleost 1gL with IgL from other species.
The constant domain. The deduced amino acid
sequences show that the clone cSg L2A from Atlantic
cod and the clone rtSg E from rainbow trout represent
the constant domain of the IgL chain (Fig. 6; Table 1).
The nucleotide exchanges seen in Figures 1 and 3 are
seldom silent but often give rise to alterations of the
amino acids as seen in Figures 7 and 8. In the Atlantic
cod these differences seem to be more evenly dis-
tributed in the sequence than in rainbow trout, where
the shifts occur at certain parts of the molecule. We
have used the amino acid sequences of cSg L2A and
rtSg E for the comparisons with the IgL. of other species
(Fig. 6; Table 1). The constant parts of the IgL chain
from Atlantic cod and rainbow trout have 56 amino
acids identical in their sequences, which correspond to
a 55% similarity (Table 1). Cross hybridization at low
stringency with the Cr probe from Atlantic cod and
genomic DNA from rainbow trout and vice versa gave
very faint bands (data not shown), so there is no other
light chain isotype with a higher degree of similarity in
any of the two species. The CL domain of rainbow trout
containing 102 amino acids is the shortest of those
compared, which is mainly due to a deletion of three
amino acids at position 160—-163 (Fig. 6). Comparisons
of the amino acid sequence of the two clones with those
of the constant domain in the L chain of other species
show similarities of 22% —37% with the highest values
obtained for mammals (Table 1). The pattern of the
distribution of hydrophobic and basic amino acids
show that a normal folding of the CL domain is most
probable in the Atlantic cod. In rainbow trout, however,
three amino acids are missing in the area of the fourth 3
strand, and, in addition, the hydrophobic amino acid at
the beginning of this strand is also missing.
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Although the degrees of similarity are generally a
little higher for the ¥ chain in mammals (mouse and
humans), the L chain represented by cSg L2A and rtSg
E can be classified neither as k nor A. In order to make
amore detailed study of the relationship, the amino acid
sequences of the constant domain of k and y from some
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mammals (humans, mouse, rabbit, rat, and pig) and of
the L chains from Gallus, Xenopus, Rana, Heterodon-
tus, Carcharhinus, and the two teleosts, were aligned
with the Pileup programme (Devereux et al. 1984) and
analyzed with the PAUP software (Swofford 1991).
Several evolutionary trees were obtained (data not
shown) and in all of them the L chain of Atlantic cod
and rainbow trout were placed at the root i.e., neither
could be classified as x nor A.

Variable domain. One clone of Atlantic cod contains
the main part (except FR1) of the Vi domain and three
clones from rainbow trout have a complete Vi. These
three VLs are very similar in FR2 and FR3 but cannot
be considered as belonging to the same family, due to
the great variation of the amino acid sequence in FR1
and CDR1 (Fig. 8). In FR1 only approximately 50% of
the amino acids are identical between the three clones.
A comparison of FR2, FR3, and FR4 between cod and
rainbow trout shows 10/15, 20/32, and 7/12 amino acid
identities. The Vi segment of rainbow trout is most
similar to those of mammals (mouse and human; Kabat
et al. 1991), regarding both the number and the identi-
ties of the amino acids of the different regions (data not
shown). The four frameworks show 30%—50%, 70%—
85%, 50%—65% and 40%—-60% identity with the
different Vi families of mammals, but no difference
between K and Y was noticed. In a recent paper by Zezza
and co-workers (1992) VL sequences from the Xenopus
p chain have been studied and a phylogenetic tree is
presented indicating that Xenopus VL p is of the k type,
while the ¢ seems to form its own branch in the phylo-
genetic tree. A similar analysis with the Vi framework
regions including the Gadus and Oncorhynchus gives a
result shown in Figure 9. Although the relative length
differs from that of Xenopus o, the Vi of the teleosts

Fig. 6. Sequence alignment of the constant regions of Igl. from
different species to clone cSg L2A from Atlantic cod (Gadus mor-
hua) and clone 1tSg E from rainbow trout (Oncorhynchus mykiss).
The alignment was performed with the use of the conserved cystein
and tryptophan residues, which are indicated in bold print in all the
sequences. Identical amino acids between the Atlantic cod and rain-
bow trout are indicated by a bar between the sequences. In the other
sequences, identity with both these two species is indicated by a bold
dot, identity with Atlantic cod by a lower stop sign, and with rainbow
trout by an upper stop sign. Data on the horned shark (Heterodontus
Jrancisci) are from Shamblott and Litman (1989a), on the sandbar
shark (Carcharihnus plumbeus) from Schluter and co-workers
(1989), on the clawed frog (Xenopus laevis) from Schwager and
co-workers (1991) and Zezza and co-workers (1991), on the bullfrog
(Rana catesbeiana) from Mikoryak and Steiner (1988), on the
chicken (Gallus gallus domesticus) from Reynaud and co-workers
(1987), and on the mouse (Mus musculus) and humans (Homo
sapiens) from Kabat and co-workers (1991). The amino acids are
numbered according to Kabat and co-workers (1991).
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Table 1. Comparison of numbers and percentages of amino acid identities of the constant part of immunoglobulin light chain from Atlantic cod
(Gadus morhua) and rainbow trout (Oncorhynchys mykiss) with those of other species.*

Species-isotype Total (N) Atlantic cod Rainbow trout Both species
n % n % n %
Gadus m. 107 - - 56 54.9 - -
Oncorhynchus m. 102 56 54.9 - - - -
Heterodontus f. 108 29 27.1 28 27.4 20 19.6
Carcharhinus p. 107 31 29.0 26 25.5 20 19.6
Xenopus . p 107 30 28.0 28 274 21 20.6
c 106 25 23.6 28 274 19 18.6
Rana c. 108 26 24.3 23 22.5 16 157
Gallus d. 105 29 27.6 33 324 22 21.6
Mus m. K 106 35 33.0 35 34.3 24 23.5
Homo s. K 106 34 32.1 34 333 23 22.5
Mus m. A 105 31 29.5 38 372 24 23.5
Homo s. A 105 31 295 30 29.4 21 20.6

* The estimates derive from the alignment shown in Figure 6.
N Total number of amino acids.

n Number of amino acids indentical to either Atlantic cod, rainbow trout, or both species.

seem to form their own branch between the x and y
isotypes.

Discussion

The finding that the IgL locus of teleost fish has an
organization similar to an elasmobranch type (or a very
complicated A type of mammal) shows that the gene
duplications within the heavy and light chain loci have
followed different pathways in evolution. In most other
vertebrate groups the organization of the genes for the
two chains are of the same type (see introduction). In
bony fish, however, the H-chain locus is organized as in
mammals and amphibians (Amemiya and Litman
1990; Wilson et al. 1990; Bengtén et al. 1991) but the
L-chain locus is as in elasmobranchs. This implies that
the two different pathways for gene duplication of Ig
genes were present in an ancestor of elasmobranch and
teleost fish. Rudiments of the “shark” pathway can still
be found in the A locus of mouse, rabbits, and humans,
and perhaps in teleost fish. In ruminants and horses
>90% of the light chain is of vy isotype. Although the
organization of their L-chain loci are unknown, it
seems probable that their A locus has an organization
with many VL segments, as indicated in sheep (Rey-
naud et al. 1991). Thus, it seems that the gene duplica-
tion pathway is not isotype specific. Our results also
support this, as the L chain in horned and sandbar
sharks is most related to the A isotype (Shamblot and
Litman 1989; Hohman et al. 1992) and the L chain

from Atlantic cod and rainbow trout is not more related
to the ¥ than to the A isotype (Fig. 9). However, the
nonamer/heptamer sequences are separated by 23 nu-
cleotides in clone rtSg 4 and 1tSg 9, favoring the k type
in at least the rainbow trout (Max 1989; Fig. 2). In
rainbow trout the amino acid sequences of clone rtSg E
and rtSg 9 are more equal to each other than to the
others, including the lack of the terminal Ser-Gly re-
sidues (Fig. 8), and in that they are missing the 73 nt in
the 3’ non-coding part of the cDNA (Fig. 2). This might
indicate the start of a divergence into two isotypes of
the light chain in teleost fish. The observation of two
L-chain isotypes in channel catfish (Lobb et al. 1984)
was based on the binding of monoclonal antibodies,
but, since monoclonal antibodies can differentiate
among only a very small number of amino acids in an
epitope, it seems likely that a phenomenon exists in
channel catfish similar to that in rainbow trout.

An intriguing finding is that the constant part of the
IgL gene is transcribed before rearrangement and often
spliced to the J segment (Figs. 1, 2). This might be
explained in two ways. Firstly, similar findings have
been reported in mammalian pre-B-cells and cell lines
for both IgL. (Van Ness et al. 1981; Nelson et al. 1985)
and IgH (Alt et al. 1982) and is considered to be a
prerequisite for the initiation of rearrangement (Staudt
and Lenardo 1991). In agreement with this we find
more unrearranged transcripts in the main hemato-
poietic organ, the head kidney (reviewed by Rowley et
al. 1988), but such transcripts also occur in the spleen of
the two fish species. This indicates that the spleen also
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CDR1 FR2 CDR2 FR3
cSg LeL TNTAVFN%?YIF WYQQKE?EEPKLIIK 3VNQLVS PTPARFSGSGSSTAFSLTITGAQREDAAVYHC
[ (&) [30] (o] [#] a0
CDR3 FR4 CL
CHg 1.1 RLLPPSRVELEQGSATLVCVASGGFPSDWKLGWK
CHg LZL llllllﬂllClIll!IlllI!lllM
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CHg L10
cSg L2A QSFHYPNSVDV VTFGGGTKLIVDL GVVQPTLSV!'! 'ttty 11t 1 ipisfCrisrtrt vt
cSg LeL QSLHWPGSVRM FTFGGGTKLIVDL GVVQPTLSV!'f1t1vt it et t,Crrrritertyrriag
- i I I L1
(] [ ] i 2] %] [
CL cont.
CHg 1.1 VGGSSRSGGVSDSLGVQGKDGHYSWSSTLTLPADQWRKAGSVSCEASKNGQTQPVTQTLNPGECSE .
cHg L2L lll'l'llll'll|llLlll|lllll|||'llllllllllI|lcllllll|lll|lll|l|DQCll.
cHgLS llllll'Ill'lll'ILllllllIll'IllllllllI|IIIIICIlllllllll!llllllllcll.
CHg Llo ISRAIIIITIIMlll“IIIIII'IICIIIIIII‘IIIIIIIIIDQCII-
chLzA ll||ll'lIlllllllL'lllllllllllllll|||lllllIICI|l|lllll'lll!l|'llCll.
chLGL |IlIIlllIllllll‘L'llllllllllllllI’IlllllllIClllllllllllllllllllCll-
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Fig. 7. Alignment of the deduced amino acids from the six IgL chain clones from two cDNA libraries from Atlantic cod (Gadus morhua). The
single-letter code for amino acids is used and identities are indicated by apostrophe signs, except for conserved cysteine residues and stop
codons, which are indicated by a full stop. The numbering of the amino acids was performed according to Kabat and co-workers (1991).

Leader FR1 CDR1 FR2 CDR2
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rth 6 SI 11111
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Fig. 8. Alignment of the deduced amino acid of seven IgL. chain clones from a spleen cDNA library of rainbow trout (Oncorhynchus mykiss).
The single-letter code for amino acids is used. Apostrophes indicate identity to clone rtSg E and dashes indicate gaps introduced to optimize the
alignment, The numbering of the amino acids was performed according to Kabat and co-workers (1991).
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Oryctolagus x 19
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Fig. 9. Unrooted phylogenetic tree of VL region framework
sequences. The tree was constructed with the MegAlign programme
(DNAStar) according to the Clustal procedure (Higgins and Sharp
1989). Analysis using the procedure of Hein (1990) gives essentially
the same tree. The amino acid sequences were obtained from Kabat
and co-workers (1991) and Zezza and co-workers (1992).

Heterodontus

Xenopus ¢ V1
Xenopus o V2

may harbour pre-B-lymphocytes i.e., also function as a
lymphopoietic organ. A second explanation of this phe-
nomenon is the finding by Wang and Calame (1985)
that immunoglobulin enhancers are able to activate
transcription of VH promoters located as far as 17.5 kb
away from the gene. Thus, with an organization of the
type found in the L-chain locus of the two teleost spe-
cies, a functional rearrangement and activation of tran-
scription may activate transcription of other promoters
of nonrearranged clusters. Quantitatively, the Atlantic
cod have more unrearranged mRNA in the two organs
than rainbow trout — the amounts being so high that we
have had difficulties finding a rearranged clone con-
taining a VL segment from the cDNA libraries of this
species. The fact that the locus of this species seems
more complex than that of the rainbow trout (Figs. 3, 4)
gives a little support to the latter explanation.

In conclusion, we have demonstrated that the loci
for the IgL. chain in Atlantic cod and rainbow trout have
a complex organization which is most similar to those
of the two Ig chains in elasmobranch fish. Transcription
of the loci takes place before rearrangement/splicing, as
is the case for mammalian pre-B-cells. The IgL. chain of
the two teleost species can be classified neither as the x

A.Daggfeldtetal.: cDNAs of IgL from teleost fish indicate clustered loci

nor the A isotype in mammals, nor as any other isotype
described in other species.
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