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Abstract cDNA studies have distinguished two iso-
types of the rainbow trout (Oncorhynchus mykiss)
immunoglobulin (Ig) light chain (designated L1 and
L2). This study characterized genomic clones of these
isotypes. LI genes are arranged in clusters with single
copies of variable (V), joining (J), and constant (C)
segments. The transcriptional orientation of the V
genes is opposite to that of the J and C segments,
indicating that the V genes must be rearranged by
inversion. L2 is also organized in clusters, consisting
of two or three V, one J, and one C exon, all in the
same transcriptional orientation. L/ and L2 of rain-
bow trout are similar to the previously identified cod
and catfish clusters. Repeat sequences were found
upstream of each J segment in the L2 genes, each of
which includes a 16-bp sequence similar to the con-
served k sequence motifs of mammalian JxI genes.
Sequence analyses showed that the regions upstream
of LI and L2 genes have several putative cis-acting
elements also present in the promoter regions of Ig
genes of other organisms. Octamer motifs, a TATA
box, and an E-box were found in the 5’ region of an
IgL1V gene. A k-Y element, a CCCT element, a
TATA box, an E-box but no classical octamer were
found in the 5’ region of the IgL2 gene. Northern blot
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analyses showed that LI and L2 are expressed in
spleen, head kidney, excretory kidney, thymus, and
heart. The expressed ratio of L1 and L2 is estimated
to 85:15% in blood and lymphoid tissues.
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Introduction

Immunoglobulins (Igs) are the effector molecules of
specific humoral immunity in all jawed vertebrates.
The Ig molecules consist of two heavy (H) and two
light (L) chains and the different isotypes of the H
chain give the Ig molecule its effector properties. Tel-
eost fish express IgM (of predominantly tetrameric
form) and a putative homologue of IgD (Hordvik et
al. 1999; Wilson et al. 1997). There are also different
isotypes of the L chain, which in mammals are classi-
cally referred to as x and A. The light chain has no
known functional properties except contributing to the
antigen-binding structure of the antibodies. Several
isotypes of the L chain will thus increase the rep-
ertoire of antibodies. All studied vertebrate species,
except birds, have more than one L-chain isotype (Pil-
strom et al. 1998).

There are three major types of Ig locus organiza-
tion, denoted multicluster (as in elasmobranchs), mini-
malistic (as in birds), and translocon (or mammalian).
The IgL loci of elasmobranch and teleost fish are
organized in multiple clusters [variable (V)L-joining
(J)L-constant (C)L]. The VL segments are found in
opposite transcriptional orientation to the CL genes in
Atlantic cod (Gadus morhua) and channel catfish (/c-
talurus punctatus), and are sometimes duplicated, as in
catfish (Warr 1995). The IgL locus of Siberian stur-
geon (Acipenser baeri) is organized in a translocon
manner (Lundgvist et al. 1996). Two L-chain variants
have been described in the rainbow trout with the aid
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of monoclonal antibodies (Sanchez et al. 1989). The
gene of the first isotype (L1) was isolated by screening
expression libraries with antibodies (Daggfeldt et al.
1993) and the second isotype (L2) using degenerated
primers in a polymerase chain reaction (PCR) (Par-
tula et al. 1996).

Studies of the regulatory mechanisms for the
expression of the immunoglobulin loci are few. The
enhancer of the IgH locus in channel catfish has been
studied in detail (reviewed in Magor et al. 1999). The
presence of a multicluster organization in teleosts and
elasmobranchs raises several questions concerning the
mechanisms of Igl gene regulation, allelic exclusion,
and clonal selection. Although much is known about
transcriptional regulation of mammalian IgL genes
(Blomberg et al. 1991; Glozak and Blomberg 1996;
Hagman et al. 1990; Meyer and Neuberger 1989;
Picard and Schaffner 1984; Rudin and Storb 1992),
very little is known about IgL transcriptional control
in poikilothermic vertebrates. Recently, Bengtén and
co-workers (2000) published studies on the enhancer
activity of one IgL isotype of Atlantic cod, dem-
onstrating that not all clusters contain their own
enhancer region. However, no data have been pub-
lished on the promoter of any isotype of a poikilo-
therm vertebrate.

In this investigation we studied the genomic organi-
zation of the two L-chain isotypes in rainbow trout
and their expression in different tissues, and provide a
short overview of the first 200 bp 5’ of the VL start
site, corresponding to the promoter region.

Material and methods
Isolation and mapping of L1 and L2 genomic clones

Duplicate filters of a rainbow trout recombinant genomic library
(described by Lee et al. 1993) (amplified from 2x10° primary
recombinants) were hybridized with trout IgLI-specific (Dagg-
feldt et al. 1993) and IgL2-specific (Partula et al. 1996) cDNA
probes. The probes were labelled with 3P dCTP using a random
priming labelling kit (Amersham, UK). The filters were hybrid-
ized in a solution containing 0.5 M NaH,PO,/Na,HPO, (pH 7.2),
1 mMm ethylenediamine tetraacetic acid 7% (w/v) sodium dodecyl
sulfate (SDS) (modified from Church and Gilbert 1984) and the
labelled probe. The filters were washed either at low stringency
[2xstandard sodium citrate buffer (SSC) and 0.1% SDS, at
55°C] or high stringency (0.2xSSC and 0.1% SDS, at 65°C).

Isolation of phage DNA and restriction mapping was per-
formed by standard methods (Sambrook et al. 1989). DNA of
L1 and L2 genomic clones was digested with restriction
nucleases either alone or in combination and analyzed by elec-
trophoris on agarose gels. The DNA was transferred to Hybond
N* nylon membranes (Amersham) and hybridized with rainbow
trout VL- and CL-specific probes. Positive fragments were
selected for further analyses and subcloned into the pUC19 plas-
mid (Pharmacia Biotech, Uppsala, Sweden).

RNA preparation and Northern blot analysis

Total RNA was isolated from brain, eye, dura mater, thymus,
heart, head kidney (pronephros), spleen, excretory kidney (the
posterior one-third of the organ), liver, muscle, gut, and ovary

(pooled organs of three individuals) by the acidic phenol extrac-
tion method (Chomczynski and Sacchi 1987). The RNA (10 pg
per sample) was fractionated on an agarose gel containing 8.6%
formaldehyde and transferred to Hybond N* nylon membrane
(Amersham) in 20xSSC by capillary blot. The filters were fixed
by UV cross-linking (150 mJ), prehybridized and hybridized.
Probes including V, J, and C regions were used for Northern
blot analyses and the lengths for LI were 348 bp and for L2 393
bp. Both probes included the last part of the V, the whole J, and
the first half of the C region. Probes were radiolabelled by ran-
dom priming (Megaprime DNA Labelling System, Amersham)
and washed at low (2xSSC, 0.1% SDS at 55°C) or high
(0.2xSSC, 0.1% SDS at 65°C) stringencies and exposed over-
night to Kodak XAR films at -70°C. The same filters were
hybridized with a trout EfTu-1 (ribosomal elongation factor)
probe to standardize for the amount of RNA in each lane
(Hansen 1997).

For quantitative purposes, total RNA (7 pg per well) from
trout white blood cells (three individuals separately), spleen
(three individuals separately), and head kidney (two individuals
separately) as well as homologous cDNA (LI and L2) of known
concentrations (1 ng, 500 pg, and 100 pg) was separated on gels
and hybridized to a *P-labelled probe corresponding to the full
cDNA length of LI and L2. Quantification of LI- and L2-spe-
cific mRNA to which the probe hybridized was performed in a
chemiluminescent imagescreen (GS-250 Molecular Imager; Bio-
Rad, Hercules, Calif.) using Image Quant Software and the
hybridization signals were used to estimate the relative expres-
sion of the respective mRNAs.

PCR analysis of L1 and L2 expression

cDNA from rainbow trout tissue samples and blood was synthe-
sized with reverse transcriptase (RT Superscript II; Life Tech-
nologies, Gaithersburg, Md.) using 5 pg of total RNA as tem-
plate and oligo-(dT),5 as primer. PCR reactions were performed
in a volume of 25 pl containing 5% of the RT reaction as a tem-
plate, 20 pmol of each primer, 200 pm dNTP, 2 mm MgCl,, and
0.5 units of Taq polymerase (Boeringer Mannheim, Germany).
DNA was amplified in a PTC-100 TM thermocycler (MJ
Research, Watertown, Mass.) using the following conditions:
94°C (2 min), 35 cycles of 94°C (40 s), 55°C (40 s), and 72°C
(1 min). PCR products were cloned into pBluescript II KS*vec-
tor (Stratagene, California) and sequenced. The following prim-
ers were used:

L1 Vs: CTTCACTCTGACCATCAGTG

L1Vas: GAATCTAGATGGAGTCCCAGACTGA

L1Js: GTAGCGGCACCAGACTTGATGTT

L1 Cas:TCACCTCTCCTGCCTTGGTCCACT

L2 Vs: TCTAAAGCCACGTCTGATAA

L2Vas: ACTGAAGGTGTCTGTGTCACTGCT

L2 Js: AACCAAGCTCTTTGTTACT

L2 Cas: CACTTTGTCCTGGTTCCATTCTGA

where “s” is the forward primer and “as” is the reverse primer.

Southern blot analysis

Rainbow trout erythrocyte DNA (7 ug per well) was isolated as
described by Sambrook and co-workers (1989) and digested with
Hindlll, EcoRI, and BamHI. The DNA was separated on a
0.8% agarose gel and transferred to a Hybond N* nylon mem-
brane (Amersham) by blotting in 0.4 M NaOH. The filters were
UV cross-linked (150 mJ), and labelled with P using the ran-
dom primer method (see above). The duplicate filters were
hybridized with V and C probes in a buffer modified from
Church and Gilbert (see above) at 65 °C overnight. For genomic
Southern blot analyses, the following probes were used: LI
cDNA probes from nucleotide positions 1 to 254 [containing a
leader (L) and V region] and nucleotide positions 457-587 (a C
probe) of clone rtSgE (Daggfeldt et al. 1993) and L2 cDNA



probes from nucleotides 1 to 307 containing L, V, and J regions,
and nucleotides 422-746 (C probe) (Partula et al. 1996). The
filters were then washed at 65°C in 0.1xSSC and 0.1% SDS for
30 min and exposed to X-ray film at =70 °C overnight.

Sequencing

The Sanger dideoxy nucleoside triphosphate chain termination
method (Sanger et al. 1977) with T7 DNA polymerase was used
for sequencing. All exons were sequenced on both strands and
the nucleotide sequences were analyzed using DNAStar soft-
ware (DNASTAR, Wisconsin). The relative transcriptional
orientation of the gene segments in selected genomic clones was
determined by sequencing overlapping fragments and by PCR
using sense and antisense oligonucleotide primers specific for
the VL and JL genes as well as an antisense primer for the CL
segment. The presence of two or more V exons in the cluster
was sometimes determined by PCR using V sense and V anti-
sense primers.

Results
Structure of IglL1 genes of rainbow trout

Screening the rainbow trout genomic library with a
cDNA probe specific for the LIC region yielded two
genomic clones. PCR analyses, restriction enzyme

Fig. 1 Physical map of rainbow trout recombinant genomic
phage clones of the two light-chain isotypes (LI and L2). The
insert lengths are approximately 14-15 kb. Open boxes indicate
the localization of V, small filled boxes of J, and filled boxes of C
exons. Hatched boxes indicate pseudogenes found in clone LIA.
Arrows show the transcriptional orientation of the gene seg-
ments. The heptamer and nonamer signal sequences are marked
with triangles and sequenced areas are denoted with hatched lines
below each clone. All segments are drawn to scale. Accession
numbers (size of the sequenced part): L1E2 AJ251651 (5061 bp);
L2C31-1 AJ251647 (2621 bp); L2C31-2 AJ251648 (8959 bp);
L2A31 AJ251649 (1706 bp); L2C21 AJ251650 (1602 bp)
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mapping, and sequencing revealed that one of the iso-
lated clones (L1E?2) contains one V, one J, and one C
exon in the cluster, the V exon having an opposite
transcriptional orientation to the J and C exons (Fig.
1) as in Atlantic cod, but this cluster spans 3824 bp
compared to approximately 2.1 kb in cod (Bengtén et
al. 2000). The other clone (L1A) contains one V, one
J and two C segments. One of the C segments is a
pseudogene, since it contains just one half of the exon.
The V is in opposite transcriptional orientation and is
also a pseudogene due to one frameshift. In both L7
clones, a k-like recombination signal sequence (RSS)
is present at the 3’ end of the V segment and at the 5’
end of the J segment (the 12-nucleotide spacer is asso-
ciated with the V segment and the 23-nucleotide
spacer with the J segment). The leader exons encode
15 amino acids (aa) and are separated from the V
gene by introns of 154 (L1E2) and 187 (L1A) bp.

Structure of IgL2 genes of rainbow trout

Three different L2 hybridizing genomic clones,
approximately 14-15 kb in length, were isolated. They
were characterized using PCR analyses, restriction
enzyme mapping, and sequencing (Fig. 1). The L2
genes have two or three V, one J, and one C segment
in each cluster but the direction of transcription is
identical for all the segments. The size of a complete
cluster with three V segments (clone L2C31) is 5172
bp. A x-like RSS is present at the 3’ end of all V seg-
ments and at the 5’ end of the J segments, suggesting
that all the V segments in the cluster may be function-
al. The well-conserved (both in sequence and length)
leader exons, encoding 13 aa, are separated from the
V exons by introns 90-100 bp in length.

ISOTYPE 1
Clone L1 E2 < - —
| ol 4 5 ]
Clone L1 A
| I
—— o
ISOTYPE 2
Clone L2 C31
—p — - —) —_— P e = —P
I { b { {—F ':P—D—-—D—ﬂ—‘
Veiermimininne e i e oo .
Clone L2 A31
—> = -»> —
— —H
Clone L2 C21
- —p — sy
| —

Ilkbl



908

Analysis of the IgL1 and IgL2 V regions

Compared to each other, the V genes of the LI iso-
type have a variable framework region 1 (FR1), and
well-conserved FR2 and FR3. Complementarity-deter-
mining region (CDR)1 and 3 exhibit great variability
but CDR2 appears quite conserved. The V genes also
vary in total length (Fig. 2). The inferred IgL1
sequence derived from clone LIE2 shares only 65%
of its residues at the amino acid level with the pre-
viously published cDNA sequence R:tSgE (Daggfeldt
et al. 1993).

In the L2 isotype, the CDR1 and 3 regions as well
as the beginning of the FR3 region show variability;
FR1, FR2 and, surprisingly, the CDR2 regions are the
most conserved (Fig. 2). Sequences of the complete
IgL2V regions were compared to the previously pub-
lished cDNA VL2a sequences (Partula et al. 1996).
Identities range from 45 to 94% (at the amino acid
level). The three clones L2A31VI, L2C31V3, and

Fig. 2A,B Inferred amino acid sequences of the variable regions
of IgL1 and IgL2 genomic clones. The framework regions (FR)
and complementarity-determining regions (CDR) have been
delineated according to Kabat and co-workers (1991) (A) and
Lefranc (1999) (B). Dots indicate identity to the published
cDNA sequences and dashes are used to maximize the align-
ment. Alignment after Lefranc (IMGT) needs an insertion of
five amino acids into CDR2 and gaps in FR1 to fit the positions
of conserved amino acids (B). The inferred IgLI1E2 clone and
already published L1 cDNA clone RtSgE (Daggfeldt et al. 1993)
are 65% identical at the amino acid level and form two different
families. Seven IgL2 clones analyzed share 45-94% of their resi-
dues with the already published L2 cDNA clone VL2a (Partula
et al. 1996). New families found are named at the end of each
sequence

L2C31V4 have high similarity to each other and to
VL2a. Four other genomic V genes (Fig. 2) share up
to 62% of residues with each other and 45-51% with
VL2a. Thus they can be considered as emerging from
different families of VL genes, here denoted as VL2-1,
VL2-2, VL2-3, and VL2-4 (Fig. 2).

P-nucleotide and putative N-nucleotide additions
were examined in L2 cDNA clones by sequencing
from FR3 of the V regions to the second half of the C
regions. All clones encoded unique rearranged L2
sequences, which exhibited variability in CDR3. No
nucleotide additions were detected in the 3’ end of
the V region of the 32 sequenced cDNA clones. How-
ever, deletion of two nucleotides was found in the 3’
end of the V genes of one clone (data not shown).
The inferred amino acid sequences of the last part of
the variable regions of ten Igl.2 cDNA clones from
peripheral blood lymphocytes (PBLs) are compared in
Fig. 3 with the genomic L2 sequences. Analysis of the
amino acid sequence of the genomic IgL2V genes
indicates that there are some differences in the FR3
region and a good variability in the CDR3 region.

Genomic J regions of L2 are quite conserved and
differ by three nucleotides, resulting in two amino
acid changes. Likewise, the genomic C regions of L2
are very similar with only three amino acid substitu-
tions. As the cDNA analysis of ten clones shows, each
of the rainbow trout /glL2J and C regions are very
similar with few amino acid exchanges. Four unique J
and ten unique C regions were identified (Fig. 3), indi-
cating that there are likely at least ten clusters in the
locus. This is comparable to observations in other
“multicluster organization” CL regions of e.g., Atlan-
tic cod, channel catfish, common carp (Cyprinus car-

L1 FR1 CDR1 FR2 CDR2 FR3 CDR3
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Fig. 3 Inferred amino acid sequences of codons 95-223 of the C
region of ten L2 cDNA clones from peripheral blood lympho-
cytes are compared with those IgL2 sequences found in genomic
clones. FR3 and CDR3 are delineated according to Kabat and
co-workers (1991). Analysis of the amino acid sequences of IgL2
genomic V segments and cDNA V segments indicates that fami-
lies may be found at the genomic level which may be less com-
mon at the mRNA level. Four unique J and ten unique C
regions were identified. Amino acid positions are denoted below
the sequences

pio), horned shark (Heterodontus francisci), and sand-
bar shark (Carcharhinus plumbeus) (Daggfeldt et al.
1993; Ghaffari and Lobb 1993, 1997; Rast et al. 1994;
Schluter et al. 1989; Shamblott and Litman 1989a,
1989b; Tomana et al. 1999).

Putative promoter regions of L1 and L2

Consensus sequences of the transcription factor-bind-
ing sites were studied in both isotypes from an align-
ment of the putative promoter regions (position —200
to 0) from all potentially functional genes within the
L2 clones, and one pseudogene and one functional
gene within the L7 clones (Fig. 4). Since the VL genes
in trout /gLl are in an opposite transcriptional orien-
tation, introns between VL and JL of the LI isotype
contain promoter-like sequences that are also in the
opposite orientation. These studies showed that L1E2
has two conserved octamer motifs (-TTTGCAT) at
positions —140 bp and -158 bp, an E-box (CACAGT)
at position —128 bp and TATA boxes at positions -102
bp and -63 bp (Fig. 4). In contrast, the L2 sequences
contain no conserved octamer motifs. Two octamer-
like sequences are present in the 5’ region of each L2
segment, but in one of them only 4 bp (-TTTG--)
match the consensus sequence (ATTTGCAT). This

octamer-like sequence was found in all L2 promoter
regions at various distances from the ATG (-195 to
—-344 bp, not shown in the figure). The second octam-
er-like motif is located at a constant distance from the
ATG (always at —94 bp) in each of the seven clones
but only 3 bp (-T-T--T) match the consensus octamer.
Both of these octamer-like motifs are unlikely to be
functional. Putative TATA boxes in all seven L2 pro-
moter regions were either -30 or -97 bp from the
ATG with consensus sequences AGTAA and TTA-
TA, respectively. Overlapping the proximal octamer-
like sequence (and 5’ of it), an 18-bp well-conserved
region was found at —99 bp from the ATG where 6 bp
(TCTCCTTA) of 8 bp matched the consensus
sequence of the «x-Y element (with consensus
CTTCCTTA; known as PU.1- and elf-1-binding site).
A putative CCCT element (an octamer costimulatory
site) was found at -55 bp and an E2A-type E-box
(CAGCTG; bHLH-binding site) in all seven
sequences —38 bp from the ATG.

Each L2 J segment also contains a conserved k
sequence motif (KI and KII) at the 5’ end which is
repeated four to six times in the genome (Fig. 5).
These sequences are hypothesized to act as binding
sites for the protein KLP, the x locus rearrangement-
enhancing element. The repeated sequences in the
trout genome include a 16-bp conserved sequence
which is similar to KI motifs of human and mouse Jx
genes. This structure differs from KI of human and
mouse Igx genes at four positions (Fig. 5). No KI- or
KII-like sequences were found in the region 5’ of the
J exon of the trout LI isotype.
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A AGAGCTCGAGGATCTCTGACTGTTTCATCCTAACATCGTTGGTGCCGACGTGGATAACAATATCTCTATACTCTCTACACTCGCCTGTTTTAGCTTTAGCCAGCACCATCTTCAGATTAG
E2 ————CTCTTCAACTACAGTTTCCCTGGGGACCA-ATAGTCT GTTTGCATAGAGAGAACACTTTGCATTGACAGCACATGCTTCAGTGCTCTGAGAGT -G TATAGCCCTGTGAGTTTAA
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A C-CTTAACG-TCGGTAGCCCTGCCCCCTGGTAAACAGTGT - -ATGATCGCTGGATGATTCGTITTAAGTCTAATACTGTGG-~GTA
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A31 V2 eemmmmmmme AAAGTAATTTAAATGATTCAGAAAACCGTGTTCTCAGAAGCTGATAGGGACTGA - -GAGTATAGAGGGACAGCCTCCCCTCTGAATGCCTCCCTGGCTGICTCCTTATA
c21 v2 GTTTAATAGTTAAAGTAATTTAAATGATTCAGAAAACCGTGTTCTCAGAAGCTGATAGG--CTGA--GA-TA-~GAGGCAC-~-~--CTCCCTCTGA-T-CCTCCCTGGCTGICTCCTTATA
Cc31 vl ~GCTGGTGGATG-GTTGATTGCAGAG-CCCC-GCCCTCATGTTATCCATGGCT -~ TGGTGATTGGTTAACTCTAGA-G-~~AACCCTCCCCCTGA-T-CCTCCCTGTCTGICTCCTTATA
C31 V2 ——~TAGTGATTG-GTTAAC-GTAGAAGCCCCCTCCCTCTGGTCCTCCCTGGCT -~ TGGTGATTGGTTAACTCTAGAAG - - ~GCCCCTCCCTCTGG-T-CCTCCATGTCTGICTCCTTATA
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C31 v5 ATTTAATAGTTACAGTCATTTAAATTCATCAGGAGTCCATCTTCTCAGAAGCTGATAGG- -CTGA--GA-TATAGAGGCCC--~--CTCCCCCTGA-T~CCTCCCTGTCTGTICTCCTTATA
-90 ~-80 -70 -60 ~-50 -40 -30 -20 -10 -1
| | \ | | |
A3l V2 GGTGGGTCTCTGCA-CCTCTCCTCTCCTCACACTCCAACCCTGCTCATCTC -TCAGCTGGACAGTAAGGGCCGGTTCAAACCACACACTGACAAC
c21 v2 GGTGGGTC-CTGCAGCCTCTCCTCTCCTCACACTCCAACCCTGCTCCTCTC-TICAGCTGGACAGTAAGGGCCGGTTCAAACCACACACTGACAAC
c31 vl GGTGGGTC-CTGCAGTCTCTCCTCTCCTCACACTCCAACCCTGCTCATCTC - TICAGCTGGACAGTAA-GGGCCGTTCACACCACACACTGACAAC
C31 v2 GGTGGGTC-CTGCAGCCTCTCCTCTCCTCACACTCCAACCCTGCTCCTCTC - TICAGCTGGACAGTAA-GGGCCGTTCACATCACACACTGACAAC
Cc31 v3 GGTGGGTC-CTGCAGCCTC--CTCTCCTCACACTCCAACCCTGCTCATCTC-TICAGCTG-ACAGT. GGGCCGTTCACACCACACACTGACAAC
C31 v4 GGTGGGTC-CTGCAGCCTCTCCTCTCTTCACACTCCAACCCTGCTCCTCTCCTCAGCTG - AGAGTCAAGGGCCGTTCACACCACACACTGACAAC
c31 V5 GGTGG-TC-CTGCAGCCTCTCCTCTCCTCACACTCCAACCCTGCTCCTCTC-TICAGCTGGAC GGCCG-TTCACACCACACACTGACAAC

Fig. 4 Alignment of consensus sequences of the putative pro-
moter regions from all potentially functional genes (L2), and
one pseudogene (LIA) and one functional gene (L1E2) within
the clones. The analyzed sequences are from position —200 to 0
bases (where the ATG codon starts at position +1). Putative
promoter elements of L2 are boxed. E-boxes are denoted in
bold, putative TATA boxes in underlined italics and octamer in
bold italics. The putative k-Y element is located from -99 to
-106 bp, and a CCCT element (not marked) at —55 bp

Fig. 5 Alignment of repeated sequences in the trout genome.
The 5" end of each J segment of trout /gL2 contains a conserved
k sequence motif (KI and KII), repeated in the genome four to
six times. Human x locus KI and KII sequences are shown on
rows 1 and 2, respectively. Joining segments of clone C31 are
enumerated from 5’ to 3’ JI and J2, respectively

Analyses of L1 and L2 mRNA expression

Northern blot analyses were performed to compare
the expression of L1 and L2 isotypes in different tis-
sues. LI transcripts were expressed at high levels in
the typical lymphoid tissues like spleen and head kid-
ney but at low levels in the excretory kidney, thymus,
and heart. Similarly, L2 transcripts were also
expressed at a high level in spleen and head kidney,
with lower levels in heart, thymus, and excretory kid-
ney (Fig. 6). IgLl had one predominant message with
an approximate length of 1 kb, while L2 had two dif-
ferent mRNA transcripts of approximately 1 and 0.7
kb.

Majority TCCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGAATGGATGGTTCA

I 1 1 1 1 1

10 20 30 40 50 60

1 1 1 1 1 1
KI Homo TCCTCTTCAGTGAGGAG 17
KII Homo TCCACGCATGCTTGGA 16
€31 J2repl  TCCTCTCAGTAGAGAGAGAGGA 22
€31 J2rep2  TCCTCTCAGTAGAGAGAGAGTGAAGCCTCTGTCTGAATGGGATGTTTCAGTTCTG 55
€31 J2rep3  TCCTGTCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGAATGGGATGTTTCAGTTCTG 56
€31 J2repd  TCCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGAATGGGATGTTCAGT 47
C31 J2rep5 TCCTCTCAGTAGTCAGAGTGAAGCTCTGTCTGAATGGGATGTTTCAGTTGCTG 53
€31 J2rep6  TCCTCTAGAAAAGCCTGAGATGTTTGTAGTGAGAGTGAAGCTCTGTCTGAA 51
€31 Jlrepl TCCTTCTCAGTAGAGAGTGAGGA 23
€31 Jlrep2 TCCTGTTCTTTCTCAGTAGAGAGAGTGAAGCTCTGTCTGGAATGTGATGTTTCAGTTCCTG 61
€31 Jlrep3  TCCAGTAGGAGGAGTGAAGCTATGTTCTGGAATGGGGATGGTTCAGTT 48
€31 Jlrepd TCCTCTCAGTAGAGAGAGTAGAGCTCTGTCTGAATGGGATGTTTCAGTTCCTG 53
c21 Jlrepl TCCTCTCAGTAGAGAGAGAGGACTCTGTCTGAATGGGATGGTTCAGTTCCTG 52
€21 Jlrep2 TCCTCTCAGTAGTGAGAGTGAAGCTATGTCTGAATGGGATGGTTCAGTTCCTG 53
€21 Jlrep3 TCCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGAATGGATGGTTCAGTCCTG 51
€21 Jlrepd  TCCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGAATGGATGGTTCAGTCTG 50
€21 Jlrep5 TCCTCTCAGTAGAGAGTGAAGCTCTGTCTGAATGGATGGTTCAGATCCTG 50
€21 Jlrep6 TCCTCTCAGTAGAGAGAGTGAAGCTCGTGCTGAATGGATGGTTCAGTTCCTG 52



Northern blot analysis of Ig light chain L1 and
L2 mRMNA expression in rainbow trout
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Fig. 6 Northern blot analysis of total RNA (10 pg per well).
From the left: trout spleen (SPL), head kidney (HK), brain
(BR), eye (EYE), thymus (THY), heart (HEA), kidney (the last
one-third of the organ, KID), liver (LIV), muscle (MUS), gut
(GUT), and ovary (OVA). In the three rightmost lanes: total
RNA (7 pg per well) from trout spleen (SPL), head kidney
(HK), and brain (BR). The filters were washed at low stringency
(upper part) and at high stringency (lower part). Sizes in kilo-
bases are indicated to the right

Table 1 Relative expression (%) of mRNA of isotypes LI and
L2 in leukocytes, spleen, and head kidney of rainbow trout. The
data are mean values from two (head kidney) and three (leuko-
cytes and spleen) different individuals. For details see Material
and methods

Isotype Tissue Mean value Range

L1 Leukocytes 84.5 80-87.5
Spleen 87.7 85-93
Head kidney 83 81-85

L2 Leukocytes 15.5 13-20
Spleen 12.3 7-15
Head kidney 17 15-19

For quantitative purposes, LI and L2 mRNA
expression were measured with a phosphoimager, and
relative values (%) were calculated relative tousing
homologous ¢cDNA (LI or L2) of known concentra-
tion as a standard. LI is expressed at about 85% and
L2 at 15% both in blood and in lymphoid tissues (Ta-
ble 1). The amount of RNA in each lane was approx-
imately the same as determined by expression of
EfTu-1 in the same lanes (data not shown).

Discussion

The present study confirms an earlier hypothesis,
based on Southern blot analysis, that the two trout Ig
light-chain gene loci have a multicluster-type organiza-
tion (Daggfeldt et al. 1993; Partula et al. 1996). An
extensive Southern blot analysis of genomic trout
DNA and the mapping of genomic clones with V and
C probes of trout L2 indicates that there is more than
one V exon in each cluster (Figs. 1, 7). The results of
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Southern blot analysis of Ig L2 gene
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Fig. 7 Southern blot analysis of genomic (erythrocyte) DNA for
isotype L2 of rainbow trout with a probe containing the variable
domain (leff) and the constant domain (right). The restriction
enzymes used were BamHI (BHI), HindIIl (HIII), and EcoRI
(ERI), and the position of size markers (in kb) are shown to the
left. BamHI cuts within the constant exon. The Southern blot of
L1 digested with the same restriction enzymes is illustrated by
Daggfeldt and co-workers (1993)

the genomic sequence studies verify this, and show
that trout Igl2 has two or three V genes in each
cluster, all in the same transcriptional orientation. The
structure of trout IgL2 clusters is not typical of those
described to date in teleost fish. While two inverted V
genes in the same cluster have previously been found
in the catfish Ig light-chain locus of the G isotype
(Ghaffari and Lobb 1993), three V genes in the same
cluster is unique.

Physical mapping of genomic clones of trout Igl/
indicated a 1:1 ratio of V and C exons in each cluster.
Sequencing confirmed this and revealed an inverted V
gene, as reported for cod (Bengtén et al. 2000).

We can hypothesize that in fish phylogeny, differ-
ent evolutionary strategies were used to create anti-
body variability. The original unit of a light chain,
(VJC),, may either have been multiplied completely in
total length, giving rise to the classical multicluster
type of organization (cartilaginous fish and teleosts),
or partially [(VJ) or (V),(J)], giving rise to the trans-
locon type of organization (chondrostei and tetrapo-
da). Those fish species which migrate between differ-
ent environments, i.e., from salt to fresh water, or
which live in different temperatures, need to protect
themselves against a broader spectrum of pathogens
specific for each habitat. Under such selective pres-
sure, such fish (and perhaps different light-chain
classes) probably evolved distinct genetic features to
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increase variability. Acquiring either an inverted V
gene in a cluster, which may allow rearrangement
between clusters (cod LI, trout LI) or creating several
V genes inside one cluster (trout L2) or both (catfish)
will increase the diversity. This hypothesis will require
further studies of the L loci to be verified or rejected.

Stretch region

A particular feature of trout VL2 genes is an unusual
stretch of 11 aa in the FR3 region (Partula et al.
1996). This stretch was predicted to form a coiled
structure lying between the presumptive D and E
strands. This loop is rich in charged (Arg, Lys, Asp)
and hydrophilic (Thr, Ser, Ala) residues and could be
near the CDR1-3 loops that form the antigen recogni-
tion site of the V domain (Partula et al. 1996). This
conserved region was found in all V genes of the L2
isotypes, but not in the LI isotype nor in light chains
of any other species. However, another interpreta-
tion is also possible. A longer CDR2 as depicted in
Fig. 2B will allow, according to IMGT URL
(http://imgt.cines.fr:8104), a folding of the molecule,
and might affect the repertoire estimation.

KI and KII sequences

Conserved x motifs were located 5’ of each J exon in
IgL2 clusters (close to the nonamer). The motifs are
50-56 bp in length, and are repeated four to six times
in each L2 cluster. These motifs always include a
16-bp conserved sequence similar to the K-sequence
motifs of human and mouse JxI genes. Two cis-acting
elements, KI and KII, separated by 38 bp from each
other, are located upstream of the Jx nonamer-hep-
tamer RSS sequences (Weaver and Baltimore 1987).
The KI and KII sites are the DNA-binding sites of
the x locus protein (KLP; other names EBB-1 or Pax
5) which is expressed in pre-B- and B-cell lines, but
not in plasma cell lines and nonlymphoid cell lines
(Weaver and Baltimore 1987). Studies of knockout
mice mutated in the KI and KII sites showed that the
sites in the region upstream of Jx are the “enhancer”
elements of x light-chain gene rearrangement; disrup-
tion of KLP binding by mutation of the KI and KII
sites significantly decreased k-chain rearrangement,
but did not inhibit x germline transcription (Ferradini
et al. 1996). Thus KLP binding to KI and KII sites
enhances x locus rearrangement. KLP was recently
found to be the only lineage-specific transcription fac-
tor to fulfil this criterion, as pro-B cells from Pax5—/~
knockouts can differentiate along multiple myeloid
and lymphoid lineages except the B-cell pathway. Res-
toration of Pax5 activity overcomes the B-cell devel-
opmental block (Nutt et al. 1999). Similar repeats
were found in three nonrearranged JC transcripts of
trout /gL2 (Partula et al. 1996). No x-like sequences
were found 5’ of the J exon of the trout L1 isotype.

Promoter region

Expression of Ig genes in mouse and human is regu-
lated at multiple levels. The rearrangements of Ig
genes are unique for B cells and other cell types can-
not express Ig genes even if they express the relevant
transcription factors. Thus, there appears to be regula-
tion at the level of accessibility for rearrangement of
Ig genes. One hypothesis is that sterile germline tran-
scripts, initiated from Ig promoters and pseudopro-
moters open the loci for access by the RAG gene
products that initiate the rearrangement (Blackwell et
al. 1986; Kemp et al. 1980; Schlissel et al. 1991). The
regulatory regions for Ig transcription are similarly
organized in the different Ig chains in mammals. All
H and L V regions in mammals have distinct pro-
moters, and depending on the rearrangement events, a
different promoter will be used. All the Vk gene pro-

moters have an octamer element. Igx promoter
sequences are centered around an octamer
(ATTTGCAT) and wusually contain an E-box

(-CANNTG-), k-Y element (Atchison et al. 1990), the
CCCT element (Hogbom et al. 1991) and an initiator-
like sequence. The initiator-like sequence is at approx-
imately -2 up to 39 bp (basepair) nonconserved
sequence, overlapping with and downstream of ATG
site (Pelletier et al. 1997).

All H and L promoters share a highly conserved
octamer motif (ATTTGCAT) that is positioned
approximately 70 bp upstream of the transcription
start site. Although the complementary sequence is
preferred, only seven nucleotides (-TTTGCAT) are
strictly conserved in human and mouse. Synthetic pro-
moters containing just an octamer site and a TATA
box can direct accurate and B-lineage restricted tran-
scription, thus highlighting the importance of the
octamer element in the tissue-specific expression of Ig
promoters (Dreyfus et al. 1987, Wirth et al. 1987).
The promoter octamer motif is well-established as an
important component in regulation of mammalian /g
gene expression (Bergman et al. 1984; Falkner and
Zachau 1984). In the chicken light-chain promoter,
mutation of the octamer motif sequence
(ATTTGCAT to ATATTCAT) completely inacti-
vated a construct that was active before mutation
(Heltemes et al. 1997). At present, relatively little is
known concerning the regulation of IgL genes in fish.
Bengtén and co-workers (2000) recently published
studies on the enhancer activity of IglLl in Atlantic
cod. The lack of functional promoter studies make it
difficult to draw conclusions concerning what consti-
tutes a fish IgL promoter. Inferences can only be
made by comparing the sequences. Promoter regions
of five sandbar shark (C. plumbeus) genomic clusters
show variation in TATA box position, sequences, and
orientation of the octamer (Hohman et al. 1995). The
rainbow trout Igl.2 promoter region does not have a
typical octamer. Two octamer-like sequences can be
found although they are probably not functional. Pro-



moter regions in type I L-chain loci from horned
shark (H. francisci) (Shamblott and Litman 1989b)
and L chains type II from sandbar shark, spotted rat-
fish (Hydrolagus colliei), horned shark, and little skate
(Raja erinacea) each contain the consensus octamer
ATTTGCAT (Rast et al. 1994). However, the type I
L-chain locus in little skate does not contain a consen-
sus octamer. So functional studies are needed to
reveal which motifs are functional and important in
regulating the expression of the two IgL loci in trout.

Interestingly, the octamer element has been shown
to enhance human VA gene rearrangement (Stiern-
holm and Berinstein 1995). Although trout Igl2 is
neither x nor A like, a variant octamer could result in
a lower frequency of rearrangements, which might
explain why the L2 isotype has an additional
rearrangement-enhancing element, the putative KLP
protein-binding site found 5" of the J region. In all
seven L2 promoter regions, putative TATA boxes are
at about the same distance (-29 or —-30 bp) from the
ATG with the consensus sequence AGTAA. A mam-
malian consensus TATA box (TTATA) can be found
at -97 bp from the ATG but this sequence partly
overlaps with the x-Y motif at —-99 bp. To determine
which is the functional TATA box, additional expres-
sion studies will be needed.

From the LI isotype, two putative promoter regions
were analyzed. One (from clone LIA) is a pseudo V
(with one frameshift) and the sequence 200 bp 5’ of its
start codon does not contain any identifiable pro-
moter-like elements indicating possible new DNA
insertion(s) to the area or V exon translocation else-
where. The other V gene of LI clone L1E2 has TATA
boxes (TTATA) —63 and -102 bp from the start ATG
site and two typical octamers (-TTTGCAT) at posi-
tions —140 and —158 bp, respectively. Fish are the earli-
est vertebrates in which Igs are found (Warr 1995).
The fact that Igll of rainbow trout has similar
octamer sequences to those of human and mouse may
indicate that L/ is an evolutionarily younger isotype.
L2, on the other hand, might be more ancient and
may derive from a period when regulation of Ig tran-
scription was not yet so well developed.

Expression

Northern blot analysis showed that IglLl has one pre-
dominant (1-kb) mRNA. The transcription and splicing
of nonrearranged or truncated Igll transcripts is
uncommon and has so far only been described in
Atlantic cod (Daggfeldt et al. 1993). IgL2 has two dif-
ferent transcripts of 1 and 0.7 kb. Studies were per-
formed on a large set of tissue samples to test whether
L2 is expressed in nonlymphoid organs at levels detect-
able by Northern blot. L1 and L2 transcripts are both
expressed at high levels in spleen and head kidney and
at lower levels in the excretory kidney, thymus, and
heart. All other tested tissues gave negative results.
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However, L2 but not LI expression was detected at
low levels by PCR in several nonlymphoid tissues (data
not shown). One explanation might be the missing
octamer motif in the L2 promoters. The TATA box
and initiator site are not tissue specific and nonlym-
phoid transcription factors possibly influence L2 gene
expression. The other explanation could be contamina-
tion by blood, but LI expression in the nonlymphoid
tissues was not detected, although LI has a higher level
of expression in blood cells than L2 (Table 1).

In summary, the results presented here demonstrate
that the two light-chain gene types of rainbow trout
have different cluster organizations. First, L/ has one
inverted V, one J, and one C in the cluster, while L2 has
two or three V, one J, and one C in the cluster, all in
the same transcriptional orientation. The amino acid
sequence comparison confirmed that some V genes of a
trout L2 cluster are probably tandemly duplicated within
the cluster (similarity 99%), while others have likely
been transposed from elsewhere (similarity 45-51%).
Second, the cluster size of LI is 3-4 kb and of L2
around 5 kb. Third, L] is expressed at approximately
fivefold higher levels than L2 both in blood and in lym-
phoid tissues. Fourth, LI has putative promoter
sequences, which contain both a classical octamer and a
TATA box. The putative promoter of L2 has a well-con-
served sequence in the first 100 bp 5’ of the ATG but
neither an octamer nor a TATA box were conserved.
Fifth, L1 is expressed with one transcript and L2 with
two transcripts. Thus, L2 deviates in several respects
from the common features of an Ig light-chain locus.
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