Immunogenetics (1996) 45: 44-51 O Springer-Verlag 1996

ORIGINAL PAPER

Sylvie Partula - Joseph Schwager Sirje Timmusk
Lars Pilstram - Jacques Charlemagne

A second immunoglobulin light chain isotype in the rainbow trout

Received: 7 June 1996 / Revised: 11 July 1996

Abstract A novel immunoglobulin (lg) light chain iso- predominantigL. mRNA in trout spleen and coincides in
type, termed IgL2, has been isolated from trout lymphogize with JLCL2 transcripts. Genomic DNA blot analysis
tissues both by reverse transcription — polymerase chaidicates that the trout2 locus has a cluster-like organiza-
reaction (PCR) and screening of cDNA libraries. The Ction similar to the troutL1 locus and thelgL locus of
domain of the new isotype shares only 29% residues witlsaveral teleost fish. A phylogenic analysis of VL2 and CL2
recently cloned trout IgL isotype, termed IgL1, which hasorroborates their low similarity to other vertebrate IgL
some similarities to € and Q\ isotype domains of severalchains and suggests an ancient diversification of Itie
vertebrate species. Using anchored PCRYlaelement locus.

rearranged taCL2 was isolated. It is a member of a new

VL family (VL2) of which four members were sequenced.

These differ in the sequence of CDR1 and CDR2 but are

remarkably similar in CDRS3, i. e., at the junction betweemtroduction

VL and JL segmentsVL elements are rearranged to novel

JL elements which differ from those described ¥ir1-CL1 Immunoglobulins (Ig) are the effector molecules of specific
rearrangements. Two cDNA clones contairkdCL2 seg- humoral immunity in all jawed vertebrates. Teleost fish
ments but nd/L segments. Thél segments were precedegossess a single class of tetrameric Ig, each subunit com-
by typical rearrangements signal sequené&sg nonamer- prising two pairs of covalently-linked heavy-light (H-L)
23 base pair (bp) spacer-heptamer]. Further upstreamchhin dimers. Recent structural and phylogenic analysis of
RSSwere located two to three near identical 53 bp repeathe H chains of several species of teleost fish confirmed that
each of which included a 16 bp sequence similakKi@nd they are clearly related to the chain isotypes of higher
Kll sequences located at similar places in human and mouegtebrates and to the IgH chains of elasmobranch (An-
Jk1 genes. These sequences are believed to act as bindlegsson and Matsunaga 1993). Earlier studies have shown
sites for the protein KLP, which could be a transcriptionahat there are structural and antigenic L chain variants in
factor involved in the synthesis of germlidé transcripts. several teleost species. The channel catfisttalirus
Their phylogenic conservation in vertebrates suggests tipainctatus)has two distinct (F and G) L chain isotypes,
they have an important role in B-cell differentiation. Rewhich differ in relative molecular mas$/¢) and antigeni-
markably, an RNA species of about 0.7 kilobase is thgty (Lobb et al. 1984). Catfish genes for the L chain G
isotype have recently been cloned, but they cannot be
readily classified as mammalian-like or A isotypes
(Ghaffari and Lobb 1993). These catfifl. genes have a
complex genomic organization reminiscent of the clustered

S. Partular J. Charlemagnex)) organization of the elasmobrantdl genes (Shamblott and
Groupe d'lmmunologie Compage CNRS (UA 1135), Litman 1989). Two L chain variants have been described in
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Sweden by all individual trout studied, as well as by other salmonid
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23 35
a  MLGTLCTLITALTYVSC QKAVIQTPSVLIVSTKGTATFHC DITKGEGNVVI WYKQVPGGAPQYVLR YYHTWSS

Atlantic cod Gadus morhuplL chain-encoding genes and

the gene for one isotype of the rainbow trout L chains hawer S D “HYALD-
been recently characterized (Daggfeldt et al. 1993). The: it F--hi-

. . . . { LEADER 1 FR1 1[0 rl ] ( FR2 1 [ CDR2]
rainbow trout L chains cannot be assigned tabmr A-like
88

and thelgL locus has a clustered organizationMif andCL  wzs  rrssseoovesarssoRrTskATSDRDYOFTISIWEETDSAVYYC Qrvpssveve % identity
segments, similar to the findings in catfish (Ghaffari and® o i —— b+
Lobb 1993). The aim of this study was to characterize &' ;™ = e
second rainbow trout L chain isotype (IgL2) which is

; i ig. 1 Alignments of the amino acid sequences of four rainbow trout
clearly different from the recently described trout IgL L2 segments belonging to the same family. Residues identical to the

chain (Daggfeldt et al. 1993). top sequence are denoted Imyphens and spaces introduced to
optimize similarity between sequences are indicateddbis The
putative leader, FR, and CDR regions are defined following Kabat
and co-workers (1991). The GenBank accession numbers of the

: corresponding nucleotidic sequences are U6998[2§); U69988,
Materials and methods (VL2b): UB9989 VL20): U69990 VL2d)

Isolation of a polymerase chain reaction (PCR)-derived cDNA clone
encoding a trout CL2 segment

Northern blotting experiments

First-strand cDNA was synthesized from total trout thymus RNA (see ) )
Discussion) using the oligonucleotide GACTCGAGTCGACATCTotal spleen, thymus, and brain RNA were denatured, fractionated on
GAT17, as primer (Frohman et al. 1988). RNA amplification waggarose-formaldehyde gels, transferred to nylon filter, and hybridized
carried out in 30pl reaction mixture containing about 1% of theto a32P-labeled random-primed probe corresponding to the full-length
cDNA/RNA hybrid, the above ‘3end primer and a 32-fold degenerated/L2-CL2 insert of clone 15 selected from the cDNA library (see
primer designed from a conserved stretch of amino acid residu@esults). The northern blot was washed and autoradiographed at
located around the N-terminal cysteine of vertebrate Mgahd TcR —80 °C for 1-3 days.
CB domains: [3-GGGAATTCAAGGCYACMCTSGTGTGYYTG,
where Y = (T/C), M = (AIC), and S = (G/C)] (Fellah et al. 1993). _ .
The amplified DNA [about 600 base pairs (bp)] was purified (GerSouthern blotting experiments
clean; Bio 101, Vista, CA) and cloned in theco RI/Sal | sites of ) )
pBluescript (Stratagene, La Jolla, CA). One of the cDNA cloi@is?f DNA was extracted from trout erythrocytes, digested whitmdill,
coded for the constant region of a putative triit gene (see Results). Bam HI, Eco RI, Pst | or Knp (Boehringer Mannheim, Mannheim,
Germany), electrophoresed (1@/lane) through 0.8% agarose and
transferred to Hybond-N+ filters (Amersham, Les Ulis, France).
. . . Hybridization was performed for 16 h at 42 in a 5% saline sodium
Construction and screening of a trout spleen cell cDNA library phosphate-EDTA (SSPE) buffer; § Denhardt's; 50% formamide;
0.1% sodium dodecyl sulfate (SDS) solution containing uigfml E.
Total RNA was extracted from the pooled spleen cells of four noRy|i tRNA (Sigma, St. Louis, MO), using2P-labeled random-primed
immunized trouts, cDNA was synthesized using a commercial ‘%}?‘ bes corresponding to the constant CL2 or variable VL2 domains of
(Pharmacia, Uppsala, Sweden) and a cDNA library was construc &LZ chain, isolated from clone 15. Filters were washed at 50°€65

in the AZAP I vector (Stratagene), following the manufacturergyim, = successively, 4, 2, ¥ SSPE buffer/0.1% SDS and autoradio-
protocol. The library was screened with a 365 ¥p-labeled ran- graphed at —80C for 1—3 days.

dom-primed probe obtained by digestion of clo@k2 with Eco RI/
Eco RV. Positive clones were purified and excised in vivo with the
M13 VCS helper phage as suggested by the manufacturer (Stratagefghstruction of distance trees

The multiple alignment and graphical relationship were constructed in
Isolation of trout VL2 segments by anchored PCR the MegAlign (DNA StafM software) according to the CLUSTAL-
algorithm (Higgins and Sharp 1988). This algorithm is based on the
Total cytoplasmic RNA from the spleen of a single non-immunizednweighted pair group method with arithmetic mean (UPGMA). The
trout was used to construct ¥L2 library by anchored PCR (5 analysis was performed with residue weights of PAM250 and default
Amplifinder Race Protocol; Clontech Palo Alto, CA). Briefly, first-penalties. Sequences for the comparisons were obtained from the
strand cDNA was synthesized using an antisense-specific primer (EMBL/GenBank database under the accession numbers given in the
ATTTGACTGGCCAGACAC) and reverse transcriptase (Superscrifggend of the corresponding Figure.
Reverse Transcriptase; Gibco/BRL, Eggenstein, Germany). The RNA
template was removed and the first cDNA strand purified. A single-
stranded anchor oligonucleotide was ligated to the cDNArRI using
T4 RNA ligase. A portion of this anchored cDNA was then used asResults
template for PCR amplification using the anchor manufacturet’s 5
rimer and a nested gene-specific Bimer (3-GCGAATTCCGTC- .
BACCAGGATGGCAAGACAG). e amplif(ication product was then!Solation of trout Igl cDNA clones
cloned in the Eco RI/Sal | sites of the pBluescript SK vector
(Stratagene). An amplified DNA fragment (about 600 bp) was obtained

from trout thymocyte total RNA by reverse transcription-
_ PCR. The amplified material was cloned and numerous
DNA sequencing clones were sequenced. Some of the clones contained the

The PCR and recombinant clones were sequenced independentlf%‘s'[am region of a known trout L chain isotype (Daggfeldt

both strands by the dideoxy method (Sanger et al. 1977) usifgal-, _1993)- Other clones (e. g., Cl(_)ne 26) encoded part of
universal and specific primers. the C-like segment of a novel L chain with 255 nucleotides
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A A B C el
[ FR1 I CCR1 10 FR2 1 [ CorR2 ]
68 23 35
TioutVL2a . ORAVTQTPSVLIVSTKGTATFHC DITKGEGNVVI. .. .. JWYRQV. PFGGAPQYVIR. ... YYHIWSS.....
TioutVL2b S D-S-Y-N..... JUE S ... -HYAID-.....
Toutlgh1 . -IT————- EMKAFQ-GDAV-LR- RFN-PPACSPECVA.. .--Q-K.-————= LLIY.... -AT-IQ-.....
Caffish VL IV ~KSALPGETV-IN- RINPAVYYYSSYGHYL H--Q-K.--E--KLLIK.... FANQLH-.....
XenopusVp ~ .-TVM--S-DYVS--PGE-V-IT- KASSSLVSGSYSWLA. .--Q-K.S-Q--KLLIY.... AANIRHT.....
XenopusVe2 .- VPVL-———- Y-NQGEQ-G-YN- NVVVKNNHAT., . . . .. .-FLRQT--K---LI-Y. ... HH--YTEPKYGP
Mouse VA1 .~AV-~-ESA. ---~PGE-V-LT- RSST-AVTTSNYAN.. .-VQEK.-DHLFIGLIG.... GINNRAP.....
HuimanVi4 . .SEIM-D-A.VS-ALGQ-VRIT- Q-DSLR-YDRA..... S—-Q-K.—-Q--LL-IY.... GRNNRP-.....
Rabbit VA2 . ~PVL-—S--.VSAALPAS-KLT- SLSSAHKINT-D.... .-~O-Q.Q-E--R-IMDJLKSD DSYTKGT.....
Mouss Vi6 . ~IVL--S-ATMSA-PGEKV-MD- SASSSVSYMH. ... .. .—-Q-K.S-TS-KRWIY.... DISKIA-.....
HumanVik1 . DIQM-—-S--T-SA-VGDRV-IT- RASQSISRWLA.. ... .——Q-K.--Q--RLLIY.... KASSLE-.....
Rabbit Vi2 AEV-M-—--ASVEAAVG--V-TK- QASESI--AIA..... .=—Q-=.—~OR-NLLIY.... AASNLA-.....
* * * * +*+ * *
D E F
[ FR3 1 [ COR3 ]

64 [71A - 71K] 75 82 88 o
TroutVi 2a FTSSSPDOYGSGFSSDRFTSKATSDKDYOF I TSNVEETDSAVYYC OTWDSSVKVE % identity
Touti2b ... —E } |  — 850
Trout VL1 G-P-. .RFS——-SG——.. cciurn.. FILT--G-QAE-AGD-—- -SYH-GDV.. 333
Catfish VL GIPA. .RFS——-SG—.vurnnn.. FILT--G-QTE-AGD-—- -SYH-GGM. . 273
XenopusVp ~ G-PE..RFS——-SGT-. .......... FTLT--RM-AE-A-D--~ ~QHYTTP. .. 226
XenopusVo2 ~ GMS-. .AHF—-TINGA. ....... GTE--L-VK-TDIQ-TDT-—- VKYYDNIG.. 232
Mouss VA1 @-A.HF.~~LIGDK. .« eneunn.. AALT-TGAQTE-E-I-F- AL-Y-NH... 193
HumanVi4  GVPA..RFS--SSGHT........... ASL~-TGAQAE-E-D--- NSR---G-H. 252
Rabbit Vic2 GVP-. .RFK--RSGTE. .......... FILT--G-QRE-A-T--- LGSYG-SD.. 277
MoueVi6  GVPA..RFS-—SGTS........... -SLT--SM-AE-A-T--- -Q-S-NP. .. 252
HumanVk!  GVP-..RFS---SGIE. .......... FTLT--SLQPD-F-T-—- —QYN-YS. .. 261
Rabbit VA2 GIPD. .RFS—~SSGA—. .. ..'e.... RYWI-PS-OAD-E-D--- GADY-GGY.. 224

* * * * *+*+

of untranslated sequence which contained a polyadenyfé. 2 Comparison of amino acid sequences of the tréLiPa and
tion signal and a polyAtail. TheEcoRI-EcoRV fragment VL2b segments with VL sequences of different vertebrate species.

Residues identical to the trout VL2a sequence are denotéyiyens
of clone 2.6 was used as a probe to screen a trout spleen spaces introduced to optimize similarity between sequences are

cDNA library. Several positive clones were purified anghdicated by dots Putative B strands, FR/CDR regions, and the
sequenced, including a full-length clone, a tbuncated numbers of the most conserved residues (Kabat et al. 1991) are
clone, two germlineJ-C transcripts, and a germlin€ indicated above sequences. The stretch of 11 amino acid residues

; : corresponding to positions 71A to 71K in the VL2a sequence is
transcript. The sequences of several complgt¥ regions underlined Under sequences, residues conserved in most sequences

were then obtained by RACE-PCR. are indicated by =; residues involved in intra-domain interactions are
indicated by *; and residues involved in inter-domain interactions are
indicated by+ (Satow et al. 1986). GenBank accession numbers are
U69987 (troutVL2g); U69988 (troutVL2h); X65260 (troutVLI1);
L25533 (catfishVL); M94393 XenopusVp). The XenopusVao2
sequence is from Schwager and co-workers (1991). The mammamlian
sequences are from Kabat and co-workers (1991); with page and entry
(#) numbers as follows: mous€l: p. 264,# 3; humani\4: p. 144 # 1,

. . . _rabbitA2: p. 290,# 3; mousex4: p. 201,# 1; humank1: p. 103,# 7;
Fig. 3 Alignments of trout germlingL sequences (G3 and G11) with,5ppit k2 p. 2774 24

the mouse and humalk1 germline sequences (Weaver and Baltimore
1987). The conserved 16 fpbsequences are indicatedbold, and the
putative in-phase alternative translation initiation codons (GUG) are
underlined Residues identical to the clone G11 sequence are denoted
by hyphensspaces introduced to optimize alignments are indicated by

dots
Gl1 CGCTAGGCAGTCRGCC
{Kx)
Gl1 GCCGCTCTCTGTCTGAATGGGATGTTTCAGTTCCTGTCCTCTCAGTAGAGAGAGTCAAGCTCTGTCTGGATGGGATGTTTTAGTTCCTG
G3 A mmmm e Com e e e
KIT KI < 9-mer >
611 TCCTCTCAGTAGAGAGAGTGAAGCTCTGTCTGGATGGGA . TGTTTCAGTTCCTGTCCTC . TCAGTAGAGAG . AGGGAggt Lat tgtATG
G3 e T Tommmmmmm e ——— TTA--——————----= C-
Mouse Jkl ---A-G--TGCTT-GAGAG-GG-T-AA-CT-TCGCA-CT.ACCCA-T-C--TGT--~-— T-mm== o==-GA..... [ CA
Human Jkl ---A-A~CTGCTC--A-AG-G--T-GA-CT-CAGCA-CTGACCCAGGAC--TGT~--C~T-TG==.~-~~A..... G----tc~--TCA
<7-mer> < J > < CL >>
G11 GCCGTGTAAACAAACTGAATcactgtd. ... GTA TTA GGA CAA GGA ACC AAG CTC ATT GTC ACT GAC TCT ACC
G3 R S e T B el S e L
Mouse Jkl1 ---AGAC-GTGG-GTACT-C----—-- G TGG ACG --C ~--T GG- --C --~ --- --G GAA A-- ~AA ~-TA AG- -GA

Human Jkl --AAGAC--TGG-GAGCTC-------- G TGG ACG --C --C —--- -- G ~— -—- G-G GAA A-- -AA -TG AG- -GA
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Fig. 4 Nucleotidic sequence < CDR3 5 < FR4 s
alignment ofVL2d-JL(clones 2,  clone# 86 87 88 8 90 91 92 93 94 95 953 95B 96 97 98 99 100 101 102 103 104 105 106 106A
6, 8, and 9) and/L2c-JL(clones  2(v2d) TAT TAC TGT CAT ACA TGG GAC GAC TCT GAT AAA GTG CAC ATA TIC GCA CAA GGA ACC AAG CIC ATT GIT ACT

s Tyr Tyr Cys His Thr Trp Asp Asp Ser Asp Lys Val His Ile Fhe Gly Gln Gly Thr Lys Leu Ile Val Thr
3,4, 5, and 7) sequences. The ¢ yag

el € R
sequences are compared with the - - - - - - - - < 4 - - - - - - PPO- - - - PHe- -
trout germlineG3 and G11 se- 8(vad) B e it g{ o

. . - — - - - - - — - - - - — - - - - —- - - - e -
quences (Figure 3, this paper) and g (y2q) =
with the troutrtSgE (Daggfeldt et - - - - - - - - - - - - - - - - - - - Ppe- -

i _ 3(V2e) - -- G L
al. 1993) and catfistPG1 (Ghaf T T T T T e T T T T e
fari and Lobb 1993) germline 4(v2e) J B e T o G e e P e
sequences. See text for explana- - - - - - - - Asm- Va- - - va- - - - - - =~ Phe- -
tions 5(v2c) C-- T ——= === === ——= === A= o= T —— o e Gm —mm mmm mmm —mm —om o —em T O
His~- - - - =~ - Asn- Val- - - Vval- - - - - - - Phe- -
7(V2e) - -~ L T
- - - - - - - Asn- Val - - -Val- - - - - - Phe- -
G3 cactgtg G-- ~—- - ~C- ~-= —== —== —== T —=C -
val- - Pro- - - - Phe- -
Gl1 cactgtg G-- ~—— ——= —== —== === == -== ——= ——C ———
val - - - - - - - - - -
rtsg9 cactgtg G TGG -CT' --T --T AGC --C -— -GA --T GA~ --- CGA
Trp Thr - - Ser- - - Arg - Asp Val Gly
PG1 ‘ cactgtg G TGG -CT --T ~--- GG- —-—- —- T —-A --G TC- --G GGC
Trp Thr - - Gly- - - - Ser- Gly
< < J SEGMENTS >
Analysis of the IgLV regions vertebrate L chain. This peptide lay between the putative D

and E3 strands and contained mostly charged or hydro-
The sequences of ten clones encoding the compigt¥  philic residues. Most of the VL chain amino acid positions
regions were assigned to four different VL subgroupsnsidered to be important for intra- and interdomain
(VL2a—-VL2d; Fig. 1). They share 83%—-95% residueimiteractions in mammals (Satow et al. 1986) were con-
and thus form one single VL family, desighated VL2served in troutVL2 segments (Fig. 2).
Sequence differences between the VL2a-d chains were
mainly located in the putative CDR regions, as defined by
Kabat's numbering system (Kabat et al. 1991). The Fientification of J-C and C transcripts
regions of the four sequences were almost identical. These
new VL2 domains (Fig. 2) had only 33.3% identical amin@wo putative germline transcripts were identified in clones
acid identity with the previously described trout VLIG3 and G11 from the cDNA library; they contained
domain (Daggfeldt et al. 1993). The FR3 regions had sequences’50 the JL segments spliced t€L2 segments
stretch of 11 amino acid residues (positions 71 A to 71K i{iFig. 3). Conserved heptamer and nonamer sequences
Figure 2) with no obvious similarity to any other describedeparated by 23 bp were found ® the JL sequences.

Fig. 5 Multiple alignment of the

; - A B T

amino acid sequences of the trout 107 - 113 119 134 C148 ¢
CL2 region with CL sequences of Trout CL2  DSTLPPPVLTILPPSSDELKSSK.VTLVCLASQMAMGYADVSWTAGGTPVTGGIATSGRV
different vertebrate species. Re- Trout CL1 . /SNSA-T--V- == ~E--§-TTTA--T---NKGFPSDWTIR~KVD~~SQKQE. . - - SR~
. . : Catfish CL . .R-TQ-SV~-V--==-V--QQE~. - ~-~-V-YKGFPSDWRL- - KVD-SSWSS-ESR-TA-
sidues identical to the trout CL2 Cod CL . - GVVQ-T=-8V----RV~-~ . EQGPA-~-L-V-SGGFPSDWKLG-KV-~SSRS-- . VSDSLG
sequence are denoted byphens Shark | . .EDRK-SVLL-—--- E-ID-GW.A--5--V-HFKP-FVR-L- RVDDKETDS-VT-GTVS
and spaces introduced to optimize Shark 11 . .NPRV-SVSV~-—--~~ QIAAKNTA~-~---V-GFNP-AVEIE-~VDDVRGN-V.E--RIQ
PRSI Shark 11l . .EKSQ-T~-L----EEV. -AKGTA~ -~ -~DHF YPDEVG- E- KKD- AAT SA-VQ- ~NYL
.S'r(?.”a”% tt))egNeen sequences are XenopusCp. - . .NDAK-AVF-FK-- . ~-QVKEGNP-A- - - INNFFPRDLT-T-KVDSQDVSS SDVKTSDF
indicated bydots Important re- XenopusCo - . KF~E-A-LVF-~YTEDNE-KDSS- - T~ HI -KL-VSLVN-K-LID- ~T-QOD-VS--N--
sidues are numbered above se- Human CA  GQPKAA-SV-LF----E--QAN- A~---~ I-DFYP-AVT-A-K-DSS---A-VE-TT-S
quences (Kabat et al. 1991), and Rabbit CL  .QPAVT-SVILF----E--~DN-,A~--—-- INDFYP-TVK-N-K-D-----Q-VD-TQ-S
. P e Human Ck = . .-VAA-SVF-F--~DEQ---GT.ASV---LNNFYPRE-K-Q~KVDNALQS~NSQE-VTE
the conserved residues are indi- Rabbit Cx  .GDPVA-~SVLLF~~-KE--TTGT.A-I--V-NKFYPSDIT-T-KVD--TQQS~~EN-KTP

cated by = under sequences. = === = =
GenBank accession numbers are:
U69987 (trout CL2); X65260 _—

D
(trout CL1); X68513 (cod CL); 178 186 1o o
L25533 (catfish CL); M64307, Trout CL2°  PQA.DKTFQLSSCLTVDTSEWNQDKVFSCKVIVGSKFAE. . KDIKKSECSTE % id.
Trout CL1 *  LEK.-GLYSW--T--LTGL--TKAGEVT-EAQNSQTSVT. . ~TLRRAD- . . . 29
L25557, L.25561 _(horngd shark |, Catfish CL  L--.~GLYSW--T-SLHPEQ-RN. --VT-EASKDNQ . PPVVSTVNTEQ- . . . 30
Il and Ill, respectively); M94392 Cod CL VLGK-~GHY SW- - T--LPADQ- RKAGSV-- EASKNGQTQPVTQTLNPGR-~E. 24
(Xenopust), The XenopusCo Shark | TDS.-Q-YS---Y-R-PATA--KGSSYT-S-DH--LSSPLL-T-SSTA--D. 31
; Shark Il + ~ET-N---V=-~Y~~L,PA~ -~ SHEL- - ~V-KHETQANPLKTS~SR~S-1 . . 35
sequence is from Schwager.and Shark ill RAS.-S-YSC--L--LSG-D-ESNAR- - ~ALIHETLSSL. S-SVSR---V. . 30
co-workers (1991). Mammalian XenopusCp - M-ES-S-YSQ--M--LTKDK-DKADK-E-L-KHK. TAQL . TQSFS--Q-~. . 24
sequences are from Kabat and co- Xenopus C6  RES. -N--SM--Y--LASKDV-K-RMY--IIQQEGSS-FIS~GV-~L-Q-. .. 33
workers (1991), with page and Human CA ~ K-S.NNKYAA--Y-SLTPEQ-KSH-5Y~~Q--HEGSTV-. . ~TVAPT--- .. 37
t b foliows: Rabbit Ch ~ K-S.NSKYAA--F-SLSANQO-KSYQSVT-Q--HEGHTV- . . -SLAPA- —-. . 36
entry ) numbers as follows: Human Cx  QDSK-S-YS---T--LSKADYEKH--YA~E~~HQGLSSPVT-SFNRG-~. . 26
human Q: p. 654,# 24; rabbit Rabbit Ck  QSPE-N-YS---T-5-TSAQY-SHS-YT-E-. ~-QGSASPTVOSFNRGD- . . . 25

CA: p. 655,#54: human @: == = = -
p. 647 #1; rabbit G: p. 648,#38
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H Ba Ba E Hi Pst1 Kpn Fig. 7 Northern blot analysis of s B
trout L2 chain expression. Total
RNA from trout spleen (lane S)

23 kb_.' and brain (lane B) was hybridized o
‘ 7Sk to a32P-labeled probe corre- ek
s = ; e
- . et sponding to the complete 1o —
B - VL2 + CL2) L2 chain 0.7 kb —
6.5kb— L. ! _77kb ( ) *

LI L

Structure of the CL2 domain
B o6kb . .
- Since the new trout CL markedly differ from trout CL
VL cL described by Daggfeldt and co-workers (1993), we desig-
Fig. 6 Southern blot of trout erythrocyte DNA, digested wiindlll _”ated them CL2 and Clo‘l’. reSp.eCtlveIY' The tW.O trout CL
(Hi), BamHI (Ba), EcoRI (E), Pst1 or Kpn, and hybridized tg2p- 1SOtypes share only 29% identical residues (Fig. 5). CL2
labeled probes corresponding to the variable (VL), or constant (Cmatches best to horned shark type Il CL chain (35%) and
domains of the trout L2 chain the mammalian & chains (36%—37%). Figure 5 also
shows that the characteristic CL residues, such as Pro113,

Upstream of the nonamers, the two clones had near idénS134, Trp148, Cys194, and Cys214, are conserved in the
tical 53 bp repeats, including a three-time (clone G11) §out CL2 isotype. Other typical CL residues are also well
twice (clone G3) repeated 16 bp sequerkk KlI, andKx) conserved, like the LPPS (118-121) and TLVCLA
very like theKI andKIl nucleotide sequences found at 4131-136) stretches, as well as Serl76, Serl77, and
similar location upstream of the mouse and hundi Leul79. The CL2 chain has 217 residues and a unique
germinal sequences (Weaver and Baltimore 1987). Cloféu termlnal.re3|due. Other conse_rved residues qf verte-
G10 contained a complet€L2 sequence followed by abrate CL chains are not conserved in the trout CL2 isotype,
complete 3 untranslated sequence, with a polyadenylatidfke Prol41l (replaced by Met), or residues 149 and 151
signal and a Poly A stretch. ThisCL2 transcript was Which are replaced by small hydrophilic residues (Thr and
preceded by 131 nucleotides and contained an AG splicifiy). Remarkably, there is an extra-cysteine residue at
signal at the 3end of theJ CL2intron (data not shown). Position 178.

J segments and VJ junctions Southern blotting experiments

VL2 is associated with novelL segments which differ DNA blots from an individual trout were hybridized with
from the published trout JL sequences. Figure 4 shows tp@bes specific for th¥’L2 andCL2regions (Fig. 6). About
nucleotide and amino acid sequence alignments of eidt—13 DNA segments were labeled with thié2 probe,
VL2-JL junctions from the clones obtained by RACE-PCRIepending on the restriction enzyme, and about eight bands
These clones represent independéhQ-JL rearrangement were labeled with th€L2 probe. These results indicate that
events, since their sequences markedly diverged avthe the troutL2 gene structure is complex, presumably similar
JL junction (data not shown). The eight clones were dividd@ the clustered organization of thd locus.

into two subgroups, i. eYL2c (clones 3, 4, 5, and 7), and

VL2d (clones 2, 6, 8, and 9). Variants of ti& sequences

are randomly associated with both thd 2c or VL2d Northern blotting experiments

sequences. The associatdd segments are one codon

shorter than publishedL segments of trout (Daggfeldt etIn spleen RNA, a strong, intermediate, and faint hybridiza-
al. 1993) and channel catfish (Ghaffari and Lobb 1993); ttien signal of (D.7 kilobase (kb), 1 kb, and 2 kb, respec-
proteins have the typical sequence encoded bggments, tively, were observed (Fig. 7). They might correspond to
including the conserved Phe98, Gly99, Gly101, and Thri@2CL or CL transcripts, fully processed RNA, and pre-
residues. Figure 4 shows that all tde2candVL2d clones MRNA, respectively. Faint signals for 0.7 and 1 kb tran-
have a histidine codon at position 96, which is most likelgcripts were also detected in thymocyte RNA (data not
encoded byL. The two groups of clones differ at positionshown), but none in brain.

97, which corresponds to théL2-JL junction Codon 97

(GTA/Val) may be provided, at least ML2c-J Ljunctions,

by the first nucleotide triplet which follows in '3the Phylogenetic analysis

heptamer recombination signal sequence of Jheseg-

ments (sequences G3 and G11 in Figure 3). The two Bhe trout VL2a and CL2 nucleotide and amino acid
residues of codon 97 (TA of ATA/lle) in th&/L2d-JL sequences were compared with the entire GenBank and
junctions could be provided by th#l segments, but the NBRF databank sequences using the FASTA comparison
5’ residue (A) could come from th€éL2d segments. program (Pearson and Lipman 1988). The best match for
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the VL2a nucleotide sequence was a segment of the trdtig. 8 Distance tree for amino acid sequences of Whesegments of

VL1 sequence (ClongSg 1Q opt= 144, 57.1% identity in
168 nucleotides overlap). Less significant scoogt € 121-
111) were found for variants of théenopus laevit o (L2)
variable segments (Schwager et al. 1991). The t@L2

different species. The trout L2 is shownlild print and branches of
the classicak and A are boxed The branch of VL in other species
closely related ta is hatched.The sequences were obtained from the
EMBL/GenBank databases under the following accession numbers:
M59321, X75612, X05554, 711895, M87784, L25533, X90556,

nucleotide sequence had asigniﬁcant scom;é 199) with X65260, K01359, L16765, L25561, X82069, M25720, M21075,
07563, M60441, X56270, X65288, M77360, M59322, X57729,

the sandbar shark typedL segment (Rast et al. 1994), anq(,; 364 | 95568, M20049, 125560, L25556, L25566, and L 25552,
with the cod (Daggfeldt et al. 1993) and the channel catfi§ite sequence ofanis k is from Wasserman and Capra (1978);
(Ghaffari and Lobb 1993) CL chains. There were ngenopusc is from Schwager and co-workers (1991), aGadus
significant FASTA scores between the traDb1 and CL2 VL-16 is unpublished sequence from L. Pilstis lab. The x-axis
isotype nucleotides and between the tr@it2 and the denotes distance between the sequences in arbitrary units
mammalianA or K isotypes. The best scores for the trout
VL2a chain amino acid sequence was tenopusVol
sequence (Schwager et al. 1991), followed by a majority of ] )
mammalian \k sequences. The trout CL2 amino acid hatle TCRBgenes in the Mexican axolotl (Fellah et al. 1993).
the highest degree of similarity to a large number dpcidentally, some of the clones from amplified thymus
mammalian @ sequences (e. g., 38% identity for th€DNA had an open reading frame encoding a putative IgL-
human & KERN (Ker/Oz) sequence in a 102 residuedke constant segment that was structurally different from
overlap,opt = 246). the known trout CL isotype, called CL1 in this paper
Since it was difficult to classify unambiguously the troutDaggfeldt et al. 1993). The fact that these sequences
VL2 and CL2 sequences using similarity comparisons, Weere isolated from thymus cDNA is not surprising, since
built distance trees from vertebrate L chain amino acRyPsequent northern hybridization confirmed the presence
sequences. This analysis confirmed the structural relatiéfi- L2 transcripts in trout thymus RNA. Complete2
ships between the trout VL2a andenopusVo (VL2) Sequences were obtained by anchored PCR and by screen-
regions (Fig. 8). These, like other VL sequences of shalRg @ trout spleen cell cDNA library. FoWL2 segments
cannot be readily linked to the canonical mammakeor A Were detected; they belonged to the same family, but
isotypes. The trout VL1 sequence was more related.to differed in their CDR1 and CDR2 putative regions, sug-
The tree corroborated that trout CL2 is best related #§sting that functional selective pressure had favored their
XenopusCo (Fig. 9). In contrast, trout CL1 sequencediversification.

like other teleost CL sequences, seemed to be more related® Particular feature of the trouvL2 segments is an
to K sequences. unusual stretch of 11 amino acids in their FR3 region

(positions 71A-71K in Figure 2). This stretch is predicted
to form a coiled structure lying between the presumptive D
and Ef strands. This loop is rich in charged (Arg, Lys, Asp)
and hydrophilic (The, Ser, Ala) residues and could be near
the CDR1-3 loops that form the antigen recognition site of
The initial PCR experiments were performed to see whetitbe V domain. The four VL2 sequences (Fig. 1) have
TCRBIlike sequences could be amplified from rainbowlifferent CDR1-2 loops, but identical 71A—-71K regions.
trout thymocyte cDNA using a strategy that worked foFhis additional loop of active residues is probably not

Discussion
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directly involved in antigen recognition, but could berotein which can be expressed on the surface of pre-B cells
involved in an interaction with some invariant structure. in combination withy heavy chains (Franseet al. 1994).
The presence of conservédsequences’Sto the non- Translation of thex protein starts from a non-AUG alter-
rearranged]C transcripts in the trout is intriguing. Thenative codon (GUG) located in th€l sequence, in frame
three trout 16 bgKl, Kll, and Kx sequences are identicalwith Jk1 A putative non-canonic GUG translation initiation
and separated by 37 bp identical sequences (Fig. 3). Tleegon is present in the trout heptamer sequence immedi-
are similar to the human and mouké andKIl sequences ately 5 to the firstJ codon (Fig. 3). This suggests the
that flank in 3 the nonamer recombination signal of thel existence of a surrogate JLC2 protein in the rainbow trout.
gene, and which are also separated by a non-conservednterpretation of thé/L-JL junctions (Fig. 4) is based on
37 bp sequence (Leclercq et al. 1989). Guanine methylatipreliminary data about the structure of thé2 and JL2
interference assays have demonstrated that the hithargenes (data not shown). Differences between the two
and Kll sites have potential guanine residue contacts grmoups of junctions\(L2d andVL2c sequences) at position
both strands of the DNA and form a 16 bp protein binding7 probably reflect differences at thé énds of thevVL2d
site with an imperfect inverted symmetry (Weaver anandVL2c gene segments. Similarly, the differedit iden-
Baltimore 1989). This structure, which is well conservetified in this study might originate from multipleJL
in the trout KI: 5’-TCCTCTCAGTAGAGAG), is thought segments or reflect allelic polymorphism. Yet thé&.-J
to act as a binding site for KLP, a B-cell-specific nuclegunctions have limited diversity, with no clear nucleotide
protein (Weaver and Baltimore 1989). The structure amdmming and/or N-nucleotide addition (Fig. 4). On the
function of the KLP protein are unknown in mammals butther hand N-nucleotide addition is a common feature of
the conservation of its putative DNA binding site in d@he VDJ junctions in rainbow trout IgHtL and Tcr3 chains
teleost fish suggests that it could be important for expre®Roman et al. 1995; Partula et al. 1995).
sion of the associated light chain genes. Although the trout The amino acid sequence comparison confirms that the
L2 gene is not closely related to the mammalidngenes, trout L2 chains cannot be classified as mammakaor A
the teleost fish.2 and the mammaliahk genes could come chain isotypes. Elasmobranchs, the most primitive verte-
from a common ancestragL locus. NoK-like sequence brates in whichigL genes have been extensively analyzed,
was found 5 to the recently described trodCL1 (Dagg- have three L chain types (Rast et al. 1994). Type | L chains
feldt et al. 1993) and catfish (Ghaffari and Lobb 1993ppear to be an ancestral sister group of all other L chains;
germline JCL transcripts. type 1l chains seem to be more related (although still
It has recently been demonstrated that human B-cdlbtant) to mammalian and aviak chains, and type Il
germline JCk transcripts encode a surrogate 15000k chains match the mammaliak chains. Recent distance
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trees of vertebrate L chains (Daggfeldt et al. 1993; Rastfeancs, V., Paudran-Garcia, D., Guret, C., Ho, S., Wang, Z., Duvert,
al. 1994), and the distance trees in this paper, place the root%/-rbtse?ﬁ'%”g)-( ;852’;% 'i\::acfgﬂnet;h\g?i'gﬁz\;vgﬁéafll;”&ga?;ebfht?n%gC
of the channel catfish and the cod L chains as well as theg . precursorsEMBO J 13:5937—5943, 1994

trout L1 chains near the mammalianchains, indicating Frohman, M. A., Dush, M. K., and Martin, G. R. Rapid production of
that they are structurally related to each other and to full-length cDNAs from rare transcripts: amplifications using a

elasmobranch type Il anKenopusp chains. The trout Sg‘gée 9%%ge-§g§giﬁc primerProc Natl Acad Sci USA 28:
L2 chains, although sequence-related to L1 chains, are m&ﬁfﬁari, S. H. and Lobb, C. J. Structure and genomic organization of

closely related to elasmobranch type | aXenopuso immunoglobulin light chain in the channel catfish. An unusual
chains. The present results provide an additional elementgenomic organizational pattern of segmental gedesmmunol

in the phylogenic classification of trout L2 chains: i. e., the 151:6900-6912, 1993

striking conservation of putative regulatoly structures Havarstein, L. S., Aasjord, P. M., Ness, S, and Endressen, C.
b h . | teth %h L2 Purification and partial characterization of an IgM-like serum
etween the genomlc seqguences locale e trout immunoglobulin from Atlantic salmonSalmo salay. Dev Comp
and mammalianJkl genes. Hence, these regulatoky Immunol 12:773—-785, 1988

structures probably arose froi-like ancestor genes inHiggins, D. G. and Sharp, P. M. CLUSTAL: a package for performing

the primitive common ancestors of bony fish and mammals. ?SU;tipz'i4Si%l§%”C9 alignment on a microcomput€ene 73:

The S,Ol“_'them experiments suggest that the 'tl1021t éabat, E. A., Wu, T. T., Perry, H. M., Gottesman, K. S., and Foeller, C.
genes, similar toL1 genes, .and the c_hannel _Catf!Sh and sequences of Proteins of Immunological Interest (5th edn),
codL genes have a cluster-like genomic organization, with USDHHS, Public Health Service, National Institute of Health,
multiple V- and C-related genes (Ghaffari and Lobb 1993; ‘?emesﬁa 1599& s b and Reth M. A | —
: clercq, L., Butkeraitis, P., and Reth, M. A novel germ-line
Daggfeldt et al. .1993)' Thus’ although bony fish 'pro_babff transcript starting immediately upstream of1J Nucleic Acids
have a mammalian-like single-locigH gene organization  Res 17:6809-6819, 1989
with a limited number ofCH segments, theifgL genes Lobb, C.J., Olson, O. J., and Clem, L. W. Inmunoglobulin light chain
have a more complex organization reminiscent of thpe ?l?ssgs IS aée|eost gSﬂ;TIm#nglé3221?jlggl?23, 1984J Struct
i ati Hani ; artula, S., De Guerra, A., Fellah, J. S., an arlemagne, J. Structure

CII;Stered (?rg:‘ijgglzatlgn of the _Ca_rtllagllanUi filght. ge}?esh and diversity of the T cell antigen recepf®chain in a teleost fish.
(Rast et a ). owever, it is still unknown whether 'nunol 155699706, 1995
bony fishlgL genes are organized in a single-locus contaipearson, W. R. and Lipman, D. J. Improved tools for biological
ing multiple interspersed/, J, and C genes, as in the sequence comparisoRroc Natl Acad Sci USA 8524442449,
mammalianLl genes, or separated into several independent1988

. . L . . st, J. I, Anderson, M. K., Ota, T., Litman, R. T., Margittai, M.,
!OCI.’ as in sharks. Preliminary studies of genomic clon Shamblott, M. J., and Litman, L. W. Immunoglobulin light chain
indicate that F"OULZ has twoVL segments 5of eaCh(_:L ~ class multiplicity and alternative organizational forms in early
segment, as in the channel catfish. However, the directionvertebrate phylogenymmunogenetics 483-99, 1994
of the transcription seems to be the same for the Wo Roman, T., De Guerra, A., and Charlemagne, J. Evolution of specific

; : ; ; antigen recognition: size reduction and restricted length distribu-
segments, unlike that in the channel catfish (Ghaffari and tion of the CDRH3 regions in the rainbow tro&ur J Immunol 25:

Lobb 1993). 269-273, 1995
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