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Abstract

The human gene for the neural cell adhesion molecule L1 is located on Xq28 between the ALD and MeCP2 loci. Mutations in
the L1 gene are associated with four related neurological disorders, X-linked hydrocephalus, spastic paraplegia (SPG1), MASA
syndrome, and X-linked corpus callosum agenesis. The clinical relevance of L1 has led us to sequence the L1 gene in human and
to investigate its conservation in the vertebrate model genome of the pufferfish, Fugu rubripes (Fugu), a species with a compact
genome of around 40 Mb. For this purpose we have sequenced a human and a Fugu cosmid clone containing the corresponding
L1 genes. For comparison, we have also amplified and sequenced the complete Fugu L1 cDNA. We find that the genomic structure
of L1 is conserved. The human and Fugu L1 gene both have 28 exons of nearly identical size. Differential splicing of exons 2 and
27 is conserved over 430 million years, the evolutionary time span between the teleost Fugu and the human LI gene. In contrast
to previously published Fugu genes, many introns are larger in the Fugu L1 gene, making it slightly larger in size despite the
compact nature of the Fugu genome. Homology at the amino acid and the nucleotide level with 40% and 51%, respectively, is
lower than that of any previously reported Fugu gene. At the level of protein structure, both human and Fugu L1 molecules are
composed of six immunoglobulin (Ig)-like domains and five fibronectin (Fn) type III domains, followed by a transmembrane
domain and a short cytoplasmic domain. Only the transmembrane and the cytoplasmic domains are significantly conserved in
Fugu, supporting their proposed function in intracellular signalling and interaction with cytoskeletal elements in the process of
neurite outgrowth and fascicle formation. Our results show that the cytoplasmic domain can be further subdivided into a conserved
and a variable region, which may correspond to different functions. Most pathological missense mutations in human L1 affect
conserved residues. Fifteen out of 22 reported missense mutations alter amino acids that are identical in both species. © 1998
Elsevier Science B.V.
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1. Introduction the mouse L1 cDNA showed that the L1 gene mapped

to the distal region of the long arm of the human X

We and others have previously identified the gene for
the human neural cell adhesion molecule L1 (Hlavin
and Lemmon, 1991; Rosenthal et al, 1991).
Fluorescence in situ hybridisation (FISH) analysis with
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chromosome (Djabali et al., 1990). We are presently
sequencing a 3 Mb region in Xq28, a chromosomal
region that is particularly gene dense and harbours
many disease genes. Genomic sequencing of a 400 kb
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cosmid contig performed in our laboratory showed that
the L1 gene is located between the ALD and the MeCP2
locus (GenBank Accession Nos US52111 and U52112).
We also showed that mutations in L1 are responsible
for three clinically related neurological disorders:
X-linked hydrocephalus (Rosenthal et al., 1992; Jouet
et al., 1993), spastic paraplegia (SPG1) and MASA
syndrome (McKusick, 1993; Jouet et al, 1994)
{McKusick: Nos. 30700, 31290, and 303350). Other
groups confirmed our findings (Var. Camp et al., 1993;
Vits et al., 1994) and demonstrated that X-linked corpus
callosum agenesis (ACC) is also caused by mutations
in the L1 gene (for a recent review, see Fransen et al,,
1995).

The function of L1 in the pathology of these disorders
1s still unclear, but L1 has been implicated in neuronal
cell adhesion, neurite outgrowth, axon fasciculation and
the development of neuromuscular junctions (Lindner
et al., 1983; Stallcup and Beasley, 1985; Landmesser
et al.,, 1988; Grumet, 1991; Sonderegger and Rathjen,
1992; Barami et al., 1994). L1 is highly conserved
amongst mammalian species with amino acid identity
of 80-95% in the extracellular domains, and complete
conservation of the cytoplasmic domain (Moos et al.,
1988; Miura et al., 1991). The high degree of similarity
makes it difficult to identify conserved amino acid
domains that are of functional impertance. We therefore
investigated if sequence compariscn with a more dis-
tantly related species could prove more informative.

It has been shown that the Japanese puffer fish Fugu
rubripes ( Fugu) provides a useful model for comparative
genome analysis (Brenner et al.,, 1993). The Fugu
genome is approximately 7- to 8-fold smaller than that
of mammals. Since Tetraodontoid fish share the body
plan of higher vertebrates, the total number of Fugu
genes is expected to be similar, however, the genomic
structure of most genes should be more compact. A
significant reduction in intron size and intergenic dis-
tances in Fugu has been shown by a shotgun sequencing
survey of Fugu DNA (Brenner et al., 1993) and by
analysing several Fugu genes (Trower et al., 1996;
Venkatesh et al., 1996) including homologues for the
Huntington’s disease (HD) gene (Baxendale et al.,
1995), G6PD gene (Mason et al., 1995) and P55 gene
(Elgar et al., 1995). The clinical relevance of the region
around L1 has prompted us to investigate the corre-
sponding region in Fugu. Here we report a sequence
comparison between the human and the Fugu loci for
the neural cell adhesion molecule 1.1.

2. Materials and methods
2.1. Resources and sequencing strategy
2.1.1. Human LI cosmid

A genomic cosmid clone (B5) containing the human
L1 gene was completely sequenced. Cosmid DNA was

prepared, sonicated, end-repaired and size-selected. A
0.8-1.4 kb fraction was then subcloned into the Smal
site of M13mpl8. A total of 500 recombinant M13
phages were sequenced using cycle sequencing and Taq
dye terminator chemistry (Applied Biosystems Division
of Perkin Elmer). In order to obtain anchor clones for
ordering contigs after sequence assembly as well as for
‘primer walking’, a 6-8 kb fraction was cloned into the
Smal site of the pUCI8 vector. Forty plasmid clones
were sequenced in both directions using universal for-
ward and reverse primers and Taq dye terminators. Raw
data were collected on ABI 373A automated gel readers.

2.1.2. Human L1 ¢cDNA

Parts of the human L.1 cDNA were cloned (Rosenthal
et al., 1991) and sequenced to determine the exon/intron
structure of the L1 gene.

2.1.3. Fugu LI cosmid

A cosmid library was constructed in lawrist 4 vector.
A total of 38016 clones were picked and spotted onto
nylon membranes, such that the entire library could be
screened on two filters. The Fugu cosmid library was
screened by Southern hybridisation after attempts to
PCR-amplify regions of L1 from genomic Fugu DNA
using degenerate oligonucleotides based on mammalian
sequencing alignments remained unsuccessful. Southern
hybridization was carried out at 50°C according to the
original protoco!l described by Church and Gilbert (see
Mason et al., 1995) using a human L1 ¢cDNA clone
containing approximately 1.5 kb of the 3’- end of gene
as a probe. Four hybridisation positive cosmids were
picked. Fingerprinting analysis identified two overlap-
ping cosmids (32L19 and 30021) which were analyzed
further by Southern blotting before cosmid 30021 was
selected for sequencing. Cosmid DNA was fragmented
by sonication and subcloned for ‘shotgun sequencing’
into pUCI18 plasmids. Plasmid DNA was prepared for
sequencing using QIAwell96Ultra plasmid Kits.
Sequencing was performed with Dye primer chemistry
using Autoread Kits (Pharmacia) and raw data were
collected on a Pharmacia A.L.F. gel reader. Plasmid
shotgun clones were sequenced on both strands using
universal primers before gaps remaining between the
forward and reverse reads were closed by sequencing
with custom-made walking primers.

2.1.4. Fugu L! ¢cDNA

Fugu brain RNA was subjected to RT-PCR according
to standard methods. L1-specific cDNA species were
amplified from a dilution of the RT-PCR product using
nested primer sets. In the first round of PCR amplifica-
tion, two overlapping cDNA fragments were produced.
Fragment 1, beginning 130 bp upstream of the putative
translation start site extending to the end of exon 14,
and fragment 2, extending from the beginning of exon
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14 to 400 bp into the non-coding region of the L1 gene.
Nested primers were then designed to amplify the com-
plete L1 coding region in 14 overlapping fragments
suitable for direct sequencing. All fragments were
sequenced from both ends and the sequences used to
determine the exact exon/intron boundaries.

2.2. Database searches and computer analysis

Raw data were processed and assembled into contigs
with the Staden XBAP software package (Staden, 1987,
Dear and Staden, 1991). Sequence motif and structural
homology searches were carried out with the Staden
package, FASTA/TFASTA, Blastn using the following
databases: EMBL38, SWISS-PRROT28. The human
sequence was deposited in the EMBL database
(Accession No. Z29373). The Fugu sequance for L1 was
submitted to EMBL database (Accession No. Z71926).
Splice sites and exon/intron boundaries were predicted
by the XGRAIL2 package (Xu et al.,, 1994) on the
basis of base content and confirmed by alignment of the
genomic sequence with the corresponding RT-PCR
fragments.

3. Results
3.1. Genomic structure of LI in human and Fugu

We have sequenced a human and a Fugu cosmid clone
containing the gene for the neural cell adhesion molecule
L1. In addition, we have sequenced both human and
Fugu L1 c¢cDNAs to determine whether the genomic
organisation of the L1 gene is conserved between these

The overall size of the Fugu L1 gene from the putative
translation start site to the termination codon is
13 988 bp, which compares with 12 942 bp for the human
L1 gene. L1 has 28 exons in both human and Fugu
(Fig. 1), and a comparison of exon and intron sizes is
shown in Table 1. The intron phase is completely con-
served. Exon sizes are almost identical in both species,
with the exception of the first and last exon. Substan-
tial size differences between the Fugu and human Ll
genes were observed for the corresponding introns.
Surprisingly, despite the small genome size, some Fugu
introns are larger than their human counterparts. Only
10 of the 27 (37%) Fugu introns in L1 are smaller than
120 bp, a figure well below the 75% previously reported
(Brenner et al., 1993; Elgar et al., 1996).

The usage of splice consensus sites is similar in the
Fugu and the human L1 gene. CAG splice sites are the
most common, with 25 sites (92%) in man and 21 (78%)
in Fugu, followed by TAG with two sites (8%) in human
and 4 (15%) in Fugu. In 2 (7%) of the Fugu introns
AAG acceptor sites were present, none were found in
the human gene.

We have compared 5kb of genomic sequence
upstream of exon 1 in the human and Fugu L1 gene
using a local similarity search programme (Huang, 1991)
and did not find significant homology in the 5’-promoter
regions between the two species. Pairwise analysis of the
L1 introns did not reveal any conserved sequence ele-
ments between the two species.

The Fugu L1 homologue has a G,C content of 46%
compared with 60% for the human L1 locus (Fig. 1).
In the human L1 gene, there are three Alu repeats in
the 5" UTR (positions 1-144, 146-343, 365-657), one
Alu repeat in intron 18 (position 11 050-11 337), and

two species. two MER42¢ repeats in intron 18 (positions
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Fig. 1. Genomic map of the Fugu and human L1 gene and distribution of G,C content. The G,C distribution was obtained with a moving window

of 1 kb, step 0.25 kb using the database entries Z71926 and Z29373.
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Table 1
Exon/intron structure of the Fugu and human L1 gene

Exon Intron Intron-

phase

No. Fugu Human A Fugu Human A
1 124 76 48 1085 2518 —-1433 1
2 15 0 1176 530 646 1
3 103 106 -3 439 237 202 2
4 203 203 0 865 974 —109 1
5 123 123 0 122 926 26 1
6 171 171 0 699 289 410 1
7 115 112 3 216 148 68 2
8 185 185 0 407 121 286 1
9 132 132 0 100 139 -39 1
10 147 144 3 82 565 —483 1
11 112 112 0 296 113 183 2
12 161 167 —6 86 102 —16 1
13 160 157 3 98 180 —-82 2
14 125 125 0 84 87 -3 1
15 102 111 -9 113 246 —133 1
16 198 198 0 98 231 —133 1
17 71 71 0 101 182 —81 0
18 226 223 3 1642 829 813 1
19 116 116 0 275 203 72 0
20 205 202 3 283 88 195 1
21 123 123 0 231 93 138 1
22 174 174 0 86 116 -30 1
23 123 120 3 86 107 =21 1
24 150 156 -6 362 303 59 1
25 132 135 -3 643 333 310 1
26 73 73 0 171 97 74 2
27 12 12 0 308 473 —165 2
28 253 232 21
Sum 3834 3774 10154 9400

10 80510 888, 11 340--11 455). The Fugu L1 locus con-
tains several microsatellite repeats: pentanucleotide
CCTCT in the 5' UTR (position 1074-1276), tetranucle-
otide CTCA in intron 18 (position 12 187-12 276), and
two large dinucleotides CA in intron 3 and intron 18
(position 5882-5924; and 13 202-13 279).

3.2. Homology between human and Fugu L1 cDNA

The overall identity between the Fugu and human
c¢DNA is 51% at the nucleotide level and 40% at the
amino acid level. Fig. 2 shows the sequence identity on
the amino acid and nucleotide level between exons for
both species. Complete conservation of cysteine and
tryptophan residues involved in the immunoglobulin
fold and conservation of tryptophan and tyrosine (or
phenylalanine) residues of the fibronectin repeating unit
allowed us to identify the structural domains characteris-
tic of L1. The Fugu L1 homologue is composed of six
immunoglobulin (Ig-like) and five fibronectin (Fn) type
III domains. This arrangement is unique to all L1
molecules characterised from vertebrate organisms
including human, mouse, and rat and distinguish it from
other molecules e.g. NCAM of the immunoglobulin

superfamily (Fig. 2). The Ig-specific cysteine residues
and the Fn-specific tryptophan and tyrosine residues are
highlighted. Fig. 2 also shows that except for the trans-
membrane domain, all immunoglobulin (Ig)-type 2 and
fibronectin (Fn)-type III domains are formed by two
exons. While the Ig domains 1, 3, and 5 are composed
of one very short 5’ exon followed by a longer 3’ exon,
the Ig domains 2, 4, and 6 are composed of two exons
of almost identical size.

Between human and Fugu L1, only the transmem-
brane and the cytoplasmic domains show a high degree
of cross-species homology (Fig. 2). At the amino acid
level, the transmembrane domain is 75% conserved
between the two species. The cytoplasmic domain
appears to be subdivided into a conserved region of
85-100% identity containing exons 26 and 27 and a
variable region of 37% identity containing exon 28.
Amongst vertebrate species (human, rodent, fish), the
transmembrane and the following 44 amino acid residues
(Fig. 3, position 17-69) of the cytoplasmic domain are
highly conserved. In contrast, in Drosophila neuroglia
the cytoplasmic domain shows little homology with
mammalian L1 molecules and no alignment can be
made. Remarkably, in part of the variable region (Fig. 3,
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Fig. 2. Domain structure

of the the Fugu and human L1 molecule and their homology on the amino acid and nucleotide level. E=exons, Sig=

signal peptide, TM = transmembrane region, Cyto =cytoplasmic domain, con=constant region of cytoplasmic domain, var =variable region of

cytoplasmic domain.
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Fig. 3. Alignment of transmembrane and cytoplasmic domains of L1 molecules from goldfish (U55211), zebrafish (X89204), Fugu, human, mouse
(X12875) and rat (X59149). The transmembrane domain is shaded grey. The highly conserved part of the cytoplasmic domain starts with the

amino acids KKSK.

position 87-114) the Fugu L1 molecule differs signifi-
cantly from all other vertebrate L1 proteins including
zebrafish and goldfish.

L1 is a transmembrane glycoprotein. Nearly twice as
many potential N-glycosylation sites were predicted for
the human protein (22 sites) compared with the Fugu
homologue (12 sites) when the amino acid sequence was
examined using the PROSITE database. Only three of
the glycosylation sites are conserved between the two

species and are located at amino acid positions 505, 825,
1022 (human} and 520, 839 and 1035 (Fugu).

3.3, Alternative splicing of exons 2 and 27 is conserved in
Fugu and human

Tissue-specific differential splicing leading to skipping
of mini exons 2 and 27 in the resulting L1 isoform has
been observed in human and shown to be conserved in
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Brain CCC TCC AGC TAC TAC ATA AGT GAT CTC AAG ATA CCG GGA GAA TAC AGA TCT CTT GAA AGT GAC CTC GAA
Muscle CCCTCCAGC T--------------m-n-- TC AAG ATA CCG GGAGAATACAG--------------~ T GAC CTC GAA
Exon 1 Exon 2 Exon 3 Exon 26 Exon 27 Exon 28
P $ 8 Y Y I s D L K } P G E YR 8 L E $ D L E
CCTT AT T T RU T AL P TRAG TG AT TTTAAG A TATT | G GAURARI ACAGRATUICT TUHRAAGTCACCTCO AR
Brain L_V\
Exon 26 Exon 28
G E Y D L E
CGAGAATACAGIGACCICGAR
Muscle
cDNA

Fig. 4. Differential splicing of the mini-exons 2 and 27 of the Fugu L1 homologue. Due to splicing of exons 2 in total muscle tissue, the first tyrosine
is changed into phenylalanine and five amino acids (YISDL) are lost. Splicing of exon 27 in Fugu muscle leads to loss of the four amino acids RSLE.

Immunoglobulin domains
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Arg632Pro
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COOH

Gly121Ser
Y \GIu309Lys AsPS9BASN | 1768Phe Tyr1070Cys  Serl194Leu
Trpaser  His2106In [ cysagatyr Ala426Asp

Pro240Leu

Fig. 5. Missense mutations and their location in the human L1 molecule.

mouse (Jouet et al., 1995). Both exons are present in
brain mRNA, but spliced from the leukocytes transcripts
and seven human tissues like heart, kidney, liver, lung,
skeletal muscle, pancreas, and placenta (Taudien et al,,
unpublished). To examine if the differential splicing
pattern is evolutionary conserved, we sequenced PCR
fragments generated from Fugu total muscle and brain
cDNA. We find that the alternative splicing is conserved
in Fugu. While in muscle transcripts exons 2 and 27 are
absent, both exons are retained in the brain variant in
the L1 mRNA (Fig. 4).

An interesting observation is that at the amino acid
level, exon 2 with a length of 15bp is not conserved
between man and Fugu, whereas exon 27 which is part
of the cytoplasmic domain and has a length of 12 bp
has remained completely conserved over 430 million
years of evolution (Fig. 2).

3.4. Pathological mutations in L1 affect conserved
residues

To date, 52 mutations in L1 have been described, in
patients with either X-linked hydrocephalus, MASA
syndrome, SPGI, or X-linked corpus callosum agenesis
(Rosenthal et al., 1992; Jouet et al., 1993; Jouet et al.,
1994), (Van Camp et al., 1993; Vits et al., 1994; Fransen
et al, 1995; http://dna-lab-www.uia.ac.be/dnalab/
11.html). The 22 missense mutations identified to date
are summarised in Fig. 5. Mutations are distributed
across most of the domains and each is unique to a
single family. Comparison of human with Fugu L1
reveals that many of these mutations affect residues
conserved between the two species. Out of 22 reported
missense mutations, 15 affect or cause substitutions of
amino acids that are identical in both species (Table 2).
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Table 2

Amino acid comparison at sites of missense mutations in man, mouse, rat, chicken, Fugu, goldfish, zebrafish and Drosophila

Human

Mouse Rat Chicken Fugu Goldfish Zebrafish Drosophila
Trp9Ser + Leu Leu leu nd. n.d. Leu
Glyl121Ser + + + + + + +
Ile179Ser + + + + + + +
Argl84Gin + + + + + + Asn
Tyr194Cys + + + + + + Lys
His194Cys Asn Asn + Asn Asn Asn Ser
Pro240Leu + + + + + Ala His
Cys264Tyr + + + + + + +
Gly268Asp + + + + + + +
Glu309Lys + + + + + + Thr
Pro333Arg + + + + + + +
Gly370Arg + + + + + + +
Leu391Pro + + + + + + Ile
Alad26Asp + + Leu Pro Pro + Pro
Gly452Arg + + + + + + +
Asp598Asn + + + + + + +
Arg632Pro His His + Thr Thr Thr Glu
Val768Phe + + + Thr Ala + Ile
Pro941Leu + + Thr + + + +
Tyr1070Cys + + Ser Ser Ser Ser Ser
Ser1194Leu + + Gly + + + Asn
Tyr1229His + + + Phe + + +

Amino acids identical with the wild-type human gene are indicated by ‘+’, alterations in the aa are given as a three-letter aa-code.

Five mutations (Trp9Ser, His210Gin, Ala426Asp,
Arg632Pro, Tyr1070Cys) affect residues that are con-
served in other species, while two mutations ( Val768Phe,
Tyel229His) are not conserved.

While the overall homology between Fugu and human
L1 at the amino acid level is only 40%, we find that
75% of amino acid changes associated with clinical
pathology in patients are conserved, suggesting evolu-
tionary constraints on these functionally important resi-
dues of the protein (Bateman et al., 1996).

3.5. The RGD motif

The Ig-like domain VI harbours two RGD-sequences
at amino acid residues 553-555 and 562-564, which can
serve as recognition sequences for integrin-type recep-
tors. Computer-assisted modelling of the L1 molecule
showed both RGD sequences localized at the molecular
surface (Drescher et al., 1996) are an obvious prere-
quisite for interaction with integrins. In contrast, Fugu
L1 does not have the RGD site, indicating that this
region may be functionally less important.

4. Discussion

Comparison of the human and the Fugu L1 gene has
shown that the genomic organisation of both genes is
very similar. As a reflection of the identical number of
exons with very similar sizes, the overall structural
organisation of the protein is identical in both human

and Fugu. L1 is a transmembrane glycoprotein of the
immunoglobulin (Ig) superfamily of cell adhesion mole-
cules (CAMs) (Grumet, 1991; Sonderegger and Rathjen,
1992). The molecular weight is approximately 200 kDa,
with six Ig-like type C2 domains, followed by five
fibronectin type III domains, a single-pass transmem-
brane region and a cytoplasmic domain.

The Fugu L1 gene identified by us shows the same
genomic organisation and identical intron phases as the
human L1 gene. In addition, the deduced protein of this
Fugu gene exhibits the same domain architecture as the
human neural cell adhesion molecule L1. Since this
domain architecture is unique to L1 molecules among
the Ig superfamily and among vertebrate species, we are
convinced that the Fugu gene described is a true homo-
logue of the human gene for the neural cell adhesion
molecule L1.

Despite the apparent conservation of structural fea-
tures between human and Fugu, conservation at the
amino acid and nucleotide level is generally low (40%
and 51%, respectively). The high degree of sequence
conservation (80-95%) between the mammalian L1
homologues does not permit identification of function-
ally important regions on the basis of evolutionary
conservation. However, alignment with the more distant
vertebrate Fugu gene shows that conservation at both
the nucleotide and the amino acid level is essentially
confined to the transmembrane and the adjacent part of
the cytoplasmic domain with 80% and 98% amino acid
homology, respectively. The cytoplasmic domain of the
L.1 molecule has been implicated in two functions during
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neuronal development: (i) interaction with cytoskeletal
elements; and (ii) intracellular signalling. Detailed com-
parison of the L1 cytoplasmic amino acid sequence
between human and Fugu showed that the cytoplasmic
domain can be further subdivided into a conserved and
a variable region with a length of 44 and 80 amino
acids, respectively. Fig. 3 shows that in the conserved
region Fugu is more similar to mamrnals than to other
fish species. In contrast, within the variable region Fugu
L1 differs remarkbably from all other vertebrate L1
molecules, including those of other fish species. The
amino acid sequence Arg-Ser—Leu—-Glu (RSLE) present
in exon 27 encoding part of the cytoplasmic domain
resembles a motif required for casein-II-dependent phos-
phorylation of L1 (Sadoul et al.,, 1989; Wong et al.,
1995). This phosphorylation event may have an effect
on the ability of L1 to interact with the FGF receptor,
which is thought to elicit a second messenger cascade
that affects neurite outgrowth (Williams et al., 1994).
The cytoplasmic domain of L1 and related molecules
has also been found to interact with ankyrin molecules
that associate with the spectrin-based cytoskeleton, thus
binding it close to the plasma membrane. Studies by
Davis and Bennett (1994) indicate that the domain
primarily responsible for binding lies in the C-terminal
‘variable’ region of the cytoplasmic domain that is much
less conserved in Fugu. This may indicate that Fugu L1
has binding capabilities that are different from the
mammalian protein, or alternatively, Fugu ankyrin may
be correspondingly altered to compensate for these
differences.

Our findings suggest that the glycosylation levels of
the human and Fugu protein may be significantly
different, as the number of potential N-glycosylation
sites in Fugu is only 50% compared with the number of
sites found for the human L1 protein. Interestingly, only
three of the 22 glycosylation sites in human are con-
served in Fugu, and they may represent sites of functional
significance.

In contrast to previously described Fugu genes, the
L1 gene is not reduced in size relative to the human
homologue, despite the fact that the Fugu genome is
nearly 8-times smaller than mammalian genomes. Since
teleosts are the most distant vertebrate precursors of
mammals (Powers, 1991), this may reflect evolutionary
constraints on functionally important elements located
within the introns. However, pairwise alignment of all
L1 introns between man and Fugu did not identify
conserved intronic elements. Despite the poor sequence
conservation of the homologues, we find tissue-specific
differentially spliced isoforms in both human and Fugu
to be conserved over 430 million years of separation
between mammals and teleosts. In both human and
Fugu, the mini-exons 2 and 27 are spliced from the
muscle L1 mRNA, whereas they are retained in brain.
The human exons 2 and 27 are also spliced out in most

tissues (unpublished data) including B cells (Jouet et al.,
1995). The fact that splicing occurs is not only indicative
of the fact that we have identified a true L1 homologue,
but also suggests a crucial albeit unknown role of the
regions covered by exons 2 and 27. The functional
significance of the two isoforms is at present not under-
stood. The RSLE motif of exon 27 might be required
for casein-11-dependent phosphorylation (Sadoul et al.,
1989; Wong et al., 1995) thus affecting the ability of L1
to interact with the FGF receptor, which is thought to
elicit a second messenger cascade that affects neurite
outgrowth (Wong et al., 1995). It is interesting to note
that the RSLE motif is present in all vertebrate LI
molecules including Fugu but absent in Drosophila neu-
roglian, an invertebrate cell adhesion molecule with
similar protein architecture to Li. In contrast to the
RSLE motif of exon 27, the amino acid sequence of
exon 2 (Fuguw: YISDL; mouse: YKGHH; human:
YEGHH) involved in tissue-specific splicing is not con-
served. However, the exon size was maintained over 430
million years of evolution, suggesting that this region
may have a distinct function in the nervous system.
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