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The cytoplasmic domain of the cell adhesion molecule L1
is not required for homophilic adhesion
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Abstract

L1 is a highly conserved cell adhesion molecule with complete homology of the cytoplasmic domain between the known mammal-
ian protein sequences. Since the cytoplasmic domains of other adhesion molecules have been shown to influence adhesion, we have
investigated the effects of deletion of the cytoplasmic domain on the ability of L1 to mediate homophilic adhesion. Full length L1 and a
truncated L1, lacking 95% of the cytoplasmic domain, were expressed in myeloma cells. Independent stable transfectants were assayed
for the ability to form aggregates. Myelomas expressing L1 lacking the cytoplasmic domain were able to form cell aggregates as well as
the myelomas expressing full length L1. Cell aggregate formation was correlated with the level of L1 expression, and the aggregation
could be blocked by anti-L1 Fabs. Similar results were obtained in adhesion assays of the myeloma cells to substrate-bound L1. These
results indicate that the cytoplasmic domain of L1 is not required for homophilic interactions.
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The development of the nervous system requires great
specificity in the interactions between a migrating neuron
or growing axon and its immediate environment. The
paths followed are often complex and may pass through
different tissues before reaching their destination. Some
of the cues which help guide neurons through this process
are the specific interactions of cell adhesion molecules
(CAMs). L1 is an Ig superfamily neural cell adhesion
molecule which is involved in axon fasciculation and
neurite outgrowth . Mutations in the L1 gene cause two
forms of X-linked mental retardation [11]. L1 is a large
(200 kDa) phosphorylated glycoprotein [3] with a single
membrane-spanning region and a 114 amino acid cyto-
plasmic domain. The typical mode of L1 function is inter-
action of L1 on one cell with L1 on an opposed cell or
surface, termed homophilic binding (9], although interac-
tions with other molecules, or heterophilic binding, have
also been described [1,7,10].

The cytoplasmic domain of L1 is perfectly conserved
between humans and rodents and much of it is also well
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conserved with the chick homologue, Ng-CAM [6]. This
high degree of evolutionary conservation suggests an im-
portant function for this particular domain of L1. One
such function is probably transducing extracellular bind-
ing to intracellular signalling events; there is now a large
body of evidence that L1 binding is correlated with
changes in several second messenger systems [13,16].
Another possibility is that the state of the cytoplasmic
domain may regulate the adhesive properties of the extra-
cellular part of the molecule, as appears to be the case for
other adhesion molecules such as E-cadherin, LFA-1, and
PO {2,5,19]. When cytotoxic T cells bind their targets via
LFA-1, a transient (10-30 min) high-affinity state is in-
duced by phosphorylation of the cytoplasmic domain,
after which affinity is downregulated, thus allowing the T
lymphocytes to engage a target, destroy it, and then be
available to attach to another target [14]. Such regulation
could also be used by L1 to regulate transient adhesion of
the growth cone during neurite outgrowth. Deletion of the
cytoplasmic domain of LFA-1, and other adhesion mole-
cules, greatly affects ligand binding characteristics, so we
have investigated the effects of deleting the cytoplasmic
domain of L1 on its ability to mediate homophilic bind-

ing.
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A cDNA encoding the full-length I.1 amino acid se-
quence was constructed from clones C2, 3.1, and 17 of a
human fetal brain library [6] in pBluescript (Stratagene).
The coding region was then sequenced. To create a trun-
cated L1 ¢cDNA (Llct), polymerase chain reaction (PCR)
was used to amplify a fragment of clone 17 with primers
from 2289 to 2303 and 3441 to 3422. The latter primer
also had a stop codon, and an EcoRI restriction site and 3’
splice donor site added to the 5' end. The PCR product
was digested with BsiWI and EcoRI and ligated into a
BsiWI/EcoRI digested plasmid containing the full length
L1 c¢cDNA. The plasmid was sequenced across the entire
PCR-amplified region and insertion sites.

The expression plasmid used for this study has been
described previously [15]. Briefly, the L1 and truncated
L1 ¢cDNAs were excised from the pBluescript vector with
EcoRI and HindIIl and ligated into pJanusin, replacing
the Janusin ¢cDNA, 5’ to an Ig poly-A tract. This placed
the cDNA under transcriptional control of an Ig Vi pro-
moter and an Ig x enhancer. The plasmid contained a
minigene conferring resistance to histidinol. J558L im-
munoglobulin-deficient myeloma cells were transfected
with 1040 g DNA/107 cells by electroporation. The
cells were grown in 96 well dishes for 48 h in medium
(RPMI/10% fetal bovine serum) to allow for expression
of the histidinol resistance gene before addition of selec-
tive medium (containing 2.5 mM histidinol).

Expression of L1 by transfected myelomas was evalu-
ated by immunofluorescence. Live cells were incubated
with rabbit polyclonal antibodies against human L1 at
1:250 for 30 min on ice. The cells were then washed three
times in Ca>*/Mg?*-free phosphate buffered saline (CMF)
and incubated with fluorescein isothiocyanate (FITC)-
conjugated goat anti-rabbit antibodies at 1:500 for 30 min
on ice. The cells were again washed three times in CMF
and examined by fluorescence microscopy. Cells from
positive wells were cloned using fluorescence-activated
cell sorting (Coulter Elite ESP). A Zeiss microscope
equipped with an Image-1 image analysis system was
used for semi-quantitative immunofluorescence to select
six clonal lines of three distinct expression levels of L1 or
Llct for analysis of cell adhesion.

Affinity-purified L1 from chick brain (200 xg/ml) was
immobilized on a nitrocellulose-coated 35 mm tissue
culture dish as previously described [8]. For each cell
line, 106 cells were then pipetted into a dish and allowed
to settle and attach to the substrate for 2 h. In some cases,
anti-L.1 Fab fragments were added at a concentration of
100 zg/ml. The non-adherent cells were removed by three
gentle washes with CMF, and the adherent cells were
counted using a Zeiss inverted microscope.

L1 and L1ct expressing myelomas were resuspended at
10¢ cells/ml in medium, plated in a 35 mm tissue culture
dish, and placed on a rotary shaker at 30 rpm, 37°C.
Samples were taken at various timepoints and the number
of aggregates were counted with a Coulter counter [20].

Immunoglobulin-deficient myelomas (J558L) were
transfected with eukaryotic expression vectors containing
a human L1 ¢cDNA or a truncated cDNA (L1ct) in which
a stop codon is introduced after nucleotide 3441. The
truncated cDNA is expected to encode a protein which
contains the full extracellular and transmembrane regions
of L1, but only four amino acids of the cytoplasmic do-
main (...LILCFIKRSK...STOP). This should produce a
protein with the entire extracellular and transmembrane
regions of L1, and several hydrophilic residues on the
cytoplasmic side to anchor the protein in the membrane.
Transfected myeloma cells were incubated with anti-L1
antibodies to assess the expression of L1 by these cells.
The cells were also solubilized , separated by SDS-PAGE,
and probed for L1 immunoreactivity by Western blotting.
The untransfected myeloma cells did not express any de-
tectable L1 either by immunofluorescence or by Western
blot. Both the L1-expressing and Llct-expressing cells
produce L1 which can be recognized by the antibodies.
As expected, on the Western blots, the Llct cells reveal
an L1 immunoreactive band approximately 10 kDa
smaller than the characteristic 200 kDa band from L1
expressing cells (data not shown). In immunofluorescence
studies, L1 immunoreactivity appears to be on the surface
of live cells, indicating that the L1 is being processed
correctly and is available for interactions on the cell sur-
face (data not shown). After selection for stably trans-
fected cell lines, the cells were sorted by fluorescence
intensity/expression level using a Coulter fluorescence-
activated cell sorter, and three cell lines each of the full
length and of the truncated L1 expressing cells were cho-
sen for subsequent experiments.

The cells were first tested for the ability to adhere to an
L1-coated surface which can support L1-mediated adhe-
sion and neurite outgrowth for a variety of neurons [8].
Untransfected J558L cells do not adhere to the substrate,
but both the L1 and Llct transfected cells are able to at-
tach (Fig. 1). All L1 and Llct transfected cells adhered to
the substrate via an L.1-dependent mechanism, as shown
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Fig. 1. Attachment of L1, Llct, and J558L cells to L1. L1 (1-6), Llct
(7-12), and untransfected myelomas (13-14) were allowed to attach to
L1-coated substrates in the presence (odd-numbered columns) and
absence (even-numbered columns) of anti-L1 Fab fragments. The num-
bers in parentheses above the bars indicate relative fluorescence/L1
expression level.
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Fig. 2. Cell aggregation. L1, Llct. and untransfected myelomas were
allowed to aggregate for 5, 10, 15, 30, and 60 min and the free cells
were counted to obtain the percentage in aggregates. The data are
shown for cell lines L1-1.0 (W), L1-1.7 (@), L1-2.9 (&), Llct-1.8 (O),
Llct-2.1 (0), Llct-3.1 (A) and JS58L-0.1 (). The numbers in the cell
line name indicate relative expression levels.

by the nearly complete inhibition of binding by the addi-
tion of anti-L1 Fabs. Furthermore, there were no signifi-
cant differences in the ability of L1 and Llct expressing
cells to attach to the substrate.

The cells were then assayed for their ability to self-
aggregate. Cell suspensions were gently triturated to
break up clumps and then placed on a rotary shaker and
examined at various time points for aggregate formation.
Fig. 2 shows that, in agreement with the substrate attach-
ment data, there is no significant difference in the rate of
aggregation between L1 and Llct lines expressing the
protein at equivalent levels. All the transfected lines ag-
gregate significantly above background. The aggregation
rate also increases with increasing levels of L1 or Llct
expression.

The strong homology between the cytoplasmic do-
mains of L1 from avian to mammalian species is an indi-
cation that the cytoplasmic domain may play an important
role in L1 function. Furthermore, in several of the human
L1 mutations correlated with X-linked hydrocephalus, a
disease characterized by disrupted formation of major
axon tracts and enlarged cerebral ventricles, only the cy-
toplasmic domain is affected [17]. Patients with cyto-
plasmic domain defects do not appear to be significantly
different in clinical evaluations from HSAS patients with
defects in other areas of the L1 molecule. Since studies of
other cell adhesion molecules, such as E-cadherin, LFA-
1, and PO [2,5,19], have shown that deletion of the cyto-
plasmic domain has a significant deleterious effect on cell
adhesion, the deletion of the L1 cytoplasmic domain
might be expected to have a similar effect. This was not
the case, as it is clear that L1 can mediate homophilic
adhesion equally well with or without most of the cyto-
plasmic domain. This result was not entirely unexpected.
since there are a number of Ig-superfamily glycosyl-

phosphatidylinositol (GPI)-linked adhesion molecules
with no cytoplasmic domain. Some of these, such as
axonin-1/TAG-1 [4,7] are very similar in structure to the
extracellular portion of L1. This subclass of Ig-super-
family proteins may be structured so that extracellular
conformations are independent of intracellular changes.
Alternatively, the deletion may be affecting a property of
L1 not assayed here, such as specificity or affinity of
heterophilic interactions.

Furthermore, other significant functions of L1 may be
perturbed by alteration of the cytoplasmic domain, or
alterations in part of the cytoplasmic domain may have
effects different from removing it altogether. Activation
of L1 can initiate intracellular second messenger cascades
[13,16], which may be involved in L1 dependent neuronal
movement. The cytoplasmic domain is very likely in-
volved in any such signalling, and a variety of protein
kinases which associate with or phosphorylate L1 have
been described [12,18].

Note added in proof: Hortsch et al (J. Biol. Chem., 270
(1995) 18809) have shown that deletion of the cytoplas-
mic domain of Drosophila neuroglian does not prevent
homophilic binding.
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