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Figure 7. Overexpression of CERKL
protects HeLa cells from apoptosis
caused by oxidative stress. A: The
western blot of the PARP apoptosis-
dependent cleavage was obtained and
immunodetected 24 h after treatment
with several oxidative reagents, as
indicated. The PARP precursor protein
size is 116 kDa, whereas the proteolytic
product after caspase-3 cleavage is
85 kDa. Cells were transfected with
either the CERKLa (532aa,
encompassing the kinasic domain) or
the empty vector pcDNA3.
Immunodetection of tubulin was used
for normalization. This is one image of
several  similar  replicates.  The
transfection efficiency was comparable
as assessed by western
immunodetection (data not shown). B
and C: Quantification of the PARP-
cleaved peptide with respect to total
PARP immunodetected protein (both
precursor plus peptide) in empty vector
(red bars) versus CERKLa transfected
cells (solid bars) under the different
treatments. Basal apoptosis in empty
vector untreated cells was arbitrarily
considered 100%. CERKL protection
against apoptosis was clearly detected
after 12 h treatment with 300 uM H20»
compared with the empty-vector
transfected cells, whereas in the other
oxidative conditions this protective
effect was not significant (B). This
protective effect of CERKL against
apoptosis induced by 300 uM H202 was
much more pronounced after 24 h
treatment (C). D: The histogram shows
the quantification of the PARP-cleaved
peptide with respect to total PARP
immunodetected protein (both
precursor plus peptide) in empty vector-
transfected cells (red bars) versus cells
transfected with either CERKLa (solid
bars), the R257X CERKLa mutant
(white bars) or the R257X CERKLb
mutant (blue bars). Cells were grown
under normal conditions or treated with
different concentrations of H20>. Basal
apoptosis in empty vector untreated
cells was arbitrarily considered 100%.
The protective effect is clearly detected
for the full-length protein but not for the

truncated mutants. NT-untreated cells; 300-cells treated with 300 uM H202; 400-cells treated with 400 pM H:O: ; FBS-cells grown in
medium deprived of fetal bovine serum; SNP-cells grown in medium supplemented with 0.3 mM sodium nitroprusside; R257Xa-cells
transfected with the construct bearing the R257X mutation in the CERKLa sequence background; R257Xb-cells transfected with the
construct bearing the R257X mutation in the CERKLDb sequence background. At least 3 independent experiments were used for replication.
Statistical significance is indicated by an asterisk (Mann—Whitney test, p<0.05).
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donor binding site (GGDGS). The position of this exon in the
presumptive catalytic domain makes it a good candidate for
modulating the catalytic, substrate- or partner-binding
abilities of the protein, as has been postulated for
alternatively-spliced exons within encoded functional
domains after an in silico genomic survey [18]. Interestingly,
the other two in-frame isoforms, CERKLc and CERKLd, lack
the exons encoding the DAG kinase (mainly encoded in exons
4 and 5) domain, which may severely compromise the
catalytic activity while preserving other functions, among
them substrate recognition. That exons 4b and 5 share a rare
splice donor site (GC) strongly suggests that the production
of these alternatively spliced isoforms is regulated. Genome-
wide analyses on the usage of splice sites showed that only
0.69% of exon/intron donor sites are GC [ 19], making it highly
improbable that 2 such sites flanking exons tandemly arrayed
occurred in the same gene unless there was some kind of
regulation behind. Given that GC- splice donor sites are
intrinsically weak, explaining why 60% of the GC-flanked
exons are alternatively processed [20], and that this site is
evolutionarily conserved, CERKL splicing is probably highly
regulated.

From sequence comparisons and phylogenetic analysis,
CERKL unambiguously clusters within the ceramide kinase
subfamily of lipid kinases [2]. However, at present, there is
no experimental evidence to support CERKL kinase activity
on ceramides. Therefore, it still stands as an orphan lipid
kinase, in agreement with other reports [12,13]. It may well
be that, although not yet identified for other lipid kinases, a
partner is required for substrate recognition or catalysis.
Alternatively, the substrate may be a ceramide-derived lipid
undetectable under standard ceramide separation conditions.
In any case, the presence of 4 different isoforms, of which 2
are devoid of the kinase domain, suggests that CERKL is
involved in cellular roles other than lipid phosphorylation.
Remarkably, in contrast to other lipid enzyme genes that are
spread throughout all the eukaryotes, CERKL may be
exclusive to the vertebrate lineage. Highly homologous
sequences can be found in chick and fish, but no evidence of
CERKL is found in the lancelet, the closest chordate ancestor
to the vertebrates, which instead shows an unambiguous hit to
CERK (data not shown). Further support to its vertebrate
confinement comes from the fact that other invertebrate
genomes, such as Drosophila and C. elegans, are also devoid
of any CERKL homologs. In this evolutionary context, the
more complex vertebrate retina may have required genes with
novel enzymatic functions to protect cells against stress,
adding further refinement to the metabolism of bioactive
lipids as second messengers.

The versatile subcellular localization of CERKL in the
COS-7 and HEK293T cell lines is common to all isoforms.
This complex and highly dynamic pattern may reflect changes
in the intracellular sphingolipid pools, as it occurs with other
proteins in the ceramide metabolism [21-24]. CERKL has
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been reported to contain one bona fide nuclear localization
signal (amino acids 102—-106) [13], which would account for
its import into the nuclei. In our studies and for all wild-type
CERKL isoforms, nuclear localization is not a general event.
Thus, the evident retention of the truncated R257X protein
mutant seemed relevant to pathogenesis [13,14]. Further
investigation is needed to determine how and why CERKL is
imported into the nuclei and the nucleoli as well as what is the
function of the protein in these organelles. Indeed, transient
nuclear localization of CERKL may be related to the
regulation of the chromatin-associated ceramide and
sphingomyelin pools, in accordance with the intranuclear
distribution of other key enzymes of the ceramide metabolism,
as happens for SMase [25], ceramidase [26], and SPHK2
[27]. In addition, the consistent localization in the ER and
Golgi compartments is compatible with the membrane-
associated roles—such as non-vesicular trafficking—
reported for lipid kinases and other lipid-related proteins. It
has been claimed that compartmentalization of ceramide
function requires transfer between different membranous
organelles [8,21,23], although ceramide kinase activity has
also been detected in the cytosol, where it is not associated
with membranes [10], This indicates, overall, that these
enzymes translocate between different compartments. In this
scenario, the observed variable CERKL intracellular
distribution is not so surprising, particularly when considering
that similar protein localization dynamics—which shift
depending on the cellular state or stimuli—are now being
reported for other proteins involved in lipid metabolism [5,
24,28]. Under our conditions, the 4 isoforms showed a similar
localization pattern, irrespectively of the epitope used (HA or
GFP), suggesting that the functional differences among them
are not dependent on subcellular localization. Besides lipid
phosphorylation, CERKL isoforms may be involved in the
regulation of its own enzymatic activity, lipid trafficking and
storage, as well as in binding to distinct substrates or protein
partners. In this context, the multiplicity of isoforms in the
same tissue (or even in the same cell) and the fact that two of
the four isoforms lack the lipid kinase domain, gives support
to the rationale of multiplicity of functions.

RP is characterized by progressive depletion of
photoreceptor cells through apoptosis. Many different genetic
defects converge in retinal cell malfunction and trigger
programmed cell death. The retina consists of several ordered
layers of differentiated neuronal cells that are under constant
oxidative stress conditions due to light exposure and a high
metabolic rate. Therefore, photoreceptor survival depends on
the action of anti-apoptotic mechanisms to prevent premature
death. Our data support that CERKL plays a crucial protective
role as its overexpression protects cells from entering
apoptosis. This protective effect is dependent on time and the
severity of the insult suggesting that CERKL overexpression
is effective only under a range of stress conditions, but
probably not after massive cell damage. Remarkably, the
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R257X protein causing RP cannot protect cells after sustained
injury. The weak protective effect observed at 4 h treatment
with H.O» was no longer detectable after 24 h treatment. This
RP mutation lies within the CERKL exon 5, which is skipped
in the variants that do not contain the DAG kinase domain
(isoforms CERKLc and CERKLd). Thus, these two variants
probably are not compromised in the RP26 patients. In this
context, the physiologic relevance of each CERKL isoform
and their particular contribution to retinal disorders is yet to
be determined. Conceivably, the RP pathology could be
caused by the absence of the longer isoforms or alternatively,
the toxicity of the 2 truncated proteins. Our results, and the
fact that most transcripts with premature STOP codons are
degraded by nonsense mediated decay, support the first
scenario.

To our knowledge this is the first time CERKL has been
shown to be directly involved in protection against apoptosis.
Thus, we link RP-causative mutations to a regulatory
mechanism for cell survival, which highlights the feasibility
of an RP-gene therapy approach based on protection factors
to prevent photoreceptor neurodegeneration and promote cell
survival.
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