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CLN5, a novel gene encoding a putative transmembrane
protein mutated in Finnish variant late infantile neuronal
ceroid lipofuscinosis 
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The neuronal ceroid lipofuscinoses (NCLs) represent a group of
common recessive inherited neurodegenerative disorders of
childhood, with an incidence of 1:12,500 live births1. They are
characterized by accumulation of autofluorescent lipopigments
in various tissues. Several forms of NCLs have been identified,
based on age at onset, progression of disease, neurophysiolog-
ical and histopathological findings and separate genetic loci2–9.
All types of NCL cause progressive visual and mental decline,
motor disturbance, epilepsy and behavioral changes, and lead
to premature death. One of the subtypes, Finnish variant late
infantile neuronal ceroid lipofuscinosis (vLINCL; MIM256731)
affects children at 4–7 years of age10,11. The first symptom is
motor clumsiness, followed by progressive visual failure,
mental and motor deterioration and later by myoclonia and
seizures. We have previously reported linkage for vLINCL on
chromosome 13 (ref. 5) and constructed a long-range physical
map over the region12. Here, we report the positional cloning
of a novel gene, CLN5, underlying this severe neurological dis-
order. The gene encodes a putative transmembrane protein
which shows no homology to previously reported proteins.
Sequence analysis of DNA samples from patients with three dif-
ferent haplotypes revealed three mutations; one deletion, one
nonsense and one missense mutation, suggesting that muta-
tions in this gene are responsible for vLINCL.

Three PAC clones covering the critical 200 kb containing the
CLN5 locus (Fig. 1) were sequenced as part of the Human
Sequencing Project at Whitehead Institute. Transcripts from the
region were identified based on searches of the EST database with
the genomic sequence obtained from PACs and on screening of
cDNA libraries with PAC 76n15 located between the flanking
markers of the CLN5 region12 (Fig. 1). This resulted in numerous
EST hits and cDNA clones obtained from a fetal brain cDNA
library. Sequence analyses of these transcribed regions revealed
one (a 1.4-kb cDNA clone) that contained a nucleotide difference
between patients and controls. 

The CLN5 cDNA sequence was assembled from the fetal brain
cDNA clone, several ESTs and a targeted 5´-RACE product from a
fetal brain cDNA library. The 5´ UTR sequence revealed 90%
homology with a previously cloned CpG island, HS2F1F. At the
3´ end of the first exon, the EST contig suggests an exon-intron
boundary, although the cDNA clone does not, suggesting an
alternatively spliced exon at this location. Due to the difficulties
in RT-PCR of this region, only the splice site obtained from the
EST contig could be confirmed (Fig. 1).

The CLN5 cDNA was found to be approximately 4.1 kb, con-
sisting of four exons (Fig. 1) with an open reading frame (ORF)
of 1,380 bp. There are four ATG codons in the 5´ end of the ORF.
Based on consensus sequence analysis, the first ATG is considered

as the initiator of translation, resulting in a predicted polypeptide
of 407 amino acids. The four exons of CLN5 span a region of over
13 kb in genomic DNA. A 1,500-bp region upstream from the 5´
UTR of CLN5 was analysed using NNPP (ref. 13), suggesting
three possible 50-bp promoter sequences, starting from bases
1026, 1091 and 1172 (scores 0.93, 0.97 and 0.81, respectively).

Northern-blot analysis of lymphoblast mRNA from CLN5 Fin
major patients and control individuals revealed no detectable size
difference or alteration in steady-state transcript level. RNA from
Fin minor and Dutch patients was not available.

Fig. 1 Positional cloning of CLN5. a, Isolation of two novel polymorphic mark-
ers (AC224, COLAC1) dramatically restricted the critical CLN5 region and a
300-kb physical map was constructed over this chromosomal area. Transcripts
were identified based on database searches with the genomic sequence and on
screening of cDNA libraries with PAC 76n15 and analysed for mutations.
b, CLN5 has four exons spanning a region of over 13 kb in the genomic DNA.
The first exon is 1,614 bp, the second 164 bp, the third 227 bp and the fourth
2,058 bp; the first intron is 2.8 kb, the second 0.7 kb and the third 4.3 kb. In
addition, the intron between exons three and four shows high homology to
two overlapping ESTs. These localize to a repetitive region and might represent
an artifact, alternatively spliced exon of CLN5 or another gene on the same
region. With the first exon, a database hit to a previously cloned CpG island
MseI fragment was found. c, A 4,063-bp cDNA was constructed from fetal brain
cDNA clone, 5´-RACE product and an overlapping contig of numerous ESTs
found in dbEST. All four exons recognized several dbEST hits and the exon-
intron boundaries were confirmed by RT-PCR and by sequencing. More than 35
dbEST hits were found, covering more than 75% of the complete cDNA
sequence (bases 16–603, 1,505–4,064). Length of the estimated coding region is
1,221 bp, corresponding to a polypeptide of 407 amino acids. Three mutations,
F, f and E, were found from three different affected haplotypes (CLN5 Fin
major, CLN5 Fin minor and CLN5 European, respectively).
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All four exons were PCR amplified from genomic DNA of
patients and controls, and analysed by direct sequencing. We iden-
tified three mutations in the CLN5 cDNA in patients carrying
three different homozygous haplotypes. The first, the Finnish
major mutation (CLN5 Fin major) was identified in seventeen
families (34/36 Finnish disease chromosomes). It is a 2-bp deletion
of (AT)2467 in exon 4, resulting in a change of Tyr(392)STOP
(Fig. 2). This leads to a predicted protein of 391 amino acids
instead of the 407 predicted in controls. The carrier frequency of
the CLN5 Fin major mutation is dependent on the population
analysed. Screening of 700 control subjects, originating from a
high-risk area on the west coast of Finland, revealed a local carrier
frequency of 1:24 (10/240) in a population sample of one commu-
nity, where many of the ancestors of the Fin major families origi-
nate. Carrier frequency of the rest of the high-risk area was
approximately 1:100 (4/460). No carriers were observed among
100 control individuals from elsewhere in Finland (Table 1).

The second disease mutation was identified in a single family
with two patients carrying the homozygote CLN5 Fin minor hap-
lotype. A G1517→A transversion in exon 1 causes a substitution of
Trp(75)STOP leading to a predicted protein of only 74 amino
acids. No carriers were detected among 500 Finnish control sub-
jects or in 100 control subjects from elsewhere in Europe (Fig. 2).
Another alteration was also found in the same haplotype; an
A2395→G transversion in exon 4 changing Lys(368)Arg. The
observed carrier frequency of this change was nearly 20% in Fin-

land, and additionally, the father of the family was found to be
homozygous for this variation. This change represents a common
polymorphism, tightly linked to the CLN5 Fin minor mutation.

The only mutation of non-Finnish origin (CLN5 European)
was detected in a Dutch patient, also with a homozygous haplo-
type, in exon 4. Transversion of G2127→A causes a change of
Asp(279)Asn. No carriers of this alteration were observed among
100 European control individuals.

The tissue expression pattern of CLN5 was analysed using a
1,291-bp PCR-derived fragment (nt 1,446–2,737) to probe a
human multiple-tissue northern blot. Relatively weak hybridiza-
tion signals of approximately 2.0 kb, 3.0 kb and 4.5 kb were
detected in all tissues. In addition, a signal of approximately
5.5 kb could be seen in skeletal muscle. The assembled 4.1-kb
CLN5 cDNA corresponds best to the 4.5-kb transcript, the other
signals possibly representing alternatively spliced transcripts.

Hybridization of an RNA dot blot using a 637-bp PCR derived
fragment (nt 972–1,608) as a probe suggested the highest levels of
expression in aorta, kidney, lung and pancreas of adult tissues.
Fetal tissues (brain, heart, kidney, liver, spleen and lung) dis-
played fairly uniform expression levels, except for fetal thymus,
showing approximately twofold higher signal intensity. The over-
all observation suggested expression of CLN5 in all human tis-
sues, with up to fivefold variation in expression levels.

No homologous genes or proteins were found in GenBank or
other databases. Therefore, we sought to discern the function

Fig. 2 Mutations in CLN5. The sequence lanes appear from left to right as C, A, T and G. a, Sequence of a patient carrying the CLN5 Fin major mutation, (AT)2467
deletion. b, Sequence of CLN5 Fin minor patient, with a homozygous haplotype different from CLN5 Fin major patients, was found to carry a G1517→A transver-
sion. c, Sequence of a Dutch patient with the CLN5 European mutation, a G2127→A transversion.

Fig. 3 Predicted features of the
CLN5 polypeptide. a, The amino-
acid sequence and predicted fea-
tures of the CLN5 protein. The
three mutations are shown in the
figure as F, f and E (CLN5 Fin major,
CLN5 Fin minor and CLN5 Euro-
pean, respectively). The structure
of the estimated CLN5 polypeptide
of 407 amino acids was predicted
using several computer programs.
The PSORT predicted intracellular
localization of the CLN5 polypep-
tide to microbody (0.640), cyto-
plasm (0.450), lysosomal lumen
(0.236) and mitochondrial matrix
space (0.100). The polypeptide dis-
plays several PROSITE features,
consisting of two protein kinase C
phosphorylation sites (1), three
casein kinase II phosphorylation
sites (2), two tyrosine kinase phos-
phorylation sites (3), two overlap-
ping N-myristoylation sites (4) and
eight N-glycosylation sites (5).
b, The BCM Transmembrane Pre-
diction Program predicted two
potential transmembrane regions (underlined) with the N terminus of the polypeptide outside. The α-helix and β-sheet predictions by PSSP prediction program
are also shown. c, A Kyte & Doolittle hydrophobicity plot24 of the predicted CLN5 polypeptide reveals two strong hydrophobic regions in correlation with the
predicted transmembrane regions.
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from aspects of the sequence. The 407 amino-acid CLN5
polypeptide corresponds to a theoretical molecular weight of
46 kD and a calculated pI of 8.41. Structure and intracellular
localization of the CLN5 polypeptide were predicted using sev-
eral protein prediction programs15–17 (Fig. 3). Several potential
modification sites, including protein kinase C phosphorylation
sites, casein kinase II phosphorylation sites, tyrosine kinase phos-
phorylation sites, N-myristoylation sites and N-glycosylation
sites were identified; all features shared with the predicted CLN3
polypeptide8. The PSORT (ref. 15) program provided no defini-
tive intracellular localization of the predicted CLN5 polypeptide.
Two hydrophobic regions were predicted to indicate transmem-
brane helices, which would suggest CLN5 to encode a transmem-
brane protein with an intraluminal loop. These features represent
only predictions and firm conclusions on the polypeptide
encoded by CLN5 must await experimental evidence.

Out of three known NCL genes, CLN1 and CLN2 represent
genes encoding lysosomal enzymes9,18, whereas CLN3 encodes a
lysosomal membrane protein19, although this location was not
initially predicted from the polypeptide sequence. It is tempting
to speculate that NCL-disorders could be divided into two mole-
cular subgroups: defects of lysosomal enzymes and defects of
lysosomal membrane proteins, assuming that CLN5 would also
fit in this category of proteins. 

Identification of CLN5 provides a tool for understanding the
pathology of vLINCL patients at the cellular and tissue level. This
may, in turn, be a first step towards development of specific ther-
apy and treatment of symptoms of this severe disease. It will  also
aid in understanding the possible biochemical function of CLN5
and other genes responsible for NCL disorders, which (based on
their devastating phenotypes) are crucial for normal develop-
ment and maturation of cortical neurons.

Methods
cDNA cloning. The PAC clone was digested with EcoRI and used as a probe in
cDNA library screening. cDNA library screening was performed according to
standard protocols20 using a fetal brain Λgt10 cDNA library (Clontech). Tar-
geted 5´-RACE was performed using a fetal brain cDNA library (Clontech).

Northern-blot hybridizations. PolyA+ RNA was isolated from peripheral
blood lymphocytes of vLINCL Fin major patients and healthy controls
using the Fast Track 2.0 Kit (Invitrogen) for mRNA isolation. In each lane,
polyA+ RNA (5 µg) was electrophoretically separated in a 0.8% agarose gel
in the presence of formaldehyde and blotted onto a nylon membrane. For
multiple tissue northern analysis we used human multiple tissue northern
blot (MTN; heart, brain, placenta, lung, liver, skeletal muscle, kidney, pan-
creas; Clontech) and Human RNA Master Blot (Clontech). Northern
hybridizations were performed at 65 °C using ExpressHyb (Clontech). PCR
products were subcloned in a pBluescript-derived vector using pCR-Script
Amp SK(+) Cloning Kit (Stratagene) and used as probes.

Mutation detection. Mutations were detected in vLINCL patients from PCR
amplified genomic DNA with manual sequencing by solid-phase sequenc-
ing method21 using the following primers: CLN5 Fin major, 5´–CCCTTC-
AAACCACATTTGCCA–3´; CLN5 Fin minor, 5´–CAGGAGGTAGACACG-
GCACA–3´; CLN5 European, 5´–AGCTTTGTTCACTAGGTGACT–3´.
Detected mutations were monitored against control panels of unrelated
Finnish and/or European control subjects by size separation of radioactively
labelled PCR products on denaturing PAGE (CLN5 Fin major mutation) or
by minisequencing22 (CLN5 Fin minor and CLN5 European mutations).

Computational analyses. Nucleotide sequence was analysed with BlastN
algorithms23 against public databases. NNPP (ref. 13), PSORT (ref.15), PSSP
(ref. 16) and Tmpred (ref.17) predictions were done through Internet. The
Kyte-Doolittle hydrophobicity plot24 was created interactively by ProtScale
(ExPASy World Wide Web molecular biology server). Sequence alignments
were performed using Sequencher 3.0 (Gene Codes Corporation).

GenBank accession numbers. CLN5 cDNA, AF068227; 76n15, AC001226;
HS2F1F, Z58138; ESTs, N62724, N78448.
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Table 1 • CLN5 mutations, consequences and carrier frequencies

FINmajor FINminor European

Mutation del(AT)2467 G1517→A G2127→A
Consequence Tyr392→STOP Typ75→STOP Asp279→Asn
Carrier frequency 1:20–1:200 No carriers No carriers

(Finland) in 500 samples in 100 samples
(Finland) (Finland)
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