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Structural motifs of the PKD1 protein
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Abstract. The complete sequence of the polycystic
kidney disease gene (PKD1) and its transcript have
been described. The predicted protein is not a member
of a previously described gene family, but contains
several structural motifs that are present in proteins of
known function. Most of these domains are present
in the extracellular parts of proteins involved in
interactions with other proteins and carbohydrates. The
PKD1 gene product also contains potential trans-
membrane sequences. The molecule is likely to be
involved in cell-cell or cell-matrix interactions, which is
consistent with the different manifestations of
polycystic kidney disease,
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Background

The gene for polycystic kidney disease (PKDT) was one
of the first disease genes to be localized by linkuge
analysis with DNA markers [1], but was only identified
in 1994 [2]. There were several reasons for the long
delay between the two events, First, the candidate gene
approach of guessing the right gene on the basis of the
cellular abnormalities of cystic epithelia such as
increased proliferation, changed polarity and basement
membrane abnormalities [3] was very difficult. In
retrospect, the candidate gene approach could not have
worked anyway, since the PKD] gene represents a novel
gene with no related family members previously
described. Second, there was no help from a genetically
equivalent animal model [4], since all described animal
models of polyeystic kidney disease involve different
loci or have not been mapped [5]. The ‘positional
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cloning’ approach which eventually led to the identi-
fication of the PKD1 gene was slow and laborious
because of the high density of genes in the candidate
region, all of which were candidates for PK D] and had
to be tested for mutations in DNA from PK D] patients,
A breakthrough was achieved when the European
PKD1 Consortium identified the gene with the help of
a translocation that segregated with the disease in one
family. Several mutations leading to a predicted
truncated protein clearly showed that the search for the
gene was [inished [2]. However, an unforeseen problem
arose from the fact that the major part of the PKD]
gene was present not only in a single copy, but was
duplicated several times in a more proximal location on
chromosome 16p. Since those copies appeared to be
transcribed and very similar in sequence to PKDI, a
large part of the gene remained uncharacterized and
with it the mutations located there. In view of the
difficulties in distinguishing ¢cDNAs corresponding to
the different loci, the genomic DNA of the PKD| locus
was the obvious source of unambiguous sequence
information since overlapping cosmids could be clearly
assigned to the PKDI locus. Three groups based their
characterization of the gene on the sequence from the
genomic cosmid clones from the PKD] lacus, but used
different  approaches 1o identily the transcribed
sequence. The American PKD! Consortium [6] relied
exclusively on sequence interpretation programs 1o
predict coding parts in the genomic sequence, This led
to alargely correet overall picture of the gene, though a
long exon was split up and the 5" end was not found.
The International Polycystic Kidney Disease Consor-
tium [7] used the sequence of the transeripts not only of
PKDI but also of the related loci to identify exons on
the genomic DNA sequence. This produced a predicted
PKDI transcript that was very similar to the one
described by Hughes ef af, (8], who used a radiation
hybrid that contained only the PKDI locus but not the
related loci as a source of PKD] transcript, again
comparing the results to the genomic sequence.
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Structural motifs of the PKD1 protein

Motifs in the PKD1 gene product

The predicted PKDI protein is not a member of a
previously described gene family. It does, however,
contain a number of peptide motifs found in
characterized proteins of known function and cellular
location. Most of these motifs are associated with
extracellular proteins. A signal sequence at the 5° end
precedes two leucine-rich repeats (LRRs) that are
flanked by cysteine-rich regions LRRs are found ina
tandem arrangement in many different proteins, all of
which seem to be involved in protein-protein
interactions [9]. Not all LRRs are associated with
cysteine-rich regions. An example for which the crystal
structure in the presence of ligand has been solved is
porcine RNase inhibitor, which consists of 15 LRRs
[10]. The subgroup containing conserved cysteine-rich
regions include molecules involved in cell adhesion,
such as human platelet glycoproteins T and V [11], and
signal transducing proteins, such as the protooncogene
Trk, the high affinity nerve growth factor receptor [12]
and toll, a transmembrane receptor mediating dorsal-
ventral polarity in the Drosophila embryo [13]. For toll
it has been shown that the leucine-rich repeats regulate
the intrinsic signalling activity of its cytoplasmic
domain [14].

The next functionally defined motif of the PKDI1
protein is a C-type lectin domain. C-type lectins are
Ca*>*-dependent carbohydrate-recognition proteins with
a wide range of specificities and functions [15,16]. They
are involved in interactions at the cell surface, such as
endocytosis (asialoglycoproteins), cell adhesion (select-
ins) and response to bacterial and fungal pathogens
[macrophage mannose receptor and mannose-binding
proteins (‘collectins’)]. All lectin domains (carbohydrate
recognition domains) are extracellular.

Proceeding in a C-terminal direction along the PKDI1
polypeptide is a single copy of a motif related to the
repeated motifs involved in ligand binding in LDL-
receptor and LDL receptor-related protein [17]. Related
modules also occur in the complement factors C8 and
C9 [18].

The next recognizable motif is present in extra-
cellular parts of previously characterized proteins and
was named PKD repeat [7]. Closely related domains
were found in a transmembrane protein of melanocytes
(Pmell7) and the melanosomal matrix protein
MMP!15 [19]. Surprisingly, such domains are also
found in some bacterial collagenases, a protease [20]
and a surface layer protein from Methanothermus [21].
Harpaz and Chothia emphasized that this motif is
related to the previously described I-set of the
immunoglobulin superfamily, which includes cell
adhesion molecules and receptors [22]. Proteins with
immunoglobulin domains have a diversity of functions
with a role in recognition at the cell surface as a
common feature. In the PKD1 gene product a single
PK D1 (immunoglobulin-like) domain is found between
the LRRs and the C-type lectin domain. The remainder
of the repeats are located in a cluster in the middle part
of the protein. The sequence of these domains is widely
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diverged, which explains the identification of 13 repeats
by The International Polycystic Kidney Disease
Consortium [7] and 15 repeats by Hughes et al. [8]. The
latter group also describes the presence of four type 111
fibronectin related repeats.

The next striking feature of the PKDI protein is a
large region containing several hydrophobic stretches
with the potential to form transmembrane domains.
There is, however, no known protein with such an
arrangement of transmembrane sequences. Hughes et
al. [8] suggested the presence of 11 membrane-spanning
segments on a basis of a hydrophobicity plot. This
region is followed by a region with no obvious
structural domains until the C-terminal end of the
protein.

QOutlook

Knowing what we know now about the PKD1 gene
product, what does this tell us about its function and its
potential role in polycystic kidney disease? Most of the
domains of the protein are found in the extracellular
part of characterized proteins and point to a role in
cell—cell and/or cell-matrix interaction. By analogy,
PKDI is likely to be glycosylated, and many potential
glycosylation sites have been found. PKD1 may be a
transmembrane protein and could also be involved in
signal transduction. Future studies will aim to identify
proteins and other ligands of PKD]1 both outside and
possibly inside the cell. In a general sense, this picture
of PKD] fits well with the different manifestations of
polycystic kidney disease. Thickening of the basement
membrane is an early event in PKD1 and different
glycoprotein composition of the extracellular matrix in
cystic epithelia has been observed [3]. Another
observation is the mislocalization of Na*/K*-ATPase
to the apical membrane in cystic epithelia [23]. Since the
interaction between epithelial cells and extracellular
matrix is known to play a role in the differentiation of
the cells, it is plausible that these defects reflect changes
in the differentiation state of the cells brought on by
changes in the extracellular matrix. The same argument
could be used to explain the abnormal proliferation in
the lining of the cysts. Even though a connection
between the overall structure and the putative role of
the PKDI protein to the disease phenotype can be
postulated, it is not clear how exactly the mutations in
the PKD! gene cause the defect. All mutations
described so far are located in the unique C-terminal
part of the protein and lead to premature termination
[24-26]. Since mutations in the main part of the PKDI
molecule have not yet been identified due to the
presence of the closely related transcripts, it is not
possible to say whether all disease-causing mutations
are due to truncation. In this context it is intriguing that
both The International Polycystic Kidney Disease
Consortium [7] and Hughes et al [8] report
differentially spliced mRNAs in unaffected individuals
that would lead to premature termination of the
protein. Again, the analysis is complicated by the
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PKD1-related loci. Some of these questions will be
more easily addressed in the mouse since there is no
evidence for duplication of this region in the mouse
genome [Olsson, Lohning, Horsley, Kearney, Harris
and Frischauf, unpublished data], and preliminary data
show a high degree of sequence conservation between
human and mouse PKDI1 transcripts [Loéhning,
unpublished data], In summary, the identification and
characterization of the PKD1 gene has been an
essential step in the molecular analysis of the disease,
Even though mutation analysis is likely to be
problematic in the near future, analysis of the
functional properties of the gene product has begun
and should lead to insight into the molecular and
cellular mechanism of polycystic kidney disease.
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