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Polycystin-1 and polycystin-2 are the products of PKD1 and PKD2, genes that are mutated
in most cases of autosomal dominant polycystic kidney disease. Since the first two polycystins were cloned, three new members, polycystin-L, -2L2, and -REJ, have been identified. In this study, we describe a sixth member of the family, polycystin-1L1, encoded by
PKD1L1 in human. The full-length cDNA sequence of PKD1L1, determined from human
testis cDNA, encodes a 2849-amino-acid protein and 58 exons in a 187-kb genomic region.
The deduced amino acid sequence of polycystin-1L1 has significant homology with all
known polycystins, but the longest stretches of homology were found with polycystin-1
and -REJ over the 1453- and 932-amino-acid residues, respectively. Polycystin-1L1 is predicted to have two Ig-like PKD, a REJ, a GPS, a LH2/PLAT, a coiled-coil, and 11 putative
transmembrane domains. Several rhodopsin-like G-protein-coupled receptor (GPCR) signatures are also found in polycystin-1L1. Dot-blot analysis and RT-PCR revealed that
human PKD1L1 is expressed in testis and in fetal and adult heart. In situ hybridization
analysis showed that the most abundant and specific expression of Pkd1l1 was found in
Leydig cells, a known source of testosterone production, in mouse testis. We have assigned
PKD1L1 to the short arm of human chromosome 7 in bands p12–p13 and Pkd1l1 to mouse
chromosome 11 in band A2 by fluorescence in situ hybridization. We hypothesize a role
for polycystin-1L1 in the heart and in the male reproductive system.

INTRODUCTION
Polycystins are a family of transmembrane proteins.
Polycystin-1 and -2 are widely expressed [1,2], whereas
polycystin-L, -2L2, and -REJ have limited expression [3–6].
Mutations in PKD1 and PKD2, the respective genes encoding polycystin-1 and -2, cause autosomal dominant polycystic kidney disease (ADPKD), one of the most common
monogenic diseases (estimated frequency of occurrence, 1
case per 1000 births), characterized by progressive cystic
development in the kidney and eventual renal failure [7].
The involvement of other polycystins in disease states is
currently unknown. Polycystin-L was the third polycystin
isolated, but the first whose function was demonstrated as
a Ca2+-regulated, Ca2+-permeable cation channel [8].
Recently, polycystin-2 has also been shown to function similarly as a cation channel, both intracellularly [9] and on
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cell membranes with [10] or without [11,12] the coexpression of polycystin-1. Advances with regard to polycystin
channels have recently been reviewed [13]. Polycystin-2L2
and -REJ are likely to play a role in fertilization because of
their specific expression in testis, although additional experimental evidence is required.
Polycystin-1 is a large plasma membrane protein with a
number of adhesive domains. Most of its extracellular segment is made up of 16 copies of an 80- to 90-amino-acid
immunoglobulin (Ig)-like repeat called the PKD domain
[1,14]. One of the PKD domains is situated between a
leucine-rich repeat domain and the C-type lectin domain;
the rest are arrayed in tandem between an LDL-1A module
and an REJ domain. There is a putative GPCR proteolytic
site (GPS) and a putative lipid-binding site (LH2/PLAT)
between the REJ domain and the first transmembrane
region, and in the first intracellular loop, respectively
[15,16]. Following a number of transmembrane regions is a
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FIG. 1. Deduced amino acid sequences of
human polycystin-1L1 and a portion of mouse
Pkd1l1. ClustalW1.7 and Boxshade 3.21 were
used for amino acid sequence alignment.
Black and gray shading indicate amino acid
identities and similarities, respectively.
Various domains are overlined. Potential Nglycosylation sites are marked with an asterisk (*). Potential phosphorylation sites are
marked as follows: (+) cAMP phosphorylation
sites; (◊) protein kinase C phosphorylation
sites; (‡) casein kinase phosphorylation sites;
(¶) tyrosine kinase phosphorylation sites.

short carboxy-terminal cytoplasmic tail that contains a
coiled-coil domain shown to interact in vitro with a coiledcoil domain in the C-terminal cytoplasmic region of polycystin-2 [17], and with G-proteins [18] and regulators of Gprotein signaling (RGS) proteins [19]. The large size of
polycystin-1 has hindered its analysis, and its function
remains unknown. Identification of novel proteins closely
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related to polycystin-1 would not only contribute to a
broader understanding of the role of this family of proteins
in organ morphogenesis and function, but also would help
us to predict the function of polycystin-1 and facilitate our
understanding of the pathogenesis of ADPKD.
In this study, we report the identification, chromosomal
localization, and expression of a novel gene encoding a
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TABLE 1: Sequence comparisons between human
polycystin-1, -REJ, 1L1, -2, -L, and 2L2
PC1
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PCL

PC2L2

PC1
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150
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22%
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22%
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497

395

431

23%

22%

X

23%
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932
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514

295

X

685

579

25%

25%

21%

54%

X

50%

42%

40%

40%
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X

68%

408

253

490

685

X
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24%

22%

23%

47%
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40%
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X

256

497

355

606

509

X

Top, middle, and bottom rows indicate the percentage of identity and similarity, and the number of residues of the proteins in the left
column that share with the proteins in the top row, respectively. Bold text represents the comparison between PC1L1 and other PCs.

polycystin-1-like protein, polycystin-1L1, in humans.
Polycystin-1L1 possesses a topology similar to that of polycystin-1 and contains two Ig-like PKD domains that are followed by a small REJ, a GPS, a LH2/PLAT, a coiled-coil,
and 11 putative transmembrane domains.

RESULTS
Isolation and Characterization of cDNAs for a Sixth
Polycystin, Polycystin-1L1
Through database searches we identified two genomic
sequences of chromosome 7 (EMBL/GenBank acc. nos.
AC069282 and AC019066) with similarity to polycystin-2.
The deduced amino acid sequence of these clones showed
43% similarity and 25% identity over 282 residues (235–516)
with polycystin-2. We tentatively assumed that these
genomic sequences encoded a novel polycystin.
We carried out 5⬘- and 3⬘-RACE with a human testis
cDNA library and obtained a 4.5-kb and a 3-kb fragment.
Direct sequencing of the PCR products revealed a 7.3-kb
consensus cDNA sequence with an open reading frame,
which encodes a protein of 2400 amino acids with termination codons and a consensus polyadenylation signal
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(5⬘-AATAAA-3⬘), but without an ideal initiation codon. We
then continued 5⬘-RACE using the gene-specific primers
hP9R4 and AP2 and obtained 2 kb more cDNA. The
sequence spanning the first ATG triplet of this cDNA has a
G residue at position +4 and a G residue at position –3; this
is in complete agreement with the consensus sequence for
a mammalian translation initiation site [20].
Thus, this novel cDNA encodes a 2849-amino-acid protein
(AB061683; Fig. 1) with homology to all known polycystins
(Table 1). Although the sequence homology between this
novel polycystin and polycystin-1 or polycystin-REJ is not
higher than that with polycystin-2, they share 38% homology
over a large region (1453 and 932 amino acids, respectively;
Fig. 2A). Phylogenetic analysis of this novel polycystin with
the other five known polycystins shows that this novel polycystin belongs to the polycystin-1-like subfamily (Fig. 2B); we
thus named it polycystin-1L1.
We determined the exon/intron structure of human
PKD1L1 by comparison of genomic and cDNA sequences
(Table 2). In the 187-kb genomic region, we found 58 exons
varying in size from 26 bp to 369 bp; the intron size varies
from 0.1 kb to 17.0 kb.
Kyte–Doolittle hydropathy analysis of polycystin-1L1
revealed 11 highly hydrophobic regions, suggesting the
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upstream from the poly(A) tail. These spliced variants,
PKD1L1a and PKD1L1b, are predicted to contain seven and
six transmembrane domains, respectively (Fig. 3D).
Although the significance of these alternatively spliced
products is unclear, they may provide one way of regulating the abundance of the long transcript.
Determination of Partial cDNA Sequence
of Mouse Pkd1l1
Through database searches, we identified one genomic
sequence (AC024116) of mouse chromosome 11 that is syntenic to human chromosome 7p with similarity to human
PKD1L1. The DNA sequence of AC024116 showed > 70%
identity to human PKD1L1 (nucleotide sequence from 4956
to 6552 of human PKD1L1). We tentatively assumed that
this genomic clone contains the mouse ortholog of the
Pkd1l1 gene and designed RT-PCR primers based on the
genomic sequence information. We obtained a cDNA fragment of 1594 bp and confirmed it to be the mouse Pkd1l1
(AB061684) with 72.3% nucleotide identity and 61% and
69% amino acid identity and similarity to its human counterpart, respectively, by DNA sequencing (Fig. 1). This fragment was used as a probe for further northern blot and in
situ hybridization analysis.

FIG. 2. Protein family classification of polycystin-1L1. (A) (previous page)
Comparison among human polycystin-1, polycystin-REJ, and polycystin-1L1.
The C-terminal ends of the proteins are indicated by an asterisk. The predicted
transmembrane domains are overlined. (B) The deduced phylogenetic relationship among human polycystin-1L1, other polycystins, and homologous proteins. Evolutionary distances (0.1 million years) are shown by the total branch
lengths (horizontal lines).

presence of 11 transmembrane segments (Fig. 3A). After
further analysis with two more transmembrane prediction
programs (TMHMM and TMpred) and comparison of the
results with those obtained from the analysis of polycystin1 and -REJ, we postulated a topology model with 11 transmembrane segments for polycystin-1L1. Analysis with the
protein secondary-structure prediction programs SMART
and Pfam revealed two Ig-like PKD domains, a small REJ
domain, a GPS domain, and an LH2/PLAT domain that are
all found in polycystin-1 (Fig. 3B). A coiled-coil structure
was predicted in the C-terminal cytoplasmic tail (between
residues 2776 and 2811) by the Lupas coiled-coil prediction
program (Fig. 3C), as in the other polycystins. The domain
structure of polycystin-1L1 also indicates that it is a member of the polycystin-1 subfamily. Notably, polycystin-1L1
has a number of rhodopsin-like GPCR superfamily signatures throughout its sequence.
We identified two smaller bands (2.4 and 2.1 kb) that
encode alternatively spliced transcripts of PKD1L1 during
3⬘-RACE. Each transcript contained a partial coding
sequence and termination codons with a consensus
polyadenylation signal (5⬘-AATAAA-3⬘) 10 nucleotides
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Tissue-Specific Expression of Human and Mouse
PKD1L1 and Their Alternatively Spliced Transcripts
We analyzed the tissue-specific expression of both the
human and mouse genes by northern blot analysis using
cDNA probes (1.9 kb and 1.6 kb, respectively) amplified by
RT-PCR. Neither the human PKD1L1 nor the mouse Pkd1l1,
however, was detected by northern blot analysis of multiple tissues (data not shown). We then examined the expression of human PKD1L1 by dot-blot analysis using the same
cDNA probe, and detected PKD1L1 expression in adult and
fetal heart and in testis (Fig. 4A). The expression pattern
was further confirmed with RT-PCR from multiple tissues
using two sets of primers that can detect all three PKD1L1
transcripts. Both splicing variants, PKD1L1a and PKD1L1b,
were found in adult testis, but only PKD1L1a was found in
fetal or adult heart (Fig. 4B). These PKD1L1 transcripts can
be detected by one-round RT-PCR (35 cycles).
Cellular Localization of Mouse Pkd1l1 by in Situ
Hybridization
We carried out in situ hybridization in various normal
mouse tissues, including brain, heart, kidney, and testis,
using a 1.6-kb 35S-UTP-labeled Pkd1l1 antisense riboprobe.
Testis showed more widespread expression than did other
tissues (Figs. 5A–5D). It is interesting that Leydig cells,
which are known to produce testosterone, showed strong
expression of Pkd1l1. A low level of expression was noticed
in seminal ducts, myoid cells, and tunica vaginalis (spindleshaped cells that surround the basal cell layer of germinal
cells and act as a support system). Other tissues, including
adrenal gland and heart myocardium, also showed weak
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TABLE 2: Exon/intron structure of human PKD1L1
exon
no.
1
2

size
(bp)

3’ splice site
(acceptor)

103

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

116
125
113
121
218
323
168
174
120
169
240
133
207
182
222
161
369
60
177
78
143
121
112
196
57
213
228
111
158
101
193
84
208
107
217
174
111
73
47
163
136
85
177
119
111
124
84
173
235
105
141
135
231
162
171

ttcagAGGAT
(initiation site: GACATGG)
cttagGTGTC
GGTCGgtaag
tctagAGGTC
AGAAGgtatt
tacagAACAT
GATAGgtatg
tacagAATTC
TCCAGgttgg
ttaagCTCCA
AGAAGgtacg
cacagCTCCC
AAAAGgtaag
tatagGTATT
CACCAgtatg
tccagAAGGA
GAAAAgtaag
tttagGCACT
GCAATgtatg
cacagCCGTC
CAATGgtcag
tgcagGTATC
AGTAGgtgac
cccagGGAAG
TCCAGgtagg
cttagATATG
CCAAGgtcag
tgcagGTTCA
CTCAGgtgag
aacagGTATC
TTCAGgtacc
ttcagATTCG
AGAAGgtaaa
ttaagTTCCC
CTCTGgtaag
tatagATTTT
GCCAGgtgac
cctagCTAAG
CTCAGgtatg
tgcagGTATT
TGTGGgtatg
tttagCTTCG
AACCGgtacg
catagGACTT
CAAAGgtaag
cacagTCATG
GACCTgtgag
ttcagGTATA
ATCAGgtatg
gtcagGAAGA
ATAAGgtaag
tgcagCTAGG
TGTTGgtaag
ttcagGGTTG
GGCAGgtaca
ccaagATTGG
GCCTGgtaag
gacagGATAA
GTAAGgtgtg
cctagATTCT
GAAAGgtcag
tttagATGCC
TGCAGgtata
cctagCTACC
CAGAGgtaag
tatagCCACC
CAAAGgtagc
ttgagGTGTA
CTGAGgtatt
tccagCGCTC
GGAAGgtagg
ttcagCTTTT
AGCAGgtgag
tgcagCCCCA
GCAAGgtacc
tgcagGAAGC
CCATGgtaaa
atcagGTCCT
GCAAGgtaaa
tctagCAACC
TCAAGgtaac
cgcagCACCC
TACAGgtgag
ggcagGTTTG
TTATGgtaag
tccagGTATG
AAAAAgtaaa
gacagGTCTT
CTGAGgtggg
tacagAGACA
ACAAGgtagg
ttaagAAATG
CTCAGgtgag
ttcagCCTGG
GCAAGgtaag
tgcagCCTCC
ACAAGgtcag
tacagGACTG
CCCAGgtgag
accagCTGGT
TGGAGgtagc
tccagCTCTC
ATCAGgtaca
ctcagAGGGC
CAGGGgtaag
tgcagCTGGT
GAATGgtaag
cctagCTGAG
ATCACgtaag
ttcagAATTA
CTGAGgtaag
termination site:
tttagCCAGC
GACTTCTGA

26
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5’ splice site
(donor)
CTAAGgtatc
GAAAGgtgag

intron
(kb)
15.9
4.9
3.0
3.3
1.3
0.6
1.6
13.6
12.2
2.8
0.5
0.5
2.0
4.2
4.0
3.0
2.4
1.9
1.0
2.6
0.9
3.0
1.3
2.0
7.3
1.1
6.8
1.0
2.3
0.1
1.7
5.9
1.8
1.8
2.4
0.8
2.3
1.7
0.2
0.6
1.1
1.8
1.1
0.4
2.0
6.2
5.6
1.3
0.6
1.0
2.2
1.9
4.9
2.3
4.5
3.2
5.2

interrupted
amino acid
Ar/g
G/lu
Lys/Asn
Se/r
Gln/Leu
Se/r
G/ly
L/ys
T/hr
S/er
Tr/p
Ar/g
Gln/Ile
Lys/Val
Ar/g
Ar/g
V/al
A/sp
A/la
G/ly
A/la
Pro/Asp
V/al
Le/u
Gln/Glu
Leu/Gly
Gln/Ile
Leu/Asp
Ar/g
A/sp
Val/His
Se/r
Se/r
Lys/Val
Se/r
Lys/Leu
Gln/Pro
Lys/Gln
G/ly
Lys/Gln
A/la
Ar/g
Cy/s
Lys/Val
Ar/g
Ar/g
Gln/Pro
Lys/Pro
Ar/g
Gln/Leu
Glu/Leu
Gln/Arg
Gly/Gln
Met/Leu
His/Asn
Glu/Pro
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FIG. 3. Peptide sequence analysis and alternative splicing of PKD1L1.
(A) Hydropathy analysis of human polycystin family. Hydrophobic
peaks are indicated as H1-H11. (B) (opposite page) Alignment analysis of PKD, GPS, and LH2/PLAT domains. The following key represents consensus amino acid residues or respective amino acid
classes: (o) alcohol; (l) aliphatic; (.) any; (a) aromatic; (c) charged; (h)
hydrophobic; (–) negative; (p) polar; (+) positive; (s) small; (u) tiny;
(t) turnlike. (C) (opposite page) Predicted coiled-coil domain of polycystin-1L1. (D) (opposite page) Schematic representation of the splicing variants. Boxes indicate exons. Solid lines indicate introns.

A

expression for Pkd1l1. In addition, we have localized
PKD1L1 to human chromosome 7p12–p13 and Pkd1l1
to mouse chromosome 11 in band A2 by FISH (data
not shown).

DISCUSSION
Polycystin-1L1 has two Ig-like PKD domains, a small
REJ domain, a GPS domain in the N-terminal extracellular region, a LH2/PLAT domain in the first
intracellular loop, and 11 transmembrane domains.
The Ig-like PKD domains of polycystin-1 mediate
specific homophilic interactions in vitro and are
involved directly in the cellular adhesive process in
culture [21]. Application of an anti-PKD domain antibody to cultured MDCK cells perturbs their normal
epithelial architecture. These results suggest that the
PKD domains of polycystin-1L1 play important roles
for cell adhesion and signal transduction through
homophilic or heterophilic interactions mediated by
these domains. By contrast to the REJ domains of
polycystin-1 and -REJ (525 and 544 residues, respectively),
the REJ domain in polycystin-1L1 is smaller, with only 111
amino acids (between residues 726 and 836). This domain
is believed to be associated with calcium transport during
fertilization in sea urchins [22].
The GPS domain in polycystin-1L1 is homologous to
those in members of the GPCR subfamily, which includes
the calcium-independent latrotoxin receptor (CL-1/latrophilin) and flamingo, a newly identified protein of the
cadherin superfamily [15,23,24]. The GPS domains of several such genes are shown in Fig. 3B. Lectomedin is a
human homolog of CIRL/latrophilin; cadherin, EGF LAG
seven-pass G-type receptor is a seven-transmembrane protein first described in Drosophila, where it was found in
cell/cell boundaries and was believed to play specific roles
in protein–protein interactions [24]. All the above evidence
supports our hypothesis that polycystin-1L1 has several
important functions in protein–protein and/or cell–cell
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interactions. It is interesting to note that one form of
PKD1L1, PKD1L1a, has seven transmembrane domains like
most GPCRs, and also has a number of rhodopsin-like
GPCR motifs in its sequence, indicating that polycystin-1L1
or one of its isoforms functions as a GPCR. Indeed, two
interesting studies have linked the C-terminal cytoplasmic
domain of polycystin-1 with G-protein-coupled signaling
pathways by direct binding and activating of G-protein [18],
and by directly binding to RGS proteins and terminating
this signaling pathway [19]. Very recently, it has been
shown that polycystin-1 acts as a G-protein coupled receptor [34].
The LH2/PLAT domain of polycystin-1L1 contains a
␤-barrel LH2 domain homologous to a noncatalytic domain
of lipoxygenases. This domain in lipoprotein lipase is proposed to possess a lipid-binding function and may have an
internal conserved ligand-binding site [16,25]. Many
lipoprotein lipase family proteins possess the LH2/PLAT
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C

GENOMICS Vol. 79, Number 3, March 2002
Copyright © 2002 Elsevier Science (USA). All rights reserved.

D

383

Article

doi:10.1006/geno.2002.6719, available online at http://www.idealibrary.com on IDEAL

A

B

domain (Fig. 3B). When we consider that the lipoprotein
metabolism plays an important role in the male reproductive system, it is interesting to note the relatively high levels of Pkd1l1 expression in testis and that lov1, a
Caenorhabditis elegans homolog of PKD genes, is required
for male mating behavior in these worms [26]. Polycystin1L1 has a short C-terminal cytoplasmic tail with a coiledcoil domain that is also found in polycystin-1 and is
believed to be the domain interacting with a coiled-coil
domain in the C-terminal cytoplasmic region of polycystin2 [16]. Polycystin-1L1 also has strong motif sequences for
putative phosphorylation sites in the C-terminal cytoplasmic region: one for protein kinase C, one for casein kinase,
and one for tyrosine kinase. Phosphorylation of these motif
sequences may be involved in the regulation of downstream
signaling mediated by polycystin-1L1.
Our FISH analyses have assigned PKD1L1 to chromosome 7p12–p13 in humans and Pkd1l1 to mouse chromosome 11 in band A2, which is linked to the mouse mutation
jck, a naturally occurring mouse line with recessive polycystic kidney disease [27]. However, it is unlikely that
Pkd1l1 is the gene for polycystic kidney disease in these
mice, as we could not detect any expression of Pkd1l1 in

384

FIG. 4. Expression of PKD1L1. (A) Human RNA dotblot analysis using the C-terminal 1.9 kb of coding
sequence as a probe. (B) RT-PCR analysis of human
fetal and adult tissues. Top row indicates RT-PCR
amplified by PKD1L1 specific 3⬘ primer pair A. Middle
row indicates RT-PCR amplified by PKD1L1-specific 3⬘
primer pair B. The expression of GAPDH is used as a
positive control for the RNA (bottom row). Lanes M1,
100-bp ladder; 1, adult testis; 2, adult heart; 3, fetal
heart; 4, adult kidney; 5, fetal kidney; 6, fetal brain; 7,
fetal cerebellum; 8, fetal lung; 9, fetal muscle; 10, fetal
eye; 11, fetal liver; M2, 1-kb ladder.

mouse kidney. The specific, albeit low, levels of PKD1L1
expression in human fetal and adult heart raise the possibility of its involvement in heart diseases. Indeed, gene targeting experiments have recently shown that homozygous
mice with mutations in Pkd1 develop not only kidney, pancreas, and skeletal defects but also cardiovascular abnormalities [28–30].

MATERIALS

AND

METHODS

Isolation of human PKD1L1 and mouse Pkd1l1. We used primers specific to
the putative exonic sequence in genomic clone RP11-61L9 (AC069282) to carry
out 5⬘- and 3⬘-RACE on human testis Marathon-Ready cDNA (Clontech, Palo
Alto, CA). AdvanTaq DNA polymerase (Clontech) was used to perform touchdown PCR with cycling parameters as follows: initial denaturation of 94⬚C for
2 minutes; 5 cycles of 94⬚C for 30 seconds, 72⬚C for 4 minutes; 5 cycles of 94⬚C
for 30 seconds, 70⬚C for 4 minutes; 25 cycles of 94⬚C for 30 seconds, 68⬚C for 4
minutes, and a final extension at 68⬚C for 7 minutes, as described [5]. The
primer sequences used in this study are listed in Table 3. For 5⬘-RACE, primers
AP1 (Clontech) and hP9R1 were used to do the first PCR. Nested PCR was carried out using 1 l of the diluted first PCR product (1:100) and the nested
primers AP2 (Clontech) and hP9R2. For the second 5⬘-RACE, primers AP1 and
hP9R3, and nested primers AP2 and hP9R4 were used. 3⬘-RACE was carried
out similarly with primers AP1 and hP9F1, and nested primers AP2 and hP9F2.
Prominent bands were excised from the agarose gel, purified, and sequenced.
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FIG. 5. Localization of Pkd1l1 expression in mice testis by RNA in situ
hybridization. Bright- (A, C) and darkfield (B, D) photographs show the
Pkd1l1 expression. Arrows indicate
sites
of
Pkd1l1
expression.
(B) and (D) Single seminiferous tubule
and its surrounding Leydig cells, showing strong expression of Pkd1l1.
Magnification: (A, B) ⫻100; (C, D)
⫻200.

The sequences obtained were compared with the sequences of the clones RP1161L9 and RP11-164L4 (AC019066).
Primers specific to the putative exonic sequence in mouse genomic clone
RP23-298M16 (mP9F1 and mP9R1) were used to perform RT-PCR on mouse
testis cDNA similarly as described above.
Sequence analysis. We aligned DNA sequences obtained by 5⬘-RACE and
3⬘-RACE to get an overall consensus sequence. Alignment analysis was performed with ClustalW (http://clustalw.genome.ad.jp/) and Boxshade3.21
(http://www.ch.embnet.org/software/BOX_form.html). The programs
MOTIF (http://motif.genome.ad.jp/), SMART (Simple Modular

Architecture Research Tool) (http://smart.embl-heidelberg.de/), and Pfam
(Protein families database) (http://www.sanger.ac.uk/Software/
Pfam/search.shtml) were used to predict protein function and localization.
The programs TMHMM (http://genome.cbs.dtu.dk/services/TMHMM/)
and TMpred (Prediction of Transmembrane Regions and Orientation)
(http://www.ch.embnet.org/software/TMPRED_form.html) were used to
predict the transmembrane helices. Prediction of coiled-coil structure by
Lupas algorithm was performed with Coils (http://www.ch.embnet.org/
software/COILS_form.html) [31]. The phylogenetic trees were plotted using
Treeview [32].

TABLE 3: Primer sequences used in this study
name

sequence

position
(exon: nucleotides)

human PKD1L1
hP9F1
hP9F2
hP9F3
hP9R1
hP9R2
hP9R3
hP9R4
hP9R5

GAATTTTCCAAACCTGTTACAAGGGC
CACGGGACAGGGCTGGTTCTTCCCTGC
CCCGACTCAGGGCCAGCATGTGGATTG
GAGGGGACGAGACTCCCCGTAGGGAGGA
CGGCGTGTGCAGGTAGCGGCTGGAGGA
TCACTCCCAGCCTCACAGGCTGAGACCTCC
CTGGCATTTACCAGAGCTGAGGAGGGGGA
GACTCTCTTCTGTCCTTGCCTCCCCTGTGT

31: 4810-4836
37: 5656-5684
51: 7370-7395
51: 7484-7631
38: 5839-5864
15: 2069-2098
13: 1792-1820
57: 8462-8491

TTTTTCAAAAGAAAATGACACAAGAGAGGCT

52: 7615-7639

TGTCCTAAGAAGAAAGCTGAATGCCA
CCAGCGCAGGTGGCGTTCTCGTTGTCGG

3572-3600
3703-3730

GACCACAGTCCATGCCATCACT
TCCACCACCCTGTTGCTGTAG

8: 525-546
9: 957-977

human PKD1L1a
hP9R6
mouse Pkd1l1
mP9F1
mP9R1
human GAPDH
GAPDH/F
GAPDH/R

adapter primers (CLONTECH)
AP1
AP2

CCATCCTAATACGACTCACTATAGGGC
ACTCACTATAGGGCTCGAGCGGC
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RNA dot blot, northern blot hybridization, and RT-PCR. We hybridized
human Multiple Tissue Array (Clontech) and Multiple Tissue Northern Blot
(Clontech) with a randomly labeled 1.9-kb coding sequence of PKD1L1
(nucleotide sequence 5658–7511) amplified by RT-PCR using hP9F2 and
hP9R1, in ExpressHyb Hybridization Solution (Clontech) at 65⬚C and 50⬚C
overnight, respectively, as described [5]. Mouse Multiple Tissue Northern
Blot (Clontech) was hybridized with a randomly labeled 1.5-kb coding cDNA
probe of mouse Pkd1l1 (mP9F1-mP9R1) in ExpressHyb Hybridization
Solution (Clontech) at 50⬚C overnight. The radiolabeled membranes were
washed twice in 2⫻ SSC, 0.05% SDS at 50⬚C and twice in 0.1⫻ SSC, 0.1% SDS
at 50⬚C. Signals were visualized by autoradiography.
Total cellular RNA of human adult and fetal tissues for RT-PCR was prepared as described [5], and first-strand cDNA was synthesized from 5 mg
of total RNA using Superscript II (GIBCO, Gaithersburg, MD). Two primer
sets (hP9F3-hP9R5 and hP9F3-hP9R6) were synthesized according to the
nucleotide sequence of human PKD1L1 or PKD1L1a, respectively. Human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene-specific
primers, GAPDH/F and GAPDH/R were used as controls. Portions (1 l)
of the cDNA were amplified by PCR with cycling parameters as follows: 94⬚C
for 30 seconds, 60⬚C for 30 seconds, 72⬚C for 1 minute, with 35 cycles for
PKD1L1 and 25 cycles for GAPDH [5].
In situ hybridization. We carried out in situ hybridization of mouse Pkd1l1
gene as described [33]. The following materials were obtained from the indicated sources: T7 RNA polymerase, RNasin, and DNase I (Promega,
Madison, WI); dithiothreitol (DTT), formamide, and restriction endonuclease (Roche Molecular Biochemicals, Indianapolis, IN). The 1.6-kb RT-PCR
fragment of mouse Pkd1l1 (mP9F1-mP9R1) was cloned into Bluescript SK
vector (Stratagene, La Jolla, CA), which was linearized with XbaI for sense
and XhoI for antisense riboprobe preparation using T7 and T3 promoter,
respectively. Transcription was carried out essentially as recommended by
the manufacturer with 200–600 ng of linearized DNA as template. 35S-UTP
(DuPont NEN, Boston, MA)-labeled sense and antisense riboprobe (5 ⫻ 104
cpm) was hydrolyzed in 0.1 M DTT to an average size of 100 bases, and
hybridization was carried out at 55⬚C overnight. The slides were then
washed in 5⫻ SSC containing 10 mM DTT at 55⬚C for 30 minutes, and in 2⫻
SSC containing 50% formamide and 10 mM DTT at 65⬚C for 30 minutes.
Finally, the slides were dipped in NTB-2 autoradiographic emulsion
(Eastman Kodak, Rochester, NY) and stored in complete darkness at 4⬚C for
2 weeks. The slides were developed with Kodak D-19 developer (Eastman
Kodak) and counterstained with hematoxylin/eosin. The experiment was
repeated once to validate expression and localization. Control sense RNA
probes were used to verify the specificity of the signal.
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