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A second gene for autosomal dominant polycystic kidney disease was identified by 
positional cloning. Nonsense mutations in this gene (PKD2) segregated with the disease 
in three PKD2 families. The predicted 968-amino acid sequence of the PKD2 gene 
product has six transmembrane spans with intracellular amino- and carboxyl-termini. The 
PKD2 protein has amino acid similarity with PKDl, the Caenorhabditis elegans homolog 
of PKDI, and the family of voltage-activated calcium (and sodium) channels, and it 
contains a potential calcium-binding domain. 

Autosoma1 dominant polycystic kidney 
disease (ADPKD) accounts for 8 to 10% of 
all end-stage renal disease ~\.orld\\~lde (1 ). Its 
pr~ncipal  clinical manifestation is bilateral 
renal cysts that result in chronic renal fail- 
ure in about 45% of affected individuals by 
age 60 (1 ). Hypertension and liver cysts are 
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common, and the tnvolvement of other 
organ systems (2)  lends support to the  view 
that polycystic kidney disease is a systemic 

dtsorder (1) .  Genetlc heterogeneity ~n AD- 
PKD has been delnonstrated after linkage 
was initially discovered for the gene o n  
chrotnosolne 16p13.3 (PKDI)  (3 ,  4) .  T h e  
second gene, PKD2, has been localized o n  
chrotnosorne 4q21-23 and accounts for ap- 
proxinlately 15% of affected fatnilies ( 5 ,  6) .  
A t  least one inore gene for ADPKD is 
known to exist (4). Clinical studies have 
de~nonstrated a milder phenotype for the 
non-PKD1 forms (7) .  This report describes 
the positional cloning (8 )  of a candidate 
gene in which truncating mutations have 
been identtfied in three PKD2 fatnilies (9) .  ~, 
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sive refinements of the  PKD2 interval (1 1 ,  
12).  T h e  closest unambiguous flanking ge- 
netic markers are AFMa059xc9 proximally 
and A I C A l  dlstally (Fig. 1,  A and B) (10).  
W e  constructed a cosmid- and PI-based 
(13) contig extending over -680 kb from 
A I C A l  to the  region centro~neric to the  
polymorph~c marker JSTG3 (Fig. 1 C )  (14).  
This contig contalns a single gap of less 
than 40 kb. Complementary DNAs corre- 
sponding to genes in this region were  so- 
lated wlth inserts from the  genolnlc c lo~les  
used to screen either a liuman fetal brain or 
adult kidney cDNA llbrary (15).  T h e  map- 
ping of the  cDNA clones identified alas 
confirmed, and the clones were sequenced. 
These sequences were analyzed to identify 
open readlng franles (ORFs), and database 
searches with the  BLAST algoritli~ns (16) 
were performed. 

O n e  group of c D N A  clones, collectively 
ternled c T b - 4 ,  were initially lsolated wit11 
insert D N A  from costnid c44a9 from the 
chrotnosome 4-specific coslnid llbrary (Flg. 
I D )  (13,  15).  None of the cTM-4 clones 
have homology at the  nucleotide level to 
any known genes, although two randomly 
sequenced c D N A  clones were identified 
(Fig. 1E). Northern ( R N A )  blot hybridiza- 
tion a~ i t l i  the cTb-4B3-3  insert (Fig. 1E) 
revealed a -5.4-kb transcript expressed in 
most fetal and adult tissues (Fig. 2 ) .  cTM-4 
IS strongly expressed in ovary, fetal and 
adult kidney, testis, small and large intes- 
tine, and fetal 1~1ng. Peripheral blood leuko- 
cytes were the only tissue tested In a ~ h l c h  
expresslon \\.as not detected. 

Inltial database searches with the  six 
translated reading frames obtained from the  
sequence of clone cTM-4B3-3 revealed ho- 
mology at the amino acld level wltli the  
PKDl gene product also called polycystln 
(17,  18) .  On the basis of its map location, 
pattern of expression, and the  observed ho- 
mology, the  c T b - 4  gene was further inves- 
tigated as a candidate for PKD2. Nine over- 
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lapping cDNA clones were completely se- 
quenced in both directions (Fig. 1E). The 
5' end of the cTM-4 gene contains a pair of 
genomic Not I sites, and the 3' end extends 
in the telomeric direction beyond the end 
of the P1 clone p157n2 into cosmid c44a9 
(Fig. 1, C and D). The gene extends over 68 
kb of the genome. 

The consensus 5057-base pair (bp) se- 
quence (1 9) is represented schematically in 
Fig. 1E. A translation startsite with a good 
Kozak consensus sequence (5'-ACCGC- 
GATGG-3') (20) was identified 67 bp from 

Fig. 1. Positional cloning 
of PKD2. (A) Subset of 
STSs from.the high-den- 
sity map of the PKD2 re- 
gion showing polymor- 
phic loci flanking the in- 
terval. JSTG3 and AICA1 
are two of nine microsat- 
ellite markers in this re- 
gion developed by our 
groups (10). SPPl (0s- 
teopontin, STS4-1078) 
and D4S1171 were used 
to screen the PI library 
(13, 14). Other sources 
of STSs include pub- 
lished linkage maps and 
genome center databas- 
es. cen., centromere; 
tel.. telomere. Distances 

cen. 
f- 

; ; 5 ;  
a n o n  - 

0.94 

the 5' end of the K1-1 clone and 61 bp after 
an in-frame stop codon. It is followed by a 
2904-bp ORF followed, in turn, by several 
in-frame stop codons. The 3' untranslated 
region is 2086 bp long and contains a con- 
sensus polyadenylation signal. 

We next analyzed the DNA sequence 
and expression profiles of cTM-4 in unre- 
lated affected individuals from PKDZ fam- 
ilies (3, 5, 12). We used reverse-tran- 
scribed RNA and genomic DNA tem- 
plates to generate polymerase chain reac- 
tion (PCR) products for single-strand 

tel. 
-* 

c JSTG3 
___.....-' .--..___._ #.....---.----. . . ..-..._ AlCAl 

---...__I 
cT186-cl34c8 - -c17m -9- r n m 1 0  

c17on.5 if =p37be . : m3 YeiA clSa5- %cl3blo 
p157n2' ' c171d12 

are' in Morgans along p254d15H /,,' c156gS 

chromosome 4. (B) Rep- ,i. c149e2 
Ndl.Ndl  resentative mega-YACs E 10 kb - 

!! - Kl-5  
(30) and their STS con- L. KI-1 

tent. The mega-YACS I ~ 4 ~ 4  
I I y~63h09 

form a contia around the :: - a ~ ~ ~ 4 4 ~ 3 - 3  

PKD2 region. (C) Mini- 
mum tiling path of the 
cosmid aid PI contig in I 

AA-KAAA 
I ycs3g07 

the PKD2 region (14). 5- 3 3' 
Clone names beginning AT?! TGA (A)" 

0 i ;  1 2 3 4 5 6 kb 
with "c" and "p" refer to 
cosmid and PI clones, 
respectively; addresses are from the original arrayed libraries (73). The clones containing JSTG3 and 
AlCAl are shown; a single gap of <40 kb is indicated by the arrow. (D) Detail of the portion of the contig 
containing the PKD2 candidate gene, cTM-4. (E) Overlapping map of nine cDNA clones for cTM-4 and a 
composite schematic at the bottom. Clones K1-1 and K1-5 are from the adult kidney library; clones 
yj63h09 and yc93g07 were identified by GenBank searching and are from the normalized infant brain 
library (31); all other clones are from the fetal brain library (15). Shaded areas represent chimeric portions 
of clones. 

Fig. 2. Expression of the PKD2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
candidate gene. The insert from kb ' 

cTM-4B3-3 (Fig. 1 E) was used as a '2 . 
hybridization probe on mRNA blots 7,5 - I 
containing human tissues (Clone- 4.4 - b 

tech, Palo Alto, California). Hybrid- 
ization was as described (14) with- 2.4 - 

0-Actin 2 ." - -' m"- '  ---or out pre-competition and with a final 
wash stringency of 0.5x SSC and 
0.1 % SDS at 65°C. Tissues in numbered lanes are as follows: (1) heart, (2) brain, (3) placenta, (4) lung, (5) 
liver, (6) skeletal muscle, (7) kidney, (8) pancreas, (9) spleen, (10) thymus, (1 1) prostate, (12) testis, (13) 
ovary, (1 4) small intestine, (1 5) colon, (1 6) leukocytes, (1 7) fetal brain, (1 8) fetal lung, (1 9) fetal liver, and (20) 
fetal kidney. At the bottom, P-actin hybridization to the same blots is used to compare relative mRNA 
loading within each blot. 

conformational analysis (SSCA) (21 ). 
Genomic PCR products of SSCA variants 
identified in three families were subjected 
to direct sequencing. Each affected indi- 
vidual was found to be heterozygous for a 
single base change that resulted in a non- 
sense mutation (Fig. 3) (21). The muta- 
tion in family 97 is a G-to-A transition in 
the codon for Trp380 (Figs. 3 and 4). The 
mutations in the Cypriot families 1605 
and 1601 are C-to-T transitions in codons 
Arg742 and Gln405, respectively (Figs. 3 
and 4). Using either the resultant loss of a 
restriction site in families 97 and 1605 or 
the SSCA pattern in family 1601, we were 
able to demonstrate segregation of the mu- 
tation with the disease phenotype in each 
family (Fig. 3) (21). Analysis of between 
90 and 100 normal chromosomes failed to 
show the predicted affected allele in any 
case, making it less likely that these se- 
quence differences represent anonymous 
polymorphisms (10). These limited find- 
ings do not provide evidence for clustering 
of mutations in PKD2. 

The identification of mutations that dis- 
rupt the predicted translation product of 
cTM-4 and the segregation of these muta- 
tions with the ADPKD phenotype in three 
well-characterized PKDZ pedigrees provide 
strong evidence that cTM-4 is the PKDZ 
gene. The putative translation product of 
the cTM-4 ORF is a 968-amino acid se- 
quence with a calculated molecular mass of 
110 kD. Modeling with several hydropho- 
bicity algorithms (22) suggests that cTM-4 
is an integral membrane protein with six 
(range, five to eight) membrane-spanning 
domains and intracellular NHz- and 
COOH-termini (23). Of the six highest 
scoring domains, the fourth transmem- 
brane domain (tm4, Fig. 4) produced the 
lowest scores but was consistently predict- 
ed to be a membrane span by several anal- 
yses (22). The positive inside rule (23)- 
that positively charged amino acids usual- 
ly face the cytoplasm in transmembrane 
proteins-strongly supports the predicted 
topology. The majority of the N-glycosy- 
lation sites, occurring in the segment be- 
tween tml and tm2 (Fig. 4), are predicted 
to be extracellular. In addition, potential 
phosphorylation sites were identified pri- 
marily in the COOH-terminal region, as 
was a putative EF-hand domain (24), and 
this region is predicted to be intracellular 
(Fig. 4). If a stable protein product is 
produced, the mutations in families 97 and 
1601 are expected to result in a product 
with an intact intracellular NHz-terminal 
domain, first transmembrane domain, and 
part of the first extracellular loop. The 
mutation in family 1605 is predicted to 
result in a product lacking the portion of 
the intracellular COOH-terminus that 
contains several phosphorylation sites and 
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Fia. 3. Mutations in Sto~ 
P ~ D Z  Analys~s of genom- 6 ;I , mFanh 
IC PCR products (21) ~n A ' ' 
three PKD2 fam~l~es The 
left panel shows the re- 
sults of d~rect sequencing 
of genomlc PCR products 
from affected ~nd~v~duals 
The arrows denote double 
peaks, conf~rmed by se- * -  quencing in both direc- a & Famy ,a 
tions. indicative of het- '- 7 T c Q fi  t fi fl Q I? T c T : 

erozygosity at that nucle- 
ot~de. Each of the mutant 
alleles results In a prema- 
ture stop codon. The r~ght 
panel demonstrates seg- 
regation of the mutated al- 
lele with the disease phe- 
notype. In families 97 and . . . ~ . ~ ~ . . . . . . . .  lW1 
1605, the affected alleles 
are not digested by Bsr I 
and Taq I, respectively, 
because the restr~ction 
sites are lost bv mutat~on ' \ 
(21). Fam~ly 1601 shows A 
segregation of the SSCA -' 
variant, indicated by the 
arrow, with the disease phenotype (21). For each family, only portions of more extensive pedigrees are shown 
Filled symbols, affected individuals; open symbols, unaffected individuals; M, 100-bp ladder. 

Fig. 4. Deduced amino acid se- 
quence of PKD2 (19). (A) Alignment 
of cTM-4 with PKDI (gb 1 U24497), 
the C. elegans homolog of PKDl 
(ZK945.9; swiss1 Q09624), and 
VACCal,-, (pirl B54972) from 
BESTFIT (32): identity to cTM-4 is 
indicated with a vertical line and 
similarity to cTM-4 with two dots (:). 
Numbers in parentheses refer to 
amino acids in respective sequenc- 
es. The putative transmembrane 
domains are tml  to tm6 (22). Pre- 
dicted N-glycosylation sites are 
marked with an asterisk. Potential 
phosphorylation sites with strong 
consensus sequences are marked 
as follows: plus sign, phosphoryla- 
tion by protein kinase C; open 
square, phosphorylation by 
guanosine 3',5'-cyclic monophos- 
phate-dependent kinase (SePZ6 is 
also consistent with a protein ki- 
nase A site); and open circle, phos- 
phorylation by casein kinase. The 
sites of the nonsense mutations 
(Fig. 3) are indicated by arrows la- 
beled with the respective family 
numbers. The EF-hand domain is 
in-icated by the dashed line. (8) 
Alignment of the EF-hand domain 

the EF-hand domain (Fig. 4). 
There is -25%) identity and -50'%, sim- 

ilarity between the putative translation 
product of PKDZ and -450 amino acids of 
PKDl and its Caenorhabditis elegans ho- 
molog, ZK945.9 (Fig. 4). There is a compa- 
rable degree of similarity with -270 resi- 
dues of the voltage-activated Ca2+ channel 
aIE (VACCalE-,; Fig. 4). The similarity 
between PKDZ and PKDl (and ZK945.9) 
extends over the region tml to tm6 in 
PKDZ but does not include the NH,- and 
COOH-terminal domains. The correspond- 
ing region of PKDl has been predicted to 
contain four transmembrane segments ( 18), 
three of these corresponding to tml,  tm2, 
and tm5 in PKDZ and the fourth localizing 
between tm5 and tm6 of PKDZ. The regions 
corresponding to tm3 and tm4 of PKDZ 
were not predicted to be membrane spans in 
that report (18). 

The similarity to VACCa,,, (25) is 
presented as the strongest example of a 
general homology of PKDZ to the family of 
voltage-activated Ca2+ and Na+ a, chan- 
nel proteins. These channel proteins con- 
tain four homologous domains (I  through 

tm1 
CTM-4 WGTR4MEESSTNREKYLKSVLRELVTYLLFLIVLCILTYGMMSSNVYYYTRMMSQLFLDTPVSKTEKTNFKTSSMEDFWKFTEGSLLDGYWKMQPSNQ 300 
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ZK945.9 I I ~ O ~ ) A N R K M ~ ~ E Q L F I T ~ A ~ ~ ~ C ~ ~ A S L Y ~ ~ V ~ ~ $ ~ Y C K D R " G ~ ~ ~ Q L E ~ A T ~ ~ A I N Q K N Y G A N T . ~ M S ~ Q H A ~ ~ ~ ~ D " A R E A ~ A T ~ L L A S W Y D G A P  

97  -+ 
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I I 
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ZK945.9 AYGMRAYMNDKVSRSMGIGTIRQVRTKKS 118281 (18781 tT:K&AA.d,STETVSGLLYSYSGGGYTISMSGTQA 

1601 
t tm2 

cTM-4 ETAAQ~ASLKKNVWLDRGTRATFIDFSVYNANINLFCYVRLLVEFPATGGVPSWQFQPLKLIRYVTTDFLAAEIfCFFIFYYVVEEILE.IRIHK+ 500 
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VACC~IE-1 (15171 k i v k s i 8 c t b ~ v f ~ i ~ ~ b  
tm3 tml 

CTM-4 HYfR.SFWNC~D~VIVVLSVVA~NIYRTSNVEV.LLQFL.EDQNTFPNFEHLAYWQIQFNN~AAVT~FFVWIKLFKF~NFNRTMSQLSTTMSRCAKLF 598 
I I : : : I :  

PKDl iViALkAbAR(Li?AtTAATALirRiAQLGAAbRb. .WTRktRGRPRRFTSFDQVAQLSSAARGiAASLikit~thAAQQiRkViQWAVikK$ikdALP=~i 
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VACCalE-1 iiM.DT?AIkbFiT&iG~iTE!IiTDs~LvATsG.k.. ............. NMSFLK.. ......... LFRAARLIKLLRQGYTIRILLWTFVQSFKALP 
tm5 tm6 

cTM-4 GFA~MfFIIF+AYAQLAYLVFGTQVDDFSTFQECIFTQFRIILGDINfAEIEEAN.RvLGPIYFTTfvFFMFFILLNMFLAIINDTYSEVKSDL . . . . . . .  . .  AQQKA 696 

PKDl ~ v T ~ G ~ v G ~ G G ~ ~ ~ ~ ~ ~ I ~ ~ v & s c & ~ s ~ w s v A ~ A ~ ~ .  . . . . . .  .. . G ~ C P ~ T G ~ S T ~ C P ~ = S ; H ~ ~ ~ ~ L C V G { ~ ~ ~ R ~ ; G A ~ R ~ G A V ~ ~ R W R ~ H A ~ ~ ~ = ~ Y R P A W = P Q  

ZK945.9 S ~ ~ : A $ L ~ ~ S ~ T ~ N S G L ~ A ~ ~ ~ N K M ~ & Y R S ~ M A T ~ Q & A ~ A G ~ ~ ~ K L ~ V T S ! P . .  . . .  ... i ~ ~ i ~ $ v v i i i i k ( 2 1 9 9 )  . 1 :  I :: I .. 
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(16301 11644) 11668)- -11692) 

cTM-4 800 

..... 
ZK945.9 

I : : : 1 : 1  1 1 :  I :: 

: I I I I :  :: I 1  
122161 EFEEIRNDSEKQTNDYEI (2233) 

: I : I  
VACCalE-1 ................................................ 1LGPHHLD.EFVRVWAEYDRAACGRIHYTEMYEM (1767) 

wi$ the EF-hand test sequence B E I E A I F T K Y D Q D G D Q E L T E H E H Q Q M R D D L  (754-7821 

(24). The residues E, G, I, and E, the E 1 1  n n I I  n n I I I  G I : I  E I n n I n n I (EF-hand test) 

latter being a Ca2' coordination x Y z -Y -x -z lcoordination vertices) 

vertex, are the expected residues at 
the indicated positions in the EF-hand. Positions indicated as "nu are expect- substitution (24); PKD2 has Gln (Q) in place of the consensus Gly (G) as is the 
ed to have hydrophobic amino acids (L, I, V, F, M); those denoted with an case with EF-hand domains in the a, Na+ channels (24). Abbreviations for the 
asterisk should be oxygen-containing amino acids (D, N, E, Q, S, T) making up amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
the remainder of coordination vertices for Ca2+ binding; the -Y vertex can be Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; 
any amino acid. The Leu (L) in PKD2 in place of the Ile (I) is likely a permissible T, Thr; V, Val; W, Trp; and Y, Tyr. 
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IV), each with six transmembrane spans F Hossack, C. L. Leddy, A M. Johnson, R W. usng the cDNA-based pr~mers F11 (5'-GGGCTAC- 
Schr~er P A Gabow. ibid 31 9. 907 (1 988); V E. CATAAAGCTTTG-3') and R11 (5'-GTTCATGTTC- (S1 to S6), which are predicted to form the Torres, D, M, Wilson, R,  R,  Hattery, J, W, Segura, GATCAGTTCT-3') (205-bp product) and conf~rmed 

pore s f r ~ ~ c t ~ l r e  (25, 26). The ~neinhrane Am J. Kidney Dis. 22 51 3 11 993): J Huston, V. E in genolnlc DNA by uslng F11 with ntronic prl- 
spans ti112 through t1n6 as \\,ell as the inter- Torres P. P. Sulivan, K. P. Offord, D. 0 .  Wiebers J lner R11 (5'-GGGCTAGAAATACTCTTATCACC3'I 

v e n i ~ ~ g  intracellular loops of PKLl2 have Am. Soc. Nephrol 3, 1871 (1 993); S. Solno et a/. , 1201bp product) The ~nutat~ons n famies 97 and 
ibld. 4, 1371 (1 993). 1601 were nltally detected In genomic DNA with 

si i~~ilar i t \~ with corresponding segments in 3, W, J, ~ i ~ ~ b ~ ~ l i ~ ~  et , N, E ~ ~ ,  J, ~ ~ d ,  31 9, 91 3 ntronc prmers IF1 C (5'-GCCTCAAGTGTTCCACT- 
the a ,  channels (Fig. 4) (25). The similarit\; (1 988). GAT-3') and R 1  15'-AGGTTTTCTGGGTAAC- 

in [he C O C ) H . ~ ~ ~ , ~ ~ ~ ~ ~ ~  regioll includes [he 4 S. T. Reeders et a/.. Nature 317. 542 11985). G. CCTAG-3') (362-bp product) Amplifications were 
Romeo eta1 .Lancet ii, 8 11 988): M. C. Daoust D. M. perforlned n standard conditions w ~ t h  Hot Stalt. 

putative EF-hand domain (Fig. 4) (24). Reynolds, D. G. Bichet, S. Somo Genomics 25.733 Products were labeled by [a-"'PIdCTP incorpora- 
This donlain in PKD2 scores hiehlv on the 11 9951: S. de Almeida et al. . Hum. Genet. 96 83 t~on,  diluted, and denatured in formalnide buffer be- 

L A  , 
EF-hand test (Fig. 4B), with identit\; at all (1 995). fore electrophoresis SSCA was performed accord- 

5. W. J. Kimbering et al. . Genomlcs 18. 467 (1 993). D. n g  to publ~shed protocols [M. Or~ta. Y. Suzuki, T. the critical coordination vertices (24). EF- J, M, Peters Nature 5, 359 993,, Sek~ya, K. hay ash^. Genomics 5. 874 11989)l. Se- 
hand domains are specialized helix-loop- 6 D, J, M, Peters and L. A. Sandkujl Contrlb. Nephro/ q~lencing of purif~ed PCR products was performed 

helix motifs that have Ca" finding activ- 97 128 (1 992). with either an A B  373a or A B  377 automated se- 

i ty  in -70% of [he proteins in which they 7 P. S. Parfreyetal., A/. Eng. J. Med. 323,1085 ( l990),  quencing apparatus with cycle sequencing w t h  dye 
D. Ravine et al. Lancet 340 1330 (1 992). termnator chemistries accordng to the lnanufactur- 

occur (27). Unpaired EF-hand sequences 8, F S, c o i n s ,  ~~t~~~ ~~~~t 1 ,  3 (1992); /bid 9 347 er's protocol. The PCR primers were used as se- 
have recently been implicated in Ca2'- (1 995) quencing primers, and all products were sequenced 

inactivation some fcJrms of L. 9. OMIM ( O n n e  Mendelian lnher~tance in Man) num- n both directions. The mutation in falnly 97 results n 
ber 17391 0. the loss of a Bsr I s te.  Genolnic DNA amplified with 

type VACCa, (28). EF-halld domaills that 10 T. Mochizuk et a/, unpublished observations; B IF1 C and R i  and digested w t h  Bsr 1 yields products 
do not coordinate Ca'+ remain inlportant Veldhuisen eta/. , unpublished obser~atons of 261 and 101 bp in the normal allele. The lnutaton 

to protein f~lnction (24, 29). 11. T. Mochizuki et a/., J. Am. Soc. Nephroi. 5, 631a in falnlly 1605 results in the loss of a Taq I ate. 

(I 994), J L. San Milan etal. , Am. J. Hum. Genet. 56 Genomc DNA ampifed w th  F11 and IR11 and dl- 
Despite the observed homo log\^ to 248 11995): D J. M. Peters et a/. ~bld. 57, 200a gested with Taq I yields products of 105 and 96 bp n 

PKD1, the predicted structure of the PKD2 (1 995) the normal allele. The SSCAcondtons used to dem- 

protein does not directly suggest a role in 12. C. D. Constantinou-Deltas et a/., Hum. Genet 95, onstrate the mutation in the FIC- IRI  genomic PCR 
41 6 (1 995). product n falnily 1601 were 6% acrylamde (29: 1, 

cell-cell or matrix-cell signaling similar to 
13. O R~ess et a/. , Cytogenet. Cell Genet 65. 238 acrylamide: bis-acrylamde) and 1 xtrs-borate EDTA 

that proposed for PKDl (17,  18). PKD2 (1 994): P. A. loannou et al. , Nature Genet. 6, 84 ITBE), on a 20-cm gel run at 14'C and 100 V for 6 

does not have the large NH2-terminal ex- (I 994) hours 

tracellular dolnaill and associated motifs 14. Cosmd and P I  contg  constructon In this regon 22. B. Rest' CasadiO' P. F a r i s e  C. Sander, Protein 

was guded by the exstng YAC contg (70) Cos- Sci. 4 521 (1995). P. Klein, M. Kanehsa, C. DeLls~, 
found in PKDl (17, 18). It is possible that m d  clones were obtaned by hybrdization screen- Biochlm Biophys. Acta 81 5 .468 (I 985); J. Kyte and 
PKD2 f~unctions in a parallel path~vay with n g  of the human chromosolne 4-spec~f~c cosmid R F Dool~ttle, J Mol  Biol 157, 105 11 982): D. M 

PKD1. However, gi\ren that the clinical librap;/ (13). The probes used for hybrdzation were Engelman, T A Ste~tz. A. Goldman,Annu. Rev. Bio- 

(I) pooled Alu products froln mega-YAC 967d1, ( I )  phys. B~ophys. Chem. 15, 321 11986). 
diseases produced by mutations in PKDI end sequences from cos lnd or P I  clones mappng 23. Sip0s and G, Heljne, Eur BiOchem 21 
and PKDZ exhibit a n  identical spectrulll of n t o  the reglon and ( I ~ I )  internal restrict~on frag- 1333 (1 993). H. Nakashima and K. Nshkawa  FEBS 

organ i l ~ \ ~ o l \ ~ e m e n t ,  differing only in rela- ments from the YAC. P I  and coslnd clones. All Lett. 303, 141 11992). E Hartmann T. A. Rapopolt. 
hybrdizaton probes were labeled w t h  H F. Lodish Proc. Natl. Acad. SCI. U.S.A. 86, 5786 tive rates of progression of cystic changes, 
[ry-3T]deoxycyt~dine 5'-triphosphate (dCTP) by 11 989). 

hypertension, and the development of standard techniques. Human repettve sequences 24. R. H. Kretsnger, Cold Spring Harb. S Y ~ P .  Quant. 

end-stage renal disease, the nlost likely were precompeted with 30 to 80 k g  of COT-I DNA Biol 52 499 11987); J. Babitch, Nature 346, 321 

scenario is that PKD2 associates with it- [Gbco-BRL, Ga~thersburg MD) usng the manu- 11 990) 
facturer's protocol. Hybrdzaton was carred out In 25. M. E WlIalns et a/., J. Bio/. Chem. 269, 22347 

self, \vith PKD1, or with other proteins Church-G~lbert buffer. The P I  library (73) was (1994): M. E. W~ll~ams et a/., Science 257, 389 
and ligands as part of a common signal screened by PCR from colony pools of each 384- (1 992): T. W. Soong eta/. ibid. 260, 11 33 (1 993): W. 

transduction path\\ray. well plate wlth STS4-1078 (SPPI) and D4S1171 A Horne et a/. Proc. Natl. Acad. Sci. U.S.A. 90, 
Cosmd and P I  clones mappng n t o  the PKD2 3787 11 993). 

PKLl2 bears sollle similarity to the a ,  nterval were screened for STS content to anchor 26. B. H le ,  Ionic Channels of Excitable Membranes (S -  
CaL+ (and Na+)  channels but has only six positve clones onto the YAC contg. Overlap rea- nauerAssoc~ates, Sunderand, MA, ed 2, 19921, pp 

me~llbrane spans. If it fc)rmed homo- or het- tons among the clones were establshed by Eco Rl 250-257. 
fngerprnt analyss and by hybrdzat~on 27. S. Nakayalna and R. H Kretsnger. Annu. Rev. Bio- 

eromultimeric complexes (for example, with 5, A total of 091aques of ollgo(dT, and random- phys. Biomol Struct. 23 473 (1 994) 
itself, with the homologous portion of PKD1, primed human fetal bra~n (Stratagene nulnber 28. M. de Leon eta/. , Science 270 1502 11 995). 

or with another protein), it could function as 936206) and adult k~dney (Clonetech number 29. J Gulati, A Babu. H Su. J 5101. Chem. 267. 25073 
HL3001 a) cDNA b r a r e s  were plated at a densty (1 992). an "11 Or pore a manner 
of 3 x 10 ,  per 150-mm pate  and replica I f ted onto 30. D. Cohen I. Chumakov. J. We~ssenbach. Nature 

to the K+ channels (26). The obser\.ed ho- nylon f t e r  circles. Cosmd and P i  nserts used n 366, 698 (I 993). 
mologies, the presence of a pair of conserved b ra ry  screenng were released from the vector 31. M. B Soares et a/., Proc. Natl. Acad. SCI. U.S.A. 91 

w t h  Not I and purlfled froln agarose gels. The cu- 9228 (1 994). residues (Lys"3 Lys576) in the 
ln~lat ive length of the inserts used as a probe In a 32, BESTFIT, Program Manual for the Wlsconsln pack- f c ~ ~ ~ r t h  transmembrane domain, and the pre- b ra ry  screenng was <80 kb to maintan an ade- age, verson 8. September 1994. 

dicted even number of membrane spans are quate sgna- to-nose ratlo. Insert DNAwas labeled 33. We thank R. Kucherlapat~, v Schuster. G. Germno 
consistent with such a role (26). In such a and precolnpeted with 2 k g  of sCOS-1 vector in B. Morrow, and the Kucherapati laboratoryfor helpful 

addition to COT-1 DNA. Pos~tively hybr~dizing   nod el, PKDl could act as the regulator of discussions: G.-J, van Ommen for support, L 
plaques were purif~ed by standard technques, and Deaven for the chromosome 4-spec~f~c coslnid li- 

the PKD2 channel activity, perhaps ~vi th nsert DNA was exc~sed (hZAPII) or subcloned brary; D. Lepaslerfor YAC clones: J L San Mlan,  S 
Ca'+ as a second messenger in a signal trans- 1hgtlO). Gerken, J. Murray, M. Dixon, and J. Wessenbachfor 

duction path\\.ay. The iiiscovery of PKD2 16. S F. Altschul, W. Glsh, W. Miller. E W. Myers, D. J STSs; and G G r s  for help with sequencng. Sup- 
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