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ABSTRACT: Polycystint (PCL) is an isoform of polycystin-2, the product of the second gene associated
with autosomal dominant polycystic kidney disease, and functions a3"ar€@gulated nonselective cation
channel. We recently demonstrated that polycystin-2 interacts with troponin |, an important regulatory
component of the actin microfilament complex in striated muscle cells and an angiogenesis inhibitor. In
this study, using the two-microelectrode voltage-clamp techniqu&Xandpusocyte expression system,

we showed that the calcium-induced PCL channel activation is substantially inhibited by the skeletal and
cardiac troponin | (60% and 31% reduction, respectively). Reciprocal co-immunoprecipitation experiments
demonstrated that PCL physically associates with the skeletal and cardiac troponin | isoforms in
overexpresseenopusoocytes and mouse fibroblast NIH 3T3 cells. Furthermore, both native PCL and
cardiac troponin | were present in human heart tissues where they indeed associate with each other. GST
pull-down and microtiter binding assays showed that the C-terminus of PCL interacts with the troponin

| proteins. The yeast two-hybrid assay further verified this interaction and defined the corresponding
interacting domains of the PCL C-terminus and troponin |. Taken together, this study suggests that troponin
| acts as a regulatory subunit of the PCL channel complex and provides the first direct evidence that PCL
is associated with the actin cytoskeleton through troponin 1.

Autosomal dominant polycystic kidney disease (ADPKD) cellular N- and C-terminiJ). Polycystint (PCL), encoded
is an inherited nephropathy, primarily characterized by the by PKDL, is the third member of the polycystin familg)(
formation of fluid-filled cysts in the kidneys. It is one of the A 7-cM deletion including the locus containing the mouse
most frequent genetic disorders affecting approximately 0.1% homologue ofPKDL is associated with defects in kidney
of individuals and accounts for up to 10% of all cases of and retina 4). However, the precise physiological roles of
end-stage renal diseasg).(PKD1 and PKD2 are the two PCL remain unknown. PCL is an isoform of PC2 (52%
known genes responsible for about 95% of ADPKD and have identity) and the product d?PKD2L2 (51% identity) whose
been mapped to chromosomes 16p13.3 and 4@31  function is unclear§, 6). Homologues oPKD2, PKDL or
respectively 2, 3). Polycystin-1 (PC1), the product BKD1, PKD2L2 have been identified in other species, including
is a large cell surface membrane glycoprotein (460 kD) with Caenorhabditis eleganand Drosophila PKD2(7), which
11 putative transmembrane domains, a short intracellular exhibit about the same sequence similarity to huRKDL,
C-terminus, and a large extracellular N-terminal region pKD2 andPKD2L2 C. elegans PKD2s involved in mating
containing multiple domains2j. Polycystin-2 (PC2), the  pehavior while the physiological role @rosophila PKD2
product of PKD2, is a 110 kD integral membrane protein  remains elusive. PCL shares similar membrane topology and
and contains six putative transmembrane spans and intramodest sequence homology with tiesubunits of voltage-
gated K, Na*, and C&" channels and the transient receptor
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Ficure 1: Alignments of three troponin | isoforms. Two skeletal (Tnl1, 187 amino acids and Tnl2, 182 amino acids) and cardiac (Tnl3,
210 amino acids) troponin | were compared.

characteristics and membrane targeting distinct from PCL 50 nL of water containing 20 or 40 ng of each RNA 34
(15—20). PC2 was reported to interact with polycystiniB( h following defolliculation. An equal volume of water was
21-24) and several other proteins, including CD2AP, Hax- injected into control oocytes. Injected oocytes were incubated
1, tropomyosin-1, and troponin R%—28). No interacting at 16-18 °C in the same solution supplemented with
partner of PCL has so far been reported. antibiotics for 2-5 days prior to experiments.

Troponin | (Tnl) is an important regulatory component of ~ Two-Microelectrode Voltage-Clamp Techniquexperi-
the actin microfilament complex, and together with tropo- mental approaches were similar to those previously described
nin-C (TnC) (a C& receptor) and troponin T (TnT) (a (13, 14). Briefly, the two electrodes impalingKenopus
tropomyosin-binding protein), forms the troponin complex oocytes were filled wh 3 M KCI to form a tip resistance of
that is attached to the thin filament of striated muscles that 0.5-3 MQ. Oocytes whole-cell currents were measured
provide a calcium-sensitive switch for muscle contraction through Pentium 1ll PC computers and the commercial
(29, 30). As the inhibitory subunit of the troponin complex, amplifiers TEV-200A and CA-1B (Dagan Co., Minneapolis,
Tnl binds to actin. It inhibits actomyosin Mg-ATPase in MN). The Digidata 1320A AD/DA converter and the pClamp
the presence of tropomyosin, and the inhibition is removed 8 software (Axon Instruments, Union City, CA) were applied
by TnC in the presence of €a(29). Multiple isoforms of for data acquisition and analysis. Currents and voltages were
TnI are found in birds and mammals and are encoded by atdigitally recorded at 20Qts/sample and filtered at 2 kHz
least three distinct genes: slow-twitch skeletal isofofiml{ through a Bessel filter. SigmaPlot 8 (Jandel Scientific
or ssTn), fast-twitch skeletal isoformTnl2 or fsTnl), and Software, San Rafael, CA) was used for data fitting and
cardiac isoformTnl3 or cTnl) (31—33). The three isoforms  plotting.
of troponin | consist of 182210 amino acid residues and Expression in Mouse Fibroblast NIH 3T3 CellBull-
share high sequence homology; the cardiac isoform is largerlength PKDL and Tnll, -2, or -3 were subcloned into
than the two skeletal isoforms because of the presence of arpCDNA3.1 for mammalian cell expression. Mouse fibroblast
additional 30 amino acids on its N-terminus (see Figure 1) NIH 3T3 cells were cultured in Dulbecco’s modified eagle
(29). Recently, several reports demonstrated that Tnl plays medium supplemented with 10% fetal bovine serum. Cells
various functional roles other than being a constituent part were cultured to 40% confluency for transient transfection
of the troponin complex, such as modulation of calcium using Effectene Transfection kit (Qiagen, Mississauga, ON)
channels 34) and inhibition of angiogenesig9) that was as we described previousI27).
reported to be associated with ADPKDBE). Co-lImmunoprecipitation (co-IPXo-IP experiments using

In the present study, we studied functional modulation of NIH 3T3 cells were performed 48 h following transient
the PCL channel by cardiac and skeletal Tnls using a transfection withPKDL and Tnl1, -2, or -3, based on our
Xenopusoocytes expression system in conjunction with recent protocol Z8). Briefly, cell monolayers were grown
electrophysiologic analysis. We also investigated the physicalin 100 mm dishes and lysed in 5@ of an ice-cold lysis
interaction between PCL and Tnls using a variety of buffer. Total proteins (40QuL each) from postnuclear
techniques and under various in vitro and in vivo conditions. supernatant were incubated on ice foh either with the

PCL antibody, which was raised from rabbit against the
EXPERIMENTAL PROCEDURES C-terminal tail (ALEERRLSRGEIPTLQRSC) of PCL, or
with a Tnl antibody (cardiac Tnl from Fitzgerald, Concord,

Preparation of RNAs and OocyteBhe Tnl1, -2, and-3 MA; skeletal Tnl from Biodesign, Saco, ME), followed by
cDNAs were recently cloned through a standard PCR anothe 1 h incubation with gentle shaking upon addition of
approach28). ThePKDL andTnl cDNAs in vectors pTLN2 50 uL of protein G-sepharose (Sigma-Aldrich Canada). The
(37) and/or pCDNA3.1 (Invitrogen, Toronto, ON) were immunoprecipitates absorbed to protein G-sepharose were
linearized and purified by phenol/chloroform extraction and resuspended in 5L of Laemmli’'s sample buffer, and a 25
ethanol precipitation. Capped, complimentary RNAs were uL aliquot of the extract was subjected to SBISAGE,
synthesized in vitro from linearized cDNAs using the followed by immunoblotting. The membranes were incubated
mMessageMachine Kit (Ambion, Austin, TX). Stage-VI with the Tnl or PCL antibody, and the signal was visualized
oocytes were extracted frodenopus lagis and defollicu- with enhanced chemiluminescence (Amersham, Baie d'Urfe,
lated by collagenase type | (2.5 mg/mL, Sigma-Aldrich QC). A similar method was employed for co-IP using
Canada, Oakville, ON) in the Barth’s solutiob3{ 14) at Xenopusoocytes coexpressing PCL and a Tnl. Reciprocal
room temperature for 2 h. Oocytes were then injected with co-IP of native PCL and Tnl was performed as described
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above using human adult heart tissues (15 mg of total protein)tryptophan, and then assayed to verify the real interaction.
collected from the University of Alberta Hospital. A liquid culture assay was used to quanitiygalactosidase
GST Pull-Down AssayThe bacterial expression vector —activity usingo-nitrophenylj-p-galactopyranoside (Sigma-
pPpGEX-5X-3 (Pharmacia, Piscataway, NJ) was used to Aldrich Canada) as substrate.
produce a glutathion&transferase (GST) fusion protein in
Escherichia coli. The C-terminus of PCL (amino acids RESULTS
D562—-V805, named PCLC) was fused in frame into pGEX-  Inhibition of Calcium-Induced PCL Channel Agiiion
5X-3 and transformed into bacterial strain BL21 (DE3). by Tnls.Polycystin-2 has been shown to interact with both
Bacterial culture was induced by 1 mM IPTG and allowed cardiac and two skeletal Tnls through its cytoplasmic
to express proteins fdb h at 30°C. The protein extracts  C-terminus 28). These three Tnl isoforms share high
were purified using a GST purification kit (Clontech, Palo sequence similarity (5663% identity). However, the cardiac
Alto, CA) or directly performed GST pull-down after cell TnI3 has a longer N-terminus as compared with two skeletal
lysis. Precleared bacterial protein extracts (259 contain- Tnl1 and Tnl2 (Figure 1). To determine whether PCL, an
ing GST-PCLC or GST alone were incubated witpxg} of isoform of PC2, interacts with Tnls as well, we coexpressed
purified human cardiac TnI3g) or skeletal Tnl protein PCL with the skeletal Tnll or cardiac TnI3 iKenopus
(Calbiochem, San Diego, CA) in the binding buffer (50 MM oocytes and examined the PCL channel activities under
Tris, pH 7.5, 150 mM NaCl, 1 mM Cag)l The mixture different conditions. Upon coexpression of a Tnl, the PCL-
was incubated overnight at 4C for subsequent affinity = mediated calcium transport, assessed by radiolalfé@al
binding to glutathione-agarose beads (Sigma-Aldrich Canada)uptake, was substantially decreased (Figure 2A). When
at room temperature for 1 h. The beads were washed severatoexpressed with the skeletal Tnll, theGactivated peak
times with the binding buffer, and the resulting protein channel currentlfaics was substantially decreased while
samples were prepared for Western blots. The immunoblotsthe PCL-mediated resting Nacurrent (ns) at —50 mV,
were detected by the cardiac or skeletal troponin | antibody. measured in the absence of extracellula”r*Calid not
Microtiter Assay.Purified cardiac or skeletal Tnl protein  significantly change (Figure 2B). As the result, the PCL
(0.2 ug/well) was covalently immobilized onto 96-well channel activation abilityl{d) assessed by the ratio lafcd
microtiter plates using 1-cyclohexyl-3-(2-morpholinoethyl) Iy, was substantially reduced (by 60%) (Figure 2C). Cardiac
carbodimide meth@-toluenesulfonate (1.25 mg/mL, Sigma- TnI3 exhibited similar effects and decreased the PCL channel
Aldrich Canada). The wells were washed three times with activation ability by 31%. Thus, the observed decreases in
the PBS buffer and blocked f@ h atroom temperature in  the C&"-activated PCL channel activity in the presence of
the PBS buffer supplemented with 2% BSA. After washing a Tnl are not due to decreased PCL expression in the plasma
three times with an antibody buffer (50 mM Tris, pH 7.5, membrane, which should result in an unchanged ratio of
100 mM NacCl, 0.5 mM C#, 1% BSA, 0.05% Triton InarcdInae When currentvoltage curves were obtained for
X-100), the wells were incubated with various concentrations membrane potentials betweenl40 and +90 mV, we
(0—1600 nM) of purified GST-PCLC or GST, overnight at observed no significant effect of Tnl1 on the PCL resting
room temperature. Bound proteins were detected by incubat-permeability to N& (Figure 3A). On the other hand, upon
ing the wells with a monoclonal GST antibody (1:1500, a application of 5 mM C#& to the external solution, significant
kind gift of Larry Fliegel) and a horseradish-peroxidase- reduction of the PCL channel activation was seen at negative
coupled 1gG secondary antibody (1:1500, Chemicon Inter- membrane potentials, in oocytes coexpressing Tnll (Figure
national, Temecula, CA). This was followed by incubation 3B). The inhibition of the activated currerfc.) seemed
with the peroxidase substrate-phenyldiamine (Sigma-  to be inward rectified. The mechanism of this rectification
Aldrich Canada) for 5 min, additionf@ M sulfuric acid to remained unclear.
stop the reaction, and detection of enzymatic activity at 450 In Vivo Interaction between PCL and Tnls in 3T3 Cells
nm in a ThermoMax microplate reader (Molecular Devices, and OocytesTo determine the possibility that PCL physi-
Sunnyvale, CA). Binding curves were fitted to the Michae- cally interacts with Tnls, as suggested by our data on
lis—Menten equationy( = Yo + (YmaX)/(X + Ki/2)) using functional modulation of the PCL channel by Tnls, we
Sigmaplot 8. Values were expressed as mgastandard performed co-IP experiments using overexpressed mouse
error (SE). fibroblast NIH 3T3 cells an&kenopusocytes. Total proteins
Yeast Two-Hybrid Analysi¥he MATCHMAKER 3 yeast extracted from 3T3 cells transiently transfected WatkDL
two-hybrid system was purchased from Clontech. The yeastand Tnl were used for co-IP using the PCL antibody. The
two-hybrid experiments were performed based on our recentprecipitates were subjected to SBBAGE, blotted onto
protocol @7). Briefly, the PCLC and its various truncated membranes, and probed with the antibody against the cardiac
fragments were subcloned in frame into the GAL4 DNA or skeletal Tnl. TnI3 signal was observed in cells cotrans-
binding domain of vector pGBKT7 as bait, while the full- fected withPKDL andTnI3 but not in those transfected with
length TnI3 and its various truncated fragments were PKDL alone or nontransfected (Figure 4A). Similarly, Tnll
constructed in the GAL4 activation domain of vector and Tnl2 signals were also detected in cells cotransfected
pPGADT7 (28) as prey. The plasmid pGADT7-TnI3 was co- with PKDL and TnlIl (or Tnl2) (Figure 4B). Likewise, in
introduced in the yeast strain Y187 with pGBKT7-PCLC or reciprocal co-IP experiments, the PCL signal was seen in
a negative control, including the pGBKT7 vector alone, cells cotransfected witPKDL and Tnl1, -2, or -3 (Figure
pGBKT7-PC1C (PC1C refers to the C-terminal domain 4C). This result suggests that PCL interacts with all three
G4088-T4302 of polycystin-1), pGBKT7-LamC (human troponin | isoforms. In parallel, cell lysates from oocytes
lamin C), and pGBKT7-p53 (murine p53). Transformants injected with complementary RNAs &KDL andTnl1, -2,
were grown on synthetic dropout medium lacking leucine, or -3 were also tested by co-IP for their physical interaction.
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FIGURE 2: Effects of Tnls on the PCL channel activities. (&Fa presence of the standard solution (Na). (B) Averaged curves
uptake in oocytes expressing PCL, P&LTnI1, and PCL+ Tni3. for PCL and PCL+ Tnl1 in the presence of the standard solution

Control uptake level was obtained using water-injected oocytes. Plus 5 mM C&" (Na + Ca). A voltage ramp protocoll@) was

(B) Representative whole-cell current recordings under voltage émployed in the experiments.

clamp at—50 mV, illustrating the basal Necurrents (in the absence

of extracellular C&) and the C&'-induced N& + C&* currents  cardiac tissues. Immunoprecipitation of tissue lysates from
in oocytes expressing PCL or PGETnI1. Na in the figure refers human heart with the PCL antibody precipitated the TnI3

to the standard (Nfacontaining) solution (in mM: 100 NacCl, 2 . . .
KCI, 1 MgCl,, 10 Hepes, pH 7.5). NMDG refers to the standard protein (Figure 5A). Reciprocally, Tnl3 was also able to

solution with N-methyl-b-glucamine (NMDG) replacing Na Na precipitate the native PCL protein from the same tissues
+ Carefers to Na plus 5 mM CaL[C) C&*-induced PCL channel  (Figure 5B). Thus, both proteins are natively colocalized in
activation ability assessed by the rali@cd|na obtained at-50 the heart where they naturally associate with each other.

mV where (y2) and activatedlf.+cs) refer to the basal Naand . ) i )
activated Na + Ca&*" currents, respectively. The average ratios In Vitro Interaction between PCL and TniBiochemical

\(Aé%rU? 9-gi tQ-9 for PCL N §t56|)3,01:>£8i2é>-}§ fOB F(;(ozcl)_lj)L gréli methods were applied to further investigate the interaction

0 reauction as compared to = ,P=0. , 0. ; _

0.9 for PCL-+ Tni3 (31% reductionN = 49,P = 0.02), and 1.0 SWeen PCL and Tnis. We first used a GST pull-down

+ 0.1 for water-injected control oocytedl & 23). assay. Since Tnls associate with the intercellular C-terminus
of PC2, we also utilized the C-terminus of PCL as a potential

Indeed, PCL was able to coprecipitate withl1, -2, and 3 interacting target of Tnls. To test this hypothesis, the PCLC
in oocytes, with slightly larger molecular masses than in 3T3 fragment was fused in frame with a GST epitope. The
cells based on a slower migration on the SBFAGE gel, recombinant protein was produced En coli. Cell lysates
possibly because of distinct posttranslational modifications containing fusion protein GST-PCLC or GST alone were
(Figure 4D, E). Conversely, three troponin | isoforms were incubated with purified human cardiac or skeletal Tnl,
also able to precipitate the PCL protein (Figure 4F). Taken respectively. The mixture was incubated with glutathione-
together, our data demonstrated that PCL and Tnls associatagarose beads, which can couple to the GST-tagged proteins.
with each other in vivo in 3T3 cells and oocytes. After extensive washes, retained proteins were prepared for
In Vivo Interaction between Nat PCL and Tnl3 in Western blots that were then probed with the monoclonal
Human Heart TissuesTo examine whether PCL and cardiac or skeletal troponin | antibody. GST tagged PCLC,
troponin | are naturally colocalized and interact with each but not GST alone (control), coprecipitated with both the
other, we performed co-IP experiments using human adult cardiac (Figure 6A) and the skeletal Tnl (Figure 6B). This
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Ficure 4: Association between PCL and Tnls in NIH 3T3 cells af@hopusocytes by reciprocal co-IP. The skeletal Tnl antibody was
used for precipitating or detecting Tnl1l and Tnl2, while the cardiac Tnl antibody was used for Tnl3. (A) co-IP assay using NIH 3T3 cells
expressing PCL+ Tnl3, Tnl3, or nontransfected cells (Ctrl). Protein lysates from 3T3 cells were incubated with the PCL antibody.
Immunoprecipitated proteins were analyzed by immunoblotting using the cardiac Tnl antibody. (B) 3T3 cells transiently expressing PCL
+ Tnll, PCL+ Tnl2, Tnll, TnlI2, or nontransfected cells (Ctrl). Protein lysates were incubated with the PCL antibody, and the precipitated
proteins were detected by immunoblotting using the skeletal Tnl antibody. (C) Reciprocal co-IP assay using 3T3 cells expressing PCL
Tnll, PCL+ Tnl2, PCL+ Tnl3, PCL (lanes 4 and 5), or nontransfected cells (lanes 6 and 7). Protein lysates were precipitated with the
Tnl antibodies and detected by the PCL antibody. Lysates from control cells were precipitated with the cardiac (PCL-c and Ctrl-c) or
skeletal (PCL-s and Ctrl-s) antibody. {IFF) Reciprocal co-IP assays in overexpresgedopusoocytes. Similar experimental conditions

were used as in panels/C, respectively.

experiment provided another piece of evidence for physical saturable manner, with the half-maximum binding concentra-
interaction between PCL and Tnl and demonstrated that thetion (Ky2) of 994 + 67 nM (N = 4) and 396+ 117 nM
C-terminus of PCL is the domain for the interaction. (N = 7), respectively (Figure 7). These data further sub-

A microtiter assay was performed to obtain a quantitative stantiated the PCETnl interaction. MichaelisMenten
assessment of the binding between PCLC and Tnl. Purified relationship of the dose-dependent PCLC and Tnl association
cardiac or skeletal Tnl protein was immobilized on wells of suggests that one PCLC molecule associates with one or
microtiter plate, which was washed using the PBS buffer more Tnl molecule(s).
and blocked by 2% BSA. Purified GST-PCLC or GST alone  Quantification of the PCETnl Interaction and Determi-
at various concentrations was added to examine theirnation of Domains Inolved in the InteractionThe PCLC
capability of binding Tnl. GST-PCLC bound to the cardiac fragment was constructed in vector pGBKT7 as bait, and
Tnl or skeletal Tnl in a concentration-dependent and Tnl3 was chosen to fuse into vector pGADT7 as prey for
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15 — background reading and averaged from 4 to 7 replicates. The curves
GST-PCLC GST were generated by Michaelidiienten fits to normalized data.

FiGure 6: Interaction of PCL with Tnls detected by GST pull- At : P
down assayE. coli extracts expressing GST-PCLC or GST alone between pS3 and T-antigen. As illustrated in Figure 8A, the

were incubated with human cardiac (A) or skeletal Tnl (B) proteins Strength of the PCLETNI3 interaction represented ap-
at 4 °C overnight. Glutathione-agarose beads were used to proximately 52% of the positive control level and four times

precipitate the GST-epitope binding proteins. The resultant protein higher than that of the PC2@PC2C interactionZ2).
samples were immunoblotted using the cardiac or skeletal Tnl . .
antibody. We also used the yeast two-hybrid system to determine

the domains of PCL and TnI3 that mediate the physical
the yeast two-hybrid experiment. The colonies survived from association between the two proteins. Using PCR-based
the synthetic dropout selective medium lacking leucine and amplification, different portions of th€KDL 3' terminus
tryptophan were used in a filter lift assay to examine (the DNA fragment encoding PCLC) arithi3 were fused
B-galactosidase activity for the activation of heZreporter ~ in frame into pGBKT7 and pGADT7, respectively, and
gene. These colonies rapidly (within 2 h) turned into blue cotransformed. As shown in Figure 8B, TnlI3 interacted with
in the presence of substrate X-gal, while no similar color domain H636-E705 of PCL but not with a smaller polypep-
change was observed when pGADT7-TnI3 was co-trans- tide (H630-E668). On the other hand, PCL interacted with
formed with the empty vector pGBKT7, pGBKT7-PCLN two separate regions of TnI3, M1-V107, and K106-L158
(PCLN refers to the N-terminus of PCL, M1-197), pGBKT7- (Figure 8C). Of note, the interacting domain H630705
PC1C, pGBKT7-lamC, or pGBKT7-p53. To evaluate the of PCL includes the coiledcoil structure (K656-S686) and
relative strength of the PCLETnI3 interaction, we quanti-  EF-hand C&"-binding motif, while the interacting domain
fied the 3-galactosidase activity by a liquid culture assay M1-L158 of TnI3 contains two coiledcoil structures. It
(27) using o-nitrophenyl 3-p-galactopyranoside and com- remains to be determined whether the two proteins associate
pared to the positive control assessed by the associatiorwith each other through a pair of coiledoil domains.
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Ficure 8: Quantification of the PCETnI interaction and iden-
tification of the domains of the two proteins responsible for the
interaction by the yeast two-hybrid approach. (A) Quantitative
interaction between PCLC and Tnl3 (column 3) in a yeast liquid
p-galactosidase assay was originally assessed; oo and then
normalized to the level of the p53r-antigen interaction (column
1). Columns 2 and 4 serve as positive and negative control,
respectively. The histograms represent the melaiBE from five

Li et al.

GST pull-down and microtiter binding assays and the yeast
two-hybrid method, we have further documented the PCL
Tnl interaction and identified the domains of PCL and TnI3
that are responsible for the interaction. Taken together, we
have concluded that Tnl inhibits the €anduced PCL
channel activation through binding to a carboxyl fragment
of PCL (H630-E705) from the intracellular compartment.

While the C&™-induced PCL channel activation ability was
substantially reduced by Tnl, the resting (or basal) PCL
channel activity was not significantly altered. This inhibitory
effect of troponin | on the PCL channel activation may be
attributed to the Ca-binding EF-hand motif of PCL (D646
E657), which is located within the H63@&705 domain that
mediates the association with Tnl3. Our recent study
demonstrated that this EF-hand is not essential for the
channel activation but rather controls/reduces the PCL
channel activation14). Thus, it is interesting in a future
study to examine the possibility that the interaction between
Tnl and domain H630E705 increases the vitality of the
EF-hand and consequently enhances the ability to control
the channel activation.

PCL was found in a variety of cell types, including
epithelial, neuronal, endothelial, and muscle cells. In adult
kidney, PCL is predominantly localized in the principal cells
of inner medullary collecting ducts39). In embryonic
kidney, it is found in the apical membrane of tubular
epithelial cells 89). In heart, PCL is found in the epicardium
and in the endothelial cells of the larger blood vessels. PCL
signal is also detected in discrete cell types of retina, testis,
liver, pancreas, and spleefy 39). The subcellular distribu-
tion of PCL varies from one tissue to another. For example,
PCL is present predominantly on or near the plasma
membrane of polarized epithelial cells, whereas it is localized
in intracellular compartments of retinal neuror3®)(

Skeletal and cardiac troponin | were initially believed to
be striated muscle-specifi8g, 40. In adults,Tnl1, -2, and
-3 are exclusively expressed in slow-, fast-twitch skeletal
muscle fibers and cardiac muscle, respectiv8ly; 40). In
the past decade, troponin | was found to be more widely
distributed. For example, Tnll was shown to be present in

independent experiments. (B) Schematic representation of domainscardiac muscle during embryonic and fetal developm@ait (

responsible for the interaction between PCL and Tnl3. Interaction
between various PCL anthI3 domains was examined by the yeast
two-hybrid analysis. PCL domains were constructed in the pGBKT7
vector and those of'nI3 in pGADT7. The start and termination
amino acid residue numbers for each domain are indicated.

+, and— indicate strong, weak, and no interaction, respectively.

DISCUSSION

41). Tnl3 antibodies specifically recognized a component
in the aortic or coronary smooth muscle extracts with
electrophoretic properties identical to the TnI3 protein, and
this was confirmed by immunofluorescence studi®)(Tnl3
MRNA message was also found in serum samples of patients
with skeletal muscle myopathie43). Furthermore, Tnl2 was
reported to be present in nonmuscle cells, such as cartilage

In the present study, we have used the two-microelectrode(35) and corneal epitheliumdd). Thus, given the presence

voltage-clamp technique to investigate functional modulation
of the PCL channel by troponin I, a core regulatory protein
of the actin cytoskeleton system and a potent inhibitor of

of Tnls in cardiac and skeletal muscles, our finding of the
PCL—Tnl interaction suggests that the PCL channel plays a
yet-to-be-identified role in muscle cells. The presence of both

angiogenesis. When PCL was coexpressed with either thePCL and Tnl in retina and perhaps in cartilage, together with

skeletal Tnll or the cardiac TnlI3 iKenopusoocytes, we
have observed significant inhibition of the PCL channel
activation induced by Ca. We have further examined the
interaction between PCL and Tnls using protegmotein

a previous finding thaKrd mice with deletion of thé®KDL
gene is associated with defects in retina, indicates that the
PCL—Tnl interaction may play a currently unknown distinct
role in nonmuscle cells.

interaction approaches. Our co-IP experiments have revealed Troponin | is a core regulatory protein of the actin

direct association between PCL amdll, -2, or -3 upon
coexpression in NIH 3T3 cells an&enopus oocytes.

microfilament and plays important roles in modulating
striated muscle contraction. Troponin complex and tro-

Moreover, we have determined the presence and physicalpomyosin together not only confer the asensitivity to

interaction of native PCL and Tnl3 in human heart. Using

the actin-myosin interaction but also modulate myofilament
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activity through covalent or noncovalent modifications that
alter the Ca" sensitivity and maximum activity2@, 45, 46).

Recent findings indicate that troponin | proteins also play
new functional roles. For example, troponin | was shown to

associate with skeletal muscle ryanodine receptor and to

convert the channel into an outward rectifying calcium
release channeB{). More interestingly, troponin | acts as

a potent angiogenesis inhibitor in nonmuscle cells, such as

in cartilage 85, 47). Further studies demonstrated that this
inhibitory effect occurs, at least in part, via a cooperative
interaction of Tnl with the cell-surface basic fibroblast

growth factor receptor in both endothelial and nonendothelial
cells @8). On the other hand, angiogenesis that occurs in

ADPKD (36) may represent an indicator of cystic cell growth

and of increased vascular permeability. Thus, on the basis
of the current study and our recent observation that PC2

physically associates with Tn28), it would be interesting
to determine in a future study whether/how Tnl regulates

the

channel function of PC2.
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