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1
MTSRTPLLVTACLYYSYCNSRHLQQGVRKSKRPVFSHCQVPETQKTDTRH

51
LSGARAGVCPCCHPDGLLATMRDLLQY IACFFAFFSAGFLIVATWTDCWM
~MGPGLAASHVSFPDSLLAKMRDLLQYVACFFAFFSAGFLVVATWTDCIM
-------------------- MKDLLQYAACFLAIFSTGFL IVATWTDCWM
-------------------- MKDLLQYAACFLAIFSTGFLIVATWTDCWM

101 ™1

VNADDSLEVSTKCRGLWWECVTNAFDGIRTCDEYDS ILAEHPLKLVVTRA
VNADDSLEVSTKCRGLWWECVTNAFDGIRTCDEYDS ILAEHSLKLVVTRA
VNADDSLEVSTKCRGLWWECVTNAFDGIRTCDEYDS I YAEHPLKLVVTRA
VNADDSLEVSTKCRGLWWECVTNAFDGIRTCDEYDSIYAEHPLKLVVTRA

151

LMITADILAGFGFLTLLLGLDCVKFLPDEPY IKVRICFVAGATLL IAGTP
LMITADILAGFGFITLLLGLDCVKFLPDEPY IKVRISFVAGTTLL IAGAP
LMITADILAGFGFITLLLGLDCVKFLPDDPQIKVRLCFVAGTTLL IAGTP
LMITADILAGFGFITLLLGLDCVKFLPDEPHIKVRLCFVAGTVLLIAGTP

T™2 T™3

201

G 1GSVWYAVDVYVERSTLVLHNIFLGIQYKFGWSCWLGMAGSLGCFLAG
G 1GSVWYAVDVYVERSSLVLHNIFLGIQYKFGWSCWLGMAGSLGCFLAG
G 1GSVWYAVDVYVERSSLVLHNIFLGIQYKFGWSCWLGMAGSLGCFLAG
G 1GSVWYAVDVYVERSSLVLHNIFLGIQYKFGWSCWLGMAGSLGCFLAG

251 T™M4

AVLTCCLYLFKDVGPERNYPYSLRKAYSAAGVSMAKSYSAPRTETAKMYA
AILTCCLYLFKDVGPERSYPYSTRKAYSTTAVSMPRSHAIPRTQTAKMYA
ALLTCCLYLFKDVGPERNYPYAMRKPYSTAGVSMAKSYKAPRTETAKMYA
ALLTCCLYLFKDVGPERNYPYAMRKPYSTAGVSMAKSYKAPRTETAKMYA

301

VDTRV
VDTRV
VDTRV
VDTRV

Fig. 2 Amino acid sequence of paracellin-1

- 160 -

.1 Schematic m



2.1. RT-PCR cDNA
Wistar Dahl salt-resistant Dahl salt-sensitive
ISOGEN RNA One-step RT-PCR kit 1
cDNA
5-CGATATCCATGAAGGATCTTCTTC-3 5-CCGGTCGACTTACACTCTCGTGTC-3
EcoR V Sal | PCR 15
L 720 bp DNA DNA
2.2. DNA
DNA pGEM-T DH5a
ABI PRISM 3700 DNA
analyzer DNA
2.3. 1
1 cDNA pGEM-T
pCMV-Tag2A
2.4. 1 MDCK
MDCK 35 mm dish Lipofectamin
2000 DNA 1-pCMV-Tag2A MDCK
G418
1
2.5. SDS-PAGE
MDCK lysis buffer
30ug 10 12
PVDF
ECL

- 161 -



2.6.

MDCK 3 0.3  Triton X-100 PBS
VECTA SHIELD
FITC TexasRed
LSM510 (Carl Zeiss)
2.7.
Lysis buffer Protein G FLAG
4 4 4
sample buffer 10 SDS-PAGE
Z0-1
2.8. 45Ca?t
MDCK Millicell-ERS epithelial volt-ohmmeter
Millipore TER
45Ca2* 45Ca2
3.
3.1. 1
Dahl salt-resistant Dahl salt-sensitive 2
RNA 1 RT-PCR
720bp DNA PCR
1 mRNA
1
1
3.2 1
HHS 1
1 Dahl
salt-sensitive RNA RT-PCR 720 bp cDNA
2 6 cDNA
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1
1
3.3. 1
1 cDNA pCMV-Tag2A
pCMV-Tag2A FLAG
DNA FLAG 1
1 DNA
25
1 25
MDCK
Fig. 3
23 kDa
Z0-1
FLAG 1
3.4. 1 Z0-1
1 Z0-1
MDCK Z0-1 1
FLAG
Z0-1 19G Z0-1
1 Z0-1
3.5. 1
1 FITC
Z0-1 Texas-Red
Z0-1 1
1
Z0-1
Fig.4
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Fig. 3 Expression of paracellin-1, occludin and ZO-1
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Fig. 4 Distribution of paracellin-1, occludin and ZO-1
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3.6. 1 TER

1
TER 2
3 4
1 TER Fig.5
3.7. 1 45Ca2+
1
45Ca2+
45Ca2+
1 Fig.6
1
45Ca2+
1 45C g2+
Fig.7 1
4,
4
2 Itallie et al., 2001;
Amasheh et al., 2002 15
Colegio et al., 2002
1 16
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Fig. 5
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Fig. 6 Increase of **Ca?" transport by expression of paracellin-1

“Ca transport (nmoles/well/hr)

Fig.

20

15

10

[ O Normal MDCK
FLAG-PCLN/MDCK
0 1 2.5 5 10

MgCl, (mM)

Inhibition of **Ca*" transport by magnesium

- 166 -



TER

z0-1
1 Zz0-1
PDZ
PDZ
HHS

45Ca2+

Ikari et al., 2003

- 167 -

Z0-1

Z0-1

45Cag2+

MRNA

PDZ



6.

Amasheh, S., Meiri, N., Gitter, A. H., Schoneberg, T., Mankertz, J., Schulzke, J. D., and
Fromm, M. (2002) J. Cell Sci. 115, 4969-4976

Colegio, O. R, Itallie, C. M. V., McCrea, H. J., Rahner, C., and Anderson, J. M. (2002)
Am. J. Physiol. 283, C142-C147

Ikari, A., Kano, T., and Suketa, Y. (2002) Biochim. Biophys. Res. Commun. 294,
710-713

Ikari, A., Nakajima, K., Suketa, Y., Harada, H., and Takagi, K. (2003) Biochim. Biophys.
Acta. 1618, 1-7

Itallie, C. V., Rahner, C., and Anderson, J. M. (2001) J. Clin. Invest. 107, 1319-1327

Simon, D. B., Lu, Y., Choate, K. A., Velazquez, H., Al-Sabban, E., Praga, M., Casari, G.,
Bettinelli, A., Colussi, G., Rodriguez-Soriano, J., McCredie, D., Milford, D., Sanjad, S.,
and Lifton, R. P. (1999) Science 285, 103-106

- 168 -



Involvement of paracellin-1 in salt-sensitive hypertension
(Effect of high-salt intake on paracellin-1 expression and establishment of

paracellin-1-expressing cells)

Akira lkari

University of Shizuoka, School of Pharmaceutical Sciences

Most magnesium filtered through the glomerular membrane is reabsorbed in the
thick ascending limb (TAL) of Henle loop. So far, we have been reported that urinary
magnesium concentration in Dahl salt-sensitive rats is higher than that in normal rats.
We hypothesized that the decrease of magnesium reabsorption affects crisis and
development of hypertension. It is, however, difficult to clarify the mechanisms of
urinary magnesium loss because magnesium transporter has not been identified.
Recently, Simon et al. identified a new protein, named paracellin-1. This protein is
expressed in TAL tight junctions and might play a critical role in the control of
paracellular permeability for magnesium and calcium. In the present study, we
determined whether the expression level of paracellin-1 is changed in Dahl
salt-sensitive rats. Furthermore, we established the cells stably expressing
paracellin-1 and examined the function of paracellin-1.

The expression level of paracellin-1 protein was examined by western blotting.
However, there is no signal, suggesting that the commercial antibody did not react with
paracellin-1. Next, paracellin-l mRNA was semi-quantified by reverse
transcriptase-polymerase chain reaction. The mMRNA levels were same between
salt-sensitive and resistant rats. We hypothesized that the regulatory factors are
affected by hypertension. To clarify the regulatory mechanisms of paracellin-1, we
made Madin-Darby canine kidney (MDCK) cells expressing rat paracellin-1.
Paracellin-1 inserted into FLAG-tagged vector was transfected into MDCK cells.
Immunoprecipitation showed that paracellin-1 was associated with ZO-1, a peripheral
membrane protein. In immunocytochemistry, paracellin-1 was colocalized with ZO-1
in tight junction. Paracellin-1 expression increased the transepithelial electrical
resistance, indicating paracellin-1 enhanced the barrier function. Furthermore,
transport of 5Ca?* from apical to basal was increased in time-dependent manner. The
addition of magnesium into apical side inhibited the transport of 9°Ca2+*. These results
indicate that paracellin-1 is expressed functionally in tight junction and transports

calcium and magnesium competitively.
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