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Abstract

Background Hyperphosphatemia is common in chronic kidney disease and is associated with morbidity and

mortality. The intestinal Na*-dependent phosphate transporter Npt2b is thought to be an important molecular

target for the prevention of hyperphosphatemia. The role of Npt2b in the net absorption of inorganic phosphate

(Pi), however, is controversial.

Methods In the present study, we made tamoxifen-inducible Npt2b conditional knockout (CKO) mice to analyze

systemic Pi metabolism, including intestinal Pi absorption.

Results Although the Na*-dependent Pi transport in brush-border membrane vesicle uptake levels were

significantly decreased in the distal intestine of Npt2b CKO mice compared with control mice, plasma Pi and

fecal Pi excretion levels were not significantly different. Data obtained using the intestinal loop technique

showed that Pi uptake in Npt2b CKO mice was not affected at a Pi concentration of 4 mM, which is considered

the typical luminal Pi concentration after meals in mice. Claudin, which may be involved in paracellular

pathways, as well as claudin-2, 12, and 15 protein levels were significantly decreased in the Npt2b CKO mice.

Thus, Npt2b deficiency did not affect Pi absorption within the range of Pi concentrations that normally occurs

after meals.

Conclusion These findings indicate that abnormal Pi metabolism may also be involved in tight junction

molecules such as Cldns that are affected by Npt2b deficiency.
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Introduction

Hyperphosphatemia is a serious consequence of late-stage chronic kidney disease that leads to increased

cardiovascular morbidity and mortality, particularly in patients on dialysis[1-3]. Recent epidemiologic studies

demonstrated that increased serum inorganic phosphate (Pi) concentrations, even those within the normal range,

can be an independent risk factor for cardiovascular morbidity and mortality in the general population as well as

in patients with chronic kidney disease[1-3]. Current strategies for treating hyperphosphatemia in dialysis

patients include dietary Pi restriction and oral Pi binders, although these treatments, if used aggressively, can

lead to malnutrition, adverse gastrointestinal effects, and poor compliance with all medications, particularly in

the elderly. Furthermore, patient adherence to taking Pi binders is poor, due in part to the pill burden (12 or more

tablets per day are often required in a background of polypharmacy), timing of ingestion around mealtimes, and

gastrointestinal side effects such as constipation and abdominal bloating[1-3]. Therefore, the development of a

small molecular compound, such as a Pi transport inhibitor, is desired.

The cellular transport pathway in the small intestine requires Na*-dependent Pi transporters, including

NaPi-1lb (SLC34A2, Npt2b)[4]. In a renal failure model of adenine administration in intestinal Npt2b

knockout (KO) mice, serum Pi concentrations are significantly reduced[5-7]. Based on such studies using

Npt2b KO mice, intestinal Npt2b is an important target for the treatment of CKD-associated

hyperphosphatemia[5-7]. The role of Npt2b in net Pi absorption and the effect of Npt2b inhibitors for the

treatment of hyperphosphatemia, however, remain controversial.

More recent studies revealed that tenapanor is not a Pi binder, but rather a small molecule inhibitor of the

sodium/hydrogen exchanger NHE3, which plays an important role in sodium and fluid homeostasis but has no

direct effect on the sodium dependent Pi co-transporter Npt2b and does not directly bind intestinal Pi ions[8]. In

addition, previous studies reported that NHE3 inhibitors affect tight junction modifications and barrier
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function[9]. As described above, abnormal Pi metabolism in Npt2b KO mice, in addition to suppression of

Na*-dependent Pi transport, may affect the expression of other factors involved in intestinal ion transport.

In the present study, we made tamoxifen-inducible Npt2b conditional KO (CKO) mice, and analyzed their

systemic Pi metabolism, including intestinal Pi absorption. We further investigated the expression of tight

junction proteins in the small intestine in Npt2b CKO mice. Our findings indicate that various factors may be

involved in the intestinal Pi handling abnormalities of Npt2b CKO mice.

Materials and Methods

Animals and Diet

Mice were generated and maintained under pathogen-free conditions, and handled in accordance with the

Guidelines for Animal Experimentation of Tokushima University School of Medicine and with the Guidelines

for the Care and Use of Laboratory Animals at Chugai Pharmaceuticals. Mice were weaned at 3 weeks of age,

and provided free access to water and standard mouse chow (1.12% Ca and 0.9% Pi; Oriental, Osaka, Japan).

Generation of the Npt2b CKO mouse line

The targeting vector, which was constructed by BAC engineering[10-12], was electroporated into mouse

embryonic stem (ES) cells (Figure 1A, supplementary methods and supplementary Figure 1). Npt2b CKO mice

were generated from correctly targeted ES cell clones, and intercrossed with CAG-MerCreMer transgenic

mice[13] to establish a tamoxifen-inducible Npt2b CKO mouse line. Genotyping was performed by genomic

polymerase chain reaction (PCR) in the breeding process. Primer sets to detect the CKO alleles and the

MerCreMer transgene are listed in Table 1.

Induction of gene disruption in the Npt2b CKO mice
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In the present study, the Cre recombinase was activated upon administration of tamoxifen citrate salt

(Sigma-Aldrich, St. Louis, MO). Tamoxifen (3% wt:wt) was administered to mice in standard mouse chow for 7

days, and the mice were allowed to recover for 7 days before the study.

Metabolic cages to collect urine and fecal samples

Mice were individually caged to collect 24-h urine and fecal samples. Fecal samples were ashed according

to a modified protocol[14]. The fecal samples were collected and placed into beakers to dry at 110°C for no

more than 24 h. The samples were then ashed at 250°C for 3 h and at 550°C for 24 h in a muffle furnace. The

samples were cooled, weighed, and digested in HCI with heat, and the sample volume was standardized to 5 ml.

Concentrations of Pi, Ca, Cr, and 1,25(0OH)2D3

Concentrations of inorganic Pi, calcium (Ca), and creatinine (Cr) were determined using commercial Kits

(Wako, Osaka, Japan)[5,15]. Plasma 1,25(OH);Ds concentrations were determined using the 1,25-(OH); Vitamin

D ELISA Kit (Immundiagnostik, Bensheim, Germany)[16].

Pi levels in the intestinal lumen

Mice were anesthetized 3 h after the lights were turned off or on in the 12 h light/12 h dark cycle. 1) The

gastrointestinal contents were washed out from each region of the gastrointestinal tract (proximal, middle, and

distal intestine) with distilled water and vortexed vigorously[17]. Solid contents from the distal intestine and

colon were diluted and homogenized for 10 s. Then, samples were centrifuged at 3000 x g for 10 min and an

aliquot of the supernatant was used to determine the free Pi concentration using a commercial kit (Wako). 2)

The mouse abdomen was opened to obtain a sample of residual solid contents and water from the proximal,

middle, and distal intestinal segments[18,19]. Solid contents, including feces and food, were obtained with
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forceps. Because the water volume remaining in each segment was very small, luminal water was sampled using
a cotton ball by carefully wiping the surface of the intestinal membrane in each region. Then, the cotton ball was
placed in the tube and centrifuged at 13,000 x g for 5 min and an aliquot was used to determine free Pi

concentration using a commercial kit (Wako).

RNA extraction and cDNA synthesis
Total RNA was extracted from the intestine of mice using ISOGEN (Wako, Osaka Japan) according to the
manufacturer’s instructions. After treatment with DNase (Invitrogen, Carlsbad, CA), cDNA was synthesized

using the Moloney murine leukemia virus, reverse transcriptase (Invitrogen), and oligo(dT)12-18 primer.

Quantitative PCR

Quantitative PCR was performed using StepOnePlus™ (Applied Biosystems, Foster City, CA). The reaction
mixture comprised 10 pl of SYBR Premix Ex Tag, ROX Reference Dye Il (Perfect Real Time, Takara, Osaka,
Japan) with specific primers. The PCR reactions were initiated by denaturation at 95°C for 30s, annealing at
95°C for 5s, and 60°C for 30 s. Data were evaluated with SDS v. 1.2X with RQ software. PCR primer sequences

are shown in Table 2.

Preparation of brush-border membrane vesicles

Brush-border membrane vesicles (BBMVs) were prepared from the mouse intestinal mucosa and kidneys
using modified Ca?* precipitation methods[20]. Intestinal mucosa or macroscopic dissections of a kidney were
homogenized in a ice-cold homogenate buffer (50 mM mannitol, 10 mM Tris/Hepes pH 7.5) with a blender for
120 s. CaCl, was added to the homogenized tissues to obtain a final concentration 100 mM CaCl,, and the

samples were mixed by inversion and the tubes placed on ice for 15 min. The tubes were centrifuged at 5000
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rom at 4°C for 15 min using HIMAC SCR20B (Hitachi Koki Co., Ltd, Tokyo, Japan). The supernatant was
decanted into the new centrifugation tube and centrifuged at 18,000 rpm at 4°C for 30 min using HIMAC
SCR20B (Hitachi Koki Co., Ltd). The pellet was suspended in a 1 ml of suspension buffer (300 mM mannitol,

10 mM Tris/HEPES pH 7.5), centrifuged again, and resuspended in a small amount of suspension buffer.

Preparation of crude membrane

Crude membranes were prepared according to a previously described method. [21] Intestine homogenates in

0.3 M sucrose containing protease inhibitor cocktail tablets (Complete Mini, EDTA-free; Roche) were

centrifuged at 600 g for 10 min, and the supernatant was then centrifuged at 105,000 g for 45 min, and the

membrane pellet was used for claudins Western blotting analysis.

Immunoblotting analysis

Protein samples were placed in sample buffer in the presence of 2-mercaptoethanol and subjected to 8%
(NaPi transporters) or 12% (Claudins) sodium dodecy! sulfate-polyacrylamide gel electrophoresis. The
separated proteins were transferred by electrophoresis to Immobilon-P polyvinylidene difluoride membranes
(Millipore, Billerica, MA) and then treated with diluted affinity-purified anti-Npt2b antibody (Alpha Diagnostic
International, San Antonio, TX)[5], and anti-Npt2a and Npt2c antibodies were described as previously[5,15].
Claudin 2 (Abcam, Cambridge, MA), 4 (Thermo Fisher Scientific Inc., Waltham, MA), 12 (Invitrogen), and 15
(Thermo Fisher Scientific Inc.) antibodies were purchased respectively.
Mouse anti-actin monoclonal antibody (Chemicon, Temecula, CA) was used as an internal control. Horseradish

peroxidase-conjugated anti-rabbit or anti-mouse 1gG was utilized as the secondary antibody (Jackson Immuno
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Research Laboratories, Inc, West Grove, PA), and signals were detected using Immobilon Western

Chemiluminescent HRP Substrate (Millipore).

BBMYV transport study and everted sac technique

BBMV Pi transport activity was measured in the mouse small intestine and kidney using a rapid filtration
technique, as described previously[20]. A modified everted sac technique was used to evaluate the Pi transport
activity in the small intestine of the mice[20]. The intestine was divided into two segments, proximal and distal,
everted using a spatula, and fastened with string. The sac was filled with solution (128 mM NaCl or choline Cl,
4.7 M KClI, 2.5 mM CaCly, and 1.2 mM KH2PO., pH 7.4). The sacs were then incubated in a flask with the
uptake solution (128 mM NacCl or choline CI, 4.7 M KCI, 2.5 mM CacCl,, and 1.2 mM or 4 mM KH2PQOg, pH.
7.4) containing 32P (0.25 mCi/ml) for 30 min under an atmosphere of 95% 0,/5% CO; at 37°C. After incubation,
the sac was removed from the flask and washed in cold saline. The sac was cut open and the uptake solution

drained into a vial for counting in a liquid scintillation counter.

Statistical Analysis
Data are expressed as means = SE. Differences among multiple groups were analyzed by ANOVA followed
by Scheffe test. The significance of differences between two experimental groups was established by ANOVA

followed by Student’s t test. A P value of less than 0.05 was considered significant.

Results
Generation of Npt2b CKO mice
A tamoxifen-inducibleNpt2b CKO (Npt2b'*/'*x, CAG-MerCreMer) mouse line was established as depicted

in Figure 1A and Supplementary Figure 1. A representative result of genotyping is shown in Figure 1B. The
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Npt2b conditional allele was detected as a signal at 1.8 kb, while the wild-type allele was detected at 236 bp.

The CAG-MerCreMer transgenic allele was detected as a signal at 0.9 kb. After tamoxifen administration,

deletion of Npt2b mRNA and reduction of Npt2b protein in the proximal and distal intestine of Npt2b CKO

mice was confirmed by reverse transcription (RT) -PCR and Western blotting (Figure 1C and 1D). The RT-PCR

of wild-type Npt2b products were detected as a 398-bp band in the proximal and distal intestine of both the

Npt2b CKO mice and wild type mice without tamoxifen administration. In contrast, RT-PCR products derived

from Npt2b disrupted allele were detected as a 140-bp band in the Npt2b CKO mice after tamoxifen

administration.  Npt2b protein level was much lower in tamoxifen-administered Npt2b CKO mice than that

before tamoxifen administration (Figure 1D). Npt2b mRNA was detected in several tissues such as the lung,

kidney, and liver, as described previously[22]. Although the mRNA transcribed from the Npt2b disrupted allele

was also detected in the lung, kidney, and liver (data not shown), Npt2b disrupted allele does not contain the

coding region of exons 5 and 6, which cannot produce mature Npt2b protein due to the frame shift.

Furthermore, no calcification was detected in the lung in our Npt2b CKO mice (data not shown).

Physiologic data of Npt2b CKO mice

The ionized Ca levels were significantly increased in Npt2b CKO mice after knockout induction compared

with those before induction (referred as the controls) (Figure 2A). In contrast, there was no difference in the

plasma Pi concentration between the control and Npt2b CKO mice (Figure 2B). Furthermore, the urine volume

and urinary Ca excretion levels were significantly higher and the urinary Pi excretion level was significantly

lower in the Npt2b CKO mice than in control mice (Figure 2C-2E). Fecal Pi and Ca excretion levels, however,

were not different in Npt2b CKO mice compared with those in control mice (Figure 2F and 2G). Plasma

1,25(0H),D3 concentrations were significantly higher in Npt2b CKO mice than those in control mice (Figure

2H).
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Intestinal and renal brush-border membrane Pi transport activity in Npt2b CKO mice

Intestinal Pi transport activity was examined using BBMVs (Figure 3). Na*-independent Pi transport

activity was not altered in Npt2b CKO mice compared with control mice (Figure 3A). In contrast,

Na*-dependent Pi transport activity levels were significantly lower in Npt2b CKO mice than in control mice

(Figure 3B). In the kidney, Pi transport activity was slightly, but not significantly, lower in Npt2b CKO mice

than in control mice (Figure 3C). Furthermore, there were no significant differences in the renal Npt2a and

Npt2c protein expression concentrations between control and Npt2b CKO mice (Figure 3D).

Intestinal luminal Pi concentration in wild-type mice

Marks et al. reported that the Pi concentration in the gastrointestinal region of rats is in the millimolar

range[17]. In the present study, we measured the Pi concentration in the proximal, middle, and distal regions of

mice using two methods (Figure 4).  First, we measured the Pi concentration at 11:00 in the morning and at

11:00 at night following Marks's protocol[17]. The intestinal luminal Pi concentration was significantly higher

in the proximal intestine than in the distal intestine at both time-points (Figure 4A). At both time-points, the Pi

concentration was 1.5-2 mM in the proximal intestine, approximately 1 mM in the middle intestine, and 0.3-0.5

mM in the distal intestine (Figure 4A). We then measured the intestinal luminal Pi concentration at 11:00 in the

morning and at 11:00 at night following another protocol. In this method, a modification of Masaoka's[18] and

Tanaka's[19] protocol, the luminal water was carefully collected using a cotton ball to wipe the surface of the

intestinal membrane. Luminal Pi concentrations in the middle and distal intestine were significantly higher in

the morning than at night (Figure 4B). Furthermore, the concentration of Pi in each region was much higher (15-

40 mM) than those shown in Figure 4A, which were measured following Marks’s protocol. Thus, the intestinal

luminal surface Pi concentration was high (Figure 4B).

10
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Intestinal Pi transport activity determined using the everted sac technique in Npt2b CKO mice

Next, 32P transport from the mucosal to the serosal side was examined using the everted sac technique in Npt2b
CKO mice (Figure 5). The study was conducted under two conditions. The first study examined 3P transport in
solution containing 1 mM Pi. Although Na*-independent Pi transport activity in the proximal intestine of Npt2b
CKO mice was slightly, but significantly, higher than that in control mice, it was slightly but significantly lower
in the distal intestine of Npt2b CKO mice compared with control mice (Figure 5A and 5B). Na*-dependent Pi
transport activity in the proximal intestine was not significantly different between control and Npt2b CKO mice
(Figure 5A). In contrast, Na*-dependent Pi transport activity in the distal intestine was significantly lower in
Npt2b CKO mice than in control mice (Figure 5B). The second study examined 32P transport in solution
containing 4 mM Pi. Under these conditions, the Na*-independent or -dependent Pi transport activities were not

significantly different between control and Npt2b CKO mice (Figure 5C and 5D).

Intestinal transporter and claudin mRNA expression in Npt2b CKO mice

Intestinal Pi is thought to be absorbed via two pathways, a transcellular pathway involving a transporter,
such as Npt2b or PiT1, and a paracellular pathway[23,24]. The paracellular Pi transport mechanism, however, is
poorly characterized. In the present study, due to the lack of intestinal Npt2b protein expression, the BBMV and
everted sac intestinal Na*-dependent transport activity assays showed that the Pi concentration was significantly
decreased in Npt2b CKO mice compared with control mice, and there were no significant decreases in the
plasma Pi and fecal Pi excretion levels in Npt2b CKO mice compared with control mice. Based on these
results, to clarify the mechanism that compensates for the decreased Pi absorption due to the loss of Npt2b, the
MRNA expression levels of related molecules in the transcellular system excluding Npt2b or the paracellular

pathway system were examined in the Npt2b CKO mouse intestine. The proximal and distal intestine NHE3,

11
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PiT1, and PiT2 mRNA expression levels did not differ significantly between control and knockdown mice
(Figure 6A-C). Furthermore, claudin-3, -8, -12, -15, and -25 mRNA expression levels were significantly
decreased in Npt2b CKO mice after induction compared with those in control mice (Figure 6D-K). In addition,
the amount of each caludin protein was measured using the available antibodies. In the Npt2b CKO mice, the

levels of claudin -2, -12, and -15 protein were significantly reduced (Figure 7).

Discussion

In the present study, we investigated Pi metabolism in tamoxifen-induced Npt2b CKO mice. Sabbagh et al.
reported that intestinal Npt2b deletion affects renal Pi transport[7]. In the present study, Npt2b KO mice had
hypophosphaturia, but no adaptation of the renal Npt2a and Npt2c protein was observed. In addition, lung
calcification was not prominent in our Npt2aKO mice. The increase in the plasma 1,25(0OH).Ds, however,
indicates that deletion of Npt2b reduces intestinal Pi absorption in Npt2b CKO mice. Consistent with Sabbagh
et al.’s data, conditional deletion of Npt2b enhanced renal Pi reabsorption and caused hypophosphaturia[7].
The urine volume and urinary Ca excretion levels were significantly higher in Npt2b CKO mice.
These phenotypes are observed in mice with low Pi status as reported previously[25,26]. In
addition, Npt2b-mediated transport in the mouse ileum accounts for ~90% of its total Na*-dependent Pi
absorption across the BBM[7]. They analyzed Npt2b CKO mice and determined that the transporter accounts
for only ~50% of the total intestinal transepithelial Pi absorption in response to a dietary Pi load[7]. In the
present study, we also analyzed intestinal Pi transport based on BBMYV uptake and an everted sac assay. The
everted sac assay is used to evaluate intestinal Pi absorption via the transcellular and paracellular pathways. In a
previous report, intestinal Pi absorption (low concentration, at 1.2 mM Pi) significantly decreases
Na*-dependent Pi transport in the everted sac method[7]. In that report, they suggested that Npt2b accounts for

50% of the Na*-dependent Pi transport in the small intestine. Information on the luminal free Pi concentration

12
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available for absorption following ingestion of a normal diet indicates a greater increase than 1.2 mM Pi.

Recently, Marks suggested that the Pi concentration in the small intestinal lumen is approximately 5-11 mM in

rats[17]. Although there are considerable variations depending on the time of day, we also confirmed that the

luminal Pi concentration in mice with a normal diet was at least 4 mM. In addition, functional analysis of Npt2b

in Xenopus oocytes shows an apparent Km for Pi of ~15 uM[27], suggesting that the luminal Pi concentration

after food intake is saturable for intestinal Npt2b transport function. Previous studies concluded that paracellular

transport is the dominant absorption pathway for high luminal Pi concentrations in both rodents and

humans[6,28,29]. The everted sac assay showed a significant reduction in Na*-independent Pi transport activity

in the ileum in Npt2b CKO mice. These findings suggest that Pi transport by the paracellular pathway was also

decreased in Npt2b CKO mice.

A recent study demonstrated that an NHE3 inhibitor (tenapanor) markedly reduces intestinal Pi

absorption[8]. In 56 nephrectomy rats, tenapanor also markedly reduces urinary Pi excretion as well as serum Pi,

calcium, creatinine, and FGF23 concentrations[8]. The mechanism is unclear, and the details of Pi absorption in

rats administered tenapanor are unknown[8]. It may simply be the result of less passive Pi transport secondary to

reduced water flux. One possibility is that the NHE3 inhibitor affects the tight junction proteins and inhibits the

paracellular Pi transport pathway. Indeed, NHE3 KO mice have decreased intestinal calcium absorption[9]. In

addition, in NHE3 KO mice, jejunal claudin-2 and -15 expression is significantly decreased[9]. NHE3 may

reduce intestinal Pi absorption by inhibiting the paracellular pathway.

Tight junctions are the most apical component of the junctional complex between epithelial cells[30-33].

Tight junctions separate the cell membrane into the apical and basolateral domains for their critical role in

regulating paracellular barrier permeability. Many claudins also have distinct charge-selectivity. Some claudins

act as paracellular channels[30-33]. For example, claudin-2 and -15 are cation-selective, and claudin-17 is

anion-selective[32]. Furthermore, claudin-8 is involved in regulating paracellular Na* permeability[34].

13
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Claudin-2 and -12 are involved in Ca?* permeability[35]. Double-knockout of claudin-2 and -15 reduces the
paracellular flow of Na* from the intestinal submucosa into the lumen and decreases the absorption of several
Na*-dependent nutrients, such as glucose, amino acids, etc[36]. Thus, the paracellular roles of claudins are
related to the passive flow of several types of ions. In the present study, claudin-3, 8, 12, 15, and 25 mRNA

levels were significantly decreased in the Npt2b CKO mice. In addition, the amount of each claudin protein was

measured using the available antibodies. In the Npt2b CKO mice, the levels of claudin -2, -12, and -15 protein

were significantly reduced. Changes in the expression of several claudins, however, might be related to

intestinal paracellular Pi absorption. Alternatively, because Npt2b is expressed in various tissues, including the

kidney, deletion of Npt2b in these organs may contribute to abnormal Pi metabolism. Further studies are needed

to clarify the relationship between Pi absorption and claudins.

Finally, in the present study, we produced Npt2b CKO mice to analyze systemic Pi metabolism, including

intestinal Pi absorption. Although Npt2b is an important molecule for intestinal Pi absorption at a low

concentration of Pi, we suggest that other molecules are involved in the abnormal Pi metabolism observed in

Npt2b CKO mice.
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Figure legends

Figure 1 Schematic representation of the CKO strategy for the mouse Npt2b gene.

A: A vector targeting the Npt2b gene was constructed by inserting loxP and Frt with a neo cassette on a BAC

genomic clone. Correctly targeted ES cell clones were used to establish Npt2b conditional knockout (CKO)

mouse lines. After recombination by Cre between the two loxP sites, the genomic region including exon 5 to

exon 6 was inverted, and the spliced pattern was confirmed by mRNA analysis using primer set SNpt2b listed in

Table 2. Spliced donor (SD), Spliced acceptor (SA) B: Representative results of genotyping PCR. Primer sets to

detect the CKO alleles and the CAG-MerCreMer transgenic allele are listed in Table 1. C: Predicted reverse

transcription PCR analysis in intestine for detection of null (A) or wild-type (WT) using primer set SNpt2b.

NC: negative control. D: Western blotting analysis of brush-border membrane vesicles (BBMVSs) isolated from

the proximal and distal intestine from control and Npt2b CKO mice. Each lane was loaded with 20 ug BBMV.

Actin was used as an internal control.

Figure 2 Physiologic data of Npt2b conditional knockout mice

Metabolic cages were used for 24-h urine and feces collection from WT and Npt2b CKO mice at 10 wk of

age (n=6-14), values are mean * SE. *P<0.05 vs. control mice.

Figure 3 Intestinal and renal brush-border membrane Pi transport activity in Npt2b conditional

knockout mice

Na*-independent and Na*-dependent Pi transport activity in the proximal (A) and distal (B) intestine

BBMVs of mice (n=3-6). C: Na*-dependent Pi transport activity in the renal BBMVs of mice (n=3-6). Values

are means + SE. *P<0.05 vs. control mice. D: Western blot analysis of the renal type Il Na/Pi cotransporter
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protein, Npt2a and Npt2c. Data were normalized to actin expression. Male 10-wk-old mice (n=4) were used.

Values are mean + SE.

Figure 4 Intestinal luminal Pi concentration in wild-type mice

Luminal Pi concentration levels in proximal, middle, and distal intestine of wild-type mice.

A: Pi concentration at 11:00 in the morning and 11:00 at night following Marks's protocol[17] and B: Pi
concentration at the same time-points collected using the cotton ball wiping protocol, which is a modification of

Masaoka's[18] and Tanaka's[19] protocol. Data are represented as means + SE. *P<0.05, **P<0.01, n=4-6.

Figure 5 Intestinal Pi transport activity based on everted sac study
Uptake of *2P to the vascular side was measured in mouse everted intestine. Each sac was incubated with 0.25
[1Ci/ml32P for 30 min at 37°C (n=3). Data are represented as means + SE. *P<0.05, n=4-6. The study was

conducted under two conditions. Transport solution contained either 1 mM (A, B) or 4 mM Pi (C, D).

Figure 6 Intestinal transporter mRNA expression and intestinal tight junction structure molecule mRNA
expression in Npt2b conditional knockout mice
Real-time PCR for intestinal transporter and claudin mRNA expression (n=3-5). Relative intensity data are

represented as mean + SE. 3P<0.05 vs proximal intestine of the same group, *P<0.05, #P<0.01 vs control group.

Figure 7 Tight junction structure protein expression in Npt2b conditional knockout mice

Western blotting for claudin protein expression in distal intestine of mice. Data are mean + SE. "P<0.05.
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Table

Table 1 Primers for genotyping

name sense antisense

MerCreMer Tg

allele AGGCGTTTTCTGAGCATACCTGGA TCTTCCAGCAGGCGCACCATTG
Conditional KO

allele TGTTGGGGAATAGAGGATCAACT TGTAGAGTAGGAACCTAGCCCTCA

Table 2 Primers for RT-PCR

name Sense antisense

sNpt2b ATGTACTGAGCAGCGCCTTC CACAAGGTTGGTCAGGATCTC

Npt2b AGCGCTGATCATGGCTCCTT CCTGCATAAGCGCCACGATC

Pit-1 CCCATGGACCTGAAGGAGGA CCATGGGCAAATGACCCAAA

Pit-2 CTCAGAAGGCACGTCAGCAG TCAGAGGCCAGCCTCATTTC

NHE3 GCATAGTGTCCTTCTTCGTG GGCTCGATGATACGCACATG

claudin-2 GCAAACAGGCTCCGAAGATACT GAGATGATGCCCAAGTACAGAG

claudin-3 CACCACTACCAGCAGTCGATGAAC AGACTGTGTGTCGTCTGTCACCATC

claudin-4 GGTAGCTCAGCTGTGACTTTGGACTC CTGGAGTAACGTGTAGGCTGAGTGAG

claudin-7 ACGCCCATGAACGTTAAGTACGAG CTTTGCTTTCACTGCCTGGACA

claudin-8 CTGGGGATAAAAGAGAAGGAGGCTGA AGGCTGCAAAGCAGGATAGCAGAAAG
GAAGCAACATACTGACTGTCTCCTGAC

claudin-12 CAGACCAGTGTGTACTCAGACTTTCTACCC G

claudin-15 CATCTTTGAGAACCTGTGGTACAGC GATGGCGGTGATCATGAGAGC

claudin-25 ACGAGCAGTTCATGGAGAAG CAAAGCACATCAAGCCCAAG

GAPDH CTGCACCACCAACTGCTTAGC

GCCTGCTTCACCACCTTCTTG
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