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Effect of phosphonoformic acid, dietary phosphate and the Hyp
mutation on kinetically distinct phosphate transport processes
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‘We examined the kinetics of phosphate transport in mouse renal brush-border membrane vesicles under initial rate (6

s), traus zero, voltage clamp conditions. Two

distinct Na™*-dep

identified: a high-affinity, low-capacity system (K ,, 0.09 + 0.02 mM;

transport p were
Virar» 539 £ 50 prsiol / mg protein per 6 s) and a

low-affinity, lngll—capau!y system (K, 1.28 + 0.35 mM; V., 1677 + 198 pmol / mig protein per 6 s). The high-affinity

system was inhibi itively by 1 mM phosph:

completely abolished by 20 mM PFA; the low-affinity system was insensitive to 1 mM PFA and w:
competitively by 20 mM PFA (apparent K;, 9.03 + 1.21 mM).

increasz in ¥,

Hyp wice el
the apparent K,

processes participate in the adap

acid (PFA) (apparent K. 0.31 +0.03 mM) and

ietary phosphate deprivation elicited a

« of both high- and low-affinity phosphate transport systems whereas the X-linked Hyp m\mmnn call\cd
a 50% decreasc in V,,,, of tire high-affinity system with no change in the | ffi

ity system. P of

ed a 3.5-fold increase in V,,, of the high-affinity system. Neither dlet nor mutation si mﬁcanﬂ\ altered
values of either phosphate transport process. We conclude that (1) mouse kidney brush-border
membranes have two distinct Na™. -dependem phosphate transport systems which differ in affinity and capacity;

3 (2) both

impaired by the X-linked Hyp mutation.

Introduction

The ption of filtered phosphate by the kidney
is a major determinant of phosphate homeostasis and,
therefore, crucial to normal growth and bone develop

to dietary p

restriction; (3) only the high-affinity sys

mammalian species have established that the initial step
in phosphate reabsorption across the luminal surface is
concentrative, Na'-dependent, and mediated by a
high-affinity, phosphate transport system [3.4]). In vitro

ment [1). Evid from mi and perfu-

of phosphate transport into brush-border

sion siudies indicates that the bulk of filtered phosphate

is reabsorbed in the proximal tubule, with the S, seg-
ment, or proximal convoluted tubule, a higher
capacity for phosphate reabsorpuon than the more dis-
tal S, and S, the proximal straight

tubule or pars recta [2]. Studies in renal cortical brush-
border membrane vesicles isolated from a number of

* This is publication No. 89017 from the McGill University-Montresi
Children's Hospital Research Institute.
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vesicles has been shown to accurately reflect
the phosphate reabsorptive capacity of the whole kidney
as assessed by in vivo clearance studies [5]. Accordingly,
brush-border membrane phosphate lmnsparl has been
widely used 10 ph: T
and its regulation by hormonal [6]. enwronm-.mal 71
and genetic factors [8).

Recent studies have provided evidence for more than
one phosphate transport system in brush-border mem-
branes of rat [9,10] and pig kidney [11]. In addition to
the previously described high-affinity system [34]. a
low-affinity. high-capacity system was also identified
[9-11]. The demonstration that both systems reside in
the outer cortex of pig kidney while only the high-affin-
ity system is found in the outer medulla suggested that
the low-affinity. high-capacity system is located in the

ize renal
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early proximal tubule (S,). where the bulk of filtered
phosphate is reabsorbed whereas the high-affinity,
low acity system is situated throughout the proximal
wbule. where it reclaims residual tubular phosph

dicts for 4 days had a plasma phosphate of 1.70 + 0.08
mM and 0.98 +£0.05 mM, respectively (mean + S.E.,
n=10, P <0.001).

.

The present study was undertaken to characterize
further the two phosphate transport processes in mouse
renal brush-border membrane vesicles. The interaction
of each phosphate port system with phosphonofor-
mi.. acid (PFA). a specific inhibitor of brush-border
membrane phosphate transport [12], was examined. In
addition. we studied the effects of environmental and
genetic determinants, namely dietary phosphate restric-
tion and the X-linked Hyp mutation, on the expression

Brush-borde b isolation and sport studies.
Brush-border membrane vesicles were prepared from
fresh kidney cortex, or from kidney cortices which had
been quick-fi in liquid nitrogen and stored at
—85°C, by the Mg** precipitation procedure as dc-
scribed previously [8]. No differences in yield. enrich-
ment or transport activity could be found between
brush-border membrane vesicles prepared from frozen
and fresh kidneys. Membrane vesicles were suspended
in 20 mM KCl, 260 mM mannitol, 20 mM Hepes-Tris
(pH 7.4) m a fmal protein concentration of 4-6 mg/ml.

of the kinetically distinct brush-border phos-
phate transport The phosph deprived
mouse exhibits an adaptive renal response which is
characterized by a slnkmg and specific increase ia renal
brush-bord port activity

A% i in 100% dimethylsulphoxide
(DMSO) was added to the vesicles to yield a final
valinomycin concentration of 62.5 pg/ml. The con-
centration of DMSO did not exceed 0.25%. Alkaline
phosphatase aclwn(y. assayed at pH 10.0 usmg 5 mM

{13]. The X-linked Hyp mouse is a murine | il
of X-linked hypophosphatemic rickets in man and ex-
hibits a specific reduction in renal brush-border mem-
brane phosphate transport function [8,14].

Part of this work was presented at the Annual Meet-
ing of the American Society of Bone and Mineral
Research, New Orleans, LA, June 4-7, 1988.

Materials and Methods

Mice. C57BL /6 male mice (2-4 months old), main-
tained on Wayne Lab Blox containing 1% phosphate
and 1.2% calcium, were used in all experiments except
where otherwise indicated. To test the effect of dietary
phosphate restriction on renal brush-border membrane
phosphate transport, C57BL/6 mice were fed a low

hospt diet cc 0.03% phosph and 1%
calc:um for 4 days. Control mice were fed the identical
diet supplemented with 1% phosphate for 4 days. Mice
were killed by decapitation and trunk blood was col-
lected. Plasma phosphate, determined as described pre-
viously [14), fell from 2.68 + 0.11 mM on the control
diet to 1.71 £0.08 mM on the low phosphate diet
(mean + S.E.. n=10, P <0.001).

Mutant Hyp mice (male, Hyp/Y; female, Hyp/+)
and normal littermates (male, +/Y; female, +/+)
were obtained by crossing C57Bl./6J males with
Hyp/+ females [14]. Breed were d on

phenyl t in 1.0 M dieth i was
used to estimate brush-border membrane enrichment
[15]. Enrichments of 8-10-fold were routinely obtained
and were similer for brush-border membrane vesicles
prepared from normal, phosphale deprived, and mutant
Hyp mice. Protein of h and
brush border membrane vesicles were measured by the
procedure of Lowry et al. [16] with bovine serum al-
bumin as the standard.

The uptake of **P inorganic phosphate was measured
at 6 s at 22°C under voltage-clamp, zero-trans sodium
and phosphate conditions, by the rapid filtration tech-
nique using 0.45 pm Millipore filters {8]. Transport
studies were performed in quadruplicate, in both 100
mM KCl, 100 mM mannitol, 20 mM Hepes-Tris, (pH
7.4) and 100 mM NaCl, 20 mM KCl, 60 mM mannitol,
20 mM Hepes-Tris (pH 7.4) over a phosphate con-
centration range of 0.01 mM to 10.0 mM. The reaction
was stopped by the addition of ice-cold stop solution,
containing 100 mM NaCl, 100 mM mannitol, 1 mM
NaN,, 10 mM Na,HAsO, and 20 mM Hepes-Tris (pH
7.4). In experiments with PFA, the inhibitor was added
10 the *?P-containing uptake medium.

To determine the Na'-dependent component of
transport, diffusional uptake, derived from pooled ex-
periments (2= 14) conducted in the presence of the
KCl medium, was subtracted from total uptake, derived
from individual experiments measured in the NaCl

Wayne Mouse Breeder Blox containing 0.98% phos-
phate and 1.2% calcium. Pups were weaned at 25 days
of age and switched to Wayne Lab Blox. Mice were
used for experiments at 3-4 months of age. Hyp mice
were significantly hypophosph. ic when pared to
normal littermates (plasma phosphate of 1.40 +0.05
mM vs. 2.70 + 0.07 mM. mean +S.E, n=10, P<
0.601). Hyp mice fed the control and low-phosphate

di The bined results of all diffusion measure-
ments clearly belonged to a single population in which
uptake was a linear M ion of phospt
tion, with a slope equal 1o 130 - (phosphate concentra-
tion, mM) - (mg protein)~' - (6 5)~ .

Eadie-Hofstee transformation of the data was used
to calculate kinetic parameters. The plots were not
linear but could be resolved into two straight lines: one,
at low concentrations of phosphate, corresponding to




the high-affinity system only and one. at high con-
centrations of phosphate, corresponding to the sum of
the high-affinity and low-affinity processes (see Fig, 2).
This was accomplished with an iterative process which
minimized the sum of the squares of the standard
deviations of the experimental points from the lines. In
all cases, the best fit was obtained when the junctions of
the two lines occurred at a phosphate concentration
between 0.5 mM and 1.0 mM, irdicating that the contri.
bution of the low-affinity system 10 the combined sys-
tems line becomes negligible below this range. The
apparent K, and V,_ of the two processes were ob-
tained directly from the slopes and intercepts of the two
linear portions, i.e. K, (high affinity) = slope of the
right limb: V. (high affinity) = extrapolated intercept
of the right limb, ¥/S =0; K, (low affinity) = slope of
the left limb — slope of right limb; V., (low affinit
intercept of left limb — ¥, of high-affinity process (see
Fig. 2 for corrected left limb). The standard errors of
the slopes and intercepts were calculated with the help
of published equations [17]. The slopes (apparent K,,)
and i pts (V,,..) of regressi d
independently by Student’s r-test.

Materials. PFA, trisodium salt, was p! from

lines were
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Fig. 1. Time course of ?P-inorganic phosphate uptake into brushe
border membrane vesicles prepared from normal mouse kidney cortex.
Uptake was measured at 22°C as described in Materials and Meth-
ods. Uptake media contained 100 mM KCL 100 mM mannitol. 20
MM Hepes-Tris. pH 7.4 (1) and 100 mM NaCl. 20 mM KCl. 60 mM
mannitol. 20 mM Hepes-Tris. pH 7.4 (®). The sodium-dependent

Sigma. We d d that of PFA by
inorganic phosphate was less than 0.05%. Therefore,
inhibition of transport by PFA could not be attributed
to dilution of *2P specific activity. Our initial breeding
pairs (C57BL/6J males and Hyp/+ females) were
obtained from the Jackson Laboratory, Bar Harbor,
ME. T57BL /6 mice were purchased from Charles River
Canada, Inc., St. Constant, Quebec, Wayne diets from
Allied Mills, Inc., Chicago, IL, low phosphate (No.
86128) and control (No. 86129) diets from Teklad,
Madison, W1, carrier-free **P from Dupont, Canada.
and vali in from Boehring heim, Mann-
heim, F.R.G.

Results

Kinetic studies

A time course for phosphate uptake in mouse renal
brush-border membrane vesicles is shown in Fig. 1. The
results indicate that, under the present assay conditions
(22°C, pH = 7.4), phosphate uptake is linear as a func-
tion of time for at least 6 s in both NaCl and KCi
incubation media. The Na*-dependent component of
phosphate transport, used to derive kinetic parameters,
is also linear for 6 s.

Our earlier studies of Na*-dependent phosphate
transport in mouse renal brush-border

of transport, vbtained by subtracting uptake in
KCl medium from uptake in NaCl medium, is also shown (a).
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Fig. 2. Eadie-Hofstee plot of the Na *-depend, of phos-
phate transport. Renal brush-border membrane phosphate transport
was measured at 6 s at phosphate concentrations between 0.01 mM
and 10 mM. Uptake measured in the presence of KCl was subtracted
from that in the presence of NaCl to obtain the Na‘-dependent

vesicles, performed over a concentration range of
0.015mM to 0.8 mM phosphate, revealed a single trans-
port system with an apparent K, and ¥, of 0.05 mM
and 722 pmol/mg protein per 15 s, respectively {13}. In

of phosphate flux. Computer transformation of the data
was used 10 determine the regression lines and calculate the kinetic
parameters as described in Materials and Methods. Data shown were
derived from 10 different brush-border membrane preparations from
normal mouse kidney coriex, with uptake measurements performed in

the present study, initial rate phosphate fluxes were

The corrected line depicting the low-affinity. high-
capacity process is shown,



210

2500

v (pmolimg pratiés)

1000 2000 3000 4000 5000

vi[S], mM

Fig. 3. Effect of acid on the Na*-
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of transport. Normal mouse renal brush-border membrane

vesicles were prepared and kinetics of phosphate transport was examined as described in the legend to Fig. 2. (A) The Na*-dependent component
of phosphate transport was determined in the presence (O) and absence (@) of 1 mM PFA. (B) The Na -depmdem mmpunem of phosphate

transport was determined in the presence (O) and absence (@) of 20 mM PFA. Results are means. of two

in

with uptake

measured over a wider range of phosphate concentra-
tions (0.01 mM to 10 mM). Fig. 2 depicts an Eadie-
Hofstee plot of lhe data derived from ten separate
brush-bord. F The plot is clearly
non-linear and can be resolved into two linear segments.
The best fit was obtained when the junction of the two
segments occurred at a phosphate concentration be-
tween 0.5 mM and 1.0 mM. The kinetic constants of the
two saturable components were determined as described

TABLE |

Effect of phosphonoformic acid on kinetically distinct phosphate trans-
port systems in mouse renal brush-border membrane vesicles

Uptake studies were performed in quadruplicate in mouse renal
brush-border membrane vesicles as described in Materials and Meth-
ods over a phosphate concentration range of 0.01 mM to 10.0 mM. In
experiments with PFA, values are means+S.E. of three separate
brush-border memt vesicle ions. Kinetic for
experiments in the absence of PFA are means +S.E. of ten membrane
preparations. Contro} vs. PFA: ' P < 0.001; 2 P < 0.05.

High-affinity system

Control 1 mM PFA
Vs (Pmol/mg pro-
tein per 65) 539 50 629 +109
Ky (mM) 009+ 0.02 037+ 003!
K, (mM) - 031+ 003
Low-affinity system
Control 20 mM PFA
» (pmol/mg pro-
tein per 6 s) 1677 =198 2244 1609
Ko (mM) 128+ 035 313+ 073%
K, (mM) - 903+ 121

in Materials and Methods. One system was of high
capacity (V.. 1677 + 198 pmol/mg protein per 6 s)
and relatively low affinity (apparent X, 1.28 +0.35
mM) and the other of lower capacity (l,m. 539+ 50
pmol/mg protein per 6 s) and higher affinity (apparent
K, 0.09 £ 0.02 mM).

TABLE 11

Effect of low-phosphate diet on kineticaily distinct phosphate transport
systems in mouse renal brush-border membrane vesicles

Brush-border membrane vesicles were prepared from mice fed either a
control or low-phosphate diet for 4 days, Uptake studies were per-
formed in quadruplicate as described in Materials and Methods over a
phosphate concentration range of 0.01 mM to 10 mM. ! In another
series of experiments, ¥, of the low-affinity system was cxamined in
the presence of 10 mM or 20 mM F.°/, in order to inhibit the
contribution of the high-affinity system. Values are means £ S.E. of at
least four brush-border membrane vesicle preparations. Control vs.
low-P, diet: 2 P < 0.001, * P < 0.03.

High-affinity system

Control diet Low-P, diet
Vinan (PMol/mg protein
per6s) 518+ 54 1288 +1262
K (mM) 017+ 003 011+ 002
Low-affinity system
Control diet Low-P, diet

Vimun (PMol/mg protein

per 65) 1230 +183 1751 +401
Ko (mM) 125+ 043 109+ 050
Viun» With PFA (pmol/

mg protein per 6 5) 1897 +367 3105 +325°
K., with PFA' (mM) 315+ 080 376+ 090




Effect of PFA

We examined the effect of PFA on these kinetically
distinct phosphate transport processes in mouse renal
brush-border membrane vesicles. 1 mM PFA inhibited
the high-affinity system competitively, affecting K, but
not V,,,, (apparent K, 0.31 + 0.03 mM, Table I). | mM
PFA had no effect on the low-affinity component (Fig.
3A). 20 mM PFA completely eliminated the high-affin-
ity system and inhibited the low-affinity process compe-
titively (apparent K, 9.03 + 1.21 mM, Table 1, Fig. 3B).

Effect of phosphate deprivation

Table II compares kinetic parameters of renal
brush-border membrane vesicles prepared from phos-
phate-deprived and control mice. Restriction of dietary
phosphate elicited a 2.5-fold increase in V. of the
high-affinity system. Phosphate deprivation also in-
creased ¥, of the low-affinity process. although the
diet-induced increase did not reach statistical signifi-
cance. The apparent K, values of both systems were
not changed by dietary phosphate restriction (Table 1.

To further examine the effect of phosphate restric-
tion ou V,,, of the low-affinity transport process. ad-
ditional kinetic studies were performed in the presence
of 10 mM or 20 mM PFA. Under ihese conditions. the

inhibi letely supp d the contri-
buuon of the hlgh-afflmly system (data not shown and
Fig. 3B). (In the absence of PI b of the
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TABLE IHll

Effect of Hyp mutation on kincricalls distinet phosphate iransport sys-
temis in mouse renal brush-border membrane vesicles

Brush-border membrane vesicles were prepared from Hyp mice and
normal littermates, Uptake studies were performed in quadroplicate
as described in Materials and Methods over u phosphat

tion range of 0.01 mM to l() mM. Values are means £ S.E. of four
separate brush-bord ve

e ions derived from
Hyp mouse Kisney and cight membrane preparations from kidneys of
normal littermates, Normal vs. Hyp: ' P < 0.001.

High-affinity
Normal Hp

Ve (PmOl/mg protein

per6s) 539 £ 50 253 = 3!
K (mM) 000 002 008+ 002
Low-affinity system
- Normal Hp

Vinar (pmol/mg protein

per 6 s) 1677 £193 1868 3352
Ko (mM) 1282 035 345 LIS

the low-affinity phosphate transport process in brush-
border membranes of Hyp mice since kinetic analyses
in the presence of high concentrations of PFA were not
performed in the mutant strain. These conditions were

high-affinity system from the low-affinity system is
achieved r.athematically, as described in Methods and
Materiais). In the p of high i of
PFA, low-phosphate diet elicited a signifi i

ary to d rate a ifi diet-ind: 1 in-
crease in ¥, of the low-affinity system in brush-border
membrane vesicles of normal mice (Table I).

D:. -

in V,,, and no change in apparent K, of the low-affin-
ity system, confirnving the results obtained in the ab-
sence of inhibitor (rable 1I).

Effect of the Hyp niutation
Both phosphate transport systems were expressed in
renal brush-border b vesicles prepared from

Two kinetically distinct phosphate transport proc-
esses have been identified in brush-border membranes
of rat [9.10] and pig kidney [11]: a low-affinity,
high-capacity system, present only in the early proximal
tubule in a position to reabsorb the bulk of filtered

hosph

Hyp mice (Table ill). Kinetic parameters characterizing
these processes are compared with those derived from
brush-border membrane vesicles of normal littermates
(Table 111). The Hyp mutation significantly decreases
the V. of the high-affinity system but does not appear
to affect the V,,,, of the low-affinity system. Table 111

and a high-affinity, low-capacity system
located throughout the proximal tubule to reclaim resid-
ual filtered phosphate [11]. in the present study. we
provide evidence for both phosphate transport processes
in brush-border membranes of mouse kidney. We dem-
onstrate that both :y:l“m» are competitively inhibited
by PFA. In additi we that the adapti
b

also shows that the Hyp does not significantly

to h ion involves both the

alter the apparent K| of either transport process.

The effect of phosphate dcprivation on phosphate
transport kinetics in brush-border membrane vesicles
from Hyp mice was also examined. Phosphate restric-
tion increased the V,, of the high-affinity system from
267 + 34 1¢ 962 + 62 pmol/mg protein per 6 s (1=
P < 0.001) but did not significantly alter the apparent
K,, (0.06 £ 0.02 vs. 0.07 £ 0.01 mM for the vontrol and
I hosph diets, p ly). It is not yet clear
whe(her phosphate deprivation influences the V,,,, of

high-affinity and low-affinity systems whereas the X-
linked AHyp mutation impairs only the high-affinity
process.

Several reports indi that the d ion of multipl
phosph tp in renal brush-border
branes is d dent on the ambi at

which uptake s.udlcs are performed [9,10}. ln rat renal
brush-border membranes, the low-affinity system was
less evident at 25°C than at 35°C [19}, and in another
study. only a slight deviation from the linear Michaelis-
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Menten kinetics was observed at 25°C [20]. In contrast,
two phosphate transport systems were demonstrated in
brush-border membranes of pig outer renal cortex at
21°C [11]. In the present study, both the high- and
low-affinity phosphate transport processes were also
clearly identified in mouse renal brush border _mem-

branes at 22°C. The reasons for these di are

uptake Moreover, lly significant
diet-induced increase in ¥, of the low-affinity process
was apparent in experiments conducted in the presence
of 10 mM or 20 mM PFA. Under these conditions,
contribution of the high-affinity system to the phos-
phate transport process is negligible. Our findings are

not understood but may be related to the relative pro-
portion of S;, S, and S, segments in the tissue used to
isolate brush-border membrane vesicles, to species vari-
ations, or to pH and counter anions present in the
uptake medium.

Multiple transport systems for solutes other than
phosphate have also been demonstrated in renal prox-
imal tubule brush-border membranes. A topological
separation of Na*-dependent D-glucose transport sys-
tems was oblained in rabbit kidney: a low-affinity,
high-capacity system in the outer cortex (early proximal
tubule) and a high-affinity, low-capacity system unique
to the outer medulla (late proximal tubule [21]). In a
more recent study, however, the high-affinity glucose
transporter was also identified in the early proximal
tubule, suggesting that this transporter, like the high-af-
finity phosph transporter, filtered solute
throughout the entire proximal tubule [11].

Our results with PFA confirm those of a p

consi with P studies which suggested
that the proximal convoluted tubule may be less sensi-
tive to phosphate deprivation than the proximal straight
tubule [23]. Our data also support an earlier demonstra-
tion that phosphate restriction appears to influence V,,,,
of a low-affinity, high-capacity system in brush-border
membranes isolated from superficial nephrons of rat
kidney [9}.

In the present study, we also examined the effect of
the X-linked Hyp mutation on brush border membrane
phosphaic transport kinetics. The X-linked Hyp mouse
is a murine homologue of X-linked hypophosphatemia,
the most common form of inherited rickets in man [24].
A previous study reported a 50% reduction in V,,,, of
the putative high-affinity transport process in brush-
border membranes derived from Hyp mice [18]). How-
ever, that study measured phosphate transport over a
narrow range of concentrations and did not examine the
low-afﬁmly transport system. In- the present study. we

report which demonstrated that it acts as a competitive
inhibitor of the high-affinity phosphate transport sys-
tem in renal brush-bord [12]. In addition,
we show that at higher concentrations, PFA can also
competitively inhibit the low-affinity, high-capacity
phosphate transport system. At these concentrations, we
demonstrate that PFA also completely inhibits the
high-affinity phosphate transport process. Accordingly,
under these conditions, direct comparisons of ¥, for
the low-affinity process can be made. This approach
was useful to establish whether or not the low phos-
phate diet directly affected the low-affinity process.
Dietary phosphate is an important regulator of renal
phosphate handling [1]. Phosphate restriction elicits a
significant rise in proximal tubule brush-border mem-
brane phosphate transport [7,13). Kinetic studies over a
narrow phosph ion range d ated a
dlet-mduced increase in V. and no change in apparent
K., [13,22] of what is now recognized as the high-affin-
ity phosphate transport process, which extends
throughout the proximal tubule. In the present study,
we examined the effect of low phosphate diet on both
phosphate transport processes, with particular emphasis
on the low-affinity, high-capacity system in the early
proximal segment. Qur data on the effect of phosphate
restriction on the high-affinity system are consistent
with previous findings [13,22]. In addition, we demon-
strate that the low-affinity system can be modulated by
dietary phosphate. Although the apparent K, was not
altered, V,,,, d to be i d under

d both phosphate transport p

dently and demonstrated directly that the Hyp muta-
tion affects only the high-affinity system, leaving the
low-affinity system intact. These results are physio-
logically relevant since they indicate that hypophos-
phatemia and ensuing rachitic bone disease associated
with the Hyp mutation can be attributed entirely to a
defect in the high-affinity, low-capacity brush-border
membrane phosphate transport process. The underlying
mechanism for impaired renal brush-border membrane
phosphate transport in Hyp mice is not understood. It
is rot clear whether the 50% decrease in V,,, of the
high-affinity transport process reflects a decrease in the
number of phosphate transport units or a decrease in
the functional activity of existing carriers within the
brush-border membrane of the mutant strain. More-
over, it has not yet been established whether the mutant
Hyp gene encodes the phosphate transporter per se or a
regulator of the renal phosphate transport process.

The present study also addresses the issue of renal
adaptation to phosphate restriction by X-linked Hyp
mice. Although increased phosphate transport was re-
ported in brush-border membranes of phosphate-de-
prived Hyp mice [13], in vivo studies [25] as well as
experiments using cultured renal tubular cells [26] failed
to show a normal adaptive response in the mutant
strain, It is clear from our present kinetic data that
phosphate-deprivation of Hyp mice elicits a significant
increase in ¥, of the high-affinity phosphate transport
process and that the magnitude of the response is not
less than that seen in phosphate-deprived normal mice.



The basis for the discrepancy between the present in
vitro data and the previous in vivo and cultured cell
data is not clear.

It is of interest that both dietary phosphate and the
X-linked Hyp mutation exert effects on the ¥, of the
high-affinity phosphate transport system, albeit in op-
posite directions. These resuits emphasize the relative
importance of the h|gh-«lﬂ'muy phosphalc lranspon
process in the I} of

This conclusion is supported by expenmems localizing
the site of action of PTH, a major regulator of renal
phosphate transport, in isolated nephron segments pre-
pared from rabbit kidney [27]. The study clearly demon-
strated that it was the low-capacity (high-affinity) phos-
phate transport system of the proximal straight tubule
that was markedly inhibited by PTH whereas the high-
capacity (low-affinity) phosphate transport system of
the proximal convoluted tubule was insenstiive to the
action of the hormone [27].

The molecular mechanisms mvolved in the regulauon
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