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To explore the of axial h

of proximal tubuiag P,

brush border b

vesicles (BBMV)

were prepared from superficial (BBMV-SC) and juxtamedullary (BBMV-JM) cortex of rat kidneys. Na* gradient-dependent P,

was after the il
(K*);>{K"],) or a proton gradient ((H*};>[H*}.) in the

of an inside-negative electrical potential created by cither a K* gradnem

higher in BBMV-SC than in BBMV-IM, both i in the presence and absence of i

remained unchanged. We did not find a sij

non-specific effect of ionophores on P; transport was taken into acmum The

BBMV-SC and BBMV-JM. P ic acid (PFA)

of i ‘The initial Na* P, uptake was
Na* d gl uptake

in cither BBMV populanon when the

y of Na*-P, was 2:1 in

hibited P, The i

y constant (K;) fos

PFA was lower in BBMV-SC (237 1 1.7 xM) than in BBMV-JM (409 + 53 zM) (P < 0.95). Arrhenius plots showed a higher rate

of P; uptake in BBMV-SC compared to BBMV-JM at all However, the did not differ. We
conclude that axial h ity of P; is not due to dif in el icity or stoichi of
Introduction

The rate-liniiting step in renal P; transport is the
active, Na* gradient-dependent uptake of P; across the
brush border membrane (BBM) of renal proximal
tubule epithelial cell. Mi studies have

for P; t along
the nephron Iength (axial heterogenelty) Phosphate
reabsorption is lower in deep nephrons compared to
superficial [1-3]. rficial cortex
mostly the proximal convoluted tubules (PCT) and
juxtamedullary cortex mostly the pars recta (PST). In
dogs placed on a low P; diet, BBM vesicles (BBMV)

P;, inorganic

BBMYV, b
PCT, previmal convoluted tubule;
LD, Itrw-l’, dlet. NPD. uormal-P,

ic acid); BBM,
vesicle;
PST, proximal straight tubule;
diet; Hepes, N2l|ydroxyeuvyl-

prepared from superficial cortex (BBMV-SC) have a
greater apacity for P; than BBMV
from juxtamedullary cortex (BBMV-JM) [4]. This dif-
ference is speciﬁc for P, since p-glucose transport is
nnt dnffuent in the two BBMV populations. The ad-
ion of 3,5,3"trii ine (T;) an
increase in the V,,, for P; transport without an effect
on the K, [5] The effect of T, on P, wransport is
limited to BBMV d from the j dulk
cortex [7]. In primary cultured cells from rabbit PCl'
and PST, only cells from PST show a reduction of P,
transport after stimulation by eithcr 5PTH or 8~bromo
CcAMP [6]. These results are in agreement with those
obtained by micropuncture studies [3].

Axial heterogeneity may be due to differences in the
density of Na*-P; cotransporters or in the lipid compo-
sition of the BBM of the two segments resuiting in
differences in membrane fluidity [8). Changes in mem-
brane fluidity have been shown to affect P, transport in
renal BBMV {9]. Although P, transport is considered

when totai eortex is examined [10), elec-

ic acid; Mes, 24N
sulfonic acid; FCCP, inide p
PFA, ic acid : MTH, manni-
1o/ Tris/Hepes.
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ic P} may be i in late proximal

tubules {1 l‘ Recent studies suggest a dependence of P,

tmnsport on electrical potential [12,13]. Finally, the

of Na™-P; t may be different

in BBMV-SC and BBMV-.IM, resulting in different
rates of transpcrt.
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‘The purpose of the present studies was to determine
whether the differcnce in P, transport between PCT
(assessed by BBMV-SC) and PST (assessed by BBMV-
JM) are secondary to differences in thc clectrogenic
component and/or the stoichiometry of Na*-P; co-
transport of the two proximal tubular segments. We
also studied Na*-P; cotransport in BBMV from ani-
mals on a Iow-P dxet to determine if ¢hanges in

of h y may contribute to the
preferential increase in P; uptake oy BBMV-SC in
response to P, deprivation.

Our results expand on the recent report by Levi [8]
suggesting that dlffercnces in P,

soluticr: containing 135 mM NaCl, 10 mM NaHAsO,, 5
mM Tris-Hepes (pH 7.5). The tubes were then washed
three more times over Millipore filters (0.65 um pore
size), using a suction apparatus. Media for transport
ined in final i 100 mM NaCl or
KCl, § mM Tris-Hepes (pH 7.5) and cither 0.1 mM
K,H¥PO,, or 005 mM p-{*Hlglucose. All experi-
ments were carried out in quadruplicate, and the re-
sults were expressed relative to BBMV protein content
determined by the Lowry method [16).
The effect of an insid ive electrical
on transport was determined after the imposition of a

BBMV-SC and BBMV-JM arc duc to dlffercnces in
the density of the mtmnqpnrlers as well as the ﬂuxdnty
of BBM. Differences in the cl

K* gradient (K*],, > [K*),,) in the presence of vali-
nomycin. BBMV prepared as above were resuspended
in a medium containing 100 mM K,SO,, 100 mM

of BBM do not secem to play a major role in the
heterogeneity of P, uptake in BBMV-SC and BBMV-
IM.

Methods

1. Preparation of brush border membrane vesicles
Sprague-Dawley rats weighing 250-300 g were used
for all experiments. In some experiments, animals were
placed on a low-P; diet for 5 days. The diet contained
0.07% phosphorus, 1% Ca**. Control diets contained
0.9% phosphorus, 1% Ca?*. Brush border membranc
vesicies (BBMV) were prepared vy a divalent cation

itol, 5 mM Tris-Hepes (pH 7.5) (medium A),
incubated for 60 m:n, centrifuged at 35000 X g for 20
min. The pellet was resuspended in medium A and
recentrifuged at 35000 X g foi 20 min. The final pellet
was resuspended in medium A and used for transpoit
studies. The transport media contained 100 mM
Na,SO,, 100 mM mannitol, 5 mM Tris-Hepes (pid
7.5), and 0.1 mM K,H*PO, or 0.05 mM p-{*Hlglu-
cose. Valinomycin, dissolved in ethanol, was added to a
final concentration of 8 ug/mg protein. Control media
contained an equal volume of ethanol (final concentra-
tion: 0.5%). In control experiments we showed that
valinomycin has no cffcct on P, traneport in the ab-
sence ofa K* gradient (K*],, -[K Jour = 100 mM).

precipitation method [14]. For preparation of BBMV Al il gati elecmcal was also cre-
from superficiai and juxtamedullary cortex, the kidneys ated by imposing a proton gradnem (H*), > [H* ],,,,,)
were sticed horizontaily in 3 mm sections. The outer 3 in the of id p-mﬂ

mm nertion of the cortex was used for pre ion of Thyd: (FCCI’), a proton lonophore
BBMV-SC, and the inner cortex including the outer- BBMYV were preloaded with a medium ( B)
most portion of red medulla was uscd for prepa m ining 400 mM l, 50 mM Tris-Mes (pH

of BBMV-JM. Cortices were then suspended in 4 buffer
containing 50 mM mannitol, 2 mM Tris-Hepes (pH

5.5), by incubation at 25°C for 60 min, followed by
washing and centrifugation at 35000 X g for 20 min.

7.5), homogenized with a glass-teflon h izer, fur-
ther diluted in the same buffer and rehomogenized
with a Polytron homogenizer. CaCl, was added at a
final concentration of 10 mM, and the mixture was
agitated for 20 min. After centrifugation at 2000 X g
for 10 min, the supernatant was centrifuged at 35000
X g for 30 min. The pellet was resuspended ir a buffer
containing 300 mM mannitol, 5 mM Tris-Hepes (pH
7.5) (MTH buffer), and homogenized using a tight-fit-
ting Dounce homogenizer then recentrifuged at 35000
X g for 20 min. The final pellet was resuspended in
MTH buffer at a protein concentration of approx. 6
mg/ml and used for transport measurements,

2. Transport studies

Transport measurements were carried out at 20°C
on freshly prepared BBMV, using a rapid filtration
method as previously described {15). Transport was
intcrrupted by the rapid addition of an ice-cold stop

F ing a second wash in the same medium, the
vesicles were suspended in medium B and used for
transport studies. In some experiments designed to tcst
a non-specific effect of FCCP, BBMV were preloaded
with a medi ing 400 mM 50 mM
Tris-Hepes (pH 7.5) to eliminate the H* gradient. The
transport media coniained 100 mM Na,SO,, 100 mM
mannitol, 50 mM Tris/Hepes, (pH 7.5), 0.1 mM
K,H*PO, or 0.05 mM b-[*Hlglucose. FCCP was
added to a final concenwration of 20 M. Control
media contained ethanol (0.4% final concensration).

3. Enzymati: assays
The purity of the BBMV preparations war assessed
by the enricitiment of the specific activity cf the BBM-
associated erz,/mes and lhe reductlon of the activity of
the basol and The BBM
g d, included alkaline phos-
nhatase, gammaglutamy! transferase, leucine amino-

utinely



peptidase, and maltase [17-19]. BBMV-associated en-
zymes were cnrichicd 1i-i4-times. There were no dif-
ferences in enzyme enrtchmems of BBMV-SC and
BBMV-JM. To assay basol: b (BLM)
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TABLE |
Electrogenicity of transport in RBMV-SC and BEMV-JM

BBMV were prepared from superficial (BBMV-SC) and i
(BBMV-JM) cortex, then preincubated with a medizm

contamination, the activity of Na*/K*-ATPase was
measured, using the method of Kinsolving et al. [20].
The activity of this enzyme was enriched 0.80 + 0.12-
times (n=8). Succinate dehydmgenase was deter-
mined as indicative of drial
using the method of Pennington [21]. Its activity was
markedly reduced (0.04 + 0.01-times, n = 13). All enzy-
matic assays were performed on b2MV and cortical
homogenates snap frozen and stored a: .—80°C.
Results are expressed as means + S.k. of several
experiments or of replicate samples. Data comparisons
were made by Student’s t-test for group or paired
comparisons. Where appropriate, one way ANOVA
was used for multiple comparisons. Values of P> 0.05
were considered non-significant.

Results

In preliminary studies we showed that P, uptake
remains linear up to 15 s incubation in both BBMV-SC
and BBMV-;M. Beyond 15 s the linearity was lost
(results not shown). The initiai Na* gradient-depen-
dent P; uptake was higher in BBMV-SC than in
BBMV-JM at all incubation times (835 + 132 and 688
+ 104 pmol/mg at 5 s; 1351 + 202 and 070 £ 157
pmol/mg at 10 s for BBMV-SC and BBMV-JM, re-
spectively, n = 3).

Electrogenicity of P; transport

containing 108 mM manritol, 100 mM K,S0,. 5 mM Tris-Hepes
(pH 7.5) for 1 h, followed by centrifugation and suspension in the
sume medium. Transport media contained 100 mM Na,SO,. 100
mM mannitol. 5 mM Tris-Hepes (pH 7.5), and either 0.1 mM
K,H¥PO, or 0.05 mM o[*Hlghi-ose. with (+Val) or without
(= Val) 8 ug valinomycin/mg protcin. Results are means+S.E. of
four or five experiments. * 2 < 0.05. BBMV-SC versus BBMV-IM:
** P <0L +Val versus —~ Vai (paired r-test).

[*PIP, transport

~Val +Val

BBMV-SC BBMV-iM  BBMV-SC  BBMV-IM
155 17994227 1410£079 1937, 15524223

120min 337+ 46 2744 30* 4% 52 272+ 30

o *H]Glucose transport

—Val +Val

BBMV-SC BBMV-JM BBMV-SC BBMV-IM
155 124+ 13 1941 33 195+ 28°° 287+ 49
90 min T3+ 1 62+ 11°* T+ 15 60+ 12*

gradient ([K*);, =[K"],, =100 mM). Under these
conditions, P; transport was significantly reduced, rep-
rese'mng < 4% of that in the presence of Na* on the

calai side. Furth 1 in had no
effect on P; transport in the absence of an inside-nega-
tive electrical potential: 24 + 7 versus 27 + 8 pmol/mg
per 15 s in BBMV-SC and 22+4 versus 16+3
pmol/mg per 15 s in BBMV-IM, in the absence and

In the first series of exp\.nmems, the electre p of 1
of P; transport was tested by an insid The el icity of t was also tested by
tive electrlcal potential with the imposition of 100 m‘w an inside-negative electrical | with the
K* gradient ([K*};>[K*],), in the or ab- of a proton gradient ((H*}; > [H*],), in the
sence of the K* ionophore, valmomycm Under these presence or absence of FCCP. In the presence of an
conditions. the initial Na* gradi dent P, up- di d H* gradicnt, the Na*-d dent P,

take was higher in BBMV-SC than in BBMV-JM, both
in the presence and absence of valinomycin (Tabie I).
Furthermore, the addition of valinomycin <i. not pro-
duce a sigrificant change in P; uptake in BBMV-3C or
BBMV-JM, indicating that P; uptake is an elcctrcacu-
tral process in both BBMV preparations. In contrast,
the initial Na™-dependent p-glucose uptake was some-
what lower in BBMV-SC than in BBMV-JM. The
addition of valinomycin resulted in a significani in-
crease. in D-glucose uptake m both BBMV prepara-
nons, i 1 The equilib-
rium uptake of P, and of p-glucose, measured in the
same BBMV preparations was higher in BBMV-SC
than in BBMV-JM (P < 0.05) but remained unchanged
in the presence or absence of valinomycin. To rule out

uptake was higher in BBMV-SC than i BBMV-, JM,
both in the 2resence and absence of FCCP. Further-
more, the addition of FCCP picJduced a significant
increase in P} uptake in buth BRMV-SC and BBMV-
JM, suggesting a significent elecuogenic transport
compnrcnt in these BBMV preparations (Tabie 1. To
test if the increased P; uptake observad in these experi-
ments may be secondary to a non-specific effect of
FCCP on P, transport, the: latter was determined in the
absence of a H* gradient (pH,, = pH,,, = 7.5) with
and without FCCP. Under these conditions, P; trans-
port was hlgher in the presence of FCCP in both
BBMV 1 dicating that the i d P
uptake observed after the addition of FCCP is scc-
ondary to a non-specific effect of this ionophore on P,

a pecific effect of vali in on P
port was d ined in the ab of a K*

t itself rather than due to the presence of an
ic transport p for P.. When a H*

-

o
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gradient was present, the percent increase in the initial
(5 s) P, uptake after the addition of FCCP was 52 + 12
and 46 + 2% for BBMV-SC and BBMV-JM, respec-
tively. In the absence of a H* gradient, uptake in-
creased 56 + 13 and 46 + 6% in BBMV-SC and
BBMV-JM, respectively. In both BBMV populations,
the initial Na’-dependent bp-glucose uptake was
markedly and significantly increased in the presence of
FCCP, i with an el genic transport. The
equilibrium uptake of P; and D-glucose. measured m
the same BBMYV preparations,

TABLE 111

Effect of low-P; diet on electrogenicity of P; transport

BBMV prepared from total cortex were preloaded for 1 h with a
medium containing 100 mM mannitol, 100 mM K;SOy, 5 mM
Tris-Hepes (pH 7.5), followed by centrifugation at 37000 g and
suspension in i satne medivm, Transport media coniained 100 mM
Na,$0;. 100 mM mannitol, 5 mM Tris-Hepes (pH 7.5), and either
0.1 mM K,H¥PO, or 0.05 mM p-{*Hlglucose without (—Val) or
with (+Val) 8 pg valinomycin /mg protein. Results are means+ S.E.
of four or five experiments. * P <2.05 +Val versus — Val (paired
-test).

both in the presence and absence of FCCP.

Effect of LPD an the electrogenicity of P; transport
BBMYV were prepared from the total cortex of rats
placed on a anrmal or low-P; diet. The Na* giadient-
dependent transport of P, and p-glucose was deter-
mined as described above, in the presence and absence
of valinomycin. The initial Na*-dependent P; uptake
was significantly i in BBMV' p

[*PIP; transport

animals on LPD compared to BBMV from animals on
NPD (+54.5% and +57.4%, respectively, without and
with valinomycin) (Table 1), The cquilibrium uptake

TABLE 11
Electrogenticity of transpors in BBMV-SC and BEMV-JM
BBMV were prepared from superficial (BBMV-SC) and jux-
tameduliary (BBMV-IM) cortex, then preloaded with a medium
containing 400 mM manaitol, 50 mM Tris-Mes (pH 5.5) or 400 mM
mannitol, 50 mM Tm Hepes (pH 7.5) for 1 h, followed by two
jon cycles, and spension in the same
medium. Transport media contained 100 mM Na,SO,, 100 mM
mannitol, $2 mM Tris-Hepes (pH 7.5), and either 0.1 mM K ,H*2PO,
or 0.05 mM p{*Hlglucose, with (+FCCP) or without (~ FCCP) 20
M Results
are means+S.E. of three or four experimenia, * P <005, “* P <
0.005; +FCCP versus — FCCP (paired f-test).

[**PIP; transport (1H ", > [H* Ly
—FCCP +FCCP

-Val +Val
NPD: 15s 138+123 1140+ 126
120 min 216+ 32 210+ 36
LPD: 15s 1758156 17954228
120 min 215+ 41 2144 37
p{*HlGlucose transport
d from —Val +Val
NPD: 15s 1194+ 16 180+ 25*
90 min 70+ 15 66+ 18
LPD: 155 95+ 16 134+ 22°
90 min 60+ 15 65+ 17

(120 min) was not significaatly different in the two
groups. P, uptake remained uncharged after the addi-
tion of valinomycin. The initial p-glucose uptake was
not different in BBMV prepared from animals on NPD
or LPD. In contrast to P, uptake, the initial p-glucose
uptake was significantly higher after the addition of
valinomycin (+51.2% and +41.0% for BBMV from
NPD and LPD animals, respectively). The equilibrium
uptake remained unchanged.

Stoichiometry of [**P|P; transport
The mmal P; uptake was measured in the presence

of i lar Na* concentrations, in
BBMV-SC and BBMV-JM prepared from animals
placed on a low- or normal-P; diet. In animals on a
normal-P; diet, the plots of P, uptake versus [Na*] had
a su;mmdal appearance in hoth BBMV populations,
cooperative binding of Na* to the cotrans-

BBMV-SC BBMV-IM BBMV-SC BBMV-IM
5s 678+ 31 440174 1033£113° 6474116
155 16384256 99650 1832+ 69* 12304 81*
120min 6624 10 511z 7 0691 10 5264 7
[*PIP; transport ((H* ), =[H™),,,,
~FCCPs +FCCP
BBMV-SC 3BMV-IM BBMV-5C BBMV-IM
Ss 583 71 +73 Ji2£161 531+125
155 12414117 +al 1561 +238 8541129
o4 HIGlucose  nsport
-FCCP +FCCP
BBMV-SC ¥omV-JM BBMV-SC BBMV-IM
5s 81+ 10 9C+10 330+ 21 367+ S1°**
155 158 9 225+1s 602+ 65*% 7454101 **
90 min A7% 13 6810 66+ 10 6t 7

porter (Fig. 1). When the data were plotted in a
double-reciprocal form as 1/V versus 1/[Na*], 1/V
versus 1/[Na*}?, or 1/V versus 1/[Na*F, only the
plots of 1/¥ versus 1/[Na*1? gave a linear relation-
ship (Fig. 2A), suggesting a stoichiometry of 2 Na*: 1
P; for either BBMV-SC or BBMV-JM. When the same
data were plotted in the form of ¥ versus V/[Na*), V
versus V/[Na*1%, or V versus V/[Na*P, again only
the plot of ¥ versus V/[Na*}? gave a linear relation-
ship (Fig. 2B), suggesting a stoichiometry of 2 Na*: 1
P,. Except for higher uptake rates, identical results
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Fig. 1. Dependency of BBMV P, transport on Na* concentration. P;
uptake was measured in BBMV-SC () and BBMV-IM (®) prepared
from animais on a normal-P, diet, in the presence of increasing Na*
concentrations. Osmolarity was maintained by replacing Na* with
equimolar concentrations of choline, Transport media contained in
addition, 100 mM mannitol, 5 mM Tris-Hepes (pH 7.5), and 0.1 mM
K,H¥?PO,. Results shown are of a representative experiment per-
formed in quadruplicate and repeated three tir.ies.

were obtained in BBMV-SC and BBMV-IM from 2ni-
mals placed on a low-P; diet (results not shown).

The data were also analyzed by Hill plots. In am-
mals on a normal-P; diet, the Hill coefficients (n,,)
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TABLE IV

Kinetic: of P, transport inhibition by phosphonoformic acid (PFA) in
BBMV-SC and BBMV-IM

Na “-dependent P; uptake was measured at 5 s, using K,HPO,
concentrations ranging from 0.025 to 1.0 mM, without or with | mM
PFA in the incubation media. Results are means+S.E. of three
separate i in quadruplicate. * P <0.05 from
control. * not significant.

BBMV.SC
Ko (M) Vg, pmoimg K, (uM)
protein per 5s)
Control 920+ 5.2 1588 1205 -
PFA (1 mM) 4541427 1637%211° 27+ 17
BBMV-IM
Ky M) Vo, (pmol/mg K, (xM)
protein per 5 s)
Control 83+ 6.2 9174124 -
PFA (1 mM) 292+11° 685+ 101> 409153

calculated from three scparate experiments were 1.73
1 0.06 for BBMV-SC and 1.72 + 0.13 for BBMV-IM.
In animals or a low-P; diet, i,, were 1.69 + 0.06 and
1.55 £ 0.02 for BBMV-SC and BBMV-JM, respec-
tively. The differences were not statistically significant.
The resulis confirm a s(o:chlometry of 2 Na*: L P,

istent with el i of one HPO"
with 2 Na* ions in both BBMV populations, under
low- or normal-P; diets.

Kinetics of inhibition of P; transport by PFA

We first compared the kinetics of P; transport be-
tween BBMV-SC and BBMV-JM. The apparent V.,
for P, transport was significantly higher in BBMV-SC
than in BBMV-IM (159 + 020 vs. 092 + 0.12
nmol/mg protein per 5 s; n =3, P <0.01). The appar-
ent K, was not different between the two BBMV
populations (Table IV). We then determined the kinet-
ics of P, transport inhibition by PFA in BBMV-SC and

5 20007 g o BBMV-JM. PFA was added to transport media at 1
# mM final concentration. The inhibitory effect of PFA
< 1500 on P, transport was competitive in both BBMV prepa-
E rations, ing in an i in the app Ko
) with no change in the apparent V,,,,. The increase in
g tood K,, after addition of PFA was more pronounced in
e BBMV-SC than in BBMV-IM (P <0.05, 1 =3). The
% s BEMV-IM inhibitory constants (K;) for PFA were 237 + 1.7 uM
g for BBMV-SC and 392 + 69 ¢M for BBMV-JM and
§ - significantly different (n = 3, P < 0.05, paired 7-test).
Y X . 0. Y 05
oo o ;,,: :Pm(: /[N:“]’ o E_ﬁ'{ct of temperature on F, iransport L
Fie 2.D ., of Na*, pancl Sn:ce increasing temperature results in increased

A: Data from Fig. 1 plou:d as double-reciprocal plms of 1/V versus
1/{Na* % r 2 0.998. Panel B: The same data plotted as V' versus
V/INa* % r 2 0.992. 0, BBMV-SC; ®, BBMV-IM.

fluidity, we compared I} uptake at various
tempcratures in BBMV-SC and BBMV-JM. The re-
sults, plotted in the form of Arrhenius plots (Log ¥,
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Fig. 3. Effect of temperature on *P, transport by BBMV-SC and
BBMV-IM. Na“-dependent [*PJP; transport was determined in
BBMV-SC (C) and BBMV-IM (8) after 5 s incubation at tempera-
tures ranging from § 10 40°C. using a medium containing 100 mM Na
PO; (1o obtain V,,,,). The results are presented
. Each data point is the mean+S.E. of four
experiments. S.E. bars smailer than symbols are not shown.

vs. 1/Ty) are shown in: Fig. 3. Within the wide range of
temperatures stdied (5-46°C), the plots could be best
fitted by two lincar-regression lines with breaks in
linearity occurring at about 17°C for both BBMV-SC
and BBMV-JM. The energies of activation calculated
from the slopes of the plots were significantly different
above and below the transition temperatures. The mean
values for energies of activation were 3.77 £ 0.28 and
345 :£ 0.46 kcal/mol above 17°C and 6.28 £ 6.78 and
7.40 + 0.95 kcal/mol below 17°C, in BBMV-SC and
BBMV-JM, respectively. The energies of activation
were not significantly different between BBMV-SC and
BBMV-IM (n = £). These resulis are similai to those
reported in BBMV from total renal cortex of rats {22]
where a break in lincarity was observed at about 15°C.

Discussion

Several studies have d rated the hy

not known. Apart from anatomical considerations,
other factors may be involved. These may include: (1)
Differences in the density of Na*-P; cotransporters of
the two tubular segments [8]; and (2) Differences in the
lipid composition of BBM of the two segments, result-
ing in differences in membrane fluidity. Recent studies
by Levi [8] have indicated that BBMV-SC and BBMV-
IM have different lipid compositions and fluidity. (3)
Electrogenicity of P; transport may also play a role.
Although P port is f when
total cortex is examined [10), it has been suggested that
electrogenic P; transport may be important in late
proximal tubules [Il] Recent studies have demon-
strated an el port in rat renal
BBMV [12,13]. It is therefore not unreasonable to
expect different clectrogenic components for P; trans-
port in BBMV-SC and BBMV-JM. (4) The stoichiom-
etry of Na*-P, cotransport may also be different in
BBMYV-SC compared to BBMV-JM. Such a difference
has been reported for Na*-dependent p-glucose trans-
port which also d axial b ity [26].
The stoichi y of Na*: p. is 1:1 in BBMV-
SC and 2:1 in BBMV-JM {25,26}.

The early and the late proximal tubules differ signif- *
icantly in their response to dietarv and hormonal fac-
tors, One of the potent stimuli for P; transport at the
leve! of renal BBM is the feeding of a low P; diet to the
animals [4,23]. Turner and Dousa [4] prepared BBMV
from superficial and juxtamedullary cortex of dogs
placed on high-, normal-, or low-P; diets. In animals on
low-P; diet, BBMV-SC had a greater capacity {bigher
Viaux) for P; transport than BBMV-JM). Thyroid hor-
mone (T;) administration also results in an increase in
Na*-dependent P; transport [5,7,27]. However, in con-
trast to changes observed with a low-P; diet, the effect
of T, on P; transport is limited to BBMV-IM [7].

In the presem study, using an inside-negatise elec-
trical ial in the p of vali in, we were
unable to show any significant electrogenic component

ity of P; transport along ific ricphron length (axlal
hctemgcneny) Micropuncture stiidies in phosphate-
loaded rats indicate that phosphate reabsorption is
lower in deep nephrons compared to superficial
nephrons [1-3]. Kinetic studies of P, transport in BBMY
using a wide range of P; concentrations, show a break
in the linearity of the regression lincs. This may either
represent two populations of vesicles, or the presence
of two transport systems on the same vesicle [22,23].
‘Two P, transport systems, namely a high-capacity and a
high-affinity system have been described in the dog [4]
and the pig kidney [24]. Similarly, a high-capacity,
low-affinity systein has been described for Na*/p-glu-
cose cotransport in BBMV-SC [25].

The reasons for the differences in P, transport be-
tween the superficial and juxiamedullary nephrons are

for P, port in either BBMV-SC or BEMV-JM,
while p-glucose transport remained electrogenic under
the same conditions. These résults are similar to those
described by others [10] using BBMV from total cortex,
suggesting that the divalent form of phosphate
(HPO} ) is the preferred specics for transport by both
BBMY populations. However, these results are at vari-
ance with recent reports by Béliveau and Ibnou!-Khatib
{12] and Béliveau and Strevey [13] who found a signifi-
cant electrogenic component for [P, transport in
BBMV prepared from the total cortex of rats. The
reasons for these differences are not clear but may be
due to different methods of BBMV preparation (we
used Ca®*-precipitation whercas these authors used a
Mg?*-precipitation method). BBMV prepared by
Ca?*-precipitation are more leaky to K* and H* ions
than BBMV d by Mg?*-p [29] The




higher permeability of the membranes may lead to
faster dissipation of the ionic gradients imposed when
the uptake is measured.

In further experiments, we determined P; transport
in the presence or absence of a proton gradient with
and without FCCP. Under these conditions. the initial
Na*.d dent P, uptake i d significant!ly after
the addition of F(‘CP (+51.6% in BBMV-SC and
+46.3% in BBMV-IM). The extent of P; transport
stimulation by FCCP was sxrmlar m the presence or
absence of a H* di a specific
effect of the i t
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studies by Yusufi et al. {7] an¢ by Levi [8], who found a
higher affinity (lower K.)) for P, in BBMV-SC com-
pared to BBMV-JM, our results show no difference in
the K, for P, in these two BBMV populations. The
reasons for these discrepancies are not clear but may
be related to different methods of BBMV preparation
{Ca?* versus Mg?* precipitation) ard dissection tech-
niques for scparation of the two cortical layers. When
the inhibitory effect of PFA was rneasured over a wide
range of P; for calcul of
the mhnbnory constants (K;), there was a difference

on Na*-P, cot ter,
rather than an electrogenically driven transprt. FCCP
is therefore not a suitable ionophore for studies of the
electrogenicity of P; transport. p-Glucose uptake, on
the other hand, was exquisitely sensitive to an inside

electrical ial, in with otber
reports [10]. Our results also show a somewhat higher
vesicle volume, as measured by the equilibiium uptake
of P, in BBMV-SC than in BBMV-JM. This is in
agreement with other reports [4,8}, However, the vol-
ume differences were modest and not siatisticar’y s
nificant. Differences in methodology may be responsi-
ble for these differerices.

The stoickicmetry of Na*-P; cotransport was found
to be 2: 1, in agreement with other reports using BBMV
prepared from total cortex [11]. Fusthermore, there
was no difference in the stoichiometry of Na*:P; be-
tween BBMV-SC and BBMV-iM, witih the stoichiom-
etry remaining at 2:i. These results are in complete
agrecment with a recent report by Levi [8]. Further-
more our results expand on those reported by Levi in
that, phosphaie deprivation did not result in a change
in the stoichiometry of Na*-P; cotransport in either
BBMYV preparation. The differences in the rate of
Na*-depencient P; transport between BBMV-SC and
BBMV-IM are therefore not due to the transport of
different species of phosphate (HPO?~ versus H,PO;)
in these two BBMV populations.

Taken together. our results suggest that differences
in and ry of Na*-P,
port dc- not play a major rele in the he(erogeneny of P,
transport in PCT and PST or in the heterogeneous
icsponse of these segments to regulatory factors such

P;-deprivatior.

As it has been 1ccently suggested by Yusufi et al.
{27} and by Levi [8], the differences in the V,, of
Na*-P; cot:ansport in BBMV-SC and BBMV-JM may
be secondary to both a difterence in the number of P;
carriers (as determined by ['*C)-PFA binding) and to
diff in b fluidity b BBMV-SC
and BBMV-JM. Kinetic experiinents confirmed a
higher ¥,,,,, for P; transport in BBMV-5C compared to
BBMV-JM, suggesting a higher number of Na*-P; co-
transporters in BBMV-SC. These results are in agree-
ment with other reports [4,8]. However, contrary to the

b the wwe BBMYV populations. The K; for PFA
was significantly lower in BBMV-SC ihan ir. BBMV-
JM, suggesting that there are pioportionately morc
Na*-P; cotransporters in BBMV-SC to which PFA can
bind, than in BBMV-JM. Differences in th: affinity of
the Na*-P; cotransportcrs to PFA may also explain
these results. The P-protectable [**C]PFA binding has
been used to quantify the density of Na*-P; cotrans-
porters in renal BBMV [30]. Levi [8] has conducted
detailed and elegant studies of ['*CJPFA binding in
BBMV-SC and BBMV-JM, demonstrating a higher
density of cotransporters in tite latter. We therefore
did not repeat these expenmenls

The i cxtend
the results of previous studl.; using the total renal
cortex [22,31]. We found a brak in the linearity of the
Arrhenius plots of P, transpml in both BBMV-SC and
BBMV-3M a abuii 17°C with no differences in the
energics of activation above and below lhe lransmon

This indicated that, aith

fluidity may be different in BBMV-SC and BBMV-IM,
as suggested by a higher P, transport rate at all temper-
atures in the former than in the latter, the physical

-interactions of the Na*-P; cotransporters with the

membrane appear to be similar in early and late proxi-
mal tubules.
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