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in an attempt to identify the renal Na*/P, cotransporter, Xemopus laevis oucytes were used to express mRNA
isolated from the renal cortex of rat kidney. Na *-dependent uptake of P, in cocytes, injected with mRNA, resulled in
an increase of 2-4-fold as compared to oocytes injected with water. Both the new expiessed and endogemous
Na *-dependent P; uptake activity were inhibited with 2 mM ph: acid (PFA), E: ion of P, wptake
into oocytes was dose-dependent with the amount of mRNA injected. When mRNA was fractionated on a sucrese

gradient. a mRNA fraction of 2.5 kilobases expressed the Na*/P, cotransport activity in oocytes. This fraction
when

in a 6-fold of Na*. to oocytes injected with water. The

K, and for Na *-dependent P, upiake were . |8 mM 2ad 128 pmel / cocyte per 30 min, respectively.
Intvodnction When an azido derivative of NAD was used to
photolabel the renal Na*-P; cotransport, proteins with
Phosph i ion in the | tubules oc- approximate molecular mass of 70 and 97 kDa were

curs through an active transcellular mechanism that
involves a Na*-P; cotransport system at the apical
brush border membrane [1]. P, entry across the brush
border membrane (BBM; is driven by an electrochemi-
cal gradient for Na*. In contrast P; exits the cell via
passive Na -mdenndent transport thmugh the baso-
lateral b The b istics of
the renai Na*-P; cotransporter protem(s) are largely
unknown. ldenhf' ication of the Na*-P. cotrarsporter
protein(s) is hindered by the lack of specific covalent
labels. Peerce f2] used a fiuorescent probe which ap-
pears to label the i ! Na*-P, and

d an ap i lecuiar mass ot' 145 kDa.
N-A limidazole which i with proline and/or
lysine residue, has becn used v labcl the Na*-P, co-

ter in d renal epitheliai cell line (OK
cells). Four diff proteins with molecular mass of
31-176 kDa have been reported to be involved in
Na*-P, cotransport in OK cells {5].
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identified as likely candidates for the Na*-P; cotrans-
porter in BBM vesicles prepared from rats [3]

Recent udvances in molecular biology have made
possibie the identificaticn and isolation of clones from
¢DNA libraries by using expression cloning techniques.
Freparative purification of specific mMRNA and expres-
sion cloning have been used to clore the Na*-glucose
cotransponer from rabbit imutinal BBM 4,11} Two
clones from whe human rena! Na™-glucosc cotsans
porter also have been isolated by uxe use of the clone
encoding the human intestina! Na’-glucose votrans-
porter {6). Botl cDNA, encoding for the rcnal and
intestinal Na*-zlucose cotransporter, showed >99%
identity in their nuclectide sequences [13}).

Preparative purification of specific mP.N A from rab-
bit kidney cortex has beer used to selectively express
the Na*-P, contransporter activity in oocytes. Werner
et ai. {7] have shown expression of Na*-dependent P
transport in Xenopus lacvis cocytes injected with
mRNA isclated from rabbit kidney cortzx. They re-
pm'ed a n's..uon of nR"M, with an average size of 3.4
of Na*-de-
pcndent P, uptake whe jected into ovcytes.

Most of ihe physiological studies, concerning ihe
regumion of the renai Na*-P, cotranspuric:, has been
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performed on rat kidnevs. Therefore a rat clone is
likely be more usciu! than rabbit for studying regula-
tory hanisms of the renal phosph t Sys-
tem. In this report, we siow injection of oocytes with
rat kidney mRNA induced expression of a unique
Na*-dependent P, transport sysiem which alsz is inhib-
ited by PFA.

This study has been published in part in abstract
form: in J. Am. Soc. Nepnrol. 1, 576 (1990}

Materials and Methods

Total RNA and poly(A)*RNA were isolated as
described (8,10} The outer cortex nf rat kldncy was
di d and i in
vuffer followed by extraction with pheno! (water satu-
rated)/chioroform/isoamyl alcohvi. The aqueous
phase was collected by centrifugation at 10000 X g for
26 min at 4°C. The RNA was precipitated by adding
isopropanol and incubation ai —20°C. The precipi-
tated RNA was resusnended in 1 ml of 75% ethanol,
czntrifuged for 5 min and the pellet was dried under
vacuum. The ion of RNA was d at

uptake was terminated by washing the cocytes five
times with 2-ml aliquots of ice-cold choline-Cl buffer,
Each oocyte was dissolved in 0.5 mi of 7% sodium
dodecyl sulfate, sonicated briefly and the P was
counted by liquid scintillation spectrophotometer.
K., and V,,, were d d by linear

of the double-reciprocal plots of the uptake values vs.
the P; concentrations. The Student's #-test was used in
comparing groups, and values for P> 0.05 were con-
sidered not significant.

Results and Discussion

Endogenous P; transport activity in oocytes was
characterized. Upiake in oocytes is a Na*-dcpendent
process. Na*-independent P, uptake was noticed in
freshly isolated oocytes and after 3 days of incubation
of oocytes in Barth’s soluticn. Fig. 1 shows the P
uptake by oocytes in the presence (100 mM NaCl) or
absence (100 mM choline chloiide) of a Na* gradient.
The amount of Na*-dependent uptake of P; in non-in-
jectcd oocytes ranges from 10-3C pmol/oocyte per h,

260 nm, and the ratio of A,y Was greater then 1.8.
Poly(A)*RNA was purified by chrematography on
oligo(dT) celluiose and purified in the prescnce of 6.3
M sodium acetate [8).

Linear sucrose gradient (5-25%, w/w) of the mRNA
was performed in the presence of 10 mM Tris buffer
(pH 7.4), 5.25% (w /w) sarcosyl. and 5 mM EDTA. The
total mRNA was applied to the gradient and cen-
trifuged for 4 h.at 20°C at 45000 rpm iz a SW 50.]
rotor [9]. The sample was fractionated into 15 frac-
tions. The concentration of RNA was detexmined by
absorbance a: 260 nm, snd the RNA was stored ut
—70°C until used. The integrity and ihe size of
poly(A)"RNA was confirmed by formal-
dehyde /agarose ge! electrophoresis and ethidium bro-
mide staining.

Oocytes were prepared from Xenopus lastis ovary
fragments by treament with coflagenase as described
by Hediger et a.. [11). Oocytes were selected and
microinjected with S0 nl of water {controis) or 50 nl
solution containing' RNA. The injected oocytes were
matitained at 19°C' in Barth’s medium (100 mm NaCl,
1.8 mM CaCl,, 2 mM KCi, 1 mM MgTl;, 2.6 mM
sodium . -0 mg/i 5 mM Hepes,
pH 7.5) for 3 days. The mcdium was changzd daily 2nd
damaged nocyies were discardeid,

The P; transport by oocytes was assayed at low P;
cencentration (0.2 mM), which is in the range of the
K,, for the renai Na*-dependent P; contransporter.
The uptake medium contained 2 mM KCl, 1 mM
CaCl,, 1 mM MgCl,, and 10 mM Hepes-Tris bufter
(pi 7.5), and cither 100 mM NaCl or 100 wi choline
chloride. After incubation for 30 min at 25°C, the

Injection of oocytes with mRNA extracted from kldncy
cortes, reselted in an of Na*.

- P, activity. PFA is a competitive iihititor of Na*-de-

pendent P; transport in renal BBM vesicles [12]. We
examined the effect of PFA on P, uptake into control
oocytes and oocytes injected with mRNA. Both systems
were sensitive 10 I'FA. The concentration of PFA
required to inhibit both activitics was in the range of
1-2 mM. The time course for P; transport was linear
up to one hour.

Expression of the Na*-P; cotransport activity in
oocytes was derendent on the injected amouni of
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Fig. 1. Expression of rat kidney P, tronspert in Xenopus oocyles.
Oocytes werse injected with 50 nl of water or water containing 50 ng
mRNA. After 3 days uptake of [P, (pmol/vocyte per h) was
measured. The uptake of ¢.2 mM P; was measured in the presence of
100 mM NaC! (open bars) or 100 mM choline chlorid» (solid burs).
Fra was present a1 2 mM (hatched bars). Uptakes are presented as
the means obtained with fcur or five oocytes, and bars indicate S.E.
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Fig. 2, Effect of different mRNA doscs on P; transport expression in

oocytes, Three days after injection of mRNA (0, 20, and 40 ng), P;

transport in four or five oocytes was mieasured. The uptake of 0.2

mM P, was measured in the presence of 106 mM NaCl (hatched

bars) or 100 mM choline chloride (solid bars). Uptakes are presented

as the means obtained with four or five oocytes. and bars indi-
cate S.E.

mRNA. The ion of the Na*-d dent trans-
port of P, lated by sub ing the Na*-indep
dent component fiom the total P; uptake in presence
of Na*, increascs 2-fold when the injected amount of
mRNA was doubled (Fig. 2). injection of higher amovnt
of mRNA did not result in increasing tite ¢xp:ession of
the Na*-dependent P; transgort activity.

Dependence of the initial rate of P; transport in
oocytes as a function of external P; concentration was
measured in the presence of 100 mM NaCl. To deter-
mine kinetic constants, oocytes were incubated for 30
min at 22°C in the medium containing varinis P, con
centrations from 0.05-2.00 mM since Na*-dependent
P, uptake was lincar up to one hour {data not shown).
Water and mRNA injected oncytes showed a saturable
P, uptake (Fig. 3). V,,,, and K, were calculated by
linear regression analysis. The V,,, in oocytes in‘ected
with mRNA is 119 + 2 {mean + S.E.) pmol /cocyie per
30 min, which is higher (P < 0.05, i: = 4) than that of
oocytes injected with water (65 + 5 pmol /oocyte per 30
min). However, the apparent K, was lower in oocytes
injected with mRNA (0.18 + 0.04 mM) than that in-
jected with water (0.26 + 0.07 mM), but this change in
the K, was not statistically significant. Similar resuits
were reported for the ion of Na*-g! co-
iransport system in oocytes after injection of mRNA
extracted from rabbit small intestiue mucosa; K, was
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Fig. 3. A sepresentative study of kinetics of Na*-dependent uptake
of P; in oocytes. Oocytes were injected with 50 n! water comtaining
about 50 ng mRNA € a) or 50 nl water (#). Ovcytes were incubated
sor 3 days and then assayed for Ni *-dependent uptake of 2P, The
plot represents the initi;
min) vs. the initial substrate concentrations. Data <orrected by sub-
traction of the Na *-independent component ot P, transport.

Totai mRNA was fractionated on 5-25% sucrose
dient and the dient was fracti d into 15
{ractions. mRNA was precipitated from each fraction
and the same amount of mRNA (about 10 ng) was
injected into oocytes and 2P uptak: was studied both
in the presence and absence of Na *. As shown in Fig.
4, iractions 6 and 7 preduced a higher activity of the
expressed Na*-dependent P; uptake than the unfrac-
tionated mRNA. Specifically, fraction § produced a

Fig. 4. Uptake of P (pmol/oocyt: per h) into oucytes injected with
mRNA iractions cbtained from sucrose gradient centrifugation.
ocytes were injected with 50 ni of water containing about 10 ng of

lowered from 0.39 to 0.10 mM of
mRNA [11}. The K, in oocytes injected with mRNA is
in the range of K,, reported for Na*-P; cotranspoit
system in BBM vesicles prepared from rat kidney (3],

or i mRNA. After 3 days the uptake of

2P was measured in the presence of 100 mM NaCl (hatched bars) os

100 mM choline chloride (solid bars) as described above. Uptakes

are presented as the means obtained with 4-6 cocy'es, and bars
indicate S.E.
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2.5-fold increase in Na*-dependent P; transport com-
pared to total unfractionated mRNA. Occytes injected
with pooled and sized fractionated mRNA (fractions
8-15) give much less expressed ¥, traisport acuvny
However, fractions § and 7 hnvc a ex-

renal Na*-P; cotransport system, and on factors which
control the synthesis and incorporation of cotrans-
porters intc the memjranc.

Ack

pressed P, transport activity when compared to unfrac-
tionated mRNA Fraction 6 7 corrcsponds to a size of
25-2 as d d by formaidehyde gei
elec(reohorcsts (data not shown). The apparent K,

and F,,, obtained in these results is similar to that
biained for the of Na*-d dent P; co-
1 system fol jection of mRNA ox-

tracted from rabbit kidney [75. The average sue (2.5-2.8
kilobases) of mRNA, encoding the Na*-¥; cotransport
system in rat repal BBM, is comparable to that ob-
tained for rabbit BBM (3.4 kilobases). Na*-indepen-
dent uptake rate: of P, was increased with incubation
time ia owcytes injected with mRNA (Figs. 1-3). This
phenomena, chserved in most of l!‘cse s&udles, might
be duc to ihe cxpression of an Na* P,
transport system or an activator of endogenous Na *-in-
dependent transport system present in oocytes
Ooacytes possess an endogenous Na*-dependent P,
transport activity which is sensitive to PFA. In spiie of
the presence of an intrinsic P; transporter, the vocyte
expression system can be used for expression of rat
kidney Na‘*-d d P, tr by focusing on
the stimuiation of Na -dcpcndcnl uptake of P; after
injection of mRNA. In conclusion, our resuits clc'lrly
show that the rat renal Na*-P; cotransport system can
be expressed as o functional protein on the membrane
of Xenopus lacris oocytes injected with mRN/
pared from rat kidney cortex. This procedure
uscful in cloning the rat renal Na*-P; cotransporter.
‘This will open the way to detailed studies on the modce
of action of drugs and hormonal contre! on the rat
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