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Stimulation of ATP-driven Ca®* pump in the basal-lateral plasma
membranes of kidney cortex during compensatory renal growth
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During compensatory renal growth “*Ca’* transport in basal-lateral plasma membrane vesicles isolated from the rat
renal cortex have been investigated. Stimulation of Ca’*-ATPase activity was observed, without an effect of
compensatory renal growth on Na* /Ca’* exchanger activity and on passive Ca’* permeability of the vesicles. Twelve
hours following unilateral nephrectomy about 40% increase of Ca?*-ATPase activity above control value was observed
and this effect was present until the end of the experimental period (7 days). When kinetic parameters for Ca?>*-ATPase
were studied in native membranes, an increase of V,, was observed, whereas the K, for Ca>* was similar in control
vesicles and vesicles isolated from the remnant kidney. Depletion of endogenous calmodulin resulted in a decrease of
V..ax and an increase of K (Ca’*), while its addition reversed these parameters and increased the Hill coefficient from
about 1 to about 2. Once again, only a significant increase of V. in vesicles isolated from the remnant kidney above
the control value was observed. Finally, increase of Ca**-ATPase activity during compensatory renal growth could be

max

abolished by actinomycin D, indicating that its stimulation is due to protein synthesis.

Introduction

After unilateral nephrectomy the remnant kidney
undergoes compensatory growth during which there is
an increase of kidney weight, RNA /DNA ratio, protein
content, glomerular filtration rate and tubular reabsorp-
tion processes, leading to cell hypertrophy (for reviews,
see Refs. 1 and 2). Although very little is known about
the nature of stimulus which initiates compensatory
renal growth, from our previous experiments it could be
concluded that inositol lipid signaling is involved in its
initiation [3-5], probably via mobilization of Ca2*
within the cells, as has been shown in many other
experimental models [6,7]. In the renal cells the mecha-
nisms for transport of the Ca’* from the cells (Ca®*-
ATPase and Na*/Ca’* exchange) are localized in
basal-lateral plasma membranes (BLPM), while the in-
flux of Ca’* into the cells is mediated particularly
through brush-border plasma membranes [8,9]. Since it
was observed that during compensatory renal growth
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parathyroid hormone; IGF-I, insulin-like growth factor 1.
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the permeability for Ca®* in brush-border membranes
vesicles is not changed [10], we studied Ca’* transport
in BLPM only. Furthermore, we studied Ca2* transport
in the early phase of compensatory renal growth (first
few hours following uninephrectomy) in which there is
an increase in inositol lipid metabolism [3-5], stimula-
tion of the Na®/H™ exchange in brush-border
membranes [11], while the activity of renal Na* /K-
ATPase is unchanged [11,12].

Materials and Methods

Materials. Female albino Wistar rats from the de-
partmental colony (3—4 months old) were used in ex-
periments. **CaCl, was from Amersham International.
A23187 was purchased from Calbiochem. EGTA, ATP-
Mg,, vanadate, ouabain, calmodulin and valinomycin
were from Sigma. Percoll was purchased from Phar-
macia. Hexokinase was from Boehringer. Benzamil was
from Merck, Sharp and Dome Res. Lab. Oligomycin
and N-ethylmaleimide were from Serva. Cellulose
acetate filters (0.6 um pore size) were from Sartorius.
All other chemicals were analytical grade.

Surgical procedures and isolation of BLPM. Either
right-side unilateral nephrectomy or sham nephrectomy
was performed by dorsolateral approach under diethyl
ether anesthesia as described previously [3]. After differ-
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ent periods of compensatory renal growth animals were
killed by a blow on the neck and the kidneys were
removed immediately. The BLPM were isolated from
the kidney cortex exactly as described by Scalera et al.
[13]. The gradient was unloaded from the bottom of the
tube and 1 ml fractions were collected for study of the
distribution pattern of marker enzymes on it. For Ca?*
transport studies fractions 17-21 were taken. To deplete
the membranes of endogenous calmodulin, an aliquot of
BLPM containing 4-5 mg protein was homogenized in
15 ml of 20 mM Hepes, 5 mM EDTA (pH 7.4). The
procedure was further performed as described by Gmaj
et al. [14]). Prepared membranes were stored in liquid
nitrogen until use.

Measurement of *Ca’* uptake. The *Ca’* uptake
was measured in a standard incubation medium which
contained 100 mM KCl, 5 mM MgCl,, 20 mM Tris-
Hepes and 2 pCi of “*Ca®* (pH 7.0). In all experiments,
with exception of kinetic studies, the 3.95 mM EGTA
and 4.05 mM CaCl, were present in the incubation
medium to give free Ca’* concentration of 63 uM,
which was calculated by procedure described in Ref. 15.
Changes in the composition of the incubation medium
are indicated in the legends to the figures and in the
tables. The stop solution contained 100 mM KCl, S mM
MgCl,, 20 mM Tris-Hepes (pH 7.0) and 1 mM EGTA.
Usually 50 pl of membrane suspension (protein con-
centration of 10 mg/ml) was added to 1 ml of incuba-
tion medium kept in a water bath at 37°C. At different
time intervals a 100 pl sample was removed from the
incubation medium and diluted into 1 ml of ice-cold
stop solution and immediately filtered. The filter was
then washed with 10 ml of ice-cold stop solution to
remove extravesicular radioactivity. The radioactivity
remaining on the filters was counted by standard
liquid-scintillation techniques.

Measurement of “*Ca’” efflux. 50 pl of membrane
suspension (protein concentration of 10 mg/ml) was
preincubated for 45 min at 37°C in 700 ul of incuba-
tion medium which contained following substances (10
mM glucose, 5 mM ATP, 10 pM valinomycin and 2
mM ouabain) in addition to above mentioned medium
for measurement of *°Ca®* uptake. At 45 min 10 pl of
hexokinase (10 mg/ml) was added to convert ATP to
ADP. At 48 min either KCl or NaCl, final concentra-
tion 30 mM, was added and at different time intervals a
100 pl sample was removed and processed as described
above. .

Other assays. Leucine arylamidase (EC 3.4.11.2) and
alkaline phosphatase (EC 3.1.3.1) activities were
determined colorimetrically at room temperature as
described in the commercial kits (Merckotest Nos. 3359
and 3344). The activity of Na® /K *-ATPase (EC 3.6.1.3)
was measured by the coupled optical assay at room
temperature as described previously [16]. The orienta-
tion of the membrane vesicles was assessed by latency

of Na*/K*-ATPase activity and its ouabain (2.4 mM)
sensitivity before and after two cycles of freezing and
thawing during incubation with 0.4 mg/ml deoxy-
cholate [17].

Statistical evaluation. All results are shown as means
+ S.E. For statistical analysis the Student’s z-test for
independent data and the regression analysis were used.

Results

The distribution pattern of the marker enzymes
Na*/K*-ATPase for the basal-lateral membranes
and alkaline phosphatase and leucine arylamidase for
the brush-border membranes on the Percoll gradient are
shown in Fig. 1. The position of the peak activity for
Na*/K*-ATPase is the same for the kidney membranes
isolated either from sham operated or uninephrecto-
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Fig. 1. Distribution of plasma membrane marker enzymes on Percoll
gradients. (A) Plasma membranes from sham operated animals. (B)
Plasma membranes from remnant kidney 2 days after unilateral
nephrectomy. 0, Na*/K*-ATPase; @, alkaline phosphatase (AP); a,
leucine arylamidase (LA). Each point represents a single measurement
from the representative experiment repeated three times.



TABLE 1

The orientation of the basal-lateral membrane vesicles isolated from
kidney cortex 2 days after either uninephrectomy (Uni) or sham oper-
ation (Sham)

The data are expressed as percent of maximal Na*/K*-ATPase
activity and are from three independent experiments.

Sham Uni
Unassignable 62.3+£3.7 58.6+4.1
Right-side-out vesicles 27.1+2.6 28.2+33
Inside-out vesicles 121+1.2 13.2+21

mized animals. The enrichment factor for Na*/K™-
ATPase in the ‘sham operated” BLPM was (10.5 +1.2,
n = 18) while in the ‘uninephrectomized’ BLPM it was
(10.8 &+ 1.3, n=13), which is very similar to the results
from previous reports [17-20]. The enrichment factors
for the brush-border membranes marker enzymes were
in both experimental conditions about 1.

The orientation of the membrane vesicles is shown in
the Table I. There was no significant difference in
‘sidedness’ of BLPM vesicles isolated either from sham
operated or uninephrectomized animals. These observa-
tions are also in agreement with those of Scoble et al.
(17]. Despite the heterogeneity of BLPM vesicles, only
tight inside out vesicles take Ca* in the presence of
extravesicular ATP, which allowed us to study an ATP-
dependent Ca’* transport using the heterogeneously
oriented vesicles.

Inhibition of ATP-dependent Ca®* uptake by differ-
ent compounds was examined by measuring the uptake
of ¥Ca?* in the presence of ATP after 5 min of
incubation (Table II). There was no statistical dif-
ference in the action of different inhibitors between
BLPM vesicles isolated from kidneys obtained after

TABLE II

Effects of different inhibitors on ATP-dependent Ca’* uptake in basal-
lateral membrane vesicles isolated from kidney cortex 2 days after
uninephrectomy (Uni) or sham operation (Sham)

The data are from three independent experiments and are expressed
as percent of Ca2* uptake in untreated vesicles, which was 4.61+0.19
nmol of Ca%*/5 min per mg of protein in control (Sham) vesicles,
while in the vesicles isolated from remnant kidney (Uni) it was
7.024+0.22 (P <0.01). The vesicles were pretreated with different
inhibitors for 15 min at 4°C and inhibitor was also present during
incubation period (5 min). * P < 0.01 compared with the correspond-
ing control.

Addition Sham Uni

Control 100.0+4.1 100.0+3.1
Oligomycin (1 xg/ml) 88.6+9.9 852454
Quabain (2 mM) 88.0+2.6 86.0+6.8
Benzamil (1 mM) 104.7+5.7 96.2+3.0
Vanadate (1 pM) 53.1+43* 424+57*

N-Ethylmaleimide (1 mM) 342+11* 36.1+9.6*
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Fig. 2. Influx of Ca%* into basal-lateral plasma membrane vesicies:

effects of ATP (5 mM), uninephrectomy and A23187 (50 pM). Open

symbols represent Ca2* uptake in the presence of ATP. Membrane

vesicles isolated from kidney cortex 2 days after either uninephrec-

tomy (® —ATP; o, +ATP) or sham operation (a, —ATP; 4,

+ ATP). Each point represent a single measurement from the repre-
sentative experiment repeated three times.

sham operation or uninephrectomy. The ATP depen-
dent Ca2* uptake in BLPM vesicles was practically
insensitive to oligomycin (inhibitor of mitochondrial
Ca?* uptake), ouabain (inhibitor of Na*/K *-ATPase)
and benzamil (inhibitor of Na™ binding site in
Na*/Ca?* exchanger). On the other hand the uptake
was sensitive to vanadate (inhibitor of P type ATPases)
and N-ethylmaleimide (alkylator of free sulfhydryl
groups) and both of these compounds, in similar con-
centrations, are well known inhibitors of plasma mem-
brane Ca?* pump in the BLPM vesicles isolated from
the kidney cortex [20,21).

Above mentioned results (Fig. 1, Tables 1 and II)
demonstrate together that the renal BLPM isolated
from uninephrectomized rats do not differ from those
isolated from sham operated animals in their distribu-
tion pattern on Percoll gradient, marker enzyme enrich-
ment factor, orientation of the membrane vesicles and
sensitivity of Ca?* uptake to different inhibitors and
could therefore be used for study of Ca’* transport
across the BLPM during compensatory renal growth.

The influx of **Ca* into BLPM vesicles in the
presence and absence of ATP is shown in Fig. 2. In the
absence of ATP Ca?" influx was much smaller than in
the presence of ATP and there was no statistical dif-
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ference in the influx between BLPM vesicles isolated
from sham operated or uninephrectomized animals (re-
sults not shown). When Ca’* ionophore A23187 was
added at the end of the incubation period the radioac-
tivity accumulated in the vesicles could only be partially
released and the amount of Ca’®* left in the vesicles did
not differ between BLPM vesicles isolated from sham
operated or uninephrectomized animals (results not
shown). These findings seem to indicate that Ca’"
influx into BLPM vesicles represents not only the per-
meability of the vesicles for Ca®*, but also shows bind-
ing of the Ca?* in the vesicle interior, as has been
demonstrated previously [18,22]. Moreover, both of these
processes are not influenced by uninephrectomy, while
in the brush-border membranes isolated from the re-
mnant kidney a decreased Ca’* binding for the vesicles
due to a decreased membrane content of acidic
phospholipids was demonstrated, while permeability of
the vesicles for Ca®* was not changed [10].

As can be seen in Fig. 2, the addition of ATP to the
BLPM vesicles provoked a rapid Ca’* uptake, which
was significantly increased in the BLPM vesicles iso-
lated from the remnant kidney (see legend to Fig. 3).
The radioactivity accumulated in the vesicles could be
almost completely released after the addition of A23187
and the residual radioactivity left in the vesicles was the
same as that in the experiments were ATP was omitted
(results not shown).

The kinetic properties of ATP-dependent Ca’* up-
take in native, calmodulin depleted as well as in
calmodulin depleted vesicles in which exogenous
calmodulin was added are shown in the Table III. The
kinetic properties of Ca’*-ATPase in native BLPM
vesicles isolated from sham operated animals are similar
to those observed by Gmaj et al. [18]. Depletion of
endogenous calmodulin from the membranes resulted in
an increase of K, (Ca’") and a decrease of V,,,,, while
upon the addition of exogenous calmodulin a typical
reversal in these kinetic parameters appeared together
with an increase of the Hill coefficient from about 1 to

TABLE III

about 2 (results not shown), as has already been de-
scribed [8,14,21,23]. It is generally assumed that Ca®*-
calmodulin complex activates the Ca’*-ATPase via a
mixed-type affinity-velocity effect, i.e., it decreases the
K, (Ca’") and increases the V,, simultaneously
[23-25]. When the kinetic properties of Ca®*-ATPase in
native BLPM vesicles isolated from uninephrectomized
animals were studied, a significant increase of the V,,
in comparison with the vesicles isolated from sham
operated animals was observed without change in the
K, (Ca’"). Depletion of endogenous calmodulin re-
sulted in an increase of K (Ca’*) and a decrease of
V... and there was no statistical difference in these
parameters between ‘sham-operated’ and ‘uninephrec-
tomized” BLPM vesicles, although V,,  was slightly
higher in ‘uninephrectomized’ BLPM vesicles. Addition
of exogenous calmodulin resulted in a decrease of K,
(Ca"), an increase of V,,, and an increase of the Hill
coefficient from about 1 to about 2 (results not shown),
while once again the only significant difference in com-
parison with the vesicles isolated from sham operated
animals was observed in the V,,,. The observation that
in calmodulin-depleted BLPM vesicles isolated from
uninephrectomized animals there is no significant in-
crease of ¥V, when compared with control BLPM
might be explained, that in such a circumstance the
Ca’*-ATPase is present mostly in a low-affinity,
low-velocity state, so that the influence of compensatory
renal growth on the enzyme activity could not be dem-
onstrated.

Time course of increase of wet kidney weight,
Na*/K*-ATPase activity and ATP-dependent Ca®*
uptake during various periods following unilateral
nephrectomy are shown in the Fig. 3. It is well known
that during compensatory renal growth the wet weight
and the Na*/K*-ATPase activity of the remnant kid-
ney increase [2,12], this was also observed in the present
study and could be further extended for the Ca®*-
ATPase activity. Moreover, when kinetic parameters for
Na* /K *-ATPase were studied an increase of V,,, was

Kinetics of ATP-dependent Ca’ ™ uptake by basal-lateral membrane vesicle isolated from kidney cortex 2 days after either uninephrectomy (Uni) or sham

operation (Sham)

The free Ca?* concentration was varied from 0.13 uM to 16.39 uM by adding different concentrations of EGTA and CaCl, as suggested in Ref. 15
and uptake was measured with five different concentrations of free Ca’*. The uptake was measured during 2 min of incubation period in the
presence and absence of 5 mM ATP and the uptake in the absence of ATP was subtracted from the uptake in the presence of ATP. The linearity of
double-reciprocal plot from each single experiment was analyzed by regression analysis and in all experiments r? was > 0.952. Each data are from
three independent experiments. * P < 0.01 compared with the corresponding control.

K, (Ca?*) (uM)

Vinax (nmol,/10 min per mg protein)

Sham Uni Sham Uni
Native membranes 0.53+0.06 0.49+0.04 9.86 +0.09 13.354+0.54 *
Membranes extracted with hypotonic EGTA
—calmodulin 0.85+0.05 0.87+0.05 6.8840.16 7.33+£0.20
+ calmodulin (3 pg/ml) 0.28 +0.02 0.29+0.02 11.77 £ 0.07 16.29+0.55 *




observed [26] as we could demonstrate for Ca*-ATPase.
The same authors also noticed [26] that during com-
pensatory renal growth there is an increase of surface
area of the basal-lateral plasma membranes and an
increase of ouabain-binding sites in the proximal tubu-
lar cells, which suggests new membrane protein synthe-
sis. Since we observed previously [11] that treatment of
animals with actinomycin D (an inhibitor of protein
synthesis) abolished the stimulation of Na* /K *-ATPase
activity during compensatory renal growth, we used
actinomycin D to test the possibility that an increase of
Ca2*-ATPase activity following unilateral nephrectomy
is due to increased protein synthesis. As shown in Table
IV treatment of animals with actinomycin D abolished
the increase of ATP-dependent Ca* uptake in BLPM

Percent
of control

WET KIDNEY WEIGHT

1204

1104

100

T T T T T L
J {Na*/K*)-ATPase
150

140
130
120
110

100+

T T T T T T

(Ca2*)-ATPase
150
140~
130
120
110

100

T T ¥

-
12 1 2 7

hours —— days 4

Time following nephrectomy

Fig. 3. Time course of increase in wet kidney weight, Na* /K *-ATPase
activity and ATP-dependent Ca?* uptake during compensatory renal
growth. For each time point wet kidney weight was estimated on four
sham operated and four uninephrectomized kidneys, while for other
parameters duplicate determinations in three independent experi-
ments were performed, also from both sham operated and hyper-
trophied kidney membranes. Two days after sham operation the
activity of Na*/K*-ATPase (nmol/min per mg of protein) was
382.5+ 39.0 and ATP-dependent Ca2* uptake was (nmol/5 min per
mg of protein) 4.7340.16 (A), whereas in hypertrophied kidney
membranes the activity of Na* /K *-ATPase was 558.3+ 36.2 (B) and
ATP-dependent Ca?* uptake was 6.86+0.12 (C). The results are
expressed as percentages of the corresponding controls (means + S.E.).
* P <001, ** P < 0.001 compared with the corresponding control.
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TABLE IV

Effect of actinomycin D on ATP-dependent Ca’* uptake in basal-lateral
membrane vesicles isolated from kidney cortex 2 days after either
uninephrectomy (Uni) or sham operation (Sham)

Actinomycin D was injected intraperitoneally at a dose of 0.1 mg/kg
body mass 30 min before uninephrectomy and thereafter every 12 h
for the next 2 days. Ca®* uptake was measured during 5 min of
incubation period. The data are from three independent experiments.
* P < 0.01 compared with corresponding control.

Ca?* uptake (nmol/5 min per mg protein)

Sham Uni
Control 4611019 7.02+022 *
Actinomycin D 3.58+0.38 3.51+0.23

vesicles isolated from kidneys undergoing compensatory
growth. This together with the unchanged K, (Ca’*)
indicates that the adaptation in the maximum rate of
transport achieved in the BLPM vesicles for Ca’*-
ATPase is probably due to an increase in the number of
functional pump sites as has been demonstrated for
Na*/K*-ATPase [26].

The effect of sodium on the efflux of Ca?* from
BLPM vesicles is shown in Fig. 4. The efflux of Ca%* in
the presence of a Na* gradient (extravesicular Na*
concentration higher than intravesicular Na* concentra-
tion) is significantly higher (P < 0.01) over that ob-
served in the presence of a K* gradient. The signifi-
cance was calculated on the basis of the difference
between regression coefficients of straight lines derived
from regression analysis for each ion (Na* or K*)
during initial two minutes following the addition of the
ion. When the kidney BLPM vesicles were loaded pas-
sively with **Ca?* the addition of Na™ to extravesicular
space results in the dissipation of Ca2* from the vesicles,
which is linear for not more than about 10 s {17,18,22,27].
In our experiments we used not only passive Ca2*
permeability of BLPM to load the vesicles, but by
addition of ATP we used also Ca?*-ATPase. Since in
the presence of ATP the uptake of Ca’™ is increased
about 10-fold above that in its absence (Fig. 2) the
observation that dissipation of Ca?* is linear for 2 min
is not surprising. Because the addition of benzamil, an
inhibitor of the Na™ binding site in the Na*/Ca’*
exchanger [27,28], abolished the increased dissipation of
Ca’* when Na* was added to extravesicular space,
without influencing the passive calcium permeability of
the vesicles in the presence of K* gradient (Fig. 4) and
activity of Ca%*-ATPase (Table II), we believe that we
could demonstrate the Na* /Ca2* exchanger activity in
BLPM vesicles. When BLPM vesicles were isolated
from the remnant kidney cortex 2 days after unilateral
nephrectomy there was no difference in Na*/Ca2*
activity when compared with the vesicles isolated from
sham operated animals and an identical result was
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Fig. 4. Effect of sodium on the efflux of Ca?* from basal-lateral
plasma membrane vesicles isolated from kidney cortex 2 days after
either uninephrectomy (Uni) or sham operation (Sham). O, the efflux
from BLPM vesicles in the presence of a sodium gradient; ®, the
efflux from BLPM vesicles in the presence of a potassium gradient.
Each point represents a single measurement from the representative
experiment which was repeated three times. The results are expressed
as percentage of the amount of Ca?* found in the vesicles before
starting efflux, which amounted to 7.92 +0.57 nmol/mg of protein in
Sham vesicles and to 10.71 £+ 0.35 nmol /mg of protein in Uni vesicles.
Benzamil in the final concentration of 1 mM was added together with
hexokinase and further details are as in Materials and Methods. The
linearity during the first two minutes of reaction was analyzed by
regression analysis and in all experiments r? was > 0.961.

obtained when vesicles were isolated 2 h following
unilateral nephrectomy (results not shown). Finally, dis-
sipation of Ca?* from the vesicles in the presence of K*
gradient, which represents passive Ca’* permeability of
the vesicles, was also not influenced by unilateral
nephrectomy and the same result was obtained when
the passive influx of **Ca?" into the vesicles was studied
(Fig. 2).

Discussion

Recently we observed that plasma collected 15-180
min following unilateral nephrectomy possesses reno-
tropic activity and stimulates phospholipase C in the
intact renal cortical slices with a consequent cellular

increase in second messengers, inositol 1,4,5-tri-
sphosphate, inositol 1,3,4,5-tetrakisphosphate and di-
acylglycerol [3,4] which are involved, in some cells, in
initiation of their growth by stimulation of Na*/H™
exchanger [7). Furthermore, short-term and long-term
stimulation of Na*/H™ exchange in cortical brush-
border membranes during compensatory renal growth
were observed. In the first few hours following un-
ilateral nephrectomy (short-term stimulation) the
Na*/H" exchange is stimulated most likely via phos-
phorylation of exchanger molecules by protein kinase C
activation, while in the later period (long-term stimula-
tion) its stimulation depends on protein synthesis and
an increase of number of exchanger molecules in the
brush-border membranes of the remnant kidney [11].

Since inositol 1,4,5-trisphosphate mobilizes Ca®*
from endoplasmic reticulum, while inositol 1,3,4,5-tetra-
kisphosphate helps former in sustained intracellular in-
crease of Ca”" concentration [29], the present investiga-
tion was undertaken to study short-term and long-term
influences of compensatory renal growth on Ca’” trans-
port in BLPM vesicles, because in the kidney cells the
mechanisms for transport of Ca’?* from the cells are
localized in BLPM ({8,9], while it has been already
demonstrated that influx of Ca?* into brush border
membrane vesicles is not changed during compensatory
renal growth [10]. It should be pointed out, that investi-
gation of Ca?* transport in isolated vesicles may not
completely reflect the Ca?* movements in the intact
kidney cells during compensatory renal growth. Unfor-
tunately due to the high autofluorescence rate of the
plasma we were not capable to measure an increase, if
any, of cytosolic free Ca’* concentration using fura-2 in
cultured renal epithelial cells using plasma taken from
animals undergoing compensatory renal growth
(Bonventre and Banfi¢, unpublished observation).

The present results demonstrate that among the
mechanisms for Ca?* transport (Na*/Ca’" exchanger
and Ca?*-ATPase) in isolated BLPM vesicles from the
remnant kidney only the latter is stimulated (increase of
V_...) during compensatory renal growth. Furthermore
these results suggest that the general pattern of activa-
tion of the Ca’*-ATPase after addition of exogenous
calmodulin is not different in BLPM vesicles isolated
from uninephrectomized from that in sham operated
animals (an increase of V,, ., a decrease of K, for
Ca’* and an increase of Hill coefficient) and that such
pattern of activation obey a typical behavior character-
istic for deactivated enzyme depleted of calmodulin
[8,14,18,21,23-25].

It is not astonishing that during compensatory renal
growth Na*/Ca?* exchanger is not stimulated, since
recently it has been observed that Na*/Ca’* exchange
system is located exclusively in the distal tubule [30],
which does not undergo adaptation (hypertrophy) in an
extensive manner during compensatory renal growth



[1,2]. Since we use whole kidney cortex for the prepara-
tion of the vesicles our demonstration of Na*/Ca2*
exchange in them could be the result of different vesicles
populations originated from proximal and distal tubule.
Furthermore, if any of Na*/Ca?* exchangers are pre-
sent in the proximal tubular cells probably they are
close to or at equilibrium and do not catalyze Ca’*
transport either out or into the cells [9].

Giving the above mentioned reservation that investi-
gation of Ca®* transport in isolated vesicles may not
reflect the Ca?* movements through the intact mem-
brane, the observation that stimulation of Ca?*-ATPase
activity could only be noticed 12 or more hours follow-
ing unilateral nephrectomy and could be attenuated by
actinomycin D, suggests that there are no short-term
mechanisms of Ca®*-ATPase activation as has been
demonstrated for stimulation of Na*/H™ exchanger
activity in brush-border membrane vesicles [11].

It is tempting to speculate about the stimulus for
activation of Ca’*-ATPase. The increase in glomerular
filtration rate which occurs in the remnant kidney al-
ready 2 hours following unilateral nephrectomy [31}
could result in increased ‘need’ for reabsorption of
Ca’* in the proximal tubules, which might be a stimu-
lus for Ca®*-ATPase activation. The observation that
the reabsorption of Ca®* in proximal tubules occurs
mostly via paracellular pathways and that only about
20% of filtered Ca* is reabsorbed actively via transtub-
ular transport [32] together with the observation that
the increase in glomerular filtration rate due to uretero-
peritoneostomy will not stimulate Na* /K *-ATPase [33],
which behaves similarly as Ca®?*-ATPase during com-
pensatory renal growth (Refs. 12, 26 and this study),
suggests that stimulation of Ca%*-ATPase in the remnant
kidney is probably not due to an increase of glomerular
filtration rate. On the other hand, the increased Ca?™-
ATPase activity could be a late consequence of un-
known humoral factor(s) from plasma which activates
phospholipase C [3], or might be a result of action of
some hormone or growth factor, which stimulates
Ca?*-ATPase activity in native renal BLPM and also
influences renal growth, such as PTH or IGF-I [34,35].
It has been demonstrated that maintenance of animals
on a low calcium diet (which stimulates PTH produc-
tion) or administration of exogenous PTH to animals
leads to renal hypertrophy [36). Since PTH stimulates
inositol trisphosphate and diacylglycerol production in
renal tubular cells [37], as we could also observe for
plasma obtained from uninephrectomized animals [3],
the PTH might be a candidate which stimulates Ca®*-
ATPase during compensatory renal growth, although in
isolated BLPM vesicles PTH also stimulates the passive
Ca?* permeability and Na*/Ca’™* exchange [17,22,27],
which we could not observe during compensatory renal
growth. IGF-I could also stimulate Ca®*-ATPase activ-
ity in BLPM [35] and it has been demonstrated that

2n

IGF-1, infused subcutaneously into hypophysectomized
rats, stimulates renal hypertrophy [38], while its infusion
in healthy man increases the glomerular filtration rate
[39]. Moreover, its mRNA as well as its local concentra-
tion increases in the remnant kidney [40,41], while its
addition to intact renal cortical slices stimulates phos-
pholipid synthesis [42], which was also observed during
compensatory renal growth [43]. These observations
leave the possibility that the increase of Ca’*-ATPase
activity during compensatory renal growth might result
from an IGF-I action.

To summarize, present investigation demonstrates
that in the isolated BLPM vesicles from the remnant
kidney there is a long-term stimulation of Ca?*-ATPase
activity, probably due to an increase in the number of
functional pump sites in the BLPM, without effect of
compensatory renal growth on either the Na*/Ca?*
exchanger activity or the passive Ca?* permeability of
the vesicles, but further experiments will be necessary to
clarify the ‘trigger’ and exact mechanism of Ca’*-
ATPase activation.
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