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Abstract. We examined the effect of respiratory acidosis PKC and PTK-dependent mechanisms and the late effect
on the Na-HCQ cotransporter activity in primary cul- appears to be mediated through protein synthesis.
tures of the proximal tubule of the rabbit exposed to 10%

CO, for 5 min, 2, 4, 24 and 48 hr. Cells exposed to 10%Key words: Na-HCO, cotransporter — Respiratory aci-

CO, showed a significant increase in Na-HEEbtrans-  dosis — Protein kinas C — Phosphotyrosine kinase
porter activity (expressed as % of control levels, 5 min:

142 +£6,2 hr: 144 £ 13,4 hr: 145+ 11, 24 hr: 150 % 15, )
48 hr: 162 + 24). The increase in activity was reversiblelntroduction
after 48 hr. The role of protein kinase C (PKC) on the
stimulatory effect of respiratory acidosis on the cotrans-Respiratory acidosis is associated with increased HCO
porter was examined in presence of PKC inhibitor cal-reabsorption in the proximal tubule and enhanced activ-
phostin C or in presence of PKC depletion. Both cal-ity of the brush border Na-H antiporter [6, 23]. We have
phostin C and PKC depletion prevented the effect ofpreviously shown that respiratory acidosis is also asso-
10% CQ, for 5 min or 4 hr to increase the activity of the ciated with stimulation of the basolateral Na-HECEb-
cotransporter. 10% CGQor 5 min or 4 hr increased total transporter [15]. The mechanism responsible for the en-
and particulate fraction PKC activity. To examine the hanced activity of the cotransporter was not clarified.
role of phosphotyrosine kinase (PTK) on the increase ifHowever, in the last few years we have characterized in
cotransporter activity we studied the effect of two dif- detail the basolateral Na-HGQ@otransporter and have
ferent inhibitors, 2-hydroxy-5-(2,5-dihydroxylbenzyl) shown that in primary cultures of the proximal tubule,
aminobenzoic acid (HAC) and methyl 2,5-dihydroxycin- the cotransporter is regulated by protein kinase C, protein
namate (DHC) which inhibit phosphotyrosine kinase inkinase A, calcium-calmodulin kinase II [16], angiotensin
basolateral membranes. Cells were pretreated eithdt [19], parathyroid [20], and glucocorticoid hormones
with vehicle or HAC or DHC and then exposed to 10% [18]. We have previously shown that protein kinase C
CO, for 5 min or 4 hr. In cells treated with vehicle, 10% Plays an important role in the adaptive increase in Na-H
CO, significantly increased cotransporter activity asantiporter in respiratory acidosis [11]. Other investiga-
compared to control cells exposed to 5% LQhis  tors have recently shown that the adaptation of the Na-H
stimulation by 10% CQwas completely prevented by antiporter in metabolic acidosis is mediated, at least in
HAC or DHC at 5 min (5% CQ@ 1.8 = 0.2, 10% CQ part, through phosphotyrosine kinase activation [28].
2.6+0.2,10% CQ+ HAC: 1.6 + 0.2, 10% CQ +DHC:  Because the activity of the Na-H antiporter and Na-
2.0 + 0.3 pH unit/min) and also at 4 hr. The protein HCO; cotransporter are regulated in a parallel and sym-
synthesis inhibitors actinomycin D and cycloheximide metric fashion [1, 4,5, 9, 12, 15, 17, 18, 20, 21, 26, 27],
appear to prevent the effect of 10% ¢fr 4 hr on the ~ We investigated the role of protein kinase C, phosphoty-
cotransporter. Our results show that early respiratory0sine kinase, and protein synthesis, in the adaptive in-
acidosis stimulates the Na-HG@otransporter through crease in the activity of the Na-HG@otransporter in
respiratory acidosis. In the present study, we used pri-
mary cultures of the proximal tubule to study the effect
R of respiratory acidosis on the activity of the cotransporter
Correspondence tal.A.L. Arruda and the mechanism by which this effect is mediated.
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Materials and Methods at 4°C at 5000 rpm for 3 min. The cell pellets were resuspended in an
ice-cold buffer containing (in m): 60 Tris, pH 7.00, 250 sucrose, 10
EGTA, 2 EDTA, 0.1 NaVvO,, 10 B-mercaptoethanol, f.g/ml phen-
ISOLATION AND CULTURE OF RABBIT PROXIMAL ylmethylsulfonyl fluoride, and jug/ml aprotinin and sonicated for 45
TuBuLE CELLS sec on ice. The homogenates were centrifuged at 100,@pf@x1 hr
at 4°C. The resulting pellets were resuspended in the above buffer
The separation and culture of proximal tubules from New Zealandcontaining 1% Triton X-100 and centrifuged at 100,009 for 1 hr at
white rabbits was done as previously described [4, 10]. The culture#+°C. The supernatant was the crude membrane fraction consisting of
were maintained at 37°C in a 5% G@cubator and pH was main- nuclear, plasma, and mitochondrial membranes.
tained at 7.40. Media were changed regularly every 3—4 days. Con-
fluency was reached after 8-10 days and then cells were trypsinized
and replated on clear plastic coverslips. Confluency was reached 2-BKC Assay
days after and the cells which were rendered quiescent for 48 hr were
used to measure the Na-HG®@otransporter activity fluorometrically. ~PKC activity was assayed based on the phosphorylation of acetylated
We have previously shown that these cultures have morphologic, enmyelin basic protein [8, 30]. In brief, PKC in the cytosol and particu-
zymatic, and transport functions very similar to the original epithelium late fractions prepared from rabbit proximal tubule cell previously ex-
[4, 18]. posed to 5% or 10% C£for 5 min or pretreated with calphostin C and
Respiratory acidosis was induced by incubating the cells in 10%then exposed to 10% CQs partially purified by ion exchange chro-
CO,, and 90% compressed air for various periods of time (5 min, 2, 4,matography. The reaction is started by addition ofp1020 p.Ci/ml
24,48 hr). Control cells were incubated in 95% compressed air and 595y>*P]JATP to a reaction mixture consisting of 20wTris, pH 7.5, 20
CO, for comparable periods of time. The cells were removed from themM MgCl,, 1 mm CaCl, 20 um ATP, 50 um Ac-MBP and lipid
incubator and measurement of the Na-H@@transporter activity was ~Mmixture containing 0.28 mg/ml phosphatidylserine and Triton X-100
performed with the cells perfused with a physiologic solutieee{ ~ Mixed micelles or an inhibitor solution containing @@ PKC peptide
below), pH 7.40, and bubbled with compressed air and 5%,.CO (19-36) and incubated at 30°C for 5 min. The reaction is stopped by
spotting 25ul of the mixture to a phosphocellulose paper. After wash-
ing the paper with 1% phosphoric acid and water, radioactivity is
MEASUREMENT OF INTRACELLULAR pH (pH) IN measured with a scintillation counter.
CULTURED PrROXIMAL TuBULE CELLS AND
FLuorROMETRIC AssAay oF Na-HCGO,

STATISTICAL ANALYSIS
COTRANSPORTERACTIVITY

]Besults are expressed as measek. The results were analyzed by

Intracellular pH was continuously measured using the pH fluorescent . . : .
pairedt test or analysis of variance as appropriate.

probe, BCECF [1,2,7 biscarboxyethyl-5 (6)-carboxyfluorescein], as
previously described [18]. For assay of the Na-HCgotransporter,
the cells were perfused first with Cl-free physiologic solution contain-
ing (in mm): 25 NaHCQ, 110 Na gluconates K gluconate, 9 HEPES, Results
2 CaSQ, 1 KH,PQ,, 0.5 MgSQ, 10 glucose, and 1 amiloride at a rate
of 20 ml/min at 37°C. The extracellular pH was maintained constantly
at pH 7.40. Once a stable fluorescence signal was reached, Na W&EFFECT OF RESPIRATORY ACIDOSIS ON THENa-HCO,
removed by replacing Na gluconate and NaHCEY equimolar ~ COTRANSPORTERACTIVITY
amounts of choline gluconate and choline HC@spectively, at pH
7.40. With removal of Na, the intracellular pH decreases and when NaA/e examined the effect of 10% (;@.t various times of
was re-added, there was rapid recovery of intracellular pH to baselingncybation on the activity of the Na-HQ@otransporter.
levels. Na-HCQ cotransporter activity was assayed as the initial rate The cells were exposed to 90% Compressed air and 10%
of pH recovery following the addition of Na-HCOn cells perfused in .
the absence of Na and was calculated from the slope of the line drawg02 for 5 min or 2’_ 4, 24 or 48 hr. Control cells were
tangent to the initial deflection over a period of 1 min (the time it took €XP0osed to 95% air and 5% GOThe cells were re-
the solution to reach the cell was approximately 40 sec). This recoverynoved from the incubator and loaded in vitro with in-
of intracellular pH observed with addition of Na was inhibited by tracellular pH probe and perfused with physiologic so-
DIDS. Inthe absence of chloride and in the presence of DIDS, this pHlution of pH 7.40, bubbled with compressed air and 5%
recovery was attributed to the Na-Hg®@otransporter [2], Fig. A. CO.. During the exposure to 10% C;Cthe extracellular
Buffer capacity qf the cells was determined from the intracellular pH pH decreased to 7.10-7.20. Figurésdnd 2 show that
change as described [14]. 10% CQ, significantly increased the activity of the Na-
HCO; cotransporter (expressed as % of control levels in
PREPARATION OF PLASMA MEMBRANES FROM CULTURED Fig. 2. After 5 min of respiratory acidosis, the activity of
ProxiMAL TuBULE CELLS Na-HCQO,; cotransporter was 142 + 6% above control
levels normalized at 100%. The activity remained in-
P'ajma ”;erg?'a’]‘es :Om C“'t“redd proximal “‘bl‘l"e cells were p(;epar:e%reased at this level after 2 and 4 hr. After 24 and 48 hr,
as described [22] with some modifications. Cells were exposed eithe S
o 5% CQ, or to 10% CQ for 5 min or pretreated with 5Qm cal- the activity increased further to 157 + 15 and_162_i 26%
phostin C and then exposed to 10% £f0r 5 min were washed twice OT control levels. The V"’_‘Iues at 4.8 h_r W.ere S|gn|flqa}ntly
with phosphate buffered saline containing 1.6 @a gluconate. Cells higher than those at 5 min or 4 hr indicating an additional
were then scraped, transferred to a pre-chilled 50 ml tube and pelletetate increase in the activity of the cotransporter. The
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Fig. 1. Intracellular pH measurement in proximal tubule cells and fluo-
rometric assay of Na-HC{cotransporter.A) Cells were continuously
perfused with physiologic solution, pH 7.40 containing 2% m Control 5 min 10% CO, 24 hr 10% CO,

NaHCO, and 1 nm amiloride. NaHCQ was removed and replaced
with choline HCQ (first arrow) and when a decrease in ;pias
observed, choline HCOwas replaced with NaHCO(second arrow),
(control, solid line and pretreatment with DIDS, dashed line) as pre-
viously described (reference 18B)(Representative experiment show-
ing the effect of 10% CQ@on the recovery of intracellular pH.

Fig. 3. Effect of exposure to 10% CJor 5 min and 24 hr (speckled
bars) and then to 5% CQor 48 hr (diagonal bars) on the Na-HGO
cotransporter activity. Each bar represents meaenof 5-6 different
experiments.

after 48 hr in 5% CQ, 114 + 5.4; 24 hr; 150.3 £ 15.0,
after 48 hr in 5% CQ, 119.3 + 5.9, expressed as percent
of control). This same effect of 10% C@fter 48 hr has
been observed with Na-H antiporter [29].

200 Peo®
p<0.01

T

p <0.02

-

p<0.00
p < 0.001

T

150} -

RoLE oF PROTEIN KINASE C ON THE ADAPTIVE

100k INCREASE IN Na-HCO; COTRANSPORTERACTIVITY

% of Control

We have previously shown that protein kinase C stimu-
lation by phorbol ester has two distinct effects on the
Na-HCQ; cotransporter activity: an early effect (5 min)
and a late effect (2 hr) which appear to be mediated by
phosphorylation of the cotransporter and increased im-
munoreactive protein content respectively [21]. To ex-
amine the role of PKC in respiratory acidosis, we utilized
the inhibitor, calphostin C, which does not alter the base-
line activity of the cotransporter [21]. Control cells were
incubated with either calphostin C overnight or with the
vehicle and then exposed to respiratory acidosis for 5
min or 4 hr. Figure A, shows that calphostin C, 50wv,
prevented the effect of 5-min respiratory acidosis to in-
crease the activity of the cotransporter (control: 1.76 *
0.18, 10% CQ: 2.77 + 0.39, 10% CQ+ calphostin C:
intracellular pH and the buffer capacity were not differ- 1.82 + 0.19). Calphostin C also blocked the effect of
ent between control cells and cells exposed to 10% CO4-hr respiratory acidosis (control: 1.79 + 0.2, 10% £0
for 5 min and 4 hr and then withdrawn from the 10% 2.67 £ 0.23, 10% C@+ calphostin C: 1.90 + 0.14 pH

50f

2hr 4hr 24hr 48hr

TIME

Control 5 min

Fig. 2. Effect of varying incubation times with 10% G®n the ac-
tivity of the Na-HCQ, cotransporter. Primary cultures of rabbit proxi-
mal tubule were exposed either to 5% £@ontrol) or to 10% CQfor

5 min, 2, 4, 24 or 48 hr and then Na-HGQotransporter activity
assayed fluorometrically. Each bar represents meam £xpressed as
per cent of control of 5-9 experiments.

CO, (Table 1).

We also examined the reversibility of the effect of
respiratory acidosis by exposing cells to 10% G&r 5
min or 24 hr and then cells were exposed to 5%,

unit/min), Fig. 8.

The role of PKC was also examined in PKC-
depleted cells. PKC depletion was accomplished by in-
cubating the cells with I6 m PMA for 72 hr. We have

48 hr. Na-HCQ cotransporter activity was measured af- previously shown that this protocol resulted in approxi-
ter 48 hr in 5% CQ. Figure 3 shows that the activity of mately 80% depletion of PKC activity in cytosol and
Na-HCQ; cotransporter decreased significantly and re-particulate fraction without affecting cell viability [11].

turned to near normal after 48 hr (5 min: 141.9 + 6.1, Control cells were treated with the vehicle, DMSO, for
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p<0.05

p <0.02
3 3‘

Fig. 4. Effect of calphostin C on the stimulation
of Na-HCQ, cotransporter by respiratory acidosis.
Proximal tubule cells were pretreated with either
vehicle (open bar) or with calphostin C overnight
(diagonal bar) and then exposed to 10%,CO
(solid and diagonal bar) for 5 mirPénel A or for

4 hr (Panel B and then Na-HCQcotransporter
activity measured fluorometrically. Each bar
represents mean sEm of 5-7 different

0 experiments.

Control 10X CO, 10X CO, Control 10% CO,  10% CO,
+ Calphostin C + Calphostin C

5 min 10 % CO, 4hr 10% CO,

pH unit/min

\\\}

(=]

the same period of time. After 72 hr, cells were exposecdcotransporter activity at 5 min (5% GO1.55 + 0.18,
to respiratory acidosis for 5 min or 4 hr. Figure 5 shows10% CO,: 2.55 £ 0.15, 10% C®+ HAC: 1.64 £ 0.24,
that in cells treated with DMSO the activity of the Na- 10% CQ, + DHC: 2.01 + 0.25 pH unit/min) and at 4 hr
HCO; cotransporter increased significantly when ex-(5% CO,: 1.54 + 0.18, 10% CQ 2.64 + 0.31, 10% CQ©
posed to respiratory acidosis for 5 miA)(or 4 hr B). + HAC: 1.90 £ 0.10, 10% C®+ DHC: 1.79 £ 0.06 pH
In the presence of PKC depletion respiratory acidosis ofunit/min).

either 5 min or 4 hr duration failed to increase the activity

f th ran rter.
of the cotransporte EFFECT OF PROTEIN SYNTHESIS INHIBITORS ON THE

The effect of respiratory acidosis on PKC activity in
; ) ; . . STIMULATORY EFFECT OFRESPIRATORY ACIDOSIS ON THE
cytosolic and particulate fractions is shown in Table 2.
Na-HCO; COTRANSPORTER

Respiratory acidosis tended to cause an increase in the

total PKC activity but the difference did not achieve We have previously shown that the late effect (4 hr) of

statistical significance. There was a significant increases, ~ tivation on the Na-HCQcotransporter was pre-
in the particulate fraction with a decrease in the cytosolicVented by protein synthesis inhibitors [21]. Figures 7

fraction. and 8 show the effect of actinomycin D, 104, or cy-
cloheximide, 7uM, respectively, on the effect of 10%
CO, for 5 min or 4 hr on the activity of the Na-HCO
cotransporter. Actinomycin D or cycloheximide alone
had no effect on the activity of the cotransporter (Acti-
nomycin D: control, 1.36 + 0.07; actinomycin D, 1.58 +
0.06 pH unit/min. Cycloheximide: control, 1.36 + 0.08;
cycloheximide, 1.40 + 0.08 pH unit/min). Actinomycin
D or cycloheximide did not block the early effect of
respiratory acidosis (5 min) on the cotransporter but
completely prevented the late effect. Not shown is the

EFFECT OF RESPIRATORY ACIDOSIS ON THE
COTRANSPORTER IN THEPRESENCE OFPTK INHIBITORS

To examine the role of PTK on the increase in Na-HCO

cotransporter activity in respiratory acidosis, we utilized

two dissimilar inhibitors of PTK, 2-hydroxy-5(2,5-dihy-

droxybenzyl) aminobenzoic acid (HAC) and methy 2,5-

dihydroxycinnamate (DHC) which we have previously

shown to prevent phosphorylation of synthetic substrat : ; Lo ;

for PTK, poly-GT [7, 12, 24]. Genistein was not usedich‘;é?i;actmomycm D or cycloheximide did not affect
Lo pacity.

because we have been unable to show inhibition of poly

GT by this compound. In the presence of 5% CBAC

(12 wm) and DHC (5um) did not affect baseline activity Discussion

of the Na-HCQ cotransporter (in pmol/mg protein/5

min; control: 1.54 £ 0.18, HAC: 1.85 + 0.18, DHC: 1.56 The present studies were aimed at investigating the cel-

+0.21). Figure 6 shows the effect of respiratory acidosidular mechanisms responsible for the adaptive increase in

in the presence of HAC or DHC. Respiratory acidosisHCO; absorption in respiratory acidosis. We have pre-

was associated with a significant increase in the activitwiously shown that the effect of CQs specific for acid-

of the cotransporter, both at 5 mia)(and 4 hr B). HAC base transport, i.e., Na-H antiporter and Na-HCO-

and DHC significantly inhibited the adaptive increase intransporter, and does not affect other transport systems
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A B
p<0.01
301 30r p<0.01
25} 25¢
20} 20 Fig. 5. Effect of PKC depletion on the stimulatory
- T —_ effect of respiratory acidosis on the Na-HEO
15 15 cotransporter. Proximal tubule cells were
5 pretreated with DMSO (open bar) or withpdv
= 10F 10F PMA for 72 hr (speckled bar) and then exposed to
10% CQ (solid and speckled bar) for 5 min
05t o5t (Panel A or 4 hr Panel B. Na-HCO,
cotransporter activity was subsequently measured.
0.0 00 Each bar represents mearsem, n = 6.
Control 10% C0, 10% €O, Control 10X CO, 10% C0,
+ PKC Depletion + PKC Depletion
5 min 10% CO, 4hr 10% COo
A B
p<0.02
p<0.0
30 301
25
20 Fig. 6. Effect of PTK inhibitors on the stimulatory
] effect of respiratory acidosis on the Na-HCO
£ T 2 .
2 1s cotransporter activity. Proximal tubule cells were
5 pretreated with either vehicle (open bar) or with
' 10} HAC or DHC (diagonal bars) and then exposed to
10% CQ (speckled and diagonal bars) for 5 min
o5} (Panel A or 4 hr (Panel B and Na-HCQ
cotransporter activity measured subsequently. Each
0.0 bar represents meansem, n = 5-8.
Control ~ 10% CO, 10% CO,  10% Control 10X CO;  10% CO, 10X C
» Tae Ve 2 Tae Yo
5 min 10 % C0, 4hr 10% €0,

such as Na-glucose transport [3, 29]. Respiratory acidoeells by two distinct mechanisms: an early effect (5 min)
sis is associated with increased activity of the Na-H anwhich seems to be related to phosphorylation of the co-
tiporter in brush border membranes and in primary cul-transporter, and a late effect (4 hr) which appears to be
tures of the proximal tubule [6, 23]. The increase in themediated by enhanced synthesis of the cotransporters
activity of the brush border Na-H antiporter in respira- [21].

tory acidosis appears to be associated with enhanced The results of these present studies show that cells
PKC activity in this membrane which seems to play aexposed to 10% Cgfor various periods of time and then
role in the adaptation [11]. We have also previouslyremoved from the hypercapnic environment had an in-
shown that respiratory acidosis is associated with a parerease in Na-HCQ cotransporter activity which was
allel rise in the basolateral Na-HGQ@otransporter [15] measured in the presence of 5% £&hd normal extra-
but the mechanism responsible for this increase was natellular pH. The increase in Na-HG®@otransporter was
clarified. In the present study, we utilized primary cul- not related to a decrease intracellular pH because wher
tures of the proximal tubule of the rabbit to examine thethe measurement of the Na-Hg®©@otransporter activity
mechanism responsible for this adaptation. These culwas done, intracellular pH had returned to normal (Table
tures have Na-HCQ cotransporter activity which is 1). This finding does not exclude, however, that the ini-
regulated by cAMP [16], protein kinase C [21], G protein tial decrease in intracellular pH played a role in the adap-
[17], angiotensin Il [19], glucocorticoid [18], and para- tive increase in Na-HCQcotransporter activity.

thyroid hormones [20]. We have recently demonstrated  The increase in Na-HCQrotransporter activity was
that PKC activates the Na-HGQ@otransporter in these time-dependent with an initial increase in the first few
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p<0.01

Fig. 7. Effect of actinomycin D on the stimulatory
effect of respiratory acidosis on the Na-HEO
cotransporter. Cells were pretreated with either
vehicle (open bar) or with 1Qm actinomycin D
for 1 hr and then exposed to 10% ¢@®olid and
diagonal bars) for 5 minRanel A or 4 hr Panel

B) and then Na-HCQcotransporter activity
measured fluorometrically. Each bar represents
mean *sem, N = 6-12.

i

0.0
Control 10% CO, 10% €O,
+ Actinomycin D

5 min 10% CO,

0.0

Control

10% 00,

10X CO,
+ Actinomycin D

4hr 10% CO,

251

< 0.001
20} P

15F

pH unit/min

05F

0.0

N\

Control 10% C0,
+ Cycloheximide

5 min 10% C0,

25

201

05}

0.0

p < 0.001

Fig. 8. Effect of cycloheximide on the
stimulatory effect of respiratory acidosis on the
Na-HCQ, cotransporter. Cells were pretreated
with either vehicle (open bar) or m
cycloheximide (diagonal bar) for 1 hr and then

exposed to 10% C9(solid and diagonal bars) for

5 min (Panel A or 4 hr (Panel B and then

activity of the Na-HCQ cotransporter measured.
D Each bar represents mearsem, n = 6-10.

Control

10% C0,

10% C0,
+ Cycloheximide

4hr 10% CO,

Table 1. Effect of respiratory acidosis on pldnd buffer capacity

pH, Buffer capacity
mmol/pH unit
Control 7.33+0.07 26.7+1.9
10% CO, 5 min 7.35+0.17 26.7+1.2
10% CQ, 4 hr 7.30+£0.07 27.0+35

Each data point represents measew of 4-8 experiments.

Both calphostin C and PKC depletion did not affect base-
line activity of the cotransporter. The concentration of
calphostin C used does not inhibit other kinases [24] and
the protocol used to induce depletion caused 80% reduc-
tion in PKC activity without affecting cell viability [11].

We have recently shown the presence of receptor
and nonreceptor activated PTK in basolateral membranes
of the rabbit kidney [13]. PTK seems to play a role in the
adaptation of the Na-H antiporter in metabolic acidosis
and also seems to modulate, at least in part, the effect of

hours and additional increase at 48 hr. Based on th#he cholinergic agent carbachol, insulin, and epidermal
studies mentioned above of the effect of PKC on thegrowth factor on the cotransporter. The two PTK inhibi-
cotransporter, we examined the role of PKC on the effectors alone blocked the increase in phosphorylation of the
of respiratory acidosis on the cotransporter at 5 min angynthetic substrate for PTK poly-GT [13]. These inhibi-
4 hr. Respiratory acidosis was associated with an intors also did not affect the baseline activity of the co-
crease in total and particulate fraction PKC activity attransporter but completely prevented the increase in co-
both 5 min and 4 hr. In addition, the PKC inhibitor, transporter activity by respiratory acidosis at both 5 min
calphostin C, or PKC depletion prevented the increase imnd 4 hr. These results are compatible with the notion
Na-HCGQ, cotransporter activity supporting an important that PTK plays a role in the adaptive increase of the
role of PKC in the adaptation to respiratory acidosis.cotransporter in respiratory acidosis. The mechanism
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Table 2. PKC activity

Total activity
(pmol/mg prot/min)

% of total 3

Cytosol Particulate

4
Control 1244 + 218 809+ 57 191+ 57
10% CO,, 5 min 1758 + 231 142+ 6.5* 858+ 6.5*
10% CQ, 5 min 980+ 211 55.8+10.0 44.2+10.0 5
+Calphostin C
Each data point represents measew of 4-5 experiments. 6
* P < 0.001, control cytosols. 10% CQ, cytosol, control particulate
vs.10% CQ, particulate. 7

whereby CQ affects PTK is not clarified by the present
study. Additional experiments will be needed to deter-
mine whether CQ stimulation activates PTK.

The late effect of PKC activation to enhance Na-
HCO, cotransporter appears to be mediated by enhanced
synthesis of the cotransporter as suggested by the fact

that protein synthesis inhibitors prevented the late but not0-

the early effect of PMA [21]. We therefore studied the
role of protein synthesis inhibitors on the stimulatory
effect of respiratory acidosis at 5 min or 4 hr duration on
the cotransporter. The cells were incubated with the in-

hibitors for 1 hr prior to exposure to respiratory acidosis.12.

The inhibitors did not alter the baseline activity of the
cotransporter at the concentration used. Both actinomy-

cin D and cycloheximide prevented the effect of 4-hr13.

respiratory acidosis. The effect of 5-min respiratory aci-
dosis was not, as expected, blocked by actinomycin D or,
cycloheximide.

In conclusion, the results of the present studies demy g
onstrate that respiratory acidosis is associated with in-
creased activity of the Na-HCQrotransporter. The in-

crease in activity appears to be mediated by PKC ands.

PTK dependent mechanism but the mechanism of inter-
action between the two systems was not clarified by the
present studies. Future studies will be needed to defin
the interaction between PKC and PTK. The late effect of
respiratory acidosis appears to be dependent on proteifs
synthesis.

This work was supported by the American Heart Association of Met- 19
ropolitan Chicago (O.S. Ruiz) and by the Merit Review Program from
the Veterans Administration Central Office (J.A.L. Arruda). Elisa
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