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To find out whether calmodulin activity could be a common 
denominator for the cellular control of renin secretion and 
synthesis, we have examined the effects of calmodulin antago- 
nists on the secretion and the synthesis of renin in primary 
cultures of mouse juxtaglomerular (JG) cells. We found that 
the calmodulin antagonists calmidazolium (CMDZ), 2v- (6-ami- 
nohexyl)-5-chloro-1-naphthalene-sulfonamide (W-7), and tri- 
fluoperazine (TFP) strongly stimulated renin release from iso- 
lated JG cells with a rank order of potency CMDZ > TFP > 
W-7. With the same order of potency as on renin secretion, 
CMDZ, TFP, and W-7 also inhibited de novo synthesis of 
renin. This decrease of renin synthesis went in parallel with a 
general inhibition of protein synthesis in the cultured JG cells. 
A comparable inhibition of total protein synthesis and renin 
synthesis as with CMDZ was achieved with cycloheximide. 
Cycloheximide, however, did not alter renin secretion within 
20 h of incubation. Taken together, our findings suggest that 
inhibition of calmodulin activity exerts a powerful stimulatory 
effect on the exocytosis of renin in renal JG cells. Calmodulin 
activity on the other hand is also essentially required for protein 
and renin synthesis in JG cells. It is not very likely therefore 
that calmodulin activity positively links renin synthesis and 
renin secretion in JG cells. 

calmidazolium; trifluoperazine; nT- (6-aminohexyl) -5chloro- l- 
naphthalene-sulfonamide 

IN VIVO EVIDENCE suggests that the secretion and the 
synthesis of renin in renal juxtaglomerular (JG) cells are 
concordantly regulated by the main physiological control 
factors (5, 20-22). These factors comprise the blood 
pressure, sodium chloride intake, sympathetic nerves, 
and hormones, particularly angiotensin II, the product 
resulting from renin activity (10). 

How this parallelism between renin synthesis and 
renin secretion is managed on the level of JG cells is not 
known. Although the regulation of renin synthesis at the 
cellular level is not well understood, it is conceivable that 
renin synthesis and renin secretion are controlled by the 
same cellular second messenger molecules. In fact, a 
recent study with cultured mouse JG cells has provided 
evidence that adenosine 3’,5’-cyclic monophosphate 
(CAMP), which is considered a main regulator of renin 
secretion, enhanced both the secretion and the de novo 
synthesis rate of renin (4). 

Another second messenger that is thought to be of 
major importance for the control of renin secretion is 
the intracellular concentration of calcium within the JG 
cells (16, 18, 25). Opposite to other secretory cells, how- 
ever, where rises of intracellular calcium initiate, facili- 
tate, or maintain secretory events (24,26,27), calcium is 
considered an inhibitory signal for the exocytosis of renin 

granules (2, 7, 11). There is, moreover, good evidence 
that such an inhibitory effect of calcium is mediated by 
calmodulin, because several studies have shown that the 
inhibitory effect of calcium on renin secretion is blunted 
by calmodulin antagonists, which conversely increase 
renin secretion in perfused kidneys and in renal slices 
(1, 3, 6, 14, 17, 19, 23, 28). 

When the importance of calcium-calmodulin for the 
regulation of renin secretion was considered, it appeared 
reasonable therefore to consider a calmodulin-activated 
process also as a possible denominator for renin secretion 
and renin synthesis. 

To address this question we have utilized primary 
cultures of mouse JG cells, which have recently been 
shown to be a suitable model to study the cellular regu- 
lation of renin secretion and renin synthesis in parallel 
(4). In those cultures we have examined the effects of 
the three structurally different calmodulin antagonists 
calmidazolium, trifluoperazine and N-(6-aminohexyl)-5- 
chloro-1-naphtalenesulfonamide (W-7) on renin secre- 
tion and renin synthesis. 

We found that these calmodulin antagonists caused a 
marked enhancement of renin secretion that was paral- 
leled by an inhibition of renin synthesis. The decreased 
renin synthesis appeared to result from a general inhi- 
bition of protein synthesis in the cultured cells, which in 
turn, however, was not the reason for the enhancement 
of renin secretion. 

METHODS 

Culture of mouse JG cells. Mouse JG cells were isolated as 
described previously (4). For one cell preparation, six male 
C57B16 mice (4-6 wk old) which had free access to normal food 
and water were killed by cervical dislocation. The kidneys were 
extirpated, decapsulated, and minced with a razor blade. The 
minced tissue was incubated during gentle stirring for 70 min 
at 37°C in a solution of 50 ml buffer 1 [130 NaCl, 5 KCl, 2 
CaClz, 10 glucose, 20 sucrose, and 10 mM tris(hydroxy- 
methyl)-aminomethane (Tris) . Cl, pH 7.41 supplemented with 
0.25% trypsin (Sigma) and 0.1% collagenase (Boehringer 
Mannheim, Germany). 

After enzymatic dissociation, the digested tissue was sieved 
over a 22-pm screen. Single cells passing the screen were 
collected, washed, and resuspended in 8 ml of buffer 1 and then 
further separated using Percoll (Pharmacia, Sweden) density 
gradients. The obtained cell suspension was added to four tubes 
each containing 30 ml of 30% isosmotic Percoll in buffer 1. 
After 25 min centrifugation at 4°C and 27,000 g four cell layers 
with different specific renin activity were obtained. 

The cellular layer (d = 1.07 g/ml) that displayed the highest 
specific renin activity was used for cell culture. These cells were 
washed in buffer 1 and resuspended in 6 ml of RPM1 1640 
medium (Amimed) containing 0.66 U/ml insulin, 100 U/ml 
penicillin, 100 pg/ml streptomycin, and 2% fetal calf serum 
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(FCS). The cultures were distributed in 250-~1 portions into by the renin antiserum and the relative control with normal 
24-well plates and incubated at 37°C in a humidified atmos- rabbit serum (nonspecific binding). Nonspecific binding ranged 
phere containing 5% COZ in air. from 5OO-1,200 counts/min (cpm) per culture well among the 

Experiments. Experiments on renin secretion and renin syn- different culture preparations, and specific binding was between 
thesis were performed after 20 h of primary culture. At this 17-20% of total binding. 
time the culture medium was removed, and the cultures were Determination of renin secretion. Renin secretion rates were 
washed twice with methionine-free RPM1 1640 medium con- 
taining 2% dialyzed FCS. Then fresh and prewarmed methio- 
nine-free culture medium supplemented with 40 &i/ml [35S]- 
methionine (New England Nuclear), 0.66 U/ml insulin, 100 U/ 
ml penicillin, 100 pg/ml streptomycin, and 2% dialyzed FCS 
together with the drugs to be tested or their respective solvent 
controls were added. 

supernatants were then stored at -20°C for further processing. 
Cells were lysed by adding to each culture well 250 ~1 of 
phosphate-buffered saline (PBS) containing 0.1% of Triton X- 
100 and shaking for 45 min at room temperature. The lysed 
cells were stored at -20°C for further processing. 

Experiments implying measurement of renin synthesis were 
performed at least during 20 h. At the end of the experiment 
(usually 40 h after the onset of the primary culture) superna- 
tants were collected and centrifuged at 500-1,000 g and 4°C in 
a Sorvall RT6000 centrifuge to remove cellular debris. The 

estimated from the appearance rate of renin activity in the 
culture medium. To minimize differences among different cell 
culture preparations, renin secretion rates were calculated as 
fractional release of total renin [i.e., renin released/(renin 
released + renin remaining in the cells)]. Renin activity was 
determined by its ability to generate angiotensin I from the 
plasma of bilaterally nephrectomized rats. Angiotensin I was 
measured by radioimmunoassay (Medipro, Teufen, Switzer- 
land). 

Statistics. Levels of significance were calculated utilizing 
Student’s unpaired t test. P < 0.05 was considered significant. 

RESULTS 

Trypan blue exclusion test. Viability of the cells was deter- 
mined at the end of the experiments using a trypan blue 
exclusion test. 

Measurement of total protein synthesis. Total protein synthe- 
sis rates were estimated by measuring the 35S radioactivity 
precipitable by trichloroacetic acid (TCA) from lysed cells and 
supernatants using bovine serum albumin (BSA) as carrier. To 
10 ~1 of cell lysate or supernatant, 300 ~1 of a 0.1% BSA solution 
in PBS were added. Precipitation of radiolabeled proteins was 
achieved by adding 1 ml of 20% TCA in water to each sample. 
The samples were then placed on ice for 20 min, and the 
precipitate was collected by a 20-min centrifugation at 2,000 g 
and 4°C. The precipitate was washed once with 3 ml of 5% 
TCA in water and solubilized in 0.5 ml of 8 M urea. Radioac- 
tivity was measured by adding the solubilized precipitate to a 
liquid scintillator cocktail (Optiphase MP, LKB) and counting 
in a beta-scintillation counter. 

Assay of protein. Protein concentration in cellular lysates 
was determined using the Bio-Rad protein assay kit. 

Determination of renin synthesis. Renin synthesis was esti- 
mated by immunoprecipitation of renin from supernatants and 
cellular fractions using an antiserum directed against mouse 
renin. The specificity of this antiserum has been characterized 
previously (4). 

Before immunobinding, the cellular lysates or culture media 
(volume 250 ~1) were concentrated to a volume of lo-20 ~1 and 
then dialyzed against 2 x 2 ml PBS by ultrafiltration on 
centricon 30 membranes (Amicon) (mol mass cutoff 30 kDa) 
at 2,000 g in swingout buckets in a Sorvall RT6000 centrifuge 
at 4°C. The dialyzed samples were then brought to a volume of 
500 ~1 with PBS supplemented with 1% BSA and 0.1% normal 
rabbit serum and preincubated at 37°C for 2 h. Each sample 
was then provided with 50 ~1 of the immunoadsorbent Omni- 
sorb cells (Calbiochem, Lucerne, Switzerland) for 1 h at room 
temperature. Omnisorb was removed by a 15-min centrifuga- 
tion at 2,000 g and 4OC. 

The supernatants were split into duplicates; one was incu- 
bated with rabbit antimouse renin serum at a final dilution of 
l:l,OOO at 4°C overnight, the other with rabbit preimmune 
serum at the same conditions. After incubation of the samples 
with Omnisorb cells for 1 h at room temperature, Omnisorb 
was removed by centrifugation as already described. 

The pellets were then resuspended and washed in 2 ml of 
ice-cold PBS until radioactivity in the wash solution was Cl 
cpm/pl (usually after 3-4 washes). After the last wash the 
supernatants were carefully removed, and the pellets were 
dissolved in a liquid scintillator and counted in a beta-counter. 
Specific binding was considered the difference of counts bound 

To investigate the role of calmodulin activity in the 
regulation of the secretion and the synthesis of renin, 
structurally different calmodulin antagonists, namely 
calmidazolium (CMDZ), trifluoperazine (TFP), W-7, 
and N-(6-aminohexyl)-1-naphtalene-sulfonamide (W-5) 
were used at different concentrations. 

On the 2nd day of primary culture, the culture medium 
of the JG cells was replaced by fresh medium supple- 
mented with graded concentrations of TFP, W-7, W-5, 
and CMDZ, and the cells were incubated for a further 20 
h. 

Under control conditions the cultured JG cells spon- 
taneously released an average renin activity of 0.60 pg 
angiotensin I (ANG I) per hour per 100 pg of cellular 
protein per 20 h, which corresponded to a fractional 
release of 23 t 1% of total renin activity (mean t SE, n 
- - 12) 

CGDZ at concentrations of 100 nM and 1 PM did not 
influence renin secretion, but at 10 PM CMDZ led to an 
almost complete emptying of the cellular renin stores 
(Fig. 1). W-7 had an effect similar to CMDZ, with a 
maximal stimulation of renin secretion occurring at a 
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Fig. 1. Renin secretion rates from cells between 26th and 40th h of 
culture in presence of calmidazolium, trifluoperazine, and N-(6-ami- 
nohexyl)-&chloro-1-naphthalene-sulfonamide (W-7) at different con- 
centrations. Data are means t SE of 6 experiments. Error bars are 
covered by symbols. Stimulation of renin secretion by 10 PM of each 
drug is significant (P < 0.05 vs. control). 
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concentration of 100 PM (Fig. 1). With the same potency 
as W-7, TFP (100 PM) also strongly stimulated renin 
secretion (Fig. 1). Even at 10 PM TFP caused a twofold 
stimulation of the renin secretion. 

W-5, a calmodulin antagonist with a weaker affinity 
to calmodulin than W-7, had no significant effect on 
renin secretion at concentrations up to 100 PM (not 
shown). Next, we examined the influence of the different 
calmodulin antagonists on renin synthesis by the cul- 
tured JG cells. To this end the calmodulin antagonists 
were used at the concentrations at which they strongly 
stimulated renin secretion (Fig. 1). Renin synthesis rate 
was estimated from the 35S radioactivity specifically 
bound to an antiserum against mouse submaxillary renin 
as described in METHODS. 

Renin synthesis rate during the 20 h of incubation 
corresponded to 160 t 30 cpm per 100 pg of cellular 
protein (mean t SE, n = 10) under control conditions. 
Renin synthesis was not altered by 1 PM CMDZ or 100 
PM W-5 but was almost completely suppressed by 10 PM 
CMDZ, 100 PM TFP, and 100 PM W-7 (Fig. 2). In the 
presence of 10 PM TFP renin synthesis was reduced to 
-50%. 

To test for the specificity of the effects on renin 
synthesis seen with the calmodulin antagonists, we fur- 
ther determined the effects of CMDZ, W-7, and TFP on 
total protein synthesis in the cell cultures. Total protein 
synthesis was estimated from the amount of 35S radio- 
activity precipitable by TCA. 

Between the 20th and 40th h of cell culture, the total 
protein synthesis rate at control conditions corresponded 
to 9.3 t 0.7 X lo4 cpm per 100 pg of cellular protein. 
Each of the calmodulin antagonists used led to a concen- 
tration-dependent inhibition of the protein synthesis in 
the cultures (Fig. 3). 

In the presence of 100 PM W-7, 100 PM TFP, or 10 
PM CMDZ total protein synthesis was reduced to 10% 
of the control value after 20 h of incubation. It was 
interesting to note the parallelism between stimulation 
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Fig. 2. Renin synthesis rates of cells between 20th and 40th h of 
culture in presence of calmidazolium (CMDZ), trifluoperazine (TFP), 
W-7, andN-(6-aminohexyl)-1-naphtalene-sulfonamide (W-5). Data are 
means t SE; numbers on columns indicate number of experiments. 

h 100 
2 
E 
8 80 

z 
ap 
- 60 
QD .- 
3 
E 40 

2 
l 5 20 

‘; 
h 

l calmidazolium 

A trifhoperazine 

ow7 

control 0.1 1 10 100 

concentration (uM) 

Fig. 3. Total protein synthesis rates of cells between 20th and 40th h 
of culture in presence of CMDZ, TFP, and W-7 at different concentra- 
tions. Data are means t SE of 6 experiments. Error bars are covered 
by symbols. 
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Fig. 4. Renin secretion rates and total protein synthesis rates of cul- 
tured juxtaglomerular cells in presence of different concentrations of 
CMDZ for 1 h. Protein synthesis in absence of CMDZ was set to 100%. 
Renin secretion is expressed as fractional release of total renin content. 
Data are means k SE of 4 experiments. *P < 0.05 vs. control. 

of renin secretion and inhibition of protein synthesis 
evoked by calmodulin antagonists; they inhibited protein 
synthesis by the same order of potency by which they 
stimulated renin secretion. Thereby the inhibitory effects 
on total protein synthesis and on renin synthesis exerted 
by the calmodulin antagonists went in parallel, leaving 
the ratio of renin synthesis over total protein synthesis 
unaltered under all experimental conditions. 

A consideration of the reciprocal effects of calmodulin 
antagonists on renin secretion and renin synthesis led to 
the question of whether the stimulation of renin secre- 
tion might be secondary to the inhibition of protein 
synthesis. To investigate this possible relationship, two 
series of experiments were performed. First, the concen- 
tration dependency of CMDZ for its effects on renin 
secretion and total protein synthesis was determined. To 
this end, the cultured cells were incubated with 2,5, and 
10 PM of CMDZ for 1 h, and renin secretion and total 
protein synthesis were measured (Fig. 4). 

When it was assumed that 10 PM CMDZ was sufficient 
to cause maximal stimulation of renin secretion and 
maximal inhibition of protein synthesis, the half-maxi- 
mal effective dose (EDso) values of CMDZ for stimulation 
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of renin secretion and for inhibition of protein synthesis 
were determined to be 8 and 4 PM, respectively (Fig. 4), 
but were not significantly different. 

In the second series of experiments the time depend- 
ency of the action of CMDZ on protein synthesis (Fig. 
5A) and on renin secretion (Fig. 5B) was determined and 
was compared with theaction of cycloheximide (100 PM), 
which is an established inhibitor of protein synthesis. 

As shown in Fig. 5, CMDZ (10 PM) had a similar 
inhibitory effect on total protein synthesis as cyclohexi- 
mide (100 PM). After 20 h of incubation, both drugs led 
to an inhibition of protein synthesis to ~10% of the 
respective controls. In contrast to CMDZ, cycloheximide 
did not influence renin secretion (Fig. 5B). Moreover, 
the strong stimulation of renin secretion by CMDZ 
turned out to be of rapid onset; even after 1 h of incu- 
bation with CMDZ, renin secretion was stimulated five- 
fold. 

Since a marked inhibition of protein synthesis as seen 
with CMDZ, TFP, and W-7 could be indicative of an 
unspecific toxic effect of these drugs, the viability of the 
cultured cells was routinely checked at the end of the 
experiments utilizing a trypan blue exclusion test. 

The percentage of cells that excluded trypan blue was 
80 + 5% (mean t SE) among eight different cell culture - 
preparations. In none of the experiments shown was the 
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Fig. 5. A: time course of total protein synthesis of cells in presence of 
CMDZ (10 PM) and cycloheximide (100 PM). Data are means t SE of 
4 experiments. Error bars are covered by symbols. B: time course of 
renin secretion from cells in presence of CMDZ (10 PM) and cyclohex- 
imide (100 PM). Data are means t SE of 4 experiments. Error bars are 
covered by symbols. 

trypan blue exclusion behavior of the cells significantly 
different from the respective control. Also the cellular 
protein mass attached to the culture dishes remained 
unchanged at the different experimental conditions dur- 
ing 20 h of incubation. 

Further evidence that the calmodulin antagonists were 
not primarily toxic to JG cells came from experiments 
in which the reversibility of the effects of calmodulin 
antagonists on protein synthesis was examined. For these 
experiments, the cultured cells were incubated for 1 h 
with 10 PM CMDZ, a condition at which total protein 
synthesis and renin secretion were already maximally 
influenced (Fig. 5). Then, the culture medium was re- 
placed with fresh medium without CMDZ and supple- 
mented with 40 &i/ml of [35S]methionine. Cells and 
supernatants were collected 20 and 45 h after the removal 
of CMDZ. As shown in Fig. 6, after a lag period the cells 
recovered their normal protein synthesis rates; 20 h after 
removal of CMDZ protein synthesis rate was -30% of 
respective controls, and after 45 h this percentage had 
increased to 60%. Between the 20th and 45th h after 
removal of CMDZ protein synthesis rates had normalized 
as indicated by almost identical slopes of both curves 
(Fig. 6). 

In addition to the recovery of the total protein synthe- 
sis, the cultured cells also recovered their capability to 
synthesize renin; 20 h after removal of CMDZ, the 
amount of newly synthesized renin was not significantly 
different from the respective controls (120 t 12 cpm/lOO 
pg protein x 20 h). 

DISCUSSION 

It was the aim of this study to examine the role of 
calmodulin activity in the regulation of renin secretion 
and synthesis in renal JG cells. To this end, we used 
primary cultures of mouse kidney cells highly enriched . 
in JG cells. We have shown recently that during the first 
days of primary culture those cultures synthesize and 
release renin in a regulated fashion (4). 

To investigate the role of calmodulin in secretion and 
synthesis of renin, we used the three structurally differ- 
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Fig. 6. Time course of total protein synthesis of cells after 1 h prein- 
cubation with CMDZ (10 PM). Protein synthesis is given as percentage 
of control. Protein synthesis of control cells after 45 h of incubation 
was set to 100%. Data are means k SE of 4 experiments. 
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ent calmodulin antagonists, namely CMDZ, TFP, and 
W-7 at various concentrations. In agreement with studies 
performed with rat glomeruli (l4), rat renal cortical slices 
(1, 3, 19, 23), isolated perfused rat kidneys (6, 28), and 
isolated rat JG cells (17), renin secretion was stimulated 
by calmodulin antagonists in a concentration-dependent 
fashion. In this study we found a rank order of potency 
with CMDZ > TFP > W-7. 

CMDZ (10 PM), TFP (100 PM) and W-7 (100 PM) led 
to an almost complete emptying of the cellular renin 
stores (Fig. 1). Although all three drugs have been found 
to exert a number of cellular side effects with relevance 
for renin secretion, such as antagonizing calcium influx 
(17, 29) or inhibiting CAMP-phosphodiesterase (8, 12), 
three lines of evidence suggest that the observed effects 
on renin secretion were due to inhibition of calmodulin 
activity rather than to other side actions. 

First, three calmodulin antagonists differing in their 
chemical structure stimulated renin secretion in a similar 
way with a rank of potency also known for calmodulin 
inhibition (8, 13). Secondly, W-5, a structural analogue 
to W-7 with lower affinity to calmodulin (13) had a 
markedly reduced influence on renin secretion. Finally, 
the potency by which renin secretion was stimulated by 
calmodulin antagonists is markedly greater than that 
reached by increasing the intracellular CAMP level with 
forskolin or by preventing calcium entry with ethylene g 
lycol-bis(p-aminoethyl ether)-N,N,N’,N’-tetraacetic 
acid (EGTA); for comparison, in the presence of 2 mM 
EGTA, the cells released 24.4 t 2.8% (mean & SE; n = 
4) of their total renin content within 20 h. Saturating 
concentrations of forskolin (10 PM) increased renin re- 
lease to 45.6 & 3.1% of total renin (mean 2 SE; n = 4), 
whereas CMDZ stimulated renin secretion at least five- 
fold, and led to a total emptying of the renin stores 
within several hours (Fig. 5B). 

In the same concentration range in which they were 
active on renin secretion, the calmodulin antagonists 
also led a dose-dependent inhibition of renin synthesis 
(Fig. 2). All three calmodulin antagonists, moreover, led 
to a dose-dependent inhibition of total protein synthesis 
(Fig. 3). The inhibition of renin synthesis therefore 
seems to be subordinated to a general inhibition of pro- 
tein synthesis rather than being a specific process in JG 
cells. 

The observation that JG cells responded to calmodulin 
antagonists by a rapid emptying of their renin stores and 
the finding that the calmodulin antagonists strongly 
attenuated protein synthesis in JG cells raised the sus- 
picion that the calmodulin antagonists could be toxic to 
JG cells, thus damaging the cells and causing a nonspe- 
cific release of intracellular components including stored 
renin. 

However, we did not perceive obvious signs of detri- 
mental effects of calmodulin antagonists. The amount of 
cell mass attached to the culture wells remained un- 
changed in the presence of calmodulin antagonists even 
after 20 h of incubation; moreover, the calmodulin an- 
tagonists did not alter the trypan blue exclusion behavior 
of the cells, which is considered a sign of cellular integrity 
(15). In addition, the inhibitory effects of calmodulin 
antagonists on renin and total protein synthesis turned 
out to be reversible within several hours (Fig. 6). 

All together, these findings suggest that the powerful 
enhancement of renin release by calmodulin antagonists 
was not the result of cell damage. Nonetheless, the 
parallelism observed between inhibition of protein syn- 
thesis and stimulation of renin secretion seen with each 
type of calmodulin antagonists raised the question of 
whether the increase of renin secretion evoked by CMDZ, 
TFP, or W-7 could have been the consequence of the 
inhibition of protein synthesis. 

Effective block of protein synthesis by cycloheximide, 
however, did not influence renin secretion during 20 h of 
incubation (Fig. 5); moreover, inhibition of protein syn- 
thesis occurred even at a concentration of CMDZ that 
did not influence renin secretion (Fig. 4). These findings 
suggest that it was not the inhibition of protein synthesis 
that had mediated the increase of renin release in re- 
sponse to calmodulin antagonists. 

When all the findings are taken together, it appears 
likely therefore that it was the calmodulin activity that 
exerted a strong inhibitory effect on the exocytosis of 
renin containing vesicles. We presently cannot distin- 
guish whether this is a direct effect of calcium-calmod- 
ulin activity on renin granules or on the cell membrane 
or is indirectly mediated, for instance, by influencing 
the activity of ion pumps or phosphodiesterases for cyc- 
lic nucleotides. In fact, it is conceivable that inhibition 
of the calmodulin-activated CAMP-phosphodiesterase 
could lead to a rise of cellular levels of CAMP, which in 
turn is known as a powerful stimulatory signal for renin 
secretion (10). Although we cannot rule out a contribu- 
tion of this pathway to the effects of calmodulin antag- 
onists on renin secretion, other pathways must also be 
involved, because calmodulin antagonists are more pow- 
erful activators for renin secretion as are stimulators of 
CAMP formation. In any case it will be of interest to 
elucidate in future experiments the molecular mecha- 
nism by which calmodulin exerts its powerful control on 
the exocytosis of renin. 

Considering the initial question, namely whether cal- 
modulin activity could be a linking denominator for renin 
secretion and renin synthesis, we think our findings do 
not support such a role of calmodulin. Under all experi- 
mental conditions renin synthesis changed in relation to 
total protein synthesis. In the case that calmodulin ac- 
tivity would exert a specific effect on renin synthesis but 
would be required for protein synthesis in general in JG 
cells, then a relative change of renin synthesis in propor- 
tion to total protein synthesis should be expected in the 
presence of calmodulin antagonists. This behavior, how- 
ever, was not seen with the cultured JG cells, which on 
the other hand are capable of increasing their renin 
synthesis rate about threefold in response to stimulators 
of CAMP formation (4). 
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