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INTRODUCTION

Recent studies have suggested that many of the
effects of ionic calcium on enzymes and other ca-
lcium-dependent proteins are mediated through an
intracellular calcium binding regulator protein,
which has been called calmodulin**®. Calmodulin
was first discovered in extracts of brain tissues as
an activator of cyclic nucleotide phospodiesteras
et It is now well accepted as the major cal-
cium-binding protein in nonmuscle cells. This uni
que protein acts as an intracellular receptor for
calcium ion, and its presence lends credance to the
long-touted role of calcium ions as a “second me-
ssenger” analogous to cyclic adenosine monophos-
phate. Calmodulin is now generally believed that
calmodulin is a major intracellular receptor of ca-

Icium, and that it mediates many of the calcium-

effects in eukaryotest7®. Calmodulin, also called
calcium-dependent regulator protein (CDR), me-
diates the activation by calcium ion of a variety of
enzyme such as cyclic phosphodiesterase?® brain
adenyl cyclase'®!V, erythrocyte calcium ion-magne-
sium ion dependent adenosine triphosphatase!2!®
myosin light chain kinase#' and skeletal-muscle
phosphorylase kinase®\”. The high affinity calcium
ion binding properties of calmodulin in addition to
its activating properties for many enzymes form the
basis of the hypothesis that calmodulin is the link

between intracellular calcium ions availability a-
nd the calcium dependent activation of these en-
zymes.

Calmodulin is a protein of 16,500 dalton. Its the-
rmal stability in the presence of calcium ions and
its acidic nature have been used in the purification
procedures, which generally include successively
ammonium sulfate fractionation, heat treatment,
anion exchange chromatography and gel filtrationt®
19.20.20, [t is a highly coiled molecule that calmodulin
has 148 amino acid residues and is characterised
by the presence of trimethyllysine and the absence
of cystein and tryptophan®,

It is well established that calmodulin contains four
calcium binding sites, with a dissociation constant
within the range of 10% M. Upon calcium binding,
calmodulin undergoes a conformational change
which is necessary for its biological activity?.

One of the potential functions of calmodulin in
the regulation of intracellular calcium ions is to
regulate calcium ion levels by altering the enzymatic
system of cellular membranes.

In addition to binding a large proportion of thé
total calcium ion intracellularly released upon sti-
mulation and to mediate the intracellular effects of
caicium jon, calmodulin may act to decrease calcium
ion level.

This action would constitute a self regulating me-
chanism for returning to a low steady state calcium
concentration and terminiating the effects of calcium
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ions.

Calmodulin has been reported to stimulate a
plasma membrane calcium-adenosine triphosphatase
which is coupled to an active calcium pumcytop-
lasmicp that extrudes calcium ion from the cyto-
plasmic compartment. Other mechanisms for res-
toring the low intracellular calcium ion level have
been described, particularly a Na* : Ca* exchange.
It would be important to know if calmodulin affects
this exchange and what is the relative participation
of the various mechanisms to calcium ions extrusion
in various cell types. In the squid axon, the calcium
pump seems predominant in the physiological int
racellular calcium range#52620)

In heart muscle cells, calmodulin stimulate cal-
cium ion transport in sarcoplasmic reticulum as a
consquence of the activation of a membrane bound
protein kinase that phosphorylates phospholamban.
It has been known for several years that phospo-
lamban can also be phosporylated at a different site
by a cyclic adenosine monophosphate-dependent
protein kinase, and this phogporylation also inc-
reases calcium jon transport. Thus, in heart cells
both calmodulin and cyclic adenosine monophos-
phate cooperate positively to decrease intracellular
free calcium concentration. This mechanism may
account for the reduction of cardiac systole which
characterizes the effects of beta-adrenergic agents,
together with a simultaneous increase in force of
contraction. Cyclic adenosine monophosphate also
seems to be implicated in the latter effect, since
cyclic adenosine monophosphate-dependent phos-
phorylation of a plasma membrane protein may be
responsible for the increase in calcium ion condu-
ctance that occurs under beta-adrenergic stimulation
of heart cells. This would allow more calcium ions
to penetrate the cells and to induce a larger release
of calcium ions from sarcoplasmic reticulum, thereby
increasing the force of contraction in the cardiac
muscle cellg?28303D

The intracellular calcium ions may influence
muscle contraction, relaxation and the enzymatic
activities in cells and the mechanism controlling

their levels may therefore be of considerable im-

portance in the regulation of the cellular activity.

Author have therefore investigated enzymes in-
volved with synthesis and degradation of cyclic
adenosine monophosphate and cyclic guanosine
monophosphate, i e, nucleotide cyclase and nuc-
leotide phospodiesterase.

Previous studies on the distribution and onto-
genetic development of the above cyclic nucleotides
and enzymatic activities have shown that enzymatic
activities were evenly distributed and changed
among the different part of subcellular fraction in
ureters of normal adult guinea pig.

In this paper we have demonstrated the contents
of calmodulin in the whole homogenate, 40,000 x
¢ supernatant and particulate fraction in the cortical
and medullary tissues of nephric organ of normal
adult guinea pig in order to understand and the
subcellular distribution of their properties in cellular
levels.

MATERIALS AND METHODS

1. Materials:

The experimental animals were normal Hartley
guinea pigs without sexual discrimination. Three
years old animals of 995+ 50 gram of live weight
were used in this study. All animals were killed
by decapitation and both kidney were removed
immediately. Following removal of the surrounding
capsules, connective tissues, fats, and blood vessels,
the kidney were quickly frozen in liquid nitrogen.

The cortical and medullary tissues were separated
from both kidney with the aid of ophthalmological
scissors upon the placement of tissues on the vinyl
surface of ice-cold vinyl bag and all of tissues were
pooled into a cold ice-bag.

A adequate piece from the pooled tissues was wei-
ghted to aid the experimental samples.

A weighed amount of the medullary and cortical
tissues were placed into the tissue extract solution
containing 10 mM TES, 1 mM DTT and 1 mM EGTA
solution (PH 7.4), homogenized with the aid of
Polytron (Brinkman Inst.) into 10 percent (w/v)
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homogenate using three pulses at speed 7 at 4°C
and was subjected for a further subcellular fraction.

2. Separation and preparation of subcellular
fraction:

The 10 percent whole homogenate as prepared
as above was placed into centrifuge vinyl tube of
3.5 ml volume and centrifuged at 40,000 x g for
30 minutes at 0°C with the aid of Model L5-50
ultracentrifuge (Beckman Inst.) equipped with alu-
minium angle rotor and the subsequent supernatant

fraction (soluble fraction) was collected into a vinyl'

tube of 5.0 m! capacity whereas the sediments was
washed twice with the tissue extract solution (pH
7.4) and brought into a fraction of same concent-
ration to the whole homogenate fraction with the
aid of same solution to serve as particulate fraction
(pellet fraction) throughout. the trial.

All of the subcellular fractions are boiled at 100°C
for 5 minutes. The heat-denatured protein was re-
moved by centrifugation at 5,000 x g for 5 minutes
after cooling the preparation to 4°C in ice-water.
Prior to the determination of calmodulin contents
in the subcellular fraction was properly diluted.

3. Assay for the calmodulin content:

The assay for calmodulin content in the tissue

homogenate or subcellular fractions was based on
the ability to activate the activity of calmodulin-
deficent brain phosphodiesterase.
An appropriate dilutions were made from each of
the heat-treated samples solutions and they were
assay for their abilities to activate the calmodulin-
deficient phosphodiesterase activity prepared from
bovine brain.

The procedure was described by Wallace, Robert
W. et al9. and Kakiuchi, Shiro, et al®.

The 10 p! of smple containing known or unknown
quantities of calmodulin were added to a mixture
containing 400 yM CaClz, 200 uM EGTA, 7 pCi(®
H) —cGMP, 100 pl reaction mixture (125 mM TES,
6 uM MgCl, BSA 16 mg/ml and 4 pM cGMP, pH
7.5) and 20 pl calmodulin-deficient phosphodieste-
rase containing 0.2 ug protein in a final volume

200 pl.

The concentration of calmodulin-deficient phospho-
diesterase added was such that no more than 5-30%
of the substrate cyclic (3H)-GMP was hydrolyzed
during the course of reaction. The reaction was
initiated by the addition of the calmodulin-deficient
phosphodiesterase solution.

The mixture was vortexed and the tubes were
incubated at 30°C for 30 minutes. The conversion
cyclic GMP to 5-GMP by the calmodulin-deficient
phosphodiesterase was stopped by the addition of
25 ul of a termination medium containing 50 mM
EDTA, 5 mM cyclic GMP and 25 p! of snake venom
{crotalus atrox, 10 mg/ml) is then added and the
solution is further incubate for 10 minutes at 30°C
to convert 5-GMP to guanosine.

At end of incubation, 0.75 ml of 0.1 mM guanosine

added. The each sample is applied to small column
of QAE Sephadex A-25 (0.7 x 2.0 cm) which has
been equilibrated with 20 mM ammonium formate
(pH 74).
The samples are eluted with 3.5 ml of ammonium
formate solution. The elute was dissolved in
Aqueous Counting Scintillant Solution (ACS, Ame-
rsham Co.) and radioactivity of (®H)-guanosine was
determined in a liquid scintillation spectrometer
(Beckman Co.). All assay were performed in triplate
and a typical calmedulin assay protocol consists of
standard curve of calmodulin in ranging 1.0 to 10.0
ng per 10 ul of calmodulin, tubes of blank containing
everything except the calmodulin-deficient phos-
phodiesterase.

The results are expressed ng of calmodulin per
mg of protein per 30 minutes of time.

The protein was determined by the method of Lowry
et al*%, using bovine serum albumin as the standard.

4. Chemicals and reagents:

Ethyleneglycol-bis(beta-aminoethyl ether) N, N’-
tetraacetic acid (EGTA), N-tris (hydroxyimethyl)
methyl 1-2-aminethanesulfonate (TES); cyclic ade-
nosine monophosphate (cAMP), cyclic guanosine
monophosphate (cGMP), DL-dithiothreitol (DTT),
bovine serum albumin, theophylline, adenosine,
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guanosine, sodium chloride, urea, sodium dodecy-
Isulfate (SDS), potassium chloride, and crotalus
atrox venom were purchased from Sigma chemical
Co.. Cyclic (®H)-adenosine-3, 5-monophosphate
(specific activity 335 Ci/mmol), and cyclic (*H)
guanosine-3’, 5-monophosphate (345 Ci/mmol)
were puchased from New England Nuclear Co..
Isobutylmethylxanthine (MIX), unlabeled AMP,
unlabeled GMP, ethylendiaminotetraacetate (EDT
A), trifluoperazine (TEP), calmodulin-deficient ph-
osphodiesterase enzyme were obtained from Sigam
Chemical Co..

QAE Sephadex A-25 (Pharmacia fine Chemicals)
was equilibrated with the column buffer prio to use.
All other reagents were of the best available grade
from commercial sources.

RESULTS

1. Subcellular localization of the calmodulin
content in the nephric cortical and medullary
tissues of normal adult guinea pig.

The concentration of calmodulin contained sub
cellular fractions was determined by differentiation
of the whole homogenate into the supernatant fra-
ction (soluble fraction) and particulate fraction
(pellets fraction) with the aid of ultracentrifugation
by the Model L5-50 ultracentrifuge and results were
compiled as in Table 1. The concentration of cal-
modulin in subcellular fraction was expressed as
a specific concentration, ng of calmodulin per mg
of protein per 30 minutes.

The content of calmodulin of the whole nephric
tissues is divided into 6.1 percent for medullary
tissues and about 93.9 percent for cortical tissues
in the present trial.

The comparison of the amount of caimodulin bet-
ween the medullary and cortical tissues reveals a
ratio of about 1. 15.

As can be seen in Table 1. the specific concen-
tration of both medullary and cortical tissues were
localized predominantly in the supernatant fraction.
The small amount of remaining calmodulin was

found in the particulate fraction.

However, in the present experiment the fractional
calmodulin was compared on the base of 12.6 ng
of calmodulin per mg of protein found in the whole
homogenate of the medullary tissues as 100 percent;
the supernatant fraction was found to be the 11.5
ng of calmodulin as 91.6 percent within the given
time, 1.06 ng of calmodulin per mg of protein for
the particulate fraction as 8.40 percent.

In the case of cortical tissues the amount of ca-
Imodulin was compared on the base of 194.17 ng
of calmodulin per mg of protein found in the whole
homogenate preparation as 100 percent; the supe-
rnatant fraction was found to contain the amount
in 190.0 ng of calmodulin per mg of protein 97.8
percent, 4.17 ng of calmodulin per mg of protein
for the particulate fraction as 2.2 percent. The su-
beellular concentration of calmodulin in the both
medullary and cortical tissues were mainly localized
to be the supernatant fraction.

Expressed otherwise, the intracellular distribution
of calmodulin in the supernatant fraction was almost
90 percent more than that of particulate fraction
in the both medullary cortical tissues.

2. The effect of heat on the calmodulin level
in supernatant fraction of the renal medullary
tissues and cortical tissues.

As can be seen in Figure 1 and Figure 2, in the
present trial, the calmodulin levels of supernatant
fraction in the medullary tissues was raised by the
heat-treatment versus the dilution factors of sam-
ples.

Therefore, the effect of heat-treatment on the
calmodulin levels in supernatant fraction of the renal
cortical tissues as observed in the present trial was
compiled in Figure 3 and Figure 4.

When the effect of heat-treatment versus the di-
lution factor of samples on the concentration of
calmodulin is compared in the cortical and medu-
llary tissues, they are similar; 3, 4 folds at the di-
lution factors of 50 times for the medullary tissues.
Similar was the case with the dilution factors of
25 times or 100 times; no change in the increa-
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Table 1. Subcellular Distribution of Calmodulin in the Supernatant and and Particulate Fraction of the Nephric Medullary and

Cortical Tissues of Normal Adult Guinea Pig

The reaction mixture contained 400micromoles of CaClz, 200 micro moles of EGTA, 7 microCi of (3H)-cGMP, 100
micromoles of reaction mixture buffer, and 20 micromoles of calmodulin-deficient phosphodiesterase solution in a final
volume of 200 microliter at 30°C for 30 minutes in water bath

The reaction was stopped by the addition of 25ul of a termination medium containing 50 mM EDTA, 5 mM <GMP,
and 25pl of snake venom (crotalus atrox, 10mg/ml) and the solution is further incubated for 10 minutes at 30°C. At
end of incubation, 075 ml of 0.1 mM guanosine added. All of samples were applied on OAE Sephadex (A-25, 0.7 x
20 cm) column. The elutes were dissolved in Aqueous Counting Scintillant Solution and radioactivity of (3 H)-guanosine
were determined in a liquid scintillation spectrometer. The result were expressed by the ng of clamodulin per mg of
protein per 30 minutes of times. Each value was expressed from the pooled samples of 7 renal medullary and cortical

tissues in normal adult guinea pig

Fraction MEDULLA CORTEX
Sample soluble particulate soluble particulate
number fraction fraction fraction fraction
ng of calmodulin x 100/mg of protein
1 11.21 142 192.14 4.26
2. 10.98 0.92 182.12 3.96
3. 12.86 1.66 188.27 445
4, 1145 1.68 190.96 4.26
5. 10.78 0.72 189.42 387
6. 11.24 0.86 190.98 411
7. 12.11 0.77 192.76 4.40
8. 1191 0.98 18841 3.98
9. 10.99 1.01 189.92 4.09
10. 1149 0.99 190.46 411
11. 12.01 0.97 193.04 4.29
12. 11.76 0.96 19177 422
Ranges 10.78-12.86 0.72-1.68 182.12-193.04 3.96-4.45
Means 11.557 1.063 190.001 4.167
Standard +0599 +0334 +2.941 +0,178
errors
t-test score: 19,29 3.183 64.600 2341
p<0.001 0.001<p<0.005 p<0.001 p<0.001

sement of ratio of the calmodulin levels was regi-
stered with the dilution factors of supernatant fra-
ction.

The results of stastical analysis are presented in
Figure 2 and 4 even though its statistical anlysis

demonstrated a very high significance.

3. The effect of heat exposure time on the
supernatant-calmodulin of different organs

There are a number of ways to the exposure time
of heat-treatment on the supernatant fluid in dif-
ferent organs of normal adult guinea pig.

The major objective is to bring the supernatant fluid
up to the exposure time of heat-treatment(30 mi-
nutes) and down (30 seconds). One approach is
to 0.1 ml of supernatant fluid in different organs
and immerse it in a boiling water-bath for the ex-
posure time of heat-treatment as indicated. At spe-
cific time during the heat exposure time at 100°C.
The agglutinated suspension can then be directly
clarified by centrifugation at 5,000 x g for 5 minutes.

The lower represents the case for cardiac cal-
modulin, medullary-calmodulin, and cortical-calmo-
dulin together with individual range whereas the
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in the Renal Medullary Tissues of Normal Adult Guinea Calmodulin in the Supernatant Fraction of the Nephric
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The incubation condition and reaction mixture were The reaction mixture were the same as described in
as described in Table I except that varying dilution Table 1. Each point represents the awerage value of
factor of calmodulin contents were added to the rea- 15 experiments.
ction mixture as indicated. Each point represents the
mean of 15 experiments.
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The reaction mixture were as described in Table 1.
Each point represents the mean of 15 experiments.
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The experimental details were as described in Tabl
I Each value is the average value of 15 experiments.

upper line represents the case of cephalic calmo-
dulin in normal adult guinea pig as is seen in Figure
5 and Figure 6.

As can be seen in Figure 5, the levels of cal-
modulin in the cortical and medullary tissues were
increased in function of the heat exposure time until
5 minutes whereas that of cardiac calmodulin was
not affected by the increase in the heat exposure
times. By contrast the levels of cephalic calmodulin
was increased by the increase of the heat exposure
time to the supernatant fluid as can be seen in the
upper line of Figure 5 and Figure 6.

4. The effect of salt on the calmodulin assay
in cortical medullary tissues

The authentic calmodulin was assayed in the
presence of the concentration of NaCl indicated in
the Figure 7 and 8.

Since NaCl or KCl was routinely included in ti-
ssues preparation, the effect of carryover of salt into

16
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o ! 0025>p > 0.001
[+ ©
X " " s i s
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ng of Calmodulin per 0.1 ml of Supernatant X 100

Fig. 6. Regression Equation of Different Calmodulin Content
of Supernatant in Different Tissues Between Heating
?Time and Concentration of Calmodulin.
The reaction mixture were as described in Table I
Each point represents the mean of 15 experiments.

the calmodulin assay was examined. Figure 7 and
shows a results with NaCl, and an identical result
was obtained with KCl. The results shows that,
under the conditions of the present study, carryover
of salt into the assay mixture of the lesser than
150 mM did not interfere with the assay, although
higher concentration of salt were inhibitory in the
medullary-calmodulin.

However, when the addition of NaCl became 300
mM at final concentration, the calmodulin assay was
not inhibited by more than 99.9 percent in the case
of cortical-calmodulin.

By contrast calmodulin assay in the case of corti-
cal-calmodulin was affected by the increase of co-
ncentration of the addition of salt solution to the
mixture as can be seen in Figure 7.

An inhibition of 65 percent was noted in the case
of medullary-calmodulin for the calmodulin assay
with a 50 percent (Is) inhibition at 300 mM of
NaCl, and the corresponding 50 percent (Iso) inhi-
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Fig. 7. The Effect of Salt on Calmodulin Assay in Supernatant
Fraction of the Nephric Medullary and Cortical Tissues
of Normal Adult Guinea Pig.

The authentic calmodulin was assayed in the presence
of the concentration of NaCl indicated in the figure.
Each point presents the means of 15 experiments.

bition was found to be 500 mM of NaCl for the
calmodulin assay of the cortical tissues.

5. The effect of additives on the calmodulin
assay in supernatant fraction of cortical and me-
dullary tissues

Since it was found that salt solution does inhibit
the calmodulin assay the present experiment was
directed to find out the inhibitory effect on this
calmodulin assay by other organic compounds and
the experimental results were compiled in Table
II in the expression of its relative activity.

The inhibitory effect of NaCl or KCl at a con-
centration of 350 mM ON the calmodulin levels was
found to be about 55 percent in the case of me-
dullary tissues, but the addition at the same con-
centration of NaCl or KCI resulted in 93 percent
inhibition of the case of cortical tissues.

The addition of 20 mM EGTA, known to be a
chelating agents, resulted in an inhibition of about
60 percent in the case of medullary tissues and about
95 percent in the case of cortical tissues whereas
the addition of 200 mM EDTA, an inhibition of about

65 percent for the case of medullary tissues and
about 97 percent for the case of cortical tissues.

The addition of 6 M urea, a substance knows to
disrupt the hydrogen bonding of enzyme apoprotein
and inhibit the enzymatic activity, to the react did
not interfere to the calmodulin levels of both me-
dullary and cortical tissues.

In particular, the addition of 100 mM SDS, the
compound of the decreasement of surface tension,
did not affect the calmodulin levels in both me-
dullary and cortical tissues in the present trial.

DISCUSSIONS

Originally described as a cyclic nucleotide pho-
sphodiesterase activator the calcium binding protein,
calmodulin, has since been shown to be an important
intracellular regulatory factor. In the past few years,
a number of excellent review articles have appeared
in which the structure, function, mechansim of action
and distribution of calmodulin have been described®
45,

In order to determine the intracellular distribu-
tion of calmodulin levels in the medullary and co-
rtical tissues of normal adult guinea pig, 10 percent
whole homogenate was centrifuged at 40,000 x g
for 30 minutes into the supernatant fraction and
particulate fraction and the levels of calmodulin in
each fraction were compiled as in Table 1.

The subcellular localization of tissue calmodulin
of the both medullary and cortical tissues in normal
adult guinea pig were almostly 91.6 percent for the
case of medullary tissues and about 97.8 percent
for the case of cortical tissues in the present ex-
periment. There are a small amount of bounded
calmodulin in the presence of particulate fraction
within about 8.4 percent for the medullary tissues
and about 2.1 percent for the cortical tissues.

According to the report of Giebert, C. White II.
et al® in 1981, the calmodulin levels of platelets
to indicate that platelets function may be regulated
by alteration in cytoplasmic concentration of calcium
ions, calmodulin levels was localized and compared
between the calmodulin levels of intracellular cy-
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toplasm and aggregation of blood coagulation. The
distribution of calmodulin in resting platelets was
examined by subcellular fractionation. Gel filtered
platelets were frozen and thawed three times, so-
nicated, and separated into soluble and particulate
fractions by centrifugation. The result show that 84
percent of calmodulin activity in the homogenate
was present in the soluble, and 14 percent in the
particulate fraction of platelets cells. The specific
activity of calmodulin in the soluble fraction was
1520 units per mg of protein while that in the pa-
rticulate fraction was 320 units per mg of protein.

Studies with bovine brain have suggested that
portion of soluble calmodulin may be translocated
to a particulate distribution in the presence of ca-
Icium ions®43),

To examine this possibility in platelets, platelets
were recalcified to a final concentration of 2 mM
and homogenized and fractionated. There are sig-
nificant shift in protein from the particulate (dec-
reased from 4.19 mg/ml to 2,53 mg/ml) to the so-
luble (increased from 0.94 mg/ml to 131 mg/ml)
fraction so that the specific activity of the calmodulin
in the particulate fraction increased (320 w/mg of
protein to 380 p/mg) and that in the soluble fraction
decreased (1520 p/mg to 1130 u/mg). Nevertheless,

the distribution of calmodulin between soluble and
particulate fraction was essentially unchanged under
the condition used.

The levels of calmodulin in the supernatant fra-
ction of the cortical and medullary tissues in the
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Fig. 8. Regression Equation of Calmodulin Assay in Super-
natant Fraction of the Nephric Medullary and Cortical
Tissue of NOrmal Adult Guinea Pig Between Conce-
ntration of Sodium Chloride and Calmodulin Assay.
The experimental details were as described in Table
1. Each point represents the mean of 15 experiments.

Table 2. Effect of Various Additives on the Calmodulin Assay in Supernatant Fraction of Renal Medullary and Cortical Tissues

of Normal Adult Guinea Pig

The reaction mixture were as described in Table 1.

Each value represents the meant S.E. of 17 experiments

Additives MEDULLA CORTEX

ng of calmodulin Relative ng of calmodulin Relative
/mg of protein activity(% ) /mg of protein activity( %)

None 1,121.0% 59 100.0 19,214.0+ 294 100.0
NaCl, 350 mM 516.8% 45 45.6 1,391+ 191 72
KCl, 350 mM 532.8 40 475 1,280.4% 176 6.7
EGTA, 20mM * 4729* 31 42.2 9726% 91 5.1
EDTA, 200mM * 3964t 26 354 601.9% 82 31
TFP, 10 mM * 2275% 25 20.3 2793+ 19 L5
Urea, 6 M 1,123.0+ 59 100.0 19,212.0% 99.9
SDS, 100mM * 1,118+ 57 9.7 19,216+ 298 100.0

* EGTA: Ethyleneglycol-bis(beta-aminoethyl ether) N,N'-tetracetate

EDTA: Ethylenediaminotetraacetic acid
TFP : Trifluoperazine
SDS : Sodium dodecylsulfate



- 526 —

FUHBXRLE F1F H450

present experiement are 21.4-folds higher than
those reported by Giebert, C. White II. Altthough
this difference is unexplained and have to study
in greater detail with respect to their calmodulin
content and function.

A large portion of the calmodulin activity in the
medullary and cortical tissues of nephric organ of
normal adult guinea pig was found to be the su-
pernatant fraction.

Others have reported that the binding of metal
ions to calmodulin depends on the salt concentra-
tion*37, Thus altering the salt concentration results
in some magnesium binding.

Since NaCl or KCl was routinely included in tissue
preparation, the effect of the concentration of salt
on the calmodulin assay was examined. The effect
of the differential concentration of salt solution on
the calmodulin levels in supernatant fraction of both
medullary and cortical tissues were compiled as in
Table II, Figure 7 and Figure 8.

As can be seen in Table II, Figure 7, and Figure
8, the activity of calmodulin was inhibited in function
of NaCl concentration whereas that of superna-
tant-calmodulin of cortical tissues was almostly re-
sistered by the same concentration of salt solution
more than the supernatant-calmodulin in medullary
tissues.

For each of the tissue fractionated sample, a plot
of sample concentration and the degree of inhibition
of calmodulin levels by the differential concentration
of salt solution were prepared. From this curve,
the Is0 value which means the concentration of the
salt solution for 50 percent inhibition was calculated.
Fifty percent inhibitory concentration of salt solution
on calmodulin levels of the supernatant fraction in
medullary tissues was found to be 300 mM and 500
mM for the calmodulin levels in cortical tissues.

Calmodulin is a highly coiled molecules. In the
absence of metal, 40 percent of the protein exists
in an alpha-helical configuration. Calcium binding
to calmodulin increases the helicity to greater than
50 percent. This change in conformation is man-
datory for the regulation of all calmodulin-modulated
enzyme molecules described so far. Also the re-

gulation of an enzyme by calmodulin can be affected
in two ways.

One way is to increase the calcium concentration
in the presence of a fixed amount of calmodulin.
The second method is to increase the calmodulin
concentration in the presence of a fixed amount of
calcium. As the calmodulin concentration is increase,
the amount of calcium required to stimulate a rea-
ction is markedly reduced3839404v

The t-test for the probability in the effect of salt
solution on the calmodulin levels in the supernatant
fraction of both cortical and medullary tissues was
found to be p<0.001 or very highly significant in
statistical terminolgy.

The effect of the increase in the dilution factors
of supernatant fluid of both medullary and cortical
tissues upon the calmodulin levels after the heat-
treatment at 100°C for 5 minutes could be increased
about 3.51-folds for the calmodulin levels of cortical
tissues at 25 diluted supernatant-calmodulin and
that of the medullary-calmodulin by 2.65-folds at
same dilution factors.

Upon the heat-treatment on supernatant-calmo-
dulin was highly noted in the case of cortical-cal-
modulin that that of medullary-calmodulin.

It was generally noted that calmodulin levels in
supernatant fraction of nephric organ was stablized
on the heat-treatment.

In order to better present the relationship of the
heat-treatment between calmodulin leveis of supe-
rnatant fraction and the dilution factors of samples
were plotted and summarized in Figure 2, and Fi-
gure 4.

To be noted in passing is that the regression coe-
fficient for the case of medullary-calmodulin was
found to be r=+0.942 and that of cortical-calmo-
dulin by r=0.989.

It was observed in this experiment that the degree
of calmodulin levels in supernatant fraction of co-
rtical tissues due to the heat-treatment was highly
activated than in the medullary tissues, suggesting
that the structure of calmodulin protein and its
properties of the configuration of calcium binding
sites found in both tissues were slightly differed
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in the mode of membrane-bounded form in the
protein layer.

Means, AR, and Dedman, JR*?. in 1980 reported
that multiple role for calmodulin are suggested by
its multiple localization in all tissues, best illustrated
in the rat cerebellum. Calmodulin was concentrated
in Purkinje and glial cell bodies where it was pre-
dominatly associated with free and bound ribosome,
the nuclear membranes, coated membranes of
smooth and rough endoplasmic reticulum, mito-
chondrial and plasma membranes, Calmodulin was
also found in the neuronal dendrites of the Purkinje
celles, in which it coated the surface of smooth
endoplasmic reticulum, small vesicle, and inner and
outer mitochondrial membrane®.

The present experiment was conceived and ca-
rried out to determine the calmodulin levels within
differential organ i.e., heart, kidney, and brain ti-
ssues in the one hand and the effect of the heat
exposure time on this calmodulin activity in su-
pernatant fraction and the results were figurized
as in Figure 5, and Figure 6.

As can be seen in Figure 5, all of the superna-

tant-calmodulin in kidney and brain tissues did af-
fected by the heat-treatment until 5 minutes whilst
that of cardiac calmodulin did not influenced by the
increase of heat exposure time.
The activatory effect of the heat exposure time at
a time of 4 minutes on the supernatant fraction of
brain tissues was found to be about 721 ng of ca-
Imodulin per mg of protein but the increase at 10
minutes of heat exposure time was resulted in 1920
ng of calmodulin per mg of protein. The increase
of heat exposure time on cephalic calmodulin was
predominantly raised by 2.660folds.

It was found in the present experiment in which
the heat exposure time for the activation of supe-
rnatant calmodulin was needed by about 5 minutes,
but the case of cardiac calmodulin in supernatant
fraction did not affected by the degree of the heat
exposure time as can be seen in Figure 5.

The fact was further confirmed by the findings
that the changes in added the differential chemical
compounds did affected by the additives. Compiled

in Table II are the result of the determination of
supernatant-calmodulin levels due to the effect of
the various concentration of additives.

Green, S, and Dobrijansky, A*, in 1971 reported
that 6 M urea reversibly or irreversibly inactivated
nicotinamide adenine dinucleotide glycohydrolase
from mammalian liver with the dissociation of
NAD-glycohydrolase into inactive subunits. Many
enzymes are known to be inacivated by the rupture
of the hydrogen bondings of the enzymes proteins
in the high concentration of urea, which some en-
zyme are reported to be activated since urea re-
moved inhibitors, if any, from the enzyme-inhibitor
complex454647484950)

Accordingly, the effect of urea on the concent-

ration of calmodulin in supernatant fraction of both
medullary and cortical tissue was investigated that
addition of 6 M urea to the reaction mixture of
calmodulin assay was not changed.
Also, the effect of 100 mM sodium dodecylsulfate
on the above calmodulin levels in both medullary
and cortical tissues was not affected by the subs-
tance of the related surface tension.

The comparison of the structural configuration
of calmodulin protein in supernatant fraction bet-
ween the medullary and cortical tissues was differed
due to differing only in the hydrogen bondings of
the each protein conformation.

Therefore, in order to further detail the inhibitory
effect of 20 mM EGTA, 200 mM EDTA, and 10 mM
trifluoperazine on the calmodulin levels in super-
natant fraction of both medullary and cortical tissues
were schematically summerized in Table II.

Certain authors®5? reported the inhibition of
brain cyclic nucleotide phosphodiesterase by phe-
nothiazine neuroleptics, found that trifluoperazine
and related phenothiazine derivatives are potent
inhibitor of the calcium sensitive phosphodiesterase,
at a concentration which has no influence on the
basal activity of the enzyme in the absence of ca-
lcium. they subsequently demonstrated that these
drugs bind to calmodulin in its calcium-activated
form and inhibit its biological properties.

The antipsychotic effect of neuroleptics is unrelated
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to the inhibition of calmodulin activity, but trifluo-
perazine and other inhibitors of calmodulin activity,
have been used to inhibit and identify the role of
calmodulin-regulated reaction in various cells. Ca-
Imodulin binds 2 moles of trifluoperazine with a
dissociation constant of 10°¢ M; upon binding tri-
fluo-perazine, calmodulin become biologically inac-
tive,

The inhibitory effect is to be interpreted as can
increased formation of calmodulin-inhibitor(TEP)
complex which the calmodulin can not bind which
would an increasing disruption the calmodulin-ca-
Icium complex by the combination of inhibitor at
site of calcium bindings in calmodulin molecules.

These experimental findings, therefore, indicate
that the calmodulin of both medullary and cortical
tissues are located on the same nephric organ, but
its properties and characteristics are remarkedly
differed from those for the degree of its concen-
tration in subcellular space and author can be co-
ncluded that the calmodulin of both medullary and
cortical tissues have to discussed with regard to
the nephric functions.

It will be intersting to see in future studies how
and why what mechansim calmodulin is bound to
the inhibitor and what is the biochemical significance
of biomodal distribution of calmodulin in both the
supernatant and particulate fraction of the cell.
The present results for the determination of cal-
modulin in the supernatant and particulate fraction
represents a step toward such work of the medical
aspects in future.

Summary

In order to determine the subcellular localization
of the calmodulin activity (ng of calmodulin per mg
of protein) of the supernatant fraction and parti-
culate fraction in nephric organ of normal adult
guinea pig by a differential centrifugal method was
carried out and the effect of various inhibitors to-
gether with certain other organic compounds on this
calmodulin levels was determined and the following
conclusions were obtained:

The calmodulin levels of supernatant fraction in
medullary tissues of normal adult guinea pig was
found to be 1,155.7+ 59.9 in comparison to that of
106.3* 33.4 for particulate fraction.

The concentration of calmodulin of supernatant
fraction in cortical tissues of nephric organ of normal
adult guinea pig was determined to be 19,000+ 294.1
whilest that of particulate fraction to be about
4167+ 17.8.

The effect of heat-treatment versus the dilution
factors between the medullary tissues and cortical
tissues was proportionally activated due to the in-
crease of dilution factors, and the activatory effect
of heat-treatment on the calmodulin levels of su-
pernatant fraction in cortical tissues was 1.44-folds
higher than that of medullary tissues.

The activatory effect of heat-treatment on the
calmodulin levels in supernatant fraction was very
highly significant in terms of statistics (p<0.001).

The duration of the heat exposure time on the
calmodulin levels in supernatant fraction of both
medullary and cortical tissues was found to be 5
minutes.

Fifty percent inhibitory concentration (Iso)) of
salt solution on the calmodulin assay in supernatant
fraction of medullary tissues was found to be about
300 mM in comparison to that of 500 mM for cortical
tissues.

The inhibitory effect of salt solution on calmodulin
assay in supernatant fraction of medullary tissues
was essentially inhibited 1.67-fold higher than that
of cortical tissues at the same concentration of salt.

A stastically significant correlation coefficient of
r=—0.971 was found between the concentration of
salt solution added and the calmodulin assay with
a probability of less than 0.001 and a regression
equation (y) of 116.3-12.32x whilest a case of me-
dullary tissues by that of r=—0.961, P{0.001, and
y=105.3-12.8x.

No effect was exerted on the supernatant-cal-
modulin in both medullary and cortical tissues by
the addition of urea and sodium dodecylsulfate.

The addition of trifluoperazine to the reactant at
a concentration of 10 mM inhibited on the calmo-
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dulin levels in supernatant fraction of cortical tissues
by 985 percent whilst that of medullary tissues,
by 79.7 percent.

These experimental findings, therefore, indicate
that the calmodulin of both medullary and cortical
tissues are located on the same nephric organ, but
its properties and characteristics are remarkedly
different from those for the degree of its concen-
tration in subcellular space and author can be co-
ncluded that the calmodulin of both medullary and
cortical tissues have to discuss with regard to the
nephric functions.
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