SPECTROSCOPIC STUDIES OF INHIBITION OF
CALMODULIN ACTIVITY BY SOME DRUGS
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Abstract — The effect of Jour inhibitors on calmodulin (CaM)
were studied by u fluorescence and uliraviolet techniques.

four  compounds  [N-(6.aminohexyl)  S-chlore - 1
napthalenesulphonamide] (W.7), 1 - [bis - (4 - chlnmphcnﬂ)
methyl] - 3 - [2, 4-dichloro - f - (2,4 - dichloroben: \Izu‘)!}
phenethyl]  imidazolium  chiloride (R24571), trifluoperazine
(TEP), thiodiphenylamide chloride (TDPAC) showed inhibitory
effect on bovine brain phosphodiesterase (PDE} induced by CaM.
Tlu; concentration of inhibiters producing 50% inhibition of
Ca™" | CaM activity (ICsq) and the Hill coefficiemt were
correlating closely between the methods, Ki’s and thermodynamic
parameters for these interactions were estimated.
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INTRODUCTION

Ca®* ion, as a second messenger in several different
cell processes plays an important role in cell function (1).
Evidences suggest that proteins such as calmodulin
(CaM) can act as Ca’™ receptor in such processes (2-5).
Some Ca’™ jon functions include, Ca®* abil ity to regulate
tropomyosin - troponin  contractile  sysiem.  Vascular
smooth muscle contraction is also CaM  dependent
phosphorylation of myosin light chain kinase (6). CaM is
a protein with a molccular wieght of 16300 dalton, and
is ubiquitos in all eukaryotic cells (7). Many drugs of
CaM inhibitory action were studied among which, are
Ca™ chelating agents, (8), smooth muscle relaxant (9),
local anesthetics  (10)  neuropeptides  and  proteing
(11-13). Many of these drugs contain hydrophobic region
and a positive charge at physiological pH (12,13), which
appear crucial in producing a direct complexation with
CaM, although some other CaM antagonists, also inhibit
protein  kinase Competitively  with its  phospholipid
cofactor (14). The modes of Ca™ bindings 10 CaM and
the sites of Ca™* bindings are well established (15). It is
suggestcd that upon such  bindings  conformational
changes occur with large incrases in « - helical content of
the protein (16,17). a resull of such bindings,
hydrophobic binding sites that are capable of bindings to
other proleins or inhibitors are exposed (1819}
mechanism {or the modes of activition and inhibition is
described by Mceuzer and coworkers (20).
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CaM inhibitors have important pharmacological
significance in that they provide both an understanding
towards the mechanism by which drugs alter CaM action
and also 10 explore further the physiological role of the
calcium binding protein, ic. the antipsychotic action
associated with phenotiazine drugs, or the compound
R24571 (Calmidazolium) is known to have antimycotic
action. Other characteristics such as hypotensive cffect is
also found with some CaM irhibitors. To investigate
further the modes of action and the relative effect of
some CaM inhibitory drugs, we studied the inhibitory
effect of compounds sueh as TFP, W-7. TDPAC.
R24571 by fluorescence and UV, using dircet method
and alse by using CaM activation of bovine brain
phosphodicsterase inhibition and aquired kinetic and
thermodynamic  data  which  could  reveal  some
mechanistic aspect of drug action a3 well as insight into
the nature of bindings.

MATERIALS AND METHODS

brain with a
method  describied

Calmodulin  purified from  bovine
95-97% purity according 1o the
previously (15,21). The degree of its purity  was
measured on the basis of iis  phosphoediesicrase
activation propertics and electrophaoretic migratjon in
polyacrylamide gels, in the presence of sodium dodecyl
sulfate (81DS) (22). Bovine brain cyelic 3°. 37 nucleatide
phosphodiesterase  was  prepared  according o the
method  of  Wallace  and  coworkers  (23). W-7,
phenothiazines, snake venom and bullfer reagents such
as mops, and tris. were obtained  from  Sigma.
Calmidazolivm (R24371) was obtained from Seikagiku
Kogyo Co. (Tokyo, Japan). All other reagents were of
analytical grade or the highest purity available, CaM

concentrations  were  determined by measuring s
phosphuodiesterase  activation as  described  previously
(24). Extinction coefficient for the purified CaM

(#'“0 = 3.3) was also used {or such assavs. Protein
concentration was determined by Lowry method using

serum albumin as standard (23). SDS gel electrophoresis




was performed as described by Laemmeli (22). The
fluorescence emission intensities were determined at 310
nm with the excitation wavelength of 277 nm and
2300 nm  with  RF-3000 Shimadzu  {lucrescence
spectrophotometer, The [Cqy was  determined, using
seven Lo mine concentrations for each inhibitor. Each
point represenis the mean value of 3 replicates.

RESULTS

The  extent  of  activalion  of  CaM by
phosphodiesterase is estimated 10 be 7-13 folds, in the
abscnce of inhibitory drugs. The effect of the drugs on
the activation of bovine brain CaM - PDE induced by
CaM is shown in (Table 1). The percent increase in
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fluoroscence intensity (F/Fo) of CaM in its reaction with
cach inhibitor were studied at excitation wavelength of
277 nm and the emission of 310 nm. It is noteworthy to
say that the PDE - CaM activity as measured by UV,
correlated  closely  with  the  results  obtained by
fluarescence of the direct interaction between CaM and
the mhivitor drugs. The fluorescence intensily appeared
o be enhanced by the inhibitors that had more affinity
for CaM (Fig 1 and 2).

The allinty strength as measured by 1C;, was
determined in conditions where CaM concentration was
kept constant with the increasing concentration of the
inhibiter (‘Table 2). The inhibition constant K were
determined from the -intercept of Dixon plot (Fig 3).
The apparent binding sites were determined from Hill
plot for cach inhibitor (Tabe 2).

Table 1. Effect of various drugs on activity and {fluarescency intensit

FI POE-activity
$327 0007
2 Compound R24571 26419 0011
3 Trifluoperazine (TFP) 18423 0.067
4 2-Chloro-phenothiazine 20429 0023
5 Thiodiphenylamide (TDPAC) 198,66 0.028
6 Cyclosporin A (CsA) 114,06 ou??

Table 2. Inhibition of calmodulin by direct interaction and by PDE activity by various drugs.

No. Drugs 1G5 (2 M) Ki(¢) PE; Ny
FI FI° uv? Ve

1wy 420 43,66 540 537 31107 451 1.3

2 TFP 7.30 740 12.4 11.76 72%10" 5.14 1.95

3 TRPAC 470 5.2% 3 530 3010 5.54 107

4 R24571 036 0.34 045 0.43 L2107 6.92 140

a: abtained fsom Figure 4, b: obtained from Figure 3 The

lesg value is defined as the concentration of the drug required

to produce 50% inhibition of the enzyme activity. sy derived from the slope of Hill plots representing the affinity of

binding.

Table 3. Thermodvoamic parameters characterizing drugs inhibition

of calmodulin.

Drugs AG (H20) (D312 m

(kI mol™y . (ki mol! M7
w.7 1480 43x10° 34410°
TFP 17.0 8.60x10°° 1.98x10°
TDPAC 195 4.6x10° 12410
R24571 25 0.41x10° 5.49107
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Fig. 1. The effect of various concentration of durgs as calmodulin
antagonists on clamodulin fluorescence. The increase in fluorescence
infensity for clamodulin was calculated at each concentration of drugs,
the curves obtained with WMol CaM. pH = 74, T = 370C bufler
iris 40 mM. Inhibitor concentration ranged from 10-95 H#M. Each
point represents the mean value of five determinations.
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Fig. 2. lahibition of calmodulin - induced activation of
phosphadiesterase by catmodulin  antagonists.  Phosphodicsterase

activity was determined in the presence and absence of clamodulin

(40 pM) and wvarious concentration of clamodulin  antagonists
(10-100 M), Each point represents the mean value of five

dterminations.

Fig. 3. Dixon ploss for kinetic analysis of the inhidition (Kj) by
calmodulin antagonists of calmodulin - stimulated phosphodiesterase
activi,. The calmodulin - induced increase in phosphodiesterase
activity was determined in the presence CaM 100 M, PDE = |
mg/ml. other reaction condition were: pHl = 74, T = 37°C. buffer 1is
40 mM. Each point represents the mean value of five experiments.
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Fig. 4. Hill plots for the inhibition of CaM - activated
phosphodiesierase by calmodulin antagonists. Bovine brain CaM-PDE
activity was measured in the presence of 0.1 mM CaCly, CaM
00 M, PDE = 1 mg/ml, other reaction condition were: pH = 7.4,
T = 37°C. bulfer s $¢ mM and various concentrations of drugs.
£ach point represents the mean value of five determinations. a} W-7,
b) R 24571, ¢) TFP, 4) TDPAC
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Fig. 5. Free cnergy, AG (calculated from the measurement in the
Iransition region using Fq. (1), The data used were from sigmodial
curves (Fig 1) versus drugs concentration. a) W-7, b) R24571, ¢} TFP,
d) TDPA
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DISCUSSION

The 1Cs and K; values obtained with inhibitors W-7
and TDPAC, which arc compounds of phenothiazing
structure and R24371, TFP indicate that the inhibitory
effect of compounds are at least two orders of
magnitude different (Table 2). The compounds under
study could be arranged in decreasing order of inhibitory
potential as follows:

R24571 > TDPAC > TI'P > W-7

A generalization could be made that the more
hydrophobic  components  present in  molecule, s
associated with stronger inhibitory capacity. Previous
reports indicate that both hydrophebicily and the
positive charge on the molecules are essential for
inhibitory effect {18). This was proved by measuring the
effects of acetylation of lysing residues of some inhibitory
peptides such as melittin and mastoparan (26). The
positive charges are supposed 1o mleract with the
negatively charged aspaniate and glulamate residues on
CaM (27). The use of a large number of drugs from
different classes of compounds also point to hydrophaobic
effect in inhibition (18,19). Other factors such as sie
and nature of substituents are also considered important
{(19).

Our data indicates that the compounds under study
the inhibition parameters obtained by PDE - CaM
induced activation and inhibitory studies correlates
closely with the studies on the direct interaction of CaM
and inhibitors by {luorescence. This suggest a single
mechanism by which the inhibitors are specifically bind
10 CaM  and therefore factors arising from  the
complexity of two reaction appear minimal.  Similar
results have been obtained by others using simiiar CaM
antagonists (31).

To study further, the nature of interactions it is
worthwhile 10 link the kinetics parameters to that of
thermodynamic obtained from sigmoidal curves (22).
Because CaM  are small globular profeins, they can
assume  confoermational  alteraticns i a  two  state
mechanism (28), the treatment of the data is previously
reported (29) assuming such mechanism an equation of
state could be employed as follows:

Fa = (¥n - You) / (¥s - Ya)

Where Fy is the fraction of pretein altered i the
presence  of ligand, Ya, s the observed variable
parameter, Y, and Y4 are the wvalues of Y (eg
fluorescence intensity, etc.) characteristies of altered and
native conformation. The difference in free energy (AG)
obtained between the native and altered conformation
may be estimated using the, equation:

AG = -RTIn [F&/1-Fd] = -RTI0 [(Ya-Yors) / (Yors-Ya}]

Where R is the gas constant and T is the absolute
temperature, AG is plotted aginst concentration of
inhibitors {Fig.5). A linearty was found between the AG
and the inhibitors concentration obeying the [ollowing
equation:

AG = AG (H,0 - m{D])

Where AG (FO) is the value of AG in the absence
of inhibitors and m is the measure of dependence of AG
on inhibitors concentration [D]. AG (H.Q) i the
simplest estimate of the stability of the pratein (30), m
depicts the degree of the variation in the system. Table 3
shows the thermodynamic parameters obtained {rom
inhibition of CaM by the drugs under study. These data
correspond to kinetic data obtained in which the AG
(1,0 for all the inhibitors correlated to their degree of
inhibition potentials, ie. the compound R24571
possessing more inhibitory cffects, produced more stable
complex with CaM, as revealed by the value of free
coergy. The highest value of "m” and the lowest D172
were associated with R24371 compound, indicating
stronger inhibitory effect produced by the drug. ‘The
data obtained from Figd is indicative of a competitve
inhibition by the drugs. 1t is important 10 note that the
value of the Hill coefficients tabulated in Table 2 for all
the inhibitors are around unity except for R24571 which
is 1.405 pointing to the fact that a small conformational
change may also occur in the process of its binding to
the protein. With a small change in the apparent value
of coefficient.
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