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Abstract-—Palmitoylcarnitine. adriamycin, and trifluoperazine competively inhibited. with respect to
phosphatidylserine (a phospholipid cofactor). purified cardiac phospholipid-sensitive Ca®"-dependent
protein kinase, with apparent K; values of 3. 49 and 14 1M respectively. These compounds also inhibited
the enzyme competitively with respect to Ca®™ (a mctal activator), with corresponding apparent K,
values of (.8, 140 and S uM. A synergistic inhibition was observed when palmitovlcarnitine and
trifluoperazine were present in combination. A simple addition inhibition. on the other hand. was
observed for the combination of either palmitoylcarnitine and adriamycin, or trifluoperazine and
adriamycin. 1.3-Diolcin decreascd the inhibitory effect of trifluoperazine by increasing the affinity of
the enzyme for phosphatidylserine. The results indicate that the recently identified phoxpho ipid-sensitive
species of Ca’"-dependent protein kinase was inhibited by a variety of agents. probably via their abilities
to interfere with a hydrophobic interaction between phosphohpld and the enzyme. an interaction
presumably required to confer upon the enzyme a Ca™™ sensitivity. Because other long-chain fatty
acylcarnitines (stearoyl- and linoleoylcarnitine), short-chain {atty acvlcarnitines (such as octanoylcar-
nitine) and palmitoyl CoA. compared to palmitoylcarnitine, were less active as inhibitors. it is further
suggested that lipophilicity as well as other structural determinants are crucial for the ability of
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compounds to regulate the enzyme activity.,

Regulation of cyclic nucleotide-dependent protein
kinase has been reported. Protein inhibitor (inhibi-
tory modulator) depresses cyclic AMP-dependent
kinase activity by interacting with its catalytic subunit
[1.2]. whereas stimulatory modulator [3-5] and
oligonucleotides [6] enhance phosphorylation
activity of cyclic GMP-dependent protein kinase by
interacting with certain substrate proteins (i.e.
histone subfractions). There are no other agents that
have been shown to specifically regulate their cata-
lytic activity. Unlike cyclic nucleotide-dependent
enzymes, which are directly stimulated by cyclic
AMP and cyclic GMP, phospholipid-sensitive
Ca™ -dependent protein kinase requires not only
Ca*" (analogous to cyclic nucleotides) as an activator
but also phosphol 1p1d as a cofactor. In view of the
apparent hydrophobic nature of the interactions
between phospholipid and the enzyme protein that
confers upon the enzyme a Ca’” sensitivity, it seems
that the activation process of the enzyme would be
potentially regulated by various endogenous and
exogenous substances. In fact. phenothiazine anti-
psychotic agents, such as chlorpromazine [7] and
trifluoperazine [8], have been shown to inhibit phos-
phorylation of histone by phospholipid-sensitive
Ca™-dependent protein kinase partially purified
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from the brain [7, 8], heart [8] and spleen [8], and
of endogenous substrate proteins from the cerebral
cortex [9]. Moreover, we reported that other lipo-
philic substances, notably palmitoylcarnitine [10] and
adriamycin [11], also inhibit phosphorviation of
endogenous substrate proteins in the heart. We
report here the modes of inhibition by palmitoyl-
carnitine, trifluoperazine and adriamycin of the near
homogenous (about 95%) cardiac enzyme.

MATERIALS AND METHODS

Materials. Carnitine, various fatty acylcarnitine
and CoA esters, phosphatidylserine (bovine brain),
adriamycin and lysine-rich histone (Type HI-S,
histone HI) were purchased from either the Sigma
Chemical Co., St. Louis, MO, or P-L Biochemicals,
Inc.. Milwaukee, WI. Trifluoperazine-2HC! was
provided by Dr. P. T. Ridley of Smith, Kline &
French, Philadelphia, PA.

Methods. Bovine heart phospholipid-sensitive
Ca’*-dependent protein kinase purified (80-95%
homogeneous) through the step of phosphatidyl-
serine-Affigel 102 chromatography [12] was
employed in the present studies. The assay condi-
tions were similar to those described earlier [12-14].
Briefly, the reaction mixture contained. in a final
volume of 0.2ml, 5umoles of 1,4-piperazine-
diethanesulfonic acid (Pipes) (pH 6.5), 2 umoles
MgCl;, various concentrations of phosphatidylserine
and CaCl; as indicated in table and figure legends,
0.04 umole EDTA, 40ug histone HI, 1nmole
[y-“PJATP containing 0.8 to 1.3 x 10° ¢pm. and
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appropriate amounts of enzyme protein as indicated.
Drugs and other compounds were included in the
assay at the concentrations indicated. The concen-
trations of CaCl,. phosphatidylserine, drugs. and
other added substances are given as total concen-
trations; no attempt was made to determine their
actual free concentrations. The reaction was started
by the addition of ATP and was carried out for 5-
10 min at 30° and the phosphorvlated histone was
precipitated with trichloroacetic acid-tungstate and
processed as previously described [12-14]. Cyclic
AMP-dependent and cyclic GMP-dependent protein
kinases were partially purified. and assays for their
activities were the same as described earlier [5. 13].
Activity of the various enzvmes was linear as a func-
tion of the incubation time and the enzyme amount
in all experiments. Therefore. enzyme assavs were
conducted under initial rate conditions in all experi-
ments. Where appropriate. data are expressed as
means = S.E.M.

RESULTS

pL-Palmitoylcarnitine. at 50 uM. caused a nearly
complete inhibition of the Ca’*-stimulated activity
of cardiac phospholipid-sensitive Ca’"-dependent
protein kinase. with a 509 inhibition noted at 35 uM
(Fig. 1A). The acylcarnitine at a lower concentration
of 12.5 uM. on the other hand. slightly stimulated
(about 309 ) its activity (Fig. 1A); this observation
was reproducible in three other experiments. but
with a large varnability (average stimulation was
15 = 6%). It has been reported previously by others
that the acylcarnitine. at low concentrations of 5-
25 uM. also slightly stimulates cardiac sarcoplasmic
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Fig. . Comparative effects of pL-palmitoylcarnitine on

three classes of protein kinases from the bovine heart. (A)
Phospholipid-sensitive Ca’"-dependent protein kinase.
0.03 ug. (B) cyclic GMP-dependent protein kinase, 10 ug.
and (C) cyclic AMP-dependent protein kinase. 10 ug. were
incubated with phosphatidylserine (25 pg/ml) in the absence
or presence of CaCls (500 uM). cyclic GMP (0.5 uM) and
cyclic AMP (0.5 uM). respectively. and in the presence of
various concentrations of DlL-palmitovlcarnitine. as indi-
cated. Results similar to those shown in this figure were
obtained in three other experiments.

reticulum Ca-*-ATPase [15], while at concentrations
higher than 70 uM inhibiting both Ca*'-ATPase [15]
and Na’ . K"-ATPase [15-17]. In contrast to the
Ca*'-dependent protein kinase (Fig. 1A). the acyl-
carnitine, at a concentration as high as 125 uM. was
virtually without effect on the cardiac cyclic GMP-
dependent protein kinase (Fig. 1B) while inhibiting
by only about 40% the cardiac cyclic AMP-depen-
dent protein kinase (Fig. 1C). It has been reported
that palmitoylcarnitine, a metabolic intermediate of
long-chain fatty acids. accumulates greatly (to
millimolar concentrations) in the ischemic heart
[18-20].

Table 1. Comparative effects of various acylcarnitine and CoA esters

on the cardiac phospholipid-sensitive Ca’"-dependent  protein
Kinase™
Protein kinase activity
Addition [pmolcs P/min)

None (control)

L-Carnitine (30 uM)
L-Carnitine (60 uM)
Palmitate. Na-salt (30 uM)
Palmitate. Na-salt (60 uM)
DL-Palmitoylcarnitine (30 uM)
pL-Palmitoylcarnitine (60 uM)
L-Palmitoylcarnitine (30 uM)
1-Palmitoylcarnitine (60 uM)
DI-Stearoylcarnitine (60 uM)
i.-Linolcoylcarnitine (60 uM)
pL-Octanoylcarnitine (60 uM)
pL-Hexanovlcarnitine (60 uM)
DL-Acctylcarnitine (60 M)
Palmitoyvl CoA (60 uM)
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* The enzyme (0.05 ug)

was incubated with cardiolipin (50 ug/ml).

instead of phosphatidylserine (25 ug/ml). in the absence or presence

of CaCl; (500

uM) and indicated compounds (30 or 60 uM). The data

presented have been corrected for the basal activity values scen in the
absence of added CaCly, which amounted to 8-10% of those seen in
its presence. The numbers in parentheses arc the percent of the control
value obtained in the absence of added compounds. which was taken

as 1009
activity.
two separate experiments.

All compounds tested had no eifect on the basal cnzyme
Results similar to those shown in this table were obtained in
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Fig. 2. Reversal by phosphatidylserine of pL-palmitoylcar-
nitine inhibition of phospholipid-sensitive Ca*~-dependent
protein kinase. The enzyme (0.02 ug) was incubated in the
absence or presence of DL-palmitoylearnitine (PC, 30 or
60 uM), CaCl, (500 uM) and various concentrations of
phosphatidylserine. as indicated. The data presented have
been corrected for the respective basal values obtained in
the absence of CaCl., which amounted to about 5-7% of
those seen in the presence of CaCl..

In order to study the specificity of acylcarnitines
in inhibiting the enzyme, a number of structurally
related compounds were examined for their effects
(Table 1). While L-carnitine and palmitate had only
little effect, pL- and L-palmitoylcarnitine were the
most inhibitory and, moreover, they were nearly
equipotent. Other acylcarnitines of long-chain fatty
acids (i.e. stearoyl- and linoleoylcarnitine) and of
short-chain fatty acids (i.e. octanoyl-, hexanoyl- and
acetylcarnitine) were less effective. Palmitoyl CoA,
which has also been shown to accumulate in ischemic
heart [18-20], was relatively ineffective.
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Fig. 3. Kinetics showing competitive inhibition with respect
to phosphatidylserine by adriamyvcin of phospholipid-
sensitive Ca’"-dependent protein kinase. The enzyme
(0.02 ug) was incubated with CaCl; (500 uM) in the absence
or presence of adriamycin (150 or 30 uM). and in the
presence of various concentrations (7-250 ug/ml) of phos-
phatidylserine, as indicated. The data have been corrected
for the respective basal values obtained in the absence of
CaCl;, which amounted to about 5-7% of those seen in
the presence of CaCl..
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pL-Palmitoylcarnitine inhibited the enzyme in a
dose-dependent manner. and this inhibition
appeared to be overcome by increasing concentra-
tions of phosphatidylserine (Fig. 2). Complete inhi-
bition of the enzyme by 30 or 60 uM acylcarnitine
was still evident in the presence of phospholipid at
concentrations of 16 and 25 ug/ml, respectively. sug-
gesting that a stoichiometric interaction might exist
between the two lipid substances. It is conceivable
that such an interaction would lead to alterations of
certain phosphatidylserine vesicular or micellar
structures that are required for enzyme activation.
It should be noted that the inhibition by the acyl-
carnitine did not obey classical Michaelis—-Menten
kinetics. However, double-reciprocal plots and
kinetic analysis of certain experimental data obtained
with higher phosphatidylserine concentrations from
Fig. 2 revealed that inhibition by the acylcarnitine
appeared to be competitive with respect to the
phospholipid cofactor, with an apparent K; value of
2.6 =03 uM (three determinations: figure not
shown).

Adriamycin, a phospholipid-interacting and
DNA-intercalating anti-neoplastic drug with a
unique cardiotoxicity [21], was found to inhibit the
enzyme competitively with respect to phosphatidyl-
serine. with an apparent K; of 49 = 3 uM (three
determinations) (Fig. 3). Similarly. trifluoperazine,
a phenothiazine antipsychotic drug, inhibited the
enzyme competitively with respect to the phospho-
lipid cofactor, with an apparent K;of 14 = 3 uM (five
determinations) (Fig. 4). We have reported pre-
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Fig. 4. Kinetics showing competitive inhibition with respect
to phosphatidylserine by trifluoperazine (TFP) of
phospholipid-sensitive Ca*"-dependent protein kinase. The
enzyme (0.02 ug) was incubated with CaCl; (500 uM) in
the absence or presence of trifluoperazine (40 or 80 uM),
and in the presence of various concentrations (5-100 ug/
ml) of phosphatidylserine. as indicated. The data have been
corrected for the respective basal values obtained in the
absence of CaCl,. which amounted to about 5-7% of those
seen in the presence of CaCl..
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Table 2. Effects of DL-palmitoylcarnitine, trifluoperazine and adriamycin, presentsingly
or in combinations, on the cardiac phospholipid-sensitive Ca* -dependent protein
kinase”

Addition

Protein kinase activiny
(pmoles Prmin)

None (control)
pr-Palmitoylcarnitine (10 uM)
pL-Palmitoylcarnitine (30 uM)
Triftuoperazine (40 M)
Trifluoperazine (60 uM)
Adriamycin (100 ¢M)
Adriamycin (200 M)
pr-Palmitoylcarnitine (10 uM) +
trifluoperazine (40 uM)
pL-Palmitoylcarnitine (10 uM) -
trifluoperazine (60 uM)
vi-Palmitovicarnitine (30 uM} ~
triffuoperazine (40 uM)
pr-Palmitoylearnitine (30 ¢M) ~
trifluoperazine (60 uM)
DL-Palmitoylcarnitine (10 uM) +
adriamycin (100 @M)
DL-Palmitoylcarnitine (10 uM) +
adriamycin (200 uM)
pi-Palmitoylearnitine (30 M) +
adriamycin {100 ¢M)
pr-Palmitoyvlearnitine (30 M) +
adriamycein (200 ¢M)
Trifluoperazine (40 uM) +
Triftuoperazine (40 uM)

Trifluoperazine (60 uM) + adriamycin (100 uM)
Trifluoperazine (60 gM) + adriamycin (200 uM)

pL-Palmitovlcarnitine (10 ¢M) + trifluo-

perazine (40 M) — adriamycin (100 M)

adriamycin (100 uM) 2.
+ adriamycin (200 uM) I.
1.
1.

2.79 (100) [100]
2.94 (103

(LY8 (35)

233 (90

2R (75

203 (7

1.35 {36)

1.82 (65) [96]
061 (22) {79)

B.30 (1) [32]
0.04 (1) {26]
231 (83) [77]

1,93 (69) |59]

0.53 (19) |20)
17 (78) [66]
86 (67) [51]
90 (68) [53]
07 (38) [42]

1.80 (63) [70]

“The enzyme {0.04 ug) was incubated with phosphatidylserine (25 ug/ml) in the

absence or presence of CaCly (500 uM). DL-palmitoylearnitine (10 or 30 uM). trifluo-
perazine (40 or 60 uM) and adriamycin (100 or 200 uM). as indicated. The data
presented have been corrected for the basal activity values seen in the absence of added
CaCls. which amounted to 6-7% of those seen in its presence. The numbers in
parentheses are the percent of the control value obtained in the absence of added
compounds, which was taken as 100%. The numbers in brackets are the theoretical
values expressed as percent of the control activity to be observed in the combined
presence of the inhibitors. assuming their individual effects are additive. A compounds
tested under the incubation conditions had no effect on the basal enzyme activity.
Results similar to those shown in this table were obtained in two separate experiments.

viously that pi-palmitovlcarnitine [10]. adriamycin
[11] and trifluoperazine [9] inhibit phospholipid/
Ca’*-stimulated phosphorylation of endogenous sub-
strate proteins from the cytosolic or particulate frac-
tions of several rat or guinea pig tissues.

A synergism of inhibition of the enzyme by pL-
palmitoylcarnitine (10 or 30 uM) and by trifluoper-
azine (40 or 60 uM) was observed when they were
present in combination (Table 2). This observation
suggested that interaction of both the acylcarnitine
and trifluoperazine with phosphatidylserine would
greatly diminish the ability of the phospholipid to
serve as a cofactor or, alternatively. the two agents
could form a possible complex and act as a highly
effective inhibitor. In comparison. the degree of
inhibition seen in the presence of DrL-palmitoyl-
carnitine (10 or 30 uM) plus adriamycin (100 or
200 M), or trifluoperazine (40 or 60 uM) plus adria-
mycin (100 or 200 M), was similar to, or slightly
lower than. the sums of inhibitions seen with the
individual compounds (Table 2). The overall inhi-

bition seen in the combined presence of all three
compounds was nearly additive (Table 2).

Diolein decreased the apparent K, of the enzvme
for phosphatidylserine (Fig. 5). in line with previous
findings of Kishimoto er al. [22] and us [12, 14]: it
however, was without a clear effect on the Vi, of
the enzymes under the assay conditions, at variance
with some previous reports using partially purified
enzyme [14, 22]. This discrepancy is most likely due
to the purity of the enzyme used in this and other
studies {12, 13] compared to early studies [14.22] in
which only partially purified enzyme was employed.
Atlthough the highly purified enzyme (80-95%
homogeneous) was stimulated by low concentrations
of phosphatidylserine and Ca®" [12]. changes in the
kinetic parameters (i.e. lowering of K, values for
phosphatidylserine and Ca™' and increasing Vi)
induced by diolein were not as pronounced as those
obtained for the less purified enzyme preparations
[14, 22]. Another factor that may be responsible for
the above discrepancy is the assay conditions for the
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Fig. 5. Kinetics showing effects of 1,3-diolein (DO) and
trifluoperazine (TFP) present singly or in combination, on
phospholipid-sensitive Ca*~-dependent protein kinase. The
enzyme (0.02 ug) was incubated with CaCl, (300 uM) in
the absence or presence of 1.3-diolein (2.5 ug/ml), or tri-
fluoperazine (50 uM), or both, and in the presence of
various concentrations (5-50 ug/ml) of phosphatidylserine,
as indicated. The data have been corrected for the respec-
tive basal values obtained in the absence of CaCl,, which
amounted to about 5-7% of those seen in the presence of
CaCl,.

highly purified enzyme compared to that for less
purified enzyme preparations. In this and other
studies [12, 13], the enzyme was assayed at pH 6.5,
the optimal pH for the highly purified enzyme [12].
However, in other studies [14,22] where diolein
increased the V., a higher pH of 7.5 was used for
the assay. We noted that diolein reversed the inhibi-
tory effect of trifluoperazine, without affecting the
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Fig. 6. Kinetics showing competitive inhibition with respect
to CaCl, by bL-palmitoylcarnitine (PC), adriamycin (ADR)
and trifluoperazine (TFP) of phospholipid-sensitive Ca®*-
dependent protein kinase. The enzyme (0.02 ug) was incu-
bated with phosphatidylserine (25 ug/ml) in the absence or
presence of DL-palmitoylcarnitine (20 or 30 uM), adria-
mycin (150 uM) or trifluoperazine (40 uM), and in the
presence of various concentrations (20-500 uM) of CaCl,,
as indicated.
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competitive nature of the inhibition by the anti-
psychotic drug, by decreasing the apparent K, for
phosphatidylserine from 60 ug/ml (in the presence
of trifluoperazine) to 15 ug/ml (in the presence of
trifluoperazine and diolein), which was accompanied
by a concomitant increase in the apparent K, for
trifluoperazine from 4 to 19 uM (Fig. 5).

In addition, we have examined the three inhibitors
mentioned above for their effects on the enzyme as
a function of CaCl; concentrations (Fig. 6). It was
found that, analogous to phosphatidylserine shown
earlier in Figs. 2-4, they inhibited the enzyme com-
petitively with respect to CaCl,, with average appar-
ent K;values (means = range of two determinations)
of 0.8 = 0.1, 140 = 56 and 9 = 2 uM for pL-palmi-
toylcarnitine, adriamycin and trifluoperazine
respectively.

DISCUSSION

We have observed that neither inhibitory modu-
lator (protein inhibitor) of cyclic AMP-dependent
protein kinase nor stimulatory modulator (also a
heat-stable, acidic protein) of cyclic GMP-dependent
protein kinase has any effect on the present
phospholipid-sensitive  Ca’*-dependent  protein
kinase [12]. On the other hand, there are certain
agents that inhibit the phospholipid/Ca**-stimulated
phosphorylation of histone or endogenous substrate
proteins, without appreciably affecting the cyclic
nucleotide-dependent reactions. These agents
include palmitoylcarnitine ([10, 13]; Fig. 1), adria-
mycin [11, 13] and trifluoperazine [8, 9, 13]. These
findings clearly indicate that the three species of
protein kinases are also distinguishable based upon
regulation of their activities.

Phenothiazines, such as trifluoperazine and chlor-
promazine, have been shown to inhibit a number of
calmodulin-sensitive Ca®"-dependent enzymes by
interacting with calmodulin {23]. These findings have
led to the notion that these drugs are selective cal-
modulin antagonists [23]. Recent and present evi-
dence, however, indicates that phenothiazines also
inhibit the phospholipid-sensitive Ca’*-dependent
species of protein kinase in phosphorylating histone
([7,8]; Figs. 4-6) as well as various endogenous
proteins from the brain [9], with an inhibitory
potency comparable to that seen for phosphodiester-
ase [23]. We noted that W-7, N-(6-aminohexyl)-5-
chloro-1-naphthalenesulfonamide, previously shown
by others to inhibit the calmodulin/Ca?"-stimulated
enzymes [24, 25] such as phosphodiesterase, myosin
light chain kinase and ATPase, also inhibits phos-
phorylation of histone by phospholipid-sensitive
Ca**-dependent protein kinase purified from heart
[13] and that of myelin basic protein in rat brain
myelin catalyzed by the enzyme [26]. It appears,
therefore, that phenothiazines and W-7 cannot be
regarded as selective inhibitors of the calmodulin-
sensitive species of Ca’ -dependent enzymes.
Hydrophobic interactions between the cofactors (i.e.
calmodulin and phosphatidylserine) with their
respective enzymes seem to be a common mechanism
leading to the enzyme activation. This contention is
further supported by our findings that palmitoyl-
carnitine [10], adriamycin [11], and trifluoperazine
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[9] similarly inhibit the phospholipid/Ca?'- and
calmodulin/Ca’'-stimulated  phosphorylation  of
specific endogenous proteins in heart and brain.
Furthermore, we found that melittin [27] (an
amphipathic polypeptide toxin}, as well as polymyxin
B (a surface-active polypeptide antibiotic) and R-
24571 (an imidazolinium chloride derivative pre-
viously shown to be a potent inhibitor of
calmodulin/Ca* ' -activated enzymes) [28.29], all
inhibit both phospholipid-sensitive Ca*"-dependent
protein kinase and myosin light chain kinase (G. J.
Mazzei and J. F. Kuo. unpublished observations).

All agents shown to inhibit the Ca™ -dependent
enzymes are lipophilic (such as trifluoperazine) or
contain non-polar regions (such as melittin). It is
likely that interactions of these agents with calmo-
dulin or phosphatidylserine would interfere with the
normal interactions of these cofactors with their
respective enzvmes, leading to inhibition of the
Ca- -dependent activities. The observations that a
synergistic effect was seen for the combination of
palmitovicarnitine and trifluoperazine but not for
that of palmitoylcarnitine and adriamycin. or tri-
fluoperazine and adriamycin, in  inhibiting
phospholipid-sensitive Ca®"-dependent protein kin-
ase (Table 2) suggest that the agents form complexes
with phosphatidviserine in different manners, vield-
ing phospholipid vesicles or micelles having variable
ability to serve as a cofactor. This notion seems to
be also supported by the observations of Kaibuchi
et al. [30] that various phospholipids either poten-
tiate, attenuate or have no effect on the ability of
phosphatidviserine to activate this enzyme. Finally,
it should be emphasized that lipophilicity per se is
not the sole determinant for the agents to be inhibi-
tors. or for that matter. activators, of this enzyme.
This conclusion is supported by the following obser-
vations: (1} other long-chain fatty acylcarnitines
(such as stearoyl- and linoleoylcarnitine) and pal-
mitovl CoA . compared with palmitoylcarnitine. were
less effective (Table 1): (2) W-5. a structural analog
of W-7 without chloride substitution at position 5
and having a similar lipophilicity as W-7, was much
less effective than W-7 as an inhibitor of the enzyme
(R. C. Schatzman and J. F. Kuo. unpublished
observations): and {3) of many phospholipids exam-
ined. phosphatidylserine is the most effective as a
cofactor for the enzyme [12, 31]. W-3 has been shown
previousty by Kanamori et al. [32] to be also less
effective than W-7 as an inhibitor of the
calmodulin/Ca**-stimulated enzymes.

Earlier reports using less purified enzyme prep-
arations [7. 8] indicated that Ca*" could not totally
overcome the phenothiazine inhibition of enzyme
activity, whereas in the present study a competitive
interaction between Ca’ and trifluoperazine was
found. This discrepancy may be due to the inclusion
in the earlier [7, 8], but not in the present, studies
of diolein, which not only decreases the X, for Ca*’
and phospholipid but also increases the Vi, of the
partially purified enzyme. In the presence of trifluo-
perazine {or for that matter adriamycin or palmi-
toylcarnitine), Ca’’ may not be able to completely
restore enzyme activity to its maximal level seen in
the presence of diolein and, therefore. the inhibition
of the partially purified enzyme is apparently non-

B. C. Wisg and J. F. Kuo

competitive., However, with the highly purified
enzyme where it has been shown that diolein has no
effect on maximal enzyme activity under optimal
enzyme assay conditions [12]. Ca®” can competitively
interact with these inhibitory agents in the absence
of diolein (Fig. 6). Alternatively, diolein, by altering
the interaction of Ca®  and phospholipid with the
enzyme, may also change the nature of the inhibition
of enzyme activity by trifluoperazine and other
substances.

In addition to the possibility that the enzyme
inhibition by the drugs used in this study is due to
an interaction with the phospholipid cofactor, it
should also be considered that the agents interact
with the enzyme itself. particularly in light of the
competitive inhibition of the compounds with respect
to Ca”'. It is possible that Ca** and the phospholipid
cofactor bind to the same domain, but to different
sites within the domain, of the enzyme and thereby
cause enzyme activation. To be competitive with
respect to phosphatidylserine and Ca”*, the drugs
could bind to this regulatory domain and, by doing
so. inhibit activation. It is also possible that the
inhibition of palmitoylcarnitine, adriamycin and tri-
fluoperazine may be due in part to the potential
ability of these agents to chelate Ca*".
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