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Abstract-A sesquiterpene furanoic acid (SFA) marine natural product isolated from soft corals of the 
genus Sinularia (Bowden et al., Aust J Chem 36: 371-376, 1983) was found to inactivate bee venom 
phospholipase AZ (bvPLA,, EC 3.1.1.4) in vitro. In this study, we characterized the kinetics of 
inactivation of bvPLAz by this compound. The apparent ICY, value was 0.5 PM, and the inactivation of 
bvPLAz was time dependent. The drug-enzyme binding appeared to be of a non-competitive, high- 
affinity nature that was irreversible by aqueous dialysis. The inactivation was prevented by the sim- 
ultaneous addition of excess lysophosphatidylcholine (1ysoPC) during the initial binding step, suggesting 
that modification of the enzyme by SFA occurs at or near the substrate binding site. Activation of 
bvPLA, was observed with 1ysoPC addition at concentrations equimolar to bvPLA, and higher. 
Saturation of activation occurred at concentrations greater than 10 nM lysoPC, and preincubation of 
bvPLAz with 100 nM 1ysoPC did not inhibit the enzyme. Analysis of the post-incubation mixture of 
SFA-inhibited enzyme in the presence of 1ysoPC revealed the presence of unaltered enzyme exhibiting 
typical Michaelis-Menten kinetics. The significance of these observations is discussed in light of the 
recent discussion by Ortiz on the manoalide binding site on bvPLA, (Ortiz et al., J Med Chem 36: 1866- 
1879, 1993). 
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In our laboratory, we have focused on the study of 
marine natural products as pharmacological probes 
to explore the various mechanisms by which bvPLA& 
(EC 3.1.1.4) can be inactivated. These natural 
products are important probes that can be used 
to explore the various pathways of eicosanoid 
biosynthesis at the cellular and molecular level 
[l-6]. Recent evidence suggests that certain 
phylogenetically conserved enzymatic pathways, 
such as cyclooxygenase , lipoxygenase , and cyto- 
chrome P450, have been specially adapted to produce 
novel metabolites from a common substrate [7]. We 
believe this molecular diversity found in the ocean 
environment is the consequence of the unique 
adaptation of the organism to very limited substrates, 
and thus marine organisms represent a new resource 
for the discovery of novel anti-inflammatory agents. 

In recent years, multiple related and unrelated 
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forms of PLA2 have been discovered from a number 
of sources, including human, bovine, and rodent 
tissues, and snake and insect venoms. In addition, 
considerable effort has been devoted to under- 
standing the fundamental mechanism of phospholipid 
hydrolysis using the snake and bee venom sources 
of purified PLAz as biochemical models [2,4,6,8,93. 
The manoalide binding site on bvPLA2 has been 
hypothesized recently through molecular modeling 
to consist of a unique C-terminal extension of 
residues apparently not present in other forms of 
PLA2s isolated and characterized thus far [lo, 111. 
Thus, investigations utilizing bvPLAz provide an 
excellent opportunity for the discovery of novel 
PLA2 inhibitors and an opportunity to begin to 
understand the fundamental biochemical mech- 
anisms underlying hydrolysis of aggregated phospho- 
lipid substrates. These studies will provide new 
insight into the molecular processes involved in 
inflammation. 

Most of the marine natural products we have 
studied thus far are hydrophobic isoprenoids that 
exhibit varying degrees of in uioo anti-inflammatory 
activity in murine models. Some of the putative 
mechanisms of inactivation of bvPLAz by marine 
natural products have been reviewed recently [3]. 
Thus far, marine natural products possessing a free 
or masked aldehyde appear capable of selectively 
reacting with one or more lysine residues at or near 
the substrate binding site of bvPLA2. The mechanism 
of inactivation is complex and consists of multiple 
steps, including a reversible Schiff base reaction 
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followed by, in some cases, an irreversible pyrole 
reaction, as reported with manoalide and scalaradial, 
respectively [2,12]. 

Recently, we observed that a sesquiterpene 
furanoicacid((l’E,5’Z)-2-(2’,6’-dimethylocta-l,5,7- 
trienyl)-furan-4-carboxylic acid, SFA), isolated from 
soft corals of the genus Sinularia [13, 141, exhibited 
significant in vitro activity against bvPLAz. Due to 
the fact that the furan-4-carboxylic acid function of 
this structure is stable and does not possess a free 
aldehyde, like manoalide and its analogs [3], we 
investigated whether this molecule may act by a 
molecular mechanism not yet described for the 
known inhibitors of bvPLAz. 

The purpose of this report is to identify the 
biochemical factors controlling the mechanism by 
which SFA inhibits bvPLA* and describe the 
inactivation kinetics and reversibility of the drug- 
enzyme complex. 

MATERIALS ANDMETHODS 

Materials 

L-cu-Dipalmitoyl phosphatidylcholine, lysophos- 
phatidylcholine, HEPES, bvPLA2 (1300 U/mg 
protein), and Triton X-100 were obtained from the 
Sigma Chemical Co. (St. Louis, MO). t_-@-Dipal- 
mitoyl - [2 - palmitoyl - 9,lO - 3H(N)]phosphatidylcho - 
line (sp. act. 50 Ci/mmol) and [1-i4C]palmitic acid 
(sp. act. 8.4 mCi/mmol) were purchased from New 
England Nuclear (Boston, MA). Silica gel 60 (HR 
extra pure) was purchased from EM Science (Cherry 
Hill, NJ). Biosafe scintillation fluid was obtained 
from Research Products (Mount Prospect, IL). 

PLAz radioassay 

Phosphatidylcholine substrate was prepared at 
1.36 mM as mixed micelles. Briefly, unlabeled L+- 
dipalmitoyl phosphatidylcholine was homogenized 
in 10 mM HEPES buffer, pH 7.4, at 41”, containing 
0.15% (w/v) Triton X-100 and various amounts of 
CaClz (0 to 5 mM) depending on the specific assay. 
3H-Labeled L-cY-dipalmitoyl phosphatidylcholine was 
added to a separate test tube and organic solvent 
was removed. Unlabeled substrate solution was 
added, and the solution was sonicated until clear in 
an ice bath for 30-45 min (final activity of 0.25 ,uCi/ 
0.5 mL substrate). Bee venom PLAz (100 U/mL) 
was prepared in 10mM HEPES-CaCl, buffer, 
pH 7.4, at 41” (approx. 12 PM as determined by the 
Bradford protein assay [15] using bovine gamma 
globulin as the protein standard). SFA was dissolved 
in methanol. The final methanol concentration in 
drug and control tubes was 1.6% (v/v) before 
dilution into substrate. SFA/enzyme mixtures were 
incubated in triplicate at 41” for 1 hr unless otherwise 
noted. Enzyme activity was assayed in triplicate 
under conditions previously described [16]. Briefly, 
5 PL of SFA/enzyme mixture was added to 0.5 mL 
of substrate at 41” (final enzyme concentration of 
0.12 ,uM with substrate). After 15 set at 41”, the 
reaction was terminated with 2 mL isopropyl alcohol/ 
heptane/0.5 M sulfuric acid (40 : 10 : 1, by vol.). Free 
palmitic acid was extracted as follows. Heptane 
(2 mL) and water (1 mL) were added, and tubes 

were vortexed and centrifuged at 1200 g for 10 min. 
Then 2mL of the heptane layer was removed and 
added to tubes containing 150mg silica. After 
vortexing and centrifugation at 1200g for 15 min, 
1 mL was removed and added to 3 mL of Biosafe 
scintillation fluid and counted in an LKB scintillation 
counter. Extraction efficiency was determined by co- 
extraction of 14C-labeled palmitic acid in tubes 
containing no enzyme. In concentration-response 
studies, 12,uM bee venom PLA2 was preincubated 
with varying concentrations of SFA for 1 hr, and 
enzyme activity was assayed by lOO-fold dilution into 
1.36mM DPPC. All solutions were in 10mM 
HEPES, 1 mM CaClz buffer, pH 7.4, at 41”. 

Substrate and enzyme kinetic studies 

Bee venom PLAz (12 PM) was preincubated with 
SFA (100pM) for 1 hr, and enzyme activity was 
assayed by lOO-fold dilution into varying substrate 
concentrations. Final concentrations were 1 PM SFA 
and 0.12 PM bvPLA*. For the studies on the effects 
of enzyme concentration on SFA inactivation, 
100pM SFA was incubated with varying molar 
concentrations of bvPLA* for 1 hr, and enzyme 
activity was assayed by lOO-fold dilution into 1.36 mM 
DPPC. All solutions were in 10 mM HEPES, 5 mM 
CaC12 buffer, pH 7.4, at 41”. 

Progressive inactivation and dialysis studies 

The rate of inactivation of bvPLAz by the SFA 
was determined by preincubating the compound 
(IOOpM) with 12 PM enzyme for various time 
intervals (15 set to 1 hr). Enzyme activity was 
assayed by lOO-fold dilution into 1.36 mM DPPC. 
Dialysis was performed on the remaining 60-min 
preincubation mixtures by pooling the triplicate 
tubes and placing 1 mL of SFA/enzyme mixture into 
SpectraPor mol. wt 10,000 cut-off dialysis tubing. 
The mixture was dialyzed against 1 L of buffer at 4” 
for 24 hr with two buffer changes before post-dialysis 
enzyme activity analysis. All solutions were in 10 mM 
HEPES, 5 mM CaCl? buffer, pH 7.4, at 41”. 

Reversal of inactivation by 1ysoPC 

Lysophosphatidylcholine (1ysoPC) was added as a 
buffer dispersion in molar excess (1 X, 10X, and 
100x) over SFA concentration during the S-min 
preincubation of 100 PM SFA and 12 ,uM bvPLA* in 
10 mM HEPES buffer, pH 7.4, containing no added 
calcium, at 41”. Enzyme activity was assayed by lOO- 
fold dilution into 1.36 mM DPPC in 10 mM HEPES, 
5 mM CaClz buffer as described earlier. Final 
concentrations were 1 ,LLM SFA, 0.12pM enzyme, 
and 1, 10, and 100 yM 1ysoPC. 

RESULTS 

Concentration-dependent inactivation of bvPLA2 by 
SFA 

SFA significantly inactivated bvPLAZ (Fig. 1). As 
can be seen, a concentration-dependent inactivation 
occurred over 3 log U with an apparent IC~O of 
0.5 PM. The slope of the concentration-response 
curve was qualitatively different from that obtained 
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Fig. 1. Inhibition of bvPLA, by SFA. SFA was preincubated with bvPLAz for 1 hr at 41” in 1 mM 
CaCI,, 10 mM HEPES buffer, pH 7.4. Enzyme activity was assayed as detailed in Materials and 
Methods. SFA concentrations shown are the final concentrations. Data with error bars represent 
means f SEM (N = 3) and data without error bars represent means (N = 2) of percent inactivation as 

compared with controls. Control enzyme activity = 0.23 to 0.38 pmol/min. 

with manoalide or scalaradial [2,16], in that the 
linear portion occurred over 2 log U. This suggests 
that SFA may interact with different affinity binding 
sites on bvPLA2. The K& value of 0.5 PM for SFA 
was also approximately lo-fold less potent than that 
obtained for manoalide and scalaradial. A double- 
reciprocal plot of the concentration-dependent 
inactivation data was non-linear (data not shown), 
supporting the observation that the inactivation was 
complex and did not follow pseudo-first-order 
kinetics. 

Irreversible properties 

When 100 PM SFA was preincubated with 12 PM 
enzyme for 1 hr at 41”, the enzyme was inactivated 
by 72% compared with control samples. Following 
aqueous dialysis for 24 hr against a lOOO-fold dilution 
with HEPES-CaClz buffer at 4”, no reversal of 
inactivation was detected when compared against 
control samples dialyzed simultaneously (data not 
shown). Post-dialysis control samples retained 48% 
of activity when compared to pre-dialysis controls, 
and post-dialysis SFA-treated samples retained 56% 
of activity when compared to pre-dialysis SFA- 
treated samples. The loss of activity in control 
and SFA-treated samples was paralleled by an 
approximately equivalent loss in protein content 
after dialysis as determined by Bradford analysis 
[15]. This suggests that under the conditions of 
these experiments, SFA inhibition was apparently 
irreversible or perhaps was the result of high affinity 
hydrophobic binding not easily dissociated by 
aqueous buffer. 

Further evidence that SFA inactivation of bvPLAz 
was apparently irreversible was based on the analysis 
of experiments with varying concentrations of 
bvPLA* in the presence and absence of a fixed 
concentration of SFA (Fig. 2). As can be seen, there 
was an approximate parallel shift in the lines, 
indicating a constant reduction in the amount of 
available or free enzyme, which is typical of 
irreversible enzyme inhibitors. The slope of the lines 
and thus the specific activity of the uninhibited 
enzyme were statistically identical in the presence 
and absence of SFA. 

Kinetics of inactivation 

Progressive inactivation of PLA2. When 100 PM 
SFA was preincubated with 12 PM PLA2 at 41”, the 
loss of bvPLAz activity was progressive with time 
(Fig. 3). As can be seen, the rate of inactivation was 
relatively slow, with 75% of the maximal obtainable 
inactivation for this concentration of SFA occurring 
within the first Smin of preincubation. The loss of 
bvPLAz activity was non-linear with respect to time 
on a semilogarithmic plot, indicating that the reaction 
does not follow pseudo-first-order kinetics under 
these conditions. Also, the time-dependent inac- 
tivation was typical of irreversible inhibitors or 
inhibitors in which the binding is a slow process that 
does not exhibit typical Michaelis-Menten kinetics. 

Effects on substrate binding. Figure 4 illustrates a 
series of experiments in which the inhibition by 
preincubation with SFA was assessed at various 
substrate concentrations. In the control curve, typical 
pseudo-first-order kinetics were observed. The 
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Fig. 2. inactivation by WA as a function of bvPLAz concentration, SFA (1OOpM) was preincubated 
with increasing molar concentrations of enzyme for 1 hr at 41” in 5 mM CaCI,, 10 mM HEPES buffer, 
pH7.4, before dilution of an aliquot into the substrate. Enzyme concentrations shown are final 
concentrations in the assay. Key: (0) control and (D) enzyme treated with 1 ,uM SFA. Data are 
means t SEM (N = 3). The difference between the slopes was not significant, P 2 0.05 (Student’s 

f-test). 
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Fig. 3. Progressive inactivation of bvPLA, by SFA. SFA (100 fl) was preinc~bated with 12 ,uM enzyme 
for various times at 41” in 5 mM Cat& 10 mM HEPES buffer, pH 7.4. Enzyme activity was assayed 

as detailed in Materials and Methods. Final concentrations: 1 ,uM SFA and 0.12 ,uM enzyme. 

specific activity of the enzyme increased with initial slope of the curve and the plateau indicate 
increasing substrate concentrations and began to marked quantitative changes with respect to the 
exhibit substrate saturation at 4mM DPPC. The residual enzyme activity. If we have irreversibly 
apparent Km for the substrate was 1.07 mM and the inhibited the enzyme, the residual uninhibited 
apparent V,,, reached 0.37 ymol/min/@g protein by enzyme should have kinetics identical to those of 
Lineweaver-Burk analysis (see Fig. 4 inset). the control with respect to the apparent K,,, but not 
Following preincubation with SFA, the substrate with respect to the V,,,,,. A double-reciprocal plot 
binding curve also showed saturation; however, the of the data is shown in Fig. 4 (inset} and, as can be 
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Fig. 4. Effects of increasing substrate concentrations on SFA inactivation of bvPLA*. SFA (100 PM) 
was preincubated with 12 PM enzyme for 1 hr at 41” in 5 mM CaCl*, 10 mM HEPES buffer, pH 7.4, 
before dilution of an aliquot into increasing substrate concentrations. Final SFA concentration was 
1 PM with 0.12 PM enzyme. Data are means 2 SEM (N = 3). Inset: Lineweaver-Burk analysis. Key: 

(0) control and (0) treated enzyme activity. 

seen, the apparent K,,, for the substrate remained 
about the same (1.01 mM) following preincubation 
with SFA. V,,,,,, however, was decreased to 
0.105 pmol/min/pg protein. This is consistent with 
a model of apparent noncompetitive or mixed 
inhibition. Because SFA was an apparent irreversible 
inhibitor of bvPLAz, classical Lineweaver-Burk 
analysis was not usually indicated. However, the 
fact that the SFA was preincubated with the enzyme 
and then diluted lOO-fold into the substrate allows 
for Lineweaver-Burk analysis of the residual 
uninhibited enzyme. Since the kinetics of inactivation 
and formation of the irreversible complex was 
complete, the analysis of the residual activity was 
valid and is evidence that SFA does not act by 
altering substrate affinity. 

Effects of 1ysoPC on SFA inactivation 

To investigate whether SFA was binding at or 
near the substrate binding site, we attempted to 
protect the enzyme from inhibition or prevent the 
inhibition by preincubating the enzyme with SFA in 
the presence of excess buffer-dispersed lysoPC, a 
hydrolysis product. LysoPC was added in molar 
excess (1X, 10~) and 100X) relative to SFA during 
the initial enzyme inactivation period for 8 min. 
These preincubation mixtures were calcium free. As 
previously shown, 75% of the maximal obtainable 
inactivation by SFA at this concentration occurred 
during the first 8 min of preincubation. The assay of 
activity was performed following 100-fold dilution 
into substrate. As can be seen in Fig. 5, addition of 
1ysoPC in concentrations from 1 to 100 PM increased 
the specific enzymatic control activity up to 23%. 
This activation exhibited saturation above 10 PM 
1ysoPC. The activation observed, although not 
statistically significant (Student’s t-test = 2.4, 2 df), 

was consistent and reproducible, and further 
experiments are underway to validate this activation 
phenomenon. LysoPC did not inhibit control 
hydrolysis rates, indicating that there was no 
competitive antagonism with respect to DPPC at 
these concentrations. This putative activation 
phenomenon may represent a unique process, 
perhaps similar to a type of positive cooperativity, 
where binding of the hydrolysis product to a site at 
or near the substrate binding site activates the 
enzyme. 

In the presence of SFA, excess 1ysoPC prevented 
the inactivation of the enzyme or perhaps protected 
it from inactivation in the first place. The reversal 
of the percent inhibition reached a maximum of 80% 
but did not increase significantly beyond 10 PM 
1ysoPC. The maximum protection obtained was less 
than the maximum velocity of the activated control 
enzyme, but was about equal to the control enzymatic 
activity level obtained in the absence of IysoPC. 

DISCUSSION 

Mode of action of SFA 

In the experiments reported here, SFA was shown 
to be a reasonably potent inhibitor of bvPLAz, with 
an apparent lcso of 0.5 ,uM. The flattened slope of 
the log concentration-response curve obtained for 
SFA suggests that this drug may interact with 
multiple affinity binding sites on bvPLAz. The 
inactivation of the enzyme was time dependent and, 
based on dialysis experiments in aqueous medium, 
the inhibition was apparently irreversible. Studies 
on the drug-enzyme complex showed that although 
the SFA inactivation was not reversible by dialysis, 
we were able to prevent inactivation by SFA during 
the first 8min of preincubation by the addition 
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Fig. 5. Effects of preincubation of IysoPC in the absence of buffer calcium on control and SFA-treated 
enzyme activity. LysoPC was added in molar excess (IX, 10X, and 100x) over SFA concentration 
during the 8-min preincubation of 100 PM SFA and 12 nM enzyme in 10 mM HEPES buffer. Enzyme 
activity was assayed as detailed in Materials and Methods in 5 mM CaCI,, 10 mM HEPES buffer. Final 
concentrations: 1 PM SFA and 0.12 ,nM enzyme. Key: (0) control and (0) SFA-treated enzyme activity. 

of buffer-dispersed 1ysoPC to the preincubation 
medium. Although the exact mechanism is not 
understood at this time, we have made two 
observations based on our results: (1) kinetic analysis 
indicates that SFA may inhibit bvPLAt by an 
irreversible and non-competitive mechanism, and 
(2) 1ysoPC prevented SFA inhibition and may also 
directly activate bvPLAz. As far as we are able to 
determine at this time, a PLAz inhibitor having the 
same mode of action as SFA has not been reported 
previously. In addition, our study raises the possibility 
that there is a site(s) on the bvPLAz molecule 
sensitive to 1ysoPC activation. 

Site of action of SFA 

Definitive studies of the site of action of SFA are 
incomplete at this time. We do not have direct 
evidence that SFA binds to the manoalide binding 
site; however, the rate of inactivation was relatively 
slow, indicating that the drug-enzyme complex forms 
slowly as expected when the binding involves 
hydrophobic interactions. Also, the drug binding 
may involve a putative 1ysoPC binding site. Since 
the SFA-bvPLA* complex could not be dissociated 
with high concentrations of aggregated DPPC but 
was prevented from forming with a high concentration 
of an aqueous dispersion of lysoPC, the possibility 
arises that a distinct 1ysoPC binding site exists, 
separate from the catalytic site and perhaps separate 
from but proximal to the substrate binding site. As 
pointed out by Blow [ll], there are many 
unanswered questions involved in determining what 
conformational changes, if any, are required for the 
PLA2 enzymes to hydrolyze aggregated phospholipid 
substrates. Similarly, there is little information as 

yet on what happens to the products of hydrolysis. 
For example, is there a translocation of the product, 
lysoPC, from a point proximal to the catalytic site 
to a point proximal to the activation site? This would 
explain our 1ysoPC activation data. In the experiments 
reported here, both 1ysoPC and SFA were allowed 
to react with bvPLAz in a non-aggregated, soluble 
form in the absence of calcium. Activation could be 
a direct process that does not require reaction at the 
phospholipid bilayer interface. 

Bee venom PLA2 inhibitors 

In the recent literature, there have been several 
investigations of various classes of PLA2 inhibitors. 
Thus, PLAz inhibitors have been reported on the 
basis of chemical class (e.g. Schiff base inhibitors) 
[12]; on the basis of functional site on the enzyme 
(e.g. catalytic site inhibitors such asp-bromophenacyl 
bromide) [17,18]; suicide inhibitors [19]; and 
transition state inhibitors [20]. Inhibitors that bind 
to a site but do not inhibit the catalytic site include 
manoalide and manoalogue, and other drugs, which 
may act to displace part of the interfacial substrate 
recognition site [6]. The drug binding site for these 
inhibitors, which may be the same site for SFA and 
lysoPC, may be ultimately involved in the process 
of enzymatic activation rather than substrate 
catalysis, since it has been shown recently that 
phosphocholine analogs can both stimulate and 
inhibit hydrolysis [21]. It makes sense to us that 
IysoPC would be a natural activator of PLAz. 
Furthermore, IysoPC should contain the minimum 
functional groups and molecular architecture to 
optimally fit the substrate binding site but not the 
catalytic site on the enzyme. 
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Inhibition by aggregated substrate analogs 

When PC analogs are presented as substrate 
aggregates, they have been shown to activate cobra 
venom PLAz at low concentrations and inhibit at 
high concentrations, producing a unique biphasic 
curve [21]. In contrast, we preincubated bvPLAz 
with SFA and an aqueous dispersion of 1ysoPC in 
our studies. The activation of the enzyme in our 
studies was probably not mitigated by either the 
addition of aggregated DPPC after preincubation or 
by the presence of excess 1ysoPC because in these 
experiments, the hydrolysis reaction was allowed to 
proceed for only 1.5 set and the substrate micelles 
are already solubilized with Triton X-100 and are 
optimized and stabilized by sonication before running 
the reaction. 

Co~~ar~on of SFA with scalaradial and ma~oalide 

Certain features of SFA inhibition are reminiscent 
of manoalide and scalaradial. The structural 
similarities between these two previously discovered 
drugs have been compared recently by molecular 
modeling with the X-ray structure of bvPLA2, and 
it appears that these two drugs share a common 
binding site and a partially similar mechanism of 
action [lo]. Also, the authors point out that one 
additional positive charge in the enzyme may be 
required in order to interact with the carboxyl group 
formed during the opening of the furan ring in 
manoalide. SFA has an available free carboxyl group 
that may also react with this putative positively 
charged site in the enzyme. 

Another similarity does exist with respect to 
manoalide and scalaradial, in that we have shown 
previously that the addition of excess aqueous- 
dispersed 1ysoPC or DPPC to the preincubation 
medium will prevent manoalide and scalaradial 
inactivation, respectively [2,22]. Thus, the data raise 
the possibility that manoaIide may also bind to a 
similar site as part of its complex inactivation of 
bvPLA*. 

Conclusions 

SFA is a relatively rare marine natural product 
that inactivates bvPLA, in a complex manner and 
possibly binds to more than one site on bvPLA,. Its 
apparent irreversible inactivation of bvPLAZ is 
interesting given that its molecular structure does 
not have any chemical substituents that would be 
obviously reactive to form an irreversible complex 
with the enzyme similar to that described for 
manoalide, scalaradial, and their analogs. However, 
the binding of SFA to bvPLAz is a relatively slow 
process, perhaps invoiving some hydrophobic 
interactions,similartothoseobservedwithmanoalide 
and scalaradial. Because of the carboxylic acid 
substitution on the furan ring, Schiff base inactivation 
appears unlikely. By way of speculation, it is possible 
that the free ionized carboxyl group on the furan 
ring may form an initial ionic interaction with a 
positive charge proximal to the hydrolysis site in the 
enzyme, thus pulling the drug into its binding site 
and providing a mechanism for the inhibition 
observed. This binding site appears to be at least 
part of the putative 1ysoPC activation site on the 
enzyme. 
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