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Structure-based design of the first
potent and selective inhibitor of
human non-pancreatic secretory

phospholipase A,

R.W. Schevitz, N.J. Bach, D.G. Carlson, N.Y. Chirgadze, D.K. Clawson, R.D.
Dillard, S.E. Draheim, L.W. Hartley, N.D. Jones', E.D. Mihelich, J.L. Olkowski,
D.W. Snyder, C. Sommers?, and J.-P. Wery

A lead compound obtained from a high volume human non-pancreatic secretory
phospholipase A, (hnps-PLA,) screen has been developed into a potent inhibitor
using detailed structural knowledge of inhibitor binding to the enzyme active
site. Four crystal structures of hnps-PLA, complexed with a series of increasingly
potent indole inhibitors were determined and used as the structural basis for
both understanding this binding and providing valuable insights for further
development. The application of structure-based drug design has made possible
improvements in the binding of this screening lead to the enzyme by nearly three
orders of magnitude. Furthermore, the optimized structure (LY311727) displayed
1,.500-fold selectivity when assayed against porcine pancreatic s-PLA,.

Exceptionally high levels of hnips-PLA, have been found
in synovial fluid from inflamed joints of arthritic pa-
tients as well as in the blood of patients with acute
pancreatitis, adult respiratory distress syndrome
(ARDS), bacterial peritonitis and septic shock'. This pro-
tein is a 14,000 M, Ca?” dependent enzyme which indis-
criminately hydrolyzes phospholipids at the sn-2 posi-
tion, vielding free fatty acid and lysophospholipid®. Lipid
mediators of inflammation that may result from this
catalytic activity include all eicosanoids and platelet ac-
tivating factor as well as various lysophospholipids that
are lytic to cells’. Since the disease states delineated above
are characterized by inflammation that is out of control,
it has been hypothesized that hnps-PLA, may be a key
contributor to the morbidity and mortality experienced
by these patients’. While this concept has been chal-
lenged’, there is general agreement that only the clinical
evaluation of a potent and selective inhibitor of this en-
zyme will unravel its role in these various and deadly
disorders®.

Structural information has been successfully used for
drug design and development in several target proteins.
These include inhibitors for carbonic anhydrase “(glau-
coma), thymidylate synthase® (cancer ), HIV protease™'”,
{AIDS), purine nucleoside phosphorylase’ { T-cell me-
diated diseases)'?, sialidase {influenza) and elastase' (em-
physema). Previous attempts to design PLA, inhibitors
have utilized the structurally related, but non-identical
snake venom and pancreatic enzymes for inhibitor op-
timization. Consequently, while some of these com-
pounds have shown weak inhibition of hnps-PLA,"™'%,
they are usually as potent or more potent inhibitors of

pancreatic s-PLA . To meet our goal of selective inhibi-
tion of hnps-PLA,, we chose to screen exclusively against
this enzyme. Large scale preparation of recombinant
enzyme enabled us to meet these screening goals'” and
was crucial to the successtul implementation of a struc-
ture-based drug design strategy.

The structure of native hnps-PLA, has been deter-
mined in two crystal forms'”'®. The structure of a com-
plex of the human enzyme with a phosphonate transi-
tion state analogue'® (TSA) has also been determined.
This inhibitor shows the same mode of binding as is seen
with the snake' and bee venom enzymes®. The struc-
ture of a mutant porcine enzyme with an amide sub-
strate analogue?' (ASA) shows many similarities to TSA
binding. Together these substrate analogues provide
valuable information for identifying and characterizing
the functional groups in the enzyme active site which
are important for interacting with substrate. These are
also key interactions which might be exploited in the
development of inhibitors for pharmaceutical purposes.

Initial screening lead

The lead compound, indole 1 (Table 1), was found dur-
ing large scale screening using an Escherichia coli mem-
brane assay. 1 is structuralily related to the well-known
anti-inflammatory drug, indomethacin (2), which is a
potent cyclooxygenase inhibitor and has been reported
to weakly inhibit rabbit* and human® s-PLA, enzymes.
Indole 1 was later tested with a newer chromogenic
screening assay using a thiol substrate analogue® and
gave an IC_, (concentration required for 50 % enzyme
inhibition) of 0.014 mole fraction. In addition, selected
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Table 1 Structure-activity relationship for substituted indoles
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The mole fractions for 50 % inhibition X,(50) were calculated using the chromogenic assay. In the
tissue-based assay the calculated apparent K represents the concentration of drug (uM) which
doubles the concentration of agonist to achieve an equivalent response. AA selectivity represents
the concentration of drug (M) which doubles the control ED,, (concentration of agonist required
to elicit 50 % of the maximal response) value which may not be determined at equivalent responses.
NE = no effect, which represents no rightward shift or suppression of the drug-treated curves

relative to the control curves at 10-30 uM of drug.

inhibition) of 0.014 mole fraction. In addition, selected
indoles were evaluated in a secondary tissue-based as-
say (TBA) where guinea pig lung pleural strips served as
‘natural substrate’ for hnps-PLA . The tissues were chal-
lenged with hnps-PLA | (ref. 25) resulting in the cata-
Iytic release of arachidonic acid and the subsequent for-
mation of primarily cyclooxygenase (CO) products lead-
ing to the measured contractile responses. Because this
TBA measures the catalytic activity of hnps-PLA, indi-
rectly, the potency of some agents that act down stream
to PLA, (that is CO inhibitors) will be over estimated
(see indomethacin Table 1). To eliminate this problem,
the tissues were challenged in the presence or absence
of drug with exogenously administered arachidonic acid
{AA} which circumvents the PLA, step. Any agent like
indomethacin that demonstrates suppression of the AA
responses can be ruled out as a specific inhibitor of PLA .

Thus appropriate control experiments are critical to
characterizing novel and specific inhibitors of hnps-
PLA, in this assay. An apparent K, (Table 1) of 2.89 pM
was determined for indole 1 in the TBA. The activity of
indole 1 in the TBA resulted from its combined inhibi-
tion of hnps-PLA, and CO. Nonetheless, the combina-
tion of results from isolated enzyme and tissue bath ex-
periments encouraged us to pursue a structure-based
drug design approach to the optimization of this mol-
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amino-terminal helix move away
from each other to accommodate the
5-0-methyl group of 1, which points
away from the calcium binding loop
and fits into the space created be-
tween these two residues. No coun-
terpart to this movement is seen with
either of the substrate analogues'®?!.
The 3-acetate group of 1 is located deep in the cavity
and interacts directly with Asp 49 (Figs 14, 4a). The two
side chain oxygens of Asp 49 normally provide two of

Table 2 Summary of the crystallographic data for
the four complexes whose structure have been

solved

indole 1 3 6 8
space group P622 P622 P622 P622
cell parameters:

ah 76.4 76.2 764 770

cA 894 915 916 916
Resolution A 2.7 2.2 22 1.8
Completeness % 72 78 70 76

I 8.3 9.2 9.0 6.3

r.m.s.d. from target values:

bond lengths A 0.012 0.017 0.018 0.019

bond angles (°) 1.9 1.8 2.1 2.0
number of waters 0 40 95 102
R-factor (%)? 20.9 19.6 17.2 184
'R =Zll-<>l/Z1, where I, is the intensity of an

merg

|nd|vu§ual measurement, and <I>i is the mean intensity of
this reflection

?R-factor = I IF | - IFJI/ 2 IF |, where IF | and IF | are the
observed and calculated structure factors respectlvely
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site calcium is seen in this structure, despite crystalliza-
tion conditions using ample calcium (10mM) and clear
presence of a ‘second’ calcium site near the main chain
carbonyls of Phe 24, Gly 26 and Tyr 120'*. Instead, the
Asp 49 side chain moves 1 A from the native position
toward the acetate group of 1, with one Asp 49 side chain
oxygen 2.5 and 2.7A respectively from the acetate oxygens
of 1. Apparently this Asp 49 side chain oxygen is proto-
nated and forms a bifurcated hydrogen bond to both
acetate oxygens of the inhibitor (Figs 1a, 3¢, 4a). Nei-
ther acetate oxygen of indole 1 is in a good position to
hydrogen bond to the active site His 48, which has ro-
tated about 50° from its position in the native structure.
The displacement of the active site calcium by the ac-
etate of 1 is consistent with other observations that this

calcium is weakly bound with an apparant K_of 1.5 mM
(ref. 24). This accommodation of indole 1 occurs with-
out any concerted movement of main chain atoms in
the enzyme.

Comparison with enzyme/substrate
interactions

It was useful to compare the binding of indole 1 to hnps-
PLA, with the binding of TSA to hnps-PLA, and ASA to
porcine PLA,. This was done by positioning the substrate
analogues in the hnps-PLA, cavity by superpositioning
the a-carbon positions of their respective PLA,s on the
corresponding positions of hnps-PLA, (not shown).
Despite some key differences between the two substrate
analogues and the use of different PLA s, homologous
atoms are located very close to each other, with near iden-
tity between equivalent sn-1 and sn-3 substituent atoms.
The long sn-2 chains of both analogues occupy slightly
displaced parallel positions that fit nicely into the space
taken in their native structures by their respective side
chains of residue 6. Some similarities are seen in com-
paring the binding of TSA and ASA to PLA, with that of
indole 1 to hnps-PLA , despite entirely different under-
lying structures (Fig. 3a—c). The indole ring of 1 approxi-
mates the positions of the glycerol backbone of TSA and
the first few substituent atoms on sn-1 and sn-2. Also,
the N-benzyl group of 1 follows the natural bend of the
sn-2chain into the slot formed in the side of the amino-
terminal helix at His 6. With its multiple ring structure,
indole 1 is a more conformationaly constrained molecule
than either substrate analogue. It fortuitously has the
necessary shape to fit into the same cavity and possesses
potency approaching that of TSA (IC_ = 0.0032 mole
fraction).

Both TSA and ASA make several similar polar inter-
actions with PLA,. Note first that each contributes a
ligand to the active site calcium in the form of an oxygen
atom that is closely linked to the sn-2 position. This
ligand is a non-bridging oxygen of the phosphonate in
TSA (Fig. 3a) and the amide carbonyl in ASA (Fig. 3b).
In contrast, the indole 1 complex with hnps-PLA, com-
pletely lacks this active site calcium, While either oxygen
from the 3-acetate group could plausibly be such aligand
because of its close proximity to the usual calcium site,
both instead interact directly with Asp 49. The analogues
also form hydrogen bonds to the active-site His 48 (ref.
26). TSA can hydrogen bond through the other non-
bridging phosphonate oxygen (Fig. 3a) when His 48 is

Fig. 1 a, 2.7A resolution electron density map {blue) and
skeletal structure (yellow} of hnps-PLA, in the region of
the active site cavity showing binding of the lead
compound indole 1 (red). The map is contoured at 1.0,
with coefficients 2F -F,_ and phases determined and
refined as summarized in Table 2. The structure of 1 shows
the direct hydrogen-bonding (dashed lines) to Asp 49 and
absence of the active site calcium normally linked to Asp
49. b, 1.8 A resolution electron density map (blue) and
skeletal structure of hnps-PLA, {yellow) as in (a) showing
binding of indole 8 {red). Amide oxygen and phosphonate
oxygen provide two of the seven ligands (dashed lines)
ta calcium (cross).
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Fig. 2 Relative binding of indole 1 (red) in Co. model of hnps-PLA, {blue). Side chains of residues
lining the cavity are shown (green) for both native (dashed) and inhibitor bound (solid) structures.
Note the movement of the His 6 side chain, which partially overlaps the benzyl group of the
inhibitor in the native structure, away from the binding pocket and into a more solvent exposed
position in the complex.

protonated at lower pH, and ASA can hydrogen bond
through its amide nitrogen (Fig. 3b) when His 48 is not
protonated at higher pH.

Progression to indole 8

As a first step in improving indole 1 we sought to mimic
the interactions of the substrate analogues at the active
site both by providing an oxygen ligand to the active site
calcium (rather than displacing it) and by forming a
hydrogen bond to His 48. The structure of the ASA com-
plex shows that an amide at this position can fulfill both
functions (Fig. 3b). This suggested that the replacement
of the 3-acetate group of indole 1, which is in approxi-
mately the equivalent position as the amide of ASA, with
an acetamide might mimic the desired interactions. That
replacement yvielded indole 3 (Table 1), which has a 20-
fold enhanced activity in the chromogenic assay. The lack
of a corresponding increased potency in the TBA is prob-
ably related to the anemalously low apparent K, for in-
dole 1 which results from the combined inhibition of
both hnps-PLA, and CO and thus masks the improve-
ment of 3, The threefold decrease in activity of indole 3
toward the arachidonic acid responses indicates less in-
hibition of CO and a closer approximation of its true
potency toward hnps-PLA, in this assay. The crystal
structure of this complex was determined (Table 2) and
shows that the desired features were obtained. The ac-
tive site calcium is retained (Fig. 4b) with the amide oxy-
gen providing one of the calcium ligands. Like ASA, the
amide nitrogen hydrogen bonds to His 48, however, there
is a significant adjustment in the orientation of the in-
dole ring when compared with 1. The end of the ring
containing the 5-O-methyl group swings 1.5 A closer to
the calcium binding loop, and the methyl group reverses
its orientation in the cavity by swinging away from the
base of the N-terminal helix and pointing toward the
calcium binding loop. This is a movement of the methyl
group of over 5 A. The Lys 69 side chain slides toward
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the N-terminal helix to close up the space created by this
movement of inhibitor. The N-benzyl group adjusts
slightly to the movement of the attached indole and re-
mains bound in essentially the same way in its pocket
off the main cavity.

A further comparison of the binding of indole 3 (and
1) with that of TSA and ASA shows that another impor-
tant polar interaction with the active site calcium, which
takes place through the sn-3 phosphate of both TSA and
ASA, is missing in these indoles (Fig. 3a-d). In each of the
substrate analogues, one non-bridging oxygen of the phos-
phate provides a ligand for the calcium, and the other non-
bridging oxygen forms a hydrogen bond to the side chain
of residue 69 (either a lysine or tyrosine). In contrast in-
dole 3 does not even extend into this region. But a conve-
nient means by which to mimic the phosphate interactions
of TSA and ASA is suggested by the orientation of the 5-O-
methyl group of 3. It now points towards the calcium bind-
ing loop and fortuitously also points towards the interac-
tion sites occupied by the phosphates of the substrate ana-
logues. Thus medification at this 5 position offers the op-
portunity to emulate the phosphate of the substrate ana-
logues. A carboxylate was selected as a synthetically conve-
nient group that could be linked here to provide an addi-
tional oxygen ligand for the calcium and also hydrogen bond
to Lys 69. Indoles 4, 5, 6 and 7 with spacers of one, two,
three and four methylenes respectively (Table 1) were syn-
thesized and tested for activity. Indoles 5 and 6 both
showed improved activity compared to 3 with the high-
est activity occurring with the three carbon linkage of 6.
The activity of indole 6 improved more than fivefold over
that of 3. Indole 4, with the short one carbon spacer, actu-
ally shows loss in activity compared to 3. Indole 6 was
the most potent among these four compounds in the
TBA. It is significant that the CO component in the
TBA was also eliminated so that all of the observed
activity of indole 6 is directed toward inhibition of
hnps-PLA..
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Fig. 3 Schematic representation of inhibitor binding to
PLA,. a, binding of TSA to hnps-PLA, shows three
lmponant interactions to the enzyme: a hydrogen bond
to a protonated His 48 and two oxygen ligands to the
active site calcium from the sn-2 phosphonate and sn-3
phosphate. b, binding of ASA to porcine PLA, also shows
three strong interactions: a hydrogen bond from the
amide nitrogen to an unprotonated His 48 and two
oxygen ligands to the calcium from the amide carbony!
and the sn-3 phosphate. ¢, Binding of the lead compound
indole 1 to hnps-PLA, makes a bifurcated hydrogen bond
to Asp 49, displacing the calcium. There is no interaction
with His 48. d, binding of indole 3 to hnps-PLA, with an
amide that hydrogen bonds to His 48 and provides an
oxygen ligand to the calcium. e, binding of indole 6 to
hnps-PLA, adds a carboxylate extending from the 5-
position to provide a second calcium ligand from inhibitor,
f, binding of indole 8 to hnps-PLA, uses a phosphonate
extending from the 5-position to provide the second
calcium ligand.

The crystal structure of indole 6 bound to hnps-PLA |
was also determined (Table 2). The structure revealed
that 6 binds in a manner very similar to 3, with the in-
dole ring, the benzyl substituent and the amide group
all in essentially identical positions (Fig. 4¢). The 5-
carboxy substituent reaches out between Lys 69 and the
active site calcium to provide a ligand for the calcium, as
planned (Fig. 3e}. The intended hydrogen bond to Lys
69 is not formed since the trigonal carboxylate points
away from Lys 69.

In order to better emulate the phosphate interactions
of TSA and ASA with both the active site calcium and
residue 69 and perhaps achieve better binding, indole 8
was synthesized. It has a phosphonate, which is a close
analogue of phosphate, on the 5 position instead of a
carboxylate (Fig. 3f). This resulted in a nearly threefold
increase both in binding to the enzyme and activity in
the TBA (Table 1), The crystal structure of the complex
with 8 was also determined (Table 2) and confirms that
the phosphonate provides an oxygen ligand to the active
site calcium (Figs 16, 4d). A hydrogen bond to Lys 69 is
also present, although it is mediated by a water molecule.
Thus the tetrahedral geometry of the phosphonate al-
lows one oxygen to point toward Lys 69 whereas the car-
boxyl of indole 6 cannot. However, the 5 A distance from
this oxygen of the phosphonate group to Lys 69 in in-
dole 8 places it too far from Lys 69 to hydrogen bond
directly. Efforts to further optimize this interaction are
continuing.

Studies leading to LY311727

There is good correlation between the crystal structures
and the activity of inhibitors substituted at various po-
sitions on these indoles. There is limited room, for in-
stance, between the 2-methyl group and the cavity wall.
Our binding studies show that having a slightly larger
group at this position actually improves binding presum-
ably by making better hydrophobic contact with the short
helix (residues 16—24) forming the cavity wall here. Thus,
LY311727 (10) with an ethyl group at R* is about three-
fold more potent in both assays than indole 8 with a
methyl (Table 1), but the slightly larger propyl group at
R? (indole 11) kills activity with over 250-fold loss in
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binding compared with LY311727. This is also consis-
tent with a marked decrease in activity of 11 in the TBA.
In contrast, indole 9 with just a hydrogen at R? has a
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fivefold lower potency than indole 8. Modifications atY
(Table 1) on the benzyl ring have the expected effect ;
the structure shows that this para position is buried in
the side of the N-terminal helix and points directly into
the main chain atoms. This is consistent with observa-
tions that indole 12 with a phenyl at Y has over 100-fold
lower activity than LY311727. Similarly the fourfold
lower activity of indomethacin (indole 2) compared with
indole 1 probably arises in part from its chloro substitu-
tion atY. In the TBALY311727 (at 0.1-10 uM) suppressed
the contractile responses induced by hnps-PLA, in a con-
centration related manner (Fig. 5a). The apparent dis-
sociation constant (K,) was calculated at 0.27 £ 0.05 uM.
The activity of LY311727 against hnps-PLA, is in sharp
contrast to its effect on contractile responses induced by
porcine pancreatic PLA . [Y311727 nearly abolished the
hnps-PLA, responses at 10 pM, while it failed to sup-
press porcine pancreatic PLA, concentration response
curves at the same concentration (Fig. 55). This obser-
vation, using an isolated tissue preparation as the sub-
strate for these enzymes, is also in agreement with
LY311727 being only a weak inhibitor of porcine pan-
creatic PLA, in the chromogenic isolated enzyme assay
(0.029 mole fraction). Furthermore, contractions in-
duced by arachidonic acid were not inhibited by
LY311727 (Table 1), indicating no CO activity. Thus
these data clearly illustrate the selectivity of LY311727
as an inhibitor of hnps-PLA,

A drug design success?

Application of structure based drug design to the hnps-
PLA, target has provided LY311727, the first potent and
selective inhibitor of this secretory enzyme. This com-
pound has shown fifty percent inhibition of substrate
hydrolysis by the human, Group II (ref. 27) enzyme at a
concentration that is 20,000 times less than the phos-
pholipid substrate concentration. Furthermore, the in-
hibitor is 1,500-fold selective when assayed against the
structurally similar porcine pancreatic (Group 1) en-
zyme. This level of selectivity was also demonstrated for
the first time on guinea pig lung tissue, a natural mem-
brane substrate. Collectively, these data make it clear that
LY311727 has been exquisitely tailored to fit the active
site of hnps-PLA, through tight and specific binding in-
teractions. These optimization efforts also led to the

Fig. 4 The binding of indole inhibitors (red) to hnps-PLA,
(green} in the active site. Interactions between calcium
(large yellow sphere) and enzyme or water ligands (yellow
sphere) are shown with dotted lines. Inhibitor interactions
are shown with dashed lines. a, Indole 1 does not contain
an active site calcium and hydrogen bonds directly to 082
of Asp 49. No hydrogen bond is made to His 48. b, Indole
3 contributes one ligand to active site calcium through
amide oxygen and hydrogen bonds to N31 of His 48. ¢,
Indole 6 contributes two ligands to calcium, one through
its amide oxygen and one through its carboxylate. The
hydrogen bond to His 48 is formed. d, Indole 8 contributes
two oxygen ligands to calcium, one through its amide and
one through its phosphonate. One phosphonate oxygen
also hydrogen bonds to Lys 69 through an intervening
water molecule. The hydrogen bond to His 48 is formed.
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complete elimination of nonspecific effects, including
CO activity, making this a truly selective hnps-PLA,
inhibitor.

The underlying ideas behind development of this
hnps-PLA, inhibitor have been empirically based. A lead
compound from large scale screening of library
compounds was obtained and its mode of binding to
hnps-PLA, determined crystallographically. This was
important because large movements of side chains that
were necessary to accommodate these inhibitors could
not have been reliably predicted from the native
structure. Although a similar movement of His 6 seen in
the crystal structure of TSA with hnps-PLA,
demonstrates the possibility of this change in the protein,
itis not necessarily a feature of all inhibitor binding. The
displacement of the flap residue Lys 69 in response to indole
1 binding, but not seen with indoles 3, 6 or 8, was not
observed in either native or substrate analogue
structures. The use of both empirical screening methods
to identify thelead compoundand crystallography to reveal
structural details of binding were essential to success.

An important part of these molecules’ potency comes
from their structural core. The initial acetamide, indole
3, has potency comparable to or better than that of TSA
and ASA, even though it has less lipophillic contact sur-
face and fewer polar and charged interactions with en-
zyme. A likely explanation for this is the constraints im-
posed by the indole ring and benzyl group which allow
these inhibitors only a small number of conformations,
one of which is fortuitously in the right shape for inter-
acting with the PLA, cavity.

It is useful to broadly consider the factors contribut-
ing to the 737-fold improvement in potency achieved in

this series of hnps-PLA, inhibitors. Most of this increase
in binding has come from the addition or modification
of polar or charged groups to enhance interactions with
complementary groups of the enzyme. The conversion
of the 3-position acetate to an acetamide provides a hy-
drogen bond to His 48 reminiscent of that documented
for ASA, and also permits direct interaction with the
active site calcium ion rather than displacement of it.
Addition of an extension at the 5-position which is ter-
minated with an acidic function mimics the phosphate
groups of both ASA and TSA by coordinating to the cata-
lytic calcium. Optimally fitting a small hydrophobic cleft
at the 2-position also results in a corresponding increase
in potency. While each change by itself has led to an in-
cremental (3- to 20-fold) improvement, the summation
of all of these changes impart a dramatic increase in po-
tency to the molecule. This iterative process of structure
analysis, synthesis and kinetic analysis used for the de-
velopment of LY311727 affirms the great power of these
techniques in drug discovery activities.

Methods

Crystallography. The protein was cloned, expressed and purified
as described'’. The crystals of the complexes were prepared by
co-crystallization with the various inhibitors. The crystals were
grown by vapour diffusion in about two weeks from a solution
containing 10.0 mg ml"' of protein in 50 mM buffer {MES or MOPS),
pH 6.6-7.5, 80-92 % saturated in sodium chloride, 1 % pyridine.
An inhibitor concentration of 1.5 molar equivalent was used. The
X-ray diffraction data collection and processing were done by using
the RAXIS Il system with imaging plate detector and rotating anode
X-ray source (CuKa radiation, A = 1.542 A)'". The structure of
indole 1 was solved by the molecular replacement method using
the X-PLOR program package®. The starting model was the
enzyme native structure solved and described previously'’. The
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structure was refined alternatively using X-PLOR and PROLSQ®.
The quality of the model was analyzed and improved at intervals
using the molecular graphics program FRODO?'. The structures of
indoles 3, 6 and 8 were solved using the structure of indole 1 as
the starting model. Coordinates will be deposited in the

Brookhaven Protein Data Bank.

Assays. Indoles (I) waere evaluated in a modified chromogenic
assay’® containing final concentrations of 0.96 mM racemic 1,2
bis(thioheptanoyl)-1,2-didecxyphosphatidyicholine (PC), 0.27 mM
Triten X-100 (T) and 0.12 mM 5,5'-dithiobis(2-nitrabenzoic acid).
Concentration/response curves were generated with 16 nM
recombinant hnps-PLA, for 30 min. at 40 °C in a microtiter plate
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