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Abstract

Cytochrome P450 (CYP) family of redox enzymes metabolize drugs and xenobiotics in liver microsomes. Isozyme CYP2C9 is
reported to be inhibited by benzbromarone (BzBr) and this phenomenon was hitherto explained by classical active-site
binding. Theoretically, it was impossible to envisage the experimentally derived sub-nM K; for an inhibitor, when supra-nM
enzyme and 10X Ky, substrate concentrations were employed. We set out to find a more plausible explanation for this
highly intriguing “super-inhibition” phenomenon. In silico docking of various BzBr analogs with known crystal structure of
CYP2C9 did not provide any evidence in support of active-site based inhibition hypothesis. Experiments tested the effects of
BzBr and nine analogs on CYPs in reconstituted systems of lab-purified proteins, complex baculosomes & crude microsomal
preparations. In certain setups, BzBr and its analogs could even enhance reactions, which cannot be explained by an active
site hypothesis. Generally, it was seen that K; became smaller by orders of magnitude, upon increasing the dilution order of
BzBr analogs. Also, it was seen that BzBr could also inhibit other CYP isozymes like CYP3A4, CYP2D6 and CYP2E1. Further,
amphipathic derivatives of vitamins C & E (scavengers of diffusible reactive oxygen species or DROS) effectively inhibited
CYP2C9 reactions in different reaction setups. Therefore, the inhibition of CYP activity by BzBr analogs (which are also
surface-active redox agents) is attributed to catalytic scavenging of DROS at phospholipid interface. The current work
expands the scope of interpretations of inhibitions in redox enzymes and ushers in a new cellular biochemistry paradigm
that small amounts of DROS may be obligatorily required in routine redox metabolism for constructive catalytic roles.
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Introduction

Cytochrome P450 (CYP) family of enzymes mediate the
metabolism of a majority of xenobiotics in mammals. In man,
CYP2C9 is responsible for ~20% of phase I drug metabolism,
particularly of the non-steroidal anti-inflammatory agents
(NSAIDs) possessing an anionic moiety [1,2]. It was found that
while the crystallized chimera/mutant of CYP2C9 (10G5) had no
positively charged residues within the active site, Argl08 was a
probable candidate for binding of anionic moieties in the active
site of CYP2C9 (1R9O) [1,3]. Therefore, it was argued that the
IR90O structure better explained the catalytic activities of
CYP2C9. Among the inhibitors reported for CYPs, benzbromar-
one (BzBr) and its iodinated analogue, benziodarone (Bzlr) have
been suggested to be the most potent for CYP2C9, with K; value
of =1 nM [4-6]. One of us found that the values of mnhibition
constants derived from experimental rate measurements
‘stretched’ the intuitive understanding afforded by the theoretical
model. This is because the practical enzyme inhibition assays are
performed with tens to hundreds of nM CYPs and ~100 uM
concentration of substrates (at ~10X Ky). Therefore, several
analogues/derivatives of benzbromarone were employed to
analyze the veracity of assumptions made, checking the inhibition
profiles in a wide array of CYPs’ reaction setups. The data thus
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obtained was analyzed in many modalities. Along with the z vitro
approach, i silico docking was also probed for evidence to support
the hitherto available model. The work provides an alternative
explanation for the inhibitions observed and gives key insights into
the mechanistic aspects of cytochrome P450 mediated redox
metabolism.

Results

The reaction stoichiometry and kinetics were studied in
two reaction setups

The highly efficient, but complex baculosomes and a reconsti-
tuted mixture of pure recombinant proteins. Figure 1 shows the
overall hydroxylated diclofenac product formation in both setups
in the bottom panel. The results for NADPH consumption and
peroxide production in these two setups are shown in the top two
panels. The reconstituted system consumed more NADPH and
produced more peroxide in comparison to the baculosome setups.
In contrast, the baculosome system showed a significant change in
NADPH consumption rate upon the inclusion of substrates. It
produced more hydroxylated product with lesser NADPH
consumption and peroxide formation than the reconstituted setup.
Presence of BzBr alone or its presence in conjunction with the
substrate did not stop the consumption of NADPH or production
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of peroxide in both setups. At initial time-frame of 30 minutes,
inclusion of BzBr (test reaction) gave only ~1/12 of the control’s
activity in baculosomes, in comparison to the lower inhibition in
reconstituted system, where the test reaction showed ~1/3 of the
control’s activity. Inclusion of BzBr in reaction system significantly
lowered secondary oxidation of the product in both setups, more
prominently in reconstituted setup.

Dose-response graphs for data points did not afford classical
inhibition profiles in either CYP2CO9-diclofenac (Diclof) or
CYP2E1-para-nitrophenol (pNP) reactions, for both baculosome
or mixed microsome systems (for most of the BzBr analogues,
Figure 2 & items 1 through 10 of Table 1). Figure 3 shows some
salient data profiles that could give a visual indication towards the
same. A unidirectional correlation of increasing inhibitory effect
was not seen upon increasing inhibitor concentrations. This
observation challenges the very basis of an active site-based
inhibition mechanism. Though all ten molecules were studied for
determination of inhibition constants, a globally comprehensive K;
value determination (i.e., all concentrations of inhibitors tested
should show only inhibition in a given setup) was derivable only for
a few reaction setups. The values so obtained are given in Table 2
[7]. Many reaction setups did not show convergence of non-linear
regression plots (in spite of provision of weighted points) and/or a
negative slope in linear regression analysis could not be obtained.
Further, the two methodologies adopted did not give values that
agreed with each other in absolute terms. For example, in
CYP2C9 baculosomes, while DBHB gave a sub-nanomolar K; via
non-linear regression, the linear regression analysis gave a supra-
millimolar K; with the same experimental data.

Ki value calculated was significantly lower with greater
order of dilution of the inhibitor, when the values were
calculated with Cheng-Prusoff and Chance approaches

Table 3 shows a detailed examination of K; values determined
at each point, for the molecules that showed significant inhibition
in many setups. At 100 uM concentration of MeOBzBr, a K; value
3.7 uM was obtained in microsome setups, which is close to the
value of BzBr under identical conditions. In DBP-CYP2C9
baculosome system (and also in mixed microsomes), employment
of 100 uM concentration of DBP failed to give any inhibition
whereas | uM and 10 nM levels of DBP afforded micromolar and
nanomolar K; values, respectively. These findings are incompat-
ible with an active-site model of inhibition.

BzBr was found to inhibit the non-specific cross reactivity
of various CYPs with diclofenac (an efficient substrate for
CYP2C9) and pNP (an efficient substrate for CYP2E1)

Benzothiadiazole, a small planar molecule that differed
structurally from BzBr and would be expected to bind to the
heme-center and react competitively, was taken as a non-specific
and generic inhibitor for comparison. The results of relative
activities are summarized in Table 4. Submicromolar K; values
were derived from calculations upon incubation of enzyme
reaction mixture with equivalent substrate-Bzbr concentrations,
for the various CYPs tested. Further, it was seen that for pNP
reactions mediated by CYP2El baculosomes, inhibition by
molecules (taken at 10 nM concentration) like BzBr, Bzlr, DBP,
DBMP and DBHB gave K values in low nM ranges (calculated by
the Cheng- Prusoff method).
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Figure 1. Comparing the effect of BzBr on CYP2C9 reaction
dynamics in pure reconstituted and complex baculosome
setups. In both setups, CYP2C9 was at 10 nM, with several fold excess
CPR. NADPH, Diclof & BzBr were at 200 uM, 200 uM and 10 uM
respectively.

doi:10.1371/journal.pone.0089967.g001
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Figure 2. Molecular schema of various substituted benzarones, dihalophenols and vitamins studied in the current work. (For

details of substitutions, please refer Table 1.)
doi:10.1371/journal.pone.0089967.g002

In silico exploration of BzBr analogues with CYP2C9
active site does not provide support for a binding-based
inhibition

The binding scenarios of two soluble CYP enzyme-substrate sets
and membrane protein CYP2C9 with warfarin/flurbiprofen sets
(Material A(1) in File S1: Supporting Information) showed very
similar docking as the crystal structures of the same protein-ligand
sets, thereby validating the i silico investigations. Known heme-
enzyme-+specific substrate combinations like P450cam+camphor
and P450BM3+palmitic acid gave binding energies comparable to
diverse molecules studied for liver microsomal CYP2C9 (Material
A(2) in File S1: Supporting Information). Binding energies for
substrates/inhibitors were typically found to depend more on the
extent of hydrophobicity and the size of the small molecule and
were practically independent of any particular recognition
mechanism within the active site. It is sometimes proposed that
primary binding of an inhibitor molecule could prevent the

substrate molecule from binding secondarily. Such scenarios were
also explored. The bound inhibitory ligand could not prevent
another substrate molecule from binding, as the catalytic site was
spatially large enough to accommodate both molecules. Arg 108
did not play a significant role in the binding of dapsone (a ligand
known to enhance CYP2C9’s activity [8]) and some of the smaller
dihalophenolics. Also, the binding of activators and inhibitors did
not correlate to logically predictable alterations in binding energy
or proximity to the heme center for the subsequent binding of
substrates. Diverse substrates of CYP2C9 gave comparable
binding energies to those for the BzBr analogues tested. Binding
of anionic ligands did not give any change in binding energy or
any altered orientation in the 1R9O active site, either for the
original substrates or for competitive inhibitory ligands (Table 1,
values given in parentheses). Inhibition was also seen for much
smaller molecules that bound at loci other than where BzBr
bound. The ‘relatively inefficient inhibitors” in meth(ox)yl
derivatives of Bzr, BzBr and BzIr bound in practically identical
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Table 1. Details of substititions, characteristics and in silico binding analyses of various substituted benzarones, dihalophenols &
vitamins with CYP2C9 (1R90).
Lowest AG, Proximal atom to
Inhibitor X Y z pK. log P, log D kcal/mol Major Interactions Fe (A)
1. Bzr H H (2-ethyl-3-benzofuranyl)  7.80 4,01 —8.7 (—8.8) Arg 108, Asn 204 83, b
methanone
2. BzBr Br Ditto 5.11 555, 3.88 —9.5 (—9.5) Arg 108, Asn 204 59 b
3. BzIr | Ditto 5.61 5.87, 471 —9.2 (—9.4) Arg 108, Asn 204 57,b
4. MeOBzr H Me Ditto - 416 —-8.7 Arg 108, Asn 204 78 a
5. MeOBzBr Br Me Ditto = 5.69 =& Arg 108, Asn 204 6.0, b
6. MeOBzIr | Me Ditto - 6.01 —9.4 Arg 108, Asn 204 58, b
7. DBP Br H H 8.43 3.21 —5.1 (—5.0) Val 113, Leu 362 4.8, m
8. DBMP Br H OCH; 8.69 3.05 —53(-5.3) Ser 209, Asn 474 8.0, a’
9. DBHB Br H COOH 4.10, 6.96 2.86, —1.08 =5.7 (=5.7) Ser 209, Asn 474 8.5, a’
10. DIT | H CH,CHNH,-COOH 7.25 0.37, 0.89 —6.4 (—6.2) Arg 108, Asp 293 45, b’
vit. C = = H 4.36, 11.20 —191, 492 —53 Arg 108, Asn 204 7.7,z (0)
LAAP - - COC,5H3, 445,11.17 5.01, 2.1 -72 Arg 108, Asp 293, 5.3, z (BC)
Asn 204
vit. E = = CieH33 10.80 10.51 —9.9 Leu 362, Val 113 4.9, (OH)
Trolox - - COOH 3.77,12.10 3.66, 0.67 -7.7 Leu 362, Val 113 6.8, (OH)
doi:10.1371/journal.pone.0089967.t001

March 2014 | Volume 9 | Issue 3 | 89967



180+

CYP2C9-BzBr Analogs 160+

% Activity
=]
o
1

The Curious Case of Benzbromarone

CYP2C9- Dihalophenols
o

log [Inhibitor] fM

Microsomes-BzBr

i

1604

% Activity
3
1

120+

% Activity
3

log [Inhibitor] fM

CYP2E1-Methoxy Analogs

-8- MeOBzBr

-A- MeOBzr
-0- MeOBzIr
RN
0 r T =] 0 Y r S
0 5 10 15 5 10 15

log [Inhibitor] fM

log [Inhibitor] fM

Figure 3. Dose-response plots for select BzBr analogues in various reaction setups of CYPs. The curves plotted are non-linear regression
fits for the experimental points (with the top and bottom points weighted to facilitate curve fitting) for the equation: Y =Bottom+(Top—Bottom)/

[1+10M{(X—LogICs0)}].
doi:10.1371/journal.pone.0089967.g003

fashion to their hydroxylated parent molecules (Figure 4), giving
similar binding energies and proximity to the heme center
(Table 1).

Known amphipathic radical scavengers critically inhibited
CYP2C9 reactions

Polar vitamin C, its amphipathic fatty acyl derivative (L-
ascorbic acid palmitate or LAAP), hydrophobic vitamin E and its
truncated soluble derivative (Trolox) were employed for tracing
the interfacial distribution effects of radical scavengers on the
CYP2C9 reaction. As seen from Figure 5, mM concentrations of
vitamins C & E (and their derivatives) could bring about significant
inhibition of CYP2C9 activities in both the systems. An order of
magnitude lower concentration of the same molecules (at
equivalent concentration to the original substrates) gave effective

Table 2. Survey of global values of K; (in uM).

inhibition (>50% of the control) only in the lipophilic derivatives
of the vitamins. At higher concentrations of the inhibitors, since
the relatively hydrophilic molecule of vitamin C is a more effective
inhibitor than the soluble derivative of vitamin E, it is highly
improbable that the overall inhibition is owing to an active site
binding effect. Vitamin E, though structurally very different from
benzbromarone, also gave ~nM K; in the baculosome reaction

setup.

Discussion

Generally, a stronger binding affinity results from multiple
interactions between proteins’ amino acid residues and different
moieties within the small molecule (ligand), as exemplified by i
silico studies of the streptavidin-biotin binding where at least six

System BzBr Bzir MeO-Bzr MeO-BzIr DBHB DIT
CYP2C9+Diclof 0.0005 (0.90) 0.0028 (0.99) - - 0.0008 (—1.37) -
0.018 (0.99) 30.9 (0.94) - - 1291 (0.76) -
Microsomes+Diclof - - 0.0007 (0.08) 0.0424 (0.25) 0.0003 (—0.59) 11.4 (—1.87)
- - 0.242 (0.88) 857 (0.88) 975 (0.75) 6457 (0.65)

formation was enhanced.
doi:10.1371/journal.pone.0089967.t002
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Data obtained by non-linear (top sub-row) and linear (bottom sub-row) regression analysis (taking Ky to be 10 uM [7], with weighted point at pM inhibitor giving 99.9%
activity), along with the R? values (in brackets). A non-entry in the table means that at certain concentrations of the inhibitor molecule (in a given setup), the product
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(right sub-column) equations.
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Table 3. Localized values of K; (in uM) for dihalogenated phenolics calculated by Cheng-Prusoff (left sub-column) and Chance

System [11 (uM) BzBr Bzir DBP DBMP DBHB DIT
CYP2C9+Diclof 100 0.0009 0.01 0.65 190 = = 95.41 342531 8.682 9332 42,62 101788
1 0.0029 0.104 0.0091 0.995 2.61 99540  0.3059 1140 0.0899 97.72 - -
0.01 0.0005 0.0014 0.0026 0.243 0.002 0.101 = = 0.0008 0.0064 0.0007 0.0055

doi:10.1371/journal.pone.0089967.t003

amino acid residues (Asn 23, Ser 27, Tyr 43, Ser 45, Ser 88, Asp
128) of the protein interact with the small molecule. The active site
model of inhibition for CYP with BzBr analogues is incapable of
explaining how and why the presence of- (i) a dissociable proton or
(i1) two halogen atoms or (iii) some small substitutions etc. would
alter the functional inhibition in such a drastic fashion. More
importantly, it cannot explain how the very same inhibiting
molecule changes to an activator at certain concentrations (for
example- MeOBzBr and DBMP, Tables 2 & 3). The fact that the
surface-active molecule of BzBr is a better inhibitor in the
baculosome system compared to reconstituted system containing
pure components, points to the role of the microenvironment of
the reaction system in determining the reaction outcome.
Considering the data of Table 4, Occam’s razor argues for a
more generic and active site-disconnected phenomenon. It is very
difficult to envisage that BzBr has high affinities for diverse active
sites of various CYP, and competitively “outbinds” different
substrates with varying topography, all the while giving very low
K; values. With i silico studies too, positive support for the binding
model was lacking. Conclusive argument against the active-site
model is derived from the studies incorporating structurally diverse
redox-active vitamins and their derivatives in two different
reaction setups. Since hydrophobic derivatives of the vitamins
gave effective inhibition in both microsome and baculosome setups
(Figure 5), the basic determining process must occur at the
phospholipid interface.

Therefore, obtaining a sub-nM K; with low concentrations of
inhibitors (at supra-nM levels of enzymes) was found to depend
more on the presence of the positioning of a radical scavenger on
the phospholipid membrane, where CYP and its reductase (CPR)
are ‘housed’. A non-specific interfacial catalytic mechanism, as
depicted in Figure 6, could help explain the effects observed. The
enzyme cytochrome P450 reductase (CPR) produces DROS
(diffusible reduced oxygen species, as exemplified by superoxide
shown) from oxygen at the lipid interface [9,10]. These DROS,
when localized around the phospholipid interface, could generally
be utilized by CYP to hydroxylate the substrate. Further, the
DROS species are in equilibrium with several other molecular

Table 4. Non-specificity of inhibitions by BzBr.

A non-entry in the table means that the the product formation was enhanced in that particular reaction setup. (Conditions are similar to the ones in Table 2.)

species (in both phases) and involved in Haber-Weiss chemistry. It
is also known that a DROS such as superoxide is not considered to
be a highly active species but its protonated form is [11-13]. BzBr
could serve as an interim catalyst, modulating the concentrations
of DROS, along the lines mentioned in our recent works [14-16].
The two halogen moieties aid in effective interfacial positioning.
The stability of the lipid soluble radicals coupled with the
availability of a water-soluble proton makes the process a classical
interfacial reaction, which BzBr (and such molecules) can bring
together. For the same concentrations of substrate and enzyme,
better inhibition efficiencies are seen in select systems with low
amounts of BzBr analogues because of the stability of radical
intermediates at lower concentrations. In the baculosome reaction
setups with relatively higher CPR:CYP ratios, BzBr’s utilization of
DROS by CPR at the lipid interface would significantly affect the
well-positioned CYP-CPR redox relay machinery. In contrast to
the constructive process of substrate hydroxylation in baculo-
somes, DROS production and the associated cross reactivity
within the microenvironment is greater in the microsomes setup.
In these systems, poor distribution and positioning of enzymes
would not give high impact of BzBr, because of the presence of
relatively higher amounts of CYPs (which could also prolong the
lifetime of DROS). BzBr has the ability to alter secondary
oxidation profiles of diclofenac (Figure 1) and this conclusively
shows that BzBr is involved in DROS dynamics. The partitioning
of the redox active molecules into the aqueous phase could also
catalyze the reverse process of generating the DROS or stabilizing
the same, thereby accounting for the enhancement effect. In the
case of methoxy derivatives, complications can arise owing to the
enzymatic or non-enzymatic demethylation of the original
molecule, thereby generating small amounts of hydroxylated
catalytic species from the substrate. So, we get a mixture of effects
therefrom.

Since the reaction is governed by lifetimes, concentrations,
pertinent equilibriums and reactivity of a wide variety of
intermediates generated in milieu, it is now possible to understand
the apparently chaotic modality of overall outcome. In our recent
works, we had demonstrated that small concentrations of various

Substrate CYP2C9 CYP3A4 CYP2D6 CYP2E1
Diclof 100 0.4 90.1 16 ~0.2 17 0.3 0.001 0.3 nd nd nd
pNP nd nd nd 20 ~3 ~15 17 ~5 ~15 100 60 15

The relative percentage of hydroxylated product formed is shown in comparison to the positive controls. In each CYP column, first sub-column is without any inhibitor,
second and third sub-columns are with an equivalent amount of BzBr and benzothiadiazole respectively. Concentrations of baculosomes- 20 nM CYP, 250 uM NADPH
and 80 uM Diclof or pNP. Sampling for hydroxylated product analysis was at 30 minutes. [*nd: product formed was too low to be detected under the reaction assay
conditions].

doi:10.1371/journal.pone.0089967.t004
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Figure 4. Snapshots of the ten benzarone/dihalophenolic analogues docked in the active site of CYP2C9 (1R90).
doi:10.1371/journal.pone.0089967.9g004

redox active molecules could modulate one-electron reactions dismutase and catalase are included in CYP reaction mixtures.
mediated by heme proteins [14-16] and stressed on their Small amounts of these soluble enzymes are (quite akin to the
relevance in physiological realms. It is well-known that superoxide soluble radical scavengers!) inefficient in curbing the 2-dimension-
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Figure 5. Vitamins-mediated inhibition of CYP2C9 baculosomes and microsome reactions for hydroxylation of diclofenac. The
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of CYPs or 10 nM of CYP 2C9 baculosome preparation, taken along with the appropriate concentration of the redox molecule. The plots show 4'OH
diclofenac in milieu. after 10 minutes reaction time.

doi:10.1371/journal.pone.0089967.g005
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ally constrained interfacial reactions. They end up lowering
secondary oxidations of substrate in aqueous milieu, thereby
enhancing product yield. Their inability to inhibit CYP reactions
is not an anti-thesis to the fundamental idea proposed herein. We
had solved substrate inhibitions in several heme enzyme systems
(including CYPs) [10] and the inhibitory role of CPR’s truncated
N-term in CYP mediated catalysis, attributing it to an interfacial
DROS modulating effect [17]. This manuscript consolidates our
pursuits and provides support for the obligatory role of DROS in
CYP functioning. The fundamental ideas derived herein would
explain the low distribution densities of CPR, the promiscuity of
this single CPR serving as a partner to all CYPs, substrate
diversities of CYPs and several other problematic aspects of the
currently prevailing hypothesis in CYP literature (which seeks that
the first step of oxygen activation occurs at the heme-center).

Materials and Methods

Enzyme preparations

CYP2C9 baculosomes were obtained from Life Technologies
(and Panvera), Invitrogen. For pure CYP & CPR reactions, the
protocols for protein preparations are described elsewhere [10].
Freshly excised rat liver was used for microsomal preparations [18]
and immediately transferred to a pre-cooled homogenizing buffer.
Animal procedures were approved by the Institutional Animal
Ethics Committee JAEC, VIT University), which was ratified by
the Government of India vide order no. 1333/C/10/CPCSEA.
Liver chunks were homogenized and then spun down at
12,000 rpm for 30 minutes at 4°C and the supernatant was
collected in fresh round bottom tubes. This supernatant was run in
an ultracentrifuge at 80,000 g for 90 minutes at 4°C. The pellet
was then washed with phosphate buffer and finally stored in
suspension buffer containing 20% glycerol. Aliquots of 1 ml were
stored at —40°C until use. Protein preparations were rapidly
thawed by suspending the vial in 37°C water bath just before use
and then immediately transferred on ice.

Materials

The small dihalogenated phenolics used in current study were
purchased from Sigma-Aldrich. Methoxylated forms of benzarone,
benzbromarone and benziodarone were synthesized in lab from
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the corresponding pure hydroxylated analogue molecules, which
were gifted by Tonira Pharma Ltd. (India).

Organic synthesis and characterization

Reactions were performed under an inert atmosphere of
nitrogen with magnetic stirring. Syringe was used to transfer air-
sensitive solvents and reagents. Acetone was distilled from
potassium carbonate and stored over 4 A molecular sieves prior
to use. Analytical thin layer chromatography (TLC) was
performed on MERCK precoated silica gel 60 Fos54TLC plates.
Eluting solvents are reported as volume percents. Compounds
were visualized using UV light and iodine stain. Flash column
chromatography was performed using silica gel (200400 mesh)
from Acme chemicals. All NMR spectra (details given in Materials
B in File S1: Supporting Information) were recorded on Bruker
400 spectrometer using CDClj; as solvent. The NMR spectra were
referenced using residual solvent peaks as the standard. Chemical
shifts are denoted in parts per million (8) and coupling constants (7)
are reported in Hertz (Hz). The spin multiplicities are reported as
singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). High
resolution mass spectra (HRMS) were recorded on MICRO-Q-
TOF mass spectrometer using the ESI technique. FT-IR spectra
were recorded on a JASCO FI/IR-4100 spectrometer. All IR
spectra were recorded as a thin film of compounds in chloroform.
IR spectra peaks are reported in wavenumbers (cm ™ ') as strong (s),
medium (m), weak (w), and broad (br).

General procedure for meth(ox)ylation of benzarone
derivates

A solution of the benzarone derivative (1 equiv) in acetone
(0.25M) was treated with potassium carbonate (1.1 equiv) and
methyl iodide (6 equiv). The reaction mixture allowed to stir at
45°C until starting material was consumed, following which
acetone was removed in vacuo. The resulting suspension was
dissolved in ethyl acetate (30 mL) and washed with water
(2x20 mL). The organic layer was separated, dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo.
Purification by flash chromatography afforded the methylated
produce in 99% yield.
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Enzyme reaction and product analyses

The reactions were carried out in 1 ml vial at 27*=1°C in
100 mM potassium phosphate buffer at pH 7.4+0.1. A stopper
mixture of 94% acetonitrile and 6% acetic acid was used to cease
the reaction. Total reaction volume was 250 ul and the stopper
added was 100 pl to each reaction mixture. 4'-OH diclofenac
formation was observed at various time points and quantified with
HPLC with detection at 278 nm [10]. CYP3A4 and CYP2D6 did
not give the same reaction product profiles as CYP2C9 does with
diclofenac. However, the area given under the obtained products’
chromatogram peaks were calculated with similar terms. In some
reactions, another method was used. Kromacil®100-5C8 reversed
phase column with 5 pm particle size packing and with an internal
diameter of 4.6 mm and a length of 250 mm was employed for
routine HPLC. An isocratic mobile phase constituting of 0.1%
trifluoroacetic acid in water, methanol and acetonitrile in the ratio
2:2:1 was used at 1 ml/min for elution, giving a retention time of
~13 min for 4-OH diclofenac and ~30 min for diclofenac.
CYP2E1 activity was assayed by HPLC methods and the data was
seen to correspond well with the spectrophotometric assay [19,20]
and both these methodologies were used for the determination of
pPNP reaction products. For the determination of K; values, in
reactions with microsomes, diclofenac and NADPH concentra-
tions were 200 pM and 400 pM respectively and total CYP
concentration was 0.5 uM. Whereas in reaction with baculosomes,
concentration of CYP was 10 nM, diclofenac and NADPH were at
100 uM and 200 puM respectively. The inhibitory small molecules
were employed under varying orders of magnitude. The reactants
were added 25 pl each from a 10X respective concentrate and the
remaining volume was made up to 250 pl with double distilled
deionized water. The values reported are from duplicates or
triplicates, along with the standard deviations. GraphPad Prism
5.02 was employed for data analysis and graph generation.

Calculation of K;

Traditionally, K; is defined (for competitive binding) as the
concentration of inhibitor required to alter the enzyme-substrate
interaction so that the apparent Ky (which is the concentration of
substrate at which reaction rate is half the maximal rate
achievable) doubles that of original Ky value obtained in the
absence of inhibitor. In many cases, Ky, can also be a crude index
of enzyme-substrate binding affinity. The value of K; is usually
calculated from experimentally determined ICs, values (which is
defined as the concentration of inhibitor that results in 50%
reduction in the rate of enzyme catalyzed reaction). IC5q is derived
by non-linear regression analysis from a log plot of inhibitor
concentration versus percentage activity. The ICso value thus
obtained is used to determine K; using Cheng-Prusoff’ equation

(21]-

Ki:IC50/(1+[S]/KM)

where [S] is the substrate concentration employed. A linear
regression method with a double logarithmic plot is also available
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In silico methods

Crystal structures for proteins were obtained from RCSB
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