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Abstract

Cytochromes P450 are ubiquitous heme-containing enzymes that catalyze a wide range of reactions
in nature including many oxidation reactions. The active oxidant species in P450 enzymes are widely
thought to be iron(I1VV)-oxo porphyrin radical cations, termed Compound | species, but these
intermediates have not been observed under turnover conditions. We prepared Compounds | of the
mammalian hepatic P450 enzyme CYP2B4 and three mutants (E301Q, T302A, and F429H) by laser
flash photolysis of the Compound Il species that, in turn, were prepared by reaction of the resting
enzymes with peroxynitrite. The PN treatment resulted in a small amount of nitration of the P450 as
determined by mass spectrometry, but no change in reactivity of the P450 in a test reaction. CYP2B4
Compound I oxidized benzphetamine to norbenzphetamine in high yield in bulk studies. In direct
kinetic studies of benzphetamine oxidations, Compounds | displayed saturation kinetics with similar
binding equilibrium constants (Kying) for each. The first-order oxidation rate constants (ko) were
comparable for Compounds | of CYP2B4, the E301Q mutant, and the T302A mutant, whereas the
kox for Compound I of the F429H mutant was reduced by a factor of two. CYP119 Compound I,
studied for comparison purposes, reacted with benzphetamine with a binding constant that was nearly
an order of magnitude smaller than that of CYP2B4 but a rate constant that was similar. Substrate
binding constants for P450 Compound I are important for controlling overall rates of oxidation
reactions, and the intrinsic reactivities of Compounds | from various P450 enzymes are comparable.

The cytochrome P450 (CYP or P450) enzymes function as catalysts for many biological
reactions including oxidation reactions of high-energy carbon-hydrogen bonds that produce
alcohol products or intermediates.! P450s are heme-containing enzymes with thiolate from a
protein cysteine as the fifth ligand to iron. In the human, broad spectrum P450s in the liver
oxidize drugs, pro-drugs and other xenobiotics,? and over-expression of highly specific P450s
is linked to a variety of disease states, including breast and prostate cancers and liver disease.
3-5 These two properties have generated great interest in P450s from both the pharmaceutical
and medicinal perspectives.
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The nature of the iron-oxygen species formed in P450 enzymes has been a focus of study since
the first reports of these enzymes in the 1960s. Heme-containing peroxidase and catalase
enzymes react with hydrogen peroxide to form iron(1V)-oxo porphyrin radical cations termed
Compounds 1,8 and similar species have long been assumed to be the active oxidants in P450s.
Most P450s are activated in nature by the sequence reduction, oxygen binding, a second
reduction, and two protonation steps,! but many are known to react with hydroperoxy
compounds in “shunt”reactions that produce active oxidants. Despite that similarity between
peroxidases and P450s, attempts to detect active oxidants in P450 enzymes by rapid mixing
studies have met with limited success,”~10 and the P450.,, hydroperoxy-iron transient
produced under cryogenic reduction conditions reacted upon annealing without accumulation
of Compound 1.11 The result is that no kinetic studies of reactions by P450 Compounds | have
been obtained from rapid mixing or freeze-quench methods.

Because of the difficulty in producing P450 Compound | in mixing experiments, we developed
an alternative entry to these intermediates. Laser flash photolysis (LFP) of iron(1V)-o0xo neutral
porphyrin species, known as Compounds Il in biological contexts, resulted in electron photo-
ejection reactions that gave iron(IV)-oxo porphyrin radical cations.12 The method was applied
for generation of Compound | of CYP119, a soluble P450 from a thermophile,13 which
permitted kinetic studies of Compound | epoxidation and hydroxylation reactions.14

In the present work, we report use of the photo-oxidation method for production and kinetic
studies of Compounds | of CYP2B4 and three of its mutants (Figure 1). CYP2B4, an hepatic
phenobarbital-induced P450 from rabbit originally known as P450 p2, was the first
mammalian P450 to be solubilized from microsomal membranes,1° and the present work
reports the direct detection of Compound I from a P450 that is membrane bound in nature. We
studied oxidations of the anti-obesity drug benzphetamine by Compounds | of wild-type
CYP2B4 and the E301Q, T302A, and F429H mutants (Figure 1), and, for comparison,
Compound | of CYP119.14 The results provide insight into the general reactivity of P450
Compounds | and demonstrate that substrate reactivities are controlled largely by binding
constants as opposed to differences in the inherent reactivities of Compounds I.

Results and Discussion

Production of Compounds | of CYP2B4 and its mutants via Compounds Il involved the
reactions in Figure 2. Reaction of the resting enzyme with peroxynitrite (PN) gave the
Compound I species.® Photo-ejection of an electron from Compound 1112 with concomitant
loss of a proton gave Compound 1.17 Compound | bound substrate reversibly and oxidized
substrate with a first-order rate constant to give oxidized product.

Peroxynitrite oxidations of resting heme-containing enzymes are interesting in part because
they can be involved in reactions of the enzymes in nature. The PN reaction(s) are complex
and give Compound I1 species for several, but not all, heme enzymes.18 When Compound 11
is formed, the reaction sequence is thought to involve oxo-transfer from PN to the ferric enzyme
to give a formal iron(\V)-oxo species followed by fast reduction of this species by the nitrite
by-product in the active site in competition with escape of nitrite. Not all P450s react with PN
to give Compound I1, but the production of Compound Il was reported for P450gp3 (CYP102)
19 and CYP11916 as well as the related heme-thiolate protein chloroperoxidase (CPO).13:20

Upon reaction of the resting enzymes in buffer with peroxynitrite (PN), the UV-visible
spectrum of the Soret band shifted from Amax = 418 nm for the resting enzyme to Amax = 433
nm for Compound Il, which persisted when PN was present and decayed after the PN was
depleted. A typical spectrum and kinetic behavior, which resemble the spectra and behavior
found with CYP119,16 are shown in the Supporting Information (Figure S1).

J Am Chem Soc. Author manuscript; available in PMC 2010 March 4.
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PN is known to nitrate tyrosine groups and has been reported to nitrate several P450 enzymes,
19,21 byt the amounts of PN used in those studies were greater than the amount used here. We
conducted two studies to evaluate the effect of PN on CYP2B4, one to demonstrate nitration
of the P450 by PN, and another to determine if the enzyme activity was altered by the nitration.
In both cases, CYP2B4 in buffer was treated with PN under conditions similar to those used

for production of Compound I, but Compound Il was allowed to decay without the photolysis
step. The CYP2B4 obtained after the PN reaction was then compared to a sample of the enzyme
that was not treated.

In the first study, CYP2B4 was analyzed by HPLC-mass spectrometry with electrospray
ionization before and after treatment with PN by a method recently described.?! Typical results
are shown in Figure 3. Both the untreated and PN-treated CYP2B4 enzymes eluted in narrow
bands reflecting good homogeneity. The theoretical mass of the PN-treated enzyme was
55713.5 Da, and the experimentally measured value was 55723 Da, an “error”in accuracy of
only 0.02%. The PN-treated sample had a mass of 55877 Da. On repeated analyses, the standard
deviation in measured masses were 5.7 and 7.4 Da for the untreated and PN-treated protein,
respectively. The increased mass of the PN-treated enzyme was 154 Da corresponding to the
addition of 3.4 nitro groups (45 Da each) per protein on average. From studies of P450s treated
with higher concentrations of PN,2! we assume that nitration occurred mainly on phenol groups
of tyrosine residues.

In the second study, the ability of CYP2B4 to catalyze oxidations under turnover conditions
was investigated with untreated enzymes and samples that had been treated with PN. The
mechanistic probe trans-2-phenylmethylcyclopropane?? was oxidized by untreated CYP2B4
and PN-treated enzyme under turnover conditions to give known products. The total yields of
products were similar for both enzymes (121 + 2 nmol for PN-treated enzyme and 125 + 1
nmol for untreated enzyme), and, importantly, the product ratios were the same for both PN-
treated and untreated enzymes. Details of the probe experiments are in the Supporting
Information. Thus, the effect of PN treatment in regard to altering the catalytic activity of
CYP2B4 was inconsequential.

The production of CYP2B4 Compound | was accomplished by laser flash photolysis (LFP) of
Compound Il in a manner similar to that previously reported for studies with CYP119.14 LFP
of the mixture containing Compound Il with 355 nm laser light gave the spectral results shown
in Figure 4. The LFP difference spectrum (dashed line) exhibited a predominant bleaching at
A =433 nm and growth in the region between A = 375 to 410 nm. Addition of the spectrum of
CYP2B4 Compound Il (dotted line, scaled to minimize the bleaching in the Q-band region) to
the difference spectrum gave the spectrum of the Compound I (solid line).

Before the UV-visible spectrum of a P450 Compound | was measured, the prediction was that
the Soret band from these species would be centered at about 367 nm based on the spectrum
of Compound | of another heme-thiolate enzyme, chloroperoxidase (CPO), reported in 1980
by Hager.23 Egawa and co-workers subsequently demonstrated that the Soret band from CPO
Compound | actually contained two overlapping transitions at 365 nm and 415 nm.24 The two
peaks in CPO Compound | are obvious in its second derivative spectrum,14 and the second
derivative spectrum of CYP119 Compound I contains the same two peaks as in CPO
Compound 1.24 The second derivative spectrum of CYP2B4 Compound | also contains the
same two transitions (Supporting Material, Figure S2), and the close similarity of the various
Compound | spectra supports the assignment of the new species as CYP2B4 Compound 1.

No rate constants for reactions of P450 Compounds | were reported before the recent study
with CYP119 Compound 1.14 In the present work, we measured kinetics for the oxidations of
the anti-obesity drug benzphetamine (1) (Figure 5), which is known to be oxidized by CYP2B4

J Am Chem Soc. Author manuscript; available in PMC 2010 March 4.
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predominantly at the N-methyl group to give the N-demethylated product norbenzphetamine
(3). The oxidation reaction is thought to proceed by oxidation of the N-methyl group to give
hemi-aminal intermediate 2 that hydrolyzes to 3 with release of formaldehyde.2

The production of norbenzphetamine in the photochemical process was confirmed in bulk
photolysis experiments at 0 °C designed to test for turnover in the photo-oxidation sequence.
Relative to CYP2B4, the reaction mixtures contained 50 equivalents of PN and 150 equivalents
of benzphetamine, and the samples were irradiated with 15 pulses of light. Following the
photolyses, the UV-visible spectra were the same as that of the resting enzyme. Analyses for
norbenzphetamine by HPLC as described previously?® indicated that 64 + 1 nmol (2 runs) of
norbenzphetamine was produced, giving a yield of 1800% based on enzyme or 120% based
on enzyme per light pulse. In control reactions, the yields of norbenzphetamine were 3.6 + 0.2
nmol (light omitted, 2 runs), 0.6 nmol (PN omitted), and 0.4 nmol (CYP2B4 omitted).
Norbenzphetamine is an impurity in samples of benzphetamine at the level of 0.4 nmol for the
sample size used.

The high yields of norbenzphetamine in the bulk photolyses studies demonstrate that the
CYP2B4 enzyme turns over successfully in the PN-photolysis sequence. CYP2B4 Compound
| formed upon photolysis of Compound I reacts rapidly with benzphetamine (see below),
giving resting enzyme that can react again with PN to give Compound Il. From the rate
constants for Compound 1 formation and for the reaction of Compound | with benzphetamine
(see below), the turnover is complete in less that 0.1 second, which is the minimum irradiation
time for the lamp used in the bulk photolysis reaction. Thus, a portion of the enzyme was
expected to turn over within the duration of one light pulse resulting in overall turnovers that
exceeded 100% per light pulse.

Kinetic studies were accomplished by generating Compounds | from CYP2B4 and its mutants
in the presence of benzphetamine in varying amounts. A solution containing the resting enzyme
and benzphetamine and a solution of PN were mixed to give Compound 11 in a stopped-flow
mixing unit, the sample was irradiated with 355 nm laser light after a delay of 5 s, and the rates
of reactions of Compound | were measured at 430 nm, where reaction of Compound I results
inan increase in absorbance. Figure S3 in Supporting Material shows typical results. The traces
were solved for double exponential kinetics. The major process changed as a function of
substrate concentration, whereas the minor process was relatively constant in the absence or
presence of substrate. At ambient temperature, the rate constant for decay of CYP2B4
Compound | at 22 °C was 4-5 s71, similar to the rate constant for decay of CYP119 Compound
| in the absence of substrate,14 and Compounds | from the three CYP2B4 mutants decayed
with similar rate constants.

Detailed results of kinetic studies of oxidations of benzphetamine by Compounds | from
CYP2B4, the three CYP2B4 mutants, and CYP119 are listed in Table 1. The observed rate
constants increased as a function of substrate concentration, and plots of the rate constants
against substrate concentration clearly displayed saturation kinetics (Figure 6). Saturation
kinetics are described by Eq 1 where kg is the observed rate constant, kg is the background
rate constant in the absence of substrate, Kyjnq is the substrate binding constant, ko is the first-
order rate constant for the oxidation reaction, and [Sub] is the concentration of substrate.
Solution of the data according to Eq 1 gave the results shown as solid line fits in Figure 6.
Values for the equilibrium binding constant (Kping) and the oxidation rate constant (ko) are
listed in Table 2.

kobs — ko=(Kpinakox[ Sub])/(Kpina[ Sub]+1) (1)
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The results in Table 2 are the first directly measured rate constants for an oxidation by
Compounds I of a mammalian P450 and its mutants. The kinetic effects of mutations have been
studied with a number of P450s, but previous studies involved reactions under turnover
conditions where the mutation can affect both the efficiency of formation of the oxidant(s) and
the rate of substrate oxidation once the oxidant(s) are formed. Perhaps the most noteworthy
finding in this work, therefore, is that the mutations of Glu301 and Thr302 on the I-helix to
GlIn and Ala, respectively, had almost no effect on the rates of benzphetamine oxidation,
whereas mutation of Phe429 to His had a pronounced effect on the rate constant for oxidation.

Residues E301 and T302 in CYP2B4 are on the I-helix located on the distal side of the heme
where the oxo moiety is formed and where the substrate is bound (Figure 1). The Glu and Thr
residues in this location are highly conserved in P450s and are involved in the protonation
reactions necessary to give the active oxidants.11:26 The T302A mutation in a truncated version
of the CYP2B4 enzyme, CYPA2B4, resulted in major changes in rates of reactions,?’ in
regioselectivity in oxidations,22:28 and in kinetic isotope effects.29 Similar changes in
reactivities were reported for CYPA2E1 and its T303A mutant,22:28=30 for P450,m and its
T252A mutant,11:31733 and for P450g3 and its T268A mutant.34

In the present study, Compounds I from CYP2B4 and its T302A mutant displayed the same
oxidation rate constant for reactions with benzphetamine and similar binding constants.
Therefore, the large differences in reactivities found previously under turnover conditions for
the various P450s and their Thr—Ala mutants apparently are due to changes in the rates or
amounts of Compound | produced in the wild type and mutant pairs and not from changes in
the reactivity of the various Compounds I. A case has been made that a second active
electrophilic oxidant can be formed in P450 enzymes,3® a hydroperoxy-iron or iron-complexed
hydrogen peroxide, and the results of the present work strongly support such a model. For
example, large changes in kinetic isotope effects,2? in the overall efficiency of the reactions,
22 and in the amounts of hydrogen peroxide released36:37 by CYPA2B4 and its T302A mutant
are likely to reflect changes in the percentages of the two oxidants formed and not changes in
the reactivities of Compounds |.

Unlike the E301Q and T302A mutations, which were expected to have little effect on the rates
of reactions of Compounds | once formed, the mutation of Phe429 to His was expected to have
a kinetic effect. Phe429 is located on the proximal side of the heme adjacent to Cys436, which
provides the thiolate ligand to iron (Figure 1). The new histidine residue in the F429H mutant
might hydrogen bond to the thiolate, as suggested for the related Phe—His mutation in
P450g\m3-38 Such hydrogen bonding would reduce the electron density of the thiolate and
increase the positive charge on iron, which, in turn, will strengthen the iron-oxygen bond of
Compound | in the F429H mutant. Thus, the iron-oxygen bond in Compound | of CYP2B4
F429H was predicted to be stronger than the iron-oxygen bond in Compound I of the wild-
type enzyme in advance of our experiments, and a decrease in the rate constants for reactions
of Compound | from this mutant was expected.

The results for oxidation of benzphetamine by CYP119 Compound | provide two important
insights. The similarity of the oxidation rate constant for CYP119 Compound | with those of
Compounds | of CYP2B4 and its mutants suggests that the reported rate constants for
oxidations of substrates by CYP119 Compound 114 are typical values and not greatly affected
because the enzyme is optimized for reactivity in a thermophile. By extrapolation, other rate
constants determined for CYP119 Compound | hydroxylations and epoxidations are typical
values. Especially noteworthy in that regard is the rate constant for CYP119 Compound |
hydroxylation of unactivated C-H bonds in lauric acid, which is koy = 0.8 s at ambient
temperature.14 Apparently that is a typical rate constant for oxidation of a high energy C-H
bond by a P450 Compound I.

J Am Chem Soc. Author manuscript; available in PMC 2010 March 4.
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The second insight involves the overall kinetic effects of the Compound | binding constants.
The reduced binding constant for benzphetamine by CYP119 Compound I in comparison to
those for Compounds | of CYP2B4 and its mutants demonstrates a method by which the overall
reactivity of a P450 enzyme can be tuned. Specifically, the oxidation rate constants for
Compounds | of these much different P450 enzymes apparently have little variation, but
changes in the substrate binding constants will have a major effect on rates of oxidation when
the substrates are present at low enough concentrations to avoid saturation kinetics. Attempts
to predict the reactivities of various P450 Compound | species should focus on substrate
binding constants, which can be quite variable, as well as the small differences in inherent
reactivities of the Compound | oxidants.

The results with CYP2B4 represent the first kinetic studies of reactions of Compound | from
amammalian hepatic P450 enzyme. The rate constants indicate that, whereas P450 Compounds
| are more reactive than model iron(1V)-oxo porphyrin radical cations,3° they are not highly
reactive. This observation is in marked contrast to the high reactivity of P450 oxidants
implicated in some other studies. For example, Compounds | of P450 enzymes have not been
readily observed in rapid mixing, stopped-flow, or freeze-quench studies, and cryo-reduction
studies of P450.,,,11 suggest that the active oxidant formed under those conditions reacts with
camphor with a rate constant that might exceed 1000 s~ at ambient temperature because the
oxidant does not accumulate to detectable levels. The paradoxical conclusion that Compounds
I are not highly reactive whereas at least some P450 oxidants are highly reactive suggests that
an oxidant species more reactive than Compound | might be formed in some P450 reactions,
perhaps a perferryl-oxo, or iron(\V)-oxo, species such as those tentatively identified as highly
reactive transients from ligand cleavage reactions of corrole or porphyrin bound iron
complexes.40:41 The P450 oxidant reactivity paradox will require more study before it is
resolved, but we note that P450 Compound I can effect difficult oxidations even if the reactivity
is not great because a large binding constant for substrate in the activated enzyme can
compensate for modest reactivity of the oxidant. The CYP2B4 Compound | oxidation of
benzphetamine is not especially fast, but the oxidation is accomplished efficiently due to a
favorable binding constant.

In summary, Compounds | of CYP2B4 and three of its mutants were produced by laser flash
photolysis photo-oxidation of Compounds Il formed by reactions of the resting enzymes with
peroxynitrite. The kinetics of the Compound | oxidations of benzphetamine reveal that
mutations of Glu301 and Thr302 to GIn and Ala, respectively, had little effect on the oxidation
rate constants, whereas mutation of Phe429 to His resulted in a two-fold reduction in the
oxidation rate constant, presumably due to hydrogen bonding of His to the thiolate ligand to
iron from Cys436. P450-catalyzed oxidations appear to be sensitive to the ability of the enzyme
and its mutants to form Compounds I, but there is little variation in the rate constants for
reactions of Compounds | once they are formed. Substrate binding constants for Compounds
| can vary dramatically, however, and are critically important in determining the overall
efficiencies of P450 oxidations.

Experimental Section

Materials

CYP2B4 and its mutants*2:43 and CYP11913:44:45 were prepared and purified as previously
described. The enzymes used in this study had high R/Z ratios with (Asgretmax/A2s0) > 1.5.
Sodium peroxynitrite (PN) solutions were prepared by the method of Uppu and Pryor.#6 A
sample of (S,S)-2-phenylcylopropylmethane and samples of the products from enzyme-
catalyzed oxidations of this substrate were prepared as previously reported.*:48

J Am Chem Soc. Author manuscript; available in PMC 2010 March 4.
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Production of Compounds |

The method used was similar to that reported for CYP119.13:14 In a typical reaction, 10 uM
CYP2B4 in 100 mM potassium phosphate buffer (pH 7.0) was mixed with an equal volume
of 0.25 mM PN solution in a stopped-flow mixing unit affixed to an LFP kinetic unit at ambient
temperature. The final solution after mixing was 50 mM potassium phosphate buffer (pH 7.4),
and the final concentration of P450 was 5 uM. Formation of the Compound Il species was
monitored by signal growth at 430 nm. Approximately 5 s after mixing, the mixture was
irradiated with 355 nm light (third harmonic of a Nd-YAG laser, ca. 5 mJ delivered in 7 ns).
A UV-visible difference spectrum was produced by monitoring monochromatic light at 5 nm
intervals with a photomultiplier tube. A spectrum of the Compound Il species was added to
the difference spectrum to give the Compound | spectrum.

Kinetic Studies

The above method was modified such that benzphetamine was present at a desired
concentration in the initial enzyme solution. After irradiation, the signal change at 430 nm was
monitored. The Kinetic traces were solved for double exponential signal growth which
consisted of a substrate concentration-dependent term and a substrate concentration-
independent term, where the substrate concentration-dependent process was 80-90% of the
total. The concentration-dependent rate constants were treated according to Eq 1 in the text.

Products in Bulk Photolysis Reactions

A solution of 3.5 nmol of CYP2B4, 50 equivalents of PN, and 150 equivalents of
benzphetamine in 200 puL of 100 mM potassium phosphate buffer (pH 7.0) was prepared at 0
°C in a cuvette held in a temperature-controlled cuvette holder. Approximately 10 s after
mixing, the sample was irradiated with 15 pulses of light delivered from a pulsed mercury lamp
with a cut-off filter that passed 320-490 nm light (1 J per pulse, 0.1 s pulse duration, 0.5 s
between pulses). Following irradiation, the mixture had a UV-visible spectrum similar to that
of the resting enzyme. The mixture was extracted with methylene chloride, and the product
mixture was analyzed by HPLC using a standard curve to determine the amount of
norbenzphetamine as previously described.2>

Effect of PN treatment on CYP2B4

A. Nitration of CYP2B4—The reaction was conducted as described above for preparation
of Compound I with the exception that the sample was not irradiated. Compound Il decayed
fully within ca. 120 s as determined by UV-visible spectroscopy. The sample was concentrated
and analyzed by HPLC using electrospray ionization in a manner similar to that reported.?!

B. CYP2B4-catalyzed oxidation of (S,S)-2-phenylcyclopropylmethane—The
oxidation reactions were conducted by the general methods described previously.?2:48 Samples
of CYP2B4 were treated with 25 equivalents of PN, which was allowed to decay. The samples
of CYP2B4 thus treated and untreated samples (0.5 nmol of P450) and 1.0 nmol of P450
reductase in DLPC microsomes with NADPH in 50 mM phosphate buffer (pH 7.0) were
allowed to react with the substrate at 10 °C for 30 min, and the products were worked up. Yields
of oxidation products were determined by GC with flame-ionization detection, and products
were identified by GC-mass spectral comparison to authentic samples. The Supporting
Material has additional information.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Stereo view of CYP2B4 active site showing the heme and positions of mutated residues (pdb:
1SUQ). Iron is the green ball in the center of heme, the negatively charged surfaces of E301
and T302 are shown in red, positively charged surfaces are in blue, and neutral surfaces are in
white. The figure was generated with DS viewer Pro (Accelrys, Inc. San Diego CA).
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Figure 2.
Reactions for production of P450 Compound I via electron photo-ejection. The oval represents
the porphyrin macrocycle in heme.
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Figure 3.

HPLC-mass spectrometry results. (A) Total ionization as a function of HPLC retention times.
(B) lonization in the range m/z 50,000 to 60,000 for the peaks eluting at 32 minutes, the maxima
are at m/z = 55,723 (before PN) and m/z = 55,877 (after PN).
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Figure 4.

UV-visible spectrum of CYP2B4 Compound I. The LFP experiment gave an observed
difference spectrum (dashed line) that was combined with a scaled spectrum of Compound Il
(dotted line) to give the Compound I spectrum (solid line).

J Am Chem Soc. Author manuscript; available in PMC 2010 March 4.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sheng et al.

W N -

A A X
1

Page 14

)
N

CHs;

CH3 (benzphetamine)
CH,OH
= H (norbenzphetamine)

Figure 5.
Benzphetamine and its oxidation products hydroxybenzphentamine and norbenzphetamine.
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Figure 6.

Rate constants for reactions of Compounds I with benzphetamine: CYP2B4 (black), CYP2B4
E301Q (green), CYP2B4 T302A (red), CYP2B4 F429H (blue), and CYP119 (pink). The solid
lines were generated from the kinetic parameters in Table 2.
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Table 1
Observed rate constants for reactions of benzphetamine with Compounds 1.2

Enzyme Bnz conc (mM)b Kobs (8 he
CYP2B4 0 44104
0.075 208+29

0.15 34.1£30

0.225 37.5+48

0.30 409+ 438

0.45 443%32

0.60 426+27

CYP2B4 E301Q 0 28202
0.075 21.7£29

0.15 323£32

0.225 382+£27

0.30 395£20

0.45 422%30

0.60 454134

CYP2B4 T302A 0 23202
0.075 16.4 £35

0.15 26.4£3.0

0.225 326+45

0.30 35.1£4.0

0.45 38.7£38

0.60 395£29

CYP2B4 F429H 0 28102
0.075 10515

0.15 15219

0.30 19.6 £32

0.60 216£28

CYP119 0 29%03
0.3 99+13

06 15.9£2.0

09 18.7+1.0

15 224+13

aReactions at 22 +1 °C in 50 mM phosphate buffer (pH 7.4).
bConcentration of benzphetamine.

c .
Observed rate constant with error at 1c.
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Enzyme Kping (M) Kox (579

CYP2B4 9000 + 2000 48.4+32
CYP2B4 E301Q 8900 + 1000 50.6 £1.6
CYP2B4 T302A 6500 + 900 484 %23
CYP2B4 F429H 7100 + 900 23.8+1.1
CYP119 1030 + 170 32527

a . . .
For reactions at 22 °C in 50 mM potassium phosphate buffer (pH 7.4). Errors are at 1c.
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