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The cytochrome P450 enzymes (P450s) are a highly conserved
family of enzymes present in the cells of all prokaryotes and eukaryotes
[1]. P450s are essential to the synthesis of steroids, fatty acids, and
some vitamins. P450s are also instrumental in the metabolism of
both endogenous and xenobiotic substrates. It is estimated that over
50% of all therapeutics currently in use are biotransformed by the
P450 enzyme family [2]. Generally this reaction produces a more-
polar, less-toxic, and more readily excretable product. To date, more
than 13,000 P450 genes have been identified, and 57 have shown to
be present in humans as a result of the Human Genome Project [3].
Furthermore, one quarter of the 57 human P450s play crucial roles in
drug metabolism [3].

The P450s are membrane-bound enzymes located in the
endoplasmic reticulum or mitochondria of most tissues in mammals
[1]. The P450s have been described as “Nature’s most versatile
biological catalyst,” because these enzymes catalyze a wide variety
of reactions on a structurally diverse assortment of substrates
[4]. The most common reactions are mono-oxygenations, such as
hydroxylation, epoxidation, N- and O-dealkylations and nitrogen and
sulfur oxidations. Less common reactions include deformylations,
dehydrogenations, and reactions that don’t require oxidations, such
as reductions and ring expansions [5]. These reactions are considered
to be members of the Phase I drug metabolism class of reactions in
humans [6]. The following scheme describes the overall stoichiometry
for substrate hydroxylation by P450:

RH + O, + NADPH + H* ROH + H,0O + NADP*

The P450s require accessory proteins for successful catalysis.
These accessory proteins, known as NADPH-cytochrome P450
reductase (reductase) and, in some cases, cytochrome b5 (b5),
are located adjacent to the P450s in the endoplasmic reticulum or
mitochondrial membranes. Generally, the P450:reductase:b5 ratio in
tissues is 20:1:0.5 [7]. The reductase is essential for electron transfer
from the cofactor NADPH to P450 either once or twice during the
P450 catalytic cycle, with the first electron always coming from the
reductase. The second electron transfer can be completed by either by
the reductase or b5; however, b5 involvement in the cycle is known to
be dependent on both the P450 and the substrate [8].

In the early 2000’s great advances were made with regards to
increasing the expression levels and solubility of microsomal P450s
[9]. This enabled crystallization and eventual determination of the
three dimensional structures of the P450s. To date, there are over 500
P450 X-ray structures in the Research Collaboratory for Structural

Biology’s Protein Data Bank (RCSB-PDB); approximately 100 of
those are human P450s. P450 structures have been obtained in many
conformations and for several P450s [10]. Generally, the soluble
prokaryotic and the membrane-bound eukaryote P450s have a
conserved secondary structure [10]. There are 12 a-helices denoted as
A-L, and 4 B-sheets 1-4. Most eukaryotic P450s contain a membrane
targeting sequence that anchors the P450s to the cytoplasmic
Spatially
speaking, the most conserved portions of P450s are helices E, I, ], K,
L, and portions of  sheet 1, these form the core of the protein and
maintain the binding site for the heme prosthetic group. Substrates
bind above the heme surface and are positioned close to the iron-
oxo intermediate for oxidations. The outer surface of the substrate
binding cavity varies depending on the P450; creating different sizes,
shapes, and chemical features which allow for substrate selectivity of
the enzymes [11].

surface of the endoplasmic reticulum or mitochondria.

Genetic mutations have been described for all genes that encode
the human P450s [12]. Population frequencies for the mutations
differ and are associated with ethnic groups [12]. The functional
significance of the mutation also differs and will, most likely, be
dependent on the substrate of interest. In general, the polymorphisms
alter either the expression level and/or the catalytic efficiency of the
enzyme. These characteristics of the polymorphisms can lead to
significant inter-individual variability in P450 activity, which is most
clearly exemplified by the dramatic variations in patient responses
to drug therapy [13]. Polymorphic forms of P450s contribute to
a significant amount of adverse drug reactions [14]. It is estimated
that ~86% of the drugs cited in adverse drug reaction studies are
metabolized by the polymorphic phase I enzymes [15]. Additionally,
costs associated with treating patients who express variant alleles of
the P450s are generally significantly greater than costs associated with
treating patients expressing the wild type P450 [16]. Currently, many
studies are focused on correlating the genotype of the human P450s
with the phenotypic outcome of drug response. It has been suggested
that enhancing the knowledge of the role of polymorphic P450s in
drug metabolism could result in a 10-20% improvement in clinical
efficacy and reduce adverse drug reactions by 10-15% [12]. Overall,
a better understanding of the mechanism responsible for observed
phenotypic variations is necessary for safer and more efficacious drug
therapy regimens.

The P450s are essential for the metabolism of the majority of
therapeutics used today. Factors that can influence P450 activity,
like accessory protein interaction, environmental, structural and/or
expression variations, will affect therapeutic outcomes in patients.
In order to treat patients in a more personalized manner, future
investigations should focus on identifying and describing these
factors, then implementing this basic knowledge for the improvement
of current therapies in patients.
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