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Cytochrome P450 enzymes have major roles in the metabo-
lism of steroids, drugs, carcinogens, eicosanoids, and numerous
other chemicals. The P450s are collectively considered the most
diverse catalysts known in biochemistry, although they operate
from a basic structural fold and catalytic mechanism. The four
minireviews in this thematic series deal with the unusual aspects
of catalytic reactions and electron transfer pathway organiza-
tion, the structural diversity of P450s, and the expanding roles of
P450s in disease and medicine.

In a sense, the field of cytochrome P450 research first began
in the 1940s with observations on oxygenation reactions in the
metabolism of drugs, steroids, and carcinogens (1-3). Although
P450 spectra had been reported in 1958 (4, 5), P450 was not
really first characterized until the publication of a communica-
tion by Tsuneo Omura and Ryo Sato in The Journal of Biological
Chemistry in 1962 (6), followed by two extensive papers in 1964
(7, 8). These pioneering studies in mammalian systems were
soon complemented by work on a bacterial P450 system by
Irwin C. Gunsalus and associates (9).

Having passed the 50-year anniversary of P450 last year, the
field is a mature one, in a sense. Through the human genome
project, we now know that humans have 57 P450 (CYP) genes.
The genes have been organized into families (denoted by the
first identification number) and subfamilies (denoted by let-
ters). Thus, “2D6” denotes family 2, subfamily D, and individual
P450 6 (genetic variants are denoted *1 (“wild type”), *2, etc.)
(10). (In some cases, the same designation across species is used
for a P450, but not always.) The Protein Data Bank contains
nearly 500 P450 structures, including 30 different mammalian
P450s (20 of the human P450s).

Most of the reactions catalyzed by P450s are mixed-function
oxidation with the following general stoichiometry: NADP(P)H +
H* + O, + R—> NADP* + H,O + RO, where R is the sub-
strate. The catalytic mechanism is understood to involve a so-
called “Compound I” high-valent iron species (formally FeO3",
with the iron in the Fe'" state and the remaining positive charge
distributed in the porphyrin ring), endogenous to that charac-
terized in peroxidase chemistry. The elusive Compound I inter-
mediate was elegantly described in a P450 by Rittle and Green
in 2010 (11).

Today, the P450 field has made tremendous contributions in
numerous areas. The understanding of P450s has revolution-
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ized aspects of drug development and agriculture. We now
understand genetic diseases in endocrinology, and P450 played
aleadingrole in fields as diverse as pharmacogenetics, chemical
carcinogenesis, molecular epidemiology, bioremediation, plant
breeding, and insect control.

Nevertheless, important questions remain, and we have an
opportunity to further apply our understanding of P450s to
important problems. With >18,000 known P450 sequences
available and the number increasingly rapidly, it is humbling to
realize that we understand the functions of only a fraction of
these P450s (12). The flexibility of the P450 proteins is now
recognized, and prediction of catalytic activities for individual
P450s is still difficult.

This thematic series consists of four minireviews (13-16),
selected to present the current state of knowledge in the field of
P450 and to stimulate interest in the challenges of the future.

In the first minireview (13), Andrew W. Munro and I discuss
the unusual features of P450s to show the extent of variation
that can be accommodated among a set of enzymes that use a
rather common chemical mechanism, that of the Compound I
oxidation already mentioned. Part of this minireview deals with
seemingly unusual reactions, and part deals with unusual P450
systems, showing diversity in pathways of electron transfer, etc.

The second minireview in the series, written by Michael T.
Green and co-workers (14), describes the long quest for the
reactive intermediate in the P450 that catalyzes the oxygen-
ation of the substrate. This field has a long history, with early
hypotheses about mobile forms of reactive oxygen being
involved and moving on to the concept of a high-valent iron-
oxygen complex solving the problem of spin-forbidden reac-
tions of oxygen. Recent work on the intermediate Compound I
(11, 16) is discussed, including alternative proposals.

The third minireview, written by Eric F. Johnson and C.
David Stout (15), addresses a different aspect, that of three-
dimensional structures. As with the catalytic mechanism and
the electron transfer pathways (13), there is an inherent com-
monality in the P450 structures but also considerable diver-
gence in many of the details, especially in the active site. The
active site volumes of human P450s vary at least 7-fold, and
several have been found to contain two substrates. This diver-
sity in the active sites is one reason for the hundreds of thou-
sands of P450 substrates.

The fourth minireview in the series, written by Irina A. Piku-
leva and Michael R. Waterman (16), deals with the roles of
P450s in diseases (aside from the prominent roles for P450s in
drug metabolism) (17). Numerous examples of genetic defects
in the metabolism of sex steroids, glucocorticoids, cholesterol,
bile acids, vitamin D, and eicosanoids are now understood in
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the context of our knowledge of P450s. Most of these are acute
or otherwise obvious maladies, and a challenge still continues
to understand roles of P450 contributions to chronic diseases
such as cancer and hypertension.

When Professor Ryo Sato retired in 1987, the P450 field was
at the quarter-century mark, and a retirement ceremony was
held in Nara, Japan, with the title “Cytochrome P450: New
Trends” (18). The 25 years since then have seen an explosion of
new knowledge that even those in the field really did not antic-
ipate. What the future holds for P450 discovery in the next 25 or
50 years, with “New Trends,” will undoubtedly interest and sur-
prise us.
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