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Abstract

Activation of cyclooxygenase catalysis in prostaglandin H synthase-1 and -2 by peroxide-dependent formation of a tyrosyl rad-
ical is emerging as an important part of regulating cellular production of bioactive prostanoids. This review discusses the mechanism
of tyrosyl radical formation and the influence of peroxide, fatty acid, peroxidase cosubstrate, and protein structure on the activation
process and cyclooxygenase catalysis.
� 2005 Elsevier Inc. All rights reserved.
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Early investigations

Prostaglandin H synthase (PGHS) catalyzes the first
irreversible step in the synthesis of prostanoids, a family
of potent bioactive lipids that includes prostaglandins
D2, E2, and F2a, as well as prostacyclin and thrombox-
ane [1]. Purification of one isoform, PGHS-1, revealed
that the protein has two catalytic activities, a cyclooxy-
genase and a peroxidase, both dependent on heme [2–4].
The cyclooxygenase activity is a dioxygenase that con-
verts arachidonate to PGG2; the peroxidase activity
reduces PGG2 to the corresponding alcohol, PGH2, at
the expense of two electrons derived from reducing
cosubstrate. The functional connection between hydro-
peroxides and cyclooxygenase catalysis was revealed
by the observation that a hydroperoxide scavenger, glu-
tathione peroxidase-1 (GPx-1), suppresses cyclooxygen-
ase activity [5]. Several hydroperoxides, and not the
0006-291X/$ - see front matter � 2005 Elsevier Inc. All rights reserved.

doi:10.1016/j.bbrc.2005.08.030

q Abbreviations: PG, prostaglandin; PGHS, prostaglandin H syn-
thase; GPx, glutathione peroxidase; TNM, tetranitromethane; EPR,
electron paramagnetic resonance spectroscopy; 15-HPETE, 15-hydro-
peroxyeicosatetraenoic acid; LDS, linoleate diol synthase; PADOX,
plant fatty acid alpha dioxygenase.
* Fax: +1 713 500 6810.
E-mail address: richard.j.kulmacz@uth.tmc.edu.
corresponding alcohols, were found to be capable of
activating the cyclooxygenase, indicating that the activa-
tion is tied to the chemistry of the hydroperoxide group
[6,7]. Because the cyclooxygenase product, PGG2, is it-
self a hydroperoxide and thus susceptible to decomposi-
tion by GPx-1, the major cytosolic peroxidase in many
cells, this discovery led to the proposal that the cycloox-
ygenase activation by peroxide and peroxide reduction
by cellular peroxidases are key elements in the cellular
regulation of prostanoid biosynthesis [8]. This review
will focus primarily on biochemical studies of cyclooxy-
genase activation in purified PGHS-1 and -2, as purified
preparations avoid many complications associated with
secondary reactions.
Elucidation of the cyclooxygenase activation mechanism

Conversion of arachidonate to PGG2 during cycloox-
ygenase catalysis was proposed many years ago to begin
with by abstraction of a hydrogen atom from C13 of the
fatty acid [9], as shown in Fig. 1. This hydrogen abstrac-
tion clearly requires a strong enzyme oxidant. Peroxide-
dependent generation of the enzyme oxidant could
explain activation of the cyclooxygenase by peroxide,
but it was not known just what the oxidant was or
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Fig. 1. Hypothetical steps in conversion of arachidonate to prostaglandin G2 (PGG2) during cyclooxygenase catalysis, beginning with stereospecific
hydrogen abstraction from C-13; adapted from Hamberg and Samuelsson [9].
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how peroxide might lead to its formation. Reaction of
PGHS-1 with peroxides was found to produce highly
oxidized intermediates similar to those observed with
other heme-dependent peroxidases [10]. The involve-
ment of peroxidase cycle intermediates in cyclooxygen-
ase activation was suggested by similarities in the
kinetic characteristics of the cyclooxygenase activation
process and PGHS-1 peroxidase catalysis [11].

A major breakthrough in identifying the enzyme oxi-
dant responsible for cyclooxygenase catalysis came with
the realization that a protein-based radical, proposed to
be a tyrosyl radical, is formed in PGHS-1 during reac-
tion with hydroperoxide [12,13]. Later isotope replace-
ment studies confirmed that the peroxide-induced
radical in PGHS-1 is indeed a tyrosyl radical [14]. Ruf
and co-workers [12] also proposed that this tyrosyl rad-
ical is generated by intramolecular electron transfer in
PGHS peroxidase intermediate I (analogous to Com-
pound I in other heme-dependent peroxidases), and that
the tyrosyl radical is the enzyme oxidant that initiates
cyclooxygenase catalysis (Fig. 2). This reaction mecha-
nism functionally links cyclooxygenase and peroxidase
catalysis and provides a satisfying explanation for the
activation of the cyclooxygenase by peroxide. An alter-
native proposal, that tyrosyl radical generation is linked
to the ferric/ferrous heme transition [15], appears
unlikely because the ferric hemes in PGHS-1 and -2
are not strong enough oxidants to form a tyrosyl radical
[16,17].

Involvement of a tyrosine radical in cyclooxygenase
catalysis was supported by the results of experiments
with tetranitromethane (TNM), a reagent that nitrates
tyrosine sidechains. In PGHS-1, tyrosine residue nitra-
tion and cyclooxygenase inhibition by TNM occur only
in the absence of cyclooxygenase inhibitors, and TNM
treatment alters the peroxide-induced EPR signal [18].
TNM also inhibits the cyclooxygenase activity and al-
ters the peroxide-induced free radical EPR signal in
PGHS-1 substituted with mangano protoporphyrin IX
and in PGHS-2 [19,20]. Direct sequencing showed that
nitration of Tyr385 in PGHS-1 by TNM is blocked by
cyclooxygenase inhibitors and mutagenesis of this resi-
due results in selective inhibition of the cyclooxygenase
activity, identifying Tyr385 as the likely site of the tyro-
syl radical linked to cyclooxygenase activity [21]. Tyr385
of PGHS-1 can also be selectively nitrated by nitric
oxide during reaction with arachidonate, further con-
firming this residue�s participation in cyclooxygenase
catalysis [22]. Both the accumulated biochemical evi-
dence identifying Tyr385 as the site of the catalytically
important tyrosyl radical and the Ruf mechanism are
quite consistent with structural data from crystallo-
graphic studies in both isoforms [23–25], data that place
Tyr385 between the heme and the fatty acid binding site,
as shown in Fig. 3.

The general features of the tyrosyl radical mechanism
in Fig. 2, sometimes termed the ‘‘branched chain’’ radi-
cal mechanism because it allows PGG2 to accumulate
and increase the number of active cyclooxygenase
reaction centers with time, have come to be generally
accepted. An alternative, ‘‘tightly coupled’’ mechanism
requiring PGG2-consuming reformation of the tyrosyl
radical after each cycle of cyclooxygenase catalysis [26]
is less consistent than the branched chain mechanism
with key experimental observations [17,27,28]. Never-
theless, there have been refinements and elaborations



Fig. 2. Integrated mechanism for PGHS catalysis, adapted from Dietz et al. [13], to depict events in the peroxidase site (identified by the heme icon)
and in the cyclooxygenase site (identified by the Tyr385 sidechain). III, IV, and V represent the formal oxidation state of the heme; AA and AA*,
arachidonic acid and the corresponding radical; PGG2 and PGG2*, prostaglandin G2 and the corresponding radical; e�, reducing equivalent from a
peroxidase cosubstrate; and the Tyr385 radical is indicated by an ‘‘–O*’’ on the tyrosine sidechain.

Fig. 3. PGHS-1 structure showing the positions of arachidonate and key amino acid sidechains; coordinates from PDB 1DIY [96].
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to the branched chain mechanism since its introduction
in 1988. As is evident from Fig. 2, the original mecha-
nism predicts that PGHS occupied with cyclooxygenase
catalysis has heme fixed in the ferryl state and is thus not
capable of peroxidase catalysis. However, peroxidase
catalytic rates are not changed by ongoing cyclooxygen-
ase catalysis [29], indicating that enzyme intermediates
in the cyclooxygenase catalytic cycle are capable of
simultaneously going through the peroxidase catalytic
cycle. This behavior can be accomodated by postulating
additional enzyme intermediates [30]. Branches to the
mechanism in Fig. 2 have been added to account for
cyclooxygenase and peroxidase self-inactivation during
catalysis [31–33]. Overall, the Ruf mechanism continues
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to be very useful as the starting point for detailed mech-
anistic studies of PGHS-1 and -2.
Peroxide structure and cyclooxygenase activation

The branched chain mechanism (Fig. 2) predicts
that any peroxide that is a substrate for the PGHS per-
oxidase will be an activator of the cyclooxygenase, and
experimental observations bear this out. The relative
potencies of peroxides as PGHS-1 peroxidase sub-
strates parallel their potencies as cyclooxygenase acti-
vators, with a preference for aliphatic hydroperoxides,
such as PGG2 and 15-hydroperoxyeicosatetraenoic acid
(15-HPETE), and a bias against sterically hindered per-
oxides, such as t-butyl hydroperoxide, and against
smaller, water-soluble peroxides, such as ethyl hydro-
peroxide and hydrogen peroxide [18,34,35]. Activation
potencies of hydroperoxides (including those that are
not cyclooxygenase products) can be evaluated from
their effects on the acceleration of the cyclooxygenase
reaction in a system where normal activation is im-
paired [35]. Among positional isomers of HPETE,
PGHS-1 cyclooxygenase activation efficiency is greatest
for the 15-hydroperoxy isomer and decreases progres-
sively as the hydroperoxy group moves towards the
carboxyl group [36]; this follows the efficiency of for-
mation of the tyrosyl radical EPR signal by the
HPETE isomers [18]. Hydroperoxides of fatty acids
esterified in phosphatidylcholine, trilinolein, and cho-
lesterol linoleate are ineffective as PGHS-1 cyclooxy-
genase activators unless the fatty acyl groups are
hydrolyzed [35].

Several other oxidants have been examined as cyclo-
oxygenase activators. Superoxide can be ruled out as a
direct cyclooxygenase activator because superoxide dis-
mutase does not inhibit PGHS-1 cyclooxygenase activ-
ity [37]. Results from many laboratories indicate that
nitric oxide is not capable of activating PGHS-1 or
-2 cyclooxygenase via action at the peroxidase heme
[38]. However, peroxynitrite, an inorganic peroxide
that results from reaction of superoxide and nitric
oxide, is a peroxidase substrate and a cyclooxygenase
activator for both PGHS-1 and -2 [39]. Peroxynitrite
ranks intermediate between hydrogen peroxide and
15-HPETE as a PGHS peroxidase substrate [39], sug-
gesting it has moderate potency as a cyclooxygenase
activator, but its rapid decomposition made character-
ization difficult. Iodosobenzene forms peroxidase spec-
tral intermediates in PGHS-1 similar to those formed
by PGG2 [40] and so presumably activates the cycloox-
ygenase. Mannitol does not inhibit PGHS-1 cyclooxy-
genase activity with arachidonate (detected by
oxidized heme intermediates or EPR) [41], suggesting
that the hydroxyl radical is not important in cyclooxy-
genase activation.
Impaired peroxidase activity and cyclooxygenase

activation

Modifications of the PGHS prosthetic group or ami-
no acid residues that decrease the rate of reaction with
peroxide impair cyclooxygenase activation, as expected
from the branched chain mechanism (Fig. 2). Replace-
ment of the heme with mangano protoporphyrin IX re-
sults in a markedly slower reaction with hydroperoxide
to form the oxidized mangano intermediates and tyrosyl
radical, and much less efficient activation of cyclooxy-
genase activity [19,42–44]. In PGHS-2, substitution of
alanine for His207, the distal heme ligand, results in a
dramatically slower acceleration of the cyclooxygenase;
the long lags in the cyclooxygenase reaction can be
shortened by addition of hydroperoxide or methyl imid-
azole, the latter presumably acting as a surrogate distal
ligand [45]. Interestingly, the H207A mutant converts
15-HPETE preferentially to a 15-keto derivative instead
of the 15-hydroxy derivative, suggesting increased one-
electron reduction of this peroxide, but the 15-keto ana-
logs of PGD2 and PGE2 are not detected during reaction
of the mutant with arachidonate, indicating that PGG2

itself is reduced by the conventional two-electron
process [45]. Mutation of the PGHS-2 proximal heme li-
gand, His388, to a tyrosine also greatly reduces peroxi-
dase catalysis [17]. This H388Y mutant retains
cyclooxygenase activity, though the reaction kinetics
have very long lag times reflecting slower activation;
the lag times can be shortened by addition of peroxide.
His386 is in the cyclooxygenase pocket and does not
have direct interactions with the heme. Nonetheless,
the PGHS-1 H386A mutant has no detectable peroxi-
dase activity, accompanied by prolonged cyclooxygen-
ase lag times indicative of impaired cyclooxygenase
activation [46,47]. The observations that H386A has im-
paired heme binding and that binding of cyclooxygenase
inhibitors restores much of the heme binding and perox-
idase activity indicate that the H386A mutation has long
range structural effects [47].
Different cyclooxygenase activation efficiencies in

PGHS-1 and -2

Less GPx-1 is required to suppress cyclooxygenase
activity in PGHS-1 than in PGHS-2 [48,49]. Quantitative
analysis shows half-maximal cyclooxygenase activation
at 2 nM PGG2 in PGHS-2 and 20 nM PGG2 in PGHS-1
[49]. This higher efficiency of cyclooxygenase activity in
PGHS-2 provides a biochemical basis for the differential
regulation of prostanoid synthesis by the two isoforms
observed in vivo, where PGHS-1 and -2 are ascribed dis-
tinct pathophysiological roles [50–52]. Cyclooxygenase
activation is also considerably more efficient in brook
trout PGHS-2 than in PGHS-1 from the same species
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(W. Liu and R. Kulmacz, unpublished observation). The
sequences of the two trout proteins diverge considerably
from their mammalian counterparts [53], but parallels in
tissue distribution and cytokine inducibility [50,53–55]
suggest that the functional specialization of the two
PGHS isoforms in fish is homologous to that in the mam-
malian isoform pair. Thus, differential activation of
PGHS-1 and -2 cyclooxygenase by peroxide may have
evolved as a general regulatory feature in vertebrates.

PGHS-1 and -2 peroxidases have very similar rate
constants for their initial reaction with lipid hydroperox-
ide, but the rate of intramolecular electron transfer to
generate the Tyr385 radical, and the stability of the rad-
ical, are higher in PGHS-2 [56], providing a kinetic basis
for the more efficient cyclooxygenase activation in
PGHS-2. Mutations in Thr383 of human PGHS-2, a res-
idue completely conserved in PGHS-2 from various spe-
cies but appearing as histidine or glutamine in PGHS-1,
result in increased cyclooxygenase sensitivity to suppres-
sion by GPx-1, ranking between wild type PGHS-2 and
PGHS-1 [57]. Crucially, these Thr383 mutants have
cyclooxygenase and peroxidase specific activities little
different or even increased from those of the wild type,
so the activation defect is very likely localized to the for-
mation or stability of the Tyr385 radical. Thr383 is thus
one of the structural determinants of the higher cycloox-
ygenase activation efficiency in PGHS-2.

GPx-1 is the GPx isozyme that is the predominant per-
oxide scavenger in most cells and has optimal activity
against PGG2 and the unesterified fatty acid hydroperox-
ides that are the most effective cyclooxygenase activators.
Another GPx isozyme, GPx-4, has significant activity
against fatty acid hydroperoxides esterified in phospho-
lipids, and there is one report [58] that the relative sensitiv-
ities of PGHS-1 and -2 cyclooxygenases to inhibition by
GPx-4 are the opposite of those seen with GPx-1
[48,49]. Phospholipid is not added to any of these in vitro
assays, so the ability of GPx-4 to reduce phospholipid
hydroperoxides should not be a factor. The inhibitory ac-
tions of GPx-1 are consistent with simple reduction of
hydroperoxide rather than direct action on PGHS-1 or
-2 because no inhibition occurs in the absence of glutathi-
one and because GPx-1 can be replaced by an equivalent
amount of PGHS-1 peroxidase (PGHS-1 treated with
aspirin to selectively destroy cyclooxygenase activity)
[48,49,59]. The oligomeric states ofGPx-1 and -4 are quite
different [60], and the possibility that GPx-4 has some di-
rect interactionwith PGHS-1 and/or -2 that alters the effi-
ciency of PGG2 interception has not been ruled out.
Tyrosyl radical dynamics

The tyrosyl radical is obviously at the heart of cyclo-
oxygenase activation by peroxide. There has been exten-
sive characterization of the tyrosyl radicals in both
PGHS-1 and -2 [61]. A major challenge in these studies
has been the fact that the tyrosyl radicals in the PGHS
isoforms are transient, with several distinct types of
tyrosyl radical EPR signals observed in each isoform.
Most of these distinct EPR spectra can in theory arise
from different electronic distribution or sidechain con-
formation of the Tyr385 radical [62] or from a tyrosyl
radical on a residue other than Tyr385; each isoform
has over two dozen tyrosine residues.

Some of this ambiguity has been removed in the case of
PGHS-2, wheremutagenic studies showed that the transi-
tion from the initially wide doublet tyrosyl radical to the
laterwide singlet EPR signal is due tomigration of the un-
paired electron fromTyr385 to Tyr504 in a fraction of the
protein [63]. The narrow singlet signal from the Tyr504
radical adds to thewide doublet signal from the remaining
Tyr385 radical to produce the observed wide singlet spec-
trum. Tyr504 lies on the distal side of the heme, some dis-
tance from the bound arachidonate (Fig. 3). The Tyr504
radical is thus incapable of oxidizing the fatty acid directly
and is instead thought to act as a reservoir of oxidant that
can be equilibrated with the Tyr385 radical [63]. It re-
mains to be determined whether the EPR spectrum tran-
sition from wide doublet to wide singlet observed in
PGHS-1 is due to conformational changes at Tyr385 or
migration of the radical to another residue.

Substitution of a phenylalanine for Tyr504 in PGHS-2
restricts the peroxide-induced radical to Tyr385 without
major changes in peroxidase or cyclooxygenase activities
[63], making the Y504Fmutant a useful starting point for
detailed structure-function studies of the Tyr385 radical.
One interesting aspect is the hydrogen bonding between
Tyr385 and Tyr348, which is evident from crystal struc-
tures of both PGHS isoforms (Fig. 3) [23,24], and from
EPR and ENDOR spectroscopy [64,65]. This hydrogen
bonding is not absolutely required for cyclooxygenase
catalysis because some mutations of Tyr348 in PGHS-1
and -2 retain activity [66–69]. However, results from a
Y348F/Y504F double mutant suggest that hydrogen
bonding with Tyr348 does considerably modulate the
conformational flexibility and reactivity of the Tyr385
radical (C.E. Rogge, B. Ho, W. Liu, R.J. Kulmacz,
A.-L. Tsai, unpublished observations).
Fatty acid structure and cyclooxygenase activation

Cyclooxygenase catalysis itself is an indispensable part
of efficient feedback activation (Fig. 2), and impaired
activation can be seen if the cyclooxygenase catalytic rate
is slowed by decreased availability of arachidonate or by
substitution of a fatty acid that is turned over more slow-
ly. For example, the contribution of cyclooxygenase
catalysis to the feedback activation loop can account
for the cooperative response of PGHS-1 at low levels of
arachidonate [44,70]. Another example is the reaction
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of PGHS-1 with 20:5n-3, where the cyclooxygenase does
not become fully activated [71]. Here, the cyclooxygenase
product, PGG3, is equivalent to PGG2 as a peroxidase
substrate but the rate of oxygenationof 20:5n-3 is too slow
to sustain the feedback activation loop. The effect of a
slow cyclooxygenase catalytic rate on feedback activation
is also apparent in the ability of hydrogen peroxide to
stimulate the reaction of PGHS-1 with several fatty acids
other than arachidonate [61]. These sort of effects are not
so apparent in PGHS-2 because of the more efficient
formation of tyrosyl radical, but can be induced when
the PGHS-2 peroxidase is impaired by reconstitutionwith
mangano protoporphyrin IX instead of heme [44].
Peroxidase cosubstrates and cyclooxygenase activation

A variety of reducing compounds can serve as perox-
idase cosubstrates in PGHS-1 and -2, promoting conver-
sion of peroxide activators to the corresponding
alcohols [72–74]. Reducing compounds also attenuate
the accumulation of tyrosyl radical and accelerate its
dissipation [12,75,76]. Thus, it is not surprising that
many reducing compounds inhibit cyclooxygenase catal-
ysis. What is surprising, though, is that many of the
same reductants that inhibit cyclooxygenase at higher
levels stimulate the cyclooxygenase at lower levels. This
stimulatory effect is largely due to attenuation of several
self-inactivating processes, leading to an increase in the
number of cyclooxygenase catalytic turnovers rather
than an increased rate of cyclooxygenase catalysis [77].

Cell cytosol is an abundant source of cosubstrates for
PGHS peroxidase, and uric acid has been identified as
one such cosubstrate [78]; in contrast, the prominent
intracellular reductant, glutathione, is a poor peroxidase
cosubstrate for both isoforms [34,73,74]. Purified PGHS
preparations themselves contain endogenous reductants
that cannot be removed by treatment with mild oxidant
(ferricyanide) and which amount to some 10 equivalents
permonomer [28]; these endogenous reductants are prob-
ably responsible for the spontaneous decay of the tyrosyl
radicals [12,18,79] but have yet to be identified or detected
directly.

PGHS-1 cyclooxygenase catalysis becomes remark-
ably more resistant to inhibition by GPx-1 if reducing
cosubstrates are not added [80]. This resistance is prob-
ably due to elevation in the fraction of enzyme with
tyrosyl radical and is unlikely to be observed in vivo be-
cause reducing cosubstrates that promote cyclooxygen-
ase suppression by GPx-1 are abundant in cytosol [81].
Peroxides and cyclooxygenase inhibitor actions

The effectiveness of some PGHS-1 cyclooxygenase
inhibitors, including acetaminophen, has long been rec-
ognized to be sensitive to the level of hydroperoxide
activator [82]; this has more recently been confirmed
for both PGHS isoforms [74,83,84]. The effect of these
inhibitors on the cyclooxygenase can be understood in
terms of radical quenching agents that return the tyrosyl
radical to ground state and require the enzyme to react
with additional peroxide to regenerate the tyrosyl radi-
cal [85]. Peroxides antagonize cyclooxygenase inhibition
by these agents, which may account for their ineffective-
ness against inflammatory conditions where oxidant lev-
els tend to be elevated [83,86]. Acetaminophen is a much
weaker inhibitor of cyclooxygenase in PGHS-2 than in
PGHS-1 [74], consistent with the lower peroxide activa-
tor requirement in PGHS-2 [48,49]. Interestingly, cyclo-
oxygenase inhibition by acetaminophen or salicylate can
be antagonized not just by peroxide but also by increas-
es in arachidonate levels [83,84]; a similar synergistic
interaction between arachidonate and peroxide is seen
in the cooperative substrate response of PGHS-1 [44].
Acetaminophen has been suggested to be a specific
inhibitor of a splice variant of PGHS-1, termed
‘‘cox-3’’ [87]. However, the mRNA splicing in many spe-
cies, including humans, involves frameshifting so that
the cox-3 protein lacks essential cyclooxygenase and
peroxidase catalytic components and thus cannot con-
tribute to prostanoid production or explain the tissue
specificity of acetaminophen pharmacology [88].
Peroxide activation of other fatty acid dioxygenases
in the myeloperoxidase family

PGH synthases comprise a subfamily of myeloperox-
idase-related proteins [89]. Two other myeloperoxidase
family hemoproteins, fungal linoleate diol synthase
(LDS) [90] and plant alpha dioxygenase (PADOX)
[91], are also known to have fatty acid dioxygenase
activity. LDS shows many characteristics similar to
those of PGHS-1 and -2, including conservation of the
tyrosine residue corresponding to Tyr385 [90] and oxy-
genase kinetics with a lag time that is decreased by add-
ed peroxide and increased by GPx-1 [92]. Further,
aerobic reaction of LDS with fatty acid or hydroperox-
ide produces absorbance spectrum changes consistent
with oxidized peroxidase intermediates and a wide dou-
blet radical EPR signal near g = 2, similar to the tyrosyl
radicals of ribonucleotide reductase R2 subunit and
PGHS [92]. The LDS oxygenase activity thus appears
to be activated by peroxidase-dependent formation of
a tyrosyl radical, just as in PGHS. In PADOX, the tyro-
sine corresponding to Tyr385 in PGHS is conserved and
required for oxygenase activity [93–95]. Addition of
hydroperoxide shortens the lag in PADOX oxygenase
kinetics [94] and GPx-1 is a potent inhibitor of the oxy-
genase (W. Liu and R. Kulmacz, unpublished observa-
tion), consistent with feedback activation by the
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hydroperoxy fatty acid product. However, PADOX has
no detectable steady-state peroxidase activity [93–95],
and there is very little change in the heme absorption
spectrum or the EPR spectrum during reaction of PA-
DOX with fatty acid or hydroperoxide [95]. The heme
in PADOX is not readily bound by small ligands such
as cyanide, indicating that access to the distal heme
pocket is restricted and explaining the lack of detectable
peroxidase activity [95]. The mechanism by which perox-
ide activates PADOX oxygenase thus remains an inter-
esting puzzle. Further analysis of the similarities and
differences among the myeloperoxidase family members
should provide valuable insights into how the heme per-
oxidase mechanism can be harnessed to accomplish fatty
acid oxygenase catalysis.
Future directions

Investigations by many researchers over the last 35
years have established the basic mechanism by which
peroxides generate the Tyr385 radical and thus activate
cyclooxygenase activity in PGHS-1 and -2. However,
our understanding of how this powerful oxidant is man-
aged and utilized by the protein environments in the two
isoforms is still at a rudimentary stage. Many interesting
puzzles remain to be unravelled, including how endoge-
nous and exogenous cosubstrates interact with the
Tyr385 radical and what functional advantage may be
gained by radical migration to Tyr504.
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