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The cytochromes P450 (P450s) are ubiquitous heme-containing 1.0 I 0.6
enzymes that effect a vast range of oxidation reactions in nature. 433 nm 05
By analogy to intermediates formed in other heme-containing 08
enzymes, the putative P450 oxidants are usually thought to be
iron(IV) —oxo porphyrin radical cation species termed Compounds
I.1 The active oxidants in P450s have been sought since the initial
reports of the enzymes in the 1960and P450 Compound | has
been the Holy Grail of those studies. Transients with millisecond 0.1
lifetimes can be produced in low conversions by chemical oxida- /\\\ 00 .
tions of P450s, and these short-lived intermediates have been "300 400 500 600 300 460
assigned as Compound | specidsonically, typical Compound |
analogues in modéisdo not display reactivities consistent with
those required for the oxidants in P450s, which can hydroxylate Figure 1. Spectra of Compound Il species from CPO (A) and CYP119

an unactivated €H bond so rapidly that no oxidant accumulates (B). The dashed lines are the observed spectra, the dotted lines are
1o detectable levels background absorbances from peroxynitrite, which is decaying with time,

) ) ) and the solid lines are the spectra with the absorbance of peroxynitrite
As an alternative to two-electron, oxo-transfer chemical oxida- subtracted. The insets show kinetic traceslal for the Compound II

tions of iron(lll) porphyrins, photochemical oxidations of iron(#v) species for 0.4 s (A) and 40 s (B) after mixing the enzyme and peroxynitrite
oxo neutral porphyrins (so-called Compound Il species) can give Selutions.
Compound I species in enzymes and in mofi@&srmation of P450
Compound | species via photooxidation reactions of P450 Com-
pound Il transients can be expected if the latter species can be .
produced cleanly. Herein we report formation of a P450 Compound The Compoupd I Species from CYP;lQ was more stable than
Il species by peroxynitrite oxidation of the resting enzyme and that from CPO (insets in Figure 1),_and |t_s rate of decay to res"“?
subsequent conversion of this species to the P450 Compound |enzyme was depen_dent on the |_nten3|ty of the ;pec_:trometers
transient by photooxidation in laser flash photolysis (LFP) experi- analyzing beam. \_N'th low-intensity monochromatic I'ght' the
ments. Compolun.d Il species was stable for several se.condg (Figure 1B).
Peroxynitrité oxidizes some heme-containing enzymes, including Irradiation of the CYP119 Compound Il species with ca. 5 mJ

P45Qus and P45Q,, to Compound Il speciesWe found that of 355 nm laser Iigh_t (third hgrmc_)nic of a Nd:YAG Ias_er) in_ LFP
CYP119%910a P450 enzyme from the thermophiBailfolobus studies gave a new intermediate in about 5% conversion with 95%

of the Compound Il derivative unaffected. A difference spectrum
is shown in Figure 2. The enzyme concentrations and detection

solution. In the resting state, CYP119 displays a typicaHwigible methods varied for different regions (Supporting Information), but

spectrum with a Soret band absorbance at 417 nm. Reaction Ofbleaching of the Compound Il signals (negative peaks) and

CYP119 with peroxynitrite shifted the Soret band absorbance from goggn_a;lgg of two new sngnaIsT(hposmve pe?"‘s) Iat 4000 nm ar;d h
417 to 429 nm (Figure 1). The spectrum for CYP119 treated with nm are apparent. These new signals are assigned to the

peroxynitrite is quite similar to that for the known Compound I gYPllg ((Zjolrlnpounq I SpZC'ES based (I)r; the pho(tj(_)reactlvgyboi the
derivative of the heme-thiolate enzyme chloroperoxidase (CPO) ompoun species and the spectral features discussed below.

(Figure 1), which was reported to give the Compound Il derivative TEe ph?toccggmlc(::al behavcljor”of C:_PﬁlQ Com%ounkd Ilis S'g‘ggr
by reaction with peroxynitrit€¢ The similarities in the spectra in to that o ompound Il, which gave the known

Figure 1 and in the photochemical reactivities discussed below Compou_nd | speciés _upo_n 355 nm irradiation (see Supportm_g
support the assignment of a Compound Il transient from peroxy- In.formatlon). F?hotoox@atlons of three other (?ompound Il species
nitrite oxidation of CYP119. The oxidations of CPO and CYP119 with 355 nm light to give Compound | species were previously

might involve two-electron, oxo-transfer reactions to give formal rep_;rc;]rtecﬁ antd f?e rt'nethodf tarllppearstto b? gtenleral. istent with
iron(V)—oxo species followed by rapid reductions of the iron € spectral lealures ol tne new transient aiso are consistent wi

oxo species to the Compound Il derivatiie,or they might those expected for the Compound | derivative. The Soret band has

; ) . o Amax in the range of 406410 nm, and this absorbance apparently
involve formation of transient peroxynitrito complexes that cleave ™ ) ;
P Y P is broader, less intense, and blue-shifted from that of the Soret band
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homolytically to give Compound Il derivatives directly in a net
one-electron oxo-transfer reactiéin.

solfactaricusthat we expressed ifEscherichia colicells, was
oxidized to a Compound |l species by peroxynitrite in a pH 7.4

IDepartment of Chemistry, University of lllinois at Chicago. of Compound II. The Q-band of the new transient is weak and has
The Center for Biophysics, University of lllinois. ; i ; _chi

§ Departments of Chemistry and Biochemistry and the College of Medicine, Amax in the range of 646670 nm, which is strongly red Sh_lfted
University of lllinois. from the Q-band of Compound Il. The spectral features in both
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= 004 T 1 1 3 o The photochemical production of CYP119 Compound | from
2 l}‘ B e g oz the Compound Il derivative is similar to photooxidation reactions
g 0.02 J ! 10x £ j;: D of CPO Compound Il and other iron(I\¥oxo neutral porphyrin

S f } : f\‘ 2 oo specie$. One should anticipate that the technique will be general
S 000 PN O e " for most P450 Compound I derivatives, and that formation of P450
g j l* | © Compound Il derivatives by peroxynitrite oxidations of the resting
8 002 1 ! ~ enzymes, while not universally successflshould work well with

S H | ! “”% 20 many of the thousands of known P450s. One expects that a wide
2 004 } | =l E range of studies of P450 Compound | derivatives will be possible

‘0 o5 10 15 z0 25 using the methods we have developed.
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are from net bleaching, and those with positive absorbance change are from

net increases in absorbing species. The methods for the spectral regionkeferences

are as described in detail in Supporting Information. (Ax110°5 M
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