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The ability of several heme-containing peroxidases, including

Amphitrite ornatadehaloperoxidase (DHP) an@aldariomyces 028 reic T | ' First 150 ms

fumagochloroperoxidase (CCPO), to catalyze the oxidative deha- 1\ sy ]

logenation of halophenols such as 2,4,6-trichlorophenol (TCP) (eq 0.20 |- CCPO-I10.10 F 2
<<

1) has been reportéd®
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have revealed that DHP has a substrate-binding pocket and a globirFigure 1. Reaction of CCPO-I with 2,4,6-trichlorophenol (3 s run time)
fold, and the modeled position of the oxygen atom bound to the ;n 100detr|130t?sstium ?hosghate S?Iuti?rr]l, gH 3.6 arfd:ACC_F:é)d;\;vas
H : H H 7 ormed In the Tirst mixwure reactin e Terric enzyme wi or

geme ron qu to the s_uggestlon of asingle twq—electron oxiddtion. 00 ms. Inset: Reaction of {:CPO-I %vith 2,4,6-trich|¥)rophenol (150 ms

pe(?trqscoplc an(:! kinetic assays have cons.lstently demonstrate un time). The concentrations upon final mixing areNd CCPO, 25QuM
globin-like properties of DHP. 1! Mutagenesis and pH versus  H,0, and 125uM 2,4,6-trichlorophenol.
activity studies with DHP have led to a proposal that the mechanism
of DHP-catalyzed oxidative dehalogenation involves a net two- g e 1 inset) indicates that CCPO-! is directly reduced to CCPO-
elect.ron oxidation of bound substrate, which cannot be activated Il upon reaction with TCP, likely with formation of the phenoxy
starting from the compound Il statgl3

In contrast, peroxidases such as CCPO typically oxidize organic
substrates, especially phenols, by two consecutive one-electron
steps. The ferric enzyme reacts with®4 to form the high-valent
ferryl/porphyrin radical cation, compound | (CCPO-I), which is
reduced back to the ferric state in two one-electron steps with

concomitant substrate oxidation via a second ferryl species, Upon reaction with TCP, CCPO-Il is quickly reduced to the ferric
-11}4 - idati L . .
compound I (CCPO-II}* However, a two-electron oxidation enzyme within 1.5 s (Figure 2). As a one-electron oxidant, CCPO-

mechanism involves direct oxygen atom insertion into organic Il can only oxidize TCP to the quinone (eq 1) by two one-electron
15 T . i . : : : .

subs_trateé‘.‘ __The mechanistic difference is subtle yet_dlstlnct. The steps, via the phenoxy radical. The lack of a clean isosbestic point

relative stability of CCPO-I and -Il makes CCPO an ideal catalyst ; Figure 2 is likely due to a small spectral change following

with which to use rapiq scan stopped-flow.techniques to distingui§h interaction with substrate.
whether the mechanism of heme peroxidase-catalyzed oxidative A first_order dependence on substrate concentration is seen in

dehalogenation proceeds by two consecutive one-electron transfer?ﬂots ofkops versus [TCP] for reactions of both CCPO-I and CCPO-
or by a single two-electron oxidation. Il with TCP.16® This confirms that the reductions of CCPO-I to

We report herein the ability to differentiate between one- and 5cpq. || and of CCPO-II to ferric CCPO depend directly on TCP,
two-electron oxidations catalyzed by CCPOReaction of ferric The reaction of CCPO-I with TCP is significantly fastér= 2.8

CCPO with HO, immediatelle)l/) forms CCPO-I, which remains 15 \-1 573 than the reaction of CCPO-II with TCR & 5.0
spectrally uhchgnged forl s Upon reaction with TCP (Figure x 1C° M1 s°1). Therefore, CCPO-Il accumulates under steady-
1)_’ CCPO'I_ IS qu_lckly €150 E‘S) reduced to t::e steady state CCPO- state turnover conditions (data not shown). The ability of CCPO-I
[ |nrt]er;neQ|ate (inset) and t E_n, once al®s a? been consume?{ and -Il to oxidize TCP is consistent with an electron transfer
to the ferric resting state within 3 s; quinone formation (eq 1) has iqation process involving two consecutive one-electron steps.
been previously establishédA clean isosbestic point at 408 nm To validate the ability to discriminate between one- and two-
t University of South Carolina. electrpn oxidations.using rapid scan stpppgd-ﬂow tech.niques,.we
*Virginia Commonwealth University. examined the reaction of CCPO with thioanisole. Labeling studies

radical as previously suggest&d/ithout organic substrate, CCPO-I
is slowly reduced to CCPO-II and then the ferric state, but only
after ~75 s (data not shown).

The same experimental approach demonstrates that TCP can
reduce CCPO-II back to the ferric resting state. CCPO-II, formed
as previously reportetf,remains spectrally unaltered forl0 s16b
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025 T T T involving two consecutive one-electron oxidations involving CC-
PO-I and -If rather than a single two-electron oxidation as proposed
for DHP-catalyzed reactiorfs.

In conclusion, we present strong evidence that the mechanism
of oxidative dehalogenation of halophenols catalyzed by CCPO,

Ferric

Runtime=15s
0.20

2 o and presumably by other heme-containing peroxidases, involves
< two consecutive one-electron steps. A single two-electron oxidation
010 mechanism has been previously suggested for this reaction based
on structural studiesAdditionally, CCPO-I and CCPO-Il are both
0.05 active oxidants during catalysis, and CCPO-II itself, a one-electron
oxidant, can catalyze the dehalogenation of TCP. Reaction of
0.00 CCPO-I with thioanisole results in a direct conversion to ferric

800 400 500 600 700 CCPO with no evidence of CCPO-II, consistent with a single two-

Wavelength (nm) electron oxidation by insertion of an oxygen atom. The relative
Figure 2. Reaction of CCPO-II with 2,4,6-trichlorophenol (1.5 s runtime)  stability of CCPO-I and -1l has allowed us to differentiate between

in 100 mM potassium phosphate solution, pH 3.6 af€4CCPO-Il was ne- an _electron r xidation ing rapi n _
formed in the first mixture by reacting ferric CCPO with a solution ﬁo\?v {aecirtwvi\:qoug:d on substrate oxidations using rapid scan stopped

containing HO, and ascorbate for 1 s. The concentrations upon final mixing
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