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Chloroperoxidase. Evidence for P-450 Type Heme
Environment from Magnetic Circular Dichroism
Spectroscopy!-?

Sir:

Chloroperoxidase (CPO) and cytochrome P-450, two heme
proteins with fundamentally different native activities,3* have
a surprising number of similar physical properties as judged
by electronic absorption, electron paramagnetic resonance
(EPR), and Mossbauer spectroscopy.® Here we present addi-
tional evidence, obtained with magnetic circular dichroism
(MCD) spectroscopy, for the equivalence of their oxidized high
spin, and reduced + CO heme environments. More impor-
tantly, a comparison of the MCD spectra of CPO with model
heme compounds®’ indicates that the similarity between CPO
and the P-450 cytochromes is due to thiolate ligation of the
heme iron. This is contrary to the conclusion of Chiang et al.®
based on chemical evidence that the axial ligand is not sulfur
derived in either the native or urea-denatured protein.

Similarities between CPO and P-450 were first observed by
Hollenberg and Hager3® who studied the absorption spectra
of CPO. In addition to similarities in their oxidized and re-
duced states, they found that CPO, like P-450, forms a reduced
+ CO complex absorbing at an abnormally long wavelength
(443 nm). An explanation for the unusual spectral charac-
teristics of P-450 has been reached as a result of model heme
experiments®’® which strongly implicate an axial thiolate li-
gand as the causal structural feature.

Figures 1-3 compare the MCD spectra!® of CPO!! and
P-45012-1417-19 in their oxidized high-spin, reduced, and re-
duced + CO states. Similarity between the spectra of the two
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Figure 1. Magnetic circular dichroism spectra of oxidized, camphor-bound

P-450cm at pH 7.0 (replotted from data of Vickery et al.!3b) and oxidized
chloroperoxidase at pH 3.8,
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Figure 3. Magnetic circular dichroism spectra of purified, reduced + CO
P-4501.m3 at pH 7.4 and purified, reduced + CO chloroperoxidase at pH
3.8

proteins is at once apparent, particularly in the oxidized
high-spin and reduced + CO states. The MCD spectrum of
oxidized CPO (Figure 1) reproduces virtually all the features
of oxidized high-spin P-450cam.'>3 Particularly noteworthy
are the negative bands of nearly equal intensity in the 395-nm
Soret and 660-nm charge transfer regions. While the spectra
of the reduced proteins'# (Figure 2) show gross overall re-
semblance, too many differences are present to conclude that
their heme environments are alike. The low temperature
Mossbauer results of Champion et al.,’t however, indicate that
reduced CPO and P-450 do have equivalent heme environ-
ments. Whether or not it is possible to extrapolate the low
temperature Mossbauer data to ambient temperatures is
questionable. The inconsistencies seen in the MCD spectra may
be due to differences in the spin states of the two proteins at
ambient temperatures. The reduced + CO spectra are dis-
played in Figure 3. As discussed by Collman et al.,” the loca-
tions of the Soret MCD crossover points (~450 nm) for the two
proteins, which correspond to the positions of their absorption
maxima, may be shifted when the local polarity of their heme
environment changes. The small shape differences in the
520-620-nm region are reflected in the corresponding ab-
sorption spectra.5®16 Aside from these minor variations, the
spectra are quite similar, exhibiting equally intense MCD ef-
fects in the 450-nm Soret region, shoulders at about 420 nm,
and “extra” negative bands at 370 nm. The pair of features at
450 and at 370 nm are also observed in the hyper spectra20
exhibited by a number of metallo porphyrins.?!

Our previous work comparing the MCD spectra of P-450
and models for its oxidized high-spin® and reduced + CO’
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states has strongly indicated the presence of a thiolate ligand
to the heme iron. Of the reduced + CO model complexes
prepared by Collman and Sorrell,’ only the MCD spectrum’
of the thiolate model matched that of reduced + CO P-450; mo,
reproducing each spectral attribute from the single visible band
centered at 560 nm to the shoulder at 420 nm and the “‘extra”
negative feature at 370 nm. Other models’ showed substantial
differences throughout the spectral region examined including
distinct « and B bands in the visible region and lack of the
“extra” negative band at 370 nm. Our work with oxidized
high-spin P-450 model complexes, presented in the preceding
communication,® provides additional spectral evidence for
thiolate ligation. From that work we concluded that the ap-
pearance of a strong negative MCD band in the 395-nm Soret
region would be diagnostic for thiolate ligation in high-spin
ferric heme complexes. All of these results, in conjunction with
the aforementioned similarity between the MCD spectra of
CPO and P-450, provide strong evidence for thiolate ligation
of the heme iron of CPO in its oxidized and reduced + CO
states. It should be emphasized, however, that these results are
based on physical measurements, whereas the contrary con-
clusion,® that a sulfur derived ligand is not present, was based
on chemical studies of CPO. It is possible that the inability of
Chiang et al.? to detect chemically a free sulfhydryl group in
the native enzyme may be due to its hidden nature within the
protein. To explain the lack of a free sulfhydryl group in the
denatured enzyme, one needs to postulate that the thiolate li-
gand of CPO, when released from the iron, is sufficiently ac-
tivated to react with the only other half-cystine residue in
CPO?? to form a disulfide bond. Such an explanation, if true,
would remove the apparent discrepancy between chemical® and
spectroscopic results.

The present work offers another illustration of the power and
utility of MCD spectroscopy in defining certain structural
aspects of this biologically important class of heme proteins.
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CIDNP from Grignard Reagents Undergoing
Iron-Catalyzed Halogen-Metal Exchange
Sir:

Recent reports! of CIDNP from Grignard reagents formed
by the reaction of organohalides with magnesium have revived
the view that free radicals are key intermediates in the synthesis
of organomagnesium compounds.? While there can be no doubt
that free radicals are readily formed in solutions of Grignard
reagents under a variety of conditions,?3 the observation of
CIDNP from the reagent itself has been considered to be
strong evidence implicating radicals in the primary step of
formation.!+

We report here an observation which suggests an alternative
interpretation of the CIDNP experiments: CIDNP of the re-
ported type may also be produced in Grignard reagents during
their iron-catalyzed reactions with organohalides in the absence
of metallic magnesium.

In Figure 1 is shown the 0 to —1 ppm region of the proton
NMR spectrum obtained before, during, and after the reaction
of 0.6 M isopropylmagnesium bromide with 1.2 M a-butyl-
bromide in THF catalyzed by the addition of 10=* M FeCl,.
4H>O. The spectra show clearly that (a) n-butylmagnesium
bromide is formed by halogen-metal exchange with isopropyl
Grignard and, more importantly, (b) at least some of the »-
butyl Grignard is formed via the intermediacy of n-butyl
radicals as evidenced by the appearance of E/A CIDNP in the
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