J

AICIS

COMMUNICATIONS

Published on Web 05/03/2002

13C NMR Signal Detection of Iron-Bound Cyanide lons in Ferric Cyanide
Complexes of Heme Proteins

Hiroshi Fuijii*
Institute for Molecular Science and Center for IntegratiBioscience, Okazaki National Research Institutes,
Myodaiji, Okazaki 444-8585, Japan

Received January 28, 2002

Small-molecule axial ligands potentially can serve as useful NMR
probes for characterization of the environment and electronic
structure of a prosthetic group in heme protéins. this regard,

the diamagnetic ferrous states have been examined thoroughly

because of easy signal detection from iron-bound small molécule.
The 13C NMR signal of13CO form of heme protein proves to be
sensitive to the nature of the trans amino acid ligand. For the

paramagnetic ferric state, cyanide ion would appear to have the

greatest potential because of its extremely high affinity to ferric
heme iron centet 1™ NMR signals of the iron-bound &N have
been detected in a far-downfield region for both iron(lll) porphyrin
model complexes and heme protefrisHowever, the!>N NMR
spectroscopy remains ambiguous as a NMR probe sincélthe
NMR shift reflects the nature of both the hydrogen bond in the
distal side and amino acid ligand in the proximal side. On the other
hand,3C NMR spectroscopy of the iron-bourfdCN has been
investigated in less detaif Although13C NMR signals of the iron-
bound!3CN are detectable in a far-upfield region 2500 ppm
from TMS) for bis-cyanide iron(Ill) porphyrin model complexes,
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Figure 1. 13C NMR spectra of iron-boun¢fCN of iron(lll) protoporphy-
rinIX dimethyl ester in CRCl, at 296 K. (a) Bis-cyanide complex. (b)
Cyanide-imidazole complex.

than that for the bis-cyanide complexA\i;, = ~500 Hz).
Convincing evidence for assignment of the signal to the iron-bound

extreme line-broadening of the signal seemed to preclude the signal**CN is found in the temperature dependence. The Curie plot for
detection in heme proteins, and a resonance of the iron-boundthe 1*C NMR signal is linear, but with a nonzero intercept, over

13CN for ferric heme protein has not yet been located. During a
more extensivé3C NMR study, we found th&*C NMR signals of
the iron-bound=3CN of ferric cyanide complexes of heme proteins

the temperature range from 233 to 303 K. In contrast to the previous
15N NMR spectroscopy, thé3C NMR signal for the cyanide
imidazole complex does not show a significant solvent-dependent

and its model complexes at an unexpectedly large upfield region NMR shift, indicating that the hydrogen bond to the iron-bound

(~—4000 ppm from TMS). Here, we report the first detection of
the13C NMR signal of the iron-boun&CN in heme proteins such
as sperum whale myoglobin (Mb), human hemoglobin (Hb), horse
heart cytochrome (Cyt-c), and horseradish peroxidase (HRP). This
study shows that thé3C NMR spectroscopy of the iron-bound
13CN provides a probe for studying the nature of the proximal ligand
in ferric heme protein.

Figure 1 showd$3C NMR spectra of bis-cyanide and cyanide
imidazole complexes of iron(lll) protoporphyrinlX dimethyl ester
(PPDME) in CDQCl; at 297 K. As in the previous reporthe 13C
NMR signal of the iron-bound3CN for the bis-cyanide complex
is observed far upfield at-2516 ppm from TMS (Figure 1a).
Alternatively, the'3C NMR signal of the iron-bouné®CN for the
cyanide-imidazole complex, which is a model for cyanide com-
plexes of heme proteins with a histidine proximal ligand, is not
observed in this regiohSurprisingly, the’*C NMR signal of the
iron-bound!3CN of the cyanide-imidazole complex of iron(lil)
PPDME is observed in much more upfield region-e8926 ppm
from TMS (Figure 1b). The3C NMR signal of the iron-bound
13CN shifts upfield extremely with changing the proximal trans
ligand from cyanide to imidazole. ThH8C NMR signal for the
cyanide-imidazole complexAv,, = ~3000 Hz) is much broader
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13CN does not affect th€C NMR shift32 Since the dipolar shifts
estimated from EPR values for the bis-cyanide and the cyanide
imidazole complexes are+400 ppm, the extremely large upfield
shifts of the!3C NMR signals would be due to Fermi contact shift
resulting from a negative-orbital spin polarized at th&C atom
by the iron d{dy,) orbital spin’° The estimated Fermi contact shift
(~—4100 ppm) for the cyanideimidazole complex is larger than
that (~—2700 ppm) for the bis-cyanide complex. Changing of the
proximal trans ligand from anionic cyanide to neutral imidazole
would strengthen the binding 6%CN ion to the iron as a result of
the trans effect and enhance the spin polarization to the iron-bound
13CN. This idea is further confirmed by tHéC NMR spectrum of
the cyanide-imidazolate complex of iron(lll) PPDME211 The 3C
NMR spectrum of the cyanidemidazolate complex shows tR&C
NMR signal of the iron-bound3CN at —3507 ppm from TMS.
The 13C NMR paramagnetic shift is drastically decreased with
changing the axial ligand from neutral imidazole to anionic
imidazolate. All of these results indicate that #8€ NMR shift of
the iron-bound!®CN is a sensitive probe for the nature of the
proximal trans ligand.

We further examined th&C NMR signal of iron-bound3CN
of ferric cyanide complexes of heme proteins and succeeded in the
first detection of!l3C NMR signals for heme proteins. Figure 2
shows3C NMR spectra of ferric cyanide complexes of Mb, Hb,
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have strong imidazolate character, and*i@NMR shift for HRP
is close to that for the cyanidemidazolate model complei.All

(d) of present results indicate that tA% NMR signal of the iron-
bound!3CN is a useful probe to study the nature of the proximal
ligand, such as the imidazolate character, in ferric heme proteins.
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In conclusion, we first show*C NMR signals for heme proteins
and their model complexes in an extremely large upfield region.
This study demonstrates that € NMR signal of the iron-bound
13CN is a sensitive probe to study the nature of the proximal ligand

(a) in ferric heme protein, in much the same way that CO serves as a
powerful probe for ferrous heme proteins. A detailed study including
T T T T T | further application of thé3C NMR spectroscopy to other heme
-3400 -3600 -3800 -4000 -4200 -4400 proteins is under investigation in our group.
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