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Functional Regulation of Myoglobin by Iron Corrphycene
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Iron corrphycene, a novel isomeric heme, was incorporated
into myoglobin to examine the influence of heme deformation
on the function. The reconstituted protein, although functionally
active, exhibits extremely lower affinities for O, and CO as
compared with the native protein. The functional anomaly was
explained in terms of modified iron reactivity in the trapezoidal
coordination core.

The chemistry of hemes and hemoproteins has been
described within the symmetric molecular framework of
porphyrin. Corrphycene,' a novel isomeric [18]porphyrin-
(2.1.0.1) contains a direct pyrrole-pyrrole link and the diagonal
ethene bridge. The coordination hole of corrphycene is
trapezoidal, in remarkable contrast with the square core of
regular porphyrin. The trapezoidal core is expected to impose
geometric strain on the chelating metal ions to induce peculiar
reactivity. Although the physical properties of corrphycene have
been intensively characterized and reviewed,” no successful
application of iron corrphycene to hemoproteins has been
reported. We report here the first analysis for corrphycene-
substituted myoglobin (Mb) to reveal the functional
consequence upon deforming the basic porphyrin skeleton.
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We employed the iron corrphycene (1)° for Mb
reconstitution. This is an isomeric compound of 1,2,3,4,5,8-
hexamethyl-6,7-dicarboxyheme® that serves as the prosthetic
group for Mb. Optical titration of apoMb with 1 revealed a 1:1
binding stoichiometry. The Soret absorbance of the ferric
corrphycene Mb’ remarkably changes between pH 7 and 9 with
well-defined isosbestic points at 362 and 428 nm. The
transition of pK, = 7.9 + 0.1 accompanied with a single proton
equilibrium indicates the aquomet form. The resonance Raman
spectrum of the ferrous deoxy Mb exhibits the iron-histidine
stretching band at 223 ¢m™, comparable with 220 cm™' for native
Mb,® suggesting the five-coordination state for the iron atom.
The reduced Mb’ is capable of reversible binding O, and CO.
The electronic spectra of the Mb derivatives are summarized in
Table 1.

The quantitative analysis of the O, equilibrium curve,

Table 1. Visible absorption spectra of the corrphycene-
substituted Mb in 0.1 M Tris at pH 7.0 and 20 °C

Ligand A/nm (e/mMcm)

H,O  411(87) 490(6.5)
Deoxy 436(101) 520(9.2)
0,  409(67) 557(10.9)
CO  411(111) 417(114)

525(6.3)  562(9.1) 620(2.4)
558(12.9) 594(14.0)
595(8.7)

488(15.0) 523(12.9) 620(5.5)

,/\ AA = 0.001
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Figure 1. Infrared absorption of the iron-bound CO in the
corrphycene Mb in 50 mM phosphate buffer at pH 7.0 and 20 °C.
The curve analysis was carried out assuming Gaussian
absorption peaks. Mb concentration, 1.4 mM; light path length,
7.3 um. Recorded on a Shimadzu infrared spectrometer 8100-A.

recorded over a 1-92% saturation range, afforded a Hill
coefficient » = 1.01 and an equilibrium constant Ps, = 37.2
mmHg (1 mmHg = 133322 Pa), ie. K = 0.015
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UM (I M=1 mol'dm®) at 20 °C. The observed K is
significantly smaller than 1.1 and 0.37 uM"' for native Mb® and
6,7-dicarboxyheme-substituted ~ Mb,*  respectively, under
comparable conditions. A more pronounced anomaly was found
in CO ligation. The kinetic analysis for CO binding at 20° C
and pH 7 revealed k, = 0.12 uM’'s’ and kg = 2.0 57,
corresponding to K = 0.060 uM™' or Py, = 12.3 mmHg. The
equilibrium affinity for CO is reduced to 1/450 as compared
with K = 27 uM’" for native Mb.® The CO stretching band of
the carbonyl Mb in the IR spectrum (Figure 1) was resolved into
one strong peak and two minor signals at 1970, 1952, and 1937
cm’ with an intensity ratio of 86:8:6.

The remarkable functional profile for the deoxy Mb is the
significantly low affinity for exogenous ligands. Since
corrphycene 1 contains two methyl groups and two carboxylates
instead of two vinyl groups and two propionates, it might be
asked that the altered ligand affinity reflects the steric difference
in heme-globin contacts. However, such a possibility is
excluded because the isomeric 1,2,3,4,5,8-hexamethyl-6,7-
dicarboxy-heme exhibits a normal function in Mb* despite the
absence of the vinyl and propionate groups. In addition, we have
previously demonstrated that the total disruption of the specific
heme-globin contacts by rotating heme” affects only slightly the
O, binding of Mb. It could be still asked that the lowered O,
affinity is due to breaking up of the original salt-bridges between
heme propionates and apoprotein. This possibility is also less
important because esterification,'® contraction,’ or removal® of
heme propionates only slightly affects the Mb function. The
resonance Raman observation further demonstrates that the
unstrained iron-histidine bond, similar to that in native Mb, is
retained in the corrphycene-bound Mb.

The above consideration suggests that the functional
anomaly comes from the deformed coordination core in
corrphycene. It is notable in the corrphycene Mb that the
reduction in affinity is more significant for CO (1/450) than O,
(1/74).  Since CO is an excellent 7 acceptor,'’ a remarkable
decrease in CO affinity suggests unfavorable iron(Il) dr-ligand
prw interactions. This interpretation is consistent with the IR
result in Figure 1 that the vibrational frequency of CO is
enhanced by 26 cm™ as compared with 1944 ¢cm™ in native Mb."?
Increase in the C-O stretching frequency indicates weaker iron-
CO interactions because the iron-CO bond is formed through
charge transfer from the iron d orbitals to the anti-bonding
orbitals in CO." It is notable that the four nitrogen atoms in
corrphycene core are in trapezoidal arrangement. The geometric
situation could deform the iron d,, and d, orbitals through the
modified iron dn and corrphycene prm interactions, thereby
diminishing overlap between the iron d orbitals and CO m*
orbitals to weaken the iron-CO bond. It is also possible that
the four ¢ orbitals of pyrrole nitrogens at the trapezoidal corner
overlap to a less extent with the orthogonal lobes of iron dy’-,?
orbitals. This distortion in the iron-N(pyrrole) bonds causes the
iron atom to be accommodated less favorably into the
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corrphycene plane. In other words, the iron atom is more
easily displaced from the central cavity of corrphycene. This
interpretation is fully consistent with the CO binding kinetics
showing increase in £, and decrease in £,z as compared with
those for native Mb.

In summary, corrphycene-bound Mb exhibits a peculiar
ligand-binding profile that is hidden behind the symmetric
framework of regular porphyrin. Corrphycene-Mb, therefore, is
a unique system in the search of relationship between heme
deformation and fine tuning of protein function.”
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