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Blue Myoglobin Reconstituted with an Iron Porphycene Shows Extremely
High Oxygen Affinity
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Myoglobin, one of the well-known hemoproteins, will be an Scheme 1. Reconstitution of Myoglobin?

attractive biomolecule for engineering a function into the protein, [A]

since a prosthetic group, heme, bound in the protein matrix shows -] ;
a variety of reactivities and unique physicochemical properties. The LR :
strategy of the myoglobin modification can be mainly divided into apomyoglobin amﬁcﬁ;‘( ’“g:;z‘g}ggg?
two approaches: (i) amino acid mutation by site-directed mutagen- [ —

esis and (ii) replacement of the native heme with artificially created ~ native heme 2 [B] HER

metalloporphyrins. The former method enables us to modulate the
physiological function of the myoglobid or convert the myoglobin
into peroxidase or peroxygenaseé.In contrast, the latter method ¥
has the advantage of introducing a new function on the myoglobin native myoglobin
surface by modification of heme-propionate side chains as shown
in Scheme 1[AF 12 Furthermore, as can be seen in Scheme 1[B],
the modification of the heme framework will be another way to
improve the physiological function of myoglobl#;16 although
there have been few examples that demonstrate drastic changes in )
the inherent myoglobin function by the chemical modification of HO" 0 o™0H HO™g O’/'L-OH
the heme. Toward this end, we focused on a study involving the L .
use of an iron porphycene, a structural isomer of iron porphyrin, 1 (artificial heme) 2 (native heme)
as an artificial prosthetic grotig:!8Here, we demonstrate that the a[A] Modification of heme-propionate and [B] modification of heme
reconstituted myoglobin exhibits an extremely highaffinity and framework.
low autoxidation rate without any changes in the amino acid
sequence.

To establish the affinity of an artificially created prosthetic group
into the heme pocket, we designed and prepared an iron porphycene,
2,7-diethyl-3,6,12,17-tetramethyl-13,16-bis-carboxyethylporphycena-
toiron (1), which has peripheral alkyl groups and two propionate
side chains at the porphycene pyrrole rings. The reconstituted - -

. . . met-nMb(2) met-rMb(1}

metmyoglobin with1, met-rMb(l), was obtained by a standard Figure 1. Visual color image of metmyoglobins: (a) nMY(@nd (b) rMb-
reconstitution protocol from horse heart apomyoglobin and purified 1). ' '
by gel and ion-exchange chromatographf® As can be seen in

Figure 1, the solution of met-rM is light blue due to the iron 155 my determined for nMI®). These results support the fact
porphycene color, and the electronic absorption spectrum of met-y, 4 the coordination of proximal His93 fois stronger than t@.

rMb(1) shows an axially coordinate iron(lll) character with wave- The UV—vis spectrum of the reconstituted deoxymyoglobin
22 R " o '

Iefngtktm)s of 387, 563, and 62?) rﬁh.f The ESI ;OE _m_a:jss s_pelctrunr: deoxy-rMb(l), was observed upon the addition of dithionite. After

of rMb(1) gave a mass number o L7572 which is ldentical to that e removal of excess dithionite under aerobic conditions by Seph-

expected for the holoprotein. The pH corresponding to 50% un- adex G25, a greenish-blue solution was obtained, indicating the

folding, obtained by monitoring the Soret band at 387 nm of met- f - : .
ormation of oxymyoglobin, oxy-rMH). The reduction of met-
rMb(1), is 3.1. The value is 1.4 pH units lower than that of the ! xymyoglobin, oxy-rMH) U

native metmyogobin, met-nMB), at 25°C, suggesting that ferric
1is more stable against dissociation from the protein matrix than
is the ferric heme&. The UV—vis spectroelectrochemical experi-
ments demonstrate that rMb(was electrochemically reversible
and the redox potential (FgFe*t) was found to be-193 mV vs
NHE which is significantly lower than the corresponding value of

" ':. reconstituted
artificial heme 1 myoglobin

e (b)

\

rMb(1) under a CO atmosphere exhibits a spectrum different from
oxy-rMb(1), showing the formation of CO-myoglobin. The revers-
ibility between the two species was detected by blowing the
corresponding gas stream.

The G, binding parameters for ferrous rMb(are compared in
Table 1 with those for nMI®). The Q association for rMKL) is
5-fold faster than that observed for n\N( Furthermore, it is of
*To whom correspondence should be addressed. E-mail: thayatem@ particular interest that oxy-rMyf shows a 250-fold reduction in

Wé’;&‘éﬂﬁ-‘gﬁi’fg‘r’éﬁfc-lp the G dissociation rate constant compared with oxy-nB)bThus,
# Member of PRESTO in JST. the binding kinetics demonstrate the extremely higha@inity of
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Table 1. O Binding Parameters and Autoxidation Rate Constants
for Native and Reconstituted Myoglobins

myoglobin ko, (M~ts71)2b Kt (571)2¢ Ko, (M1 Kauo (N71)°
nMb(2) 2241 27+ 2 8.1x 10° 0.18+0.01
rMb(1) 120+ 10 0.11+0.01 1.1x 10°  0.0264+ 0.001

aReaction conditions: 100 mM phosphate buffer (pH 7.0) at’@5
b Association process of Qigand was measured by a laser flash photolysis

system.¢ Dissociation rates were measured by a stopped-flow spectropho- encouragement. This work was supported by the Japan Science and

tometry upon the addition of excess amount of ferricyanfd®, binding
constants were calculated from the measikg@ndk. values.t The rate

propose that the replacement of the native henwith iron
porphycend dramatically improves the function as detailed above
without any changes in the amino acid sequence of the horse heart
myoglobin. Thus, the modification of the heme framework in the
present study will serve as an effective method for the creation of
a unique functionalized hemoprotein.
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at 37°C in 100 mM phosphate buffer (pH 7.0).

rMb(1), 1.1 x 1® M1, indicating a significant 1400-fold increase
in O, affinity for rMb(1) relative to that for the native horse heart
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