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A copper corrole with biomimetic propionate side chains was
prepared as a novel heme analog by metalation of the respective
ligand as the dimethylester with copper(Il) acetate hydrate and
subsequent saponification with LiOH. The metalated dimethylester
was characterized by spectroscopic and crystallographic means and
shown by comparison to contain a divalent copper ion,
antiferromagnetically coupled to the radical-dianionic organic
ligand. The molecular structure of this complex is characterized by
a saddled macrocycle conformation. In addition, the
methylpropionate side chains are not stretched out but bent to the
same side of the mean copper corrole plane. In buffered solution,

the saponified propionate complex slowly forms an equilibrium
mixture with small, insoluble aggregates. The compound cleanly
binds in 1:1 stoichiometry to horse heart apomyoglobin without
a support by proximal histidin binding. The binding in the
protein pocket is rather weak, and the biohybrid compound tends
to decompose under the slightly acidic conditions of mass
spectrometry. Reduction of the copper corrole was achieved
with sodium dithionite inside the protein pocket and yielded an
air- and buffer stable, monoanionic, and protein bound copper
corrolate complex which could be identified by its EPR
spectrum.

* Corresponding Author
Fax: int (0)6421 282 5356
E-Mail: broering @staff.uni-marburg.de
Fachbereich Chemie
Philipps-Universitit
Hans-Meerweinstrafle, 35032 Marburg

Introduction

The exchange of non-covalently bound cofactors in
proteins against synthetic metal complexes is currently in
the focus of many bioinorganic research activities aiming
towards the preparation and investigation of biohybrid
compounds and bioconjugated catalysts.[1] Figure 1
provides a general graphical sketch to illustrate this
approach which makes use of the properties of the natural
proteinogenic material, i.e., site isolation, as well as chirality
and micropolarity of the active site. The most successful
approach so far has been the exchange of heme in simple
heme proteins, like myoglobin or horseradish peroxidase,
for modified hemes or other porphyrins.[2] As the modified
metal porphyrins are structurally related to the natural heme
group, novel reactivities may be introduced to the protein
without significant changes at the active, heme binding
pocket. In most cases, the propionate side chains have been
employed for the modification by substitution with different
organic moieties, and new functionalities like protein-
protein or protein-molecule recognition, electron transfer, or
increased chemical reactivity have been gained. Another
series of heme protein-hybrid compounds has been
constructed using different metal porphyrinoids like
phthalocyanines,[3] chlorins,[4] porphyrin isomers,[S] and
other.[6] In particular iron chelates of the above
macrocycles often have a profound impact on the affinity of

the reconstituted proteins towards small molecules, and
drastically change these binding interactions, especially with
O,. Therefore, such hybrids are not only interesting for an
understanding of the physiological properties of heme
proteins in general, but may also be applied for their
regulation.

Figure 1. General sketch illustrating the cofactor exchange strategy
for the preparation of biohybrid compounds.

Very recently a first cofactor exchange study using an iron
corrole was reported.[7] Metal corroles are artificial one-
carbon short relatives of the ubiquitous metal porphyrins
and have attracted considerable attention over the last
decade.[8] The unique properties of metal corroles have now
advanced into topical fields like catalysis, photophysics,
surface science, and others.[9] These metal chelates are
special with respect to their electronic structures[10] and —
often — the non-innocent behaviour of the organic ligands
which tend to form radicals, stabilized by magnetic coupling
to a coordinated metal centre.[11] During the course of our
studies on metal corroles[12] and on corrole-based
biohybrid systems the question arose whether the binding of
the metal corrole to histidine inside a heme apoprotein is
important for the stability of the compound. To probe this
question we thought to prepare a copper corrole 1 with
biomimetic propionate substitution (figure 2), which is
devoid of any axial ligand binding capability, and study the
conjugation of such a copper corrole to apomyoglobin. This
paper reports the results of our study.
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Figure 2. Propionate substituted copper corrole 1 in the standard
notation (left) and in the ground state resonance form (right) The
arrows indicate the magnetic ordering of the unpaired spins.

Results and Discussion

Preparation and characterization of copper corroles. The
copper ion was introduced by heating the known ligand 2[7]
in the presence of excess copper(Il)acetate hydrate in DMF
solution in air (scheme 1). The reaction can be followed by
naked eye as the reaction mixture gradually turns from
violet to red. The product complex 3 is isolated after
aqueous work-up and column chromatography on silica in
the stable, oxidized form (51% yield). The expected
composition of 3 Ci3;Hy;3CuN,O4 was confirmed by
elemental analysis and high resolution APCI mass
spectrometry. In the solid state, 3 forms fibers with a violet,
metallic sheen.

Scheme 1. Synthesis of the copper corrole dimethylester 3; a)
Cu(OAc), x H,0, DMF, O,, A 3hrs.

3 is an open-shell compound but rendered effectively
diamagnetic by the strong antiferromagnetic coupling
between the spins in the metal 3d(x*-y®) and the ligand b;-
type orbital.[13] Therefore, 3 may simply be analyzed by
standard 'H and ">C NMR techniques. As for other copper
corroles the '"H NMR spectrum of 3 is characterized by
relatively broad resonance lines (figure 3 top). This line
broadening is caused by a small contribution of a
paramagnetic, thermally excited state of the compound. The
protons of the meso CH bridges are isochronic and give a
broad signal at 6.15 ppm. The signal groups of the alkyl
protons are found at 3.64 (-OCHj;) and in the range of 2.99-
2.38 ppm (-CH,CH,, -CH,CH3;, -CHj;) and of 1.25-1.20 ppm
(-CH,CHj;), and display some of the anticipated fine
structure. Line broadening is also an issue in the *C NMR
s!pectra of 3. In particular, the signals of the eight pyrrolic
C(sp?) nuclei are broadened to a very divers extent (figure
3 bottom, inset). All signals could be assigned to single
carbon atoms by 2D spectroscopic methods, and apparently
the carbon nuclei which cause the most broadened signals
are situated at the B-position of the bipyrrole moiety. The
signals for the meso carbon atoms C5,15 and C10 are
detected at 103.3 and 101.8 ppm, respectively, and thus

shifted to high field with respect to those of the free ligand 2.

Such a shift has been observed earlier for other other
transition metal corroles with a diamagnetic ground state.[1]

Figure 3. Top: 'H-NMR spectrum of copper corrole 3 (400 MHz,
CD,Cl,, r.t.); bottom: "C-NMR spectrum of 3 (100.6 MHz,
CD,Cl,, r.t.) with insets for details of the C(spz) signals.

The optical spectrum of copper corrole 3 was measured in
dichloromethane. The spectral habitus is indistinguishable

from those reported for other copper octaalkylcorroles in the
literature.[11c,14] Basically, this spectrum consists of two
major, broadened absorptions, a high-energy, so-called Soret
band at 398 nm (¢ = 94500 L mol” cm™), and a Q-band at
546 nm (¢ = 10600 L mol™' cm™).

Single crystals suitable for X-ray diffraction were grown
from complex 3 by the diffusion method (dichloromethane,
n-hexane, 4°C). 3 crystallizes as shiny, violet needles in the
triclinic system, space group P-1, with two molecules per
unit cell (figure 4). Two conformers are present and
statistically disordered in a ratio of 73:27. Only the major
form will be discussed below.

Figure 4. View of the unit cell with two molecules of 3 (only major
conformer). Ellipsoids are set to 50% probability. Hydrogen atoms
have been removed for the sake of clarity. Selected bond lengths
/A and angles /°: Cu-N1 1.882(2), Cu-N2 1.897(2), Cu-N3
1.895(2), Cu-N4 1.888(3), NI-Cu-N3 166.8(1), N2-Cu-N4
168.5(1).

The copper atom of the molecular unit of 3 is seated in a
distorted square-planar environment with Cu-N distances
between 1.882 and 1.897 A and a displacement of the
nitrogen atoms from a mean squares CuN, plane of 0.142-
0.172 A. The short Cu-N bond lengths are characteristic for
copper corroles and have been found in earlier
occasions.[11c,14a,15] In comparison, the Cu-N distances in
copper(Il) porphyrins and copper(Il) porphyrin radical
cations are typically in the range of 1.95-2.06 A[16] while
for comparable Cu(III)-N-donor chelates values of 1.80-1.91
A have been reported.[17] Obviously, the Cu-N bond
lengths do not necessarily reflect the oxidation state of the
copper ion in a corrole ligand but are rather governed by the
restricted size of the macrocycle cavity. A second structural
characteristic of copper corroles is the saddle deformation of
the tetrapyrrole ligand. The C4N rings of the corrole are
alternately tilted up- and downwards while the meso situated
methine groups keep an almost coplanar arrangement. The
non-planarity may be quantified by the incline of the mean
least-squares planes of the opposite C4N rings which is
measured to 7.75 and 22.69° in this unsymmetric case. The
non-planar binding mode allows for an efficient interaction
of a metal-centered o- and a ligand centered m-orbital as
stated above, and results in a strong and productive
intramolecular antiferromagnetic coupling.[13,18]

Interestingly, the methyl propionate side chains are not
stretched out in a parallel conformation but tilted away from
the plane of the macrocycle to the same side. This behaviour
can be understood from the crystal packing. An
investigation of the crystal structure reveals the presence of
slipped m-stacked copper corrole interactions with an
interplanar distance of 3.439 A. The observed conformation
of the propionate groups therefore appears as a simple steric
necessity in order to allow these stacking interactions.

Both methyl ester side chains of 3 could be cleaved at
ambient temperature with LiOH x H,O in methanol. The
free acid 1 is obtained after suitable workup and
recrystallization from dichloromethane/n-hexane in 61%
yield as a violet powder. The proper composition
C35H30CuN,O4 of 1 was verified by an APCI-HRMS
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experiment. As for 3, spectroscopic evidence for 1 could be
obtained from resonance spectroscopy. DMSO-ds solutions
of 1 gave 'H- and *C-NMR spectra very similar to 3, but
slightly broadened and devoid of the signals of the split-off
methyl groups. Optical spectra taken in DMSO and in
freshly prepared buffered aqueous solution (0.1 mol/L Tris-
HCI, pH 7.2) are almost indistinguishable from each other
and very similar to those of 3 in non-polar or halogenated
organic solvents. Therefore we assume that 1 contains a
four-coordinate copper(Il) ion not only in non-polar solvents,
but also in donor solvents and in water. As a further proof,
imidazole was added in excess (2000 eq.) to a dilute solution
of 1 (10” mol/L) in the buffer, without any marked change
in the optical spectrum.

Figure 5. Time-dependent spectral changes of copper corrole diacid
1 (107 mol/L starting concentration) in Tris-HCI buffer (pH 7.2)
over 15 hrs at 20°C; inset: development of the intensity of the
strong Soret band at 387 nm.

In buffered aqueous solution, the absorption bands of 1 in
the UV/Vis spectra slowly decrease in intensity. This
process can easily be followed photometrically and stops
after about 15 hrs at about 50% of the starting intensity
(figure 5). The decrease, however is not exponential in time
but follows a complex curvature. As no new bands of
chemically modified copper corroles (demetalation,
oxygenation, donor addition) appear, this observation points
to a complex equilibrium of dissolved molecular entities
with small, disperse and nonpolar aggregates, presumably
with micellar or -stacked superstructures.

Hybridization of 1 with apomyoglobin.

Horse heart apomyoglobin was prepared from the
commercial myoglobin by application of the modified
TEALE method.[19] A cold solution of the holoprotein is
treated with hydrochloric acid (0.1 mol/L) until pH 2 and the
released heme group extracted with 2-butanone. An
apomyoglobin solution is then obtained from the acidic,
aqueous solution by several neutralization and dialysis steps.
The concentration of the apoprotein was determined
photometrically at 280 nm, and by the BRADFORD test.[20]
Reconstitution with 1 was achieved using a concentrated
DMSO solution of the cofactor analog to avoid the above-
mentioned aggregation in aqueous buffer. This solution is
given in small aliquots to the buffered apomyoglobin
solution (0.1 mol/L Tris-HCI, pH 7.2) and stirred for one
hour with ice cooling. The mixture is then dialyzed for 12
hrs against potassium phosphate buffer before purification
and separation from excess copper corrole 1, remaining
apoprotein, and denaturation products is accomplished
chromatographically by FPLC on a cation exchange CM-52
column, equilibrated first with potassium phosphate buffer
at pH 6.3 to remove free copper corrole 1, than increased to
pH 7.0 to eluate the biohybrid species. Free apoprotein as
well as denaturation products remain on the column under
these conditions. The new biohybrid material was
characterized by optical and mass spectrometrical means
(figure 6). The UV/Vis spectra of 1@ApoMb and 1 in
aqueous buffer are only gradually distinct by a slightly
reduced line broadening in the former case. Photometric

ZAAC

measurements are therefore not useful as an analytical tool
to monitor the cofactor-analog insertion into the protein.

The mass spectrum of 1@ApoMb provides for some
instructive peculiarities. The molecular weight of the
reconstituted horse heart myoglobin was determined by ESI
mass spectrometry to 17592.2 u (figure 6). Thus, within the
accuracy of the measurement, the loss of two protons to the
expected mass of 17594.7 u is apparent. This deviation may
be interpreted in terms of the deprotonation of the
propionate side chains of 1. In general, the preparation and
purification results in a solution of the reconstituted protein
at pH 7 when both acidic protons should be absent. Prior to
the mass spectrometric analysis, however, a more volatile
buffer is required, and the potassium phosphate is
exchanged for an ammonium acetate buffer at pH 6.4 by
dialysis. At this pH reprotonation should occur. This is not
observed in the spectrum.

Figure 6. Comparison of optical spectra of copper corrole 1 (grey
line), and of biohybrid 1@ApoMb (black line; both spectra taken
as fresh solutions in potassium phosphate buffer, pH 7.0), and
deconvoluted ESI-MS of 1@ApoMb (inset; ammonium acetate
buffer, pH 6.4).

The second peculiarity addresses the high degree of
decomplexation of the biohybrid 1@ApoMb under the
forcing and acidic conditions of the measurement, as visible
from two additional and intense signal groups in the mass
spectrum. One signal group is detected a higher masses
around 18233.7 u, presumably indicating a protein hybrid
with two fully deprotonated copper corrole molecules. The
most prominent signal in the spectrum occurs at 16951.1 u
and can be assigned to the apoprotein alone. A dynamic
exchange of cofactors and disproportionation of the original
material during concentration and evaporation appears as a
feasible explanation for this phenomenon. Such a process
occurs also with other, histidine bound myoglobin based
biohybrids, but to a very much minor extent. We therefore
interprete our finding as a qualitative indication of the
expected reduced stability of copper corrole binding within
the heme pocket.

Despite the missing attractive interaction between the
metal atom and the distal imidazole the reconstitution of
horse heart apomyoglobin with copper corrole 1 is
successful. The anchoring of the cofactor analog in the
proteinogenic matrix can be understood in the first place by
specific hydrophobic interactions in the protein pocket. In
addition, stabilizing hydrogen bonds between the
deprotonated propionate side chains of 1 and water, as well
as several well-positioned amino acid residues like His97,
Ser92 or Lys45, ought to stabilize this biohybrid compound
further.[21] For the detailed analysis of such a non-natural
hydrogen bonding network, a protein crystallographic
analysis would be necessary. Despite numerous attempts to
grow suitable protein crystals from 1@ApoMb, however,
these efforts did not yet succeed.

Wiley-VCH
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Figure 7. Reduction of 1@ApoMb by sodium dithionite: UV/Vis
absorption before and after addition of the reductant, and EPR
spectrum of the reduced form (inset; 0.1 M Tris-HCI (pH 7.0) with
30% glycerol; 46 dB, 9.21085 GHz, 30 K).

While an chloridoiron corrole, another corrole complex
with an oxidized corrole radical ligand,[10c)] has been
reported to undergo immediate autoreduction to
iron(IlT)corrole upon binding to the histidine ligand of
apomyoglobin,[7] such a process was not observed for the
copper corrole 1. Reduction could be induced chemically on
1@ApoMb by the addition of a 100fold excess of sodium
dithionite in potassium phosphate buffer at pH 7.0. Within
seconds the optical spectrum changes significantly, with red
shifts of the Soret and Q bands to 414 and 573 nm,
respectively. Even more noticeable, the intensity and line
sharpness of these ligand-derived bands increase
dramatically, indicating a closed shell electronic
configuration of the corrole m-system in the reduced form.
The reduced biohybrid compound [1@ApoMb].4 is EPR
active, and an in situ measurement of dithionite reduction
was achieved in X-band at 30 K after dilution with glycerol
(figure 7). The observed spectrum is axial (presumably with
a very small rhombic distortion), with g = 2.035 und g, =
2.127, and shows couplings with the 83/%5Cy I=32,A, =

22.7 mT) and "N nuclei (/ = 1; @, = 1.66 mT, aj = 1.83 mT).

Such a spectrum is typical of a Cu(Il) ion in a porphyrinoid
environment.[22] Hints for a second species are absent, and
the presence of a uniform species with an apoprotein-to-
cofactor analog ratio of 1:1 is indicated.

The habitus of the optical spectrum of the reduced
biohybrid [1@ApoMb],.4 as well as the EPR data point to a
one-electron reduction of the artificial cofactor analog by
sodium dithionite and the formation of an anionic copper(Il)
corrolate complex inside the protein pocket. A similar result
has earlier been reported on [-alkylsubstituted copper
corroles which are reduced electrochemically or with
hydrazine in organic solvents.[22] Other than in solution,
however, the protein bound copper corrole anion stays stable
in air and in the presence of protic solvents for days.

Conclusions

Copper corrole with biomimetic propionate substitution
can be introduced to horse heart apomyoglobin by simply
mixing suitably prepared solutions of both components,
followed by chromatographic purification on a cation
exchange resin. The binding of the copper corrole inside the
protein pocket is sufficiently stable for investigations on the
new biohybrid compounds despite the incapability of the
cofactor analog to bind coordinatively to the distal histidine
residue. Mass spectrometrical observations as well as the
high acid lability of the hybrid suggest that the copper
corrole binds as the twofold deprotonated dianion, and that
additional stability is gained by hydrogen bonding
interactions. The new compound displays a high propensity
to undergo a one-electron reduction step. The resulting
anionic copper corrole complex remains stable in solution,
indicating a protective property of the non-polar myoglobin
pocket. The results show that novel functionality may be
introduced to myoglobin by exchange of the heme moiety
by metal complexes, and that binding to the distal histidine
is not a necessary requirement for the formation of
biohybrid compounds in this system. This opens the way

towards a multitude of novel opportunities for an in-protein
coordination chemistry which we are currently exploring.

Experimental Section

Materials and Methods: Corrole 2 [7] was prepared according to
a published procedure. All other chemicals were purchased from
Acros, Aldrich, or Merck for chemical, and Fluka, Merck
Biosciences, Riedel de Haen, Roth, or Sigma-Aldrich for
biochemical experiments, and used without further purification.
Deionized water was used except for the buffers, for which
bidistilled quality water is required. Horse heart myoglobin (90%,
lyophilized, PhastGel, M-1882) was obtained from Sigma-Aldrich
and used for apoprotein preparation as received. Solvents were
dried by standard procedures and distilled from appropriate drying
agents. NMR spectra were obtained with a Bruker DRX-400 or a
Bruker DRX-500 spectrometer. Chemical shifts () are given in
ppm relative to residual protio solvent resonances. The EPR
spectrum of [1@ApoMb],.; was measured on a Bruker Spin R ESP
300 E at X-band. An Oxford 900 cryostat was used. High and low
resolution mass spectra (APCI, ESI) were recorded with an
lonSpec Ultima, a Finnigan LTQ FT, or a QStarPulsar i. UV/Vis
spectra were measured on a Shimadzu UV-1601 PC in
concentrations of about 10> mol L™'. CHN analyses were recorded
on a Elementar Vario EL. Gel permeation chromatography (gpc)
was conducted on an AKTA prime FPLC instrument (Amersham
Bioscience) on HiTrap® columns (5 mL).

Preparation of copper (methylpropionate)corrole 3: A solution
of corrole 2 (501.9 mg, 0.82 mmol) in dry DMF (50 mL) ist treated
with copper acetate hydrate (821.1 mg, 4.11 mmol) for 3 hrs at
80°C. After cooling of the reaction mixture to ambient temperature
all volatiles are removed in vacuo and the remaining residue is
redissolved in dichloromethane (50 mL). The red solution is
extracted with water (3 x 100 mL), dried with sodium sulfate, and
concentrated under reduced pressure. The remaining material is
subjected to column chromatography with dichloromethane on
silica, and the intense red major fraction is collected. Removal of
the solvent in vacuo and recrystallization from dichloromethane/n-
hexane yielded the title compound as violet fibers. Yield: 279.3 mg
(0.42 mmol, 51%). — caled (%) for Cs;;Hy4;3CuN,O4: C 66.20, H
6.46, N 8.35; found: C 66.01, H 6.65, N 8.32. — '"H NMR (400
MHz, CD,Cl,): & = 6.14 (br. s, 3H, H,yes0), 3.64 (s, 6H, -COOCH3),
2.97 (t, 4H, *J = 7.4 Hz, CH,CH,COOMe), 2.88 (m, 8H, CH,CH;),
2.49 (t, 4H, *J = 7.4 Hz, CH,CH,COOMe), 2.38 (s, 6H, CH;), 1.24,
1.22 (2xt, 12H, °J = 7.2 Hz, CH,CHj;). — *C NMR (100.6 MHz,
CD,Cly): 6 = 173.3 (COOMe), 150.9, 150.7, 147.1, 143.6, 141.1,
138.6, 138.1, 137.5, 103.3 (C-5,15), 101.8 (C-10), 51.5 (OMe),
35.8,20.2, 20.1, 18.4, 18.1, 16.6, 10.0. — UV/Vis (CH,CL,): Ayux (€)
=280 (27800), 397.5 (94500), 500 sh (7400), 545.5 nm (10600 M
'em"). - HRMS (APCI: m/z 693.2491; caled. for
[C37H43CuN,O4Na]*: 693.2473.

Collection and Reduction of X-ray Data. Intensity data for 3 was
collected from a black plate at 193(2) K, using a Stoe IPDS-1 X-
ray diffractometer. Graphite monochromated Mo K_ radiation
(0.71073 10\) was used. The structure was solved by direct methods
with SIR-92 [23]. Refinements were carried out by full-matrix
least-squares techniques against F2 using SHELXL-97 [24]. All
non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were assigned to idealized positions. Crystallographic data
(excluding structure factors) for the structure reported in this paper
has been deposited with the Cambridge Crystallographic Data
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Centre as supplementary publication no. CCDC-767098. Copies of
the data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK [Fax: +44(1223) 336-033;
E-mail: deposit@cam.ac.uk]. — Crystal Data for 3:
C37H43CuN,4Oy, 671.29, triclinic, space group P-1, a = 5.7170(7), b
=16.2285(19), ¢ = 18.802(2) A, a=109.779(13)°, B =95.761(14)°,
7= 95.180(14)°, V = 1618.8(4) A%, Z = 2, poue = 1.377 g cm™,
4Mo-Ka) = 0.722 mm™, O, = 2.24°, 6. = 26.07°, 16016
reflections measured, 5894 independent, 4609 observed with I >
20(1), 444 parameters, 9 restraints, R1 (I > 20(l)) = 0.0478, wR2
(all data) = 0.1356, max./min. peak = 1.595/-0.582 ¢ N

Preparation of heme cofactor analog 1: Under a blanket of argon
copper corrole 3 (149.6 mg, 0.22 mmol) is dissolved in THF (20
mL) and treated with a degassed solution of LiOH x H,O (95.0 mg,
2.26 mmol) in water (4 mL). This mixture is stirred for 12 hrs
before it is diluted with dichloromethane (20 mL) and hydrochloric
acid (20 mL of a 1 mol/L solution). The organic layer is separated,
washed with water (50 mL), dried with sodium sulfate and
evaporated to dryness in Recrystallization from
dichloromethane/n-hexane (1:1) yields the title compound as a
violett powder. Yield: 86.8 mg (0.14 mmol, 61%). — 'H NMR (500
MHz, DMSO-dg): § = 12.10 (br. s, 2H, COOH), 6.28 (br. s, 3H,
Hieso)s 2.97 (br.s, 4H, CH,CH,COOH), 2.84 (br.s, 8H, CH,CH,),
2.38 (br.s, 4H, CH,CH,COOH), 2.36 (br.s, 6H, CH;), 1.17 (br.s,
12H, CH,CH;). — BC NMR (100.6 MHz, CD,CL): & = 173.7
(COOR), 150.1, 150.0, 146.1, 142.5, 141.0, 138.5, 136.6, 103.7 (C-
5,15), 102.5 (C-10), 354, 19.5, 194, 18.2, 17.6, 16.5, 9.7. -
UV/Vis (0.1 M Tris-HCI pH 7.2): Apax (&) = 388 (1), 556 nm
(0.17). — HRMS (APCI): m/z 642.2249;
[C35sH39CuN,O4]": 642.2262.

vacuo.

caled. for

Insertion of copper corrole 1 in horse heart apomyoglobin:
Copper corrole 1 (5 eq with respect to the protein binding sites) is
dissolved in a small amount of DMSO and slowly added to a
freshly prepared apomyoglobin solution at 4°C.[19] After 2 hrs
stirring at this temperature the reaction mixture is subjected to
dialysis against potassium phosphate buffer (10 mmol/L, pH 6.3)
for 12 hrs to remove DMSO and most of the excess copper corrole
1, and to exchange the buffer for the next purification step. The
protein from this solution is absorbed on a cation exchange resin
(CM-52 column, Whatman, equilibrated with potassium phosphate
buffer (10 mmol/L, pH 6.3)), washed extensively with further
buffer, and desorbed as a homogenous band by slowly increasing
salt concentration and pH. The reconstituted protein 1@ ApoMb is
finally concentrated by zentrifugation up to a concentration of 2-15
mg/mL, and this solution used for further experiments.
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