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The electrochemical response of myoglobin and its metal-substituted or chemically modi-
fied derivatives is greatly enhanced when contained within surfactant films on electrode sur-
faces. The aqueous elecu-ochemistry of such m Mlobm-ﬁlms is similar to that of
Fe-porphyrins in organic solvents in that both Fe and Fell couples are chemically
reversible, but aqueous phase ligands readily interact with the Fe site. Sequential and rapid
scanning voltammetry yield dynamic electrochemistry indicative of gating of electron trans-
fer by ligand dissociation and active site rearrangement. These myoglobin/surfactant films
have biomimetic nitrite-, sulfite- and oxido-reductase activity. Initial investigations into
mtnte reductions catalyzed by the myoglobin-films are described. A nitroxyl intermediate.
Fel-NO", is the likely branching point between different pathways forming NH; and N,O.

Keywords: electrochemistry, myoglobin, surfactant, reductive catalysis, nitrite, nitroxyl

INTRODUCTION

Heme proteins catalyze a number of vital multi-electron reductions: the
four electron reduction of O, to H,0, the two-electron reduction of O,
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resulting in incorporation of an O-atom stereospecifically into a sub-
strate, and the six-electron reductions of NO,™ and SO32‘ to NH;" and
H,S, respectively.l‘4 A general feature of these complex, proton-cou-
pled, multi-electron processes is that the required electrons are delivered
to the enzyme from single-electron donors.’A second common feature
is the 2-electron cleavage of water from an FeXO species (where X is O,
N, or S) {Scheme 1).

0, +4¢ +4H" — 2H,0 cytochrome ¢ oxidase

RH + 0, +2¢ +2H* — ROH + H,0 cytochrome p450

NO, +6¢ +8H* — NH,*+2H,0 nitrite reductase
S0;* +6¢ +8H* — H,S +3H,0 sulfite reductase
—
SCHEME 1

It would seem logical to examine such reactions by electrochemistry,
where the potential and kinetics of sequential reductions can be fol-
lowed and product formation matched to catalyst oxidation state.® In
general though, the sluggish electrochemical response of redox proteins
to standard techniques makes mult-electron catalysis difficult to initiate
and follow. Within the last ten years, however, dramatic advances in the
direct electrochemistry of redox proteins have been made.”10 The
major barrier has been in poor electron transfer between the electrode
surface and the protein. Successful techniques used to overcome this
problem include adsorption9 or covalent attachment'® of the protein to
the electrode surface, and the use of promoters8C which coat the elec-
trode surface with chemical functionalities that can directly interact with
the protein.

To this end, Rusling has developed the use of water-insoluble sur-
factant films deposited on the electrode surface.!'"1* These films form
stable, multilayer macrostructures which promote the rapid electro-
chemical response of redox active species contained within them.!!
Such systems are best described as biphasic, having both aqueous and
hydrophobic regions, much like that of the phospholipid membranes in

102



12: 32 15 January 2011

Downl oaded At:

which many important biological redox transformations occur. Rusling
has used reversible electrochemical reductions of myoglobin (Mb),”’12
cobalamin!? and recently cytochrome P450'4 in these film electrodes to
electrocatalytically dehalogenate chlorinated and brominated hydrocar-
bons.

By employing Mb within such films as an electroactive hemeprotein
model, we hope to follow the mechanistic sequences of redox transfor-
mations in Scheme 1 electrochemically. Of particular interest is the
nature and reactivity of partially reduced intermediates in the reductive
processes. This Comment will describe two aspects of our work using
this system. First, we describe the use of chemically modified and
metal-substituted Mb film electrodes to gain insight into the protein
electrochemistry within this unique environment. Then preliminary
investigations are presented of the biomimetic reduction of nitrite cata-
lyzed by the electroactive Mb in such films.

MYOGLOBIN ELECTROCHEMISTRY IN DDAB FILMS

Layered films of surfactants such as dimethyldidodecylammonium bro-
mide (ddab) on pyrolytic graphite (PG) adsorb Mb from solution to
form stable Mb/ddab films. 112 The direct electrochemical response of
Mb in these Mb/ddab films deposited on graphite, gold or platinum
electrodes is greatly enhanced compared to that of Mb in aqueous solu-
tion.!> Two electrochemical reductions from ferric Mb are seen in the
cyclic voltammogram (CV) in Fig. 1, the first assigned to the Fel/I
couple, and a second couple tentatively assigned to Felll llc

We have examined the electrochemical behavior of these Mb/ddab
films, as well as those made with metal-substituted and chemically
modified Mb. The Fell/I potential of Mb in the film is somewhat lower
than that determined by indirect, solution-based measurements (-250
mV vs. SCE, pH 7), but well within the range of values reported for
direct determinations of Mb using chemically modified electrodes. 13
Coulometry consistently shows that 25 to 50% of the Mb in the film is
electrochemically active. In our hands, a prepared electrode is stable to
repeated cycling, can be moved from solution to solution, and with
proper storage will remain active for over two weeks.

Electron transfer in Mb/ddab films follows diffusion-like kinetics in
that, above 500 mV/s scan-rate, the current is proportional to the (scan
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FIGURE 1 Cyclic voltammogram at 100 mV/s in pH 5.5 acetate buffer. 0.05 M NaBr of
(a) Mb/ddab film on PG; (b) ddab film on PG; (c) PG

rate)” 2. Such behavior could be due to Mb diffusion towards the elec-
trode surface in a fluid film or to electron hopping between Mb sites in a
more constrained environment.'® The temperature dependence for Mb
current-response follows that for the solid-to-liquid-crystal phase transi-
tion for ddab films; thus Rusling has proposed that the Mb diffuse
between disordered liquid-crystalline bilayers, as depicted in Fig. 2.1%
Several preparation procedures, including casting or spraying Mb/sur-
factant mixtures onto substrates and adsorbing Mb from solution into
precast surfactant films, lead to essentially the same electrochemical
behavior.'? This adds credence to the fluid quality of these films once
immersed in aqueous solutions.

The spectrochemical characterization of the second reduction as form-
ing Fel is based on the observed single Soret peakllC at 411 nm, but this
is unlike that of the split Soret previously characterized for Fe! porphy-
rins (e.g., at 420 and 390 nm for Fe(TPP)).!7 No EPR data is yet availa-
ble to confirm the Fe-based reduction, but metal substitutions allow an
indirect assignment.17c If the added electron fills an empty porphy-
rin-based ®* orbital, the potential should be somewhat insensitive to the
nature of the metal; similar reduction waves may then be expected for
films made with the Mn-, Co- and Zn-substituted Mb derivatives. In
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FIGURE 2 Model of Mb/ddab film from Ref. 12¢

fact, reduction waves seen for the Mn- and Co-substituted Mbs are at
very different potentials from that of the second Mb reduction, as
expected for electron addition into different d-metal subshells (Table I).
No reduction peak is seen for films made with ZnMb before the solvent
reduction, as would be expected from the difference between Zn(TPP)
and Fe(TPP) reduction of over 150 mV.!8 Likewise, no redox couple is
seen for apoMb deposited in the films.

TABLE I Potentials for metal substituted Mb/ ddab films at pH 7.2

MM V/SCE) MM (mV/SCE)
Mb 222 -1020
CoMb -905
MnMb 273 -

ZnMb - --
a) Metal substituted Mb synthesized as in Refs. 19 and 20.
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The electrochemical response seen for Mb/ddab films resembles that
of Fe porphyrins in organic rather than aqueous solution. While the
Mb/ddab films have reversible Fel/! reductions, water soluble Fe-por-
phyrins show only irreversible reductions to the Fe! state, taken as evi-
dence for the reaction of this state with water.?!®P Still, aqueous ions
such as CN™ and Ny~ as well as NO," and SO32' interact readily with the Fe
center in Mb/ddab, as evidenced by the shift in the Fe"I reduction poten-
tial in their presence (Fig. 3). Likewise, the Soret band energies of the fer-
ric-Mb/ddab films on glass or guartz shift to values similar to that of the
solution-based adducts when immersed in ligand solutions (Table II}.

TABLE II Comparison of Soret absorbances and E;, values

Ferric Soret (nm) Fellll (mV/SCE)

Solution Film*® Solution Film?®

Mb 409 410 -186° 2222
Mb-CN” 423¢ 425 -649%¢ -359¢
Mb-Ny~ 421° 419 282
Mb-NO, 412° 412 -235
TzMb 420f 418 434 -3208
Hemin 390 388 307" 242

2 This work; ® Ref. 22; © Ref. 23; 9 Ref 24; ¢ pH 9.0; f Ref. 25a; & Determined by
OSWV; B Ref. 16a.

Published EPR and electronic absorbance spectra indicate that the fer-
ric Mb-heme site in ddab film retains proximal His-F8 ligation as in its
native state.!? But what of the distal pocket, where ligand-binding and
catalysis should take place? As a specific probe of heme pocket struc-
ture, we utilized a modified myoglobin, TzMb, in which a chemically
appended tetrazolyl-ligand binds to Fell' from the distal pocket
(Fig. 4).% Its distinctive red color is retained in films on quartz, and is
much different from that of Mb or hemin (Fe protoporphyrin IX cofac-
tor), as illustrated in Fig. 4. Likewise, its steady-state reduction potential
is shifted from that of Mb (Table II). These data suggest that the distal
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FIGURE 3 The same Mb/ddab electrode in (a) pH 7.0 phosphate buffer; (b) ca. 50 mM
NaNj3; (c) pH 9.0, 50 mM NaCN

pocket residues remain in close proximity to the Fe center, more proof
that a native-like structure is retained in the films. However, by compar-
ison with the solution-based equilibrium potentials given in Table II, the
overall heme environment is clearly different in the films.

HisE, HisE,
N)E N)E
by v
N C—N
b VS
~ N2 °
9 BICN Y 2
—— Fe C==2 e = ll"'e == E
1!{ Ny N. g
¢ o 2
HN HN <
His Fy{ His Fy{
native Mb Tz-Mb o4

Wavelength (nm)

FIGURE 4 TzMb formation and UV-vis comparison between myoglobin, TzMb and
hemin
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The Fe!'!! couple of the TzMb as determined by OSWV becomes ca.
20 mV more positive after repeated scans; the initial scan can be repro-
duced only after a long (>10 sec) oxidation at Felll potentials. Such tran-
sient behavior, also seen for native Mb, is best illustrated by the change
between sequential CV scans (Fig. 5). We interpret this behavior as a
reduction-induced ligand dissociation, in effect a potential gating of the
initial electron transfer.?® Support for this view is the lack of such
change in the presence of cyanide, which is known to bind to both ferric
and ferrous Mb.?

TzMb Mb MbCN

Potential (V/SCE) Potential (V/SCE) Potential (V/SCE)

FIGURE 5 Sequential voltammograms of (a) TzMb, pH 7.0; (b) Mb, pH 7.0; (c) MbCN,
pH 9.0. Conditions: at 500 mV/sec, 0.05 M NaBr

Full potential gating in TzMb is lost after the first scan at rates of
greater than 0.1 V/s; the second and following scans show reproducible
oxidation and reduction waves up to 200 mV/s, indicating fast electron
transfer to the non-gated, S-coordinate state. At very slow scan speeds
(ca. 0.005 V/s) we obtain unchanged sequential CVs; these data are
more comparable with that from indirect, steady-state potential determi-
nations. Equilibration of TzMb after a reduction/oxidation cycle results
in pH dependent mixtures of bound and unbound tetrazolyi states, simi-
lar to the behavior of TzMb in solution, 2>

For Mb in solution, reduction to the ferrous state is accompanied by
the loss of an axial-bound water,”> and rebinding upon oxidation has
been noted to be slow.?* From the time required to reproduce the initial
scan after reduction/oxidation, we estimate the rebinding to be on the
order of seconds. Ligand-binding preferences in Fe-porphyrins change
significantly with oxidation state; the tendency for 6-donor ligand loss
upon reduction that is seen in Fe-porphyrin complexes is found in
Mb/ddab as well.'® From the effects of ligand concentrations on the
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reduction potentials, sequential reduction from Fe'!l to Fe!l to Fe! tends
to result in sequential loss of axial ligation. Note that strong CN” bind-
ing to the ferrous state inhibits the second reduction wave (Fig. 5), fur-
ther proof that this is a metal rather than a porphyrin-based reduction.

Qualitatively different electrochemical behavior is obtained with
MnMb/ddab. Only small changes between sequential scans are seen, but
there is a large difference in reduction and oxidation kinetics (Fig. 6). A
qualitative scan rate study indicates a slow rearrangement following
reduction; by increasing the scan rate, we can trap the unstable reduced
form and reoxidize it before the rearrangement. A square scheme results
(Scheme 2) in which a reduction-induced reorganization has a larger
activation energy than the reorganization following oxidation.” From
the scan rates needed to isolate the initial reversible oxidation of the
unstable MnIMb intermediate state, an estimated lifetime of ca. 40 ms
is obtained.

+e

stable Mnlll-Mb : Mnll-Mb unstable
fast 1 slow
.
unstable Mnlll-Mb* Mnll-Mb* stable
SCHEME 2

This dynamic behavior of Mn-Mb must be due to cofactor/protein
interactions, as Mn-protoporphyrin IX (MnPP) in ddab/PG film has a
quasi-reversible electrochemical behavior (i.e., comparable, though
slow reduction and oxidation kinetics) very similar to that of Mn(TPP)
in nonaqueous solvent (Fig 6).27 The Mn(TPP) quasi-reversibility has
been attributed to an increase in ion radius upon reduction, causing its
displacement and a porphyrin core expansion. Interestingly, resonance
Raman spectroscopy of reduced Mn-Mb revealed an unusual weakening
of the proximal His-Mn bond, thought to be caused by steric crowding
or heme pocket misfit.8 We are pursuing efforts to identify the nature of
the rearrangement in the MnMb/ddab films.
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FIGURE 6 Voltammograms of MnMb and MnPP in pH 7.0 buffer, 0.5 M NaBr at scan
rates of (a) 5 mV/s; (b) 50 mV/s; (¢) 500 mV/s; (d) 5 V/s

CATALYSIS BY MB/DDAB

Mb/ddab electrodes catalytically reduce aqueous solutions of oxygen,
nitrite and sulfite, as illustrated by the CVs in Fig. 7. The large rise in
current in the presence of substrate indicates an increase in the number
of electrons passed per Fe site, i.e., the catalytic turnover. We hope to
utilize this system to understand the course of these reactions in a con-
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tained, protein environment. The remainder of this Comment will focus
on our efforts to characterize the catalytic reduction of nitrite by
Mb/ddab. But first a brief, and by no means complete, description of the

enzymatic systems is in order.
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FIGURE 7 Voltammograms of myoglobin with (I) O,; (II) 5 mM NaNO,; (IIT) 5 mM
Na;S03. Scan a-myoglobin only; Scan b-in the presence of substrate. Conditions: at
100 mV/sec, pH 2.0 buffer, 0.05 M NaBr

Heme-based nitrite reductases (NiR) are integral to the biochemical
cycling of nitrogen, transforming NO,™ to a variety of reduced prod-
ucts.??3! The assimilatory enzymes produce NH,* for incorporation
into biomass,> while the dissimilatory enzymes function as terminal
electron acceptors or to detoxify the inorganic ions (Scheme 3).30 The
dissimilatory NiR are often involved in multienzyme denitrification
processes which include other heme-based enzymes such as nitric oxide
reductases, NoR, and nitrous oxide reductases, NoS. Such processes are
of importance in the bacterial decomposition of soil fertilizers (a major
source of atmospheric N,O) and in the industrial removal of NO, pol-
lutants from wastewater.>!

6e

NO, + 7TH* ——=—» NH; + 2H,0 assimilatory
A [e] dissimilat
NO; =——3 NH; + NO + N,O + N, issimilatory

SCHEME 3
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The assimilatory NiR activity involves multiple proton-coupled
reductions, typically at Fe-siroheme active sites.32 All the reductases
have associated redox sites such as Fe,S, clusters or other Fe-heme sites
which aid in the multi-electron reductions of the substrate. The overall
stoichiometry, involving six electron reductions, is shown in Scheme 4
as sequential two-electron steps as proposed by Cowan with the second
[Fe] representing a coupled Fe,S, cluster.*? The formation of dissimila-
tory, substrate-coupled products (e.g., NoO) has been attributed to the
reactivity of partially reduced intermediates in this sequential pathway.

[Fe]“\s (R Pl IR FeTX
s s s s
/30 H' /3,  Z/2HY /5, 2eHT /5, 2e/H* /2
—F¢t— —— —F"— ——— —Fet— ——— — et ———- —
OH rlq | OH | ]
N N N N
4N 7 N
07 o 67 Ho” “H H” H W N
SCHEME 4

Fe-heme and other transition metal complexes have been used as
models for this catalysis.21’33 Meyer, in particular, has investigated
water-soluble Fe-porphyrins and other metal complexes as catalysts for
the electroreduction of nitrite. To our knowledge only one report of
nitrite reductase activity by other heme proteins has been made.?

For Mb/ddab catalysis of nitrite reduction, there are three waves seen
in the CV in Fig. 7Ib which give information on the course of the reac-
tion.>> The reversible Femmcouple shifts to lower potentials, demon-
strating nitrite binding at the Fe site. The next two waves, labeled I and
Il in Fig. 8, are both catalytic, corresponding to ca. 20 and 220 electrons
per Fe site at peak current in Fig. 8a. Also, there is a distinctly different
effect of pH on the two catalytic waves, illustrated in Fig. 8. The small
potential shift and large current decrease with pH for wave II suggests a
multi-electron, multi-proton process. Both catalytic waves also demon-
strate saturation Kinetics, i.e., the current increases with substrate con-
centration up to a maximum value. This enzyme-like behavior yields a
Michealis constant, K,,,, of 2.3 mM, close to the K; of 3 mM for nitrite
binding to Mb in solution. 2333

We have identified NH; and NH,OH as aqueous products of bulk
electrolysis at potentials corresponding to catalytic wave II. Mass spec-
tral analysis of the headgas aver electrolyzed solutions of ISNOZ‘ shows
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FIGURE 8 Linear sweep voltammograms at 100 mV/sec of Mb/ddab in 3 mM NaNO,
and 0.5 M buffers at (a) pH 5.09; (b) pH 6.00; (c) pH 6.76; (d) pH 7.82; (e) pH 8.96

strong signals for 1°N,0, and that smaller amounts of >NO and N,
are also produc:ed.36

To test which oxidation state is associated with the N-N coupled gas
formation in Mb/ddab catalysis, we monitored the headgas above
ISNOZ‘ solution while sparging with He under bulk electrolysis condi-
tions. Potentials corresponding to ferrous Mb yield no discernible gas
production over long time periods (> 30 min). Upon stepping the poten-
tial to that associated with catalytic wave I, a strong ion abundance due
to N,O was observed. No dramatic acceleration of N,O production was
observed by stepping the potential to a value corresponding to catalytic
wave II, but the production of N, and NO was seen.

The reactivity of Mb/ddab is quite similar to that found by Meyer et
al. in the catalytic reduction of nitrite by water-soluble Fe-porphyrins
(e.g., FeH-tetra(4-sulfonatophenyl)-porphyrin)4' in acidic solutions [Eq.
(l)].213"b An important difference is the formation of Felll.NO from
dehydration of nitrite by the ferrous catalyst [Eq. (2)]. CVs of Meyer’s
catalyst in nitrite solutions showed a greatly diminished anodic current
at the Fell/I couple, a result of the depletion of Fell(TPPS) by Eq. (2),
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and also a growth of waves corresponding to the nitrosyl. They esti-
mated the equilibrium constant K at > 2 X 10" M for Eqg. (2).

[FeTPPS]*-
e

NO; NHj3 + NH,OH + N, O 4+ No(< 1%) (1)

[e7]
[Fe' (H,O)TPPS)*+ HONO + Ht— [Fe' (NO)TPPS)* ™+ H, O (2)

We see no evidence for such a nitrite/nitrosyl conversion from the fer-
rous Mb/ddab state. Though shifted cathodically, the Felllll couple
remains quite reversible in the presence of nitrite (Fig. 7IIb), even at the
slowest scan rates. It is well known that MbNO can be formed from metMb
and nitrite in the presence of excess reductant,3’ but in our system nitrite
dehydration only occurs at potentials which form the stable Fe'l-NO as the
kinetic product, i.e., by a direct reduction of the ferrous rather than the fer-
ric-nitrite complex. This suggests the active-site pocket or the film environ-
ment kinetically inhibits Fell'NO formation. Isoelectronic with FeH—CO,
Felll NO would prefer linear Fe-N-O coordination to maximize -back-
bonding. The destabilization of linear Fell-CO binding in Mb leads to a
103 decrease in K,; when compared to Fe(TPP)CO;® a large destabliza-
tion is also known for metMb as compared with FeIH(TPPS)3'.3 9

As an Fe''-NO Mb complex is a likely intermediate in reductions of
nitrite, we ran CVs of Mb/ddab in solutions saturated with NO gas
(Fig. 9). These show significant differences from CVs in the presence of
nitrite. The Fe'™! wave is absent after the initial scan due to the ready
formation of Fe!'-NO. We do not see oxidation to Fe!"'-NO under these
conditions (to 400 mV), which again suggest this species is disfavored
in Mb/ddab. A strong catalytic wave appears ca. =0.7 V at pH 7, well
positive to that of nitrite’s first catalytic wave. And in contrast to nitrite
reduction, this first NO reduction is catalytic from pH 5 to 10. The sec-
ond reduction wave resembles that for nitrite, approximately the same
potential and a high current flow, suggestive of a multiple-electron
reduction step past the Fell-NO", or nitroxyl state. Mass spectral analy-
sis of the headgas during bulk electrolysis by Mb/ddab electrodes of NO
saturated solutions showed formation of N,O at potentials associated
with the first catalytic wave.

2[Fell(NO ™ )(TPPS)|*~
~ [(TPPS)Fe' (N, 027 )Fell (TPPS)]*°~
— N30 + 2[Fe'™ (H,0)(TPPS)]*~ (3)
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FIGURE 9 Voltammograms of Mb/ddab in the presence of a) ca. 1.5 mM NO; b) 5 mM
nitrite. Conditions: 100 mV/sec, 0.5 M pH 7.0 phosphate buffer, 0.5 M NaBr

Meyer et al. attributed the N,O seen during nitrite reduction by
Fe-porphyrins to bimolecular dimerization between reduced nitroxyl
(Fell-NO") [Eq. (3)].213¢ Such coupling in our system is precluded by
the protein-isolated active sites. Two paths remain for the N,O produc-
tion catalyzed by Mb/ddab: coupling at a single Fe site or by reduced
NO, species in solution (Scheme 5). Similar considerations have long
been argued in the N-N coupling reactions relevant to the denitrification
processes,zg’a’0 and more recently in the mechanisms of the heme-based
nitric oxide reductase, NoR enzymes.*041A possible mode of coupling
at a single Fe-site is seen in Scheme 5. Such coupling of NO with an
X-NO" anion is precedented in the formation of NONOates, as in
Angeli’s salts.42Alternatively, free NO™ released into solution is known
to rapidly dimerize, forming hyponitrous acid which then decomposes
to N,O and water.*> Efforts to distinguish between the two pathways by
analysis of concentration and pH dependence data are underway.44
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coupling in solution

[HNO]
. Fel + HNO —_— = N,O
H -H,0 2
o pKa=4.7
N
}L‘ell
NO H' | -H,0
\ /0 0
N[\ /O 1\4\ /O- H‘*’
N SN .
- | ——= Fell + HN,O,
Fen Fer pKa=7.2

coupling at active site

SCHEME 5

These results yield several insights into the nitrite reduction catalysis
by Mb/ddab, and are combined into the overall reaction shown in
Scheme 6. The first catalytic reduction wave from Fe!l-NO,™ includes
both reductive dehydration forming Fell-NO and subsequent reduction
to the Fe!-NO nitroxy]l state. The lack of reductive catalysis at high pH
must be due primarily to inhibition of the initial dehydration step. As
suggested in previous model studies, the nitroxyl state partitions
between a further reduction to yield NH; and the coupling path leading
to N20.21 The ready formation of N,O from nitrite without evidence of
free NO argues for solution-based coupling of NO". Thus far attempts to
intercept free NO™ in solution and thus retard N,O production during
Mb/ddab nitrite reductions have been unsuccessful.***> Further reduc-
tion from the nitroxyl state leads to formation of NH3. The formation of
NH,OH and N, implies reactivities associated with other partially
reduced intermediates; tentative precursors, such as the Fev—nitn'do,
which may lead to these products are shown. We have no evidence of
intermediate states other than that assigned to the nitroxyl on the
time-scales of our experiments.

116



12: 32 15 January 2011

Downl oaded At:

NH,0H
HO\ d

O, o}
\N//O \\N N’ e /2H+ 2e'/H+
| e 2H+ |
—Fell- —— el — e fo —-Fem—
-HpO
e /2H+ 2¢/3Ht

-O\II\I//O Nzo
—Felll—
SCHEME 6
CONCLUSIONS

The electrochemistry of Mb in surfactant films is unique in several
ways. Especially significant is the ability to access a highly reduced Fe!
state, and still undergo facile binding and exchange of aqueous ligands.
Excellent current response allows detection of chemical transformations
accompanying electron transfer down to the millisecond timescale. The
protein pocket of Mb influences both the reversible electron transfers to
the metal site as well as the course of catalytic transformations that
occur there. The use of Mb/ddab as a hemeprotein NiR model yields
products characteristic of both enzymatic pathways. Importantly, the
reductive dimerization of NO by Mb/ddab, likely through a nitroxyl
intermediate, can occur at potentials within physiological regime, ca.
—500 mV on the NHE scale. Thus Mb/ddab holds promise as a system
with which biomimetic catalysis can be studied electrochemically
within a modifiable protein environment.

Abbreviations: Mb — myoglobin; ddab — dimethyldidodecylammo-
nium bromide; PG — pyrolytic graphite; CV — cyclic voltammetry;
OSWV - Osteryoung square wave voltammetry; SCE — standard
calomel electrode; His — histidine TPP — tetraphenylporphyrin; PP -
protoporphyrin IX; TPPS - tetrakis(4—sulfonatophenyl)—porphyrin)4';
NiR — nitrite reductase.
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