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Protein film voltammetry provides a powerful tod with
which to visualize and quantitate the adivities of redox
enzymes (1). In this technique the enzyme of interest is
adsorbed as a cdalytically active film on an eledrode
surface Within the film the enzyme is engaged in dired
exchange of electrons with the dedrode and redox
centers in the enzyme ae swept between accesible
oxidation states in response to defined variation of the
applied potential. The flow of current recorded when the
enzyme film contads a solution of its substrate provides
simultaneous visualization and quantitation of catalytic
adivity aaossthe dedrochemicd potential domain.

The rapidly growing number of enzymes whaose cdalytic
performance has been examined by protein film
voltammetry show a predominance of ‘complex' caalytic
waveforms, waveforms which contain multiple bocsts
and/or attenuations of adivity in response to variation of
the gplied eledrochemicd potential. Modeling the
development of a caalytic waveform with incresse of
substrate concentration has suggested several mechanistic
posshiliti es to acount for such waveforms; for example,
coupling of eledrochemical and chemical transformations
within the adive eenter or redox transitions which serve
to switch the enzyme between two kineticdly distinct
forms (e.g., 1-4). Whil e interpretation of the voltammetry
at a mechanigtic level is indired the waveforms provide
unique insight into the cdalytic mechanisms operating
within redox enzymes which complements gructural and
spedroscopic  studies aimed at defining readion
medhanisms at a molecular level.

The cytochrome c nitrite reductases perform a key step in
the biologicd nitrogen cycle by catalyzing the six electron
reduction of nitrite to ammonium, Ep,7 ~340mV.
NO, + 6€ + 8H" > NH," + 2H,0

These soluble enzymes contain five c-type hemes. Four
hemes have bis-histidine iron coordination, the fifth at the
site of nitrite reduction exhibits novel Lys-water/
hydroxide wordination (5-7). The heme groups are
padked in structura motifs common to a number of
proteins and al neaest neighbor Fe-Fe distances lie
below 13 A. Graphite and gdd eledrodes painted with
Escherichia coli cytochrome c nitrite reductase exhibit
large, caalytic reduction currents during cyclic
voltammetry to pdentials below OV in solutions
containing nitrite (Fig.1). These cdalytic currents were
not observed in the &sence of cytochrome c nitrite
reductase and were shown to originate from an enzyme
film engaged in dired eledron exchange with the
eledrode. Protein film voltammetry has visuaized
distinct fingerprints of caalytic behavior during the
reduction of nitrite and hydroxylamine, the latter being
reduced to ammonium in a two-electron process The
voltammetry indicates underlying similarities but also
clea differences in the handling of these dternative
substrates by E. coli cytochrome c nitrite reductase.
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Fig. 1. Cyclic voltammetry from a film of E. coli
cytochrome c nitrite reductase in (A) 14 and (B) 130 uM
nitrite. Buffer-eledrolyte, 2 mM CaCl,, 50 mM Hepes,
pH 7.0 20 °C, scan rate 20 mV s* with eledrode rotation
at 3000 r.p.m.
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