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ABSTRACT: Human mitochondrial amidoxime reducing component 1 and 2

(mARC1 and mARC2) were immobilised on glassy carbon electrodes using the .
crosslinker glutaraldehyde. Voltammetry was performed in the presence of the Mve

artificial electron transfer mediator methyl viologen, whose redox potential lies N A
negative of the enzymes’ Mo""¥ and Mo""" redox potentials which were determined MV2* ARC

from optical spectroelectrochemical and EPR measurements. Apparent Michaelis = =

constants obtained from catalytic limiting currents at various substrate concentrations glassy carbon electrode

were comparable to those previously reported in the literature from enzymatic assays.

Kinetic parameters for benzamidoxime reduction were determined from cyclic voltammograms simulated using Digisim. pH
dependence and stability of the enzyme electrode with time were also determined from limiting catalytic currents in saturating
concentrations of benzamidoxime. The same electrode remained active after at least 9 days. Fabrication of this versatile and cost-
effective biosensor is effective in screening new pharmaceutically important substrates and mARC inhibitors.

B INTRODUCTION molybdoenzymes, are also known to reduce nitrite to NO."*~*
Recently, mARC2 has been associated with energy metabo-
was the fourth and last human enzyme realized to bear a lism.'® Also genome-wide association studies have shown a link

. . . 17—19
molybdenum cofactor (Moco) along with sulfite oxidase, between a common variant of mARC1 and liver disease. .
xanthine oxidase and aldehyde oxidase." mARC is effective in Consequently, mARCI has been proposed as a drug target.

The mitochondrial amidoxime reducing component (mARC)

reducing a broad range of N-hydroxylated compounds, which Different from other eukaryotic Mo enzymes, mARC has a
may be metabolites from cytochrome P450 and flavin- small molecular weight (approx. 35 kDa), forms no
dependent monooxygenase reactions.” > All mammalian homodimers, and bears no prosthetic groups other than
genomes include the MTARCI and MTARC2 genes which Moco.*! Reducing equivalents for substrate turnover are
produce the paralogues mARC1 and mARC2. mARCI and provided by NADH cytochrome bg reductase mediated by
mARC2 share approx. 80% sequence similarity (66% cytochrome by as part of a three-component enzyme system. "
identity).> While both paralogues are predominantly localised In mARC, the active site contains a Mo ion coordinated to a
in the outer mitochondrial membrane, tissue-specific ex- pyranopterin dithiolene ligand (molybdopterin), a cysteine
pression of mARC1 and mARC2 is different.” All Mo enzymes residue, an axial oxido group and an equatorial water based
require Moco which is formed through an elaborate, multistep ligand that is exchanged with the substrate as shown in Figure
biosynthetic pathway.” Breakdowns in this pathway lead to 1 as the metal cycles between its active Mo'¥ and Mo"'
Moco deﬁciencyg’9 and loss of all four human Mo-enzymes. oxidation states.>>>>
Moco deficiency is fatal in humans if untreated, principally due The physiological substrate of the mARC enzymes is still
to the loss of sulfite oxidase activity and neurological damage unknown. Hence, developing sensors for efficiently screening
caused by toxic sulfite. However, thle phenotype for mARC substrates and new prodrug candidates is important. Recently,
dysfunction, on its own, is unknown. a rapid spectrophotometric test based on an NADH assay was
Amidines and similar highly basic functional groups are developed to screen mARC substrates™ augmenting earlier

present in several drugs and are protonated (charged) at
physiological pH which makes drug delivery challenging. Oral
bioavailability of amidines can be improved by administering
them as amidoxime prodrugs, which are activated by mARC in -
vivo."! Both mARCI and mARC2 reductively activate the Received:  May 24, 2022
amidoxime anti-cancer drug Upamostat.'”'" Furthermore, Acce_pted: May 31, 2022
mARC1 and mARC2 may reduce a variety of other N- Published: June 14, 2022
oxygenated compounds such as N-hydroxyguanidines, N-

hydroxysulfonamides, hydroxamic acids, hydroxylamines, N-

oxides or hydroxyurea.'”” mARC enzymes, along with other

studies using HPLC analysis of substrates and products.”®
NADH is a relatively expensive reductant and we have shown
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Figure 1. Catalytic cycle for the mARC catalysed reduction of amidoximes.
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Figure 2. Structures of the mARC substrates examined in this work along with the redox mediator methyl viologen highlighted in the box.

previously that electrochemical methods, as an alternative, can
deliver reducing equivalents to drive mARC catalysis utilising
cytochrome by as the (native) electron transfer partner
between the electrode and the enzyme.*

Immobilisation of proteins on electrode surfaces in their
active form is crucial in developing stable and practical
bioelectrochemical devices for sensing and other biomedical
applications.”” We found that the mARCl:cyt by composite
electrode was electro-catalytically active while the proteins
were physically entrapped under a dialysis membrane on a
chemically modified Au electrode.”® The stability of the Au:cyt
bs/mARCI electrode was limited though, and our goal here
was to produce a more robust mARC enzyme electrode that
could be used for extended periods to screen various substrates
of biomedical importance. Also removing the dialysis
membrane is desirable to allow efficient substrate mass
transport to the immobilised enzyme.*

Described herein is a simply constructed electrochemical
biosensor for screening mARC1 and mARC2 substrates. Both
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mARC enzymes were immobilised, separately, on glassy
carbon (GC) electrodes by encapsulation in a matrix of
glutaraldehyde, a known protein cross-linking agent.”” All
compounds tested using the mARC1 and mARC2 biosensors
are listed in Figure 2.

B EXPERIMENTAL SECTION

Protein Purification. Human mitochondrial amidoxime
reducing component mARC1 and mARC2 were recombinantly
expressed in Escherichia coli and purified essentially as
described by Wahl et al.”'

Reagents. All reagents and enzyme substrates were
obtained commercially. Most experiments were performed in
phosphate buffer (100 mM, pH 7) while pH-dependent
experiments were carried out with a mixture of citric acid, Bis—
Tris, Tris and CHES all at 25 mM and the pH was adjusted by
dropwise addition of acetic acid or concentrated NaOH.
Ultrapure water with resistivity > 18.2 MQ-cm was used for all
experiments.

https://doi.org/10.1021/acs.analchem.2c02232
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Mo Analysis. The Mo concentration within the mARC
enzyme samples was measured using inductively coupled
plasma-optical emission spectroscopy following a previously
published protocol.”® The raw data and calibration curves are
given in Supporting Information Figure SI.

Spectroelectrochemistry. Optical spectroelectrochemis-
try of mARCI and mARC2 (in MES buffer pH 6) was
obtained using 1.7 mm path length optically transparent thin
layer cell (Pine Instruments) comprising a Pt “honeycomb”
working electrode, Pt counter electrode and Ag/AgCl
reference electrode. An Ocean Optics USB2000 fibre optic
spectrophotometer with a DT-MINI-2-GS miniature deute-
rium tungsten halogen light source was employed with the
spectroelectrochemical cell housed within a Belle Technology
anaerobic glove box (O, < 20 ppm). Cell potentials were
controlled with a Bioanalytical Systems BAS100B/W potentio-
stat. Absorption data as a function of potential (A(E)) were
modelled by global analysis of the entire spectra using Reactlab
Redox using a 2-electron model to obtain the Mo""V
Mo/ redox potentials. The relevant equation for this system
is given in eq 1 where Ayo(vr) Amo(v) and Apo(rv) represent the
absorbance of each component at that wavelength, EI is the
Mo""V redox potential and E2 is the Mo"’"V redox potential.

and

E—E1)/59 E2—E)/59
AMo(VI)IO( e Apmo(v) T AMo(IV)IO( )
1+ 10(E—El)/59 + 1O(E2—E)/59

A(E) =

1

EPR Spectroscopy. X-band (~9.39 GHz) continuous-
wave EPR spectra were acquired at 135 K using a Bruker
Elexsys ES40 spectrometer with Eurotherm temperature
control (liquid N,). The magnetic field was calibrated with
2,2-diphenyl-1-picrylhydrazyl (g 2.0036). Spectra were
measured with a modulation amplitude and frequency of 0.5
mT and 100 kHz, respectively, using a microwave power of
1.262 mW (22 dB of a 200 mW source; non-saturating power
condition). Spectral simulation was carried out with the
program EasySpin.”"

The EPR redox titration was carried out in 1 mL of a 51 uM
solution of mARC2 in 100 mM MES buffer (pH 6.0). The
reductant was sodium dithionite and the oxidant was
potassium ferricyanide, each at ca. 10 mM concentration and
added in small aliquots (<1 uL). The redox mediators 2,6-
dimethylbenzoquinone, 2,5-dihydroxybenzoquinone, potassi-
um indigo-5,5'-7-trisulfonate, 2-hydroxynaphthoquinone, so-
dium anthraquinone-2-sulfonate and Safranin T were used to
buffer the oxidation reduction potential (ORP). All manipu-
lations were carried out in a Belle Technology anaerobic
glovebox (O, < 20 ppm). The ORP was measured after ca. 15
min Equilibration time using a Jenco 6230 N meter and Pt/
Ag—AgCl combination electrode calibrated with quinhydrone
(E’ +285 mV vs the normal hydrogen electrode (NHE) at pH
7 and 298 K). Each sample comprised a S0 L aliquot that was
transferred to each EPR tube within the glovebox, sealed then
frozen immediately upon removal from the glovebox.

The ORP (E)-dependent Mo" EPR intensity data (I(E))
were fit to eq 2, a simplified version of eq 1, which applies for a
system such as this where the single electron reduced form is

the only signal giving species. Again El is the Mo""V redox
potential and E2 is the Mo""V potential and I, is the
maximum EPR intensity of the Mo" form.
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I

max

1+ 10(E—El)/59 + lO(EZ—E)/59

I(E) =
(E) @)
Electrochemistry. Enzyme Electrode Preparation. GC
electrodes (3.0 mm diameter) were obtained from Bioanalyt-
ical Systems Inc. Cleaning involved mechanical polishing with
alumina, rinsing with water and absolute ethanol then drying
under N,. A mixture of 3.5 uL of mARCI (260 uM) or
mARC2 (197 uM) and 2 uL of 0.25% glutaraldehyde in water
was then applied to an inverted electrode and evaporated to a
film for 3—4 h at 4 °C.

Cyclic Voltammetry. Electrochemical measurements were
obtained using a BAS100B/W potentiostat using a standard
three-electrode cell comprised of a GC working electrode, Ag/
AgCl reference electrode (calibrated with quinhydrone as
described above) and a Pt wire auxiliary electrode. All
potentials are referenced against NHE. Solutions were
deoxygenated with N, for at least 10 min prior to analysis
and kept under a blanket of N, thereafter. Voltammograms for
pH-dependence studies were obtained with an electrode
covered by a dialysis membrane (MW cut-off 3500 Da), as
described previously.”> All experiments were conducted at
room temperature (298 K).

Apparent Michaelis constants (KM@PP) for each substrate, S,
were determined from the limiting catalytic currents at low
potential for different substrate concentrations according to eq
3

imax[ S

" Kypapp + 8]

ilim
()

For pH dependence studies, CVs of mARCs 1 and 2 on GC
with glutaraldehyde were measured in the presence of a
saturating amount of benzamidoxime (2.4 mM) in 100 mM
mixed buffer at different pHs. Variation of the bell-shaped
catalytic current profile (i) with pH was modelled with eq
4. Here pK,, coincides with a deprotonation reaction at the

active site that turns off catalysis while pK, is a protonation

reaction that also stops catalysis and i
at the pH optimum.

opt 18 the limiting current

Lopt

lmax

T 14 1P oK) 4)

Electrochemical Simulations. The electrochemical ki-
netic model describing mediated mARC catalysis is shown in
Scheme 1 with all relevant rate constants defined. Simulations

Scheme 1. Electrochemical Kinetic Model for Mediated
Catalysis of mARC which Is Shown in Its Three Oxidation
States Mo"’, Mo" and Mo""

P MV* H
K
P MoV! k3 0| o
2 MV2+
Mo':s Mo" MV* GC electrode
Mo"l/kg/
k 24
1 K. MV ko
S
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Figure 3. Measured (symbols) and calculated (broken curves) absorbances at different wavelengths as a function of potentials for (A) mARCI and
(B) mARC2 in 20 mM MES pH 6. The Mo""V and Mo"""V redox potentials are marked with the vertical broken lines.
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Figure 4. (A) X-band (~9.39 GHz) 135 K EPR spectrum of mARC2 poised at —29 mV versus NHE (red solid line) and simulated spectrum
(broken line) with g 2.0015 (A, 24 MHz); g, 1.967 (A, 40.6 MHz); g3 1.9623 (A; 27.6 MHz). Hyperfine coupling to the minor **Mo and *’Mo
isotopes is indicated with asterisks but not modelled in the simulation. (B) Mo" EPR signal intensity as a function of redox potential. The broken
curve is the fit to eq 2 with Mo""V and Mo"""V redox potentials —40(+20) and —92(+20) mV versus NHE, respectively.

of all cyclic voltammograms (CVs) were performed using
Digisim version 3.03b.”* The electrode surface area and the
double-layer capacitance were 0.055 cm’ and 10—20 uF
(depending on the enzyme electrode preparation), respec-
tively. For the mediator and substrate, semi-infinite diffusion
was assumed, while a finite diffusion (blocked boundary)
model was used for the surface-confined mARC enzyme. All
pre-equilibration reactions were disabled. The redox potential
and diffusion coeflicients of methyl viologen in its oxidised and
reduced forms was determined from control voltammetry
experiments in the absence of enzyme or substrate. Diffusion
coefficients for the enzymes and substrates were 1.0 X 107
and 1.0 X 1075 cm? 574, respectively, and held constant for all
simulations. Kinetic parameters for the enzyme/substrate
dependent reactions (k;/k_, and k,) were determined for
sets of experiments with different substrate concentrations and
scan rates. Outer sphere electron transfer rate constants of the
Mo"" (k;) and Mo" (ky’) states of mARC with methyl viologen
were assumed to be equal. The catalytic waveforms were
consistent with a single electron transfer reaction between the
mediator and enzyme, that is MV**® is the electron donor to the
mARC enzyme. All model parameters and fitting protocols are
assembled in the Supporting Information (pp S13—S14).

9211

B RESULTS AND DISCUSSION

Redox Potentials of mARC1 and mARC2. Optical
Spectroelectrochemistry. Figure 3 shows a collection of single
wavelength absorption profiles as a function of redox potential
for mARC1 and mARC2. The raw data are in the Supporting
Information. As previously reported,”””” the spectra of the
oxidized and reduced forms of mARC are rather featureless
comprising broad shoulders in the range 380—550 nm. Small
but reversible changes in the spectra of mARCI and mARC2
were identified as a function of potential which enabled the
Mo""V and Mo"""V redox potentials to be calculated with
Reactlab Redox (eq 1) and these are indicated by the vertical
broken lines in Figure 3A,B which coincide with inflexion
points on the curves. The respective Mo""" and Mo"/"" redox
potentials of mARC1 were determined to be +64(+10) and
—30(+10) mV versus NHE at pH 6, while for mARC2, these
potentials were significantly lower at —37(%10) and
—137(£10) mV versus NHE.

EPR Spectroscopy. The EPR spectra of mARC1 and
mARC?2 in their intermediate Mo" oxidation state have been
reported previously.”*® The spectrum of mARC2 poised at
—29 mV versus NHE by chemical reduction with a set of redox
mediators (see Experimental Section) is shown in Figure 4A
which exhibits axial symmetry and a large proton hyperfine
coupling to the equatorial hydroxido ligand. The simulated
spectrum is also shown next to the experimental spectrum.

https://doi.org/10.1021/acs.analchem.2c02232
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Figure 6. pH profiles for the limiting cathodic current for (A) GC/mARC1 and (B) GC/mARC?2 in the presence of 2.4 mM benzamidoxime and
40 uM methyl viologen in 100 mM mixed buffer (citric acid, Bis—Tris, Tris and CHES each 25 mM).

Satellite peaks from **Mo and *’Mo hyperfine coupling (I = 5/
2, total isotopic abundance ~ 24%) are marked with an
asterisk, but due to their weak intensity they were not included
in the simulation.

A redox titration was carried out where the intensity of the
EPR active Mo" form rose and then fell as the potential was
lowered. All potential dependent spectra appear in the
Supporting Information (Figure S3). The results are
summarised in Figure 4B. From this analysis (eq 2), the
MoV and Mo""V redox potentials of mARC2 were
—40(+20) and —92(#+20) mV versus NHE which agrees
with the optical spectroelectrochemistry data. Precipitation of
mARC1 during the redox titration prevented an EPR redox
titration being conducted on this enzyme.

Catalytic Voltammetry Mediated by Methyl Violo-
gen. Benzamidoxime Reduction. An effective redox mediator
to drive mARC catalysis should have a redox potential
significantly more negative than the enzyme. Methyl viologen
is a suitable candidate, which typically shows reversible single
electron electrochemistry at a low potential. Figure SA shows a
series of CVs of methyl viologen (MV**) at the CG/mARC1
electrode, with the enzyme immobilised as part of a
glutaraldehyde-crosslinked film, at different concentrations of
benzamidoxime (BA). As the concentration of BA increases,
the original symmetrical, reversible CV for MV?*/** (=436 mV
vs NHE) transforms into an asymmetric cathodic peak which
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then becomes sigmoidal at high (saturating) concentrations of
BA. The increase in current with BA concentration is due to
the larger amount of substrate being reduced, which
consequently produces more MV** at the electrode surface
as the product of substrate reduction. The CVs also approach a
more sigmoidal form with increasing BA concentration, which
is typical of an electrochemical steady state.

Eventually the catalytic current reaches a plateau as the
enzyme becomes saturated with substrate. A plot of limiting
currents at —S00 mV (vs NHE) against concentration of
benzamidoxime (Figure SB) follows Michaelis—Menten
kinetics (eq 3) and an apparent Michaelis constant (Ky,,)
was obtained for benzamidoxime catalysed reduction by
mARCI1 of 810 yM. Caution should be taken when comparing
these constants with somewhat lower Ky; values measured
from biochemical assays, which use cytochrome bs and NADH
reductase,'”*"*7*® as the currents here are not only
determined by enzyme turnover but also the mARC/MV**
reaction depending on the conditions. This will be revisited
when considering the electrochemical simulations.

The corresponding CVs and Ky plot obtained for the GC/
glutaraldehye-mARC2 electrode are shown in Figure S4
(Supporting Information). Analogously to the mARC1 iso-
form, the mARC2-modified electrode was able to catalyse BA
reduction as evidenced by the increasing reductive currents
and sigmoidal CVs at higher substrate concentrations. The

https://doi.org/10.1021/acs.analchem.2c02232
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Table 1. Ky ,,, and iy, Values (eq 3) for Different mARC1 and mARC2 Substrates Determined Electrochemically (40 mV

MV?*, 100 mM Phosphate Buffer pH 7)“

mARC1 mARC2
substrate Kigapp/HM iax/ HA Kigapp/ #M iax/ HA
acetamide oxime 1.7(3) x 10° 1.1(1) x 10 1.3(2) x 10° 4.6(2)
benzamidoxime 8.1(7) x 10? 59(2) 1.1(1) x 10° 3.1(1)
guanoxabenz 6(1) x 10* 2.1(1) 9(2) x 10* 1.5(1)
hydroxyurea 5.8(5) x 10° 3.1(1) 6(2) x 107 4.0(4) x 107"
N-hydroxyadenosine 4.4(8) x 10 1.6(1) 3.0(4) x 10° 7.7(3) x 107!
N-hydroxyurethane 5.9(6) x 10? 3.7(1) 3.0(7) x 10* 49(3) x 107!
nicotinamide N-oxide 3.9(8) x 10* 1.5(1) 1.9(4) x 10* 1.5(1) x 107
“The errors in the last significant figure are from non-linear fits of the data to eq 3.
A B C
$ 0.5 pA ¢ 0.5 yA
-600 -500  -400  -300 600 -500  -400 -300 600 -500  -400  -300
E/mV vs NHE E/mV vs NHE E/mV vs NHE

Figure 7. CVs of 40 uM methyl viologen at the GC/glutaraldehyde-mARCI electrode on (A) day 1, (B) day 4 and (C) day 9 before (black) and
after (red) addition of 2400 M benzamidoxime (BA). In panel (A) the broken curve is the first run and the solid curve is the second run after
testing multiple substrates (as in Figure S18). Scan rate is S mV s™' in 100 mM phosphate buffer pH 7.

apparent Michaelis constant was comparable to previously
reported data.”’

pH Dependence. Electrode-immobilised mARC1 and
mARC2 both catalyse the reduction of BA but the limiting
current is pH dependent (Figures 6 and SSA,B). This is also
consistent with results published for membrane-bound
mARC1 on gold electrodes modified with self-assembled
monolayers of alkyl thiols and chitosan.”® The dependence of
imax at =500 mV versus NHE with pH was modelled with eq 4
as shown in Figure 6 where bell-shaped profiles were found.
From eq 4 protonation constants were obtained that are
associated with acid base equilibria that switch off catalysis. For
mARC1, pK,, = 89 (deprotonation) and pK,, = 5.4
(protonation) while for mARC2, pK,; = 9.5 and pK,, = S.1.

Other Substrates. Reduction of other substrates shown in
Figure 2 was investigated using the GC/glutaraldehyde-
mARC1 and GC/glutaraldehyde-mARC2 electrodes. CVs
and plots from which the apparent Michaelis constant,
Kyippr Were obtained for each substrate are shown in the
Supporting Information (Figures S6—S17). The Kiypapp values
summarized on Table 1 are as expected,“’39 except for higher
previously reported values for N-hydroxyadenosine.”> How-
ever, these apparent Ky values should not be directly
compared with those measured by biochemical assays due to
the rate of MV™" reduction also being a kinetic factor.

Electrode Stability. Utilising our previously published
protocol comprising a thiol-modified Au electrode with
cytochrome by and mARC1,”® we found that catalytic activity
was lost if the enzyme was transferred between solutions.
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Long-term stability of the GC/glutaraldehyde-mARC1 elec-
trode was far superior. As shown in Figure 7A, the catalytic
current from a freshly prepared electrode in the presence of a
saturating concentration of BA (broken line) decreased to
approximately half within a couple of hours (red solid line).

However, after that initial decrease the catalytic current was
effectively constant over the next 9 days if the electrode was
stored in buffer at S °C (Figure 7B,C). The initial sharp
decrease in activity is likely due to dissociation of loosely
bound mARC from the electrode surface, while the remaining
activity is due to mARC entrapped within the glutaraldehyde
crosslinked film. Another ideal feature of this enzyme electrode
is that it may be transferred between solutions containing
different (potential) substrates for screening. This is illustrated
in Figure S18 where catalytic CVs of the GC/glutaraldehyde-
mARCI1 electrode were obtained initially with N-hydroxyade-
nosine (Figure S18A). Washing the electrode in fresh buffer
and transferring to 40 uM MV?" solutions containing N-
hydroxyurethane (Figure S18B) then guanoxabenz (Figure
S18C) demonstrate that the electrode’s catalytic activity is
preserved.

Methyl Viologen Concentration Dependence. In the
absence of MV** no catalysis is seen at either the GC/
glutaraldehyde-mARC1 or GC/glutaraldehyde-mARC2 elec-
trodes when BA is added. This confirms that direct electron
transfer with the enzyme does not occur under these
conditions, which was also found in our previous study using
a chemically modified Au electrode.”® As the MV**
concentration increases, a sigmoidal wave emerges (Figure
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S19), which eventually becomes peak shaped as the
concentration of mediator at the electrode surface becomes
too great to maintain the electrochemical steady state.
Importantly, only low concentrations of MV** (~20—40
UM) are required, and are desirable, to elicit a strong catalytic
current response.

Electrochemical Simulations. Kinetic parameters for
benzamidoxime reduction catalysis (Scheme 1) were deter-
mined by electrochemical simulation, which involves fitting the
experimental data collected at different concentrations of
substrate (BA) and mediator (MV?*) over a range of sweep
rates. The most important data are summarised in Table 2

Table 2. Kinetic Parameters Generated from Digisim
Simulations for GC/mARC-Glutaraldehyde with
Benzamidoxime as Substrate”

mARC1 mARC2
ke (M7 sTh 5.0 x 10° 1.7 x 10°
koy (571 2.5 % 1073 12 X 1072
ky, (s7h) 2.0 2.0
ko, M7Es7h) 2.0 x 1075 LI x 107°
ky=ky (M™'s7h) 1.5 x 10* 1.8 x 10*
ky=ky M'sTh 1.5 x 107! 1.8 x 107"

“Numbers in italics are approximate and have no significant effect on
the simulations. They may be taken as upper bounds. The estimated
error on these parameters is +20%.

while remaining parameters may be found in the Supporting
Information (p S13). Some examples of the experimental and
simulated CV data for mARC1 and mARC2 are shown in
Figures S20—S24 where the concentrations of BA and MV**
are varied as well as the scan rate.

There is a sloping baseline in the experimental data that is
not modelled by the simulations. As the BA concentration
increases (Figure S20A—D) the CVs first become asymmetric
as the anodic peak diminishes and the cathodic peak increases
in intensity. Under these conditions mass transport of BA to
the enzyme is rate limiting. At the faster scan rates (30, 50 mV
s”') the anodic peak persists due to heterogeneous electron
transfer (k,) being faster than homogeneous electron transfer
(ky, ky'). Finally at saturating BA concentrations (Figure
$20D) all CVs take on a sigmoidal waveform and the limiting
currents (corrected for charging current) are almost the same
which is indicative of the reaction being enzyme limited.

B CONCLUSIONS

The present results have shown that a versatile and simply
prepared enzyme electrode can be constructed to examine
potential mARC1 and mARC2 substrates that may provide
viable N-hydroxylated prodrugs. The physiological substrates
for mARC1 and mARC2 remain unknown while the
physiological targets for the bacterial mARC homologues
YiiM and YcbX, which show similarly broad-spectrum
activity,””*" are believed to be cytotoxic and mutagenic N-
hydroxylated purines (such as N-hydroxyadenosine, Figure 2).
The quest to better understand the physiology and
pharmacology of the human mARC enzymes will be enhanced
by further methods, like this, to rapidly screen substrates and
inhibitors of enzyme activity.
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