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Electrochemical Activity Determination of Catechol-O-
methyl Transferase by Selective Dopamine Detection

Gero Gobel,*™ Anja Talke,” Uwe Ahnert,” and Fred Lisdat™

For the treatment of Parkinson’s disease, as one of the most
frequent diseases of the central nervous system, several key
enzymes for dopamine metabolism [e.g. catechol-O-methyl
transferase (COMT)] are drug targets. For an efficient and long-
lasting treatment, the activity of this enzyme should be
monitored. In this study, an electrochemical approach using
differential pulse voltammetry (DPV) is introduced for the
activity determination. The applied electrode material, fluorine-
doped tin oxide (FTO), is characterized by a clear discrimination
between substrate and product of COMT, a high stability of the
dopamine signal during consecutive measurements, and a
linear dependency on the dopamine concentration in the range

1. Introduction

Morbus Parkinson is the second most frequent disease of the
central nervous system. This neurodegenerative disease is
characterized by a slow, but progressive deterioration of the
health status of affected patients caused by the successive
dying of dopaminergic cells. Consequently, certain areas of the
brain reveal a deficiency of dopamine. This lack leads to
movement disorders, which are the most typical symptoms of
Parkinson’s disease (PD)." Hence, for the treatment of this
disease the defect of dopamine can be compensated by the
administration of levodopa, the precursor of dopamine, which
can pass the blood-brain-barrier. Dopamine acts not only as
neurotransmitter, it is also a central component of the catechol-
amine metabolism. Due to the wide variety of biochemical
pathways for synthesis and degradation of catecholamine-
derived neurotransmitters the dopamine concentration in the
brain is influenced by numerous enzymes. For the treatment of
PD, the activity of enzymes, such as dopamine decarboxylase
(DDCQ) or catechol-O-methyl transferase (COMT), can be con-
trolled by inhibitory drugs. While the peripheral decarboxyla-
tion of levodopa can be blocked by inhibitors of the DDC (e.g.
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of the maximum reaction rate of COMT. Despite these advanta-
geous results, dopamine detection in the complete activity
assay is influenced by each of the added essential assay
components, even though none of the added components
reveal a current signal at the FTO electrode itself. After
adjusting the potential range and the assay composition, these
effects can be circumvented. By following the dopamine
concentrations during COMT action, it can be shown that the
activity of COMT can be detected by using differential pulse
voltammetry (DPV) at an FTO electrode and, by analyzing
different COMT amounts, quantification can be demonstrated.

carbidopa or benserazide) the O-methylation of dopamine in
the brain can be prevented by the administration of inhibitors
of the COMT (e.g. entacapone or tolcapone). In this way the
bioavailability of dopamine can be improved.” The efficiency of
this inhibition however, decreases during a long-lasting treat-
ment due the development of a tolerance®™ and should be
monitored by the determination of the activity of these
enzymes. For that, a reliable detection of the substrate and/or
the product of the enzyme conversion is needed.

The COMT metabolizes dopamine in the presence of the co-
substrate S-adenosyl methionine into methoxytyramine and S-
adenosyl homocysteine (Figure 1). Beside dopamine, it can also
convert compounds with a similar structure, such as catechol,
epicatechin, levodopa, adrenaline, noradrenaline, hydroxyestra-
diol and others."™®

In literature numerous procedures for the detection of
dopamine and its derivatives are reported.”® Generally, dop-
amine and related catecholamines can be determined and
discriminated by spectroscopic methods based on UV/Vis
absorption,” fluorescence and Raman scattering™" as well as
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Figure 1. The reaction of catechol-O-methyl transferase (COMT): conversion

of dopamine in the presence of S-adenosyl-methionine into methoxytyr-
amine and S-adenosyl-homocysteine.

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA

CHEM


http://orcid.org/0000-0002-4339-4498

\\,} ChemPubSoc

S Furthermore,

16]

by FTIR™ or mass spectrometry.
histochemical," electrophoretical,"® HPLC-based procedures!
or flow injection analysis"” can be used for the analysis of these
biogenic amines.

Because of their redox activity catecholamines can also be
detected by electrochemical sensing procedures. Beside cyclic
voltammetry,"® square-wave voltammetry" and
amperometry®”, especially differential pulse voltammetry®?'*? is
applied for a sensitive detection of dopamine. In order to
provide a better selectivity and improve the lower detection
limit towards the range of physiological concentrations,
applications of enzymatic or electrochemical recycling systems
have been successfully demonstrated.?%

The most often applied electrode materials for the electro-
chemical detection of dopamine are gold, several semiconduc-
tors (indium tin oxide) and carbon. Among the different
materials, electrodes based on carbon reveal often a good
sensitivity for the electrochemical sensing of this neurotransmit-
ter. Hence, numerous sensor applications for dopamine apply
glassy carbon, screen-printed carbon or carbon paste
electrodes.”® A further increase of sensitivity of this kind of
electrodes can be achieved by decoration of the electrode
surface with nanomaterials such as carbon nanotubes,”*¥
nanocrystals,”” graphene® or metal nanoparticles.?"

However, these carbon derived electrode materials show
also some drawbacks for the detection of catecholamines. One
problem is the passivation of the electrode surface. After the
electrochemical oxidation of dopamine a sequence of chemical
and electrochemical secondary reactions of the oxidized
dopamine leads to the formation of a melanin-like polymer at
the electrode surface.®”*® This reduces not only the signal
intensity for a certain analyte concentration, it also decreases
the selectivity and specificity of the sensor construction.

Another critical problem is the influence of the dopamine
signal by oxidation currents from interfering substances, which
are frequently present in physiological samples. This can be
solved by the implementation of selective layers on the
electrode surface. For that, electrodes have been modified with
Nafion®®***) self-assembled monolayers at gold electrodes,**”
polymer-films,® surfactants,” molecular imprinted
polymers,“*? amino acids and DNAMY Also, the covalent
modification of CNTs at the electrode surface by different
functional groups or the noncovalent adsorption of aromatic
compounds can improve the selectivity.*** SAM layers can also
be advantageous for improved signal stability.*"

Additionally, the measuring signal can not only be disturbed
by interferents as e.g. ascorbate or urate, but is also often
superimposed by oxidation signals from dopamine precursors
or degradation products. Frequently these related catechol-
amines have a similar redox behavior to dopamine. Whereas
the aspect of redox interferents is devoted much attention in
the literature, there are only a few studies investigating the
electrochemical behavior of substrates and products from
enzymes involved in the catecholamine metabolism. As above
mentioned, the COMT is one key enzyme for control of the
dopamine level in the brain. For an efficient electrochemical
activity assay of this enzyme the applied sensor electrode has
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to be able to distinguish clearly between the substrate and the
product of the COMT catalyzed conversion reaction. Recently,
for activity measurement of the COMT substrate and product of
the enzyme conversion are separated via high performance
liquid chromatography followed by an electrochemical detec-
tion of the single compounds.**" Another effective separation
strategy exploits capillary electrophoresis for the detection of
dopamine conversion .7

Fluorine doped tin oxide (FTO) is one electrode material
which can be found in actual sensor developments because of
its good conductivity and transparency, thus appearing as a
valuable alternative to indium tin oxide (ITO) electrodes.”5*”
First studies on the electrochemical behavior of adrenaline,
dopamine and other catecholamines at electrodes using FTO as
sensing material have been reported recently.”® Most FTO
based sensor constructions for the dopamine detection apply
different modifications, reduced graphene oxide for instance, in
order to separate the dopamine signal from interfering
substances.”" Recently we could show that the application of
FTO as electrode not only allows the suppression of the
oxidation of ascorbic and uric acid, but provides a good
discrimination between different dopamine derivatives.”? With
this background the current study investigates the suitability of
a FTO electrode for the electrochemical activity determination
of the COMT enzyme. Here, the influence of different
substances in the assay solution on the selective dopamine
detection has been analyzed in detail and strategies to
overcome disturbing effects on the voltammetric dopamine
detection have been developed. Consequently, an electro-
chemical assay has been established allowing the quantification
of different COMT enzyme activities.

Experimental Section

Materials

Acetone, isopropanol, ethanol, sodium chloride, sodium phosphate
(NaH,PO,) were purchased from Carl Roth GmbH & Co. KG
(Karlsruhe, Germany). Sodium hydroxide, potassium chloride and
sodium chloride were provided by Merck KGaA (Darmstadt,
Germany). HIS-Select-HF Nickel Affinity Gel (Ni-NTA agarose),
dopamine and S-adenosyl methionine (SAM), dihydroxyacetophe-
none, magnesium chloride hexahydrate (Fluka) and boric acid
(Riedel-deHaén) were obtained from Sigma-Aldrich Chemie GmbH
(Munich, Germany). All chemicals were used as delivered from the
producer without any additional purification.

The catechol-O-methyl transferase was recombinantly produced by
BioTez GmbH, Berlin-Buch, Germany. For that, the s-COMT (Uniprot
P21964-2) gene was amplified from cDNA clone plasmid (Sino
Biological), cloned into pET22b and transformed into E. coli BL21
(DE3). One single clone was used for an overnight culture (lysogeny
broth medium (LB), 50 ug/ml ampicillin) which was inoculated into
LB medium with ampicillin. At an OD600 of approx. 0.6 the protein
expression was induced by [-D-thiogalactopyranoside (0.4 mmol/I).
After 5 h the cells were disrupted by sonication and the recombi-
nant COMT was purified using His-Bind resin (JenaBiosciences). The
concentration was determined by BCA assay (Thermofisher).
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For all aqueous solutions purified water from the water system
“ultra clear direct” (SG Water, Germany) was used.

Methods

Electrochemical Procedures

All voltammetric measurements for the characterization of the FTO
electrodes and for the development of the electrochemical activity
assay were carried out with the potentiostat CHI 1230B from CH
Instruments, Inc. (USA) using the differential pulse voltammetry
(DPV) mode. For the DPV measurements, a pulse period of 100 ms,
a step potential of 5 mV, a pulse width of 50 ms, a pulse amplitude
of 30 mV and a sampling width of 16.7 ms were applied. The DPV
measurements of the single compounds were done in a potential
range from —50mV to +500mV vs Ag/AgCl, 1M KCIl. DPV
measurement in the presence of S-adenosyl methionine were
carried out with an upper potential limit of +350 mV vs Ag/AgCl,
1 M KCl.

Before usage, the FTO electrodes were purified by sonication in
acetone, isopropanol and ethanol - each solvent for 15 min - using
the ultrasonic bath Elmasonic S40 H from the Elma Schmidbauer
GmbH (Germany). For the electrochemical investigation via DPV a
home-made flow cell with a three-electrode measuring arrange-
ment consisting of the FTO working electrode with a surface area
of 50 mm?, a platinum wire as counter electrode and an Ag/AgCl,
1 M KCI reference electrode (Microelectrodes Inc., USA) were used.
Between two measurements the electrodes have been rinsed with
20 mM potassium phosphate buffer (pH 7.2) applying a flow rate of
350 pl/min. In parallel, for the regeneration of the electrodes 50
voltammetric cycles with a scan rate of 100 mV/s in a potential
range from —300 mV to+500mV vs Ag/AgCl, 1M KCl were
applied.

COMT Coupling onto Ni-NTA

According to the coupling protocol from Sigma Aldrich Chemie
(Germany) 50 ul of the methanol-Ni-NTA-agarose suspension was
centrifuged 1 min with 5000 g at room temperature. After discard-
ing the supernatant, the Ni-NTA agarose was equilibrated in 50 mM
sodium phosphate buffer (pH 8.0) containing 200 mM Nadl,
followed by a centrifugation step at 5000 g for 1 min. Then the
supernatant was removed and 200 pl of the His-tagged COMT-
solution (600 ug/ml) were added to the Ni-NTA agarose and
incubated for 40 min at RT. After a further centrifugation at 5000 g
for 1 min the supernatant was removed and controlled by the
spectroscopic activity assay in order to ensure that no active
enzyme remained in the supernatant. The agarose pellet was
resuspended and centrifuged again at 5000 g for 1 min. Finally, the
agarose pellet was resuspended in 400 ul, 200 pl, 133 pl or 100 pl
20 mM potassium phosphate (pH 7.2) obtaining 4 different COMT-
Ni-NTA agarose suspensions with 30 pug, 60 ug, 90 ug and 120 pg
when 100 pl of these suspensions are used.

Spectroscopic Activity Assay

For the verification of the results from the electrochemical activity
determination a spectroscopic assay after Borchardt® was applied.
This test is the actual one used for the determination of COMT
activity from enzyme producers and providers. As substrate
dihydroxyacetophenone is used which has a significant smaller Ky-
value than dopamine (8 uM vs. 200-260 uM).®*> For this assay the
COMT was incubated in 500 pl test solution containing 100 uM
dihydroxyacetophenone, 1 mM S-adenosyl-methionine, 4 mM di-
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thiothreitol and 1.2 MM magnesium chloride for 60 min at 37°C.
After stopping the reaction by adding 500 ul 0.4 M sodium borate
the absorption at 344 nm was recorded. In the blank the S-
adenosyl-methionine was replaced by water. The substrate con-
version in nmol was obtained by multiplying the difference of the
absorption at 344 nm with 63.1. This factor considers the extinction
coefficient of dihydroxyacetophenone and its O-methylated prod-
ucts as well as the ratio of the two formed products.”™

Electrochemical Activity Assay

The assay composition for the electrochemical activity determina-
tion was derived from the spectroscopic assay. Since dopamine
instead of dihydroxyacetophenone is used, the higher K-value of
the COMT for this substrate has to be regarded. Hence, 500 pl of
the assay solution, containing 1 mM dopamine, T mM S-adenosyl
methionine (SAM), 400 uM dithiothreitol (DTT) and 120 pM magne-
sium chloride were incubated with different amounts of the COMT
(bound onto Ni-NTA agarose) for 25 min and 50 min at 37°C. After
the separation of the Ni-NTA agarose bound COMT, the assay
solution was led into the flow cell and the dopamine signal was
recorded by DPV while the flow was stopped (Figure 2).

I

Figure 2. Principle of the stop-flow-system for the activity determination of
the captured COMT by electrochemical dopamine detection.

affinity column FTO electrode 0 200 400
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# Ni-NTA agarose His-tagged COMT

2. Results and Discussion

The sensorial detection system for the enzyme activity focusses
on a flow system which allows a selective detection of one
reaction partner of the COMT-catalyzed reaction. The enzyme is
intended to be separated from the biological matrix by an
affinity column which shall be coupled to the sensorial
detection unit (see Figure 2). The focus of the present study is
however, not on the enzyme capturing from real samples such
as blood, but the development of an electrochemical detection
system allowing a quantification of the COMT activity. Thus, the
investigations start with the electrode material and the analysis
of factors which may influence the dopamine signal and
comprises finally the detection of different activities of the
COMT enzyme.

2.1. Basic Characterization of Dopamine Sensing at FTO
Electrodes
First, a suitable electrode material for the electrochemical

determination of COMT activity has to be found. With this
respect not only the electrochemical behavior of the substrate
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of the COMT, dopamine, but also the conversion product,
methoxytyramine, are examined at a fluorine doped tin oxide
(FTO) electrode. For these investigations differential pulse
voltammetry has been used in order to reduce the charging
current and to improve the voltammetric signal of dopamine
oxidation. Additionally, for the sensorial application of the
proposed enzyme activity test, the method can be easily
integrated in simple potentiostats without raising significant
costs.

The voltammogram of the inset in Figure 3 shows the
oxidation current for a 1 mM dopamine solution with a peak
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Figure 3. Peak currents of substrate, product, and two inhibitors from the
human COMT measured by using DPV with a FTO working electrode at a
potential of 320 mV vs. Ag/AgCl, 1 M KCl, applying a concentration of 1 mM
for each compound. Inset: DP voltammograms of 1 mM dopamine (a) and
the product of COMT reaction: methoxytyramine (b) in 20 mM potassium
phosphate, pH 7.2.

current at 320 mV vs. Ag/AgCl, 1 M KCl. For methoxytyramine
no current signal can be observed in the potential range of
dopamine oxidation. That means FTO allows a clear discrim-
ination between substrate and product of the COMT reaction.
Hence, in principle an activity determination of the COMT could
be realized by the voltammetric detection of the decrease of
the dopamine concentration caused by the enzymatic con-
version.

Considering that the electrochemical activity assay should
also be applicable when the enzyme is inhibited, the DPV
signals of the inhibitors of the COMT have to be discriminated
from the dopamine signal. Subsequently, the voltammetric
behavior of entacapone and tolcapone have been investigated
by DPV in the potential range applied for the dopamine
detection. The determined current signals at a potential of
320 mV vs Ag/AgCl, 1 M KCl demonstrate clearly that nearly no
current signal from methoxytyramine, entacapone and tolca-
pone can be observed in the range of dopamine oxidation (<
1%) - even when high concentrations as 1 mM are applied.

Furthermore, for a reliable detection also the stability of
measuring signal for a defined analyte concentration has to be
examined. Due to formation of polymerization products from
electrochemically oxidized dopamine, the current signal often
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Figure 4. Peak currents of 25 consecutive DPV measurements with a
dopamine concentration of 200 uM (in 20 mM potassium phosphate, pH 7.2)
at an FTO electrode at a potential of 320 mV vs. Ag/AgCl.

decreases during consecutive measurements at most electrode
materials applied for the electrochemical dopamine detection.
Hence, the stability of the dopamine signal during a sequence
of 25 DPV measurements has been examined. At FTO no
decrease of the dopamine signal can be observed after these
consecutive measurements (Figure 4). It has to be mentioned
here, that a regeneration of the FTO electrode in between the
measurements by buffer flow and cyclic voltammetry (50 cycles)
is necessary in order to avoid the deposition of reaction
products of the electrochemical neurotransmitter oxidation.

Evaluating the results of the pre-investigations above it can
be concluded that essential requirements for reliable dopamine
detection via DPV can be met. Hence, FTO could be a suitable
electrode material for an activity assay for the COMT via
voltammetric dopamine measurement.

2.2. Influence of Components of the Enzyme Activity Assay
on the Dopamine Signal

Some essential components for the development of an activity
assay for the COMT can be obtained from the spectroscopic
activity assay according to Borchardt.”® Beside the information
on the suitable co-substrate concentration, also the optimal pH
value, the incubation temperature, the concentrations of the
co-factor magnesium and the reducing agent dithiothreitol
have been derived. For the application of all the essential
ingredients in a voltammetric activity assay, their redox proper-
ties in the range of the electrochemical dopamine oxidation
have to be analyzed. Hence, all compounds are examined via
DPV with the final concentrations in the activity assay. The
voltammograms in Figure 5 demonstrate clearly that none of
the additional assay components - 1 mM SAM, 4 mM DTT and
1.2 mM MgCl, - show any redox signal in the potential range up
to 500 mV vs. Ag/AgCl, 1 M KCl.
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Figure 5. Voltammetric behavior of essential components for the activity
assay at an FTO electrode during DPV measurements in in 20 mM potassium
phosphate, pH 7.2, applying a potential up to 500 mV vs. Ag/AgCl, 1 M KCl
(SAM: S-adenosyl-methionine, DTT: dithiothreitol and magnesium chloride).

After these promising results the dopamine detection via
DPV has been analyzed in the presence of the co-substrate
SAM. Here a significant decrease of the DPV-signal for a defined
dopamine concentration after several consecutive measure-
ments can be revealed, even though the same parameters for
the DPV-measurement of dopamine have been applied as
before (Figure 6 a). Obviously, reactions products from oxidized
dopamine and SAM lead to a partial passivation of the
electrode surface. This would however, hinder a reliable
dopamine concentration analysis. A successful strategy in order
to avoid this loss of signal intensity can be provided by
reducing the upper potential limit during the voltammetric
dopamine measurement to 350 mV vs Ag/AgCl, 1 M KCl. The
result of such a measurement is given in Figure 6b - clearly
demonstrating that in this diminished potential range a reliable
dopamine detection is feasible.
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Another aspect for a reliable detection of the COMT activity
is the defined dependency of the measuring signal on the
dopamine concentration in the presence of the co-substrate
SAM - in the concentration range used for enzyme activity
analysis. The K value of the soluble COMT is reported to be
about 200 uM to 260 uM dopamine.***? Hence, for the activity
determination dopamine concentrations of up to 1 mM have to
be applied in order to ensure saturation conditions. With this
respect, the dependency of the voltammetric signal from the
dopamine concentration has been examined with a SAM
concentration of 1 mM present in solution. The results of these
investigations reveal a linear dependency of the current signal
on the dopamine amount even when applying high concen-
trations as 1 mM (inset of Figure 6 b). The R>value can be
determined with 0.996 indicating the high linearity of the
signal-concentration function. This behavior provides a good
basis for an exact measurement of the dopamine concentration,
which is essential for the determination of the enzymatic
reaction rate.

After the identification of these conditions, the redox signal
for a defined dopamine concentration has been studied not
only in the presence of SAM, but also in the presence of the
other two essential assay components DTT and MgCl,. The
investigations reveal that the presence of each essential
component has a significant influence on the dopamine DPV-
signal (Figure 7). The presence of 4 mM DTT lead to an increase
of the dopamine signal and a shift of the redox peak towards
lower potentials. The behavior can be explained by a chemical
redox cycling allowing a chemical reduction of the oxidized
dopamine back to the original dopamine molecule thus,
enhancing the oxidation signal.?” In contrast, the presence of
1.2 mM MgCl, leads to a diminished dopamine oxidation peak
current of about 20 percent and a small potential shift of the
peak maximum to higher values of about + 15 mV.

DTT and MgCl, are essential components for the detection
of COMT activity since experiments without them reveal a
significantly decreased enzyme activity, i.e. only less than 10
percent remain. However, by using a drastically reduced
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Figure 6. Consecutive dopamine measurements (1 mM) in the presence of S-adenosyl methionine (1 mM). First DPV (solid line), second DPV (dotted line),
third DPV (dashed/dotted line). (a) Decrease of the DPV signal, applying an end potential of 500 mV vs. Ag/AgCl, 1 M KCl. b) Behavior of the DPV signal after
the reduction of the upper potential limit to 350 mV vs. Ag/AgCl, 1 M KCl. Inset: dependency of the peak current at 320 mV vs. Ag/AgCl, 1 M KCl on the
dopamine concentration, measured via DPV at an FTO electrode. (in 20 mM potassium phosphate, pH 7.2; n=3)
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Figure 7. Influence of the additional assay components on the DPV signal for
1 mM dopamine: a) 1 mM dopamine, b) T mM dopamine and 4 mM DTT c)

1 mM dopamine and 1.2 mM MgCl,. Inset: stability of the DPV-signal at

320 mV (vs Ag/AgCl, 1 M) of 1 mM dopamine in the presence of 1 mM SAM
and the significantly reduced amount of the essential assay components
DTT (400 uM) and MgCl, (120 uM) during consecutive measurements (M1-
M3) (in 20 mM potassium phosphate, pH 7.2).
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Figure 8. Absorption spectra from the activity assay according to
Borchardt.”® The spectra of the test solutions were recorded after 60 min at
37°C applying 50 pl from the supernatant after COMT coupling onto Ni-NTA-
agarose (dotted line), 50 pl fresh prepared COMT-Ni-NTA agarose (solid line)
and 50 pl COMT-Ni-NTA agarose stored for 5 d at 4°C (dashed/dotted line).
The absorbance of the O-methylated products 3-hydroxy-4-methoxyaceto-
phenone and 4-hydroxy-3-methoxyacetophenone is detected here.

amount of DTT and MgCl, (400 uM and 120 pM) and testing the
COMT activity with the optical assay, it is found, that the activity
of COMT can be fully retained. When applying these conditions
for the electrochemical analysis of the dopamine signal, it is
found that the height of the current signal is nearly stable (inset
of Figure 7). The drastic effects of DTT and MgCl, can be almost
completely avoided.
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Figure 9. Electrochemical determination of the dopamine concentration
after incubation of the developed test solution with 30 ug (square), 60 pg
(triangle tip down), 90 ug (triangle tip up) and 120 pg (rhombus) COMT for
0 min, 25 min and 50 min. Inset: specific activity of the COMT, calculated by
the data from the developed electrochemical activity assay for 4 different
enzyme amounts. (n=3)

2.3. Verification of Electrochemical COMT Activity Detection

With the adapted potential window (<350 mV vs. Ag/AgCl, TM
KCl) and the new assay composition (400 uM DTT, 120 pM
MgCl,) a stable dopamine detection can be ensured and thus,
feasibility of the electrochemical activity determination of the
COMT has been studied. For this purpose His-tagged COMT has
been bound to Ni-NTA agarose and incubated for different
times at 37°C in the adopted activity assay mix. After coupling
of the COMT onto Ni-NTA agarose no activity can be detected
in the supernatant indicating the complete enzyme amount has
been bound. The activity of the agarose bound enzyme is stable
for a time period of several days as could be shown by
spectroscopic activity measurements (Figure 8). This experimen-
tal format has been chosen to be close on the assay format as
illustrated in Figure 2.

When the bound COMT has been incubated for the time
period of 25min and 50 min with the whole assay mix
including dopamine, the determination of dopamine concen-
tration via DPV reveals a clear and time-dependent decrease of
the voltammetric signal (Figure 9).

This indicates that an activity measurement of the COMT
can be realized at FTO under the identified conditions. In order
to show that this electrochemical assay can be used for samples
with different activities, four assays with different enzyme
amounts have been investigated. The results shown in Figure 9
demonstrate that the decrease of the determined dopamine
concentration depends clearly on the applied COMT amount
used for the dopamine conversion. The activity of the COMT
calculated by the electrochemically determined dopamine
concentration correlates closely to the enzyme amount used for
incubation. For the different enzyme amounts of 30 g, 60 pug,
90 ug and 120 pg reaction rates of 0.74 nmol/min, 1.7 nmol/
min, 2.6 nmol/min and 3.5 nmol/min can be determined. From
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these data the specific activity can be calculated with about
0.029 umol/(min*pg) for the higher enzyme amounts and
0.025 umol/(min*pg) for 30 pg COMT (inset of Figure 9).

Comparative activity measurements with an enzyme
amount of 30 ug Ni-NTA-agarose bound COMT via the spectro-
scopic assay according to Borchardt yield an activity of
0.33 nmol/min. That means, the reaction rate determined by
the electrochemical assay is more than twice higher. The
significant lower activity value from the spectroscopic assay can
be explained by the application of the substrate dihydroxyace-
tophenone, which is not the natural one for the COMT. This
prevents a direct comparison of both activity values. However,
the reaction rate of the COMT determined by the developed
electrochemical activity assay should be more relevant for
evaluation of the natural enzyme activity with its physiological
function as dopamine-converting enzyme and also its inhibition
by specific drugs.

When comparing this newly developed method for COMT
activity determination with earlier studies based on chromatog-
raphy or electrophoresis, this sensor development allows the
analysis of the substrate of the COMT in the presence of the
product and all essential components without a previous
separation step. Thus, it avoids the use of sophisticated
instrumentation. The electrochemical detection of the COMT
activity could be a convenient technique with comparatively
low costs if it is combined with an isolation of the enzyme from
real samples via an affinity column.

3. Conclusions

At FTO electrodes not only the substrate and the product of the
COMT reaction can be discriminated by a DPV-measurement, it
is also possible to exclude measuring signals from two
important enzyme inhibitors, which are used to regulate the
activity of the COMT in medicine. Furthermore, the dopamine
signal reveals a high stability after repeated measurements.

Despite these advantageous characteristics of FTO as
electrode material for the dopamine detection, components,
which are necessary for the accomplishment of an activity
assay, are disturbing a reliable dopamine detection significantly.
Even though the single essential assay components such as the
co-substrate SAM and the reducing agent DTT and the salt
MgCl, show no activity in the range of dopamine oxidation, the
addition of each compound has a significant influence on the
strength of the dopamine signal. However, in this study ways
have been found to overcome these limitations. After the
adjustment of the potential window for the DPV measurement
(<350 mV vs. Ag/AgCl) and the adaption of the concentration
of essential assay components (400 uM DTT, 120 uM MgCl,) a
reproducible detection of dopamine concentrations can be
achieved without compromising the enzyme activity determi-
nation.

With the identified parameters, the activity of different
enzyme amounts can be determined by analyzing the enzy-
matic consumption of dopamine by voltammetric detection.
The results reveal, that the dopamine concentration clearly
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depends on the time period the reaction mixture is in contact
with the COMT and the amount of enzyme applied for the
study. This demonstrates, that an electrochemical determina-
tion of the COMT activity can be realized via DPV at FTO
electrodes. Due to the application of dopamine as COMT
substrate — in contrast to dihydroxyacetophenone for the
commercially available optical activity assay — the results of this
new developed COMT activity assay should be more relevant
for medical applications. This developed assay allows activity
measurements similar to spectrophotometric methods, but in a
sensorial format with rather inexpensive equipment.

Acknowledgements

Financial support by the BMWi (project: 16KN041836) is gratefully
acknowledged. Open access funding enabled and organized by
Projekt DEAL.

Conflict of Interest

The authors declare no conflict of interest.

Keywords: catechol-O-methyl transferase - dopamine - flow
system - fluorine-doped tin oxide - sensing

[11 A. Samii, J. G. Nutt, B. R. Ransom, Lancet 2004, 363, 1783-1793.

[2] S. Kaakkola, Drugs 2000, 59, 1233-1250.

[3] D. Maltete, A. M. Cottard, B. Mihout, J. Costentin, Clin. Neuropharmacol.
2011, 34, 21-23.

[4] P. Bastos, T. Gomes, L. Ribeiro, in Rev. Physiol. Biochem. Pharmacol. Vol
173 (Eds.: B. Nilius, P. DeTombe, T. Gudermann, R. Jahn, R. Lill, O.H.
Petersen), Springer-Verlag Berlin, Berlin, 2017, pp. 1-39.

[5] J. D. Lambert, S. Sang, C. S. Yang, Mol. Pharm. 2007, 4, 819-825.

[6] N.J. Lakhani, M. A. Sarkar, J. Venitz, W. D. Figg, Pharmacotherapy 2003,
23,165-172.

[71 J. A. Ribeiro, P. M. V. Fernandes, C. M. Pereira, F. Silva, Talanta 2016, 160,
653-679.

[8] M.P. Quinones, R. Kaddurah-Daouk, Neurobiol. Dis. 2009, 35, 165-176.

[9] P. A. Rasheed, J.-S. Lee, Microchim. Acta 2017, 184, 1239-1266.

[10] T. Pradhan, H.S. Jung, J. H. Jang, T. W. Kim, C. Kang, J. S. Kim, Chem. Soc.
Rev. 2014, 43, 4684-4713.

[11] E. Dumont, C. De Bleye, J. Cailletaud, P.-Y. Sacre, P.-B. Van Lerberghe, B.
Rogister, G. A. Rance, J. W. Aylott, P. Hubert, E. Ziemons, Talanta 2018,
186, 8-16.

[12] M. Mueller, B. Torger, E. Bittrich, E. Kaul, L. lonov, P. Uhlmann, M. Stamm,
Thin Solid Films 2014, 556, 1-8.

[13] M.S. Khan, M. L. Bhaisare, S. Pandey, A. Talib, S.-M. Wu, S. K. Kailasa, H.-
F. Wu, Int. J. Mass Spectrom. 2015, 393, 25-33.

[14] M. Diaz-Rios, E. Oyola, M. W. Miller, J. Comp. Neurol. 2002, 445, 29-46.

15] S. Parrot, L. Bert, L. Mouly-Badina, V. Sauvinet, J. Colussi-Mas, L. Lambas-
Senas, F. Robert, J. P. Bouilloux, M. F. Suaud-Chagny, L. Denoroy, Cell.
Mol. Neurobiol. 2003, 23, 793-804.

[16] N. Musso, C. Vergassola, A. Pende, G. Lotti, J. Lig. Chromatogr. 1990, 13,
1075-1090.

17] J. F.van Staden, R. I. S. van Staden, Talanta 2012, 102, 34-43.

18] C.E. John, S.R. Jones, Neuropharmacology 2007, 52, 1596-1605.

9] M. Baccarin, F. A. Santos, F. C. Vicentini, V. Zucolotto, B. C. Janegitz, O.
Fatibello-Filho, J. Electroanal. Chem. 2017, 799, 436-443.

[20] M. P. Parsons, S. Li, G. J. Kirouac, J. Comp. Neurol. 2007, 500, 1050-1063.

[21] R. A. Clark, S.E. Zerby, A. G. Ewing, in Electroanal. Chem. Vol 20 Ser. Adv.
(Eds.: A. J. Bard, I. Rubinstein), Marcel Dekker, New York, 1998, pp. 227-
294.

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA

CHEM


https://doi.org/10.1016/S0140-6736(04)16305-8
https://doi.org/10.2165/00003495-200059060-00004
https://doi.org/10.1021/mp700075m
https://doi.org/10.1592/phco.23.2.165.32088
https://doi.org/10.1592/phco.23.2.165.32088
https://doi.org/10.1016/j.talanta.2016.06.066
https://doi.org/10.1016/j.talanta.2016.06.066
https://doi.org/10.1016/j.nbd.2009.02.019
https://doi.org/10.1007/s00604-017-2183-6
https://doi.org/10.1039/C3CS60477B
https://doi.org/10.1039/C3CS60477B
https://doi.org/10.1016/j.talanta.2018.04.038
https://doi.org/10.1016/j.talanta.2018.04.038
https://doi.org/10.1023/A:1025009221285
https://doi.org/10.1023/A:1025009221285
https://doi.org/10.1080/01483919008049235
https://doi.org/10.1080/01483919008049235
https://doi.org/10.1016/j.talanta.2012.05.017
https://doi.org/10.1016/j.neuropharm.2007.03.004
https://doi.org/10.1016/j.jelechem.2017.06.052
https://doi.org/10.1002/cne.21224
https://doi.org/10.1002/cne.21224

[22]
[23]
[24

[25
[26

[27]

[28]

[29

"xChemPubSoc

R. Ramachandran, S.-M. Chen, G. P. G. Kumar, P. Gajendran, N. B. Devi,
Int. J. Electrochem. Sci. 2015, 10, 8607-8629.

F. Lisdat, U. Wollenberger, A. Makower, H. Hortnagl, D. Pfeiffer, F. W.
Scheller, Biosens. Bioelectron. 1997, 12, 1199-1211.

Y. Ferry, D. Leech, Electroanalysis 2005, 17, 113-119.

K. Jackowska, P. Krysinski, Anal. Bioanal. Chem. 2013, 405, 3753-3771.

X. Yang, B. Feng, X. He, F. Li, Y. Ding, J. Fei, Microchim. Acta 2013, 180,
935-956.

C. B. Jacobs, M. J. Peairs, B. J. Venton, Anal. Chim. Acta 2010, 662, 105-
127.

M.-R. Bujduveanu, W. Yao, A. Le Goff, K. Gorgy, D. Shan, G.-W. Diao, E.-
M. Ungureanu, S. Cosnier, Electroanalysis 2013, 25, 613-619.

O. Kovtun, X. Arzeta-Ferrer, S.J. Rosenthal, Nanoscale 2013, 5, 12072-
12081.

A. Pandikumar, G. T. S. How, T. P. See, F. S. Omar, S. Jayabal, K. Z. Kamali,
N. Yusoff, A. Jamil, R. Ramaraj, S. A. John, RSC Adv. 2014, 4, 63296-
63323.

N. Yusoff, A. Pandikumar, R. Ramaraj, H. N. Lim, N. M. Huang, Microchim.
Acta 2015, 182, 2091-2114.

R. Lane, A. Hubbard, Anal. Chem. 1976, 48, 1287-1293.

D. Tse, R. Mccreery, R. Adams, J. Med. Chem. 1976, 19, 37-40.

R. Turner, D. Harrison, R. Rajotte, Biomaterials 1991, 12, 361-368.

G. Nagy, G. Gerhardt, A. Oke, M. Rice, R. Adams, R. Moore, M.
Szentirmay, C. Martin, J. Electroanal. Chem. 1985, 188, 85-94.

F. Malem, D. Mandler, Anal. Chem. 1993, 65, 37-41.

C. Spegel, A. Heiskanen, J. Acklid, A. Wolff, R. Taboryski, J. Emneus, T.
Ruzgas, Electroanalysis 2007, 19, 263-271.

M. Sajid, M. K. Nazal, M. Mansha, A. Alsharaa, S. M. S. Jillani, C. Basheer,
TrAC Trends Anal. Chem. 2016, 76, 15-29.

H. Vidya, B. E. K. Swamy, J. Mol. Lig. 2015, 211, 705-711.

J. Li, J. Zhao, X. Wei, Sens. Actuators B 2009, 140, 663-669.

D. Lan, L. Zhang, J. Electroanal. Chem. 2015, 757, 107-115.

[42]

43
44
5
46

TEETE

1
]
1
]

[47]

[48

[49

[50

CHEM
Articles

G. G. Wildgoose, C. E. Banks, H. C. Leventis, R. G. Compton, Microchim.
Acta 2006, 152, 187-214.

Y.-L. Zhao, J. F. Stoddart, Acc. Chem. Res. 2009, 42, 1161-1171.

T. Luczak, Electrochim. Acta 2009, 54, 5863-5870.

E. Schultz, E. Nissinen, S. Kaakkola, Biomed. Chromatogr. 1989, 3, 64-67.
M. H. Yan, L. T. Webster, J. L. Blumer, J. Pharmacol. Exp. Ther. 2002, 301,
315-321.

S. Van Dyck, A. Van Schepdael, J. Hoogmartens, Electrophoresis 2002, 23,
1341-1347.

L. Molero, M. Faundez, M. Angelica del Valle, R. del Rio, F. Armijo,
Electrochim. Acta 2013, 88, 871-876.

S. Hernandez, M. Tortello, A. Sacco, M. Quaglio, T. Meyer, S. Bianco, G.
Saracco, C. F. Pirri, E. Tresso, Electrochim. Acta 2014, 131, 184-194.

C. Ramirez, M. A. del Valle, M. Isaacs, F. Armijo, Electrochim. Acta 2016,
199, 227-233.

A. ). S. Ahammad, T. Islam, M. M. Hasan, M. N. . Mozumder, R. Karim, N.
Odhikari, P.R. Pal, S. Sarker, D. M. Kim, J. Electrochem. Soc. 2018, 165,
B174-B183.

G. Goebel, A. Talke, F. Lisdat, Electroanalysis 2018, 30, 225-229.

R. Borchardt, Anal. Biochem. 1974, 58, 382-389.

R. Borchardt, J. Med. Chem. 1973, 16, 377-382.

M. J. Bonifacio, P. N. Palma, L. Almeida, P. Soares-da-Silva, CNS Drug Rev.
2007, 13, 352-379.

H.-W. Bai, J.-Y. Shim, J. Yu, B. T. Zhu, Chem. Res. Toxicol. 2007, 20, 1409-
1425.

M. Candito, A. Krstulovic, P. Chambon, J. Chromatogr. B 1995, 669, 413—
415.

Manuscript received: May 23, 2019
Revised manuscript received: July 24, 2019
Accepted manuscript online: August 1, 2019

ChemeElectroChem 2019, 6, 4533-4540 www.chemelectrochem.org

4540

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA

CHEM


https://doi.org/10.1016/S0956-5663(97)00098-5
https://doi.org/10.1002/elan.200403069
https://doi.org/10.1007/s00216-012-6578-2
https://doi.org/10.1007/s00604-013-1015-6
https://doi.org/10.1007/s00604-013-1015-6
https://doi.org/10.1016/j.aca.2010.01.009
https://doi.org/10.1016/j.aca.2010.01.009
https://doi.org/10.1002/elan.201200245
https://doi.org/10.1039/c3nr02019c
https://doi.org/10.1039/c3nr02019c
https://doi.org/10.1039/C4RA13777A
https://doi.org/10.1039/C4RA13777A
https://doi.org/10.1007/s00604-015-1609-2
https://doi.org/10.1007/s00604-015-1609-2
https://doi.org/10.1021/ac50003a009
https://doi.org/10.1021/jm00223a008
https://doi.org/10.1016/0142-9612(91)90003-S
https://doi.org/10.1016/S0022-0728(85)80052-8
https://doi.org/10.1021/ac00049a009
https://doi.org/10.1016/j.trac.2015.09.006
https://doi.org/10.1016/j.molliq.2015.07.011
https://doi.org/10.1016/j.snb.2009.04.067
https://doi.org/10.1016/j.jelechem.2015.09.018
https://doi.org/10.1007/s00604-005-0449-x
https://doi.org/10.1007/s00604-005-0449-x
https://doi.org/10.1021/ar900056z
https://doi.org/10.1002/bmc.1130030205
https://doi.org/10.1124/jpet.301.1.315
https://doi.org/10.1124/jpet.301.1.315
https://doi.org/10.1002/1522-2683(200205)23:9%3C1341::AID-ELPS1341%3E3.0.CO;2-%23
https://doi.org/10.1002/1522-2683(200205)23:9%3C1341::AID-ELPS1341%3E3.0.CO;2-%23
https://doi.org/10.1016/j.electacta.2012.10.142
https://doi.org/10.1149/2.0121805jes
https://doi.org/10.1149/2.0121805jes
https://doi.org/10.1016/0003-2697(74)90206-1
https://doi.org/10.1021/jm00262a015
https://doi.org/10.1021/tx700174w
https://doi.org/10.1021/tx700174w
https://doi.org/10.1016/0378-4347(95)00120-8
https://doi.org/10.1016/0378-4347(95)00120-8
https://doi.org/10.1016/0378-4347(95)00120-8

