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ARTICLE INFO ABSTRACT

Article history:

Interfacing photosynthetic protein complexes with electrodes is frequently used for the identification of
electron transfer mechanisms and the fabrication of biosensors. Binding of herbicide compounds to the
terminal plastoquinone Qg at photosystem II (PSII) causes disruption of electron flow that is associated
with a diminished performance of the associated biodevice. Thus, the principle of electron transport inhi-
bition at PSII can be used for herbicide detection and has inspired the fabrication of several biosensors for
this purpose. However, the biosensor performance may reveal a more complex behavior than generally
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{,(fl}(; ‘;‘;"Sr}fj:t:em I expected. As we present here for a photobioelectrode constituted by PSIl embedded in a redox polymer
Redox polymers matrix, the effect caused by inhibitors does not only impact the electron transfer from PSII but also the
Biosensors properties of the polymer film used for immobilization and electrical wiring of the protein complexes.
Inhibitors Incorporation of phenolic inhibitors into the polymer film surprisingly translates into enhanced pho-
Herbicides tocurrents and, in particular cases, in a higher stability of the overall electrode architecture. The achieved

results stress the importance to evaluate first the possible influence of analytes of interest on the biosen-
sor architecture as a whole and provide important insights for consideration in future design of bioelec-

trochemical devices.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Photosystem II (PSII) is a fascinating photoactive protein com-
plex that has captivated the attention of the scientific community
as it is the only known naturally existing protein able to perform
photochemical H,O oxidation. PSII is the key element driving oxy-
genic photosynthesis, enabling the conversion of water, that is
used as electron source for the process, into protons and molecular
oxygen [1-5]. Light-induced charge separation and subsequent
transfer of electrons and holes enables to accumulate the necessary
oxidizing power to extract four electrons from two water mole-
cules at the water oxidizing Mn4CaOs cluster located at the elec-
tron donor side. On the opposite side of the protein complex, at
the electron acceptor side, the primary plastoquinone electron-
acceptor Qa is reduced, subsequently passing two electrons in
two consecutive photoreactions to the terminal plastoquinone
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Qg. The reduced and protonated plastoquinol QgH, is then released
enabling further electron transfer [6,7]. PSII does not stand only as
a source of inspiration for the synthesis of novel (photo)catalysts
providing the basis for an improved understanding about the intri-
cate photoelectrochemical processes involved in the light-induced
water oxidation reaction and transfer of high-energy electrons, but
it also offers the possibility for integration within semi-artificial
devices for different potential practical applications ranging from
biophotovoltaic devices to the fabrication of biosensors [8,9]. As
it has been shown, PSII protein complexes can be successfully
interfaced with electrodes for this purpose and tremendous
progress has been made to date involving photoelectrochemical
investigations of PSII [4,10-14].

Several chemical compounds can interfere with the natural
photosynthetic electron transport pathway by displacement of
the Qg plastoquinone from its binding site at the PSII protein
complex and prevent the oxidation of the reduced primary
electron-accepting plastoquinone Qa by forward electron transfer,
thus, hindering extraction of electrons from PSII [15,16]. This can
be exploited for the detection of such inhibitor compounds com-
monly used as herbicides [17,18]. Thus, electrochemical herbicide
biosensors have been reported either making use of isolated PSII
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[19-23], thylakoid membranes [24-28], or whole cells [29-33]. In
all cases, the detection principle is based on the disrupted electron
transfer at PSII caused by the inhibitor, which translates into an
altered electrochemical response as a function of the herbicide
concentration. Although the mentioned examples have shown
the possibility for detection of different herbicides with an ade-
quate sensitivity in terms of practical applications, the operation
principle reveals to be rather complex, leading in certain cases to
the incapability of detection of certain herbicide classes [20,24].

The possibility for an at least partial electron transfer bypassing
the Qg site has been reported for PSII immobilized on structured
indium tin oxide-based electrodes, where a residual electron trans-
fer to the electrode was observed in the presence of 3-(3,4-dichlor
ophenyl)-1,1-dimethylurea (DCMU) blocking the Qg site [34,35].
This has been also shown for PSII in the presence of DCMU when
using positively charged organometallic complexes in solution as
exogenous electron acceptors [36,37]. Moreover, as we have
recently shown in the evaluation of a PSIl/redox polymer-based
bioelectrode [38], partial photocurrents were still observed even
in the presence of relatively large concentrations of DCMU in solu-
tion, indicating the possibility for electron extraction also when a
redox polymer containing positively charged metal complexes as
electron transfer mediator is used. As it has been shown for PSII
[39,40], integration of enzymes into redox polymers makes an effi-
cient electron transfer between the biomolecule and the electrode
surface possible. The three-dimensional nature of the polymer
layer allows for immobilization of a large amount of enzymes pro-
ductively wired to the electrode surface via electron hopping
through the polymer-bound redox moieties [41-43]. As a result,
a significant increase of (photo)catalytic currents is obtained in
comparison with the contribution from an enzyme monolayer
immobilized on a given electrode surface.

However, in addition to the possible electron extraction from
PSII at earlier stages in the electron transfer pathway, another
important aspect, which was previously not considered, is the pos-
sible influence of the inhibitor species on the properties of the
biosensor architecture, in particular when polymer matrices are
used. In a solvated redox polymer, the hydrogel character of the
polymer matrix enables permeation of water-soluble species with
diffusion coefficients approaching those in water [44]. Since charge
transport propagation relies on the oxidation/reduction of the
redox centers tethered to the polymer backbone via a self-
exchange process, simultaneous movement of counterions that
compensate the charge is required to preserve electroneutrality
[45]. Hence, the presence of different counterions may modify
the redox polymer characteristics such as the degree of swelling
and repulsion between electroactive sites, which has shown to
affect the electron-hopping rate indirectly [46]. Moreover, the elec-
trolyte composition may have an influence on the general electro-
chemical behaviour and activity of enzyme modified electrodes
[47] and also on the response of enzyme/redox polymer films
[48]. Although an important aspect, possible electrolyte effects
and counterion effects are commonly overlooked in the character-
ization of enzyme/redox polymer films and should be considered
in order to have a full picture about the electrochemical processes
occurring at the assembly envisaged for biosensing applications.

Here, we present the evaluation of a PSIl/redox polymer-based
bioelectrode in the presence of herbicide compounds, where spe-
cial attention is given to the effect caused by the inhibitor on the
overall bioelectrode architecture. In contrast to the effect caused
by DCMU, a phenylurea type herbicide, phenolic inhibitors simi-
larly capable of blocking the Qg site of PSII [49-52] have a drastic
effect on the polymer matrix used for PSII immobilization and elec-
trical wiring. Interestingly, a substantially more stable film is
obtained, particularly when 2-tert-butyl-4,6-dinitrophenol (dino-
terb) is incorporated into the polymer film. The effect caused by

this nitrophenol compound is evaluated and discussed, demon-
strating additional challenges for the development of correspond-
ing biosensors and the need for a deeper understanding about
effects caused by potential analytes of interest not only on the
biorecognition element but also on all other components compris-
ing the electrode architecture used for biosensor fabrication.

2. Materials and methods
2.1. Chemicals and materials

Tris-HCI (AppliChem); di-potassium hydrogen phosphate trihy-
drate, potassium dihydrogen phosphate, potassium chloride,
methanol, and calcium chloride (VWR Chemicals); 2-(N-
morpholino)ethanesulfonic acid (MES) and magnesium chloride
(Carl Roth); poly(ethylene glycol)diglycidyl ether (PEGDGE, Mn =
400 g mol~!, Polysciences); 2-tert-butyl-4,6-dinitrophenol (dino-
terb), 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU), 2,4-
dinitrophenol (DNP), 3,5-dibromo-4-hydrohybenzonitrile (bro-
moxynil), and bovine serum albumin (Sigma-Aldrich); citric acid
monohydrate (].T. Baker). All chemicals were of analytical grade
and used without additional purification. The redox polymer poly
(1-vinylimidazole-co-allylamine)-[Os(2,2’-bipyridine),CI]Cl (P-Os)
was synthesized and purified as described before [53]. The soluble
Os-complex [Os-(1-(n-butyl)-imidazole)-(2,2’-bipyridine),Cl|PFg
was synthesized as described elsewhere [54]. Photosystem II (PSII)
was isolated from cultures of Thermosynechococcus elongatus as
described in [39]. Photosystem 1 (PSI) from T. elongatus was
obtained as previously reported [55]. All solutions were prepared
using deionized water (p = 18 MQ cm).

2.2. Electrode preparation

Prior to use, Au disk electrodes (2 mm diameter, CH Instru-
ments) were polished using diamond suspensions (LECO) of
decreasing particle sizes (0.3 pm, 0.1 um, and 0.05 pm) and subse-
quently sonicated in ethanol and deionized water for 2 min. After-
wards, the electrodes were electrochemically cleaned by cyclic
voltammetry in 0.5 M H,SO, (15 cycles at 100 mV s!
between —0.2 V and 1.6 V vs. Ag/AgCl/3 M KCl).

Stock solutions of inhibitors (30 mM) were prepared in metha-
nol. For electrode modification, 2.5 pL of a mixture of P-Os
(2.5 mg mL™'), either PSI or PSII (1.0 mg mL~'), PEGDGE
(0.04 mg mL1'), and inhibitor (if included, concentration in the
mixture indicated) were drop-cast onto the electrode surface.
Afterwards, the electrodes were incubated for 2 h in the dark at
4 °C.

2.3. Electrochemical measurements

Electrochemical measurements were performed using either a
PalmSens2 (PalmSens) or a CHI 1030 (CH Instruments) potentio-
stat. A conventional three-electrode setup was used comprised of
a Ag/AgCl/3 M KCl reference electrode, a Pt mesh as counter elec-
trode, and the modified Au working electrode. Characterization of
the PSII-based bioelectrodes was performed in 50 mM MES buffer
pH 6.5, containing 10 mM CaCl,, 10 mM MgCl,, and 100 mM KCl,
unless otherwise stated. Irradiation of the modified electrodes
was performed using a Hg-Xe lamp (LC8 type 03, Hamamatsu Pho-
tonics) with red light (A > 600 nm) by means of a lighting foil filter
(#164, LEE Filters), with an effective light intensity reaching the
sample surface measured to be 36 mW cm2. All measurements
were performed at room temperature.
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3. Results and discussion

In the development of bioelectrodes envisaged for sensing
applications, it is of capital importance to evaluate and understand
the influence of envisaged analytes on all elements involved in the
electrode architecture. Therefore, it is not only important to con-
sider the influence of analytes of interest on the recognition ele-
ment but also on other additional components before performing
an optimization of the bioassembly. Here, bioelectrodes consti-
tuted of PSII embedded in an Os-complex modified redox polymer
(P-Os, see Fig. 1) used for immobilization and electrical wiring are
investigated with respect to the influence of herbicide compounds
on the redox polymer film. This was done by comparing the stabil-
ity of the bioelectrode in the absence and presence of inhibitors
belonging to two different structural families, i.e., urea and pheno-
lic herbicides (Fig. 1).

In order to focus on the influence of herbicide compounds on
the redox polymer film, evaluation of PSII/P-Os bioelectrodes that
incorporate an inhibitor within the polymer film during electrode
fabrication was performed. For this, a mixture of PSII, the redox
polymer, a cross-linking agent, and the herbicide compound was
used for electrode modification. The electrochemical characteriza-
tion of electrodes fabricated in the presence and absence of DCMU
revealed a decreased photocurrent response in the presence of the
inhibitor (Fig. 2a). Nevertheless, a partial extraction of electrons
from PSII was still observed, even when sufficient excess of DCMU
was used to complex all immobilized PSII protein complexes.

Evaluation of the voltammetric Os%*/0s>* redox interconversion
in the dark for the electrode incorporating DCMU within the film
(Fig. 2b) showed a drastic decline in peak current after only few
consecutive potentiodynamic cycles. This can be explained by the
instability of the rather thin films used in this study. A lower load-
ing with PSII used as biorecognition element was deliberately
selected in comparison with previous reports [39], as it is essential
for an improved sensitivity of potentially envisaged biosensors.
The decreased electrochemical response over time was associated
with a lower number of Os-centers in close proximity to the elec-
trode surface due to an at least partial film detachment from the
electrode surface. Note that during electrode preparation the pro-
tein complex/polymer film was cross-linked but not covalently
attached to the Au electrode surface. In contrast, after incorpora-
tion of dinoterb, a nitrophenol inhibitor (see Fig. 1), within the film
the recorded photocurrent was considerably larger than that for an
electrode prepared in absence of inhibitor (Fig. 3a). Moreover, a
considerably higher film stability was observed when comparing
100 consecutive potentiodynamic sweeps in the dark for elec-
trodes prepared in the absence or presence of dinoterb in the film
(Fig. 3b and c, respectively). A higher stability has been observed
before for similar PSll-based bioelectrodes designed for energy
conversion devices as a result of using higher PSII/P-Os loadings
[39] and especially in combination with structured ITO as electrode
substrates [40,56]. A progressive decay in the peak current was
observed for the 0s?*/0s>" redox interconversion at the thin-film
PSII/P-Os electrode used in the present case (Fig. 3b). Instead, for
the electrode incorporating dinoterb within the film, the decrease
in peak current was slower (Fig. 3¢) leading to a final peak current
at the end of the experiment which was about three times larger
than that for the PSII/P-Os electrode in absence of dinoterb.

In order to better understand the effect of dinoterb on the prop-
erties of the PSII/P-Os bioelectrode, a more detailed characteriza-
tion was performed. First, the possibility of complexation of the
nitrophenol compound with the polymer-bound Os-centers was
evaluated (note that the chloro-ligand at the polymer bound Os-
complex is only weakly coordinated and may be replaced by the
phenolic compound via coordination of the —OH group to the
metal center). For this, the soluble Os-complex [Os-(1-(n-butyl)-i
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Fig. 1. Chemical structures of the redox polymer poly(1-vinylimidazole-co-ally-
lamine)-[Os(2,2’-bipyridine),Cl]|Cl (P-Os) and PSII inhibitor compounds used in this
study.
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Fig. 2. (a) Chronoamperometric responses recorded with PSII/P-Os modified Au
electrodes in the absence (gray curve) or presence (red curve) of 4.3 mM DCMU in
the film. Eqpp = 350 mV vs. Ag/AgCl/3 M KCI. Irradiation with red light (yellow boxes,
36 mW cm2). (b) Cyclic voltammograms recorded for a freshly prepared electrode
with 4.3 mM DCMU in the film (10 consecutive cycles, dark conditions). Scan rate:
5mV s, Electrolyte: 50 mM MES buffer, pH 6.5 (containing 10 mM MgCl,, 10 mM
CaCly, and 100 mM KCl). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Fig. 3. (a) Chronoamperometric responses recorded with PSII/P-Os modified Au
electrodes in the absence (gray curve) or presence (red curve) of 0.8 mM dinoterb in
the film. Eqp, = 350 mV vs. Ag/AgCl/3 M KCl. Irradiation with red light (yellow boxes,
36 mW cm2). (b, c¢) Cyclic voltammograms recorded in the dark for freshly
prepared electrodes in the absence (b) and presence (c) of 0.8 mM dinoterb in the
film. 100 consecutive cycles, scan rate: 50 mV s~ . Electrolyte: 50 mM MES buffer,
pH 6.5 (containing 10 mM MgCl,, 10 mM CaCl,, and 100 mM KCl). (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

midazole)-(2,2'-bipyridine),Cl]" was synthesized and its electro-
chemical response in the absence and presence of dinoterb in solu-
tion was compared. The unchanged redox response measured in
both cases indicated the absence of interactions between dinoterb
and the Os-complex (Fig. S1). In addition, no electrochemical
response was observed for dinoterb alone at the electrode surface
within the potential range used (Fig. S2).

Subsequently, the influence of the dinoterb concentration in the
mixture used for electrode modification was investigated. Elec-
trodes fabricated in the same way but using different concentra-
tions of dinoterb were electrochemically characterized by
recording 100 consecutive potential cycles in the dark. The results
revealed a clear influence of the inhibitor concentration on the film
stability. A comparison of the last voltammogram recorded for the
different electrodes (Fig. 4) showed increased peak currents with
increasing concentrations of dinoterb until 3.3 mM, indicating
higher film stability. At higher dinoterb concentrations a subse-
quent decrease in peak current was observed. Table S1 summarizes
the peak current densities and peak separation for the different
dinoterb concentrations in the film. Within the optimal range,
the presence of dinoterb stabilized the film, making the structure
more compact and stable as reflected by the larger Os?*/0s>* redox
interconversion peak currents.

The film stability was also reflected in the photocurrent
response. The photocurrent recorded with a PSII/P-Os modified
electrode in a chopped light experiment at constant applied poten-
tial showed a fast and progressive current decay with time, reach-
ing half of the initial photocurrent intensity after less than 5 min,
corresponding to an effective illumination period of only 60 s
(Fig. 5a). In contrast, the current recorded for the electrode pre-
pared with 2.9 mM dinoterb in the film exhibited not only an ini-
tially higher photocurrent response, but also the photocurrent was
stable for a longer time, reaching half of the highest photocurrent
value after more than 35 min, i.e., 400 s of effective illumination
(Fig. 5b). The initially observed raise in photocurrent was attribu-
ted to a gradual collapse of the film as a result of the time required
for deprotonation of dinoterb short after placing the modified elec-
trode into electrolyte solution. Therefore, the maximum photocur-
rent value (3" illumination cycle) was considered as the initial
time for estimating the stability of this bioelectrode. A summary
of the half-lifetimes recorded with electrodes incorporating differ-
ent concentrations of dinoterb in the film is presented in Fig. 5c.
Moreover, under optimal conditions, in the presence of dinoterb
substantially increased photocurrents of up to 70 pA cm™2 were
observed (Fig. S3).

Replacing dinoterb in the film by 3,5-dibromo-4-hydrohybenzo
nitrile (bromoxynil), another phenolic inhibitor (see Fig. 1), exhib-
ited a similar initial effect on the photocurrent with large current
densities measured upon irradiation (Fig. S4a-c), in comparison
with films prepared in the absence of bromoxynil. However, a rel-
atively fast decay in activity over time was observed. This was cor-
related with a lower stability of the PSII/P-Os layer on the electrode
surface in comparison to the presence of dinoterb. After consecu-
tive potential cycling in the dark for electrodes incorporating dif-
ferent amounts of bromoxynil, a substantial decrease in 0s?*/
0s>" peak currents was observed after 40 min of the experiment
(Fig. S4d-f).

A plausible explanation for the observed stabilizing behavior
caused by dinoterb within the PSIl/redox polymer matrix is the
possible influence of the deprotonated phenolic species on the
polymer film. The phenolic inhibitors present rather low pK, val-
ues: 4.80 for dinoterb [57], 4.20 for bromoxynil [58], and 4.09 for
DNP [59]. Thus, they are fully deprotonated at the used conditions
(pH 6.5), acting as additional counterions and affecting the



P. Wang et al./Bioelectrochemistry 136 (2020) 107597 5

120 120

120 120

0l — % 0.8 mM 901 2.1 mM %0 2.9 mM
~ 60 ~ 60 o~ 60] ~ 60
g 30 g 30 g 30 g 30
< 0 < 0 < o < 0
Z 30 Z a0 2 30] Z 30
~ 60 ™ %0 ™ 604 ™ %0
-90 90 90 90
120 120 120 120
01 00 01 02 03 04 01 00 01 02 03 04 01 00 01 02 03 04 01 00 01 02 03 04
E 1V (vs. Ag/AgCl/3 M KClI) E 1V (vs. Ag/AgCl/3 M KClI) E /V (vs. Ag/AgCl/3 M KCI) E 1V (vs. Ag/AgCl/3 M KCI)
120 120 120 120
% 3.3 mM % 4.2 mM 9] 6.2 mM %0 8.3 mM
~ 60 ~ 60 o 60] o 60
g 30 g 30 g 30 g 30
< 0 < © < o] < 0 < >
Z a0 T30 Z 30] Z 30
~ %0 ™ 60 ™ 0 ™ %0
) 90 ) 90
0 120 20 120
01 00 01 02 03 04 05 01 00 01 02 03 04 05 01 00 01 02 03 04 05 01 00 01 02 03 04 05

E IV (vs. Ag/AgCI/3 M KClI) E 'V (vs. Ag/AgCI/3 M KCI)

E IV (vs. Ag/AgCl/3 M KCI) E IV (vs. Ag/AgCl/3 M KClI)

Fig. 4. Cyclic voltammograms recorded in the dark for PSII/P-Os modified Au electrodes in the absence or presence of dinoterb in the film (concentrations as indicated in the
figure). The 100™ cycle is presented for each case. Scan rate: 50 mV s~'. Electrolyte: 50 mM MES buffer, pH 6.5 (containing 10 mM MgCl,, 10 mM CaCl,, and 100 mM KCl).

characteristics of the redox polymer such as the degree of swelling
and repulsion between electroactive sites. In contrast, DCMU can-
not act as a counterion due to the lack of a phenolic —OH function.
As it has been already shown in earlier studies, the use of
hydrophobic counterions favors hydrophobic interactions at redox
polymer modified surfaces [44] and may cause a decrease in water
content within the film as compared to hydrophilic anions, such as
chloride [60,61]. Dinoterb, a dinitrophenol compound bearing the
bulky and hydrophobic tert-butyl group, can influence the charac-
teristics of the polymer film deposited on the electrode surface,
providing an increase in film stability together with a possible col-
lapse of the film in aqueous solutions. This will enhance the inti-
mate contact between the enzyme and the redox mediator.
Similar effects have been observed for PSI/P-Os bioelectrodes,
where film collapse was forced by decreasing the number of posi-
tive charges within the polymer backbone at alkaline conditions
leading to full deprotonation of imidazole units [54]. The presence
of the rather bulky and non-polar tert-butyl group in ortho-position
in dinoterb seems to be essential for the stabilizing effect, since
this effect is drastically diminished in the case of bromoxynil,
which only contains two bromide and one cyanide substituents
at the aromatic core.

A control experiment was performed using 2,4-dinitrophenol
(DNP) during film modification. DNP presents a similar chemical
structure as dinoterb, only lacking the non-polar tert-butyl group
(see Fig. 1). As expected, the substantial stabilizing effect observed
before in the presence of dinoterb was not visible in this case and a
progressive detachment of the polymer layer was observed
(Fig. S5a,b), similarly to the results obtained in the presence of bro-
moxynil. The influence caused by dinoterb was exclusively related
to the stability of the redox polymer film on the electrode surface
but not due to a possible interaction with immobilized PSII as
shown by replacing PSII in the film by an inactive protein, such
as bovine serum albumin (BSA). As shown in Fig. S6, the stabilizing
effect was also observed when dinoterb was incorporated into a
BSA/P-Os film. Further evidence about the impact of dinoterb on
film stability was obtained by investigating the film characteristics
at different pH values. For this, photosystem I (PSI) was used
instead of PSII for electrode fabrication. The use of PSI enabled to
rule out any possible influence of the inhibitor, known to bind to
the Qg site of PSII, on the immobilized photosystem. At the same

time, the use of PSI provided a more realistic comparison with
the previously shown results due to the similar nature of both pho-
tosynthetic protein complexes. Two different sets of PSI/P-Os mod-
ified electrodes were prepared: a first set in the absence of
inhibitor and a second incorporating dinoterb in the film. The indi-
vidual electrodes were immersed in buffer solutions of different pH
values and subjected to consecutive potentiodynamic cycling. The
voltammetric response at the end of the experiment was analyzed.

The evaluation of PSI/P-Os modified electrodes showed an
increase in peak current at pH values higher than 7.0 (Fig. 6a and
¢, Table S2). This was correlated with a pK, = 7 for the conjugated
acid of the imidazole groups of the polymer backbone. Deprotona-
tion of the imidazolium cations leads to polymer film collapse at
high pH values decreasing the distance between the polymer-
bound redox centers, what is reflected in an enhanced electro-
chemical response [54]. On the other hand, for PSI/P-Os electrodes
incorporating dinoterb in the film, an increased electrochemical
response was observed already at pH > 5.0 (Fig. 6b and c,
Table S2). This observation was in agreement with the pK, = 4.80
for dinoterb in aqueous solutions [57]. The results confirmed that
deprotonated dinoterb acts as a bulky hydrophobic counterion
and induces film collapse with a consequent stabilization of the
redox polymer film deposited on the electrode surface.

4. Conclusions

The performance of PSII-based electrodes incorporating differ-
ent inhibitor species within the redox polymer film was analyzed,
showing that the possibility to extract electrons from the immobi-
lized photosystem bypassing the terminal plastoquinone is com-
mon to several inhibitors known to block the Qg binding site at
PSIl. Moreover, an a priory unexpected improved performance
has been observed for bioelectrodes incorporating a phenolic inhi-
bitor, i.e., dinoterb. A hypothesis for the observed effect associated
with a higher stability of the polymer film deposited on the elec-
trode surface has been proposed, related to the stabilizing effect
of hydrophobic counterions, such as deprotonated dinoterb, lead-
ing to a collapse of the polymer film. The results highlight the
importance to take into consideration the possible effect of addi-
tional counterions on redox polymer modified bioelectrodes. A
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detailed understanding of the physicochemical and electrochemi-
cal processes involved is indispensable before the eventual fabrica-
tion and optimization of envisaged biosensing architectures.
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