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Short communication

A role of phosphonium-phosphate ionic liquid in anion-
sensing mechanism at toluene-modified electrode

Wojciech Adamiakl, Galyna Shull, Ewa A. Roznieckal, Masanori
Satohz, Jingyuan Chenz, Marcin Opallo1

1. Polish Academy of Sciences, Institute of Physical Chemistry,
Kasprzaka 44/52, Warszawa 01-224, Poland 2. University of
Fukui (U. Fukui), 3-9-1 Bunkyo, Fukui 910-8507, Japan

e-mail: wadamiak@ichf.edu.pl

A continuous interest in liquid modified electrodes is probably due
to their unique property which is a well defined liquid-liquid inter-
face. Typically, liquid deposits consist of water immiscible organic
solvents in the form of droplet arrays [1], single droplets [2], or thin
films [3], and the electrode is immersed in an aqueous electrolyte. In
the majority of the studies, this organic liquid contains redox active
molecules. The electron exchange between the redox probe and the
electrode leads to a charge imbalance within the liquid deposit and
the electrode reaction is followed by ion transfer across the liquid-li-
quid interface. In many cases these liquid modified electrodes exhib-
it ion-sensitive voltammetry, because ions have different affinities to
the adjacent phases as defined by their standard transfer potentials.

In this work an electrochemical behavior of tri-
hexyl(tetradecyl)phosphonium

tris(pentafluoroethylrifluorophosphate ionic liquid (Pl4666FAP)
modified electrode has been examined in terms of interfacial ion
transfer. Manganese(I1I) tetraphenylporphyrin chloride (MnTPPJrCl_)
and ionic liquid supported toluene have been utilized as a redox

probe and a water immiscible phase, respectively.

Electrochemical studies of ion transfer have been preceded by a
single phase study of MnTPP CI in toluene-P FAP mixture in
order to evaluate its interactions with this electrolyte. A blue shift of
characteristic bands at UV-Vis spectra of the porphyrin have been
observed as the concentration of P 6 FAP was increased.
Voltammetric studies and theoretical calculations of steady state cur-
rents revealed a decrease of porphyrin diffusion coefficient in the
presence of P FAP. All these facts have been assigned to a sig-
nificant C1 exchange for a large FAP anion at the axial position of
the porphyrin complex.
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Under biphasic conditions the electrode surface was modified by a
ca. 30 um layer of the organic phase deposited by a solution-cast
method. Voltammetric measurements revealed that MnTPP mid-
peak potential depends on the nature (Fig.1.) and concentration of
the aqueous electrolyte anion. A Nernst type equation has been de-
rived to describe this dependence and anion-sensing mechanism has
been evaluated. It has been proposed that heterogeneous electron
transfer is followed by anion expulsion where the anion sensitivity
results from lability of the axial coordination site of MnTPP CI” and
from spontaneous ion exchange (Fig.2.). This work can possibly
contribute to application of toluene-based media in electroassisted
ion extraction or in development of novel amperometric sensors.
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Nanostructured gold surfaces for biosensing applications
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Gold nanoparticles (AuNPs) have been extensively employed in the
development of interfacial platforms for biosensors, since they can
be conjugated with biomolecules without interfering with their bio-
chemical activity [1,2]. Particularly, in electrochemical biosensors
AuNPs have been used to improve the electron transfer rate and the
current response of target electroactive centres/analytes due to their
large surface area, high surface free energy and biocompatibility [3].

One of the most important steps in the construction of biosensors is
the immobilization of the biomolecule on the substrate and recently,
we have demonstrated [4] that a simple one-step method in the pres-
ence of CS_ could be successfully employed in the direct immobil-
isation of Glucose Oxidase (GOx), from aqueous medium, with the
preservation of its bioactivity.

The purpose of this work is to biofunctionalise AuNPs through the
one-step reaction between AuNPs, CS2 and amine groups present in
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aminoacids (e.g. tryptophan) and enzymes (e.g. glucose oxidase),
followed their immobilization onto flat gold electrodes, in order to
improve the electrochemically transduced reaction. The redox beha-
viour of modified flat gold with AuNPs and tryptophan via dith-
iocarbamate formation indicates a substantial increase of aminoacid
amount on the gold surface due to the presence of nanoparticles. The
AuNPs modified with glucose oxidase and CS , upon gold surface
attachment were also studied and their biological activity was evalu-
ated towards glucose in the presence of a redox mediator. Atomic
Force Microscopy (AFM) was used to characterize the morphology
of the functionalised AuNPs and the modified electrodes.
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Research and Development of Enzyme based Electro-
chemical Biosensors. The case study of nitrite biosensing.

Maria Gabriela Almeida
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The last few decades have witnessed a steady increase of the social
and political awareness for the need of monitoring and controlling
numerous agricultural, environmental and industrial activities. Con-
sequently, the most important governmental agencies have promul-
gated rules and directives to restrict the level of many chemical com-
pounds in waters, foodstuff and industrial products. Worldwide le-
gislation is thus driving the development of novel and highly effi-
cient analytical tools. Clinical diagnostics and research in biomedic-
al sciences are also demanding optimal sensors tailored for the spe-
cific needs of real-time measurements either in vitro or in vivo [1].

The fast-growing biosensor technology is one of the most active
R&D domains of Analytical Sciences focused on the challenge of
taking analytical chemistry to the field. Electrochemical biosensors
based on redox enzymes, in particular, are highly appealing due to
their usual quick response, high selectivity and sensitivity. In addi-
tion, they are cost-effective and easy to fabricate in portable dimen-
sions. However, the implementation of these biosensorial systems
may face several obstacles. Once chosen the enzyme candidate for
the specific recognition of a target analyte, it should be efficiently
immobilized atop the electrode surface, minimizing protein leakage
and denaturation. Also, the immobilization matrix should work as a
barrier against fouling and interfering species and, more importantly,

should guarantee an efficient electronic communication between the
redox sites of the protein and the transducing platform. Therefore,
surface modification of electrodes plays a critical role on the con-
struction of enzyme based electrochemical biosensors [1].

This communication aims to provide an overview of the many dif-
ferent strategies lately proposed to overcome the setbacks above
mentioned. The pros and cons of some of these approaches will be
illustrated through the case study of nitrite biosensors based on
redox enzymes with catalytic activity for this analyte. In fact, our
group has proposed a variety of routes for the construction of nitrite
biosensors using the fast and robust cytochrome c¢ nitrite reductase
from Desulfovibrio desulfuricans, which catalyzes the reduction of
NOZ_ to NH4+. Fully integrated bioelectrodes including synthetic
redox mediators combined with a variety of immobilization were
initially proposed [2-4]. More advanced strategies operating through
direct electron transfer [5] and exploiting nanostructured materials
[6,7] were subsequently reported. Very recently, we have also pro-
posed a novel biosensor based on cyt. cd_ nitrite reductase (converts
NO = into NO), which was successfully co-entrapped with its
physiological redox partner, the electroactive cyt. ¢___ [8], indicating
that the cooperative use of enzymes and their physiological redox
partners could become a new trend in the design of electrochemical
biosensors.

References: [1] M.G. Almeida et al., Sensors 2010, 10, 11530; [2]
M.G. Almeida et al. Biosens. Bioelectron.2007, 22, 2485; [3] S.
Silva et al. Electrochem. Commun. 2004, 6, 404; [4] H. Chen et al.,
Electrochem. Commun.2007, 9, 2241; [5] Silveira et al. Biosens.
Bioelectron.2010, 25, 2026; [6] C. Silveira et al
Electroanalysis2010, 22, 2973; [7] C. Silveira et al., in preparation;
[8] A.S. Serra et al. Anal. Chim. Acta,2011,693, 41-46.

Short communication

The comparison of immobilization for glucose oxidase
and horseradish peroxidase on titania nanotube surface

Katarzyna Arkusz, Agnieszka Kaczmarek, Jowita Loin, Elzbieta
Krasicka-Cydzik

University of Zielona Gora, Podgorna 50, Zielona Gora 65-246,
Poland

e-mail: k.arkusz@wp.pl

A growing interest in using biosensors as a modern tool in the dia-
gnosis and treatment of various diseases has been observed. Due to
the use of an increasing number of detection techniques and design
concept of biosensors, the range of materials used to construct
sensors is expanding.

Titania nanotubes (TNT) are being investigated and developed in-
tensively due to their advantageous qualities ie. good electrical prop-
erties, high surface area, excellent biocompatibility and controllable
shaping.
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Figure 1. Surface morphology of anodic titania nanotubes
formed on titanium in 1 M H3PO4 with 0.3% wt. HF

Significant changes in the flow of current after binding the bio-
molecules to nanotubes are caused by the direct proximity of the sur-
face. The load and the conformation changing the molecule binding
to these structures gives a large effect. This is why the selection of
biomarker and the method of its immobilization is so important.

These studies compared the effect of immobilization method (dip or
drop coating) and the influence of the immobilization time (24h and
48h) on the biosensor response in case of two model enzymes : the
glucose oxidase (GOx) and horseradish peroxide (HRP) used to de-
tect glucose or hydrogen peroxide (HZO ) in the PBS solution. The
biological components covering the surface of the electrodes gener-
ate electrochemical response, making them the efficient and sensit-
ive biosensors.

Firstly, using a matrix built of TiO_ nanotubes (TNT) covered with
enzymes as the platforms of the 3 generation biosensor was as-
sumed. The layer of TiO_ nanotubes on titanium surface was ob-
tained by anodization met%lod and characterized using scanning mi-
croscopy. The material was annealed in a vacuum at 450°C, and then
glucose oxidase enzyme or horseradish peroxide were immobilized
on its surface. The biosensor substrate was immersed in the enzyme
solution for 24 and 48 hours. To check the biosensor response and to
detect the presence of glucose or hydrogen peroxide in the PBS solu-
tion the cyclic voltammetry (CV) was used. In both cases the results
were not satisfactory and the use of mediators was necessary. After
using potassium ferricyanide as a mediator, an electric signal re-
sponsible for the process of catalytic oxidation of glucose was ob-
tained. The analogous studies with the use of horseradish peroxidase
enzyme and thionine acetate as a mediator were carried out giving
the evidence of electrical response due to H O_ presence in the PBS
solution. TNT platform for the 34 generation biosensor was con-
sidered.
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Figure 2. Cyclic voltamperometry measurements of : a) glucose
biosensor — glucose oxidase GOx in PBS (pH 7.4), 0.1 M KCl
and 5SmM glucose, b) hydrogen peroxide biosensor - horseradish
peroxidase HRP in PBS (pH 7.4), 0.1 M KCI and 100ml 30%
HO

272
The studies allowed to elaborate the method of electrodes prepara-
tion of the 2" generation biosensors based on titania nanotubes and
will allow to optimize their structure as the efficient and simple bio-
Sensors.

Short communication

Electrochemically generated allylamine composites

L 2 2 .
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jerg , Mogens Hinge™, Francesco Paolucci
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Munkegade 120, Aarhus, Aarhus 8000, Denmark

e-mail: luca.brd@gmail.com

Allylamine has long been polymerized and deposited on surfaces
to electrostatically immobilize cells or biomolecules thanks to the
positive charge of its polymers [1], or functionalized
through reaction with its pending amino groups [2]. Up to now, syn-
thetic routes have included radical initiators [3], plasma polymeriza-
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tion [4] and the use of ionizing radiations [5]. Herein a new cost ef-
fective and greener way to grow polyallyamine on surfaces is
presented, which does not require the use of any additives or com-
plex instrumentation: through the electrochemical oxidation of the
amino group a nitrogen centered radical is formed, which then gives
rise to a radical chain reaction at the electrode surface, thereby caus-
ing the formation of surface grafted polyallylamine chains; the thin
films thus formed show remarkable blocking properties and a sur-
face structure different from that described in the literature for poly-
allylamine synthetized with the methods described above [6], show-
ing no primary amino groups. Moreover it is also shown how the
presence of an equimolar amount of diallylamine in the reac-
tion mixture improves the charge resistance of the films by several
orders of magnitude, making them excellent blocking layers. The ef-
fect of oxygen on the polymerization is also explored.

[1] Ji Zhen; Yoshihiro Ito; Yukio Imanishi. “Cell growth on immob-
ilized cell-growth factor”. In: Biomaterials 15 (1994), pp. 963—-968.

[2] Ung-Jin Kim; Shigenori Kuga. “lon-exchange separation of pro-
teins by polyallylamine-grafted cellulose gel”. In: J. Chromatogr. A
955 (2002), pp. 191-196.

[3] Kageno Kenji Hayashi Ikao Takayama Hiroyuki. Process for
producing acqueous solution of monoallylamine polymer. US
6579933 BI1. US, June 2005.

[4] A. Choukourov; H. Biederman; D. Slavinska; L. Hanley; A.
Grinevich; H. Boldyryeva; A. Mackova. “Mechanistic studies of
plasma polymerization of allylamine”. In: J. Phys. Chem. B 109
(2005), pp. 23086-23095.

[5] L.S. Polak; V.A. Kavanov M.N. Masterova; L.I. Andreieva; V.P.
Zubov. “Polymerization of allylamine in the presence of protonic
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by TOF-SIMS, XPS and NEXAFS spectroscopy”. In: Plasma Pro-
cess. Polym. 3 (2006), pp. 288-298.
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Electrochemical sensor based on a microarray of indi-
vidually addressable chemically modified electrodes for
insulin detection
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Better understanding of chemical secretion through exocytosis e.g.
neurotransmitters, peptides and hormones, is of great interest for re-
searchers in medicine, biology and pharmaceutical industry. The use
of amperometry at microelectrodes makes it possible to carry out
sensitive and rapid detection of exocytosis events at single cells. The
combination of several individual addressable microelectrodes into

an array, however, can be used to obtain spatially and temporally re-
solved images of exocytosis from a single cell.

We are working to develop an electrochemical sensor based on on-
tip arrays of carbon fiber microelectrodes to obtain spatially and
temporally resolved images of insulin secretion from a single pan-
creatic f-cell. Better understanding of insulin secretion from B-cells
is almost certainly going to be one piece in the puzzle of unraveling
diabetes mellitus, a disease that affects over 100 million people
world-wide. Electrodeposition of ruthenium chloride on an array of
carbon fiber microelectrodes provides a surface that can be used to
catalyze the oxidation of insulin, usually electrochemically inactive.
The electrochemical properties of the sensor and its surface structure
have been characterized by cyclic voltammetry, square wave
voltammetry, amperometry, and scanning electron microscopy. Ap-
plication of the sensor to standard solutions of insulin using a flow
injection system has been demonstrated.

Tutorial lectore

Recent developments in enzymatic biofuel cells
Renata Bilewicz

University of Warsaw, Faculty of Chemistry, Pasteural, Warsaw
02-093, Poland

e-mail: bilewicz@chem.uw.edu.pl

Recent progress in miniaturized biofuel cells will be briefly re-
viewed with special focus on electrode surfaces nanostructured with
carbonaceous nanomaterials and electron transfer without mediators
[1-7]. Laccase binding to electrodes by means of arylated carbon
nanotubes will be discussed and catalytic efficiencies of the chosen
nanostructured electrodes will be compared. I will describe the pre-
paration of the enzyme/SWCNT bioconjugates, and their application
for the modification of the biocathode and bioanode. We test the
catalytically active electrodes in the hybrid biofuel cell with Zn an-
ode and if found useful - in the fully enzymatic biofuel cell. Carbon
nanotubes functionalized with ethylamine group, activated and re-
acted with laccase were found promising for the biofuel cell applica-
tions. The power density of the hybrid biofuel cell based on the car-
bon nanotubes bound covalently to laccase on the cathode and Zn
covered with Nafion layer as the anode reached 1 mW cm” at work-
ing voltage 0.8 V. The open circuit voltage of this hybrid cell was
1.5 V.

1. O. Yehezkeli, R. Tel-Vered, S. Raichlin, I. Willner, ACS Nano
5(2011)2385.

2. F. Gao, L. Viry, M.Maugey, P.Poulin, N. Mano, Nature Commun.
1/2 (2010)1.

3. K. Sadowska, K. Stolarczyk, J.F. Biernat, K.P. Roberts, J. Rogal-
ski, R. Bilewicz, Bioelectrochem. 80 (2010) 73.

4. T. Miyake, S. Yoshino, T. Yamada, K. Hata, M. Nishizawa, J.
Am. Chem. Soc., 133(2011)5129.

5. R.P. Ramasamy, H.R. Luckarift, D.M. Ivnitski, P.B Atanassov,
G.R. Johnson, Chem. Commun. 46 (2010) 6045.

6. A. Zebda, C. Gondran, A. Le Goff, M. Holzinger, P. Cinquin, S.
Cosnier, Nature Commun. 2 (2011)1.
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7. A. Zloczewska, M. Jonsson-Niedziolka, J. Rogalski, M. Opallo,
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Organization and Dynamics within Supported Inter-
faces: Implications for the Creation of Biomimetic
Structures

Stephan Baumler, Benjamin P. Oberts, Monika J. Dominska, Gary
J. Blanchard

Michigan State University, Department of Chemistry (MSU), East
Lansing, MI 48824, United States

e-mail: blanchard@chemistry.msu.edu

The creation of biomimetic support structures capable of supporting
transmembrane proteins in their active form has proven to be a chal-
lenging task. The inherent structural and compositional complexity
of the plasma membrane makes the task of creating a synthetic equi-
valent difficult. Issues such as the composition and morphology of
supporting underlayers and the attachment of a biomimetic layer to
an interface are central to success. Much of the recent focus of our
group has been on methods for binding lipid adlayers to interfaces
while retaining fluidity. A substantial concern for such systems is
the extent to which the interfacial structure is influenced by the in-
terface binding chemistry and its immediate environment. An over-
view of recent advances in this area will be presented.

Short communication

Poly-CPDT films decorated with dinuclear Re(I) com-
plex chromophore pendants: electrochemical and spec-
troscopic properties

. . . S 2
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2. Universita degli Studi di Milano Dipartimento di Chimica Inor-
ganica, Metallorganica e Analitica, Via Venezian 21, Milano
20133, Italy 3. Universita degli Studi di Milano, Dipartimento di
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In our current development of new classes of luminescent dinuclear
Re(I) complexes, looking for innovative hybrid mate-rials for solid-
state devices, we have synthe-sized and electrochemically character-
ized the compound Re2(COY(u-H)(p-3Me-pydz)(n-OOC- cpdt), a
novel conjugate between a luminescent com-plex and a cyclopent-
abithiophene (cpdt) unit. By comparison with the corresponding free
dinuclear Re complex and with the free HOOCcpdt ligand the CV
peaks of the new conjugate have been assigned to the different redox
centers.  Efficient and very regular electro-che-mical
poly-meriza-tion has been obtain-ed on GC, Pt, and ITO electro-des
as a consequence of the high polymerization ability and regiose-
lectivity of the terminal a-thiophene positions of cpdt. The resulting
films have been characterized by CV, EQCM, EIS and UV-vis spec-
tro-electro-chemistry. They are stable even upon repeated cycling,
exhibiting two subsequent reversible oxidation peaks, whose relative
charge ratio is regularly de-pending on the potential scan rate
(possibly, on account of different rates of the counter ion ingress/
egress). They also exhibit conspicuous charge trapping features, in
terms of both quantity and stability, and excellent electrochromic
properties

Poster

Electrochemical behaviour of Cytochrome ¢ immobilised
in a poly-scopoletin layer

Maria Bosserdtl’z, Nenad Gajovic-Eichelmannz, Frieder W.
Scheller]

1. University of Potsdam, Am Neuen Palais 10, Haus 19, Potsdam
14469, Germany 2. Fraunhofer Institute for Biomedical Engineer-
ing (IBMT), Am Miihlenberg 13, Potsdam 14476, Germany

e-mail: maria.Bosserdt@ibmt.fraunhofer.de

We investigated the oriented fixation of Cyt ¢ by combining electro-
static binding to a negatively charged SAM with the entrapment by
an electropolymer layer in order to increase the stability of the
sensor. Three different architectures have been investigated and the
electrochemical measurements are given in fig. 1.
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(1) Electrostatic adsorption of Cyt c¢ at mercaptoundecanoic acid
(MUA) modified gold electrodes:

The values of surface concentration I', rate constant k and formal
. . . S

potential E° were chosen according to the literature [1] and reflect a

quasi-reversible electron exchange of a monolayer.

(i) Coverage of the SAM with a poly-scopoletin layer:

The electropolymerization takes place at the MUA coated gold elec-
trode at potentials between 0 V and 1 V versus Ag/AgCl in presence
of the water-soluble scopoletin (7-hydroxy-6-methoxycoumarin).
The polymer growth is self-limited by the isolating character of the
polymer film. Furthermore, the polymer film is thin, highly hydro-
philic and non-conducting. Incubation of the MUA-poly-scopoletin
covered gold electrode in a Cyt ¢ containing solution leads to elec-
troactive surface concentrations below a complete monolayer. The
values for k and the peak separation indicate that the Cyt ¢ is con-
verted at the MUA layer.

(ii1) Enhancement of Cyt ¢ adsorption by SDS:

The electrostatic binding of Cyt ¢ to the poly-Scopoletin modified
Au-Electrodes (with Q = 0.37 + 0.02 mC) was enhanced by loading
the weakly positive charged polymer layer with negatively charged
Sodium Dodecyl Sulfate (SDS). Characterization of this Cyt c
coated electrodes showed a formal potential of (-13.48 £ 11) mV vs.
Ag/AgCl with a peak separation of 36 mV and a heterogeneous elec-
tron transfer constant of 9.75 £ 25"

The value of the formal potential is in agreement with that for native
Cyt c, whilst denaturation would shift the potential into cathodic dir-
ection [2]. The electroactive surface concentration of Cyt c is (6.73 +
2.96) pmol cm * which is almost 2 times higher than the value of
electroactive protein on MUA modified electrodes. These values
suggest the participation of more than one layer of Cyt c in the elec-
trode process.

Conclusions

Coverage of the MUA-modified gold electrode by electropolymer-
ized scopoletin leads to an effective architecture for the direct elec-
tron transfer of Cyt c. This system will be applied for surface im-
printing and sensor development.

References
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Droplet based lab-on-chip microfluidic microsystems for
high sensitive mass spectrometry analysis
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Since the emergence of Lab-On-Chip applications for biomedical
protocols, electrowetting on  dielectric-digital
(EWOD-DMF) systems have been implemented in many domains
such as enzyme assays, immunoassays, DNA-based applications,
cell-based assays, tissue engineering and proteomics [1,2]. Thus, Di-
gital MicroFluidic (DMF) Lab-On-Chip devices have been coupled
with off-line Matrix-Assisted Laser Desorption/lonization Mass
Spectrometry (MALDI-MS) analysis as an alternative to optical
methods [3]. MALDI-MS analysis brings the advantage of time re-
duction, less complexity of sample preparation and high sensitivity.
Even though this system is a pioneering one in the LoC applications
for MS analysis, several drawbacks can be underlined: proteins or
peptides concentrations remain still quite high (> nmol/uL) and the
analysis protocol is somewhat time consuming and complicated due
to manipulation of viscous matrix and to proteins drying on the sur-
face.

microfluidic

In this presentation, I will discuss an original study consisting of
coupling EWOD-DMF and matrix-free Laser Desorption/Ionization
Mass Spectrometry (LDI-MS) analysis using superhydrophobic
nanostructured silicon substrates. Compared to a classical hydro-
phobic surface, it leads to an improvement of the microfluidic actu-
ation (both in terms of minimal applied voltage threshold and
droplet speed) and it allows a matrix free LDI-MS analysis of very
low concentration of peptides sample (down to fm/uL) through a
rapid and simple protocol (without addition of any organic matrix)

[3-6].

[1] L. Malic, D. Brassard, T. Veres and M. Tabrizian, Lab Chip 10
(2010) 418-431.

[2] V. Srinivasan, V. Pamula, and R. Fair, Lab Chip 4 (2004)
310-315.

[3] A. R. Wheeler, H. Moon, C. A. Bird, R. R. O. Loo, C. J. Kim, J.
A. Loo, R. L. Garrell, Anal. Chem.77 (2005) 534

[4] F. Lapierre, G. Piret, H. Drobecq, O. Melnyk, Y. Coffinier, V.
Thomy and R. Boukherroub, Lab Chip11 (2011) 1620-1628.

[5] M. Jonsson-Niedziolka, F. Lapierre, Y. Coffinier, S. J. Parry, F.
Zoueshtiagh, T. Foat, V.

Thomy, R. Boukherroub, Lab-on-Chip 11 (2011) 490-496

[6] G. Perry, V. Thomy, M. R. Das, Y. Coffinier and R. Boukher-
roub (2011)
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Short communication

Ascorbic acid-oxygen biofuel cell and zinc-oxygen cell
based on carbon-silicate biocathode

Anna Celebanska, Magdalena Bielawska, Marcin Opallo

Polish Academy of Sciences, Institute of Physical Chemistry, Kas-
przaka 44/52, Warszawa 01-224, Poland

e-mail: acelebanska@ichf-edu.pl

In last few years attention is paid to construction of implantable
power sources for medical devices [1]. These are miniature biofuel
cells or hybrid cells, where enzymes are applied as catalyst of elec-
trodes reaction and physiological fluids perform fuel function [2,3].
In such case size of cell is limited only by size of anode and cathode.
The most popular example is glucose-oxygen biofuel cell [4].

Here, we would like to present biofuel cell operates on ascorbic acid
oxidation and dioxygen reduction and hybrid cell with zinc anode
[5]. Both devices consist of carbon-silicate biocathode obtained from
hydrophilic carbon nanoparticles and functionalized silicate particles
[6] or film [7] further modified with adsorbed bilirubin oxidase. The
new carbon-silicate materials were obtained employing the layer-
by-layer method [8]. The electrode applied as cathode in ascorbic
acid-dioxygen biofuel cell was covered by Nafion to prevent biliru-
bin oxidase deactivation. The same carbon-silicate material was also
used as bioanode for ascorbic acid oxidation.

The electrodes were examined by cyclic voltammetry, chro-
noamperometry and Scanning Electron Microscopy. Their properties
clearly depends on the amount of carbon-silicate material deposited
on the substrate. In particular nanoparticulate material significantly
decrease overpotential of ascorbic acid oxidation. This allows to
construct the model of ascorbic acid-oxygen biofuel cell and determ-
ine current-voltage characteristics for both types of batteries.

References
[1] Heller A., Phys. Chem. Phys. 6 (2004) 209.
[2] Heller A., Anal. Bioanal. Chem. 385 (2006) 496.

[3] Barton S.C., Gallaway J., Atanassov P., Chem.Rev. 104 (2004)
4867.

[4] Cinquin P., Gondran C., Giroud F., Mazabrard S., Pellissier A.,
Boucher F., Alcaraz J-P., Gorgy K., Lenouvel F., Mathe S., Porcu
P., Cosnier S., PlosOne 5 (2010) €10476.

[5] Nogala W. Celebanska A., Wittstock G., Opallo M., Fuel Cells
10 (2010) 1157.

[6] Celebanska A. Tomaszewska D., Lesniewski A., Opallo M., Bio-
sens. Bioelectron. 26 (2011) 4417.

[7] Szot K., Le$niewski A., Niedziolka J., Jonsson M., Rizzi C.,
Gaillon L., Marken F., Rogalski J., Opallo M., J. Electroanal. Chem
623 (2008) 170.

[8] Crespilho F., Zucolotto V., Oliveira Jr.O., Nart F. Int. Electro-
chem. Sci. 1 (2006) 194.

Surface modification of gold electrodes for a switchable
biosensor

Clement Comminges], Martin Siitterlinz, Erik Wischerhoft3 S
Birgit Dietzel4, Burkhard Schulz4, Konstanze Stibal, Silke
Leimkuehlerl, Ulla Wollenberger1

1. Institut fiir Biochemie und Biologie, AG Molekulare Enzymolo-
gie, Universitit Potsdam (UP), Karl Liebknecht Strafie 24-25,
Potsdam-Golm 14476, Germany 2. Institut fiir Chemie, Lehrstuhl
fiir Angewandte Polymerchemie, Universitdt Potsdam (UP), Karl-
Liebknechtstraf}e ~ 24-25, Potsdam-Golm 14476, Germany
3. Fraunhofer-Institut  fiir ~Angewandte Polymerforschung,
Wasserbasierende Funktionspolymere und Kolloide (IAP),
Geiselbergstrafle 69, Potsdam-Golm 14476, Germany 4. Institut
fiir Diinnschichttechnologie und Mikrosensorik e.V. (IDM),
Kantstrafie 55, Teltow 14513, Germany

e-mail: ccommin@uni-potsdam.de

Phase transition polymers swell or collapse in aqueous media as a
response to external stimuli. This transition can be triggered by a
change in temperature, pH, ionic strength or even by a binding event
based on biochemical recognition. The latter makes them attractive
candidates for switchable elements of biosensors. The goal of this
work is to develop a readout system for biomolecular interactions
based on the structural changes within a polymer triggered by a spe-
cific binding event and an enzymatic reaction as signal amplifica-
tion.

For this purpose, two architectures for surface modification are in-
vestigated. Both are built in two steps: First, a layer-by-layer (LBL)
assembly is prepared on the surface of a gold electrode. In a second
step, a terminal layer containing a polymerization initiator is used to
grow a LCST (Lower Critical Solution temperature) polymer from
the surface. Enzyme immobilization takes place either in the LBL
assembly (fig. 1a) or in the LCST-polymer matrix (fig. 1b). The as-
sembly steps are monitored by Quartz Crystal Microbalance with
Dissipation (QCMD). The switching behavior of these modified
electrodes is then assessed by measuring the charge transfer resist-
ance and transformation of a redox mediator for the enzymatic reac-
tion as a function of temperature. The catalytic efficiency of the en-
zyme is determined by (spectro)electrochemical methods.

We report on the synthesis and characterization of these modified
surfaces. These preliminary results demonstrate the possibility of
immobilizing the enzymes underneath or inside the switchable poly-
mer cover. In further steps, the switchable polymer brush will be fur-
nished with virus recognition sites to implement the biosensing func-
tionality.
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Figure 1: Electrode architecture with enzyme immobilized in the
LBL assembly (a) or in the LCST polymer matrix (b).
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Oligonucleotide and aptamer derivatized surfaces in po-
tentiometric sensors: preliminary results

Devin Daemsl’z, Luc J. Nagelsl’z, Guy Van Camp1

1. University of Antwerp (UIA), Universiteitsplein 1, Antwerp
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In genetic molecular diagnostics there is a big need for instruments
to detect different DNA variations and mutations selectively and fast
to diagnose the human genetic disorders. The current methods are
usually based on fluorescence. They are often expensive and time-
consuming and in addition they are not always appropriate for high
throughput multiplex analysis. Amperometric DNA sensors are in
the scientific research stage. Potentiometric DNA sensors have been
investigated much less in this respect.

In the present study, oligonucleotides and aptamers were covalently
coupled to carboxylated PVC based potentiometric sensor coatings.
Oligonucleotides are multiply charged molecules which we found
earlier to have unexpectedly good detectability on non-selective an-
ion sensitive sensors.

Aminated DNA was coupled to a carboxylated PVC membrane. On
the attached figure we see a blank membrane on the left (negative
control), a membrane with covalently coupled aminated DNA with
fluorophore (Cy3) in the middle (positive control) and a membrane
with covalently coupled aminated DNA on the right (experiment).
The complementary DNA with fluorophore (Cy3) was added to hy-
bridize in 0,01M MES to each membrane. The hybridization was
checked with a confocal microscope.

We already investigated the effect of sensor kinetics and sensor re-
sponse for e.g. dopamine selective aptamer based sensors and com-
pared it to the behavior of non-derivatized sensors.

Keynote lecture

Electrochemical biosensors: Gelatin as a biocompatible
matrix for the incorporation of redox enzymes

Karolien De Wael

University of Antwerp (UIA), Universiteitsplein 1, Antwerp 2610,
Belgium

e-mail: Karolien.DeWael@ua.ac.be

The incorporation of enzymes in hydrogels, adsorbed to electrode
surfaces, is a promising research line in the field of bioelectrochem-
istry. In this work, gelatin is selected as hydrogel for the encapsula-
tion of different redox enzymes [1-2]. Gelatin is a water soluble pro-
tein, composed of a variety of amino acids, via amide bonds form a
linear polymer with a molecular weight between 15000 and 250000
Da [3]. Due to the hydrophilic groups or domains, the hydration and
native configuration of the encapsulated biomolecules is ensured.
The entrapment of enzymes in a hydrogel without a membrane res-
ults in a faster response or a faster diffusion of analyte to the en-
zyme. In addition, an increased enzyme stability is obtained next to a
better resistance to dehydratation/rehydratation which has his bene-
fits concerning the storage of the biosensor.

In the present work, we compare different strategies to immobilize
gelatin layers on electrode surfaces: drop dried and spincoated lay-
ers. Within the gelatin matrix, we can encapsulate different enzymes
such as horse heart cytochrome c¢ [3], cytochrome ¢ peroxidase,
catalase, ... Depending on the selected immobilization method, we
observe different electrochemical behaviour of the immobilized en-
zymes. Additionally, the electrocatalytic behaviour of the enzymes
towards their target molecules is investigated. Our strategy is to cre-
ate an open hydrogel for the predictable response of quasi-freely dif-
fusing enzyme, mediator and substrate (analyte). This method is now
a model system for new biosensor applications in industry.

[1] K. De Wael, S. De Belder, S. Van Vlierberghe, G. Van Steen-
berge, P. Dubruel, A. Adriaens, Talanta 82(5) (2010) 1980-1985.

[2] K. De Wael, B. Qamar, S. Van Vlierberghe, P. Dubruel, H. Heer-
ing, A. Adriaens, Bioelectrochemistry, in press

[3] J.E. Eastoe, A. A. Leach, in ‘The science and technology of
gelatin’, (Eds. Ward A.G., Courts A.), Academic Press, New York
(1977) Chapter 3.
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Supramolecular Solar Cells
Francis D'Souza, Navaneetha K. Subbaiyan

University of North Texas (UNT), 3940 N. Elm, Denton 76207,
United States

e-mail: francis.dsouza@unt.edu

Supramolecular chemistry - chemistry of non-covalent bonds in-
cludes different type of interactions including ion-pairing, ion-di-
pole, dipole-dipole, hydrogen bonding, cation-p and Van der Waals
forces. Preorganisation and complementarity are the two most im-
portant criteria for building efficient host-guest systems that paves
ways to mimic the events occurring in nature. Consequently, wide
applications based on supramolecular concepts have evolved in re-
cent years. This includes enzyme mimics for catalysis, molecular
wires, rectifiers, photochemical sensors and so on. Recently, supra-
molecular chemistry is also being explored in energy harvesting and
storage applications with a dream of building efficient devices for
these applications. In this contest, few light energy harvesting
devices have been reported based on supramolecular techniques.
Here we report building supramolecular light energy harvesting
devices using axial ligation and anion binding strategies with the
perspective of building efficient system using custom designed sens-
itizers. Our approach involves modification of TiO_ with receptor
sites followed by decoration of sensitizers via host-guest self-
assembly approach. Due to the nature of the self-assembly methods,
the mediating electrolyte solution is made out of a non-coordinating
solvent. In such photocells, we were able to achieve high incident-
photon-to-current (IPCE) conversion efficiency.

Keynote lecture

Hybrid Sol-Gel Materials for Bioelectrochemical Applic-
ations

Mathieu Etienne, Zhijie Wang, Alain Walcarius

Laboratoire de Chimie Physique et Microbiologie pour
I'Environnement (LCPME), 405, rue de Vandoeuvre, Nancy
54600, France

e-mail: etienne@lcpme.cnrs-nancy.fr

The sol-gel process provides unique opportunity to produce hybrid
materials combining simultaneously organic and inorganic proper-
ties in a single solid [1]. In addition, the porosity of such materials
can be tuned and the shape of the solid can be adapted to the applic-
ation, from monolith to particles and thin films. Sol-gel silica mater-
ial also allows for the encapsulation of protein, bacteria and biolo-
gical cells in an active form without preventing the diffusion of mo-
lecules (enzymatic substrate, nutriments, etc.) inside the porous gel
network and provides a protective environment that allows a better
resistance of the encapsulated biological object to harsh conditions
(temperature, pH, etc.) and/or an improved long term stability [2].

This communication will show some examples of hybrid sol-gel
thin films for bioelectrochemical applications. Indeed, we recently
investigated the co-immobilization in a single film of a NAD-
dependant dehydrogenase (D-sorbitol, D-Glucose or L-Lactate de-

hydrogenase), the NAD ' cofactor and a suitable electrocatalytic sys-
tem for allowing the safe detection-regeneration of the cofactor dur-
ing the bioelectrocatalytic reactions [3-6].

We will see that such a complex layer can be successfully prepared
with using the different possibilities offered by the sol-gel chem-
istry, i.e. the incorporation of polyelectrolytes, the co-condensation
with chosen organoalkoxysilane and finally the processing for get-
ting a thin film on the electrode surface. The method used to prepare
the film, the evaporation of the starting sol (drop or spin-coating) or
the electrochemically assisted deposition, affected strongly the bio-
electrochemical response of the modified electrodes. These results
will be discussed in a tentative to define the best strategy to be used
according to the electrode to be modified (flat or porous electrodes)
and the concerned application (biosensor, electroenzymatic synthes-
is, biobattery or biofuel cell).

[1] C. Sanchez ,L. Rozes, F. Ribot, C. Laberty-Robert, D. Grosso, C.
Sassoye, C. Boissiere, L. Nicole, C. R. Chimie2010, 13, 3.

[2] D. Avnir, T. Coradin, O. Lev, J. Livage, J. Mater. Chem.2006,
16,1013,

[3] Z. Wang, M. Etienne, G.-W. Kohring, A. Walcarius, Electroana-
lysis2010, 22, 2092.

[4] A. Walcarius, R. Nasraoui, Z. Wang, F. Qu, V. Urbanova, M.
Etienne, A. S. Demir, J. Gajdzik, R. Hempelmann,
Bioelectrochem.2011, 82, 46.

[5] Z. Wang, M. Etienne, G.-W. Kohring, Y. Bon-Saint-Céme, A.
Kuhn, A. Walcarius, Electrochim. acta, in press.

[6] Z. Wang, M. Etienne, F. Quilés, G.-W. Kohring, A. Walcarius,
submitted.
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Electrochemically Assisted Sol-Gel Bioencapsulation on
Carbon Nanotubes Network

Ievgen Mazurenkol’z, Mathieu Etiermel, Zhijie Wangl, Oksana
Tananaikoz, Vladimir Zaitsevz, Alain Walcarius

1. Laboratoire de Chimie Physique et Microbiologie pour
I'Environnement (LCPME), 405, rue de Vandoeuvre, Nancy
54600, France 2. Taras Shevchenko National University of Kyiv,
Department of Analytical Chemistry, Volodymyrska str., 62a, Kiev
01033, Ukraine

e-mail: etienne@lcpme.cnrs-nancy.fr

It is possible to induce the formation of sol-gel layers on electrode
surfaces by means of electrochemistry. The concept is based on local
pH change near the electrode surface which catalyses the sol con-
densation and significantly increases the rate of silica deposition
only onto the solid surface without disturbing the rest of the sol [1].
Recently it has been shown that this procedure could be applied to
the encapsulation of biomolecules in thin silica films while retaining
their biocatalytic properties [2]. An interesting perspective of this
work concerns the deposition of such composite material on elec-
trodes exhibiting large electroactive surface areas, which would con-
tribute to significantly improve the bioelectrochemical reaction [3].
Carbon nanotubes are important materials for the electrochemical
detection of NADH [4]. This molecule is used as a co-factor by a
large number of dehydrogenase that can find application in bio-
sensors or enzymatic electrosyntheses.
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In this context we have evaluated the interest of carbon nanotubes
networks obtained by electrophoretic deposition for the oxidation of
NADH and the immobilization of dehydrogenases. D-sorbitol de-
hydrogenase was used as model enzyme. Immobilization of the bio-
molecule was achieved by physical entrapment into sol-gel films
prepared by the electrochemically assisted deposition.

The carbon nanotubes network catalyses effectively the detection of
NADH, this reaction occurs at lower potential than on the glassy
carbon substrate. Moreover, the intensity of the oxidation peak de-
pends on the quantity and texture of deposited nanotubes. D-sorbitol
dehydrogenase can be immobilized in this network of carbon nan-
otubes by electrochemically assisted generation of sol-gel layers and
the response of the electrode to D-sorbitol is strongly dependent on
the electrogeneration time.

[1] R. Shacham, D. Avnir, D. Mandler, Adv. Mater.1999, 11, 384.
[2] O. Nadzhafova, M. Etienne, A. Walcarius, Electrochem. Com-
mun.2007, 9, 1189.

[3] Z. Wang, M. Etienne, G.-W. Kohring, Y. Bon-Saint-Come, A.
Kuhn, A. Walcarius, Electrochim. Acta, in press.

[4] M. Wooten, W. Gorski, Anal. Chem.2010, 82, 1299.

Short communication

Gold nanoparticle-modified enzyme-based sugar and
oxygen sensitive electrodes for biosensing and biofuel
cell applications

Magnus Falkl, Xiaoju Wangz, Roberto Ortizs, Lo Gort0n3, Roland
Ludwig4, Sergey Shleev'

1. Malmé Univerity Health and Society, None, Malmo 20506,
Sweden 2. Abo Akademi University, Turku 20500, Finland 3. De-
partment of Analytical Chemistry and Biochemistry, Lund Uni-
versity, P.O Box 124, Lund SE-22100, Sweden 4. Division of
Food Biotechnology, Department of Food Sciences and Techno-
logy,, BOKU-University of Natural Recources and Applied Life
Sciences Vienna, Muthgasse 18, Wien A-1190, Austria

e-mail: magnus.falk@mabh.se

We report on the fabrication and characterisation of mediator-less
sugar and oxygen sensitive biodevices based on three-dimensonal
gold nanoparticle-modified electrodes with immobilised sugar oxid-
ising and oxygen reducing enzymes. To create sugar and oxygen
sensitive biodevices, Corynascus thermophilus cellobiose dehydro-
genase (CtCDH) and Myrothecium verrucaria bilirubin oxidase
(MvBOx) were used, respectively. For C*CDH modified bioelec-
trodes maximal current densities of 28 pA em” and 40 pA em”
could be obtained in the presence of 120 mM glucose and 5 mM
lactose, respectively. It was shown that bioelectrocatalytic oxidation
of sugars on CtCDH-based electrodes was limited by the activity of
the enzyme. Contrary, in the case of MvBOx modified biodevices, a
maximal current density equal to 110 pA cm'2 was obtained in air
saturated solution due to mass transfer limitation.

By connecting the electrodes together a membrane- and mediator-
less sugar/oxygen biofuel cell (BFC) was created operating in buf-
fers and human physiological liquids. The following characteristics
of the mediator-, separator- and membrane-less, miniature BFC,
were obtained: open-circuit voltages of 0.68 and 0.65 V, maximum
power densities of 15 mW cm™ and 3 mW cm” at 0.52 V and 0.45
V of cell voltage, in phosphate buffer and human blood, respect-

ively. The estimated half-lifes of biodevices were measured to be 24
h and 8 h in sugar-containing buffers and human physiological li-
quids, respectively. Thus, a mediatorless sugar/oxygen BFC with
significantly improved basic characteristics compared to previously
designed biodevices™ could be constructed because of the usage of
three-dimensional gold nanoparticle-modified electrodes.

1. V. Coman, R. Ludwig, W. Harreither, D. Haltrich, L. Gorton, T.
Ruzgas, and S. Shleev. (2010) A direct electron transfer-based gluc-
ose/oxygen biofuel cell operating in human serum. Fuel Cells. 10(1),
9-16.2. V. Coman, C. Vaz-Dominguez, R. Ludwig, W. Harreither,
D. Haltrich, A. L. De Lacey, T. Ruzgas, L. Gorton and S. Shleev.
(2008) A membrane-, mediator-, cofactor-less glucose/oxygen bio-
fuel cell. Phys. Chem. Chem. Phys. 10(40), 6093-6096.
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tion. Ms. Wang would like to thank the Finnish Graduate School of
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phase transition for a switchable polymer immobilised
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One of the most efficient methods for solid surface refinement is
modification with thin organic polymer films. A very promising
class of polymers for such surface modifications is the group of so
called switchable polymers. These macromolecular compounds un-
dergo very sharp reversible phase transitions in response to external
stimuli such as light irradiation or temperature and enable so a
simple way for rapid variations of surface properties, for example
wettability. Different non-electrochemical methods have already
been used in investigating switching phenomena of thermorespons-
ive polymers on solid surfaces. In this study it is shown how the
structural changes in the polymer film on gold electrodes can be fol-
lowed by electrochemical means.

For this purpose a thermally switchable polymer (copolymer of
2-(2-methoxyethoxy)ethyl methacrylate, oligo(ethylene glycol)
methacrylate and 3-(2-methyl-acryloylamino)-propyl-ammonium
chloride) with a lower critical solution temperature (LCST) around
38 °C was prepared and covalently bound to the surface of gold
wire electrodes. Subsequently cyclic voltammetric and impedimetric
measurements with so prepared working electrodes were realised in
aqueous potassium ferro-/ferricyanide solutions at different temper-
atures. The results of these studies show successful immobilisation
of the polymer on the surface of gold, since the interfacial imped-
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ance is clearly enlarged with the polymer film present on the surface
(increased resistance and decreased capacitance). Furthermore, sig-
nificant changes of the temperature dependence of the voltammetric
peak current and the peak separation values at LCST clearly demon-
strate the thermally induced phase transition on the gold surface.
Thus, first results can be presented, showing the potential usefulness
of electrochemical methods to follow structural polymer changes on
surfaces.

Short communication

Gold Nanoparticles as Support for the Direct Electron
Transfer and Catalysis of the Human Sulfite Oxidase

Stefano Frascal, Oscar Rojasl, Johannes Salewskiz, Inez M.
Welidingerz, Silke Leimkuehlerl, Joachim Koetzl, Ulla Wollenber-
ger

1. University of Potsdam, Am Neuen Palais 10, Haus 19, Potsdam
14469, Germany 2. Berlin University of Technology, Harden-
bergstr. 36, Berlin 10623, Germany

e-mail: stefafano.frasca@uni-potsdam.de

We present the characterization of the direct electron transfer and the
catalytic activity of sulfite oxidase in a hybrid biosensor for sulfite
detection, consisting of a combination of ultrafine gold nanoparticles
and enzyme.

The human sulfite oxidase (hSOx) is a molybdenum and heme con-
taining protein. It catalyzes the oxidation of sulfite to sulphate re-
leasing the electrons to an external acceptor. The natural electron ac-
ceptor, cytochrome c, may be used to transfer electrons to an elec-
trode [1] or may be replaced by a chemically modified electrode [2].
On positively charged surfaces the electron transfer proceeds
through the heme domain of sulfite oxidase. In order to increase the
efficiency of the bioelectrocatalysis we introduced nanoparticles. A
hybrid system with an Au-electrode, self assembled alkyl thiol de-
rivatives, polyethylene imine capped nanoparticles and sulfite oxi-
dase has been created. The nanoparticles had a core size of about 6 +
2 nm nm and a hydrodynamic diameter of 9 + 1 nm.

Electrochemical as well as UV-vis and SERRS characterization of

the system will be presented.

[1] Spricigo R., Dronov R., Rajagopalan K. V., Lisdat F.,
Leimkiihler S., Scheller F. W., Wollenberger U. Soft Matter, 2008,
4,972.

[2] Sezer M., Spricigo R., Utesch T., Millo D., Leimkiihler S., Mro-
ginski M. A., Wollenberger U., Hildebrandt P., Weidinger 1. M.
Phys Chem Chem Phys., 2010, 12, 7894-7903.
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We studied physical properties of mixed monolayers composed of
dipalmitoyl-phosphatidylcholine (DPPC) and specially designed am-
phiphilic carotenoid (C2) containing glycerophosphocholine group.
The carotenoids formed stable monolayers at an air-water interface.
Using Langmuir method we obtained series of n-A isotherms and
determined the mean area per molecule of pure carotenoids (76.1 +
2.5 A2), DPPC (57.5 + 4.4A2) and for their mixtures. The C2 does
not affect the shape of the isotherm and collaps pressure, but caused
slight shift of the isotherm toward larger molecular area. The analys-
is of mixing properties showed that at the surface pressure above 10
mN/m the aggregates composed of pure carotenoids apeared, while
at lower surface pressures the complexes of lipids and carotenoids
were formed at relatively low molecular fraction of C2 (0.2-0.5
mol%). The compressibility modulus of the monolayers composed
of DPPC was larger in comparison with those of carotenoids.
However, already at low molar content of carotenoids (0,2 mol%)
the elastic modulus increased suggesting high ordered structures due
to van der Waals interactions between the hydrophobic chains of
DPPC and polyene chain of C2. Measurement of dipole potential
evidences on possibility of parallel and perpendicular orientation of
C2 relatively to the subphase in the mixed monolayers.

Acknowlegements: This work was supported by Slovak Research
and Development Agency (Contracts No. APVV-0410-10, LPP-
0250-09 and SK-PL-0034-09) and Grant Agency VEGA (Project
No.1/0794/10).
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Size and Zeta Potential of Lipid Vesicles with Incorpor-
ated Calixarenes at Presence of Cytochrome c¢ and
PAMAM Dendrimers

Zuzana Garaiova, Veronika Vargova, Sophie Melikishvili, Tibor
Hianik

Comenius University, Department of Biophysics and Chemical
Physics, Mlynska dolina F1, Bratislava 842 48, Slovakia (Slovak
Rep.)

e-mail: garaiova.zuzana7@gmail.com

Calix[n]arenes (CX) are macrocyclic aromatic molecules, which ori-
ginate from the coupling of phenols and aldehydes. The index [n]
refers to the number of phenol aromatic cycles in the molecule. In a
calixarene molecule, phenol subunits are bridged via methyl groups.
This provides the characteristic vase-like shape of the CX molecule.
Moreover, modification of the side groups of CX allows one to pre-
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pare tailor-made receptors with high affinity for specific target mo-
leculesl. Recently CX (n=6) sensitive to cytochrome c (cyt c) has
been demonstrated2. Cyt ¢ is small hemoprotein (M.w. 12.4 kDa)
found in the intermembrane space of mitochondria. Under physiolo-
gical conditions it is positively charged owing to lysine and arginine
amino acid residues. Cyt ¢ plays a dual role in living system. It parti-
cipates in electron transport and is responsible for the activation of
the apoptotic pathway through releasing from mitochondria into the
cytosol. CX can be incorporated into the lipid films and this system
may be useful for detection cyt c. The biosensor based on CX incor-
porated into the supported lipid membranes has been reported3.
However, mechanism of cyt ¢ interaction with CX is not yet known.
G4 PAMAM (M.w. 14.1 kDa) has similar size like cyt ¢ and is also
positively charged. Therefore G4 can serve as a model of non-
specific interactions. At the same time G4 is useful for drug deliv-
ery. Therefore analysis of G4 interaction with model membranes
containing receptors is of high importance. We studied the interac-
tion of cyt ¢ and G4 PAMAM with CX incorporated into the large
unilamellar vesicles (LUV, diameter 100 nm) composed of dimyris-
toylphosphatidylcholine (DMPC). We showed that with increasing
concentration of CX the average size of LUV increased and zeta po-
tential become more negative as it is suggested from dynamic light
scattering experiments. Cyt ¢ did not affect significantly the LUV
size, bur reduced the negative zeta potential of CX containing ves-
icles. Similarly to cyt ¢ G4 also reduced negative charge of CX con-
taining LUV. G4 did not affect the size of unmodified LUV,
however at ¢> 1 mM the average diameter of vesicles modified by
CX substantially increased from 100 to approx. 500 nm which sug-
gest vesicle aggregation. It is likely that main driving force of inter-
action cyt ¢ and G4 with CX containing vesicles is negative charge
of CX carboxyl groups.

Acknowlegements: This work was supported by Slovak Research
and Development Agency (Contracts No. APVV-0410-10, LPP-
0250-09 and SK-PL-0034-09) and Grant Agency VEGA (Project
No.1/0794/10).

1. Gutsche, C. D., Muthukrishnan, R. J. Org. Chem. 43 (1978),
4905-4906

2. Oshima, T., Ishii, T., Baba, Y., Higuchi, H., Ohto, K., Inoue, K.
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Life-span viability accompanied with preserved activity of micro-

organisms in solid support has gained considerable interests for bio-
electrochemical applications including biofuel cells and biosensors

for environmental monitoring. Sol-gel technology has proved its
suitable environment for living cells entrapment and ensured their
stability and activity enhancement better than free living cells [1].
The development of the electrochemically assisted deposition of sol-
gel at the end of the nineties [2] has opened a larger window for
bioencapsulation process in thin sol-gel films by using the electro-
chemical methods [3]. The Electrochemically assisted deposition has
several advantages compared to other sol-gel methods that are based
on solvent evaporation (spin-, dip-, spray-coatings). It exhibits the
ability of film deposition on small electrodes (ultramicroelectrode)
or non-flat supports, in-addition to the film deposition on conducting
supports for useful electrochemical applications and monitoring.
Moreover, the possibility of porosity control by using the template
approach [4] and thickness control facilitates the interactions of
trapped living cells with the surrounding environment for fluores-
cent and environmental analysis.

This communication intends to show some recent developments on
sol-gel bioencapsulation using electrochemically assisted deposition
applied to the immobilization of bacteria. The incorporation of
biocompatible organic polymers to the inorganic sol-gel source has
proved the mechanical enhancement of sol-gel deposition and stabil-
ity. Furthermore, additional disaccharide has provided a more hydro-
philic environment which is critical for bioencapsulation of micro-
organisms in thin sol-gel film. This hybrid composition of sol-gel
appeared to be critical for the long-term viability of trapped bacteria
according to the bacterial membrane integrity studied by Live/Dead
BacLight viability assay. It proved a better long-term stability of the
bacterial membrane integrity than that of inorganic composition of
sol-gel [5]. Perspectives of bacterial respiration analysis and bioen-
capsulation of other complex biological objects with the electro-
chemically assisted methodology will be discussed later on.

[1] D. Avnir, T. Coradin, O. Lev, J. Livage, J. Mater. Chem., 2006,
16, 1013.

[2] R. Shacham, D. Avnir, D. Mandler, Adv. Mater., 1999, 11, 384.
[3] O. Nadzhafova, M. Etienne, A. Walcarius, Electrochem. Com-
mun., 2007, 9, 1189.

[4] A. Walcarius, E. Sibotier, M. Etienne, J. Ghanbaja, Nature Ma-
ter.2007, 6, 602.

[5] T. M. Harrell, B. Hosticka, M . E. Power, L. Cemke, R. Hull, P.
M. Norris, J. Sol-Gel Sci. Technol.2004, 31, 349.
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Electrochemical communication between viable Gram+
and Gram- bacterial cells and electrodes
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Department of Analytical Chemistry and Biochemistry, Lund Uni-
versity, P.O Box 124, Lund SE-22100, Sweden

e-mail: Lo.Gorton@analykem.lu.se

During the last few years we have proven that viable bacterial cells
can be electrochemically “wired” to electrodes with flexible Os2+/3+
functionalised polymers such azs+/3+poly(1-Viny1imidazole)l2-
[Os(4,4’-dimethyl—2,2’-dipyridyl)2C12] o and poly(vinylpyridine)
[Os(N,N’-dimethyl-2,2’-biimidazole) ] . Our initial studies [1] in
this field were made with the structurally rather simple gram-
negative Gluconobacter oxydans, where we addressed redox en-
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zymes from the cytoplasmic membrane yielding response for gluc-
ose, fructose, ethanol and glycerol. In further studies focus was on
the structurally more complex gram-negative Pseudomonas putida
and Pseudomonas fluorescens [2,3], where response currents could
be obtained both for substrates being metabolised in the cytoplasmic
membrane (glucose) as well as in the cytosol of the cell (phenol).
Recently we have also showed that introduction of a cytochrome to
the cytoplasmic membrane of E. coli greatly facilitated the commu-
nication between these gram-negative bacterial cells and the osmium
polymers [4]. In the current study reported here [5], we now use the
gram-positive model organism B. subtilis, with a substantially thick-
er peptidoglycan cell wall, which at an early glance is expected to be
more difficult to permeate by the osmium polymeric mediators. In B.
subtilis the cell wall has a diameter of =35 nm. It constitutes a mul-
tilayered structure composed mainly of peptidoglycan and teichoic
acids. The polyelectrolytic properties of the peptidoglycan and
teichoic acids provide a continuum of anionic charge between the
cytoplasmic membrane and the environment. These properties of the
cell wall may facilitate the connection between the cells and the
polycationic Os-polymer and further to the electrode. Using a B.
subtilis strain which overproduces succinate:quinone oxidoreductase
(respiratory complex II), we were able to improve the current re-
sponse several foldusing succinate as substrate. We believe that the
approach taken in this work adds to the understanding of how gram-
positive cells may communicate with their surroundings through
electron conductive structures present in the layers of peptidoglycan/
teichoic acids. This is also in line with the recent hypothesis raised
by Ehrlich [6] on that electron conducting structures are present in
the periplasm of gram-positive bacteria (peptidoglycan, teichoic
acids), which must be responsible for conveying electrons from the
cytoplasmic membrane to the outer surface of the cell wall. Another
recent publication that support such a theory is the work by Marshall
and May [7], who show that gram-positive Thermincola ferriacetica
strain Z-0001 readily can grow onto a graphite electrode and exhibit
direct electron transfer communication. Currently we are investigat-
ing whether it is possible to “wire” Rhodobacter capsulatus both
when cells are grown heterotrophically or photosynthetically.

[1] Vostiar, 1.; Ferapontova, E. E.; Gorton, L. Electrochem. Com-
mun., 6 (2004) 621-626.

[2] Timur, S.; Haghighi, B.; Tkac, J.; Pazarlioglu, N.; Telefoncu, A.;
Gorton, L. Bioelectrochemistry, 71 (2007) 38-45.

[3] Timur, S.; Anik, U.; Odaci, D.; Gorton, L. Electrochem. Com-
mun., 9 (2007) 1810-1815.

[4] Alferov, S.; Coman, V.; Gustavsson, T.; Reshetilov, A.; von
Wachenfeldt, C.; Hagerhéll, C.; Gorton, L. Electrochim. Acta, 54
(2009) 4979-4984.

[5] Coman, V.; Gustavsson, T.; Finkelsteinas, A.; von Wachenfeldt,
C.; Hagerhidll, C.; Gorton, L. J. Am. Chem. Soc., 131 (2009)
16171-16176.

[6] Ehrlich, H. L. Geobiology, 6 (2008) 220-224.

[7] Marshall, C. W.; May, H. D. Energy Environ. Sci., 2 (2009)
699-705.
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Cellobiose dehydrogenase (CDH) is an extracellular highly glyc-
osylated two domain redox enzyme, which is one of the very few
redox enzymes that shows direct electron transfer (DET) properties
with electrodes. The catalytically active domain contains flavin ad-
enine dinucleotide (FAD) and the other contains heme b. For the
native glycosylated enzyme only the heme domain shows DET prop-
erties reflected by that the redox conversion of the heme group is
shown in cyclic voltammetry (CV). For the native enzyme DET of
the FAD domain is not show. Recently we initiated studies of degly-
colysated CDH aiming at obtaining more efficient DET properties in
line with previous reports for horseradish peroxidase [1,2] and gluc-
ose oxidase [3]. Ceriporiopsis subvermispora (Cs) and Phanero-
chaete chrysosporium (Pc) CDH were used in this study. When de-
glycosylated CDH was used instead CV revealed signals from both
the heme and FAD. However, in the presence of substrate catalytic
currents in CV only emanate at potentials close that of the heme for
both CDHs.

When investigated adsorbed on graphite electrodes CsCDH (16%
glycosylation) its deglycosylated equivalent shows at least 3 times as
high catalytic currents as its glycosylated counterpart. PcCDH (9%
glycosylation) shows twice higher currents for its deglycosylated
form. A similar behavior is observed on thiol modified gold elec-
trodes for CsCDH but not for PcCDH. In this last case both the glyc-
osylated and deglycosylated variants show equally high catalytic
currents. The improvement in current response on graphite is due to
a higher amount of deglycosylated enzyme immobilized on the
graphite electrode. The basic bioelectrochemistry as well as the bio-
electrocatalytic properties will be shown as well as applications of
CDH modified electrodes as 3rd generation biosensors and as bioan-
odes in biofuel cells.

[1] G. Presnova, V. Grigorenko, A. Egorov, T. Ruzgas, A. Lindgren,
L. Gorton, T. Borchers, Faraday Discus., 116 (2000) 281-289.

[2] E. E. Ferapontova, V. G. Grigorenko, A. M. Egorov, T.
Borchers, T. Ruzgas, L. Gorton, Biosens. Bioelectron., 16 (2001)
147 - 157.

[3] O. Courjean, F. Gao, N. Mano, Angew. Chem. Int. Ed., 2009, 48,
5897 —5899.

This work was financially supported by the European Commission,
“3D-Bionanodevice” NMP4-SL-2009-229255.
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Powering future generations of implanted medical devices by har-
vesting ener-gy from the human body became a challenge of the last
decades. Glucose-based biofuel cells appear to be the most prom-
ising approach since they produce electrical energy from glucose
and oxygen. These two substrates are present in physiological fluids.
However, such biofuel cells are limited by the difficult electrical
wiring of enzymes and their poor adhesion to the electrodes. Differ-
ent strategies were pro-posed to solve these problems such as wiring
enzymes with redox active species using mechanical confinement,
Os-complex containing redox polymers[1] and (or)nanomaterials[2].
Carbon nanotubes were widely used due to their specific proper-ties
in terms of increased surface area and high electric conductivity.
Moreover, carbon nanotubes are known for their high chemical and
electrochemical stability facilitating the electron transfer between
the active site of enzymes and the electrode surface. Carbon nan-
otubes were, thus deposited on different kind of materials to improve
the matrix conductivity and the electron transfer properties.

In this context and with the aim to design a new generation of bio-
fuel cells, we report an original 3 D nanostructure based on carbon
nanotubes directly grown on a carbon cloth allowing an efficient im-
mobilization of biological recognition elements. We combined the
excellent properties of the carbon nanotubes with those of the carbon
cloth to offer highly porous three-dimensional nanostructured frame-
works. Results using a variety of different enzymes were immobil-
ized on this support ma-terial and investigated with respect to their
properties as biofuel cell anodes and cathodes. Moreover, results of
complete biofuel cells based on these electrodes will be presented.

[1] L.Stoica, N.Dimcheva, Y.Ackermann, K. Karnicka,
D.A.Guschin, P.J.Kulesza, J.Rogalski, D.Haltrich, R.Ludwig,
L.Gorton, W.Schuhmann, Fuel Cells9(2009) 53

[2] A.Zebda, C.Gondran, A.Le Goff, M.Holzinger, P.Cinquin,
S.Cosnier, Nature Comm.2(2011) 370
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Redox Reactivity of Methylene Blue in the Pores of UM-
CM-1 Metal-Organic Frameworks

Jonathan Halls, Jay Ellis, Dongmei Jiang, Luke Keenan, Andrew
Burrows, Frank Marken
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Bath BA2-7AY, United Kingdom

e-mail: jeh38@bath.ac.uk

Redox processes are studied in the molecular pores of a crystalline
UMCM-1 metal organic framework (MOF) material. Methylene

blue is employed as an absorbed redox active dye component. From
the change in coloration during dye adsorption, it can be concluded
that an essentially irreversible adsorption process with high pore
loading of the resulting MOF structure occurs. The adsorbed methyl-
ene blue remains redox active in the MOF pores and there is no
evidence of losses during extended redox cycling. Due to the size of
the pores, the reactivity of the pore-bound methylene blue is closely
related to that expected for methylene blue in aqueous solution. A
study of the effect of solution pH on the voltammetric responses re-
veals an interesting gradual change in electrical pore conductivity
form poorly conducting under acidic conditions to highly conducting
under alkaline conditions and this is interpreted in terms of charge
transport via single-electron hopping conduction in pores.
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Recently we have shown that bacterial cells can be electrochemic-
';11% ”wired” to electrodes with flexible redox polymers e.g.,
poly(l—vinylimidazole)12—[05(4,4’—dimethyl—2,2’—dipyridyl) Clzk/3+
and poly(vinylpyridine) [OS(N,N’-dimethyl-2,2’-biimidazofe) ] .
Our initial studies were made with the simple Gram-negative Gluc-
onobacter oxydans, where we addressed redox enzymes from the
cytoplasmic membrane yielding response for glucose, fructose, eth-
anol and glycerol. Later focus was on more complex Gram-negative
Pseudomonas putida and P. fluorescens,”” where response currents
were obtained for substrates metabolised in the cytoplasmic mem-
brane (glucose) and in the cytosol (phenol). Recently introduction of
a cytochrome to the cytoplasmic membrane of E. coli facilitated the
communication between E. coli cells and the redox polymers.4 In
Gram-positive B. subtili’ strain which overproduces complex II, cur-
rent resonse has been improved several times although it was expec-
ted to be more difficult for the thick cell wall to permeate by rodox
polymer. Another recent work that supports such a theory is a paper
by Marshall and Mayé, who show that Gram-positive Thermincola
ferriacetica strain Z-0001 readily can grow onto a graphite electrode
and exhibit direct e transfer communication. Currently we are in-
vestigating Rhodobacter capsulatus, one of the most metabolic ver-
satile bacteria in the nature, grown heterotrophically and success-
fully wired with poly (1-vinylimidazole) -
[Os(4,4’-dimethyl-2,2’bipyridyl)2C1]2+/+, E®’= 200 mV vs. SCE’ lin
both batch and flow mode. More experiments are going on to estab-
lish the communication between phtoheterotrophicaly grown cells
and the redox osmium polymers followed by electrode by using light
as a energy source instead of any organic substrate.

References:
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Nanodiamond (ND) is formed by detonation of carbon-based ex-
plosives and consists of individual diamond nanoparticles of ~ 5 nm
in diameter. This material is attracting much interest at present in
possible biomedical applications such as drug delivery, intracellular
imaging and biosensing. Our interest lies in its unexpected redox
properties [1,2] as we find that when immobilized on an electrode it
is able to undergo direct oxidation and reduction and can also under-
go electron transfer with solution redox molecules such as IrCl >
As undoped diamond is an insulating material, with a band gap of
5.5 eV we have suggested that this redox activity must be associated
with its surface. By necessity bonding at the surface is unsaturated
and due to the acid treatment used in purification highly oxidized.
The ND surface contains an array of different surface functionalities,
such as carboxylic acid, alcohols, quinones and ketones etc. As these
groups can undergo redox transformations they may be responsible
for the observed redox activity.

This talk will discuss recent experiments to elucidate the mechan-
isms behind electron transfer at the ND surface. This study uses At-
tenuated Total Reflectance InfraRed (ATR IR) spectroscopy to mon-
itor changes in the vibrational frequencies of the surface functional
groups of the ND in the presence of redox probes. In ATR IR the IR
beam is directed through an internal reflection element (IRE), on top
of which a thin layer of the nanomaterial is immobilised. The IR
beam is reflected internally at the surface of the IRE, but the beam
also penetrates the immediate environment above the prism surface
as an evanescent wave. An IR vibration spectrum of the material
within range of the evanescent wave can therefore be obtained and
as only a thin layer is probed, solvent absorption is minimised. Use
of nanomaterials ensures that a high surface area is available to be
probed, allowing good quality IR spectra of the redox-active surface
functional groups to be obtained.

[1] Electrochemistry of Undoped Diamond Nanoparticles: Access-
ing Surface Redox States, K. B. Holt, E. Millan-Barrios, D. J. Caru-
ana, J. Am. Chem. Soc., (2009) 131, 13272+.

[2] Undoped diamond nanoparticles: origins of surface redox chem-
istry, K. B. Holt, Phys. Chem. Chem. Phys., (2010) 12, 2048
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Electrochemical sensors found many applications as simple and se-
lective analytical devices allowing fast and low-cost analysis in clin-
ical diagnostics, environmental and process monitoring without the
necessity of sample preparation. Their selectivity is mainly governed
by the analyte recognition process — selective complexation of the
analyte by the receptor molecules — occurring in the receptor layer.
Therefore, the development of novel sensors requires the synthesis
of selective receptors which could be introduced into polymeric
films or immobilized on the surface of the transducers to form se-
lective receptor layers.

Phenylboronic acid derivatives are widely used as selective recept-
ors for developing new analytical methods for the determination of
bioanalytes such as: sugars, neurotransmitters and some anions.
Their high stability and especially their ability of fast and reversible
ester formation with 1,2- and 1,3-diols have been applied to detect
saccharides in solution (homogenous methods) as well as to design
new optical saccharide sensors. In such approaches, fluorescent
phenylboronic acids are usually applied to signal the binding pro-
cess. Moreover, thiol-modified phenylboronic acids can be immobil-
ized directly on the gold surface and form a self-assembled mono-
layer, acting as receptor layer of electrochemical sensors sensitive to
sugars [1].

In this report, preliminary studies on the fabrication of electrochem-
ical microsensors based on phenylboronic acid self-assembled
monolayers of 4-mercaptophenyloboronic acid (MPBA) are presen-
ted. The efficiency of the formation of MPBA monolayers on the
surface of back-side contact gold microelectrodes developed in silic-
on technology were studied using quartz crystal microbalance and
chosen electrochemical techniques (cyclic voltammetry, impedance
spectroscopy). Finally, the responses of the phenylboronic acid
monolayer-modified microsensors towards selected bioanalytes
(fluoride anion) have been reported.

[1] Takahashi S., Anzai J., Langmuir 21 (2005) 5102-5107
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Redox proteins and enzymes are involved in a large number of pro-
cesses mainly related to bioenergetic metabolism or photosynthesis.
Many of the enzymes are oxidoreductases and an important group of
them reside in bacterial, mitochondrial or chloroplast (inner) mem-
branes. In the eighties, reports emerged in which redox proteins and
enzymes are immobilised on ‘protein-friendly’ electrode surfaces
while electrons are exchanged between the protein and electrode.
Since then, hundreds of papers have appeared in which electrochem-
istry is used to study redox proteins and the catalytic mechanisms of
redox enzymes. As so often in protein biochemistry, the field has
made significantly less progress with membrane proteins than with
globular proteins. In this tutorial lecture I will focus on focus on in-
tegral membrane oxidoreductases and provide an overview of the
strategies used to make electrodes suitable for membrane proteins.
This lecture will discuss various technologies that have been used to
immobilise enzymes on the electrode surface and to ‘coach’ them to
exchange electrons, either directly or with the help of mediators.
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Zinc aluminate (ZnAl 04) is found in nature as a mineral named
gahnite. This spinel presents a close-packed face-centered cubic
structure belonging to the Fd3m space group, having an optical band
gap of 3.8 eV, which makes it suitable for photoelectronic devices,
such as plasma display panels (PDPs), and field emission displays
(FEDs). In recent years, several studies have been based on ZnAl O
doped rare earth ions (for example: Er’ Yb Tb ,
Tm )

ZnA1204 co-doped Er’and Yb' ' were prepared by a combustion
aerosol process. The urea and nitrate compounds dissolved in dis-
tilled water and used for the production of aerosol were injected to a
high— temperature reaction zone. As results we obtained spherical

nanoparticles that up-converted infrared light (980nm) to visible
light (540 nm and 650 nm). The synthesized nanopowders were
characterized by: TEM, SEM, XRD, PL and confocal microscopy.
TEM analysis showed a broad particle size distribution for (100 -
800 nm), for ZnAl Er 7Yb0 0 3O (Er:Yb = 1:5) for the oven cal-
cined at 990°C for 3h in the aif and unheated nanoparticles . Spher-
ical polycrystalline nanoparticles were presented on the SEM photo-
graphs (Figure 1).

In order to label cellular biological structures, the up-converting
nanoparticles were transported into living HeLa cells and were de-
tected by confocal microscopy.

Our results indicate that the spinels can be visualized in HeLa cells.

Fig. 1. SEM photographs of ZnAIZO co-doped Er’ and Yb'  nan-
oparticles (a) calcined at 990 °C for 3h in air (b) not heated.

The research was supported by the European Union within European
Regional Development Fund, through grant Innovative Economy
(POIG.01.01.02-00-008/08), and by the Ministry of Science and
Higher Education (Poland) through Grant No. N518 424036 and
Center of Excellance. The Polish National Centre for Research and
Development NR13004704 and Center of Excellence
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Graphene has attracted a great deal of scientific and technologic-
al attention in recent years due to its unique electronic, mechanical
and thermal properties A great promise has been shown for ap-
plications in different areas such as electronics, energy storage and
conversion as well as in the development of biosensors

Here, we demonstrate that graphene oxide can be reduced to
graphene by adding azide-terminated dopamine. The reduced char-
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acter of graphene was investigated using cyclic voltammetry (CV)
and X-ray photoelectron spectroscopy (XPS). Next, “click” reaction
has been performed using graphene modified with azide-terminated
dopamine and alkyne-terminated ferrocene. The interaction between
dopamine and graphene is based on n-stacking interactions between
the hexagonal cells of graphene and the aromatic ring structure of
dopamine ¥ The success of the “click” reaction was confirmed by
XPS and CV as well as FTIR.
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Fig. 1:Schematic illustration of the preparation of a21d0—dopam1ne
capped grahene nanosheets.
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Biofuel cell based on carbon nanotubes with covalently
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Biofuel cell is an electrochemical device that converts chemical en-
ergy into electrical using enzymes as catalysts and simple, natural
substances e.g. glucose as fuel. [1,2,3] Here, the glassy carbon
(GC) and graphite electrodes were modified with laccase from Cer-
rena unicolor bonded to single-walled carbon nanotubes (SWCNTs)
via various linking groups or cross-linked with bovine serum albu-
min (BSA) by glutaric aldehyde. Anode was composed of glassy
carbon electrode, modified with SWCNTSs and liquid crystalline cu-
bic phase, containing glucose dehydrogenase. The anode described
and GC electrode, decorated with SWCNTs with covalently bound
laccase as cathode were successfully used to construct the biofuel
cell. The parameters of the cell were evaluated.
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Tutorial lectore

Direct (mediator free) bioelectrocatalysis

Arkady A. Karyakin

M.V. Lomonosov Moscow State University, Vorobyevy gory, Mo-
scow 119992 Russian Federation

e-mail: aak@analyt.chem.msu.ru

Bioelectrocatalysis is a phenomenon of acceleration of electrode re-
actions by the enzymes. Direct bioelectrocatalysis presumes the dir-
ect electron exchange between the enzyme active site and the elec-
trode without any use of diffusion free mediators.

Direct bioelectrocatalysis is a discovery of Russian enzymologists
and electrochemists. The discovery of the phenomenon in late 70-s
realized in elaboration of oxygen enzyme electrode based on lac-
case. Later several other enzymes were involved in direct bioelec-
trocatalysis. The achievement of the substrate equilibrium potential
was first shown with hydrogen enzyme electrode.

The history of direct bioelectrocatalysis, starting form electrochem-
istry of redox enzymes will be presented. The most successful ex-
amples for the enzymes in direct bioelectrocatalysis (including in-
formation on the structure of the enzymes) will be outlined. The ap-
proaches, how to involve enzymes in direct bioelectrocatalysis and
the fundamentals of this phenomenon will be discussed.

Special attention will be paid to describe the novel approach: en-
zyme orientation during immobilization to improve efficiency of
bioelectrocatalysis. The example of achievement of limiting per-
formance characteristics of the enzymes in bioelectrocatalysis will
be shown.

A rather novel phenomenon, the direct bioelectrocatalysis by intact
cells, will be presented. An evidence for electroactivity of intact
cells will be outlined, and the pictures, how bacteria are using elec-
trode as an electron acceptor will be shown.

Keynote lecture

Solid-core and hollow magnetic nanostructures: synthes-
is, surface modifications and biological applications

Pawet G. Krysinski

Warsaw University, Faculty of Chemistry, Pasteura 1, Warszawa
02-093, Poland

e-mail: pakrys@chem.uw.edu.pl

In the past decade, the synthesis of nanostructures of various geo-
metries, chemical and physical behaviour has been intensively de-
veloped not only for its fundamental scientific interest but also for
many technological, biosensing and medical applications, such as
contrast increase of MRI, in bioaffinity assays, and targeted drug de-
livery. These structures have also unusual optical, electrical and
catalytic properties, which allow for their potential and exciting ap-
plications in the above areas. In this respect I will focus on two types
of representatives of such structures: magnetic nanoparticles and
hollow polymeric nanocapsules. For the first type of nanostructures,
I will discuss on the attachment of molecular adlayers to the surface
of various types of nanoferrites for the purpose of their stabilisation,

changing the hydrophilic/hydrophobic balance or to provide their
surface with suitable functional groups ready for further modifica-
tions and tailoring, e.g., for targeted drug delivery. For the case of
the second type of nanostructures, a considerable stress is laid on
synthesis and characterization of hollow polymeric structures in
which different molecules or particles can be entrapped or encapsu-
lated. We have recently developed several new methods of prepara-
tion of polymeric micro- and nanocapsules using gaseous, liquid or
solid particles that template growth of 3D structures The role of
such capsule is to provide proper environment for molecules and
nanoparticles and to protect them from degradation when they travel
through the tissues to the targeted site. Moreover, the capsules allow
much higher loading densities of the drug molecules when compared
to e.g., covalent grafting on nanoparticle surface. Additionally, poly-
mer shells influence the antifouling characteristics of the nano-
particles and also contribute to their effective hydrodynamic size,
one of the key factor in avoiding the response by the ReticuloEn-
dothelial System (RES).

Short communication

Nitrite Reductase, an enzyme for which Kinetics are dif-
ferent at rest than during turn over.

Lukasz Krgeminskil, Lionel Nldambaz, Geralrd W. Cantersz, Thijs
J. Aartsma”, Stephen D. Evans , Lars Jeuken

1. University of Leeds (UOL), Woodhouse Lane, Leeds Is2-9jt,
United Kingdom 2. Leiden Univ., Leiden, Netherlands

e-mail: bslk@leeds.ac.uk

A combined fluorescence and electrochemical method is described
that is used to simultaneously monitor the type-1 copper oxidation
state and the nitrite turn-over rate of a nitrite reductase (NiR) from
Alcaligenes faecalis S-6. The catalytic activity of NiR is measured
electrochemically by exploiting a direct electron transfer to fluores-
cently labeled enzyme molecules immobilized on modified gold
electrodes, whereas the redox state of the type-1 copper site is de-
termined from fluorescence intensity changes caused by Forster Res-
onance Energy Transfer (FRET) between a fluorophore attached to
NiR and its type-1 copper site. The homotrimeric structure of the en-
zyme is reflected in heterogeneous interfacial electron transfer kinet-
ics with two monomers having a 25-fold slower kinetics than the
third monomer. The intramolecular electron transfer rate between
the type-1 and type-2 copper site changes at high nitrite concentra-
tion (=520 mM) resulting in an inhibition effect at low pH and cata-
lytic gain in enzyme activity at high pH. We propose that the in-
tramolecular rate is significantly reduced in turn-over conditions
compared to the enzyme at rest, with an exception at low pH / nitrite
conditions. This effect is attributed to slower reduction rate of type-2
copper centre due to a rate-limiting protonation step of residues in
the enzyme’s active site, gating the intramolecular electron transfer.
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Keynote lecture

Immobilization of glucose oxidase on the surface of elec-
trodes modified with conducting polymers layers.

Pawel Krzyczmonik, Ewelina Socha

Uniwersytet Lodzki, Katedra Chemii Nieorganicznej i Analitycznej
(UL), Tamka 12, L£.odz 91-403, Poland

e-mail: pawel@chemia.uni.lodz.pl

The aim of carried research was to investigate the immobilization of
glucose oxidase (GOD) method on the surface of the electrode mod-
ified with conducting copolymer (polyaniline (PANI) or
poly(3,4-ethylenedioxytiophene) (PEDOT) with polyacrylic acid
(PAA)).

The measurements were carried out using electrolysis at constant po-
tential, cyclic voltammetry (CV) as well as different pulse voltam-
metry (DPV).

The article of Li et al. [2] gave the immobilization of glucose oxi-
dase method. It consists of chemical bonding of GOD with carboxyl
groups through N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
(WSC).

In order to confirm chemical activity of reagents and obtained elec-
trodes, preliminary tests were carried out. The activity of free GOD
was proven by spectrophotometry on the grounds of the reaction of
peroxidase (POD) and o-dianisidine. Increasing absorbance and the
change of solution’s color showed the activity of GOD.

Basing on the same chemical reaction the activity of immobilized
enzyme was investigated by placing modified electrode into testing
solution. The color change certified the activity of immobilized en-
zyme.

In the course of the study the influence of several factors such as:

type of conducting polymer, polymer layer thickness, WSC and
GOD concentration, dopant’s nature on electrodes efficiency were
investigated.

Among two tested polymers — PANI and PEDOT, only the second
one gave layers appropriate for measurements.

The best polymer layer thickness was obtained during electrochem-
ical 3 sec. polymerization from 0.1 mol/dm’ 3,4 — ethylenedioxy-
thiophene (EDOT) solution.

Amongst tested dopants poly(4-lithium styrenesulfonic acid)
(PSSLi) at concentration of 0.1 and 0.25 mol/dm’ turned out to be
the best one due to the high oxidation current, good sensitivity as
well as stability of the electrode over a long period of time (several
months).

As a result of carried research the best procedure to obtain electrode
modified with layers of conducting polymer-PAA with immobilized
enzyme was devised.

[1] O. Raitman, E. Katz, A. Buckmann, I. Willner, Journal American
Chemical Society, vol. 124, 2002, 6487 — 6496

[2] Z. Li, E. Kang, K. Neoh, K. Tan, Biomaterials, vol. 19, 1998, 24
—53;

Development of multifunctional bioelectrocatalytic films
for oxidation of ethanol

Barbara Kowalewska, Pawet J. Kulesza

University of Warsaw, Department of Chemistry, Pasteura I,
Warsaw, Warszawa 02-093, Poland

e-mail: pkulesza@chem.uw.edu.pl

The main goal of our research was to design, characterize and evalu-
ate of utility distinct dehydrogenase containing multi-component bi-
enzymatic and well organized bioelectrocatalytic systems capable of
effective oxidation of ethanol in neutral media.

In our work, we have exploited unique characteristics of multi-
walled carbon nanotubes (CNTSs) [1,2] to construct the efficient an-
odic bioelectrocatalytic system of potential utility for biofuel cells
and biosensors. Some attention has been also paid to the choice of
the modifying agent poly(diallyldimethylammonium chloride)
(PDDA) used to stabilize CNTs. While PDDA seems to form stable
ultra-thin layers on CNTs, it is not expected to serve as a good
charge (electron) mediator but it is reasonable to expect that PDDA
would interact or attract electrostatically with negatively charged
sites of the enzyme (or combination of dehydrogenase enzymes).
Our highly porous CNT-based films have presumably acted as three-
dimensional network of nanowires around the enzyme molecules
and have promoted the efficient electron transfer. On the whole,
combination of PDDA-modifed MWCNTs and two distinct dehyd-
rogenase enzymes within the film has produced a catalytic system
capable of oxidation of ethanol at fairly low potentials (ca. 0.1 V vs
Ag/AgCl). Kinetic parameters including heterogeneous rate con-
stants at different applied potentials as well as an apparent Michael-
is-Menten constant (K """ ~ 0.33 mM) were also determined.
Among important issues are good stability and reproducibility of re-
sponses both under voltammetric and amperometric conditions.
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Hybrid electronic tongue for the quality analysis of
apple extracts

Anna Kutyla-Olesiukl, Sylwia Dziedzicl, Wojciech Jankowskil,
Matgorzata Nowackaz, Patrycja Ciosek'

1. Warsaw University of Technology, Faculty of Chemistry,
Noakowskiego, Warsaw 00-664, Poland 2. Warsaw University of
Life Sciences, Nowoursynowska 159C, Warsaw 02-787, Poland
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Analysis of food products has a particular place in analytical chem-
istry. Within the food there are still new substances discovered that
have a significant impact on human health (for example melamine,
NOZ_ ions, mycotoxins, pesticides). For this reason, it is very import-
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ant to determine the quality of food products. The research is also
carried out to assess food origin, specific properties such as nutri-
tional value, and possible contamination.

To ensure adequate monitoring, a lot of the analytical procedures de-
tecting non-compliance with the prescribed standards, are applic-
able. New solutions that enable rapid and reliable assessment of the
quality of the food are of great interest. One of such devices is so-
called electronic tongue (ET), which allows to analyze, distinguish
and classify liquid samples. ET consisting of sensor arrays and im-
age recognition unit allows for multi-dimensional analysis of chem-
ical images of the samples.

The paper presents the hybrid electronic tongue used in the analysis
of extracts obtained from dried apples. The system based on poten-
tiometric and voltammetric sensors, enriched by the data obtained
with the use of amperommetry, spectrophotommetry, and conduc-
tommetry, allowed for the differentiation of extracts due to the ap-
plied food processing (drying technique).
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Fundamentals in lithium ion batteries: effect of surface
modification on the bulk process
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Lithium-ion batteries are now used in a wide range of applications,
particularly in connection with portable electronic devices. The wide
interest and application range is due to the high power and energy
density of such a system, as well as its life time. The challenge of
using these systems in larger applications such as for personal or
public transportation requires improvements in energy and power
density, and also cycle life. This challenge cannot be achieved
without a proper understanding of the surface phenomena that occur
at the electrolyte/active material interface.

Although the intercalation reaction, which ensures the storage of en-
ergy in lithium-ion batteries, is a bulk process, it has been observed
and demonstrated that surface modifications of the bare active ma-
terials can influence strongly the coulombic efficiency of the ion
storage and the cycle life of the battery itself. Moreover, during the
charge and discharge processes, the active materials in the battery,
and also the conductive additives, are subjected to surface modifica-
tion, triggered by the oxidation or reduction of the components con-
tained in the organic electrolyte. The oxidation and reduction
products, that form the solid electrolyte interphase (SEI) between the
active material and the electrolyte, are studied by differential electro-
chemical mass spectrometry (DEMS) and electrochemical imped-
ance spectroscopy (EIS).

An overview on the fundamentals of the intercalation/deintercalation
process in lithium-ion batteries will be given, with particular focus
on the modifications that occur on the surface of carbonaceous ma-
terials and lithium metal oxides, due to their interactions with the or-
ganic electrolyte (ethylene carbonate, dimethyl carbonate, diethyl
carbonate, propylene carbonate). The effect of surface modification
on the SEI and on the performance of the lithium-ion battery will be
addressed.

Short communication

Comparison of techniques for determination of nano-
particle diameter
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Nanoparticles are studied in different fields of sciences [1]. In our
laboratory we exploit gold nanoparticles (AuNPs) to promote direct
electron transfer between planar electrodes and enzymes [2]. In all
studies it is important to know the average size of nanoparticles
(NPs). In this study we compared several techniques for NP size de-
termination, specifically, Dynamic Light Scattering (DLS), Scanning
Electron Microscopy (SEM), Atomic Force Microscopy (AFM) and
Surface Plasmon Absorbance (SPA). Nine batches of AuNPs were
prepared by well known citrate reduction method with average NP
diameter ranging between 15 and 100 nm [3]. The results are sum-

marized in the figure below.
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Fig. Average diameters of nine AuNP batches measured with DLS,
SPA, SEM and AFM.

The four different techniques yielded AuNP diameters with system-
atic differences. SEM showed the largest and SPA the smallest dia-
meter for the same batch of AuNPs. The discrepancy in NP diameter
could be because the mentioned techniques measure different as-
pects of the NPs. The main conclusion was that using several tech-
niques to estimate NP size might provide a better understanding
about their size and shape.
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modified nanoparticles have also been used detect boronic acids as
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Emperor 2000® carbon nanoparticles are a form of carbon black
with surface sodium sulfonate groups. This negative surface cover-
age is initially converted to positive amine functionality with reac-
tion with a diamine. [1] The aminated carbon nanoparticles can then
be subjected to further synthetic reactions.
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Figure 1. Diamine functionalisation of Emperor 2000® CNPs [1].

Carbodiimide mediated peptide coupling reactions were employed
and a range of small organic molecules were reacted with the amin-
ated surface of the carbon nanoparticles. This resulted in a range of
carbon nanoparticles with new surface functionality created via
amide bond formation.

Figure 2. Boronic acid binding to terminal diol

By appending molecules with a free catechol unit to the carbon nan-
oparticles, there is the potential for them to be used for sensing ap-
plications.

Dopa-modified carbon nanoparticles have successfully demonstrated
pH dependence which has been applied to gas pH sensing. [2] The

Design of a highly sensitive electrochemical biosensor for
methyl mercaptan detection
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Methyl mercaptan (MM) found in the oral cavity is one of com-
pounds associated with tumor markers. Detection of MM in patient
breath can thus be considered as an early warning tool to detect can-
cer in precocious stages.

In this work, a highly sensitive electrochemical biosensor for MM
detection was developed. This biosensor is based on the enzymatic
reaction between the MM and the oxygen (02) to form hydrogen
peroxide (Hzoz) (Fig. 1). This reaction is catalyzed by alcohol oxi-
dase (AOX). The immobilization of enzymes was performed by
physical entrapment in polyvinylalcohol-based photopolymer on
carbon screen-printed electrode. Working electrode was first modi-
fied by Prussian blue (PB) mediator and electrochemical measure-
ments were performed in phosphate buffer at a working potential of
-200mV versus Ag/AgCl. The AOX biosensor showed a very low
detection limit of 20nM compared to others works [1]. We think that
this low detection limit is due to the fact that a mole of MM pro-
duces two moles of H202 (Fig. 2).

In future works, the biosensor will be applied to detect gaseous MM
as a bio-sniffer with a reaction unit having liquid—gaseous compart-
ments separated by a hydrophobic porous polytetrafluoroethylene
(PTFE) diaphragm membrane.

Financial support from MEDISEN project is gratefully acknow-
ledged.
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Fig. 1: Principle of methyl mercaptan measurement using AOX en-
zymatic reaction and Prussian blue mediator
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AOX
MM)CHSH + 0, — CHO + HS + HO,

ADX l oz
HCOOH + Hy0,
Fig. 2: Enzymatic reaction between MM an O2 to form H2O2

1. Minamide, T., K. Mitsubayashi, and H. Saito, Sensors and
Actuators B: Chemical, 2005. 108(1-2): p. 639-645.
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tures
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Electron transfer processes between proteins or within complexes of
biomolecules represent an important type of biochemical reactions
and signal transfer. The temporary or permanent assembly of pro-
teins within complexes guarantees the accessibility of reaction sites,
short electron transfer distances and minimal interference by other
species. Artificial assemblies with a defined signal transfer which
mimic the biological example may have application potential in
sensors but also in biofuel cell systems. One important issue is here
the coupling of the biochemical reactions to the electrode surface.
For several redox proteins electrode surfaces have been optimized in
order to achieve efficient heterogeneous electron transfer, such as
heme, iron-sulfur and copper proteins -

Significant progress has been made in comparison to monolayer ar-
rangements by use of the layer-by-layer-technique and the layered
deposition of proteins on electrodes. Although the amount of protein
can be significantly increased only the layers near to the surface are
often able to exchange electrons directly with the electrode.

The presentation will give an overview on different approaches for
the construction of fully electro-active protein multilayers. The as-
sembly is based on the layer-by-layer deposition of the redox protein
cytochrome ¢ and a negatively charged second building block on
electrodes, which can be the polyelectrolyte sulfonated polyanilline,
carboxy-terminated gold or silica nanoparticles or a natural polymer
dsDNA”®. The unique property of these systems is the defined in-
crease of electro-active protein amount with the number of deposited
layers. The increase in electro-active amount can be advantageously
used also 6for the detection of superoxide radicals with enhanced
sensitivity . The different building blocks however will influence the
properties of the system. The succesfull assembly process is a first
precondition for a functioning system and has been analysed by SPR
or QCM, showing different behavior for dsDNA based systems
compared to the particles and polyelectrolyte based assemblies.

From the mechanistic point of view it is obvious that not only a
single system can be used for the construction of electro-active pro-
tein multilayers, however the question remains how the electrons are

transferred through the layered system towards the electrode. Differ-
ent arguments have been collected in different studies that electron
exchange between neighboring cyt ¢ molecules might be the domin-
ating mechanism’ . However, mainly building blocks have been
used which posses conducting properties by themselfs under certain
circumstances. Recently silica nanoparticles have been prepared,
modified with carboxylic groups and applied as building blocks for
such protein assemblies. Since also here efficient electron transfer
through several protein layers has been found, the model of a elec-
tron hopping between the immobilized cyt ¢ molecules can be
strongly supported. However, a flexibility at least on the rotational
level, seems to be essential for the functioning of the system since
covalent crosslinking of the cyt ¢ molecules results in a loss of elec-
troactivity.

These layered assemblies of a redox protein can be combined with
enzymes in order to establish signal chains with multiple step elec-
tron transfer reactions following natural examples. Thus sensing
electrodes for the enzyme substrate can be constructed. Signal trans-
fer can be achieved by an internally generated shuttle molecule as
shown for xanthin oxidase — cyt ¢ layers12
by direct protein-protein electron transfer without the need of any in-
ternal or external shuttle molecule. This can be shown for billirubin
oxidase (BOD), laccase, sulfite oxidase and more recently cellobiose
dehydrogenase (CDH) 1316

or more advantageously

For example BOD can be co-immobilised with cyt ¢ in multiple lay-
ers by means of a polyelectrolyte. The enzyme is catalytically active
for oxygen reduction. The interesting properties are here that both
reaction partners are immobilized on the electrode and that the cata-
lytic oxygen current is increasing with the number of deposited lay-
ers. This means that BOD molecules immobilized in the outer layers
still can communicate with the electrode by electron transfer from
neighboring cyt ¢ molecules. It has to be mentioned here that a
rather high excess of cyt ¢ has to be used during the assembly in or-
der to connect the BOD molecules and transfer the electrons through
the structure; higher amounts of enzyme disrupt the electron trans-
port pathways P Studies with mutant forms of cyt ¢ demonstrate
that a smaller self exchange rate lower the efficiency of electron
transport through the system. However, besides the self exchange
also the assembly properties and the reaction rate with the enzyme
are determining factors

The electron transfer can also occur in opposite direction as shown
for assemblies with embedded CDH. Here electrons delivered by the
oxidation of cellobiose or lactose have to be transported towards the
electrode. Investigations of this bi-protein system also show that the
interprotein electron transfer can be improved when the enzyme is
used in a deglycosylated form. Much higher catalytic currents have
been found.

References

1. M. J. Eddowes and H. A. O. Hill, Journal of the Chemical Soci-
ety-Chemical Communications, 771-772 (1977)

2. S. Song, R. A. Clark, E. F. Bowden and M. J. Tarlov, Journal of
Physical Chemistry,97, 6564-6572 (1993).

3. K. A. Vincent and F. A. Armstrong, Inorganic Chemistry (2005)
44, 798-809.

4. O.Ikeda, M. Ohtani, T. Yamaguchi and A. Komura, Electrochim-
ica Acta,43, 833-839 (1998).

22 Preface



Presentations waiting for acceptance

5. M. K. Beissenhirtz, F. W. Scheller, W. F. M. Stocklein, D. G.
Kurth, H. Mohwald and F. Lisdat, Angewandte Chemie,43,
4357-4360 (2004).

6. M. K. Beissenhirtz, F. W. Scheller and F. Lisdat, Analytical
Chemistry,76, 4665-4671 (2004).

7. S. Bonk, F. Lisdat, Biosensors and Bioelectronics,25 (4),
739-744 (2009).

8. D. Sarauli, J. Tanne, D. Schifer, I. W. Schubart, F. Lisdat, Elec-
trochemistry Communications, 11 (12), 2288-2291 (2009).

9. J. Grochol, R. Dronov, F. Lisdat, P. Hildebrandt and D. H. Mur-
gida, Langmuir, 23, 11289-11294 (2007).

10 R. Dronov, D. G. Kurth, H. Mohwald, F. Scheller, J. Friedmann,
D. Pum, U. B. Sleytr and F. Lisdat, Langmuir,24 (16), 8779-8784
(2008).

11 F. Lisdat, R. Dronov, H. Méhwald, F.W. Scheller, D.G. Kurth,
Chemical Communications,3, 274-283 (2009).

12 R. Dronov, D. G. Kurth, H. Méhwald, F. W. Scheller and F. Lis-
dat, Electrochimica Acta,53, 1107-1113 (2007).

13 R. Dronov, D. G. Kurth, H. Mohwald, F. Scheller and F. Lisdat,
Angewandte Chemie, 47, 3000-3003 (2008).

14 F. Wegerich, P. Turano, M. Allegrozzi, H. Méhwald, F. Lisdat,
Langmuir,27 (7), 4202-4211 (2011).

15 T. Balkenhohl, S. Adelt, R. Dronov and F. Lisdat, Electrochem-
istry Communications (2008) 10, 914-917.

16 R. Dronov, D. G. Kurth, H. Mohwald, R. Spricigo, S.
Leimkuehler, U. Wollenberger, K. V. Rajagopalan, F. W.
Scheller and F. Lisdat, Journal of the American Chemical
Society, 130, 1122 (2008).

Poster

Tetraazamacrocyclic copper(I) and nickel(I) com-
plexes in host - guest systems.

Joanna E. 2Maleckal, Renata Bilewiczl, Bohdan Korybut-
Daszkiewicz

1. Warsaw University, Faculty of Chemistry, Pasteura 1, Warsza-
wa 02-093, Poland 2. Polish Academy of Science, Institute of Or-
ganic Chemistry, Kasprzaka 44/52, Warsaw 01-224, Poland

e-mail: jmalecka@chem.uw.edu.pl

Tetraazamacrocyclic transition metal complexes depending on the
properties of the components may act as a donor or an acceptor of
electrons. Changing the oxidation state of the metal center by apply-
ing an appropriate potential allows to control the redox properties of
the whole molecule. Depending on the redox state their complexing
properties can be switched on and off.??? Our aim was to use mono-
and polymacrocyclic complexes as receptors for binding guest on
the surface of the electrode as well as in the solution.

Pseudorotaxane systems in the solution or on the gold surface.

The monomacrocyclic Cu(Il) complex was chosen to play the role of
axis of the rotaxane molecule and dibenzo-24-crown-8 to act as the
ring (Fig. 1). In the first approach, both components were dissolved
in the solution phase. Next, disulfide derivative of monomeric Cu(II)
complex was attached to the gold substrate and the crown ether dis-
solved in the solution phase was the ring able to thread onto the axis.

(Fig.2)

Host — guest systemsusedto bindselectedguests.

Tris — and tetramacrocyclic complexes were used to bind small
guests molecules???. The interactions with two molecules:
9,10-dimethyltriptycene and fullerene, were examined.

The formation of complexes between the trismacrocyclic cyclidene
hosts and m-electron-rich aromatic guests was confirmed by NMR
and electrochemical studies. The 9,10-dimethyltriptycene molecule
fits into the cavities formed by the macrocyclic complex of copper
and nickel . Based on the decrease of the diffusion coefficients we
were able to determine the association constants of dimethyltripty-
cene and copper and nickel cations using the equation of Osa et
al.??? and compare them with NMR results???.

For binding the molecule of C , two four-center macrocyclic com-
punds with short, two-carbon alkyl chains were chosen. The size of
the cavity in those complexes is appropriate to accept the guest mo-
lecule. The radius of the molecule of the fullerene is approximately
7A and the dimensions of the cavity of the macrocyclic complex is
ca. 15x15A. The changes observed in the cyclic voltammetry al-
lowed us to confirm the formation of a new complex, which is
demonstrated in the decrease of the diffusion coefficient value and
in the shift of the voltammetric peaks corresponding to the redox
processes of both fullerene and the metal ion center of the receptor.

??7?A. Wigckowska, M. Wisniewska, M. Chrzanowski, J. Kowalski,
B. Korybut-Daszkiewicz, R. Bilewicz, Pure Appl. Chem. 2007, 79,
1077

?7?7R. Bilewicz, A. Wieckowska, B. Korybut-Daszkiewicz, A.
Olszewska, N. Feeder, K. Woniak, J. Phys. Chem. B2000,/04,
11430-11434

77?7 T. Osa, T. Matsue, T. Fujihira, Heterocycles, 1977, 6, 1833

77?7 J. Matecka, U. Lewandowska, R. Kaminski, I. Mames, A.
Wigckowska, R. Bilewicz, B. Korybut-Daszkiewicz, K. Wozniak,
Chem. Eur.J.2011, in press
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Over the last decade, great attention has been paid to the integration
of newly developed nanomaterials such as nanowires, nanotubes and
nanoparticles in biosensor systems. The reason can be traced to their
technologically important combination of properties, such as high
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surface area, good electrical properties, chemical stability and ease
of miniaturisation, which make them very promising for the realisa-
tion of nanoscale bio-electronic device.

Moreover, the field of molecular diagnostics has expanded rapidly.
Applications range from the detection of mutations responsible for
human inherited disorders, disease-causing and food-contaminating
viruses and research into bacteria and forensics. Detection of infec-
tious species and genetic mutations at the molecular level opens up
the possibility of performing reliable diagnosis even before any
symptom of a disease appears. Additionally, the development of
novel therapeutics based on the regulation of gene expression
provides revolutionary new opportunities in the area of pharmaceut-
ical science.

Focusing on the most recent activity of our research group, the aim
of the present talk is to give a critical overview of novel micro or
nanoscale biosensors for the detection of cancer biomarkers, consist-
ing in tumour associated antigens or gene mutations. Existing meth-
ods for cancer screening are still invasive, complex and quite ex-
pensive, being based on tissue sampling and cell morphology exam-
ination. Bioaffinity tests are instead based on simple and rapid detec-
tion of a wide range of biomarkers such as DNA mutations, RNA
small sequences (micro-RNA), proteins (enzymes and glycopro-
teins), hormones and other kind of molecules. Thus, the combination
of nanomaterials with such bio-assays offer the possibility of tailor-
ing optimal sensing devices able to facilitate disease diagnosis
(molecular diagnostics) as well as therapies optimisation
(theranostics).

We have employed nanotechnology to develop small, fast, low-cost,
ultrasensitive and highly specific biosensors for next-generation
gene chips, based on different miniaturisation pathways. Carbon
nanotube as well as magnetic nanoparticle-modified electrodes have
been designed and tested for the detection of micro-RNA and DNA
mutations. Gold nanoparticles have been synthesised and functional-
ised with antibodies and affibodies specific for tumor markers sens-
ing. Moreover, polymeric nanotube arrays have been constructed for
chemical grafting with new mimetic bioreceptors for clinically rel-
evant analytes monitoring.Different immobilisation chemistries have
been investigated by introducing functional groups (e. g. —OH, -
COOH, -NH ) suitable for each nanomaterial in order to assure high
reactivity, orientation, accessibility and stability of the surface-con-
fined receptors as well as for minimising non-specific adsorption
events.

This talk will finally look into some recent advances of nanobio-
sensor by analyzing the trends, limitations, challenges and commer-
cial devices in the field of clinical diagnostics.

Short communication

Polymeric and nanostructured composites containing
lignin derivatives

Grzegorz Milczarek

Poznan Technical University, pl. Marii Skiodowskiej-Curie 5,
Poznan 60-965, Poland

e-mail: grzegorz.milczarek@put.poznan.pl

The term /ignin is used to describe both naturally occurring biopoly-

mer binding cellulose fibers together in plant cells and a byproduct
from paper/pulp industry which in fact is a variety of chemical de-
rivatives of the former characterized by lower molecular weight,
altered chemical structure and solubility in aqueous and/or organic
phases. From chemical point of view, the parent lignin is an amorph-
ous, polyphenolic material arising from an enzyme-mediated dehyd-
rogenative polymerization of three phenylpropanoid monomers, cou-
maryl, coniferyl and sinapyl alcohol [1]. Being polyphenolic com-
pounds lignin derivatives show substantial electrochemical activity
especially in the range of anodic potentials. This talk will focus on
the electrochemical properties of two types of technical lignins i.e.
kraft lignin and lignosulfonates obtained from sulfide pulping and
sulfite pulping respectively. As it will be shown, the two materials as
redox active biopolymers with some polyelectrolyte surfactant prop-
erties could be applied as:

» dopands of conducting polymers,

 constituents of oxide based nanocomposites based on ZnO and
SiO ,

« dispersing and stabilizing agents of carbon nanotubes [2],

« dispersing and stabilizing agents of metal nanoparticles e.g. silver
or gold.

d

Fig. 1. Photographs of a glassy carbon electrode before (A) and after
electrophoretic deposition of silica/lignin biocomposite (B). (C) —
SEM pictures of electrophoretic silica/lignin deposit at two magni-
fications

Many examples of the application of such materials in electrochem-
ical sensing will be presented and discussed.
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The availability of materials able to couple electroactivity and enan-

tio-re-cog-ni-tion capability is an ambitious objective of the current
chemical research, aiming to both elec-tri-cally triggered enantiose-
lective electron transfers and electri-cally moni-tored enan-
tio-selective recognitions. Ideal candidates are organic con-duct-ing
poly-mers, several of which have been functionalized with chiral
pendants; this "loca-lized" approach, however, appears to lead to
poor chirality manifestations. We present inherently chiral conduct-
ing films pre-pared by electropolymerization of monomers like the
TBTX mole-cu-le in the figure, where chirality is owed to a tailored
torsion in--ter-nally pro-duced along the whole conjugated
back-bone, and not to the presence of stereocentres external to the
conjugated chain. Both enantio-mer films have been characterized
together with the racemate one by CV, EIS, and circular di-chro-ism
with in-situ electrochemistry. Positive charge in-jec-tion, reducing
the torsion angle to achieve better © system conjugation, results in a
fully rever-sible "breath-ing" process of the 3D chiral con-duct-ing
net---work upon po-tential cy-cling. Enan-tio-re-cog-nition
ca-pa-bi-lity tests on chiral probe molecules are in progress.
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The bacterial loading of liquid media, either environmental or biolo-
gical ones, could be detected through various methods, based on mi-
croorganism features as well as on the interactions developed with
chemical or physical factors. Since in previous studies the magnetite
nanoparticle ability of changing the intensity of the fluorescent sig-
nal released by Pseudomonas aeruginosa cells was revealed, the in-
fluence of magnetite nanoparticle surface on the green-bluish emis-
sion of bacterial cells was chosen as the target of the present invest-
igation.

Magnetite nanoparticles were prepared by co-precipitation method
being further stabilized in aqueous suspension by coating with or-
ganic shells. Two types of magnetite core stabilization were accom-
plished: electrostatic — based on iron ions interaction with tetra-
methyl ammonium hydroxide (TMA-OH) and steric — by means of
sodium oleate coating. Average crystallite diameter was evaluated
(by X-ray diffractometry) at 13.6 nm (for magnetite core/TMA-OH
shell) and respectively 12.13 nm (for magnetite core/sodium oleate
shell), while saturation magnetization was found of about 24 emu/g,
and respectively, 49 emu/g.

The P. aeruginosa bacteria were proved to present increased fluores-
cent signal for magnetite suspension in the culture medium of the or-
der of magnitude of microl/l, so that the surface modified magnetite
particles could be taken as probes in the basic structure of a chemic-
al sensor for bacterial loading detection. Our experiments consisted
in the recording of fluorescent emission as well as of the turbidity of
P. aeruginosa samples with cell density ranging from 10° cell/ml up
to 10™ cell/ml - the latest representing the level of the possible mi-
crobial contamination of injectable antibiotic drugs. The same range
of inoculum cell density was spectrofluorimetrically investigated in
the presence of coated magnetite suspension — the influence of the
coating shell on the fluorescent signal being discussed. The sensitiv-
ity of the proposed chemical sensing system was discussed related to
the slope of the fluorescent signal intensity versus inoculums dens-
ity.

The molecular background of the interaction between the colloidal
magnetite and the microbial cells is given by the biosynthesis of the
fluorescent siderophore named pyoverdine —stimulated for low iron
loading of the environment due to the bacteria behavior as iron scav-
enger. Though the cellular mechanisms of iron internalization could
not be elucidated from the data acquired in the frame of this experi-
mental study, however it was evidenced the possibility of designing
of a chemical sensing device able to detect small contamination level
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with the fluorescent bacteria P. aeruginosa of antibiotic products,
biological specimens and environmental samples. The chemically
modification of the magnetite nanoparticle surface could provide the
means of sensor sensitivity monitoring according to the contamina-
tion level of the tested bacterial samples.
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The present study explores the possibility to use the sensorgram
methodology, which is very common in surface plasmon resonance
(SPR), in potentiometry. Can we obtain information on rates of ad-
soption/ion exchange of ionized organic molecules from their re-
sponse behavior on a potentiometric sensor? And do we see changes
in this behavior if we add a (e.g. protein) biomolecule in the sensor
coating? The answer is yes. Sensorgrams were obtained by injection
of square concentration pulses in a flow injection (FIA) setup with a
flow-through system. The compounds studied include metabolic
acids, environmental contaminants, basic drugs plus alkaloids, and
oligonucleotides. As potentiometric sensor coatings we compare a
soft, hydrophilic gelatin based coating with a classical lipophilic
rubber based coating. The substrate (contact layer) of these coated
wire type sensors was a conductive composite. The “on” and “off”
kinetics (k and k f) were studied as a function of analyte charac-
teristics, analyte concentranon contact time, hydrodynamics, sens-
ing layer type, and addition of biomolecules to the sensing layer.
The figure in this abstract shows sensorgrams for promazme on a
classmal rubber membrane injected at concentrations 10”7 10 10
and 10""M. It will be discussed in relation to analogous SPR Sensor-
grams. Adsorption on- and diffusion in the sensor’s coating materi-
als are shown to be active during the contact times which varied
between 10 and 40s. Large flexible analyte molecules with high in-
teraction with the surface (components) yield the slowest “on”
(phase transfer) kinetics. In the soft gelatin material, diffusion be-
comes more predominant as compared to the hard rubber materials.
This gelatin material can be easily doped with a (protein or DNA)
biomolecule. This is very promising in view of future qualitative and
quantitative use of potentiometric sensor response dynamics in ana-
lyte/biomolecule and analyte/surface studies. Compatibility of the
sensors with separation methods is also briefly discussed.

Potentiometric response function
8

]

Time (min}
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This talk describes the interaction of SiOz,ZnO and organic poly-
meric nanoparticles with the chip-supported phospholipid mem-
branes [1] of the ENNSATOX nanosensor. SiO_ dispersions of
particle size 14 to 150 nm were tested and were found to be stable
within the time of the experiment. The interaction of SiO_ particle
dispersions with dioleoyl lecithin (DOPC) membranes were charac-
terised by an interference with the electrically-induced phase trans-
itions (Figure 1) and inversely related to the particle size (Figure 2)
and impedance measurements of the SiOz-DOPC interaction con-
firmed this finding. Uniquely novel experiments using scanning
electron microscopy (SEM) showed that SiO_ nanoparticles of all
size ranges adsorbed on the DOPC surface (Figure 3). It can be con-
cluded from these results that the relationship of 8102 activity on
the DOPC membrane with particle size is due to the geometrical
proximity of the SiO_ surface to the DOPC polar groups. A one
parameter geometric model was fitted to the data as shown in Fig-
ure 3 and an interfacial distance of 3.2nm was estimated within
which the SiO2 surface influenced the fluidity of the DOPC.

Similar experiments were carried out with ZnO nanoparticle disper-
sions from different sources. Only the ZnO dispersions of small
particle size were found to interact strongly with the DOPC mem-
brane. The solubility of the ZnO and the release of Zn” from the
nanoparticles was also measured using the ENNSATOX nano-
sensor. In comparison with the inorganic nanoparticles, experi-
ments were also carried out investigating the interaction organic
polymers and organic polymeric nanoparticles with DOPC mem-
branes. The polymers showed considerably stronger DOPC mem-
brane activity. The rates of interaction of the inorganic nano-
particles, the organic polymers and the organic polymeric nano-
particles with the DOPC membrane are compared.
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The biological relevance of the ENNSATOX nanosensor has been
tested by intercalibrating the results from the sensor with those ob-
tained from the interaction of the nanoparticles with biological or-
ganisms of increasing levels of complexity.
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Even with highly sensitive voltammetric or potentiometric tech-
niques [1, 2], the detection of weak plasmid DNA signals is prob-
lematic. Moreover, plasmid DNA electrochemistry has been mainly
studied using reduction signals of the nucleic acid bases on mercury
electrodes [1], and rarely the oxidation signals on carbon electrodes
[2]. In our initial studies [3-5], we have used methylene blue (MB)
entrapment into the superhelical form of pUC19 plasmid [3, 4], and/
or deposition of palladium [5] to enhance the oxidation of the
pUC19 plasmid. The plasmid layer was adsorbed on glassy carbon
electrode, achieving an almost ten fold increase of the DNA signals.

In this work, we have focused on the detection of the oxidation sig-
nals of two types of plasmid DNA — pUC19 and pGEX-4T-2 in two
forms — superhelical and linear. The oxidation of these two plasmids
in two different forms can be distinguished by their slow adsorption
on glassy carbon (GC) electrode from 0.25 M acetic buffer pH 4.7
containing 18 mM MgCl_and low concentrations (pg/mL) of the
plasmids. The adsorption of the plasmids was monitored using SW,
DP and AC voltammetry. Smaller (2686 bp) supercoiled pUC19 ac-
cumulated faster than larger (4970 bp) supercoiled pGEX-4T-2.
Even though both forms of plasmid consisted of the same number of
base pairs, we have noticed significant differences between the accu-
mulation of supercoiled and linear forms of these plasmids. Only
one broad signal of the oxidation of nucleic acid bases was detected
for the linear plasmid, instead of typically observed two signals cor-
responding to guanine and adenine oxidation.

In the presence of methylene blue, a typical intercalator [6], the ox-
idation signals of bases are significantly enhanced [3-5], allowing
for the detection of the plasmids at concentrations lower than pg/mL.
Except for a typical MB signal at -0.2 V vs. SCE, MB(I), another
MB oxidation signal at ca. 0.95 V, MB(II), is used to distinguish not
only between two different plasmids, but also between their super-
coiled and linear forms. The MB(I) signal, typically used to probe
DNA intercalation [6], is low or even hardly visible at MB concen-
trations below 1-2 uM, while in the same MB concentration range,
the MB(II) signal increases significantly. The AC voltammetric ex-
periments sensitive to plasmid DNA adsorption in a wide potential

range from -0.6 v to 1.4 V suggest that the interactions of MB are re-
lated to the capacity and resistance changes of the plasmid layer.
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Microbial bioelectrochemical systems (BES) represent an upcoming
technology for the exploitation and cleaning of waste water. In ad-
dition, BES are gaining importance as bio-analytical devices like mi-
crobial fuel cell (MFC)-type sensors, e.g. for BOD in waste waters
as well as for the analysis of microbial activity‘l’2 In BES, microor-
ganisms are used as biocatalysts at the anode allowing the intercep-
tion of electrons released during the oxidation of substrates. During
the past decade, the average current densities of the biofilm anodes
have already impressively increased from microampere per square
cm level to between 0.7 and 1 mA cm™. Since the improvement of
the biological component in BES becomes increasingly difficult, the
improvement of the electrode materials becomes an important task.
One strategy is the improvement of the electrode surface properties
by surface treatment procedures such as ammonia treatment, poly-
mer modification or surface oxidation.”" Another promising path is
to increase the active surface area by means of, e.g., brush or fiber
electrodes™* and 3D electrode materials - a path that already delivers
promising results (about 2.4 mA cm'2)7. The aim of the presented
work was to exploit high surface area electrospun and solution
blown fiber materials to enhance the microbial bioelectrocatalysis at
BES anodes. Herein, three-dimensional electrospun and solution-
blown carbon fiber nonwovens are shown to be excellent and prom-
ising anode materials for microbial BES such as MFCs. They com-
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bine the use of a minimum amount of carbon and great performance.
The bioelectrocatalytic anode current density values reached up to 3
mA cm'z, which represents to date, amongst the highest reported
values for electrocatalytically active biofilms of Geobacter sulferre-
ducens.® These current densities were achieved without chemical
surface modification, which may represent an advantage with re-
spect to longevity. Based on this initial study, further and systematic
investigations are proposed to fully exploit the potential of this class
of materials. A special emphasis of further investigations must be on
tests designed to elucidate the long-term behavior of these electrode
materials and the resistivity against clogging of the pore structures.
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Self-assembled monolayers of a-helical peptides were prepared on
gold and the effects of the monolayer structure on long-range elec-
tron transfer through the helical peptides were studied. Electron
transport properties of helical peptides were investigated using
atomic force microscope with a conducting tip. The helical peptides
contained 8, 10, 12 and 14 amino acids residues. A cysteamine
linker at the C-terminus and cystamine residue (with Boc protected
amino moiety) at the N-terminal were introduced in order to provide
covalent contact either with gold substrate or tip. Current-voltage
characteristics of these junctions were probed as a function of SAM
thickness and the load applied to the microcontact. The electrical be-
havior and the exponential dependence of current vs peptide chain
length are consistent with coherent, nonresonant electron tunneling
across the SAM. These measurements show that conducting probe-
AFM is a reliable method for fundamental studies of electron trans-
fer through small numbers of molecules. The ability to vary the load
on the microcontact is an important feature of these junctions,
whichopens opportunity to explore electron transfer efficiency as a
function of molecular deformation.

Keynote lecture

Fully active enzyme monolayers on electrode surfaces —
Control of spatial distribution and protein orientation.

Nicolas Plumeré

Ruhr University Bochum (RUB), Universitdtstrasse 150, Bochum
44801, Germany

e-mail: Nicolas.plumere@rub.de

This lecture focusses on several challenges in self-assembled mono-
layers of redox enzymes on electrode material surfaces. Strategies to
immobilize the enzyme in its active form will be presented first.
Electrode surface functionalization with metal complexes is de-
signed to afford a stable binding via histidine residues from the en-
zyme surface. The electrocatalytic enzyme activity is preserved
when an electron mediator is used for the charge transfer with the
electrode.

Direct electrochemistry of the redox enzyme is even more attractive
for mechanistic studies, biofuel cell or biosensing applications. The
direct electron transfer requires a short distance between the redox
center of the enzyme and the electrode surface. Therefore, for optim-
ized direct electron transfer, the orientation of the redox enzyme
must be controlled to bring the redox center in the appropriate posi-
tion with respect to the electrode surface. Our strategies involve the
introduction of both natural and unnatural amino acids at the surface
of the protein in the desired location for the binding site. Immobiliz-
ation is achieved by affinity binding or covalent linkage.

For multiple analytes sensing, multiple biorecognition elements
must be spatially separated and individually addressed. Toward
SECM and electrode array based patterning applications, an electro-
chemically cleavable protecting group for protein anchoring sites
was developed. The surface modification procedure is possible
without introducing any coupling reagents and can therefore be seen
as a true local patterning procedure.

In the last part, an approach to prevent oxygen interference in field
application of biosensing devices will be presented.

Short communication

Surface-modified TiO2 in optoelectronics
Agnieszka Podborskal, Konrad Szacilowskil’2

1. Jagiellonian University, Faculty of Chemistry, Ingardena 3,
Krakow 30-060, Poland 2. AGH University of Science and Tech-
nology, Faculty of Non-Ferrous Metals, Al. Mickiewicza 30,
Krakow 30-059, Poland

e-mail: podborsk@chemia.uj.edu.pl

The most popular wide band gap semiconductors, such as TiO_ or
Zn0O, have (more or less) suitable electronic properties but their ab-
sorption is mostly confined to the ultraviolet region. One of the op-
portunities to improve optical properties of wide band gap semicon-
ductors is modification of the surface of particles. The most interest-
ing materials, in point of view of optoelectronics, are hybrid materi-
als showed photoelectrochemical photocurrent switching (PEPS) ef-
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fect. This effect can be defined as switching of photocurrent polarity

on change in photoelectrode potential and/or incident light

wavelength. This effect was observed in some surface-modified

TiO2 materials [1-4].
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Combination of 7,7',8,8'-tetracyanoquinodimethane (TCNQ), which
is a good one-electron acceptor, with titanium dioxide (TiO ) results
new hybrid material with unique properties. The photosensitization
effect is observed and the absorption range in this material reaches
550 nm. In the diffused reflectance spectra a new absorption peak
was observed as a result of surface complex formation (Fig. 1).

Photoelectrodes prepared from this hybrid material exhibit the PEPS
effect. Changing the wavelength or the photoelectrode potential eas-
ily switches the direction of photocurrent. At positive polarization of
the photoelectrode only anodic photocurrent are observed as it can
be expected for n-type semiconductor. At more negative potentials
only cathodic photocurrent are observed.

Photoelectrochemical and spectroscopic studies allowed the elucida-
tion of the mechanism of photocurrent switching. This mechanism is
based on photoinduced electron transfer processes from TCNQ mo-
lecule to TiO_ particle. Geometry and electronic structure calcula-
tions using DFT method confirmed this mechanism.

Photoelectrochemical properties of TCNQ@TiO_ materials seem to
be suitable for construction of simple logic gates or more advanced
logic devices, such as demultiplexer [5-7].

[1] S. Gaweda, G. Stochel, K. Szacitowski, Chem. Asian J.2,
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Chem, 7, 2384-2391 (2006)
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[4] S. Gaweda, G. Stochel, K. Szacitowski, J. Phys. Chem. C, 112,
19131-19141 (2008)

[5] A. Podborska, K. Szacitowski, Austr. J. Chem. 63, 165-168
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[6] J. Mech, R. Kowalik, P. Kwolek, A. Podborska, K. Szacitowski,
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zajca, A. Podborska, K. Szacitowski Isr. J. Chem., 51, 3655 (2011)
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Molecular imaging of lipid layers containing calixarene-
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e-mail: alexandrapoturnayova@gmail.com

The vesicles and supported bilayer lipid membranes are convenient
models of biomembranes. The lipid films could be modified by pro-
teins or synthetic receptors and serve as a recognition devices for
medical diagnosis. Calixarenes (CX) are being used for detection of
a wide range of compounds such as metal ions, amino acids or pro-
teins. Recently CX specific to cytochrome ¢ (cyt c¢) has been de-
veloped [1]. Cyt ¢ participates in electron transport and it is respons-
ible for activation of the apoptotic pathway through releasing from
mitochondria into the cytosol. In particularly it has been shown that
cyt ¢ induced transition of lamellar phase composed of phos-
phatidylcholine, which is favorable for transport of cyt ¢ through hy-
drophobic part of the membrane. The detection of endogenous con-
centration of cyt ¢ is of high importance for diagnosis of possible
pathological processes in the organism. By atomic force microscopy
we studied the topography of the self assembled lipid films com-
posed of dimiristoylphosphatidylcholine (DMPC) contained CX and
formed on freshly cleaved mica surface. The height difference
between mica surface and upper part of DMPC layer was between 3
and 4 nm, which correspond to the lipid bilayer and agrees well with
results published earlier. Interesting result were obtained for the lay-
ers incubated with 30 nM cyt c. The roughness of CX layer was
about 5 times higher in comparison with that of DMPC, probably
due to formation of monolayers and even multilayers of CX. Novel
and surprising result has been obtained for mixed DMPC-CX layers
at presence of cyt c. Incubation of these layers with 30 nM of cyt ¢
resulted in transformation of rather rough multilayers into the relat-
ively flat layers contained sharp fibers of cyt c.

Acknowledgments. This work was financially supported by Slovak
Research and Development Agency (Projects VVCE-0064-07,
APVV-0410-10) and by project MNT-ERA.NET II project Intelli-
Tip (ID 431, AN 234989 to M.S. and FFG project 823980 LN to
A.E.). We thank to Dr. T. Oshima for generous gift of CX.

! Oshima, T., Ishii, T., Baba, Y., Higuchi, H., Ohto, K., Inoue, K.
Solv. Extr. Res. Dev. Japan 15 (2008), 89-98
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Algae Spirogyra sp. — biosensor of surface waters pollu-
tion with mercury
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(OU), ul. Kominka 4, Opole 45-032, Poland

e-mail: mrajfur@o?2.pl

In laboratory the parameters of mercury ions sorption from solutions
of HgCl2 by the algae Spirogyra sp were investigated. Due to in-
stability of the prepared mercury solutions of concentrations at 0.07
ug Hg/dm3 level, the preparation procedure was developed which
enabled control of changes in mercury concentrations in solution
during the sorption process within + 8%.

To describe equilibrium states the Langmuir isotherm model was
used. It was found that algae absorbs mercury proportionally to its
content in the solution, with which algae have been in contact.

In next steps several experiments to assess the compatibility of iso-
therm parameters with the parameters of equilibrium occurring in
natural surface waters were performed. In this experiment the pro-
cessed, lyophilised algae immersed for 30 min. in the studied waters
were used. The concentrations of mercury in algae after the process
of sorption and in water samples were determined and compared
with each other. The determination of mercury in water samples was
performed in accordance with EN 1483:2007.

It was shown that algae Spirogyra sp. can be used for the biosensor
of mercury pollution in surface water.

Mercury concentrations were determined using mercury analyzer
AMA 254.

Short communication

Electrochemical Nanofluidic Biosensors
Liza Rassaei, Serge G. Lemay

MESA Institute for Nanotechnology, University of Twente
(MESA), PO Box 217, Enschede 75004E, Netherlands

e-mail: l.rassaei@utwente.nl

Phenolic compounds include a large variety of analytes relevant in
health care and pollution monitoring. Tyrosinase is an enzyme
which has broad substrate specificity toward a broad range of phen-
ols. It converts electrochemically inactive monophenols into active
quinones, and most tyrosinase biosensors are based on the electro-
chemical reduction of quinone produced by the enzymatic reaction.
Immobilization of the enzyme while retaining its specific biological
function, is a key step in the construction of enzyme-based bio-
sensors because it ensures an intimate contact between the enzyme
and the underlying transducer, can improve enzyme stability, and
largely determines the ultimate sensor performance.

Here, we present our recent data for measurement of tyrosinase kin-
etics using electrochemical methods and compare the results with
those obtained from UV-Vis spectrophotometry. Further, we show
the procedure for immobilization of tyrosinase in a thin layer cell.
The immobilization method is based on introducing sulthydryls

group into the enzyme through a bifunctional linker which then can
bond to the gold electrode surface via thiol bonds. The electrode is
placed in a thin layer cell of volume 3% 10" m’. Different paramet-
ers including immobilization time, incubation time, and phenol con-
centration are studied. Our study shows that the enzyme remains act-
ive after immobilization and that activity can be measured even with
small amounts of immobilized enzyme.

Poster

Mass transfer in Nanofluidic Devices Embedded in a Mi-
crofluidic Channel

Liza Rassaei

MESA Institute for Nanotechnology, University of Twente
(MESA), PO Box 217, Enschede 7500AE, Netherlands

e-mail: l.rassaei@utwente.nl

Electrochemical nanofluidic devices have been introduced at 2008
[1. These tiny devices feature two planar microelectrodes (~ 5-10
um) separated by a thin layer of fluid (with a desired thickness, less
than 300 nm) was fabricated on a chip. The fabrication of these
channels involves photolithographic patterning in a way that the
nanofluidic device is encapsulated in silicon dioxide with two access
holes. Access holes are created to reach the metal and etching solu-
tion is introduced to remove the metal, leaving behind a nanoscale
cavity. Redox active molecules can freely diffuse in and out of the
channel and undergo electrochemical redox cycling at both suitably
biased potentials. Since these molecules are capable of repetitively
undergoing oxidation and reduction, each molecule can transfer, on
average, thousands of electrons by repeatedly traveling between the
electrodes before escaping back out into the bulk. This leads to a
corresponding boost in sensitivity and selectivity. This design offer
experimentalists many potential applications in designing new
sensors with the option of integration on a chip. The substantial cur-
rent amplifications provide researchers the opportunity to access
lower detection limits. The devices are so far operated under condi-
tions of diffusion controlled mass transport.

Here, we examine the electrochemical response of a nanofluidic
device placed inside a rectangular microfluidic cell. Solution was
pumped to the cell under laminar flow conditions. In this arrange-
ment, we expect that the material is brought to the device via both
diffusion and convection in a microchannel. However, we show that
the mass transfer inside nanofluidic device is not affected by the rate
of flow in the microchannel. We validate our experimental data with
those obtained theoretically with COMSOL multiphysics.

[1] B. Wolfrum, M. A. G. Zevenbergen and S. G. Lemay, Analytic-
al Chemistry 80, 972 — 977 (2008).
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PEDOT/Lignosulfonate polymer composites: synthesis
and electroanalytical application

Tomasz P. Rebis, Grzegorz Milczarek

Department of Chemical Technology, Poznan University of Tech-
nology, Pl. Sktodowskiej-Curie 2, Poznan 60-965, Poland

e-mail: tomaszrebis@wp.pl
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3,4-ethylenedioxythiophene (EDOT) was electropolymerized in the
presence of sodium lignosulfonate (LS) at constant current density
of 0.25 mA cm™. As a result, a thin composite film consisting of
poly(3,4-ethylenedioxythiophene) and LS (PEDOT/LS) was depos-
ited on the electrode surface. Unlike PEDOT, PEDOTY/LS shows ap-
preciable redox activity due to LS-derived quinone moieties (Fig.
1A) with diffusion-like charge propagation across the film thick-
ness. We used pulsed chronoamperometry to determine the apparent
charge transport diffusion coefficient and we found that for at suffi-
ciently short times the current decay response conforms to the Cot-
trell equation. From this dependence, for the film pol%/merized at 50
mC cm” we found the D value to be 1.6 x 10” cm” s™'. The film-
modified gold electrodes can be used as voltammetric sensor of uric
acid (UA) in the presence of ascorbic acid (AA). Interestingly, the
UA response is catalysed by the presence of AA and for high AA/
UA concentration ratios more that 10-fold enhancement of the UA
peak currents are apparent (Fig. 1B).
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Fig. 1 (A) Comparison of cyclic voltammograms of PEDOT films
electropolymerized in the absence (black line) and presence of LS
(red line). LS concentration in the plating bath — 1 mg cm™. Scan
rate — 10 mV s~ Electrolyte — phosphate buffer (pH 7.4). (B) AA-
induced peak current enhancement of UA on PEDOT/CIO4 (red
line) and PEDOT/LS film (black line) as a function of UA concen-
tration.

Works are in progress to evaluate the performance of the proposed
composite toward electrochemical sensing of other biomolecules.

Acknowledgement This work was financially supported by Polish
Ministry of Science and Higher Education under project No N N209
450939.

otubes, the porous nature and the large surface area of their 3D
structures combined with the ability to synthesize them in relatively
controlled fashion have open up new possibilities of using them as
an excellent nanomaterial to develop electrodes for analytical sens-
ing devices. In comparison to the conventional 2D microelectrodes,
such 3D structures provide a very large and developed surface area,
excellent for detection of low concentrations of biomolecules with
higher signal-to-noise ratio. Functionalization of the surface of VA-
CNTs brings new additional possibilities to develop sensitive and
highly specific miniaturized chemical sensors and biosensors. In this
work we applied a novel technology in the synthesis of VA-CNT.
Metal catalyst (Fe) was used to grow VA-CNTs on a chip. In con-
trast to many existing chip fabrication technologies, metal was used
as a buffer layer between the substrate and the catalyst. This resulted
in an excellent electrical conductivity of the VA-CNTs. The height
of the VA-CNTs grown on a chip varies from a few hundreds pm to
1 mm. We demonstrate that the electrochemical pre-treatment of the
electrode surface led to the improved analytical signal obtained from
the tested electrochemical species (ferrocyanide, ferrocene methanol
and dopamine). VA-CNTs were functionalized with cellobiose de-
hydrogenase from Neurospora crassa (NcCDH) by a simple physical
adsorption of the enzyme on the chip surface. NcCDH is capable of
transfer the reaction electrons from oxidizing mono- and disacchar-
ides to electrodes without the need of mediators. We demonstrated
that VA-CNTs, in contrast to other electrode materials, showed an
improved direct electron transfer between the immobilized enzyme
and the electrode surface. The catalytic current was clearly observed
in the presence of substrate starting from -100 mV vs. Ag/AgCl
electrode. The experiments have shown that the chip is reusable, i.e.
multiple immobilizations of the fresh portions of the enzyme do not
deteriorate the working features of VA-CNTs. Different VA-CNTs
based working surfaces (hydrophilic, hydrophobic) were tested with
respect to their capabilities to adsorb the enzyme and keep its cata-
lytic properties. The surface of the functionalized nanotubes on a
chip was investigated using SEM and EDX. The chip may be integ-
rated in a flow cell or microfluidic system. Further, modification of
the VA-CNTs with other molecules is under progress. The prelimin-
ary data that we obtained demonstrate that on chip functionalized
VA-CNTs are excellent and versatile platform for construction of
electrochemical sensors and biosensors.

Short communication

Tutorial lectore

Novel platform for electrochemical sensors and bio-
sensors based on on-chip functionalized vertically
aligned carbon nanotubes

Wolfgang Harreitherl, Wagqas Khalid2’3, Johan Dunevalll, Bengt
Nordenz, Andrew G. Ewing ’2, Gulnara Saﬁna1

1. Department of Chemistry, University of Gothenburg,
Kemivigen 10, Goteborg 41296, Sweden 2. Department of Chem-
ical and Biological Engineering, Chalmers University of Techno-
logy, Kemiviigen 10, Goteborg 41296, Sweden 3. Jadoo Technolo-
gies Inc, Stena Center 1D, Géteborg 412 92, Sweden

e-mail: gulnara207@hotmail.com
Vertically aligned carbon nanotubes (VA-CNTs) have attracted the

attention of researches in recent years due to their unique physical
properties. The extraordinary electrical properties of carbon nan-

Microbial Fuel Cell: A fascinating technology and inter-
disciplinary challenge

Uwe Schréder

TU Braunschweig, Institiute of Environmental and Sustainable
Chemistry, Braunschweig 38106, Germany

e-mail: uwe.schroeder@tu-bs.de

The globally growing energy demand and environmental issues like
the green house effect require the development of clean and renew-
able energy sources. At the same time, increasing amounts of energy
are consumed for the treatment of anthropogenic waste products like
sewage. Microbial fuel cells (MFCs) produce electricity by utilising
the metabolism of living microorganisms to catalyse the oxidation of
organic or inorganic substrates for electricity production. By doing
that they offer access to a direct generation of electricity from low-
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value biomass, such as agricultural wastes and sewage. This poten-
tial combination of waste treatment and power generation has re-
cently led to a tremendously growing interest in microbial fuel cells
and to substantial research progress.

The performance of a microbial fuel cell (MFC) depends on a com-
plex system of parameters. Apart from operational variables like the
anode or fuel cell design, it is mainly the paths and mechanisms of
the bioelectrochemical energy conversion that decisively determine
the MFC power and energy output. Here, the electron transfer from
the microbial cell to the fuel cell anode, as a process that links mi-
crobiology and electrochemistry, represents a key factor that defines
the theoretical limits of the energy conversion.

This lecture will provide an introduction into the principles of mi-
crobial bioelectrochemical fuel cells and related (microbial) bioelec-
trochemical systems. Recent approaches and developments will be
discussed.

Short communication

Influence of metal cations on the turnover rate of cellobi-
ose dehydrogenase

Christopher Schulzl, Roland Ludwigz, Lo Gor’conl

1. Lund University, Biochemistry, Getingevagen 60, Lund SE-
22100, Sweden 2. BOKU-University of Natural Resources and
Life Sciences, Institute of Food Technology, Muthgasse 18, Vienna
1190, Austria

e-mail: christopherschulz@ymail.com

Cellobiose dehydrogenase (EC 1.1.99.18) is an extracellular fungal
redox enzyme, which has recently shown promising properties for
applications in both biosensors and biofuel cells [1]. It is a two do-
main enzyme composed of a catalytic FAD containing domain con-
nected through a polypeptide linker region with a cytochrome b do-
main. In the catalytic reaction, the substrate is oxidised at the FAD
domain, which in turn is reoxidised through an intramolecular and
sequential electron transfer process donating the electrons to the
cytochrome b domain, from which the electrons can be donated dir-
ectly to an electrode. The mechanism with which the electrons are
transferred between the two domains is unknown and very pH de-
pendent. However, it is believed that the surface exposed heme of
the cytochrome b domain enters the substrate channel of the FAD
domain allowing the electrons to be transferred between the two do-
mains.

We have now found that when increasing the concentration of metal
cations the rate of the intramolecular electron transfer reaction of
CDH immobilized on an electrode surface could be increased sub-
stantially up to 23 times. Increases were higher with divalent metal
cations compared to monovalent metal cations, but were also de-
pendent on the type of cation, confirmed also by enzymatic assays of
CDH in solution. These findings are of interest both for a deeper un-
derstanding of the electron transfer pathway in the enzyme and a
way how to increase the bioelectrocatalytic current density when the
enzyme is used in the direct electron transfer mode on an electrode.
Recent results and a proposed mechanism to explain the observed
effect will be shown and discussed.

References:

[1] R. Ludwig, W. Harreither, F. Tasca, L. Gorton; ChemPhysChem,
2010, /11,2674
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Potentially implantable bioelectronic devices for bio-
sensing and biofuel cell applications

Sergey Shleev

Malmé  Univerity Health and Society, None, Malmo 20506,
Sweden

e-mail: Sergey.Shleev@analykem.lu.se

The fabrication and characterisation of potentially implantable bio-
electronic devices,le. 2., biosensors and biofuel cells, is important for
different biomedical applications. Since the topic delineated in the
title is very broad the lecture will mostly be focused on glucose
sensitive amperometric biosensors and glucose/oxygen biofuel cells
operating in human physiological fluids. Nowadays these devices
have been designed for and tested in both in vitro and in vivo situ-
a‘[ions,z_5 and also practically exploited.6_7

Firstly, major classifications of biodevices will be described and ba-
sic mechanisms of their function including useful mathematical ap-
paratus will be given. Secondly, historical aspects on their fabrica-
tion, investigation, and application will be presented.g'10 This would
include recently designed biodevices based on nanotechnological
achievements, which were characterised in detail with the help of
surface electrochemistry, ellipsometry, AFM, and SEM. During the
lecture significant attention will be also devoted to proper sur-
facemodification procedures to produce bionanostrucutres serving as
sensitive, linear, and stable biosensors, as well as bioanodes and
biocathodes of efficient and stable biofuel cells. Finally, further per-
spectives in the field of potentially implantable bioelectronics will
be discussed.

1. E. Katz. Electroanalysis, 2006, 18, 1855

2. D. Gough et al. Science Translational Medicine, 2010, 2, 42
3. V. Coman et al. Fuel Cells, 2010, 10, 9

4. P. Cinquin et al. PLoS One, 2010, 5, 5

5. A. Zebda et al
10.1038/ncomms1365
6. E. Dassau et al. Diabetes Care, 2010, 33, 1249

7. E. Cengiz et al. Expert Review of Medical Devices, 2011, 8, 449
8. M. Beltzer and J. Batzold. Proc. Intersoc. Energy Convers. Eng.
Conf,, 4", 1969, 354

9. S. Barton at al. Chemical Reviews, 2004, 104, 4867

10. A. Heller. Physical Chemistry Chemical Physics, 2004, 6, 209.

Nature Communications, 2011, DOI:

The work has been supported financially by the European Commis-
sion (FP7 project NMP4-SL-2009-229255) and the Swedish Re-
search Council (project 2009-3266).
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Electrodeposition method for preparing SERS- and
LSPR-active platforms
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Novel biosensing methods, including Surface Enhanced Raman
Spectroscopy (SERS) and Localized Surface Plasmon Resonance
(LSPR), involves using of noble metal nanoparticles. The signal de-
tected depends on nanoparticles size and shape, interparticle distance
and refractive index of surrounding media.[1] Many attempts have
been made to produce cheap, efficient and reproducible sub-
strates.[2-6]

We present a universal biosensing platform for virus or antibody
label-free recognition. It was produced using electrodeposition of
silver nanoparticles onto tin-doped indium oxide (ITO) by cyclic
voltammetry. Our method is consistent with the principles of green
chemistry. Morphology of substrates was changed with tuning the
scan rate of the applied potential and the number of scans. The plat-
form is suitable both for surface enhanced Raman spectroscopy
(SERS) and localized surface plasmon resonance (LSPR). The ob-
tained substrates are reproducible and stable. Efficacy of our AgNPs
substrate for biosensing was demonstrated for the detection of neur-
otransmitters such as choline at low concentration and with short de-
tection time at SERS and for detection of specific binding between
avidine and biotinylated bacteriophages at both SERS and LSPR.

[1] B. Sepulveda, P.C. Angelomé, L.M. Lechuga, L.M. Liz-Marzan,
LSPR-based nanobiosensors, Nano Today, 4 (2009) 244-251.

[2] M.E. Stewart, C.R. Anderton, L.B. Thompson, J. Maria, S.K.
Gray, J.A. Rogers, R.G. Nuzzo, Nanostructured Plasmonic Sensors,
Chemical Reviews, 108 (2008) 494-521.

[3] K.M. Mayer, J.H. Hafner, Localized Surface Plasmon Resonance
Sensors, Chemical Reviews, 111 (2011) 3828-3857.

[4] A. Abbas, M.J. Linman, Q. Cheng, New trends in instrumental
design for surface plasmon resonance-based biosensors, Biosensors
and Bioelectronics, 26 (2011) 1815-1824.

[5] X. Hou, Y. Fang, Investigation of p-hydroxybenzoic acid from a
new surface-enhanced Raman scattering system, Journal of Colloid
and Interface Science, 316 (2007) 19-24.

[6] Y. Hu, Y. Song, Y. Wang, J. Di, Electrochemical synthesis of
gold nanoparticles onto indium tin oxide glass and application in bi-
osensors, Thin Solid Films, 519 (2011) 6605-6609.

Synthesis and properties of NaYF4: Er, Yb, Gd nano-
particles with and without SiO2 coating for biomedical
applications.
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Cell autofluorescence is an important limitation in majority of ap-
plications based on luminescent probes. In addition, most biological
structures absorb ultraviolet and visible light. On the other hand, sig-
nificantly lower absorption and resulted autofluorescence of the near
infrared energy (wavelength 700 - 1000 nm) is observed for biolo-
gical materials.

Our aim was to synthesize NaYF nanoparticles doped with up-
converting rare earth metals(Er, Yb). The conversion takes place by
a multiphoton absorption of a low-energy radiation (near infrared —
optimum 980 nm) and subsequent emission of higher energy radi-
ation (visible light). Synthesized up-converting nanoparticles were
subsequently coated by a layer of SiO2 for the protection of biolo-
gical systems from the toxic effects of fluoride and subsequent at-
tachment to biologically active molecules.

We synthesized NaYF nanoparticles doped by 2 % Er and various
Yb concentrations (10 to 30%). Nanoparticles excited by infrared
light (965 nm) have two luminescence bands: the first with a maxim-
um at 540 nm and the second, more intense band, with a maximum
at a wavelength of 670 nm. The most efficient luminescence was ob-
served for nanoparticles doped with 2% Er and 30% Yb.

Synthesized by us nanoparticles have a diameter from 35 to 60 nm
as determined by a transmission electron microscopy (TEM) and X-
ray diffraction. These methods have confirmed the cubic structure of
the nanoparticles. Using TEM we were able to confirm the presence
of a thin SiO2 layer on the surface of nanoparticles.

The upconverting SiO_ coated nanoparticles were transported into
HeLa cells and their luminescence was measured by a confocal mi-
croscopy (Figure 1). Subsequently, these nanoparticles were linked
to biologically active molecules to created a biosensor based on the
Fluorescent Resonant Energy Transfer between the nanoparticles
(donors) and organic probe sensitive to the external environment
(acceptors).
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Figure 1. NaYF4: Er, Yb nanoparticles inside HeLa cells. Image ob-
tained from confocal microscopy. Green color: autofluorescence of

cells (excitation: 488 nm); red color:

(excitation: 960 nm).

NaYF4 nanoparticles
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Neurodegenerative diseases are a group of progressive congenital or
acquired diseases of the nervous system, in which the primary patho-
logical phenomenon results from cellular dysfunctions. The first be-
havioral symptoms appear when a significant number of neurons are
damaged. The lack of effective drugs is predominantly associated
with unavailability of diagnostic tools for an early stage of neurode-
generative disease development.

Our aim is to design a biosensor based on semiconductor nano-
particles ZnO/MgO for an early detection of neurodegenerative dis-
eases. Despite several advantages of nanoparticles (small size, lack
of fotobleaching) they have a flaw, due to their relatively low sensit-

ivity to the external environment. Therefore, they require passivation
with biologically specific probes. We have covered ZnO/MgO nano-
particles with carboxymethyl-beta-cyclodextrin (CMCD) which
serves a role of a linker. The interior of the cyclodextrin is hydro-
phobic so it can form inclusion complexes with hydrophobic mo-
lecules.

We examined FRET between the nanoparticles of ZnO/MgO coated
beta-cyclodextrin and organic dye (Nile Red) built into cavities of
the cyclodextrin. We studied the effect of temperature on the FRET
system. In the first stage, we introduced the FRET complex into
HeLa cells. The emission maxima of the FRET nanoparticles inside
the cells was 630 nm, while outside the cells was observed to be 610
nm. Thus, we were able to design a prototype of a biosensor sensit-
ive to the local cellular environment. In the next stage, we intend to
introduce the FRET complex into neurons.

Figure 1. HeLa cells with FRET complex. Green: cells autofluores-
cence (ex. 488 nm), red: FRET complex (ex. 560 nm).
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Thrombin is a highly specific serine protease involved in the coagu-
lation cascade, which converts soluble fibrinogen into insoluble
strands of fibrin which is a matrix of the blood clot. The thrombin is
not present in the blood under physiological conditions but appears
in pathological processes including deep vein thrombosis, myocardi-
al infarction, stroke and in central nervous system injury. Under co-
agulation the concentration of the thrombin in blood varied from nM
to uM levels. Development of the sensitive method of the thrombin
detection in nanomole level is important for clinical practice. The
traditional methods of thrombin detection are based on the antigen-
antibody immunoassay, clotting — based assay or synthetic-sub-
strate-based enzymatic assays. Alternative method of thrombin de-
tection is based on biosensors using DNA aptamers as receptors.

In this work we used thickness shear mode method to study the in-
teraction between thromnin and DNA aptamers immobilised at the
surface of quartz crystal transducer. We used 30-mer biotinylated
DNA aptamer (BF) of followinh composition: 5'-GGT TGG TGT
GGT TGG TTT TTT TTT TTT TTT - 3’- biotin. The immobiliza-
tion of the aptamers to the surface is crucial and we compared two
types of the surfaces formed on the gold electrode. First surface was
formed from neutravidine on which BF was attached. Second sur-
face was formed from the nanostructure tetrahedron DS3BT1 for
oriented attachemnt of neutravidine and than for BF binding. We
studied the kinetics of the changes of the series resonant frequency,
fs, and the motional resistance, R , of the quartz crystal transducer
following addition of thrombin. We observed decrease of f and in-
crease of R , following addition of thrombin. The changesS of both
parameters started already at 50 nM of thrombin.The increase of R
suggests on increase of surface viscosity. The kinetics analysis of
aptamer-thrombin system was performed. Binding experiments car-
ried out using BF immobilized on neutravidin layer at gold surface
showed that constant of dissociation is K = 114 nM. This constant
is measure of the affinity of the interactions. The lower K , the high-
er affinity. However, lower affinity of thrombin to the aptamer was
observed when DS3BT]1 structures were used for aptamer immobil-
ization (Kd =151 nM). The reasons of these differences are dis-
cussed.
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Chemical polymerization of a 3,4-ethylenedioxythiophene (EDOT)
derivative bearing a sulfonate group (EDOT-S) is reported. The
polymer, PEDOT-S, is fully water-soluble and has been produced by

polymerizing EDOT-S in water, using NaZS O8 and a catalytic
amount of FeCl . Thus obtained polymer can be used as doping
polyanion of pofy—pyrrole (PPY). Interestingly, the PPY/PEDOT-S
bipolymeric composite can be synthesized in acidic aqueous solution
of PY and PEDOT-S without any external oxidized. Ambient oxy-
gen is efficient oxidizer of the binary mixture and the biopolymer
forms as a dark gel after 24h in r.t. Certain cleaning produces sus-
pensions of PPY/PEDOT-S in water or organic solvents. The cast
deposits of the biopolymer on voltammetric electrodes show sub-
stantial electrochemical activity typical of conjugated conducting
polymers. The acceleration of electrode kinetics at the biopolymer
modified electrodes compared to the unmodified electrodes was ob-
served for many redox systems.
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Fig. 1. (A) Linear sweep voltammograms recorded at a rotating

glassy carbon electrode (1000 r,ﬁ.m.) in 0.1 M HClO4 before (a)
and after addition of 10 mM Fe™ (b). The same experiment per-
formed at the bipolymer-modified electrode is reflected by lines (c)
and (d), respectively. Sweep rate: 2 mV s (B) Constant potential
amperometry recorded at +0.3 V vs. Ag/AgCl at the modified rotat-
ing disk electrode (1000 r.p.m.) following addition of 2.5 (a), 5 (b),
10 (c), 15 (d), 20 (e), 25 (f), 37.5 (g), 50 (h), 75 (i), 100 (j), 150 (k),
200 (1), 250 (m), 300 (n), 400 (o) and 500 uM (p) (black line). The
same experiment performed on the bare electrode is reflected by the
red line.

For instance, Fig. 1A compares reductive single sweep voltammo-
grams of Fe’" cation at unmodified and biopolymer-modified elec-
trodes. As it seen, in the latter case the voltammogram shows a clear
current plateau indicating diffusion-controlled reduction reaction.
Moreover, the current onset point is shifted significantly toward
higher electrode potentials. This implies that the biopolymer modi-
fied electrode can be used as amperommetric sensor of Fe " ions in
solution. This was experimentally verified by measuring current
changes following additions of increasing concentrations of Fe'~
ions. The obtained current-time tracing is shown in Fig. 1B. It is
evident that the observed responses are many times higher than at
the unmodified electrode. The sensitivity factor calculated from the
slope of the linear regression line was 0.28 pA pM em™,
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In the last four years, the proposed hierarchical carbon nanotubes
(hCNT) composite material [1] grown onto ordinary graphite rod
electrode demonstrated remarkable properties for supporting extens-
ive loading with biological components and still facilitating excel-
lent properties for efficient direct electron transfer (DET). In addi-
tion, this material shows high conductivity within the entire CNT
network, as well as free access for the enzyme substrate towards the
site with catalytic activity. In fact, the bioelectrochemical investiga-
tions of several redox enzymes was suggesting that the current dens-
ity is dependent on the actual penetration length (or life span) of the
substrate within CNT network.

Apart from the recently published example of HRP/hCNT biocath-
ode [2], several other examples of enzymatic biocathodes construc-
ted based on this hCNT material were investigated, such as: i) the
co-immobilization of HRP/GOx for providing the first biocathode
operating at +600 mV vs Ag/AgCl and relying on components com-
patible with physiological conditions and on in-vivo available sub-
strates (glucose and oxygen); ii) the promoted adsorption of laccase
using specific pyrene derivatives (see Figure 1); or iii) covalent link-
age of bilirubin oxidase via its crosslinking with glutaraldehyde to
the activated surface of the electrode.

Pyrene modification
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Figure 1. Cyclic voltammograme showing bioelectrocatalytic cur-
rents recorded at hCNT modified with a pyrene derivative and lac-
case. Insert- SEM image of hCNT composite material grown onto
graphite rod.

The above examples and potential perspectives for further exploita-
tion of this material will be presented.

[1] [1] Wenzhi Jia, Stefanie Schwamborn, Chen Jin, Wei Xia, Mar-
tin Muhler, Wolfgang Schuhmann and Leonard Stoica, Phys. Chem.
Chem. Phys. (2010), 12(34)

[2] Nan Li, Xingxing Chen, Leonard Stoica, Wei Xia, Jun Qian, Jens
ABmann, Wolfgang Schuhmann, Martin Muhler, Advanced Materi-
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Construction of an efficient electrode for a biofuel cell and hybrid
devices powered by external fuel is the aim of our study. We focus
on the development of an efficient cathode for the electroreduction
of dioxygen using laccase and modified carbon nanotubes' . In our
study, single-walled carbon nanotubes (SWCNTs) were covalently
modified with arylated group (anthraquinone, anthracene, aniline,
terphenyl, naphthalene) and used for the construction of cathodes for
biocatalytic reduction of dioxygen. The nanotubes with aromatic
groups casted onto the electrode increased the working surface of
the electrode and enabled efficient direct electron transfer (DET)
between the enzyme and the electrode. The catalytic current density,
potential and stability in time were compared for all of these elec-
trodes, and the electrode showing the best properties was tested in a
hybrid cell with Zn anode and in an enzymatic fuel cell with glucose
dehydrogenase based anode.
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Myoglobin (Mb) participates in human respiration both as an oxygen
store and as an entity facilitating oxygen diffusion, thereby support-
ing cellular respiration in cardiac and skeletal muscle tissues. In ad-
dition to conventional functions, it can possibly act, as has been re-
cently proposed, as an intracellular scavenger of nitric oxide (NO) to
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protect mitochondrial cytochrome ¢ oxidase from its inhibition by
NO.[1] In healthy organism, in the absence of inflammation or in-
jury of muscle tissues myoglonin does not release into the circula-
tion. Myoglobin detection is very important for express diagnosis of
AMI, crush syndrome, hypoxia neonatorum, overtraining of sports-
man, as well as in forensic medicine as an additional criterion for
fatal poisoning with ethanol and drugs of opiate group.

Myoglobin belongs to the family of heme proteins, whose active
center (heme) contains a coordinated Fe(Ill) ion. Our research
group was the first to make use of the electrochemical properties of
myoglobin for its detection in biological body fluids.[2-4] The pro-
posed method is based on internal electroactivity of myoglobin and
direct detection of its interaction with specific antibodies. Thus,
myoglobin can be quantitatively detected by direct electron transfer
reaction from an electrode surface to ion Fe(IlI):

Mb-Fe(Ill) + ¢ +H' — Mb-Fe(II);
Mb-Fe(Il) + O — [Mb-Fe(IO, ] — Mb-Fe(Il) + O_~

In this scheme, oxygen participates in the catalytic reaction.
However, this electrocatalytic reaction may be realized only by us-
ing special modifiers of the electrode surface, its nanostructuring.
Nanostructuring provides direct electron transfer between electrode
and the myoglobin heme, thus enabling to register the signal and to
reach a very low limit of detection. Golden, silver, copper nano-
particles and carbon black were used for electrode surface modifica-
tion. It was shown that carbon black dispersion improves the sensit-
ivity of myoglobin detection.

Cathodic peak of cardiac Mb reduction was proportional to Mb con-
centration in human plasma. The required sample volume is 0.25-1
ul depending on the electrode surface, while the analytical procedure
takes no more than 30 min. The developed electrochemical method
can be used for express diagnostics of acute myocardial infarction,
other diseases and disease states, as well as, for investigation of
myoglobin functions in physiological processes.

This work was financially supported by the Federal Agency of Sci-
ence and Innovations, Russian Federation Ministry of Education and
Science (Contract Ne 16.512.11.2215).
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Stable free radicals TEMPO
(2,2,6,6-tetramethyl-1-piperidine-1-oxyl) and its derivatives have
been widely employed as spin labels [1], spin traps [2] and antioxid-
ants [3] in the biomedical field, as mediator in ,,living” free radical
polymerization [4], and as catalysts in aerobic oxidation processes
[5]. The TEMPO radicals can also interact with gold electrode sur-
face or gold nanoparticles and create the Au-NO bonding[6, 7].

Nanoparticles modified with single-component TEMPO-Thiol
monolayer and mixed monolayers composed of
bis[2-(4-0xy-2,2,6,6-tetramethylpiperidine-1-oxyl)ethyl]  disulfide
(TEMPO-DiSS) and alkanethiols (with four or twelve methylene
groups) were synthesized[8]. Electrochemical behavior of the three
types of NPs was studied, and their diffusion coefficients in solution
and surfaces coverages were determined. We found that the interac-
tion between gold and TEMPO nitroxyl radicals may be useful as a
method of binding gold nanoparticles to gold electrode surfaces.The
nanoparticles were adsorbed on bare gold electrodes, and on the
TEMPO-Thiol (Rys. A), or 1,9-nonanedithiol (Fig. B) modified gold
electrode. Using cyclic voltammetry (CV), scanning tunneling mi-
croscopy (STM) and infrared spectroscopy (IR), we could compare
the properties of the gold nitroxyl radical interaction with the well

known gold- sulfur bonding.
A B

An Au
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Single-step electrodeposition of nanocomposite silicate materials
based on hydrophilic carbon nanoparticles (CNPs) and a hydro-
phobic  sol-gel precursor with the help of an elec-
trode|organic-phaselaqueous-electrolyte  three-phase junction is
presented. A tin-doped indium oxide electrode is immersed into a
cell filled with two immiscible liquids. The upper aqueous phase
contains dispersed carbon nanoparticles in electrolyte and the bot-
tom organic phase consists of sol-gel precursor in nitrobenzene. Ap-
plying a positive potential to the electrode results in generation of
protons which act as catalyst for the sol-gel process [1,2]. This meth-
od leads to the formation of a narrow, sponge-like carbon-silicate
stripe at the electrode surface close to the three-phase junction. To
increase the active surface area several parallel stripes were depos-
ited, however this resulted in the formation of a compact film
between the stripes. The morphology and structure of the nanocom-
posites were thoroughly investigated by AFM, SEM, optical and in-
frared mapping. The electrodes were examined as a support for bi-
lirubin oxidase — an enzyme showing bioelectrocatalytic activity
towards dioxygen reduction.

[1] M.M. Collinson, Acc. Chem. Res. 40 (2007) 777-783.

[2] J. Niedziolka, M. Opallo, Electrochem. Commun. 10 (2008)
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The development of new and efficient forms of energy storage is im-
portant for the current technological age. In this talk we will exam-
ine the use of lyotropic liquid crystals as frameworks for exploita-
tion as multi-stacked battery systems. We will examine the interplay
between diffusion and electron transfer at the crossphase interface,
and examine the role played by reagent partitioning.

Photometric characterization of immobilized enzymes on
GaN surfaces.
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The biochemical functionalization of AlGaN and GaN surfaces by
silanization and subsequent immobilization of biomolecules has re-
cently been demonstrated and the adequacy of AlGaN/GaN field-
effect transistors (FETs) for the realization of pH-based enzymatic
sensors has been shown [1,2]. The reliability of enzyme-modified
FETs sensitively depends on the functionality of the employed en-
zymes after immobilization on the gate area. In the present work we
have applied a photometric method [3] to characterize the activity of
penicillinase after covalent immobilization on silanized GaN sur-
faces. The enzymatic constants have been extracted from recorded
absorption transients by advanced modeling using Michaelis Menten
kinetics. We have compared the characteristics of covalently im-
mobilized and physisorbed enzymes on GaN to those of free en-
zymes to assess the impact of the immobilization process. We
demonstrate the functionality of covalently immobilized penicil-
linase over several weeks.

[1] B. Baur, G. Steinhoff, J. Hernando, O. Purrucker, M., Tanaka,
B. Nickel, M. Stutzmann, and M. Eickhoff, Appl. Phys. Lett. 87,
(2005) 263901.

[2]  B. Baur, J. Howgate, H.-G von Ribbeck, Y. Gawlina, V. Ban-
dalo, G. Steinhoff, M. Stutzmann and M. Eickhoff, Appl. Phys.
Lett. 89, (2006) 183901.

[3] R. P. Novick, Biochem J. (1962) 83, 236.
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The redox protein cytochrome ¢ (CytC) assembles into electroactive
multilayers on gold electrodes. For this purpose desoxyribonucleic
acid (DNA) can be utilized as a negatively charged building block.
This system can act as a basic construct for the establishment of ana-
lytical signal chains when redox enzymes are coupled to these
layered assemblies.

One redox enzyme with particular promise is PQQ-GDH, which has
an isoelectric point similar to CytC and thus should embed easily.
The reaction between CytC and PQQ-GDH has been well investig-
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ated when both molecules are in solution: spectrophotometrical- and
cyclovoltammetric (CV) analysis show, that PQQ-GDH is able to re-
duce CytC efficiently. But the reaction between these molecules
when both are immobilized on electrodes is a real challenge.

Here we study the electron transfer reaction between PQQ-GDH and
CytC with different arrangements. Thus we first assemble a mono-
layer of CytC on a thiol-modified gold wire electrode. We then place
the electrode in a solution of PQQ-GDH. CV-measurements show
that a catalytic current occurs in the presence of the substrate
(glucose). Next, we investigate the situation when both molecules
are immobilized. We use the layer-by-layer deposition technique to
assemble a multilayer electrode of CytC, with a terminal layer of
PQQ-GDH: (CytC/DNA)n/PQQ-GDH. We find, that a catalytic cur-
rent flows when glucose is present, proving that inter-protein com-
munication occurs with both surface-fixed components.

This bi-protein multilayer system is sensitive to glucose and the re-
sponse can be tuned in a certain range by increasing the number of
protein layers deposited on the electrode.

Poster
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Karolina Witkowska, Mariusz Ke¢pczynski, Pawet Wydro, Maria
Nowakowska
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Krakéw 30-060, Poland
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Recently, the nanoscopic vesicular structures have been the subject
of considerable interest in both: colloid and materials science. The
application of liposomes is very wide and includes medicine, cos-
metology, environment protection, health food formulation and pro-
duction, science etc. -~ However, the high price of natural lipids
strongly limits the application of liposomes. That is why it is reason-
able to investigate vesicles formed with double-tailed surfactants
such as dioctadecyldimethylammonium bromide (DODAB). Unfor-
tunately, the structures of formed vesicles were nonspherical.m

To improve the morphology of obtain objects the additions of oleyl
alcohol and cholesterol were applied. Oleyl alcohol as the com-
pounds possessing cis double bond in the chain forms liquid mono-
layers and therefore it can be expected that the incorporation of oleyl
alcohol molecules should have strongly fluidizing influence on
DODAB monolayer. The effect of cholesterol on membranes is in
turn rather complex. Generally cholesterol reduces the fluidity of
bilayers and monolayers but the addition of small amount of this
sterol to dialkyldimethylammonium bromides monolayers may also
cause an increase of their fluidity.

It is suggested that at the surface pressures between 30 and 35 mN/m
the monolayer properties, such as area per molecule, lateral pressure
and elastic compressibility modulus, correspond to the properties of
bilayer[4]’[5] that is why in this work Langmuir monolayer measure-
ments of the DODAB/oleyl alcohol and DODAB/cholesterol mix-
tures were performed.
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Enhancing heterogeneous electron transfer between enzymes and
electrodes

Bioelectrocatalytic systems improve not only our knowledge about
biocatalysts but also enable us to develop biomolecular moduls for
bioanalytics, energy conversion and signal transfer. For effective
bioelectrocatalysis it is essential to achieve a fast communication
between the redox protein and the electrode, while the biocatalytic
activity is preserved. Here we benefit from achievements in enzyme
technology and surface science as well as from the progress made in
the fabrication of support materials that serve as the interface
between the biomolecules and the electrical circuit including the
readout device. We will discuss recent approaches in this area. Ex-
amples are modified electrodes for measurement of aldehydes and
sulfite using novel molybdoenzymes, which rely on mediated and
direct electronic communication, nanoparticle facilitated electron
transfer, and 3-D spectroelectrochemical devices with transparent
conductive mesoporous electrodes.
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Many redox enzymes are covered with an insulating carbohydrate
core and have their active centers deeply buried inside of the protein
structure. Several studies on glycon depletion showed that the carbo-
hydrate shell hinders the electron communication between the active
center and the electrode surface. Therefore, accessibility of the pros-
thetic group can be achieved by removal of the carbohydrate shell,
thus giving a possibility to develop mediator-less biosensors.

Present methods for production of deglycosylated enzymes are
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based on either in-solution digestion of native enzymes, or on pro-
duction of recombinant enzymes, which lack the carbohydrate shell.
However, these methods are time-consuming and expensive. More
efficient and cheap way to produce deglycosylated enzymes is desir-
able.

In attempt to develop a technique for continuous, fast and inexpens-
ive production of deglycosylated enzymes, we have prepared im-
mobilised enzyme reactors (IMERs) with immobilised PNGase F.
PNGase F belongs to the class of endoglycosidases, which cleave
glycons from Asp residues in N-linked proteins. It was covalently at-
tached to the surface of controlled pore glass (CPG) beads and
packed into the IMER. PNGase F was used to deglycosylate glucose
oxidase (GOx) containing 6 GlcNAc residues and 3 Man residues.
Two IMERs containing 1500 U and 15000 U of the immobilised en-
zyme were prepared. The efficiency of the two IMERs at different
temperatures, as well as time required for complete deglycosylation
of GOx, was studied. The degree of deglycosylation was monitored
using SDS-PAGE with silver staining. The deglycosylation of GOx
was performed both in stop-flow and flow formats with continuous
supply of the GOx.

Partial deglycosylation of GOx, subjected to a PNGaseF treatment,
resulted in a sharper band on the gel for the native enzyme compared
to the non-treated GOx. In a flow experiments band broadening was
reduced with decrease of the flow rate from 0.5 mL/min to 0.05 mL/
min. For complete deglycosylated enzyme no band for the native
GOx was observed.

Complete deglycosylation of GOx was twices faster (1 hour) when
using higher amount of PNGase F for preparation of the IMER in a
stop-flow experiment. For the same incubation time and the same
concentration of GOx, the degree of deglycosylation was higher
when performing the reaction at higher temperature (37 °C).

No band for the deglycosylated form of GOx was observed on the
gel in any experiments. This is probably due to change in solubility
of the deglycosylated form of the enzyme compared to the native
form. Since complete removal of the carbohydrate shell from the en-
zyme results in increased hydrophobicity, it was suggested that the
deglycosylated enzyme precipitates on the surface of CPG beads in-
side the IMER. Addition of up to 20% of organic solvent (methanol)
and non-ionic detergent (1% of Triton X-100) did not improve solu-
bility of the deglycosylated GOx.

The advantage of the proposed IMER is that it utilises immobilised
enzyme, thus the robustness of the system is greatly improved in
terms of operational stability and chemical resistance. The IMER
can be reused several times without loss of activity of the immobil-
ised PNGase F, which open an interesting possibility for broad pro-
duction of deglycosylated enzymes. Therefore, further studies are
aiming at fabricating an IMER containing exoglycosidases, which
will only perform partial deglycosylation of GOx and other redox
enzymes, leaving its solubility properties unaffected.
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density

Muhammad N. Zafarl, Xiaoju Wangaz, Roland Ludwig3, Donal
4 1
Leech ', Lo Gorton

1. Lund University, Department of Analytical Chemistry and Bio-
chemistry, Lund 22100, Sweden 2. Abo Akademi University, Pro-
cess Chemistry Centre, Laboratory of Analytical Chemistry,
Biskopsgatan 8, Turku FIN-20500, Finland 3. University of Natur-
al Resources and Applied Life Sci Department of Food Sciences
and Technology, Vienna A-1190, Austria 4. National University of
Ireland, Galway (NUIG), University Road, Galway none, Ireland

e-mail: MNadeem.Zafar@biochemistry.lu.se

Glucose dehydrogenase (GDH) from Glomerella cingulata(GeGDH,
EC 1.1.99.10) is an extracellular redox enzyme. The native enzyme
is a monomeric glycosylated polypeptide and has one non-co-
valently bound flavin adenine dinucleotide (FAD) molecule acting
as the redox cofactor. Pyranose dehydrogenase from Agaricus
meleagris (AmPDH, EC 1.1.99.29) is an extracellular redox enzyme.
The native enzyme is a monomeric glycosylated polypeptide and has
a molecular mass of 66,547 Da, containing 7% carbohydrates and
one covalently bound flavin adenine dinucleotide (FAD) molecule
acting as the redox cofactor. PDH can oxidise its substrate at the C-
1, C-2 or C-3 as well as perform double oxidation at C-1,2, C-2,3
and it has no anomeric specificity [1].

This new extracellular redox enzyme, flavin adenine dinucleotide
(FAD) dependent glucose dehydrogenase from Glomerella
cingulata(GecGDH) was electrochemically studied to catalyze the
oxidation of glucose on spectrographic graphite electrode. Six Os
polymers, whose redox potentials are ranged in a broad potential
window between +15 and +489 mV vs. NHE, were used to “wire”
the GecGDH on spectrographic graphite electrodes for possible ap-
plications in biosensors and biofuel cells. [2, 3]. The GcGDH/
Os-polymer modified electrodes were evaluated in a chronoampero-
metric mode using FIA. The current response was investigated un-
der a step-wisely increased potential window. The performance of
the redox polymers for enzyme wiring was investigated using gluc-
ose as substrate. The current response was investigated under a step-
wisely increased potential window. The ratio between
GDH:Os-polymer was optimized. It was observed that the ratio
between GDH:Os-polymer in the overall loading of the enzyme
electrode significantly affects the performance of the enzyme elec-
trode on catalyzing the glucose oxidation. The best Os-polymer had
a potential of +309 mV vs. NHE and GcGDH:Os-polymer ratio was
1:2 yielding a maximum current density of 493 pAcm_2 for 30 mM
glucose was produced by the GeGDH/Os ¢ modified electrode.

After characterization of GecGDH, we coimmobilized equal units of
GcGDH with AmPDH enzymes along with Os-polymer ¢ on graph-
ite electrodes to improve the current density. With this coimmobiliz-
ation of both enzymes, we were successfully able to improve the
current density. The reason for this improvement is that AmPDH en-
zyme also can oxidize the products of GcGDH enzyme due to its
ability to oxidize at C-1, C-2 or C-3 as well as doubleoxidation at C-
1,2, C-23.
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Rapid and accurate methods allowing for detection of trace level of
uranyl ion can be employed for environmental, geochemical or
health safety applications. According to literature, at certain pH val-
ues uranyl has a strong affinity to phosphate residues. This mechan-
ism was used in various electrochemical sensors for uranyl ion de-
termination, with the recognition layer composed of:
2-mercatp0ethanol/POCl3, cysteamine/ 2-aminoethyl dihydrogen
phosphate or (t-butylphenyl)-N,N-di-(isobutyl) carbamoylmethyl-
phosphineoxide [1-3]. The uranyl ion detection limit for the last of
above-mentioned sensor is at parts per million level. Nevertheless,
the analytical procedure in this case was very complicated.

It was recently found out in our laboratory that recognition layer of
short DNA oligonucleotides, formed on gold electrode, can be very
useful for electrochemical uranyl detection. After subjection to
sample solution containing uranyl ion (UO 2+), the electrochemical
properties of DNA layer changes. This can be quantified using an
electrochemical marker (e.g. methylene blue). This approach allows
for trace level determination of uranyl ion. Moreover, impedance
spectroscopy can be employed to further lower the detection limit.

To evaluate the influence of pH on DNA-uranyl interactions, the
Quartz Crystal Microbalance (QCM) measurements were conducted.
The gold transducer was modified with single stranded DNA and
subsequently subjected to uranyl solutions of different pH values.
The decrease in transducer oscillation frequency corresponds to in-
teractions of uranyl ions with ssDNA phosphate residues. The
strongest DNA-uranyl interaction was observed at pH 5.0.

It is well known that uranyl has cleaving effect on DNA strands
[4,5]. However, we did not noticed this during QCM tests. To fur-
ther explore this problem, capillary electrophoresis experiments
were performed. No degradation of oligonucleotide upon prolonged
contact with uranyl ion solution was observed, thus it was concluded
that proposed recognition monolayer can be utilized for preparation
of uranyl ion sensors.
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There is an ongoing need to obtain a source of renewable energy
harvested, for example, directly from the Sun (1) or a source of en-
ergy that is easily accessible and transportable such as oxygen and
methanol or oxygen and glucose.

Enzyme modified electrodes have attracted much attention due to
their application as catalytic electrodes in bio-fuel cells. (2) Recently
we investigated single-walled carbon nanotubes functionalised with
1-pyrenesulfonic acid (PSA) as a means for improving the direct
electron transfer to the enzyme bilirubin oxidase. (3) The nanotubes
were co-immobilised with bilirubin oxidase in a silicate matrix on
tin-doped indium oxide. These electrodes can be used for the bio-
electrocatalytic reduction of dioxygen to water from solution.

TiO_ nanotubes have developed great interest due to their ability to
form electrodes with increased effective surface area. In addition,
our previous work has shown that the order and smoothness of these
vertically aligned TiO_ nanotubes can be increased resulting in an
increase in the electron diffusion length along the tubes and a corres-
ponding increase in conductivity and light to electricity conversion
efficiency. (4) Nanostructured semiconducting photo-anodes have
been shown by Moore et al. to work in combination with enzyme
catalysed oxidation of biofuels. (5) In their work visible light incid-
ent on these modified electrodes was shown to result in the photo
excitation of a porphyrin dye and the separation of charge. The dye
was quenched by B-nicotinamide adenine dinucleotide (NADH)
present in the electrolyte solution transforming it ultimately to
NAD+. The catalytic oxidation of glucose within the cell in the pres-
ence of glucose dehydrogenase (GDH) replenished the supplies of
NADH from the oxidised form of this mediator, NAD+, allowing
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the photo-anode reactions to continue as long as glucose was
present.(6)

In this poster we combine two processes — the oxidation reactions
driven by a TiO2-modified photo-anode and dioxygen reduction by
enzyme at a CNT-modified cathode — allowing for the formation of
novel photo-electrochemical bio-fuel cells. The resulting cells pro-
duce a potential difference and a flow of current between the termin-
als dependent on the intensity of the incident light. Several vari-
ations of the cell were constructed so as to investigate the reactions
occurring in the cell and so as to determine the dependence of cell
performance on cell structure, electrode type and dye type. In addi-
tion comparison is made between our results and the existing tech-
nology and work published by other groups.
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