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Thursday, May 18, 2006 – Opening Lecture

OPENING LECTURE 

Bioanalytical Systems for Food Safety and Environmental Security 

Anthony P. F. Turner 

Cranfield Health, Cranfield University, Silsoe, UK 
E-mail: a.p.turner@cranfield.ac.uk 

This opening lecture will briefly review the use of biosensors for food safety, environmental 
monitoring and defence applications.  The rational design of synthetic receptors for use with 
similar transducer systems will be explored as a complimentary technique.  Finally, a new 
microfabrication technology for the creation of reconfigurable microfluidic systems will be 
presented. 

Biosensors combine either intact, or more normally, extracts from livings systems, such as 
antibodies, enzymes and nucleic acids, with electronic transducers based on, for example, 
electrochemical, optical or piezoelectric measurement techniques to deliver simple and easy-to-
use diagnostic devices.  While the most commercially successful examples developed to date 
have been for medical applications, these same principles have also been widely applied to 
other niches with a view to ensuring the safety and security of the population.  Enzyme 
electrodes, immunosensors and DNA chips have all found multifarious applications ranging 
from pesticide detection to biological defence.  

While biological materials such as enzymes and antibodies have facilitated remarkable 
advances in decentralised diagnostics, there is growing interest in more flexible and robust 
synthetic receptors that offer new opportunities in niches such as the detection of toxins in food, 
drugs of abuse testing and homeland defence. One particular technique, molecular imprinting, 
is proving particularly useful in this respect with several products either in development or near 
to commercial production. The commercialisation of this technology has been greatly enhanced 
by the use of a number of techniques to rationalise the design process including the use of 
molecular modelling to screen potential monomers and the elucidation of polymerisation 
conditions that underlie the imprinting process.  New work on nanoMIPs will be described that 
facilitates the production of soluble MIPs with exceptional performance that rivals that of 
antibodies and could lay the foundation for a new class of pharmaceutical. 

Finally, in the search for the ideal support matrix, we have explored the use of ice to produce 
reconfigurable microfluidic systems.  Preliminary experiments to show that microfluidic designs 
can be written into ice will be described.  This can be combined with imprinting in ice as the 
basis for separations and analysis using capillary electrophoresis and HPLC.  
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Thursday, May 18, 2006 - Bridges across the Ocean 

BRIDGES ACROSS THE OCEAN 

Quantitative Biology: the new, cross-disciplinary paradigm 

Andrei Ruckenstein 

Institute for Quantitative Biology, Rutgers University, USA 
E-mail: andreir@physics.rutgers.edu 

Biology is undergoing a remarkable revolution, driven by the ever-increasing amount and scope 
of biological and medical data. The "new biology" requires a high level of mathematical and 
computational sophistication, a need that is forging alliances between biologists, 
mathematicians, physicists and computer scientists working together on problems at the 
forefront of biology-driven research.  

This new discipline has brought into focus the question of the predictive power of quantitative 
modeling in areas of research that are primarily data-driven. The question of the 
appropriateness of models and the selection of one model over another depends on more than 
the quality of the fit to data, and must consider both the complexity and the predictive power of 
the models under consideration. While over-fitting data is minimized by models with a smaller 
number of parameters, the form of the “correct” model may involve increased complexity, 
particularly when the data used to build and evaluate the model comes from qualitatively 
different experiments. Ultimately, the most predictive model must be discernable by using the 
smallest amount of available data; and its functional form as well as the dependence on 
parameters should be least susceptible to the increase of the amount of available data. The 
understanding of the “model selection” problem is still in a primitive stage, and will require larger 
quantities of careful, quantitative data and better parameterizations of statistical analyses, 
informed by the biophysics and biochemistry of the phenomena involved. In addition, the 
ultimate solution (if a solution exists!) will involve a broad range of quantitative and 
computational methods and techniques, from statistical learning theory, information and coding 
theory to statistical mechanics of complex neuronal systems.  

The new Biology of the genomic era is also forcing us to re-examine interdisciplinary education 
at both, the undergraduate and graduate levels. Educational programs must be broad enough 
to cover the range of ideas and experimental techniques involved in current biology and 
biomedical research. At the same time, it is clear that a deep understanding of the science will 
require the development of novel analytical, computational and experimental techniques, which, 
by necessity, originate in the traditional fields (mathematics, physics, computer science, 
statistics). Thus, a first rate education in interdisciplinary biology must also ensure that students 
have a sufficiently deep appreciation and a working knowledge of fundamental ideas in the 
conventional quantitative disciplines. 
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Thursday, May 18, 2006 - Novel analytical systems (I) 

NOVEL ANALYTICAL SYSTEMS (I) 

Protein phosphatase biosensor: a dual tool for bacterial and marine 

toxins 

Monica Campàs and Jean-Louis Marty 

BIOMEM, Centre de Phytopharmacie, University of Perpignan, Perpignan Cedex, France 
E-mail: jlmarty@univ-perp.fr 

Microcystins are cyclic heptapeptides produced by cyanobacteria such as Microcystis, 
Anabaena, Oscillatoria and Nostoc, which usually appear in lakes, ponds, reservoirs and rivers 
with low turbidity flow regimes. More than 60 variants are known, each one showing structural 
variations and different toxicity level. Okadaic acid is a toxin produced by dinoflagellates 
predominantly of the genera Dinophysis and Prorocentrum and has been reported to occur 
worldwide. Its ingestion results in the diarrheic shellfish poisoning (DSP). 

The toxicity and ubiquity of these compounds make necessary the development of fast, 
sensitive and reliable methods to detect them. To this purpose, we have developed an 
amperometric biosensor useful for a preliminary screening test to assess the water and seafood 
quality. This biosensor is based on the inhibition of the serine/threonine phosphatase enzymes 
PP1 and PP2A by these toxins. Electrochemistry has been widely used in biosensors because 
the simplicity, easy of use, portability, disposability and cost-effectiveness of the 
electrochemical devices. However, it has not been exploited neither for the detection of protein 
phosphatase inhibition by microcystins or okadaic acid. In this work, the electrochemical 
transduction has been achieved by using a new tailor-designed substrate, catechyl 
monophosphate, which is electrochemically active only after dephosphorylation by the non-
inhibited enzyme. The corresponding standard inhibition curve has been obtained and used to 
estimate the microcystin content in cyanobacterial cells from the Tarn River (Midi-Pyrénées, 
France). Assays are being carried out to detect okadaic acid in mussels. 

We are also developing the immunosensor approach, based on the biorecognition between 
antibodies (polyclonal and monoclonal) and microcystins or okadaic acid. In this case, the 
electrochemical transduction comes from the toxin-horseradish peroxidase conjugate 
competitor and is mediated by N-methylphenazonium methyl sulphate in solution. 

 

Keywords: Microcystin, Okadaic Acid, Protein Phosphatase, Catechyl Monophosphate, 
Inhibition, Antibody, Competition, Mediated Electrochemical Transduction.  
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Aptamers Ligands for Bioanalytical application 

Marco Mascini, Sara Tombelli and Maria Minunni 

Department of Chemistry, University of Firenze, Italy 
E-mail: marco.mascini@unifi.it 

So far, several bio-analytical methods have used nucleic acid probes to detect specific 
sequences in RNA or DNA targets through hybridisation. More recently, specific nucleic 
acids, aptamers, selected from random sequence pools, have been shown to bind non-
nucleic acid targets, such as small molecules or proteins. The development of in vitro 
selection and amplification techniques has allowed the identification of specific aptamers, 
which bind to the target molecules with high affinity. Many small organic molecules with 
molecular weights from 100 to 10000 Da have been shown to be good targets for selection. 
Moreover, aptamers can be selected against difficult target haptens, such as toxins or 
prions. The selected aptamers can bind to their targets with high affinity and even 
discriminate between closely related targets.  

Aptamers can thus be considered as a valid alternative to antibodies or other bio-mimetic 
receptors, for the development of biosensors and other analytical methods. The production 
of aptamers is commonly performed by the SELEX (Systematic Evolution of Ligands by 
Exponential Enrichment) process, which, starting from large libraries of oligonucleotides, 
allows the isolation of large amounts of functional nucleic acids by an iterative process of in 
vitro selection and subsequent amplification through polymerase chain reaction. 

Aptamers are suitable for applications based on molecular recognition as analytical, 
diagnostic and therapeutic tools. In this review, the main analytical methods which have 
been developed using aptamers, will be discussed together with an overview on the 
aptamer selection process. 
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Friday, May 19, 2006 - Novel analytical systems (II) 

NOVEL ANALYTICAL SYSTEMS (II) 

Bioanalyte Detection by Artificial Recognition Elements based on 

Imprinting Techniques 

Peter A. Lieberzeit and Franz L. Dickert 

Institute of Analytical Chemistry, University of Vienna, Austria 
E-mail: peter.lieberzeit@univie.ac.at 

Biological samples receive increasing interest in analytical sciences as a consequence of their 
growing importance both in science and in technology. Current methods of analysis include 
spectrometric detection (e.g. UV-Vis), scattering techniques and – if high selectivity is desired – 
separation techniques, mass spectrometry and immunological approaches. The latter ones 
offer very high recognition abilites, however, they are prone to some limitiations, especially in 
terms of long-term, chemical and thermal stability as well as reversibility. Therefore, science 
aims at designing artificial materials with antibody-like recognition abilities that can replace 
natural receptors by overcoming the abovementioned drawbacks. Imprinting techniques have 
proven to be a very straightforward and versatile tool in generating such responsive materials. 
Here, a highly cross-linked polymer is generated in the presence of a template – either the 
analyte-to-be or a model compound. The growing material self-organises around this template 
and thus perfectly depicts its sterical and functional features. After removing the template, it 
therefore leaves behind cavities in the material that are ideally suited to interact with the analyte 
species. This leads to exceptional flexibility regarding the species to be sensed. These range 
from small molecules and their complex mixtures over enzymes and proteins to entire viruses, 
micro-organisms and (mammalian) cells. Whereas the sensitive layer guarantees selectivity, 
sensitivity is achieved by a suitable transducer device. Acoustic sensors such as the quartz 
crystal microbalance (QCM) and the surface acoustic wave resonator (SAW) consist of 
piezoelectric substrates (e.g. quartz, Li tantalate, Li niobate, Ga phosphate) equipped with a 
suitable electrode structure. These devices convert a mechanical oscillation into an electrical 
frequency signal depending on the mass – the most fundamental physical property of any 
material - deposited on the electrodes. The fundamental relationship between mass and 
frequency shift was published in a groundbreaking paper by Sauerbrey in 1959: the effects are 
directly proportional to analyte mass and to the square of the fundamental device frequency. 
Increasing the latter thus means highly improved limits of detection and sensitivity, because 
electronic noise increases only linearly with this parameter. When going to larger analytes, 
surface imprinting strategies are the method to choose to avoid limitations by long diffusion 
pathways. This leads to biomimetic sensors for a variety of bioanalytes: yeast cell imprints e.g. 
show antibody-like selectivity not only between yeast and other species but also between 
different yeast strains. Recognition is not only determined by the shape of the individual cells 
but also fundamentally influenced by differences in the chemical composition of cell 
membranes. A further very remarkable example for this is the bloodgroup-selective detection of 
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erythrocytes. This can be achieved even though they are completely equal in shape and differ 
only by a comparably low number of glycoprotein molecules on the surface. MIPs generated in 
the presence of bloodgroup A erythrocytes preferably incorporate their own blood group, 
whereas e.g. B is much less favourably detected.  

This clearly indicates that recognition takes place in two dimension ranges: on the nanometre- 
to micrometre scale, where the features of the layer are defined by the geometrical properties of 
the respecitve microorganism, and on the molecular – sub-nanometre – scale, where functional 
groups of the polymer and the cell surface define the interaction. Viruses represent another 
class of analytes that can be assessed by imprints on mass-sensitive sensors. This leads e.g. 
to the selective detection of tobacco mosaic virus (TMV) in infected plant saps. As with larger 
cells, also in this case both shape-selectivity and molecular recognition can be observed. On 
the one hand MIPs imprinted with TMV and human rhinovirus (HRV), respectively, show 
excellent selectivities between these two analytes due to the large geometrical difference. On 
the other hand, imprinted layers are also able to distinguish between different HRV serotypes 
thus again showing recognition on a molecular scale and the extraordinary versatility of the 
imprinting approach. Additionally, sensors for viruses are of special economical and scientifc 
interest, as currently no method exists for their fast, on-line detection. The smallest species 
assessed with surface imprinting techniques are proteins and enzymes. In this case imprinting 
can take place with different strategies, such as surface assembly from solution, imprinting with 
crystals or stamping. By this way, artificial sensor layers have been realised to detect pepsin, 
trypsin, lysozyme or insuling. 
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Friday, May 19, 2006 - Novel analytical systems (II) 

Novel surface architectures for electrochemical investigation and 

manipulation of lipid membranes 

Erik Reimhult and Janos Vörös 

Swiss Federal Institute of Technology in Zürich (ETHZ), Switzerland 
E-mail: erik.reimhult@mat.ethz.ch 

Lipid bilayer membranes are important structural components in biology, functioning as e.g. 
delimiting barriers for ionic gradients and as scaffolds for functional molecules like 
transmembrane proteins. 50% of the potential drug targets are transmembrane proteins, 
making construction of biosensors to study drug binding events and functionality change in 
membrane proteins one of the highest priorities in the biophysics field and for the 
pharmaceuticals industry. With most important transmembrane proteins altering the electrical 
properties and ion-permeability of lipid membranes, the preferred way of studying functionality 
would be with electrochemical methods like cyclic voltammetry (CV) or electrochemical 
impedance spectroscopy (EIS). Electrochemical methods also allow for rapid and easy 
detection assays for future applications. We have fabricated novel substrates to investigate the 
interaction of lipid vesicles with sensor surfaces to form cell membrane mimics. The range of 
surfaces investigated range from solid Indium-Tin-Oxide (ITO) and gold electrodes to novel 
nanoporous silicon-nitride and silicon-oxide architectures to support formation of so called 
planar nano black lipid membranes (nano-BLMs). Vesicle interaction with the different 
substrates was probed by optical and acoustic methods as well as by CV and EIS. Both the 
structure of the lipid membranes after vesicle adsorption on the surface (vesicle conformation, 
degree of rupture into planar lipid membranes) and their potential for studying incorporated 
membrane proteins were studied. The influence of charged lipids in the membranes relative to 
applied surface potential for the conformation of adsorbed lipid vesicles was also investigated. It 
was shown that by applying an electrical potential the adsorption and resulting conformation on 
the substrate could be controlled. The results will be discussed in the context of the toolbox of 
techniques developed for making arrays with biofunctionality in the BioInterfaceGroup at the 
ETH Zürich and our future work in the area of nanopatterning and surface functionalization.  
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Friday, May 19, 2006 - Novel analytical systems (II) 

Towards surface-based model systems of the pericellular coat 

Ralf P. Richter, Joachim P. Spatz 

Department of Biophysical Chemistry, Heidelberg University, Heidelberg, Germany 
Max Planck Institute for Metal Research, Stuttgart, Germany 
E-mail: ralf.richter@urz.uni-heidelberg.de 

The pericellular coat of many cell types constitutes an intriguing self-organized system with 
multiple roles in cell division, migration, adhesion and signaling. It is a strongly hydrated matrix, 
attached to the cell membrane. The polysaccharide hyaluronan is a vital structural component 
in these coats, and the importance of hyaluronan-binding proteins (hyaladherins)

1-4
, hyaluronan 

chain length and hyaluronan density
5
 has been stressed. The nature of hyaluronan, and its 

interaction with hyaladherins determine the mechanical properties of the coat which are 
intimately related to its biological function

5,6
. 

Due to the complexity of living cells, the elucidation of self-organization and mechanical 
properties of the pericellular coat in vivo or in vitro constitutes a considerable challenge. 
Complementary to investigations on living cells, simplified model systems can help to address 
specific questions in a controlled manner. 

In our work, we aim to create models of the pericellular coat on flat supports. Our approach 
allows for the application of a whole range of surface sensitive label-free characterization 
techniques, such as quartz crystal microbalance with dissipation monitoring, ellipsometry, 
reflection interference contrast microscopy or atomic force microscopy. The immobilization of 
hyaluronan on a solid-supported lipid membrane is an example of the envisaged bottom-up 
approach that allows for the creation of models of increasing complexity that mimic various 
aspects of the pericellular coat. With these surface-confined models we expect to gain 
information, both qualitative and quantitative, about the relationship between composition, 
structure and mechanics of the coat. 
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Friday, May 19, 2006 - Biosensing: Emerging applications (I) 

BIOSENSING: EMERGING APPLICATIONS (I) 

Towards the development of an amperometric immunosensor for the 

determination of Ochratoxin A 

Beatriz Prieto-Simon, Thierry Noguer* and Jean-Louis Marty 

BIOMEM, University of Perpignan, Perpignan Cedex, France 
E-mail:  noguer@univ-perp.fr 

Ochratoxin A (OTA) is a mycotoxin produced by the fungus Penicillium verrucosum and by 
several species of the mould genus Aspergillus. This toxin has been found in barley, oats, rye, 
wheat, and coffee beans, among other plant products. It is also important to be aware of its 
presence in certain wines, made using contaminated grapes. Besides its nephrotoxic character, 
OTA has been described as a liver toxin, an immune suppressant, and a potent teratogen and 
carcinogen. The presence of this toxin is especially important in some areas around the world, 
where the moisture level and the temperature favor the growth of the mentioned fungi and, as a 
consequence, the production of this secondary metabolite. Its potential risks for the human 
health, combined with the confirmed human exposure, have promoted some specific 
regulations for each country, all of them based on the recommendation of the European Union 
Scientific Committee, which imposes the reduction of the OTA levels to below 5 ng/kg of body 
weight per day. With the purpose of controlling OTA levels, several studies have been carried 
out with the aim of developing some devices and strategies for a reliable OTA detection. 
Although techniques such as GC or HPLC-mass spectroscopy allow high sensitivities, they 
require long procedures, sophisticated and expensive instrumentation and skilled personnel. To 
overcome these drawbacks, immunoanalytical techniques have been widely used, combining 
the high affinity of the immunospecies and the adequate sensitivity allowed by the enzymatic 
labels. Immunoassays show some advantages, such as good sensitivities and selectivity, a 
moderate cost and a wide sample type application. Nevertheless, the current trend is directed 
to even more sensitive techniques, with simple and non-expensive instrumentation, which offer 
the possibility of miniaturization and portability.   
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Our main objective is the development of an amperometric biosensor able to detect and 
quantify OTA in real samples, using disposable screen-printed electrodes. In this case, the 
electrochemical transduction seems to be very useful since high sensitivities can be achieved 
as a result of the ability of the modified electrode surface to transduce the specific 
immunodetection of the target toxin. Firstly, we have selected different competitive 
immunoassay formats based on the competition between the free toxin and a previously 
synthesized OTA-conjugate. After the work conditions optimization using colorimetric 
immunoassays, the electrochemical transduction has been evaluated, based on the mediated 
reduction of hydrogen peroxide catalysed by an horseradish peroxidase-conjugate. 

The development of this amperometric immunosensor represents an important improvement in 
front of the already developed biosensors for OTA based on fluorimetric measurements, since 
expensive and sophisticated equipments will be avoided, and at the same time, miniaturization 
will be facilitated as a way to achieve portable devices. 

 

Keywords: Ochratoxin A, immunosensor, competitive format, electrochemical detection.  
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Friday, May 19, 2006 - Biosensing: Emerging applications (I) 

New molecular techniques in Ecotoxicology for risk assessment: DNA-

chip and cellular reporters 

Johan Robbens, Marleen Maras, An Jamers, Karlijn Van der Ven, 

Anneleen Soetaert, Ronny Blust and Wim De Coen 

Laboratory of Ecophysiology, Biochemistry and Toxicology, University of Antwerp, Antwerp, 
Belgium 
E-mail: Johan.Robbens@ua.ac.be 

In our industrial environment, pollution is one of the major threats and is linked with several 
disorders and toxic effects for men and biota. New European legislation in different fields- 
Water frame work directive for monitoring of water quality and Reach for the risk assessment of 
new chemicals requires extensive monitoring. 

Risk assessment of chemicals and pollutants requires extensive chemical as well as  biological 
testing. To assess the impact on biological systems, tests are performed on organisms of 
different trophic levels. Typically organismal tests are performed with algae, daphnids and fish. 
These tests are labor-intensive, cumbersome, expensive and therefore do restrict their 
throughput. Alternatives are therefore required that are both reliable and have a high throughput 
potential. 

New molecular biological techniques have the potential to develop fast, reliable and easy to use 
assays. DNA-chips have already been used for a long time in a research environment, however 
also have high potential for risk assessment purposes. Arrays are ideal tools to determine the 
transcriptome of an organism. The transcriptome gives insight in the affected genes of toxicant 
exposed organisms and allows classification of a compound and determination of the potential 
risk. 

In a further stage, based on these microarray data specific biosensors can be developed.  
Based on stress gene technology, a sensitive promoter or regulatory element is isolated and 
fused to a reporter system.  Different reporter systems allows the development of fast and easy 
to use sensors. Biomems sensors even have the potential for on line measurements. Different 
new developments in ecotoxicology will be further discussed. 
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Friday, May 19, 2006 - Biosensing: Emerging applications (I) 

Affinity biosensing with polymer- and synthetic diamond-based platform 

materials 

Patrick Wagner  

Institute for Materials Research IMO-BIOS, School for Life Sciences, Hasselt University/ 
transnational University Limburg, Diepenbeek, Belgium 
E-mail: patrick.wagner@uhasselt.be 

The BIOSensor research group at Hasselt University focuses on the evaluation of novel 
materials with respect to their potential as a transducer element in chemo- and biosensors. 
Especially versatile are carbon-based material systems like conjugated polymer films and 
nanocrystalline diamond coatings. The ‘optimum material choice’ depends on the envisaged 
application (e.g. point of care diagnostics, high-throughput screening, and in vivo monitoring) 
and we will illustrate the high flexibility of carbon-based sensor platforms by affinity-type 
biosensors used in several emerging domains. 

In the context of immunosensors, conjugated polymers can be used for the immobilization of 
immunoglobulins (IgGs) by means of entrapment, by physical adsorption, or by covalent binding 
via side chains with a biochemical functionality. A prototype impedimetric sensor based on PPV 
(polyphenylene-vinylene) with surface-adsorbed IgGs (anti-FITC) responds specifically and 
repeatedly to antigen concentrations (FITC-labelled DNA fragments) in the nanomolar range. 
The response time is just 1 to 2 minutes while the cross sensitivity to a competing antigen (Cy5-
labelled DNA fragments) is below the measurable limits [1]. Future medical applications may be 
expected for the detection of marker proteins for autoimmune and cardiac diseases.  

There is also a clear need to detect low-weight molecules, e.g. herbicide residues, where 
corresponding antibodies of biological origin do not necessarily exist or where their stability is 
insufficient. An interesting alternative is therefore the molecular imprinting technique, where 
monomers like methyl-methacrylate are polymerized together with functional monomers to form 
a matrix around  certain target molecules [2]. After extraction of these templates, the polymer 
(here: poly-methylmetha-crylate PMMA) exhibits ‘tailor-made’ cavities, which have a strong 
tendency to bind molecules with the imprinted size and shape. Embedding microparticles of 
molecularly-imprinted PMMA in a conducting PPV matrix resulted e.g. in an impedimetric 
nicotine sensor showing a dose response from 10 to 1000 micromolar in aqueous solutions. 

Complementary to the activities on conjugated polymers, also thin films of synthetic diamond, 
prepared by chemical vapour deposition CVD, offer a wide variety of appealing properties for 
biosensing and bioelectronic applications,  see e.g. ref [3]. These peculiar properties include i) 
extreme stability as a multiple-use DNA-immobilization platform with electronic read-out 
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possibilities; ii) pH-dependent surface conductivity, allowing to monitor enzymatic activity; iii) 
intrinsic biocompatibilty as a prerequisite for in vivo applications; and iv) the possibility to couple 
diamond-based field-effect transistors in a non-invasive way to neurons and neuron arrays.  

Specifically, we will focus on a novel route to immobilize DNA covalently on CVD diamond by a 
two step protocol, described as ‘fatty acid – EDC coupling’ [4]: First, ω-unsaturated fatty acids 
are activated photochemically to bind to dangling bonds at the diamond surface. Second, the 
COOH group of the fatty acid is joined to an amino-modified 5’ end of 250 bp long ds-DNA 
fragments (human PKU gen) by using the zero-length, EDC crosslinking technique. We could 
show by PCR-electrophoresis that the method allows for more than 30 denaturation-
hybridization cycles. There are additional benefits like the possibility to apply the method for 
proteins and to induce a preferential spatial orientation of the immobilized biomolecules. 
Moreover, the distance between the biomolecule and the sensor surface can be freely adjusted, 
which is a crucial parameter to optimize the performance of charge-sensitive biosensing 
devices. Ongoing research covers the development of lateral patterning techniques and the 
study of conformational and orientational aspects of ds- and ss-DNA as a function of the base 
pair number by single-molecule optical spectroscopy.  

* In collaboration with: M. Ameloot, N. Bijnens,  E. Bongaers, P. Christiaens, Th. Cleij, P. 
Cooreman, M. Daenen, J. Duchateau, J. Enderlein, K. Haenen, F. Horemans, L. Lutsen, J. 
Manca, L. Michiels, M. Nesládek, R. Thoelen, D. Vanderzande M. vandeVen, R. Vansweevelt, 
V. Vermeeren, and S. Wenmackers. 
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Friday, May 19, 2006 - Biosensing: Emerging applications (I) 

Multi-color single-wavelength fluorescence cross-correlation 
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Fluorescence Correlation Spectroscopy (FCS) is a widely used tool for the detection of drug 
receptor interactions in vitro and in vivo and has found applications in high-throughput 
screening. Nevertheless, FCS has several limitations: i) It can detect interactions only when the 
two interacting partners differ in mass by a factor 4-8. ii) Interactions can be only detected when 
the bound species exceeds a certain threshold in concentration compared to the unbound 
species. iii) It is mostly used with a single detection channel and thus does not allow the 
observation of several labeled species simultaneously. Fluorescence Cross-correlation 
Spectroscopy (FCCS) solves these problems but has the disadvantage of either a more 
complicated alignment if used with two lasers for sample excitation or is very expensive and 
has low count rates per particle when using two-photon excitation. Recently we have shown 
that FCCS can be performed even when using only one single laser for excitation (SW-FCCS). 
We present in vivo applications of dual-color SW-FCCS and expand this approach to include up 
to three channels with pair wise cross-correlation to elucidate interactions of larger complexes.  
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Early, we developed some optical and electrochemical instrumental analytical approaches 
based on the porous silicon photoluminescence, electrolyte-insulator semiconductors (EIS) 
structures and ion-sensitive field effect transistors (ISFETs) intended for the express 
determination of number of low wight toxic elements including atrazine, simasine, 2,4-
dichlorophenoxyacetic acid (2,4-D), phosphororganic substances and heavy metal ions. In this 
report the main attention is paied to use other optical approaches (surface plasmon resonance 
– SPR and total internal reflection ellipsometry – TIRE) for the direct determination of 
nonylphenol, T2 mycotoxin and express diagnostics of retroviral bovine leucosis and others. 
Moreover, now it will be given a greate consideration to EIS and ISFETs based immune 
biosensors for simultaneous determination of number toxins, for example: heavy metal ions, 
phosphororganic substances, some mycotoxins and nonylphenol. If first types of biosensors, 
namely optical ones are suitable for control of individual toxins only on the principle of immune 
analysis the second types of biosensors – indicated above electrochemical ones are able to 
combine both enzymatic and immune principles of analysis and to provide revealing groups of 
toxins as well. In last case there is possibility to fulfill pure enzymatic analysis directed for 
control of such toxic elements as: phosphororganic substances and heavy metal ions and 
immune enzymatic analysis for the determination of such individual toxins as: T2 mycotoxin and 
nonylphenol. Enumerable substances belong to some man-made elements that are capable to 
interact with the estrogen receptor, induce a biological response and cause a disruption in the 
endocrine system of anymal and human organisms. 

SPR (as well known aprouach) and TIRE combin the advantages of the spectroscopic 
ellipsometry and the Kretchmann type SPR geometry of total internal reflection was recently 
proposed. The immune assay technique was exploited for in-situ registration of the above low 
molecular weight toxins with specific antibodies immobilised onto the gold surface via 
(poly)allylamine hydrochloride layer using electrostatic self-assembly technique. It was shown 
that the method of TIRE was employed and proved to be more accurate and sensitive when 
compared to SPR. TIRE method is therefore found to be more suitable for the registration of 
low molecular weight toxins. For example, TIRE measurements were repeated many times on a 
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number of samples with polyclonal and monoclonal antibodies, and different concentrations of 
T2 in the range of concentrations from 1.5 to 1500 ng/ml. The thickness of layers following the 
final step of adsorption sequence, i.e., the change in thickness due to binding of toxins, the 
thickness of T2 layer of 8.686 nm is found to be larger than those for atrazine (4.711 nm) and 
simazine (5.774 nm), which is consistent with the molecular weight (size) of the above 
molecules. 

The principle of work of biosensors based on EIS-structures and ISFETs are well known too. 
These biosensors can provide sensitivity of analysis on the level of practice demands with 
overall exspended time within no more than half hour. Such instrumental devices can be used 
for wide screening environmental objects and for verification of results of analysis. In the report 
it will be demonstrated the application of above mentioned biosensors for the simultaneous 
determination of some heavy metal ions, pesticides and micotoxins, in particular of T2 
micotoxin. 
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Today it was identified two types of diabetes: insulin dependent and insulin non-dependent, or 
diabetes of 1 and 2 types. At the first one it is possible to register anti-insulin antibodies in the 
blood of patients. The appearance of these antibodies testifies the development of autoimmune 
process in the organism. The control of such types of biological substances has a very 
important significance in both aspects: fundamental – for the revealing of mechanism of 
pathological process development in pancreas, problem of insulino-resistance and practical – 
for enhancement of individual treatment efficiency. In last case the express obtaining results of 
high sensitive analysis is critical important. The presence of specific antibodies in the blood may 
prevent determination of real insulin concentration and to prolong destruction period of this 
hormone. Moreover the test on anti-insulin antibodies may help to monitor risk groups in 
respect of diabetes of 1 and 2 types. The main approaches for the determination of such 
antibodies are based on the modern immune analysis, which uses, as a rule, radio- or enzyme 
labels. Both these approaches are very sensitive but at the same time they are time 
consumable, demand special additional chemical reagents, high experience of service staff. In 
this report the main attention will be paid to the development of principal new technique for the 
quantitative determination of anti-insulin antibodies utilizing the effect of surface plasmon 
resonance (SPR). This approach promises to fulfill all practice demands, namely, in respect of 
sensitivity, rapidity, simplicity and cheapness of analysis. To realize the possibility of SPR 
based immune biosensor creation it was firstly worked out the effective ways of preliminary 
treatment of transducer surface and it was chosen optimal methods for the immobilization of 
biological sensitive elements on this surface. Among the existing ways of surface preparation 
and biomaterial immobilization for further investigations it was analyzed the application of 
different types of dextrans, thiols, polyelectrolytes.  
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The last substances were the most suitable as regards of practice demands. It was developed 
the main algorithm of analysis, which was based on the direct determination of anti-insulin 
antibodies with preliminary immobilized insulin on the transducer surface. The optimal 
concentration of insulin for its immobilization was within the limits of 250-300 µg/ml. To avoid 
the non-specific reaction in the interaction of insulin-anti-insulin antibodies it is recommended 
the dilution of the analyzed sample no less than 1:100. The preliminary examination of the 
developed immune biosensor based on the SPR demonstrates good results in respect of 
sensitivity, selectivity and reproducibility of analysis. It is necessary to mention that the 
sensitivity of analysis is comparable with sensitivity of ELISA-technique. The overall time of 
analysis by the developed biosensor was about 5 min (if transducer surface was preliminary 
treated) in the comparison with 4-6 hour that is needed for ELISA-method.  

This work was partially supported by Fond of Fundamental Investigations of Ukrainian Ministry 
of Education and Sciences (Project 10.03/004) in frame of collaboration with Belarus Fond of 
Fundamental Investigations (Project Х05К-020). 
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The emergence of multicellularity has been tightly joined to the ability of an organism to retain 
its own anatomical integrity and to distinguish self from non-self. Large cell surface 
glycoconjugate molecules, such as glyconectins (GNs), are the key candidates for the primal 
recognition and adhesion functions in biological self-assembly systems. In previous 
experiments, using atomic force microscopy investigations, we showed that the binding strength 
between a single pair of Microciona prolifera cell surface GN1 molecules can hold the weight of 
1,600 cells, proving their adhesion functions. Here, measurement of molecular selfrecognition 
of GN1, GN2 and GN3 (purified from three Porifera species: M. prolifera, Halichondria panicea 
and Cliona celata, respectively) was used as an experimental model for primordial xenogeneic 
self/non-self discrimination. Biophysical and biochemical characterization of these three GNs 
defines a new family of proteoglycan-like molecules revealing species-specific structures with 
complex and repetitive acidic carbohydrate motives different from the classical proteoglycans. 
In functional and blotting assays, GNs exhibited species-specific recognition and adhesion. 
Monoclonal and monospecific polyclonal antibodies (prepared against GN glycans) selectively 
inhibited cell adhesion in the respective sponge species. The molecular mechanism of glycan-
mediated homophilic GN interactions in Porifera is based on highly species-specific and Ca

2+
-

dependent associations, and approaches the degree of selectivity of the evolutionarily 
advanced heterophilic immunoglobulin superfamily recognition system. Our study establishes a 
new paradigm for the essential function of primordial GN glycans in the self-assembly and non-
self discrimination pathway of cellular adhesion prior to the appearance and evolution of 
multicellularity. 
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Dielectric spectroscopy is a noninvasive technique and is sensitive to changes in structural and 
electrical properties of biological cells and tissues. It is, therefore, suited for monitoring or 
sensing the responses of cells to environmental stimuli. Unfortunately, because of the complex 
morphology of cells and tissues, analysis of the dielectric spectra is not straightforward. To gain 
useful and reliable information from the dielectric spectra, modeling of cells and tissues is very 
important.  

Dielectric spectra of biological cells and tissues typically show three kinds of dielectric 

dispersion in different frequency regions: α-dispersion (<10 kHz), β-dispersion (10 kHz ∼ 100 

MHz) and γ-dispersion (> 1 GHz) according to Schwan’s classification. The γ-dispersion is due 

to the orientation of water molecules. The β-dispersion is well interpreted in terms of interfacial 

polarization. Several possible mechanisms responsible for the α-dispersion have been 
proposed. These are related to the displacement of counterions around charged cell surfaces, 
the gating of ion permeation in excitable membranes, intracellular membrane systems 
connecting with the plasma membrane like the transverse tubular system in muscle cells and 

gap junctions in tissues. The α-dispersion, however, is not still completely understood. 

In this presentation, I present some examples of dielectric monitoring of biological cells in cell 
division, development and aggregation. Dielectric modeling of cells and tissues is described for 

cell division, lysis of erythrocyte and so forth. In addition, I intend to discuss the origin of the α-
dispersion from the standpoint of interfacial polarization. 
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Dielectric properties of human blood cell suspensions (lymphocytes and erythrocytes) were 
studied by time domain dielectric spectroscopy (TDDS) [1-5]. Analysis of the dielectric 
parameters of cell structural parts was performed in the framework of Maxwell-Wagner mixture 
formula and the one or double-shell model of cell depending of its type. It was shown that 
membrane capacitance could be used as a very sensitive parameter to distinguish between 
normal and malignant lymphocytes. Moreover it was demonstrated that the in vitro studied 
erythrocyte membrane capacitance alterations due to varying sugar concentrations can provide 
an essential basis for further understanding and development of non-invasive glucose 
monitoring methods for in vivo application [6].  
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Application of Bioimpedance Spectroscopy for Tissue Characterization 

and Monitoring During Various Treatments 

Eberhard Gersing 
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The spectra of the electrical impedance of biological tissues, e.g., organs, reflect the frequency 
dependent current conduction through the respective tissue. The property of current conduction 
(at frequencies up to about 10 MHz) is mainly determined by the structure of the tissue, the 
extra- and intracellular compartments (containing different electrolytes) and the insolating 
membranes. Therefore, the spectra characterize the tissue and can be used to gain information 
on the alterations in the tissue, for example, during organ ischemia and various kinds of tissue 
treatment. 

Ischemia is defined as the case of arrested blood flow through an organ. It can be caused by 
accident or during surgical procedures, especially and inevitably in the course of organ 
transplantation. Under the condition of ischemia, tissue undergoes progressive alterations, 
which finally lead to the irreversible loss of its viability. 

Typical changes occur in organ tissue (heart, liver, kidney) spectra during ischemia: at low 
frequencies (<1 kHz) impedance increases, at high frequencies (> 1 MHz) impedance 
decreases in some cases, the characteristic frequency of the ß-dispersion of impedance is 
shifted towards lower frequencies; in some tissues an additional dispersion at a frequency <1 
kHz can be found which ceases in the course of ischemia. These effects can be explained as 
narrowing of the extracellular pathways, increasing in the intracellular fluid volume (developing 
oedema) and closing of gap-junctions.  

The development of the spectra of the stomach during ischemia is completely different because 
of the different structure of its epithelium.  

In another application, impedance spectroscopy was applied in order to get insight into tumour 
tissue during photodynamic and/or hyperthermic treatment. The changes in the spectra reveal 
changes in the total tissue fluid content, the fluid distribution between the intra- and extracellular 
compartment, the tissue temperature and, finally, in the state of membranes.  

The impedance method is non-invasive, harmless to the tissue and it delivers the results 
immediately after (a fast) measurement. 



 25 

Saturday, May 20, 2006 – Analytical Methods 

General principles of AC-electrokinetics: effects, methods and medical 

applications 

Jan Gimsa 

Biophysics Department, University of Rostock, Rostock, Germany 
E-mail: jan.gimsa@uni-rostock.de 

Whereas impedance methods detect the frequency dependence of the direct electric response 
of a suspension, electrokinetic methods investigate the frequency dependence of orientation, 
deformation, movement, aggregation or rotation of single objects, like cells. The effects can be 
observed microscopically. They arise from the interaction of the induced polarization of the 
objects with the inducing external field and can be exploited for dielectric particle 
characterization and also for handling or manipulating microscopic and submicroscopic 
particles like cells, organelles, supramolecular structures, viruses or artificial colloids. 
Traditional AC-electrokinetic characterization methods had a limited frequency and conductivity 
range or required the microscopic observability of field-induced particle movements. New 
designs of measuring chambers, light scattering and dielectrophoretic field trapping methods 
solve these problems and access the GHz frequency as well as the submicrosc opic particle 
ranges. First lab-on-chip systems exploiting the principles are available on the market. The 
higher resolution of the electrokinetic methods for the electric parameters of single objects 
allows for the detection of new polarization effects and time-dependent parameter changes at 
the single particle or cell levels. An introduction is given on the interrelations of the various AC-
electrokinetic methods, new developments and applications. 
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Are there “simple” Biosensing Platforms?  

Besides the targeted/specific affinity process, even the bioaffinity (e.g., immuno or DNA) chips 
might exhibit additional ones due to “stray” that could include the effect of e.g.: alteration of 
supporting matrix, nonspecific binding and temperature variation. Stray processes interfere with 
the desired ones and the measured data could exhibit a non-monotonous behavior. 

When coping with cellular platforms, either suspension or immobilized (on filters, adhered on 
surfaces or entrapped, e.g., on Ussing set-ups) the intrinsic nonlinear behavior of biological 
systems is related to cellular mechanisms involved in sensing & adaptation to stimuli. This should 
not mean that when coping with living cells, stray effects might not also corrupt the measurement 
itself.   

Observations on Biosensing: 

1. Usually, assessment of a (bio)sensor reaction due to injection of a specimen is given by the 
magnitude of the variation of a signal between an initial (reference) level and a plateau, 
eventually occurring when the reaction reaches a “stationary” state. 

 

 

      ⇒⇒⇒⇒ 

 

2. However, the response of a biosensor (bioaffinity or cellular platform) to a specific stimulus 
(e.g., target analyte) may not always exhibit a monotonous evolution. This could be related 
with superposition of (several) processes with different dynamics, rendering difficulty in 
analysis. 
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                           ⇒⇒⇒⇒ ? 

    

3. Depending on the method of analysis, what is actually measured comprises information 
merely provided by the “active” spot, (e.g., interface: bioaffinity chip / sample) or may also include 
additional ones that could involve other interfaces, bulk or/and just (external) noise. 
 
Core idea: monitoring the behavior of Biosensing platforms with related time series analysis 
would provide quantitative means to address non-monotonous responses. 
Bio-Assessment (e.g., detection of target analytes,..,upraise of normal / pathological cellular 
processes…) should be associated to a multi-dimensional scale comprising process parameters 
derived by fitting the experimental time series with a set of equations provided by modeling the 
bio-system (using microscopic approaches) and analysis of dynamics of related system 
parameters. 
 
Within presentation, emphasis will be given to Impedance/Dielectric Spectroscopy (IS), however 
the virtues of combined IS and optical assays to address biosensing platforms will be 
emphasized, as well 
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Quo vadis…membrane engineering? 
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Artificial membranes play a key role in today’s industry and medical therapy. Transverse 
technologies by nature (as may be catalysis), they are already considered as «dominant 
technologies» in the USA, Japan, China… and they will have in the future a growing and central 
role in many systems/operations and applications with main societal and economical impacts. 
With a 10% to 20% annual growth rate, the total world market is expected to exceed largely 10 
billion € at the beginning of the next decade. Membranes technologies are one of the most 
appropriate means of achieving sustainable development insofar as they are a-thermal, without 
phase changes or chemical additives. Artificial membranes are yet just very coarse copies of 
cellular membranes which ensure all the basic functions of life. To make artificial membranes 
increasingly effective and capable of bringing their performances closer to those of their 
biological model, it will be necessary to control the properties of the materials which constitute 
them on the nanoscale if not at the molecular level, and to improve greatly our knowledge of 
processes.  

After a few recalls on what membrane technologies are, the presentation will be focused on 
further developments. It will underline the need for a global thinking on the relation between 
material characteristics, working conditions and process performance, i.e. the “membrane 
function”. Among others, “intelligent” materials, under development at lab level or already at 
industrial scale, will be presented: nanofilters, polyfunctional macrosystems…The concept of 
membrane contactor /reactor who is opening very original ways of setting-up unit operations in 
process engineering will also be introduced.  An improved methodology allowing a better 
integration of membrane technologies in already running processes will be also described… 

In all cases the question will be: how to move more efficiently towards new “tools” by 
developing holistic approaches of problems that are tackled? No doubt that membrane is really 
becoming a privileged tool for up-grading of systems and intensification of processes. 
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The chemistry of membrane transport systems of interest for molecular information transfer, 
has been extensively developed during the last twenty years. The membrane selectivity may be 
induced either by carrier molecules or by transmembrane channels. From the mechanistic point 
of view, we use carriers which self-assemble in functional aggregates which would present 
combined (hybrid) intermediate features between the former carrier-monomers and the resulted 
pseudo-channel-forming structures. Thus, we therefore studied the membrane transport 
properties in liquid or in solid materials and bilayers and vesicles of such supra-molecular and 
organic-inorganic hybrid polymers resulted by the dynamic self-assembly of the hydrogen-
bonded urea-crown ethers or organic functional molecules. The present results show that the 
self-organization properties in the membrane phase may provide the first evidence for the 
possible hybrid transport carrier vs. channel mechanisms in correlation with self-assembly 
properties of the heteroditopic receptors.  It results an increase of the extractability of salts in 
the liquid membrane phase due a synergetic extraction of cations and anions, but the salt 
transport rate is less effective due the lower rate of diffusion of higher supramolecular 
aggregates. (Scheme 1).  
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These dynamic self-organized 
systems can be tested in liquid or 
bilayer membranes, mesoporous 
materials, or “frozen” in a 
polymeric hybrid or esoporous 
matrixes, opening the door to the 
design of a novel class of organic-
inorganic nanomembranes 

 

 

The hybrid membranes successfully formed transport patterns so as to enable efficient 
translocation events. Moreover, the present system is the first example of a hybrid nanomaterial 
where the concept of self-organization and a specific function (generation of specific 
translocation ionic pathways in the hybrid solid membranes) might in principle be associated. 
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The research during the 80’s was mainly directed to macro- and mesoporous membranes 
synthesis (micro- and ultrafiltration), and most of the current industrial applications still focus on 
liquid phase separation. The research objectives readily changed in the early 90’s and are 
turned to nanoporous or microporous membrane materials with potential applications to vapour, 
gas and non-aqueous systems. 

Regarding the future, the concept of combining membranes and reactors is being explored in 
various configurations which can be classified in three groups, related to the role of the 
membrane in the process. The membrane can act as an extractor for the removal of product(s), 
as a distributor for the controlled addition of reactant(s), and/or as an active contactor for the 
controlled diffusion of reactant(s) to the catalyst leading to an engineered catalytic zone. 

Presently the membrane science benefit from the development of nanosciences and 
nanotechnologies and will lead in the next future to technological breakthroughs in the field of 
membrane processes. 

Membrane processes are ideally suited to environmental, but also energy, food, safety, 
pharmacy and biotechnology related applications. 
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MTBE is asymmetrical ether used as gasoline additive. It was introduced in the gasoline 
composition in the 70’s for reduction of the emissions of carbon monoxide and volatile organic 
compounds. Besides the benefic effects on the air quality, due to the accidental leakage from 
the underground reservoirs of the refineries and fuel stations it determines the contamination of 
the many ground and surface water sources in concentrations of 1 to 200.000 µg/l. The 
Environmental Protection Agency from the USA is classifying MTBE as being possible human 
carcinogenic. Additional to the toxic character, MTBE leads to alteration of the water taste and 
odor which leads to the necessity of its removing from the drinking water. 
The researches effectuated accentuate the possibility of MTBE degradation with high 
efficiencies into the membrane bioreactors and were realized in the Research Programme 
CEEX Grant no. 622, financed by the Romanian Govern through the Ministry of Education and 
Research.   
 
Materials and Methods 
The membrane bioreactor was provided from Zenon kft Hungary through a Collaboration 
Protocol between UTCB and the company. The MBR pilot plant was adapted to assure the 
optimum condition for microorganisms involved in MTBE degradation process by adding an 
installation which assures a constant temperature in the reactor and membrane compartments. 
The installation is presented in figures 1 and 2. 
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Figure 1. Membrane bioreactor pilot plant ZW-10. 
 
 
 
 
 

Figure 2. Constant temperature installation. 
 
For the rapidity of the test it was used a specific biological compound for hydrocarbon 
degradation (ABR Hydrocarbon) and an accelerator (BI-CHEM II) which contain nutrients and 
microelements dosed in optimum ratio for best cellular development of these microorganisms. 
 
Description of the experimental trials 
There were effectuated different experimental trials with different MTBE concentrations with and 
without other carbon source (ethylic alcohol). Also, there were used different supports for 
biomass attachment and development. The MTBE analyses were made in the PROTMED 
laboratory of the University of Bucharest. 
In first trial were used polystyrene flakes for biomass attachment but after two weeks of 
experiments it was observed that the biomass was didn't attached to the polystyrene flakes, 
while the microorganisms developed in the body of the water. The efficiency of MTBE 
degradation was very low (at 3.2 mg/l for influent to 2.9 mg/l for effluent) in that first trial. For the 
next trials the polystyrene flakes was replaced with plastic rotating disks positioned to the 
stirrers of the reactor. Figure 3 is presenting the support materials for biomass. 
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Figure 3. Support materials for biomass. 
 
During trial no. 2, the MTBE concentration in the raw water was 0.5 mg/l and the ethylic alcohol 
concentration 25 mg/l. At the beginning of the experiments the efficiency of the degradation was 
very high and it was observed development of biological film to the rotating disks. 
In the figure 4 it can be observed the evolution of MTBE concentration in the streamline: raw 
water, reactor, membrane compartment and effluent. The average efficiency of the MTBE 
degradation was 85% in the biological reactor and over 98% in effluent. 
A chromatogram on different sections is presented in figure 5. 
 

 
Figure 4. Efficiency of MTBE degradation– trial II. 
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Figure 5. Chromatogram – trial II (blue curve – raw water, red curve – biological reactor, green 
curve – membrane reactor, magenta curve – treated water). 

 
 
A high efficiency of MTBE degradation was obtained by best development of biological film to 
the rotating disks. In figure 6 is presented an image with attached biomass to the disks. 
 
 

Figure 6. Biological film attached to the rotating disks. 
 

 
In the trial 3, the MTBE concentration in the raw water was 5 – 6 mg/l and the ethylic alcohol 
concentration was 25 mg/l. The efficiency of MTBE degradation was very high (over 98% in 
effluent). These are presented in figure 7. 
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Figure 7. Efficiency of MTBE degradation– trial III. 
 
 
The development of the biomass in the membrane reactor determined an increase of the trans-
membrane pressure due to biomass attached of the membrane surface. In figure 8 it can be 
observed that the trans-membrane pressure was 0.1 bar in the trial I and reach 0.4 bars in the 
trial III. 
 

 
TRIAL 1   TRIAL 3   BACKPULSE 

Figure 8. Evolution of the trans-membrane pressure during the experimental trials. 
 
During the trial no. 4 the MTBE concentration was increased at 30 mg/l without another carbon 
source (ethylic alcohol). The MTBE degradation efficiencies were high but in the fourth day of 
experiments it was observed a deterioration of the process due to the missing of the additional 
carbon source. 
The efficiencies of MTBE degradation are presented in figure 9. 

 

Figure 9. MTBE degradation efficiency – trial IV. 
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Conclusions 
The experimental trials revealed the following:  

• MTBE is possible to be removed through biologic processes if adapted 
microorganisms are used; 

• the start of the biologic processes was unexpected fast; 

• the biomass development is dependent to the environment conditions (temperature, 
pH); 

• the efficiency of MTBE degradation is very high if additional carbon source is added; 

• the efficiency of MTBE degradation depend on the raw water MTBE concentration; 
for the raw water MTBE concentration was about 1 mg/l, the effluent MTBE 
concentration was 10 µg/l. The U.S. EPA has recommended an MTBE concentration 
in drinking water of 10 to 20 µg/l or below. In case of high MTBE concentration in the 
raw water, though MTBE degradation efficiencies are over 95%, the effluent MTBE 
concentration is over the recommended limit. 

It is appreciated that the biological processes in the membrane bioreactors can determine high 
efficiencies, if these processes are coupled with the chemical processes (advanced oxidation).  
 

Figure 10. Comparative efficiencies of MTBE degradation for different MTBE concentrations in 
the raw water. 
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Introduction 
 
ICB research efforts in the field of biosensing, in short “Bio(dyn)sensing”, have as main pillars: 
development of equipment & biosensing platforms, modeling, data analysis and combined 
(electrochemical and optical) analysis set-ups. The systems are meant to cover application 
areas in food industry, medicine, ecology by providing rapid, versatile approaches to detect and 
quantify target analytes and characterize (bio)interfaces. We will present some of our latest 
developments in these areas, evolving to novel combinations of methods with improved 
technical performance, helping to resolve challenging bioanalytical problems including 
sensitivity, signal resolution and specificity by interfacing these technologies in small volumes, 
with particular reference to new/pending proposals, as avenues for collaboration. 

 

Methods 
 
Multichannel, differential impedance spectroscopy either alone or in combination with 
complementary methods: surface plasmon resonance (SPR), fluorescence microscopy 
(confocal), electrochemistry and atomic force microscopy, to develop, optimize and analyze 
specific platforms (affine and cell based biosensors). 
 
Results 
Impedance on: – cell suspensions/cells trapped on permeable supports towards assessment of 
cell state and dynamics – applications to assessment of ageing effects on control lymphocytes 
versus lymphocytes from centenarians. Electrophysiological studies of cell monolayers. 

 - cell cultures on permeable supports to assess the presence of pathogens and 
related toxins. 

 
Impedance and SPR: – food quality assessment – detection of target compounds and 
pathogens. 
         - environmental assays using biosensing platforms – detection of 
cyanobacterias and toxins; remote monitoring of water supplies;  
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    - environmental bioassays – monitoring of engineered cell lines to 
express membrane reporter proteins. 
    - biomedical applications – cancer prognosis and treatment through 
investigation of somatostatin receptors  
 
Impedance and confocal – cell surface interaction / and cell adhesion control through 
nanopatterning. 
    - cell and DNA sensing in conjunction with nanomagnetophoresis. 
    - microfluidics optimization 
Impedance, electrochemistry, SPR and confocal: – microorganisms, DNA and toxins 
 
Conclusions 
ICB’s developments are coherently leading to a powerful unit with competences in 
electrochemical investigation of biosensing platforms and optical assessment of biosystems 
(SPR and confocal fluorescence microscopy). The efforts and results to integrate the 
capabilities of these complementary methods into complex analytical systems are forming the 
favorable foundation for collaborative avenues fostering environmental, biomedical and food 
analysis applications. 
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Membrane transporters became in the last two decades one of the most extensively studied 
class of membrane proteins.  A modern approach of the function/structure relationship in any 
kind of transporters requires the correlation of data collected by means of several different 
biochemical, biophysical and genetical techniques and methods. Among different strategies, a 
relatively novel technique, based on a rapid solution exchange combined with the high 
sensitivity of planar lipid membranes, is the SSM (solid-supported membrane) method. This 
electro-physiological technique employs a solid supported membrane as a capacitive electrode 
(1, 2) and allows the time resolved investigation of charge translocation during the catalytic 
cycle of such transporters as Na

+
/solute transporters. In the beginning, it was successfully used 

to investigate the electrogenic steps in the cycle of the Na
+
,K

+
-ATPase (1, 2) yielding results 

similar to those obtained by other techniques.  

 

The SSM technique gives the possibility to investigate electrogenic charge transfers in  various 
transmembrane proteins involved in membrane transport, especially in the case of bacterial 
transporters whose electrical activity cannot be studied by other electrophysiological methods. 
In the last years, several papers emerged presenting the results obtained by the SSM method 
alone or in combination with other methods (3-7). The present work describes some recent 
results obtained in the study of several Na

+
/solute transporters like MelB (3-6) or GltP-PH (7), 

purified and reconstituted in proteoliposomes. It is worth to be mentioned that the SSM 
measurements on the MelB symporter were the first direct electrical measurements of charge 
transport by a bacterial co-transporter and the first electrical characterization of a purified and 
reconstituted Na

+
-sugar transporter (3). The electrical current measurements were performed 

on proteoliposomes containing the purified MelB or GltP-PH, adsorbed to a solid supported 
membrane and activated via a concentration jump of substrates. The resulting electrical 
transient signals were recorded with a time resolution up to 10 ms. From the electrical signals 
conclusions could be drawn about intraprotein charge transfers, co-substrates affinities and rate 
constants in these transporters.  
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Pain subserves different functions. Acute pain from the intact body alerts the victim to 
immediately react and withdraw from the bodily threat, ideally before an injury happens. 
However, during manifest injury and tissue inflammation, withdrawal and flight are no longer 
adaptive. Instead, sparing the affected body part to promote healing requires heightened 
awareness and avoidance behaviour over longer periods of time. Quality and time scales of 
behavioural adaptations are therefore substantially different between pain during normal 
compared to abnormal tissue states (1).  

The nociceptive system is now recognized as a sensory system in its own right, from primary 
afferents to multiple brain areas. Given the functional differences between acute versus 
pathological pain it was postulated that the two phenomena recruit different brain systems.  

The nociceptive pain is activated only by noxious stimuli acting on a specialized high-
threshold sensory apparatus. Noxious stimuli are transduced into electrical activity at the 
peripheral terminals, by specific receptors and ionic channels sensitive to cold, heat, protons or 
mechanical stimuli. The signals are conducted to dorsal horn neurons in the spinal cord and 
then relayed to supraspinal structures including the thalamus and the brainstem, till to the 
cortex where the pain sensation is experienced.  Nociception is essential for the survival of 
organisms in a potentially hostile environment. This is an adaptive sensation which allows early 
warning of noxious stimuli, accurate differentiation between innocuous and noxious stimuli, and 
even more, the capacity to increase the sensitivity of the system after a first exposure to an 
injurious stimulus, which is called sensitization. 

Immense progress has been made in the study of nociceptor transduction. A series of ion-
channel-linked receptors related to transduction of noxious stimuli has been described. These 
are the vanilloid receptors: VR-1 which is a ligand-gated , non-selective cation channel which 
respond to moderate thermal stimuli (aprox. 43 

o
C) and VRL-1 which is activated by higher 

temperatures (52 
o
C). ANKTM1 (ankirin-like transmembrane protein 1) was suggested to be a 

noxious cold sensitive channel. An another family of ionic channels respond to low pH (which 
appears in an inflamatory milieu) by producing a rapidly inactivating current in addition to a 
sustained sodium current - the acid-sensing ionic channel (ASIC). Adenosine and related 
phosphate derivatives (AMP, ADP and ATP) have been shown to produce pain in human 
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subjects. P2X purinoreceptors are ionotropic ligand-gated ion channels mediating fast synaptic 
transmission by extracellular ATP (2). 

There is an extraordinary dichotomy in the pain field.  Exciting progress is made in dissecting 
the mechanisms which generate neural signals that we ultimately interpret as pain. However for 
many patients, pain continues to produce severe distress, dominating and disrupting their lives. 
Much of the clinical treatment is only partially effective, may be accompanied by distressing 
side effects or have abuse potential.  To bridge the gap between the advancing understanding 
of the neurobiology of pain and lack of success in clinical pain therapy, more efforts are to be 
directed to discover new analgesics and the mechanisms responsible for different types of pain.  

Progress is awaited also from the brain imaging studies, which indicate the cortical and sub-
cortical substrate that underlies pain perception. Instead of locating a singular “pain center” in 
the brain, neuroimaging studies identify a brain network for acute pain perception in normal 
subjects, which is partially distinct from that seen in chronic clinical pain. The main 
components of the network active in acute pain are: primary and secondary somatosensory, 
insular, anterior cingulate, and prefrontal cortices (S1, S2, IC, ACC, PFC), and thalamus (Th).  
Chronic clinical pain engages brain regions critical for cognitive/emotional assessments, 
implying that this component may be a distinctive feature between chronic and acute pain. 
Chronic pain more frequently involve PFC, while in normal subjects perception of acute pain 
more frequently involves (S1, S2, Th, and ACC). The preferential activation of PFC in clinical 
conditions suggests that chronic pain states are a reflection of decreased sensory processing 
and enhanced emotional/cognitive processing. Since pathways outside the spinothalamic tract, 
such as spinoparabrachial, spinohypothalmic and spinoreticular projections may activate the 
PFC, nociceptive information transmission through those pathways may become more 
important in chronic pain conditions (3).  

The next step in order to understand and control chronic pain conditions is to identify and 
characterize the neuroreceptors and neurotransmitters at work in the different components of 
the pain neural network. 

Some results of our laboratory concerning identification and properties of ionic channels 
involved in nociception will be presented. The TRPM1 channel was identified as transducer of 
thermal energy in the range 10-25 

o
C (4). The Anktm1 channel is probably sensitive to noxious 

cold (lower than 10
o
C). Two populations of cold-sensitive neurons were identified in dorsal root 

ganglia (DRG), which are differently modulated by the nerve growth factor (5). We have 
evidenced a selectivity change in ASIC1a channels produced by mild trypsin exposure, leading 
to a decreased permeability for Ca

2+
, which prevents the development of persistent proton-

evoked currents (6). The pain associated with diabetic neuropathy is also due to changes in the 
ionic channels activity. Short-term exposure of rat DRG neurons to hypoxia (4% O2) and 
hiperglycemia (25 mM glucose) – a new experimental model for diabetic neuropathic pain, 
increases the total Na

+
 current and the amplitude of TTX-R I Na (7). 

In order to identify an another possible thermal transducer in the range 25-37
o
C, we have 

studied the temperature dependence of Ih in selected DRG neurons (8). 
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The most promising target antigen for an HIV vaccine designed using the classic antibody 
strategy has been the viral coat protein gp120.  Unfortunately, its high variability has prevented 
this approach.  A 15-residue peptide derived from the CD4-binding domain of gp120 was 
examinated.  By use of molecular dynamics computer simulation, it is shown that despite 
considerable sequence variation, the three-dimensional structure of the peptide is preserved 
over the full range of clade-specific sequences.  Furthermore, sequences threaded onto the 
structure exhibit common three-dimensional electrostatic and hydrophobic properties.  These 
common physicochemical characteristics constitute a pharmacophoric footprint that promises to 
be useful in the design of a synthetic antigen for vaccine development. 
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The secretion of drugs and xenobiotics is an important physiological function of renal proximal 
tubules. In order to further understand the mechanisms of xenobiotic secretion, we have 
developed and characterised an in vitro model of primary human proximal tubule cells, grown 
as monolayers on permeable filter supports. RT-PCR analysis demonstrated expression at the 
mRNA level of a full palette of proximal tubule transporters including SGLT1, SGLT2, SNATA2, 
OAT1, OAT3, OAT4, MRP2, EAAC1, NaPi2A, NBC, OCT2 and OCTN2. Furthermore, at the 
protein level, we have shown, by using specific antibodies, expression of OAT 1, OAT 3 and 
NaPi2A. Cultures of distal tubular and collecting duct cells, which do not express those 
transporter molecules in vivo, were used as negative controls.  

Data from pharmacokinetic studies of a new statin, rosuvastatin have shown that renal 
clearance accounts for 28% of total plasma clearance. Net secretion of the compound by renal 

tubules is calculated to be responsible for ≥ 90% of this clearance. It is not known however, 
which transporters may be responsible for the flux of the compound through the tubular 
epithelial cells. In order to get a better insight herein the above mentioned cell culture model 
was applied.    

Primary cultures of human (proximal and distal) tubular cells were grown on permeable 
supports. Cells cultured in this way mimic a functional epithelium with distinct apical and 
basolateral surfaces. Apical to basolateral (Jab) and basolateral to apical (Jba) fluxes of [

3
H]-

rosuvastatin (10nM to 10µM) were measured at steady state in paired monolayers. Human 
tubular kidney cells transported [

3
H]-rosuvastatin (10µM) in both directions but Jba was 

significantly greater (P<0.001) than Jab (124 ± 4.9 vs. 56 ± 2.9 pmoles/cm
2
/h, n=6 monolayers). 

This implies that the net flux is towards the tubular lumen, resulting in net secretion of 

rosuvastatin. Furthermore, net secretion of rosuvastatin (10µM) was abolished in the presence 

of estrone-3-sulfate (50µM). Estrone-3-sulfate preferentially inhibited Jba (29±8 v 138±5.3 

pmol/cm
2
/h, n =5) but had no effect on Jab (53± 2 vs. 50±3 pmol/cm

2
/h, n=5).  
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This is consistent with the competition between rosuvastatin and estrone-3-sulfate for a 
common basolateral uptake pathway. Further experiments using cultures of pure proximal and 
distal tubular cells indicate that proximal tubular cells are mainly responsible for the secretion.  

In conclusion, we have demonstrated that primary human proximal tubular cell cultures are 
useful to investigate the in-vitro renal handling and transport of xenobiotics. rosuvastatin is 
secreted by the human renal epithelium probably by organic anion transporter (OAT) molecules 
present on the basolateral membrane of the proximal tubular epithelium. Since estrone-3-
sulfate is a specific inhibitor of OAT-3 on the basolateral membrane, this is a candidate 
transporter potentially responsible for rosuvastatin secretion by human kidney tubules.  
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Sodium reabsorption in the distal part of the nephron of the kidney occurs via amiloride-
sensitive Na

+
 channels in the apical membrane, together with active extrusion at the basolateral 

side via Na
+
/K

+
 ATP-ase.  Effects of Cd

2+
 on Na

+
 transport and more particularly on the apical 

Na
+
 channel (ENaC) are investigated.  In this study, we utilize an immortalized cell line 

originating from the distal part of the nephron of the kidney of Xenopus laevis (A6).   

In cultured A6 monolayers from distal Xenopus kidney, external Cd
2+
 inhibited active Na

+ 
uptake 

via the epithelial Na
+ 
channel, ENaC. The Ki for Cd

2+
 was 60,7 ±19.9 µM and the maximal 

inhibition was of about 75% from the entire amiloride-sensitive Na
+
 current. 

The analysis of amiloride-induced noise revealed that the macroscopic and microscopic 
blocking kinetics of amiloride were slightly affected. Zn

2+
 behaved similarly to Cd

2+
, whereas 

Ni
2+
 and Co

2+
 have opposite effects.  
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The damage of allografts derived from ischemia/reperfusion (I/R) during kidney transplantation 
may influence short- and long-term graft function and outcome. Mitochondria play a major role 
in controlling the fate of an injured cell and furthermore, if a cell dies, in determining whether 
death occurs by apoptosis or by necrosis. Some of the many cell stresses that can lead to 
apoptosis or necrosis via mitochondrial-mediated mechanisms are ATP depletion, changes in 
the redox state of the cell, increases in cytosolic calcium, generation of ceramide/ GD3, reactive 
oxygen species (ROS) and nitric oxide (NO).  

Necrosis can occur during ischemia as a result of widespread cellular degradation, while 
apoptotic cell death may occur as a consequence of mitochondrial release of cytochrome c and 
other apoptotic factors into the cytosol, during hypoxia.  

Even though apoptosis, unlike necrosis, is an energy-requiring process, the regulatory 
mechanisms underlying apoptosis and necrosis partially overlap in that the selective 
mitochondrial membrane permeabilization (MMP) may constitute a common event of both death 
modalities. The mitochondrial outer membrane permeabilization results in escape of 
mitochondrial proteins that are either toxic within the cytosol, result in rapid decline in ATP 
production and provoke generation of ROS. On the other hand, inner membrane 
permeabilization, with mitochondrial membrane potential loss, compromises the vital 
bioenergetic function of mitochondria. 

Among the non-protein effectors that induce MMP, calcium is the most important and it has 
been shown that ischemia-reperfusion injury can lead to Ca

2+
 concentration required for 

induction of MMP.  

Pro-apoptotic lipid mediators are also prominent inducers of MMP, and it was demonstrated 
that ceramides can reduce the threshold calcium concentration required for MMP. ROS, lipid 
peroxidation products, as well as NO which may be formed in mitochondria, can also induce 
MMP. When soluble intermembrane proteins (SIMPS), like cytochrome c, are released through 
the permeabilized outer membrane of mitochondria, they trigger the assembly of a caspase 9-
caspase3 activation complex, the “apoptosome”. Certain caspases can also be found 
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sequestered within mitochondria and, when liberated, may contribute to precipitating caspase 
activation cascades leading to apoptosis.  

The fate of the cell after oxygen deprivation depends not only on the severity of the deprivation 
but also on the duration of the ischemic period, which correlates with the mentioned dramatic 
mitochondrial changes. 

Weinberg and colleagues have demonstrated that alfa-ketoglutarate and aspartate, substrates 
that are able to bypass the complex I mitochondrial defect and can be anaerobically 
metabolized by mitochondria to generate ATP, markedly ameliorated mitochondrial dysfunction 
and improved cell energy deficits induced by hypoxia. In kidney proximal tubule cells, which are 
major sites of ischemic cell damage during acute renal failure, nonesterified fatty acids (NEFA) 
accumulate progressively during ischemia in vivo and hypoxia in vitro via both calcium-
dependent and independent mechanisms, leading to decreased ATP and reduced 
mitochondrial membrane potential during reoxygenation. Feldman and colleagues have shown 
that NEFA overload is the primary cause of energetic failure of reoxygenated proximal tubules 
and lowering NEFA substantially contributes to the benefit from supplementation with alfa-
ketoglutarate and malate. 

At the same time, it has been shown in isolated proximal tubules that lowering extracellular pH 
to less than 7.0 strongly protects against ATP depletion and Ca

2+
 induced injury during 

ischemia. However, it has not been well investigated how mitochondrial matrix pH versus 
cytosolic pH evolve in these conditions.  

 

Several lines of evidence suggest that, at least under some conditions, mitochondria in 
mammalian cells can form physically interconnected networks that may represent an efficient 
system to deliver energy, or channel calcium between different areas of the cell. The number 
and morphology of mitochondria within a cell are controlled by precisely regulated rates of 
organelle fusion and fission. Recent reports have described dramatic alterations in 
mitochondrial morphology during the early stages of apoptotic cell death, a fragmentation of the 
network and the remodeling of the cristae. Although mitochondrial fragmentation can occur 
without activation of apoptosis, apoptosis may not be able to occur without activation of the 
mitochondrial scission machinery. The possibility exists that conditions favoring mitochondrial 
connectivity may be beneficial for cell survival. Therefore it is necessary to determine the 
importance and role of mitochondrial network maintenance in the regulation of 
apoptotic/necrotic cell death. 
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In ischemic or hypoxic tissues, elevated calcium levels have emerged as one of the main 
mechanisms of cellular injury. Since mitochondria play a key role in the maintenance of cellular 
Ca

2+
 homeostasis, alterations in the mitochondrial Ca

2+
 content ([Ca

2+
]m) were monitored in 

addition to changes in the cytosolic Ca
2+
 concentration ([Ca

2+
]i) in renal epithelial Madin-Darby 

canine kidney (MDCK) cells. Since the mode of action of mitochondrial Na
+
/Ca

2+
 exchangers 

(NCE) is determined by both Ca
2+
 and Na

+
 gradients, intracellular ([Na

+
]i) and mitochondrial 

([Na
+
]m) concentrations were also determined. To mimic renal ischemia, metabolic inhibition 

(MI) with NaCN and 2-deoxyglucose was used as an in vitro model. [Ca
2+
]i and [Ca

2+
]m were 

monitored on confocal and standard fluorescence microscopes via, respectively, Fura-2 and 
Rhod-2 measurements (Smets et al., 2004). Changes in intracellular ([Na

+
]i) and mitochondrial 

([Na
+
]m) were detected using, respectively, SBFI and CoroNa Red (Baron et al., 2005). 

MI induced an increase in [Ca
2+
]i reaching 631±78 nM in ~20 min followed by a decrease to 

118±9 nM in the next ~25 min. A rapid increase of [Na
+
]i in the first 20 min of MI excluded Ca

2+
 

efflux in the second phase via plasma membrane NCE. Mitochondrial Rhod-2 intensities 
increased to 434±46% of the control value during MI, indicating that mitochondria sequester 
Ca

2+
 during MI. Under Na

+
-free conditions, or when CGP37157, a specific inhibitor of the 

mitochondrial NCE, was used, no drop in [Ca
2+
]i was seen during MI, while the MI-induced 

increase in mitochondrial Rhod-2 fluorescence was strongly reduced. In the first 15 min of MI, a 
twofold increase of [Na

+
]m was observed reaching 105±7 mM.  
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In the next 45 min of MI, [Na
+
]m dropped to 84±7 mM. The striking rise in [Na

+
]m is likely 

sufficient to sustain the driving force for mitochondrial Ca
2+
 uptake via the NCE. When 

CGP37157 was applied during MI, the second-phase drop of [Na
+
]m was completely abolished. 

This confocal microscopic study of cytosolic and mitochondrial Ca
2+
 and Na

+
 indicates that 

mitochondria in MDCK cells take up Ca
2+
 via the NCE in the reverse mode. 
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Although many important cellular events depend on a tightly regulation of H
+
 ions across 

mitochondria, measurements of matrix pH in living cells have been elusive. This study focused 
on pH changes in mitochondria (pHm) and cytosol (pHi) in metabolically inhibited (MI) MDCK 
cells, a cell line of distal tubular origin.  

MI was induced for 1 h, by inhibiting both cellular glycolysis (with 2-deoxyglucose) and oxidative 
phosphorylation (with NaCN). Changes in pHi and pHm were detected by confocal microscopy 
on confluent living cells grown on glass coverslips. Cell monolayers were doubly labelled with 
carboxy SNARF-1 (a ratiometric pH sensitive probe) and MitoTracker Green (a specific 
mitochondrial probe, used as a “mask” to discriminate between the cytosolic and matrix SNARF 
signal). The dual emission ratio of SNARF (680 nm/590 nm) was monitored as a measure for 
pH.  

MI resulted in both cytosolic and mitochondrial acidification, with a more pronounced decrease 

of pHm as compared to pHi. During the first 20 min of MI, pHi decreased from 7.4 ± 0.1 to 7.1 ± 
0.1 (N=5) and exhibited a slight recovery for the subsequent 40 min of treatment. The pHm 

decreased from 7.7 ± 0.1 to 7.0 ± 0.1 during the first 20 min of MI and continuously decreased 

down to 6.8 ± 0.1 (N=7) in the next 40 min of MI. Cells showed a delayed recovery of the pHi 
and pHm upon removal of metabolic inhibitors. This delay might act as a protective mechanism, 
the acidic environment possibly preventing the initiation of initiation of mitochondrial membrane 
permeabilization and therefore apoptosis. As supported by confocal and electron microscopy 
images, MI induced reversible mitochondrial swelling and network disruption. Morphological 
changes during MI correlate with changes in mitochondrial Na

+
 mediated by mitochondrial 

Na
+
/Ca

2+
 exchanger working in a normal/reverse mode, as we presented previously (AJP 286: 

F784-794, 2004; JASN 16: 3490-7, 2005). 
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