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Preamble 

 
 

 
 

Biodynamics is a multidisciplinary field focused on appraisal of biosystems or/and of their 

dynamics using non invasive, real time assays and (non)linear data analysis.  

The potential applications of these methodologies have far reaching implications for Ecology, 

Food industry, Bio-Medicine and Pharmaceutical industry. Some examples are: fast detection of 

analytes, e.g. contaminants or/and toxic compounds in liquid media, biomass monitoring etc.  

A great number of new technical approaches have been developed in recent times for the study 

of various aspects of biological systems.  These techniques include not only new measurement 

procedures but also analytical methods for data processing and analysis, including new 

computational techniques. This rapidly evolving area is highly interdisciplinary and requires a 

new “type” of scientist: one capable of integrating precise measurements into detailed models 

(of the dynamics) of living systems, taking into account the complexity of the interaction 

between biological structures and measuring system.  

 

According to the Agreement between UNESCO and Romanian Government, the International 

Centre of Biodynamics-ICB has been established through the decision No. 1378/2000 of the 

Romanian Government, under the aegis of UNESCO, as a non-profit organisation of general 

interest and public utility. 
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The Mission 

The International Centre of Biodynamics (ICB) initiates and coordinates 
research & graduate training programs in the field of Biodynamics, for development of 
noninvasive, sensitive and cost effective methods to analyze and control biosystems in 
BioMedicine, Food Industry and Ecology. ICB aims to maintain a balance between fundamental 
and applied research.  
ICB conducts and is involved in a number of collaborative national and international research 
projects having the following headlines:  

• Characterization techniques for cellular systems, with emphasis on noninvasive, real-time 
monitoring  

• Biomass and cell cycle progression monitoring 
• Detection of contaminants and adulterates in food products and water (microbes, heavy 

metals, antibiotics & toxins) 
• Biomedical applications - hematological assays, pre-clinical drug screening, monitoring of 

tissues, organs (including ischemic processes), and cell suspensions  
• Monitoring & Nonlinear Analysis of the effects of external agents on the evolution of 

cellular systems (drugs, toxic compounds, EM radiation, etc) 
The International Centre of Biodynamics actively pursues the development of its regional 
collaborative network that brings together researchers from Romania and of other European 
Countries.  
The main objectives of the network are:  

• to contribute to the stabilization of the R&D potential in the region through a continuous 
stream of joint projects, offering a suitable work environment for young researchers and 
Master and Ph.D. students at various training stages; 

• to act as a powerful array of highly competent, flexible, small-sized research groups 
offering cutting-edge expertise;  

• to quickly become compatible with International Programs dedicated to the 
development of Central and Eastern Europe, as well as with regional market demands.  

• to mutually reinforce the research competence and training capacity of institutes and 
universities, particularly from Central and Eastern Europe, by sharing resources and by 
undertaking joint activities based on equal partnership. 

The International Centre of Biodynamics aims to provide a competitive research environment 
supporting the (re) integration of valuable researchers and formation of new ones through the 
Master Program in Biodynamics (in collaboration with the University of Bucharest). 
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Director’s Message 

 

It is a privilege to write the Director’s note now, when the International Centre of 

Biodynamics has become fully operational.  

 During 2007 several new laboratories and experimental set-ups have been accomplished. I 

would like to shortly mention the one coping with Electrophysiological assays (finalized by 

the beginning of the year, following an excellent collaboration with Prof. Willy van Driessche 

from Belgium), the up-to-date system to perform Total Internal Reflection Fluorescence 

microscopy experiments on cells providing as well a controlled growing environment. These 

facilities and several other ICB landmarks are presented within this Annual Report. 

 We have continued to recruit fine new research staff, some with doctoral or/and postdoctoral 

stages accomplished in prestigious institutes abroad. Titus Sandu has returned from Montreal, 

Radu Abrudan from Berlin and several others are to join and strengthen ICB team following 

the same “route” opened by Dana Cucu in 2004 (from Catholic University in Leuven, 

Belgium) and Szilveszter Gaspar in 2006 (from the University of Lund, Sweden).  

 ICB is very much interested to hire and train young staff. Following Marilena Parvulescu, 

PhD student since 2006 (co-tutelage with University on Montpellier, France), Cristina 

Polonschii, graduate of the Master in Biodynamics has been enrolled in the PhD Program 

with a topic in Biodynamics and Biosensing. Ramona Mihart, master student (with very 

promising activity) as well as under graduate, part time staff (Cristian Badea, Cristina 

Niculite and Ionut Jepu) are the “living” proof that ICB will keep a vivid pace of 

development for the coming years. Aiming to reinforce the Master Program of Biodynamics, 

its curricula have been updated in 2007 and selection & recruitment of the envisaged 

students has started by the fourth trimester of 2007.  
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The strong links with UNESCO, whose aegis are seen as both distinction and 

drives for excellence, were also expressed in 2007 by the establishment 

(supported by UNESCO) of the European collaborative network on 

Biodynamics and Biosensing. This initiative gathers 12 significant universities and research 

institutes active in the field of biosensors, biomedicine, biomaterials and nanotechnology and 

is meant to foster new FP7 proposals. 

During 2007 ICB has hosted and co-organized a series of scientific workshops and advanced 

schools (such as the International Workshop on Quantitative Biology and the Workshop on 

actual methods to address bio-interfaces). Such events, together with the twinning mobility 

schemes developed by ICB with partners within the European Collaborative Network is 

meant to reinforce the Romanian scientific potential in Biodynamics and related areas, to 

develop new collaborative bridges and last but not least to increase ICB visibility in the 

region.  

These efforts have been accompanied by a sustained chain of proposals for FP7 of European 

Commission, as well as to National Research Program, coordinated or with significant ICB 

involvement. At the moment I am writing this note, one NMP FP7 proposal is to be financed 

and 6 new projects with ICB participation have been contracted within National Research 

Program during 2007. 

In conclusion I would like to express my appreciation and thanks to all ICB staff, external 

collaborators in industry and academia, and last but not least to ICB Management and 

International Advisory Boards for their support, motivation and continuous efforts which will 

be the basis for the forthcoming accomplishments of our Centre. 

 

 

     Director 

     December 2007 
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The Centre’s structure 
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The Managing and Advisory Boards 
 
 

 
 The International Advisory Board, 
the Managing Board and the Director 
coordinate the activity of the International 
Centre of Biodynamics.  
 The Boards and the Director were 
appointed by the Romanian Minister for 
Education and Research following 
consultation with General Director of 
UNESCO.  
 
Managing Board members (alphabetical 
order):  
 

 
 
 

 
Prof. Dr. Serban Panaitescu  
National Centre of Programme Management  
 
Prof. Dr. Ioan Pânzaru  
University of Bucharest  
 
Prof. Dr. Mihai Paunica  
Ministry of Education and Research 
 
Prof. Dr. Octavian Popescu  
"Babes-Bolyai" University, Cluj-Napoca 

 

ICB Managing Board 

The members and observers of the 
International Advisory Board (alphabetical 
order):  
 
Prof. Dr. Koji ASAMI 
Institute for Chemical Research, Kyoto University, Japan 
 
Prof. Dr. Jean-Michel KAUFFMANN 
Universite Libre de Bruxelles, Belgium 
 
Prof. Dr. Maciej NALECZ 
Director, Division of Basic and Engineering Sciences 
UNESCO –Paris, France 
 
Prof. Dr. Jan SADLAK 
Director, UNESCO – CEPES 
 
Minister of Education and Research 
 
Prof. Dr. Anton ANTON,  
President, National Authority for Research, Romania; 
Representative of Romanian University Research Council 
 
Representative of the European Commission, 
to be nominated 
 
Representative of the Organisation for 
Economic Cooperation and Development 
(OECD), to be nominated 
 
Representative of the European Science 
Foundation, to be nominated. 
 

Prof. Dr. Ioan Mihailescu  
University of Bucharest  
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  …..and the people 

 
 

 
    Eugen Gheorghiu -2001* 
    ICB Director 
     
    Professor  
    PhD, Physicist, theoretical physics 
    Nonlinear Dynamics and Dielectric Modeling 

 
  
 Dana Cucu-2004* 
 Head of Microbiology & Electrophysiology Laboratory 
 
 PhD, Biologist - Physiologist 
 Cell Physiology 
 

 
   Szilveszter Gaspar-2006* 

    Head of Electrochemistry Laboratory 
   
 
   PhD, Chemist  

    Novel applications of electrochemical biosensing platforms 
 
 
    Mihaela Gheorghiu -2001* 
    Head of (Bio) Sensors and (Bio) Surface Analyses Department 
 
    Professor 
    PhD, Physicist 

   Electro - Optical Analysis of Biointerfaces 
     

 
 
    Dumitru Bratu-2001* 
 

   Electronics Engineer 
   Development of Electrochemical devices  
 
 

         * : year of employment at ICB 
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  Titus Sandu-2007* 
   Principal investigator 
 
   PhD, Physicist 
   Modeling of biochips & living cells and Numerical simulations 
 
 
 
 
 Radu Abrudan-2007* 
 
   PhD, Physicist 
   Analysis of modified surfaces, magnetic actuation, thin film deposition 
 
 
 
 
 
 

Corina Balut-2001* 
     
    PhD, Physicist 
    Electro-Optical Analysis of Cells Behavior 
    Post-doc at Pittsburgh University, USA 

 
 
 
 
 
   Daniel Andreescu-2002* 
 
   PhD, Chemical Analyst 
   Post-doc at Clarkson University, USA 
 
 
 
 
 
 

         * : year of employment at ICB 
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   Mihai Sorin David-2003* 
    
   PhD student 
   Biophysicist 
   Bioimpedance Measurements, Biosensor Development and  
   Nonlinear Analysis 
 

 
 
   Cristina Polonschii-2006* 
 
    PhD student 
    Biochemist 
    Development of analytical methods to interrogate bio interfaces 
 

 
   Andreea Gabriela Olaru-2006* 
 
   PhD student 
   Biochemist 
   Biosensors development with different colloidal systems 
 
 

 
 
    Marilena Parvulescu-2006* 
 
    PhD student 
    Biochemist 
    Biosensors development for food & environmental applications 
 
 
 
    Nicoleta Ramona Mihart-2007* 
 
    Master Student 
    Biologist  
    Cell cultures, Optical & Electrophysiological Cell analysis 
 

         *: year of employment at ICB 
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   Cezar Giubalca-2001*    Valeria Nane-2001* 
 
   Head of the      Chief Accountant 
   Administrative Office    Economist 
 
 
 

 
     Nicoleta Avram-2006*  Elena Tuca-2006* 
 
   Assistant Manager  Expert Accountant 
    Biochemist   Economist 
 
 
 

 
 
 Dumitru Letea   Cristina Niculite 
 2007*    2007* 
    
 Mechanical Technician  Student - Biology 
      Electrochemical  
      biosensors 

 
 

 Cristian Badea    Ionut Jepu 
 2007*     2007* 
 
Student- Electrical Engineering Student – Physics  

 Biolectrical assays   Bioelectrical assays  
 LabView programming  LabView programming 
 
 

          
          
          * : year of employment at ICB 
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ICB Functional Structure 

 

 

 Microbiology /Electrophysiology Laboratory 

 Electrochemistry Laboratory 

 Microfabrication & Prototyping Laboratory 

 Mobile and Fixed Bioanalysis Laboratory 

 Electrical Measurements Laboratory 

 (Bio) Sensors and (Bio) Surface Analyses Laboratory 

 Optical Microscopy Laboratory 

 Modeling and Data Analysis Laboratory 
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Microbiology /Electrophysiology  
Laboratory 

 
 
 

Head:   Dana Cucu 

Team:   Corina Balut 
Ramona Mihart 

   Andreea Gabriela Olaru 
 
 
Facilities: 
Xaenopus Laevis biobase, carps and sturgeons aquarium, certified mammalian cell lines  
and dedicated working labs and current utilities (purified air, microbiological hood class 
II, ultra pure water) CO2 incubators (from Sanyo Biomedical Division–U.K),, cryogenic 
storage facilities and deep freezer, Two microelectrodes Voltage Clamp (TEVC) system, 
Osmometer (from Gonotec Germany), Transepithelial, impedance and noise system 
(TINS), inverted microscope; microinjection setup and support peripherals (pumps, 
pipette puller, Faraday cages, dedicated measurement chambers and antivibration 
table). 

 
Current Research and associated projects: 
The concept of ion channels as therapeutic targets or prognostic biomarkers attract 
increasing interest. 
Our group is working on transport systems of epithelial cells. The cellular lines commonly 
studied are: a line derived for the distal tubule of the toad Xenopus laevis nephron, a line 
derived from the mammalian distal tubule (MDCK), a line derived from the mammalian 
proximal tubule (LLC-PK1), human keratinocyte cells and colon epithelial cells (CaCo-2). 
Mainly we are interested in epithelial sodium channels (ENaC) from kidney cells and its 
putative interactions with heavy metals such as nickel, cadmium, etc.. Another focus of 
our ongoing work is the development of new therapies that could circumvent symptoms 
policy evoked by disturbances in ENaC actions. 

 
Two approaches are currently in use: 
 1.) TINS (Trans-epithelial Impedance and Noise analysis System) 
The investigation of epithelial transport is performed with “Ussing chamber” 
methodology in which the epithelial layer is mounted between two compartments that 
enabled the perfusion of the apical and basolateral side of the tissue.  Each chamber-
halve had a current-sending and voltage-sensing electrode.  This arrangement enabled 
the transepithelial voltage clamp in which the transepithelial potential (VT) is nullified by 
sending a current through the epithelium.  The current needed to reduce VT to zero is 
defined as short-circuit current (Isc).  
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Using the same system capacitance and impedance measurements may be 
performed.  Moreover, channels and protein transporters kinetics (open probability, 
number of channels) is analyzed with the same system.  
 
2.) Two microelectrode voltage –clamp 
The two-microelectrode voltage clamp technique (TEVC) is the most widely used 
electrophysiological technique for recording of whole-cell currents through channels and  
other electrogenic transporters heterologously expressed in Xenopus laevis 
oocytes.  Injection of protein mRNA into the oocytes gives rise to its overexpression in the 
membrane.  Moreover, with modified mRNA transcribed from a cloned cDNA by site-
directed mutagenesis and after expressing the mutants in the oocyte system the 
structure-function relationship may be studied.  
 
 

Current Research and associated projects: 
• DEMENTJUNCTION - Expression and function of the tight junction proteins – a 

study in experimental models and dementia diagnosed patients 
• APOCAD - The effect of cadmium on biomembranes. Implication in apoptosis 
• NICKEL - Regulation of the epithelial na+ channel (ENaC) by the extracellular 

allergen Ni2+. effects on keratinocyte differentiation 
• ANTIOX–Cellular and subcellular effects of natural antioxidants in normal and 

pathological conditions 
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Electrochemistry Laboratory 
 
 

Head:   Szilveszter Gaspar 
Team:   Andreea Gabriela Olaru 

Marilena Parvulescu 
   Cristina Niculite 
 

 Facilities:  
 VSP modular potentiostat/ galvanostat (from Bio-Logic S.A., France), CellTest multi-

channel potentiostat/ galvanostat (from Solartron Analytical, UK),  Nanoband Explorer II 
(anodic stripping voltammetry-based heavy metal analyzer from TraceDetect, USA), 
trinocular stereo microscope (from World Precision Instruments, USA) equipped with 
digital camera (Nikon Coolpix 995), EG-40 micropipette beveller (from Narishige, 
Japan), 3D micropositioner (HS6 from World Precision Instruments, USA). 
The above instrumentation will be soon hosted in a 25 m2 dedicated laboratory on the 
2nd floor of the institute. 
 
Current Research and associated projects: 
The Electrochemistry Laboratory is studying physico-chemical changes at engineered 
metal-solution interfaces with the purpose of developing novel analytical tools (i.e. 
electrochemical sensors). Changes in the impedance spectra of protein-modified 
electrodes are thus used to quantify heavy metals in aqueous samples. This research 
harvests the natural ability of certain proteins to bind heavy metals. Complex potential 
pulse profiles (see anodic stripping voltammetry) are applied onto either Hg or Au films 
with the same purpose (of detecting heavy metals). These two examples indicate our 
strong commitment to develop electrochemical sensors which can help improving our 
environmental security. In addition to environmental monitoring, our group is 
developing electrochemical sensors for biomedical applications. Miniaturized electrodes 
(either bare or enzyme-modified) are under development for observing oxidative stress 
(i.e. the excessive production of reactive oxygen species) or neurotransmitter release in 
cell cultures (down to single cells). These sensors are meant to report on the chemical 
composition of the extracellular space, and are planned to be combined with optical 
approaches reporting on biochemical changes in the intracellular space. Such dual 
monitoring systems can prove very useful when revealing the biochemical background of 
different health disorders. Electrochemical sensors are also developed for monitoring food 
and beverage quality. Detection of ochratoxin in wine with antibody modified electrodes 
is one example in this sense.  
The following projects are currently supporting electrochemistry-based research at our 
institute: 
- Effective biosensing platform for rapid detection of environmental pollutants, NATO 
Programme Security through Science (Reintegration grant) 
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- Dual Optical-Electrochemical platform for the simultaneous Intra-
and Extracellular monitoring of reactive Oxygen Species  
- AQUALAB - Mobile laboratory for water analysis (microbiological 
control, metal contamination) according with European directives 
  

 

 
Microfabrication & Prototyping 

Laboratory 
 
 
Team:   Mihai Sorin David  
  Dumitru Bratu 
  Dumitru Letea 
 
Facilities:  
CNC Shape Cutting Machine-2000 series 8 direction mill (from Sherline Products, USA), 
P6700 Spin coater (from Specialty Coating Systems, USA), lathe and rectifier lathe. 
 
Main applications: 
The 2000-series 8-direction mill is used for developing user defined parts and accessories 
from holders and test fixtures to measurement cells (static and flow thru), with sizes 
down to tens of microns. In addition to the side-to-side rotary tilt movement, the column 
base offers a center pivot lock that allows the ram to be moved both in and out as well 
as swung from side to side. In/out travel is 5.50" and side-to-side motion is indicated by 
laser engraved scales showing up to 90° of movement either way. These four movements 
are in addition to the standard mill’s X-, Y-, Z-axis travel and headstock rotation 
movement, giving a total of eight directions of motion or tilt. It is a fully functional shop 
mill. When used with accessories like the tilting angle table and rotary table, the 
machining possibilities of the mill are virtually unlimited. Mill Axis Travels: X=8.65" (220 
mm)*, Y=5" (127 mm), Z=6.25" (159 mm), Maximum travel speed set into the EMC 
software is 22 inches/min. 
The spin coater is used for deposition of controlled thin layer of polymers on solid 
substrates for many applications including electrode preparation for impedance 
measurements, cell adhesion to various materials investigation, controlled local electrical 
insulation for electrode design, customized PCB boards, optical coupling for SPR 
measurements. 
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Mobile and Fixed Bioanalysis 
Laboratory 

 
 

Head:   Mihaela Gheorghiu 
Team:   Szilveszter Gaspar 
   Andreea Gabriela Olaru  
   Ramona Mihart 
   Mihai Sorin David 
   Marilena Parvulescu 
   Cristina Polonschii 
 
Facilities:  
Anodic Stripping Voltameter Nanoband Explorer II (from Tracedetect U.S.A) Dual 
system EIS/SPR (ICB patent), Glomax Luminometer 20/20 (from Promega U.S.A), 
pHmeter and conductometer (from WTW Germany), portable UV-VIS 
Spectrophotometer Nova 60A (from Merck, Germany), Mobile autolaboratory 
equipped with working areas, separate access and electrical connections. 

 
Current Research and associated projects: 
The promotion of quality is one of the core functions of ICB. One main task of our policy is 

to be accredited at least at national level against the provisions of international standards 
and guides applicable to the offered services. We have proposed the accreditation for 
Bioanalysis Laboratory and Mobile Bioanalysis Laboratory as third party laboratories 
which will be certified by RENAR (Romanian Accreditation Association) in the nearest year. 
The accreditation procedure will respect the ISO/IEC 17025:2005 clauses which specify the 
general requirements for the competence to carry out analysis (tests) and/or calibrations, 
including sampling. Reference standard ISO/IEC 17025:2005 is world wide used by 
laboratories in developing their management system for quality, administrative and 
technical operations performed using standard methods, non-standard methods, and 
laboratory-developed methods. We will use precision techniques such Surface Plasmon 
Resonance, Impedance Spectroscopy, Luminometry or Anodic Stripping Voltametry and 
classical methods (UV-VIS Spectroscopy, pX-metry) to make primary characterization and 
to check the level of contaminants, for food and water samples. 
Our work was possible through financing national funds (the project’s titles below 

mentioned) and own financial resources: 
• AQUALAB–Mobile laboratory for water analysis (microbiological control, metal 

contamination) according with European directives 
• Monitoring system of water quality from the distribution pipes: detection of 

pathogen microorganisms using biosensors  
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Electrical Measurements 
Laboratory 

 
Head:   Eugen Gheorghiu 
Team:   Mihai Sorin David 
   Cristina Polonschii 
   Andreea Gabriela Olaru 
   Ramona Mihart 
   Ionut Jepu 
   Cristian Badea 
 
Facilities: 

Impedance analyzer Agilent 4294A(from Agilent Technologies, USA), Impedance / gain 
phase Analyzer Solartron; 1470 E Cell Test System(both from Solatron Analytical, U.K), 
Digital Oscilloscope TDS 3052 (from Tektronix SA-France), Signal generators, Phasemeter, 
Spectral Analyzer HP 3585; 8 channel low frequency impedance spectrometer (designed 
and produced in ICB);  
Dedicated working lab and current utilities (purified air, ultra pure water, Faraday and 
thermostated chambers, 4 point electrode configurations and wide range of surface 
electrodes – circular and/or interdigitated compatible with complementary optical assays). 
 
Current Research and associated projects: 

Investigation of the dynamics of electrical parameters of cellular platforms in relation 
to engineered interfaces (with attractive/repulsive chemical and morphological 
features), to chemical and biological stressors (heavy metals, pathogen cells); 
monitoring cell cycle progression on non/synchronized cell suspensions; evaluation of 
functionalisation protocols (deposition of thin polymeric layers, biorecognition 
compounds or ligand – e.g. thiol layers).   
 
• ROBIOS -Strengthening Romanian Research and Training Capacities in Biosensing 

and Related Areas (FP6)  
• CHARPAN - Charged Particle Nanotech (FP6)  
• NANOINT - Controlling the interaction between human and bacterial cells with 

nanostructured surfaces. Strategies for achievement "Intelligent" biosurfaces 
• ACVACONTROL – Assessment of the behavior (dynamics) of aquatic species with 

economic value to improve of the activities related to aquaculture and water 
quality survey 
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(Bio) Sensors and (Bio) Surface Analyses 
Laboratory 

 
 

Head:   Mihaela Gheorghiu 
Team:   Radu Abrudan  
   Mihai Sorin David 
   Cristina Polonschii 
   Marilena Parvulescu  
Facilities: 
 Biacore 3000 system (from Biacore AG Sweden), dual spectrometer EIS/SPR (ICB 

 patent), 3 channel Spreeta Modules, Contact Angle Meter CAM 100(from KSV, Finland). 
 Dedicated working lab and current utilities (purified air / N2, chemical hood and ultra 

 pure water, thermostated chambers) 
 Additional facilities: Spin coating machine within glove box, laminar flow hood for 

 specific surface functionalization, variable angle specular module, AFM module (from 
 2008), ultrasonic processors and UV ozone cleaning system. 

Current Research and associated projects: 
The design of novel (bio) sensing interfaces (which selectively recognize the analyte of 
interest, from low molecular compounds to cells, and provide a concentration-dependent 
phenomenon that is easy to translate into useful analytical signal) towards a new 
generation of analytical tools. These analytical tools will extend our ability of detecting 
compounds of interest:  

• in very low concentrations, 
• in complex samples without prior separation,  
• in small sample volumes (microliters) or exotic environments (such as cellular 

subcompartments), and 
• in a timely manner. Traditional analytical approaches are very often lacking 

such abilities. 
The integration of complementary analytical tools (SPR, electrochemistry) with 
microtechnologies (fluidics, electronics) for the development of portable, sensitive 
solutions for real time detection of target analytes.  
The team is involved in the developing of the following national and international projects 

• ROBIOS -Strengthening Romanian Research and Training Capacities in Biosensing 
and Related Areas (FP6)  

• CHARPAN - Charged Particle Nanotech (FP6)  
• BIOSADN – Development of biosensors based on nucleic acids for the evaluation 

and monitoring of some toxic agents with applications in bioterrorism 
• NANOINT - Controlling the interaction between human and bacterial cells with 

nanostructured surfaces. Strategies for achievement "Intelligent" biosurfaces 
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Optical Microscopy 
Laboratory 

 
 

 
Head:    Mihaela Gheorghiu 
Team:    Radu Abrudan 

Ramona Mihart 
   Mihai Sorin David 
   Corina Balut 

Facilities: 
-Zeiss Total Internal Reflection Microscope (TIRFM), Zeiss AxioObserver Z1, fully motorized 
with xyz nm resolution, equipped with EMCCD ANDOR IXon DU-885K camera, with 
facilities for epifluorescence, laser (3 line Ar) and white light TIRF, and various contrast 
methods (Ph, DIC) and for cell cultivation (OkoLab controlled environmental cage); 
Extended image processing facilities (AxioVision, Andor IQ and Andor IQ Tracker); 
dedicated chambers for combined (optical and electric) assays. 
-NIKON Eclipse 400 microscope with epiflourescence system and CCD camera for data 
acquisition. 
Dedicated working area endowed with individual air filtration and purification units, 
anti-vibration tables and special illumination conditions. 
Additional facilities: 
-spectrophotometer Evolution 600,Thermo, with variable angle specular reflectance 
accessory and thermostated carrousel.  
- GloMax 20/20 Multimode reader, Promega, with 2 injectors and UV and Blue 
fluorescence modules. 
-AFM module to be integrated from the beginning of 2008 
Current Research and associated projects:  
Time lapse assessment of the dynamics of cells (morphology, attachment and 
metabolism) and cell organelles (pH, ions, morphology) in response to external stimuli 
and engineered bio-interfaces cues; membrane processes in normal and pathologic 
conditions; manipulation and characterization of natural and synthetic lipid 
environments (including cholesterol). ATP & Cytotoxicity assays; Intracellular Ca2+;  

• LIPTUM -Role of Membrane Lipids on the response of Tumoral Cells to Cytostatic 
Treatment  

• DIAPROGENDO - The diagnostic and prognostic relevance of the endomicroscopic 
aspect of microvasculature in upper digestive premalign or malign lesions 

• DEMENTJUNCTION - Expression and function of the tight junction proteins – a 
study on experimental models and dementia diagnosed patients 

• Modeling the intracellular Ca2+ oscillations induced by bacterial pathogen E. coli 
on renal epithelial cells 
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Modeling and Data Analysis  
Laboratory 

 
 

Head:    Eugen Gheorghiu 
Principal Investigator: Titus Sandu 
 
Current research and associated projects:  
 We are currently developing a fast and efficient method to calculate the 
dielectric behavior of multi-shelled biological cells of arbitrary shape. This method will be 
based on the integral equation for the polarization charge induced on the dielectric 
interfaces. The integral equation will be solved for two cases. The first case will consider 
no free charge. The problem is broken in smaller problems which are generated by the 
integral operators at each interface. The solution spaces generated by the simpler 
problems will be used to generate the solution for multi-shelled structures. The various 
matrix elements will be calculated with fast summation algorithms based on Non-
Uniform Fast Fourier Transform (NFFT). The second case will add free charge. The 
method will be based on the calculation of the green function for the Laplace operator 
in a cube. The evaluation of the green function and its derivative as well as the 
evaluation of surface integrals will employ the NFFT algorithm and the fast Gauss 
transform. Both cases will be reduced to a system of linear algebraic equations.  
 
The title of our main project is: 
“Dielectric modeling of biological cells and heterostructures with fast and efficient 
algorithms for boundary integral method”  
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Research Interests 

 

1. Novel noninvasive methods to characterize the state and dynamics of biological 
systems. 
Due to its capability to reveal and characterize inhomogeneities in the systems, as well as its 
noninvasive character, impedance spectroscopy (and its extension towards multifrequency 
impedance tomography) is extensively used in our research. 
 
2. Dielectric modeling and nonlinear time series analysis 
Strong emphasis is placed on both experimental and theoretical aspects regarding: 
• Development of new, portable impedance spectrometers;  
• Development of microscopic models of dielectric behavior of non spherical cells (focusing on 

yeasts, red blood cells, and gap junction connected cells). A quantitative approach 
providing shape evolution of budding yeasts during the cell cycle, consistent with 
experimental findings, is available.  

• Nonlinear complex fitting algorithms related to microscopic and phenomenological models 
(e.g., Havriliak-Negami).  

• Time series analysis of dielectric data yielding quantitative measures of the system dynamics 
(revealing changes in the tissue structure and function and the invariants of the cell cycle)  

 
3. Novel biosensing platforms 
Development of a micromachined flow cytometer in conjunction with a multi-frequency 
impedance analyzer to derive properties of individual cells (cell size, membrane permittivity and 
conductivity, cytoplasm conductivity and resting potential)  
 
4. Biosensors for biomedical and industrial applications 

• Design of robust sensors for on-line measurement and the development of new strategies 
for process control and automation.  

• Quality monitoring and traceability of foodstuffs aspects of quality and safety of raw 
materials.  

• detecting microbial contaminants e.g., the incidental presence in milk of pathogen 
microorganisms such as Listeria  

 
5. Novel methods to assess environmental hazards, including mixed exposures, 
cumulative and low dose effects. 
 
6. Effective toxicity testing using cell systems (eliminate the test studies on animals)  
The idea is to use the cell dynamic as a sensor for assessing the environmental hazards by 
monitoring the induced alteration of cell cycle progression. 
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 ……..and accomplishments: 

 

• INSTRUMENTATION: DEVELOPMENT OF A FAST, PORTABLE BIO-IMPEDANCE SPECTROMETER 
The device developed within our lab is a multi-channel low frequency impedance spectrometer for 
the detection of analytes of various sizes (from proteins and toxic compounds to whole cells). 
 

• QUANTITATIVE ANALYSIS PROCEDURE FOR MEASURING THE IMPEDANCE SPECTRA ON TISSUES UNDER ISCHEMIA 
CONDITIONS 

Our previous results point to similar characteristic behavior for the evolution of Cole parameters 
during ischemia reported in a few experiments on heart and liver tissue. It was suggested that 
nonlinear analysis of the evolution of spectral parameters could lead to a "common language" for 
comparing and interpreting the data. Even though the absolute values of the Cole parameters are 
different for various experiments, time evolution displays the same pattern: an initial peak, 
followed by a plateau. Times corresponding to the peak entrance to the plateau (with distinct 
absolute values for different experimental conditions) were used to normalize the data. 

• THEORETICAL AND EXPERIMENTAL ADVANCES IN DETERMINING CELL PROPERTIES FROM IMPEDANCE DATA 
1. application of fitting algorithms (related to spherical or ellipsoidal models) on simulated data on 

multi shelled non-spheroids  
2. the assumption that mixed cell suspensions having same shape, same thickness of shells but 

different sizes might be equivalent to a suspension of unitary cells  
3. linear procedures to correct the experimental noise given by the uneven frequency behavior of 

the impedance spectrometer  
 
• REVEALING CELL CYCLE MEASURES VIA IMPEDANCE SPECTROSCOPY 

 Nonlinear analysis of time series of averaged cell polarizability at different frequencies (provided 
by impedance spectroscopy on initially synchronized cells) revealed a measure of synchrony loss 
which is shown to be the same, irrespective of the physiologic temperatures chosen to perform the 
experiments. 

 

• ASSESSMENT OF BIO-INTERFACES USING TIME BASED DIFFERENTIAL IMPEDANCE SPECTROSCOPY 
 We emphasize the use impedance/dielectric spectroscopy to assess changes underwent by 

transducer – probe interface due to biomolecular reaction between an immobilized immuno-
compound and its pair. The idea is to reveal the presence of target analyte through differential 
measurement, by investigating the dynamics of the impedance changes at the interfaces between 
bulk and specific and reference transducer, during the process of specific – e.g., antibody-antigen - 
and non specific adsorption. We have modeled the affinity process in connection with the dynamics 
and frequency behavior of the impedance of the sensor – sample interface.  

 
• ICB PATENTS: 

Method and device for analyzing biosensors (RO120867B1/30.08.2006) 
Method for determining analytes by analyzing the polarization impedance of the 
transducer/sample interface (RO120790 B1/ 28.07.2006) 
Fast, high accuracy method to measure impedances in AC (RO. Patent No. 117986B1/29.11.2002) 
Method for Detecting Target Analytes in Liquid Media" (RO. Patent No. 117877B1/30.08.2002) 
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Our international projects 
 

 
 

ONGOING  
 
 Strengthening Romanian Research and Training Capacities in Biosensing and Related 

Areas (FP6) ; Coordinator of "ROBIOS" - INCO Contract Number 017464/2005 
 Charged Particle Nanotech (FP6) ; Principal contractor for "CHARPAN" - Contract 

Number IP 515803 
 Role of membrane organization and dynamics on cell behavior and response to 

external stimuli; Romania -Flanders Bilateral Agreement 
Partners: Prof. Dr. Paul Steels, Faculty of Medicine, Limburgs Universitair Centrum; Prof. Dr. Marc de Broe, 
Faculty of Medical Sciences, University Hospital Antwerpen; Prof. Dr. Maria Luiza Flonta, Faculty of Biology, 
University of Bucharest 

 Novel Impedimetric Affinity Biosensors (IAB) for toxicological applications exploiting 
E.Coli membrane protein LamB 
Romania-Flanders bilateral agreement. Partners: Prof. Dr. Wim de Coen, Universitaet Antwerpen; Dr. Wim 
Lauyren, IMEC Belgium; Prof. Dr.Patrik Wagner, Limburg Universitair Cetrum 

 Development of an Impedance Assay for Immunocapture 
Brancusi Romania -France bilateral agreement. Partners: Prof. Dr. J.-L. Marty, Universite de Perpignan; Prof. Dr. 
C. Grommidh, Universite de Montpellier 

 
 

ACCOMPLISHED 
 
 Towards the development of a rapid portable immunoassay device for the detection 

of Microorganisms and Toxins in Food industry & Ecology - COBASE Grant Program 
2001 
Partner: Dr.O. Sadik, Dept. of Chemistry, State University, New York, Binghamton 

 Impedance Spectroscopy of biological membranes: modeling the epithelial tissues and 
the dielectric dispersion of the plasma membrane; Romania-Flanders bilateral 
agreement 2001-2003 
Partners: Prof. Dr. W. Van Driessche, Catholic University, Leuven; Prof. Dr. P. Steels, LUC; Prof. Dr. G. Borghs, 
IMEC, Belgium 

 Biomonitoring quantitative evaluation of biological systems, Romanian-German 
Bilateral Agreement reference number RUM 003-98 
Partner: Prof. Dr. E. Gersing, Anaesthesiology Clinic, Georg-August University, Goettingen, Germany 
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 AFRAMILK -Antifraud impedimetric and ultrasonic control system to detect fraud 
(adulteration) of milk GRD1-2000-25801. 
Project started in February 2001 within the 5th framework Program of the European 
Commission, with duration of 42 months between 2001-2004  
Partners: Institute for Bioprocess - and Analysis Methods, Germany; Centre for Molecular Electronics, Durham 
University, UK; SECAD S.A., France; RIKILT, State Institute for Quality Control of Agricultural Products, Holland; 
MEVGAL DAIRY PRODUCT INDUSTRY S.A., Greece 

 Fluid Rheology – Application to biology and medicine, financed by the World Bank 
Coordinator: Bucharest Politehnic University (UPB), Faculty of Energetics 
Partners: Gastroentherology Clinic Fundeni Hospital – Bucharest; Institute of non-newtonian fluid mechanics, 
Univ. of Wales –U.K; Material Science Department, T.U. Darmstadt – Germany; Chemical Engineering Department, 
Universidad de Huelva, Spain. 

 
 
 

FP7 PROPOSALS RANKED ABOVE THE THRESHOLD 
 NANOMAGMA -13.1 /15 points – NMP-2007-2.2-2 NANOstructured active MAGneto-plasmonic 

MAterials; Coordinator Consejo Superior de Investigaciones Cientificas, Spain 
 IBIS – 13 / 15 points - ENV.2007.3.1.1.2 Intelligent Biosensor Systems, Coordinator Prof. Anthony Turner, 

Cranfield University, UK 
 RADAC – 11 / 15 points - KBBE-2007-2-4-02 Risk assessment and rapid detection of chemical 

contaminants in the food and feed chain Large scale integrating project Coordinator CTQSA - University of 
Genoa, Centro per le Tecnologie, la Qualità e laSicurezza dei prodotti AlimentariItaly 

 

“A project is complete when it starts working for you,  
rather than you working for it.” 

Scott Allen 
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National projects 

 
ONGOING  
 

Financing period Project title and managing/partnership status 

2007-2010 Dielectric modeling of biological cells and heterostructures with 
fast and efficient algorithms for boundary integral method  
Principal Project Coordinator ICB 

2007-2010 DEMENTJUNCTION - Expression and function of the tight 
junction proteins – a study in experimental models and 
dementia diagnosed patients 
Partnership with “Victor Babes” National R&D Institute 

2007-2010 BIOSADN – Development of biosensors based on nucleic acids 
for the evaluation and monitoring of some toxic agents with 
applications in bioterrorism 
Partnership with Faculty of Chemistry, University of Bucharest 

2007-2010 PROPETHAD – Advanced Research towards medical 
applications of nuclear technologies 
Partnership with Horia Hulubei National Institute of Physics and Nuclear Engineering 

2007-2009 Effective biosensing platform for rapid detection of environmental 
pollutants”, NATO Programme Security through Science 
(Reintegration grant) 

2006-2008 LIPTUM -Role of Membrane Lipids on the response of Tumoral 
Cells to Cytostatic Treatment  
Principal Project Coordinator ICB 

2006-2008 NANOINT - Controlling the interaction between human and 
bacterial cells with nanostructured surfaces. Strategies for 
achievement "Intelligent" biosurfaces 
Principal Project Coordinator ICB 

2006-2008 ACVACONTROL –  Assessment of the behavior (dynamics) of 
aquatic species with economic value to improve of the activities 
related to aquaculture and water quality survey 
Principal Project Coordinator ICB 

2007-2008 Dual Optical-Electrochemical platform for the simultaneous 
Intra-and Extracellular monitoring of reactive Oxygen Species 
Principal Project Coordinator ICB 
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2006-2008 Diaprogendo -  The diagnostic and prognostic relevance of the 
endomicroscopic aspect of microvasculature in upper digestive 
premalign or malign lesions 
Partnership with Fundeni Clinic Institute 

2005-2008 APOCAD - The effect of cadmium on biomembranes. 
implication in apoptosis 
Principal Project Coordinator ICB 

2006-2008 NICKEL - Regulation of the epithelial na+ channel (ENaC) by 
the extracellular allergen Ni2+. effects on keratinocyte 
differentiation 
Principal Project Coordinator ICB 

2006-2008 Mathematical modeling of Ca2+ oscillations induced by 
pathogen bacteria in renal cells 
Principal Project Coordinator ICB 

2006-2008 ANTIOX–Cellular and subcellular effects of natural antioxidants 
in normal and pathological conditions 
Partnership with University of Medicine and Pharmacy “Carol Davilla” 

 
ACCOMPLISHED 

 

Financing period Project title and managing/partnership status 

2006-2007 AQUALAB–Mobile laboratory for water analysis (microbiological 
control, metal contamination) according with European directives  
Principal Project Coordinator ICB 

2006-2007 VINOK - Method to evaluate the quality and safety of wine 
products – fast detection of highly risk mycotoxins (Ochratoxin A) 
Principal Project Coordinator ICB 

2005-2007 PROMEBIOS- Promoting Romanian Participation In European 
Research Programs In Biosensing 
Principal Project Coordinator ICB 

2004-2006 Monitoring system of water quality from the distribution pipes: 
detection of pathogen microorganisms using biosensors  
Principal Project Coordinator ICB 

2004-2006 Developing the invention "Rapid High Accuracy Impedance 
Measurement Method in AC" to HACCP in dairy industry 
Principal Project Coordinator ICB 
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Assembling partnerships to develop effective 
biorecognition assays able to address FP7 calls 

and other international initiatives 
 

Network for the development of selective bio-recognition and bio-
affinity platforms 

 
Gathering several European competences, in the fields of biosensors, supramolecular chemistry 
and molecular biology, electrochemistry, microfabrication and nanotechnology the Network for 
the development of selective bio-recognition and bio-affinity platforms, launched 
with UNESCO support, finds important Bio-medical and Environmental applicative niches. 
The network pursues the participation to 7 Framework Program calls for proposals as a perfect 
opportunity to gather momentum, attract funds for actual research and connect to the problems 
and priorities of the society. 

 

Representatives of the groups involved together with ICB in the network: 
 

M. Mascini Universita degli Studi di Firenze Dipartimento di Chimica, Florence, Italy  
J.L. Marty Universite de Perpignan BIOMEM, Perpignan, France 
E. Csöregi Lund University Department of Analytical, Lund, Sweden 
A.P.F. Turner Cranfield University Silsoe, England 

Biosensors 

G. Palleschi University of Rome Tor Vergata, Rome, Italy 
Electrochemistry J.-M. Kauffmann Pharmaceutical Institute Free University of Brussels, Brussels, Belgium 

S. Melinte Univ. Catholique Louvain Place du Levant, 3 B-1348 Louvain-la-Neuve, Belgium Microfabrication  

Nanotechnology K. Koopal Analytic Devices, AN DEV, Brugakker 3637 3704 LM Zeist, The Netherlands 

Supramolecular 

chemistry 
M. Barboiu Institut Européen des Membranes, Montpellier, France 

Molecular Biology O. Popescu Faculty of Biology and Geology “Babes Bolyai” University, Cluj-Napoca, Romania 
Optical assays W. Fritzsche Institute of Photonic Technology, Jena, Germany 

 

Other International Partnerships 
G. Rios, L.Cot  Institut Européen des Membranes, UNESCO Chair ”Membrane Science for  Environmental Concern”, France 

A. Ruckenstein, Boston University, USA 

S. Andreescu, Department of Chemistry and Biomolecular Science, Clarkson University, USA 

F. Kremer, A. Serghei, Leipzig University, Germany 
M. Popescu, Ian Wark Research Inst. University of South Australia, Australia  

F. Rossi, European Commission-Joint Research Centre, Ispra, Italy 
T. Wohland, National University of Singapore, Singapore 

J. Voeroes , ETH, Zurich, Switzerland 
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Our profile in relation with FP7  

 

Type: Company Expertise  

Title: Novel optical - electrochemical analysis platforms for monitoring in the 
biomedical, environmental, and food quality and safety field  

Details:  

The activities of our Centre focus on: 

- identification and study of (bio) recognition events (enzyme - substrate, antibody - 
antigen, other affinity interactions, whole cells - different compounds of 
pharmaceutical or environmental relevance) which can form the heart of novel 
analytical tools.  

- development of novel analytical platforms based on: (bio)recognition events, 
microfabricated transducer systems, microfluidics, and multiple detection principles 
(such as Impedance Spectroscopy, Surface Plasmon Resonance, Total Internal 
Reflection Fluorescence microscopy, Constant Potential Amperometry, etc.).  

- use of the developed instrumentation, micro devices, detection principles, and assay 
formats to solve specific problems in the biomedical, environmental, and food quality 
and safety field.  

- among more specific interests: pharmaco-kinetic studies for active pharmaceutical 
ingredients using artificial membranes and electro-optical/sensing platforms; 
characterization of drug-liposome interactions based on SPR measurements in order 
to establish passive transport properties of drugs. 

Programs:  

FP7-JRC , FP7-IDEAS , FP7-COOPERATION , FP7-CAPACITIES , FP7-PEOPLE , FP7-
KBBE , FP7-HEALTH , FP7-NMP , FP7-ENVIRONMENT , FP7-REGIONAL , FP7-
SECURITY , FP7-INCO. 
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The (International) Master Program in Biodynamics  
Duration: 2 years: 4 semesters: for teaching, laboratories and demonstrations  
 

Program Objectives 
This post-graduate course aims to provide insights into the ways detailed information concerning 

the physics and chemistry of specific biological structures and processes can be cast into novel 

models improving our understanding of the integrated dynamics of such systems, fostering 

development of new types of measuring methods applicable in Ecology (e.g., waste water re-

use, assessment of water quality, detection of pathogens in water, advanced technologies for risk 

assessment, treatment plants), as well as in Biomedical and Food industry, areas that are in 

great need for both highly specialized workforce and knowledge. 

The main objective of the post-graduate program in Biodynamics is to provide advanced 

training for participants willing to engage in and develop activities in the interdisciplinary realm 

between biology, engineering, physics, chemistry and dynamical systems, preparing them for 

research, teaching and last but not least for industry.  

Designed to provide the trainees (e.g., biologists, chemists, engineers, physicists,. ) with 

knowledge and skills (principles, experimental set-ups and data analysis methods) to 

understand and apply advanced methods for bio sensor development and bio-analysis, the 

program curriculum includes: 

• Modern methods in biosensing and bio-analysis;  
• Training in non-invasive assessment of (bio) interfaces; 
• Investigation of  bio-systems using electrical & electrochemical and optical (Surface 

Plasmon Resonance and Fluorescence Microscopy, including Total Internal Reflection-
TIRF) methods 

• Advanced training in cell biology and physiology; 
• Development of specific instrumentation and techniques for process modelling and 

(experimental) data analysis; 
• An introduction to the theory of Complex Systems; 
• Background tutorials for biologists, chemists, physicists and engineers interested in the 

development and usage of new instrumentation and devices for specific applications in 
Ecology (e.g., waste water re-use, assessment of water quality & pathogens in water, 
advanced technologies for risk assessment, treatment plants), as well as in Biomedical 
and Food industry. 

The program is meant as a platform for demonstration and dissemination of recent 

achievements in areas related to its curriculum. Based on their choice and background, the 

trainees are concentrating on specific aspects (e.g., sensor preparation, instrumental aspects 
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or/and modelling and data analysis,..) in the form of target oriented mini-

research projects and participate to conferences and mini-symposia.  

Program structure 

The post-grade training program in biodynamics is conceived as a 

dynamical structure enabling “on line” adjustments in relation to recent advancements in the 

field and in interaction with other training programs. The curriculum consists of sections (courses), 

each containing a set of modules (with lengths that can range from 1 week up to 3 months).  

Because of the expected eclectic training of the participants, a set of introductory courses that 

are aimed at providing a solid background for the trainees are organized. The components of 

these background courses will be tailored according to the specific skills and experience of the 

students. 

Internationally recognized scholars will provide lectures accompanied by hand on laboratories, 

demonstration and applicative activities.  

Due to the practical feature of the program, with very few exceptions, e.g., Project 

Management envisaged to be delivered using the facilities provided by Information and 

Communication Technology (e- learning tutorials), most of the sections will involve extensive 

hand on laboratories and practical tasks. 

The courses, seminars and practical topics offered by the post-graduate program in Biodynamics 

are delivered in English.  

The program is addressed to 10-20 students especially from Romania and transition countries 

from the Black Sea or Danube region. Participants will be selected based on her/his experience, 

statement of purpose, reference letter and school record. Strong emphasis will be given to 

attracting women researchers. 

Periodically, (e.g., any 6 months), seminars, workshops and mini symposia help disseminate 

breakthrough achievements in the fields related to program topics fostering new connections, 

the association of new tutors, and development of curriculum. Participation of representatives 

from industry will be greatly encouraged, further developments of program curriculum being 

also related to end user requirements. The courses are held in the dedicated training area of ICB, 

endowed with appropriate, modern facilities 
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Cover illustration: 
MDCK cells grown on functionalized / nanopatterned microelectrodes for selective, 
enhanced cell attachment.  
 

 


