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LEPA ICB 

Novel noninvasive 

methods to 

characterize the 

state and dynamics 

of biological 

systems 

Dielectric 

modeling and 

nonlinear time 

series analysis 

Novel 

biosensing 

platforms 

Biosensors for 

biomedical 

and industrial 

applications 

Novel methods to assess 

environmental hazards, 

including mixed 

exposures, cumulative and 

low dose effects 

Effective toxicity testing 

using cell systems 

(eliminate the test 

studies on animals) 

Energy 

conversion 

Redox flow 

batteries 

Electron 

transfer at soft 

interfaces  

Supercritical 

CO2 

reduction 

Scanning 

Electrochemical  

Microscopy 

(SECM) 

Electroanalysis 

Electrophoresis 

Mass 

Spectrometry 

TUMOUR 

ANALYZER 

Who are we? 
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Tumouranalyzer 
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Labelled 

Cells 

SPRi 

Cells 
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Collaboration aspects 

Joint experiments in Romania (Bucharest) 

June 22nd 2013 to July 7th 2013  

Visitors: Ms. Alexandra Bondarenko, 

Dr. Fernando Cortés Salazar 

Kick-off meeting in Switzerland (Lausanne) 

February 14th 2013 

Visitors: Prof. Eugen Gheorghiu, Dr. Mihaela 

Gheorghiu, Dr. Szilveszter Gaspar 

Final Tumor Analyzer workshop in 

Switzerland (Sion) 

November 26th to 27th 2015 

Visitors: Prof. Eugen Gheorghiu, Dr. Mihaela 

Gheorghiu, Dr. Szilveszter Gaspar 

Joint experiments in Romania (Bucharest) 

March 31st 2014 to April 10th 2014  

Visitors: Ms. Alexandra Bondarenko, 

Dr. Fernando Cortés Salazar 

A 

A 

B 

B 
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Research output: Publications 
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L. Stanica, M. Gheorghiu, S. Gaspar, C. Polonschii, 

M. Stan, A. Dinischiotu, E. Gheorghiu 
Electro-optical platform for quantitative assessment of specific 

carbonic anhydrase inhibitors effect on live hypoxic cells. In 

preparation 

A. Bondarenko, T.-E. Lin, A. Lesch, F. Cortés 

Salazar, P. Stupar, H. Pick and H. H. Girault. 
Scanning Electrochemical Microscopy of Alive, Fixed and 

Permeabilized Adherent Melanoma Cells. In preparation 

http://www.epfl.lepa.ch
http://www.epfl.lepa.ch


www.epfl.lepa.ch 

Research output: Conferences 
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SMOBE 2015: Summer meeting on 

bioelectrochemistry 

(Antwerp, Belgium) 

NanoBioTech 2015 

(Montreux, Switzerland) 

8th International Workshop on 

Scanning Electrochemical 

Microscopy 2015 (Xiamen, China) 

ISE 2015: 66th Annual International Society 

of Electrochemistry Meeting 

(Taipei, Taiwan) 

ElecNano 2014: Electrochemistry 
in Nanoscience – 6 

(Paris, France) 

ISE 2013: 64th Annual International Society 

of Electrochemistry Meeting 

(Santiago de Queretaro, Mexico) 

Summer School on Electrochemistry for 

Environmental and Biomedical Applications, 2013 

(Cluj-Napoca, Romania) 
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Research output: PhD degree 

Dr. Alexandra Bondarenko 

 

PhD thesis entitled: 

"Electrochemical Sensing and Imaging of Biological Samples” 

 

under the supervision of 

Prof. Hubert H. Girault  

Dr. Fernando Cortés Salazar 

date of the defence: 

17 of December 2015 
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Joint experiments during the Swiss-

Romanian cooperation program 

Bucharest 
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Electrochemical push-pull probe 

TUMOURANALYZER setup  

In vitro cells experiments 
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Tumouranalyzer 
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Microchannels 

Microelectrode 

PET 

Electrochemical Push-Pull 

Probe 

laser 

ablation 

Parylene C 

PE/PET 

Carbon 

paste 
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Microfluidic mode 

The working distance d was: 

50 μm (a) and (d);  

100 μm (b) and (e); 

250 μm (c) and (f). 

Experimental observation (spots) 

Finite element simulation (colours) 

Multimodal altering of cell microenvironment 

Anal. Chem., 2015, 87, 4479–4486 

delivery of acridine 

orange for local 

labelling of adherent 

cells 
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Multimodal altering of cell microenvironment 

Anal. Chem., 2015, 87, 4479–4486 

Electrochemical mode 

potential-modulated pH 

variation for quenching 

acridine orange fluorescence 
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Thanks to the Swiss-Romanian cooperation 

program, LEPA moved towards a new 

direction, i.e. in vitro characterisation of 

cells and tissues 

14 

SECM of tissues 

SECM of cells 

MS of cells 
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Melanoma tissue 

Melanoma 

The dream: Image a melanoma directly on the skin… 

and even develop electrodynamic therapy 

Wikipedia 

90% 60% 40% 

Stage 1 : Radial growth phase 

Stage 2 : Vertical growth phase 

Stage 3 : Metastatic 

SECM of 

melanoma 

As seen on TV… 
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Soft probes allow contact mode 

brushing of samples without damaging 

delicate substrates. 

Schematic representation of the immunoassay-

based detection strategy to map the tyrosinase 

(TyR) distribution in tissue sections by using a soft 

SECM probe and TMB as the redox-active species. 

Angew. Chim. Int. Ed. 2016, 55, 3813–3816 

SECM for melanoma diagnostic 
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Contact-mode SECM 

image of stage II and stage 

III melanoma and normal 

skin tissues after 

immunostaining of TyR 

Optical images of tissues 

obtained by IHC 

Average currents of normal skin and stage II and stage 

III melanomas. Nine current values were extracted and 

averaged from each tissue section 

SECM for melanoma diagnostic 

2D plot of all line scans of 

the SECM 

Angew. Chim. Int. Ed. 2016, 55, 3813–3816 

SECM can overcome the limitations of optical methods 

and opens new possibilities for improved diagnosis 

and understanding of the spatial distribution of TyR in 

different melanoma stages. 
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SECM for cancer diagnostic 

Stage 1 Stage 2 Stage 3 

Cervical cancer Breast cancer 
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MALDI-MS of melanoma cells 

19 

Methanol – acetone fixation protocol; sinapic acid (SA) matrix 

Analyst, 2016, DOI: 10.1039/C6AN00126B  
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m/z = 10000 

Distinguish WM-239 

m/z = 26100 

Distinguish Sbcl2 

Analyst, 2016, DOI: 10.1039/C6AN00126B  

MALDI-MS of melanoma cells 

Stage 1 

Stage 2 

Stage 1 

Stage 3 
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Thanks to the Swiss-Romanian cooperation 

program, ICB moved towards 

characterisation of new CA IX inhibitors 

21 

Electrochemical push-pull probe for H2O2 detection 

for oxidative stress meaurements 

HT29 colon cancer cells in hypoxic conditions 

Testing new Carbonic Anhydrase (CA-IX) inhibitors 
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Electrochemical push-pull probe for H2O2 detection 

22 

Current signals and calibration curve recorded with the 

microelectrode of the push-pull probe polarized to +750 mV when 

increasing the hydrogen peroxide concentration step-by-step 

Turning the microelectrode of the push-pull probe into a hydrogen peroxide sensor by its 

modification with Pt 

H2O2 
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HT29 colon cancer in hypoxic conditions 

23 

Cell-surface contacts for control (C), hypoxic (H) and subjected to 

CAIX inhibitor (H+I) with enlarged and loosely attached cells under 

hypoxic conditions as revealed by fluorescence microscopy. 

Evolution of the real part of impedance at 

1 kHz for confluent cells under: 

normal conditions (1) 

hypoxia (2) 

exposure to CA-IX inhibitors (3) 
Various imaging formats (Differential interference contrast – DIC, 

Bright field reflected light – BFRL, Surface Plasmon Resonance 

imaging - SPRi), enabled within the system implemented in 

TUMORANALYZER project. 

Cell death 

Cell detachment 

Hypoxia Normal Hypoxia Inhibitor of CA-IX 

CA-IX 

inhibitor 

http://www.epfl.lepa.ch
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Open circuit potential of polyaniline-modified 

microelectrodes before and after exposure of HT 

cells to a carbonic anhydrase inhibitor (i.e. 

acetazolamide). The inhibitor concentration in the 

extracellular space was increased to 100 µM. 

Time evolutions of cell impedance (imaginary part) at 10 kHz 

for hypoxic cultures exposed to 100 µM of CA inhibitors: 

acetazolamide and 4 new inhibitors developed by the group 

of Claudiu Supuran 

CA IX inhibitors: 

• AZA - acetazolamide 

• INHIB 1 - fluorescein-thioureido-homosulfanilamide 

• INHIB 3 4-(2,4,6-trimethylpyridinium-N-methylcarboxamido)-benzenesulphonamide perchlorate 

• INHIB 2, INHIB 5 - new compounds with confidential structure provided by Prof. Claudiu Supuran from 

University of Florence, Italy 

Testing new CA IX inhibitors 

pH 
Cell death 

Good inhibitor 

Poor inhibitor 
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http://www.epfl.lepa.ch


www.epfl.lepa.ch 25 

Our dream 

Can we develop a probe to assist surgeons to image 

tissues at the micron resolution and kill target cells 

using microfluidics and microelectrodes? 

http://www.epfl.lepa.ch
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Scanning Electrochemical Microscopy 
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Plasmonic-based electrochemical impedance 

cell imaging 

29 

Cell- interface & 

Intracellular 

Plasmonic-based Electrochemical Impedance Microscopy 

(EIM) involves: i) selection of an appropriate incidence angle 

of the p polarized laser light, ii) application of an AC signal 

iii) fast acquisition of the related reflectance signal and iv) 

deriving spatial impedance amplitude and phase maps by 

analyzing each pixel in a photodetector array. 

 

As such, cell impedance is measured using SPR imaging 

(microscopy) and not electrically. 

 

This combination between an electrical and an optical 

method is characterized by excellent spatial resolution of 

impedance data at cell interface, achieved simultaneous with 

classical optical information. 
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