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Abstract 
 

This paper focuses on the development of a new 
automated platform dedicated to cell manipulation and 
characterization by dielectrophoretic methods. 
Microelectrode structures powered with computer- 
controlled AC generators are used to impose several 
forms of electric field to cells such as non-uniform, 
rotating or travelling wave, over a wide frequency 
range. The resulting induced motion is analysed to 
deduce cell electric parameters. As an illustration of 
the system capabilities, several electrorotation spectra 
of single viable and non-viable yeast cells have been 
measured at a medium conductivity of 1.1 mS.m-1. 
 
 

1. Introduction 
 

The term dielectrophoresis (DEP) is used to 
describe the motion and orientation induced by a non-
uniform electric field on polarized uncharged particles, 
such as cells. Conventional-DEP (c-DEP) utilizes 
stationary fields of inhomogeneous strength to translate 
cells toward field minima or maxima, whereas 
electrorotation (ROT) and travelling-wave DEP (tw-
DEP) rely on non-uniformities in the phase distribution 
of the applied field to induce cell rotation or translation 
at constant velocities. 

The structure and properties of biological cells can 
be investigated by observing their dielectrophoretic 
behaviour [1]. In this paper, we describe our 
experimental setup and illustrate the principle of cell 
characterization by electrorotation. Cellular structures 
can be modelled by a N-shell sphere (representing the 
cell wall, membrane and cytoplasm in the case of yeast 
cells). The goal of our platform is to allow for cell 
parameters extraction and cell behavior analysis. The 
dielectric parameters (permittivity and conductivity) of 
each shell can be deduced from the cell ROT spectrum, 
as detailed elsewhere [2]. These cell manipulation 
techniques will permit to study the effects of various 

treatments on cells (such as response to toxicants or 
magnetic field exposure) and to detect cell pathologies. 

 

2. Materials and methods 
 
2.1. Experimental setup 
 

Whereas tw-DEP requires specifically designed 
electrode tracks, the microelectrode structure used in 
the c-DEP or ROT experiments is composed of four 
polynomial electrodes disposed in a circular 
arrangement. Those electrodes are powered by 4 
generators delivering sine-wave voltages from a few Hz 
to 80 MHz. We simply switch from c-DEP to ROT 
according to the phase configuration of the 4 signals. 
Visualization of the applied voltage and impedance 
matching are achieved thanks to a wide band 
oscilloscope whose input impedance can be set to 50 
Ohms. Synchronized signal generation is PC-controlled 
via the oscilloscope and generators GPIB interfaces 
using a software developed under LabVIEW®. The 
applied voltage is maintained constant over the whole 
frequency range, despite the variations of the micro 
device impedance. 

Prior to experiments, a drop of cell suspension is 
deposited onto the electrode system, in a chamber 
fabricated with a self-adhesive silicone bond. Then, a 
microscope slide is used as a lid to close the chamber. 

 
2.2. Cell motion  
 

Cell motion is observed under an inverted 
microscope and image acquisition is performed by a 
high speed camera. 

In ROT experiments reported hereafter, the 
frequency-dependent rotation rate was first measured 
using a stopwatch, then confirmed with a software 
under development,  including single cell tracking in 
the image sequence. Images are segmented and 
thresholded in order to detect and label each isolated 
cell (Figure 1.) Cells close to others are excluded so 
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that electrostatic particle-particle interactions are 
negligible for the selected objects. The rotation rate of 
a single cell is then calculated with Matlab®, by 
determining the object orientation (angle between its 
main axis and the horizontal axis) in each sequence 
image. 

 
Figure 1. a. Original image; b. Boundary detection; c. 

Thresholded image; d. single cell labelling 
 

2.3. Biological materials 
 

Yeast cells (Saccharomyces cerevisiae) were grown 
at 28°C in an aqueous medium containing 4% sucrose, 
1% peptone. To obtain non-viable cells, some of them 
were heat-treated. Before experiments, viable and heat-
treated cells were washed and resuspended in a low 
conductive medium whose conductivity was adjusted to 
1.1 mS.m-1 by addition of KCl and directly measured 
with a conductivity meter. After ROT experiments, cell 
viability was checked using Trypan blue staining. 

 

3. Results and discussion 
 
3.1. Theory 
 

The rotation velocity of a spherical particle 
submitted to a constant rotating electric field can be 
expressed as : 
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where η is the solution viscosity, E and ω are the 
magnitude and angular frequency of the applied field. 
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The value of *
pε varies according to cell type. Indeed, 

cell type is characterized by a particular spectrum. 
 
 3.2. ROT spectra 
 

We have collected typical ROT spectra exhibited by 
single viable and non-viable yeast cells by measuring 
the induced rotational velocities (Figure 2.). Positive 
and negative values respectively indicate co-field and 
anti-field cell rotation. The structural differences 
between viable and non-viable cells are reflected on the 
collected spectra. 
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Figure 2. ROT spectra at 1.1 mS.m-1 

The medium conductivity of 1.1 mS.m-1 was chosen 
to provide a fully characterized positive ROT peak for 
non-viable cells. Other ROT spectra were collected at a 
conductivity of 50 mS.m-1 and found in agreement with 
previously reported data [3]. As expected from theory, 
the position of the ROT peaks depends on the 
conductivity of the surrounding medium. 

 

4. Conclusion 
 

Cell rotational motion has been successfully 
observed over a wide frequency range for viable and 
non-viable yeast cells. Cell parameters extraction from 
these experiments will be performed under Matlab® 
thanks to an identification process based on the simplex 
algorithm. The measurement of cell properties is a step 
toward the modelling of electromagnetic field-tissue 
interaction using a bottom-up approach. 
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