
 

 

ORAL SESSION:  

GS – SCI  

15th National Conference on Sensors and Microsystems 
Messina, February 8-10, 2010



�����������	
��	� � 
����������������������������������������������������� !"�#$# %�&'(�'&)%�* &�%)#%+#��$,,!+($�+ #%��#-��.��(-�//-01�2�����������3�4����5��6��������3�7�����8�������9������3�:���;����6������3�7�����7�������3�<������������=�����3�4������:�>>�����3�4�����
�����?@ABCD@EFGDHIJ@IKL@E@MBNIOG@PFCQ@DRIJFST@IUDVJ@IJ@IWBC@NIP@BIXCBYHGBIZN[\]̂_IWBC@̀IIaIM@Hbb@cML@E@MBdVG@YBd@DI$��	
��	��7�������������������ef�g������h����>i�����;�����j����������k����l�����������;�����������m�<������n����o�p�����>��p�o��l��;��h�����������������������3��h�l�����h����=>����;����������p��������������p�k����k�i����������p��������������m�� ���������������q���h�������������pk3���������h�=��������h��r����h�o��>�������p���������������ps>���p�����=���������l��h������������p�=���h����k���p��h�=�������=��������m�6�����p������pt���;�����������t�h������������������h�o��>�����>�����p�o����h����s�����p������;���������p�����h��r���unsvwm�9���k��h�����p�9�sf���h�p�����o�����������p��=������;�xmyznmn��=���p��h�������;�������������������h��������5�������h�l�p��h������������;��l���h�=�������������3���=��k��������������p�9�eyg�e�����>��p�����>�����h��h����h���{y|g���p�9�eqgm�
h������=��������l����h���p�������p�����h�������;�����������o��<���p�};;����
�������������������p���>i����p������=��p��h��=���������������=���������=�o�����h���j������;����>���5�������;�������=��������m�
h��=���h����k��;��������p�9�sf����k��������h�l�����<������v3�lh�������k������:��������}��������7��������k��=��������������pm�������������������*-�~
�����<��r����k��;�����������p���>���������������p�k����k�������p��������������m�8��������o�������vyy{��������k���������e�������� :6q� <��p���:�h����
7� 9=�������6h�=�����:�����k3�vyy�gm�������*-�~
�����:}7�=��������h��;� ���p� ��������������p�������p�����h�������;��h��<}
���������o�����������p��������p����vyy�6�;���n�h���m�
29

Oral Session: GS-SCI
15th National Conference on Sensors and Microsystems 
Messina, February 8-10, 2010



������������	
�	���	���	����
�
�
��	
�	���	�����	����
��	�
�����	�	������	
�	�����	�
���	
�	���
�
�
��	���	��������	����	����
�����	���	���
��	����
�
��	��������	������	��	����
��	�����	��
���	���	�������	����
���	�
�����	����	���	����	�������	 
�	����	����
����	�
�����	�!"�	!#�	$��	����
����
��	���	
����	
����������	����
���		�	�
���
����	������
���
�
�

�	�����
%��	���	���
	����	�
	��
�	�
��	���
�
���	&����'�(	
�	�
�
��	��
���	)"*�	������	
�	��������	����'�	�
��	�	�����������	��
��	����

�	����	
���
����	���
�	��
����	�
���	���	������	��
��	�������
����	�%���	�
	+,	���	",,���	���	-	���	.��	�
	���
�	�����
��	��
����
���	��
������	����������	����	��	�
��	���
�
��	���	�'�	������	����
�������	��
�
�
��	�
�	����
��	���	�

����
��	����
���

���	���	����
����
�����	��������	����	����	�������	�
���	
�	������	�
��������	)/�0*�												1
��	����'�	���	������	�
��
���	
�	���������	��������	�����	����	����
���	��	�
���
�����

���	��
�
����	�
�	���	2����	.��
���

�	3
�
4��

�	 	����	5�����
�����	&2.3��5(	������

�	
�	�
���
�������	��
���	���������	����	��	��
�
	��
��	���	����
����	2.3��5	����
����	��
���	����	�
��	������
�����
���	����	�
	�	�
����	���
�
���	���	���������
��	�������	���
���

�6

�
4��

��	��	�	�
�
���	������	
�	�
�	
�����
��	
����������	���7�	���	��	���������	�
���
�����	�5	�������	����	������	�
�
�����	��	�������	�
�����	)8*�			9
������	$
������	:
���	2����	&$:2(��
�
�
��	�
��
�����	�������	�
��	����	����	����
��	��	�
���	���
��	����
�������	�
�	���	
����
����
�	������

�	
�	����
�
�	���
����	�����	�
%�
����
�	�
��
�

���		;�����
�
�	���������

�	
�	�

����
��
�

�	������	���	���
	��
�
��	���	��������
���	�
�	���	�����
�����	
�	�����
�	9
���	;�����	�����
��
�	&�9;�(	����
���	<��������	�	���	�
�����	��9�	����
�������	���	��
�
���	��	�
��
	��	���	�
�	���	�����

�������
��	���
��
�

�	
�	��
���	�
�������	)=*�	3�	��
�	�
������	�	�
�����	
��
���
��	�9;�	���
��	���	����	����
4���	��	�����	
�������
��	
�	���	������
�
�	���
��	�	��
��
�	���
��
�

�	��������	���
���	�
���	��
��
�	������
�������	����
��������	)+*	����	�
��	��	���
����	���	�
��������	��	�����		<;9;<;�$;5	-�	>����	<���4�	'�	!���
�	?�	���	$����	5
��	--8	&-@@/(	=/,-		#�	>;�	3����	��	$

��
�	;�����
����
���	�������
�	
�	�
��

���	�
��	���
����
�����	
�	���
�����
���A	���	<�������	.����
�������	;�3�	�����
�	&;�
�
�(�	�
��	5�
����	����
�����	3����	B5�	&#,,+(	�������	8�	����	#8@		"�	>;�?�	���7��	����	��
���
��	$�	C
����	2�$�	D����	<���	�������	������	�����	0	&#,,8(	@-/�	/�	>.�	�����	<�	D����	D�	$��
�	�������	-""	&#,,+(E@""�	0�	>?���	D����	9�	F��	D�	2
�	D�	!��	G�	5����	<�	D��	1

�����	1

������
��	#"	&#,,=(	/-/�	8�	>2�	$
��
���
�	5�$	H����	.�H�	��������	:�	.�	G

��

�	?�	G�������	��	$

��
�	<���	������	5����	2����	&#,-,(	
�	������	=�	>2�	�
��
�	G�	��	9��
�
���	9�	���
����
�	��	$�	�������	��	!�����	�����	2�	:���
�	9�	1�����
�	9�	����
���
�	��	G�	I���
�
��	J	9�	���
�	������	�����K�=�	&#,,+(	/-#�	+�	>��	.�	���

���	��	�������
�	G�	<
����44
�	G�	��	5�������	��	�����
�
��
�	.�	$�������	;�	.�	G
��

�	G�	����44
	���	2�	�
��
	��
��	"��	3;;;	3�������

���	'
�7��
�	
�	��������	
�	5���
��	���	3����������	����
	#0�#8	?���#,,@�	351�A	@=+�-�	/#//�/=,@�-�	 > 	LMNOPQERSE���
���	���	��
�
�	9
���	�
��
��
��	
�����	
�	������	
�	�
��	���
�
���	���
�
���	
�	�
�
��	��
���	��	�����	
�	���	 �
�������	2
��
�����
�����	���������	���
�
��	;�����
���
�
�

�	&2��;(	�����
%��	)"*�	TUVW>
30

Oral Session: GS-SCI
15th National Conference on Sensors and Microsystems 
Messina, February 8-10, 2010



         
 
 
 

BIOLUMINESCENT WHOLE-CELL BIOSENSORS FOR ON FIELD 
ANALYSIS  

 
E. Michelinia,b*, L. Ceveninia, L. Mezzanottea, A. Coppaa, A. Rodaa,b  

aDepartment of Pharmaceutical Sciences, University of Bologna, Bologna,  Italy; 

 bINBB, Istituto Nazionale di Biostrutture e Biosistemi, Roma, Italy 
 

Abstract 
Bioluminescence (BL) has revealed an extremely useful analytical tool enabling ultrasensitive detection in 
biotechnological applications. The typical bioanalytical applications of BL proteins include the investigation of 
protein–protein interactions, protein conformational changes, protein phosphorylation, second-messengers 
expression and, in general, the study of gene expression and gene regulation. Since BL proteins can be 
detected down to very low levels, they allow ultrasensitive detection of the target analytes and monitoring of 
the physiological phenomena under investigation [1,2]. These BL features, associated to instrumental and 
technical advancements in miniaturization, enable the analysis of small-volume samples, which leads to the 
development of miniaturized and high-throughput assays. Genetically engineered cells (bacteria, yeasts, or 
mammalian cells) able to produce a BL signal in response to a target analyte represent powerful analytical 
tools for environmental, medical, and food analysis, and are characterized by low cost and high rapidity and 
sensitivity.  
Nevertheless some important issues have still to be addressed to make these biosensing systems true 
analytical biosensors, such as portability, i.e., using BL whole-cell biosensors for on field monitoring and 
point-of-care analysis, and reliability. Indeed, their main pitfall is the high variability of the BL signal produced 
by the engineered cell, in fact the emitted light changes according to the metabolic state of the cell. To solve 
this problem we introduced in the cell a vitality internal control to correct the analytical signal. The recent 
availability of new reporter genes with improved BL properties, together with technical improvements, 
prompted the development of multiplexed cell-based assays using more BL proteins (e.g., green- and red-
emitting luciferases, secreted luciferases, aequorin…) under the regulation of constitutive and inducible 
promoters in the same cell. Triple- and four-color bioassays, which combine spectral unmixing of green- and 
red-emitting luciferases with gaussia luciferase and aequorin, were developed thus allowing to measure 
three separate targets with high sensitivity and rapidity.  
 
In addition, a new polymeric matrix was developed to encapsulate and keep cells alive for long periods of 
time [3] in order to obtain ready-to-use portable devices. Different recombinant yeast and bacterial 
biosensors were immobilized in a customized well microplate to obtain a bioluminescent cell array that can 
be stored for up to 2 months at 4°C without loosing cell vitality. A device was constructed with the cell array 
in contact, through an optical taper, with an imaging light sensor, a portable charge-coupled device (CCD) 
camera able to localize and quantify the luminescent signal. “Contact” light detection, in which the signal is 
produced on (or very close to) the detection surface, allows to achieve much higher optical efficiency than 
that of conventional camera-based imaging systems. The applicability of this multiplexed biosensing platform 
containing whole-cell biosensors to measure hormonal activity in clinical and environmental samples is 
reported.   
 
 
[1] E. Michelini, M. Magliulo, P. Leskinen, M. Virta, M. Karp, A. Roda, Recombinant cell-based 
bioluminescence assay for androgen bioactivity determination in clinical samples, Clin Chem, (2005), 
51:1995-8E. 
[2] E. Michelini, L. Cevenini, L. Mezzanotte, P. Leskinen, M. Virta, M. Karp, A. Roda, A sensitive recombinant 
cell-based bioluminescent assay for detection of androgen-like compounds, Nat Protoc, (2008), 3:1895-902.  
[3] E. Michelini, A. Roda, L. S. Dolci, L. Mezzanotte, L. Cevenini. Patent RM2009/A000064  
 
 
 
 

31

Oral Session: GS-SCI
15th National Conference on Sensors and Microsystems 
Messina, February 8-10, 2010



 

ELECTROCHEMICALLY SYNTHESIZED MOLECULARLY IMPRINTED 

POLYMERS FOR SENSING APPLICATIONS 

 

Elisabetta Mazzotta*, Cosimino Malitesta 
Laboratorio di Chimica Analitica, Dipartimento di Scienza dei Materiali, Università del Salento, 

via Monteroni 73100 Lecce, Italy. elisabetta.mazzotta@unisalento.it    

 

 

 

Abstract 

Considerable scientific research is nowadays devoted to the development of tailor-made receptors 

capable of recognizing and binding the molecular target with high affinity and selectivity. 

Molecular imprinting revealed to be an attractive tool for designing selective materials. During 

imprinting process polymeric matrices with specific binding sites are generated by template-

induced prearrangement of complementary interactive functional groups [1]. A schematic 

representation of molecular imprinting principle is given in Figure 1. Pre-assembly of functional 

monomers around the template is driven by their molecular interactions. The polymerization 

“freezes” binding groups within the imprinted cavity. Removal of the template affords binding sites 

complementary in size and in chemical functionality to the original template [1]. A molecular 

memory is thus introduced into the polymer that is able to recognize the template and to selectively 

interact with it during the rebinding step [1]. 

 

 
Figure 1 – Schematic representation of imprinting process (from [1]). 

 

Among different analytical applications for which Molecularly Imprinted Polymers (MIPs) have 

been successfully used [2], MIP-based sensors attract increasing attention on account of their 

specificity, stability, robustness and low cost [3]. A particularly important aspect in the design of 

MIPs sensors is MIP integration with the transducer and different strategies have been employed to 

address this key issue. Among these, MIP electropolymerization has emerged as an effective way of 

synthesizing and anchoring MIP to the transducer surface [4]. By this approach the film grows on 

the electrode surface, so good adherence is guaranteed. Moreover, film preparation is simple and 

quick and its thickness is controlled by varying the amount of circulated charge. During the last 

decade, several electrosynthesized MIPs have been proposed as recognition element, particularly in 

electrochemical sensors [see e.g. 5-6].  

 

The present communication reviews applications of electrosynthesized MIPs proposed in our 

research group since the first original proposal on the topic [4] to now, with a particular emphasis 

on the choice of functional monomers, on the proposed characterizations and on the explored 

sensing applications in the detection of biologically and environmentally relevant analytes. 

The development of an electrosynthesized poly(3-thiophene acetic acid) imprinted on atrazine will 

be described [7]. After NMR studies of the binding affinity between monomer and template, X-ray 
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Photoelectron Spectroscopy (XPS) characterization was used for the evaluation of polymer-

template interaction thus evidencing a remarkable imprinting effect.    

 

A novel imprinting scheme, combining for the first time electropolymerization with metal-ion 

coordination, has been proposed [8] and collected results will be illustrated. A MIP for a pesticide 

(4-(2,4-dichlorophenoxy)butyric acid (2,4-DB)) has been prepared from a Co-porphyrin 

(Co(III)tetrakis(o-aminophenyl) porphyrin) as functional monomer. Such an approach aims to 

combine advantages of electropolymerization with ones related to the use of metal complexes in 

imprinting procedures [9]. After verification of template entrapment and subsequent removal by 

Fourier-Transform Infrared and XPS spectroscopies, the imprinting effect was verified by 

comparing electrochemical responses of MIP and not-imprinted polymer (NIP) tested by Cyclic 

Voltammetry and by Chronoamperometry. In both cases MIP revealed an enhanced electrocatalytic 

activity towards 2,4-DB reduction. Moreover, MIP based electrodes evidenced a good selectivity 

against both pesticides and structurally related compounds. 

Another novel fascinating approach for MIP-transducer integration based on electropolymerization 

will be presented. A MIP for the alkaloid ephedrine (MIPE) has been immobilized in an 

electrosynthesised polypyrrole (PPY) film for the development of a voltammetric sensor for 

ephedrine [10]. This strategy offers advantages of electropolymerization and, at the same time, the 

decoupling of imprinting and deposition steps allows the separate optimization of parameters of 

each process. The electrode was prepared using an unconventional “upside-down” geometry for the 

three-electrode cell. As a consequence, a high MIP loading was obtained, as revealed by SEM 

characterization. The sensor exhibited a satisfactory performance in ephedrine detection and in the 

rejection of tested potential interferences.  
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