
Analytical Uses of Immobilized Biological Compounds 
for Detection, Medical and Industrial Uses 



NATO ASI Series 
Advanced Science Institutes Series 

A series presenting the results of activities sponsored by the NATO Science Committee, 
which aims at the dissemination of advanced scientific and technological knowledge, 
with a view to strengthening links between scientific communities. 

The series IS published by an international board of publishers in conjunction with the 
NATO ScientifiC Affairs Division 

A Life Sciences 
B Physics 

C Mathematical 
and Physical Sciences 

D Behavioural and Social Sciences 
E Applied Sciences 

F Computer and Systems Sciences 
G Ecological Sciences 
H Cell Biology 

Plenum Publishing Corporation 
London and New York 

D. Reidel Publishing Company 
Dordrecht, Boston, Lancaster and Tokyo 

Martinus Nijhoff Publishers 
Dordrecht, Boston, Lancaster 

Springer Verlag 
Berlin, Heidelberg, New York, London, 
Paris, and Tokyo 

Series C: Mathematical and Physical Sciences Vol. 226 



Analytical Uses of 
Immobilized Biological Compounds 
for Detection, Medical 
and Industrial Uses 

edited by 

George G. Guilbault 
Department of Chemistry, 
University of New Orleans, Louisiana, U.S.A. 

and 

Marco Mascini 
Department of Chemistry, 
University of Florence, Italy 

D. Reidel Publishing Company 

Dordrecht / Boston / Lancaster / Tokyo 

Published in cooperation with NATO Scientific Affairs Division 



Proceedings of the NATO Advanced Research Workshop on 
Analytical Uses of Immobilized Biological Compounds 
for Detection, Medical and Industrial Uses 
Florence, Italy 
May 4-8,1987 

Library of Congress Cataloging in Publication Data 

NATO Advanced Workshop on Analytical Uses of Immobilized Biological Compounds for Detection, 
Medical, and Industrial Uses (1987: Florence, Italy) 

Analytical uses of immobilized biological compounds for detection, medical, and industrial uses I 
edited by George G. Guilbault and Marco Mascini. 

p. cm. - (NATO ASI series. Series C, Mathematical and physical sciences; vol. 226) 
"Proceedings of the NATO Advanced Research Workshop on Analytical Uses of Immobilized 

Biological Compounds for Detection, Medical, and Industrial Uses, Florence, Italy, May 4-8,1987"­
T.p. verso. 

"Published in cooperation with NATO Scientific Affairs Division." 
Includes index. 

ISBN-13: 978-94-010-7804-7 

001:10,10071 978-94-009-2895-4 

e-ISBN-13: 978-94-009-2895-4 

1. Biochemistry-Technique-Congresses. 2. Immobilized enzymes-Congresses. 
3. Immobilized proteins-Congresses. 4. Biosensors-Congresses. I. Guilbault, George G. 
II. Mascini, Marco. III. North Atlantic Treaty Organization. Scientific Affairs Division. 
IV. Title. V. Series: NATO ASI series. Series C, Mathematical and physical sciences; no. 226. 
QP519.7.N38 1987 
660'.63-dc 19 

Published by D. Reidel Publishing Company 
PO. Box 17, 3300 AA Dordrecht, Holland 

Sold and distributed in the U.S.A. and Canada 
by Kluwer Academic Publishers, 
101 Philip Drive, Norwell, MA 02061, U.8A 

In all other countries, sold and distributed 
by Kluwer Academic Publishers Group, 
PO Box 322, 3300 AH Dordrecht, Holland 

87-32076 
CIP 

D. Reidel Publishing Company IS a member of the Kluwer Academic Publishers Group 

All Rights Reserved 
© 1988 by D. Reidel Publishing Company, Dordrecht, Holland. 

Softcover reprint of the hardcover 1 st edition 1988 

No part of the material protected by this copyright notice may be reproduced or utilized 
in any form or by any means, electronic or mechanical, including photocopying, recording 
or by any information storage and retrieval system, without written permission from the 
copyright owner. 



DEDICATION 

To Susan and Mareza 



Table of Contents 

Preface xi 

List of Contributors • xiii 

A. IMKOBILIZATION TECHNIQUES - GENERAL 

Enzymes Immobilized on Inorganic Supports - Howard W. Weetall 1 

Immobilization of Bioagents by Radiation - Ayse Kevser Piskin 17 

Structural and Transport Properties of Polymeric Carriers for Bioagents and 
Immobilization Techniques and Their Applications - Erhan Piskin •••••• 25 

B. CLINICAL AND PHARMACEUTICAL APPLICATIONS 

Immobilized Enzymes in Therapy - Ayse Kevser Piskin • • • • • • 39 

Uses of Immobilized Biological Compounds in Pharmaceutical Analysis- G. 
J. Patriarche, J.-M. Kauffmann, J.-C. Vire, B. J. Vincke' • • • • • 47 

Application of Immobilized Enzymes in Diagnostics - Angelo Manzoni • 71 

Immobilized Dehydrogenase Enzymes Coupled with a NADH Sensor - G. 
Palleschi . • .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... .. 83 

Targeting of Immobilized Drugs - A. Atilla Hincal and H. Suheyla Kas - • • 95 

C. BIOSENSORS 

Enzyme and Microbial Sensor - Isao Karube and Koji Sode • • • • 115 

Redox Mediators and Their Application in Amperometric Sensors - Anthony 
P. F. Turner •••••••• • •• •• • • • • • 131 

Uni-, Bi- and Tri-Enzyme Electrodes for Analysis - J. D. R. Thomas 141 

Enzyme Electrochemical Sensors for "In Vivo" Analysis with Artificial 
Pancreas - Marco Mascini • • • • • • • • • • • • • • • • • • • • • •• 153 

Biosensors in Clinical and Pharmaceutical Analysis - L. Campanella and M. 
Tomassetti •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 169 



viii 

Graft Copolymers as Supports for the Immobilization of Biological 
Compounds - M. Alves da Silva and M. H. Gil • • • • • •••• , •• 177 

D. DEFENSE APPLICATIONS 

Use of Protein Coatings on Piezoelectric Crystals for Assay of Gaseous 
Pollutants - G. G. Guilbault and J. Ngeh-Ngwainbi • • • • • 187 

E. FEr DETECTORS 

Use of Immobilized Enzymes in FET Detectors - Bart H. van der Schoot and 
Piet Bergveld. •••••• 195 

Micro-Biosensor - Isao Karube and Izumi Kubo 207 

F. OPTRODES - SPECl'ROSCOPY 

The Development of Fibre-Optic Sensors by Immobilization of Fluorescent 
Probes - Otto S. Wolfbeis • • • • 219 

Developing Biosensors - Elizabeth A. H. Hall 227 

Immobilized Biological Compounds in Bio- and Chemiluminescence Assays-
P. R. Coulet and L. J. Blum. • • • • • • • • • • • • • • • • • • • • •• 237 

Immobilized Biospecific Proteins in Analytical Clinical Chemistry - A. 
Roda, S. Girotti, G. Carrea, P. Simoni, M. A. Angellotti, R. Rizzoli ••• 249 

G. IHHUNOSENSORS 

Immunosensors - Isao Karube and Masao Gotoh • • 267 

Electrochemical Immunosensors - William R. Heineman and H. Brian Halsall 281 

H. FLOW ANALYSIS 

Flow Injection Analysis - Recent Developments and Future Trends - Elo 
Harald Hansen • • • • • • • • • • • • • • • • 291 

Extension to Enzvmatic Electrodes of a General Procedure for the Construction 
of Flow-Through ISE's Based on the Use of Conductive Epoxy as Support of the 
Sensor - Sal vador Alegret and Adel io A. S. C. Machado. • • • • • • • •• 309 

I. INDUSTRIAL AND ANALYTICAL APPLICATIONS 

Biosensor-Based Analyzers: From Design to Instrument - P. R. Coulet 319 

Commercial Aspects of the 'Use of Immobilized Compounds - Valerie M. Owen 329 



ix 

Design Considerations of an Immobilized Enzyme Electrode for Measurement of 
Glucose in Whole Blood - Christopher C. Feiste1, Charles F. Sternburg, 
Clarence D. Luther and Larry L. Gay1eard • • • • • • • 341 

Diffusion Limited Enzyme Electrodes - P. Vadgama 359 

Enzyme Electrodes for Sugar Substitute Aspartame - G. G. Guilbault, G. L. 
Lubrano, J.-M. Kauffmann, and G. J. Patriarche • • • • • • • 379 

Author Index • 389 

Subject Index 391 



PREFACE 

On May 4-8, 1987, a NATO Advanced Research Workshop on the Analytical 
Uses of Immobilized Biological Compounds was held in Florence, Italy. The 
Director of the Workshop was Professor George G. Guilbault of the University 
of New Orleans, and the Co-Director was Professor Marco Mascini of the 
University of Florence 

It vas the purpose of this meeting to assemble scientists from all NATO 
Countries with an interest in immobilized biological compounds. to discuss 
- methods of immobilization 
- properties of immobilized compounds 
- enzyme electrodes and biosensors 
- optical devices utilizing immobilized enzymes 
- microbial sensors and clinical uses of immobilized enzymes 
- flow injection analysis using enzymes 
- immobilized biological compounds in chemical defense detection 
- pharmaceutical analysis 
- uses in industrial analysis 
- enzyme reactors 
- air pollution detectors 
- immunosensors 
- medical uses and applications 
- solid state and FET sensors 

Goals to be achieved by the conference were 
- to permit an exchange of views and experience in all these areas 
- to review and critically assess the state-of-the-art in these fields 
- to set guidelines for future research and establish collaborative projects 

between scientists in NATO laboratories in the above areas. 

Thirty-seven lectures were given by 36 speakers in all of the above 
areas. Sessions were devoted to (1) methods and properties of immobilized 
enzymes (2) clinical and pharmaceutical analysis (3) enzyme, bio- and 
microbial sensors, (4) defense applications, (5) solid state/FET devices, (6) 
optrodes and spectroscopic applications, (7) immunosensors, (8) flow injection 
analysis, and (9) industrial and analytical applications. Finally, two hours 
were devoted to an open discussion of future status, new directions and joint 
projects. 

This book is a· publication of most of the lectures given at this 
workshop. 

xi 
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CONCLUSIONS 

In the last afternoon, a round table discussion of selected speakers (see 
program), the Directors and audience centered on the status of the field of 
Analytical Uses of Immobilized Biological Compounds, cooperation between labs 
and the future. 

Several participants expressed appreciation to the Conference for the 
possibility to meet and develop contacts with scientists of other NATO 
countries doing similar research. Collaborative projects were established 
between (1) the Universities of Rome, Florence and New Orleans on NAD/NADH 
dependent dehydrogenases, modified electrodes and immobilization techniques 
for substrates of clinical interest, (2) the University of Porto in Portugal 
and Barcelona in Spain in new electrodes for whole blood flow analysis, (3) U. 
S. Defense Labs in Edgewood, Md. and the University of Rouen in France on 
Receptor Electrodes, (4) University of Brussels, Belgium, and New Orleans on 
New Methods for Artificial Sweeterners and Carbohydrates, (5) University of 
Cincinnati and University of Lund on Modified Electrodes, and (6) Technical 
University of Denmark and University of New Orleans on Flow Injection Analysis 
of Artificial Sweeterners. 

Discussion on new areas was devoted to (1) Receptor Electrodes and 
Methods for use in Defense and Analysis (2) Modified Electrodes as better 
analytical methods (3) Miniaturized solid state (FET type electrodes) for the 
sensors of the future (4) Immobilized Enzymes in Medical Shunts (5) Enzyme 
Immunoassay and Immuno Probes and (6) Optrodes - now finally getting 
established. 

Because of the highly productive nature of the Conference, it was decided 
to have a second NATO Conference in 1990. 
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