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ment of Zurich. Today, space is rare at CCS 
and at the Technopark. CCS operated as a 
self-supported institute by agreement with 
the Swiss Federal Institute of Technology 
(ETH).

Even though the situation was some-
times critical, a large number of partner-
ships and projects involving a large number 
of other research groups and companies 
enabled the development of innovative so-
lutions; some of which have been protected 
by patent applications. In addition, CCS 
was able to outsource technologies to its 
spin-off companies SENSORIX and C-CIT 
AG founded in 1999 and 2002, respectively. 
In addition to stimulating collaborations 
with private enterprises, a good academic 
profile and curriculum was achieved. The 
following figures summarize some of the 
merits achieved at CCS:
– CCS has been involved in ten patent ap-

plications. One Trade Mark ‘Lab in the 
Bag’ (in words) was protected.

– Nine internal and ten external Ph.D. 
theses and one habilitation thesis were 
awarded. In total 85 people were offered 
a job, a position for a practicum, for a 
Ph.D. thesis, etc.

– The turnover within ten years climbed 
to a total of 7.2 mio CHF. Statistical data 
such as the average man-month salary 
were published at the conference. Only 
4.3% of the turn-over was contributed 
by ETHZ whereas 21% were cash funds 
invested by Swiss research organiza-
tions and industrial partners. Overall, a 
share of >50% of the total turnover was 
contributed by organizations and private 
enterprises. Only a single EU project 
was acquired within the period between 
1993 and 2004.

– CCS was the host to 16 post docs work-
ing in different fields such as synthesis, 

computing, pharmaceutical and analyti-
cal chemistry, biochemistry, protein and 
polymer chemistry. In addition, CCS 
trained twelve students from the de-
partment and 15 students from Applied 
Universities for diploma and semester 
projects, and hosted twelve internation-
al academic guests from seven different 
countries (Austria, Belgium, China (4), 
Japan, Lithuania, Spain (2), Switzerland 
and Ukraine).
With the Decennial Conference we 

gratefully acknowledge the many fruit-
ful national and international contacts and 
collaborations, and the financial support 
of projects by the Swiss funding bodies 
especially by CTI (Commission of Tech-
nology and Innovation). Last but not least, 
doctoral students and post docs with a 
Master in Chemistry were the hard core 
during the first few years when CCS was 
under development. Thanks to their excel-
lent background in natural sciences, their 
persistent and ambitious working style, the 
Centre expanded and was awarded an inter-
national reputation. Many thanks go to all 
these ‘men of the hour’.  

*Correspondence: Prof. U.E. Spichiger-Keller
Centre for Chemical Sensors and  
Chemical Information Technology (ETHZ)
Technoparkstr.1
CH–8005 Zürich
Tel.: +41 44 445 12 31
Fax: +41 44 445 12 33
E-Mail: spichiger@chemsens.pharma.ethz.ch

Introduction

Ursula E. Spichiger-Keller*

It was a pleasure to invite the interna-
tional community of sensor and bioassay 
research for this conference marking the 
10th anniversary of the Centre for Chemical 
Sensors and Chemical Information Tech-
nology (CCS). The ‘Decennial Conference’ 
united a small group of scientists with the 
highest reputations and was a showcase for 
excellent presentations. The Conference 
showed the splendid outcome of research 
projects supported by persistent academic 
and industrial interests. In addition, the pa-
pers showed the potential of risky innova-
tive ideas realized on the basis of a profound 
knowledge in chemically tuned sensor tech-
nology. Anyone who missed the ‘Decennial 
Conference’ has missed a great chance to 
share the latest news in the development of 
chemical sensors and bioassays. The papers 
of this issue of CHIMIA and the abstracts 
provide an idea of the highlights.

CCS was established in March 1994, 
one year after the opening of Technopark 
Zurich. When we moved in, the laborato-
ries at CCS were empty and Technopark 
hosted only a few brave tenant companies. 
The car park was much too large and, there-
fore ‘a bone of contention’ to the govern-
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Electrochemical Sensors in 
Medicine: New Solutions  
to Old Analytical Challenges

Mark E. Meyerhoff
Department of Chemistry,  
The University of Michigan,  
Ann Arbor, MI 48109-1055, USA
mmeyerho@umich.edu

Modern electrochemical sensor tech-
nology has had a dramatic impact in the 
design of portable clinical instruments ca-
pable of rapidly detecting the levels of im-
portant physiological species (e.g. O2, pH, 
CO2, glucose, electrolytes, etc.) in undi-
luted blood samples [1]. The development 
of essentially disposable sensors that can 
be mass produced in arrays at low cost was 
one hurdle that needed to be overcome to 
implement such technology in modern in-
strumentation. In the case of carbon dioxide 
measurements, this has been achieved using 
a novel planar, differential potentiometric 
membrane electrode design; an outgrowth 
of research on polymeric pH sensors origi-
nally initiated by the late Willi Simon and 
coworkers in Zurich in the early 1980s [2]. 
In this design, two planar polymeric pH 
electrodes are employed, and CO2 is detect-
ed via a pH change in the very small vol-
ume of internal solution of the CO2 sensing 
electrode. The second pH electrode has a 
highly buffered internal solution and serves 
as a pseudo reference electrode. Hence, by 
measuring the potential difference between 
the two pH electrodes, the effect of sample 
pH cancels, and only the pH change due to 
diffusion of CO2 into the inner solution of 
the working electrode is detected.

Increasing the menu of analytes meas-
urable in blood by electrochemical devices 
(to important drugs, proteases, etc.), and 
implementing catheter-style sensors for 
continuous, real-time in vivo monitoring 
of key species, has proven even more chal-
lenging. In this presentation, recent research 
advances in these two areas were highlight-
ed. For example, new, non-equilibrium po-
tentiometric poly-ion sensitive membrane 
electrodes now provide a simple means 
to quantitate therapeutic levels of various 
anticoagulant heparin drugs (including 
newer low molecular weight heparins) di-
rectly in whole blood samples [3–5]. These 
poly-ion sensors are prepared by doping 
polymer membranes with lipophilic ion-
exchanger species that are capable of form-
ing strong, cooperative ion-pair complexes 
with the analyte poly-ions in the organic 
membrane phase. Potentiometric response 
occurs as the poly-ions are extracted into 
the polymer membranes owing to the fa-
vourable thermodynamics of ion-pairing. 
These same poly-ion sensors can be used 
to devise novel assays for protease activities 

in blood samples based on use of polyionic 
substrates [6][7]. This approach enables the 
measurement of plasmin and plasminogen 
activators (e.g. clot-busting streptokinase, 
urokinase, tissue plasminogen activator) 
using simple potentiometric detection.

To enhance the analytical performance 
of intravascular electrochemical sensors 
(including also optical sensor designs), it 
will be shown that novel polymeric coat-
ings that can release/generate low levels of 
nitric oxide (NO) can be employed to dra-
matically improve the blood biocompat-
ibility and, hence, the analytical accuracy 
of such in-dwelling devices. Nitric oxide is 
a potent anti-platelet agent, and low levels 
of this species prevent platelet adhesion 
and activation on polymeric surfaces. In-
deed, data will be presented showing that 
intravascular amperometric oxygen sen-
sors prepared with NO release coatings 
(diazeniumdiolated polymers) exhibit sig-
nificantly improved analytical performance 
compared to corresponding control sensors 
(without NO release), when implanted into 
the arteries of the same animals [8][9].
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‘Attach of the Clones’: 
Genetically Engineered 
Bioelectronics

Claudia Loechel and  
Elizabeth A.H. Hall  
Institute of Biotechnology,  
University of Cambridge, Tennis 
Court Road, Cambridge, UK
lisa.hall@biotech.cam.ac.uk

In amperometric biosensors, charge 
transfer between redox enzymes and elec-
trodes was first accomplished by using free 
diffusing electron acceptors, such as oxy-
gen, NAD+ or low molecular weight com-
pounds like ferrocene and its derivatives. 
Leading from this design principle, a more 
direct electrical communication between 
enzyme and electrode was reported where 
biomolecules are ‘wired’ on redox func-
tionalised electrodes to facilitate charge 
transfer. Coincident with protein engineer-
ing technology is the possibility to use 
site directed mutagenesis (SDM) to create 
amino acid residues suitable for activation 
and ‘wiring’ to an electrode for an ampero-
metric biosensor. This requires the amino 
acid attachment site for the redox ‘wire’ to 
be close to the redox prosthetic group(s), 
within a suitable distance (Marcus theory) 
for charge transfer. However, achieving this 
connectivity may not be a totally inconse-
quential action. Conformational change, re-
quired in some redox systems for electron 
transfer, may no longer be feasible with an 
anchored external redox agent, or the en-
vironment of the prosthetic group can be 
affected and result in a change in its redox 
potential from that carefully tuned cascade 
of redox groups in the protein, whose po-
tential and conformation, controls efficient 
charge transfer or charge ‘cul-de-sacs’.

This presentation will explored tri-
methylamine dehydrogenase, TMADH, as 
a model for a complex ‘non-ideal’ redox 
enzyme for biosensors and look at ways to 
achieve a more robust direct electrochemical 
recycling and external control of the pros-
thetic groups. Site directed wiring, so that 
the electron transport chain can be extended 
outside the protein without requiring diffus-
ing electron transfer elements, is the first 
engineering step towards efficient ‘design-
er’ redox enzymes as electrochemical rea-
gents [1][2]. The structure of the TMADH 
protein isolated from Methylophilus methy-
lotrophus W3A1 has been determined to a 
resolution of 1.8 Å by X-ray crystallography 
and the gene encoding of the enzyme has 
been cloned and sequenced. The enzyme 
TMADH (EC 1.5.99.7) is an iron–sulfur 
flavoprotein which catalyses the oxidative 
demethylation of trimethylamine (TMA) 
to dimethylamine and formaldehyde. Upon 
substrate turnover, electrons are transferred 
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from the FMN binding site via the 4Fe–4S 
centre to external redox acceptors. The 
iron–sulfur complex engages in a one-elec-
tron redox mechanism, thus transferring 
electrons sequentially from the hydroqui-
none, FMNhq and semiquinone, FMNsq. 
For this cascade to operate successfully,  
the oxidation potential of the [4Fe–4S]+/2+ 
has to remain lower than that of FMNsq/hy 
and within range of electron transfer to FM-
Nox/sq. Furthermore, recent solution of the 
crystal structure of the TMADH complex 
with the natural electron transfer flavopro-
tein (2ETF) has shown a number of posi-
tions for the FAD group of ETF, but few 
are electron transfer competent. It follows 
therefore that covalent and non-covalent 
interactions close to either the FMN or 
4Fe–4S sites in TMADH may upset charge 
transfer through and with the protein.

Nevertheless, protein engineering and 
site-specific chemical modification have 
been used to extend the electron pathway 
from the protein surface to wire with [Fe(5-
NH2-phen)3]2+, the latter showing fast 
homogeneous electron exchange kinetics, 
ideal for ‘wire’ construction. The Y442C 
mutant was successfully attached to an 
electrode surface which had been chemi-
cally modified with the redox polymer, 
poly[Fe(5-NH2-phen)3]2+. This design ena-
bled direct electrical communication be-
tween the enzyme and electrode. Using a 
partly oxidized polymer to limit the supply 
of oxidised electron acceptor, allowed the 
oxidation state of the enzyme to be control-
led and electron flow, and thus substrate 
turnover, to be controlled. This pushes the 
enzyme through the so-called fast ‘0/2-cy-
cle’ to the ‘1/3-cycle’ for the TMADH.

The observation that nature recruits a 
limited number of protein folds for build-
ing a variety of functions, together with 
advancing protein engineering techniques 
now offer a unique opportunity to alter 
active site interactions to create enzymes 
having catalytic activity towards substrates 
with no biological precedent. Entirely new 
activities have been engineered through 
rational design and assembly, so that in 
principle, the same methodology could be 
employed to tailor redox proteins for sub-
strates of analytical interest, thus building 
on the biosensor family.

[1]  C. Loechel, A. Basran, J. Basran, N.J. 
Scrutton, E.A.H. Hall, Analyst 2003, 128, 
166.

[2]  C. Loechel, A. Basran, J. Basran, N.J. 
Scrutton, E.A.H. Hall, Analyst 2003, 128, 
889.

Direct Electron Transfer 
between Heme Containing 
Enzymes and Electrodes as 
Basis for Third Generation 
Biosensors

Lo Gorton
Department of Analytical  
Chemistry, Lund University,  
P.O. Box 124, SE-221 00 Lund,  
Sweden
Lo.Gorton@analykem.lu.se

For practical applications in enzyme-
based biosensors efficient direct electron 
transfer (ET) between the enzyme and the 
conducting material would facilitate the 
construction of simple biosensors with su-
perior selectivity. For an increasing number 
of redox enzymes efficient direct ET reac-
tions have been reported [1]. Most of these 
redox enzymes are metalloenzymes and 
many of them contain heme. Unfortunately, 
direct ET between the active site for most 
redox enzymes and electrodes is believed 
to be hindered due to kinetic restrictions 
originating from either too long a distance 
between the active site and the electrode 
surface or a non-favourable ET pathway. It 
could, however, be expected that direct ET 
at electrodes can be established if the en-
zyme is able to readily exchange electrons 
with other biological partner proteins. It is 
therefore very essential to obtain detailed 
structural information of the enzyme and  
of the electrode surface to develop meth-
ods for desired structural changes of both 
making efficient direct ET possible.

Plant peroxidases may serve as model 
enzymes in this respect. They are rather 
small heme containing enzymes with a mo-
lecular weight around 40 kDa and the 3D 
structure of several peroxidases is known 
today. In their wild type native form they 
are all glycosylated. Availability of re-
combinant horseradish peroxidase (HRP) 
allowed the effect of glycosylation to be 
compared [1]. In the case of native HRP 
adsorbed on graphite around 50% of the 
enzyme molecules are in direct ET con-
tact, whereas for recombinant HRP the 
percentage drastically increases as does the 
heterogeneous ET rate constant (ks). Ad-
ditionally, several engineered recombinant 
forms of HRP (‘outer mutants’) with either 
a His tag attached to the N- or the C-ter-
minus or surface-exposed cysteines have 
been studied [2]. These recombinant forms 
seem to be strongly adsorbed in an oriented 
fashion on Au-electrodes facilitating direct 
ET (increasing both the % of the adsorbed 
enzyme in direct ET contact as well as the 
ks) compared with native and wild type 
recombinant HRP. Therewith, the kinetics 
of the electrochemical rereduction of the 
oxidised forms of HRP (compounds I and 

II) to the resting state was shown to be gov-
erned by a coupled electron-proton transfer 
[3]. Studies of the effect of pH and addition 
of proton donors to the contacting solution 
on ks demonstrated drastic increase in ef-
ficiency of direct ET with increasing [H+]. 
For the system with the best performance 
more than 90% of the adsorbed enzyme 
molecules are in direct ET contact with ks-
values close to 500 s–1 yielding a truly dif-
fusion controlled response current for H2O2 
in the lower concentration range (2 A M–1 
cm–2) with a detection limit around 10 nM 
[3][4]. As an extension of previous inves-
tigations of plant peroxidases, the electro-
chemistry of fungal peroxidases with ligni-
nolytic properties (lignin and manganese 
peroxidase) as well as various other heme 
containing redox enzymes (e.g. cellobiose 
[5], fructose dehydrogenase, theophylline 
oxidase, sulphite oxidase [6]) as well as 
complex II from the respiratory chain have 
been investigated when adsorbed on graph-
ite or at thiol modified gold electrodes. The 
results of these investigations were shown 
and discussed.
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Chemically Selective Imaging 
with Scanning Tunnelling 
Microscopy Using Chemically 
Modified Tips
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University of Minnesota,  
3 Smith Hall, 207 Pleasant St. SE, 
Minneapolis, MN 55455, USA
buhlmann@chem.umn.edu

The development of techniques to im-
age objects at the molecular and atomic 
scale is one of the greatest challenges of na-
notechnology. Scanning tunnelling micros-
copy (STM) and atomic force microscopy 
(AFM) belong to the most important ana-
lytical methods available for this purpose. 
Since their invention in the 1980s, these 
methods have revolutionized surface anal-
ysis because they allow the observation of 
surfaces with submolecular or even atomic 
resolution, not only in the vacuum but al-
so in solution or the ambient atmosphere. 
STM and AFM not only provide molecular 
resolution images of periodic structures but 
truly represent samples at the level of indi-
vidual molecules and atoms.

STM has the advantage that true atom-
ic resolution can be obtained much more 
readily than with AFM. This exceptional 
resolution results from the exponential 
dependence of the tunnelling current that 
flows between the STM tip and the sample. 
While AFM images reflect the topography 
of a sample, STM images are a function 
of the partial electron densities of sample 

Fig. 1. (a) STM image of a monolayer of 1-
octadecanoic acid on graphite, collected with 
a 4-mercaptopyridine modified tip. The terminal 
lone pair of pyridine on the tip interacts with the 
COOH hydrogen of the sample, resulting in an 
apparently raised region over COOH groups 
[2]. (b) Image collected with a bare gold tip. 
The molecules form dimers and lie flat on the 
surface, as depicted schematically. The COOH 
groups are aligned in dark rows. (c) Schematic 
representation of 1-octa-decanoic acid dimer. 
(d) Structure of 4-mercaptopyridine.

surfaces. Unfortunately, a weakness of 
conventional scanning tunnelling micro-
scopy is its limited capability for chemi-
cal recognition, i.e. for the discrimination 
between different types of atoms or func-
tional groups. Sometimes, the position of 
functional groups or heteroatoms in a STM 
image can be easily deduced from the par-
tial electron densities at individual atoms 
or functional groups. For example, an im-
age of a dialkyl sulfide or alkylthiol mol-
ecule adsorbed onto graphite easily reveals 
the position of the sulfur atom because the 
probability for electron tunnelling is much 
larger at the sulfur than at the methylene 
groups of the alkyl chains. However, more 
often chemically different groups cannot be 
distinguished from one another. For exam-
ple, theoretical models for the description 
of STM images of alkanes and substituted 
alkanes adsorbed onto graphite predict that 
topographic effects dominate their STM 
images. Due of this limited chemical selec-
tivity of STM, there are many submolecu-
larly or atomically resolved STM images 
that have been interpreted only tentatively 
or not at all.

The problem of limited chemical selec-
tivity can be overcome by allowing a STM 
tip to interact chemically with a sample 
(Fig. 1). Gold tips may be modified with 
self-assembled monolayers or polypyrrole 
for the selective recognition of functional 
groups that form hydrogen bonds. This 
method is also able to distinguish between 
different metal centres and between func-
tional groups with different spatial orienta-

tions [1]. The chemical interaction between 
modified tips and the sample enhances elec-
tron transfer between the tip and sample, 
resulting in selective recognition of select-
ed functional groups or atoms in a surface 
image.

In our initial work, only a limited 
number of tips showed this manner of con-
trast enhancement, and those that worked 
had a usable lifetime of just a few hours 
before contrast was lost. However, we re-
cently devised a method of tip condition-
ing that allows for the in situ reestablish-
ment of chemical contrast [2]. For example, 
while imaging a 1-octadecanoic acid mono-
layer on highly oriented pyrolytic graphite 
(HOPG) with a chemically modified tip, no 
contrast enhancement is initially observed. 
A voltage pulse of +1.9 V is applied for 15 
s. The region of the image collected at this 
time appears unstable. The voltage is then 
returned to the negative imaging voltage, 
and chemical contrast is achieved (Fig. 2). 
The loss of enhanced contrast is thought to 
be due to the recession of SAM molecules 
away from the tip apex.

Despite the added versatility that tip 
conditioning brings, it cannot eliminate the 
occasional ‘crashing’ of tips into samples. 
Moreover, from a molecular point of view 
even the best metal tip has a relatively large 
diameter. This is not crucial when imag-
ing relatively flat surfaces; for every good 
tip there will be one tip atom or molecule 
that sticks out a little bit further than all the 
others and is the site of electron tunnelling. 
However, more corrugated surfaces have 
crevices into which the metal tip cannot en-
ter. Carbon nanotubes (CNTs) are a promis-
ing solution for both problems. We devel-
oped a method for the preparation of CNT 
STM tips based on the growth of CNTs on 
metal tips by chemical vapour deposition, 
followed by electrochemical deposition of 
ruthenium on the tip shaft. Tips that have 
undergone this preparation have been used 
to successfully image HOPG and monolay-
ers of octadecanoic acid on HOPG.

We expect that the unique ability of STM 
to characterize samples in a range of environ-
ments (vacuum, liquids, gases), combined 
with the capability for chemical selectivity, 
will make this technique a general tool for 
nanosciences, improving our comprehen-
sion of nature at the molecular level.

[1]  T. Nishino, P. Buhlmann, T. Ito, Y. Umeza-
wa, Surf. Sci. Lett. 2001, 490, L579.

[2]  J.A. Olson, P. Buhlmann, Anal. Chem. 
2003, 74, 1089.

Fig. 2. STM image of a 1-octadecanoic acid 
monolayer on HOPG, showing establishment 
of contrast enhancement. Top: Not contrast-
enhanced region. Large arrows: Tip conditioning 
with resultant instability. Lower half of image: 
Contrast enhancement (COOH stand out as 
raised regions; c.f. Fig. 1). Note: Resolution is 
lower than usual due to low scan rate required 
to limit instability region to small part of total 
image. 
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Zhanga, Martin Hegnera, Hans Peter 
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Micromechanical cantilever arrays can 
be used as versatile chemical and biochemi-
cal sensors when coated with specific layers 
to absorb molecules that alter surface stress 
or add mass [1–4]. Reproducible coating 
procedures are essential to achieve reliable 
sensing. Two types of capillary devices 
have been developed to immerse in paral-
lel eight cantilevers into different solutions. 
Moreover, we have explored ink jet tech-
nology for rapid printing of self-assembled 
monolayers, thiolated DNA and polymers 
onto selected cantilevers [5][6].
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bDepartment of Analytical Chemistry, 
Faculty of Chemistry, Universidad 
Complutense de Madrid, E-28040 
Madrid, Spain
orellana@quim.ucm.es

The sensitivity, specificity, and versatility 
of the optical methods for chemical measure-
ments have made spectroscopy one of the 
most popular techniques for environmental 
analysis. Nevertheless, the very same attrac-
tive features have led (so far) in most cases to 
expensive instrumentation and complex pro-
cedures compared to, for instance, the handy 
electrochemical sensors. Fiber-optic chemical 
sensors (or ‘optodes’) are bound to overcome 
such limitations provided they use cost-effec-
tive optoelectronic systems, versatile multi-
parameter monitors, and they can be shown 
to be specific, sensitive and robust enough to 
fulfil their analytical tasks.

Over the last 25 years hundreds of opti-
cal fibre sensors have been described for the 
analysis of chemical parameters but, surpris-
ingly, only a very few of them have come 
to the market. The widely different spectro-
scopic properties of the many optical indica-
tor dyes, the necessity of immobilizing them 
onto a suitable solid support, the lack of pho-
tochemical reactions with the required selec-
tivity and sensitivity, and the tough ambient 
conditions in environmental monitoring and 
industrial control, among other factors, are 
deemed responsible for such gaps. Competi-
tion of improved alternative sensors, the cost 
of sophisticated optodes and their field valida-

tion, as well as a frequent failure to recognize 
the end-user needs, help to understand the 
slow pace of transforming basic research in 
this area into industrial devices [1].

The design and synthesis of a homogene-
ous family of tailored luminescent indica-
tors (coordination compounds of Ru(II) with 
polyazaheterocyclic chelating ligands) and the 
exploitation of selected sensing schemes in the 
author’s laboratories represent attempts to fill 
the gap [2]. Selected examples of the molecu-
larly engineered dyes and photochemistries 
were presented in detail at the meeting, such 
as those that have led to oxygen, temperature, 
pH, carbon dioxide, ammonia, biochemical 
oxygen demand (BOD), detergents, hydro-
carbons, selected pesticides and humidity 
fibre-optic (bio)sensing using an 8-channel 
optoelectronic phase-sensitive fluorometer 
(Optosen®) for in situ environmental/indus-
trial monitoring developed, manufactured and 
currently marketed by the Spanish company 
Grupo Interlab, S.A. (Fig.) [3].
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for the Monitoring of Water Quality: The 
contribution of Advanced Technologies’, 
Eds. F. Colin, P. Quevauviller, Elsevier, 
Amsterdam, 1998.

[2]  G. Orellana, D. García-Fresnadillo, in: 
‘Optical Sensors: Industrial, Environmen-
tal and Diagnostic Applications’ (Springer 
Series in Optical Sensors and Biosensors 
Vol. 1), Springer-Verlag, Berlin, Heidel-
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[3]  The OPTOSEN® system is a customizable 
multichannel fibre-optic monitor specifical-
ly developed and marketed by INTERLAB 
Electronics and Control Engineering (Mad-
rid, Spain; www.interlab.es) for environ-
mental monitoring of chemical parameters 
and process control. LAP–UCM has deve-
loped the sensitive tips for this system under 
contract with Interlab.

Interlab’s Optosen® fibre-optic unit with its luminescent sensitive heads developed at UCM for 
multiparametric environmental monitoring and industrial process control.
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C-CIT AG is a small company founded in 
January 2002. As it stems from CCS, C-CIT is 
entitled to call itself a spin-off of Zurich’s Fed-
eral Institute of Technology (ETHZ). C-CIT 
AG is a kind of engineering firm that devel-
ops chemical and biochemical assays and sen-
sors, measuring devices and on-line analysis 
systems. It has already launched one product, 
a sensor and instrument for detecting food 
oil oxidation, on the market. Two electronic 
boards and a continuous monitoring system 
can be ordered via C-CIT’s homepage (www.
c-cit.ch). Several other projects are in the pipe-
line. C-CIT maintains excellent links with re-
search organizations, applied universities and 
marketing enterprises. It has especially good 
contacts with the University of Applied Sci-
ence in Wädenswil, which has its core compe-
tence in biotechnology, food technology and 
agriculture, and helps C-CIT to gain access to 
real applications in these fields. 

The chief executive manager of C-CIT 
(CEO) is Stefan Spichiger, Dipl. Ing. HTL in 
biotechnology. C-CIT ensures smooth tech-
nology transfers from CCS-ETHZ to C-CIT 
by taking over employees from CCS.

The development of the first product (a 
measuring instrument to assess the quality of 
frying oils) benefited greatly from the good 
reputation of CCS and its close connection 
with C-CIT. It serves as a kind of case-book 
example of how a spin-off can cooperate with 
a university institute. 

What is this ‘frying-oil instrument’ and 
how did C-CIT AG get involved in this project? 
This instrument (Fig.) can be used by fast-food 
chains, large-scale catering establishments and 
other branches of the food industry to monitor 
the quality of different frying oils. It uses, as a 
measure of quality, the fraction of polar-mate-

rial compounds in the oil. These compounds 
develop from long-chain fatty acids and other 
materials while the oil is heating up. The heat-
ing process may produce a bad (rancid) taste 
and unhealthy compounds.

The fraction of polar compounds in frying 
oil is determined by measuring the dielectric 
constant, which increases proportional to the 
increase in polar compounds. In principle, 
polar compounds orientate along the electric 
field lines between two electrodes where an 
alternating current of decisive frequency is 
applied. (Polar compounds respond to the fre-
quency of an alternating electric field of deci-
sive frequency and align with the electric field 
at a specific frequency). The relevant param-
eter which characterizes an oxidized oil is the 
capacity increasing with increasing fraction of 
polar moieties.

How did the project start? Northern Instru-
ments (USA) developed an instrument named 
‘FOS’ and applied for a patent in order to pro-
tect their know-how more than 30 years ago. 
A Swiss company imported the instruments 
and was commissioned to sell them to the Mc 
Donald’s fast food chain, to State laboratories 
and industrial enterprises. The patent expired 
two years ago. The Swiss company still had 
instruments in stock, but replacement sensors 
were no longer available. The representatives 
in Switzerland started looking for a partner to 
produce the electrochemical sensors. As a first 
step, they contacted the ETHZ and were put in 
touch with CCS. 

Since the project did not require signifi-
cant scientific research, CCS asked C-CIT AG 
to take care of the project and to deal with the 
Swiss company. Within four months, C-CIT 
AG succeeded in developing a suitable sensor 
to replace those in the instruments already on 
the market. At the same time, they designed 
a new improved generation of instruments, 
which is currently being launched. The devel-
opment costs were shared between the Swiss 
commissioning company and C-CIT AG. C-
CIT AG was therefore able to obtain the right 
to develop the instrument for other applica-
tions independently. 

The success of the project demonstrates: 
(1) the value of CCS’s good reputation in the 
field of sensor research and development. Al-
though CCS had never developed physical 
sensors, the customer contacted ETHZ and 
CCS. Logitech’s CEO recently described a 
similar case when a marketing study was per-
formed to find the most well-known keyboard 
and mouse producer. Although Logitech was 
not producing any keyboards at that time, cus-
tomers still ranked it among the top three com-
panies! (2) How good collaboration, a clear 
division of responsibilities and transparent 
strategies for both the spin-off company and 
the university group improve relationships 
between the parties involved and efficiency 
along the technology transfer chain.

Optical Transcutaneous 
Blood Gas Measurement
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harda, and Christian Depeursingeb

aLinde Medical Sensors AG,  
Austrasse 25, CH-4051 Basel,  
Switzerland 
bEPFL, Institute of Applied Optics, 
CH-1015 Lausanne, Switzerland
daniel.salzmann@epfl.ch

Continuous monitoring of arterial blood 
gas parameters is an integral part of moni-
toring critical ill patients, in particular in 
unstable respiratory or cardiopulmonary 
conditions. Transcutaneous monitoring of 
blood gases is the only non-invasive tech-
nique available today that allows continu-
ous and simultaneous measurement of both 
oxygen and carbon dioxide partial pres-
sures. The presently available systems use 
heated electrochemical sensors applied at 
the surface of the skin, which need to be 
frequently recalibrated and reprepared and 
are limited to the detection of few gases.

To overcome these drawbacks we have 
developed a new sensor technology using 
optical principles for gas sensing. We have 
chosen the measurement of CO2 to estab-
lish the validity of this technology. CO2 is 
measured by detecting the optical absorp-
tion in the evanescent wave at the surface of 
a transcutaneous sensor by using a modula-
tion spectroscopy technique (patent pend-
ing). The sensor can be pre-calibrated at the 
factory and is not affected by drift. 

We have built straight and non-crossing 
spiral waveguides based on silicon nitride 
technology in combination with laser diode 
modulation spectroscopy system [1][2]. 
The waveguide is shaped in a miniaturized 
spiral with a smaller than a 5 mm diameter 
area (Fig.). The curvature has to be reduced 
to a radius of 200 micrometer in the centre 
of the spiral. We have achieved low propa-
gation loss of –0.4 dB/cm, over 50 cm of 
uncovered sensing length. Best perform-
ance with very low fibre-chip coupling loss 

Miniature evanescent wave sensor, 6x6mm chip 
size, 16 cm waveguide length

Modular instrument measuring the capacity of oil. 
1) User-friendly calibration and data storage unit 
with display. 2) Sensor unit with microstructured 
capacity sensor and gold surface.
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of 3 dB leads to an overall insertion loss 
lower than 26 dB for 50 cm sensing length 
on a 6×10 mm chip size including pigtailed 
V-grooves.

The miniaturized non-crossing spiral 
waveguide has been applied for different 
CO2 concentrations in nitrogen mixture 
showing a good correlation with gas ab-
sorption theory. 

This validates the concept of applying 
evanescent wave to selectively sense gases 
diffusing throughout a medium, e.g. carbon 
dioxide diffusing throughout the human 
skin. It is foreseen to extrapolate this tech-
nology to other gases.

[1]  X. Zhu, D.T. Cassidy, J. Opt. Soc. Am. B 
1997, 14, 1945.

[2]  O. Parriaux, G.J. Veldhuis, J. Lightwave 
Technol. 1998, 16, 573.

Ion-Selective Electrodes 
Compared to Other Analytical 
Methods Applied in Aqua-
Cultures
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fuss, Rolf Hartmann,  
Andreas Graber, Markus 
Kneubuehl, and  
Juerg Peter Mueller
University of Applied Sciences 
Wädenswil, Grüntal,  
CH-8820 Wädenswil, Switzerland
j.mueller@hsw.ch

The production of fish and plants in 
aqua-cultures could be developed as an ad-
ditional income for farmers. To guarantee 
non-toxic levels of ammonium at a low 
water exchange rate, ammonium should be 
monitored continuously.

This would be an ideal application for 
ion-selective electrodes (ISE), because no 
other low-cost methods for real-time and 
completely continuous measurements are 
available. Because interfering ions such 
as potassium are contained in unknown 
and changing activities, the accuracy of 
the analytical data need to be checked and 
compared to other methods.

Therefore, ammonium in different types 
of water was measured using ion-selective 
electrodes, ion chromatography and the 
optical methods of Dr. Lange and of Re-
flectoquant by Merck, respectively [1]. 
The result was disappointing, no method 
was comparable to each other. The devia-
tion of the ion-selective electrode could not 
be traced back to interfering ions such as 
potassium and sodium or to effects of tem-
perature or pH.

Nevertheless, ion-selective electrodes 
are useful in distinguishing between upper 
(toxic) and lower (non-toxic) concentra-
tions of ammonium (limit at 4 mg/k). This 
will enable the electrodes to be used as an 
alarm system. Further trials will need to 
prove these questions. The poster presented 
the conclusion of the corresponding experi-
ments [2].

[1]  M. Oggenfuss, Semester thesis, University 
of Applied Sciences, Wädenswil, 2003.

[2]  S. Zeltner, Semester thesis, University of 
Applied Sciences, Wädenswil, 2004.

Biosensor for Umami 
Detection in Tomato Paste

Gleb Zhylyak, Rasa Pauliukaite,  
Daniel Citterio, and  
Ursula E. Spichiger-Keller
Centre for Chemical Sensors and 
Chemical Information Technology, 
D-CHAB, Swiss Federal Institute  
of Technology (ETH) Zurich,  
Technoparkstrasse 1,  
CH-8005 Zurich, Switzerland
spichiger@chemsens.pharma.ethz.ch

Umami as an enjoyable taste has been 
known since the beginning of the last century. 
Kikunae Ikeda found that glutamic acid signif-
icantly contributes to the taste of food, L-gluta-
mate (usually its monosodium salt) is known 
as a flavour enhancer in food, especially of 
seasonings, sauces, instant soups, and noodles, 
as well as seafood. Moreover, some kinds of 
vegetables such as corn and ripe tomato have 
quite a high amount of MSG (130–140 mg per 
100 g of vegetable). However excessive intake 
of monosodium glutamate can cause some al-
lergic reactions such as tension in stomach, 
headache, pain in neck, and shoulders. There-
fore it is still relevant to control the amount 
of L-glutamate in food. Our aim was to moni-
tor the L-glutamate concentration in different 
kinds of tomato pastes [1].

Tetrathiafulvalene and 7,7,8,8-tetracyano-
quinodimethane (TTF-TCNQ) is a conductive 
organic complex salt – electron transfer agent 
often used in biosensors, because it is a non-
toxic biologically friendly compound [2]. The 
biosensor was constructed from mediating 
paste, where TTF-TCNQ served as a media-
tor, which regenerates enzyme and transfers 
electrons to the electrode, and cross-linked 
L-Glutamate Oxidase (GLOD) from Strepto-
mycis sp. on the surface of the paste electrode. 
It is well known that GLOD selectively oxi-
dizes L-glutamate to 2-oxoglutarate releasing 
ammonia. The taste biosensor should comply 
with the goals of high selectivity (working at 
an applied potential <100 mV), sensitivity, 
negligible leaching of enzyme and mediator, 
response in the range between 0.25–2 mM of 
L-glutamate, and have a lifetime of at least 10 
days (stored in buffer solution, at +4 ºC). Since 
the pH of tomato paste is 3.3–4.5, it has to be 
diluted and buffered to pH 7, because GLOD 
is active only in neutral medium. The rela-
tive standard deviation of the amperometric 
glutamate detection using standard addition 
method in tomato pastes in imidazole buffer 
pH 7.0 was ≤3%.

[1]  G. Zhylyak, R. Pauliukaite, D. Citterio, 
M. Linnhoff, S. Spichiger, U.E. Spichi-
ger-Keller, EU-Project No. GR01-2000-
25288, 2004.

[2]  U. Korell, U.E. Spichiger-Keller, Electro-
analysis 1994, 6, 305.
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CCS Between Science and 
Industry
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It is difficult to make someone believe 
that a research group located at the Techn-
opark in Zurich belongs to ETHZ and is in-
volved in scientific research. CCS was and 
still is devoted to a dual mission, with two 
main but rather different goals: 1) Accord-
ing to its agreement with ETHZ, CCS is 
responsible for its own technology transfer 
and has to obtain financial support for each 
project through collaboration with private 
enterprises. 2) CCS belongs to the Depart-
ment of Chemistry and Applied Biosciences 
and therefore has to ensure it meets the high 
standard in science required at ETHZ. The 
outcome is rated according to the number of 
publications, invited lectures, patents, and so 
on. The duality of its mission means that CCS 
has to fulfil both the scientific requirement 
to produce outstanding results and the com-
mercial requirement to develop successful 
industrial projects that can be carried out by 
well-trained but inexperienced academics. 
Initially, both objectives were tackled with 
suboptimal efficiency.

Fortunately, in 2001, CCS had the con-
tacts and the financial liquidity to have the 
Centre and its ongoing projects audited. The 
Swiss Technology and Consulting Group 
(STCG, Zurich) was engaged to carry out 
the investigations. 

Each project was characterized and clas-
sified using the following criteria:
– How well does it fit in with CCS’s major 

goals (see above)?
– Does it draw on CCS’s technological 

strengths and capabilities? 
– Does it conform to CCS’s profile (Centre 

of Excellence)?
– What is the market potential of the proj-

ect?
– What benefits can customers expect from 

the project?
– Does the project involve a partner from 

industry? 
– Does the project working on niche prod-

ucts? 
Features like the outstanding training the 

project provides, the project’s scientific repu-
tation, its spin-off potential, and the level of 
financial support it received were also con-
sidered. The profile was not only technology-
driven but, necessarily, also market-driven. 
The audit led to four classes of projects at CCS 
being identified: 

1)  Platform projects investigating and de-
veloping new, innovative technologies 
with a view to their analytical applica-
tions (optical sensors based on integrated 
planar waveguides [1]; Lab-in-the-Bag 
technology [2][3]); 

2)  Projects with high market potential in-
volving new sensors and technologies 
(selective optical gas sensors with low 
detection limit [4][5], EU project Nr. 
BuI00.0344 (‘MICS’, advanced func-
tional materials for the electronic tongue 
and electronic nose); artificial and geneti-
cally engineered enzymes [6][7]); 

3)  Projects with growing market potential, 
involving technologies mature enough 
for technology transfer and industrial ap-
plications (spin-off potential: Lab-in-the-
Bag; biosensor chip, chemically modified 
AFM-cantilever [8][9]); 

4)  Unique projects providing publicity and 
enhancing CCS’s reputation as a Centre 
of Excellence (installation of primary ref-
erence methods, active proteomics [1]).
Subsequently, three different strategies to 

be possibly pursued in future developments 
at CCS were defined: the first focused on the 
development of innovative platform tech-
nologies, the second on diversity and having 
considerable industrial impact, and the third 
on developments with high reputation and a 
special high-tech market potential. Founding 
two spin-off companies, Sensorix and C-CIT 
AG, enabled CCS to achieve enough freedom 
to focus on innovative bioanalytical projects 
and, additionally, to develop a novel strategy 
combining the features of strategy 1) and 3). 

Since the Decennial Conference is fo-
cused primarily on scientific aspects, I have 
presented an overview of some of the devel-
opments at CCS and the main ideas behind 
them (for a list of all projects see www.chem-
sens.ethz.ch).
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