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The work has been carried out in a project
led by Hans Ewing at the Department of Cell
and Molecular Biology and Fredrik Höök,
one of the prime movers in the development
of the QCM-D technique and its application
in the research environment. As assistant
professor within the department of Applied
Physics, Höök is actively involved in a range
of interdisciplinary research activities that
encompasses the world of biosensing. In
the case of the blue mussel studies, the
researchers felt that QCM-D could provide
some answers about the properties of the
proteins used in the adhesion process. 
(Additional results within this project is
summarised in a PhD thesis by Camilla Fant,
Gothenburg University, Sweden).

The blue mussel attachment is ensured by a
number of different proteins that, prior to the
adhesion and binding, are long flexible mol-
ecules. During adhesion, these molecules are
cross-linked to both strong adhesion and cohe-
sion. "This is an ideal system for study with
QCM-D- a flexible molecule that can be cross-
linked at will," says Höök. In addition to QCM-D,
ellipsometry, and surface plasmon resonance
have been used to investigate in detail the

nature and importance of the three most abun-
dant proteins that make up the byssus thread
of the blue mussel. In particular, the studies
looked at variations in coupled water, visco-
elastic properties and film thickness during
mussel-protein adsorption and cross-linking.

Preparing the proteins
In general, Höök has been interested in the
development of immobilisation concepts. His
own work has primarily been related to surface-
induced conformational changes of adsorbed
proteins and biomimetic approaches to solve
problems associated with immobilisation of
biomacromolecules on solid surfaces. "In the
majority of these sensing systems, one or
more components of the biological detection
system must be immobilised on a transducer
surface. However, for immobilised proteins,
the influence from a solid support on the
conformational-free-energy landscape of the
molecules frequently induces conformation-
al changes, with an accompanying change or
loss of the desired functionality," he notes.
However, even if these immobilisation con-
cepts have indeed been applied for studies
on how different mussel proteins interact
with each other, the work on the mussel

protein has been concerned with the behav-
iour of these proteins on bare surfaces.

Measurements taken 
For the mussel proteins combined frequency
and the energy dissipation (D) quartz crystal
microbalance (QCM-D) measurements at mul-
tiple harmonics have been used. The QCM-D
technique measures both the frequency shift,
which gives information about adsorbed mass
(including both protein mass and coupled water)
and the energy dissipation, which gives infor-
mation about the rigidity of adsorbed layers.
"The most common way of applying the QCM-D
data is to use the dissipation data as a qualita-
tive measure of the rigidity of the surface-asso-
ciated films. However, it is also possible to use
measurements at multiple frequencies to model
theoretically the data. In that way, we can ob-
tain quantitative information about effective
film thickness, shear viscosity and shear elas-
ticity (given that the density can be independ-
ently estimated) and variations in these quan-
tities during adsorption," explains Höök. This
modelling of the data has been compared with
ellipsometry data, which contains independ-
ent information about (optical) film thickness
and refractive index as a function of time. Thick-
ness and refractive index is further combined
to estimate the coupled mass, which in contrast to
the QCM-D data, does not include coupled water. 

Another valuable technique used to comple-
ment the QCM-D data, is Attenuated Total
Reflection, Fourier Transform Infra Red (ATR-
FTIR) which gives structural information
about biomolecules attached to surfaces and,
in certain cases, also their orientation. 
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The ability of marine organisms to attach themselves to underwater

structures, ship superstructures and oil rigs is regarded both with fas-

cination or irritation, depending on your perspective. At Chalmers

Univeristy of Technology and Göteborg University, groups have been

studying one particular marine organism, the blue mussel, to learn

how it manages to stick so firmly to any surface on which it lands.



QCM-D response
QCM-D measurements at 15 MHz, i.e. the
third harmonic, show the frequency and dis-
sipation responses when the protein is pre-
sented to a hydrophobic surface, followed
by rinsing and subsequent cross-linking. The
cross-linking in the mussel is normally acti-
vated by an enzyme though it can also be
initiated by the addition of the chemical sodi-
um periodate. The QCM-D shows rapid and
strong damping in the dissipation curve upon
binding of the protein, while mass is relea-
sed and damping decreased considerably
during the cross-linking reaction. This indi-
cates that the flexible adsorbed protein film
has been transformed into a very rigid one.
An increase in the frequency was noted, which
is quite puzzling, since it indicates a loss of
mass during the cross-linking reaction.

The increase in frequency, showing mass loss
during the cross-linking reaction, was further
investigated in an experiment using the same
system but employing ellipsometry as the meas-
urement tool. The ellipsometry data shows that
there is an initial mass uptake during protein
binding, while during the cross-linking reac-
tion there is no observed change in mass. This
indicates that the loss in mass observed with
the QCM-D is not due to loss of protein mass
but bound water, which is not sensed as mass
by the optical technique. The picture emerg-
ing is that the film contracts, resulting in
release of previously coupled water.

Hunting for water
If the Sauerbrey relation is used to estimate
the coupled mass, it is almost a factor of 10
larger with the QCM-D technique than for
ellipsometry. It is suggested that at high cov-
erage, all water in the biomolecule films is
coupled. A way to analyse the QCM-D data is
thus to predict the effective thickness of the
film, by estimating an effective density being
something between that of the protein and
water. With the ellipsometry data, the den-
sity can be very accurately determined,
while an uncertainty of around 10 percent
would enter if ellipsometry data is not avail-
able. For this system, an analysis using the
Sauerbrey relation gives an estimation of
the thickness decrease from around 15 nm
to 6 nm following cross-linking. 

In consideration of the Sauerbrey relation,
can this still apply when the film is as flexi-
ble as is the case prior to cross-linking? In
order to test this, a model developed at
Chalmers and Q-Sense is used. In this
model, the adsorbed viscoelastic film is rep-
resented by a homogeneous film, repre-
sented by a shear viscosity, a shear elastic
modulus, a density and a thickness. In this
particular case, it is assumed that the pro-
tein film (including coupled water) can be
considered as a hydrogel, fulfilling the uni-
form representation used in the model. The
output from the mathematical treatment 

gives us the QCM-D response as a function
of viscosity, shear modulus, density, thick-
ness and oscillating frequency. The oscillat-
ing frequency is known, and density can be
estimated from the ellipsometry data as
described above. Thus, one ends up with
three unknown parameters (thickness,
shear viscosity and shear elasticity), but
only two measured ones (the frequency and
energy dissipation). However, measure-
ments at different multiple harmonic fre-
quencies, overtones, increase the experi-
mental output, and thus the possibility to
model the data. This type of treatment of
the QCM-D data is implemented in QTools.
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Fig. 1 Frequency (a) and Dissipation (b)

responses vs. time upon adsorption and

subsequent cross-linking of the Mefp-1

protein on a hydrophobic surface.
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25 MHz). The data have been fitted

using QTools (open symbols), allowing

extraction of thickness, viscosity and

elasticity variations vs. time.
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The QCM-D measurements for the adsorbed
mussel protein and cross-linking were car-
ried out at 15 and 25MHz. The fit between
modelled and experimental data is within 5
percent. This does not at all verify the
model, but it shows that it has passed the
test and can be used to model these data.
The thickness extracted from this modelling
is approximately 22 nm, which is signifi-
cantly higher than the 15 nm obtained from
the Sauerbrey relationship. 

This thus suggests that we underestimate
the coupled mass by a factor of 1.5 to 2 using
the Sauerbrey relation for the very flexible
mussel protein film prior to cross-linking.
After cross-linking, the Sauerbrey relation and
the modelled data gave the same results
indicating that the film is rigid. The mod-
elled data also agrees well with ellipsome-
try data which indicates thickness of 22 nm
and 4-5 nm pre- and post cross-linking.

Considering the two other extracted values,
shear viscosity and shear elastic modulus,
then shear viscosity increases by a factor of
three from a value close to that of water and
shear elastic modulus increase by a factor of
three to four. The increase in refractive index
from ellipsometry agrees with this (not shown),
since this signals a decrease in hydration.

This mathematical treatment of the QCM-D
data thus presents an interesting possibility
to use modelling to extract meaningful in-
formation for systems inducing high damp-
ing, or changes in damping upon various
treatments. However, one must be aware
that certain assumptions have to be made.
While the density can be estimated with rel-
atively high certainty, it is more critical that
the viscosity and shear elastic modulus are
assumed to be frequency independent in
this interval. Recent work has focused on

this issue, and no strong dependence has
been observed for this system. 

Conclusion
"Using adsorption and chemical cross-link-
ing of a mussel adhesive protein, you can
show how QCM-D measurements in combina-
tion with a Voight-based viscoelastic model
offers a possibility to investigate changes in
viscoelastic properties in real time," notes
Höök. "The QCM-D data and the modelling
are further supported by D2O substitution
and ellipsometry measurements. These con-
firm the modelling and can be used to quan-
tify the amount of coupled water sensed by
the QCM-D."

A major part of the results from this study
has been published:

Journal: Analytical Chemistry 2001, 73,
5796-5804 

Title: “Variations in coupled water, vis-
coelastic properties and film thickness of a
Mefp-1 protein film during adsorption and
cross-linking: a QCM-D, ellipsometry and
SPR study.” 

Authors: F Höök, B Kasemo, T Nylander, C
Fant, K Sott, H Elwing from Department of
Applied Physics, Chalmers University of
Technology, SE-412 96 Göteborg and the
Department of Molecular and Cell Biology,
Göteborg University, Box 462, SE-405 30
Göteborg and the Department of Physical
Chemistry, Lund University, SE-221 00 Lund,
all situated in Sweden.

Höök’s research group is composed of 4 PhD students. He is also involved in the co-supervision of 4 PhD students at

two universities.

Höök and his group are actively involved with the exploration and development of new sensing principles, and concepts,

based on advanced preparations of functional bimolecular templates on both planar and micro- and nanofabricated sur-

faces. The intention is to develop patterns of thiol- and phospholipid-based templates associated with a biological func-

tionality designed to optimise biorecognition events. Ultimately, these immobilisation concepts will be made compatible

with a broad range of detection systems allowing ultra-sensitive, spatially confined protein- and DNA identification on the

micro- and nano-meter scale.

Fig. 4 The Sauerbrey relation under-

estimates the mass, but modelled 

values from QTools are in good agree-

ment with the thickness measured with

Ellipsometry.
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Otzen's group comprises three postgradu-
ate students and six studying for master's
degrees. Overall, the main interests of the
group are in two areas - membrane proteins
and protein fibrillation. 

Cells are highly organised structures and
have many functional units known as orga-
nelles. Most of these units are isolated by one
or more membranes. Each membrane is spe-
cialised in that it contains specific proteins
and lipids that allow it to perform its partic-
ular role for the cell or organelle. Membrane
proteins play a number of roles including:

• the regulated transport in and out of the
cell or organelle.

• allowing selective receptivity and signal
transduction.

• allowing cell recognition.

• providing anchoring sites for cytoskeletal
filaments or components of the extracellu-
lar matrix.

Overall, you can consider that membrane pro-
teins are essential for the integrity and func-
tion of the cell.

At Aalborg, the main focus is on increasing
the understanding of the physical and bio-
logical principles involved in the folding, sta-
bility and structure of membrane proteins.
"In addition, we are interested in the folding
of homologous water soluble proteins and
the principles regulating (and preventing)
the propensity of proteins to form insoluble,
and often, pathogenic, fibrils," says Otzen.

How proteins can be inserted into mem-
branes is part of the group's work. "This
involves a systematic analysis of the re-
placement of different amino acid residues
in the membrane proteins and their effect
on the membrane insertion process," ex-
plains Otzen. Also, the significance of mem-
brane composition i.e. cholesterol content
on the insertion mechanism is of interest.  

To monitor these processes, the group uses
a large collection of biophysical instrumen-
ts and techniques including fluorescence,
circular dichosim, dynamic light scattering,
calorimetry and NMR. QCM-D is regarded as
another tool with which to look at proteins
and is a useful complement to other work.

The group has several model protein sys-
tems from the inner and outer membrane of
E.coli. One of these systems comprises the
autotransporters, which are able to trans-
port protein domains through the mem-
brane by forming a pore. This feature can be
used to display the desired proteins on the
cell surface and thus select proteins with
interesting binding properties. "The mecha-
nistic aspects of protein insertion and dis-
play are central to an understanding of pro-
tein-membrane interactions", notes Otzen.

Some of the practical outcomes of such stud-
ies to which the group is working include:

•Identification of membrane proteins which help
bacteria form biofilm, i.e. dense layers of bacte-
ria on solid surfaces. Biofilms are a great prob-
lem in devices ranging from medical implants to
sewage pipes, as they are not nearly as vulnera-
ble to antibiotics as their free-living counterparts.

• Development of methods to measure how
proteins, such as water-soluble lipases and
small peptides, bind to supported bilayers.

• Interactions between lipids and surfactant
proteins which prevent the collapse of lungs
during exhalation.

Protein Fibrillation
"We have previously shown that controlled
aggregation of proteins can be induced by
the incorporation of peptides similar to those
found in Alzheimer’s Disease," says Otzen.
In addition, the group has carried out stud-
ies on how to prevent the aggregation of
therapeutic proteins such as human growth
hormone and insulin during storage. Aggre-
gation can be reduced significantly by add-
ing specific carbohydrates, namely cyclodex-
trins. "We are now transferring our experi-
ence to other fibrillation systems (of both
industrial and basic interest).  We hope that
this may shed new light on the so-called dep-
osition diseases such as Alzheimer’s Disease
and Huntington’s Chorea, where proteins
form insoluble proteins and thus kill nerve
cells," explains Otzen.

Role of QCM-D 
Both are interesting to study by QCM-D, in
the first case because membrane bilayers
with membrane proteins can be prepared on
the QCM-D sensor, in the second, because
protein deposition on the surface may re-
veal another facet of the rather complex fib-
rillation mechanism.

"This year we hope to immobilise membrane
proteins on the surface (pore-forming pro-
teins as well as signal transducers). We do

A passion for 

proteins.
Daniel Otzen and his group work within a department at Aalborg University in Denmark where they spend

most of their time studying the fundamentals of proteins. Proteins play a variety of roles in living organ-

isms from acting as enzymes, antibodies and hormones, as well as for transport and storage. Made from

carbon, oxygen, hydrogen and nitrogen, proteins vary enormously in complexity and function.



Tips & Tricks 2

qnews

6 Q - S E N S E  A B  

not expect this will tell us much about the
proteins directly, but insights might be gained
through their effects on their lipid surround-
ings.  It is our general impression that  while
QCM-D is not sensitive enough to actually
report on protein changes in the bilayer, it
may reveal interesting facets about the
structure and dynamics of the bilayer/vesi-
cles.  We would also like to follow the fibril-

lation of various model proteins this way.
Overall, I have to say that QCM-D is a useful
complement to our work, even though it is
not a core technology for my group."

Various aspects of Daniel Otzen’s research
projects are found in fig. 1-4 above. In fig. 4,
QCM-D has been used to study the effect of
surfactants, in this case phospholipase. 

Future work
Future work of the Aalborg group includes
the optimisation of the expression and re-
constitution of membrane proteins, includ-
ing receptors and ion channels, using opti-
mised host cells or inclusion body forma-
tion. Other work will involve the identifica-
tion of periplasmatic chaperones involved in
the trafficking of bacterial autotransporters.

Fig. 1 The fluorescence change accompanying the

folding of the autotransporter AIDA into lipid vesicles.

The insert shows the events taking place at the initial

stage of the reaction.

Fig. 2 Reduction in the aggregation of human growth

hormone in the presence of various cyclodextrins.

Fig. 3 Structure of the protein tetramer induced by incorporating a sequence homologous

to the Alzheimer peptide into the model protein S6.

Fig. 4 QCM-D response for the study of phospholipase. Biotinylated vesicles have been

immobilised on an inert background consisting of Streptavidin bound to biotinylated BSA.

It is clearly shown how the phospholipase dissolves the vesicles. Kinetics and effectiveness

of the phospholipase may be followed in real time.

Cleaning Protocols for Crystals

Reliable and reproducible results for QCM-D

are affected by the cleanliness of the crystal

surface. For gold surfaces and many metal-

coated sensor crystals: Start by treating the

crystal in a UV/ozone chamber for 5-10 min-

utes, then immerse it into a 1:1:5 solution of

perhydrol (30%), ammonia (25%) and purified

water heated to a temperature of about 75°C

for 5 minutes. Immediately rinse liberally with

purified water and dry in a gentle flow of nitro-

gen gas. Prior to measurement, treat the crys-

tal with UV/ozone for 5-10 minutes (depend-

ing on the power of the UV/ozone chamber). 

For SiO2 surfaces, again treat the crystal in a

UV/ozone chamber for 5-10 minutes, then

immerse it into water with 2% of sodium

dodecyl sulphate (SDS) at room temperature

for 30 minutes. Rinse generously with purified

water and blow dry with nitrogen gas. Imme-

diately before measurement, treat the crystal

with UV/ozone for 5-10 minutes as required.

To clean polystyrene (PS) off a crystal, im-

merse the crystal into a 1:1 solution of hexa-

ne and purified water, and treat it in an ultra-

sonic bath for 1 minute. Rinse thoroughly with

purified water and blow dry with nitrogen gas.
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Publications File.
Title: Probing DNA Duplex Formation and DNA-Drug Interactions by the Quartz Crystal Microbalance Technique. 

Authors: Lisa H.Pope, Stephanie Allen, Martyn C.Davies, Clive J.Roberts, Saul J.B.Tendler and Philip M.Williams.

Journal: Langmuir 2002, 17, 8300-8304.

The study of small ligands as they interact with
nucleic acids is of particular interest in the un-
derstanding of drug-DNA interactions involved
in chemotherapeutic applications. Drug bind-
ings can have many distinct modes, which are
studied using a variety of techniques. In this
study, QCM-D is used to investigate the inter-
action of two low molecular weight drugs bind-
ing to short duplex in an intercalative and
groove binding manner. 

Under ideal conditions, the QCM-D technique
can detect mass changes of 5 ng x cm-2. Its
mass sensitivity is used to look at a variety of
DNA-based interactions. The key to the appli-

cation of the technique is the formation of
suitably immobilised biomolecular films. The
study demonstrated the potential of detecting
duplex formation for short lengths of oligonu-
cleotides and subsequent small molecule-
DNA binding using the QCM-D technique,
with a sensitivity sufficient to identify binding
of approximately two nogalamycin molecules
per 12-mer duplex. In addition, the effects of
packing within the 12-mer duplex films were
investigated. Besides mass change detec-
tion, the technique has been used to monitor
changes in energy dissipation of the oscillat-
ed film. This indicates that films formed from
34-mer molecules dissipate more energy than

the 12-mer films, and the supposition is that
this results from increased interduplex inter-
actions and entanglement of the longer DNA. 

Overall, the researchers believe that the QCM-D
technique offers significant potential particu-
larly when used as a complement to other bio-
physical approaches. In particular, the ability
to monitor energy dissipation at the sensor
surface helps in the interpretation of data re-
lated to complex events. They note that there
is a need for more complete theoretic approa-
ches to the behaviour of the sensor in liquid
as well as the complex nature of the process
occurring.

Title: Adsorption of a Cationic Polyelectrolyte followed by Surfactant-Induced Swelling, studied with a Quartz Crystal Microbalance.

Authors: Mark A.Plunkett, Per M.Claesson and Mark W. Rutland.

Journal: Langmuir 2002, 18, 1274-1280.

The fact that polyelectrolytes and oppositely
charged surfactants associate readily in bulk
aqueous solutions and display a considerable
range of structural, physical and chemical prop-
erties is exploited in many applications from
rheological modifiers, to washing agents. The
purpose of this study was to try to quantify
the submonolayer adsorption using QCM-D.
The technique is able to provide data on both
the adsorption quantity and also the structure
and viscoelastic nature of the layer.  As the in-
corporation of surfactant into a preadsorbed
polyelectrolyte layer changes the mass and
the structure, the QCM-D technique was seen
by the researchers as important for the study

of polymers and the subsequent swelling and
deswelling processes induced by changes in
solvent composition, temperature or additives.
In this study the focus has been on the intro-
duction of an anionic surfactant into a solu-
tion contacting a fold surface pre-coated with
polyelectrolyte.

The authors conclude that the adsorption pro-
cess can be easily monitored by the QCM-D
technique, giving data on the amount adsorb-
ed, adsorption kinetics and changes in layer
viscosity. Most of the adsorption process is dif-
fusion controlled, and the rate of adsorption is
in reasonable agreement with theoretical pre-

dictions, provided that the solvent content in
the layer is taken into account. In this case, the
sensed mass from the QCM-D was monitored
in combination with an alternative technique. 

From the QCM-D measurements, it was found
that the initial polymers adsorb flatly to the sur-
face followed by a region, which constitutes
the majority of the process, where a constant
dissipation per adsorbed mass is observed.
The final five percent increase in adsorption
results in a much higher relative dissipation
increase, indicating that the last chains to
arrived on the surface adopt more extended
conformations.

Title: The Influence of Cross-linking on Protein-Protein Interactions in a Marine Adhesive: the Case of Two Byssus Plaque Proteins

from the Blue Mussel. 

Authors: Camilla Fant, Hans Elwing and Fredrik Höök. Journal: Biomacromolecules 2002, 3(4), 732-741.

Mussels and barnacles have specialised adhe-
sive mechanisms that allow them to attach to
underwater solid surface. For the common blue
mussel, known as the byssus, a structure con-
sisting almost entirely of protein makes up the
attachment organ. Gaining an insight to the ad-
hesive and cohesive proteins from the mussel
could led to the development of a new glue

for use in medical applications or to prevent
marine fouling. This study focussed on the
interaction between two of the mussel's pro-
teins, Mefp-1 and Mefp-2. The challenge in
using a surface sensitive technique such as
QCM-D was to study the interaction between
two strongly adhesive proteins. It was met by
coupling a biotinylated version of one of the

proteins to an inert two-dimensional arrange-
ment of streptavidin formed on top of a biotin
doped supported phospholipid bilayer. The re-
sults suggested that enzymatic activity seems
to be a prerequisite for binding to occur and
further research is planned with a natural en-
zyme in place of the mushroom tyrosinase used
in the model. (See also article on page 2)
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Q-Sense continues to expand world-wide and
has achieved its first order on main land China
from Hefei University of Science and Tech-
nology, located in Hefei near Shanghai. The
user group consists of a research team at the
department of Polymer Science and Tech-
nology. They will work mainly with polymer
interfaces including biopolymers. The univer-
sity is part of one of China's twenty-seven
centres for high-technology development.
Göran Zelander, sales manager at Q-Sense
says "Good publications and our many ref-
erence customers are essential in the sales
process. Japan, China (including Hong-Kong),
Singapore and South-Korea are promising
markets where we expect a continuous growth
of sales."

No longer Beta
QTools – the predictive analysis software
program that can be used to help interpret
the results of the QCM-D measurement sys-
tem is now available in its full commercial
form. The Windows based PC software pro-

gram provides two different functions: data
presentation and data modelling.

The program uses information gained from
the Q-Soft data acquisition software. For accu-
rate modelling, certain film conditions need
to be met, in particular, film homogeneity and
flatness. If these two conditions are fulfilled,
then QTools can be used to extract from the
measured frequency and dissipation respons-
es key information about the film.

The software extracts this information by con-
sidering the dissipation responses at the base
frequency and two or three overtones pro-
vided by the data acquisition system. Differ-
ences in the penetration depth of the differ-
ent frequencies is the information that is used
in order to extract correct thickness even for
soft films that do not obey the Sauerbrey
relation. Using a total of 8 parameters, QTools
can estimate possible fits also for other phys-
ical characteristics of the film such as viscos-
ity and elasticity.

June saw the first user workshop for cus-
tomers. The aim was to give researchers new
to QCM-D the opportunity to gain experi-
ence from existing users and have guided
hands-on training in the technique. Accord-
ing to a customer survey following the event,
the workshop was appreciated and well re-
ceived.

The two-day event was a mixture of practi-
cal demonstrations given by Q-Sense staff
and lectures from researchers working with
QCM-D. Presentations by Q-Sense staff in-
cluded the different configurations for QCM-
D measurement changes, with respect to fluid
transport and working temperature. The uses
of QCM-D modelling were explained followed
by the opportunity for hands on modelling,
under the supervision of Q-Sense tutors.

Practical research using the technique in-
cluded several talks from more experienced
Q-Sense users. Dr. Alexander Welle from the
Institute for Medical Engineering and Bio-
physics/Forschungszentrum Karlsruhe and
his group are working on polymeric micro-

machined cultures that could lead to the
development of a 'bioartificial liver' for the
treatment of liver failure. Their study involv-
ing QCM-D relates to the study of physico/-
chemical effects of deep UV irradiation of
polystyrene, PMMA and polycarbonate with
respect to protein adsorption and cell adhe-
sion. Welle's team found QCM-D a useful tech-
nique as it allows the highest flexibility (in
respect of the polymer to be studied) and
the monitoring of the subsequent steps of
cell adhesion. Gero Decher from the University
of Strasbourg and Per Stenius of the Labora-
tory of Forest Products Chemistry, Helsinki
University of Technology, both have con-
siderable experience in the application of
QCM-D. They discussed their interests in poly-
electrolyte multilayers and surfactant/poly-
mer complexes, respectively, topics that have
been covered in previous issues of Q-News.

The response from the workshop were felt
to be so positive that Q-Sense is planning to
hold further such events, possibly at two
different levels to satisfy the differing needs
of new and more experienced users.

Enter the dragon.

User Workshop - Strasbourg 

Coming Home
GÖRAN ZELANDER started work at 
Q-Sense in 1999, fresh from complet-
ing a year's study at Chalmer's School
of Entrepreneurship in Gothenburg. Then
the company was embryonic and the
working task, in Göran's words, "was
just a blank piece of paper." This meant
that the small number of employees
took on a variety of roles and Göran
took on responsibility within Scandinavia
for sales and marketing of the QCM-D
machine which was in an advanced
stage of design. His job then expand-
ed into running sales and marketing for
the whole of Europe and building the
company's distribution network.

Now, as the company is growing and
expanding into new markets, Göran
has a new job and a new focus. He
has moved into the role of project
manager. His task is to guide the prod-
uct development project for the next
generation of QCM-D equipment. Since
August, Göran has been thinking about
the practical steps needed to create
the new product starting with identify-
ing market needs and customer require-
ments. Once these studies are complet-
ed, the actual product development will
get underway.

In a sense, it will be like coming home
for Göran, whose original academic train-
ing covered industrial engineering and
management followed by a year look-
ing at technically based business devel-
opment at Chalmers. "One of the key
things is to have a broad spectrum of
competences to ensure you keep con-
trol of what's going on. You have to
monitor both the economics and time
management to ensure you meet the
deadline."

November 4-8, 2002. Colorado, USA.
AVS 49th International Symposium.

March 24-28, 2003. New Orleans, USA.
ACS 225th National Meeting.

April 20 - May 3, 2003. Reno, USA.
Society for Biomaterials 29th Annual Meeting.

Sep 8-10, 2003. New York, USA.
ACS 226th National Meeting.

Upcoming Events


