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Moving forward.

In the half a year since Q-News first appeared,
much progress has been made in Q-Sense
on a number of levels. The company is mov-
ing forward in terms of both application devel-
opment, a new subsidiary and overall growth.
At the same time, sales continue their upward
trend and the company has met, indeed,
exceeded its forecasts for the year so far.

In line with ambitions to enter new markets,
Q-Sense now has established its base in
the US. The company set up its subsidiary,
Q-Sense Inc., in Orange County, Newport
Beach, California on the 21st of March 2001.
Its president is Patrik Dahlgvist who has work-
ed for Q-Sense since its start. Also a key
new member of staff is Ulla Fetzer, appoint-
ed as Office Manager. She has extensive
experience as an office manager, having occu-
pied similar positions in other Scandinavian
based companies with subsidiaries in the
States, for twelve years.

In Sweden, the company continues to grow.
Hans Green has joined Mattias Rudh in pro-
viding customer support and participating in
installation work. He studied at the Linkdping
Institute of Technology. He has a specialism
in biomaterials and completed his master
thesis entitled "Detection of Biofilm Formation
Using the Quartz Crystal Microbalance with
Dissipation Monitoring," with the support of
Q-Sense. Green has particular expertise in
biofouling and early film formation in the pro-
cess industry, which is forecast to be a con-
siderable growth market for the company.

As the company grows, we are gaining more
experience about the potential of QCM-D,
so we have expanded Q-News to be able to
tell you what is happening in the Q-Sense
world.

We are also happy to listen to your views
and if there is any topic you want aired, just
contact us at Q-News.

Elaine McClarence
Managing editor
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A Technique for All Purposes.

QCM-D has become a very popular technology at Smith & Nephew's microscopy
laboratory to support research staff's efforts to understand the interface between
artificial and biological surfaces. Alan Brain, who heads up the microscopy labo-
ratory, explains how the QCM-D complements the other analytical tools that sup-
port fundamental research within the group.

Smith & Nephew is a UK based multinational
with a history that goes back to 1856. Today
the company's focus is on advanced medical
devices centred around four main business
areas of endoscopy, wound management,
orthopaedics and rehabilitation. Within these
business sectors, the company offers a broad
range of products including artificial hip and
knee replacements, metal plates and screws
to support bone healing and anchors to fix
soft tissues such as ligaments. The company
also supplies a wide range of advanced wound
care products including one of the world's
first tissue engineered products, Dermagraft.
This is achieving success in treating diabetic
foot ulcers.

To support these technologies and to further
research, the company has a central research
facility that is located in York, in the UK. This
global research centre employs 100 scientists
and a further 100 support staff who carry out
enabling research to create future products.
By its very nature, this laboratory is engaged
in broad based, multi-disciplinary research
that requires a range of analysis techniques.

Much of the research involves gaining a bet-
ter understanding of the interface between
materials and biological surfaces. This is be-
cause most of Smith & Nephew's products
interface directly with human tissues. "The
range of materials used in human treat-
ment," explains Brain, "is extensive ranging
from titanium to plastics, ceramics, as well
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as tissue engineered materials such as skin.
Research efforts are focussed on understand-
ing issues such as resorbtion of polymers.
This will hopefully allow us to accurately
predict the lifetime of resorbable devices
within the body."

Key to understanding how cells attach to bio-
materials, and how to achieve a successful
implant, is the study of protein adsorption.
When a material is implanted into the body
the first thing that happens is that water
and ions attach to the device, this is then
followed by proteins and, finally, cells. As
with many medical device companies, there
is considerable interest in the opportunities
offered by surface modification to enhance
the performance of biomaterials, for exam-
ple getting cells to align in a certain direc-
tion, or attracting cells of a particular type.

Range of Techniques

The microscropy laboratory's role, says Brain,
is to provide researchers with the analysis
tools to confirm what is happening at the
interface. The lab contains a full range of
techniques including a scanning electron
microscope, cryo-microscopy, optical instru-
ments and an atomic force microscope (AFM).
"The AFM is a powerful tool that allows us
to image and quantify the surface topogra-
phy and mechanical properties on the nano-
scale in any environment, such as a physio-
logical medium," points out Brain. Using
micro-thermal analysis it is also possible to
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determine the thermal properties of the sur-
face on the micron scale. All of these tech-
niques are backed up by an image analysis
system.

While looking for additional complementary
measurement methods to support this work,
Brain looked at QCM-D and then recommended
it for his department. "At its most basic level,"
explains Brain, "the interface comes down to
cell protein interactions. The lab is well equip-
ped to study and quantify surfaces but we
needed a technique that would allow us to
study protein and cell responses to surfaces.
The QCM-D allows real-time information to be
captured about protein and cell attachment
to coated sensor surfaces." Brain says that it
is a very exciting technique. "The technique
is simple but the interpretation of data can
be challenging. You get real-time kinetic in-
formation about protein and cell adhesion
processes and it is also possible to directly
study events such as polymer degradation."

Protein Binding

Already protein binding to a range of bio-
material surfaces is one area that is being
explored using the QCM-D technique. For
example, two particular cell adhesion pro-
teins, fibronectin and vitronectin, have been
studied in this context. Their adhesion to
different surfaces such as titanium, silicon
oxide, gold and resorbable polymers such
as polylactides and polyglycolides have
been a particular focus.

Protein binding experiments are easy. The
QCM-D chamber is filled with the same
buffer that the protein is made up in, and
after allowing the system to record the
baseline, the protein solution is introduced.
Fig 1. shows that fibronectin binds more rap-
idly to a TiO2 surface than a SiO2 one.
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The next issue of Q-News will be released during the spring
2002. Any reprint or use of editorial material should acknowl-
edge the source. The views expressed by the authors in this

publication do not necessarily reflect those of Q-Sense.
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Cell Attachment

At Smith & Nephew a series of experiments,
which also incorporates QCM-D, are looking
at understanding cell attachment mechanisms.
"Using a window cell we can look at the sen-
sor surface with a light microscope. We have
been using an interference microscope and,
more recently, a confocal microscope to study
the cells whilst simultaneously collecting the
QCM-D data. The experiments were carried out
at 37°C," says Brain. "Our first experiments

have been carried out using fibroblasts. In the
first experiment we coated a sensor with fibro-
nectin and then delivered the cells in phosphate
buffered saline, this was followed by cells in
a serum free buffer but with additional nutri-
ents. The final experiment was to deliver cells
onto an uncoated sensor in a buffer that in-
cluded both nutrients and serum proteins.
"The data is shown in Fig. 4. An image (Dif-
ferential Interference Contrast) of fibroblasts
on the sensor surface is shown in Fig.5.
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Brain says that the QCM has become so
popular with Smith & Nephew scientists
that it is now being used for a much broad-
er range of research activities than had orig-
inally been anticipated. In future, Brain says
QCM-D will be used in conjunction with mod-
elling and in-vivo studies. So far, work car-
ried out with QCM-D has produced results
that are consistent with the other measure-
ment and analysis tools used in the Smith &
Nephew laboratory.

Publications File.

Title: Binding of a model regulator of com-
plement activation (RCA) to a biomaterial
surface: surface-bound factor H inhibits
complement activation.

Authors: Jonas Andersson, Rolf Larsson, Ralf
Richter, Kristina Nilsson Ekdahl and Bo
Nilsson.

This article has been published in Biomate-
rials, September 2001. It relates to studies
carried out at the Section of Immunology at
Uppsala University.

In the medical world, contact between bio-
materials and blood takes place through
devices such as catheters, hemodialysers,
oxygenators and heart aids. Though pro-
gress has been made in reducing undesir-
able effects associated with this contact,
efforts continue to be focussed on under-
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standing and minimising inflammatory re-
sponses. In particular, clinical procedures such
as cardiopulmonary bypass and hemodialy-
sis result in blood being exposed to large
areas of biomaterials that can give rise to
systemic inflammatory response.

The researchers are studying the comple-
ment system, which is a key inflammatory
mediator during such blood/biomaterial
contact during the clinical procedures men-
tioned. The aim was to assess the ability of
a complement regulator (factor H) immo-
bilised on a biomaterial surface to inhibit
the complement cascade mediated inflam-
matory responses. The extent to which bio-
logically active inhibitors can lower comple-
ment activation on a biomaterial surface is
one of the main goals.

In this study, factor H was immobilised on a

model biomaterial surface using the cross-
linker N-succinimidyl3-(2-pyridyldithio)pro-
pionate without affecting the biological
activity of the inhibitor. The binding of fac-
tor H was then characterised using the
QCM-D technique and enzyme immunoas-
says to identify products of complement
activation. QCM-D measurements charted
the adsorption kinetics of the process.

The researchers were able to show that
complement activation on a highly activat-
ing model surface can be inhibited by
immobilised factor H and have defined
the prerequisites for the preparation of
future biomaterial surfaces with immo-
bilised regulators of complement activa-
tion. They concluded that further efforts
are needed to improved inhibitors and the
techniques employed to bind them to bio-
material surfaces.



Gaining Insights into
Functionalised Surfaces.

Marcus Textor runs the Biomaterial and Biosensor Surface Group (BBSG) at the
Department of Materials of the Swiss Federal Institute of Technology (ETH) Zurich.
This group is devoted to the study and development of surfaces for the biomate-
rial and biosensor areas covering basic research, methodology improvements,
surface technology creation, and product-oriented developments.

As part of the Laboratory for Surface Science
and Technology, headed by Prof. N.D. Spencer,
the group has 12 members (postdocs and
Ph.D. students) with different scientific and
cultural backgrounds. Its general research
focus reflects the belief that the area of sur-
faces and interfaces is increasingly impor-
tant for the improved performance of bio-
materials and biosensors. Key issues for
biomaterials relate to factors such as heal-
ing, acceptance by the body and long-term
stability. For biosensors, issues such as selec-
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tivity, sensitivity, and consistency are impor-
tant. Many questions concerning biointer-
faces remain unanswered, and there is a clear
need for both basic and applied research in
this field as well as the development of
novel or improved techniques that provide
additional knowledge about the properties
of and processes at biorelated interfaces.

Surface Modification Techniques
The group carries out a variety of surface
modifications using both chemical and elec-

Poly(ethylene glycol)

Poly-L-lysine

e

Structure of two monomolecular surfaces produced by spontaneous

self assembly from aqueous solution:

a. Self-assembled monolayers of long-chain alkane phosphates, partially
functionalized at the terminal chain position with a (bio)chemical function
(Y). The phosphate interacts with the Ti(lV) cations through coordinative

complexation.

trochemical techniques. One focus is the
development and use of self-assembly sys-
tems that can be applied to oxide surfaces
(Fig. 1). Oxide surfaces are common in the
biomaterial area (most metallic biomateri-
als such as titanium or cobalt-chromium are
covered by natural oxide films) and also as
sensing layers in optical biosensors. Exam-
ples of these oxides include high refractive-
index titanium, tantalum, and niobium oxides.
Alkane phosphates with different terminal
functional groups form ordered monolayers on
transition metal oxides, allowing the physico-
chemical properties of oxide surfaces such
as surface energy or surface charges to be
varied systematically (Fig. 1a).

Another class of materials studied by the
group include polycationic, polyethylene-
grafted copolymers, such as poly(L-lysine)-

b. Polycationic poly(L-lysine) grafted with poly(ethylene glycol) side chains
for imparting protein resistance to the surface. The poly(L-lysine) has

positively-charged amino-terminated side chains that bind to the nega-
tively-charged titanium-oxide surface through multiple-site electrostatic
interactions. Peptides or ligands can be attached to some of the PEG

chains to generate specific interactions.
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a. Schematic drawing of the OWLS sensor device: the incoupling angle,
a, is sensitive to changes in the refractive index of the interfacial layer.
Adsorption processes and reactions close to the surface can be moni-
tored in situ and in real time. The substrate (optical chip) has to be trans-
parent. Surface modifications can be applied to the chip according to the
particular requirements of the study, e.g., by depositing a thin, transpar-
ent oxide film such as titanium oxide, or by the controlled assembly of
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b. Schematic drawing of the QCM device: the resonance frequency of
the quartz crystal and the dissipation kinetics of the periodically excited
shear oscillation are sensitive to the amount of adsorbed mass as well as
to the viscosity of the adlayer. The gold (electrode) surface can be direct-
ly modified using monolayers of functional thiolated molecules or further
coated with thin films of an inorganic nature (e.g., metal oxides) to make
analogous surfaces to those used in OWLS experiments.

functional molecules at the oxide surface.

g-poly(ethylene glycol) (PLL-g-PEG). These
spontaneously assemble from aqueous solu-
tion onto charged surfaces and can gener-
ate protein-resistant surfaces (less than 2
ng/cm2 mass adsorption from full human
blood serum) (Fig. 1b). Protein resistance is
important in biomedical devices, such as
catheters and stents, as well as in bioaffinity
sensors to achieve low non-specific adsorp-
tion and high detection sensitivity in the
analysis of DNA, RNA, or proteins.

Self-assembly systems have three additional
properties that make them highly useful in
basic research and applications:

e Their ability to assemble on complex sur-
face topographies (not just smooth surfaces),
providing the possibility to separately exam-
ine the effects of surface chemistry and topo-
graphy.

e Their usefulness in making geometrically
defined, chemical patterns on surfaces in the
micrometer or nanometer range, in combi-
nation with techniques such as microcon-
tact printing or microfluidic patterning. This
is of interest for applications where the
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placement and spatial organization of cells
or biomolecules are important.

e Their ability to provide a controlled densi-
ty of reactive sites for the immobilization of
active biomolecules (e.g., of oligonucleo-
tides, peptides or proteins/antibodies).
This is important where specific, directed
biological response to artificial surfaces is
required.

Surface and Interface Characterization

The BBSG employs a variety of dedicated
surface characterization techniques (XPS,
AES, FTIR, ToF-SIMS, ellipsometry, laser
profilometry, stereo-SEM, contact angle and
surface energy measurements) as indispen-
sable tools to control surfaces at all stages
of modification. In relation to the main objec-
tives i.e. the monitoring and understanding
of the dynamics of interfacial processes and
the determination of surface propertiesin a
biologically relevant environment, these ex
situ techniques have clear disadvantages,
particularly if they require vacuum condi-
tions. Increasingly important are techniques
that give the ability to study in situ, and in

real time, the dynamics of surface process-
es. These methods include Optical Wave-
guide Lightmode Spectroscopy (OWLS, Fig.
2a), the Quartz Crystal Microbalance with
Dissipation monitoring (QCM-D, Fig. 2b), the
Atomic Force Microscope (AFM), and quanti-
tative Fluorescence Microscopy (FM) using
evanescent field excitation (the latter tech-
nique currently being developed in collabo-
ration with the group of Prof. G. Danuser at
ETHZ).

In projects that range from basic investiga-
tions into the physico-chemical and biologi-
cal properties of biointerfaces to the devel-
opment of platforms for the biosensor area,
the use of these real time, in situ monitoring
techniques has become indispensable. Exam-
ples include quantitative monitoring of bio-
molecule (e.g., protein) adsorption, specific
antibody-antigen recognition processes and
cell-surface interactions.

The group's access to two dynamic meth-
ods, OWLS and QCM-D, is particularly use-
ful since they provide partly complementary
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a. QCM-D experiment showing the adsorption of
different concentrations of avidin on a biotinylated
polymer surface (PLL-g-PEG/PEGbiotin30%).

b. A plot of the adsorbed mass of avidin ver-
sus the concentration of avidin in solution. The
mass of adsorbed avidin was calculated using
the Sauerbrey equation, which postulates a lin-
ear relationship between the frequency shift and
the adsorbed mass. The data were fit to the
Langmuir adsorption isotherm in which the ad-
sorbed mass is proportional to [Al/([Al+Kaff),
where [A] equals the concentration of avidin in
solution and Kaff is the affinity constant for the
binding of avidin to surface biotin.

Fig. 4

Evolution of water content of human serum albumin (HSA) adsorbing onto a TiO2 surface.
Simultaneous in situ OWLS and QCM-D measurements were carried out on the same
batch of protein and on comparable surfaces. The adsorbed mass determined from an
OWLS experiment was taken as the dry protein mass whereas the Sauerbrey equation was
used to estimate the adsorbed mass of protein plus trapped water from QCM-D frequency
shifts. The difference between QCM-D and OWLS masses as a function of time shows
how the water content varies during the adsorption process. The water content of pro-
tein adlayers is believed to be related to the conformation and activity of the proteins.

30 The observed changes in the relative water content during the adsorption process are
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information. The OWLS technique records
changes in the effective refractive index of
the surface, and thus monitors the amount
of biomass (e.g., a protein monolayer) ad-
sorbed to the surface. The QCM-D technique
additionally gives information about two
valuable interfacial properties:

e Information on the amount of water immo-
bilized (or “mechanically coupled”) at the
interface. The QCM-D frequency shift reflects
not just the change in adsorbed (bio)mass
as in OWLS but also the amount of water in
the interfacial layer. This property is highly
relevant to unanswered questions such as
the role of ‘structural’ water in the protein-
resistant behavior of polyethylene glycol
and polysaccharide thin films or the influ-
ence of immobilized water in proteinaceous
adlayers on the conformation and activity of
the immobilized proteins. This area is being
developed in collaboration with partners in
Australia and Japan. QCM-D, OWLS, and spe-
cial AFM techniques (microsphere and nan-
otube-modified tips) are being combined to
elucidate the role of water in PEG-based
surfaces in the context of the resistance of

therefore likely to reflect relaxation and conformational changes of the protein molecules.

molecularly designed PEG surfaces to pro-
tein adsorption.

e Knowledge about the viscoelastic proper-
ties of adlayers and their changes with time.
This may reveal more about structural de-
tails of modified surfaces and their changes
in contact with biologically meaningful envi-
ronments.

Two recent, preliminary examples of the use
of the QCM-D technique by the group are
shown in Figs. 3 and 4.

Textor says the group is still in a learning
phase as regards the full interpretation of
the different types of information QCM-D can
provide. After six months with the instru-
ment, it is clear that the combination of opti-
cal and the QCM-D techniques provides a
unique opportunity to investigate biological-
ly relevant interfacial properties. The QCM-D
technique is currently also being used to study
the interactions of small particles such as
microspheres and vesicles with designed
surfaces and in the context of monitoring
structural changes in the adsorbed layers.

Interdisciplinary work

The group contributes to a number of inter-
disciplinary projects and different intercon-
nected networks, which provide different per-
spectives to research activities. It also sup-
ports technological progress towards devel-
oping new or improved biosensors, implants,
and other devices that could ultimately help
improve the quality of patients’ lives. Inter-
national academic co-operation exists across
many disciplines with topics including: mate-
rial development, physico-chemical charac-
terization, cell-culture testing, cell biology,
animal studies, and clinical evaluation.
BBSG collaborates closely with industrial
partners in dental implants, orthopedic im-
plants, DNA/RNA analysis (genomics), pro-
tein recognition (proteomics), and cell-based
sensing (cellomics). The group is part of the
Q-Sense Scientific Network, which brings
the worldwide “QCM-D community” togeth-
er for exchange of experiences, problems
and challenges in this rapidly developing
area. It will host the first Q-Sense Scientific
Network Meeting at the ETH Zirich on
December 13 and 14, 2001.
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Behind the
Scenes.

Mattias Rudh joined Q-Sense in May 2000
because he was looking for greater respon-
sibility and new challenges. As a chemical
engineer he completed his Masters degree
in 1999 and joined a large industrial con-
cern. The nature of the large organisation in
which he worked did not provide Rudh with
the stimulation and opportunities he had
hoped for. The chance to join a small, dynam-
ic concern, and be given considerable respon-
sibility, turned out to be irresistible.

Rudh has two functions within the company
— product development and customer sup-
port. These two elements of his job work
well together. The technical support aspect
means that he works with customers from

the moment they have placed an order for a
QCM-D machine and sometimes before a
machine is purchased. If potential clients
are unsure whether QCM-D measurements
are appropriate for their particular line of
research, he will undertake studies on their
behalf to confirm that measurements can be
applied.

Customer is specialist

He is responsible for installation at customer
premises, customer education and is the main
contact for queries during the crucial early
months when the customer is finding out
how to apply the technique to their applica-
tion. "The customer is a specialist," says Rudh.
Often a customer is pushing the boundaries
of new technologies and Q-Sense, he says.
"I try to study as much as possible about
their area of expertise before meeting with
the client.”

This frequent dialogue with the customer,
points out Rudh, means that Q-Sense not

Getting the
Best out of
Q-Tools.

Q-Tools is a powerful predictive analysis soft-
ware program that can be used to help inter-
pret the results of the QCM-D measurement
system. It is currently in its beta version with
a number of customers helping to provide
useful feedback on its further development.
In essence, it provides two different functions:
data presentation and data modelling. It is
a Windows based PC software program.

The starting point is the information gained
from the Q-Soft data acquisition software. How-
ever, for accuracy in modelling, certain film
conditions need to be met, in particular, film
homogeneity and flatness. If these two con-
ditions are fulfilled, then Q-Tools can be used
to extract from the measured frequency and

2001 Oct 29-Nov 2 San Francisco, USA
AVS 48th International Symposium
WWW.avs.org/symposium/sanfrancisco

dissipation responses key information about
the film - thickness, density, viscosity and elas-
ticity. This is achieved by using the informa-
tion available from the different penetration
depths of harmonic frequencies.

The software can extract this information by
considering the frequency and dissipation
responses from at least two harmonics (e.g.
15 and 25 MHz) provided by the data acqui-
sition system.

Tests to confirm the validity of the software
results were carried out using ellipsometry
and this showed agreement within 5 to 10
per cent. The tests were carried out on pre-
dictable polymer layers where it is relatively
straightforward to measure physical param-
eters by other means.

Based on Q-Sense's own experience of the
software and customer feedback, the com-
pany is adding refinements that will further
improve accuracy and new features such as
the ability to input data automatically from
the data acquisition software. A manual is
also in preparation.

2002 April 23-28 Tampa, Florida, USA

Society for Biomaterials 2002 Annual Meeting and Exposition

www.biomaterials.org/meetings/2002/
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only gets feedback on the use of the QCM-D
machine but ideas on its further improve-
ment as well as new application areas.

Rudh also spends some of his time pursuing
an active research project related to apply-
ing the QCM-D measurement technique in
an industrial application related to biofoul-
ing in the European pulp and paper industry
through an international collaboration proj-
ect. This presents different challenges but
all helps to ensure that Rudh gets the chal-
lenges he enjoys.

Exchange of Heat.

As part of the
company's com-
mitment to prod-
uct improvement,
a new chamber p
design has been SN AR
launched. The chamber has been de-
signed with mainly two refinements,
one related to temperature control, the
other to the valve system.

While the overall accuracy of the cham-
ber remains the same, the tempera-
ture response and stability is enhan-
ced. This has been achieved by relo-
cating the cooling fins to the back of
the chamber rather than the base and
also by better isolation of the cham-
ber. In addition the new sample is kept
at the same distance from the heating
element as the crystal and existing sam-
ple, prior to exchanging liquids, which
secures minimum temperature differ-
ence.

To improve reliability and improve
overall operation, a single valve sys-
tem has been introduced that is more
robust than the previous design.
Michael Rodahl, chief technical officer,
points out that the valve will not re-
quire any maintenance and is a high
quality design.

2002 August 18-22 Boston, USA
224th ACS National Meeting
www.acs.org/meetings



