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THE INGVAR PROGRAM

The research group is not an extinct phenomenon although we live in
times when networking and large centres are much in focus. A rese-
arch group consisting of five to ten research students and post-
doctorate students under the guidance of a competent and ener-
getic research leader with time to devote to research is still a driving
force in scientific and technological development.

The current budget for a research group of this size, including
salaries and overheads, is more than SEK 5 million a year. It has
been difficult for young researchers in Sweden to build up an in-
dependent group with this kind of power on the basis of their own
grants alone. Instead they have been obliged to join up with other
more senior researchers, with the risk that new fields of research
may not have been covered sufficiently well in Sweden.

The aim of the Swedish Foundation for Strategic Research’s
INGVAR grants is to place a number of particularly promising young
researchers in the driving seat, thus making it possible for them to
build up research groups with international impact. We expect that
our first twenty-one INGVAR scholars, with the help of an SSF grant
of SEK10 million, will develop not only into internationally recognised
researchers but also into leaders and mentors for their younger
colleagues.

We also expect them to build up research groups that can colla-
borate effectively with other groups within both universities and
industry; as a result of the discoveries they make we would also like
to see them establish new companies.

Staffan Normark




MATERIAL DESIGN
AT THE ATOMIC LEVEL

Igor Abrikosov designs material right down to the atomic level. The search for new compounds that
will give us rustless cars, harder-wearing roads or smaller cellphones continues apace. His dream is to
be able to determine how resistant to rust a material is with the aid of a computer program alone.

In his mother's footsteps
“Everywhere round us there are many
materials of various sorts. Sometimes it
is difficult to understand that dynamic
processes are continuously taking place
in them, even inside the hardest dia-
mond, and I keep on asking myself how
the various properties of materials arise,”
says Igor Abrikosov.

All the materials round us, solids, liqu-
ids and gases, are basically compounds
of atoms. The way in which the atoms
are related to each other is determined
to a large extent by the way the electrons
in each atom interact. By studying the
electronic structure of a material it is pos-
sible to get to know its properties. This
can be studied in practice by various
experimental techniques, but also theo-
retically with the help of calculations.

“We study material that consists of
several different kinds of atoms, and sin-
ce the relations between them are con-
trolled by many variables, we soon come
up against complicated mathematical
problems,” says Igor Abrikosov.

Igor’s interest in natural science began
at an early age, not without influence

from his mother, who was a physics tea-
cher. At the age of 12 he knew that he
wanted to work with physics in the futu-
re. During his secondary school years in
Russia he was fascinated by the proper-
ties he observed in different materials.
How is it that one metal reacts in one
way to heat while a similar metal beha-
ves quite differently? His interest in this
and similar phenomena stayed with him
throughout his school years, so in 1993,
when he was invited to begin postgra-
duate studies, he immediately accepted
the offer. After that he became a visiting
lecturer at Uppsala, where he is now an
Associate Professor.

Metals are heated in

computer programs

“In the coming years I would like to do
both basic research and applications. I
actually want to investigate materials of
various types — anything from how a saw
can be made more durable or a car more
environmentally friendly to how certain
alloys can be made more sensitive to
magnetic fields.”

Igor sees industry and business as
natural parts of a link between research
and application. Questions from outside
give ideas for research and research
results make it possible for companies
to create new and better products. The
research group he is working with at pre-
sent is co-operating with several large
Swedish companies including Volvo and
SKB, and he hopes there will be further
exchanges.

When Igor and his colleagues want to
investigate a material's properties, they
use the first-principles simulations. This
works by feeding in already known facts
about the substance's atomic structure
into a computer simulation program,
which provides a description of how the
materials behave. It is then possible to
mix two components in the computer
and see how the different types of atoms
integrate. By changing the conditions the
material in question can be submitted to
different kinds of strains, which provi-
des answers to questions like: How easi-
ly does a new material begin to wear out
in a certain given set of circumstances?
The aim is to create models as close to



reality as possible so as to be able to opti-
mise the designs of the experimental
tests that follow.

Green trends

New materials are being discovered all
the time today, which leads on to an
interest in how they function. Metals and
semiconductors are what industry is pri-
marily interested in. Increased environ-
mental considerations increase the
demands on materials, both existing and
new ones. In the SKB project the aim is

to find suitable materials for the termi-

nal deposition of nuclear waste; with Vol-
vo the project is the development of more
effective catalytic converters. In another
of Igor’s projects he is trying to develop
more environmentally friendly batteries.
Cobalt is used in some types of batteri-
es, but cobalt is potentially toxic, so the
aim is to replace it with manganese,
which is more environmentally friendly
and is also cheaper. Manganese, com-
pounds in turn, needs to be stabilised in
a proper structure if it is to function in

batteries and Igor is searching for a sui-
table alloying for this purpose.

“Research results must be applied.
The days when we researchers conduc-
ted experiments behind locked doors are
gone. If research is to move on, there has
to be a continuous dialogue between us
and those who want solutions. I see
myself as a materials consultant. I want
to provide solutions for those who ask for
them within the widely different fields
that our research can support.”
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STEM CELLS IN THE
FIGHT AGAINST
PARKINSON’S DISEASE

- Dopaminergic neurons

Research into stem cells has given rise to great hopes in the past few years. The visions of what they
might be used for in the future are numerous and the possibilities almost endless. One possible area is the
cultivation of special types of nerve cells that can help in the treatment of patients with Parkinson's disease.

A popular research field
Imagine being able to cultivate a cell in
the laboratory and make it become exact-
ly the cell you need for therapy. It was
this dream that made Ernest Arenas lea-
ve the Mediterranean coast of Spain in
the early gos and settle down in Stock-
holm. He was a MD and had just taken
his doctor's degree in Barcelona, in the
field of neuro-pharmacology, when a
scholarship made it possible for him to
come to the Karolinska Institute in Swe-
den. Ernest moved to Stockholm and
started to work in a group that was inter-
ested in how nerve growth factors work
in the nervous system. Two years later
he had started his own research group
and in 1996 he had begun to look at neu-
ral stem cells. The aim was to try to deve-
lop a treatment for neurodegenerative
disorders like Parkinson's disease. Rese-
arch into stem cells has developed explo-
sively in the past few years; and you can
now read and hear about it every day in
the media.

“The whole field of stem cells is bubb-
ling, which is very exciting and positive,”
says Ernest. “We have to work very hard

to keep up with groups all over the world.
Research is moving forward very fast.”
One of the great advantages of working
in a popular field, Ernest believes, is that
scientists coming from different research
areas are now studying stem cells from
different perspectives, which results in
exciting multidisciplinary approaches to
scientific questions.

Nerve cells are cultivated

A person with Parkinson's disease lacks
the neurotransmitter dopamine in the
brain. Dopamine is vital for our ability to
carry out controlled and directed move-
ments. During the ageing process the
number of nerve cells that release dopa-
mine decreases in everybody, butin a
person with Parkinson's disease this
takes place at a much higher rate. The
symptoms are disturbances in the pat-
tern of movements such as reduced
voluntary movements, rigidity and tre-
mor. It is not known at present whether
the problem is caused by increased
damage to dopaminergic cells or increa-
sed vulnerability or whether they are no
longer maintained or renewed. Nowa-

days, the main form of treatment is phar-
macological, based on L-dopa, a sub-
stance that is converted into dopamine
in the brain. After a long period of treat-
ment, however, negative side effects
appear. An alternative to this treatment
is to transplant healthy dopamine cells
into the brain. Such cells now come
mainly from human embryos, which rise
both ethical and technical issues since
several donors are required to help a sing-
le patient. Instead it would be better to
cultivate and transplant cells that beco-
me just the type of nerve cells that Park-
inson patients need. This is what Ernest
and his colleagues are trying to do. It is
already possible today to cultivate dopa-
minergic cells from stem cells, but usu-
ally many non-dopaminergic cells are
also produced at the same time, a kind
of unwanted surplus. In addition, dopa-
minergic cells derived from stem cells in
vitro often survive transplantation wor-
se than embryonic dopaminergic cells.
“We will be focusing on the origin and
development of dopamine neurons, and
those signals required to induce dopa-
mine neurons during development will



be applied to neural stem cells. A good
deal of attention in our laboratory is
being given to various growth factors and
to their significance in the development
of dopamine neurons. In the future,
when those steps regulating the induc-
tion and survival of dopamine neurons
will be known, Ernest imagines that it
will be possible to develop new thera-
peutic tools to make the patient's nerve
cells regenerate or recover and start to
produce dopamine themselves, avoiding
perhaps the need for transplantation.”
“We have characterised some of the
components required for the induction
of dopaminergic neurons and that has
allowed us to develop a method by which
we get as much as 80% of dopamine
cells from neural stem cells in vitro,
which is the highest number of dopami-
ne neurons achieved so far. We are howe-
ver at an early stage in our research and
I think that it will take several years for
this type of therapy to reach the patients.”

At present stem cells easily accessible for
therapy include bone marrow and skin
stem cells. Since those stem cells can be
isolated from the patient himself, the pro-
blem of the cells being rejected by the
body's immune system could be avoided.
However, for this type of strategy to be
successful, genetic factors influencing
disease should not play a decisive role.
This and other factors, including the
completion of a comprehensive survey
of the mechanisms and signals that con-
trol the development of these cells is
required in order to implement all the
potential of stem cells. Ernest points out
how important it is to understand the
basic biology of stem cells, prior to clini-
cal testing. “We need to understand the
mechanisms that control the develop-
ment of stem cells in order to reduce the
risk of undesirable consequences and to
exploit all the therapeutic potential of
stem cells”.

Two language teachers

Ernest is convinced that a good leader
should communicate openly with his col-
leagues. But the most important thing
for him is to enjoy your work. Many sci-
entists from other countries come to
work to the Karolinska Institute for a long
period of time. Those bringing along
their husband, wife or family have also
very good chances to enjoy their stay
here, says Ernest.

“As for myself, I was lucky that my
wife Carmen came with me. During our
years in Sweden both science and fami-
ly have grown. We now have two daugh-
ters, Clara and Julia, seven and five years
old.”

Besides acting as Swedish teachers for
their dad, they are curious about what he
is doing.

“My elder daughter asked me the
other day about cells and wondered if her
little sister had smaller genes because
she is smaller.”
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GOOD ELECTRONICS WITH
A BIOLOGICAL STRUCTURE

Our ability to learn and remember is dependent on the number of nerve cells increasing as we grow up,
and on these cells getting better at processing signals that enter the brain. Magnus Berggren copies
biology's unique qualities over to electronic components based on organic materials, for example for the
manufacture of variable signal processors in biological computers.

The nerve system controls all the func-
tions in the body. It consists of about 100
billion nerve cells, all of which interact
with each other in a complex network.
While information about the structure of
the brain is mainly stored in the genetic
make-up, all nerve cells are created by
cell division and they organise themsel-
ves in an unpredetermined way. Some
nerve cells deal with signals from the
optic nerve while other are in contact
with the auditory nerve or operate so that
we perceive touch, smell and so on. This
unique quality that biology has is called
self-organisation. The data processing
itself takes place in the nerve cells” synap-
ses, which are placed at intersections in
between nerve cells. These synapses
transmit the information to the next cell
in the form of ions, and they can adapt
their function according to the stimuli
we learn to recognise and remember.

A system as flexible as the nerve sys-
tem in electronics would be revolutiona-
ry. One of the reasons why scientists all
over the world have begun to use orga-
nic materials in electronic devices is that
transformable electronic components can

be achieved. Flexible transistors, for
example, have been produced, in which
the various qualities of the above-men-
tioned synapses are utilised. Magnus and
his colleagues now want to use conduc-
ting polymers to create new types of sig-
nal processors. Here the components,
like the brain’s nerve cells, will be able
to organise themselves according to the
powers of nature and also imitate the
synapses” way of varying their function.
As a result they will be able to deal with
incoming signals individually. In medi-
cal technology today traditional silicon
transistors are connected to biological
nerve systems, for example when life has
to be brought back to nerves after a ner-
ve injury. In these cases problems occur
rather often.

What is needed is a station for pro-
cessing the signals between the silicon
system and the biological system — a
potential use for our biological proces-
sors. In experiments we have seen a con-
nection between electrons and ions in
the polymers that does not exist in ordi-
nary semiconductors. The idea now is
that an electronic process from the sili-

con computers should transform the ion
signals in the biological processor, which
is expected to contain both silicon-based
architecture and organic components.
These ion signals would then be able to
react more easily with ions in the biolo-
gical system. Another observation we
have made is that the biological proces-
sor works extremely selectively. By alter-
ing the current we can get the ions to
react only with specific components. The
ions may be compared with the simplest
form of a neuronal substance.

Prefers country life

to life in the big city

A few years ago Magnus and his family
lived outside New York. This was a con-
fusing period.

“You can’t really imagine New York
until you have been there and seen the
city with your own eyes. With the sur-
rounding suburbs included it forms a
giant complex of some 40 million inha-
bitants, and you are amazed that the
transportation system works as smoothly
as it does. We enjoyed life there, but I
think you either have to have grown up




in a big city or be very fascinated by the
lifestyle to be able to live there for a long
time.”

Nowadays they live in a residential
suburb in Vreta Kloster near Bergs Slus-
sar outside Linképing. Magnus’s wife
Karin has also a nature science back-
ground and she works as a secondary
school teacher, in chemistry and biolo-
gy, in a small village school. The fact that
they have to commute to work every day
is more than compensated by the calm
and peaceful atmosphere that country life
offers.

“Our daughters Linnea and Elin, eight
and six years old, have lots of parks and
countryside to play in, while Karin and I
can relax properly when we are at home.
Erik is two years and just started at kin-
dergarten. I've become something of a
carpenter and have built a fence and a
garage for the house. Now I'm building
a veranda so we can enjoy our coffee out-
doors in the summer. It’s a very relaxing
hobby but not the easiest one in the
world,” he says with a laugh.

Inspired by photo-

synthesis and the eye

This isn’t the first time that Magnus has
used organic polymers as active materi-
al in electronic components. Earlier,
together with chemists at Chalmers Insti-
tute of Technology he produced light-
emitting diodes in which organic poly-
mers with varying optic properties were
combined to get different colours, from
infrared to violet. By changing the cur-
rent across the diodes they could even get
them to change colour.

During a project at Bell Labs at Mur-
ray Hill, USA, he copied biological pho-
tosynthesis. By absorbing energy of one
wavelength and letting it decline in ener-
gy content, as energy is transformed in
plants, he succeeded in producing extre-

mely low-threshold lasing light. This was
something quite new and revolutionary.

After his stay in the United States he
was given the chance to help start a com-
pany, Thin Film Electronics, TFE. He
and his colleagues were now inspired by
substances like rhodopsin, which is
found on the retina. Rhodopsin can
switch between two different states, and
it translates light from the eye to ionic
signals in the optic nerve. This turning
moment is a type of memory/signal
transfer function.

“The conducting polymers we use
function along the same principles. One
position which the polymer adopts at a
certain current represent a one, while the
other position represents a zero after a
change in the current. In this way it is
possible to store digital information in
the polymers, creating plastic memories
that are much smaller, cheaper and more
economical than the memories that are
based on present-day silicon technology.
The company has now expanded and has
about fifty or so employees who will deve-
lop computer memories in a large labo-
ratory in Linképing that will be comple-
ted in August this year.

Electronic paper

Besides being a lecturer at Linkoping
University, Magnus is also employed as
aresearcher at Acreo, a company in Norr-
képing. There he is developing a com-
pletely new technology that aims at
making paper electronic. With the aid of
ordinary printing techniques conducting
polymers are applied to the surface of
paper.

“Like plastic memories we are utili-
sing the ability of polymers to change
their state from one physical state to
another. We are also inspired by the bi-
stable functions of chameleons, octopu-
ses and butterflies that are connected

with various absorption properties. With
the aid of an electric current we can chan-
ge the polymers from one state to anot-
her and so determine which parts of the
paper will be activated and what colour
will be shown.”

It is hoped that this research will cre-
ate new applications for traditional paper.
So far mobile figure displays like those
in clock radios have been produced; other
potential applications are, for example,
electronic daily newspapers or computer
processors that contain paper electronics.

The technology

bodes well for the future

Up to now this technology, using orga-
nic material as an active medium in com-
ponents, has led to many new products,
of which transistors, light-emitting dio-
des, lasers, plastic memories and elec-
tronic paper are but a few. The future
goal, as previously mentioned, is new sig-
nal processors in biological computers
that can be used as translators between
biological systems and silicon electronics,
but it is believed that the technology can
also be useful for various types of hard-
ware using recognition electronics such
as sensors or perception memories.

“So far this field is purely visionary
and up to now we have only been wor-
king from the phenomena we have
observed in the lab. If we are to develop
this technology further, and get a clearer
picture of possible applications, we must
understand what mathematical algebra
best describes the phenomena. It’s an
unbelievably stimulating situation, becau-
se at the same time as I can use my
knowledge of materials physics and elec-
tronics, I get the opportunity to read up
on neurophysiology and neurochemis-
try. It’s great to feel that one is develo-
ping all the time.”
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INVENTION
IN ANEW FORM

Developing and improving systems for radiography is Mats Danielsson’s goal. He aims to make it
possible to use smaller doses of radiation. It is especially important to minimise the risk of damage in
health care, where many examinations are carried out. “We must take care of people,’ says Mats.

A 100-year-old invention
X-ray radiation is used today in a multi-
tude of different fields; diagnostics in
health care is one of the very biggest
ones. X-ray examinations are in many
cases the only way of discovering
tumours or damage in bones and tissue.
But there are problems involved. The
doses of radiation caused by radiograp-
hy can affect biological material. At the
same time good image quality can be
decisive for detecting breast cancer, for
example, at an early stage. Much of the
research in this field is therefore devoted
to achieving equally good or even better
resolution with a smaller dose of radia-
tion. Mats and his research group have
developed an X-ray system for mammo-
graphy, which is the examination per-
formed on women to detect breast can-
cer. Some 600 000 examinations are
carried out annually in Sweden, so it is
desirable to reduce the radiation dose at
the same time as the image quality is
enhanced by means of more effective
equipment.

“When non-living material is radiated,
it is unnecessary to worry about the

dose,” Mats explains, “but when it is peo-
ple, it is important to keep the dose as
low as possible. We have been able to
lower the dose by developing a very sen-
sitive detector.”

From film to digital sensor

X-rays were discovered just over 100
years ago when Wilhelm Conrad Réng-
ten found that very low-frequency radia-
tion, in contrast to visible light, could
partly pass through human tissue so that
it could be used to photograph what was
inside the human body. Ever since then
this method of registering, storing and
showing information has consisted of
photographic film. In recent years this
has begun to be replaced by digital tech-
nology. Instead of the radiation leaving
an impression on a film when it has pas-
sed through its subject, it goes to a digi-
tal sensor. Besides reducing the dose of
radiation, digital processing is better from
several other points of view; above all it
is easier to handle. Working with film
requires complex equipment for develo-
ping the film and the plates take up a lot
of storage space. Using digital technolo-

gy, the images also appear directly, which
gives the doctors quicker answers. In
Sweden over 50 per cent of traditional X-
ray equipment has been replaced by digi-
talised equipment, which makes it the
leading country in this field in the world.
But mammography has up to now pro-
ved to be difficult to digitalise. These exa-
minations make greater demands on
both safety and resolution.

Sensitive sensors

It is hoped that, by creating a detector of
silicon, Mats and his colleagues will be
able to reduce the dose of radiation in
mammography by a fifth. One of the rea-
sons for this improvement is that there
is no intermediary stage where the infor-
mation is processed. A comparison can
be made with an ordinary photograph —
the more sensitive the film, the less light
is needed for a sharp image. The silicon
detector makes it possible for each indi-
vidual photon from the X-ray radiation,
several thousand per second, to be detec-
ted. Thus the different X-rays can be
assessed individually. The amount of
information is related to the energy con-



tent of each photon. Those that have less
energy have a higher contrast content,
are more clearly distinguishable from the
background and carry more information.
The photons that carry a great deal of
information can be processed different-
ly and be given more attention when the
images are interpreted. A year and a half
ago Mats and his research assistants
founded a company called Mamea, in
which the new silicon detector is mar-
keted by Sectra, a company in Linképing,
under the name Sectra Microdose Mam-
mography. These researchers are pio-
neers in their field, and their equipment
for mammography will be tested clini-
cally in the autumn of 2001.

From the forest to the big city
Mast’s interest in physics was awakened
at high school in Nissjs, leading him to
move later to Stockholm and the Royal
Institute of Technology. After taking his
university degree he began post-gradua-
te studies in particle physics. After his
doctor’s degree Mats went to California,
where he spent two years at the Univer-
sity of California at Berkeley. During this
period his interest in more applied rese-
arch grew.

“Particle physics is very exciting, but
it can also be very abstract. It wasn’t
something you could discuss with just

anyone over a cup of coffee,” he says with
a grin. X-rays are something that affects
more people, they have an inkling of
what it involves. It feels great to see
one’s ideas realised, like in the clinical
trials this autumn.”

Cooperating with industry inspires
him as well, and combining this with
university research has gone well so far,
he thinks.

“You have to enjoy working with a
group if it’s going to function properly.
That’s the prime factor for performing
well.”

Another important factor in Mats’s
life is his family. His wife and two sons,
Oscar and Arvid, five years old and five
months old respectively, are a source of
inspiration and he gives them as much
of his time as possible.

Vinyl discs in focus

One way of further reducing radiation
doses is to focus extra important X-rays.
Ordinary cameras and microscopes use
a refractive principle, that is, glass len-
ses, to focus the light. In radiography the
rays have not been focused in the same
way and until a few years ago it was gene-
rally believed that this was impossible. It
was one of Mats’s research students,
Bjérn Cederstrém, who first realised that
it was possible to make saw-toothed

VIINZNITVA 0Q¥VYNA3 0LOHd

refractive lenses. An advanced saw-toot-
hed pattern is cut with micrometric pre-
cision and the X-rays are allowed to pass
through it. It was evident that when the
light tried to pass the notches, it did so
in such a way that the effect when the
rays emerged on the other side was the
same as for a lens — they were focused.

“After considering various materials,
we contacted a manufacturer who con-
structed special LP discs of vinyl for us.
These discs with their saw-toothed pat-
tern are placed next to each other, for-
ming a “crocodile bite”. By altering the
size of the bite you can control the size
of the lens. A big bite gives a broad lens
and a small bite a small lens. This new
lens is planned to be used in an upgra-
ded version of the existing detector sys-
tem. In the literature it is known as “the
crocodile lens”.

“Finding solutions to advanced pro-
blems using simple methods is some-
thing I want to go on with. It was won-
derful for Bjorn to go round to
conferences among all the world’s high-
tech apparatuses and demonstrate his
discs!”

When asked if any particular kind of
music was most suitable, Mats reveals
with a grin that the discs he uses are in
fact silent ones.
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THE MEDIATOR - ESSENTIAL
FOR THE REGULATED
EXPRESSION OF GENES

A human genome contains about 40 000 genes. A key component in the molecular machinery, which
controls gene expression, is the Mediator complex. Claes Gustafsson is going to explore the
Mediator's function in detail, which will be of significance for our understanding of gene activation as well
as the development of new drugs, which can directly influence gene expression.

“The Mediator is a large protein complex
that transmits information from factors
that control the genes” activity to a pro-
tein that reads the DNA strands called
RNA polymerase. In this way the Medi-
ator plays an important role in keeping
cells healthy or if they develop abnormal
activity from some gene and become
unhealthy.

Today we know that the thyroid gland
hormone, oestrogen and vitamin D enter
cells and via their receptors bind to the
Mediator. The Mediator then contacts the
RNA polymerase, which start reading the
genes that are regulated by the respecti-
ve factor. It is now thought that almost
all gene expression, at least in part, is
controlled through the Mediator.

“If we could determine in detail how
the Mediator interacts with its various
factors, we would be able to create drugs
that specifically reinforce or break these
contacts. Already now the interaction bet-
ween the thyroid gland hormone recep-
tor and the Mediator is an important tar-
get when we are trying to develop new
medicines to treat thyroid gland diseases
such as goitre.

10

Life is fun for Claes

Claes was born in Bords but moved to
Goteborg to study medicine. His never-
ending curiosity and need to decide him-
self about his working hours made him
start to do research.

“First of all one gets an enormous fee-
ling of freedom from being able to think
about one’s own questions all day long,
the ones you really want to find the ans-
wers to. Second, I know how incredibly
exalted I feel when I get the smallest litt-
le result. I can rush to the phone and ring
my friends and colleagues, long before
the results are definite. It’s probably the
need to feel the same kick again and
again that drives me on.”

Claes is a positive person with a good
sense of humour. At the same time as he
is very focused on his work, he has the
ability to let life be fun. Planning is all
very well, but you shouldn’t be a slave to
your obligations. Last year he moved hou-
se from Géteborg to Tullinge, a suburb
of Stockholm.

“My job at the Institute for Medical
Nutrition at Novum came quite unex-
pectedly, so we had to find somewhere

to live quite quickly. When there were
only a few days left before we started
work, our search for a home ended with
us buying a house in the middle of the
night. We didn’t even know what colour
it was,” he says with a smile.

In spite of a chaotic period at the
beginning of his life in Stockholm they
love being there. His daughters Hanna,
5, and Amanda, 2, have found new fri-
ends at their day nursery, while Claes and
his wife Mia have good workmates who
help them solve their everyday problems.

“Now that we’re settled in, we can start
to live properly. That feels really good.”

Vital to determine structure
The Mediator’s function is a field of rese-
arch that is attracting increasing num-
bers of researchers all over the world. Cla-
es and his colleagues are in a good
position because they already have exten-
sive experience in protein purification
and can study protein complexes that
other groups might have difficulty in iso-
lating.

“We have also chosen to work on a
special kind of yeast cell called Schizo-



saccaromyces pombe. Its cells grow
rapidly and have a stable, easily studied
Mediator complex that is also very simi-
lar to the human system. I think our
choice of this particular yeast as our
model system has given us a competiti-
ve edge.”

To be able to understand more easily
how the Mediator works Claes and his
colleagues will study how the complex
changes shape in its contact with various
molecules. A problem that arises in this
context is the Mediator’s enormous size.

“Instead of producing the whole of the
Mediator’s structure, we and a group of
researchers in Germany are going to con-
centrate on a small part that we believe
is important in its contact with the RNA
polymerase.

A travelling family

Both Claes and Mia research and travel
a lot in their work. A few years ago they
spent two years in the United States at
Stanford University, a stay that led to

many useful contacts. Together with col-
league, Prof. Nils-Géran Larsson at the
Dept. of Medical Nutrition, Claes has also
begun to investigate the mechanisms of
gene expression in mitochondria, the
powerhouses of the eukaryotic cell. Based
on the discoveries made in this area, the
have also founded a company, MitoTech
AB.

“We are going to try to develop medi-
cines that affect energy production in
mitochondria. You learn a lot running a
company. And hopefully our know-how
will be needed when the competition for
results gets keener in the world of rese-
arch.” '

When the holidays come round, Claes
and Mia are fed up with travelling and
are happy to stay at their holiday cottage
in Falkenberg.

“It’s a wonderful place to be in the
summer. The kids have plenty of room
to play in and we are close to relatives and
friends. It couldn’t be better.”

Strategic projects

Apart from the fact that the Mediator is
not by any means the only factor that
regulates which genes are to be activa-
ted, results indicate that Mediator com-
plexes called tissue-specific complexes
will be found in various organs and with
varying characteristics.

“The human body has an enormous
variety of proteins, all of which are uni-
que and need their own special functions
and structures to be determined. Sweden
used to be one of the leading countries
in protein biochemistry, but today much
of that competence has disappeared. That
is why our project is also of strategic
importance, and we are convinced that
we in a couple of years will know the
Mediator’s structure and function. But it
will take much longer for a complete
understanding of how gene expression
is regulated.”
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Name:

Leif Hammarstrém
Born:

1964

SMALL-SCALE
TECHNOLOGY WITH
A LARGE CAPACITY

Nationality: Works at:

Swedish Uppsala University

Doctor’s degree: Project title:

1995 Controlled electron
transmission

Developments in high technology aim at making components smaller and smaller. Computers and cell-
phones are shrinking in size, yet at the same time they have to be more and more powerful. Is it possible
to manufacture electronic equipment on the smallest imaginable scale without the functions being
affected? One solution is to make the small big instead of making the big small.

Small systems

and large molecules

Electronics basically deals with the ways
in which electrons can move between
molecules. In our present-day society we
often try to make electronic equipment
faster, smaller and better. The electronics
we use is primarily based on circuits of
semi-conductor material. A semi-con-
ductor is characterised by its ability to
conduct electric currents under certain
conditions and to insulate under other
conditions., The deciding factors can be
additives of other substances in the semi-
conductor; by altering them we can con-
trol its conductive power. The ability to
control when and in what amount the
current shall flow through a system has
made it possible to develop the advanced
electronic equipment that we have today,
and we have generally speaking learnt
the behaviour of electric currents. But
just as the laws of nature that apply on
earth cease to operate when we go out
into space, the traditional laws of physics
cease to apply when electric circuits are
greatly diminished, being replaced by
those of quantum physics. This breach

12

of the law means that it is no longer pos-
sible to be really certain how electrons
will behave, which makes it difficult to
control the current. So Leif Hammar-
strom has become interested in the ways
in which electrons move between mole-
cules.

For several years Leif had been study-
ing artificial photosynthesis, trying to
imitate the photosynthesis of plants in
synthetic systems. He had been fascina-
ted by the way in which energy from light
can be transformed in order to initiate
various reactions. In the photosynthesis
that occurs continuously in plants, light
meets chlorophyll molecules and its ener-
gy is transferred to them. When the chlo-
rophyll disposes of this energy, which it
always does sooner or later, this is used
to initiate reactions. This process invol-
ves moving electrons, exactly as in an
electric current, but on a considerably
smaller scale than is used in technical
contexts.

“I was curious about how, instead of
making our technology smaller and smal-
ler, we might be able to utilise nature’s
own method of transporting electrons

and blow up the small instead of dimi-
nishing the big. This is called molecular
electronics and it has become a major
field of research in recent years.

Colour-controlled electrons

One of the problems of quantum physics
is that electrons can start to move in anot-
her direction than expected, which makes
it more difficult to predict and control the
flow of current. When Leif looked more
closely at parts of plant cells that are cen-
tral for photosynthesis, he was fascina-
ted by their ability to maintain a balan-
ced and precise system, with very little
leakage, when individual electrons are
transported between molecules and
across membranes — exactly what is
required in modern technology.

“When a molecule absorbs light, the
electrons in it will move from a state of
low energy, a basic state, to a state of hig-
her energy. In other words, the electrons
are excited. They very quickly return to a
somewhat lower energy state and finally
lose a lot of energy, returning to the basic
state.”

A great deal of energy is emitted bet-




ween the next to lowest and the lowest
state, often in the form of light radiation.
Between the highest and the next to high-
est state, however, the difference in
energy is not so great, and the higher sta-
te is very short-lived. Together with his
research team Leif began to investigate
the possibility of getting the higher sta-
te to emit an electron during its short life.
He began by looking at porphyrin, which
has a molecule similar to that of plant
chlorophyll and hemoglobin in human
blood. The porphyrin molecules were
allowed to react in a solution together
with another molecule that easily accep-
ted a free electron from the porphyrin.

“We succeeded in getting a controlled
transmission of electrons. When we used
red light to excite it, it took 100 picose-
conds for an electron to move across to
an electron receiver — but it went a hun-
dred times faster if we radiated it with
blue light, which contains more energy.
This opens up new possibilities to con-
trol reactions so that a molecule reacts in
different ways if it receives light of diffe-
rent colours.”

The next step is to bind two different
types of electron receiver to the porphy-

rin molecule. On one side they want a
receiver that prefers negative charges,
which would accept electron with a low
energy content. On the other side they
will bind a more demanding molecule
that only accepts electron with a great
deal of energy. By radiating the porphy-
rin with light of various wavelengths they
hope to be able to steer the electrons in
a particular direction.

“Red light contains little energy and
would be able to steer the electron to the
receiver that is easily manipulated, whe-
reas blue light contains a great deal of
energy and would steer the electron to
the other one. By letting a laser beam
switch between red and blue at short
intervals it would be possible to create an
optoelectronic switch with a reaction that
takes only a few femto or picoseconds.

Many strings to his bow

In conventional electronics approxima-
tely 10 0oo electrons are needed to mark
a one or a zero, that is, to decide whether
or not there will be a signal. In molecu-
lar electronics a single electron is enough
to give a signal. By understanding how
this can be controlled we will get closer

to finding a solution to the problem of
hoe ‘electronics can be both smaller and

faster.

“A legitimate question is whether we
really need better and faster electronics
that we have today. But I think that inter-
est in having smaller and more powerful
computers will continue for a long time,
and there will always be new kinds of
problems to solve.”

Medical spare parts to be operated into
the body are examples that Leif mentions
when discussing what very small electric
circuits could be used for, but also to
make more advanced calculations and
why not smaller replacements for today’s
cellphones and laptop computers?

Besides spending time with his wife
and their two children, Leif likes playing
music — everything from renaissance to
experimental pop. His instrument is the
classical guitar, but he likes singing too.
And as he likes to get to the bottom of
things, he has written some music.

“A fugue is the most complicated
thing I've tried — apart from being a trai-
ner for my six-year-old son’s football
team.”
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Name: Doctor’s degree: Project title:
Anders Karlsson 1992 Quantum information
Born: Works at: technologies

1964 Department of

Nationality: Microelectronics and

Swedish Information Technology,

Royal Institute of
Technology, Stockholm

QUANTUM INFORMATION
TECHNOLOGY - A NEW
WAY OF THINKING

If computers, cellular phones and broadbarnid are to be more efficient, the microelectronic components
in them must be made even smaller. Shrinking the size and one enters the micro world where quantum
mechanics rule. Anders Karlsson is, among many things, studying how one by sending information in the
form of single light particles can improve optical communication.

“Quantum effects have for long been
associated with problems since they give
rise to noise that limits the capacity of
electronic and fibre-optic systems. We
want to turn the question around and
instead utilise the effects that distingu-
ish quantum mechanics from classical
physics and let the quantum particles
work for us. This field of research is cal-
led quantum information technology and
is a mixture of applied physics, electro-
nics and information technology.”

Popularisation is important
Anders Karlsson has long been fascina-
ted by physics and technology. He holds
a chair as Professor of Quantum Photo-
nics at the Department of Microelectro-
nics and Information Technology at the
Royal Institute of Technology Kista
(Stockholm). He also occasionally writes
articles in popular-scientific magazines
such as the Swedish “Forskning & Fram-
steg” (direct translation Research & Pro-
gress).

“My main goal, apart from my rese-
arch, is to show students how exciting
and fun physics is. Another aim is to rai-
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se interest among the general public, and
that's where popular science enters.”

If more young people are to choose
the natural sciences, it is important to get
them interested as early on as possible.
Media plays an important role.

“There ought to be more television
programmes like “Hjirnkontoret” (Swe-
dish Science show for children) that
discuss everyday phenomena that most
people have probably wondered about.
Why are there bubbles in soft drinks?
How does a CD player work? Me, my
wife Dana and our daughters Gabriella
(z0) and Alexandra (7) always follow that
programme with interest.”

Individual light

particles are detected

Quantum mechanics forms the basis of
several of the great inventions of the 20th
century like microelectronics, lasers and
nuclear power. This theory describes the
behaviour of the smallest units of mat-
ter — atoms, electrons and light particles,
photons, and is based on the fact that all
energy is divided into small fixed chunks
of energy, called quanta. Previously it was

impossible to carry out controlled expe-
riments with individual quanta, but for
instance in optics, after the laser was
invented, great progress was made in the
1960’s and 19770’s. Today there are also
sources of light that can transmit indivi-
dual photons. Anders Karlsson and his
colleagues have taken this technology a
stage further.

“We can now measure individual pho-
tons, and that’s like measuring the light
from a 100W light bulb some 50 kilo-
metres away. Measurement technology
as sensitive as this is useful not only for
physics, but it also has a broader range
of applications in fibre-optic communi-
cations, biology and medicine.”

Quantum coding for

secure communications

In his research Anders Karlsson wants
to make use of various quantum effects
to improve information technology. He
is now working, among other things,
with his team to develop a technique for
fundamentally secure information trans-
mission, called quantum cryptography.
This technique could potentially be use-




ful in the fibre-optic telecommunications
network

“Since we use light one the level of a
single or a few light quanta, it is the laws
of quantum mechanics that sets the sce-
ne. For instance, one can create photon
twins, two light quanta, where the pho-
tons twins will always behave the same
way as each other, irrespective of the phy-
sical separation. The twin-like behaviour
of quantum particles, in fact, can be
made stronger than is allowed by any per-
ceivable model of classical physics; a fact
even the late Albert Einstein had troubles
accepting. Such photon twins can be
used for secret communication, or cryp-
tography. When an encoded message is
sent, you first send a code key, a long
table of random data bits (zeros and
ones) in which each data bit is encoded
on two entangled (twin) photons. One of
the twin photons goes to the person who
is sending the message and the other to
the recipient. If someone tries to eaves-
drop, listen in on the twin photons, the
fragile quantum connection between the
photons is disturbed. This means that
the information from the code key is not
the same for the sender as the recipient,
and the eavesdropper can be detected.

“Quantum cryptography could poten-
tially provide a good alternative to some
of today’s cryptography systems if a lar-
ger degree of security is seen needed”.

Indeed, already today some start-up
companies have announced a prototype
for a commercial quantum cryptography
system. The US research agencies, mili-
tary and civilian, are financing projects
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in this field, but also the European Uni-
on has funding allocated to this area.
Anders is the total project co-ordinator
of one of the European projects on quan-
tum information.

“Generally speaking, it is good that
Sweden finally now is a full member in
the European Union. This opens many
doors for international cooperation in
research and other areas.”

Tokyo, Paris, San Francisco -

a mixture of influences

The department where Anders work has
been collaborating for some twenty years
with the Nippon Telegraph and Tele-
communication-NTT basic research labo-
ratory, which also have a research effort
in quantum mechanics for applications
in information technology.

“My family and I have lived in Tokyo
on a few occasions. I find the people the-
re being open and easy to get along with,
and I like the Japanese culture and the
language. At home we enjoy Japanese
cooking and for a time I also had Karate
as a hobby.”

Apart from Japan, Anders also has
worked at Stanford University outside
San Francisco. During the last two years
he also had a part-time position at the
Ecole Polytechnique in Paris, where he
lectured on semiconductor physics.

“France has a very strong research in
the field of quantum optics, so it is both
fun and stimulating to work with people
there. And it gives plenty of opportuniti-
es to keep my French alive.”

Research beyond

quantum information

Fibre-optic communication would be
revolutionised if optic components could
be connected in similar way as done in
electronic integrated circuits. This rese-
arch area is called optoelectronics and is
also part of Anders’s research work.

“One solution would be so called pho-
tonic crystals in which light propagation
can be controlled, by using artificially
made optical materials on the nanoscale
level, in a similar manner as electric cur-
rents are controlled by semi-conductors.
This would make the optical components
smaller, faster and more efficient than
what is used commercially today.”

In contrast to the relatively industry
oriented optoelectronics, quantum infor-
mation technology is so far more of at
the basic research level.

“The media often describe quantum
information technology in too much pro-
duct oriented terms. For instance, it will
take many years before, so called, quan-
tum computers are on the market and
“Pentium” becomes “Quantium”. But
that is relatively uninteresting, because
basic research in itself gives us better
insight into physics, which in turn leads
to new and often un-foreseen applica-
tions. Already the detection of very small
amounts of light and the precise control
of light propagation is of great interest
for optical communication.
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Project title:
Polymers for biomedical
applications

Name: Doctor’s degree:
Maria Kempe 1995

Born: Works at:

1965 Department of Cell
Nationality: and Molecular Biology,
Swedish Biomedical Centre at

Lund University

POLYMERS

MANUFACTURED BY

MORE EFFECTIVE METHODS

Polymer is a Greek word meaning “many parts”. DNA molecules, regulating proteins, and small parts of
proteins, peptides, are just a few examples of polymers that all consist of several types of building
blocks. We are now living in the age of plastics and the production of synthetic polymers is growing
continuously. Marie Kempe is developing new effective methods for manufacturing biomedically useful

polymers.

“Humans learnt at an early stage how to
use natural polymers such as wool, cot-
ton, wood, and rubber. During the 19"
century we also began to produce syn-
thetic polymers in the form of plastics.
But it wasn’t until the 20™ century that
peptide synthesis became possible.”

In the beginning, peptide syntheses
were carried out in solution, which was
a very demanding and time-consuming
method. Each new building block, an
amino acid, was connected to the pepti-
de chain in activated form or with the aid
of a special coupling substance, a coup-
ling reagent. After that it was necessary
to purify the peptides from the solution
by a long process in order to get rid of
the excess starting material, reagents, and
by-products.

“In the 1960s the Nobel Prize winner
R Bruce Merrifield invented peptide syn-
thesis on solid phase. This was a revolu-
tionary discovery and is the technique
used today. The amino acids are also in
this method coupled to the peptide chain
with the aid of a coupling reagent, but
the peptide is now bound to an insoluble
support material in the form of plastic
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beads. This avoids the long purification
procedure between each step; instead the
plastic beads can be filtered simply with
their anchored peptides. Other advanta-
ges of solid-phase synthesis are that it is
an easily automated process and that it
gives a better yield. This higher yield is
obtained by driving the reaction to com-
pletion by the use of excess coupling rea-
gents. After the coupling, excess reagents
can then easily be filtered off.”

Owing to the increased need for new
solid phases, Maria is devoting one of her
projects to the development of new poly-
mer support materials. These are to be
used for the solid-phase synthesis of long
peptide sequences, which can be difficult
to produce, small organic molecules, and
various pharmaceutical candidates.

“So far one of the supports, CLEAR,
has been commercialised. This is a new
type of polymer, which is highly cross-
linked and thereby mechanically stable.

Synthetic receptors manufactured

Many peptides function in the body as
hormones, binding with a large number
of rather weak bonds to their respective

receptors. When artificial peptide hor-
mone receptors are prepared, the confi-
guration and electronic properties of the
natural receptors are imitated to make
the binding to the hormone possible.
Maria Kempe is now going to produce
synthetic receptors for the synthesis, puri-
fication, and analysis of various peptide
hormones, antibodies, and an HIV pro-
tein. Potential applications are for the
development of new drugs, clinical ana-
lyses and food testing, or for adminis-
trating drugs in the body. To produce
recognition elements specific for the des-
ired molecules, they will use two diffe-
rent methods.

“Besides preparing peptides with a
high binding capacity for specific mole-
cules by solid-phase synthesis, we have
developed a more direct and effective
method for receptor synthesis. This is a
molecular casting technique called mole-
cular imprinting. The molecule that the
receptor should be selective for, its
ligand, acts as a mould when producing
the receptor. This is done by synthesising
a synthetic polymer, of plastic, around it.
The ligand is then washed away, leaving



a cavity in the plastic where the ligand
fits in.”

“The artificial receptor that is formed
in this way is called a molecularly imprin-
ted polymer, MIP. It has high chemical
and mechanical stability and can, after
regeneration, be used repeatedly to bind
its ligand without losing its selectivity or
binding capacity.”

Using this molecular imprinting pro-
cess Maria has produced a receptor for
the peptide hormone oxytocin. Oxytocin,
which is secreted from the pituitary gland
in the brain, has two functions. It opera-
tes at the end of pregnancy, when it sti-
mulates the contractions of the uterus
before childbirth, and it stimulates the
smooth muscles in the mother’s breast
so that the milk is transported from the
glands to the suckling child.

With an interest in

string instruments

Maria Kempe comes originally from Mal-
mo6. After having studied chemical eng-
ineering at Lund Institute of Technolo-
gy she stayed on and took a doctor’s
degree focusing on molecular imprinting
technology. After that she continued to
study peptide synthesis at the Universi-
ty of Minnesota in the United States. Her
varied interests were woven together in
biochemistry.

“I have been interested in medical
questions for a long time and thought
about studying to become a physician ini-
tially. But it wasn’t clinical work that

attracted me most and when I realised I

wanted to do research, biochemistry see-
med to be a natural choice. Now I keep
in touch with medicine through my rese-
arch discoveries instead, from projects
that I myself have chosen to work on in
my own research group. That suits me
down to the ground.”

Besides playing golf Maria is deeply
interested in music. Her instrument is
the violin.

“I have played in the Malmé Youth
Symphony Orchestra, the Lund Youth
Orchestra and the Lund University Aca-
demic Orchestra. What is fun when you
play with other people, apart from get-
ting to know a lot of people, of course, is
that everybody’s efforts are woven toget-
her into something big. I like listening
to classical music at home — what it is
depends on the mood I happen to be in
at the time.

Milk is tested for antibiotics
Today both consumers and food manu-
facturers are showing increased interest
in controlling the quality of food pro-
ducts. They want to be sure that they do
not contain any outside substances like
industrial contaminants, pesticides, vete-
rinary drugs or growth hormones. If it is
to be possible to carry out effective tests
directly at the factory, or even in the far-
myard, the tests must be adapted for the
non-expert.

“Today’s antibody-based tests need to
be improved. That's why I and some of

AdNIN MINNIH :0LOHd

my colleagues are developing a method
to be able to determine in a simple way
whether milk contains antibiotics. This
is a EU-financed project that also invol-
ves researchers from other fields such as
microtechnology and foodstuff quality
control. Milk is an important product in
the European Union and the importan-
ce of minimising the spread of antibio-
tics that can cause allergies among peo-
ple has now been understood. It is also
vital to minimise the risk of the emer-
gence of antibiotic-resistant bacteria.

This method is based on polymers that
have been made selective for various
kinds of antibiotic molecules. These poly-
mers, which are synthesised by the mole-
cular imprinting process, are packed in
a cartridge, which in turn is placed in the
measuring instrument that has also been
developed in the project. If a polymer
binds to an antibiotic molecule, this is
detected by means of fluorescence.

As robust imprinted polymers are
used as the recognition element, this
method has great advantages over con-
ventional methods. The synthetic poly-
mers are far more mechanically, ther-
mally and chemically stable than
biological antibodies. So Maria hopes that
their method will be more reliable.

“The content of antibiotics in milk is
just one of the applications of this met-
hod. Diabetics, for example, would find
it very useful to be able to measure in a
simple way the glucose content in their
blood.”
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SUPERCONDUCTORS TO
HELP THE MOBILE SOCIETY

Today, when almost everybody uses a mobile phone, the base-station receivers run into a problem
supporting both increased number of services and increased number of users. Anna Kidiyarova-

Shevchenko is going to make solutions of the problem more efficient.

“Instead of silicon semiconductors,
which are in most digital base stations
today, we are going to use superconduc-
ting material. Superconductors can con-
duct current without resistance, which
provides signal transmission more than
100 times faster than semiconductors.
Due to this fact, serial algorithms imple-
mented on superconducting electronics
can be used instead of over-complicated
parallel algorithms realised in silicon.”

Anna Kidiyarova-Shevchenko has been
working at Chalmers in Géteborg since
1998. She has chosen the niche field of
mobile telephony since it is a rapidly gro-
wing area of research that she believes
would require advanced electronics in
the nearest future.

“In cellular mobile networks the sig-
nals from handsets are corrupted by the
interference between them. Removing
of the interference is a very complicated
task that requires very fast digital signal
processing. For the future scenario with
increased number of users, the problem
became vital for conventional electronics.
We are convinced that superconductors
are the solution to the problem.”
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Ice-cold environment vital

The only way of getting the present semi-
conductor receivers to function faster is
to reduce the silicon components. This
is virtually impossible, however, since
they are already very small. Apart from
the manufacturing costs skyrocketing,
quantum mechanics also sets limits.

A problem with superconductors,
however, is that they have to be cooled
down to a very low temperature to beco-
me resistance-free. But the disadvanta-
ges of this manufacture-demanding pro-
cess are outweighed by the fantastic
capacity that is achieved.

“We shall use two different systems:
a low-temperature one based on niobi-
um which begins functioning at -269 °C,
and a high-temperature one based on ytt-
rium barium copper oxide (YBCO). The
high-temperature system has supercon-
ducting properties at the somewhat hig-
her temperature of -253 °C. This system
is not fully developed yet, but when it will
be the digital operational frequency will
Dbe raised from 30 gigahertz, which is the
maximum frequency for the low-tempe-
rature system, to 150 gigahertz. This level

of frequency is unique and cannot pos-
sibly be achieved by conventional semi-
conductor technology, which has a cur-
rent operational frequency for digital
systems of about two gigahertz.”

Russia in her mind

Being a researcher in Moscow is not easy.
Science has low status in society, which
makes it difficult for researchers to finan-
ce their projects. On top of that, being a
woman and daring to invest in higher
education with career opportunities
demands extra courage and self-confi-
dence — something that many Russian
women lack. Anna is proud of what she
is today and exalted by the technology
available in Sweden. Chalmers with its
resources is a world-class research cen-
tre, she says, but she still misses her
home country.

“Not until now, when I am living in a
foreign country, I do realise how much
I value my family and my friends. What
I miss most of all is everyday socialising
at dinners and telephone conversations.
Now my phone is silent and a few weeks
ago I missed the birth of my niece. But




I had to choose between meeting my
family and having a job that I enjoy.
Research came first.”

She is living now in a house in Sirs,
south of Géteborg. The fantastically beau-
tiful countryside gives her a feeling of
freedom that helps her to enjoy life. But
her native traditions are kept alive with
Pelmeni, a ravioli-like dish, and Pirogi,
pastry filled with cabbage, boiled egg and
fried onions.

“Those tastes are so closely connected
with a host of memories that I feel as if
I were at home with my parents for a
while. “That's a cheap trip to Russia,” she
says with a smile.

Apart from going back with her fami-
ly to Moscow once a year, she has disco-

vered large parts of Europe over the past
few years.

“The best thing about travelling is that
you get to experience different atmos-
pheres, cultures and histories. Every pla-
ce you visit raises one’s consciousness of
what a myriad of environments there are
all round the world. Florence in Italy is
the town I like best, because it is so rich
in Italian history. When you arrive the-
re, you feel as though you have been
taken back in time and you forget eve-
rything else.”

Future visions

Superconducting material has a great
potential for use in levitating express
trains, computers that control nuclear

reactors or weather forecasting, to men-
tion but a few areas.

Privately Anna thinks that she will stay
in Sweden for a long time. Her daugh-
ters Anastasia (13) and Kseniya (5) also
like living here, as does her husband
Alexander. Do you want your daughters
to be researchers?

“Yes, that would be great, but I don’t
want to push them in any way. I'm try-
ing to teach my elder daughter some
maths and physics, but she is more of
the artistic type. She paints really lovely
pictures.”

So, what do you think about best illus-
tration for your project? She laughs.

“You’d better ask Anastasia about
that!”
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INVESTIGATING
HOW MOLECULES MOVE

All round us there is constant change. Molecules and atoms move about, attach themselves to each other
and disengage. We are aware of some of these changes, as when ice turns into water. But there are
others that we do not see — at any rate properly yet.

An eventful life

There are a great many things we cannot
see with the naked eye but which are
going on all the time, with or without our
knowledge. In the end it is a matter of
how atoms and ions bind together and
how they behave in relation to their sur-
roundings. If we are to be able to obser-
ve individual atoms and how they move
in relation to each other, we have to be
able to measure events that last as little
as 10™ seconds and movements across
distances as little as 10™. Rapid events
have been studied mainly with the aid of
short-pulse lasers, within the visible
range. This is done in very small struc-
tures with what is called X-ray diffraction.
But these techniques are inadequate
when exact moments are to be studied
in order to find out what happens in the
middle of a process, because it is only
possible to see what happens before and
after. Itis these intermediate stages when
changes take place that Jorgen is inve-
stigating.

A maths-interested boy
Jorgen was born in Sméland and grew
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up in Skine. When it was time to go to
university, he moved to Lund, which is
still his home base.

“I began to get interested in science
when [ was at high school. I liked maths
best but it seemed boring just to work
with calculations, so I chose Engineering
Physics.”

His university education gave him the
breadth he was looking for and after his
degree project, which was about atomic
physics, he decided to stay on and take a
doctor’s degree. The Hubble telescope
had just gone up into space and started
operating. This made Jorgen curious and
gave him inspiration, because this great
telescope made it possible to see what
hitherto had not been visible: vacuum
ultraviolet light. This type of light cannot
penetrate the atmosphere, so before the
Hubble telescope it could not be studi-
ed.

After taking his doctor’s degree he
spent a year at Imperial College, London,
where he studied atoms in strong laser
fields. These laser pulses last 10 seconds
and generate from one to ten TW, which
corresponds to the amount of energy that

up to 10 0oo nuclear power stations like
Barsebick generate in the same time. In
the high fields that arise then short-wave
radiation is generated at odd multiples
of the laser light’s frequency. Many
thoughts passed through J6rgen’s mind
when he was doing this work about how
it might be possible to utilise these short
and short-wave laser pulses in various
applications.

Rapid events and short distances
In his current project Jérgen will deve-
lop laser-based methods that can be used
to observe atomic structures in solid
material and to understand how laser
radiation per se affects material. What
interests him are the small changes that
take place in the atoms.

“If we can find a technique that works,
we will be able to observe and even con-
trol specific chemical processes in solid
material to a considerably greater extent
than at present,” says Jorgen Larsson.
“This will help us to understand the pro-
perties of various kinds of material and
why they react in the ways they do.”

To do this we can use X-ray diffrac-



tion, by which a specimen is radiated
with X-rays and, by studying the rays” dif-
fusion, get a picture of the structure of
the specimen. If we want to study dyna-
mic processes over a short period of time,
the X-ray sources used must be conside-
rably more short-pulsing than those in
use today. The most intensive X-ray sour-
ce in Sweden at present is the synchro-
tron source of light, MAX II, which hap-
pens to be in Lund. With this and by the
use of fast detectors it is possible to stu-
dy processes that last only 5 - 10" seconds.
In a synchrotron light source the
electrons circulate at a speed close to the
speed of light. By adding a magnetic field
it is possible to get the electrons to chan-
ge course and when they do so they emit
energy in the form of light. What is uni-
que about this type of light radiation is
that it consists of wavelengths from a very
wide spectrum, from long-wave visible
light to short-wave X-rays. The divergence
of this radiation is also minimal. Depen-
ding on how the rays spread, it is possi-
ble to read the specific pattern the atoms
in the radiated material have. X-ray radi-
ation has a wavelength of a few nano-
meters, which is about the same as the
distance between two atoms in a ran-
domly selected molecule. By making use
of the advances that have been made in
accelerator and X-ray physics in recent

years, it will soon be feasible to produce
electron pulses and hence X-ray pulses
that are shorter than 1 ps. These techni-
ques can also be used to investigate how
laser-generated shock waves move
through material and how these waves
affect the atomic structure.

The future

Time-resolved X-ray diffraction techno-
logy is a relatively new field. In the world
today, Jérgen thinks, there are only a
dozen or so groups researching in this
field. He himself has been in it from the
start and believes that there will be rapid
developments now.

“In five-six years time I think it is rea-
sonable to believe that we will have deve-
loped many of the analysis methods and
that they will be available for use. I really
think that we will also have begun to be
able to diagnose and control both phy-
sical and chemical processes.”

Today they are collaborating with the
Department of Nuclear Physics at Lund
Institute of Technology with the aim of
improving a material used to encapsula-
te nuclear fuel rods, a zirconium alloy.
The life of the fuel rods is limited by the
fact that the outer material oxidises too
quickly. If we manage to find out exact-
ly what happens between the atoms, it
will be easier to counteract oxidisation,
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thus making the storage capsules better
and more durable.

“It feels great to have as long a period
as six years with a secure financial situ-
ation,” says Jorgen. In this field we usu-
ally think in terms of two to four-year
periods. It means that I will be able to let
my present research team of two post-
graduates grow and establish a stable
work situation.

Jorgen likes living and working in
Lund. Apart from his year in London he
has also worked for a few years at the uni-
versity at Berkeley, California.

“Right now I don’t long to move abro-
ad. But I like travelling and I do quite a
bit when I travel round doing my expe-
riments.”
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Numerical simulation of a two-dimensional X-ray
reflection curve. The reflection is shown as a
function of both time and the angle of the crystal
relative to the X-ray radiation.
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ENERGY LOSS - THE

Name: Doctor’s degree: Project title:
Nils-Goran Larsson 1992 Mitochondrial
Born: Works at: biogenesis
1959 Department of Medical

Nationality: Nutrition, Novum,

Swedish Karolinska Institutet

DEATH TRAP OF CELLS

Nils-Géran Larsson is searching inside cells for common causes of many of our widespread diseases:
Parkinson’s disease, Type |l diabetes and heart disease.

The sky is blue and the sun is slowly war-
ming the air on this morning at the Karo-
linska Institute at Solna. He is casually
dressed and seems relaxed.

“I've always wanted to be a scientist.
But I thought I ought to get a proper edu-
cation first, so I became a pediatrician.
Neither of my parents went to universi-
ty, so going to university was something
new for me.

Nils-Géran was born in Kristinehamn
and you can still hear a faint Virmland
accent when he speaks although he left
his hometown a long time ago to start
medical studies. He first worked as a doc-
tor in Géteborg.

“That was when I worked at a chil-
dren’s clinic in Géteborg and met chil-
dren who had serious congenital disea-
ses in which the mitochondria in the
heart and muscles in particular had
impaired functions. That really opened
my eyes and I realised that I would be
able to do useful work although the rese-
arch in that field had not really got
going.”

After ten years on the west coast as a
doctor and researcher he set off for Cali-
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fornia and Stanford University, with its
fantastic research climate, as he saw it.

“I was lucky enough to work with
David Clayton, who had long experience
of mitochondria studies. He taught me
how best to create an environment whe-
re solving scientific problems was always
in focus. This was how I wanted to work
— long-term efforts to solve important
biological problems.

After his stay in the United States he
and his family moved back to Stockholm
where he now lives in a house in Sollen-
tuna. He spends a lot of his leisure time
with his children, Erik (10), Siri (8) and
Bjorn (6). They are the future. But Nils-
Goran also likes to look back into the
past.

“In recent years I've been reading a lot
about the history of the Second World
War. Its interesting to find out about the
process that led to such an enormous
human disaster and which until quite
recently explained the political situation
in Europe. If you know about the past, I
think it’s easier to understand today’s
society.

Function and

effect of mitochondria

Nils-Géran Larsson has now been wor-
king for more than 10 years trying to
understand what happens in the human
body if the cells” energy-producing capa-
city is damaged or completely destroyed.
And this is where the mitochondria play
the leading role.

Mitochondria are small components
inside the cell. The mitochondrial respi-
ratory chain produces the bulk part of cel-
lular energy. Another important function
that the mitochondria fulfil is to control
programmed cell death, apoptosis. In
normal cases this is a vital process ensu-
ring that defective cells are broken down
and disappear. But when cell death takes
place in an uncontrolled way, tissue
damage can occur.

Nils-Géran Larsson and his colleagu-
es have now seen that there may be a
connection between damage to the cells”
mitochondria and premature cell death
in the brain.

“This may be a contributory cause of
the development of diseases like Parkin-
son’s. We also know that damaged mito-




chondria can give rise to similar proces-
ses in cells in, for example, the pancre-
as, where the insulin-producing cells are
destroyed, leading to diabetes. But our
project also includes studies to determi-
ne the role that the mitochondria play in
the normal ageing process.”

Cells starved of energy

“In experiments mice have their mito-
chondrion function eliminated and the
effects of this, if any, are documented. Tt
is not possible to directly manipulate the
genome of mitochondria, mitochondri-
al DNA, and we therefore chose to knock
out a gene in the cell nucleus controlling
mtDNA maintenance.”

So as to be able to follow the process
even more successfully the group uses a
refined method that makes it possible to
eliminate mitochondrial function in a
single type of cell such as heart-muscle
cells, insulin-producing pancreas cells or
nerve cells.

“With the help of this method we can
very exactly study the molecular conse-
quences of reduced energy production in
selected tissues. This makes it easier to
understand the underlying mecha-
nisms.”

Compensation for survival

When cells have their energy supply
reduced or completely eliminated, they
try to compensate for the losses of ener-
gy by producing more mitochondria. But
all the mitochondria that are produced
will lack a breathing chain.

“The result is an enormous accumu-
lation of mitochondria in the cells which
cannot at any rate satisfy the need for
energy. The cells end up in a vicious cit-
cle.”

One experiment studied the long-term
effects of this loss of energy. Mice had
their mitochondrial function eliminated
in the parts of the brain that are impor-
tant for learning and the memory — in
the hippocampus and the cerebral cor-
tex. To begin with no change was noti-
ced in the mice, but when they were five
months old those areas of the brain suf-
fered extensive cell death.

“It seems as though the cells cannot
compensate for an impaired mitochon-
drial function in the long run. Loss of
mitochondrial function causes cell death
in a variety of tissues. If we can learn how
to control the mitochondria’s ability to
induce cell death, we would be on the
right track for treating diabetes or Park-
inson’s disease.
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Their own company

Nils-G6ran Larsson and his colleagues
now want to find out which genes which
regulate mitochondrial mass in the cell.
They are studying mice with an elimi-
nated mitochondrion function in the
heart, brain, skeletal muscles or pancre-
as so as to pinpoint a small number of
genes that are active in all cases. With
further experiments in the pipeline they
hope to identify a few interesting genes
for further animal studies.

Nils-Géran Larsson has started colla-
borating with his colleague Claes Gus-
tafsson at the Department of Medical
Nutrition at Novum. They met during
their post-doctoral period at Stanford
University. Claes is a protein biochemist
and he is trying to identify the proteins
that read the mitochondria’s own DNA.
They have recently started a company,
MitoTech AB, together with another rese-
archer, Claes Wahlestedt.

“Our company will try to develop
medicines that affect the energy produc-
tion of the mitochondria. The whole pro-
jectis a long-term one, but I believe that
the first results will appear quite soon.”
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Name: Doctor’s degree: Project title:
Andreas Molisch 1994 Double-directional
Born: Works at: mobile radio channels
1966 Lund Institute of

Nationality: Technology and AT&T

Austrian Labs, USA

MORE ANTENNAS
GIVE INCREASED
INFORMATION FLOW

Many new wire-borne services have arisen as a result of the development of broadband services. If
the wireless networks are to be able to offer services of the same quality, their information speed will have
to be raised considerably. Andreas Molisch and his colleagues, with the aid of a new method, are going
to utilise radio channels more effectively.

“When data is transmitted today in the
form of radio waves, a system is used that
has one antenna in the transmitter and
one in the receiver. So that the waves do
not interfere with each other, all radio
users are separated, for example, by allo-
cating each signal its own frequency
band. A certain information speed
demands a specific number of frequen-
cies that has to be increased if you want
to increase the amount of data transmit-
ted per second by those traditional met-
hods. Today there is a lack of frequenci-
es within the range that can be used at
present for radio communication, so an
expansion of the bandwidth is expensive
in many ways. Thus an increase in
information speed using today’s techno-
logy means that the whole system will be
more expensive, which the users of wire-
less services will have to pay for in the
long run.”

A new method has now been develo-
ped called MIMO (Multiple Input, Mul-
tiple Output). Attempts are being made
to increase information speed by utili-
sing each frequency more effectively.
MIMO has more antennas in both trans-
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mitter and receiver, so in contrast to the
present system it can accommodate more
signals in a frequency band. The trans-
mitter sends information in parallel with
the various antennas, and this informa-
tion can then be separated at the recei-
ver end, in part thanks to its numerous
antennas.

“This means faster information trans-
mission with fewer frequencies. This sys-
tem can also be cheaper because the
companies do not have to pay for such a
large frequency spectrum.”

The MIMO system has been pionee-
red at Bell Labs in the United States. In
comparison with the old system, which
at a certain bandwidth has a spectral effi-
ciency of 1—5 bits/second/Hz (bps/Hz)
for cellphones and ro-12 bps/Hz for sta-
tionary systems, it has been possible to
attain a spectral efficiency level of 20—40
bps/Hz using the MIMO system.

“That level of efficiency cannot theo-
retically be attained with traditional sys-
tems.

Even if the capacity is reduced a little
when the system is tested outdoors, we
are convinced that it will function better

than the present system. We shall find
out how information transmission can
be optimised by studying the radio chan-
nels” characteristics.”

A refined system by analysing

and modelling radio channels

If the MIMO system is to be tested and
developed, statistical models will be
required showing how radio waves beha-
ve in different environments. The mat-
hematical descriptions of radio channels,
so-called propagation models that exist
today are based on transmitters and recei-
vers with one antenna. That is why it is
not possible to use these models to simu-
late the MIMO system. Instead Andreas
and his colleagues first have to develop
new propagation models that are suita-
ble for MIMO.

When a radio wave is transmitted, it
meets on its way from the transmitter to
the receiver various objects that reflect
and disperse it in various directions. All
these partial signals lie within the same
frequency range but can carry separate
information streams. At the receiver the
signals, which are now coming in from



different directions with different delays,
are received by one antenna each.

“In the usual system reflections crea-
te problems because the waves can inter-
fere with each other at the receiver anten-
na, which means that information is lost.
But the MIMO system works better when
signals come from several different direc-
tions. What we need to know now is
which direction we should send the
waves so that they deliver the informa-
tion in the best possible way in different
environments. We also want to find out
what the resulting waves” amplitudes,
delays and arrival directions will be. The-
se affect the receiver’s ability to separate
all the incoming signals from each
other.”

To get as many different parameters
as possible, Andreas and his colleagues
will carry out measurements in various
environments, in both cities and rural
districts. On the basis of these measure-
ments they will then prepare propagation
models that can be used for developing
the MIMO system. These measurements
will also provide information about the
effect of the environment on the system’s
capacity.

“The idea behind these experiments
is that the systems developer will disco-
ver new ways in which the capacity and
range in various environments can be
improved on the basis of the measure-
ment results and the propagation
models.”

Dancing to music

Andreas was born in Vienna and studi-
ed at the institute of technology there.
After having taken a doctor’s degree in
electrical engineering he started working
in a research group that was studying
mobile radio channels. Two years ago he
visited Lund Institute of Technology and
met Professor Per-Ola Borjesson there,
who is now one of his colleagues in the
MIMO project. Andreas divides his time
between Lund and AT&T Labs in the
United States, where he is running a pro-
ject on mobile radio channels.

“In my various projects I'm studying
both wave routes between transmitter
and receiver and how the receiver recei-
ves signals and processes the informa-
tion. These two areas are usually kept
strictly apart, but I think it is important
to try to have as broad a research project
as possible. That’s when you discover the
interesting connections.”

He is an inquisitive researcher with a
somewhat unusual hobby.

“I love dancing and have been practi-
sing and competing in dances like tango
and slow waltz for thirteen years now.
It's a very good way of getting exercise as
well as being great fun when you feel that
you and your partner are on the same
wavelength. As I like listening to classi-
cal music and have played the piano for
quite a few years, this hobby suits me
perfectly. My two interests, music and
dance, are combined in a very happy
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way.

Flexible electronics a necessity
Andreas and his colleagues can foresee
two main applications for the MIMO
system.

“One application is in cellphones. The-
se are dependent on the transmission of
information functioning well during
movement, which means that the system
has to be able to adapt to changes in the
environment. But cellphones do not yet
make very high demands on data capa-
city. The other field in which the system
could be useful is when laptop compu-
ters are connected to the Internet via
wireless connections. In the future the-
re will be outlets for wireless net con-
nections in more and more places, for
example at airports or railway stations.
Here there will be a need not so much
for coping with movement but for a con-
siderable data capacity.

“The flexibility that is required places
great demands on the electronics in the
system. But when that problem is solved,
new, higher quality wireless services will
be available.”

Wave paths
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Name: Doctor’s degree: Project title:
Richard Neutze 1995 Structural

Born: Works at: intermediaries of
1969 Chalmers University of ~ membrane proteins,
Nationality: Technology, Géteborg soluble proteins and

New Zealander

PROTEINS - THE
CELLS’ WAY OF
COMMUNICATING

photochemical systems

Nobody would believe that a New Zealander could feel at home in Sweden because of the weather. Nor
that he would because he grew up on a farm. Richard Neutze, who has changed both his field of
research and his continent, enjoys living in Géteborg.

Richard Neutze came to Sweden almost
four years ago. He had left his home
country, New Zealand, two years before,
to go to Oxford and do research in biop-
hysics. After that he continued doing
research at Tubingen in Germany. As a
boy he was fascinated by the universe,
wondering if it had a boundary or not.
These thoughts led him to study physics,
but now he has changed direction.

“I took my doctor’s in physics and it
wasn’t until my thesis was completed
that I decided to change course and stu-
dy biology.”

The reason was that Richard thinks
there is more to discover in biology. Dif-
ferent fields are beginning to move toget-
her more and more and the technologi-
es used to study biological systems often
stem from what has been discovered in
physics. As an example Richard men-
tions nuclear magnetic resonance spec-
troscopy (NMR), with the aid of which
small biological systems can be studied.
After Richard had moved to Uppsala four
years ago, he began to look more closely
at various types of proteins found in cell
membrane. With his background in phy-
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sics he thinks he has quite a few advan-
tages that help him to see applications
that would not be so evident to a biolo-
gist.

“Instead I have the disadvantage that
I lack parts of biology, but I'm learning
something new every day and this switch
is very stimulating.”

After having worked for three years on
protein crystallography at Uppsala,
Richard moved last autumn to Chalmers.
His main goal is to establish a crystallo-
graphy lab in Géteborg. He also hopes to
be able to develop the methods that are
used to study proteins. In addition he
looks forward to deepening his own
knowledge of biomedicine.

“I believe that the boundaries between
scientific fields will soon not be as sharp
as they are today. As a researcher I beli-
eve that you really benefit from interdis-
ciplinary thinking.”

Important proteins

Proteins in membrane have several func-
tions. One of the more important of the-
se is to transport ions from one side of
the membrane to the other. This ion

transport is the basic mechanism by
which all living organisms (bacteria,
plants and animals) transform energy
from one source, like light or food, into
useful chemical compounds. This trans-
formation is essential for the organism
to be able to carry out vital functions. To
be able to better understand how energy
transformation in a cell takes place
Richard and his group have studied a
protein called bacteriorhodopsin. Bacte-
riorhodopsin is the light-driven proton
pump that has the simplest known struc-
ture. It functions as a pump that absorbs
energy from a single photon and uses it
to take ions in a controlled way in and
out of the cell. These proteins are found
in a bacterium that lives in water with an
extremely high salt content, as in the
Dead Sea, for example.

There are also other families of mem-
brane proteins that can mediate signals
in and out of cells. Certain bacteria, for
example, use the wavelength of light to
decide in which direction they should
swim. To manage this they have two pro-
teins in their membrane, sensorrhodop-
sin I and II. When the sensorrhodopsin



molecule is hit by light, it changes its
structure, which in turn transmits a sig-
nal into the bacterium that stimulates it
to swim in a certain direction. The struc-
ture of these proteins is repeated in seve-
ral other membrane proteins and is used
as a model for studying the mechanisms.
Now Richard wants to try using the same
methods to study similar proteins. He
has become interested in a large group
of proteins with a structure that is very
like that of the bacterio- and sensorrho-
dopsins but that deal with signalling wit-
hin the cells. They control a number of
important functions in the body inclu-
ding vision. The methods used are crys-
tallography or X-ray diffraction. The
equipment is called an X-ray synchrotron
and when experiments are to be carried
out, Richard and his team go to Greno-
ble in France, where Europe’s most
powerful X-ray synchrotron is found.
They spend a few intensive days a year
there, carrying out their experiments. The
specimen that is radiated consists of a
complex of millions of identical copies
of one and the same protein in a crystal.
When the X-rays strike the protein crys-
tal, the light is spread in different ways
depending on its structure, and by means
of a detector it is possible to get a pictu-
re of the protein’s structure.

“It’s a nervous business to go off to
another country and carry out a large
number of experiments in one go,” says
Richard. “You're nervous until you get
back home and can decide whether the
results you have obtained provide valua-
ble information.” Both during his work
in Sweden and when he is doing experi-
ments in France, Richard says, he gets a
lot of help from his colleagues, both tho-
se in the home lab and his collaborators
out in the world. Together with two Swe-
dish groups, for example, he has begun
to study other types of proton pumps that
transport protons across the membrane
with the aid of light or energy from food.

“By studying what happens at the
atomic level when the charges move bet-
ween the molecules or signals are sent
through the cell we can place our disco-
veries in a medical context. Both proces-
ses are decisive for all living material and
the results we have got from X-ray crys-
tallography have helped us to understand
many of the basic events that take place
in all types of cells.”

Problem-solving at sea

One of the main reasons why Richard
left Uppsala for Géteborg was that his
wife Helena also lives and works there.
But the move also meant a change of
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work for Richard, so he was able to start
his own research group. He likes living
in Sweden even though he has to put up
with a somewhat lower average tempe-
rature than in New Zealand.

“I have a farming background and
grew up on a farm. When I came to Swe-
den, I found out that almost all Swedes”
grandparents were farmers. Farming
society has certain sets of cultural valu-
es that suffuse the whole of society,
which gave me a sense of belonging. I
didn’t get that same feeling during the
years I was in England, which in other
respects is usually regarded as our home
country.”

Richard, who has studied leadership
training in New Zealand, also looks for-
ward to developing as a leader. He was
involved in a project in which youngsters
lived on a boat together to learn how to
cooperate and solve problems. In his free
time he has a sailing boat which he lik-
es to use, though not mainly for problem
solving.

“Sweden is really a fantastic place to
sail in.”
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Name: Works at:
Ove Nilsson

Department of Forest
Born: Genetics and Plant

Project title:
Control of flowering in
annuals and perennials

1964 Physiology at the

Nationality:
Swedish
Doctor’s degree: Umeéa
1995

EARLY FLOWERING

TREES MAKE PLANT

Swedish University of
Agricultural Sciences,

IMPROVEMENT POSSIBLE

A great deal of our food, like cereals, rice, maize and fruit, has been improved over the years by crossing
different flowering crops with each other. Trees, on the other hand, have not been possible to improve
since they do not flower until after ten to twenty years. Ove Nilsson is now making use of a weed,
Thale cress, to get aspens to flower earlier, which is of great interest for plant improvement.

“People have always dreamt of being able
to control the flowering of plants. They
would then be able to make sure that flo-
wering took place when the weather is at
its best, or get it to occur earlier so as to
get more harvests per season. Flowering
is also a prerequisite for plant improve-
ment.”

One example of what traditional plant
improvement has achieved is our cere-
als. To start with, two sorts of cereals
were crossed with each other, both of
which had desirable characteristics. After
generations of crossing and selection we
have today cereals that not only produce
more seed but are also smaller, more sta-
ble and more resistant to different kinds
of diseases than the original grasses. By
selecting for different flowering times it
has also been possible to make them
more frost-resistant.

“In the past few years transgenic tech-
nology has come to agriculture. Almost
all maize, soya and cotton cultivated in
the United States today has been chan-
ged by transgenic methods. Maize has
been developed that is poisonous for
pests but not for humans, and “Fran-
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kenstein” tomatoes that do not rot. Some
plants have also been made herbicide-
resistant, which has resulted in a redu-
ced use of herbicides and a trend towards
more environmentally-friendly insectici-
des and pesticides.”

In forestry, on the other hand, neither
traditional plant improvement nor trans-
genic technology have come so far becau-
se it has taken too long to develop flo-
wering trees.

“But more recently transgenic tech-
nology has made great progress in fores-
try as well. Our aim is now to investiga-
te, with the aid of the new technology,
how flowering is regulated, partly to
make tree improvement possible and
partly to make the improvement of agri-
cultural plants more effective.

The weed that became famous

When Ove was a biologist with an inter-
est in molecular biology, he was offered
a postgraduate scholarship. It was to stu-
dy with Sweden’s first plant-molecular
biologist, Olof Olsson, and Ove accepted
the offer at once. He left Géteborg for
Umed and the University of Agricultural

Sciences, SLU.

“Together with hormone physiologists
from SLU we introduced a growth-hor-
mone gene from a bacterium into aspen
trees. This meant that we could influen-
ce the trees” development and after a
time we were the first research group in
the world to produce a transgenic tree
that had had its growth altered. This was
really a push in the right direction.

But to be able to use his new know-
ledge Ove felt that he needed to learn
more about molecular genetics and
various model systems in plants. The
weed Thale cress was, and still is, the
most fully developed model system.

“The reason why we use Thale cress,
Arabidopsis thaliana, is that it is a small
plant that doesn’t need much space to
grow in. It also flowers early, sometimes
as early as two weeks after the seed has
germinated. As a self-pollinating plant it
is easy to cross it both with itself and with
other plants. It also has a very small geno-
me with a very small amount of unim-
portant gene material, and it is now the
first plant in the world to have been com-
pletely sequenced.”



Ove moved on to Detlef Weigel at the
Salk Institute in La Jolla, just north of
San Diego.

“Detlef Weigel had previously isolated
a gene he called LEAFY which was neces-
sary for Thale cress to flower. All plants
have a LEAFY gene and from the cells
where it is active flowers are formed, whi-
le cells that lack the active gene develop
into leaves or shoots. When I went to see
him he had just put a LEAFY gene into
a tobacco plant, with the result that the
plant flowered after only a few weeks
instead of after four months. This was
fascinating and I knew that I wanted to
try putting the gene into aspen trees.”

Against all odds this gene transfer
functioned at the very first attempt and
the aspen began to flower after a few
months instead of after eight to twenty
years.

“Our scientific article had an enor-
mous impact in the American media and
in Europe as well. This was the first time
it had been possible to show a direct
application from research into Thalia
cress, which many people had thought
was of no use except for pure basic rese-
arch. Today we can see that research into
Thalia cress has led to a large number of
very important commercial applications.

Bass singer and a hiker
Apart from being part of the recently star-
ted company SweTree Genomics, Ove is
also one of the bass singers in the Cham-
ber Choir called Sangkraft. In May this
year it gave a jazz concert with music by
the composer Gene Puerling, and last
summer they won the big choir compe-
tition Choir of the World in Wales. Music
is central in Ove’s life and when he is not
singing himself he likes to go to listen to
the Umea Symphony Orchestra or an
opera at the Umea Opera House.
“Umead is a good-sized town. Although
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it has a rich cultural life it's not too big,
so transport isn’t problem. The only
negative side is the climate. Even though
I've got more or less used to it I still get
the Arctic blues when spring and early
summer don’t make an appearance.”

Despite his Arctic blues he is attrac-
ted by the Swedish mountains.

“I've hiked in many parts of the Swe-
dish mountains, but one of my favouri-
te places is Ammarnis in the Vindel
Mountains. It's a beautiful little village
where the road comes to an end in one
of Sweden’s relatively unknown wilder-
nesses.”

Identifying genes

that control flowering

For four years now Ove has been a rese-
arch assistant at SLU in Umea. Instead
of directly studying the LEAFY gene in
Thale cress, he is concentrating on the
genes that control its activity. This is whe-
re flower formation really starts.

“Nearly all the LEAFY gene’s regula-
ting genes, in contrast to the LEAFY gene
itself, are affected by outside environ-
mental factors such as light, temperatu-
re and access to nutriments. But there is
a group of genes that seem to control the
flowering time of Thale cress in the
absence of flowering-inducing factors in
the surroundings.

They are the genes that that control
the formation of the growth hormone
gibberellin. This is similar to the condi-
tions in the aspen, whose flowering is
not controlled by surrounding factors eit-
her but is only activated when the tree
has reached a certain age. Quite a large
part of my studies will therefore be devo-
ted to studying gibberellin regulation of
flowering in Thale cress and comparing
this with conditions in aspen”

Thale cress flowering is dependent on
the length of the day insomuch as it flo-

wers eatly during periods with long days,
while during periods with short days it
flowers late. Besides studying the gibbe-
rellins they will use Thale cress plants
that have grown during short days and
thereby regulate their flowering in a way
that is like the way in which aspen flo-
wering is controlled. They can then also
compare the two plants” genes, with the
aim of discovering if aspen flowering is
controlled in the same way as Thale cress
is.

“We also want to identify completely
new aspen genes that might control the
flowering time. To be successful with this
we have, in the big Poplar-EST project,
isolated and sequenced a large number
of aspen genes that are active in various
tissues. The specimens are taken from
various parts of the trunks, leaves, shoots
and flowers. In this way we can get a lar-
ge number of activated genes that can be
compared with the genes of interest in
Thale cress. So far we have sequenced
50 000 genes in aspen and identified
13 000 other ones. Among them we hope
to be able to ring in a number of inter-
esting genes whose activity is on or off
during the period up to or at the deve-
lopment of the flowers. These genes may
be involved in regulating when aspens
flower and may explain why aspens do
not flower until after 820 years.

So far LEAFY-induced flowering in
aspen has been rather abnormal and
resulted in half-sick plants. This is pro-
bably due to the fact that from the start
it is not the LEAFY gene that determines
when the tree will flower but rather whe-
re the flowers will be formed.

“If we manage to identify the genes
that control LEAFY instead, we believe
that the trees will be healthier and have
more normal flowering. Then large-sca-
le tree improvement will be possible.”
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Name: Doctor’s degree: Project title:

Claes Ohlsson 1993 Hormone regulation of
Born: Works at: bone tissue

1965 Department of Internal

Nationality: Medicine, Géteborg

Swedish University

NEW OESTROGEN-LIKE
PREPARATIONS WILL REDUCE
THE RISK OF POROUS BONES

Osteoporosis is one of the diseases that is increasing most in the western world. Claes Ohlsson is
going to investigate how the three hormones oestrogen, somatotropin (growth hormone) and thyroxin

affect the skeleton.

Sahlgrenska University Hospital is enor-
mous. And if your lab and your clinic are
at one end of the building complex and
your office is at the other end, it feels
even bigger. Claes Ohlsson sits down at
his desk, slightly out of breath, but quick-
ly collects himself.

“Brittle bones or osteoporosis as it is
also called means that the amount of
bone tissue decreases. So the skeleton
becomes brittle and patients often suffer
from fractures of the hip and vertebrae.”

The risk that Swedish women will suf-
fer from osteoporosis is amongst the hig-
hest in the world, and at the age of 80
half of all women will have developed the
disease. Its development is connected
with the renewal of bone tissue.

“Bone is not a static tissue but is rene-
wed throughout life. Two different types
of cell interact: osteoblasts are the cells
that build up the bone, while osteoclasts
are those that absorb and remove bone
tissue. The level of activity of these cells
is regulated by oestrogen, somatotropin
and thyroxin, and it is when osteoclast
activity gets too high that osteoporosis
can occur.”
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Increased risk

after the menopause

As well as protecting the soft parts of the
body, bone tissue also plays a part in
regulating calcium in the body. The older
one gets, the more difficult it is for the
body to absorb and use calcium. This
leads to the important calcium balance
between blood and bone tissue being
more easily upset, which results in more
fractures.

The greatest increase in the risk of
fractures comes with the menopause,
when the oestrogen content decreases
greatly in women. The osteoclasts, which
are normally inhibited by the oestrogen,
become more active and the bone tissue
becomes thinner. Other factors contri-
buting to osteoporosis are physical inac-
tivity, a poor diet and smoking. Being fat,
on the other hand, protects bone from
osteoporosis.

“When you are fat, the skeleton is
continuously and more heavily stressed.
The bone gets stronger and can take gre-
ater strains. So if a heavily-built person
falls over, it doesn’t put so much extra
strain on the skeleton, as it does with a

person who is very thin. So if old people
were not so thin, they would manage bet-
ter.”

Doctor in research

Claes Ohlsson has always worked both
as a physician and as a researcher. As a
clinical doctor he is well acquainted with
the ways in which all the organs of the
body work and can more easily draw
conclusions and parallels from his rese-
arch work

“It’s important not to be blinded by
one’s own little field but to be open to
new ideas and make use of information
in many fields. That’s how you get the
interesting angles on things. There are
not so many doctors in training today
who are planning to go into research,
which is a great pity. We need greater
variation among researchers.”

Claes collaborates with many doctors
and researchers and looks after four post-
graduate students himself. He had alre-
ady established his research team in
Goteborg when he went to the United
States for post-doctoral studies in 1996.
So for two years he had to try to keep in



touch with his colleagues at home in
Sweden.

“I guess I've got to be something of an
e-mailaholic, because I can’t stop sending
mails once I've started. It might be a bit
stressful for my colleagues when they see
that one was written in the middle of the
night at the weekend,” he says with a
grin.

But he also points out that communi-
cation is vital for the progress of research.

Reduced risks of side-effects

Many women today take oestrogen pills
during and after the menopause. The
problem with this medicine is that it has
proved to have side effects. At the same
time as they reduce the risk of osteopo-
rosis, cardiovascular diseases and per-
haps, according to the latest reports,
Alzheimer’s, the risk of developing breast
cancer and thrombosis increases.

“The best solution would be to deve-
lop an oestrogen-like preparation that
increases the positive effects of oestro-
gen at the same time as it avoids its nega-
tive effects. The existing medicines bind
unspecifically and only partly to the oes-
trogen receptors, which sometimes
results in the hormone affecting the
wrong tissue, with side effects as a
result.”

There are at least two variants of the
oestrogen receptor, called alpha and beta,
and they are found to different extents in
different organs. If it was possible to dis-
cover where the different receptors are
and how the function, the chances of pre-
venting and treating osteoporosis would
increase considerably.

“It should be possible to produce some
oestrogen-like preparations that only bind
to alpha receptors and others that only
bind to beta receptors. That would mean
that the oestrogen receptor could be sti-
mulated in certain organs, like the ske-
leton, and inhibited in others, like the
breast

Interaction of oestrogen
To produce optimal oestrogen-like medi-
cines it is necessary to understand how
oestrogen interacts with somatotropin
and thyroxin. That is why Claes Ohlsson
and his colleagues have bred unique
gene-modified mice. These mice have
lost their oestrogen, somatotropin or thy-
roxin receptors. The hormones affected
cannot therefore bind to their receptors
and do not function, which has various
effects on the bone tissue.

“By carrying out the same experiment
in several different tissues for the respec-
tive hormones we hope to be able to draw
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even better conclusions about how the
hormones interact with their receptors
and thereby affect the bone tissue in
various ways. Then we can obtain the
positive effect on bone at the same time
as the risk of side effects in other organs
is reduced.”

Youthful nature lover

Claes grew up in Géteborg and has lived
all is life close to water. He likes to relax
at sea as well.

“I don’t have a boat of my own, but the
past seven years me and a few friends
have hired a boat for a week and sailed
along the west coast. It’s a very enjoya-
ble and effective way of keeping in touch
with friends — we have time to chat about
everything under the sun. And it's so
unbelievably beautiful out among the
islands with their bare, open landscape.”

“Do you see yourself as an adult?”

“Not really, if you want to be a good
researcher you have to keep your childli-
ke curiosity alive. And I think my colle-
agues would agree with me, because
when I started as a professor at the
department here I got a radio-controlled
car as a present. That says quite a lot,
doesn’t it!” he says with a laugh.
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Name: Doctor’s degree:
Owe Orwar 1994

Born: Works at:

1964 Chalmers University of
Nationality: Technology, Géteborg
Swedish

Project title:
Biomimetic and
biological cells and cell
networks for complex
biosensors and bio-
computer systems

INTELLIGENT NETWORKS
OF ARTIFICIAL NERVE CELLS

Owe Orwar’s research group at Chalmers in Géteborg is developing methods for creating “intelligent”
networks of artificial cells and nerve cells. These networks should be able to receive chemical and
physical signals, process them and store the information in a kind of chemical circuit. This project
brings together subjects like nanotechnology, bioelectronics, biophysical chemistry, cell biology and
biomimetic materials science. The goals range from understanding how chemical reactions take place
in small-scale space to complex sensor systems for robotics and biological and chemical computers.

An artistic chemist

As a 17-year-old at high school in Hel-
singborg Owe was fascinated by the ner-
ve system and how the brain functions.
This fascination drove him to browse in
all the second-hand bookshops in Hel-
singborg to find books that could still his
thirst for knowledge.

“I can’t say that I understood much of
what was in the books I found. But I rea-
lised that a lot of the research in this field
took place in Géteborg.”

Laser-based measuring methods for
identifying peptides in the central ner-
vous system was the subject he later cho-
se for his doctoral thesis at Géteborg Uni-
versity. After two years at Stanford
University in the United States he is now
back in Goteborg and has now for the
past year been professor of biophysical
chemistry at Chalmers. But for a long
time he could not think of being a che-
mical researcher.

“I got involved in film and music
when I was a boy and I thought that my
future would be in one of the artistic pro-
fessions. The nerve system and chemis-
try was just a hobby, but now it’s the
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other way round.”

The old neurological books left their
mark and a central part of his research
today deals with the way in which nerve
cells in our body function and how know-
ledge of this can be used to build biolo-
gical and chemical computers.

Artificial cells

The research program he is going to
work on now has two lines. The first
aims at creating small intelligent net-
works of artificial cells by means of
micro- and nano-manufacturing tech-
nology. These networks consist of small
spherical containers called lipsomes that
are connected together with nanotubes.
Methods have already been developed for
introducing one or more chemical reac-
tion systems into individual cells. Thus
each individual cell in a network can car-
ry out a unique chemical operation on an
incoming chemical or physical signal that
is transported via a nanotube from anot-
her cell, or is introduced to the cell via a
membrane-bound protein. Orwar sees
the fact that proteins can be integrated
into the walls and into cavities in the arti-

ficial cells as a key factor.

He describes proteins as ingenious
molecules that combine advanced func-
tions with small scale. The networks that
are built of artificial cells are like LEGO,
where the parts consist of spherical cells
and nanotubes of various sizes and cros-
sings between nanotubes . The functions
of the networks are largely determined
by the proteins that are introduced into
the various cells.

“It is fascinating that different prote-
ins can do so many different things. They
catalyse specific reactions, function as
light and current detectors, identify
scents, flavours and a lot more. The fact
that we can introduce proteins into net-
works means that can use this broad
repertoire of properties to create net-
works with complex functions.”

Now Orwar believes it is possible to
design networks for a wide range of
applications. Since it is possible to trans-
port chemicals in the networks and ini-
tiate chemical reactions in the cellsin a
controlled way, there is a good model for
studying chemical reactions in spaces so
small that they resemble the environ-



ment in a biological cell.

“I also see great possibilities for des-
igning networks that function as chemi-
cal sensors and computers. You can even
imagine building logical circuits based
on chemical kinetics and optimal struc-
tures for DNA-based computing algo-
rithms.

It is particularly interesting that these
networks can function together with
various membrane proteins and so recei-
ve information in the form of various
kinds of chemical and physical signals.”

Orwar hopes that these artificial cell
systems could be connected to microe-
lectronic circuits and get them to com-
municate with each other.

“Chips like these, for example, could
be used to equip a humanoid robot with
advanced sensor systems that could regis-
ter many of the stimuli that activate a
mammal’s brain. A more distant goal is
to build integrated sensor and computer
systems based on artificial cell networks
for robotics that, besides receiving infor-
mation, could also remember and draw
conclusions.

The simplest systems of artificial net-
works are no bigger than a few micro-
metres. Even now the group is working
on nanorobotics, small cell-like robots
that can move to a target area and carry
out a specific operation there.

“The applications for such minute
robots are countless,” says Owe. If we let
our imagination run wild, we can think
of everything from robots that go in and
heal gastric ulcers or remove tumours to
robots that clean a computer screen of
dust particles.”

Designed nerve-cell networks

The other part of the research program
aims at constructing complex nerve-cell-
based biosensors. By integrating a ner-
ve-cell network with a detector in the
form of a silicon chip it would be pos-
sible to measure and register activities in
each individual cell with very great sens-
itivity. More specifically the aim is to cre-
ate techniques that can in parallel mea-
sure activities in individual receptor
proteins. The group has already develo-
ped methods for genetically or chemi-
cally manipulating individual cells in a
network. They now think that a combi-
nation of these two techniques will cre-
ate new possibilities for investigating how
nerve cell circuits function, for example
in the human brain. The group has alre-
ady proved that individual nerve cells can
be used as detectors for drugs and the
body’s own substances that function as
signal substances in the brain. They now
believe that it is possible to design ner-
ve-cell circuits on, for example, silicon
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chips that are optimated for complex sen-
sor functions, for example for drug iden-
tification and for robotics.

A wide range

The work in Orwar’s group spans many
of the traditional scientific boundaries.
It is the meetimg place for chemistry, bio-
logy, physics, nanotechnology and elec-
tronics.

“We don't all have special competen-
ce ourselves but we have built up a good
network both in Sweden and abroad. The
students who come here to work with us
have a very wide range of backgrounds
as doctors, engineers, biologists, physi-
cists and chemists.”

Apart from the scientific breadth of
their work, Owe points out something
else that is important for his research —
to be on the alert for the unexpected.
Exciting results often pop up when one
least expects them and often when one
is actually looking for something else.
And then it’s vital not to ignore them.

Outside his work, too he has a wide
range of interests in music, pre-Colom-
bian textiles, Formula 1 racing, medieval,
renaissance and modern painting and
the history of furniture.

“The most important driving force in
science and in life is curiosity.”
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Stephanie Margret
Reimann-Wacker
Born:

1968

German

1995
Works at:

Nationality:

Doctor’s degree:

Project title:
Nanostructured
quantum systems

Lund Institute of

Technology

ARTIFICIAL ATOMS
FOR REAL ELECTRONICS

Stephanie Margret Reimann-Wacker is devoting her research to physics at the smallest level. Devoting
oneself to artificial atoms in semiconductors might seem like hocus-pocus, but for Stephanie it is
everyday reality when she tries to find out how they can arise.

From Germany to Scandinavia
Stephanie came to Malmé in the sum-
mer of 2000 to pursue studies in her
field: physics at the smallest level. After
reading physics at university in Germa-
ny she went on to take her doctor’s
degree. Soon after her thesis was pre-
sented in 1995 she went to Copenhagen
and worked there for three years. During
those years she met her future husband,
Andreas, who she married this summer,
and they are expecting their first baby in
November. Andreas lives in Germany at
present because it is difficult for him to
find a job where Stephanie is.

“We do research in the same field —
and unfortunately that’s a rather limited
one.”

When Stephanie left Denmark, it was
time to go to Finland for two years. Now,
when she is living in Lund and working
as a research assistant, you can say that
she has tested life in Scandinavia. But
Stephanie’s first visit was something
extra special. As an eighteen-year-old
interested in physics she won a prize in
a scientific competition, which led to an
adventure.
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“The prize was a trip to Stockholm, to
take part in the Nobel festivities. That’s
not bad as a first impression of Sweden”

Artificial atoms

Stephanie is trying to gain an unders-
tanding of small and fundamental pro-
cesses in physics. One type of substance
she has looked at closely is semiconduc-
tor material of extremely small dimen-
sions. The size is so small that classical
physics laws can no longer be applied but
have to be replaced by those of quantum
physics. Electrons and other constituents
of the atom do not behave as we are used
to on extremely small scales. A very exci-
ting discovery that has been made is that
it is possible to create artificial atoms.
When several layers of semiconductor
material are placed on top of each other,
a thin coat of electrons is formed betwe-
en the layers. If a metal contact is placed
over all of it, and an outside source of
electric current is introduced, the elec-
trons are forced to keep within certain
limited areas. These small areas are cal-
led quantum dots. If these dots are made
sufficiently small so that the laws of

quantum physics begin to apply, it turns
out that the quantum dots start to form
fixed structures. They begin to look like
atoms, both in form and in properties,
so much so that they can be considered
to be artificial atoms. Just like atoms the-
re seem to be certain structures among
the dots that are more stable than others,
comparable to the noble gases. These
quantum dots are not found in nature
but have only been observed in the labo-
ratory. Much about their origin is still
unclear, and that’s what Stephanie wants
to do something about.

“My research aims at gaining a theo-
retical understanding of how artificial
atoms behave, how they interact and how
the electrons in them react to different
situations. If we learn how to master and
control these atom-like structures, they
might be of use in a number of areas,
among which small electronic structures
is one of the most interesting.”

Stephanie goes on to talk about the
possibilities she believes lie hidden
behind artificial atoms. Perhaps magne-
tic effects that they give rise to can be
used, or it might be possible to build arti-



ficial molecules from them for technical
purposes. Right now Stephanie is most
interested in the fundamental theory
behind particle systems.

“Of course I have ideas for applica-
tions in the back of my head when I
work, but just now it is basic research
and fundamental understanding that are
my greatest interests.”

Stephanie believes that it is of the gre-
atest importance for industry, if it wants
to make use of these quantum physics
systems, that it has really understood the
mechanisms that lie behind all the pro-
cesses.

“Certainly we need technical develop-
ment, but it’s not enough just to invest
in directly applicable research if you want
to get lasting results.”

Fundamental theories
Stephanie says that it is extremely impor-
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tant to learn to understand the funda-
mental theories that lie behind proces-
ses. It is not always research focused on
a specific goal that gives the most exci-
ting results; it must be possible for rese-
archers to be driven by pure curiosity.
She mentions laser beams as an exam-
ple.

“When the laser was being developed,
no one really knew what practical uses it
would have. It was something else that
drove research forwards. But when the
characteristics and function of laser had
been learnt, the applications emerged.”

Stephanie herself works mostly theo-
retically with computer modelling. She
collaborates with various groups all
round the world who are working both
theoretically and practically with experi-
ments. At present she is working most-
ly on her own and her goal is to start a
research group consisting of both post-

doctoral students and postgraduates. Her
aim is a successful, efficient group, which
is not something you produce at the drop
of a hat. She looks forward to learning
more about leadership and thinks that
good communication within the group
is one of the most important factors for
successful cooperation.

Something that has accompanied
Stephanie through all her years of
moving house, studying and doing rese-
arch is her cello. She has played the cel-
lo for a long time, preferably chamber
music. When there’s time for it. Much
of her spare time is spent on another
favourite hobby.

“I love sailing, so it’s easy for me to
enjoy life here. The west coast of Sweden
has fantastic sailing waters, so I have no
difficulty in making holiday plans.”
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BACTERIAL POISON

Name: Doctor’s degree:
Agneta Richter- 1995

Dahlfors Works at:

Born: Centre for Microbiology
1961 and Tumour Biology,
Nationality: Karolinska Institutet
Swedish

Project title:

Bacterial induction of
oscillations in the
calcium concentration of
cells as a new form of
treatment

CONTROLS THE GENE
ACTIVITY OF CELLS

Agneta Richter-Dahlfors wants to find out what it is that keeps us healthy. Now she and her colleagues
have found a bacterial product that makes the body’s innate immune defence more effective.

“Throughout our lives our bodies are
exposed to bacteria. Although our air pas-
sages, our stomach and intestines and to
some extent our urinary tract are expo-
sed to many thousands of bacteria every
hour, it is extremely seldom that they cau-
se any illness or disease. That is because
the body has an innate immune defence
that can quickly be activated to keep the
bacteria in check.”

Along the air passages, the gastro-
intestinal tract and the urinary tract the-
re is a protective mucous membrane. It
is the cells in this mucous membrane,
called epithelium cells that meet the bac-
teria first and start up a defence reaction.
Agneta has now found an interesting bac-
terial product that affects the epithelium
cells in a completely new way.

“By changing the calcium concentra-
tion inside the epithelium cells, the bac-
terial products can be made to increase
the cells” production of their defence sub-
stances. Thus the immune defence beco-
mes more effective.”
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Memories from the

other side of the Atlantic

After a while the smell of coffee begins
to rise from our cups and spread round
the room. Agneta looks happy and talks
quickly but concisely.

“I've always thought that, if I went
away somewhere, I would want to do
something really good. After high school
many of my classmates went off to be au
pairs in various countries, but I refused.
If I was going to move abroad, I wanted
to have a job where I would have a chan-
ce to learn about the country’s people and
its culture.”

Agneta’s dialect reveals that she comes
from Karlstad. After taking her doctor’s
degree in microbiology at Uppsala Bio-
medical Centre she and her husband
Christer wanted to realise their dream to
live abroad for a year or two. They studi-
ed the map of the world together, with
the result that they went to Vancouver in
Canada. Christer took a year off from his
job as an economist and studied com-
puter programming while Agneta got a
post-doctoral scholarship at the Univer-
sity of British Columbia.

“There was a chummy atmosphere at
the lab. All my colleagues were incredi-
bly friendly and relaxed and we quickly
made friends. In our free time we would
go down to the beach which was only a
few minutes away and when you got tired
of sun-bathing and swimming you just
needed to put on your slalom skis. You
see, Vancouver has mountains 1200
metres high that are covered in snow
most of the year. As you might imagine,
our friends in Sweden wondered whet-
her we would ever come home again.”

But they did and since 1997 they have
been living in a house at Saltsjs-Boo.
Christer has gone back to his old job as
an economist and Agneta is working at
the Microbiological and Tumour Biolo-
gical Centre at the Karolinska Institute
in Solna.

Calcium frequency

is an important factor

Calcium ions function as messengers
inside cells, regulating the cells” activiti-
es. Paradoxically enough it is the calci-
um ions that give the signal of both life
and death to the cell. Although an incre-



ase in the calcium level is necessary for
the calcium ions to be able to give a sig-
nal, the cell dies if the calcium content is
too high for a long time. That is why cells
often use repetitive signals called calci-
um oscillations.

“Now we want to find out how the bac-
teria affect the calcium oscillations. Qui-
te recently we showed that the frequen-
cy of the oscillations that our bacterial
product causes leads to certain genes in
the immune defence being activated. If
we can find out which genes are activa-
ted at what frequencies, we can custom-
ise production of the substances that pro-
duce the specific calcium oscillations.
Thus we can get the cells themselves to
produce the desired defence molecules.
Then we wouldn’t need to use antibio-
tics as often, which would reduce the risk
of side effects such as disturbances of the
intestinal flora and the emergence of anti-
biotic-resistant bacteria.”

A popular partner
Agneta collaborates with Anita Aperita,
who is a professor at the Department for
Women’s and Children’s Health at the
Astrid Lindgren Children’s Hospital.
Together

They produced results about the fre-
quency-dependent activation of genes
that attracted a great deal of attention,
including requests from other resear-
chers. One of them was Professor Kat-
suhiko Mikoshiba from the RIKEN Insti-

tute in Tokyo who has done pioneering
work on the role calcium oscillations play
in the transmission of information in the

nervous system.

“By bringing together his and our
know-how we hope to get even more
knowledge of how bacteria can affect sig-
nals in various types of cells. And in
doing so we may be able to understand
how certain nervous diseases arise and
how they could be cured.”

Quality of life

Agneta puts the quality of live before the
quantity of life. This priority has been
self-evident since she moved to Stock-
holm and has to travel two hours a day.
She tries not to be sucked into the fast
pace of life in society but treasures the
time she has with her family and friends.
And the quality of life for her can be any-
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thing from being out at sea on a sunny
summer’s day or just living in the pre-
sent.

“This morning when we were having
breakfast together, it struck me how love-
ly it is to be able laugh and have fun
instead of rushing off to work, slightly
irritated, as so many people do. You don’t
lose any time by being cheerful- rather
the opposite.”

She also sees positive thinking as one
of the most important qualities a good
leader should have. If you can’t get your
colleagues to enjoy life and their work,
it’s more difficult to get interesting
results. And live gets boring.

“I hope that the positive attitude to life
that my husband and I have will be pas-
sed on to our daughter, so that she con-
tinues to be the happy little songbird she
is today.”

Approximately 15 cells. The
basic level of calcium in the
cells is shown at time zero
(blue). When the bacteria
product is added, the cells
change colour after only
five minutes, indicating an
increased quantity of
calcium. The red-white
colour indicates a maximum
quantity of calcium. The
process is tracked for one
hour and an oscillating
movement is observed in
which the calcium levels of
the cells increases and
decreases alternately.
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IMPROVING
COMPUTER SECURITY

Goteborg University s =

Name: Doctor’s degree: Project title:

David Sands 1990 Programming language

Born: - Works at: - methods for computer

1965 Chalmers University security ,
Nationality: of Technology and = :

Many people today have a computer at home to which they download programs, music and games
from various companies’ home pages. If the files contain viruses, they can lead to computer errors
because of inadequate security measures. David Sands is creating methods for investigating more
easily whether a program is safe to use or not.

“Imagine you have downloaded a pro-
gram called “Your Doctor 2002” from a
company that you know but don’t com-
pletely trust. “Your Doctor 2002” pro-
mises to give you good medical advice via
the Internet directly to your home. Their
employees are sworn to professional
secrecy, the program is free and finan-
ced by medical trademarks advertised at
the top of the program’s front page. Is a
program like this safe to use? At the
same time as it has to have access to your
personal medical information, it also has
to be connected to the Internet in order
to get the latest information about influ-
enza epidemics and the latest commer-
cial offers. How can you be sure that the
company or its sponsors do not use your
medical information for some other pur-
pose?”

It has become even more difficult
today to decide which programs you can
rely on. The security that protects pro-
grams includes passwords and standard
systems like fire doors. These systems
prevent unauthorised persons from ente-
ring and reading protected information
as long as no one downloads a document
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to the computer from the Internet or
receives an e-mail from outside. If the
document or the mail contains an attach-
ment with a virus, this is not stopped by
the system and protected information
may be lost. Nor is it impossible for exis-
ting passwords to be broken by an expe-
rienced and eager hacker.

“Now we want to make more flexible
and more reliable security programs.
Many of the ones that exist today only
recognise viruses they have met pre-
viously and are therefore defenceless
against any new destructive viruses that
come out. If instead we could find met-
hods that decided whether a program or
a document was safe to open or nor,
whether it had been met before or not, a
great deal of program damage and ille-
gal misuse of data could be avoided.”

Scandinavia beckoned

David comes from the North Kent coast
in southeast England. The maths studi-
es he did at York University developed at
Imperial College in London more and
more into computer and programming
languages. During his doctoral and post-

doctoral work he was involved in a Euro-
pean project concerning the Scandinavi-
an countries. This resulted in his wor-
king for three years at the Datalogical
Institute, DIKU, in Copenhagen.

“My wife Anita and I very much enjoy-
ed living in Copenhagen with its rich cul-
tural life, many restaurants, cosy pubs
and theatres, but when I got an offer of
a post at Chalmers in Géteborg, I took
the chance. We wanted to discover anot-
her Scandinavian country, and my new
work meant very good opportunities for
research.”

Now they live with their sons Oscar
(7) and Daniel (5) in a house with a view
across the sea at Hovés, Goteborg. David
works as Professor and Director of Stu-
dies at the Department of Computer
Science at Chalmers and Géteborg Uni-
versity — and is very involved in educa-
tional matters. As well as developing new
training courses of various kinds with
other researchers, he is on a large num-
ber of international research committees
that arrange conferences on computer
security.

“Computer security is a fairly new




research field. It’s only recently that peo-
ple have realised that systems are not
secure enough and that more and more
dubious companies and dishonest per-
sons are trying to profit from this. If we
want to be able to use the programs that
exist today in a secure way, there will
have to be changes.”

Analysis of

mathematical combinations

It is not just weaknesses in the techno-
logy that have caused security problems,
cultural factors also play a part.

“The most important thing for most
people today is to have easily-managed
programs. To meet consumer demand
the computer companies make simple
programs, which unfortunately creates
problems. Today’s complex program-
ming languages have to be translated into
a much simpler level that computers can
understand, and that loses a lot of secu-
rity.”

To reduce the negative consequences
of translation, David and his colleagues
will use a special method of analysis. By
making an abstract form of data proces-
sing they can automatically analyse the
properties of a program without needing
to start the program.

“An everyday example of an abstract
interpretation is when you’re going to
bake a cake. If you look through the reci-
pe, you can work out how long it will take
before the cake is ready, and then decide
whether or not you have time to bake it.

In the same way you can decide if you
want to start a program, which corres-
ponds to the recipe, depending on whet-
her it appears safe or not.”

“A more mathematical example is if
you ask “Will ((-23 x -423) + 99)/7 be a
positive number? Without using a pock-
et calculator most people can quickly see
that the answer is Yes. That’s because
there is a rule in mathematics that tells
you that a negative number multiplied
by a negative number always results in a
positive number. In this example the
pocket calculator represents the pro-
gram.”

As in mathematics, computer securi-
ty comprises a set of rules that determi-
ne a program’s reliability. These are
much simpler than the actual program-
ming rules but good enough to detect
certain mathematical sequences that
might, for example, be a virus. If you find
dangerous mathematical combinations
in a program, you decide not to start it.

However, we have no clear definition
today of what makes a secure program.
One of the main problems that David is
working on is how information can be
provided in confidence. What do you do
to make sure that only certain people in
a company, for example the managers,
are allowed to read the employees” per-
sonal details while others are prevented
from getting hold of the information?

“It is mathematically impossible to cre-
ate a method of analysis that is 100%
secure all the time. But by letting the
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computer answer Yes only if the system
is totally convinced that the person try-
ing to open a document is the right per-
son, and No if it does not know, you can
get a comparatively reliable method. A
future goal is also to try to develop a pro-
gramming language with a higher secu-
rity level than those existing today. That
will raise the security level of computers
even more.”

Journeys in all directions

If you live on the coast in England, some
kind of water sport is a common leisure
activity. For David it was windsurfing,
but more recently he has embarked on a
relatively new sport called kite surfing.
You get an extra push on your board by
being harnessed to a parachute. The idea
is that you can jump up in the air from
the water and do various acrobatic tricks.

“It’s a really crazy sport, but great fun.
Maybe I'm getting a bit old to fly around
in the air, but you are what you do, and
I don’t want to be old yet,” he says with
a grin.

David’s wife Anita is also from Eng-
land, but she has a brother in Canada, a
sister in Australia and her parents in Ger-
many. David’s parents still live in Eng-
land.

“It’s marvellous to be able to enjoy so
many places by going to visit all your rela-
tives. And when I'm in England, I eat the
food I miss in Sweden - really strong
Indian curry with lots of cumin in it. That
gets your taste buds tingling!”
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Name: Nationality:
Maria Stremme Norwegian
Born: Doctor’s degree:
1970 1997

Works at:

Project title:
Pharmaceutical
materials science

Uppsala University

PHYSICS AND
PHARMACEUTICS IN AN
EXCITING COMBINATION

Combining research with leisure-time activities is what gives Maria her energy. By starting a research
group in the field of pharmaceutical materials science she will also be able to combine her favourite

subjects — physics and medicine.

From the fjords of Norway

to the river Fyrisan in Uppsala
Maria was born and grew up in Lofoten
in Norway and moved to Sweden in
1989. First she lived in Falun but a year
later she moved to Uppsala to start stu-
dying at the university there.

“My student days have given me a fee-
ling of being a real Uppsalian. I moved
around a lot from digs to digs, so now I
feel that I know all the nooks and cran-
nies of the town — and I still like it just
as much.”

Space and the stars aroused her inter-
est in science when she was still at midd-
le school and when she got to secondary
school she knew what she wanted to be
— a physicist. The choice was not entire-
ly without influence from her father, who
is a nuclear physicist and high-school tea-
cher. Her passion for astrophysics
waned, however, and when she started
at university she chose to study techni-
cal physics to get the educational breadth
she wanted. During this period Maria
studied for six months in Ohio, USA as
well as spending some time in Poland.

“It’s extremely educational to study
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and live in a different environment than
you're used to. Travelling has made me
a more extrovert person, more alive to
people and attitudes.”

Physics and nasal spray

During her time as a doctoral student
Maria worked on developing measure-
ment methods for solid-state physics.
After taking her doctor’s degree she was
contacted by one of the researchers in
pharmaceutics who needed help in stu-
dying a problem related to the way in
which pharmaceuticals, primarily nasal
sprays, are absorbed in the nose. There
was no good method for simulating the
environment in the nose and the mucus
membrane, or for studying how sub-
stances in a nasal spray absorb liquid
from the mucus membrane. They carri-
ed out a project together and it became
clear to Maria that there was a great deal
waiting to be discovered in this field. The-
re is no established research at present
in which the classical laws of physics are
used to study how pharmaceuticals are
released and absorbed. With the aid of a
research grant Maria is going to start an

interdisciplinary project group with a core
of seven to eight people, which she hopes
will grow. By combining knowledge of
pharmaceutics, physics and materials sci-
ence they will set up a system that can
measure the release of pharmaceuticals
in a very small volume of liquid while car-
rying out measurements during a very
short period of time.

“There isn’t much more than spora-
dic cooperation between the fields of
pharmaceutics, physics and materials sci-
ence. This will be the first established
group in the world, and I'm working on
creating contacts with other groups all
round the world that are also waiting for
the starting signal. It feels very exciting
to be part of a completely new type of pro-
ject.”

It feels natural to Maria to be working
with a combination of physics and phar-
maceutics since she has always been
interested in the human body.

“My favourite present for my doctor’s
was the ten-volume Doctor’s Encyclopa-
edial”




A long process

On average it takes ten years from the
discovery of a drug to the time when it is
put on the market. When a new drug is
first sold, it has been preceded by an
exhausting process. The substances are
tested first in the laboratory, then in tests
on animals and finally in clinical tests on
humans. This long process could be con-
siderably shortened by refining the met-
hods used at present. If a major part of
the trial work could be carried out in a
laboratory and the effects were more
accurately investigated before they were
tested on animals, both time and money
would be saved. Medicines would be che-
aper, which would benefit the consu-
mers. There are many shortcomings at
present in the tests systems that are in
use, since they often do not simulate at
all well the environments that prevail in
the human body.

“One of the uncertain factors is that
laboratory methods that are used to inve-
stigate the absorption of a pill demand a
much greater volume of liquid than is
found in the relevant part of the body. It
is particularly vital to be able to simula-
te an environment with the right volume
for fast-absorbed drugs like pills that dis-
solve in the mouth for certain kinds of
heart problems. These pills should dis-
integrate rapidly, releasing the drug in

the thin layer of liquid in the mouth befo-
re it is transported into the bloodstream.
If it were possible to simulate not only
the right amount of liquid but also the
movements, structure and salt contents
that exist in the body, the composition of
the medicine could be adapted to opti-
mise assimilation.”

In the long term this research will aim
at creating more effective drugs that can
be absorbed by other parts of the body
than the gastrointestinal system, which
is the most usual type today. This will
increase the patients” possibility to choo-
se the medicine that suits them best.

A pioneer

When asked if she has run into any sort
of trouble in her career because she is
young and a woman, Maria shakes her
head so that her blond hair flies.

“I've got used to working in a male-
dominated environment. In my first year
at university there were just two girls and
over a hundred men. But [ never felt held
back by that, or that it was a disadvanta-
ge. If anything it’s been an advantage
because people remember me just becau-
se I'm the exception. I think a mixture of
men and women is good for the work cli-
mate, but when it comes to collaboration
it’s really the personal chemistry that
counts.”
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The qualities she sets most value on
in a good leader is that he or she can see
things from other people’s points of view,
is straightforward and ethical and focu-
sed on getting results.

“If you can’t see beyond the end of
your nose how things should be organi-
sed. I think it’s very difficult to lead peo-
ple successfully. Different kinds of
employees need different kinds of encou-
ragement and guidance to be motivated
and perform better.”

An ideas woman

During her first year in Sweden Maria
worked as a guide at the Falu Copper
Mine and then as a media consultant for
a while. She likes having contact with
people, and that helps her in her con-
nections with industry.

“The pharmaceutical companies I've
spoken to are positive about collabora-
tion. I like the thought of us, with our
pioneering methods, being a source of
ideas for them and for high-tech indus-
tries like manufacturers of analytical
instruments.”

When she herself wants to get inspi-
ration and energy, Maria loves being out
in the countryside, taking exercise and
spending time with her partner, Tomas
Lindstrom, and their two children, Adam
(5) and Marta (2).
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Chalmers University of

Technology, Géteborg

STRUCTUREIN
SOFT MATERIALS

Small distances and large molecules are a combination that fascinates Jan Swenson. By enclosing
large molecules in small spaces of a thousandth of a micrometer, he investigates the way in which their
ability to conduct electric current is affected. But in his free time it's the big distances that count.

You might say that Jan got his science in
his blood. He grew up at his home in
Molndal near Géteborg with his mother,
who was a chemical technician, and his
father, who was a director of studies for
physics. After graduating from high
school he read physics and did his degree
project at Ericsson. At that point he did
not plan to take a PhD but wanted to find
ajob.

“It all happened by pure chance.
When I had got my degree, Sweden was
in the middle of a recession and it was
difficult to find a job. One day when I
picked up my dad, who was working at
Chalmers, I saw a notice about a post-
graduate studentship. This led to a the-
sis in the field of ion-conducting glasses.
After that he went straight to University
College, London, where he came into
contact with what was to be a part of his
field: clay.

Thin layers

The clays Jan uses are made into lami-
nates and used to build model systems
of thin layers. They are placed on top of
each other with less than a nanometre
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between them. These thin layers can be
used in several ways. For example, they
can act as models of cell membranes or
other commonly occurring structures in
nature. By introducing molecules like
water and polymers between these thin
layers, interesting information can be
obtained about the way molecules react
in an environment of the same size as
the gap between the clay layers.

“Water is the most common molecu-
le, absolutely essential for all biological
life. Usually you find it equally distribu-
ted in networks of small pores and mem-
brane layers, which affects their structu-
re and dynamics.”

By studying this Jan wants to try to
understand why precisely this mixture of
oxygen and hydrogen is so decisive for
life on earth. What happens to proteins
and other molecules when they integra-
te with surrounding water molecules?
Another purpose of the clay layers is to
find out how structure and dynamics in
other liquids and polymer materials are
affected by restricted space.

The development of technological
material has contributed greatly to the

creation of new types of soft and malle-
able, non-crystalline materials. Such
examples are polymer electrolytes and
ion-conducting glasses used as solid elec-
trolyte in microbatteries.

“This is very interesting for the futu-
re of microelectronics. Electronic com-
ponents are getting smaller and smaller
and these ion-conducting materials can
be used as internal sources of current for
components in, for example, computers.
Each little unit has its own source of cur-
rent, without any external source of elec-
tricity.”

To optimise the properties of polymer
microbatteries it is vital, says Jan, to find
out how these soft materials change in
very small spaces. He does this by intro-
ducing interesting material between hun-
dreds of thousands of layers of clay. Jan
shows a jar of packets of clay layers like
this. The space between the layers is 15A.
The laminates are negatively charged and
positive ions between the layers make
them keep close together.

“We have discovered that it is possi-
ble to put all sorts of things in between
the layers of these almost perfectly paral-




lel laminates, for example a polymer. You
can put the clay laminates in the polymer
and it is sucked into the small layers and
then you have the polymers in a restric-
ted space.”

From long-

distance to micrometres

In his free time Jan moves over consi-
derably longer distances than at work.
He has gone in for long-distance running
since he was a boy and has run marat-
hons and represented Sweden in the
1994 European Championships. At the
end of his doctoral studies he was run-
ning 200 kilometres a week, so he was
forced to choose between running and
physics.

“I realised I wouldn’t be able to get to
the very top and that I wouldn’t manage
both studies and running. I always want
to do my utmost in everything I do and
there was neither time nor energy for
both. But I still run regularly to keep fit
and gather energy.”

When asked what his research dreams
are, Jan answers that he wants to be able
to explain why water is of such decisive
importance for biological processes and
increase understanding of how ion-con-
duction in glass and polymer electroly-
tes functions. The project with clays as a
model system is so far pure research. By

introducing substances between the thin
layers they are scaled down to a two-
dimensional level, which simplifies stu-
dies of the dynamic processes. By limi-
ting the geometry it is possible to
investigate how the molecular move-
ments are affected. Then you can go on
and investigate how that in turn affects,
for example, ion-conducting properties
in a polymer electrolyte. The movement
of a polymer molecule is also affected by
its so-called free volume.

“Imagine a pile of spaghetti where
some sticks of spaghetti have got stuck
in a lump and are packed tightly toget-
her. Then none of the sticks of spaghet-
ti can move about freely, the whole lump
has to move together, the free volume is
small. The spaghetti sticks that are free,
on the other hand, can move in whate-
ver direction they like, and have a larger
free volume.”

The methods used to investigate struc-
tures and movements in molecules are
mainly neutron scattering, light scatter-
ing and dielectric measurements. Neu-
tron diffraction provides information
about the structure of molecules, that is,
how the atoms are bound to each other.
Computer simulations are also used to
get a “picture” of the microscopic struc-
ture, where known facts about molecu-
les and atoms are utilised.

Jan looks forward to playing a more
supervising role as well as continuing
with his research.

“That will be different and exciting
and I hope to be able to combine my own
research with giving my colleagues
encouragement. A good leader, for me,
has the ability to be a guide without con-
trolling too much, to give his colleagues
freedom and to encourage creativity. I
hope I will succeed in that.”

Probable structure of a “Na vermiculite” clay
containing only two molecule layers of water
between the ca. 1 mm thick, crystalline clay plates
(consisting mainly of silicon, magnesium and
oxygen). The millions of parallel and negatively-
charged clay plates are held together by the
intermediate positively-charged sodium ions (blue
particles). The hydrogen atoms are symbolised by
the small red particles and all the other types of
atoms are black. Half the thickness of the clay
plate is shown on each side of the intermediate
water.
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THE SELECTION PROCESS

In January 2000 the Swedish Foundation for Strategic
Research announced a new program whose aim is to
identify and support young researchers who are expec-
ted to be the scientific leaders of the future. This pro-
gram was named Individual Grants for the Advance-
ment of Research Leaders.

A research leader is a researcher at the highest scien-
tific level who also has leadership qualities such as ini-
tiative, drive, organisational skills and the ability to
enthuse his or her colleagues. The Foundation set asi-
de funds for twenty grants, each of SEK 10M, for six
years of research in one of the Foundation’s strategic
fields. By the final application date in May 2000 as
many as 504 applications had been received.

After they had been scrutinised and ranked in the
Foundation’s strategy group, 115 went on to an inter-
national level where each of the applications was asses-
sed in writing by at least two internationally chosen sci-
entific experts and one Swedish strategic assessor. After
all the judgements have been weighed up, 43 of the
applicants were invited to send in a comprehensive
application. Forty such applications were received and
assessed during December by foreign scientific experts.

During February 2001 these applicants were called
in for interviews whose aim was to form an opinion
about their leadership qualities, commitment and sci-
entific and popular scientific communication skills.
These interviews were carried out by a Swedish group
led by Professor Ingvar Lindgren. The group consisted
of three well-known researchers and three representa-
tives from industry and the community with experi-
ence of leadership development. This group then drew
up a ranking list based on both the written scientific
assessments and on the impressions gained at the inter-
views.

On April 5 the Board decided to appoint the following
as Research Leaders of the Future:

INDIVIDUAL GRANTS FOR
THE ADVANCEMENT OF
RESEARCH LEADERS 2002

02 Igor Abrikosov
UU, Uppsala University
04  Ernest Arenas
KI, Karolinska Institutet
06 Magnus Berggren
LiU, Linképing University
08  Mats Danielsson
KTH, Royal Institute of Technology
10  Claes Gustafsson
KI, Karolinska Institutet
12 Leif Hammarstrom
UU, Uppsala University
14  Anders Karlsson
KTH, Royal Institute of Technology
16 Maria Kempe
LU, Lund University
18  Anna Kidiyarova-Shevchenko
Chalmers University of Technology
20  Jorgen Larsson
LU, Lund University
22  Nils-Goran Larsson
KI, Karolinska Institutet
24  Andreas Molisch
LU, Lund University
26  Richard Neutze
Chalmers University of Technology
28  Ove Nilsson
SLU, Swedish University for
Agricultural Sciences
30 Claes Ohlsson
GU, Géteborg University
32 Owe Orwar
Chalmers University of Technology/
GU, Géteborg University
34  Stephanie Margret Reimann-Wacker
LU, Lund University
36  Agneta Richter Dahlfors
KI, Karolinska Institutet
38 David Sands
Chalmers University of Technology
40  Maria Stromme
UU, Uppsala University
42  Jan Swenson
Chalmers University of Technology
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 supports research and graduate training in the natural scien-
ces, engineering and medicine for the purpose of strengthe-
ning Sweden’s future competitiveness

« finances at present over 90 large research programmes at Swe-
dish universities - many of them in collaboration with industry

» awards individual grants to particularly prominent researchers

e supports important areas such as biotechnology, materials
research and IT

« invests heavily in graduate training - almost 1 000 doctoral stu-
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grammes
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