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One December morning in 1941, Japanese aircraft bombed Pearl Harbour.

The attack led a 27-year-old university professor in California to enlist

as a civilian analyst in the United States Air Force. Half a  century later,

his action has brought benefits to Norway – the land of petroleum.

Among the army of 

scientists who supported 

the Allied forces, George

Dantzig became a pioneer 

of operations research, a

method that was developed

with the aim of supporting

good decision-making. The

field had originally been brought into being by British scientists who

were trying to make sure that the right equipment arrived in the right

quantities at the right place on the front – and at the right time!

Calculations based on operations research played a vital role in deciding

the outcome of the war. Ever since, the method has been used to identify

the most rational way of exploiting complex transport and production

systems. This was the achievement of Dantzig. In 1947, he made a

 famous mathematical discovery; the simplex algorithm, a technique for

numerically solving planning problems. This finding  gave us a method

that became a “motorway” for subsequent operations analysts.

In the 1990, SINTEF/NTNU scientists developed a simulation tool for

Statoil based on Dantzig’s work. By combining his method with other

well-known theories in a novel way, they created “GassOpt” – a means of

visualizing the optimum method of utilizing the transport capacity of the

complex network of gas pipelines on the Norwegian continental shelf.

According to Statoil, this tool has generated so much added value and 

insight that it has contributed significant benefits to society.

This particular example is interesting because Dantzig brought together

basic and applied research. The American thought of practical 

applications from day one, and we have been faithful to his attitude.

Norwegian industry allowed SINTEF and NTNU to base their 

calculations on real-life data, and “GassOpt” demonstrates the power 

of this sort of collaboration between academia and industry.

The research group that developed "GassOpt" was recently nominated to

host a new national research centre that aims to provide society with

decision-support tools and analysis for the development of a sustainable

energy economy. On behalf of the environment, we hope that they will be

as successful here as they were with the "GassOpt" project.

In the right place
at the right time

FROM THE DIRECTORS´ CHAIRS

Unni Steinsmo, SINTEF’s president – CEO

Torbjørn Digernes, NTNU’s rector

SINTEF and NTNU are partners in one of the three new national

centres for research in environmentally friendly energy (FMEs)

which were launched in February. The CenSES virtual research 

centre (http://www.censes.no/) will focus on studies and decision-

support systems that will underpin the development of a new

sustainable energy system.
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Optimal routes 
for heavy transport  
A new speed model that can calculate realistic travel times

between  destinations has been developed by SINTEF 

scientists; in due course, the new model will replace the 

one in the EFFEKT simulation program used by the 

Norwegian Public Roads Administration. The new model can

be used in map-based navigation systems for the transport

market and in digital road networks in route-planning and

vehicle fleet control applications. 

The project entitled “Speed model for industrial transpor -

tation” estimates travel times for heavy goods vehicle

 transport between destinations on the basis of the state of the

highway network. In order to obtain optimal routes for heavy

vehicle transport, measurements of heavy vehicle speeds

were linked to road descriptions obtained from the National

Highways Databank. The equipment used in the vehicles that

carried out the trials consisted of relatively inexpensive GPS

and data-logging instruments.

Antibiotics 
and allergies 
Respiratory infections and the use of antibiotics in children in their first

year of life appear to affect the incidence of asthma and allergies later on.

This finding is from a study of 3300 children conducted by researchers at

NTNU, SINTEF and several Swedish hospitals. The children were followed

for eight years. The researchers concluded that allergies in children are at

least partly related to early respiratory infections and antibiotics. 

From the brittle to ductile 
Scientists have made a breakthrough

in understanding how the element

silicon changes its properties at

high temperature, when it changes

from being brittle to becoming

ductile. Professor Christian

Thaulow at NTNU and Professor Mark J.

Buehler at MIT in the US have used a model at

the atomic level to reach a technological under-

standing of why silicon changes. 

The model has been featured in the prestigious US journal Physical 

Review Letters. Silicon is used in solar cells, electronics and computers,

among other things. The picture shows industrially produced polysilicon. 

Rotenone is a compound used to rid streams of the

salmon parasite Gyrodactylus salaris. But it is not

always easy to know how much rotenone should be

used to treat a river effectively, and how much the

substance will spread. Too much rotenone is both

expensive and environmentally harmful, while too

little allows the parasite to survive. The entire Vefsna

watercourse must now be treated with rotenone. In

this context, the Norwegian Veterinary Institute and

NTNU are working together to simulate rotenone

treatment by using harmless fluorescent dyes. 

After the dye is released, the researchers can then

accurately measure how the substance spreads and

how quickly. Thus, the location, amount and timing

of rotenone treatment can be planned and

customized to the river. The idea of simulation using

dyes to trace the movement of substances is not

new, but this is the first time this information has

been combined with a data series that provides com-

prehensive information for an entire river system. 

Efficiency before personal data protection
A recent SINTEF report describes how various actors perceive the risk of personal data

protection regulations being violated when transport services are being used.

The scientists studied how the authorities, suppliers of transport services and users

of such services evaluate personal data protection in intelligent transport systems. 

Almost four out of five travellers prefer solutions that offer automatic payment of toll

fees and ferry tickets, even when these involve handing over personal data. 

The study shows that there is a high level of faith in CCTV monitoring as a traffic-safety

measure, and technological solutions that are advantageous for the individual user, such

as rapid payment systems and efficient toll-station passage, are widely accepted.
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dRisk analysis in practice 
Ketil Stølen, Bjørnar Solhaug and Mass 
Soldal Lund: Model-Driven Risk Analysis  
– The CORAS Approach
Publishing House: Springer Verlag, 2011 

The authors believe that exposure to risk

through hacking and leaks from data

networks is inevitable in modern society, not only for

 individuals, but also for industry, commerce and the public

sector. Current ISO security and risk analysis standards offer

data-security managers in the public and  private sectors a

framework for analysing and dealing with risk, but say 

nothing about how this can be done in practice. 

This book deals with risk analysis, which in turn is a  matter

of identifying and dealing with data-security risks. The book

describes methods, risk-modelling techniques, guidelines

and tools for performing risk analyses, and for updating and

maintaining the results of such analyses over time. The

CORAS software package is free and can be obtained by getting

in touch with Ketil Stølen at http://coras.sourceforge.net/
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Fighting salmon 
parasites

“GassOpt” demonstrates

the power of this sort of

collaboration between

academia and industry.



NTNU researchers have recently discovered
that alginate beads can control the creation of
calcium phosphate – one of the skeleton’s
 essential building blocks. Now they’re dream-
ing of how they can use this finding to grow
new bones. 

USEFUL BEADS • Alginates are biopolymers
derived from seaweed. They have the ability to
thicken and stabilize solutions and form gels,
and are used in a number of applications in
both the food and medical industries. Alginate
beads are much like fish oil capsules, but 
much smaller, and without oil. The beads
show particular promise in cell transplantation. 

And now it appears that alginate beads 
can also be used as a kind of greenhouse for
growing bone mass. 

PhD candidate Magnus Ø. Olderøy in NTNU’s
Department of Physics, and colleagues in two
other departments have actually managed to
produce a form of calcium phosphate – hydroxy-
apatite – with help from alginate beads.

MIMICKING NATURE • “We formed calcium
phosphate in the alginate beads in a manner

that enabled the alginate to control the shape
and size of the crystals,” Olderøy says. “It was
pretty special, and we were surprised we got
there so quickly.”

“Calcium phosphate may occur in
 numerous forms, but inside the alginate
 beads we found nano-sized crystals of hydroxy-
apatite. These show many similarities with
the mineral found in bones. Alginate plays
the role of collagen, a protein that is the 
other important building block in the skele-
ton,” he explains. “When you try to mimic
 materials found in nature, the interaction
 between ingredients is very important in
 determining the final material. This is precise-
ly what seems to have worked out in our
 experiments.” 

INSTANT SKELETON • Now researchers are
working to study the properties of the 
new material, such as its strength and
 stability. In addition, the new material has
been combined with stem cells to see if 
they can create the conditions for cells to
 become bone cells.

They are working in collaboration with the
Department of Cancer Research and Molecular
Medicine at NTNU and Technische Universität
München. 

If the researchers succeed, the living bone
mass could be implanted into skeletal injuries,
such as in hip replacements, and could eventu-
ally grow to form new functional bones out of
living tissue instead of plastic. 

But time will tell how long it takes before
the researchers can grow new hips of the cor-
rect size. 

Hege J. Tunstad

Losing a limb can be a devastating experience,
and while electrically powered prostheses can
serve as a replacement for a lost arm, they are
notoriously difficult to operate, and will never
fully replace normal hand function. Researchers
at the Norwegian University of Science and
Technology (NTNU) are working to improve
this situation through the use of smartphone
technology. The technology, called an accel -
erometer, gives users a better sense of the
 orientation of their artificial limb – thus making
the limb easier to operate.

A HELPING HAND • An accelerometer is a tool
for detecting changes in gravity or velocity, and
enables a device to determine its orientation.
Accelerometers are relatively inexpensive, and
are widely used in everything from video
 consoles to smartphones. The accelerometer in
your smartphone helps it determine whether
you want to look at a photograph in a portrait
or landscape format, for example.

Øyvind Stavdahl, an associate professor at
NTNU’s Department of Engineering Cybernetics
and Anders Fougner, a PhD candidate in the
 department, have shown that when an accel -
erometer is used in a prosthetic arm, it is easier
for the user to recognize exactly how the arm is
oriented in space.

“Prostheses are driven by the remaining
muscles in the severed limb. Sometimes, how-
ever, the prosthesis receives atypical signals
from the muscles, which can confuse the
 system and lead to the prosthesis performing
the wrong movement,” Stavdahl says. “Knowing
the orientation of the arm is essential for
 normal prosthetic function. It simply makes it
a lot easier to operate.”

PROBLEMS AT HOME • Since the first electri-
cally powered prostheses appeared in the
1940s, there have been huge technological ad-
vancements in the field. Despite this, modern
upper limb prostheses share the same basic
structure as their 1940’s forbears, with a mecha-
nical hand that can grasp. Sometimes the arm
includes a rotating wrist.

An amputee operates his or her prosthesis
by moving a muscle, which then sends out a
kind of electrical signal. Electrodes placed on
the surface of the skin detect these “myoelec-
tric” signals and convert them to movement
using a microprocessor and motor. Activating
specific groups of muscles will lead to specific
movements, such as opening or closing the
hand, or rotating the wrist.

“Mastering these hand movements requires
a lot of practice,” says Fougner. In fact, Stavdahl
and Fougner’s research has shown that with-
out any training, the user’s prosthesis will
make the wrong move around 30 per cent of
the time.

Hence, amputees are usually offered exten-
sive training in a clinical setting, but when they
return home, they start running into problems.

“A simple task, like picking up a cup of tea,

might prove difficult,” says Stavdahl. “If you try
to do this when the arm is in an awkward
 position, that is, a position that you haven’t
practiced with before, the muscles will start
sending unfamiliar signals to the prosthesis.
This will often lead to the prosthesis doing the
opposite of what the user intended – and the
cup will fall to the ground.”

An accelerometer helps to compensate for
these unfamiliar signals, reducing the user’s
frustration.

COMMERCIAL POTENTIAL • Prosthetic limbs
can be tricky to manoeuvre. Younger people
generally learn quicker, but some give up, and
never manage to use the full potential of the
device.

“Our hope is that this application might im-
prove the lives of people,” says Fougner. But he
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Smarter prostheses using iPhone t echnology
Simple, cheap micro -
technology paves the way
for a new generation of
prostheses.

NEWS  ■■ NEWS  

CONTACT : Øyvind Stavdahl, Department of Engineering 
Cybernetics, NTNU

PHONE : +47 73 59 43 77 EMAIL: ostavdahl@itk.ntnu.no

ELECTRONICS • PROSTHESESCYBERNETICS

Artificial hips would 
not be quite so artificial, 
if researchers succeed 
in developing living 
bone mass.

CONTACT: Magnus Ø. Olderøy, Department of Physics, NTNU  

PHONE: +47 73 59 34 21  EMAIL: magnus.olderoy@ntnu.no

TRANSPLANTATION • SKELETONALGINATE 

Skeleton greenhouse
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stresses that it is equally important for
prosthetic users to be given adequate
 training. Their research has shown that 
an accelerometer, combined with proper
 training, reduces the frequency of incorrect
movements from 30 to 5 per cent.

Although this is a niche market in Nor-
way, where there are only about 600 upper
limb prosthetic users, the new approach
has huge commercial potential world -
wide, particularly in Asia and the Middle
East. “A more functional prosthesis might
be on the market in a couple of years,” says
Stavdahl.

The research is being conducted in col-
laboration with researchers at the Univer-
sity of New Brunswick in Canada.

Yvonne Kerlefsen
MINERALIZED MATERIAL: Stem cells in alginate beads (left), and the result – mineralized material (right). 
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HUMAN TOUCH: The concept of touch technology takes on a new meaning when it is used with prostheses.
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■ INTERLUDE

12

A TOOLBOX OUT OF THE ORDINARY
This "hacker’s toolbox" contains equipment that can be used to intercept quantum cryto-

graphic transmissions. The case contains lasers, fibre optics and electronics that can be

used to fool the receiver of the transmission, so that the eavesdropping is not detected.

The case was created by NTNU's own “hacking team” at the Department of Electronics and

Telecommunications. Their job is to ensure the security of quatum cryptographic systems.

Photo: Geir Mogen 



gemini • spring 2011 21gemini • spring 201120

Every night millions of people go to bed hungry.

New genetic technology can help us feed the

world by making inedible seeds more edible.

w

T
here are roughly about a quarter of a
million plant species known on
Earth. But we only eat between 5000
and 10 000 of them. Many are poison-
ous to us – such as lily of the valley.

And many plants have no human nutritional
value – such as grass.

“In fact, there are no more than about 100
known species that can be used as important
food crops,” says Biology Professor Atle 
Bones at Norwegian University of  Science and
Technology .

But Bones and his research team have made
a major discovery. They have figured out how a
canola plant can be genetically programmed to
reduce the toxic substances it produces in its
 seeds – thus making it more palatable.

Nobody has done this before, and Bones
thinks it could be the beginning of a food
 revolution. “The principle could be used with
other plant species and plant parts,” he says.

TINY TOXIC BOMBS • Canola, or rape, is one of
the fifteen most important crop plants in the
world. It contains special cells that produce
 toxic substances. These “toxic bombs” are part
of the plant's defence system and are activated
in specific situations – such as when an insect
 begins feeding on a leaf. The substance that 
is released burns like hot mustard, causing
 animals and insects to move away.

– “These ‘toxic bombs’ are good for the
plant, but undesirable in animal feed and
 human food,” says Bones.

When canola seeds are pressed, all the vege-
table oil is removed. What is left is a protein-
rich flour that can be used in food for animals
and humans. But if the seeds pressed in the
wrong way, the plant responds by releasing its
toxic compounds. The oil is then flavoured
with a taste of strong mustard, and the ani-
mals that eat the protein flour have stomach
problems and troubles with nutrient uptake.

The NTNU research group has genetically
reprogrammed canola cells so that the toxic
bomb cells disappear on their own as the seed

matures. But the toxin only fully disappears 
in the mature seeds. This way, the plant can
continue to protect itself, while the toxic
 compounds are removed from the part of the
rapeseed used for food.

Thus, the proportion of rapeseed in the 
concentrate can be increased, and the seeds can 
be pressed without the risk of contaminating
the oil with unwanted flavours and odours.

GMO PRODUCTION TO DOUBLE  • There are
 almost 7 billion people on Earth. Every day, 
25 000 people die of malnutrition – while 800
million are starving. By 2050 there will be 
more than 9 billion of us. As people become
more prosperous, their per-person calorie
 consumption will grow. This combination of
increased prosperity and population growth
means that food production will have to
 double by 2050.

Globally, genetically modified food in
 production is already cultivated on +130
 million hectares. But Bones believes that the
product ion of genetically modified plants will
more than double over the next ten years.

“Today there are 25 countries that use
 genetically modified plants on a large scale.
More than 50 per cent of the world’s pop-
 u lation lives in these countries. Genetically
 modified soy already represents 75 per cent 
of all soybean production. And genetically
 modified plants are grown in an area that is 40
times the size of Denmark – mainly in the USA,
Argentina, Brazil and China,” Bones said.

Genetically modified food is grown in 
seven European countries. There is already
 super broccoli that contains higher doses of
the  healthy substances in normal broccoli.
Next year, producers will introduce soybeans
 enriched with omega-3 fatty acids.

FROM MARIJUANA TO FOOD • Among the
plants that could be genetically modified by
 removing their undesirable chemicals is
 cannabis, Bones points out.

Cannabis is a type of grass that thrives in
subtropical and dry climates – and is best
known as the raw material for hashish and
 marijuana. But it is one of the world’s fastest
growing plants, and is exceptionally hardy. Its
plant fibres can be used for rope and textiles, or
as replacements for trees in the paper industry

BIOLOGY GENETIC MANIPULATION • FOOD PLANTS

TEXT: Anne Sliper Midling

CONTACT : Atle Bones, Department of Biology, NTNU 

PHONE : +47 73 59 86 92   EMAIL: atle.bones@bio.ntnu.no

From
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w because they are stronger than wood fibre. The
seeds can be used for oil.

“It would be interesting to use our new
 technology to produce cannabis that does not
contain the psychoactive substance THC,”
 Bones adds.

BANNED IN NORWAY • It is illegal to grow
 genetically modified food in Norway, and in
principle it may not be imported – not even for
animal feed. But there are cracks in this virtual
barrier, and small traces of genetically modi -
fied food are seeping in. Because Norway does
not allow the sales of goods containing genet -
ically modified contents, there is no provision
for labelling this food on the grocery store
shelves. But it's there.

The government has set 0.9 per cent as the
ceiling for how much genetically modified
food may be in foods before they must be 
labelled. Each year, the Norwegian Food Safety
Authority finds genetically modified canola,
corn or rice in imported foods, which are
promptly branded as illegal immigrants and
kicked out of the country.

But the test sample size is small – last 
year only 131 samples were tested, of which 4
 contained genetically modified food.

According to the Norwegian Board of Tech-
nology, it is difficult to keep Norway complete-
ly free of genetically modified ingredients,
which is why Norwegian law sets a limit of 0.9
per cent. 

BEHIND THE SCENES • The Ministry of the En-
vironment has had an application on the table
for the last two years concerning the import of
two types of GM maize. The Directorate for Na-
ture Management said yes to the import the

first time, the Norwegian Scientific Committee
for Food Safety in Oslo also gave the proposal 
a thumbs up, while the Norwegian Bio -
technology Advisory Board said no. In 2010, 
19 different environment, solidarity and
 consumer organizations urged Environment
Minister Erik Solheim to say no to the proposal.

“You may wonder why no decision has been
taken yet. There isn’t a lot of public discussion
about the proposal in Norway. But it is being
discussed a great deal behind the scenes,” says
Trine Magnus.

Magnus is a researcher at the Norwegian
 Centre for Rural Research, which works closely
with NTNU. She will soon finish her  doctoral
thesis, which shows that  Norwegians have
changed their attitudes about genetically
 modified food from fear to scepticism. Older
Norwegians are the most sceptical, while young
people are more open to the idea.

A SHIFT IN ATTITUDES • “Young people today
have grown up in a world permeated by
 technology, and genetic engineering is not
new. Therefore, they are not as afraid of it,” said
Magnus.

“Ten years ago people were talking about
Frankenstein food, and genetically altered
food that had been fiddled with, altered 
and tinkered with. Now we see a shift in the
discussion of genetically modified food to
more neutral language. We talk about genet -
ically modified food rather than using 
emotionally laden expressions. We also see a
shift in Norwegians’ attitudes to genetically
modified food when we put the questions
into an environmental context. Norwegians
are more supportive of the use of genetic
 engineering in agriculture if it is good for 
the environment. For example, if it means
that you can eat strawberries that have been
sprayed with less pesticides,” said Magnus.

Many researchers explain Norwegian scepti-
cism as a lack of knowledge about genetically
modified food. Magnus thinks it’s more 
about the lack of visible benefits and ethics.
She believes there are already traces of genet -
ically modified plants in animal feed.

“Felleskjøpet, the Norwegian Agricultural
Purchasing and Marketing Co-Op, is finding 
it hard to get corn and soy that are not  
genet ically modified, and procuring it involves
a huge additional cost. It will first come to 
Norway in fish feed. In ten years time it is likely
that we will find food containing genetically
modified ingredients in Norwegian grocery
stores,” said Magnus.

EVERYTHING IS GENETICALLY MODIFIED • Atle
Bones sees many benefits of genetically modi-
fied food.

“Genetically modified plants can be tailored
to tolerate different climatic conditions such as
drought or hard winters, and to have increased
resistance to insects or fungus. These plants
can thus be grown with fewer pesticides. This
means that farmers are exposed to less pesti -
cides, there are less pesticides in the ecosystem
and probably less pesticides in food that is
 produced,” he notes.

“There is nothing wrong or unethical about
using genetically modified plants – because, in
fact, all crops are modified. They have also been
created from wild plants through comprehen-
sive human-controlled breeding programmes
and genetic selection,” says Bones.

GAIN IS TOO SMALL • There are two camps in
Norway when it comes to genetically modified
food. Most of those who say yes are biologists.
Most of those who say no are from the social
sciences. 

Bjørn Myskja, an associate professor of phi-
losophy at NTNU, has written several articles
on genetic modification and participated in 
an interdisciplinary project about genetically
modified strawberries at the Plant Biocentre 
at NTNU.

He believes that the benefits are too limited
for him to give a thumbs up to GM food:

“So far the focus has mostly been on plants
where the need for pesticides has been de -
creased, or where the resistance to insects has
increased. I believe that this gain is too small in
relation to the risks that genetically modified
plants may pose,” says Myskja.

The philosopher believes that the most im-

portant argument against genetically modified
food is the risk of proliferation of artificial
genes.

“It is well documented that genetically mod-
ified plants cross with wild plants and other
crops. This spread may involve a danger to local
ecosystems and agriculture, and perhaps even
weaken the genetic diversity that we will de-
pend on to grow food in the future. When this
kind of proliferation begins, it can be difficult
to stop. We might end up with plants that have
qualities we do not want. The benefit is not great
enough compared to the risk,” says Myskja.

A CASE-BY-CASE BASIS • Myskja would like
to see more research directed toward the big
problems facing the world’s population, such
as hunger and drought:

“From this perspective, this technology has
merits. Scientists have promised for years that
they will solve the world's major food shortages,
but we have yet to see any concrete examples.
There is not very much research on this issue,
and most of our research resources are used to
study plants that are useful to western agricul-
ture. This is a moral problem in the food indus-
try, and many of the great promises that have
been made about preventing famine are mostly
to legitimize research to make the most profit
out of supplying agriculture,” Myskja says.

“I do not want to reject this technology on
principle alone, but I believe that one must
examine each situation on a case-by-case basis,
and consider what benefit will result from the
use of this particular genetically modified
plant and at what risk,” he adds.

MUST BE THOROUGHLY TESTED • It is no
longer possible in the United States to distin -
guish between ordinary food and genetically
modified food. Some researchers describe the
American situation as if people are playing
Russian roulette with their health. Fear of
 allergies is one reason. Atle Bones believes that
these kinds of worries over possible health
 effects are greatly exaggerated.

“It is obviously not possible to give an
 ironclad guarantee that no one will be allergic
to a new gene in canola or corn. Neither is it
possible to guarantee that no one is allergic to
traditional modified plants. But this would
normally be detected before the plants or the

product goes into production. The method 
we have used, however, can remove known
allergens, digestive inhibitory substances or
toxins in the plant,” said Bones.

He also believes that genetically modified
plants must be assessed in each situation, 
and like conventionally modified plants, be 
tested thoroughly before they are  approved for
production.

“With our new technology, it is possible 
to target changes in specific parts of the 
plant. It is therefore possible to change a
strawberry plant without any change in the
berry to be eaten. And that is a scientific 
breakthrough,” he says. ■

Consumers should be allowed
to choose whether they want to
eat strawberries from normal
strawberry fields sprayed with
pesticides many times in a 
short summer, or genetically
modified strawberries that are
sprayed just a few times, says
Biology Professor Atle Bones.

MAKING RAPESEED NON-TOXIC
Research into cell biology started at
NTNU’s Department of Botany at the 
end of the 1960s, while the disciplines of
molecular biology and genomics were 
established in1985 and 2000, respectively.
Today's technology makes it possible to
study the activity of thousands of genes,
proteins and metabolites from the same
biological sample. 

The findings can be used for diagnosis, 
targeted changes of cells and organisms
and the production of all kinds of things.
In the future, the cellular, molecular and
genomic group at NTNU will contribute to
improved methods for environmental 
monitoring, production of vaccines, 
analysis of biodiversity, increased food
security and bioenergy production.

MOLECULAR BIOLOGY AT NTNU

"From the perspective of  

famine and drought, this 

technology has a lot going for it."

Professor Bjørn Myskja
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The light green substance inside the rapeseed cell is an enzyme that forms toxic compounds 
naturally in the tissues of the plant. The compounds are part of the plant's immune system 
and are activated in specific situations, such as when an insect starts feeding on a leaf. 

The compound that is released burns, driving insects away. The researchers genetically 
reprogrammed the cells in the seed that contain the toxic compounds so that they destroy 
themselves when the seeds mature. The plant also maintains a normal immune system, 
while the seed – used for food – is free of the toxic compound.
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One of humankind’s genetic cousins is baker’s yeast. That makes

this humble yeast a perfect guinea pig for cancer research. 
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A few thousand tiny yeast
mutants will be awoken 

from their hibernation at the
 bottom of a freezer, fed with

water and sugar,  and then
given chemotherapy. Which
of them will survive? Which

among of will perish?

A most unusual

cancer patient



B
ergfrid the lab tech is pretty busy
these days. She is responsible for
giving thousands of young cancer
patients their daily chemotherapy
dose – and then she has to check

how they react to the poison: Is it killing them? 
But before you get too excited, you should

know that Bergfrid is a robot and her “patients”
are cells that have their origins in ordinary
 baking yeast. And strictly speaking, they do
not have cancer, either. 

But ... baker’s yeast? 
It's not as strange as it may sound. 
“From a genetic perspective, humans and

baker's yeast are actually cousins,” says Marit
Otterlei. She is a professor of molecular medici-
ne at NTNU, and a cancer researcher in a team
of world-class scientists. 

PATIENTS IN HIBERNATION • It’s a Monday
and we are in the basement of the Chemistry
Department at the university. Here, hidden
away under the hustle and bustle of the univer-
sity’s halls and auditoria are large freezers,
humming with purpose and filled with things
that only a scientist would want to freeze 
– bacteria from the ocean floor, cancer cells and
who knows what else. 

One freezer is opened and up comes what
looks like a deep-frozen CD collection.  Inside
each cover is a disc, with hundreds of small
 holes. Inside the small holes are thousands of
genetically modified baker's yeast cells, fast
 asleep. The yeast is regularly woken up out 
of hibernation with heat and a little  sugar, 
and then used as models during extensive
 chemotherapy testing. 

Four floors above this basement treasure
trove is the tireless robot lab assistant Berg-
frid. Her job is to drip microscopic amounts of
chemotherapy into each tiny yeast-containing

hole – and then to check what this does to the
baker’s yeast – two to three times per hour, 18
hours at a stretch. 

The robot’s efforts produce a flood of thou-
sands of graphs detailing which yeast cells are
dead, partially alive or as fresh as ever. It is in
this information that researchers are searching
for gold: tomorrow's cancer medicine.

ONCE UPON A TIME... • To understand how
yeast can serve as a guinea pig for cancer 
re search, we need to go back in history, almost
to the dawn of time. 

Our guide on this journey of the imagination
is Per Bruheim. He is married to Marit Otterlei
and is an associate professor of microbial bio-
technology at NTNU. Håvard Sletta, a senior re-
searcher at SINTEF Materials and Chemistry,
rounds off the trio that is behind the effort to
use baker’s yeast in the fight against cancer.

Inside Bruheim’s office, in one of his thick
biology bibles, lies the answer to how it is that
baker’s yeast and humans are cousins.

“Let’s find a phylogenetic tree,” says Bru-
heim, and begins to leaf through the wafer-
thin pages.

“Here,” he says, pointing to something that
resembles a family tree. “There is Luca.”

Once, four billion years ago, there was in fact
an ancestral cell named Luca. The name stands
for the “Last Universal Common Ancestor.”
 Later this ancestral cell split into two main
branches. On one main branch the animal
kingdom and fungus (yeast) are located on two
 lateral branches right next to each other. It is
this common pre-history in the ancestral cell

that makes 40 per cent of the genes in baker's
yeast the same as those that are found in
 humans. These common genes are mainly those
that regulate how yeast and humans copy and
repair their own genetic material.

“That’s the reason that research on baker’s
yeast is transferable to humans,” said Bruheim,
and why yeast has been used in molecular bi -
ology research for years.

Now libraries containing deletion mutants
of all the genes in the yeast are available, and a
new robotic screening laboratory at SINTEF
makes it feasible to test and compare all these
at once. Along with Professor Hans Krokan
from NTNU’s Faculty of Medicine, Bruheim,
 Otterlei and Sletta spent two years, approxima-
tely NOK 2 million and many unpaid Sunday
afternoons to prove the value of transferring
information from yeast research to humans. 

MUTANT LIBRARY • There is a great deal of
 experimental research can be done with baking
yeast. One or more genes can be easily cut 
out or inserted. The yeast grows quickly, and
can easily be frozen and resurrected again. All
 without anyone raising so much as a micro -
scopic ethical eyebrow.

“Since yeast and humans share so many
genes, we wanted to do chemotherapy research
on yeast,” says Bruheim.

The trio thus ordered a yeast library of 5500
mutant yeast types from Germany. A mutant
means that there has been a genetic change in
the yeast with respect to the original variety.
There are 5500 genes in yeast, so a yeast library
contains yeast where each gene has been
 switched off, one at a time, so that none of the
5500 mutants are alike.

“We are concentrating most on the approxi-
mately 2000 baker’s yeast genes that are most
similar to human genes. We then test the yeast
library to find which mutants are more  
sensi tive to chemotherapy than others,” says
Bruheim. “Next, we examine whether these
genes also are important in drug sensitivity 
in human cells.”

Researchers have found 225 mutants that
are more sensitive to chemotherapeutic drugs
than others, and many of these gene products
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«We focus most on the approximately 

2000 baker’s yeast genes
that are closest to human genes.»

Associate Professor Per Bruheim 
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Marit Otterlei, Håvard Sletta 
and Per Bruheim have found 

225 yeast mutants that are extra
sensitive to chemotherapy. 

Now the trio is testing bacterial
extracts from Trondheim Fjord,

on both yeast cells and cancer
cells from humans.

• Baker’s yeast and humans have about 
2200 genes that are highly similar. 

• As much as 40 per cent of the genes in 
yeast are similar to those in humans. 
Yeast has about 5000 genes, while humans 
have about 25 000.

• Yeast grows quickly, can be easily 
manipulated genetically, and is ethically 
unproblematic.

FACTS ABOUT YEAST
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may be potential drug targets. If their activity
can be inhibited, that will improve the efficacy
of chemotherapy. 

IDENTIFIES GENES • Both cancer cells and
normal cells have a defence mechanism that
enables the cell to repair damage to its ge-
net ic material (DNA). Chemotherapy directly or 
indirectly damages a cell’s DNA so that the
 copying of DNA comes to a halt. If the cell is
unable to copy all its DNA before dividing, the
daughter cells die. Cancer cells divide more
 rapidly than other cells, and therefore have less
time to repair any damage. Chemotherapy tries
to exploit this characteristic of cancer cells to
halt the spread of the disease.

Cancer patients often need to be exposed to
large doses of chemotherapy, which damages
or kills many normal cells in the process. The
aim of the yeast project is to identify which
genes are essential for cancer cells to repair
themselves. If you can turn off the cell's ability

to repair itself while giving a patient chemo -
therapy, the medicine will work better and you
can use lower doses. Thus, the discomfort of
chemotherapy will be less for patients.

CANCER MEDICINE FROM THE FJORD? • Medi-
cal technology is one of NTNU's strategic re -
search areas, and the scientists have now been
granted two doctoral candidates and a postdoc-
toral position to aid in their research.

The next step is to test the yeast library as
well as cancer cells for new medicines.

Håvard Sletta may already have some of
 these candidates in the freezer. Over the past
few years, researchers from NTNU and  SINTEF
been out on the Trondheim Fjord in a boat, and
picked up over twelve thousand  bacteria.
Among them are the types of bacteria that
make substances that kill cancer cells.

As if cancer-killing bacterial extracts from
the Trondheim Fjord are not enough – the
 scientists have even more cards up their

 sleeves. Marit Otterlei is the woman behind 
the  company APIM Therapeutics, which has 
developed a new type of cancer treatment.

The treatment aims to reduce the ability of
cancer cells to repair themselves.

Michael Ørum, who works for the interna -
tional consulting firm Ventac Partners, which
specializes in finding and developing biotech-
nology, health and medical startups, said
 recently to Dagens Næringsliv that Otterlei’s
 research is world-class. She now has an investor
who has put up millions to help with the com-
mercial development of APIM Therapeutics.

The yeast research team is rounded off by
NTNU professors Eivind Almaas (systems bi -
ology) and Finn Drabløs (bioinformatics). The
researchers will now test more of the bacterial
extracts from Trondheim Fjord on baker’s
yeast and cancer cells from humans, in combi-
nation with the APIM Therapeutics approach.

“We believe that the combination of all of
this will be very interesting,” predicts Otterlei. ■



properly, which sparked a surge of new re -
search on this effect. The reason there wasn’t
much interest in what Casimir had found at
first was probably because no one knew how it
could be used – this was before nanotechno l-
ogy became a research field. In fact, the  Casimir
effect is a brilliant example of the value of pure
research, and the way that new discoveries do
not necessarily lead to practical uses, at least
not in the short term. But interest has grown
and now there are hundreds of papers on this
effect published every year. 

Vacuum energy is always present, and when
things come very close to each other, the energy
changes and gives rise to a force of attraction. It
is this effect that enables geckos to walk along
walls and ceilings. Gecko feet have millions of
microscopic hairs that come right up to the
 surface of the foot. The Casimir effect creates an
attraction between the hairs and the surface
that the gecko is on. Its feet stick as easily as 
a Post-it Note, and loosen as easily, without 
leaving any traces. The "glue" works so well that 
a gecko on the ceiling could wear a rucksack
weighing about 40 kg without falling down. 

The attraction only works over short distances,
less than about one-thousandth of a millime-

tre.  This is a problem for nanotechnology, be-
cause it means that small components near
each other will stick together. The dream is to
turn this force on its head, so that the pieces re-
pel each other rather than attract. In that case,
nanomaterials will hover over each other in -
stead of sticking together. Nano researchers
around the world are working intensively to
solve this problem, which is called stiction, or
static friction. 

It would be useful to be able to turn on a
 repulsive force if you want to make micro -
scopic machines. For example, small gears
could work against each other without being
in direct contact and components could hover
over each other and move almost without
 friction. This is especially important with
nano components, because they are only a few
atoms thick and it does not take much contact
to damage them.

Before we can hope to make use of and ultima-
tely alter this force, we have to understand how
it behaves. What happens when we change the
temperature? What role do materials play?
What about the shape of the components that
are affected by the force? What happens if the
different components are in motion? There are

many different facets to this problem, which
has made the Casimir effect an exciting field of
research where scientists from many areas of
physics meet. 

One problem I work on is trying to understand
how the force changes when the surrounding
temperature changes.  Here the experts dis -
agree, and the theory and experimental results
seem to contradict each other. According to
theory, the force should depend quite strongly
on the temperature of the surroundings. But
the best experiments we have show no such
dependency. For ten years, experts have been
scratching their heads trying to understand
why. Some think they have found the answer,
others disagree, and there has been a great deal
of discussion.

The most promising explanation now, I 
think, is that we have to take three factors 
into  account simultaneously: temperature, geo-
metrical shape and material properties. This
makes the problem very complicated, but there
are a lot of us working on it. 

I will continue to study the Casimir effect 
– the driving force here is to understand 
more about nature. ■
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■ BEGINNINGS

I'm working on a doctoral thesis on the
 Casimir effect at the Department of Energy
and Process Engineering, NTNU. 

Casimir energy (vacuum energy) is every -
where. No one has seen it, but we know it is
there, and it makes amazing things  happen. 
It comes from electromagnetic fields which
arise and disappear faster than they can be
 detected. They are, in other words,  impossible
to observe directly. But the energy in these
electromagnetic fields causes things to stick
to each other.

It was the Dutch physicist Hendrik Casimir
who predicted the existence of what we now
call the Casimir effect. It happened in 1948. His
physicist colleagues thought the prediction
was interesting, but his work remained a
 theoretical curiosity for the next 50 years.

But then, in 1997, an American physicist
 managed to measure the microscopic effect

CASIMIR ENERGY

NEW PROJECT: New knowledge about Casimir energy, including 
how the energy changes when the surrounding temperature changes.

PHD SUPERVISOR: Professor Iver Brevik.

COLLABORATING SCIENTISTS: Dr Stefan Scheel and Dr Stefan
Buhmann at Imperial College London, Professor Kimball Milton at 
the University of Oklahoma.

PhD candidate Simen Ådnøy 
Ellingsen talks to Gemini journalist
Synnøve Ressem:

The force from nowhere
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The energy is everywhere. No one has

seen it, but we know it is there, and it

makes amazing things happen.
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NEWS IN BRIEF ■■ NEWS IN BRIEF

In the project “ColdWear“, scientists at SINTEF have carried out climate laboratory

tests on subjects exposed to temperatures ranging from 25 degrees below to 22 

degrees above zero. Many of our vital functions begin to break down when our core

temperature falls by more than a few degrees. Even at just five degrees below zero,

finger and hand mobility are reduced, and our performance suffers. 

The project aims to improve our knowledge of how much cold people can tolerate,

and what happens to their performance. The findings will also form the basis for

developing advanced clothing for people who work in harsh climates. Outside 

Hammerfest in northern Norway, SINTEF has been gathering information about the

weather conditions experienced by petroleum industry workers and on the sort of

tasks they perform.

Reduced finger mobility
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An old pig returns home     
The wild pig is returning to Norway at full

speed – to the consternation of many. But the

animal is actually an old resident. Before the

Viking Age the boar was a natural part of the

Norwegian coastal fauna. It lived in the humid

and lush deciduous forest in Vestland, and was

an important component of the human diet. 

But climate change and agricultural  de -

ve lopment have slowly driven the species away.

 Researchers at NTNU’s Museum of Natural

History and Archaeology have determined this

by conducting chemical analyses of pig bones

from 5 000 years ago. Analyses of stable

isotopes are able to show the difference

 between domesticated pigs and wild boar. 
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Delicacies for the East
SINTEF Fisheries and Aquaculture Research believe that it

should be possible to significantly multiply Norwegian exports

of herring roe to the Eastern European and Japanese mar -

kets. Norway is currently a minor player in these markets,

with annual exports of barely 850 tonnes. 

Herring roe is a well-established product in Asia, and as 

a by-product it has important potential, being very rich in 

proteins and omega-3 fatty acids. Herring roe is regarded as a

delicacy, particularly in Japan, as well as in such markets as

Russia, Romania, Belarus and Ukraine, where roe is used in

salads. There is also an important market for capelin roe, a

product that could be replaced by herring roe. 

Music at NTNU has always had an international bent, and foreign musicians

 regularly work with the university’s Department of Music and its various

 performance groups and ensembles. Last autumn, the university awarded two 

of these musicians honorary doctorates.

In September, the German violinist Anne-Sophie Mutter was selected for

the honorary degree in recognition of her years working with the Trondheim

Soloists, a string ensemble that grew out of NTNU's music scene.

In October, it was the American jazz pianist Chick Corea’s turn. For the last

decade, Corea has worked with and played with the Trondheim Jazz Orchestra 

– which has its roots in the Trondheim Music Conservatory (now a part of NTNU). 

New honorary doctorates Vacuuming up oil 
NEW PRODUCT: The world's first oil vacuum cleaner for shoreline

rocks or other hard surfaces has been launched. The vacuum

 cleaner blows bark onto oil-soaked surfaces and then sucks the

oil-soaked material back up again, a clean-up approach that is

four times more efficient than conventional techniques. The

 product, called MOSE, was designed by master’s students in

NTNU’s Department of Product Design. 

The vacuum cleaner essentially automates work that is currently

done by hand with a bucket and brush, and can be used with both

bark and peat moss - or chemically produced materials. 

The innovation has already tapped into several awards, and the

students have formed a firm called Kaliber Industrial Design,

which was one of seven Norwegian oil spill response compa-

nies that toured the United States to build networks to enter

the US market. The oil vacuum cleaner was also presented

at the Clean Gulf Conference - the largest exhibition for oil

pollution cleanup products in North America. 

Better electric cars     
Shanghai Jiao Tong University in China and NTNU 

are creating a joint centre for research on light metal

alloys for clean energy. The new centre will include 

research with new battery technology and materials

development for lighter and safer electric vehicles. 

Wiring in more sun 
By changing the crystal structure of a substance, or the stacking of its atoms, it is possible to give the sub-

stance completely new properties. NTNU researchers have now managed to change the crystal structure

of nanowires made of gallium arsenide and other semiconductors, which are used in solar cells. When

these nanowires are “grown” with an atomic beam in a very high vacuum, the structure is changed so that

they absorb light in a new way. With this level of control over the development of the nanowire’s crystal

structure, scientists can design solar cells that absorb light the way they want them to. 

Disabilities raise risk of HIV 
A study of disabled people in South Africa surveyed their knowledge of and attitudes to HIV/AIDS.

According to project manager Arne Henning Eide of SINTEF, the two most important infection risk

factors are lack of knowledge about prevention and the risks of infection. Disabled people are less

able to obtain an education, are often poor and receive little information about this disease. 

This group of people also find it more difficult to get to the doctor and to health services than 

healthy people, and many of them are discriminated against in the health services. These findings

have led the South African authorities to modify their national AIDS strategy. The project was 

financed by the South African National Research Foundation  and the Research Council of Norway.
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Norway – a “green” battery? 
A German government commission suggests making Germ-

any's electricity renewable by using Norwegian hydropower as

a “battery”. The Germans want Norway to export Norwegian

hydroelectricity to the North European grid when there is little

wind, and use cheap surplus wind-power to pump water back

into the Norwegian dams when the demand for electricity is low. 

This would require Norway to build pumped-storage hydro-

electric stations, which incorporate a turbine that can be used

as a pump and then be reversed to generate electricity. 

CEDREN, one of Norway's eight national centres for re -

search on environmentally friendly  energy, is studying what

would be needed to implement the construction of pumped-

storage  power stations on a large scale.
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■ NEWS IN BRIEF

Improved safety and billions more in
petroleum revenues
Just before Christmas, the Centre for Drilling and Wells for Improved 

Oil Recovery was named as of one of seven research centres for 

Research-led Innovation. The Centre will help to improve offshore safety

and to bring Norway many more billion kroner in petroleum revenues. 

IRIS, SINTEF, the University of Stavanger and NTNU established the

Centre last year. Improved drilling methods will raise safety levels during

drilling operations and will provide the fastest route to raising oil and gas

recovery rates from existing fields on the Norwegian continental shelf.

Enhanced oil recovery prolongs the lifetime of oilfields and brings 

billions of kroner more to the national coffers.
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SINTEF expands 
in Brazil 
SINTEF is setting up a research foundation

with headquarters in Rio de Janeiro in 

Brazil. The Instituto SINTEF do Brasil 

will play an important role in reinforcing 

SINTEF's position in the international 

research and development market, says 

SINTEF Group President Unni Steinsmo.

SINTEF's interest in Brazil is primarily due 

to the fact that there is a large and still 

growing market for R&D in the petroleum

sector. There will be a huge need for techno -

logy development in the near future, similar

to what we have seen on the Norwegian 

continental shelf during the past 40 years.

Technology for dementia patients

How should we make use of technology in caring for persons who suffer from

Alzheimer's? SINTEF is currently working on several pilot projects that are 

examining how technology can best be used by the health services and 

dementia patients.

Technology, services and organizations must be looked at as a whole. For

example, when people with dementia are being tracked via GPS devices, who will

follow up on the tracking process? Is a patient who has been fitted out with a GPS

system sufficiently safe in traffic to be allowed to share the road with vehicles?

The scientists are also working on ways of helping such people to find lost

objects with the aid of a mobile phone and RFID chips, and on projects that aim

to improve the quality of life of dementia patients and their families.

False feeling of safety 
Many elderly people who live alone at home have installed electric cooker safety monitors that

automatically turn off the power if the contents of a pot are in danger of catching fire. However,

many of these instruments disconnect the current too late, concludes a report from SINTEF's 

fire laboratory.

“In our tests, several cooker monitors switched off the cooker only after flames had appeared”,

says Reidar Stølen, a fire scientist at SINTEF NBL, Norway's centre of expertise in fire technology.

The results of the tests formed the basis for SINTEF NBL's recommendation that type approval

and a labelling scheme for electronic safety monitors for electric cookers should be introduced.

Ph
ot

o:
 S

IN
TE

F 



AN ENGLISH EDITION OF GEMINI IS PUBLISHED TWICE A YEAR. THE NEXT EDITION IS SCHEDULED FOR AUTUMN 2011.

SINTEF is the largest independent research institution in Scandinavia 

with scientists from more than 67 countries and offices in Houston, 

Texas, Rio de Janeiro, Brazil and Hirtshals in Denmark.

NTNU’s international network includes nearly 300 different cooperative 

or exchange agreements with institutions in 58 countries, from Albania 

to Zimbabwe.

Research from NTNU helps ensure SINTEF’s applied research is at 

the cutting edge of international science, while SINTEF’s efforts help 

guarantee that NTNU’s research produces practical solutions for 

industry and society.
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