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Nano may mean ‘dwarf’ in Greek, but where nanoscience 

is concerned, don’t let the small size fool you. The potential 

of this interdisciplinary field is enormous, both in terms of 

the number of scientific discoveries that have been made 

as well as in the subsequent creation of new and innova-

tive products that can improve human welfare and foster 

development.

We haven’t always had a detailed picture of the physical 

and chemical world at the nano level. it all started with the 

invention of the scanning tunnelling microscope in 1984. 

This type of microscope opened up the nano world to 

researchers across the globe and they quickly recognised 

the need for interdisciplinary co-operation. chemists started 

using scientific instruments that were once the preserve of 

physicists while physicists were given access to billions of 

different molecules with different physical properties that 

chemists had, out of habit, kept to themselves.

a world of opportunities
The new instrument suddenly gave the two fields of scien-

ce access to the world at its most detailed. collaboration 

between chemists and physicists quickly escalated and led 

to the creation of new work methods, scientific instru-

ments and collegial co-operation. Optimism was high and 

the motivation to explore and understand the world at 

the nanoscale was enormous, not only at the University of 

copenhagen, but across the world.

interdisciplinary research is thriving at the University of 

copenhagen’s Nano-science center. Opened on 5 septem-

ber 2001, the first researchers to move in were chemists 

1 2 3 4 5 6 7 8 9 0

and physicists and the following year the centre got its first 

students. Biologists joined the centre in 2004, followed 

by geochemists in 2007. in 2009 scientists in the field of 

synthetic biology also joined – a rapidly developing field that 

hopes to create biological systems with new functions that 

can create sustainable solutions to many of the challenges 

the world currently faces.

Over the course of its first ten years, the Nano-science 

center has grown into an international research hub with 

14 research groups and several other scientific laboratories. 

Many of the groups are working closely with businesses and 

demonstrate that research and innovation go hand in hand. 

And it won’t be long before the centre confers its 100th 

Master’s in Nanoscience degree.

This magazine, which marks the tenth anniversary of the 

founding of the Nano-science center, will highlight the 

depth and breadth of the research in a field that is still in its 

infancy. 

We hope these articles make you a little wiser about nano-

technology. Perhaps they’ll make you a little more know-

ledgeable about the world, and perhaps they’ll even inspire 

you to start a new partnership. Viewing the world through 

the prism of nanoscience, the number of opportunities are 

enormous. We hope these are opportunities you’re ready to 

grab.

Morten Meldal and Thomas Bjørnholm

Centre Leader   Prorector

welcome to a small world with big opportunities

1 2 3 4 5 6 7 8 9 0
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The hunt for tiny circuits –  

a race to the limit
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Moore’s Law 

Moore’s law states that the number of 
components in an integrated circuit board 
will double approximately every two 
years. 

Graphene

Graphene is a layer of carbon, which is 
one atom thick, arranged in a regular 
hexagonal lattice.

The Discovery

The 2010 Nobel Prize in physics was given 
to the discoverers of graphene, and gra-
phene proved to be both mechanically 
and electronically noteworthy and an ex-
cellent conductor of heat. Graphene’s vari-
ous traits give it the potential to become 
somewhat of a wonder material. 

Over the past ten years, the nano-science Center 
has had a vision of pushing the boundary for how small an 
electronic circuit can become, with the aim of producing mi-
niscule circuits so small they are composed of mere molecules.
 In 2003 the centre managed to send a current through a 
single molecule, turning it into a transistor. But only after a 
decade of research by nanotechnology scientists has it become 
possible to connect a series of these molecules together. The 
result is a scaffold that allows a large number of molecules 
to be tested at once – a scaffold that will allow researchers to 
move forward with their ambitions of creating circuits made 
of single molecules.

graphene to the rescue
The resulting scaffold would not have been created if it hadn’t 
been for the combined efforts of physicists and chemists. 
Chemists were responsible for the science of molecules and 
their synthesis while the construction of the scaffold and 
calculations about the molecule was down to physicists.
 The development of molecular electronics relies upon the 
constant development of new instruments and microscopes. 
The development of graphene was also vital, as it protects 
molecules within the scaffold, allowing them to be monitored 
without being damaged and keeping alive the dream of creat-
ing miniscule circuits.

new trends
along with the eU and other foundations, a number of com-
panies have invested in this type of research.
 The nano-science Center has been working with IBM 
Zürich over the past five years to develop molecular electron-
ics both on the molecular level and on the development of the 
platform.
 The boundaries of what is possible are constantly shifting 
and it is no longer the goal to simply make smaller and faster 
circuits. power consumption is also an important factor. 

Chemists and physicists united in 2001 with a shared vision of 
developing nano-electronic components, spurred on by Moore’s Law, 
which dictates how small they could become.

spintronics may yet bring us closer to the limit. scientists 
are trying to manipulate the spin of electrons, and use it to 
control electrical currents.
 “This is faster and uses less energy than in the computer 
chips that are currently on the market. Once we achieve this, 
it’s hard to imagine that we’ll be able to get closer to the limit 
than that,” says associate professor Bo Wegge Laursen, leader 
of the nanoChemistry group, which is one of the drivers 
behind the development of the platform.
 

”The boundaries of what is possible are constantly shifting.

by rikke bøyesen
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”

Graphene Is a CrystaL form of the element carbon 
that is only one atom thick. It consists of carbon atoms 
arranged in a hexagonal lattice that looks like chicken 
wire. Thanks to this structure, graphene is the thinnest and 
strongest material known to man. Graphene’s electrical con-
ductivity is as good as copper’s while its heat conductivity is 
unmatched. and while graphene is also almost transparent, 
the atoms are so densely arranged that not even the smallest 
molecules can pass through it. This two-dimensional and 
highly versatile material was first discovered in 2004 by two 
russian scientists in the UK and was quickly heralded as 

Historic eras have often been described 
by materials, from the Stone, Bronze 
and Iron ages to the modern age of 
steel and silicon. But with the latest 
developments in nanomaterials we may 
yet be on the verge of a new era domi-
nated by ordinary carbon – in the form 
of graphene.

a ‘wonder material’, due to its range of unique properties. 
The two researchers were awarded the 2010 nobel prize for 
physics for their findings. Graphene is now central in the 
scientific research that is being carried out at the nano-
science Center.

physical and chemical applications
Graphene’s many noteworthy applications have excited 
scientists all over the world and have given rise to a range of 
research projects. two different research centres located at 
the nano-science Center are looking into the physical and 
chemical applications of graphene.
 at the Danish-Chinese Center for Molecular nano-

Heralding the dawn of the 

      carbon age

Graphene is the thinnest 

and strongest material 

known to man.

by kasper nørgaard
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electronics, graphene plays a key role in the endeavour to 
produce molecular electronics. at the Center for Quantum 
Devices, however, the focus is on the quantum properties 
of graphene and other nanomaterials. By establishing this 
laboratory, the University of Copenhagen managed to at-
tract one of the world’s most prominent physics professors, 
Charles Marcus, away from harvard University to lead its 
research activities.
 since 2010, Copenhagen has been the hub for nordic 
graphene research, and the city is the home of the annual 
‘Carbonhagen’ conference, which is organised jointly by the 
University of Copenhagen and the technological University 
of Denmark.

the future is flat
researchers have so far only managed to demonstrate a 
few practical applications for graphene. Currently most of 
the interest in graphene lies in its properties as an electrical 
conductor. researchers are now predicting that electronic 
components made with graphene will become consider-
ably faster than the current silicon based components. and 
because graphene is almost transparent, it will be well suited 
for use in the production of new types of touch-screens, 
light panels and solar cells.
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One hUMan CeLL is approximately 10 micrometres, 
which is equal to 10,000 nanometres, and is visible using a 
standard light microscope. In other words, you don’t need 
nanotechnology to see and work with cells. But influencing 
cells physically without damaging them requires the new 
and advanced probing methods involved in nanoscience. 
actually, that kind of ‘nanobiology’ is becoming more and 
more relevant in the early stages of drug development.
 “For nanoscientists, cells are a sort of lab animal that 
help us understand how an organism responds to different 
chemical influences. But naturally, we can conduct other 
types of experiments with single cells than we could with 
living animals,” says pawel Utko, a postdoc in the Quantum 
nanoelectronics Group  at the nano-science Center.
 For the last three years Utko has helped combine physi-
cists’ ability to create new microchips with nanobiologists’ 
knowledge of living organisms.

The goal is to eliminate drug side effects before they start 
and success could hinge on measuring the response of living 
cells through the use of nanowires.

the art of clipping a cell
Utko and other nanophysicists and nanobiologists from the 
university are studying ways to control cells using electrical 
impulses. Unfortunately, you can’t just fasten standard elec-
trodes onto cells to monitor them, so the research groups 
are trying to create microchips fitted with electro-active 
nanowires, which can be in contact with living cells and 
receive and test the cellular response to various physical or 
chemical stimuli. 
 nano-science Centre research project CLIps (short for 
Constructing Local Intracellular probe systems) is funded 
with grants from a number of Danish research councils, 
such as the Danish Council for Independent research and 
the Danish Council for strategic research. additionally, the 
project has maintained a close working relationship with 
the university’s synthetic biology project (see page 12) and a 
host of other Danish and foreign companies, such as inXell, 
sophion Bioscience and novartis.
 “We hope that the microchips will pave the way for the 
development of faster and cheaper testing of new drugs. If 
we can eliminate the drug side effects early on by measuring 
the responses from the cells, then we’ll have come a long 
way,” Utko says.

Microchips with nanowires 

probe living cells

by Jesper nygård and rikke bøyesen
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”For nanoscientists, cells are a sort of lab animal. We hope that 

the microchips will pave the way for the development of faster 

and cheaper testing of new drugs.
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Professor stipp 
marshals 
the troopss

In 1995, when susan stipp first arrived at the University of 
Copenhagen, one of the first things she did was to borrow a 
student’s computer to write the first applications for funding 
for everything from desks to equipment. now she is the 
leader of the largest research group, consisting of 55 people, 
at the nano-science Center.
 professor stipp joined the nano-science Center in 2006, 
when she immediately acquired DKK 54 million for a sci-
ence project from the advanced technology Foundation 
and Maersk Oil and Gas. The project dealt with how na-
notechnology could help extract more oil from the Danish 
underground limestone layers.  
 “I am deeply interested in the chemical, biological and 
physical processes that occur when natural material, such 
as earth and metals, interact with liquids and gasses. It is 
within this realm that our research group works,” stipp says.

Many new opportunities
In addition to collaborating with Maersk Oil and Gas, 
stipp’s group also works with Bp in order to determine how 
oil binds to grains of sand. stipp explains that the tech-
niques they master can help answer many scientific ques-
tions, because they can use their expertise to comprehend 
the interaction between solids and liquids.

If you ask Professor Susan Stipp about her recipe 
for success, she will tell you it is a combination 
of unique techniques and an intimate knowledge 
of physical, chemical, biological and geological 
processes at the nanoscale. Stipp heads some of 
the most prominent business partnerships at the 
university.

“In the future, I think that companies, such as engineer-
ing or consulting firms, will use our research for things like 
cleaning polluted water and waste storage,” stipp says, add-
ing that there has been a lot of interest both domestically 
and internationally in her group’s work.

nano here, there and everywhere
The nanoGeoscience group, as its name implies, consists 
of scientists from diverse fields. The scientists also hail from 
different countries and the ratio of men to women in the 
group is relatively equal. In 2009, professor stipp won the 
pasteur prize in recognition of leadership skills.
 “I believe that as a leader it is important to be able to step 
back a little and give the other members of the team some 
space. every individual has a unique skill and adds an es-
sential ingredient to the dynamics of the group,” stipp says.
 professor stipp’s group is made up of geologists, physi-
cists, chemists, nanotechnologists and engineers. One of 
the cornerstones of their success is that they, as a group, can 
think of and plan creative experiments and projects.
 “and then our work is highly influenced by the mutual 
respect and trust we have for each other, for that is abso-
lutely paramount to create successful results,” stipp says.

”in the future, i think that companies, such as engineering or 

consulting firms, will use our research for things like cleaning 

polluted water and waste storage.

by rikke bøyesen
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questions about  
   society and technology

What is the shape of tomorrow’s research?

Because Denmark is a small country, it is essential for scientists from different fields to work to-

gether. Nanoscience is a good example that it makes sense to do this. But why stop with physics, 

chemistry, biology and geology. Why not also include the humanities and the social sciences?

Why should Denmark invest in a field such as nanoscience?
As a society, it is important for us to keep up with developments. This requires us to have the 

capacity to understand what is happening around us. education plays a critical role in being able 

to do this and that is why it was vital that the programme was established so quickly after the 

Nano-science center was founded, as it guarantees qualified scientists within the field.

What does society require from tomorrow’s researchers?

scientists need to start thinking about the big picture. We need to consider why people behave 

the way they do and what their needs are. it is no longer enough 

to simply focus on technical aspects and functions. 

Take the electric car as an example. if the electric 

car is to become a mainstream commodity, then 

you need to do more than just develop good 

batteries. Perhaps we should be considering 

what people need already in the planning 

phase. How should the cars drive? Which 

characteristics should it have? These ques-

tions, combined with the technology, are decisive 

for gauging whether or not Danes accept the car.

How do Danes see science and new technology?

if we look at nanoscience, then we can see that the discussion has primarily focused on the  

ethical challenges, such as the impact on the environment. This is something we normally see. 

it also occurred, only with greater scope, in connection with the introduction of GMO in the 

1990s. i wonder why people don’t show more interest in how we prioritise the resources that 

are allocated to science and question what we, as a society, should research. Another question 

to ask would be why such a massive part of the resources are used for research that benefits 

industrial producers?

Maja Horst is the head of the Department of Media, Cognition and Communication at the 

University of Copenhagen. She conducts research into the relationship between society and  

technology. Nanoscience is one of the research areas that she has studied over the years. 

4
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3
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In natUre, biological molecules work together in groups 
that are placed and modified in order to work together 
efficiently. In synthetic biology, scientists work together to 
decipher and comprehend nature’s optimised and complex 
functions. If you understand how biological systems are 
organised, then the task of replicating these systems in a 
laboratory by combining functional biological molecules 
with new groups is greatly simplified. 
 “It takes a strong and multi-faceted scientific team to 
embark upon a new and competitive field of science such as 
synthetic biology,” Birger Lindberg Møller says. 
 Møller is a professor of plant biotechnology and head of 
the Center for synthetic Biology, which was established in 
2009 as one of the first of its kind in europe.  

the soapy water blues
a biological membrane, such as in the leaf of a plant, sepa-
rates a cell’s internal matter from the surrounding environ-
ment. The membrane serves as a barrier that regulates which 
substances pass in and out of the cell. Membrane proteins 
contribute to the regulation of the cells and, as a result, 
scientists are keen to find out how they work. 
 “Membrane proteins are essential because they create the 
foundation for a number of biological processes and on top 
of that, they are notoriously difficult to study,” Møller says, 
adding that the traditional methods for studying proteins 
dictate that they should be kept separated in a soap-based 
solution.
 “But doing this greatly reduces protein activity and 
compromises the natural processes that we are trying to un-
derstand. That is why we are forced to think alternatively,” 
Møller says.

synthetic biology flourishing 
A global explosion in lifestyle diseases, population increases and a rising need 
for sustainable solutions are just a few of the challenges that the world faces. 
Personal medicine, climate adapted plants and molecular bio-electronics can 
prove to be part of the answer. Welcome to the world of synthetic biology.

by charlotte autzen
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synthetic biology flourishing 

and along came the nano-disc
The new invention that solves the problem of the activity-reducing soapy 
solution is something named a nano-disc. a kind of surrogate mother for the 
proteins, nano-discs are small disc-shaped double membranes, with a dia-
meter of between nine and 18 nanometres that the scientists place the pro-
teins in when studying them. This way they avoid using the soapy solution 
and can investigate the membrane proteins in something very close to their 
natural setting and activity levels. 
 The nano-disc has become an essential component in many of the ad-
vances currently taking place in synthetic biology, including the development 
of complex medicinal substances and the comprehensive biotechnological 
improvements of photosynthetic organisms and other cellular systems. In the 
future, these advances will be used to produce many of the materials and in-
dustrial enzymes that are currently produced by the petrochemical industry.
 The potential of synthetic biology is enormous and the invention of the 
nano-dics is an important step on the way to a scientist’s dream of revealing 
the enigmas of nature. yet, for this field to really flourish, more flowers, like 
the nano-disc, must bloom.

Synthetic biology

Synthetic biology can be described as the study of 
biological systems with an aim to acquire know-
ledge to construct similar systems with tailor-made 
attributes. At the University of Copenhagen, the 
goal is to create the scientific foundation necessary 
to develop personal medicine, sustainable energy 
production, plant-based production systems and 
molecular bioelectronics. Furthermore, synthetic 
biology can contribute to the creation and combina-
tion of cutting-edge technologies with a wide range 
of applications.

The field of synthetic biology consists of scientists 
specialising chemistry, nanotechnology, molecular 
plant biology, molecular neurobiology and bio-
physics.

At the University of Copenhagen, synthetic biology 
is a strategic commitment area, and is funded with 
a five-year state grant.
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neW UnIversIty prOGraMMes  have to be approved 
in a process called accreditation. One of the people who has 
looked into the University of Copenhagen’s nanoscience 
programme is CeO Thomas Freltoft, from the company 
sophion. his job was to ensure that the programme lived up 
to the demands placed on master’s degrees. 

interdisciplinary competencies
“In the old days, people were generalists who knew a little 
about a lot,” Freltoft says. “But we no longer need people 
like that today. What we need are people who know their 
field inside out – people who have a deep understanding of 
nanoscience and can speak several languages.”
 By languages, Freltoft says he means fields of science like 
chemistry, physics and biology.
 “at sophion, where we develop advanced screening equip-
ment for the pharmaceutical industry, it took us several years 
to understand each other across our disciplines, and it is 
something we are still working on.”

When nanoscience was first offered as a programme at the University of 
Copenhagen in 2001, it was one of the first of its kind in the world. But the 
91 students who have so far achieved the title of MSc in Nanoscience from the 
university are also capable of something else – working between disciplines.

”innovation lies at the 

crossroad of disciplines, 

and this is a junction that 

nanoscience occupies.

The future of science 
is interdisciplinary

and it doesn’t stop there. The company, he says, requires that 
employees not only understand various sciences, they also 
need to have an understanding of how to write software.
 “as researchers we are constantly developing new uses for 
our products but often lack the understanding or knowledge 
to interact with the people who develop the software or elec-
tronics to bring it into practice. having this combination of 
abilities would be an enormous benefit to the next generation 
of advanced nanoscience degree holders.”

a future full of inventions
That may be setting the bar high for students, but according 
to Freltoft, the future is bright for interdisciplinary nano-
technologies. he is convinced that innovation lies at the 
crossroads of disciplines, and this is a junction that nanosci-
ence occupies. In the next decade, many new inventions will 
be adopted that will spur the development of new products. 
This is where individuals with a background in nanoscience 
will make a difference, because they will work at the intersec-
tion of disciplines. 

by rikke bøyesen
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InnOvatIOn, entrepreneurship and new ideas for compa-
nies established on a foundation of research-based knowledge 
aptly describe the daily activity at the nano-science Center. 
 Jeppe resen amossen is one of those students who has 
been inspired by the atmosphere at the nano-science Center. 
The founder of a company called heeD Diagnostics, 
amossen came up with the idea for his business while writ-
ing his thesis.

“By studying nanoscience, I have aquired a broad multi-
disciplinary insight into the molecular world. It was based on 
this insight that I came up with the idea to develop a varia-
tion of an already existing electrochemical sensor for genetic 
diagnostics,” he explains.
  “The new electrochemical sensors, so-called biosensors, are 
more sensitive than the earlier versions. They are used to per-
form quick and cost effective diagnosing of infections and are 
therefore well adapted for commercial use,” says amossen, 
who runs the company along with a fellow student, peter 
paluszewski. so far, the two entrepreneurs have reached the 
testing phase in the development of their business concept.

support is essential
amossen and paluszewski have received interest and support 
from a number of sources. In 2010 they were nominated in 
the entrepreneurship competition, venture Cup, which fo-
cuses especially on converting research and ideas to profitable 
businesses. a year later, they received DKK 2.2 million from 
the Cat science park and in 2012 they obtained DKK 1.5 
million the Foundation for Development of technology in 
the Danish Water sector.
 “We are going to use these funds to continue the devel-
opment of our testing apparatus and make pharmaceutical 
companies interested in using the technology,” amossen says.
 heeD Diagnostocs is evolving rapidly. Other small nano-
businesses have closed down, while new ones will certainly 
pop up. nanoscience is still a relatively new field and there 
are still many discoveries and innovations, on a business as 
well as a scientific level, that remain to be made.

good ideas spring to life  
in field of nanoscience  

SunFlake, HEED Diagnostics, Nano Slim, Milt-
away and Hytronics are just some of the busi-
nesses that have developed out of the research 
being done at the Nano-Science Center at the 
Universtiy of Copenhagen. Some are owned by 
scientists while others are owned by students.

Business Potential

A biosensor that utilises electrical signals 
for genetic diagnostics makes it possible to 
diagnose infections quicker and cheaper 
than the methods currently used. Because a 
quick and cost effective diagnosis is hugely 
beneficial to society, an idea such as this 
has an immense commercial potential.

Nano-Science Center

University of Copenhagen
SunFlake

HEED Diagnostics
Nano Slim

Hytronics

inXell
MothMortensen

Miltaway

by rikke bøyesen
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as the FIrst pOstDOC from the Danish-Chinese 
Center for Molecular nanoelectronics, Jakob K. sørensen 
was a trailblazer on a path that was as much a scientific as it 
was a cultural exchange. sørensen is developing molecules 
with electrical properties and as part of his research has 
delivered molecules to his Chinese colleagues who have run 
tests on them.
 “I am now better at producing individual prototypes for 
the testing of organic semi-conductors,” sørensen says about 
the benefits of the collaboration. “For my part, I’ve helped 
the Chinese improve at chemical synthesis.”

china in danish
But it is not merely the differences in the specific techniques 
and knowledge within nanotechnology that separates Dan-
ish and Chinese researchers. They also have very different 
understandings of what is work time and what is free time.

 “When Danes are at work, we work, and when we have 
free time, we don’t work. That’s not how it is in China,” 
sørensen explains. “The Chinese spend many hours at work, 
and they also spend a lot of time going out to eat, sleeping 
and playing badminton. It meant that I had to learn a new 
understanding of how long I was supposed to stay at work 
because they thought I was ‘confused’ when I wanted to go 
home at five.”
 sørensen took the opportunity to work in China because 
he was interested in learning more about the country and 
its culture. after working many hours together with his 
Chinese colleagues, and having learned their work habits, 
customs and gained intimate knowledge about his local 
community, sørensen is now able to navigate in Chinese – 
whether it’s buying locally, ordering food or working in the 
laboratory. sørensen is fascinated by China. although after 
landing a job at a Danish company, he’s decided to remain 
in his home country for the time being.

Molecular nanoelectronics  

in Danish and chinese
by rikke bøyesen
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When researchers from different countries collaborate in the ex-
change of knowledge, they also have to learn to understand each 
other’s cultures. For Jakob K. Sørensen one of the most common 
questions he was asked while in China doing his postdoc was, 
“Maybe you are confused?”

personal chemistry
Danish-Chinese Center for Molecular nanoelectronics 
has branches in both Beijing and Copenhagen and was 
established in 2009 with a DKK 15 million grant from the 
Danish national research Council. Collaboration between 
Danish and Chinese researchers started in 2006, however, 
and has continued due to the maintenance of good personal 
relations.
 “This is very important when working with the Chinese,” 
prorector Thomas Bjørnholm, who heads the centre, says. 
Both Danes and Chines can learn a lot from their different 
teaching traditions.
 “For example, the Chinese learn by repetition and are 
very systematic and industrious, whereas Danes are more 
problem oriented,” Bjørnholm says, adding that he hopes 
the collaboration will blossom in the coming years, some-
thing he says would benefit Danish research and business.

denmark in chinese
tao Li is also a postdoc from the Danish-Chinese Center 
for Molecular nanoelectronics and has lived in Denmark 
for two years. In that time Li developed a good understand-
ing of how Danes work and explains that power structures 
and management style form the main difference between 
the way Danes and Chinese work.
 “In Denmark I can discuss with my professors and 
exchange ideas. In China we only work on the professor’s 
idea,” Li says, adding that there is more teamwork in Den-
mark while in China people tend to work more on their own.
 another difference that Li has noticed is that while the 
Chinese tend to be hard working and focused, work takes 
up less of people’s time in Denmark. he says that he sees 
both the advantages and disadvantages with the two at-
titudes and says the he hopes to use his knowledge about 
work practices and cultures to build a bridge between inter-
national and Chinese researchers when he eventually returns 
home.

”Personal relationships are essential 

when working with the chinese.
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nanOMeDICIne researChers have long dreamed 
of developing drugs that can heal bad and damaged tissue 
without causing any side effects. reaching that goal could 
involve using fragments of camel antibodies, which have 
been shown to stop the body’s immune system from becom-
ing activated when medicine is transported into sick cells. 
 professor Moein Moghimi, leader of the Center of phar-
maceutical nanotechnology and nanotoxicology, explains 
that before such medicine can work, it’s vital to first under-
stand the immune system’s underlying mechanisms.
 “Only then will it be possible to develop more effective 
medicine with fewer side effects,” Moghimi says.

cheating is the key
since the immune system’s job is to defend the body from 
particles it does not recognise, there is always the risk that 
it will capture nanoparticles that are sent into the body to 
deliver medicine. This is because the nanoparticles may be 

considered unwelcome guests in the same way bacteria and 
viruses are. Because they cause the immune system to react, 
nanoparticles currently have limited use for diagnosis and 
treatment, but this is a challenge nano-researchers are work-
ing to solve.
 “The immune system is not as easy to fool as we once 
thought,” Moghimi says. “But we have discovered that some 
viruses and bacteria have found ways to disguise themselves 
that we are now trying to copy.”

the camel’s secret
Moghimi’s group has discovered that the structure of a na-
noparticle’s surface goes a long way in determining whether 
the particle is able to avoid detection by the immune 
system. Camel blood has a special type of anti-body known 
as a heavy-chain antibody, which has a simpler construction 
than normal antibodies. This makes it possible to clone the 
antibodies and produce small enough fragments that are 
well suited for use in nanomedicine.
 Moghimi explains that if they cover the nanoparticles 

nanomedicine helped  
by camel antibodies

Many people experience side effects 
such as sudden drops in blood pres-
sure, fever, and rashes when taking 
medicine. Moein Moghimi’s research 
group is trying to discover the cause 
of these reactions and develop 
treatments using nanomedicine 
combined with camel antibodies.

by charlotte autzen



19profi le /  NANOscieNce

Heavy-chain antibodies

Many members of the camel family, such 
as lamas and alpacas, as well as some spe-
cies of sharks, have the special heavy-chain 
antibodies in their blood. Camels and 
sharks are evolutionarily very far removed, 
however, leading scientists to conclude 
that heavy-chain antibodies arose in-
dependently. This so-called convergent 
evolution at the molecular level happens 
when natural selection produces the same 
solution in two unrelated species.

with the camel antibody fragments, the nanoparticles are 
able to target the desired sick cells in the body, while the 
normal cells are left unharmed. This development has given 
researchers hope that nanomedicine may, in the long term, 
be able to increase the efficacy of medicine while also reduc-
ing its side effects.
 The work to create targeted medicine using nanotechnol-
ogy has been ongoing for the past two decades. Moghimi’s 
group is currently working with a range of nanodrug 
delivery systems that could be used to fight cancer and a 
range of neurological illnesses such as alzheimer’s. Being 
able to deliver drugs precisely would mean that lower doses 
would be needed. This has some obvious advantages. Firstly, 
it would produce a better clinical result and lead to a better 
chance of recovery, while also reducing side effects. These 
are both challenges faced by many chemotherapy recipients.



Facts about nanoscience

•	 The	word	‘nano’	stems	from	the	Greek	word	‘nanos’,	which	means	‘dwarf’.
•	 Used	as	a	prefix,	nano	means	‘one	billionth	of’,	or	10-9. A nanometre is   
 0.000000001 meter.
•	 One	human	hair	is	approximately	80,000	nanometers	in	diameter.	
•	 Nanoscience	is	the	study	of	atoms,	molecules	and	objects	measured	in	
 nanometres (1-100 nanometres).
•	 The	foundation	for	nanotechnology	was	laid	in	the	1980s	with	the	invention	of		
 the scanning probe microscope, which makes it possible to see and move atoms  
 using an extremely thin needle.
•	 There	are	about	500	nanoscientists	in	Denmark.
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More information about nanoscience: www.nano.ku.dk/english


