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The Vision

In today’s world, there is dire need for alternative fuels as a substitution for fossil 
energy, in order to lessen human impact on the climate. However, the present 
source for these alternative fuels is in direct conflict with food production. Today, 
175 million Indians are living on grain produced with water from irrigation wells 
that will soon run dry. At the same time, cars in the United States are guzzling 
enough grain, as fuel, to feed half of a billion people. Our goal is to take part in 
solving this problem by creating alcohol-producing organisms that use sunlight 
and a minimal amount of water.

iGEM

The International Genetically Engineered Machine competition (iGEM) is the 
premiere undergraduate Synthetic Biology competition. Student teams are given 
a kit of biological parts at the beginning of the summer from the Registry of 
Standard Biological Parts. Working at their home universities over the summer, 
they use these, as well as some new parts of their own design to build biological 
systems and operate them in living cells. This project design and competition 
format is an exceptionally motivating and effective teaching method. 

The Goal

The goal of our project is to create a hardy and efficient organism, capable of 
sustained growth with little care while losing the major part of its fixated carbon 
as either butanol or ethanol. Such an organism would be ideal to grow in industrial 
scale solar collector plants. The plant would utilize nearly total internal recycling 
of water and nutrients and thus would be deployable at locations unsuitable for 
farming, while leaving a small environmental footprint.
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Sun to Ethanol: The Technique

We chose ethanol as the basis of our project as it is a primary metabolite in many 
organisms and because the ability to produce ethanol can be efficiently introduced 
with a small number of genes. The production of ethanol is only dependent on 
one metabolite in the cells, easing adaptation of alien systems. 

We will use two genes encoding enzymes from ethanol-producing bacteria and 
clone them into photosynthetic cyanobacteria, also known as blue-green algae. 
These enzymes act on photosynthesis products from the cyanobacteria and 
convert them into ethanol. The process requires ample amounts of substrate, 
which we plan to achieve by inhibiting other catabolic pathways in the host 
organism.

As part of our experimental setup, we plan to simulate the relevant metabolic 
pathways to find bottlenecks in the synthesis and work around them.

Ethanol: A Fuel for the Future?

Today, ethanol is used on a broad band of industrial processes. Furthermore, it is the 
most prevalent substitute for petrol and a wide range of major car manufacturers 
already offer vehicles adapted to this fuel. However, ethanol has some drawbacks 
compared to fossil petrol in respect to energy density, corrosiveness and safety. 
These problems can be overcome if butanol is used instead, as its properties 
are closer to those of petrol. This allows mixing butanol with standard petrol on 
a zero to hundred percent basis without modifications of the fuel system. The 
miscibility opens the opportunity to further reduce green house gas emissions 
from the existing fleet of cars by substituting fossil petrol for butanol.
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Sun to Butanol: The Technique

To tackle the problems mentioned before, we came 
up with some ideas on how to produce butanol from 
sunlight. Recently published work regarding techniques of 
isobutanol production appears to be suitable for adaption 
to our cyanobacteria. We will introduce two genes which in 
combination give rise to isobutanol synthesis. 

Furthermore we will try to tweak the host organism 
metabolism in order to increase the amount of isobutanol. 
This will be mainly done by over expression of genes involved 
in the biosynthesis of a specific amino acid precursor which 
is the basis for the production of isobutanol. As the pathway 
has never been established before in our host organism we 
expect some difficulties but we are confident that we can 
overcome them.

Conclusion: 

The major advantages of photosynthetic alcohol production 
are:

• Non-competitive coexistence with food production
• Low water requirements
• Low operation costs
• Production of easily portable fuel
• Fast adaption to existing infrastructure

The technology would allow easy setup and operation 
nearly everywhere, from developing countries to the roofs 
of houses in advanced economies.  In our opinion the use of 
cyanobacteria to produce biofuels from atmospheric carbon 
dioxide will be an important step towards a net zero carbon 
dioxide footprint. These visions and ideas are possible with 
Synthetic Biology. We would like to participate in and learn 
from this new, rapidly evolving field which will give us the 
skills to solve tomorrow’s problems.
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Who We Are

Our team consists mainly of students from the Master programs of Applied 
Biotechnology and Molecular Biotechnology Engineering of Uppsala University. 
The team draws its strength from its diverse background both in culture and 
education. The project will be performed at the department of Photochemistry and 
Molecular Science at Uppsala University. The department has ample experience 
in the field of synthetic biology in the solar collector application and is currently 
working on hydrogen producing cyanobacteria.

The Students: 

Anders Kristoffersson (24)  (Sweden)
Master Student in Molecular Biotechnology

Erik Florman (26) (Sweden)
Master Student in Molecular Biotechnology

Karl Brune (21) (Germany)
Bachelor Student Job Creation Oriented Biotechnology

Jonatan Halvardson (24) (Sweden) (Modelling)
Master Student in Molecular Biotechnology

Ruiqing Ni (23) (China) (Part Time)
Master Student Applied Biotechnology

The Advisors: 

Dr. Thorsten Heidorn
Department of Photochemistry & Molecular Science

Daniel Camsund
PhD Student at the Department of Photochemistry & Molecular Science

Mats Wallden
PhD Student at the Linnaeus Centre for Bioinformatics 
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Student Contact:

Erik Florman
erik.florman.2781@student.uu.se
www.uppsalaigem.org

Our Supervisor:

Dr. Thorsten Heidorn
Phone: +46 18 471 6587
Fax: +46 18 471 6844
thorsten.heidorn@fotomol.uu.se 

The Department:

iGEM 2009
Uppsala University
Department of Photochemistry and Molecular Science
P.O. Box 523
S-75120 Uppsala
Sweden


