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The combustion of fossil fuels is the greatest contribution to the increase of greenhouse gas 
emission and global warming. In contrast to traditional fossil fuels, fuels produced through 
biological process are called biofuels, presently mainly from plants, microorganisms, animals 
and wastes. Efforts aiming to develop sustainable biofuels have intensified due to the 
diminishing supply of fossil fuels and the environmental problems caused by overused 
traditional fossil fuels. 
 
Cyanobacterium, also known as blue-green alga, is the oldest photosynthetic organism which 
originates around 2.6-3.5 billion years ago. Considering its photosynthetic ability and simple 
structures, cyanobacterium is becoming a model organism for photosynthesis research and also 
being used as a cell factory for chemical production. As a promising platform for producing 
fourth-generation biofuel, cyanobacterium attracts an increasing attention, due to its fast 
growth rate, ability to fix carbon dioxide and genetic tractability. Cyanobacteria have been 
engineered successfully for the production of a number of different biofuels and biofuel-related 
compounds. The first attempt of biofuel production in cyanobacteria was achieved by 
introducing pyruvate decarboxylase and alcohol dehydrogenase into Synechococcus PCC 7942 
for ethanol production. However, regarding the disadvantages of ethanol, e.g. hygroscopicity 
and low energy density, efforts for biofuel production are shifted from ethanol production to 
other long-chain fuels production. 
 
Isobutanol is one of the promising substitutes of traditional fossil fuels due to its high energy 
content, low vapor pressure. Apart from the application in fuel industry, isobutanol plays roles 
in other areas for various application as well. Specifically, it can be used as a precursor of 
derivative esters and it is widely served as an additive in many different aspects including paint 
additive, automotive polish additive. 
 
For the aim to propose a sustainable approach for isobutanol production, 2-keto acid pathway 
was introduced into cyanobacteria strain Synechocystis PCC 6803 for isobutanol production, 
involving five different enzymes to convert pyruvate into isobutanol. The engineered 
Synechocystis strain is able to produce isobutanol, as long as provided with light, carbon 
dioxide, water and minimum nutrition. Finally, when cultivated under optimized conditions, 
the green cell factory, engineered Synechocystis strain, is able to produce up to 911 mg/l 
isobutanol, which is a big process for biofuel production in Synechocystis. 
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