Types of liquid fuels.

Fuel type Major components Important property Biosynthetic altematives
Gasoline C4~C+» hydrocarbons Octane number® Ethanol, n-butanol and iso-butanol
Linear, branched, cyclic, aromatics Energy content® Short chain alcohols
Anti-knock additives Transportability Short chain alkanes
Diesel Co-Co3 (average Cqg) Cetane number® Bicdiesel (FAMES)
Linear, branched, cyclic, aromatic Low freezing temperature Fatty alcohols, alkanes
Anti-freeze additives Low vapor pressure Linear or cyclic isoprenoids
Jet fuel Cg-C+g hydrocarbons Very low freezing temperature Alkanes
Linear, branched, cyclic, aromatic Net heat of combustion Biodiesel
Anti-freeze additives Density Linear or cyclic isoprenoids

® A measurement of its resistance to knocking. Knocking occurs when the fuel/air mixture spontaneously ignites before it reaches the optimum
pressure and temperature for spark ignition.

® The amount of energy produced during combustion. The number of C-H and C-C bonds in a molecule is a good indication of how much energy a
particular fuel will produce.

“ A measurement of the combustion quality of diesel fuel during compression ignition. A shorter ignition delay, the time period between the start of
injection and start of combustion of the fuel is preferred, and the ignition delay is indexed by the cetane number.

Current Opinion in Biotechnology 19(6), 556—563 (2008)
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Table 2

Examples of different metabolic engineering strategies for increasing yields of various biofuels.

Biofuel Strategy Yield® Reference
Ethanol Engineering of phosphoketolase pathway to increase the availability of NAD™ during xylose 0.42 [29]
metabolism in S. cerevisiae
Modulation of redox metabolism by modifying ammonium assimilation in order to increase 0.34 [30]
xylose utilization by deleting GDH1 and overexpressing GDH2 in S. cerevisiae
In silico gene insertion predicted that heterologous expression of gapN would increase ethanol yield 0.36 [48°]
and eliminate glycerol production in S. cerevisiae during growth on glucose and xylose
EM analysis directed knockout strategy optimized ethanol production from pentose and hexose 0.36 [42]
and removed extraneous pathways in E. coli
Butanol Expression of different gene combinations for butanol production in E. coli modeled after the .0056 (18]
C. acetobutylicum pathway; deletion of competing pathways; increased NADH availability
Expression of different gene combinations for isobutanol production in E. coli modeled after the 0.35 [4°°]

amino acid catabolic pathway; deletion of competing pathways; overexpression of valine
biosynthetic genes

Pentanol Expression of different gene combinations for isopentanol production in E. coli modeled after the 0.11 [22]
amino acid catabolic pathway; deletion of competing pathways; overexpression of leucine
biosynthetic genes

Propanol Expression of different gene combinations for propanol production in E. coli modeled after 0.14 [17]
the C. beijerinckii pathway

¢ Reported vyield [g biofuel/g carbon source].

Current Opinion in Biotechnology 19(6), 556—563 (2008)
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Scheme 1| Comparison of a high-yielding pathway for production of polyhydroxyalkanoates (PHAs) to the design of a chimeric pathway for fuel
synthesis derived from three different organisms. Blue, R. eutrophus; red, C. acetobutylicum; black, S. collinus; phaA, acetoacetyl-CoA thiolase/synthase;

phaB, 3-hydroxybutyryl-CoA dehydrogenase; phaC, PHA synthase; crt, crotonase; ccr, crotonyl-CoA reductase; adhEZ2, bifunctional butyraldehyde and
butanol dehydrogenase.
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Table 1| Fuel properties of D2 diesel fuel and biosynthetic
alternatives.

Properties D2 Diesel Biodieself Hydrogenated
fuel* commercial
bisabolene:

Density (gml™) 0.85 0.88 0.82
API Gravity 35.0 293 411
Flash point (°C) 60-80 100-170 m
Kinetic viscosity 1.3-41 4.0-6.0 2.91
(mm?s™")

Boiling point (°C) 180-340 315-350 267
Cloud point (°C) -35t05 -3to15 <-78
Cetane number 40-55 48-65 19

*Biodiesel Handling and Use Guide, National Renewable Energy Laboratories™.

TBiodiesel: Fatty acid methyl esters. Biodiesel Handling and Use Guide, National Renewable
Energy Laboratories™.

+Hydrogenated commercial bisabolene: bisabolane: ~50%, farnesane: -20%, partially
hydrogenated bisabolene: ~20%, and aromatized bisabolene: ~7% (Fig 3b).
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How synthetic biology could help to improve hydrogen production in cyanobacteria
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