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Abstract

Flux Balance Analysis was performed with the Genome Scale Metabolic Model of a fast growing

cyanobacterium Synechococcus sp. PCC 7002 to gain insights that would help in engineering

the organism as a production host. Gene essentiality and synthetic lethality analysis revealed a

reduced metabolic robustness under genetic perturbation compared to the heterotrophic bacteria

E.coli. Under glycerol heterotrophy the reducing equivalents were generated from tricarboxylic

acid cycle rather than the oxidative pentose phosphate pathway. During mixotrophic growth in

glycerol the photosynthetic electron transport chain was predominantly used for ATP synthesis

with a photosystem I/photosystem II flux ratio higher than that observed under autotrophy. An

exhaustive analysis of all possible double reaction knock outs was performed to reroute fixed

carbon towards ethanol and butanol production. It was predicted that only ∼10% of fixed carbon

could be diverted for ethanol and butanol production.
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1. Introduction

Cyanobacteria are a group of gram negative bacteria capable of fixing CO2 and performing

oxygenic photosynthesis. Concerns over depletion of fossil fuel reserves and rising levels of at-

mospheric CO2 levels have drawn attention towards cyanobacteria, a potential source of renewable

energy (Parmar et al., 2011). Cyanobacteria grow significantly faster compared to other oxygenic

photosynthetic organisms such as micro-algae and plants. Further, tools for gene manipulations

can be developed more readily for these prokaryotes. These characteristics make them a natural

choice as a biocatalyst to convert CO2 into biofuels using sunlight. Synechococcus sp. PCC 7002

is a fast growing cyanobacteria (td of 2.6 h in ammonia or urea ) capable of sustained growth even

under high salinity and high light intensity (Ludwig and Bryant, 2012). The strain has long been a

model organism, alongside Synechocystis sp. PCC 6803 and Synechococcus elongatus PCC 7942,

in studies aimed at understanding these photosynthetic prokaryotes. Therefore, tools for genetic

manipulation are already available for this organism (Xu et al., 2011, 2013). The existing knowl-

edge about its physiology and the available genetic tools could be used to engineer this organism

as a chassis for the solar based production of industrially relevant biochemicals.
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