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Project Goals:

The overall objective of this project is to use an integrated systems biology approach to
develop the filamentous cyanobacterium Anabaena sp. PCC 33047 as a model fast-growing,
photosynthetic, diazotrophic production platform. The specific goals for this project are: 1)
Construct a genome-scale metabolic model and predict genetic alterations that optimally
direct fixed CO; and N into target products. 2) Apply 13C and 15N assisted metabolomics
and metabolic flux analysis to dissect the metabolism of the strain. 3) Develop an efficient
genetic toolkit. 4) Demonstrate production of caprolactam and valerolactam in engineered
Anabaena 33047. 5) Establish a stable consortium between Anabaena 33047 and a
heterotroph for cost-effective bioproduction.

Abstract

Anabaena sp. ATCC 33047 is heterocystous cyanobacterium that thrives under very high light
intensities and exhibits fast growth both in the presence and absence of fixed nitrogen, traits that
make this strain an attractive platform for the cost effective production of nitrogen-rich
compounds. The strain was known to be genetically intractable and hence not utilized in molecular
and synthetic biology studies. During the course of this project we developed a genetic
manipulation system that enabled us to make targeted modifications in its genome. We further
characterized one of the modified strains, which shows greatly enhanced rates of nitrogen fixation.
We also developed a genome scale metabolic model, iAnC892, for Anabaena 33047 to identify
genetic interventions to overproduce valerolactam and caprolactam.
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Figure 1. Schematics depicting the differences in the heterocysts
of the WT and AnblA strains that contribute to enhanced

nitrogenase activity. Higher abundance of phycobilisomes in the
mutant heterocyst and their association with PSI centers leads to



heterocysts. Earlier studies implicating a role for PBS in energy transfer to photosystem I (PSI) in
heterocysts [1,2], instigated our efforts to investigate the effect of antenna modification on
nitrogenase activity in the high light tolerant Anabaena 33047. To this end, we generated a AnblA
mutant of Anabaena 33047 that retains large amounts of PBS in its heterocysts. Intriguingly, when
subjected to high light the mutant exhibited 2.5 folds higher rates of nitrogen fixation compared to
the WT. Analysis of the mutant indicated, increased cyclic electron flow, possibly resulting from
higher PBS mediated energy transfer to PSI. This contributes to increased ATP synthesis and
enhanced nitrogenase activity in the mutant (Figure 1) [3]. Thus the Anb/A mutant of Anabaena
33047 offers an improved platform for the production of nitrogen rich compounds.

Genome-scale metabolic models (GSM) facilitate in-silico engineering of microbial
metabolism for over production of target chemicals [4]. We developed a genome scale metabolic
model, iAnC892, for Anabaena 33047 to identify genetic interventions to overproduce
valerolactam and caprolactam [12]. The model was constructed by retrieving annotations from
multiple databases: KEGG [5], MetaCyc [6] and ModelSEED [7] and a recently published model
for the closely related Anabaena 33047 [8]. iAnC892 contains 953 unique reaction representing
the annotation of 892 genes. The diazotrophic life cycle of Anabaena 33047 is captured by
accounting for both vegetative and heterocyst cell types. This is achieved by creating super-
compartments that reflect the metabolic differences and interactions between these two cell types.
The model was used alongside the strain design algorithm, OptForce [9], to identify genetic
interventions that would lead to overproduction of caprolactam and valerolactam. The production
of valerolactam and caprolactam were enabled by adding 5-aminovalerate pathway [10] and
Adipyl-CoA pathway [11] respectively into iAnC892. The identified strategies recapitulated
several of the previously reported genetic interventions that enhance the target compound
production [12].

To explore the possibility of establishing a stable consortium between Anabaena 33047
and a heterotroph, several E.coli strains were co-cultured with this cyanobacterium under different
growth conditions. Our study revealed that Anabaena 33047 can support the growth of E.coli
Top10 cells when the strains are co- cultured in nitrogen free medium. Our preliminary results
indicate that Anabaena 33047 can be a suitable partner in a synthetic photoautotrophic-
heterotrophic consortium.
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