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Background

Algae-based biofuel production is a promising solution to meet the increasing fuel demands and to slow down
greenhouse gas accumulation. Despite the significance, its application and commercialization are still hindered
by some technical barriers, including the growth limitation result from mutual shading and costly harvesting. We
developed a machine learning- informed semi-continuous cultivation (MISC) system to successfully reduce the
mutual shading during the cyanobacterial cultivation and achieved sustainable optimal growth. However, the
MISC requires frequent harvesting, so it is economically infeasible unless a simplified and low-cost harvesting
method is developed. Traditional harvesting methods such as centrifugation, chemical flocculation, and filtration
are too expansive to fit the MISC!2. Sedimentation is a promising method for low-cost harvesting, but it is slow
and strain-specific'?. As the settling rate is directly relevant to the particle size?, we thereby aimed to enhance
cell aggregation to enable/ enhance cell sedimentation. To achieve this, we took advantage of the natural
hydrophobic effects and manipulated the cyanobacterial cell surface hydrophobicity with a synthetic biology
design.

Methods

We selected Synechococcus elongatus UTEX 2973 (UTEX 2973)* as the model strain in this study, primarily
due to its relatively smooth cell surface (loss of function in pilus assembly result from the mutation of piIN*) and
high potential in biofuel production®. To increase the cell surface hydrophobicity of UTEX 2973 cells, we
engineered the strain to produce limonene, a strong hydrophobic hydrocarbon that had been proven to be excreted
from cyanobacterial cells®. The limonene synthesis is driven by a light-inducible promoter, psbA®.

Results

We first verified the limonene producing strain, L524, by PCR, qPCR, and measuring limonene productivity.
Limonene synthase and its expression were only detected in L524, and L524 shows limonene productivity at
~5mg/L/day. Bacterial adherence to hydrocarbons (BATH) assay suggests that cell hydrophobicity of L524 is
higher than UTEX 2973 wildtype (WT). To further understand the mechanisms of the cell hydrophobicity
changes, we observed L524 and WT under transmission electron microscopy (TEM). Putative limonene droplets
were found on L1524 cells but not on WT, suggesting the hydrophobicity increase in L524 could result from the
limonene accumulation on the cell surface. The aggregation assay shows ~90% of L524 cells were aggregated,
but no aggregation was found in WT, indicating the increased cell hydrophobicity successfully drives cell
aggregation. The aggregation was observed to drive cell sedimentation, which could potentially be used for
biomass harvesting. More importantly, the aggregation-enabled sedimentation is very fast, as 85% of cells were
settled within 30 minutes, and the solid content from AES output reached ~14%, which is comparable to output
from centrifugation.

Conclusion

In this study, we developed a simple, fast, and low-cost harvesting method, the AES, by taking advantage of the
natural hydrophobic effects and manipulating the cyanobacterial cell surface hydrophobicity with a synthetic
biology design. The AES achieves a high recovery rate and high solid content in the outputs. More importantly,
its low-cost economically enabled the implementation of the machine learning-informed semi-continuous
cultivation system, which ultimately addressed the technical barriers in algal-based biofuel production.

Funding



The 1%t International BioDesign Research Conference
December 15t - 18th) 2020, Virtual

The research is supported by the Chair Fund for Synthetic Biology and Renewable Products from Texas A&M
University and Texas A&M Agrilife Research, as well as the Hood Fund for Sustainability.

References

1 Barros, A. L., Goncalves, A. L., Simoes, M. & Pires, J. C. M. Harvesting techniques applied to microalgae: A review.
Renew Sust Energ Rev 41, 1489-1500, doi:10.1016/j.rser.2014.09.037 (2015).

2 Milledge, J. & Heaven, S. A review of the harvesting of micro-algae for biofuel production. Rev Environ Sci Bio 12, 165-
178, doi:10.1007/s11157-012-9301-z (2013).

3 Yu, J. J. et al. Synechococcus elongatus UTEX 2973, a fast growing cyanobacterial chassis for biosynthesis using light
and CO2. Sci Rep-Uk 5, doi:ARTN 813210.1038/srep08132 (2015).

4 Li, S., Sun, T., Xu, C., Chen, L. & Zhang, W. Development and optimization of genetic toolboxes for a fast-growing
cyanobacterium Synechococcus elongatus UTEX 2973. Metab Eng 48, 163-174, doi:10.1016/j.ymben.2018.06.002
(2018).

5 Song, K., Tan, X., Liang, Y. & Lu, X. The potential of Synechococcus elongatus UTEX 2973 for sugar feedstock
production. Appl Microbiol Biotechnol 100, 7865-7875, doi:10.1007/s00253-016-7510-z (2016).

6 Wang, X. et al. Enhanced limonene production in cyanobacteria reveals photosynthesis limitations. Proc Natl Acad Sci

U S A 113, 14225-14230, doi:10.1073/pnas. 1613340113 (2016).



