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From CO, to value-added products—carbon neutral microalgal

green biomanufacturing
SUN Zhongliang, CHEN Hui, WANG Qiang

(State Key Laboratory of Crop Stress Adaptation and Improvement, School of Life Sciences, Henan University,
Kaifeng 475004, China)

Abstract: Currently, our world is facing the dual pressure of carbon emission reduction and resource shortage. China
has also put forward a goal of reaching CO, emission peak by 2030 and achieving carbon neutrality by 2060. At
present, the production and manufacture of fuels and bulk chemical products mainly rely on petrochemical refining,
which is facing the challenges of high risk of production safety, great pressure of environmental protection, and
contradiction between supply and demand of oil and gas resources. In this context, the use of microalgae for direct CO,

fixation is expected to establish large-scale biomanufacturing with CO, as raw material and sunlight as energy source,

Wi HEA: 2022-04-15{EEIHER: 2022-08-17

EEIME: EBxRESFLEITE (2021YFA0909600); ERBEARIZES (32170138, 32102819, 31870041); iurasEHEEIHHA (22IRTSTHN024); jImE&E
ARFESE (212300410024); WRmERHEBERINE (222102110131); &EFEREROIFH5I8ITE (#D16014)

SIAX: #hhs, BRE, E58. N COEIBH—BRIMNGTREEEMHNS[J]. EREMSF, 2022, 3(5): 953-965

Citation: SUN Zhongliang, CHEN Hui, WANG Qiang. From CO, to value-added products—carbon neutral microalgal green biomanufacturing [J]. Synthetic
Biology Journal, 2022, 3(5): 953-965




954 BRENE $£35

this is a new manufacturing mode that breaks away from the route of petrochemical industry, and has the typical
characteristics of low carbon, recyclable, green, and clean. This emerging green industry is of strategic significance for
solving the current issues of food security and energy shortages, through sustainable production of food, energy,
chemicals, and pharmaceuticals. In addition, microalgae possess great potential in environment protection, thanks to
their strong stress resistance, effective remediation of eutrophic elements such as nitrogen and phosphorus from
wastewater, and simultaneous removal of SO, and NO, during CO, utilization in flue gas. Therefore, compared with
heterotrophic chassis cells, microalgae-based synthetic biology and bio-manufacturing also play a role in carbon
sequestration and emission reduction, and microalgae have then attracted much attention in recent years as “green cell
factories”. From the perspective of light-driven autotrophy, we summarize the latest progress of microalgae as a cell
factory, introduce chassis transformation strategies, and then look into the future development of this technology. In
particular, improved genetic manipulation and larger cultivation scales are critical for microalgae to serve as high
efficiency chassis for synthetic biology, whereas promising directions include establishment of standardized systems
for algal genome editing, deep understanding of metabolic flux and control for robust biosynthesis, as well as
improvement of biomass productivity and photosynthesis efficiency. All in all, this review provides a useful reference

to establish controllable and replicable processes for microalgae green biomanufacturing.
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Tab.1 Production of platform compound by cyanobacteria cell factory
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Synechococcus sp. PCC 7942 8 [33]
Synechococcus sp. PCC 7942 20.6 [34]
Synechococcus sp. PCC 7120 2.3 [26]
1,2-A RN B Synechococcus sp. PCC 7942 15 [27]
Synechocystis sp. PCC 6803 100 [28]
A i Synechocystis sp. PCC 6803 60 [30]
Synechocystis sp. PCC 6803 1.7 [35]
N R LI R LI PVC R Synechocystis sp. PCC 6803 2104 [36]
Synechocystis sp. PCC 6803 19.2 [37]
3-FREE R R 3-FI NG Synechocystis sp. PCC 6803 139.5 [38]
Synechococcus sp. PCC 7942 329.5 [39]
2,3- T Wi Synechococcus sp. PCC 7942 54.36 [40]
Synechococcus sp. PCC 7942 300 [41]
Synechococcus sp. PCC 7942 110 [40]
Synechococcus sp. PCC 7942 100 [42]
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Tab. 2 Genetic engineering and metabolic engineering methods are used to improve the yield of microalgae lipid
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Tab. 3 Various genetic engineering methods for improving hydrogen production rate of microalgae
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Fig.2 Schematic of structure and working mode of the Shell-HydA nanoreactor

(Our study provides innovative bio-hydrogen production strategy and new insights into the shelf-assembly of carboxysome and selective

permeability of carboxysome shell as well, and paves the way for engineering carboxysome shell-based nanoreactors to recruit

specific enzymes for diverse catalytic reactions)
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Tab. 4 Biosynthesis of high value-added compounds

by microalgae chassis cells
e S kR HHT 27 SR
Synechocystis sp. PCC 6803 X 75 G R [81]

Synechocystis sp. PCC 6803 g R [82]
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