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Abstract: Bioethanol is one of the most promising and representative biofuel products. Photosynthetic production of ethanol
using CO; and solar energy based on cyanobacteria is of great significance for research and application, due to the potential to

reduce CO, emission and to provide renewable energy simultaneously. Here we review the history and updated development

Received: November 24, 2016; Accepted: January 24, 2017

Supported by: National Natural Science Foundation of China (No. 31600034).

Corresponding author: Guodong Luan. Tel: +86-532-80662711; E-mail: luangd@gqibebt.ac.cn
(No. 31600034)



892 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech June 25,2017 Vol.33 No.6

of cyanobacteria cell factories for ethanol photosynthetic production, the progress and problems in pathway optimization,

chassis selection, and metabolic engineering strategies, and finally indicate the future development in this area.
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Fig. 1
production. (a): pentose phosphate pathway; (b): Embden-Meyerhof-Parnas pathway; (c): gluconeogenesis pathway;
CBB cycle: Calvin-Benson-Bassham cycle; TCA cycle: tricarboxylic acid cycle; 3-PGA: 3-phosphoglycerate; G-6-P:
glucose-6-phosphate; PEP: phosphoenolpyruvate; OAA: oxalacetic acid; PHB: polyhydroxybutyrate; pdc: pyruvate
decarboxylase; adhll: alcohol dehydrogenase type I1.

Designing and metabolic engineering strategies of cyanobacteria cell factory for ethanol photosynthetic
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Table 1 Representative cyanobacteria cell factories for ethanol photosynthetic production

Strain Metabolic pathway Ethanol production References
PCC7942 Prbc-pdcz-adhllzy, 0.23 g/L in 28 days; ethanol synthesis pathway on shuttle [17]
vectors; the first reported cyanobacteria cell factory.
PCC6803 PpsbA2-pdcyy-adhlilyy, 0.46 g/L in 6 days; ethanol synthesis pathway integrated [37]
on psbA2 site of the chromosome.
PpetJ-pdczy-slr1l192 3.3 g/L in 37 days; the first reported ethanol synthesis [33]
pathway using slr1192 as adhll.
PpetJ-pdczy-slr1l192 4.7 g/L in 18 days; ethanol synthesis pathway on high [48]
copy number plasmid; transcriptomics response to
ethanol production was assayed.
PpetJ-pdczy-adhllyy, 0.95 g/L in 12 days; ethanol production was improved [33]
by 1 fold by knockout of pta and ackA.
PziaA-pdczy-sirll192 7.1 g/L in 30 days. [33]
Prbc-pdczy-siril92 5.5 g/L in 26 days; ethanol production was improved by [38]
1 fold by duplication of the ethanol synthesis pathway
and knockout of the PHB pathway.
PcpceB-pdezy-yqhD 0.59 g/L in 14 days; biomass and ethanol accumulation [63]
was improved by enhancing intracellular NADPH supply.
PCC7002 Pcl-pdczy-adh /adhA 5.62 g/L in 13.7 days; biomass accumulation was [53]
harvested by knockout of the lipoic acid synthesis
pathway and ethanol production was improved.
PcorT-pdcz-Prbe-sir1192 4.7 g/L in 20 days. [33]
ABICyanol  P0223-pdcz-Prbc-adhllz, 0.552 g/L in 1 day; genetic manipulation of an isolated [33]
non-model strain with better metabolism and
physiological robustness.
2.1 B33k Synechococcus sp. PCC7942 #0 13- (4] (461
& 5% PCC6803
PCC6803
PCC7942 1999 Deng PCC7942 PCC6803
pchM—athZM pCB4 [47]
PCC7942 Prbc ( PCC6803
-1,5- AdhlIl siril92
) 4 PCC6803
0.23 g/L PCC7942
7] 2009 Dexter pdc-adhll;y
PCC7942 PCC6803
[22] [18] 2,3- (431 [23] Ppsb2 6d
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Fig. 2 Schematic representation of dynamic responses of Synechocystis sp. PCC6803 to ethanol exposure.
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