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Increasing reductant NADPH content via metabolic
engineering of PHB synthesis pathway in Synechocystis sp.
PCC 6803
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Abstract: Cyanobacteria have become attractive hosts for renewable chemicals production. The low productivity, however,
prevents it from industrial application. Reductant NAD(P)H availability is a chief hurdle for the production of reductive
metabolites in microbes. To increase NADPH content in Synechocystis sp. PCC 6803, PHB synthase encoding gene phaC and
phaE in Synechocystis was inactivated by replacing phaC&E genes with chloromycetin resistance cassette via homologous
recombination. PCR analysis showed that mutant S.AphaC&E with complete genome segregation was generated. The comparison

between growth curves of S.wt and S.AphaC&E indicated the knockout of phaC & phaFE genes did not affect obviously the cell
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growth. Gas chromatography analysis showed that the accumulation of PHB in wild type was about 2.3% of the dry cell

weight, whereas no PHB was detected in the mutant S.AphaC&E. The data indicated that inactivation of PHB synthase gene

phaC and phaE interrupted the synthesis of PHB. Further comparative study of wild type and mutant demonstrated that
NADPH content in S.AphaC&E was obviously increased. On the third day, the NADPH content in S.AphaC&E was up to 1.85
fold higher than that in wild type. These results indicated that deleting PHB synthase gene phaC and phaFE not only can block

the synthesis of PHB, but also can save NADPH to contribute reductant sink in cyanobacteria. Hence, the engineered

cyanobacterial strain S.AphaC&E, in which carbon flux was redirected and NADPH was increased, will be a potential host

strain for chemicals production in cyanobacteria.
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Fig. 2 Diagram of gene knockout vector pUC-HR.
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Fig. 3  Identification of plasmid pUC-HR by restriction
enzyme digestion. 1: pUC-HR digested with Xba I; 2: pUC-HR
digested with Sac I and BamH I; M: DNA marker III.
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Fig. 4 Identification of complete segregation Synechocystis
mutant S.AphaC&E by PCR. 1: S.wt; 2: S.AphaC; M: DNA
marker I11.
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Fig. 5
resistance gene and PHB synthase gene in Synechocystis mutant
S.AphaC&E by RT-PCR. 1: transcription of catP in S.wt; 2:
transcription of chloromycetin resistance gene in S.AphaC&E;
M: DNA marker I; 3: transcription of PHB synthase gene in

Identification of the transcription of chloromycetin

S.AphaC&E; 4: transcription of PHB synthase gene in S.wt.
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Fig. 6 Growth curves of S.wt and Synechocystis mutant

S.AphaC&E.



fif B9 % BHMTAE M 6803 PHB & & 1242 5 iy NADPH &+

1003

A, T AR ORI 2 AR PRI ALY PHB & b AT T
o SRR, B S.wt th PHB FUEZ 41
TEE 23% (2.30+0.12), T &L il % 28 748 14
S.AphaC&E &4 PHB B (0.00+0.05), #iH]
phaC Fl phaE W&k RE 4% FHLIBT 4 3% 1 PHB 1A Ao
2.5 [fiJ NADPH &=

i F PHB W& & #E NADPH, [H LX) %48
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Fig. 7 Detection of celluar NADPH contents of S.wt and
Synechocystis mutant S.AphaC&E.
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