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Surface display of phytase on Saccharomyces cerevisiae for
efficient bioethanol production from corn starch
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Abstract:  Production of bioethanol using starch as raw material has become a very prominent technology. However,
phytate in the raw material not only decreases ethanol production efficiency, but also increases phosphorus discharge. In this
study, to decrease phytate content in an ethanol fermentation process, Saccharomyces cerevisiae was engineered for heterologous
expression of phytase on the cell surface. The phy gene encoding phytase gene was fused with the C-terminal-half region of
a-agglutinin and then inserted downstream of the secretion signal gene, to produce a yeast surface-display expression vector
pMGK-AG-phy, which was then transformed into S. cerevisiae. The recombinant yeast strain, PHY, successfully displayed
phytase on the surface of cells producing 6.4 U/g wet cells and its properties were further characterized. The growthrateand
ethanol production of the PHY strain were faster than the parent S. cerevisiae strain in the fermentation medium by
simultaneous saccharification and fermentation. Moreover, the phytate concentration decreased by 91% in dry vinasse
compared to the control. In summary, we constructed recombinant S. cerevisiae strain displaying phytase on the cell
surface, which could effectively reduce the content of phytate, improve the utilization value of vinasse and reduce the
discharge of phosphorus. The strain reported here represents a useful novel engineering platform for developing an

environment-friendly system for bioethanol production from a corn substrate.
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Fig. 1 Construction of recombinant plasmid pPIC9k-phy and pMGK-AG-phy.
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5.8 Ulg 30 C 55 C 17%
55 °C 60 C 65°C
60%
23 BHEMEBREEMETRIER O 30 'C 40 'C 45 C
2.3.1 50 'C 55 C 60 C 1-6 h
3A 55 C 3B
55 C 30 C 6 h
5 bp M 1 2 3 ¢ bp
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Fig. 2 Identification of recombinant plasmids by restriction enzyme and colony PCR verification for yeast
transformants. (A) 1: PCR product of phy gene; 2: pPIC9k/SnaB I; 3: pPIC9k-phy/Sal T, M: DL15 000 DNA marker.
(B) 1: phy gene fragment; 2: pMGK-AG/EcoR I; 3: pMGK-AG-phy/Hind IIT; M: DL15 000 DNA marker. (C) 1-3:
PCR products using Phyl and Phy2 as primers and yeast transformants as template; 4: PCR products using Phy1 and
Phy2 as primers and parent S. cerevisiae as template; M: DL5 000 DNA marker.
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Fig. 3 Optimal temperature (A) and thermostability (B) of phytase displayed on yeast cell surface.
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Fig. 4 Optimal pH of phytase displayed on yeast cell
surface.
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Fig. 5 Growth curve of S. cerevisiae (e) and the
recombinant yeast PHY (A) in the YPD medium.
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Fig. 6 The nucleic acid content of S. cerevisiae (e),
recombinant yeast PHY (A) and S. cerevisiae added
phytase (m) in the corn flour medium. PHY
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Fig. 7 Glucose and ethanol concentrations of the
control of S. cerevisiae, recombinant yeast PHY and
in the

the control strain complemented phytase

fermentation medium.
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Fig. 8 Phytate concentration of S. cerevisiae (e),
recombinant yeast PHY (A) and S. cerevisiae added
phytase (m) in the corn flour medium.
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