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Fig.2  Plate detection of partial transformants. The twenty transformants
A1-A10 BI-BIO are negetive controls The eight transformants Al-
pHBMOO7C- phyA-man A4 BI-B4 are GSI1S pHBMOOTC — AS-AIO are GSI15 pHBMOOTC-
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Table 2 Stability test of engineered yeast NO.3 10 and 29

Strain/transfer times Phytase U/mL Mannanase U/mL

Strain 3 68.5 25.7

Strain 3/5 times 72.4 25.1

Strain 3/10 times 65.8 23.5

Strain 10 83.1 26.8

Strain 10/5 times 81.2 24.3

Strain 10/10 times 78.8 23.0

Strain 29 118.7 37.3 1 Han YM Yang F Zhou AG et al. Supplemental phytases of
Strain 29/5 times 112.4 34.3 microbial and cereal sources improve dietary phytate phosphorus
Strain 29/10 times 109.6 33.8 utilization by pigs from weaning through finishing. Journal of Animal

Science 1997 75 4 1017 - 1025.

3 2 Murry AC Lewis RD  Amos HE. The effect of microbial phytase in
a pearl millet -soybean meal diet on apparent digestibility and
retention of nutrients serum mineral concentration and bone

1 phy A man PCR mineral density of nursery pigs. Journal of Animal Science 1997
75 5 1284-1291.
GTCA GGCCA 3 Paice MG Gurnagul N Page DH e al. Mechanism of
PCR dTTP T4 hemicellulose-directed pre- bleaching of kraft pulps. Enzyme Microb
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Cpo 1 Not 1 4 e
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5 Daly R Hearn MT. Expression of heterologous proteins in Pichia
pastoris a useful experimental tool in protein engineering and
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Construction of a double functional recombinant strainof Pichia pastoris co-expressing
phytase and mannanase and the enzymatic analyses

HUANG Sheng-ping  WANG Chang-li ZHANG Gui-min MA Li-xin"
Laboratory of Molecular Microbiology & Gene Engineering  College of Life Science  Hubei University = Wuhan 430062 China

Abstract Co-expression of phytase and mannanase in Pichia pastoris is a useful way to reduce the production cost in
feedstuff industry. Based on the published DNA sequences of phytase gene and mannanase gene primers were designed
and genes phyA and man were cloned by PCR from Aspergillus terreus and the plasmid pHBM1201 respectively. Then
the two fragments were treated and inserted into the same expression vector pHBM907C  which contains both the
methanol-inducible promoter and the transcription terminator of the AOX1 gene resulting the plasmid pHBM907C- phyA
and the plasmid pHBM907C-man . The phyA expression cassette was combined to the expression vector pHBM907C-man
which contains the expression cassette of mannanase so pHBM907C-phyA-man was obtained. The recombinant
expression plasmid pHBM907C- phyA-man was digested by Sal | and introduced into the chromosomes of Pichia pastoris
GS115 by using the LiCl/PEG method. Following transformation several parameters that demonstrated the expression of
phytase and mannanase were measured. Firstly the two different Petri dishes that contain enzymatic substrates such as
calcium phytate and mannose were screened simultaneously thus 100 clones were found to be positive on both of these
plates. Secondly 6 clones among them were chosen for induced expression at shakeflasks showing the probability of high
expression. After that some relative enzymatic properties were measured. At 72 hours’ induction in the condition of
shake cultivation the enzyme activity of phytase in supernatant was 120.6U/ml. while the enzyme activity of mannanase
in supernatant was 39.7U/mL. The expression product phytase was active under pH2.0 ~ 6.5 and the activity was up to
the highest under pH5.5. And the other expression product mannanase was active under pH5.5 ~ 10.5 and the activity
was up to the highest under pH7.5. The optimal temperatures for the two enzyme were both around 52°C  the optimal
temperature for phytase activity was 50°C  and that for mannanase was 55°C . At last stability test of the engineered yeast
was taken and the engineered yeast still showed an excellent stability even after 10 generation growth in the absence of
selective pressure. The stable double functional engineered yeast simultaneously expressing extracellular phytase and
mannanase is obtained. It will satisfy the demand for industrialized production in some degree.
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