2020 INTERNATIONAL CONFERENCE of CANCER and AGING
High-level Production of a Thermostable Mutant of Yarrowia lipolytica Lipase 2 in Pichia pastoris
Qinghua Zhou1, Zhixin Su1, Liangcheng Jiao, Yao Wang, Kaixin Yang, Wenjuan Li,Yunjun Yan*
Key Laboratory of Molecular Biophysics, the Ministry of Education; College of Life Science and Technology, Huazhong
University of Science and Technology, Wuhan 430074, P. R. China;
* Correspondence: yanyunjun@hust.edu.cn; Tel.: +86-27-87792213
1 These authors contributed equally to this work.
Abstract
As a promising biocatalyst, Yarrowia lipolytica lipase 2 (YlLip2) is limited in industrial
applications due to its low thermostability. Herein, a thermostable YlLip2 mutant was
overexpressed in Pichia pastoris and its half-life time was over 30 min at 80 ℃. To obtain a higher
protein secretion level, gene dosage of the mutated lip2 was optimized and the lipase activity was
improved about 89%. Then, the YlLip2 activity of the obtained strain further increased from 482
to 1,465 U/mL via optimizing shaking flask culture conditions. Subsequently, the activating
transcription factor Hac1p and Vitreoscilla hemoglobin (VHb) were co-expressed with YlLip2
mutant to reduce the endoplasmic reticulum stress and enhance the oxygen uptake efficiency in the
recombinant strains, respectively. Furthermore, high-density fermentations were performed in a 3
L bioreactor and the production of the YlLip2 mutant reached 9,080 U/mL. The results
demonstrated that the expression level of the thermostable YlLip2 mutant was predominantly
enhanced via combination of these strategies in P. pastoris, which forms a consolidated basis for
its large-scale production and future industrial applications.

Figure 3. Identification and recombinant strains activities of pAOα-nlip2 (n=1-4)

Introduction
The microbial lipases are extremely important biocatalysts in industry field owing to their
characteristics of high catalytic activity, mild reaction conditions, and rapid reaction [1]. As a
typical lipase, Yarrowia lipolytica lipase 2 (YlLip2) was extensively applied in food processing,
biodiesel production and resolution of chiral compounds [2]. However, the wild-type YlLip2
would be inactivated very quickly at high temperatures, and its half-life time is only about 1.5 min
at 60 ℃ [2]. Thus, the application of YlLip2 was severely hampered due to its low temperature
tolerance. A breakthrough indicated that the half-life time of YlLip2 at 60 ℃ could increase 127fold if the 244 Cys was replaced with an Ala [3]. Nevertheless, the reported YlLip2 mutant
exhibited very low lipase activity (only 2.02 U/mL) in Y. lipolytica, which was 12% lower than the
wild-type YlLip2 observed in shaking flask (2.3 U/mL). This still hinders YlLip2 mutant from
large-scale applications in industries. Therefore, it is urgent to develop strategies to significantly
improve the expression level of the thermostable YlLip2 mutant.The methylotrophic yeast P.
pastoris was deeply studied, the expression level of heterologous proteins in Pichia pastoris is
affected by many factors, such as codon usage bias, promoter strength, gene dosage and protein
translocation process [4].
In this study, a thermostable YlLip2 mutant was obtained by substituting 244 Cys with Ala.
Subsequently, expression vectors carrying different copies of the mutational lip2 gene were
constructed in vitro for optimization of the gene dosage, and then fermentation conditions were
further optimized for increasing YlLip2 production. In addition, the hac1 and vgb genes were
respectively co-expressed with lip2 gene to mitigate UPR and oxygen limitation in cells. Based on
this, the sieved recombinant strains were fermented in a 3 L bioreactor to achieve the maximal
lipase secretion level. The results revealed that the YlLip2 mutant expression level was
predominantly improved by the strategies employed in the study and provided great convenience
and possibility for subsequent industrial applications.

Figure 4. 3-L fermentation and SDS-PAGE analysis of GS115/pAOα-2lip2 15#

Figure 5. Colonies screening and 3-L fermentation of GS115/2lip2-3.5K hac1

Method
The plasmids pAOα-nlip2 (n=1-4) were
constructed according to Figure 1 and
transform P. pastoris competent cells.
Transformants were selected on selective
plates and BMMY plates supplemented with
emulsified olive oil and rhodamine B.
Recombinants producing clear and large
transparent halos were placed into YPD
medium overnight, and then inoculated into
50 mL BMGY medium (initial pH 6.0) in
500-mL shaking flasks for 24 h at 28 ℃. The
YlLip2 activity of cell culture supernatant
was measured via titrimetric method. The
total protein level was measured using BSA
as a standard in terms of a described method
[5].All samples were determined in
triplicates.

Figure 6. 3-L fermentation and CO-difference spectrophotometric analysis of GS115/2lip2-vgb

Figure 1. Process diagram for constructing the
plasmids pAOα-nlip2 (n=1-4).

Results

Figure 7. Colonies screening and 3-L fermentation of GS115/2lip2-hac1-vgb

Conclusion

Figure 2. Characterization analysis for the YlLip2 mutant.

A thermostable YlLip2 mutant was successfully overexpressed in P. pastoris via combined
strategy. First, gene dosage and fermentation parameters were respectively optimized, and then the
Hac1p and VHb were co-expressed with YlLip2 to increase the YlLip2 expression level. On this
basis, the high-density cultivation was employed to obtain higher lipase activity. These strategies
resulted in a great improvement on YlLip2 mutant expression level in P. pastoris and the eventual
activity of YlLip2 mutant increased 36.5-fold (from 255 to 9,080 U/mL), which provides a
consolidated basis for future industrial applications.
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