Research Overview

Part I.  Introduction

Name of the Research Group    

The group of molecular genetics and breeding of yeast 

Brief Introduction of the Group Head  

Prof. Borun Zhang was born in Guanghan of Sichuan province in October 1949. He graduated from the department of microbiology of Sichuan University in 1975, and began to engage in the research work using yeast as a model system, including natural screen, mutagenesis, genetic variation, hybridization, protoplast fusion, molecular genetics and breeding at the Institute of Microbiology, Chinese Academy of Sciences. More than 100 papers have been published (5 of them collected in SCI-indexed journals). Eleven patents were filed and four of them were granted.

Members of the group

Head:            Borun Zhang   55 years old  professor/bachelor
Faculty members:   Xiuping He    39 years old  associate professor/Ph.D    

Nan   Liu    28 years old  assistant professor/Ph.D  

Xuena Guo    27 years old  assistant professor/master

ZhaoyueWang  38 years old  assistant professor/postdoctor
Graduate students: Yunxia Meng,  Pengli Cai,  Feng Zhang, Yong Zhang, Dongli Wang

Part II. Background and Significance

This research group was founded in 1959, and began to engage in the research work using yeast as a model system, including natural screen of different yeast strains, mutagenesis research, genetic variation research, hybridization techniques and breeding research, protoplast fusion techniques and breeding research, molecular genetics and breeding research. 

As a unicellular organism, yeast is not only an ideal model system for the biological research of eukaryotic organisms, but also the forefront of biotechnology, including food/chemical technologies, fermentation industries, biomedical research, environmental technologies and health-care industries. Hence, the fundamental and applied researches on yeast are important for both theoretical significance and application value.  Studies on biosynthetic pathways and their regulation of some important compounds in yeast enable us to improve the physiological characters, the productivity and the fermentation performance of the related strains. On the other hand, the development of new type expression systems, new methods and technologies of microbiological breeding, such as gene knockout, self-cloning technologies, cell surface display and combinatorial biosynthesis, provide us with important tools to modify the industrial yeast strains genetically.
Part III.  Major Achievements (2001~2005)

Research projects

New methods and technologies of microbiological breeding, Knowledge Innovation Projects, Chinese Academy of Sciences;

Cloning, expression and regulation of the NewFlo gene in industrial yeast strains, Project of Natural Sciences Foundation of China;

Overexpression and combinatorial expression of genes involved in ergosterol biosynthesis in yeast, Project of Natural Sciences Foundation of China;

Study on diversity of biocatalyst, National “973” Project;
Genetically modification of industrial brewing yeast strain from Tsingdao beer Company, Contract Research with Domestic Enterprises;

Construction of expression host strain of Hansenula Polymorpha by homologous recombination, Contract Research with Domestic Enterprises;

Ergosterol production from molasses by genetically modified Saccharomyces cerevisiae and the extract of ergosterol, Contract Research with Domestic Enterprises;

Breeding and application of yeast strains with health care functions.
Achievements

1. Graduate student:  In the past five years, 11 master degree candidates have been enrolled in this group, and 6 of them have graduated. Besides, 5 master degree candidates and 4 doctorial candidates have been cooperatively trained.

2. Papers: Thirty papers have been published, and four of them are collected in SCI:

1)  J Liu  B Zhang*  X He  and  Z Chai. Selection of high biomass chromium-rich yeast strain and optimization of cultivation conditions. J Industrial Microbiol & Biotechnol, 2001, 27(4): 195-198.

2) He Xiuping, Borun Zhang*  & Tan Huarong*. Overexpression of a sterol C-24(28) reductase increases ergosterol production in Saccharomyces cerevisiae. Biotechnol Lett, 2003, 25(10): 773-778.

3) Yulan Yuan, Xuena Guo, Xiuping He, Borun Zhang,* & Shigui Liu     Construction of a high-biomass, iron-enriched yeast strain and study on distribution of iron in the cells of Saccharomyces cerevisiae. Biotechnol Lett, 2004, 26(4): 311-315.
4) Xiuying Fan, Xiuping He, Xuena Guo, Na Qu, Changlu Wang & Borun Zhang,* Increasing  glutathione formation by functional expression of the γ-glutamylcysteine synthetase gene in Saccharomyces cerevisiae YSF-31. Biotechnol Lett, 2004, 26(5): 415-417.  
3. Patents: Eleven patents have been filed and four of them are granted.
      Four  patents were granted.

1)   A high-bomass and selenium -enriched yeast strain and its producing thechniques
2)   high-bomass and chromium-enriched yeast strain and its producing thechniques 

3)   A method to produce straw-protein feed by microorganism-fermentation on straw

4)   A recombinant strain of Saccharomyces cerevisiae and the techniques of its producing ethanol and ergosterol

     Seven patents were applied.
1) The breeding method of a high-biomass and zinc-enriched and its applications
2)  A high-biomass and calcium-enriched yeast strain of Saccharomyces cerevisiae and its applications

3)  A high-biomass and iron-enriched yeast strain, the breeding method and applications

4)  A recombinant yeast strain producing ergosterol, the breeding method and its applications

5)  The recombinant yeast strains of Saccharomyces cerevisiae and the construction method

6)  A recombinant yeast strain for brewery and the construction method
7)  Construction of a host strain of Hansenula polymorpha and its applications　 
4. Other achievements: 

1) Three yeast strains with desired performance and great economical values have been constructed, and the fermentation trials at small scale and middle scale have been finished.

2) The yeast strains with high iron, calcium, zincum, chromium or selenium enrichment were bred, and the cultural conditions were optimized.
Part IV. Future Research Plan

Due to the wealth of knowledge and demonstrable industrial exploitation, yeast is (and continues to be) one of the most important cell factories in the field of biotechnology. In order to provide essential information about the scientific nature of yeast for exploitation and utilization of this microbe to improve the status of industry technology, therapeutics and environmental protection, the group will conduct research in the following major areas:

1. Development of new host/vector systems, new methods and techniques of microbiological breeding;

2. Study on the molecular mechanisms of the biosynthesis of ergosterol in yeast, and construction of high ergosterol producing yeast strains;

3. Study on the structure and function of newFlo gene;

4. Metabolic engineering of industrial brewing yeast strains using self-cloning technique to restructure the metabolic network related to the synthesis of diacetyl, glutathione and sulfur dioxide, and construction of brewing yeast strains with low diacetyl, high glutathione, and adequate sulfur dioxide production; 

5. Construction of recombinant brewing yeast for unpasteurized beer production by self-cloning technique;

6. Breeding and application of yeast strains with great economical importance, such as baking yeast, wine yeast, yeast for ethanol production, yeast for health-care factors production, yeast for forage production, and so on.

The following objectives will be obtained in the future (between 3-5 years):

1. Continue to devote much of our efforts to the study of basic biology and the exploitation of the biotechnological potential of yeast. Apply for much more research funding from different source;

2. According to the research plan, conduct the research projects earnestly;

3. Publish 2-4 papers in SCI-indexed journals every year;

4. Educate 4-6 graduate students every year;

5. File 1-2 patent applications every year;

6. Provide 4-6 yeast strains with great economical values for industrial production.
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