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Abstract Polyhydroxyalkanoates (PHAs) comprise a group of natural biodegradable polyesters which are synthesized by microorganisms. The PHAs have a wide range of thermoplastic properties. Thus they have gained increasing attention for their potential to replace conventional oil-based plastics. People now are focusing on industry and food waste conversion to microbial PHAs. In the present study, we investigated the potential of utilizing sugar and volatile fatty acid (VFA) for PHA production by strain Paracoccus sp. TOH. Strain TOH, isolated from a wastewater treatment plant, which could efficiently degrade piperazine (a toxic widely used as an intermediate in the manufacture of insecticides), was also found to be capable of producing PHA efficiently in this study. Experiments showed that strain TOH could utilize fructose, acetate, propionic, butyric and valeric for growth. However, strain TOH showed a difference in producing PHA by using different substrates. Fructose, acetate and butyric could be utilized for PHA production, while propionic and valeric could only be used for growth but no PHA production had been observed. Through HPLC-MS analysis, the PHA produced through fructose, acetate and butyric has been identified as polyhydroxy butyric acid (PHB). Strain TOH produced 4g/L cell dry weight (CDW),43% PHB in CDW when grown on 10g/L fructose; 1.2g/L CDW, 30% PHB in CDW when grown on 3g/L acetate; and 1.4g/L CDW, 45%PHB in CDW when grown on 3g/L butyrate. According to the previous reports, strains capable of producing PHA usually use volatile fatty acids (VFA) with even carbon atoms for producing PHB and use VFA with odd carbon atoms for producing polyhydroxy valeric acid (PHV). Our observation of strain TOH was quite different. Latter through whole genome sequencing and blast with the reported PHA production genes, the key PHA production gene cluster phaABC was cloned from strain TOH. Real-time quantitative PCR(RT-qPCR) was performed to assess the relative transcriptional levels of phaABC gene under different VFA induction. Interestingly, the mRNA levels of phaA, phaB and phaC were obviously upregulated in fructose, acetate and butyric compared to in Lysogeny broth medium while there was no difference in expression in propionic and valeric. The results further explained that propionic and valeric can’t induce the expression of phaABC gene cluster, which results in the failure of PHA production. This study extends our knowledge of the PHA synthesis difference with different metabolites in strains.     

Speaker’s Biography
[image: ]

Dr. Shu Cai is a Postdoc in the Department of Biological and Agricultural Engineering at University of California, Davis (UC Davis). Dr. Cai has 10 years of research experiences with biodegradation of recalcitrant pollutants, key biodegradation gene cloning, wastewater treatment and bioplastic production. He recently led a research project for converting waste sugar and volatile fatty acid into polyhydroxyalkanoates (PHAs) using a Paracoccus sp. strain. Dr. Cai is also an expert in the field of wastewater treatment and biodegradation of recalcitrant toxic pollutants. He had led a Chinese National Nature Science Foundation (Molecular mechanism study of a direct cleavage angular dioxygenase for diphenyl ether pollutants) as a principle investigator during 2017-2019.  He has successfully isolated several functional bacteria which are capable of degrading recalcitrant and toxic pollutants existing in soil and wastewater such as diphenyl ether, 2-carboxy diphenyl ether, phenol, piperazine, etc. He has also proposed the metabolic pathway of these pollutants in these bacteria and further cloned the key functional gene responsible for degradation. He has over sixteen scientific publications and five patents. 

EDUCATION
Ph.D.	2015	Nanjing Agricultural University, China
B.S.	2010	Nanjing Agricultural University, China


PROFESSIONAL EXPERIENCE
06/2018-Present	Postdoc, University of California, Davis 
12/2017-06/2018		Visiting Scholar, University of California, Davis
11/2015-12/2017		Lecturer, Jiangsu Academy of Agricultural Sciences, China


PROJECTS
Chinese National Nature Science Foundation: “Molecular mechanism study of a direct cleavage angular dioxygenase for diphenyl ether pollutants”. 31600087. 2017-2019. 210,000 Yuans (ca. $30,000) Principal Investigator. 
Jiangsu Academy of Agricultural Sciences Fundamental Research Funds: Investigation of diphenyl ether pollutant in soil and study of its remediation mechanism. ZX(16)2049. 2015-2017. 300,000 Yuans (ca. $45,000) Principal Investigator.
Key research projects of independent innovation of Central Universities Fundamental Research projects: “Pathway and molecular mechanisms for degrading chloroacetamide herbicides by Paracoccus FLY-8.” KYZ201122, 2011-2014. Major Contributor.
Natural Science Fund Project of Jiangsu Province: “Purification, characteristics and its gene clone of degrading enzyme for permethrin-degrading bacteria.” BK2011066, 2011-2014. Major Contributor.


SELECTED PUBLICATIONS 
Shu Cai, Li-Wei Chen, Yu-Chun Ai, Ji-Guo Qiu, Cheng-Hong Wang, Chao Shi, Tian-Ming Cai, Jian He. 2017. Degradation of diphenyl ether in Sphingobium phenoxybenzoativorans SC_3 is initiated by a novel ring-cleavage dioxygenase. Applied and Environmental Microbiology, 83: e00104-17 (doi: 10.1128/AEM.00104-17).
Shu Cai, Xin Li, Tian-Ming Cai, Jian He. 2013. Degradation of piperazine by Paracoccus sp. TOH isolated from activated sludge. Bioresource Technology, 130:536-542.
Shu Cai, Chao Shi, Jia-Dong Zhao, Qin Cao, Jian He, Li-Wei Chen. 2015. Sphingobium phenoxybenzoativorans sp. nov., a 2-phenoxybenzoic acid degrading bacterium. International Journal of Systematic and Evolutionary Microbiology, 65: 1986-1991.
Shu Cai, Tian-Ming Cai, Shi-Yang Liu, Qian Yang, Jian He, Li-Wei Chen, Jiang Hu. 2014. Biodegradation of N-Methylpyrrolidone by Paracoccus sp. NMD-4 and its degradation pathway. International Biodeterioration & Biodegradation, 93:70-77.
Qian Yang, Shu Cai, Shao-Wei Dong, Lu-Lu Chen, Ji-Fei Chen and Tian-Ming Cai. 2016. Biodegradation of 3-methydiphenylether (MDE) by Hydrogenophaga atypical strain QY7-2 and cloning of the methy-oxidation gene mdeABCD. Scientific Reports. 6, 39270.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Tian-Ming Cai, Li-Wei Chen, Qian Ren, Shu Cai, Jin Zhang. 2011. The biodegradation pathway of triethylamine and its biodegradation by immobilized Arthrobacter protophormiae cells. Journal of Hazardous Materials, 186: 59-66.
[bookmark: OLE_LINK3][bookmark: OLE_LINK10]Shi-Kai Deng, Guo-Qiang Chen, Qing Chen, Shu Cai, Li Yao, Jian He and Shun-Peng Li. 2014. Rhodoligotrophos jinshengii sp. nov., isolated from activated sludge. International journal of systematic and evolutionary microbiology, 64: 3325-3330.
Yi Li, Qing Chen, Cheng-Hong Wang, Shu Cai, Jian He, Xing Huang and Shun-Peng Li. 2013. Degradation of acetochlor by consortium of two bacterial strains and cloning of a novel amidase gene involved in acetochlor-degrading pathway. Bioresource Technology. 148, 628-631.
Jun Zhang, JIn-Gang Yin, Bao-Jian Hang, Shu Cai, Jian He, Shun-Gui Zhou and Shun-Peng Li. 2012. Cloning of a novel arylamidase gene from Paracoccus sp. strain FLN-7 that hydrolyzes amide pesticides. Applied and Environmental Microbiology. 78(14), 4848-4855.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Jun Zhang, Shu-An Chen, Jin-Wei Zheng, Shu Cai, Bao-Jian Hang, Jian He and Shun-Peng Li. 2012. Catellibacterium nanjingense sp. nov., a propanil-degrading bacterium isolated from activated sludge, and emended description of the genus Catellibacterium. International journal of systematic and evolutionary microbiology, 62: 495-499.
Jun Zhang, Jin-Wei Zheng, Bin Liang, Cheng-Hong Wang, Shu Cai, Ying-Ying Ni, Jian He and Shun-Peng Li. 2011. Biodegradation of chloracetamide herbicides by Paracoccus sp. FLY-8 in vitro. Journal of Agricultural and Food Chemistry. 59(9), 4614-4621.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Tian-Ming Cai, Li-Hua Qian, Shu Cai, Li-Wei Chen. 2011. Biodegradation of Benazolin-Ethyl by Strain Methyloversatilis sp. cd-1 Isolated from Activated Sludge. Current Microbiology, 62:570–577.
Zhi-Fei Lang, Jing-Jing Shen, Shu Cai, Jun Zhang, Jian He and Shun-Peng Li. 2011. Expression, Characterization, and Site-Directed Mutation of a Multiple Herbicide-Resistant Acetohydroxyacid Synthase (rAHAS) from Pseudomonas sp. Lm10. Current Microbiology. 63(2), 145-150.
Tian-Ming Cai, Li-Bo Guan, Li-Wei Chen, Shu Cai, Xiao-Dan Li, Zhong-Li Cui and Shun-Peng Li. 2007. Enhanced biological phosphorus removal with Pseudomonas putida GM6 from activated sludge. Pedosphere. 17(5), 624-629.



image1.jpeg




