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                    Abstract
Phenolic acid decarboxylase (PAD) catalyzes the decarboxylation of hydroxycinnamic acids to produce hydroxystyrenes, which serve as starting materials for the production of polymers. Bamboo (Phyllostachys nigra; Pn) cells, a suitable host for producing phenylpropanoid-derived compounds, were transformed to express PAD of Bacillus amyloliquefaciens (BaPAD). BaPAD-transformed cells accumulated several metabolites that were not detected in wild-type Pn cells or BaPAD-negative transformant. Two major metabolites were isolated from BaPAD-transformed cells, and elucidation of their chemical structures confirmed these as 4-vinylphenol β-primeveroside (4-VPP) and 4-vinylguaiacol β-primeveroside (4-VGP). The production titers of 4-VPP and 4-VGP reached 48 and 33 mg/L at the maximum, respectively. Feeding experiments with 4-vinylphenol (4-VP), 4-vinylguaiacol (4-VG), and their glucosides indicated that 4-VPP and 4-VGP are formed by sequential glycosylation of 4-VP and 4-VG via their corresponding glucosides. Our results demonstrate the versatility of Pn cells for producing styrene derivatives, and indicate the presence of a unique glycosylation pathway to produce 4-VPP and 4-VGP in Pn cells.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Phenolics Value Chain and l-Lactic Acid Bioproduction from Agricultural Biomass
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2016
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        4-Vinylphenol production from glucose using recombinant Streptomyces mobaraense expressing a tyrosine ammonia lyase from Rhodobacter sphaeroides
                                        
                                    

                                    
                                        Article
                                        
                                         20 May 2016
                                    

                                

                                Ryosuke Fujiwara, Shuhei Noda, … Akihiko Kondo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Biotransformation of phenolic compounds by Bacillus aryabhattai
                                        
                                    

                                    
                                        Article
                                        
                                         05 July 2019
                                    

                                

                                Alicia Paz, Iván Costa-Trigo, … José Manuel Domínguez

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Data Availability

              
              Data that support the findings of this study and the materials used are available from the corresponding authors upon reasonable request.

            

References
	Wilson, S. A., & Roberts, S. C. (2012). Recent advances towards development and commercialization of plant cell culture processes for the synthesis of biomolecules. Plant Biotechnology Journal, 10, 249–268.
Article 
    CAS 
    
                    Google Scholar 
                

	Nomura, T., Ogita, S., & Kato, Y. (2018). Rational metabolic-flow switching for the production of exogenous secondary metabolites in bamboo suspension cells. Scientific Reports, 8, 13203.
Article 
    
                    Google Scholar 
                

	Ogita, S. (2005). Callus and cell suspension culture of bamboo plant, Phyllostachys nigra. Plant Biotechnology, 22, 119–125.
Article 
    CAS 
    
                    Google Scholar 
                

	Ogita, S., Nomura, T., Kishimoto, T., & Kato, Y. (2012). A novel xylogenic suspension culture model for exploring lignification in Phyllostachys bamboo. Plant Methods, 8, 40. https://doi.org/10.1186/1746-4811-8-40.

	Nomura, T., Shiozawa, M., Ogita, S., & Kato, Y. (2013). Occurrence of hydroxycinnamoylputrescines in xylogenic bamboo suspension cells. Plant Biotechnology, 30, 447–453.
Article 
    CAS 
    
                    Google Scholar 
                

	Ogita, S., Nomura, T., Kato, Y., Uehara-Yamaguchi, Y., Inoue, K., Yoshida, T., Sakurai, T., Shinozaki, K., & Mochida, K. (2018). Transcriptional alterations during proliferation and lignification in Phyllostachys nigra cells. Scientific Reports, 8, 11347.
Article 
    
                    Google Scholar 
                

	Kitaoka, N., Nomura, T., Ogita, S., & Kato, Y. (2020). Bioproduction of glucose conjugates of 4-hydroxybenzoic and vanillic acids using bamboo cells transformed to express bacterial 4-hydroxycinnamoyl-CoA hydratase/lyase. Journal of Bioscience and Bioengineering, 130, 89–97.
Article 
    CAS 
    
                    Google Scholar 
                

	Buttery, R. G., Turnbaugh, J. G., & Ling, L. C. (1988). Contribution of volatiles to rice aroma. Journal of Agricultural and Food Chemistry, 36, 1006–1009.
Article 
    CAS 
    
                    Google Scholar 
                

	Scheidig, C., Czerny, M., & Schieberle, P. (2007). Changes in key odorants of raw coffee beans during storage under defined conditions. Journal of Agricultural and Food Chemistry, 55, 5768–5775.
Article 
    CAS 
    
                    Google Scholar 
                

	Langos, D., Granvogl, M., & Schieberle, P. (2013). Characterization of the key aroma compounds in two bavarian wheat beers by means of the sensomics approach. Journal of Agricultural and Food Chemistry, 61, 11303–11311.
Article 
    CAS 
    
                    Google Scholar 
                

	Degrassi, G., Polverino De Laureto, P., & Bruschi, C. V. (1995). Purification and characterization of ferulate and p-coumarate decarboxylase from Bacillus pumilus. Applied and Environmental Microbiology, 61, 326–332.
Article 
    CAS 
    
                    Google Scholar 
                

	Jung, D. H., Choi, W., Choi, K. Y., Jung, E., Yun, H., Kazlauskas, R. J., & Kim, B. G. (2013). Bioconversion of p-coumaric acid to p-hydroxystyrene using phenolic acid decarboxylase from B. amyloliquefaciens in biphasic reaction system. Applied Microbiology and Biotechnology, 97, 1501–1511.
Article 
    CAS 
    
                    Google Scholar 
                

	Hu, H., Li, L., & Ding, S. (2015). An organic solvent-tolerant phenolic acid decarboxylase from Bacillus licheniformis for the efficient bioconversion of hydroxycinnamic acids to vinyl phenol derivatives. Applied Microbiology and Biotechnology, 99, 5071–5081.
Article 
    CAS 
    
                    Google Scholar 
                

	Li, L., Long, L., & Ding, S. (2019). Bioproduction of high-concentration 4-vinylguaiacol using whole-cell catalysis harboring an organic solvent-tolerant phenolic acid decarboxylase from Bacillus atrophaeus. Frontiers in Microbiology, 10, 1798.
Article 
    
                    Google Scholar 
                

	Huang, H. K., Chen, L. F., Tokashiki, M., Ozawa, T., Taira, T., & Ito, S. (2012). An endogenous factor enhances ferulic acid decarboxylation catalyzed by phenolic acid decarboxylase from Candida guilliermondii. AMB Express, 2, 4. https://doi.org/10.1186/2191-0855-2-4.

	Maeda, M., Tokashiki, M., Tokashiki, M., Uechi, K., Ito, S., & Taira, T. (2018). Characterization and induction of phenolic acid decarboxylase from Aspergillus luchuensis. Journal of Bioscience and Bioengineering, 126, 162–168.
Article 
    
                    Google Scholar 
                

	Gao, S., Yu, H. N., Wu, Y. F., Liu, X. Y., Cheng, A. X., & Lou, H. X. (2016). Cloning and functional characterization of a phenolic acid decarboxylase from the liverwort Conocephalum japonicum. Biochemical and Biophysical Research Communications, 481, 239–244.
Article 
    CAS 
    
                    Google Scholar 
                

	Yahyaa, M., Rachmany, D., Shaltiel-Harpaz, L., Nawade, B., Sadeh, A., Ibdah, M., Gerchman, Y., Holland, D., & Ibdah, M. (2019). A Pyrus communis gene for p-hydroxystyrene biosynthesis, has a role in defense against the pear psylla Cacopsylla biden. Phytochemistry, 161, 107–116.
Article 
    CAS 
    
                    Google Scholar 
                

	Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bio assays with tobacco tissue cultures. Physiologia Plantarum, 15, 473–497.
Article 
    CAS 
    
                    Google Scholar 
                

	Ogita, S., Kikuchi, N., Nomura, T., & Kato, Y. (2011). A practical protocol for particle bombardment-mediated transformation of Phyllostachys bamboo suspension cells. Plant Biotechnology, 28, 43–50.
Article 
    
                    Google Scholar 
                

	Yasuno, S., Murata, T., Kokubo, K., Yamaguchi, T., and Kamei, M. (1997) Biosci. Biotechnol. Biochem. 61, 1944–1946. Two-mode analysis by high-performance liquid chromatography of p-aminobenzoic ethyl ester-derivatized monosaccharides.

	Ojika, M., Wakamatsu, K., Niwa, H., Yamada, K., & Hirono, I. (1984). Isolation and structures of two new p-hydroxystyrene glycosides, ptelatoside-A and ptelatoside-B from bracken, Pteridium aquilinum var. latiusculum, and synthesis of pteratoside-A. Chemistry Letters, 13, 397–400.
Article 
    
                    Google Scholar 
                

	Ojika, M., Wakamatsu, K., Niwa, H., & Yamada, K. (1987). Structures of new p-hydroxystyrene glycosides, ptelatoside-A and ptelatoside-B isolated from bracken fern, Pteridium aquilinum var. latiusculum, and synthesis of pteratoside-A. Tetrahedron, 43, 5275–5280.
Article 
    CAS 
    
                    Google Scholar 
                

	Ohgami, S., Ono, E., Horikawa, M., Murata, J., Totsuka, K., Toyonaga, H., Ohba, Y., Dohra, H., Asai, T., Matsui, K., Mizukami, M., Watanabe, N., & Onishi, T. (2015). Volatile glycosylation in tea plants: Sequential glycosylations for the biosynthesis of aroma β-primeverosides are catalyzed by two Camellia sinensis glycosyltransferases. Plant Physiology, 168, 464–477.
Article 
    CAS 
    
                    Google Scholar 
                

	Yoshimura, M., Ochi, K., Sekiya, H., Tamai, E., Maki, J., Tada, A., Sugimoto, N., Akiyama, H., & Amakura, Y. (2017). Identification of characteristic phenolic constituents in mousouchiku extract used as food additives. Chemical & Pharmaceutical Bulletin, 65, 878–882.
Article 
    CAS 
    
                    Google Scholar 
                

	Baqueiro-Peña, I., Rodríguez-Serrano, G., González-Zamora, E., Augur, C., Loera, O., & Saucedo-Castañeda, G. (2010). Biotransformation of ferulic acid to 4-vinylguaiacol by a wild and a diploid strain of Aspergillus niger. Bioresource Technology, 101, 4721–4724.
Article 
    
                    Google Scholar 
                

	Sun, L. H., Lv, S. W., Yu, F., Li, S. N., & He, L. Y. (2018). Biosynthesis of 4-vinylguaiacol from crude ferulic acid by Bacillus licheniformis DLF-17056. Journal of Biotechnology, 281, 144–149.
Article 
    CAS 
    
                    Google Scholar 
                

	Otsuka, I., Hongo, T., Nakade, H., Narumi, A., Sakai, R., Satoh, T., Kaga, H., & Kakuchi, T. (2007). Chiroptical and lectin recognition properties of glycoconjugated poly(phenylacetylene)s featuring variable saccharide functionalities. Macromolecules, 40, 8930–8937.
Article 
    CAS 
    
                    Google Scholar 
                

	Adebesin, F., Widhalm, J. R., Lynch, J. H., McCoy, R. M., & Dudareva, N. (2018). A perpxosomal thioesterase plays auxiliary roles in plant β-oxidative benzoic acid metabolism. The Plant Journal, 93, 905–916.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Ms. Tomoyo Hayata and Ms. Miku Nakahata (Toyama Prefectural University, Japan) for their technical assistance.


Funding
This work was supported by a grant from the Japan Society for the Promotion of Science KAKENHI (18K14389) to NK.


Author information
Author notes	Naoki Kitaoka
Present address: Research Faculty of Agriculture, Hokkaido University, Sapporo, Hokkaido, 060-8589, Japan


Authors and Affiliations
	Biotechnology Research Center and Department of Biotechnology, Toyama Prefectural University, Imizu, Toyama, 939-0398, Japan
Naoki Kitaoka, Taiji Nomura & Yasuo Kato

	Faculty of Life and Environmental Sciences, Prefectural University of Hiroshima, Shobara, Hiroshima, 727-0023, Japan
Shinjiro Ogita


Authors	Naoki KitaokaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Taiji NomuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shinjiro OgitaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yasuo KatoView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
NK, TN, SO, and YK designed the experiments, analyzed the data, and drafted the manuscript. YK performed the chemical synthesis of 4-VPG and 4-VGG. TN performed MS analysis of the isolated compounds. Sugar composition analysis was performed at ProteNova Co., Ltd. (Kagawa, Japan). NK performed all other experimental procedures under the technical guidance of TN and YK.
Corresponding authors
Correspondence to
                Naoki Kitaoka or Yasuo Kato.


Ethics declarations

              
              
                Conflict of Interest

                The authors declare no competing interests.

              
            

Additional information
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Supplementary Information

ESM 1
(DOCX 441 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kitaoka, N., Nomura, T., Ogita, S. et al. Bioproduction of 4-Vinylphenol and 4-Vinylguaiacol β-Primeverosides Using Transformed Bamboo Cells Expressing Bacterial Phenolic Acid Decarboxylase.
                    Appl Biochem Biotechnol 193, 2061–2075 (2021). https://doi.org/10.1007/s12010-021-03522-y
Download citation
	Received: 29 October 2020

	Accepted: 27 January 2021

	Published: 05 February 2021

	Issue Date: July 2021

	DOI: https://doi.org/10.1007/s12010-021-03522-y


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Bamboo cells
	Phenolic acid decarboxylase
	
                Phyllostachys nigra
              
	β-primeverosides
	Styrene derivatives








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.205.43.164
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    