





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Engineering and Evolution of Methanol Assimilation in Saccharomyces cerevisiae
  
      Monica I. Espinosa, Ricardo A. Gonzalez-Garcia, Kaspar Valgepea, Manuel Plan, Colin Scott, Isak S. Pretorius, Esteban Marcellin, Ian T. Paulsen, Thomas C. Williams

  
      doi: https://doi.org/10.1101/717942 

  
  
  

Monica I. Espinosa 
1ARC Centre of Excellence in Synthetic Biology, Department of Molecular Sciences, Macquarie University, NSW, Australia
2CSIRO Synthetic Biology Future Science Platform, Canberra, ACT 2601, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Ricardo A. Gonzalez-Garcia 
3Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, St. Lucia, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Kaspar Valgepea 
3Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, St. Lucia, Australia
4ERA Chair in Gas Fermentation Technologies, Institute of Technology, University of Tartu, Tartu, Estonia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Manuel Plan 
3Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, St. Lucia, Australia
5Metabolomics Australia, AIBN, The University of Queensland, Brisbane, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Colin Scott 
2CSIRO Synthetic Biology Future Science Platform, Canberra, ACT 2601, Australia
6Biocatalysis and Synthetic Biology Team, CSIRO, Canberra, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Isak S. Pretorius 
1ARC Centre of Excellence in Synthetic Biology, Department of Molecular Sciences, Macquarie University, NSW, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Esteban Marcellin 
3Australian Institute for Bioengineering and Nanotechnology, The University of Queensland, St. Lucia, Australia
5Metabolomics Australia, AIBN, The University of Queensland, Brisbane, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Ian T. Paulsen 
1ARC Centre of Excellence in Synthetic Biology, Department of Molecular Sciences, Macquarie University, NSW, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
tom.williams@mq.edu.au
ian.paulsen@mq.edu.au


Thomas C. Williams 
1ARC Centre of Excellence in Synthetic Biology, Department of Molecular Sciences, Macquarie University, NSW, Australia
2CSIRO Synthetic Biology Future Science Platform, Canberra, ACT 2601, Australia

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
tom.williams@mq.edu.au
ian.paulsen@mq.edu.au




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Microbial fermentation for chemical production is becoming more broadly adopted as an alternative to petrochemical refining. Fermentation typically relies on sugar as a feedstock, however, one-carbon compounds like methanol are an attractive alternative as they can be derived from organic waste and natural gas. This study focused on engineering methanol assimilation in the yeast Saccharomyces cerevisiae. Three methanol assimilation pathways were engineered and tested: a synthetic xylulose monophosphate (XuMP), a ‘hybrid’ methanol dehydrogenase-XuMP, and a bacterial ribulose monophosphate (RuMP) pathway, with the latter identified as the most effective at assimilating methanol. Additionally, 13C-methanol tracer analysis uncovered a native capacity for methanol assimilation in S. cerevisiae, which was optimized using Adaptive Laboratory Evolution. Three independent lineages selected in liquid methanol-yeast extract medium evolved premature stop codons in YGR067C, which encodes an uncharacterised protein that has a predicted DNA-binding domain with homology to the ADR1 transcriptional regulator. Adr1p regulates genes involved in ethanol metabolism and peroxisomal proliferation, suggesting YGR067C has a related function. When one of the evolved YGR067C mutations was reverse engineered into the parental CEN.PK113-5D strain, there were up to 5-fold increases in 13C-labelling of intracellular metabolites from 13C-labelled methanol when 0.1 % yeast extract was a co-substrate, and a 44 % increase in final biomass. Transcriptomics and proteomics revealed that the reconstructed YGR067C mutation results in down-regulation of genes in the TCA cycle, glyoxylate cycle, and gluconeogenesis, which would normally be up-regulated during growth on a non-fermentable carbon source. Combining the synthetic RuMP and XuMP pathways with the reconstructed Ygr067cp truncation led to further improvements in growth. These results identify a latent methylotrophic metabolism in S. cerevisiae and pave the way for further development of native and synthetic one-carbon assimilation pathways in this model eukaryote.
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