





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        The methyl cycle is a conserved regulator of biological clocks
  
       View ORCID ProfileJean-Michel Fustin, Shiqi Ye, Christin Rakers, Marijke Versteven, Samantha J. Cargill, T. Katherine Tamai, Yao Xu, Maria Luísa Jabbur, Rika Kojima, Melisa L. Lamberti, Kumiko Yoshioka-Kobayashi, David Whitmore, Ryoichiro Kageyama, Takuya Matsuo,  View ORCID ProfileRalf Stanewsky, Diego A. Golombek, Carl Hirschie Johnson, Gerben van Ooijen, Hitoshi Okamura

  
      doi: https://doi.org/10.1101/653667 

  
  
  

Jean-Michel Fustin 
1Graduate School of Pharmaceutical Sciences, Laboratory of Molecular Metabology, Kyoto University, Japan. Tel: +81-75-753-9254

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Jean-Michel Fustin
	For correspondence: 
j.m.fustin@pharm.kyoto-u.ac.jp
okamurah@pharm.kyoto-u.ac.jp


Shiqi Ye 
1Graduate School of Pharmaceutical Sciences, Laboratory of Molecular Metabology, Kyoto University, Japan. Tel: +81-75-753-9254

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


Christin Rakers 
2Graduate School of Pharmaceutical Sciences, Kyoto University, Japan

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


Marijke Versteven 
3Institute of Neuro- and Behavioral Biology, University of Münster, Münster

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


Samantha J. Cargill 
4School of Biological Sciences, University of Edinburgh, United Kingdom

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


T. Katherine Tamai 
5Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Nagoya, Japan

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


Yao Xu 
6Department of Biological Sciences, Vanderbilt University, Nashville, USA

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


Maria Luísa Jabbur 
6Department of Biological Sciences, Vanderbilt University, Nashville, USA

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


Rika Kojima 
7Karolinska Institute, Sweden

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


Melisa L. Lamberti 
8Department of Science and Technology, National University of Quilmes/CONICET, Buenos Aires, Argentina

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


Kumiko Yoshioka-Kobayashi 
9Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

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


David Whitmore 
10Centre for Cell and Molecular Dynamics, Department of Cell and Developmental Biology, University College London, United Kingdom

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


Ryoichiro Kageyama 
9Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

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


Takuya Matsuo 
11Center for Gene Research, Nagoya University, Nagoya, Japan

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


Ralf Stanewsky 
3Institute of Neuro- and Behavioral Biology, University of Münster, Münster

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Ralf Stanewsky


Diego A. Golombek 
8Department of Science and Technology, National University of Quilmes/CONICET, Buenos Aires, Argentina

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


Carl Hirschie Johnson 
6Department of Biological Sciences, Vanderbilt University, Nashville, USA

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


Gerben van Ooijen 
4School of Biological Sciences, University of Edinburgh, United Kingdom

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


Hitoshi Okamura 
12Graduate School of Pharmaceutical Sciences, Molecular Brain Science, Kyoto University, Kyoto, Japan

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
j.m.fustin@pharm.kyoto-u.ac.jp
okamurah@pharm.kyoto-u.ac.jp




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
The methyl cycle is a universally conserved metabolic pathway operating in prokaryotes and eukaryotes. In this pathway, the amino acid methionine is used to synthesize S-adenosylmethionine, the methyl donor co-substrate in the methylation of nucleic acids, histone and non-histone proteins and many other molecules within the cell. The methylation of nucleic acids and proteins is the foundation of epigenetic and epitranscriptomic regulations of gene expression, but whether the methyl cycle centrally regulates gene expression and function by controlling the availability of methyl moieties is poorly understood.
From cyanobacteria to humans, a circadian clock that involves an exquisitely regulated transcription-translation-feedback loop driving oscillations in gene expression and orchestrating physiology and behavior has been described. We reported previously that inhibition of the methyl cycle in mammalian cells caused the lengthening of the period of these oscillations, suggesting the methyl cycle may indeed act as a central regulator of gene expression, at least in mammals. Here, we investigated whether the methyl cycle, given its universal presence among living beings, regulates the circadian clock in species across the phylogenetic tree of life.
We reveal a remarkable evolutionary conservation of the link between the methyl cycle and the circadian clock. Moreover, we show that the methyl cycle also regulates the somite segmentation clock, another transcription-translation negative feedback loop-based timing mechanism that orchestrate embryonic development in vertebrates, highlighting the methyl cycle as a master regulator of biological clocks.
SIGNIFICANCE STATEMENT Here we reveal that the methyl cycle, a universal metabolic pathway leading to the synthesis of S-adenosylmethionine, the methyl donor co-substrate in virtually all transmethylation reactions within the cell, is a conserved regulator of biological clocks. These discoveries highlight the methyl cycle as a metabolic hub that regulates gene expression via the availability of methyl moieties for the methylation of nucleic acids, proteins and many other molecules with the cell.
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