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Universal phylogenetic tree 

Those lines highlighted in red lead to organisms that are heat-loving.  

http://oceanexplorer.noaa.gov/explorations/06fire/background/microbiology/microbiology.html 



Deep-sea   

   vents 

Beginning  

  of life ? 



Archaea Eukarya 

Dr. Michael Thomm!http://www.biologie.uni-regensburg.de/Mikrobio/Thomm/index_en.html 
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Central Dogma! DNA 

RNA 

Protein!



Why are RNAs are 

so important?!



Why are RNAs are so important?!

!!!"!RNA Splicing, RNA processing,  

!!#RNA editing 

"!So many non-coding RNAs 

"!Ribozymes 

"!Anti-sense RNAs 

"!RNAi 

"!Aptamer 

"!Coenzymes (NAD, FAD) 

"!ATP, GTP 

"!RNA primers for DNA replication 

"!RNA localization & Development 



Cold Spring Harbor 

Laboratory Press 

(2006) 



"#RNAs  

     (non-coding RNA) 

"#RNA-binding protein    

     (enzymes) 



Used as a 

primer for  

DNA synthesis 
(retrovirus) 

RNA molecule 

Involved in 

Translation 

tRNA 
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Intron-containing tRNA 

Promoter 

5’! 3’!

Promoter 
Split tRNA 

5’! 3’!

3’!5’!

Unique type of tRNAs found in the genome of archaeal species 

Multiple intron type Single intron type 

5’!3’! 5’!3’! 5’!
3’!

3’!

5’!

→ SPLITSdb system: A comprehensive prediction of archaeal tRNAs!

Sugahara, J., Kikuta, K., Fujishima, K., Yachie, N., Tomita, M. and Kanai, A. 

(2008) Molecular Biology and Evolution 25(12): 2709-2716. 



Several tRNA genes are missing in the Hyperthermoacidophilic 

archaeon Caldivirga maquilingensis  

Itoh et al. Int J Syst Bacteriol (1999) 

Temperature 85℃ 

pH 3.7 - 4.2 

Genome size ~2Mb 

2067 genes  
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Tri-split tRNA!

Split tRNA!

 I!  II! III!

IV!

V!

Tri-split tRNA is a transfer RNA  

made from three transcripts 

Fujishima, K., Sugahara, J., Kikuta, K., Hirano, R., Sato, A., 

Tomita, M. and Kanai, A. (2009) Proceedings of the National 

Academy of Sciences. U. S. A. 106(8): 2683-2687. 



In vitro Aminoacylation assay  

of mature tRNA (Glys) 







February 2008, Vol. 3 Issue 2, e1622 









More example ! 
tRNA Meta Genome 



Prep. of cDNA library from small RNA fraction!

$!Analyzing DNA sequence  

      using next-generation sequencing technologies 

                                                                 (on going)!
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%#Systematic Analysis of  

    RNA-binding Proteins 

%#Functional RNA elements 

(1) Molecular Biology!

(2) Bioinformatics 

Kanai, A. et al. Biochemical J. (2003) 

Fujishima, K. et al. DNA Res. (2007) 
Feedback 

Kanai, A. et al. Biochemical J. (2006)  

Kanai, A. et al. RNA (2009)  



Expression Cloning  

of novel RNA-binding  

proteins 

Kanai, A. et al. (2003) 

Biochem J. 372, 253-261 
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Archaeal Pyrococcus furiosus thymidylate 

synthase 1 is an RNA-binding protein 

Akio Kanai, Asako Sato, Jun Imoto and Masaru Tomita 



Pre-tRNA Splicing  

Structures of  

RNA terminals 

(1) 

(2) 

(3) 

(4) 



tRNA Ligation Activity (PF0027 protein) 



tRNA Ligation Activity (2) 



Possible Model 



One Enzyme 

In Yeast & Plant 



tRNA ligase 

Yeast, Plant 

Human 

Archaea 

Yes 

? 

? 





PF0112 Protein:  

Human siRNA kinase (hClp1)-like enzyme 

354 aa (40.1 kDa) 



tRNA ligaion mechanism 

Yeast, Plant 

Human 

Archaea 



(B) Oligo DNA Substrate 

(A) Oligo RNA Substrate 





RNA! DNA!

T4 Type RNA ligase!

tRNA Type RNA ligase!



Archaeal enzymes vaguely 

recognized DNA and RNA 





Characterization of  

Pf-Ago protein 
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Figure 1  Kitamura et al.

Pf-RNase HII vs Pf-Ago 



Summary of Pf-RNase HII-

Pf-Ago chimeric proteins 
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Figure 5  Kitamura et al.

Substrate: RNA/DNA 

Substrate: RNA/RNA 

SDS-PAGE 
(RESOURCE-S Column Fractions) 

R113E!WT!



Summary of Pf-RNase HII-

Pf-Ago chimeric proteins 



Substrate:  

RNA/RNA 

dsRNA cleavage  

activity 



Possible structural model 

of Pf-RNase HII with a dsRNA 



Archaeal enzymes vaguely 

recognized DNA and RNA 



Evolution of Biological System: 

Simple    !"Complex 

Non-Specific   !"Specific 
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