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Pyrococcus furiosus

Hyperthermophilic archaeon

O Grows in a deep sea around at 100 °C
O Heatstable proteins

Complete genome sequence
O Genome size: 1908 kb

O #of ORF: 2065
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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
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Unique type of tRNAs found in the genome of archaeal species
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— SPLITSdb system: A comprehensive prediction of archaeal tRNAs
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Several tRNA genes are missing in the Hyperthermoacidophilic

archaeon Caldivirga maquilingensis

. e

Itoh et al. Int J Syst Bacteriol (1999)

Temperature 85C
pH 3.7 -4.2
Genome size ~2Mb
2067 genes
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Tri-split tRNA is a transfer RNA Tri-split tRNA
made from three transcripts
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In vitro Aminoacylation assay
of mature tRNA (Glys)

GIyRS + GIyRS
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Ile_TAT_29/30_intron_pis
Ile_CAT_29/30_intron_tne

ATGGACA-AGCCCGGC-TGGGCT-GTCCAGCGTAA
ATGGGCCTGGCCCAGCCGGGGCTGGTCCAGCGTAA

Met_CAT_29/30_intron_pae  ~—------c--e—e-- TGGGGCTAGGCCCCGCGTAG
Thr_TGT_29/30_intron_tne —----ececeeeeaaa- TGGGGCTCAGCCCCGCGTAG
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Figure 3. Network analysis based on the sequence similarities of 5 and 3’ tRNA halves. A total of 296 mature tRNA sequences from 7
archaeal species (Neq, Sso, Ape, Pae, Mka, Pfu, Mja) were artificially split into 5° and 3 halves at the anti-codon region. Each node (colored dot)
represents a tRNA half, and its color indicates the charged amino acid's chemical properties (DE, mid-green; MNQ, light green; RKH, blue; FWY, purple;
AGP, red; ILV, orange; CST, yellow; iMet, gray). Nodes are linked by a white line (edge) when the sequence similarity is above the threshold. (A)
Network created by set of 5’ half sequences with thresholds of =70%, =75%, and =80%. The sequences are classified into 6 clusters (1-6) at a
threshold of =80%. (B) Network created by set of 3" half sequences with thresholds of =80%, =85%, and =88%. The sequences are classified into 9
clusters (A-l) at a threshold of =88%.

doi:10.1371/journal.pone.0001622.9003
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Figure 5. Representation of N. equitans codon table filled with 5 and 3’ tRNA halves. The table is filled with the group IDs (see Fig. 3)
comesponding to each of the 5" and 3" tRNA halves in Nl eguitans (Neq). The anti-codon corresponding to the 6 split tRNAs is shown in red. An
asterisk indicates that a sequence does not have a similar sequence above the threshold (5° half, 809%; 3° half, 88%).
doi:10.1371/journal.pone.0001622.9005
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Figure 6. Examples of tRNA sequences explained by specific combinations of 5' and 3’ tRNA halves. (A) Examples of tRNA sequences
with different 5° half sequences but a common 3° half sequence. (B) Example of tRNA sequences with different 3’ half sequences but a common 5°
half sequence. Asterisk denotes matching nucleotides in the aligned tRNA sequences. Boxes delineate sequences belonging to the same group in the
sequence similarity network (Fig. 3). The corresponding group ID is labeled in a black box

doi:10.1371/journal.pone.0001622.9006
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Prep. of cDNA library from small RNA fraction

— Analyzing DNA sequence
using next-generation sequencing technologies

(on going)
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Pyrococcus furiosus

Hyperthermophilic archaeon

O Grows in a deep sea around at 100 °C
O Heatstable proteins

Complete genome sequence
O Genome size: 1908 kb

O #of ORF: 2065




O Systematic Analysis of
RNA-binding Proteins

(1) Molecular Biology

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

Kanai, A. et al. Biochemical J. (2006)
Kanai, A. et al. RNA (2009)

(2) Bioinformatics
Fujishima, K. et al. DNA Res. (2007)

T Feedback

O Functional RNA elements




Expression Cloning
of novel RNA-binding
proteins

Kanai, A. et al. (2003)
Biochem J. 372, 253-261

Genomic DNA preparation
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Biochem. J. (2006) 393, 373-379 (Printed in Great Britain) doi:10.1042/BJ20050608

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
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tRNA ligase

Yeast, Plant Yes
Human ?

Archaea ?
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LETTERS

The human RNA kinase hClp1 is active on
3’ transfer RNA exons and short interfering RNAs
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PF0112 Protein:
Human siRNA Kkinase (hClp1)-like enzyme
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tRNA ligaion mechanism

Yeast, Plant

Human

Archaea




(A) Oligo RNA Substrate

(B) Oligo DNA Substrate
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Archaeal RNA ligase is a homodimeric protein that
catalyzes intramolecular ligation of single-stranded

RNA and DNA
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Figure 2. MthRnl can circularize single-stranded RNA and single-stranded DNA at elevated temperature. (A) RNA ligation. Standard ligation
reactions containing 5pmol MthRnl or T4Rnl2, with or without | mM ATP, were mcubated for 30min at either 37°C or 65°C as indicated. Reaction
products were resolved by denaturing PAGE. An autoradiogram of the gel is shown. Position of pRNA, AppRNA and arcularized RNA (RNA
circle) are indicated. A control reaction, lacking enzyme, is shown in the lane indicated by (—). (B) DNA ligation. Identical to (A) except that the
substrate for ligation was **P-labeled 24-mer DNA (pDNA). Reaction products, AppDNA and drcularized DNA (¢DNA) are indicated. (C) Kinetics
and temperature-dependency. A reaction mixture (50 pl) containing S0mM Tris—=HCI (pH 6.5), 0.5mM MgCl,., 2.5pmol pRNA and 10 pmol MthRnl
was incubated at either 35°C, 55°C, 65°C or 75°C. Aliquots (10 pl) were withdrawn at the times indicated and quenched immediately with
formamide-EDTA. The level of circular RNA product is plotted as a function of incubation time. (D) Identical to (C) except that the substrate
for ligation was 24-mer DNA.



Archaeal enzymes vaguely
recognized DNA and RNA
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Characterization of
Pf-Ago protein
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Pf-RNase HIl vs Pf-Ago
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Figure 1 Kitamura et al.



Summary of Pf-RNase HlIl-
Pf-Ago chimeric proteins
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Summary of Pf-RNase HlIl-
Pf-Ago chimeric proteins




dsRNA cleavage
activity

Substrate:
RNA/RNA

Aélélél_éw

» ..-!-bm-b\-m--v----"

AAAAA
o



Possible structural model
of Pf-RNase HIl with a dsRNA




Archaeal enzymes vaguely
recognized DNA and RNA




Evolution of Biological System:

Simple — Complex

Non-Specific — Specific
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