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DNA-cleavage prokaryotic Argonaute
prediction based on sequence analysis

基于序列分析预测DNA切割活性的原核Argonaute蛋白
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 Functions of Argonaute proteins

Ago protein is the key player in eukaryotic RNA interference (RNAi) pathways 

Argonaute protein is a member of RNA-

induced silencing complex (RISC)

Small RNAs guide Argonaute proteins to 

their specific targets through sequence 

complementarity, which then leads to 

mRNA cleavage or translation inhibition.

Gunter Meister. Nature Reviews. 2013

• Background



 Functions of Argonaute proteins

Prokaryotic Argonaute proteins participate in host defense by DNA interference 

TtAgo

Nature 2014.3

PfAgo

NAR 2015.4



 Several genome editing technologies

 ZFN and TALEN: Protein-DNA binding

 CRISPR/Cas9: RNA-DNA binding

 New gene editing tool?

 DNA-DNA binding?

Hsu et al., Cell, 2014



TtAgo PfAgo

Organism Thermus thermophilus Pyrococcus furious

Requirement Mn2+ or Mg2+ ; 75℃
Mn2+ or Co2+; 50-250 mM

NaCl; 87-99.9℃

Catalytic
tetrad

DEDD DEDH

Guide
5’-phosphated ssDNA (13-25 nt)

5’end:C (1st position)
A (2nd position)

5’-phosphated ssDNA
15-31 nt

Target ssDNA; dsDNA ssDNA; dsDNA

 Comparison of TtAgo and PfAgo



 Crystal structure of TtAgo ternary complex

Domain architecture of TtAgo

5’-phosphorylated and 3’-hydroxyl ends of guide

strands are anchored within MID and PAZ domain

The cleavage activity of Ago resides in the RNase H

fold adopted by the PIWI domain

Sheng et al. PNAS. 2014

Swarts et al. Nat Struct Mol Biol. 2014



• Sequence analysis of TtAgo and PfAgo

 PSI-BLAST of TtAgo and PfAgo

Sequence TtAgo/PfAgo

Database Refseq protein

Expect threshold 0.00001

Word size 3

Matrix BLOSUM45

Gap Costs Existence 11,Extension 3

PSI-BLAST threshold 0.0001



 PSI-BLAST of TtAgo and PfAgo

TOP 30 hits of TtAgo TOP 30 hits of PfAgo

Thermus 栖热菌属 Anoxybacillus 厌氧芽胞杆菌属



• Phylogenetic analysis of Argonaute Proteins

 Alignment of TtAgo and PfAgo

Alignment of TOP 30 hits of TtAgo by MEGA7 ClustalW



 Alignment of TtAgo and PfAgo

Alignment of TOP 30 hits of PfAgo by MEGA7 ClustalW



 Phylogenetic tree of TtAgo and PfAgo

TtAgo:Neighbor joining,bootstrap 500 by MEGA7

Thermus栖热菌属

Synechococcus聚球藻属

Thermosynechococcus栖热聚球藻属

Anoxybacillus厌氧芽孢杆菌属



 Phylogenetic tree of TtAgo and PfAgo

PfAgo:Neighbor joining,bootstrap 500 by MEGA7

Anoxybacillus厌氧芽孢杆菌属

Geobacillus土芽孢杆菌属

Clostridium梭菌属

Methanocaldococcus
产甲烷球菌属



• Structure prediction of DNA-cleavage Argonaute
protein   

 Common hits in both TtAgo and PfAgo

PSI-BLAST hits Rank in TtAgo Rank in PfAgo

Anoxybacillus suryakundensis 26 3

Anoxybacillus kamchatkensis 30 4

Anoxybacillus gonensis 27 6

Anoxybacillus sp. BCO1 24 9



 AsAgo structure prediction on SWISS-MODEL



 AsAgo structure fitting with TtAgo and PfAgo

TtAgo in blue PfAgo in yellow

Fit by Swiss-PDBViewer



 AsAgo catalytic site prediction based on TtAgo and PfAgo

Daan C. et al. NAR. 2014

The DDX residues are positioned 

close together in the available 

pAgo structures, the glutamic 

acid (E) is located on a structural 

sub-domain termed the 

‘glutamate finger’.



 AsAgo catalytic site prediction based on TtAgo and PfAgo

TtAgo

PfAgo

AsAgo

D E D X

Catalytic site D E D X

TtAgo 478 512 546 D660

PfAgo 558 596 628 H745

AsAgo 499 534 568 D683



 AsAgo catalytic site prediction based on TtAgo and PfAgo

Calculate by Swiss-PDBViewer

E534

D568

D683D499



 AsAgo catalytic site with TtAgo

E534

D568

D683

D499

E512

D478

D546

D660

TtAgo in blue



 AsAgo catalytic site with PfAgo

E534

D568 D683

D499

E596

D558

D628

H745

PfAgo in yellow



Summary

• AsAgo is the top hit in bost TtAgo and PfAgo PSI-BLAST result

• AsAgo catalytic residues: D499 E534 D568 D683

• AsAgo may be a potential DNA-cleavage Argonaute protein
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