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Figure S1. Strategy for making AGO4 into a catalytically active enzyme (Related to Figure 1)  
(A) Differences in the construct used by Hauptmann et al. (left) and that used in the current study (right), both 

of which generate a catalytically active AGO4 mutant.  

(B) Simulated annealing Fo-Fc omit map contoured at 2.5 σ (blue mesh) around the guide RNA. Colors as in 

Figure 1B. 

(C) FLAG-AGO2, FLAG-AGO4 and their mutants were expressed in HEK293T cells and detected with anti-

FLAG antibody (left). Their protein amounts were adjusted based on the western blot (right) and used for target 

cleavage assay (Figure 1E).   

(D) Simulated annealing Fo-Fc omit map contoured at 2.2 σ (blue mesh) around α15 and β32 of AGO4. The 

disordered loop L2, including 4SI, is depicted as dotted lines. Colors as in (B). 

(E) RISC maturation assays of AGO4 and AGO4D4SI (Figure 1H and 1I). The lysates of HEK293T cells 

expressing either FLAG-AGO4 or FLAG-AGO4D4SI were adjusted by western blot so as to include 50 pmol of 

AGO, followed by incubation with miR-20a duplex. The duplex is composed of a 5¢ end labeled miR-20a and a 

fully complementary passenger strand that lacks a 5' monophosphate. After immunoprecipitation with anti-

FLAG beads, the AGO-bound RNAs were extracted and resolved on 10% native gel.  

 (F) Filter binding assay of MBP, AGO4, and AGO4D4SI. The lysates of HEK293T cells expressing either 

FLAG-MBP, FLAG-AGO4 or FLAG-AGO4D4SI were incubated with miR-20a duplexes and then 

immunoprecipitated with anti-FLAG beads. After the AGOs were eluted from the beads with FLAG peptides, 

the AGOs were incubated with 60-nt 5¢ cap labeled mismatch targets. The resultants were spotted on a 

nitrocellulose membrane and a nylon membrane. AGO4 without miR-20a was used as a control to subtract the 

non-specific bound targets (Figure 1J).  

(G) RISC maturation assays of AGO2 and AGO2-4SI (Figure 1K). The lysates of HEK293T cells expressing 

either FLAG-AGO2 or FLAG-AGO2-4SI were adjusted by western blot so as to include 50 pmol of AGO, 

followed by incubation with miR-20a duplex. The duplex is composed of a 5¢ end labeled miR-20a and a fully 

complementary passenger strand that lacks a 5’ monophosphate. After immunoprecipitation with anti-FLAG 

beads, the AGO-bound RNAs were extracted and resolved on 10% native gel. 
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Figure S2. Interactions of long TNRC6B fragments with AGO2 and AGO4 (Related to Figure 2) 
(A) Domain architecture of TNRC6B. Several long fragments were designed from the AGO-binding regions 

(pink) and expressed as SUMO-fused proteins.  

(B) Gel filtration analyses of AGO2 (blue), AGO4 (green), SUMO-fused TNRC6B fragment (pink), and a 

mixture of a TNRC6B fragment with either AGO2 or AGO4 (black). 
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Figure S3. Sequence alignment of human AGO paralogs (Related to Figure 2; Figure 3; Figure 4)  
Residue number and secondary structure of AGO4 are shown above the sequence. The four catalytic residues 

are highlighted with black columns. AGO4-specific residues in Trp Pocket-2 and -3 are boxed (green). 

Residues involved in van der Waals interactions between two PIWI subdomains are boxed (red). Domain 

linkers and loops forming LAKE1 and LAKE2 are labeled above the sequence. CL1 and CL2 are boxed (gray). 
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Figure S4. Interactions between MID domain and PIWI-helical subdomain (Related to Figure 3; Figure 4) 
(A) MID-PIWI domain architectures of AGO4 and NcQDE2. 

(B) Superposition of AGO4 and NcQDE2 on their MID domains results in a good alignment of their PIWI-helical 

subdomains. 

(C-D) Stereoviews of the interactions between the MID domain and PIWI-helical subdomain in AGO4 (C) and 

NcQDE2 (D). Colors as in (A). Water molecules and hydrogen bonds are depicted as spheres (cyan) and 

dotted lines, respectively. For clarity, only g1 of the bound guide RNA is shown in (C). The bound sulfate ion is 

drawn as a stick model (magenta) in (D). 

(E) A representative image of RISC maturation assay with siRNA duplex (Figure 3E).  
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Figure S5. Water-mediated hydrogen-bonding network (Related to Figure 5) 
(A) Locations of LAKEs (cyan) and the previously reported water molecules at the active site (red) and the 

target nucleotide-1 pocket (magenta).   

(B) Stereoview of water molecules bound to AGO4. The intensity of the blue color indicates the categories of 

the water molecule. Dark blue, cyan, and faint blue spheres indicate buried, cleft, and surface water molecules, 

respectively. 

(C-D) Stereoview of the internal water-mediated hydrogen-bonding network in LAKE2 (C) and LAKE1 (D). 

Water molecules and hydrogen bonds are depicted as cyan spheres and dotted lines, respectively. The bound 

RNA in (D) is drawn as a ball-and-stick model. Colors as in Figure 4C.   
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Figure S6. Residues and their interactions required for LAKE1 formation (Related to Figure 5) 
(A) A representative image of western blot analysis with anti-FLAG antibody. Expression levels of mutants 

were tested, and the amount of proteins were adjusted for the target cleavage assay. 

(B) A representative image of In vitro cleavage assay with miR-20a. All lysates were adjusted by western blots 

of (A) and the 5 µM AGO proteins were incubated with 50 nM siRNA-like duplex of miR-20a for RISC assembly. 

50 nM 5' cap-labeled target RNAs were used for the RNA cleavage reaction.   
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(C) A schematic of LAKE1. Conserved residues involved in the LAKE1 formation are shown. The internal water 

molecules and hydrogen bonds are depicted as spheres (cyan) and dotted lines (black), respectively. 

Hydrogen bonds not involving water molecules are colored in pink.  

(D-E) Interactions between the MID domain and linker MP through two asparagine residues seen in the full-

length AGO2 (D) (PDB ID: 4OLA) but not in the isolated AGO2 MID domain (E) (PDB ID: 3LUC).  

(F-G) A representative image of RISC maturation assays with siRNA-like duplex of miR-20a (Figure 5H-5J). 

(I) Stereoview of the two gates, Gate1 and Gate 2 (red circles), of the AGO4 LAKE1. Water molecules inside 

LAKE1 are colored in cyan. Two water molecules located just outside the two gates are colored in pink. 

Residues shaping the AGO4 LAKE1 can be categorized based on their roles; back wall (dark blue), middle wall 

(marine), gates (red), hydrophobic core (green), backbone (orange).  
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Figure S7. Sequence alignment of AGO- and PIWI-clade proteins (Related to Figure 7)  
Residues highlighted in red participate in the van der Waals interaction between two PIWI subdomains. 

Residues in colored boxes (linker MP: orange, L31 and L32: dark green, loop L4: bright green) have different 

properties between AGO and PIWI clades. Residue numbers of AGO4 and Siwi are shown above and below 

the sequence alignment, respectively. AGO-specific insert in L31 is colored in yellow (see Figure 7C-D). 
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Table S1. Detailed simulation statistics of LAKE1 and LAKE2 of AGO2cw and AGO4cw (Related to Figure 6) 
 
		 Number	of	water	molecules	 Avg.		

Occup.*	
t1		
(ps)	

t2	
(ps)	AGO	and		

Temp	 Cavity	 Mean	 SD	 Variance	 max	 min	 median	

AGO4cw	
300	K	

LAKE1	 10.3	 1.8	 3.2	 18	 5	 10	 10	±	2	 34.6	 3.6	
LAKE2	 7.3	 1.6	 2.7	 18	 3	 7	 7	±	2	 -	 -	

	           

AGO4cw	
310	K	

LAKE1	 10.2	 1.5	 2.3	 18	 6	 10	 10	±	2	 31.4	 3.2	
LAKE2	 6.1	 1.1	 1.3	 11	 2	 6	 6	±	1	 -	 -	

	           

AGO2cw	
300	K	

LAKE1	 12.7	 1.4	 2.1	 19	 8	 13	 13	±	1	 42.2	 3.5	
LAKE2	 4.7	 0.8	 0.6	 8	 2	 5	 5	±	1	 -	 -	

	           

AGO2cw	
310	K	

LAKE1	 12.6	 2.0	 4.0	 23	 6	 13	 13	±	2	 25	 2.8	
LAKE2	 5.7	 0.8	 0.7	 10	 3	 6	 6	±	1	 -	 -	

*Correspond to rounded up values of the mean ± sd number of water molecules in columns 3 and 4 
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Table S2. Details of simulated systems (Related to Simulation systems preparation section of STAR Methods) 

 
System # PDB tsim 

(ns) 
Type Ensemble Temp 

(K) 
Start Size 

#atoms 
Size 
(nm3) 

AGO4cw S1a 6OON 1.21 MinEQ NpT* 300 ------ 164,443 12x12x12 
AGO4cw S1b 6OON 100 EQ NpT 300 S1a 164,443 12x12x12 
AGO4cw S1c 6OON 100 EQ NpT 310 S1a 164,443 12x12x12 
AGO4ncw S2a 6OON 1.21 MinEQ NpT* 300 ------ 164,443 12x12x12 
AGO4ncw S2b 6OON 100 EQ NpT 300 S2a 164,443 12x12x12 
AGO4ncw S2c 6OON 61 EQ NpT 310 S2a 164,443 12x12x12 
AGO2cw S3a 4OLA 1.21 MinEQ NpT* 300 ------ 164,230 12x12x12 
AGO2cw S3b 4OLA 100 EQ NpT 300 S3a 164,230 12x12x12 
AGO2cw S3c 4OLA 100 EQ NpT 310 S3a 164,230 12x12x12 
Summary of all MD simulations. Asterisk (*) denotes simulations that consisted of 5000 steps of minimization, 
200 ps of dynamics with the backbone of the protein restrained (kbbr = 1 kcal mol-1 Å-2), and 1 ns of free 
dynamics in the NpT ensemble (g = 1 ps-1). 
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Table S3. Primer list (Related to Cloning, expression, and purification of AGO proteins and TNRC6B fragment 
section of STAR Methods) 
 
Oligonucleotides Source Identifier 
AGO2G595I/V615A-FW-
CAGCAGCCCGTCATCTTTCTGATAGCAGACGTCAC, 
CCATTGCCGCCGTGGCGGGCAGCATGGACGCC 

This paper N/A 

AGO2G595I/V615A-RV -
GGCGTCCATGCTGCCCGCCACGGCGGCAATGG, 
GGCGTCCATGCTGCCCGCCACGGCGGCAATGG 

This paper N/A 

AGO2Y420A-FW-
GCCGCCCTCCATCCTCGCCGGGGGCAGGAATAAAG
C 

This paper N/A 

AGO2Y420A-RV -
 GCTTTATTCCTGCCCCCGGCGAGGATGGAGGGCGG
C 

This paper N/A 

AGO2W435A-FW-
CCCTGTCCAGGGCGTCGCGGACATGCGGAACAAG
CAGT 

This paper N/A 

AGO2W435A-RV -
ACTGCTTGTTCCGCATGTCCGCGACGCCCTGGACA
GGG 

This paper N/A 

AGO2L565A-FW-
CAGACCCTGTCCAACCTCTGCGCGAAGATCAACGT
CAAGCTGGGA 

This paper N/A 

AGO2L565A-RV -
TCCCAGCTTGACGTTGATCTTCGCGCAGAGGTTGG
ACAGGGTCTG 

This paper N/A 

AGO2N568A-FW-
GTCCAACCTCTGCCTGAAGATCGCCGTC 

This paper N/A 

AGO2N568A-RV -
CGCCTCCCAGCTTGACGGCGATCTTCAGGCA 

This paper N/A 

AGO2N575A-FW-
GTCAAGCTGGGAGGCGTGGCCAAC 

This paper N/A 

AGO2N575A-RV -
CTGGGGCAGCAGGATGTTGGCCACGCCTCCC 

This paper N/A 

AGO2 L578A -FW- 
CTGGGAGGCGTGAACAACATCGCGCTGCCCCAGG
GCAGG 

This paper N/A 

AGO2 L578A -RV - 
CCTGCCCTGGGGCAGCGCGATGTTGTTCACGCCTC
CCAG 

This paper N/A 

AGO2S617A -FW- 
CCGCCGTGGTGGGCGCCATGGACGCCCACCCC 

This paper N/A 

AGO2S617A -RV - 
GGGGTGGGCGTCCATGGCGCCCACCACGGCGG 

This paper N/A 

AGO2Y625A -FW- CGCCCACCCCAATCGCGCCTGC This paper N/A 
AGO2Y625A -RV - 
CGCACGGTGGCGCAGGCGCGATTGGG 

This paper N/A 

AGO2Y805A-FW-TCCCAGCCAGCATACGCCGCTC This paper N/A 
AGO2Y805A-RV -
GGCCACCAGGTGAGCGGCGTATGCTGGCG 

This paper N/A 

AGO2-4SI-FW-
TGCAGCAGCACCGGCAGGAGATCTCCCAAGAGCTC
CTCTACAGTCAAGA 

This paper N/A 

AGO2-4SI-RV -
GCGGCCAGGTCTTGTATGATCTCTTGACTGTAGAG
GAGCTCTTGG 

This paper N/A 
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AGO4m-FW-
GACTTCCCGGCAGGAGATCTCCCAAGAGCTCCTCT
ACAGTCAAGA, 
GACTTCCCGGCAGGAGATCTCCCAAGAGCTCCTCT
ACAGTCAAGA, 
GGAGGGGTATCTGAGGGACAATTCCAGCAGGTTCT
CCACCACGAGTTGCTGGCCATCCGTG   

This paper N/A 

AGO4m-RV -
AACCATGTTAGTCAGGTCCTGGATGACCTCTTGACT
GTAGAGGAGCTCTTGG, 
CTTGCCCTAAATGCTACAAGATGGGCATAATATGCA
GGGGC, 
GGCCGGTAATCTTCTTCCAACTTGATACAGGCCTCA
CGGATGGCCAGCAACT           

This paper N/A 

AGO4mD4SI-FW- 
GTGCAGACTTCCCGGCAGGAGGTCATCCAGGACCT
GACTAA 

This paper N/A 

AGO4mD4SI-RV- 
TTAGTCAGGTCCTGGATGACCTCCTGCCGGGAAGT
CTGCAC 

This paper N/A 

TNRC6B-599-683-FW- 
GCGCGCCTCGAGTCAGAGCTCCCCCCATCCAGA     

This paper N/A 

TNRC6B-599-683-RV- 
GCGCGCGGATCCGATTGTCAGGCTGTCTTGCAGA      

This paper N/A 

TNRC6B-507-598-FW- 
GCGCGCGGATCCTCTCAGGGAGAATGGAAACAGC         

This paper N/A 

TNRC6B-507-598-RV- 
GCGCGCCTCGAGTCAAGGATGTGTGGGCCTGTACG   

This paper N/A 

TNRC6B-684-770-FW- 
GCGCGCGGATCCTCAGCCTCTACAGAGTGGAAAGA
CC 

This paper N/A 

TNRC6B-684-770-RV-
GCGCGCCTCGAGTCAAGACACAGGTTTACTTGCAG
AACTTTC    

This paper N/A 

TNRC6B-771-860-FW- 
GCGCGCGGATCCGGGTGGGGTGAAGGAGGG 

This paper N/A 

TNRC6B-771-860-RV-
GCGCGCCTCGAGTCACTCCAGCTGGAATTGGAAGG   

This paper N/A 

TNRC6B-869-916-FW-
GCGCGCGGATCCACTGTGGATAATGGTACTTCAGC
ATG 

This paper N/A 

TNRC6B-869-916-RV-
GCGCGCAAGCTTTCAGGGTTCCCCCCAGCTGG 

This paper N/A 

TNRC6B-616-636-FW- 
CAAATTAAGCAGGACACAGTGTGGTGACTCGAGTCT
GGTAAAGAAACCG 

This paper N/A 

TNRC6B-616-636-RV- 
CGGTTTCTTTACCAGACTCGAGTCACCACACTGTGT
CCTGCTTAATTTG  

This paper N/A 

TNRC6B-623-636-FW- 
ACAGAGAACAGATTGCTGCATCCTGGGGCCAAACT
CAAATTAAGC 

This paper N/A 

TNRC6B-623-636-RV- 
GCTTAATTTGAGTTTGGCCCCAGGATGCAGCAATCT
GTTCTCTGT 

This paper N/A 

TNRC6B-617-634-FW- 
GCGCGCGGATCCGTGCTCTCAAACACTGGCTGGG       

This paper N/A 

TNRC6B-617-634-RV-GCGCGCCTCGAGTCA 
AATGTCCCACACTGTGTCCTGC       

This paper N/A 
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TNRC6B-617-634(Q625E)-FW-
TCAAACACTGGCTGGGGCGAAACTCAAATTAAGCA
GGACACAGTGT       

This paper N/A 

TNRC6B-617-634(Q625E)-RV-
ACACTGTGTCCTGCTTAATTTGAGTTTCGCCCCAGC
CAGTGTTTGA 

This paper N/A 

TNRC6B-617-634(K629A)-FW- 
GCTGGGGCCAAACTCAAGCTAAGCAGGACACAGTG
TGGGA     

This paper N/A 

TNRC6B-617-634(K629A)-RV- 
TCCCACACTGTGTCCTGCTTAGCTTGAGTTTGGCCC
CAGC     

This paper N/A 

TNRC6B-617-634(Q630R)-FW- 
GGGGCCAAACTCAAATTAAGCGGGACACAGTGTGG
GACATTTGA 

This paper N/A 

TNRC6B-617-634(Q630R)-RV-
TCAAATGTCCCACACTGTGTCCCGCTTAATTTGAGT
TTGGCCCC 

This paper N/A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


