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Figure S1. RNase Ill recognizes +3G in cleavage site selection (A) Sequence logos
surrounding preferred Escherichia coli RNase |l cleavage sites on Firefly luciferase (FF-luc)
and maltose-binding protein (MBP) are presented. Red arrowheads indicate the cleavage
site (between positions 0 and -1), which is inferred from the end of cleavage products.
Cleavage product upstream of cleavage site is in black whereas cleavage products
downstream of cleavage site is in red and boxed. The dashed-line boxes in green indicate
two consensus nucleotides +3G and -6C. (B) Percentage of cleavage sites that contain +3G
and/or -6C is higher than that expected by chance.
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Figure S2. Involvement of RNase lll residues Q157 and Q161 in the recognition of RNA
substrate. (A) Sequence alignment of selected bacterial RNase Ill enzymes from Escherichia
coli, Aquifex aeolicus (Ac), Thermotoga maritima, and Bacillus subtilis. ldentical and similar
residues are shaded in blue and light blue. The red asterisks indicate the two conserved
glutamine residues, Q157 and Q161 in AaRNase llI, in RBM1 (RNA-binding motif 1), i.e., the
first a-helix of double-stranded RNA-binding domain (dsRBD). The linker between RIIID (the
specialized RNase Ill domain) and dsRBD (dsRNA-binding domain) is indicated. (B) As
revealed by the crystal structure of AaRNase Ill in complex with dsRNA (PDB entry 2EZ6), the
Q157 side chain forms one hydrogen bond with the 2'-hydroxyl and one hydrogen bond with
the base of the -5U nucleotide. (C) As revealed by the crystal structure of AaRNase Il in
complex with a different dsRNA (PDB entry 2NUG), the Q157 side chain forms one hydrogen
bond with the 2'-hydroxyl and one hydrogen bond with the base of the -5A nucleotide. As such,
Q157 recognizes both the AU and UA pair in this position. Unlike Q157, however, Q161
recognizes the +3G nucleotide in both structures by forming one hydrogen bond with the 2'-
hydroxyl and two hydrogen bonds with the base. The first a-helix in the dsRBD of AaRNase IlI
is illustrated as a spiral, the amino acid and nucleotide residues are shown as stick models,
and hydrogen bonds are indicated with dashed lines. The -6C nucleotide that is paired with the
+3G nucleotide is not shown for clarity.
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Figure S3. Residue Q165 of E. coli RNase lll recognizes the +3G near the cleavage site.
(A) The consensus sequence of cleavage site is abolished when residue 165 was mutated
from Q to A. Sequence logos were created as illustrated in Figure S1. (B) Percentage of
highly preferable cleavage sites of the E. coli RNase Ill Q165A mutant, with or without +3G
and/or -6C, is similar to that expected by chance.



A. aeolicus RNase lll

WT E37A EEQ

Reaction
Temperature (°C) 37 60 37 60 37 60
* L ﬂ bt - h ) r 1 ‘

500bp
300bp

 —
—
150bp | N—
et
| —

80bp
50bp

30bp

21bp
| Cleavage

Products

Figure S4. A. aeolicus RNase lll is inactive at 37°C. dsRNA of FF-luc sequence was cleaved
by the wild type (WT), E37A mutant, or EEQ mutant of A. aeolicus (Aa) RNase lll at either 37°C
or 60°C. The cleavage products were separated on 20% polyacrylamide native gels and
detected by staining. While WT AaRNase IlI generates products of smaller size, E37A and EEQ
mutants produce additional siRNA-size products at 60°C but are inactive at 37°C. Of note, the
substrate dsRNAs (1.6Kb) are too large to run into this polyacrylamide gel and are stuck in the

wells.
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Figure S5. The E. coli EEQ mutant generates siRNA-like duplexes. (A) Schematic representation
of the flow of analysis. Reads of cleavage products were first mapped to the dsRNA substrate. Reads
mapped to the sense strand of the substrate were in red; Reads mapped to the antisense strand are
in blue. Red and blue reads are counted as paired if they are aligned to form the siRNA-like duplex
with 2-nt 3' overhangs at both ends. (B) The percentage of 22-mer paired reads to the total number
of 22-mer reads was plotted.
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Figure S6. RNase activities of E. coli RNase Ill and its EEQ mutant were measured by a
time course study. dsRNA of FF-luc sequence was cleaved by the wild type (WT) or EEQ
mutant of E. coli RNase Ill at 37°C. The cleavage products were separated on 20%
polyacrylamide native gels and detected by staining.
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Figure S7. Engineered E. coli RNase Ill cleaves in vitro transcribed dsRNA into a
heterogeneous mixture of siRNAs with a narrow size distribution centered at 22 nt.
(A) The percentage of 21-23-nt products to the total number of reads was plotted for Firefly

luciferase (FF-luc). (B) The percentage of 22-nt products to the total number of reads was
plotted for maltose-binding protein (MBP).
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