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Extended Data Fig. 6 | Detailed interactions between activated Ba1Cas12a3 
and tRNAAla(UGC). (a) Interactions between the REC2 loop of Ba1Cas12a3 and the 
T-arm of tRNA are shown with underlying EM density map. (b) Interactions 
between the tRLD of Ba1Cas12a3 and the 3′ CCA tail of the tRNA with underlying 
EM density map. (c) 2D interaction plot displaying the binding interface 
between Ba1Cas12a3 and tRNA. Electrostatic contacts are primarily between 

positively charged side chains or peptide backbone amines located at the ends 
of helices. Several residues (e.g., N253 and K1038) make contacts within the 
minor groove of RNA-duplexes, likely sensing the specific shape of the tRNA. 
(d) The bound tRNA is modeled with a tryptophan residue, demonstrating no 
steric clashes in the structure to impair binding to aminoacylated tRNAs.



Extended Data Fig. 7 | Measured binding affinities of a full-length and 
truncated tRNAAla to dBa1Cas12a3. Binding of the activated dBa1Cas12a3 
ternary complex to the indicated fluorescent RNA substrate was quantified by 
MST. dBa1Cas12a3 contains the E1065A mutation in the RuvC endonuclease 
domain to render it catalytically inactive. Symbols and error bars represent the 
mean ± standard deviation of independent experiments (n = 3).
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Extended Data Fig. 8 | Assessing trans cleavage of other RNA substrates by 
Ba1Cas12a3. (a) Comparing cleavage of different RNA substrates containing 
CCCCA. An activated Ba1Cas12a3 RNP was indicated with the indicated substrate, 
and fluorescence through the separation of the conjugated fluorophore (green 
circle) and quencher (gray circle) is measured over time for a range of substrate 
concentrations. Circles with nucleotides are colored to represent a mutation from 

C to U, a pyrimidine (red), or to G, a purine (yellow). The data from independent 
measurements (n = 3) were used to calculate catalytic efficiency (kcat/Km), with 
means ± standard error shown. (b) Comparing different truncated tRNA 
substrates with mutations to the cytosines in the 3′ CCA tail. Dotted curves and 
shaded regions represent the mean ± standard deviation of independently 
prepared and monitored reactions (n = 4).
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Extended Data Fig. 9 | Model of immune defense via tRNA trimming by 
Cas12a3. From left to right: Stepwise activation of Ba1Cas12a3 and tRNA cleavage 
leading to translational inhibition and growth arrest in response to a recognized 
target RNA expressed from an invading bacteriophage. The N in the cleaved tRNA 
tail is the discriminator base.
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Extended Data Table 1 | Cryo-EM data collection, refinement and validation statistics










