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Extended DataFig. 6 | Detailed interactions between activated BalCas12a3
and tRNAAYO_(a) Interactions between the REC2loop of BaICas12a3 and the
T-arm of tRNA are shown with underlying EM density map. (b) Interactions
between the tRLD of BalCas12a3 and the 3’ CCA tail of the tRNA with underlying
EM density map. (c) 2D interaction plot displaying the binding interface
between BaICas12a3 and tRNA. Electrostatic contacts are primarily between
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positively charged side chains or peptide backbone amineslocated at the ends
ofhelices. 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) Thebound tRNAis modeled witha tryptophan residue, demonstrating no
steric clashesin the structure toimpair binding to aminoacylated tRNAs.



—=— Cy5-tRNA*® + dBa1Cas12a3 ternary complex (K, = 5.6 + 3.7 nM)
—=— Cy5-h1 + dBa1Cas12a3 ternary complex (K, = 350 + 120 nM)
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Extended DataFig.7 | Measured binding affinities of a full-length and
truncated tRNA*'" to dBaICas12a3. Binding of the activated dBaICas12a3
ternary complex totheindicated fluorescent RNA substrate was quantified by
MST. dBalCasl12a3 contains the EI065A mutationin the RuvC endonuclease
domaintorenderitcatalytically inactive. Symbols and error bars represent the
mean + standard deviation ofindependent experiments (n = 3).
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Extended DataFig. 8| Assessing trans cleavage of other RNA substrates by
BalCasl2a3. (a) Comparing cleavage of different RNA substrates containing
CCCCA. Anactivated BalCas12a3 RNPwasindicated withtheindicated substrate,
and fluorescence throughthe separationof the conjugated fluorophore (green
circle) and quencher (gray circle) ismeasured over time for arange of substrate
concentrations. Circles with nucleotides are colored to represent amutation from
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CtoU,apyrimidine (red), orto G, apurine (yellow). The datafromindependent
measurements (n =3) were used to calculate catalytic efficiency (K.,/K.), with
means +standard error shown. (b) Comparing different truncated tRNA
substrates with mutationsto the cytosinesin the 3’ CCA tail. Dotted curves and
shaded regionsrepresent the mean + standard deviation ofindependently
prepared and monitored reactions (n=4).
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Extended DataFig.9|Model ofimmune defense viatRNA trimming by
Casl12a3.Fromlefttoright: Stepwise activation of BaICas12a3 and tRNA cleavage
leadingto translational inhibition and growth arrestin response toarecognized
target RNA expressed fromaninvading bacteriophage. The Ninthe cleaved tRNA
tailis the discriminator base.
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Extended Data Table 1| Cryo-EM data collection, refinement and validation statistics

BalCasl12a3 binary BalCasl2a3 ternary BalCasl2a3 BalCasl2a3 post-
complex complex quaternary cleavage complex
(EMDB-52275) (EMDB-52287) complex (EMDB-52286)
(PDB 9HLX) (PDB 9HM6) (EMDB-52285) (PDB 9HMS)
(PDB 9HM4)
Data collection and processing
Magnification 130K 130K 130K 130K
Voltage (kV) 200 200 200 200
Electron exposure (e— 40 40 40 40
/A%
Defocus range (um) -0.8t0-2.0 -0.8t0-2.0 -0.8t0-2.0 -0.8t0o 2.0
Pixel size (&) 0.91 0.91 0.91 0.91
Symmetry imposed C1 C1 C1 Cl
Initial particle images 981,900 437,410 1,070,711 1,070,711
(no.)
Final particle images 99,354 119,647 116,277 45,337
(no.)
Map resolution (A) 38 4.0 3.1 33
FSC threshold 0.143 0.143 0.143 0.143
Map resolution range 3.3-16.7 3.4-51.6 2.6-46.4 2.8-51.6
Ny
Refinement
Initial model used AlphaFold3 model ~ AlphaFold3 model  AlphaFold3 model  AlphaFold3 model
Model resolution (&) 4.0 4.4 35 35
FSC threshold 0.5 0.5 0.5 0.5
Map sharpening B -189.3 -50 -50 -50
factor (A%)
Model composition
Non-hydrogen 10,287 9556 11,182 9645
atoms
Protein residues 1156 960 958 958
Nucleotide base 41 80 157 85
Ligands 0 0 2Mg* 2Mg?
B factors (A?)
Protein 73.69 213.18 100.97 87.74
Nucleotide 99.72 233.63 178.84 101.22
Ligand - - 73.47 51.45
R.m.s. deviations
Bond lengths (A) 0.004 0.003 0.003 0.006
Bond angles (%) 0.555 0.739 0.589 0.615
Validation
MolProbity score 1.82 2.04 1.55 1.65
Clash score 7.06 13.08 4.67 5.03
Poor rotamers (%) 0.10 0 0.35 0.12
Ramachandran plot
Favored (%) 93.40 93.70 95.58 94.42
Allowed (%) 6.51 5.99 432 5.37
Disallowed (%) 0.09 0.32 0.11 0.21
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection CFX Maestro v5.3.022.1030, Typhoon FLA 7000, MinKNOW 24.11, Thermo Scientific Smart EPU

Data analysis Python 3.9, pandas 1.2.0, matplotlib 3.5.2, SAMtools 1.9, ClipKIT, IQ-TREE 2.3.6, warpdemux 0.4.4, dorado 0.8.3, cmsearch, tRNAscan-SE 2.0,
BWA-MEM 0.7.17, AlphaFold3, ChimeraX 1.7, ISOLDE, Phenix 1.20.1, DefenseFinder 2.0.1, CRISPRCasFinder 4.2.21, cryoSPARC 4.6,
Trimmomatic v0.39

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The lllumina-based PFS screen data and the direct RNA Nanopore sequencing reads were deposited at the European Nucleotide Archive (ENA) under accession code
PRJEB88250 (https://www.ebi.ac.uk/ena/browser/view/PRIEB88250).
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Models and associated cryo-EM maps have been deposited into the PDB database with the following accession codes: BalCas12a3 binary complex (EMD-52275,
PDB: 9HLX), BalCas12a3 ternary complex (EMD-52287, PDB: 9HM6), BalCas12a3 quaternary complex at pre-cleavage state (EMD-52285, PDB: 9HM4), and
BalCasl2a3 quaternary complex at post-cleavage state (EMD-52286, PDB: 9HM5).

Source data are included for graphical results. Raw gel images are included as Supplementary Figure 1.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Not applicable. No human participants, their data, or biological material used in this work.

Reporting on race, ethnicity, or Not applicable. No human participants, their data, or biological material used in this work.
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groupings

Population characteristics Not applicable. No human participants, their data, or biological material used in this work.
Recruitment Not applicable. No human participants, their data, or biological material used in this work.
Ethics oversight Not applicable. No human participants, their data, or biological material used in this work.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Quantitative experiments involved a sample size of at least three, the minimal number needed to perform statistical analyses. The exact
sample size is indicated in each figure legend.

Data exclusions  No data were excluded from the analyses.
Replication All measurements were performed in at least three biological replicates, unless stated otherwise. All replicates were successful.

Randomization No randomization was performed, as is common in molecular biology and microbiology studies. In some cases, values were normalized to a
control condition in the same experiment, such as the PFS library under non-targeting conditions (e.g., Fig. 1c), CFUs under non-targeting
conditions (e.g., Fig. 1d) or the maximum enzymatic activity in an in vitro cleavage assay (e.g., Fig. 1f), to reduce between -experiment
variability independent of the specific sample.

Blinding No blinding was performed, as is common in molecular biology and microbiology studies. A major rationale is that the process of experimental
design, conducting an experiment, and analyzing the results is conducted by a single researcher, and involving others to blind the results
creates an additional burden on personnel and creates the potential of labeling errors. Instead, results are confirmed through biological
replicates and parallel assays to ensure consistency, such as testing Cas12a3 nucleases in E. coli and in vitro (e.g., Figs. 1d-f).
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