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Supplemental Figure 1, Related to Figure 1 (A - D) Surface electrostatics of PbuCas13b. (A) Surface
electrostatics of PbuCas13b with the active site and side channels labeled and crRNA shown in red. (B) Surface
electrostatics of PbuCas13b rotated 180° from panel A with the second side channel labeled. (C) Surface
electrostatics of PbuCas13b with the Lid domain removed, showing highly positively charged inner channel.
(D) Surface electrostatics of the putative crRNA processing active site involving K393. (E) Grouped topology
map of PbuCas13b secondary structure.
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Supplementary Figure 2, Related to Figure 3, 4 (A - H) Mutagenesis Cas13b residues impacts RNA
interference. (A) Effect of all PbuCas13b site—directed mutations on RNA (luciferase) interference in
mammalian cells. Strongest interference knockdowns are colored in blue. (B) PbuCas13b with mutations
that substantially affected knockdown labeled and colored in red. (C) Mutations made in the inter-domain
linker (IDL). (D) Mutations made to crRNA contacts and the bridge helix. (E) Mutations make around
side-channel 2. (F) Mutations made nearby the HEPN active site. (G) Mutations made in the Lid domain.
(H) Mutations predicted to mediate RNA targeting. (I - P) Direct repeat RNA

structure and sequence. (I) The structure of crRNA within the crystallized PbuCas13b complex. (J) Ideal
A-form RNA for comparison to crRNA structure. (K) crRNA multiplete one. (L) crRNA multiplete two.
(M) crRNA multiplete three. (N) Diagram of direct repeat base pairing and secondary structure. (O)
Alignment of PbuCas13b direct repeat sequences with conserved residues highlighted according to base
identity and denoted with an asterisk. (P) Changes in the crRNA impact PbuCas13b nuclease activity and
complex stability. crRNA base identity swapping experiments data shown as a heatmap. Upper panel
shows fluorescencent collateral RNA-cleavage assays; lower panel shows thermal stability.

The hashed fill denotes wild-type base identities
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Supplementary Figure 3, Related to Figure 3 - 5. (A - F) Identification of RNA processing center and RNA escorting hairpin. (A)
Schematics of crRNA (top left); pre-crRNA array used for the crRNA processing assays (bottom left); and primary and
secondary structure of direct repeat (DR) for wildtype (w) and sequence complement control (c). (B) Gel showing processing of
wild-type pre-crRNA array and lack of processing of complementary pre-crRNA array. Cartoons of the expected cleavage
products are shown to the left of the gel. (C) Gel showing processing of pre-crRNA array with wild-type direct repeat (w) by
PbuCas13 variants (see also Figure 2B). Pre-crRNA with complementary direct-repeat (c) is not processed. Cartoons of the
expected cleavage products are shown to the left of the gel. (D) SHERLOCK assay measuring collateral activity of crRNA
processing mutants. Asterisk denotes nearly undetectable levels of activity. (E) REPAIR activity with PbuCas13b mutants of the
Lid domain hairpin (wild-type PbuCas13b is shown in blue). (F) Model showing the path that target RNA (black) is predicted to
take through the protein. The Lid domain hairpin bearing D397 is colored yellow and labeled, as is the central channel entrance,
which is the predicted site of domain opening. (G - I) Melting curves of PbuCas13b with substrate RNA. (G) The effect of RNA
substrate on PbuCas13b thermal stability. (H) The effect of PbuCas13b RNA cleavage on thermal stability. (I) The effect of
magnesium on PbuCas13b thermal stability. (J) Limited proteolysis of PbuCas13b. T, Trypsin; C, Chymotrypsin; P, Pepsin; L,
ladder. (K) Titration of target RNA (as measured in molar ratio of RNA to protein) into PbuCas13b-crRNA complexes in a
thermal denaturation assay.
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Supplementary Figure 4, related to Figures 3 - 5. Structure guided engineering of Cas13b. (A) Heatmap showing the
mean collateral cleavage activity for PbuCas13 variants with altered loop sequences. Substituted regions
corresponding to sequences derived from other Cas13b orthologs are indicated by ‘Pbu:’, followed by their respective
ortholog protein names. Cas13b cleavage activity on di-nucleotide reporters was clustered based on Euclidean
distances. Right, crystal structure of PbuCas13b with the variable loop colored in cyan and active site residues colored
in magenta. Pgi, Porphyromonas gingivalis; Ran, Riemerella anatipestifer; Pin, Prevotella intermedia; Pgu,
Porphyromonas gulae; Psa, Prevotella saccharolytica; Pau, Prevotella aurantiaca. (B) Collateral cleavage activity
across all possible di-nucleotide RNA motifs for selected PbuCas13b mutants. Bars represent the mean collateral
cleavage activity + S.E.M from four technical replicates. (C) Alignment of Cas13b orthologs showing the active site
proximal loop variable region (see also Data S1 for full alignments).
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Supplementary Figure 5, related to Figures 3 - 6. (A) RNA editing with smaller Cas13b variants.
REPAIR assay of PguCas13b C-terminal truncations. (B - D) Comparison of PbuCas13b
structure to LbCas12a. (B) PbuCas13b with bridge-helix highlighted in red. RNA is colored in
pink. (C) LbCas12a (PDBID: 5XUS, previously known as Cpfl) with bridge-helix highlighted in

cyan. RNA is colored in light purple, DNA dark purple. (D) Manual sequence alignment of
bridge helix from PbuCas13b and LbCas12a.
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Supplementary Figure 6, related to Figure 3 and
Star Methods. (A - D) Raw uncropped gels and (E)
gel filtration of PbuCas13b complexes.



Supplementary Table 1, related to Star Methods. Mutations tested for RNA interference.
List of mutations and averaged normalized fluorescent values from 3 biological replicates.

Mutation Guide 1 normalized RLU | Guide 2 normalized RLU
RS53A 0.747858 0.618255
R53K 0.533437 0.415443
R53D 0.708809 0.656473
RS53E 0.653859 0.505983

Y164A 0.560344 0.423418
Y 164F 0.555361 0.419603
Y164W 0.578905 0.411809
KI183A 0.611807 0.434156
KI193A 0.637075 0.435537
R285A 0.621679 0.473138
K292A 0.709821 0.47966

E296A 0.753062 0.402674
N297A 0.697938 0.407599
T405A 0.668786 0.366621
H407A 0.541401 0.358297
H407Y 0.503637 0.335036
H407W 0.528546 0.359063
H407F 0.495551 0.341844
K457A 0.632984 0.441894
H500A 0.549885 0.34935

K570A 0.575468 0.362485
K590A 0.587262 0.383572
R600A 0.565624 0.417064
K607A 0.687397 0.430726
R614A 0.744806 0.450827
N634A 0.661617 0.386325
R638A 0.696471 0.410163
Q646A 0.675146 0.372062
N647A 0.677884 0.400227
N652A 0.665943 0.406755
N653A 0.650794 0.384887
K655A 0.900461 0.58631

S658A 0.625349 0.363679
K741A 0.648908 0.401644
K744A 0.651516 0.42232

N756A 0.650638 0.447333
S757A 0.618393 0.402225
R762A 0.862666 0.577076
R791A 0.644193 0.444169
K826A 0.600621 0.395086
K828A 0.619022 0416127
K829A 0.593882 0.404272
K846A 0.576794 0.407463
K857A 0.595231 0.40528




R877A 0.683229 0.461362
K943A 0.573508 0.394379
K943R 0.60418 0.403167
K943D 0.69041 0.386955
K943E 0.702192 0.372508
R1041A 0.662393 0.371243
R1041K 0.629986 0.376016
R1041D 0.813623 0.680736
R1041E 0.842593 0.484389
D397A 0.63295 0.376658
E398A 0.557761 0.365275
D399A 0.590279 0.368724
E400A 0.560351 0.349016
D434A 0.524497 0.364659
R618A 0.611197 0.401871
R830A 0.663284 0.405163
Q831A 0.548391 0.351777
K835A 0.503864 0.373504
K836A 0.503571 0.374439
R838A 0.549749 0.372399

WT 0.563282 0.335038




Supplemental Data S1: Alignments of Cas13b proteins annotated with crystal structure secondary structure
and colored by conservation. Pgu, Porphyromonas gulae; For, Flavobacterium branchiophilum; Cca,
Capnocytophaga canimorsus; Bzo, Bergeyella zoohelcum; Ran, Riemerella anatipestifer; Psa, Prevotella
saccharolytica; Pgi, Porphyromonas gingivalis; Pin, Prevotella intermedia; Pau, Prevotella aurantiaca.
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