
A B

C

180º

Active site

Side
Channel-1

Side
Channel-2

D

K393K393

N657N657

N660N660
N684N684

3Ⱦ3Ⱦ

5Ⱦ5Ⱦ

Supplemental Figure 1, Related to Figure � (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 'ata S� for full alignments).
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Supplementary Figure 5, related to Figures 3 - �. (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 Cpf1) 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 �, related to Figure 3 aQd 
6tar 0etKods. (A - D) Raw uncropped gels and (E) 
gel filtration of PbuCas13b complexes. 
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Mutation Guide 1 normalized RLU Guide 2 normalized RLU 
R53A 0.747858 0.618255 
R53K 0.533437 0.415443 
R53D 0.708809 0.656473 
R53E 0.653859 0.505983 

Y164A 0.560344 0.423418 
Y164F 0.555361 0.419603 
Y164W 0.578905 0.411809 
K183A 0.611807 0.434156 
K193A 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 0.416127 
K829A 0.593882 0.404272 
K846A 0.576794 0.407463 
K857A 0.595231 0.40528 

Supplementary Table �, related to 6tar 0etKodV. 0utatioQs tested Ior 51$ iQterIereQFe.  
/ist oI PutatioQs aQd aYeraged QorPali]ed IluoresFeQt Yalues IroP 3 EiologiFal reSliFates.



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; Fbr, 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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PauCas13b               NV  TI  I   L         D                                       YI  NH NKL EIRE..IDN EK............................VLDIKTL
PinCa13b-2              NV  TV  I   L         D                                       YI  NH NKI EEDE..INR GY............................ENTLENS
PinCas13b-3             NV  TV  I   L         D                                       YI  NH NKI EEGE..INR GY............................ETTLKNT

                                                            PbuCas13b               
       90       100       110                      120      

PbuCas13b               W         L K  R   LI K FPFL  A                              NEQ...AKK D KV LRD  M H    EA A.Y..............EMTNSKSPNNKE
PguCas13b               W         L R  R   LI K F FL  A                              KNF...DND E KS LRS  L H S  EG A.YGKKLFESKSSGNKSSKNKE...LTKK
FbrCas13b               F           K  K   L    F     I                              DYVLIEELKDE PL FIT QKDF TKEFS K.............LQKLINSIRNINNHY
Alistipes_ZOR0009_Cas13b F           K       I K    L  A                              GEV...ESNPD ....... E SLDT PP I..................LRQIASFIWL
CcaCas13b                               I    K   I    FPF   L                             LNEIFKKDIS VDYE WVN FADY   TKY SLYLEEMQFKNRVICFRDVMKELLKTVEA
BzoCas13b               F         L    R   LL   FP A  L                              DAIFKENIS VEYE YVK  SDY  M RL D..KKEVPIKERKENFKKNFKGIIKAVRD
Prevotella_P5-125       Y           K       L   FPFL  M                              NAKNGYDKQPE TMFIIER QSY    KI A.................ENQREYSNGKY
RanCas13b               W         L K      LI K FPFL  M                              NNILNNDHD L KSQLTE  L H    TA C.Y.....HPPKKEGKKKGHQKEQQKEKE
Prevotella_MA2016_Cas13b W              K   LL K FP L  M                              EKKL..RLNPEQQT FQK  F H  V GP M.A.......DVADHKAYLNKKKSTVQTE
PsaCas13b               W         L R      LI K FPFI  A                              DDL...DTD T KYQLRE  L H    QP I.IGAQTKERTTIDKDKRSTSTSNDSLKQ
PgiCas13b               W         L R  R   LI K F FL  A                              KNL...DND E KA LRS  L H S  EG A.YGKKLFESQSSGNKSSKKKE...LSKK
PinCas13b-1             W         L K  R   LM K FPFL  A                              EKV...NGD N TE LRE  T H    ET I.Y..............TKNKE...DKEE
PauCas13b               W         L    R   LM K FPFL  A                              QKG...NKD NQKA LRE  T H    ET I.Y..............TKNKE...DKKE
PinCa13b-2              W         I K  R   LI K FPFL                                 NEI....KD N KD LSK  I H    EATT.Y..............RQNPT...DTTK
PinCas13b-3             W         I K  R   LI K FPFL  A                              NEI....KD N KD LSK  I H    EA T.Y..............RLNPT...DTTK

                          .....                             PbuCas13b               
 130       140       150            160          170        

PbuCas13b                R      A S   L   LF  L  L       LRN YSH                  E Q EKEQSE L LNN KNV  IF EK .....QV   Y   ...YKYSEESPKPIF... T
PguCas13b                K      A S   L   LF  L  L        RN YSH                  D E EELQAN L LDN KSI  DF QK .....KDF  Y   ...YRHSGSSELPLF... G
FbrCas13b                H      L                L       I   Y                    D V NFNDIN NKIDSNVFHFLKESFE .....AI EKY KV........NKKYPL.... N
Alistipes_ZOR0009_Cas13b  K      A S   V   V   V  L        RN FSH                    S EDHPDK Y TEE KVI TDL RR .....CFY  Y   ......CFYLDTQYF.....
CcaCas13b                      R            I   VF  L  V       VKN Y K                    L NFYTHYDHEPIK EDR  YF DK LLDVSLT   K L ...TDKTKEFLNQHIGEELK
BzoCas13b                R            I   IF  L  M       VK    K                    L NFYTHKEHGEVE TDE  GV DE LKSTVLT  KKKV ...TDKTKEILKKSIEKQLD
Prevotella_P5-125                     V   AF  L          L N Y                    E KQNRVEVNSNDIFE LKR  GV KMY.....RD T H KT...YEEKLNDGCEFLTST Q
RanCas13b                       A N   L   L   V  L       LRN YSH                  E SEAQSQAE L PSK IEA EIL NQ .....HS   Y   ...YKH....KKPDA... K
Prevotella_MA2016_Cas13b           S       I   A  L        RN YTH                    DETFAMLKGV LADCLDI CLM DT .....TEC  F   KDPYNKPSQLADQYL...HQ
PsaCas13b                       L S   V    F  L  L       LRN YSH                  D TGEGDIND L LSN KSMF RL QI .....EQ   Y   ...VKHSKSATMPNF... E
PgiCas13b                K      A S   L   LF  L  L        RN YSH                  D E EELQAN L LDN KSI  DF QK .....KDF  Y   ...YRHPESSELPLF... G
PinCas13b-1              K      A S   L   LF  L  L       ARN YSH                  E V QEKQAK Q FDS KHC  LF EK .....QE   Y   ...YKYSESTKEPML... K
PauCas13b                K      A S   L   LF  L  L       ARN YSH                  E V QEKQAE Q LES KDC  LF DK .....QE   Y   ...YKYSEFSKEPEF... E
PinCa13b-2               K      A S   L    F  I  L       LRN YSH                  E Q EEKQAE Q LES KKSF VF YK .....RD   H   ...YKHSKSLERPKF... E
PinCas13b-3              K      A S   L    F  I  L       LRN YSH                  E Q EEKQAE Q LES RKSF VF YK .....RD   H   ...YKHSKSLERPKF... E

                                                            PbuCas13b               
  180       190         200          210                    

PbuCas13b                L   M   F   V  V  D         I       F  L                   S LKN YKV DAN RL KR YM..HHE.N DMQRD.. TH NRK........K.......
PguCas13b                M   L   F   V  V  D         V       F  L                   N LQR YNV DVS QR KI HE..HND.E DPHYH.. NH VRK........G.......
FbrCas13b                I   L   F      I  E                    I                   E VLF KEL ...... KD NTALLNY.FTNLSKDEAIEY L..................
Alistipes_ZOR0009_Cas13b                 I                    F                      ......YSDELVDTTA GEKLP..YNF..HHFITNRL RY....................
CcaCas13b                      L              I  E         I       F                      E CKQRKDYLVGKGKR DK .....SE.I NGIYNNA KDFICKREKQDDKENHNSVEKI
BzoCas13b                L           A  I                    F                      I CQKKLEYLRDT RK EEKRRNQRERGEKELVAP.. KYSDKRDDLIAAIYN.......
Prevotella_P5-125        L   I   Y   L  M            L       F  V                   P SGM NNY TVA RN NERYG..YKTED AFIQDKR KF KDA.......YG.......
RanCas13b                I   L   F   L  V  D         V       F  L                   D FKH YKA DAS RM KE YK..AHF.T NLTRD.. AH NRK........G.......
Prevotella_MA2016_Cas13b  M              I  D         V          L                   E IAKKLDKVVVASRR LK REGLSVN.E EFLTG..IDH HQEVLKDEFGNA.......
PsaCas13b                L   M   F   V  V  D         I       F  L                   D LNW RYI IDS NK KE YS..SNS.V DPNTS.. SH IYK................
PgiCas13b                M   L   F   V  V  D         V       F  L                   N LQR YNV DVS QR KR HE..HND.K DPHRH.. NH VRK........G.......
PinCas13b-1              L   M   F   I  V  D         I       F  L                   E LKK YNI DDN QL IK YQ..HNK.D NPDED.. KH DRT........E.......
PauCas13b                L   M   F   I  V  D         I       F  L                   G LEK YNI GNN QL IN YQ..HNK.D NPDED.. KH DRK........G.......
PinCa13b-2               L   M   F   I  V  D         I       F  L                   D QNK YNI DVS QF KE YK..HNT.D NPKKD.. KH DRK........R.......
PinCas13b-3              L   M   F   I  V  D         I       F  L                   G LEK YNI NAS RL KE YQ..YNK.D NPDED.. KH DRT........E.......

α1 

η1 α2 

α3 α4 

α5 α6 

α7 η2 



                         TT                                 PbuCas13b               
                220        230                              

PbuCas13b                                          F    F                           ..............QVGRTKNIIDSPN .HYH A.DKEG.....................

PguCas13b                                          F    F                           ..............K.KDRYGHNDNPS .KHH V.DGEG.....................

FbrCas13b               ..............TFTITENKIWNINNEHNILNIEKGK.....................

Alistipes_ZOR0009_Cas13b                                 W                           .......................SLPEITLFR NEGERK.....................

Cca                                                Y    F                           LCNKEPQNKKQKSSATVWELCSKSSSK TEKS PNREND................KHCLE

BzoCas13b                                          Y                                ......DAFDVYIDKKKDSLKESSKAK NTKSDPQQEEG..................DLK

Prevotella_P5-125       ..............KKKSQVNTGFFLSLQDYNGDTQKKL.....................

RanCas13b                                          F    F                           ..............K.....NKQDNPD NRYR ..EKDG.....................

Prevotella_MA2016_Cas13b                            Y    F                           ..............KVKDGKVMKTFVE DDFY KISGKRLVNGYTVTTKDDKPVNVNTML

PsaCas13b                                               F                           ....................DEQGKIKPCRYP T.SKDG.....................

PgiCas13b                                          F    F                           ..............K.KDKYGNNDNPF .KHH V.DREG.....................

PinCas13b-1                                        F    F                           ..............E...........E .NYY TTNKKG.....................

PauCas13b                                          F    F                           ..........................Q .KYS A.DNEG.....................

PinCa13b-2                                         F    F                           ..............K..........GK .HYS A.DNEG.....................

PinCas13b-3                                        F    F                           ..............E...........E .NYY TKDNEG.....................

                                                            PbuCas13b               
240       250       260       270                       280 

PbuCas13b                             FL              F                               MT  GLLFFVSL   K DA  M  KL G K                        MT E.N  IA          D K  IW QK  K   DG................RNLREQ  N 

PguCas13b                             FL              F                               VT  GLLFFVSL   K DA  M  KI G K                        MT E.M  EA          E R  IW QK  R   GG................TETYQQ  N 

FbrCas13b                             FL              F                               LT   MLF ITI   K EA  L  KL   K                           E.Y  FEA   L     Y N  NH LP  YD  NN.....................KSKQ 

Alistipes_ZOR0009_Cas13b               FL              F                               I   GLIFF  L   R  A      L   K                        I   YE LRD     CC   K GQ ERFLNE RF  RT.................DEEGR KRT

Cca                                   FL              F                               IS  GIVF LS    K EI  L   I G K                        AT  VP  QK    L  F  N G  YA TSN K   AKI.....TKEEPVTYDKNSIRYM  HR

BzoCas13b                             FL              F                               IS  GVVF LSL   K EI     KI G K                        AT EIP  KN    L     T Q  HAFKS  A   ATVIDEATVSEATVSHGKNSICFM  H 

Prevotella_P5-125                     FL              F                               LS  GIA  I L   K  I     RL                            I   .H  GV   LL C   D QY NIFLS  PI SSY..............NAQSEERR IIR

RanCas13b                             FL              F                                T  GLLFF NL   K DA  M  KV G K                        MT E.FF ES     T    D R  YW LK  S   AS................HKQREK  T 

Prevotella_MA2016_Cas13b               FL              F                               LS  GLLYF  L   K  A      V                            I  EPA  DF     CV   S PY KLFIDE RL EYS..............PFDDKENM MS 

PsaCas13b                             FL              F                               IN  GLLFFVSL   K D   M  KI G K                        MT E.S  AF          E Q SIW QK  P   KA................SENYMK  N 

PgiCas13b                             FL              F                               VT  GLLFFVSL   K DA  M  KI G K                        MT E.T  EA          E R  IW QK  R   GG................TEAYQQ  N 

PinCas13b-1                           FL              F                               IT  GLLFFVSL   K DA  M  KL G K                        MT E.N  AS          E K  IW QQ  R   DN................RESKKK  H 

PauCas13b                             FL              F                               IT  GLLFFVSL   K DA  M  KL G K                        MT E.N  ES          E K  IW QQ  N   DN................LENKKK  H 

PinCa13b-2                            FL              F                               IT  GLLFFVSL   K DA  V  KL G K                        MT E.N  ES          E K  IW QK  E   CS................NKSYQK  N 

PinCas13b-3                           FL              F                               IT  GLLFFVSL   K DA  M  KL G K                        MT E.N  ES          E K  IW QQ  R   DN................RENKKK  N 

                                                            PbuCas13b               
             290                300       310       320     

PbuCas13b                                                                 P         VF        R RI  PKL KL         N      M LDMLNEL RC   LY  L    C....... S  SL   .  E........ VQTKDW Q       V   KS  ER RE

PguCas13b                                                                 P         VF        R RI  PKL KL         S      MLLDMLNEL RC   LY  L    C....... S  SL   .  E........ LRMDDW         V   KP  DR RE

FbrCas13b                                                                 P         LF                   I                   DMIQ L H        L    T.......FFSKKFTSQ.D D........AEEGHLIKFR    Y N Y TAWNND KL

Alistipes_ZOR0009_Cas13b                                                   P         IF        K      H  HI                I  DII DL R        V    T....... YCTRES K.  G........IEEQDFL FQ   G  N V KVCDGV DL

Cca                                                                       P         MF        K KI    I            S      LML ML EL K    VY  L    SFLAYKGL R  RTSE .NYN..EDGQAS TYEKET   Q  D  N V DV  QN SE

BzoCas13b                                                                 P         IF        K KV    I            S      LMM ML EL K    VY  L    SHLAYKKL R  RTAE .NYGEAENAEQL VYAKET   Q  D  S V DV  QN SE

Prevotella_P5-125                                                         P          F           I  PK  RI         S      VAMDMLNEV RC   LF  L  S G.......INS KL  D.  H........ EKSNKS         K   DE  TT SA

RanCas13b                                                                 P         VF        R RI  PKL RL         S      MLLDMLSEL RC   LY  L    C....... S  LL   .  E........ RYDHNQ         S   KL  EK SE

Prevotella_MA2016_Cas13b                                                   P         M           RI  PRL KI         S      LAMDI  EL RC   LY  L   LS.......IY  RT   H  D........ HDSKAT     FG  R   ME  NL DK

PsaCas13b                                                                 P         VF        R HI  PKI RL         T      MLLDMLNEV RC   LY  L    C....... N  LL   .  E........ VYDKDW         V   LS  KR TP

PgiCas13b                                                                 P         VF        R RI  PKL KL         S      MLLDMLNEL RC   LY  L    C....... S  SL   .  E........ LRTDDW         V   KS  DR RE

PinCas13b-1                                                               P         VF        R RM  PKL RL         S      ILLDMLNEL RC   LY  L    C....... S  LL   .  E........ TQTQDW         I   KS  ER QG

PauCas13b                                                                 P         VF        R RI  PKL RL         S      ILLDMLNEL RC   LY  L    C....... S  LM   .  E........ TQTQDW         I   KS  ER QG

PinCa13b-2                                                                P         VF        R RM  PKL RL         S      ILLDMLNEL RC   LY  L    C....... S  LL   .  E........ TQTQDW         I   KS  ER QG

PinCas13b-3                                                               P         VF        R RM  PKL RL         S      ILLDMLNEL RC   LY  L    C....... S  LL   .  Q........ TQTQDW         I   KS  ER RE

                                                            PbuCas13b               
  330       340              350       360       370        

PbuCas13b                    F V       D   E              LVR QDRFPYFVLRY D   IF QLRKDRES K PFDIFSD YNA .......EEPFKNT   H           F LNE  E   

PguCas13b                    F V       E   D              LVR QDRFPYFALRY D   VF SLRDDRAC R PVDILPD DDT ....GGGEDPFKNT   H           F LKK  T   

FbrCas13b                      I                              N  YP FA            I ESENKNK MTTKLIDSI................IEFEL SN  S  ..........TD Q

Alistipes_ZOR0009_Cas13b        I       E                  LIR  DKFPYYLMRY     V   I SKENERY KNRETSN SDEN.......KARYR.L   EK          IVDFG LPC T

Cca                          F         E   D                R  DKF YFAIRF D    F TLRDVQKT IEDWNEYLK NNG VGTMEEEQVIHPVIRK YE   N      L EFAQ P   

BzoCas13b                    F         E   D                R  DKF YFAIRF D    F TLRDVQKT IEDWNEYLK NNG VGTMEEEQVIHPVIRK YE   N      L EFAQ P   

Prevotella_P5-125            F I       D                  M R SDRF   LL Y D   LF  IREKQSR R ....ISD HNEV.............L K S    VPL  Q I YGK  DH  

RanCas13b                    F V       E   E              LIR QDRFPYFALRY D    F SIRENKKH Q EADGFLD IEE .......QNPFKDT   H           L LNES K   

Prevotella_MA2016_Cas13b      F             D               LR  DRFP  ALRY D   LF  IRNAGQP FHDEVKHPNSHTP ...........VSKR  YD    TL    I ETE  KR  

PsaCas13b                    F V           E              LVR Q RFPYFVLRF D   VF TLRAAQNK K PEKSSDNANRQ ......DDNPFSRI   H N         F LNE  T   

PgiCas13b                    F V       E   D              LVR QDRFPYFALRY D   VF SLREDRAR R PVDILSD DDT ....GTEEDPFKNT   H           F LKK  T   

PinCas13b-1                  F V       D   E              LVR QDRFPYFALRY D   IF NLREYRKK N PFDSADE YDA .......QEPFKNT   H           F YNE  T   

PauCas13b                    F V       D   E              LIR QDRFPYFVLRY D   IF NLRDDREK K PFDPADE YNA .......QEPFKNT   H           F YNE  K   

PinCa13b-2                   F V       D   E              LVR QDRFPYFALRY D   VF NLRVNRKK Y SFDPADE YDA .......QEPFKNT   H           F YNE  A   

PinCas13b-3                  F V       D   E              LVR QDRFPYFALRY D   IF NLREDREK R PIEIADE YDA .......QEPFKNT   H           F YNE  T   

                .. TT                       .....           PbuCas13b               
380       390         400       410       420                

PbuCas13b               F                                   R                         I LGTYHF    K   I      RHL H L  F  IQD            EE       Q D      SIYN R.. GDEDEV   T H YG A    FAPQ.....NQP  WRKL..

PguCas13b               F                                   R                         I LGTYHF    K   I      RHL R L  F  IQD          R EE       H D      AIYK M.. GEQPED   T N YG G    FAEE.....H P  WKRL..

FbrCas13b               F                                   R                           A  F F    K              K        N           R E        KKE KA L ASNK R......NQTSFSN SYNEEI H PHIKQ.....Y D IASALTP

Alistipes_ZOR0009_Cas13b F                                   R                                                H     V                             KQN.......DYSTK...EGRGQF YQDAA AQEE CYNFV..................

Cca                     F                                   R                         V LGNY      K   I      R V K I  F  LSE            EE       Q H    LCDKRT Q.. CDTTTE E K K TV G    LENKKAIFLNER  ......

BzoCas13b               F                                   R                         V LGNY      K          RRI   I  F  LSE                     Q H    LHDSRP E....NLISD   KEK TV G    LEHK..........KALF..

Prevotella_P5-125       F                                   R                         V MG  RY        I      R I   L  F  L E          R  E       H N  KL  LLKADKTC DGQTRV V EQP NG G  E .AET.....M KQ NGTFGN

RanCas13b               F                                   R                         V LGTYHY    K   I      RHL R L  F  LQD          R  E       Q D      CIYD K.. GDEQEK   T T LS G    FTEI.....N PQ WKAL..

Prevotella_MA2016_Cas13b F                                   R                         L LGSFRY    K   I      RRI K I  Y  MQE          R D        Q Q      KFYD ENC DGRVRV   Q E NG G    VADK...... M KWGDL..

PsaCas13b               F                                   R                         I LG YHF    K   I      HHL R L  F  LQ           R EE       Q N  C   AICK Q.. GDKKEV   I T YG S   NFTQN.....T P  WNTL..

PgiCas13b               F                                   R                         I LGTYHF    K   I      RHL R L  F  IQD          R EE       H D      AIYK N.. GEQPED   T N YG G    FAEE.....H P  WKRL..

PinCas13b-1             F                                   R                         I LGTYHF    K   I      RHL H L  F  IQE          R DE       Q D      SIYK L.. GGQKED   T K YG E    FAKQ.....N T  WKAI..

PauCas13b               F                                   R                         I LGTYHF    K   I      RHL H L  F  IQE          R DE       Q D      SIYK L.. GGQKED   T K YG E    FAKQ.....N P  WKAI..

PinCa13b-2              F                                   R                         I LGTYHF    K   I      RHL H L  F  IQE          R DE       Q D      SIYK L.. GGQKED   T K YG E    FDKQ.....N P  WKAI..

PinCas13b-3             F                                   R                         I LGTYHF    K   I      HHL H L  F  IQE          R DE       Q D      SIYK Q.. GDYKES   T K YG E    FTKQ.....N P  WRKF..

α8 α9 α10 α11 

α12 α13 

α14 η3 β1 β2 α15 

β3 β4 η4 η5 α16 



                                                            PbuCas13b               
  430                         440             450           

PbuCas13b                   VK                  D F             PYIS T PHY L        ....  ................DL H ..ETSQE......    K A   H E.......

PguCas13b                   VR                  D F             PYIS T PHY I        ....  ................DL Y ..ETGDK......    Q S   H E.......

FbrCas13b                   VK                    F              Y   S G            ISFN  ED..............KFKI VKKHVLE......E FPN I YEKFLE......

Alistipes_ZOR0009_Cas13b     VR                    Y              YM        I        ....  ................NGNV Y............S  PQAQNVVR S.......

Cca                         IK                  E F             P  S   PK  I        ....  ................GW V ............. NP YDF  EN SVNYKDFP

BzoCas13b                   IK                  E               P  N   PK  I        ....  ................NT T...NEDREHYWEIF NP YDF  EN SVNDKDFP

Prevotella_P5-125           IR                  E               PYI  T  HY L        SGIR  ................DF NMKRDDANPANY...   VD YT  I E.......

RanCas13b                    K                  D               PFIS T PHY I        ....T ................DL YK..ETSNQ......    K T   H T.......

Prevotella_MA2016_Cas13b     I                   D F             PYVT   P Y I        .... QKREERSVKLEHEELYINL Q LEDTADST.....    DRR A N H.......

PsaCas13b                   VK                  E               PYIS T PHY I        ....  ................TT PSSGNDGKTVQGVPL    Y I   Q E.......

PgiCas13b                   VR                  D F             PYIT T PHY I        ....  ................DL Y ..ETGDK......    Q T   H E.......

PinCas13b-1                 VK                  D Y             PYIS T PHY L        ....  ................DF T ..ETSEE......    E A   H E.......

PauCas13b                   VK                  D Y              YIS T PHY L        ....  ................DL T ..ETSNK......R   E T   H E.......

PinCa13b-2                  VK                  D F             PYIS T PHY L        ....  ................DS T KKKEEKEEEK...    E T   H E.......

PinCas13b-3                 VK                    F             PYI  T PHY L        ....  ................TFNS ..ETSKE......   PE T   H E.......

             TT                                 TT          PbuCas13b               
                460           470              480          

PbuCas13b                              KIGIK           LF       P L      N   KF     .............NE     FCSA....HNN  ....... S QTDKTC GRS  NLG..

PguCas13b                              KIGLR           LW       P        T   KY     .............KG     FMPE....GQH  ....... SPEVGTTR GRS  AQD..

FbrCas13b                                GLK           L          I          R      .....YNDFTEKEKEDF   LYSNPK..TNK I.......ER DNHKLVKSHG NQDR..

Alistipes_ZOR0009_Cas13b                   I            VY         I           Y     .............ELQGT SVEEL....RNM  .......AS NGKDVNKSVEQ LYH..

Cca                                    KIGIR           I          I      N   R      IVGSILDREKQPVSN     VKIAD.ELQRE D.......KA KEKKLR PKN KANQDE

BzoCas13b                              KIGIK           V          V      Q          IAGSILDREKQPVAG     VKLLNQQYVSE D.......KA KAHQLK RKASKPSI..

Prevotella_P5-125                      KV M            L        P I          RY     .............NN  E FINDKED..SAP L....... V EDD.......  VVK..

RanCas13b                              KIG R           LY       P L      N   KY     .............DN   F LGT.....SKE  ....... S EIKDGA RIA  PYN..

Prevotella_MA2016_Cas13b                RIGL            VF       P L          K      .............AN    YWEDSQNPKQYK  DENGMYI E VVTEDKKAPI MP....

PsaCas13b                              KIGIK           IW       P V      N   KY     .............NE     IFDGDTAVDTD  ....... S STEKQL KPD  TLT..

PgiCas13b                              KIGLR           LW       P        T   KY     .............KG     FVPE....GQH  ....... SPEVGATR GRS  AQD..

PinCas13b-1                            KIGIR           IW       P L      N   KY     .............NQ     FRND....NDE  ....... S KTNGEN EKR  KLD..

PauCas13b                              KIGIR           IW       P L      N   KY     .............NQ     FRNG....NKE  ....... S KTNDEN EKS  KLD..
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