Supplementary Tables and Figures

Table S1. DNA oligonucleotides used in this study.

Primer

Sequence (5°-3’)

Purpose

spc1 crRNA capture

A17  5-Biotin-CTTTGTACTGATGATTTATATACTTCGGCATACGT  and protein affinity

purification

FO03 GCAAGAGTAACAAGAGGATCTGAGTTTG inverse PCR:

FO04 AATTTGTCTTGGGTTTGCAACTG pcrispr/csm3¥4%*

FO05 TCACTTATTAGAGAATGCCTATCTTGGTGG inverse PCR:

F0O06 ATCGCTTTTTCAATATTCTCAAAATCATCC pcrispr/csm3°' %"
AA001T AACAAAGCCATTTATAGCAAAATTAAAGTCAGC inverse PCR:
AA002 TTTTTCATTATTATATTTTGACACGAGAGTTGTTTTG pcrispr/csm5°>**

F033 GAATTGTCAGATAGGCCTAATGACTGG Gibson assembly of

FO034 GGCCTATCTGACAATTCCTGAATAG pcrispr mutants

CGGGCTTACAACAAGCGCGTTAGCAAATTTAATGGAGCA
F118 . .
GG Gibson assembly:

F119 SCTGCTCCATTAAATTTGCTAACGCGCTTGTTGTAAGCCC pcrispr/csm2"4TAR9A

F194 GAAGCAGGACGAGCAAAAAGCGTTGATG Gibson assembly:

F195 CATCAACGCTTTTTGCTCGTCCTGCTTC pcrispr/csm 25

FO11 ATTATTGTAAATACTTTGCAGCTTTAGTTGCATAC Gibson assembly:

F030 CAACTAAAGCGTCAAAGTATTTACAATAATCTAAG pcrispr/csm25'%®

F031 CAAAAGGAGGCTTAATATGTATTCAAAAATTAAAATTTC Gibson assembly:

F032 CATATTAAGCCTCCTTTTGATAATATTTAGCG pcrispr/csm2°™

F120 GGAGGATTAATATGTATTCAGCAATTAAAATTTCAGGAAC _

AATTGAAG Gibson assembly:
CTTCAATTGTTCCTGAAATTTTAATTGCTGAATACATATTA  perispr/csm3
F121
ATCCTCC
CCTATCATACCTGGCAGTTCAATCGCAGGAGCAATGGCA .
F122 A ATTTATTAGCAAAAC GC'ZZZC/;‘:;‘Z,%?J\Y@A,R
F1p3 GTTTTGCTAATAAATTTGCCATTGCTCCTGCGATTGAACT B
GCCAGGTATGATAGG
F128 GGTCAAGTTATGAAGAAGCAAGCTTACATTTATGAC Gibson assembly:
F129 GTCATAAATGTAAGCTTGCTTCTTCATAACTTGACC pcrispr/csm5°2%"
CAAGTTATGAAGAAGCAAGATTACATTTATGCCTTTTATAA . _

F196 TTC G|b§on asseg?/l\y.

F197 GAATTATAAAAGGCATAAATGTAATCTTGCTTCTTCATAAC  Perispricsmd

F035 CCGCTAAATGCTTTACACTTAATGGTAAG Gibson assembly:

F036 CATTAAGTGTAAAGCATTTAGCGGTTTAGG pcrispr/csm5°" "

F037 TAAGAGCCGGTCAAAATAAAGTGTATCTTC Gibson assembly:

F038 GATACACTTTATTTTGACCGGCTCTTACC pcrispr/csm5°'%

F130 EETG(?TTTATCAAAAAATAGCCATTAATAAAAGTGAAAAATC Gibson assembly:

F131  GATTTTTCACTTTTATTAATGGCTATTTTTTGATAAATCGC  Porispricsmd

F039 CAATGCCTTTATATAGAGCGTGCATAGATGTAAATACCG  Gibson assembly:

FO40 CATCTATGCACGCTCTATATAAAGGCATTGATTTTTCAC pcrispr/csm5=""

pET28b-His{oSmt3-
csm3“* and

Fo7s  GGAGAATACGATAGTACAAATCTTAAAATTAAGTAGCTCG  ° “pirea

AGCACCACCACCACCAC construction: pET28b
amplification

Fo79 GTGGTGGTGGTGGTGCTCGAGCTACTTAATTTTAAGATTT — pET28b-HisioSmt3-

GTACTATCGTATTCTCC

csm3“* and




CSm3|.)'| 79A

construction:
csm3 amplification

CAGAGAACAGATTGGTGGATCCATGTATTCAAAAATTAAA

pET28b-His1,Smt3-
csm3P179A

F088 ATTTCAGGAACAATTGAAG construction:
csm3 amplification
pET28b-His;oSmt3-
Fogg CTTCAATTGTTCCTGAAATTTTAATTTTTGAATACATGGAT csm3P19A
CCACCAATCTGTTCTCTG construction: pET28b
amplification
F146  CAGAGAACAGATTGGTGGATCCATGTATTCAGCAATTAAA 25;2?3'_'*'5108”3'
ATTTCAGGAACAATTGAAG o
csm3 amplification
CTTCAATTGTTCCTGAAATTTTAATTGCTGAATACATGGAT  PET28b-HisiSmts- -
F147 CCACCAATCTGTTCTCTG c¢sm3™"" construction:
pET28b amplification
A159 ACAGAGAACAGATTGGTGGATCCATGACAATAAAAAATTA  pET28b-HisioSmt3-
TGAAGTCGTTATTAAAAC csm5 and pET28b-
His;oSmt3-csm5° 1624
GAGTTTTCAAGAGTTAAATAATGAGGTGCTATAACTCGAG oo
A160  CACCACCACCACCACCAC construction:
csmb amplification
a1e1  CAAGAGTTAAATAATGAGGTGCTATAACTCGAGCACCACC  pET28b-HisioSmt3-
ACCACCACCACTGAG csmb and pET28b-
His;oSmt3-csm5° 1624
GCTCACAGAGAACAGATTGGTGGATCCATGACAATAAAAA e
A162 ATTATGAAGTCG construction:
pET28b amplification
GCGTCACATAAAGTATTAGAGCAATCTAAAAATTAACTCG .
F134  AGCACCACCACCACCACCAC pET28b'H'S“t’f‘mtt.3'n_
137  CAGTTTTAAAAACTTTCTTCTCTTGAGACATGGATCCACCA ggﬁazzeb ‘;Om”Z” fLiIc?alt?oﬁ
ATCTGTTCTCTG
GTGGTGGTGGTGGTGGTGCTCGAGTTAATTTTTAGATTG .
F135  CTCTAATACTTTATGTGACGC pETZSb'H'S“t’S”“tt?" _
F135  CAGAGAACAGATTGGTGGATCCATGTCTCAAGAGAAGAA gggzzz :‘;:‘;I;;‘;t'%?]
AGTTTTTAAAACTG
F139 %IE%%%TG GATTGCTTTAAATTCATGGATCCACCAA DET28b-His oSmt3-
rnaser construction:
F140 géﬁé'l(;CAggig_CFJSAAAGAAAAAATAGCTCGAGCACCACCA PET28b amplification
F13g CAGAGAACAGATTGGTGGATCCATGAATTTAAAGCAATCC  crogp tic oo
gg?’%g/:\r%%ﬁggTGGTGCTCGAGCTATTTTTTCTTTCGAC rnaser construction:
F141 GCGATTTC rnaser amplification
A146  CGCGGATCCATGAGAAATGTAGAAAAATTAAATCCCGGC |
G pET28b-His oSmt3-
A147 CGCCTCGAGTTAATCAAGTGTTGTTGGATTATAAAATTGT  cbff construction
CTATTTTC
A414  CAAAGAGCTCGTCTACAAATTTC
A415 ACAAGAAACTGATTCAAGTGCTG
A416 TATTCTGAAAAGGTCAATCAAGG .
A417 GCGATGCTTCATATCGTGCG Sequencing
confirmation:
A418 CTACTTTAATAATTGAAAAAGATGG ocrispr-based vectors
A419 GTCTTTTAAATATCAGAACAGTTAC
A420 TTTAAAGTATATATCAGATTGTTTCG
A421  GCCGAAGTATATAAATCATCAG




A422

TTATGGTTATTCAATTCTCAGATC

A423 ATCAATTTTTGTCCCAATTTTCAG
A424  TTTTGTATACAGGTGGTGGCC
A425 CAAATTACTGCTATATATTCAGGC
A426 TTAAATTTTATTATGAAGCAGGACG
T7P TAATACGACTCACTATAGGG Sequencing
confirmation:
T7T TATGCTAGTTATTGCTCAG pET28b-based

vectors




Table ﬁ%ﬁ Mass spectrometry analysis of CRISPR-associated proteins that co-purify with
Csm2™".

CRISPR-associated Theoretical Mass Unique peptide Normalized
protein (KDa) count spectral counts®
Cas 10 88 61 807.65
Csm2™" 17 17 336.37

Csm3 24 17 419.80

Csm4 34 17 315.96

Csm5 39 27 227.21

Csm6 50 5 7.99

Casb 29 3 6.21

a. Values reflect relative protein abundance.



1 10 29 30 49 S0
Staphylococcus_epidermidis .. .MILAKTKSGKTIDLTFEYHEV VK .[SINVKNVKDRK|GKEKQVLF NGLEEIEI LN L ME Q V[N
Staphylococcus_carnosus .. .MILAKTKSGKA|IDLTFEHEVVK .INNVKNVKDRRGREKQVLF NG|LggIALIAN L ME Q V[N|
Enterococcus_italicus .. .MELAKTKTGEMIDILINFIE\RKIVVE .|[EN. KRVKDNRGRQEIVLFNGLUSEITLIANLLELIN
Lactococcus_lactis MTELKIGNEKVNSTNFGDFE\EKAIRG|INHKPFVNSKIGGE . . . . . QK|T A TG I L(E L V[N
Clostridium_sp ASF356 = ........ MTINTENYVDEREKVIKSMI.DD....|.|.R....GKLQLESEIATIANTI L(SMVN|
Roseburia_intestinalis = ........ MKLTEENYV|IGIEKEQAIKELIC.SEK.DQK|GR. .. .LVGP|[ViREIATIANL LIAMT|S|
Streptococcus_mitis ... ... MATLTDDNYVDKI\EIN[VIKS|LIN . RNTRDFRNP ... .DAFLLESEBIATIANL LISLT(S
Streptococcus_pseudopneumoniae . ...... MAILTDDNYVDKE\EN[VIKS|LIN . RNTRDSRNP. ... EAFLLESWEINIBINLLISLT(S
Streptococcus_thermophilus ....... MTILTDENYVDIEEKAILKLE.RNTRNRKNP ... .DAFF|LESEINLIANL LIS L T[S
Syntrophomonas_wolfei = ........... MGINYTAQE\EQVIQEL/. .. .K.KSMGR. .. .NYQNFU@EIATIANT LIAQV|S
Syntrophomonas_palmitatica .. .MPSQGKFQLQQNY T|VQE\E|QV I|LD|L|. . . . K. TAMGR. .. .DYQNEFEEPITIINT LIARV|S|
* %
60 70 8 100 110
Staphylococcus_epidermidis RLYTIAF NSNEDQI|NEEF|I DE[L|E DIE FLJK[K|T LMF P[T I]D R[]I KKE
Staphylococcus_carnosus RLYT|IIAFNSNEDQ[LNE|EF|IDE|LE D|E F|LIKK|T LMF P|I IDR[VIIQKE
Enterococcus_italicus HVYTKVYNSDDTT[L|SE|D VIRDE|LE RITF|I[EK|TY|VIDKLV|IDV[VILKKN
Lactococcus_lactis KVYNR|VIINTNDVE|LSEN I|LAD|I|A] KIDF|I|QRITAFTAAITDVMNQR
Clostridium sp_ASF356 DIIYNDRALHYKEDK|ID S|E LK GR[V|Q] K|DF|VIEKIAD|F|IKN I|KS|I|. . GD
Roseburia_intestinalis D|I YND|V[VN S QSDK|LNA|E I|I GR|I|N]| K|IKL|VDKIAK|I|LEHLIEE|I|. . KG
Streptococcus_mitis TILEDEE|SIKV . . . .RHYEDLVDK|IA] K|D LIVIKIK|AE|I|LD|I LIKE|I|. . NN
Streptococcus_pseudopneumoniae T|LFDE|SKV . .. .RE[YKDLADK|IA] K[D L|VIK|KAE|I|LD|I LKE|I|. . NN
Streptococcus_thermophilus TILFD|E[S|KV . . . . K[E[YD|D L|IL D R|T|A| KD L|I|EK|AQ|I|LEALIKEI|. . KD
Syntrophomonas_wolfei EIIYNDVRAENDVF|[LISP|D LIQNR|I|E K|P F|V[D[K|IAK|L|L DL LINN|I|. . GD
Syntrophomonas_palmitatica E[LYND|VLAEY SET|LD LIE I|Q SR[IJE| K|P F[VIDKIAG|LILQIL LING|I|. . GA
120 130 140
Staphylococcus_epidermidis [SKKF|FLID[N|CKFFRAHVESIAK Y Y QKER -
Staphylococcus_carnosus S K|K[F|F|L|D|Y|CIKMFIHAMVESRIAIK Y Y QKES] .
Enterococcus_italicus T K|K|I|F|L|D|Y|C|KP4FIHAAVERYAIKE Y RMGS] .
Lactococcus_lactis T R|E|S|F|L|L|F|ARMVIASHTIELSYF|KE Y GG K] .
Clostridium sp_ASF356 S K|QIN|L|I|L|F|CIRP I IHAMAVERYHIK Y Y GGRS] .
Roseburia_intestinalis S RID|Q|Y|I|L|F|S|REMMIHAAVESYRIKE Y G GRI)E
Streptococcus_mitis . KIE|S|LIQRF|CIRMMIHAAVERYE K E Y GG K] .
Streptococcus_pseudopneumoniae |. QE|S|LIQR|F|(CIREMIAAIAVESYEF KE Y GGK|.
Streptococcus_thermophilus . RE[T|LIQR[F|CRMMHAMVESYF|KEF Y GGK] .
Syntrophomonas_wolfei N RIQIN|F|I|K[F|ARPMIHAMVESYHREF Y GGRY .
Syntrophomonas_palmitatica IS RIQIN|F|IN|F|ARMMIHAMVESYHIRF HG GRJS) .

Figure S1. BLAST sequence alignments of Csm2 (A), Csm3 (B), and Csm5 (C) in indicated

organisms. Related to Figure 1.

Conserved residues are highlighted in red. Residues mutated in this study (asterisks, *) and previous
studies (arrows) are indicated. Underlying bars connect residues that were mutated together.
Numbers in italics (7-3) represent references in which previously-characterized mutants were reported
as follows: 1, Hatoum-Aslan et al, J Biol Chem, 2013; 2, Samai et al, Cell, 2015; 3, Hatoum-Aslan et
al, J Bact, 2014.



1 10 20
Staphylococcus_epidermidis . .......... My sEIK[T|s[GT[TEN VIR GG G GE[S|s [T]
Enterococcus_italicus = ........... MY S)SI|R|I|V|GK|ID|VL T[¢]L)3 I[6§G G GE|T|S S|
Lactobacillus_salivarius = ........... IMLKLK|I|E[G|T|IK|IIE T{EL)iz{I[8]G S T E|F|A) T
Tetragenococcus_muriaticus e e e e e e . .MNQFTIIK|IEGK|IE|LLSELEIVEGS TAFARAEFAVS PV I K|pJP V|N|
Fusobacterium periodonticum ........ MY T|L{K G L|L|I|K|G|T|I|K|L I T{¢LE{ I[€T S GD|F|SARKeFAVIs] T I V I RI8JS V|T
Streptococcus_thermophilus .......... M|T|[F AMST|K|F|S|AQII|R|LE T[¢LIz{ I[&)G SD A|F(AARNEFNT IS PV I KI)JP I|T
Leptotrichia_hofstadii = ........ MN T|LK GIF|I|I|T|GK|I|K|V L T[] LIz I{&T S GD|F|S|ApYeXAVISIN I V I RI8IT V(T
Anaeroglobus_geminatus = ..... MSEQGV|LIRGIAL(I|I|T|G|T|LK|L L T{e] L I[§A AKD[F|AP ¥V |s]S P F VRSP LT
Syntrophomonas_wolfei = ........... MY GII|LIIKICKMTVL TgMEIT[EGS SAF(S|ANeFAV|BIS PV I RS F(T
Megasphaera_micronuciformis MEVEIMSEQGV|LRGILMI|TGKVK|LVTELEII[EAAQDEAPEINVIRLE VRBIP L(T|
Roseburia_intestinalis = ........... MFE ARVIK|IS|GVILET I T[ELEIT[EG S SAE|S|ApEeFAVI]S P V T RIBJAR[T|
* A A
1 2
50 60 70 80 90 100
Staphylococcus_epidermidis [IASIVENBALKHF . GLKMKQE . . SHNQD|DER[V|L[R SlSta ez o EKGN[TI|QRART|Q[T]
Enterococcus_italicus Bl TISQAMIASIPAAKHI .GLIPGQK . . MHNQD|AP E|I|L|R S[S..... QKGA|I|QS SRLIQIT
Lactobacillus_salivarius BILISSQYMIATIMAAKIAY . NDAPLTSGTSANN|D|D YR|I|KR ATTQN. .EDGQ|LII IGRL|I|F
Tetragenococcus_muriaticus BT I AMIAFIBAA QAM . NQKIAEN. . . PNQD|D SK|I|TR AISTGGGENGEQ|I|IRGRL|L|F
Fusobacterium _periodonticum LEENMIAYIBAARTKYHS . .SLELDDIKK[EDVC|IKR| S[Seeeeenn EP|I|MS SR L|Q|F
Streptococcus_thermophilus B LISAMATIRAAKVY . NEKVAEK . . . PSD|D|SD I|I|S|R| H[Ses s ¢ KDKR[F|KMGRL|I[F
Leptotrichia hofstadii LI qMIAYIBAS RTKYNDNSTLTMP S I KK[E[SDN|I|K[R| AlS.a e« s EKP|I|TLSRLIQF
Anaeroglobus_geminatus B LIESALIATIRAAKAE . ATGYVLN . . KIDD|D|SD L(L|K|R| SA. ... GKD S|ARP SRL|QIF
Syntrophomonas_wolfei BILIQAMIATIMAAKIAT . KNHYITQ. . EPAKD|PEE|IKR TIAGDN . RKQEW[PKAA|R L|Q|F]
Megasphaera_micronuciformis [LISYLETIRAAKAE .ATGYVLN. .KIND|DSEL|IKR SA.....GKDTARP SRLQ[F
Roseburia_intestinalis BILISNLIATIRAAKIKY . NQTVAKT . . . PDDDAVCILIT|S SA. . ... KKGQ[VKT S[K I|L|E]
* % %
110 120 130 140 150
Staphylococcus_epidermidis FIFSEKTKEHFAQ. .NDIAY(T TFTNLAVNIVTRESE D[F]V N[VDEE
Enterococcus_italicus FIFSIKASQEEFDK. . KDLAYTIHTEAF IR TEYSIALEYA VEAN)REO) TIRAV|T R|G|A S)3D|F|H| N[V EN I
Lactobacillus_salivarius ILSNKEELAQ.L. .GAKSYTIHTIAF RN TEANIAE YA TENT 28380 T )RRV I R|G|S K|YD|F|E DIVEKE
Tetragenococcus_muriaticus FILTNKASLDE .L. .GIKTYTIHTIAFIRYTINIAREYA EFNS 0] TIRAS|T R(G|S QIYS|F|E E|L D|NQ
Fusobacterium periodonticum L[LSDKSIEEFKEFEFDLPH|TIHIAYIHYTEIDIATENG TEAN)B:4e] T.1:0V|P A(G|S EjgD|F|Q| N[VEDA
Streptococcus_thermophilus FLSNADELDS . L. .GVRSY|TIHVISFIAYTEADIAT kA ErAN)Bqe] TIBAA T RIN|S T)gD|(F|E EITDE
Leptotrichia hofstadii LLSEKEYE..RDVEFDLPY|TIHI}AY I TRIDIRAGEYG VEINIBHe]O)BA VP A(G(S EJYD|F|R| N[V ENA
Anaeroglobus_geminatus KMAEESVEKFNSLDLDTY I|GIHI}MF IR TRYSIATEYA VENN)BYe] T)RAVP AGA T)YD|F|K| NI EKE
Syntrophomonas_wolfei FILVNADTLKN. .... RSGMTIHVESF IR TEANIATEYA TEAN)=4e] T)BAV|V R|G|S EJYA(IN DMEDT
Megasphaera micronuciformis RMT|DESVEKFSSLDLDTY I|GIAVESAF AN TEYS)ALEYA VENT|28:4e] T14AV|P S|G|A EJAG[F|K N|I ERE
Roseburia_intestinalis FILENMDELKY .A. .GLTGA[TIHVIAFIRSEOIITEYA VENN|)zR:¥e] TIAV|V R|G|A K|YPM|Q| EVTDE
A A *
2
160 170 180 190 200 210
Staphylococcus_epidermidis . .. .S[QV|EDFJF EN[IEKA[T|HLHENEEALEGE TEENER T|QF|K D[TIN[TI[ETVVGEYDS T . NLJK I K
Enterococcus_italicus ... .NEVMAPIFEN|I|KTA|I|HLMENpRENeIeG[el T)¥eN[]R IRIF|V ID|S|IDTVVGDFDSS . N[LSIK
Lactobacillus_salivarius . ...SEVEEPIQLVIKTG|LELMENsh@Nele SelSi¥el Y ([elK VIK|IFEN|LIS[IKSVLGDYDVK . GLDAT
Tetragenococcus_muriaticus ....EEATIEPFETILSG|LQLME LishafeleN(elSiqelY[elK I|G|FKD|I|TA[STVFGGYDAS . S[LINEQ
Fusobacterium periodonticum E. .. .|[EV[KEPIMEN|I|LLMMD|VIAEDshgfHeletfelTideY(elR I KF|KN|LSLELKTYTEENKKA[LAKV
Streptococcus_thermophilus N. .ENQV[EEPFKV|IRDG|LK|LME Lish@felel S(elSiqe V(@K VIAF ENLKATTVEGNYDVK . TILNEL
Leptotrichia_hofstadii EKMEEE VIKQPBJF EN|I|L LMF|ELMED|sh@felelH el T)¥el Y [eR VIK|IFED|LKLTEKVYIKENEDDIEYL
Anaeroglobus_geminatus .. ..DELKEPBIIQQ[LIGTA|LQLS DishgNelelH (el S)qel Y [e|K VIAIFEN|LTVIQDKFVKNKEAVD|CISEC
Syntrophomonas_wolfei ... .DISLKSPF TN|I|ARG|LK|LAS Mish@fele H(e S)fe Y [6K V|G|F|TD|IF|E[V[VVKEGECPED . .[VDLL
Megasphaera_micronuciformis ... .GELKEPIQA[LGTA|LQLIAENNENeelHe S)¥elv[e@K I|AFEDLAVIQDKFVKNGEAVD|CINEC
Roseburia_intestinalis . ...SEMVHPFEILKDGFQLMEY|shgfelelS(eSifeV[eR VIKIIMD|IIRVIEPVIGEVSED . V|LjSQC
% AA A
3

Staphylococcus_epidermidis .................
Enterococcus_italicus = ... ..o
Lactobacillus_salivarius LEG w s cine ¢ mus oo o
Tetragenococcus_muriaticus LKELL .. v vt vweunenn
Fusobacterium periodonticum EKEIEKIRKELESKVE.
Streptococcus_thermophilus DTAEV . w0 o wieiowme o

Leptotrichia_hofstadii KSEIQNIKDFSVRFGE.
Anaeroglobus_geminatus ENWLKGCR.........
Syntrophomonas_wolfei LKILKEVEDYGAFSLQA

Megasphaera_micronuciformis ENWLKGCR........ =
Roseburia_intestinalis KKIMSAVE : vv s vov s 5w



Staphylococcus_epidermidis
Staphylococcus_carnosus
Syntrophomonas_palmitatica
Catonella_morbi
Syntrophomonas_wolfei
Lactobacillus_salivarius
Streptococcus_salivarius
Streptococcus_thermophilus
Streptococcus_mitis
Lactobacillus_delbrueckii
Tetragenococcus_muriaticus

Staphylococcus_epidermidis
Staphylococcus_carnosus
Syntrophomonas_palmitatica
Catonella_morbi
Syntrophomonas_wolfei
Lactobacillus_salivarius
Streptococcus_salivarius
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Streptococcus_mitis
Lactobacillus_delbrueckii
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Streptococcus_mitis
Lactobacillus_delbrueckii
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Staphylococcus_carnosus
Syntrophomonas_palmitatica
Catonella_ morbi
Syntrophomonas_wolfei
Lactobacillus_salivarius
Streptococcus_salivarius
Streptococcus_thermophilus
Streptococcus_mitis
Lactobacillus_delbrueckii
Tetragenococcus_muriaticus
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Streptococcus_salivarius
Streptococcus_thermophilus
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Staphylococcus_carnosus
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Lactobacillus_salivarius
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Lactobacillus_delbrueckii
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. ..MTI
...MTI
MRYGHL
.MEDYL
MKFAHL
. .MLKR
.MKNDY
.MKNDY
.MKTDY
. .MKQY
. .MVKR
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Y Q
YE
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Y E|
FE
FE
FE
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FE
I E|

LYT
LDS
LAK
YSE
LAE
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DEK
AEK|
DRK
QEA
TST

HZO P PO RO ZZ=

2

M
M
E
E
E
E
E
E
E
E
E

ND I,
NDL
QEV|
HEI
REV|
NEV|
NE V|
NEV|
NEV|
NET
NEI

HL
HL
LT
oT
LT
SL
NK
NK
AK
AK
SA|

LSNENS
MSVPQN
LARESS

K..
K..
PD.GTYV
TK.GNK
PD.GTV]
RN.KDP
AKTNKA|
AKTNKA|
AKSLTA
TRKDGP
PEKLTA|

. SE
.SE

230

YDK[WI]
YDK[W |
EQH[FY
KDE|Y T
EQY|FA
RKF|F L,
KAF|F L
KAF|F T,
KNF|F L
EER[F L,
TNKF I

| A W M|
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Y M I N
Y MIN
YFPD
SF LD
YFPD
YFPE
YEFPD
YFPD
YFPD
Y F'P N

SKYV
SKYV
GRI
N L V|
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GEY
KKF
KKF
HRY
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GFY[YFPD

1

VSYSEK
VSYSEK
VNYCID
ITYSEY
VRYSTIA
KIKQNN
SISETG
SISETG
TITETG
SIKATG

E A
KA
SV
SE
P S
GG
GG
GG
GG
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10 20
KN[Y|EMV[TK T[T HfXE SO VMKK
KN[Y|E[V|T|T|K T|L, Hpgelsfedo T MK K
E T|HH|[L|T|L|R T|1, Fidels[EHERLHK
IN[Y|E|LK|T|K I|L| videlsldy TVGK
ER[LIN[L|T|LR AL Fhfels[EEQLGK
QD|Y[E[F|VIL|Y T|L, Hffel s[EVK VTS
RT[FK|L[S|L|L T|L, HfeN[EEK YT S
RT[FK|L[S|L|L T|L, HfeN[EEK Y T S
RV[F|QF|T[L|L AlM Hffels[EEKY TS
RE[FE[F|K[L|R T|L, Fhdels[EETYKQ
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Figure S2. Conserved residues in Cas10-csm impact crRNA length distribution, maturation
efficiency, and anti-plasmid immunity. Related to Figures 2 and 3.

Spc1 crRNAs in the presence of mutations in Csm2 (A), Csm3 (B), and Csm5 (C) are shown. Mutations
were introduced into pcrispr-cas, expressed in S. aureus RN4220, and confirmed in S. epidermidis
LM1680 if a maturation defect was observed (*). Spc? crRNAs were captured from total RNA extracts
using a biotinylated oligonucleotide probe antisense to spc1, radiolabeled on their 5’ ends, and resolved
using denaturing PAGE. The dotted line in (B) separates non-contiguous lanes in the same gel. (D) The
conjugation assay used to measure anti-plasmid immunity in which pcrispr-cas provides spc1-mediated
immunity against the conjugative plasmid pG0400. (E) Efficiency of pG0400 transfer in the presence of

indicated pcrispr-cas constructs in S. epidermidis LM1680 (used as recipients). Conjugation was carried



out in triplicate; the values (in cfu/ml; mean +/- S.D.) obtained for recipients and transconjugants are
shown. Conjugation efficiency is calculated as the average numbers of transconjugants/recipients. The

significant difference between conjugation efficiencies observed for wild-type CRISPR-cas and the

E191A

csmb mutant variant (t-test, p=0.02) is indicated.
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Figure S3. Cellular nucleases degrade both intermediate and mature crRNAs. Related to Figure 4.

(A) Sequences and end-features of intermediate and mature crRNAs are shown. Intermediate crRNAs
possess a “3’ handle” consisting of structured repeat sequence and a 2’,3’-cyclic phosphate group, both

of which might pose a barrier to 3’-5’ exonucleases. (B) The activities of cellular exonucleases Cbf1,
PNPase (PNP) and RNase R (R) against intermediate and mature crRNAs extracted from wild-type
Cas10-Csm complexes are shown. CrRNAs were radiolabeled on their 5’ ends, and used as substrates

in nuclease assays containing Mg2+ (PNPase and RNase R) or Mn?* (Cbf1). Indicated nucleases (1 pmol)
were added, and the reaction was allowed to proceed at 37°C for 0, 5, or 10 minutes. (C) Intermediate

crRNAs purified from Cas10-Csm/ACsm5 complexes were challenged with cellular exonucleases as



described for panel B. Reactions were allowed to proceed at 37°C for 10 minutes. The leftmost lane
contains uncut, wild-type crRNAs as a reference. RNAs were resolved using denaturing PAGE. Dotted

lines separate lanes derived from different gels.
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Figure S4. Csm3 does not impact the activity of cellular nucleases. Related to Figure 4.

A 31-nucleotide RNA substrate radiolabeled on the 5’-end (Fig. 3E) was pre-incubated for 2 minutes with
Csm3 or Csm5 (4 pmols) where indicated in a buffer containing Mg** (PNPase and RNase R) or Mn**
(Cbf1). Indicated nucleases were then added (1 pmol), and the reaction was allowed to proceed at 37°C
for 10 minutes. RNAs were resolved using denaturing PAGE. Dotted lines separate non-contiguous

lanes in the same gel.
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Figure S5. PNPase associates with Csm5, but not Csm3. Related to Figure 5.

(A) llustration of the experimental flow of a pull-down assay in which 10-His Smt3-tagged Csm

proteins (Csm3-Smt3 or Csm5-Smt3) or dialysis buffer are loaded onto a column containing Ni®*-

agarose beads, and their interaction with untagged PNPase is assessed by their ability to bind and

retain PNPase in the column after thorough washing. (B-D) Csm5-Smt3 (1 nmol, panel B), dialysis

buffer (panel C), or Csm3-Smt3 (0.5 nmol, panel D) were applied to the column in the first step as

“input 1”. For all experiments, PNPase (0.7 nmol) was applied as “input 2”. Samples were collected

at each numbered step outlined in the experimental flow (panel A), and resolved using SDS-PAGE.
Shown is a representative of three (Csm3-Smt3), four (Csm5-Smt3) or eight (dialysis buffer) replicates.

Signal intensities of PNPase in the final elutions (+/- S.D.) are as follows: Panel B, 5.9% +/- 2.4; Panel

D, 1.2% +/- 0.8. FT, flow-through.
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Figure S6. PNPase associates with Csm5. Related to Figure 5.

Csmb5 and PNPase (100 pmols each) were resolved on a 5% horizontal native gel with wells cast in
the center of the gel. The position of (+) and (-) electrodes are indicated. NativeMark Protein

Standard (Thermo Fisher Scientific) was used to estimate molecular weight for proteins migrating

toward the (+) electrode. Proteins were visualized with Coomassie G-250. Shown is a representative

of four independent trials.





