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Supplementary Figure 1. In vivo acquisition with epitope-tagged Cas1 and Cas2 and in vitro reconstitution of the complex.
(a) Agarose gel of acquisition assays in BL21-Al cells overexpressing Cas1 and Cas2 with or without epitope tags. Lanes
labeled ‘starter’ indicate the starter culture before inoculation into cultures in inducing (+) or non-inducing (-) conditions. The
Cas1-FLAG and Cas2-HA constructs were used for the immunoprecipitation and DNA affinity precipitation experiments in this
study. (b) An overlay of the c(s) distributions of Cas1 only (solid black), Cas2 only (dotted) and Cas1-Cas2 complex (solid
blue). (c) AUC data table highlighting the s-values and the calculated apparent molecular weights. (d) Gel filtration
chromatogram of pre-incubated, separately purified Cas1 and Cas2, as described in the Methods section. The arrow points
to the expected elution peak of Cas1 dimer, based on our protein purification. (e) Coomassie-stained SDS-PAGE of fractions
corresponding to the two peaks in (b). The green arrow points to Cas1 (33.7 kDa) and the orange arrow points to

Cas2 (11.6 kDa).
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Supplementary Figure 2. The two Cas1 dimers are structurally similar. (a,b) Two views of the superposition of the
Cas1a-b dimer (teal and blue) with the Cas1c-d dimer (gray). The root-mean-square deviation for the C-alpha backbone
is 0.394. (c) The Cas1c—Cas2 interface is similar to the Cas1a—Cas2 interface, shown in Figure 3b. (d) Gel filtration
chromatogram of purified Cas1 R252E using a Superdex 75 (16/60) size exclusion column.



(@)

Cell lysate
Cas1-Cas2 complex
+
- I BoinCRISPR
OR
Z'}—| Control random DNA H:Z Biotin-control

1. Streptavidin-biotin pulldown
2. Wash non-binders (5 washes)

3. Elution with Laemmli buffer at 95 °C
4. Detect presence of Cas1 and/or Cas2 by Western blotting

(b) Biotin-CRISPR Biotin-control
\O&V\\ O \°°c§\ \ &
v RN N I R o
O I R I MOy
c @
FLAG =5
g2
anti- g >
HA i o -
-64 40 20 -64 -40 20

(c)

1 : 7] S -
R s [ @ spacer]
R 6 | No leader W Spacer |

Leader variant substrates

(d)

w N
- I

2 3 4 5 6
anti-FLAG m .
Cas1 Atail + Cas1 R252E + Cas1 + Cas1 +
() Cas1+Cas2 Cas1 only Cas2 only Cas2 Cas2 Cas2 Atail  Cas2 E65R
In vivo acquisition + - - + - - +
Complex formation + - - + - - +
CRISPR DNA \ézq‘ e \ézq‘ & \éz‘z“ & \éz‘?‘ & \%Q‘z‘ & \éz‘z‘ & \%QQ‘ &
binding & P & &K L & L & P &K L & ¢
FLAG ——

anti-
HA

umop||nd
unolg

anti- g - - —— —— -"

Supplementary Figure 3. Cas1-Cas2 complex formation is required for CRISPR DNA binding. (a) A schematic of the
biotinylated DNA affinity precipitation experiments conducted in this study, as further described in the Methods section.

(b) Western blot of the fractions throughout the experiment using magnetic Streptavidin beads, as opposed to streptavidin-
agarose resin shown in Fig. 4e. (c) A schematic of the six 125-bp, biotinylated DNA substrates with scrambled regions

within the leader sequence, shown in gray. Substrate 6 has a random DNA sequence upstream of the repeat with no
similarity to the leader sequence (d) Western blot to detect Cas1 levels in the elution fractions of DNA affinity precipitations
using the six biotinylated DNA substrates in BL21-Al cells overexpressiong Cas1 and Cas2. (e) Elution samples of DNA
affinity precipitations in lysates from BL21-Al cells overexpressing the indicated Cas1 and Cas2 mutants. The +/- annotations
are results from Fig. 3.



1 B2 83 B4 ot B85 B6 a2

(a)
E. coli ————LPLNPI—PLKDRVSMIFLO.YGQIDVIDGAFVLIDKT———GIRTHIPVGSVAC MLEPGTRVSHAAVRLAAQ 70
T. maritima MESVYLFSSGTLKRKANTICLETES----GRKYIPVENVMD|IKVFGEVDLNKRFLEFLSQ 56
P. horikoshii KKPLTIFSDGTLTRRENTLYFESAK--—-GRKPLAIEGIYDIY|IYGHVNITSQALHYIAQ 58
P. aeolicus - —--------—---~ GRVYY INSHGTLSRHENTLRFENAE--—-VKKD/IPVEDVEE[IIFVFAELSLNTKLLNFLAS 57
P. aeruginosa DISPSE-LKTILHSKRANLYYLQHCRVLVNGGRVEYVTDEGRHSHYWN[I|P IANTTSLLLGTGTS/ITQAAMRELAR. 76
B7 B8 a3 a4
E. coli VGTLLVWVGEAGV--—--—---- RVYASGQPG-GARSDKELYQAKLALDEDLRLKVVRKMFELRFG---—-—-——- 125
T.maritima KR | P IHFFNREGY -~ ——-—— -~ YVGTFYPREYLNSGFLILKQAEHY INQEKRML IARE | VSRSFQNMVDFLKK- 720
P. horikoshii ~ KG I L IHF FNHY ----YDGTFYPRETLLSGDL | IRQAEHYLNKEKRLFLAKSFVTGGTKNMERNLKN- 122
P. aeolicus ~ KG IPLHFFENYYGY - - ——————— - YTGTFYPRESSVSGHLL IKQVEHYLDAQKRLYLAKSFVIGS ILNLEYVYKI- 121
P. aeruginosa AGVLVGFCGGGGTPLFSANEVDVEVSWLTPQSEYRPTEYLQRWVGFWFDEEKRLVAARHFQRARLER IRHSWLED 157
a5
&
Ecoli e EFAPARRSVEQIRGI GSRVRATYALLAKQYGVTWNGRR----YDDTINQC[l 780
T maritima - - - -~ RKVRA--DSLTRYKKKAEEASNVSELMG | ECNAREEYYSMIDSLV-SDER-R----PPKNFANTLl 786
P. horikoshii ~ — -~ — ——— WG | KA---KLSDYLDELNDARK | TE IMNVEAR | RQEYYAKWDENL - ——————— ———— PKNE L1 186
P aeolicus - ---——-——---—--—- SADTYLNKVKETNSIPEIMSV EFRKLCYKKLEEVT-GWELE-—--—— PPQNPLNALIL 178
P. aeruginosa RVLRDAGFAVDATALAVAVEDSARALEQAPNHEHLLTEEARLSKRLFKLAAQATRYGEFVRAKRGSGGDPANRFL 226
ab a7
3J > N '
& & @
E. coli SAATSCLNMGVTEAA I LAAGYAPAIGFVHTG--KPLSFVYBIADI IKFDTVVPKAFE |ARRNP————————————— 240
T.mariima ~ SFGNSLLYTTVLSLIYQTHLDPRIGYLHETNFRRFSLNLDIAELFKPAVVDRLFLNLVNTRQINEKHFDE |SEGL 267
P. horikoshii  SFLNSRLYAT1 ITEIYNTQLAPTISYLHEPSERRFSLSLDLSE IFKP I IADRVANRLVKKGSLKKEHFREDLNGY 267
P. aeolicus ~ SFGNSLTYAKVLGE IYKTQLNPTVSYLHEPS--RFSLSLDVAEVFKP IFVDNL | IRL IQENKIDKTHFSTELNMT 253
P. aeruginosa DHGNYLANGLAATATWVLG I PHGLAVLHGKT-RRGGLVFDVADL IKDSL | LPQAFLSAMRGD - -~ —— ——— ————— 287
a8 a9 .
~ NN — SN e
\2J ©
_ & & & &
E. coli -~ -GEPDREVRLACRDIFRSS —-—-----—— KTLAKL IPL1EDVLAAGE IQP----PAPPEDAQPVAIPLPVSLG 288/305
T.maritima  MLNDEGKSLFVKNYEQALRETV- - ~VSMRSLIKMELHKLEKHL - |GEQVF - ——————————————————— 299/319
P. horikoshii L L TEEGMK | VTKAYNEELQKSV--—-———— VTRQRLIRLEAYKL | KHL-VGVEEYKPLY - -——-——- - 296/322
P. aeolicus ~ FLNEIGRKVFLKAFNELLETTIFYPKLNRKVSHRTLIKLELYKL |KHL-LEEEVYLPLNYGGLK-—----————— 308/316
P. aeruginosa -—---- EEQDFRQACLDNLSRA-————————— QALDFMIDTLKDVAQRS - TV mmm oo oo oo 320/324
B1 al B2 B3 a2
®) —> I ——=>——>- AN
o’ e &
E. coli - -MSMLVVVTEN------- -~ VPPRLRGRLAI-WLLEVRAGVYVGDVSAKIREMIWEQIA 48
D. vulgaris NDAMLVLISYDVSFEDPGGQRRLRRIAKACQD-YGQRVQYSVFECVVDPAQWAKLKHRLL 59
B. halodurans - HMMLV LI TYDV--QSMGGTKRLRKVAKACQN-YGQRVQNSVFECIVDSTQLTSLKLELT 56
T. thermophilus - GKRLY AVAYD | - - - - - PDDTRRVKLANLLKS-YGERVQLSVFECYLDERLLEDLRRRAR 53
P. furiosus ---MYIVVVYDV------ GVERVNKVKKFLRM-HLNWVQNSVFEGEVTLAEFERIKEGLK 40
S. solfataricus = =AMLY L1 FYDI==---= TDDNLRNRVAEFLKKKGLDRIQYSVFMGDLNSSRLKDVEAGLK 53
B4 ‘,: B5 1’: [36[ 37[
& s
E. coli GLA-E------- EGNVVMAWATN-TETGFEFQTFGLNRRTPVDLDGLRLVSFLPV 94/94
D. vulgaris ~ SEM-DKE----- KDCLRFYYLGANWR--NKVEHV 102/102
B. halodurans SL|-DEE----- KDSLRIYRLG----- YTKVEHI 84/96
T. thermophilusRLL-DLG--- - - QDALRIYPVA------ GQVEVL 82/90
P. furiosus KI1-DEN----- SDSVIIYKLR----SMPPRETL, 84/85
S. solfataricus 1 | GNRKKLQEDERFFILIVPIT--ENQFRERIVI 88/101
(o
( ) Cas1
3 binding site

D. vulgaris

B. halodurans
T. thermophilus
P. furiosus

S. solfataricus

90°

Supplementary Figure 4. Structure-based Cas1 and Cas2 alignments. (a,b) The E. coli Cas1 (a) or Cas2 (b) protein was
aligned to its respective homologs for which crystal structures are available, as described in the Methods section. The number
annotations at the C-termini refer to the last amino acid residue resolved in the structure, followed by the last residue of the
full-length protein. The secondary structure cartoon is for the E. coli protein and the annotated residues (red) refer to the ones
that were mutated in this study. The BLOSUMG62 score conservation threshold is set to 50%, as reflected by the blue colors of
the alignment. (c) Two views of a structure alignment of the Cas2 in the Cas1-Cas2 complex with all the available crystal
structures of Cas2 homologs (all shown in monomers).
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Supplementary Figure 5. Uncropped western blots of immunoprecipitation and DNA affinity precipitation
assays. (a) Related to Fig. 1c. (b) Related to Fig. 3f. (c) Related to Fig. 3e. (d) Related to Fig. 3f. (e) Related
to Fig. 3g. (f) Related to Fig. 3h. (g) Related to Fig. 3h. (h-j) Related to Supplementary Fig. 3.



Source Strand | PAM | Length Sequence Location

plasmid + ATG 33 GTTAGTCATGCCCCGCGCCCACCGGAAGGAGCT

plasmid + TCG 33 GCTCGAGCTGAAGGAGATATACCATGAGTATGT | cas1-rbs—cas2

plasmid + AAG 33 GAATGTCATTGCGCTGCCATTCTCCAAATTGCA

plasmid - TTG 33 GTATTTCTCCAGCGGCAAGCACGTCCTCTATAA | cast

plasmid - CCG 33 GGAAGCAGTGTGACCGTGTGCTTCTCAAATGCC

plasmid - TGT 33 TTATATCCCGCCGTTAACCACCATCAAACAGGA | lacl

plasmid - AAG 33 GCATAAACACGAACGCCCGCTTCCCCCACCCAT | cast

plasmid - GTG 33 GGAAGCGGCGATGGCGGAGCTGAATTACATTCC | lacl

plasmid + CAG 33 GCAATGGCATCCTGGTCATCCAGCGGATAGTTA | lacl

plasmid - ACT 33 TGGAAAGCGGGCAGTGAGCGCAACGCAATTAAT | lacl

plasmid + TGC 33 CTGAAACCTCAGGCATTTGAGAAGCACACGGTC

plasmid - TTA 33 AATTAAGCTGCGCTAGTAGACGAGTCCATGTGC

plasmid - AAG 33 GATCATGGAGACGCGATCTTTGAGTGGAATGGG | cast

plasmid + AAT 33 TGAATCGGCCAACGCGCGGGGAGAGGCGGTTTG | lacl

plasmid - AAT 33 TGGCAACAGGCTGTGCATCTTCAGGTGGGGCCG | cast

plasmid + GCG 33 GGGAAACGGTCTGATAAGAGACACCGGCATACT | lacl

plasmid - CAC 33 CCCTGGCGCCCAATACGCAAACCGCCTCTCCCC | lacl

plasmid - GAT 33 TGGCTAATCTGCCTCGTAAGCGCGGAGGTACAT | cas2

plasmid CCC 33 CAATACGCAAACCGCCTCTCCCCGCGCGTTGGC | lacl

plasmid - AAG 34 GTCCTGTCGGGTTTCGCCCGTACTGTCAGATTCA

plasmid + AAG 33 GTCAGCCCCATACGATATAAGTTGTAATTCTCA

plasmid + GGA 33 AGAAATACAACCGCCGGCCCCACCTGAAGATGC | cast

plasmid + TAA 33 AACAAATAGCTAGCTCACTCGGTCGCTACGCTC

plasmid - AAG 34 GCGGCGATGGCGGAGCTGAATTACATTCCCAACC | lacl

plasmid TGG 33 GCGATGACCTGGCTTCCCCTTAATCCCATTCCA | cast

plasmid + GCG 33 GGGAAACGGTCTGATAAGAGACACCGGCATACT | lacl
mannonate/altronate

genomic + AAG 33 GTCCAGTTGTGCGGGAAGACTTCGAGCATTTGT | dehydratase

genomic GTT 33 TAATACCGTTGAAATGATGGTCCATATCCATTG serine acetyltransferase
methyl-directed mismatch

genomic + AAT 33 TCTTGATTCCTGAACTGATAGGCTACCTGGCGA | repair protein
Yick MFS transporter &

genomic - GTA 33 ATGCAGGCATGATAGCAAAAATGGCGAGGATGG | inhibitor of heme biosynthesis

genomic - AAG 33 GCCATTAATGGCGCAGGCGCTGCATATGGGGGA | protein of unknown function
EnvR DNA binding

genomic + GAT 33 TGGCAGTTTCAATCAGTTCTTGCCGGGTCTTCA transcriptional repressor

Supplementary Table 1. Sequences of newly acquired spacers. A list of a sample of new spacers acquired into the
CRISPR locus of BL21-Al. The PAM is defined as the third base being the first nucleotide of the spacer and the first
two nucleotides are the -1 and -2 position in the DNA source®?%.




