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Fig. S1. Cryo-EM raw data and 2D analysis. (4) Csy-AcrF9 complex. Left: representative motion-
corrected cryo-EM micrograph; middle: representative Fourier transform with Thon rings
extending to 1.98 A calculated by CTFFIND4; right: reference-free 2D class averages. (B) Csy-
AcrF8 complex. Left: representative motion-corrected cryo-EM micrograph; middle:
representative Fourier transform with Thon rings extending to 2.31 A calculated by CTFFIND4;
right: reference-free 2D class averages. (C) Csy-AcrF6 complex. Left: representative motion-
corrected cryo-EM micrograph; middle: representative Fourier transform with Thon rings
extending to 2.87 A calculated by CTFFIND4; right: reference-free 2D class averages.
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Fig. S2. Single-particle cryo-EM analysis of the Csy-AcrF9 complex. (4) Workflow of cryo-EM
data processing. (B) Euler angle distribution of all particles used for calculating the final 3D

reconstruction. (C) Resolution map for the final 3D reconstruction. (D) Gold standard FSC plot
for the final 3D reconstruction.
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Fig. S3. Single-particle cryo-EM analysis of the Csy-AcrF8 complex. (4) Workflow of cryo-EM
data processing. (B) Euler angle distribution of all particles used for calculating the final 3D
reconstruction. (C) Resolution map for the final 3D reconstruction. (D) Gold standard FSC plot
for the final 3D reconstruction.
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Fig. S4. Single-particle cryo-EM analysis of the Csy-AcrF6 complex. (4) Workflow of cryo-EM
data processing. (B) Euler angle distribution of all particles used for calculating the final 3D

reconstruction. (C) Resolution map for the final 3D reconstruction. (D) Gold standard FSC plot
for the final 3D reconstruction.
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Fig. S5. Resolvability of the cryo-EM structures of Csy-AcrF9 (4), Csy-AcrF8 (B), and Csy-AcrF6
(C) complexes calculated by Q-score. Q-score for each chain in models and maps of the three
complexes; the black line represents the expected Q-score at respective resolution based on the
correlation between Q-scores and map resolution of proteins and RNAs. The higher Q-score
indicates better resolvability.
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Fig. S6. Resolvability of the cryo-EM structures of AcrF9 (4, B), AcrF8 (C), and AcrF6 (D)
calculated by Q-score. The model is shown as ribbon, with Q-scores colored. The higher Q-score
indicates better resolvability. A sample density is shown on the right side.
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Fig. S7. Interfaces of Cas7f-Cas7f and Cas7f-crRNA. (4, B) Resolvability of the cryo-EM
structures of Cas7.4f (4) and Cas7.5f (B) calculated by Q-score. The model is shown as ribbon,
with Q-scores colored. The higher Q-score indicates better resolvability. A sample density is
shown on the right side. (C) Superimposition of six Cas7f subunits, with the RMSD calculated.
(D) The interface between Cas7.4f and Cas7.5f. The residues involved in the interface are listed
in Table S2. (E) Hydrogen bonds between Cas7.5f and crRNA are shown in black dash lines. (F)
The direct and water-mediated interactions between Cas7f proteins and crRNA. Q-scores of the
waters between the map and model are calculated and shown in magenta.



GenBank ID

WP_052658199.1/1-338 1 ----MSTMKLPT CVLFS DWNDLNK S ESliQ SENHGH| 95
WP_077932307.1/1-343 1 MAKKPAAKYAP VFF K EKRDQPDTFR U DAQ S 93
WP_004651373.1/1-337 1 CYFYGTSWDNRAEQ---TALKLI IGESQ] 95
WP_063455797.1/1-355 1 FFYGTCWDQREKE-GAEPLALI T ICAAH] 98
WP_040050316.1/1-347 1 ---MSEELTTA VLH RCQDIEKASA IAIR P ADA 96
WP_038480461.1/1-341 1 -MAKNDTLKTA LLY DKRQDEQQ VVVR P HDA 98
1--MSKPILSTA LMS AQRDASQEWPAVTVR| P SDA 97
WP_064581592.1/1-342 1 --MSKQELSTA LFS ENRGDSAGWTSVAIR P NDA 97
WP_012886075.1/1-335 1MAKAATTLKTA QE NI VVI1Q P FDA 96
WP_086368028.1/1-329 1 --MTMSKLETP EERDTVASWAPR I LVT| INFDT: 95
WP_045104155.1/1-327 1--MAKTTLKTP QQ----EWTP I IVG| DHQ S! 94

WP_058373765.1/1-342 1 -~~~ K - IBVCYVPPTVNEMFCR 90
WP_060468122.1/1-343 1 -----~--MELCTQENYVRSESAGKBMYFYHL- -~~~ 91
R R Q

WP_052658199.1/1-338 MA EBIT NVEFESRFSKVVGGEVQS - E | A] A TGGNL----QETLT|JORYQYSMIS------KTTAEDAQ- 186
WP_077932307.1/1-343 VGETS SENDRDWAEGHEKS IVEEMIKTHS LSVIBAS RTRGSRSDA- CPLS SRIY] --~-GENGPKSVN 189
WP_004651373.1/1-337 VEK: NETFFKSYETVAKDEIQQY K TANDQPS | FEYSEH------DEDTVDSQ- 186
WP_063455797.1/1-355 L EH| SKEFLASYRQMVTEMVKDF R TLNATNDAQKETLI KSFCINGNFKTPNNQETATH- 200
WP_040050316.1/1-347 AGM AQH) N SRQQDGKAT-WGRS SRE ---AIDTVDSD- 191
AGT! H SIRQLAQGKAT-KEWT ---AFEY-TAE- 192

R RINHIRQGEVA-RAWR ---DEKA-DAE- 191

WP_064581592.1/1-342 R MIRHLRNCEAV%]SWT ---AFEG-GAE- 191
WP_012886075.1/1-335 A -~--QESQPSGA- 186
WP_086368028.1/1-329 T ---DEDERDQD- 185
WP_045104155.1/1-327 K -=-~-SIEDNNP-S- 183
WP_058373765.1/1-342 EANCIE HV DDPKVIY T KLKWQGN-----WQNNQTAL 183
WP_060468122.1/1-343 IRANSLTREDIESDDEVRSK H -VENATKLEWYGH-----WDEASAEC 184

WP_052658199.1/1-338 187 VALTK VLS - FAQL] KFSE--TNK 283
WP_077932307.1/1-343 190 DN | [T DAlAFGFNDLF-GCllI YvaL| 286
WP_004651373.1/1-337 187 VQANDQAAABKGELPY L | E@YALY D 278
WP_063455797.1/1-355 201 LQK KHSGDHF YA LM 296
WP_040050316.1/1-347 192 VAE D RA-HV: Y VR L] 281
WP 038480461.1/1-341 193 LK EfBAGV EQ-HL Y VRM 284
[wp 003139222.1/1-342] 192 LDA S SG-HY FAR | D 283
WP_064581592.1/1-342 192 VDG E G-HV FAR I 283
WP_012886075.1/1-335 187 LA EAH SD-SAF rx VKL v 2717

WP_086368028.1/1-329 186 | KA | EK-PT T FvalL 274
WP_045104155.1/1-327 184 VDE V- EN-HS 272
WP_058373765.1/1-342 275
WP_060468122.1/1-343 279

WP_052658199.1/1-338 L TLA-DHEK 338
WP_077932307.1/1-343 S NWV - TAPIDVEDI 343
WP_004651373.1/1-337 -KLENAEQE, 337
WP_063455797.1/1-355 DK - -Q AYATGG - ELEKDDQK 355
WP_040050316.1/1-347 LERD KTETVEQ 347
WP_038480461.1/1-341 M| KD SEEN: 341
VIERD AV EQ ! 342
WP_064581592.1/1-342 VILKD TP EQ 342
WP_012886075.1/1-335 VIKG EVAQ 335
WP_086368028.1/1-329 MK D T Tc EL 329
WP_045104155.1/1-327 KD KQPEKEQ 327
WP_058373765.1/1-342 PRIA HIKHMEKNCLEQSEQSNSI 342
WP_060468122.1/1-343 RNTENWIETMTA----SQTIPNDV 343

Fig. S8. Sequence alignment of Cas7f proteins from different species. P. aeruginosa used in our
study is shown within red box. The residues are colored by % identity. Residues of Cas7f involved
in crRNA binding are shown at bottom.
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Fig. S9. Interaction analysis of the crRNA 5’ handle and Cas5f-Cas8f. (4) Sequence of crRNA.
(B) The interface between the crRNA 5’ handle and Cas5f-Cas8f, where Cas5f and Cas8f are
shown in surface representation. (C) Hydrogen bonds between Cas5f-Cas8f and crRNA (+2>+7)
are shown in black dash lines.
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Fig. S10. Interface between AcrF9.2 and Cas7.6f. The residues involved in the interface are shown.
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Fig. S11. Conformational change induced by the binding of AcrF9.1 (4) and superimposition of
AcrF9 with Cas2/3 (B).
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Fig. S12. Ribbon representation of different Acr proteins.



Table S1. Cryo-EM data collection, processing, and model validation

‘ Csy-AcrF9 ‘ Csy-AcrF8 ‘ Csy-AcrF6
Data collection and processing
Microscope Titan Krios Titan Krios Titan Krios
Voltage (kV) 300 300 300
Camera Gatan K2 Summit | Gatan K2 Summit | Gatan K2 Summit
Pixel size (A) 0.65 1.06 1.06
Total Dose (e-/A?) 56 42 42
Exposure time (s) 6 6 6
Number of frames per 30 30 30
exposure
Defocus range during data | -0.6 - -2.7 -0.6 --3.6 -09--24
collection (um)
Number of micrographs 9,267 6,338 1,956
Number of initial particles | 875,560 445,854 327,591
Number of particles for 3D | 595,828 288,565 301,900
analyses
Symmetry Cl Cl Cl
Number of final particles 332,404 91,080 56,455
Defocus range after data -0.3--3.1 -0.5--3.7 -1.1--2.5
processing (um)
Resolution (0.143 FSC, A) | 2.57 3.42 3.15

Atomic model refinement

Software

phenix.real space
refine

phenix.real space
refine

phenix.real space
refine

Clashscore, all atoms 5.11 7.83 6.61
Protein geometry

Poor rotamers (%) 1.16 0.57 0.04
Favored rotamers (%) 95.45 84.51 98.07
Ramachandran outliers 0.07 0 0.03
(%)

Ramachandran favored 91.31 86.93 91.24
(%)

MolProbity score 1.83 2.05 1.88
Bad bonds (%) 0.06 0.01 0
Bad angles (%) 0.11 0.01 0.04
Nucleic acid geometry

Probably wrong sugar 1.67 0 0
puckers (%)

Bad bonds (%) 0 0 0
Bad angles (%) 0 0 0




Table S2. The residues involved in the formation of hydrogen bonds and salt bridges
between Cas7.4f and Cas7.5f subunits of the Csy complex

Hydrogen bonds | Cas7.4f Cas7.5f
Atom Res Resno. | Atom Res Res no.
NH2 ARG 34 OEl GLU 242
OD2 ASP 40 NH2 ARG 63
NH1 ARG 112 ) SER 104
0] THR 114 NE2 GLN 241
0Gl THR 114 0] ASP 239
0Gl THR 114 NE2 GLN 241
NH1 ARG 116 ) GLY 172
N CYS 127 0 SER 308
OEl GLU 248 oG SER 66
OE2 GLU 248 N SER 66
N LEU 249 0oG SER 66
OH TYR 265 NH1 ARG 63
OEl GLN 276 NZ LYS 65
NE2 GLN 276 ) SER 66
NZ LYS 317 OD1 ASP 81
OH TYR 323 ) SER 72

Salt bridges OE2 GLU 33 NE ARG 168
NH2 ARG 34 OEl GLU 242
0OD2 ASP 40 NH2 ARG 63
NH2 ARG 112 0OD2 ASP 239
NZ LYS 317 ODl1 ASP 81
0OD2 ASP 327 NH1 ARG 74
OE2 GLU 356 NE ARG 74




Csy-AcrF9 Complex
(Acr: Anti-CRISPR)

Cryo-EM Reconstruction
2.57A Resolution

Movie S1. Overall structure (map and model) of the Type I-F CRISPR-Csy complex bound with two
copies of AcrF9.



