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Supplementary Fig. 1. Overview of the cryo-EM data processing. Picked particles are 2D
classified and the quality particles are selected after initial 3D classification. 3D
refinement was performed with C2 symmetry applied. To improve local resolution,
particles were symmetry expanded and refined using three masks.
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Supplementary Fig. 2. Local and overall resolution of cryo-EM maps. Local resolution of
the masked cryo-EM maps was estimated by Relion and shown by colors (A, C, E). The
FCS curves generated by Relion are shown (B, D, F).
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Supplementary Fig. 3. The 3.6 A electron density map of McrBANC. Also shown are the
approximate dimensions of the molecule and tilt angle between the two hexamers.
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Supplementary Fig. 4. 3D classes depending on the movement of McrB hexamers.
Particles are classified into nine classes by local angular search 3D classification. The
particle distribution, population and resolution are shown. Five classes of them (classes
1-5) are relatively high resolution and were subjected to model building and refinement.
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Supplementary Fig. 5. Structures of two of the nine major classes superimposed using

hexamer 2 to highlight the structural plasticity of the tetradecamer.
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Supplementary Fig. 6. Secondary structure of McrBAN. The helices are represented as
cylinders and B-sheets are represented as arrows. The N-terminal a-B-a domain is
colored in pink while the C-terminal a-helical domain is colored in green.



Supplementary Fig. 7. Cryo-EM density for bound nucleotides. Densities for GNP
bound at A) AB, B) BC and C) CD interfaces. Densities for GDP bound at D) DE, E) EF
and F) FA interfaces.



Supplementary Fig. 8. Interprotomer movement at the six nucleotide bound interfaces of
McrBAN hexamer. The figure illustrates the relative orientations of the cis (blue) and trans
(brown) protomers of the nucleotide bound dimers AB, BC, CD, DE, EF and FA. The panels
are arranged to follow the clockwise cyclic arrangement of the interfaces in the hexamer.
The nucleotide at each interface is shown as stick. Also shown is the relative orientation of
the trans protomer (gray) of the immediate interface in the anticlockwise direction, obtained
by superimposing the NTDs of the respective cis protomers. For clarity only one of the cis
protomers is shown.
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Supplementary Fig. 9. Secondary structure of McrC. The helices are represented as
cylinders and B-strands are represented as arrows. N-terminal helix domain is colored in
yellow, the stalk is colored in blue while the C-terminal catalytic domain is colored in
orange.



Supplementary Fig. 10. Superposition of the catalytic domains of McrC (blue and purple)
and EndoMS endonuclease (orange and salmon; PDB code 5GKF). For clarity, the DNA
bound to EndoMS has been hidden.



Supplementary Fig. 11. Inter-domain motion in different protomers with respect to
protomer A (tan). A) Subunit B (light blue), B) subunit C (light pink), C) subunit D (light
green), D) subunit E (salmon) and E) subunit F (grey). F) Superposition of subunit E on
subunit F. G) Superposition of loop L3 of protomer A (tan), B (light blue), C (light pink), D
(light green), E (salmon) and F(grey). Also shown are side chains of McrB-N333, McrB-
D336, McrB-L339 (green) and McrB-V341 (turquoise).
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Supplementary Fig. 12. The network of interactions communicating the sensing of the y-
phosphate of GNP by McrB-Arg348 and Arg349 to McrB-Arg283 and Asp336, resulting in
the rearrangement of the active site residues McrB-Glu280 and Asn333 at AB and CD
interface, in comparison to the GDP-bound DE interface.



Supplementary Fig. 13. A composite model of a DNA bound N-terminal DNA binding
domain (NTD) of one McrB protomer placed on the McrBAN hexamer (left). A composite
model of McrB hexamer formed of six NTDs and six AAA+ domains (right). The C-
terminal end of the NTD is shown as red sphere and the N-terminal end of the AAA+
domain is shown as blue sphere to indicate the location of the linker attachment site.
The linker length (not shown) connecting the two termini is 18 amino acids. The DNA is
modeled to show the plausible position of the DNA bound to NTD based on the
structure 3SSD"". In the present arrangement of the McrB AAA+ domains, based on the
structure of McrBANC, the pore of the ring is not wide enough to allow threading of the
DNA through the pore of the hexameric ring. Furthermore, the stalk of McrC would block
the entry of the DNA. However, DNA could enter the pore subsequent to the
rearrangement of McrB protomers (see Results).
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Supplementary Fig. 14. Electrostatic potential surface of McrBAN and McrBANC. A)
View of McrBAN hexamer showing the face that interacts with McrC (left) and of the
opposite face (right). B) View of McrBANC with the helical bundle and stalk of McrC
removed for clarity. The active site of McrC is marked by an arrow.
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Supplementary Fig. 15: A proposed mechanism for DNA translocation/diffusion coupled
DNA cleavage by McrBC. McrB hexamers (grey) assembled as a tetradecamer with a
dimer of McrC (purple) on the DNA recognition sequence (magenta). The blue spots
represent the DNA binding domain of McrB. A tetradecamer activated to move along the
DNA is in yellow. McrC dimer activated to cleave the DNA is in red. The cleavage
efficiency could be sequence dependent. It is also possible that after convergence the
two tetradecamers move simultaneously away from the target site resulting in cuts
further away from the site. This could explain the observation of multiple positions of
cleavage observed by run off sequencing’ or by polyacrylamide gel electrophoresis®.
Alternatively, it is possible that one McrB hexamer is bound to a target site and another
hexamer is bound to a second site, and the two are brought together by dimerization of
McrC and DNA looping. DNA cleavage could result from subsequent extrusion of the
looped DNA by the two hexameric McrB. Further studies are required to decipher the
mechanistic details of DNA cleavage.
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Supplementary Table 1. Cryo-EM data collection, refinement, and validation statistics
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Supplementary Table 2. Cryo-EM data collection, refinement, and validation statistics

Image processing
Resolution (A)

Map-sharpening B factor (A?)

Model composition
Total atoms
Protein residues
Ligands (GNP/GDP/Mg**)
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Supplementary Table 3. Parameters obtained from superposition of the protomer pairs
of the six McrB interfaces.

Protomer rotation | Rotation angle (°) | Polar angles of rotation (°)
AtoB 58.9 102.9, 47.2, 58.9
BtoC 60.5 102.8,45.5, 60.5
CtoD 60.2 102.1, 44.0, 60.2
DtoE 54.2 110.2, 46.0, 54.2
EtoF 57.7 103.9,42.1, 57.7
FtoA 69.2 100.9, 38.9, 69.2




Supplementary Table 4. Primers used for mutagenesis

Forward primer Sequence

Reverse primer Sequence

Clone (5> 3) (5'-> 3
McrBE?%®4 | TAATACGACTCACTATAGGG |CGTTTATCATGCGCCATTAACATCATC
McrBR3*#4 | TAATACGACTCACTATAGGG |GAAAATCGCGCGCGTAGGGCATAGTC
McrBR**A | TAATACGACTCACTATAGGG | GAAAGAAAACGCTCTGCGTAGGGC
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