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Fig. 4 | Binding of unmethylated ssDNA activates DrmAB through large conformational 
rearrangements. a, DrmA C-terminal pivot arm (PA) interface with substrate DNA. Left: close-
up views of DrmAB map and model lacking DNA (top) and DrmAB:DNA map and model 
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(bottom). In the DNA-bound map, a direct interaction between a DNA base and Val1296 is 
present (black arrow). In the DrmAB map lacking DNA, the DrmA autoinhibition loop is present 
(pink arrow). Right: Motion vectors showing conformational changes of DrmAB upon DNA 
binding. DrmB N-terminal half (DrmB NTH, cyan) does not make direct contacts with DNA but 
undergoes a large conformational change upon DNA binding, mediated by the PA of DrmA 
(magenta). b, EOP assay to determine the effects of V1296G or V1296W mutations to 
DISARM activity. c, ATPase assay measuring the rate of ATP hydrolysis by DrmAB, as 
monitored by increase in absorbance at 360 nm. In the absence of DNA, no ATPase activity 
is monitored. In the presence of DNA stem loop lacking modification (blue), ATPase activity is 
observed. This is severely reduced for DNA containing three separate 5-methyl cytosine bases 
(orange). DNA sequences are listed in Table 2. Experiments were performed in triplicate, and 
the mean and standard deviation of the mean are depicted. d, Close-up views of 
DrmA(CTR):DrmB interactions. e, DrmA C-terminus forms a b-sheet in trans with DrmB. f,  
Effect of truncation of DrmA PA on DISARM anti-phage activity.  
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Fig. 5 | Model for anti-phage surveillance by DISARM 
I. In the absence of phage infection, DrmAB complex is autoinhibited via TL. This allows the 
constitutive expression of the complex to enable rapid immune activation upon stimulus. II. 
DISARM is recruited to single-stranded 5’ ovh DNA, which typically occur during initial phage 
DNA injection prior to genome circularization, or during rolling circle DNA replication. III. 
Loading of ssDNA into DrmAB dislodges TL, resulting in a conformational change and DrmAB 
activation. IV. Once DrmAB is active, DrmC or other nucleases may be recruited to degrade 
foreign DNA. DISARM may act to defend against phage at step III by loading onto phage DNA 
ends and physically blocking replication, and at step IV through recruiting a nuclease and 
degrading phage DNA.  
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