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Extended Data Figure 5: Histogram of plaque assays in  E. coli DH10B with ENDPa4, ENDEc1 and 
ENDPa4-Ec1-fusion. Panel of E. coli phages were tested against different END nuclease constructs. T5 is 
included as a negative control. HMC = hydroxymethylcytosine, C= unmodified cytosine. sp stands for small 
plaques (see Figure 4e). 
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Extended Data Figure 6: HHpred domain analysis of ENDMag. a, Alignment output from HHpred. Only the top 
3 alignment of each domain is shown. b, Details of alignment of ENDMag sensor domains with characterized 
proteins. First alignment is for ENDMag with Sulfolobus solfataricus Ogg1 (PDB: 3FHG). Second alignment is for 
ENDMag with Methanocaldococcus jannashii Ogg1 (PDB: 3FH3). Third alignment is for ENDMag with  Thermotoga 
maritima Ogg1
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Extended Data Figure 7: ENDPa4, a distant homolog of ENDPaCF1, also binds to anti-END inhibitors.  
a, Pulldown of inhibitors in the presence of defense system. Only ENDPa4 is His-tagged; controls are 
shown in Figure 5. b, Plaque assay of different hypermodified phages in E. coli, in the presence of ENDPa4 
with/without anti-END inhibitors. 
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Notation Coordinates strand DefenseFinder HHpred 

gene 1 6354280..6356735 - Type IV RM (note no nuclease) 
 

gene 2 6356736..6358225 - Mokosh 
 

gene 3 6358210..6361595 - Mokosh (note no nuclease) 
 

gene 4 6361602..6363005 - 
 

S/T kinase 

gene 5 6363011..6363703 - 
 

Protein serine/threonine phosphatase 

gene 6 6363703..6364374 - 
 

Von Willebrand factor type A (vWA) domain 

gene 7 6365945..6367771 - OLD/Gabija 
 

gene 8 6376092..6377573 - 
 

RtcR, Regulator of RNA terminal phosphate 
cyclase 

gene 9 6376092..6377573 - 
 

RtcR, Regulator of RNA terminal phosphate 
cyclase 

gene 10 6379523..6380257 - 
 

N-terminal glycosyltransferase 

gene 11 6380320..6381444 - 
 

ComF-like phosphoribosyltransferase 

gene 12 6381447..6382313 - 
 

Histidinol phosphatase (PHP family) 

Extended Data Table 1: Putative roles of defene-associated genes and other genes indicated in Figure 1b.   
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Notation 
Protein Accession  
(if applicable) Species Strain Source 

Country 
source 

Collection 
date 

ENDPAK  P. aeruginosa PAK Lab isolate   
ENDPa3 ELJ2661932.1 P. aeruginosa 2020QG-00001 Human, wound USA 2020 
ENDPa4 MBX6756561.1 P. aeruginosa HBRM35 Human, sputum China 2017 
ENDEc1 HCP8353069.1 E. coli 07-06701 Human, stool Germany 2007 
ENDEc2 EFH3554530 E. coli PSU-2108 Pig USA 2000 
ENDSe EHN1424678.1 S. enterica FDA1160512-C001-001 Cheese USA 2021 
ENDVc WP_267838393.1 V. cholerae N/A N/A N/A N/A 

ENDMag MDV2503288.1 
Marine sediment 
metagenome N/A Pelagic sediments 

Atlantic 
Ocean 2014 

 Extended Data Table 2: END nucleases tested experimentally in the paper.  

.CC-BY-NC 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 31, 2025. ; https://doi.org/10.1101/2025.03.31.646159doi: bioRxiv preprint 

https://doi.org/10.1101/2025.03.31.646159
http://creativecommons.org/licenses/by-nc/4.0/


 

Extended Data Table 3: List of restriction enzymes and the corresponding 
recognition sequence as indicated on NEB website.   

Restriction enzyme Recognition sequence 

BsgI GTGCAG(16/14) 

EcoRI G/AATTC 

FspI TGC/GCA 

HindIII A/AGCTT 

BmrI ACTGGG(5/4) 

ApaLI G/TGCAC 

NdeI CA/TATG 

XbaI T/CTAGA 

DraI CACNNN/GTG 

BsaI GGTCTC(1/5) 
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Primers Sequence 

WX_16 aagcttggcactggcc 

WX_17 ggtatgtatatctccttcttaaagttaaac 

WX_128 cgttgtaaaacgacggccagtgccaagctttcatttgacgtacttcccgaagtagc 

WX_129 gctcgaattctgtttcctgtgtgaa 

WX_130 tgcaggaattcctcgagaagcttgg 

WX_133 gtttaactttaagaaggagatatacataccatgactagctccaaatggaccatcg 

WX_167 acaatttcacacaggaaacagaattcgagcggttgcctgaaacggggc 

WX_168 aggtaccaagcttctcgaggaattcctgcatcagtagaccttcacatcgaacccc 

WX_216 aacagaaagtaatcgtattgtacacg 

WX_217 ctaggttaattaagctgcgctag 

WX_257 ttttgtttaactttaagaaggagatatacc 

WX_258 tctgttcgacttaagcattatgc 

WX_Q4F gccaatagcgttcctgtgag 

WX_Q4R ggaagttatcgaggcgaaagc 

WX_rpoD_F gggcgaagaaggaaatggtc 

WX_rpoD_R caggtggcgtaggtggagaa 

 Supplementary Data Table 1: List of primers used. 
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Primers Sequence 

WX_16 aagcttggcactggcc 

WX_17 ggtatgtatatctccttcttaaagttaaac 

WX_128 cgttgtaaaacgacggccagtgccaagctttcatttgacgtacttcccgaagtagc 

WX_129 gctcgaattctgtttcctgtgtgaa 

WX_130 tgcaggaattcctcgagaagcttgg 

WX_133 gtttaactttaagaaggagatatacataccatgactagctccaaatggaccatcg 

WX_167 acaatttcacacaggaaacagaattcgagcggttgcctgaaacggggc 

WX_168 aggtaccaagcttctcgaggaattcctgcatcagtagaccttcacatcgaacccc 

WX_216 aacagaaagtaatcgtattgtacacg 

WX_217 ctaggttaattaagctgcgctag 

WX_257 ttttgtttaactttaagaaggagatatacc 

WX_258 tctgttcgacttaagcattatgc 

WX_Q4F gccaatagcgttcctgtgag 

WX_Q4R ggaagttatcgaggcgaaagc 

WX_rpoD_F gggcgaagaaggaaatggtc 

WX_rpoD_R caggtggcgtaggtggagaa 

 Supplementary Data Table 1: List of primers used. 
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