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Supplementary Fig. 1 
 

 
 
All Cascade subunits are required for immunity. The efficiency of plaquing (EOP) was 
determined in E. coli BL21-AI containing complete Cascade, phage �-targetting T1-4 CRISPR 
(see Supplementary Fig. 2) and Cas31, and for strains expressing Cascade sub-complexes 
lacking one of the Cas proteins. Host strain E. coli BL21-AI does not contain cas-genes2. 
Error bars indicate one standard deviation. 
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Supplementary Fig. 2 
 

 
 
CRISPRs used in this study. (a) Phage λ genome map indicating the main genes and 
transcripts (dotted arrows), and the positions of the protospacers on the coding or template 
strand. (b) Schematic overview of CRISPRs used in this study (repeats: diamonds, spacers: 
rectangles). The N CRISPR was designed as a non-targeting control containing the naturally 
occurring spacers 1, 3, 5, and 7 from E. coli K12, which have no homology to any known 
phage1. The number of plaque forming units obtained in the presence of this CRISPR was 
used to calculate the efficiency of plaquing (Supplementary Fig. 1). The uniform CRISPR 
R44 was designed based on a natural spacer at the second position of the CRISPR in E. coli 
R44 (ECOR44)3,4. This spacer was derived from the upfA gene of phage P1 and P7. The R44 
CRISPR was designed such that the spacer was repeated seven times. The sequences of the 
CRISPRs are provided below. 
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K12 CRISPR, pWUR396 
GCGTACCATGGCATAAGGAAATGTTACATTAAGGTTGGTGGGTTGTTTTTATGGGAAAAAATGCTTTAAGAACAA
ATGTATACTTTTAGAGAGTTCCCCGCGCCAGCGGGGATAAACCGCTTTCGCAGACGCGCGGCGATACGCTCACGC
AGAGTTCCCCGCGCCAGCGGGGATAAACCGCAGCCGAAGCCAAAGGTGATGCCGAACACGCTGAGTTCCCCGCGC
CAGCGGGGATAAACCGGGCTCCCTGTCGGTTGTAATTGATAATGTTGAGAGTTCCCCGCGCCAGCGGGGATAAAC
CGTTTGGATCGGGTCTGGAATTTCTGAGCGGTCGCGAGTTCCCCGCGCCAGCGGGGATAAACCGCGAATCGCGCA
TACCCTGCGCGTCGCCGCCTGCGAGTTCCCCGCGCCAGCGGGGATAAACCGTCAGCTTTATAAATCCGGAGATAC
GGAAACTAGAGTTCCCCGCGCCAGCGGGGATAAACCGGACTCACCCCGAAAGAGATTGCCAGCCAGCTTGAGTTC
CCCGCGCCAGCGGGGATAAACCGCTGCTGGAGCTGGCTGCAAGGCAAGCCGCCCAGAGTTCCCCGCGCCAGCGGG
GATAAACCGGGGGGCGCATGACCGTAAACATTATCCCCCGGGAGTTCCCCGCGCCAGCGGGGATAAACCGGGAGT
TCAGACATAGGTGGAATGATGGACTACGAGTTCCCCGCGTTAGCGGGGATAAACCGCCCGGTAGCCAGGTTTGCA
ACGCCTGAACCGAGAGTTCCCCGCGCCAGCAGGGATAAACCGGCAACGACGGTGAGATTTCACGCCTGACGCTGG
GTACCGGACC 
 
Non-targeting CRISPR (N), pWUR477 
GGCGCGCCATGGAAACAAAGAATTAGCTGATCTTTAATAATAAGGAAATGTTACATTAAGGTTGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAATGTATACTTTTAGAGAGTTCCCCGCGCCAGCGGGGATAAACCGCTTT
CGCAGACGCGCGGCGATACGCTCACGCAGAGTTCCCCGCGCCAGCGGGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGTTCCCCGCGCCAGCGGGGATAAACCGGGCTCCCTGTCGGTTGTAATTGATAATGTTGA
GAGTTCCCCGCGCCAGCGGGGATAAACCGTTTGGATCGGGTCTGGATCCTCTGAGCGGTCGGAGTTCCCCGCGCC
AGCGGGGATAAACCGCGAATCGCGCATACCCTGCGCGTCGCCGCCTGGAGTTCCCCGCGCCAGCGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACTAGAGTTCCCCGCGCCAGCGGGGATAAACCGGACTCACCCCGAA
AGAGATTGCCAGCCAGCTTGAGTTCCCCGCGCCAGCGGGGATAAACCGCAGCTCCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA 
 
Template CRISPR (T1-4), pWUR478 
GGCGCGCCATGGAAACAAAGAATTAGCTGATCTTTAATAATAAGGAAATGTTACATTAAGGTTGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAATGTATACTTTTAGAGAGTTCCCCGCGCCAGCGGGGATAAACCGCTGA
GTGTGATCGATGCCATCAGCGAAGGGCCGAGTTCCCCGCGCCAGCGGGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGTTCCCCGCGCCAGCGGGGATAAACCGCAAGCAACAGGCAGGCGTGACAGCCAGCAAAC
GAGTTCCCCGCGCCAGCGGGGATAAACCGTTTGGATCGGGTCTGGATCCTCTGAGCGGTCGGAGTTCCCCGCGCC
AGCGGGGATAAACCGTGGGATGCCTACCGCAAGCAGCTTGGCCTGAAGAGTTCCCCGCGCCAGCGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACTAGAGTTCCCCGCGCCAGCGGGGATAAACCGTGACAAGTCCACG
TATGACCCGACCGACGATAGAGTTCCCCGCGCCAGCGGGGATAAACCGCAGCTCCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA 
 
ECOR44-1.2 (7x), pWUR547 
CCTGCATTAGGTAATACGACTCACTATAGGATAAACCGACGGTATTGTTCAGATCCTGGCTTGCCAACAGGAGTT
CCCCGCGCCAGCGGGGATAAACCGACGGTATTGTTCAGATCCTGGCTTGCCAACAGGAGTTCCCCGCGCCAGCGG
GGATAAACCGACGGTATTGTTCAGATCCTGGCTTGCCAACAGGAGTTCCCCGCGCCAGCGGGGATAAACCGACGG
TATTGTTCAGATCCTGGCTTGCCAACAGGAGTTCCCCGCGCCAGCGGGGATAAACCGACGGTATTGTTCAGATCC
TGGCTTGCCAACAGGAGTTCCCCGCGCCAGCGGGGATAAACCGACGGTATTGTTCAGATCCTGGCTTGCCAACAG
GAGTTCCCCGCGCCAGCGGGGATAAACCGACGGTATTGTTCAGATCCTGGCTTGCCAACAGGAGTTCCCCGCGCC
AGCGGGGATAAACCGGGTACC 
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Supplementary Fig. 3 
 
a 
 
5� OH � AUAAACCGACGGUAUUGUUCAGAUCCUGGCUUGCCAACAGGAGUUCCCCGC GCCAGCGGGG � 2�, 3�-P 

 
b 

 
 
c 

Sequence Position Theoretical mass (Da) 
Experimental mass 

(Da) 
AUAAACCGp A1:G8 2596.597 2596.2 

ACGp A9:G11 997.617 997.1 
UAUUGp U13:G17 1610.94 1610.1 
UUCAGp U18:G22 1609.955 1609.3 

AUCCUGp A23:G28 1915.139 1914.9 
CUUGp C30:G33 1280.745 1280.2 

CCAACAGp C34:G40 2266.403 2266.1 
AGp A42:G43 692.433 692.1 

UUCCCCGp U44:G50 2196.298 2195.3 
CCAGp C53:G56 1302.801 1302.3 

 
d 
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e 

Sequence Position Theoretical mass (Da) 
Experimental mass 

(Da) 
AUp A1:U2 / A14:U15 653.393 653.1 

AAACp A3:C6 1310.826 1310.4 
GACp / AGCp G8:C10 / A55:C57 997.617 997.1 

GGUp G11:U13 1014.602 1014.2 
GUp G17:U18 669.393 669.0 

AGAUp A21:U24 1327.811 1327.3 
GGCp G28:C30 1013.617 1013.4 
AACp A36:C38 981.617 981.2 

AGGAGUp A39:U44 2018.229 2017.7 
GGGGp G58:G61 1398.851 1398.4 
GGGG^p G58:G61 1380.836 1380.4 

 
RNase digests of the crRNA. (a) Sequence of mature crRNA with the R44 spacer sequence 
shaded, and the hairpin underlined. (b) Base peak chromatogram of the RNaseT1 digest of 
mature crRNA. The predominant oligoribonucleotide peaks assigned to the mature crRNA are 
highlighted. (c) Summary of the identified oligoribonucleotides assigned to mature crRNA 
from the RNaseT1 digest. (d) Base peak chromatogram of the RNaseA digest of mature 
crRNA. The predominant oligoribonucleotide peaks assigned to the mature crRNA are 
highlighted. (e) Summary of the identified oligoribonucleotides assigned to mature crRNA 
from the RNaseA digest. ^ indicates cyclic 2�,3�-phosphate. It is worth mentioning that the 
cyclic phosphate 3�-end is not a substrate for E. coli poly(A) RNA polymerase5, and this 
explains why only shorter, apparently partly degraded crRNAs were cloned and sequenced 
previously1. 
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Supplementary Fig. 4 
 

 
 
 
Native PAGE of Cascade-target DNA complexes. Coomassie-blue stained native PAGE 
analysis of Cascade and sub-complexes binding ssDNA oligonucleotides complementary to 
the R44 crRNA (BG3028, see Table S3). The gel shows the increased migration rates of 
Cascade complexes loaded with uniform R44 crRNA in the presence their complementary 
target ssDNA due to the additional charge negative charge of the ssDNA. By contrast, the 
migration rate of Cascade loaded with different crRNAs derived from the E. coli K12 
CRISPR I array that does not contain the R44 spacer is not affected. In addition, differences 
in migration rates of the various complexes (Cascade, CasBCDE and CasCDE) are visible.  
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