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Prokaryotes have developed various defensive mechanisms to combat phages like the restriction 
modification system, adsorption inhibition etc. The recently discovered prokaryotic immune system 
called the Clustered Regularly Interspaced Palindromic Repeats (CRISPR) system has made a 
breakthrough in the study of host-virus interactions.  It is surprising that this system had gone 
unnoticed for years, despite being widely spread in prokaryotes. The CRISPR system consists of 
arrays of repeat-spacer elements, along with genes called cas (CRISPR associated) genes which exist 
exclusively in CRISPR-containing prokaryotes. The spacers match the sequences of phages or 
plasmids that invade the cells. A CRISPR array can acquire new spacer sequences from invading 
phages or the plasmid thereby extending its repeat-spacer array.  Therefore, the more the number of 
spacer sequences in the CRISPR array, the more resistant is the cell to different invading genetic 
elements.  The CRISPR system uses this genetic memory to restrict horizontal gene transfer through 
an unknown mechanism analogous to the eukaryotic RNA interference (RNAi). 

The CRISPR 2.1/casE system in the bacteial strain E. coli K12 is biochemically the best characterized 
system.  This system consists of five proteins called cascade (CRISPR associated antiviral defense) 
(casA, casB, casC, casD and casE) and Cas3 protein. There are two additional cas proteins called 
Cas1 and Cas2, but their functions have not been characterized yet.  The cascade protein complex has 
been shown to be involved in the processing of the long RNA transcribed from the CRISPR locus into 
approximately ~21 nucleotides crRNA (CRISPR RNA), which corresponds to virus or a plasmid 
derived spacer and a part of flanking CRISPR repeats.  The cascade carries the crRNA to the 
incoming phage or any kind of foreign genetic element, to silence it in a way analogous to the 
eukaryotic interference mechanism. 

The major drawback of the E. coli K12 CRISPR system is the lack of natural functionality of the 
system. Though immunity to the phage is achieved through artificial expression of this system, by 
artificial co-expression of cas genes and a CRISPR cassette engineered to a target lambda phage, no 
natural phage resistance due to the CRISPR system function has been observed in the organism.  The 
levels of processed CRISPR transcripts appear to be low, due to the low expression of cas genes.  The 
aim of this project is to study the transcription levels of cas genes in various E. coli isolates containing 
the CRISPR 2.1/cas system.  Also, the purification of cascade complex has been carried out as 
previously done by another group to study its biochemical characteristics. 

The results indicate that none of the E. coli strains used in this study shows high enough cas gene 
expression to resist the phage infection under the tested conditions. This study suggests that there 
exists some inhibitory mechanisms that suppress the expression of cas genes.  As this work has been 
carried out on a limited set of E. coli strains, it could be continued by investigating the cas gene 
expression levels in other natural isolates under different conditions as well as by studying the 
mechanisms of CRISPR inhibition. 
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