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CRISPR—unique antiviral immunity of bacteria and archaea 

Adam Weiss 

Human cells have evolved spectacular ways to recognize and combat viral infection, which 
require cooperation of highly specialized cells, rapid turnover of intracellular mass and constant 
genetic recombination. All these processes are energetically very expensive indicating how much 
viruses and other pathogens have threatened animals throughout evolution. Since bacteria behave 
mostly like unicellular organisms and their success is measured by the speed of their 
proliferation, they could not evolve exhaustive immune system, yet they are equally endangered 
by their own viruses, bacteriophages. 

One of the ways bacteria have solved the problem is striking in its simplicity. Instead of "trying 
to guess" what the virus looks like (this is what human cells do when they generate millions of 
antibodies and only a fraction can target the invader), bacteria retain a piece of the phage genome 
during the first infection and use it for downright recognition of later infections. This way, the 
cell has unequivocal evidence that the incoming DNA belongs to the virus and has to be 
destroyed. Moreover, since this piece of phage genome is incorporated into the cell's own 
chromosome, it will be inheritable, thus available to all the progeny. 

Some features of this intriguing defence system, which is called CRISPR (clustered regularly 
interspaced short palindromic repeats), have been well described. It is now clear that there are 
several CRISPR systems that differ in molecular details. Each one of them involves a set of Cas 
(CRISPR-associated) proteins that perform the job, i.e. recognize the phage DNA, recombine it 
into the chromosome and use it for uncovering of later infections. Nevertheless, how these 
proteins work on the molecular level remains largely unknown. 

 In my project, I focused on the Cas proteins from the model bacterium Escherichia coli. It is 
arguably the best-studied organism with the finest genetic tools available. Therefore, it is also the 
best potential model system for studying CRISPR immunity. I worked with proteins that are 
thought to ensure the "effector" stage, i.e. recognizing the infection and perhaps destroying the 
phage nucleic acids. I purified these proteins and studied them in vitro, in a pure solution with 
defined components, and thereby tried to find out their activities and interaction partners. I 
showed that a subset of Cas proteins generates small RNAs, which in sequence correspond to the 

phage DNA, whereafter they are guided to complementary single-stranded DNA and RNA. In 

contrast to previously proposed model, I observed that only the complex bound to RNA, not 
DNA, is recognized by another Cas component, which is thought to enzymatically cleave the 
phage nucleic acids. 

Investigation of Cas proteins and eventual deciphering of the CRISPR systems from all bacteria 
and archaea is of great importance, for instance, in dairy industry, as the product quality is 
absolutely dependent on the fitness of the producing cultures. In addition, CRISPR machinery 
might harbour novel enzymes or whole tool-kits for manipulating bacterial genomes and thus 
enable another leap forward in basic research. 


