
MICROBIOLOGIA GENERALE 

The prokaryotic “immune” 
system 



  Viruses are by fair the most abundant “life” form in the 
world’s oceans (4 x 1030 viruses) exceeding prokaryotic 
abundance by at least one order of magnitude. 

 How do prokaryotes survive in such a hostile environment? 

  The prokaryotic “immune” system  consists of self-
protecting mechanisms that provide immunity against 
external DNA, such as virus genome or plasmids. 

  The Restriction-Modifification (R-M) systems as “intrinsic 
immune” responses. 

  The CRISP-CAS systems as “adaptive immune” responses. 
  

The need of immunity in prokaryotes 



  A restriction enzyme or restriction endonuclease (R.E.) is an enzyme that 
cuts DNA at or near specific recognition nucleotide sequences known as 
restriction sises.  

  These enzymes are found in free living Bacteria and Archaea and provide an 
“innate” defense mechanism against invading viruses. It is generally accepted 
that this is their role in nature. 

  Inside a prokaryote, the R.E. selectively cut up foreign DNA in a process called 
restriction. 

  Meanwhile, host DNA is protected from cleavage by a modification enzyme 
(DNA-methyl transferases) that modifies the prokaryotic DNA and prevents the 
cleavage. 

  R.Es. usually occur in combination with one or two modification enzymes. 
Modification enzymes recognize the same DNA sequence as the R.E. that they 
accompany.  

  Together, a R.E. and its “cognate” modification enzyme(s) form a Restriction-
Modification (R-M) system.  

  R.E are classified in types (I-IV) on the basis of subunit composition, cleavage 
position, sequence specificity, and cofactor requirement. 

  Over 3000 R.E.s have been studied in detail, and more than 600 of these are 
available commercially.  

 

The prokaryotic Restriction-Modification Systems 



An example of R.Ms: the EcoRI and EcoRV systems of E. coli 

  To cut DNA, EcoRI and EcoRV, as 
all R.E. make two incisions, once 
through each sugar-phosphate 
backbone (i.e. each strand) of the 
DNA double helix. 

  The EcoRI and EcoRV 
methyltransferase methylate one 
of the bases in each DNA strands. 

  The methyl group protrudes into 
the major groove of DNA at the 
binding site and prevent the R.E. 
from acting upon it.  



Deriva'on of the EcoRI name 
 

Abbreviatio
n  Meaning  Description  

E Escherichia genus 

co coli specie 

R RY13 strain 

I 1st identified  order of identification in the bacterium  
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  In Bacteria and Archaea the CRISPR*/Cas (Clustered regularly 

interspaced short palindromic repeats/CRISPR-associated 
system) is a self-protecting mechanism against external DNA, such as 
virus genome or plasmids.  

  It uses CAS complex to cut the external viral or plasmid DNA and 
integrating a short DNA segment into the CRISPR loci in the genome. 

  This short DNA segment will be transcribed into pre-crRNA and bind to 
another CAS endonuclease called Cas9 with the help of tracrRNA.  

  The Cas9 endonuclease cuts the external DNA in the existence of not 
only crRNA but also a special recognizing sequence at the 3’ end of 
the target DNA called PAM (Protospacer Adjacent Motif).  

  When the same external DNA invades next time, the Cas9-tracrRNA-
crRNA complex will recognize and cut it in order to destroy its 
biological activity.  

The CRISP CAS system 

* Brevi ripe6zioni palindromiche raggruppate e separate a intervalli regolari  



Phase 1: in the immunization phase, the CRISPR system stores the molecular 
signature of a previous infection by integrating fragments of invading phage or 
plasmid DNA into the CRISPR locus as 'spacers'.  

The CRISP CAS system 



Phase 2: in the immunity phase, the bacterium uses this stored information to 
defend against invading pathogens by transcribing the locus and processing the 
resulting transcript to produce CRISPR RNAs (crRNAs) that guide effector nucleases 
to locate and cleave nucleic acids complementary to the spacer.  

The CRISP CAS system 



Phase 2: in the immunity phase, tracrRNAs hybridize to repeat regions of the pre-
crRNA. Then, endogenous RNase III cleaves the hybridized crRNA-tracrRNA, and a 
second event removes the 5′ end of the spacer, yielding mature crRNAs that remain 
associated with the tracrRNA and Cas9. The complex cleaves complementary 
‘protospacer’ sequences only if a PAM sequence is present.  

The CRISP CAS system 



A CRISPR/Cas9 targeted double-strand break.  
Cleavage occurs on both strands, 3 bp upstream  
of the NGG proto-spacer adjacent motif (PAM) 
sequence on the 3’ end of the target sequence. 



 Genome editing is a precise, site-specific DNA modification in a live 
cell. 

 Genome editing involves the use of engineered nucleases, in 
conjunction with endogenous repair mechanisms, to insert, delete, 
or replace DNA sequences from a specific location in genomic 
DNA 

  The ability to edit the genome in a precise and targeted manner 
can be used to provide a more comprehensive understanding of 
biology and disease mechanisms. 

 Genome editing has a variety of applications, such as creating 
disease-resistant transgenic plants, stem cell engineering, and 
gene therapy, and is also widely used in creating tissue and animal 
disease model.  

Genome editing  



Genome editing  



Genome editing by CRISPR-Cas  



Genome editing by CRISPR-Cas  

The specificity is supplied by the guide RNA 
(gRNA), and changing the target only requires a 
change in the design of the guide RNA. After the 
guide RNA has guided the Cas9 nuclease to a 
specific genomic locus, the cas9 protein induces 
a double-stranded break (DSB) art teh specific 
target sequence.   






