
Targeted Mutagenesis of the E. Coli RNase E Gene
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Figure 5:  Targeted insertion into the RNase E ORF at nucleotide 1259. WT: colony PCR across the 
intron insertion site in wild-type BL21(DE3). M1 and M2: colony PCR of two colonies showing group II 
intron insertion. Successful insertions were also obtained at nucleotides 2256s (enolase region), 2670s 
(PNPase region), and 2905a (PNPase region).
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Figure 6:  Relative levels of rpsO mRNA in E. coli  BL21(DE3) and an rne::intron1259 insertional mutant 
as measured by quantitative RT-PCR. Data shown for mutants and BL21(DE3) is in duplicate. The rne::
intron1259 insertion resulted in a 26-fold increase in rpsO mRNA levels.  

Creation of Random Chromosomal Insertion Libraries

Figure 7. Random group II intron insertions throughout the E. coli genome. A random insertion 
library was created by randomizing the EBS targeting regions of the Ll.LtrB group II intron. Several 
gene-specifi c primers were designed at evenly spaced intervals around the E. coli genome. Each gene-
specifi c primer was used with an intron-specifi c primer to amplify and detect intron insertions.
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Introduction
The TargeTron™ Gene Knockout System is a novel functional genomics tool based on the Ll.LtrB 
group II intron from Lactococcus lactis. Like DNA transposons, mobile group II introns can inactivate 
genes by insertion; however, recent advances in group II intron research have enabled insertion to 
be site-specifi c.4-6 A key step in the mobility of group II introns is the formation of an RNA-protein 
complex (RNP). Since site-specifi city is primarily dictated by base pairing using the RNA component 
of the RNP, this allows re-targeting of the RNP by a rapid and routine PCR mutagenesis step. The 
insertion of group II introns is minimally dependent on host factors, making them applicable to 
a broad range of bacteria. To date, the TargeTron system has successfully knocked out genes in 
Escherichia coli,4-6 Staphylococcus aureus, Clostridium perfringens,1 Shigella fl exneri,4 Salmonella 
typhimurium,4 and Lactococcus lactis.2 Many re-targeted introns are so effi cient that selection is 
not required, allowing screening for insertional mutants by colony PCR.5 This eliminates the need to 
remove selection markers and expedites the creation of multiple knockouts. In addition to knockouts, 
knock-ins are also possible3,6 since heterologous DNA can be cloned into the intron and taken to 
specifi c genomic sites by user-designed introns. This feature was recently used to examine the use of 
the TargeTron system to introduce therapeutic sequences into mutant genes site specifi cally.3

The two primary requirements for applying the TargeTron knockout method to a specifi c bacterial 
host are: (1) a promoter able to drive intron expression, and (2) a host-compatible origin of 
replication for the intron expression plasmid. The majority of targeted gene disruption research to 
date has implemented the T7 promoter to drive expression of the Lactococcus lactis Ll.LtrB group II 
intron.  The T7 system has been implemented in E. coli, S. fl exneri, and S. typhimurium; however, not 
all bacterial species may be compatible with the T7 system. Various gene-specifi c promoters can be 
used to drive Ll.LtrB group II intron expression via host RNA polymerases.  

Controlling Site-Specifi c Group II Intron Insertion
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Figure 1. The DNA binding specificity of the LI.LtrB group II intron is determined primarily by the 
EBS regions encoded on the RNA portion of the ribonucleoprotein complex (RNP).  This allows rapid 
mutation of the EBS regions to target specific chromosomal regions for insertional mutagenesis.

Advantages of Targeted Group II Intron
Insertional Mutagenesis

•   Knockout genes without inserting an antibiotic selection marker5 and expedite creation of multiple 
knockouts. 

•  Minimal dependence on host factors allowing application to many bacterial genera.

•  Ability to create knock-ins by delivering heterologous genes to targeted chromosomal sites (Figure 3).

DNA Target Site Interactions for the 
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Figure 2. An active group II intron RNP is composed of spliced lariat intron RNA and the intron encoded 
protein (IEP).  The Ll.LtrB IEP, LtrA, has the following activities: a maturase function for intron RNA 
splicing, a DNA binding activity for target site recognition, an endonuclease activity and a reverse 
transcriptase activity. During target site recognition, the LtrA protein interacts with sequences upstream 
of –13 and downstream of +4, whereas the intron RNA base pairs with the sequences in between. 
Key bases recognized by the IEP (gray shading) include T-23, G-21 and A-20 in the 5’ exon and T+5 in 
the 3’ exon. T+5 is required only for the bottom-strand cleavage. The intron RNA’s EBS2, EBS1 and δ 
sequences base pair with IBS2, IBS1 and δ’ sequences. IS and CS (arrowheads) are the intron-insertion 
site and the bottom-strand cleavage site, respectively.

When Selection is Needed: Retrotransposition-
Activated Selectable Markers (RAM)
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Figure 3. Since the TargeTron system creates insertions via an RNA intermediate, it allows the use 
of RAM markers (retrotransposition-activated selectable markers). The kanamycin RAM contains a 
kanamycin ORF interrupted by a group I td intron. Upon expression of the group II intron RNA, the td 
intron splices out, creating an active kanamycin ORF. The activated kanamycin ORF is then inserted 
with intron RNA and produces kanamycin resistance only in the case of chromosomal insertion.

Targeting Genes for Knockout with 
Computer-designed Introns
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Figure 4. The rules for targeting the Ll.LtrB group II intron have been deciphered suffi ciently to allow 
reliable prediction of intron insertion sites.5 The targeting rules have been incorporated into a Web-
based tool that automates the process of fi nding insertion sites and designing primers to mutate 
(re-target) the intron to insert into a gene of interest.

Inserting an Alternative Promoter (Non-DE3 Strains)
Design a primer containing your host promoter as follows:

5’-AAAAAAGCTT-(~60 bp promoter sequence)-AAAAGAGCTTATAATTATCCTTA

For example, below is the sequence for the spc promoter, which has been successfully used 
in non-DE3 strains (promoter sequence in lower case):

5’-AAAAAAGCTTccgtttattttttctacccatatccttgaagcggtgttataatgccgcgccctcgata
AAAAGAGCTTATAATTATCCTTA

 lacZ    yecE   bcr
 nusA    pAT rich   spc

rrnB    spc   tac 
spc
3 tac variants

Figure 8. The PCR product from the EBS mutagenic step (Figure 1) can be diluted and used as a 
template for second round PCR to insert an alternative promoter that expresses the intron. This is 
required for non-DE3 strains. Alternative promoters may require induction by agents other than IPTG, 
or no induction at all. Alternative promoters show lower insertion effi ciencies than the T7 promoter 
in E. coli, but have routinely produced insertional mutants. The list above shows several E. coli genes 
knocked out by the alternative promoters listed. A plasmid that encodes an IPTG-inducible T7 RNA 
polymerase can also be co-transformed with a T7 promoter group II intron donor plasmid.4

Adapting the TargeTron System to any Bacterial Host
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Figure 9. The two major requirements for adapting the TargeTron system to an alternative host strain 
are: (1) a host plasmid with an appropriate replication origin, and (2) a host promoter to express the 
intron RNA. The intron and reverse transcriptase ORF are transcribed together into a single RNA. The RT is 
translated, binds to the RNA transcript in cis, and facilitates intron splicing during RNP formation.

Conclusions
•  The TargeTron system is a rapid and effi cient genetic tool for targeted gene knockout in a variety of bacterial 

organisms.

•  In addition to knockouts, knock-ins are also possible as demonstrated by the chromosomal insertion of 
trimethoprim5,6 and kanamycin selection markers.

• The TargeTron system has introduced therapeutic sequences into mutant genes site specifi cally.3  

•  In most cases, insertion frequencies are high enough to allow isolation of insertional mutants without the 
assistance of antibiotic selection.5

• Alternative promoters are easily engineered into the TargeTron System using PCR.

•  The system allowed for rapid, site-specifi c mutagenesis in various domains of the partially essential RNase 
E ORF.

• The TargeTron system can be used to create random insertion libraries, much like DNA transposons.
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