TARGETING YOUR DNA WITH THE
CRE/LOX SYSTEM
It has been 15 years now that the Cre/lox system has been used as a way to artificially
control gene expression. If your radar hasn’t picked it up yet, you’re missing out on a
clever way to move pieces of DNA around in a cell. Over the years, this system has
allowed researchers to create a variety of genetically modified animals and plants with
the gene of their choice being externally regulated [1]. This has contributed to our
understanding of how individual genes and proteins work.
How it works
The system begins with the cre gene, short for cyclization recombination, which
encodes a site-specific DNA recombinase logically named Cre [1,2]. A site-specific
DNA recombinase means that the Cre protein can recombine DNA when it locates
specific sites in a DNA molecule (see Figure 1). These sites are known as loxP (locus
of X-over P1) sequences, which are 34 base pairs long and magnets for the Cre to
recombine the DNA surrounding them [2].

Figure 1. A model of Cre Function. The loxP sites recognized by Cre are represented
with thick arrows and their DNA sequence is shown at the bottom.
When cells that have loxP sites in their genome also express Cre, the protein springs
into action, catalyzing a reciprocal recombination event between the loxP sites (see
Figure 1). What does this mean? Well…the double stranded DNA is cut at both loxP
sites by the Cre protein and then ligated (glued) back together. As a result, the DNA
in between the loxP sites is excised and subsequently degraded. It is a quick and
efficient process.
Why Cre/loxP excision of DNA is so useful
The loxP sequence originally comes from the P1 bacteriophage, which is a bacterial
virus that, quite reasonably, contains DNA that is not found in animals or plants1.
Since the loxP sequences are also 34 base pairs long there is virtually no chance that
you would randomly find them in a genome. Therefore, loxP sequences can be
artificially inserted into animals or plants and used for the precise excision of DNA,
without worrying about cutting other parts of an organism’s genome.

Regulating a Gene Using the Cre/loxP System
For a gene to produce a protein it requires a ‘promoter.’ This is a section of DNA in
front of the gene that functions to recruit the cellular machinery that will initiate the
multi-step process of protein production (called gene expression). How the promoter
functions to do this can vary, from always recruiting cellular machinery and thus
always being ‘on’, to only doing this in specific tissues or cell types, or being
inducible and thus only functioning in the presence of a specific factor or condition.
Each type will dictate the amount of protein a gene can produce and thus ultimately
control aspects of its function. For this reason, a promoter is considered a ‘regulator’
of gene function.
An artificial type of this regulation can be achieved with the Cre/lox system [1,3-4].
To do this you need to create a transgenic organism with an always ‘on’, or
ubiquitous, promoter that is attached to and ready to regulate the gene you would like
to control. The trick is: in between the promoter and the gene, a ‘stop’ sequence
surrounded with loxP sites is inserted (see Figure 2). The stop sequence is a short
sequence with several transcriptional stop codons (terminators) that will prevent the
gene from producing a protein.

Figure 2. Cre/lox Regulation of a Protein Expression. The gene lacZ has LoxP
sequences containing a stop signal that prevent the gene from being expressed. When
exposed to the Cre protein the LoxP and stop signal are excised and the gene is
expressed. Conditions in which the cre is present thus regulated the expression of the
lacZ gene.
Take the example in Figure 2, where you are trying to control the gene lacZ.
Transgenic organisms with a ‘stop’ sequence between the promoter and gene cannot
express the LacZ protein. When Cre is present in the cells of this organism, it
catalyzes recombination between the loxP sites, thereby deleting the ‘stop’ sequence.
With the stop sequence deleted the organism would express LacZ, or whichever other
gene that was being studied in its place. The conditions in which the Cre is present
thus regulated the expression of the gene.
The Cre/lox System in Action

An example of transgenic mice provides an example of how the Cre/lox system can be
used. In this case we would like to produce a mouse that no longer has a target gene in
only one cell type. The Cre/lox system provides a method to do this [4] (see Figure 3):
1. Transgenic mice containing a gene surrounded by loxP sites are mated with
transgenic mice that have the cre gene expressing only in one cell type.
2. The resulting mice with both the cre gene and the loxP-flanked gene.
3. In tissues with no cre gene the target gene with be present and function normally.
4. In a cell where Cre is expressed, the target gene of interest will be deleted.

Figure 3. Cre/lox Mouse Breeding. Mice with the Cre protein expressing in a specific
cell type are bred with mice that contain a target gene surrounded by loxP sites.
When the mice are bred, the cells carrying Cre will cause those cells to lose the target
gene.
Therefore, if the cre gene is bound to a promoter that only allows Cre production in
neuronal cells, the target gene will be deleted only in those cells. This method allows
researchers to isolate the effects of genes in specific tissues, thereby providing very
specific analysis of gene function. Since the Cre/lox system has been used extensively
over the last fifteen years, there are now numerous animal, plant and bacterial stocks
that already contain the cre gene driven by ubiquitous or tissue-specific promoters.
These established lines provide a quick method for breeding experiments like those
described above.
Advantages and Disadvantages
The Cre/lox system has the advantage of working in almost any type of cell. This
versatility has led to its application in many types of experiments, such as, labelling
neuronal cells in the brain, differentiating them from surrounding glial cells and
looking at the properties of promoters [5]. A more powerful approach to controlling
gene expression has also been developed by combining the Cre/lox and the
tetracycline-regulated transcriptional systems [6]. In this combination system
expression of Cre occurs only when the drug tetracycline is administered, allowing

researchers to start and stop expression of the gene at any time. The two primary
disadvantages of the Cre/lox system are that not all tissue specific promoters are
perfectly specific [4]. Basal levels of expression in other cell types can sometimes
cause unintended gene expression. In addition, the establishment of transgenic
systems with inserted genes requires a significant amount of time and money.
The Rosa 26 reporter mouse (Also Known As: R26R-EYFP)
These R26-stop-EYFP mutant mice have a loxP-flanked STOP sequence followed by
the galactosidase gene LacZ. When bred to mice expressing Cre recombinase, the
STOP sequence is deleted and LacZ expression is observed in the cre-expressing
tissue(s) of the double mutant offspring that are exposed to Xgal. Alternatively you
may have a gene coding for a fluorescent protein (GFP) instead of LacZ. These
mutant mice may be useful in monitoring the Cre expression in living tissues, and
tracing the lineage of such cells in embryos, young, and adult mice at desired time
points.

A Final Thought
The Cre/lox system is an invaluable tool for molecular biology. By establishing tissue
specific expression, it allows the isolation of individual genes and their functions.
Controlling genes through the Cre/lox system is comparable to controlling a toy car.
You can select the area where the gene will be expressed (direction) and control the
level (speed) at which the gene will be expressed.
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