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Sensing danger

Luciano A. Marraffini*"

CRISPR-Cas loci encode for an adaptive immune
system in prokaryotes that provides defense against
viruses (1) and plasmids (2) that infect these organisms.
CRISPR loci contain a series of repetitive sequences
intercalated with short sequences derived from invad-
ing viruses and plasmids (3-5). These short sequences,
called spacers, are acquired from the invader upon in-
fection during an “immunization” event (1). This is the
first phase of CRISPR-Cas immunity. The information
stored in spacers is then used to target the invader in
the second phase of the CRISPR immune response (6).
Each spacer sequence is transcribed and processed as
a short RNA called CRISPR RNA (crRNA) that directs
RNA-guided Cas nucleases to their matching target in
the invader’s genome to cleave it. Little is known about
the regulation of the CRISPR-Cas immune response.
The CRISPR-Cas locus present in Escherichia coli has
been shown to be tightly repressed by HNS, a negative
regulator of widespread effects in bacteria (7). Repres-
sion can be relieved by the LeuO activator (8), but en-
vironmental or physiological conditions that lead to the
expression of the CRISPR-Cas machinery have not
been identified.

In PNAS, Hgyland-Kroghsbo et al. (9) describe the
regulation of the CRISPR-Cas locus of the bacterial path-
ogen Pseudomonas aeruginosa through quorum sens-
ing (QS) pathways. QS is a mechanism that bacteria use
to communicate with each other and organize collective
behaviors (10), mediated by genes that are responsible
for the production and detection of extracellular chem-
icals known as autoinducers. Upon bacterial growth, the
increase in the concentration of autoinducers triggers a
signaling cascade that modifies the response of the bac-
terial population to different environmental cues (Fig. 1).
Hgyland-Kroghsbo et al. (9) first investigate whether the
expression of the cas (CRISPR-associated) genes is af-
fected by QS. cas genes flank the CRISPR array of re-
peats and spacers and are responsible for the execution
of both phases of the CRISPR-Cas immune response (6).
It was found that cas transcription is significantly in-
creased at high cell density, and that this increase is
dependent on both lasl and rhll, the genes encoding
for QS autoinducer synthases. Hgyland-Kroghsbo et al.
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Fig. 1. Regulation of CRISPR-Cas activity by QS. At low
cell density, low autoinducer (pink dot) concentrations
result in the repression of CRISPR-cas loci through the
QS pathway, keeping the CRISPR-Cas immune response
at a minimum. In contrast, at high densities of bacteria
(when they are most susceptible to phage attack) the
increase in the concentration of autoinducer triggers the
de-repression of CRISPR-cas loci. Expression of the Cas
protein complex and crRNA guide prepares the cell for
the cleavage (arrowhead) of incoming viruses.

(9) then check for the effects of the deletion of these
genes in both stages of the CRISPR-Cas immune re-
sponse: targeting and immunization. The expectation
is that the down-regulation of cas genes that results from
the absence of autoinducer production in the lasl,rhll
double mutant should negatively affect CRISPR-Cas immu-
nity. Targeting is tested through transformation with a plas-
mid harboring a target sequence, which is considerably
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reduced in the QS double mutant. Immunization is explored via
PCR amplification of the CRISPR array, showing that wild-type, but
not QS mutant, bacteria were able to expand the array with new
spacers. Equivalent results were recently obtained in the antibiotic-
producing bacterium Serratia (11), indicating that QS control of
CRISPR-Cas expression may be a general regulatory mechanism
of bacterial adaptive immunity.

These are important findings that open new avenues of
research for some of the outstanding questions of CRISPR
immunity. First, the findings show how bacteria can mount a
coordinated antiphage response. It has been argued that at high
cellular densities the danger of phage predation is markedly
increased (12). Dense bacterial populations offer the possibility of
extreme propagation to lytic phages, the phage progeny quickly
finding a new, readily accessible host to infect next. In addition,
rapidly growing bacteria tend to be clonal, reducing the chances
that the next and nearby host is equipped with a phage-resistance
genotype. In line with this theory, it has been already shown that
QS can induce envelope resistance in E. coli (13) and Vibrio
anguillarum (14) through the down-regulation of genes encoding
for phage receptors. The involvement of QS in the CRISPR-Cas
response adds another layer of organization to the bacterial anti-
phage resistance pathways. Second, the new findings provide a
possible answer for a long-standing question about CRISPR im-
munity: how does this system prevent the acquisition of spacers
from the chromosomal DNA? At the moment, experiments sug-
gest that it is not possible for CRISPR-Cas systems to distinguish
chromosomal vs. phage or plasmid DNA (they have the same
chemistry after all). One study has demonstrated that the Cas
machinery prefers to acquire new spacers from free DNA ends

(15). Although this favors the acquisition of spacers from phages
(at least during DNA injection they can expose a free DNA end)
over the bacterial chromosome (which is a closed circle most of
the time), many studies have shown that there still is extensive
spacer acquisition from the bacterial genome (15-19). The low
expression of the cas genes involved in spacer integration when
the CRISPR immune response is less needed provides one route
to decrease the "autoimmunity” cost associated with bacterial
adaptive immunity.

Finally, the findings of Hgyland-Kroghsbo et al. (9) provide new
avenues for the development of phage therapies to treat Pseudomo-
nas infections. P. aeruginosa causes chronic airway infections in cystic
fibrosis patients and recently has become resistant to many antimi-
crobial drugs (20). The need for new antibiotics has led to the explo-
ration of phage therapy for Pseudomonas infections (21); however,
there is the worrying possibility that bacteria will use phage-resistance
pathways, such as CRISPR, to become refractory to phage treatment.
The use of QS inhibitors that maintain the CRISPR-Cas immune re-
sponse at a minimum level could provide a strategy to confront
phage resistance. As a big plus, Pseudomonas virulence genes are
regulated by QS and therefore the inhibition of these pathways can
also lead to a reduction of pathogenicity (22). This will represent an
interesting addition to the list of CRISPR-Cas systems applications for
biotechnology, which includes strain immunization for the dairy in-
dustry (23), the development of sequence-specific antimicrobials (24,
25) and, most notably, genome editing (26-28), an addition that
requires the shut-down and not the exploitation of the CRISPR mech-
anisms. But the really exciting prospects lie in the future research that
will elucidate the molecular mechanisms and implications behind QS
regulation of the CRISPR-Cas immune response.
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