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Bacterial biofilms are becoming a 
significant societal problem: bio-

films form dental plaque, coat ships 
causing biofouling, and cling onto 
medical instruments and implants. 
Understanding how these surface-bound 
communities are formed is crucial for 
the development of suitable strategies for 
their dispersal. At the heart of a switch 
that commits Bacilli and related spe-
cies to form biofilms is a transcriptional 
regulator called SinR and its multiple 
antagonists. In this addendum, we dis-
cuss an alternative model to account for 
how one of the antagonists is regulated 
by controlled proteolysis.

In response to environmental challenges, 
such as lack of nutrients, exposure to 
chemical threats or increased cell density, 
microorganisms are required to rapidly 
change gene expression profiles to facili-
tate “lifestyle switches” that increase the 
collective odds of survival. For the Gram 
positive model organism, Bacillus sub-
tilis, these adaptive changes include the 
over-production of flagella and motility 
genes (controlled by the σD regulon), the 
formation of a spore (controlled by the 
Spo0A regulon), or the attachment to a 
solid surface in a complex community of 
cells called a biofilm. The understanding 
of the processes involved in biofilm for-
mation is an increasingly important topic 
because of the role of biofilms in micro-
bial infections and contamination of 
medical instruments. Unlike motility or 
sporulation, in which hundreds of genes 
are under the direct control of the regula-
tory element, the decision to participate 
in a biofilm in B. subtilis is primarily the 
result of the actions of the transcriptional 
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repressor SinR on just 2 operons, epsA-
O and tapA-sipW-tasA, which encode 
the genes responsible for the production 
of the exopolysaccharide and protein 
component of the extracellular matrix, 
respectively.1-4 A second major protein 
component of the biofilm matrix BslA 
was recently identified5,6 and appears 
to confer hydrophobicity to the biofilm 
surface, although in this case the expres-
sion of bslA is under control of the DegS-
DegU 2-component system. The control 
of SinR in the cell is achieved through 
the actions of 2 dedicated anti-repres-
sors, SinI and SlrA, which bind to SinR 
and perturb its tetrameric arrangement, 
resulting in the loss of the ability of SinR 
to bind to its DNA operator sequences.7 
A further protein, SlrR, also influences 
SinR activity through the formation of 
a heteromeric complex, although in this 
case SinR is a modulator of SlrR activity, 
transforming it into a repressor of operons 
involved in autolysis and motility.8,9 The 
fact that slrR is itself under transcriptional 
control by SinR (being located adjacent 
to the epsA-O operon) establishes a num-
ber of feedback loops that may serve to 
amplify small environmental changes or 
stochastic differences between cells in 
a population, leading to heterogeneity 
or the formation of a bistable state. The 
structural, kinetic and thermodynamic 
basis of these interactions was the focus of 
a recent investigation that aims to under-
stand the functioning of this “epigenetic 
switch” on a systems level.10 One aspect of 
this genetic circuitry that is still unclear 
is the precise roles that the proteins SlrR 
and SlrA play in modulating the activity 
of SinR.
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Role of SlrA in the Epigenetic 
Switch

Pull-down experiments using a tagged 
version of SlrA established that it is able 
to interact with both SinR and SlrR.11 
These 2 protein interaction activities 
would appear to be in conflict because 
SlrA would both promote and repress bio-
film formation simultaneously by inter-
acting with and inhibiting the functions 
of SinR and SlrR, respectively. Using a 
combination of surface plasmon reso-
nance and isothermal titration calorim-
etry, a high affinity interaction between 
SlrA and SinR but not between SlrA and 
SlrR10 was found, necessitating a reassess-
ment of the role of SlrA as a dedicated 
antagonist of SinR. While this reassess-
ment would simplify the role of SlrA in 
the circuitry of the switch, the questions 
would arise as to why 2 dedicated antago-
nists are required and how the activities 
or functions of these 2 antagonists differ. 
One possible answer to these questions 
may lie in the genetic contexts of the 2 
proteins: SlrA is under the transcrip-
tional control of the TetR family repressor 
YwcC,12 whereas SinI is expressed from 
a locus immediately upstream of SinR, 
which has a complex transcriptional pro-
file that includes a significant amount of 
bicistronic sinI-sinR mRNA. This may 
exert its effects in 2 ways: first, by allow-
ing further environmental signals to enter 
the system through the YwcC repressor; 
second, because the expression of SinI 
and SinR are temporally and spatially 
coupled, SinI would be better positioned 
to interact with SinR prior to its engage-
ment with DNA, whereas SlrA may be 
in the better position to compete in the 
cytoplasmic pool with SlrR for SinR bind-
ing (Fig. 1). Support for this hypothesis 
comes from the fact SlrA mutants are 
only mildly repressed at the biofilm loci 
in comparison to SinI mutants,11 despite 
the similar overall affinities of the SlrA-
SinR and SinI-SinR complexes (10 nM 
and 2 nM, respectively).10 Furthermore, it 
has been noted by 2 independent studies 
that it is not possible to displace directly 
the SinR tetramer from DNA10,13 in vitro, 
indicating that temporal, non-equilib-
rium effects may play an important role 
in repression.

Figure 1. Schematic diagram illustrating the different roles of the antagonists SinI and SlrA in 
modulating the activity of SInR. (A) SinR, when expressed in the absence of antagonists, must first 
form the SinR tetramer before binding and repressing the activity of the nearby tapA-sipW-tasA 
operon. (B) SinI is located immediately adjacent to SinR in a bicistronic sinI-sinR operon, and as 
such is well positioned to immediately form a 1:1 complex with SinR, thereby blocking tetramer-
ization, and the ability to repress the matrix operons. (C) While SlrA is able to bind SinR with a 
similar affinity, its expression from a distant chromosomal location means that it would have to 
compete with other agents in the cytoplasmic pool for the binding of the SlrR tetramer, and as 
such is less efficient at antagonising the DNA binding activity of SlrR. Levels of expression of the 
genes in the schematic are indicated by the thickness of the arrows that represent each gene.
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in vitro,10 and also the increased stability 
of SlrR in a clpC-deficient background 
in vivo.9 Furthermore, mutation of the 
putative “VQAG” consensus motif to 
“VQVV” increases significantly the stabil-
ity of SlrR. It is most likely that this sub-
stitution, being within the helical hooks, 
affects the ability of the protein to form 
these oligomeric interactions. The experi-
mental validation of these ideas as well 
as an investigation of the DNA binding 
activities of the SinR-SlrR complex will be 
the subject of further work.
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Resetting the Switch by SlrR  
Degradation, an Alternative Model

It has been established that SlrR is sub-
ject to degradation in vivo, appearing to 
degrade proteolytically with a half-life of 
approximately 100 min,9 leading to the 
suggestion that SlrR undergoes autocleav-
age in a manner similar to the LexA fam-
ily of repressors. LexA family members 
catalyze their autocleavage at a conserved 
4-residue consensus motif “VAAG,” which 
matches almost perfectly to a “VQAG” 
sequence found within SlrR. While it 
is beyond doubt that SlrR is subject to 
proteolytic degradation, it would seem 
highly unlikely that SlrR contains auto-
endopeptidase activity. Though a LexA-
like consensus motif is present in the SlrR 
sequence, a catalytic domain would also 
be required for this activity, which is cer-
tainly not present in SlrR. Moreover, the 
LexA-like motif is located within the first 
of 2 consecutive helical hook regions, the 
first of which appears to have diverged 
more significantly than the second, with 
the closest homologs being SinI and SlrA 
at 33% and 50% identities, respectively. In 
LexA, the cleavage site is in a flexible and 
accessible loop, whereas the motif in SlrR 
(based on its likely homology to SinR) will 
form an ordered α-helical structure, a site 
that is unlikely to be a protease substrate.

Here we present an alternate model 
for how SlrR is targeted for degradation. 
Central to this model is the fact that SlrR 
uniquely contains 2 helical hooks, which 
are capable of participating in both het-
erodimeric protein–protein interactions 
and oligomeric self-interactions. Assuming 
that both helical hook domains are active 
and, in accordance with the situation for 
SinR, SinI and SlrA, the hetero-oligo-
meric interactions are of higher affinity 
than the self-interactions, SlrR possesses 
the potential to form both “open” and 
“closed” complexes (Fig. 2). The open 
complexes would contain the potential to 
form aggregates in a concentration depen-
dent manner (Fig. 2), which would then 
be targeted for degradation by Clp-type 
proteases that are specific to mis-folded or 
aggregated proteins.14 This model agrees 
with the concentration dependent aggre-
gation behavior of the purified protein 

Figure 2. Schematic diagram showing the basis of an alternative model to explain the instability 
of SlrR, based on the assumption that the 2 interaction domains present within SlrR are able to as-
sociate with each other. The result of this is the possibility to form both “closed” and “open” (with 
unfulfilled interaction potential) complexes, the latter containing the obvious capacity to form 
large aggregates in a concentration dependent manner. These aggregates would likely be subject 
to degradation in vivo.


