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A commentary on

AI-2 of Aggregatibacter actinomycetem-
comitans inhibits Candida albicans
biofilm formation
by Bachtiar, E. W., Bachtiar, B. M., Jarosz,
L. M., Amir, L. R., Sunarto, H., Ganin, H.,
et al. (2014). Front. Cell. Infect. Microbiol.
4:94. doi: 10.3389/fcimb.2014.00094

Bachtiar et al. (2014) present a very
interesting study in which they illus-
trate the ability of AI-2, produced by
Aggregatibacter actinomycetemcomitans to
inhibit biofilm formation by the fungal
opportunistic pathogen Candida albicans.
C. albicans is considered to be the most
common fungal pathogen of humans,
manifesting itself in the oral cavity (oral
candidiasis or thrush), female reproduc-
tive tract (commonly referred to as a
yeast infection), and less commonly in the
digestive tract. It is also a notable blood-
borne nosocomial pathogen (reviewed in
Moyes and Naglik, 2011). While candidia-
sis is a complication in immunocompro-
mised patients (Moyes and Naglik, 2011;
Gow and Hube, 2012), in most other situa-
tions candidiasis arises as a consequence of
normal flora disruption (Gow and Hube,
2012).

In contrast to the considerable work
done on mucosal immunity and other
aspects of the immune system, less work
has been done on mechanisms whereby
normal flora control C. albicans. As part
of its virulence, C. albicans does form
biofilms through a quorum-regulated
developmental process analogous to bac-
terial biofilms (Chandra et al., 2001;
Ramage et al., 2002). Hogan and Kolter

(2002) showed that Pseudomonas aerugi-
nosa biofilms could colonize and inhibit
C. albicans only when C. elegans was
growing in the mycelia form and not
the yeast form. These authors found that
P. aeruginosa production of type 4 pili,
involved in biofilm formation, antimi-
crobial phenazines, and other virulence
factors, notably phospholipase C, were
important inhibitors of C. albicans (Hogan
and Kolter, 2002). Cruz et al. illustrated
how proteins produced by Enterococcus
faecalis could inhibit C. albicans hyphal
growth and virulence (Cruz et al., 2013).
There have also been reports of other
specific interactions between individual
bacteria and Candida albicans (reviewed
in Shirtliff et al., 2009). While these studies
address specific mechanisms, relevant to a
specific bacterial species’ interaction with
C. albicans, it does not address the general
phenomenon of normal flora inhibition of
C. albicans growth and virulence. In this
context, the study by Bachtiar et al. (2014),
represents an intriguing and very welcome
development.

Autoinducer 2 (AI-2), encoded by luxS
has been likened to a universal quorum
signal in that it is produced and responded
to by a wide number of bacterial species
(Ng and Bassler, 2009). In their study,
Bachtiar et al. (2014) focused on the
interaction of A. actinomycetemcomitans
with C. albicans. Using genetically defined
strains, they showed that luxS mutants
were unable to inhibit biofilm formation
in C. albicans, but that this inhibition
could be restored by genetic comple-
mentation or through the addition of
physiologically-relevant concentrations
of synthetic AI-2 or spent media from

AI-2-producing A. actinomycetemcomi-
tans. Although A. actinomycetemcomitans,
found in the sub-gingival crevice, is nor-
mally a minor component of the oral
cavity (Ramsey and Whiteley, 2009), the
universal presence of AI-2 in many bac-
teria (Ng and Bassler, 2009) suggests
that this signal molecule may represent
a heretofore unrecognized general mech-
anism of the normal flora that protect
against C. albicans infections. Certainly,
work is needed with other AI-2-producing
members of the normal flora to con-
firm this possibility. In light of the work
by Hogan and Kolter (2002), it would
also be very appropriate to determine
whether AI-2 inhibition of C. albicans
was a general phenomenon rather than
being restricted to a specific physiological
state (i.e., mycelia or yeast growth) of this
fungal opportunistic pathogen.

In summary, while there is consider-
able interest in exploiting quorum signal
disruption as an antimicrobial therapy
(Christensen et al., 2012; Vega et al.,
2014), the work of Bachtiar et al. (2014)
implies that enhanced C. albicans viru-
lence might be an undesired consequence
of this quorum-inhibiting strategy, as is
the case with antibiotic-induced normal
flora reduction (Gow and Hube, 2012).
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