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central protein in T4S functioning is the coupling protein,
which belongs to the superfamily of SpoIIIE/FtsK proteins
[10]. T7S is also dependent on a member of this protein
family, which recognizes the C-terminal secretion signal
[11]. In T6S systems, an ATPase of the AAA + family fulfils
an essential, but not completely understood, role in assem-
bly of different components of the secretionmachinery [12].
Similarly, a member of the same family is also essential for
T7S secretion. In line with these findings, we expect to find
more functional similarities between T7S and especially
T4S and T6S in the future.

Possibly, the confusion of Desvaux and colleagues [1] is
due to the fact that they were focusing on T7S-like systems
in the Firmicutes. Some of these monoderm bacteria (e.g.
Staphylococcus aureus, Bacillus anthracis) have a func-
tional T7S-like secretion system [13,14]. However, the
similarity between these secretion systems and those in
the mycolic-acid containing bacteria is very low. In fact, of
the 5–7 conserved and essential components of the myco-
bacterial T7S systems only two are present in T7S systems
of the Firmicutes [2]. Therefore, we have previously pro-
posed to call the latter secretion systems ‘type 7b’. These
secretion systems probably enable translocation across the
cytoplasmicmembrane, similar to the Sec andTat systems,
whereas the more extensive mycobacterial T7S systems
mediate transport across both membranes and therefore
perform ‘true’ secretion according to Desvaux and col-
leagues. This is, again, not without precedent because
variants of T4S systems are also identified in conjugal
plasmids from Gram-positive bacteria [15].
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Consistent numerical classification of protein secretion
systems according to the outer membrane translocation
mechanisms is crucial in diderm bacteria. The mycobac-
terial ESAT-6 secretion system (Ess), more generically
defined as the WXG100 secretion system (Wss), is clearly
dedicated to protein translocation across the cytoplasmic
membrane. Though, naming this system a ‘‘T7SS’’ is quite
premature as the existence, nature and specificity of a
putative outer membrane translocon that would enable
true protein secretion in mycobacteria remains completely
unknown.

In mycobacteria, the mycolic layer serves as a second
lipid layer and contains well characterised b-barrel shaped
or channel forming outer membrane proteins [1]. Based on
these data, and in accordance with our previous article [2],
Wilbert Bitter et al. [3] suggest that members of the high
G+C% Gram-positive bacteria (Phylum BXIV Actinobac-
teria) sharing such features should be considered as
diderm bacteria, i.e. bacteria with a two-membrane cell
envelope. Furthermore, they argue that the use of the term
‘‘T7SS’’ to describe the Ess in mycobacteria is justified as
these bacteria are didermata.
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While mycobacteria can be acknowledged as possessing
two concentric biological membranes, the limit to the
argument is the use of the term ‘‘T7SS’’ since, as already
mentioned, there is a distinct absence of experimental
evidence for protein translocation machinery within the
outer membrane [2]. The presence of such additional
secretion components is a prerequisite to incorporate a
system within the established numerical classification for
diderm bacteria [2]. Described as ‘‘possible’’ by the authors
themselves, the presence of translocon components
encoded by ESX-1 within the waxy outer sheath remains
speculative; none has been identified, not even by genomic
analyses. To date, ESX-1 has only been demonstrated as
encoding translocon components described as, or predicted
to be, localized within the cytoplasmic membrane and
enabling protein translocation across it. As such, the Ess
is at the same level of Sec, Tat and holin translocation
systems, which are not included in the numerical protein
secretion nomenclature [2,4]. Altogether, it seems prema-
ture to consider this system as a ‘‘T7SS’’ until further
experimental evidence is provided to support the supposi-
tion that it mediates protein transport across both mem-
branes in mycobacteria.

In the eventuality of such an outer membrane translo-
con being identified in mycobacteria, it would not necess-
arily be specific to the Ess as additional scenarios can be
considered from what is known about protein secretion in
other diderm bacteria [4] (Figure 1). It is possible that an
outer membrane translocon is used by proteins exported in
the first instance by different cytoplasmic membrane
translocation systems, for example Sec- or Tat-exported
Figure 1. Hypothetical scenarios for protein secretion across the cell envelope of

mycobacteria: proteins exported in the first instance across the cytoplasmic membrane v

(a) a common translocon, or (b) translocons specific to each of cytoplasmic-membrane

proteins exported by a defined cytoplasmic-membrane translocation system and secret

observed in other diderm bacteria with Sec-exported proteins that can be further transl

translocons involved in protein translocation across the mycolic layer have not been iden

they are homologous to other secretion systems described in other diderm bacteria su

named T9SS, for example.
proteins converge afterwards to the type II secretion sys-
tem (T2SS). At the opposite, some proteins exported by a
cytoplasmic membrane translocation system can be
further translocated across the outer membrane by differ-
ent systems, for example Sec-exported proteins are sub-
sequently translocated across the outer membrane either
by the T2SS, T4SS or T5SS. At the moment, it is not
possible to settle on and ascertain one of these three
possibilities for the Ess in mycobacteria. In addition to
Ess, Sec and Tat are also present in mycobacteria and
proteins translocated by these systems must further cross
the outer membrane to be secreted into the extracellular
milieu, but it remains completely unknown whether these
exoproteins use a specific or a common outer membrane
translocon. Naming the Ess a ‘‘T7SS’’ could be a mistake if
it later appears this mycobacterial translocon, whenever it
exists, is neither specific to the Ess nor specific to secreted
proteins. It is noteworthy that none T2SS has been ident-
ified in mycobacteria despite the presence of Sec and Tat;
attributing the ‘‘T7SS’’ designation to Ess is precipitate and
could lead to the sameconfusionandmistakeswhendescrib-
ing Sec as T2SS or T2SS as Gsp in the past [4]. Moreover,
even though the cell envelope ofmycobacteria is composed of
two membranes, this outer membrane is quite unusual and
not homologous to the outer membrane found in Gram-
negative bacteria [1]. Nonetheless, the identification of such
a non-homologous outer membrane translocon in mycobac-
teria could constitute an additional numerically classified
protein secretion system, e.g. T9SS, as T7SS was proposed
for the chaperone-usher pathway and T8SS for the extra-
cellular nucleation-precipitation pathway [2].
diderm mycobacteria. At least two extreme scenarios can be hypothesized in

ia the Sec, Tat or Wss can be further truly secreted across the waxy outer sheath via

translocons. Among alternative possibilities between these two extreme scenarios,

ed by different translocons present in the waxy outer sheath can be mentioned, as

ocated across the outer membrane via T2SS, T4SS or T5SS, for example. As such

tified so far in mycobacteria, it is currently not possible to ascertain whether or not

ch as the T2SS, or would constitute an alternative secretion system that could be
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From our point of view, we would still refrain from
naming this protein secretion system a ‘‘type 7b’’ in mono-
derm bacteria, e.g. Staphylococcus aureus or Bacillus
anthracis, as it could only reinforce confusion within the
nomenclature. Indeed, and as agreed by Wilbert Bitter
et al. themselves [3], (alpha-)numerical classification of
protein secretion systems should only be applied to diderm
bacteria. Naming it the WXG100 secretion system (Wss)
clearly indicates it allows secretion of proteins belonging to
the superfamilyWXG100 (protein of about 100 amino acids
long with a conserved WXG motif), which encompasses
ESAT-6 (early secreted antigen of 6 kDa) and CFP-10
(culture filtrate protein of 10 kDa) from Mycobacterium
tuberculosis [5]. If, in the end, this system encodes specific
and additional outer membrane components in diderm
mycobacteria, it could be called the T9SS and retain the
Wss designation in monoderm bacteria, as is already the
case for the T2SS and FPE or T3SS and FEA [2]. Concern-
ing T4SS-like, it would be advisable to find another name
to designate it in monoderm bacteria [6].

Unless a secretion system is perfectly characterised, it is
difficult to classify it definitively. Our aim was not to
establish an authoritative classification but to provide a
reference point mentioning pitfalls and ambiguities in the
nomenclature and to propose a starting point for coherent
and logical solution to these issues, being as meticulously
truthful as possible in order to suit a broad range of
situations, such as secretion within mycobacteria. Tidying
340
up the nomenclature is quite timely and necessary in the
post-genomic era as global and integrative-biology
approaches, namely genomics, transcriptomics and proteo-
mics, rely on querying databases that need to be as clear
and unambiguous as possible, not only to prevent promul-
gation of incorrect annotation but also to permit efficient
cross interrogations. Our proposal for describing the
protein secretion systems in bacteria will suffer the test
of time and only the future will tell whether or not it has
been sustained as our views and concepts need to be
approved, adopted and further improved by the rest of
scientific community within the field.
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