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Figure 1. Schematic of type VI secretion systems. Centre: schematic of the current general model of T6SS assembly. Left:
three-dimensional or model structures of the components of T6SS tube and sheath (top) and of the tube hub and the
ATPase (below). Right: three-dimensional or model structures of the components of the T6SS membrane complex. See
text and �gures 2–5 for details.

Table 1. Summary of the structural information available on T6SS core components and homologues.

T6SS
subunit localization PDB homologue/localization PDB

TssA putative cytosolic protein — — —
TssB soluble protein, OM associated — bacteriophage sheath 1FOH
TssC soluble protein, OM associated — bacteriophage sheath 1FOH
TssD/Hcp soluble, forms hexameric rings,

putative pilus
1Y12, 3HE1,

3EAA
bacteriophage tail gp19 2K4Q, 2X8K,

2WZP, 2QWU
TssE putative soluble protein — bacteriophage wedge gp25 2IA7
TssF putative soluble protein — — —
TssG putative soluble protein — — —
TssH/ClpV cytosolic protein, AAA þ ATPase 3ZRI, 3ZRJ Hsp100/Clp AAA þ ATPase —
TssI/VgrG cell puncturing device,

forms trimers
2P5Z bacteriophage tail spike

gp27-gp5
1K28

TssJ/SciN outer membrane lipoprotein 3RX9, 4A1R transthyretin 1SN5
TssK putative cytosolic protein — — —
TssL inner membrane, 1 TM 3U66 T4bSS IcmH/DotU protein —
TssM inner membrane, 3 TMs — T4bSS IcmF protein —
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to the bacterial cell envelope [2,16,18]. Figure 1 sum-
marizes the current model for T6SS assembly, as wel
as the three-dimensional structures available.
3. THE BACTERIOPHAGE-LIKE INJECTION
APPARATUS
(a) The type VI secretion systems’ needle tail and
syringe
The Hcp protein is, together with VgrG, the hallmark
of T6SS secretion. This component of T6SS is essen-
tial to its function and forms a tube of stacked
hexamers in vitro. Three structures of Hcp proteins
Phil. Trans. R. Soc. B(2012)
have been reported to date: Hcp1 (PDB 1Y12 [19])
and Hcp3 (PDB 3HE1 [ 20]) from Pseudomona
aeruginosaas well as EvpC from Edwardsiella tarda
(PDB 3EAA [ 21]). Additionally, the structure of the
Francisella tularensisIglC protein, an Hcp-like protein,
has also been reported (PDB 2QWU [22,23]). The
three former Hcp proteins exhibit an identical fold of
two antiparallel b-sheets decorated by ab-hairpin
extension (�gure 2 a), while IglC has a supple-
mental 30-amino acid N-terminal segment [23]. Six
Hcp molecules assemble to form 80–90 A� wide
hexameric rings stabilized by an extension acting as
an inter-subunit belt. The centre of the hexamer has








