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            Abstract
Type VI secretion systems are bacterial virulence-associated nanomachines composed of proteins that are evolutionarily related to components of bacteriophage tails. Here we show that protein secretion by the type VI secretion system of Vibrio cholerae requires the action of a dynamic intracellular tubular structure that is structurally and functionally homologous to contractile phage tail sheath. Time-lapse fluorescence light microscopy reveals that sheaths of the type VI secretion system cycle between assembly, quick contraction, disassembly and re-assembly. Whole-cell electron cryotomography further shows that the sheaths appear as long tubular structures in either extended or contracted conformations that are connected to the inner membrane by a distinct basal structure. These data support a model in which the contraction of the type VI secretion system sheath provides the energy needed to translocate proteins out of effector cells and into adjacent target cells.
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                    Figure 1: 
                        Fluorescence light microscopy of VipAâ€“sfGFP.
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Figure 2: 
                        Electron cryotomographic imaging of T6SS structures inside intact cells.
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Figure 3: 
                        Images of purified VipA/VipB sheaths and comparison with phage tails.
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Figure 4: 
                        Model of T6SS action.
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