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Fig. 1 Surface structures of Gram-positive and -negative bacteria.

Gram negative bacteria

Quter membrane

Inner membrane

Peptidoglycan (1-3 nm)

Fig. 2 Secretion systems found in Gram-positive and -negative bacteria. In Gram-negative

bacteria, various secretion systems (I ~ VI) are involved in the protein transport across the
inner membrane (IM), periplasm (PP), and the outer membrane (OM). In Gram-positive bac-
teria, type VII secretion system (ESX-1 system) is discovered in M. tuberculosis and this ma-
chinery delivers both ESAT-6 and CFP-10 into culture supernatant across

mycomembrane.
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Fig. 3 Supermolecular structures of type III secretion
systems (T3SSs). T3SS is composed of the needle struc-
ture and the basal body. Furthermore, the basal body
consists of an outer ring, an inner ring, and a rod
structure. Cap-like structure is located tip of the needle
structure. The expandable sheath-like structure is
found in enteropathogenic E. coli (EPEC) and entero-
hemorrhagic E. coli (EHEC), and this structure func-
tions as a physical bridge across thick glycocalyx.
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Fig. 4 Formation of a pedestal structure and alteration of the tight junction physiology by
EPEC infection. EPEC deliver various effector proteins into the host cell. Tir is translo-
cated into the host cell and then co-localized to the host cell membrane. Bacterial outer
membrane protein, intimin, associates with surface-exposed Tir, and resulting Tir-intimin
interaction induces accumulation of the actin filament by recruitment of Nck, N-WASP,
Arp2/3 complex. Thus, extensive actin accumulation triggers a pedestal-like structure be-
neath the attached bacteria. EspG and EspG2 effectors interact with tubulin and disrupts
microtubule networks, resulting in dissociation of GEF-H1 from microtubule. Free form of
GEF-H1 turns to active form that triggers activation of RhoA, resulting in activation of
ROCK. Finally, the RhoA-ROCK signaling pathway activates formation of the actin stress
fiber. EspG/EspG2 are also involved in induction of the paracellular permeability by the
GEF-H1 activation. In addition, EspF and Map effectors are involved in disruption of tight
junction. Thus, multiple effectors trigger alteration of the tight junction physiology.
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Bacterial Secretion Systems : Their Function and Contribution to Disease Process

Laboratory of Bacterial Infection, Graduate School of Infection Control Sciences, Kitasato University

Bacterial pathogens possesses certain secretion systems to maintain their homeostasis and to exert full
virulence. Currently, two translocons including Sec and Tat, and 7 secretion systems are found in Gram-
positive and -negative bacteria. Some virulence factors, which are referred to as effectors, are directly
translocated into the host cell via an injection apparatus, ie., the type III secretion system. Thus, characteri-
zation of secretion systems and their delivered proteins into extracellular milieus is required for understand-
ing of strategies of bacterial pathogens.

(J.J.A. Inf. D. 83 : 94~100, 2009)
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