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For the purpose of clarity, the pathways depicted here are limited to those that are well understood and known to have an important
role in TLR signalling. For a more comprehensive overview of the TLR-signalling pathways, please see the review article by 
Shizuo Akira and Kiyoshi Takeda in the July issue of Nature Reviews Immunology. This article, as well as the poster, is freely
available online for 3 months as part of a focus on TLR signalling: www.nature.com/nri/focus.tlr. In addition, the online version of
the poster will be updated every 3 months to include new data that become available.
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BTK, Bruton’s tyrosine kinase; COX2, cyclo-oxygenase 2; ECSIT, evolutionarily conserved signalling intermediate in Toll pathways; GPI,
glycosylphosphatidylinositol; HSP60, heat-shock protein 60; IFN, interferon; IKK, inhibitor of NF-κB kinase; IRAK, IL-1-receptor-associated kinase;
IL, interleukin; IRF3, IFN regulatory factor 3; JNK, JUN N-terminal kinase; MAL, MyD88 adaptor-like protein; MAP, mitogen-activated protein;
MEKK3, MAPK/ERKK kinase 3; MKK, MAP kinase kinase; MyD88, myeloid differentiation primary-response gene 88; NEMO, NF-κB essential
modulator; NF-κB, nuclear factor-κB; 
PI3K, phosphatidylinositol 3-kinase; RIP, receptor-interacting protein; SARM, sterile α and armadillo motifs; SIGIRR, single immunoglobulin IL-1-
receptor-related molecule; TAB, TAK1-binding protein; TAK1, TGF-β-activated protein kinase 1; TANK, TRAF-family-member-associated NF-κB
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Helicobacter pylori
The gastric pathogen H. pylori uses its type IV secretion
system (T4SS) (the so-called cag system) in the
colonization of gastric epithelial cells. The secreted
effector CagA has a dramatic effect on host cells,
including major changes in cellular morphology, and
contributes to chronic gastric inflammation and possibly
also the formation of gastric carcinoma.

Bartonella
Bartonella spp. require two different T4SSs for
pathogenicity. The Trw system, where extensive gene
duplication creates variant pilus subunits, is necessary
for colonization of erythrocytes. The VirB system and its
secreted Bartonella effector proteins (Beps) are believed
to be responsible for most of the cellular effects of the
interaction of Bartonella with host endothelial cells: actin
rearrangements, resulting in invasome formation,
activation of a pro-inflammatory response and inhibition
of apoptosis. Together with a T4SS-independent
mitogenic stimulus, these effects result in endothelial
cell survival and proliferation, and the formation of
vasoproliferative tumours.

Legionella pneumophila
L. pneumophila can replicate within macrophages by
interfering with the normal pathway of endocytosis. The
functions of two effectors translocated by the Dot/Icm
T4SS system have been identified. RalF is a guanine
nucleotide exchange factor that recruits ADP
ribosylation factor (ARF) proteins to the Legionella-
containing vacuole. LidA is believed to be involved in
maintaining the integrity of the Legionella cell. A pool of
other translocated effectors (Sids; substrate of Icm/Dot
transporter) were identified and their functions remain to
be explored. It has been shown recently that activation
of caspase 3 is dependent on the Dot/Icm T4SS.
Caspase 3 cleaves Rabaptin 5, thereby preventing Rab5
recruitment to the phagosomal membrane and inhibiting
endocytic fusion.

Agrobacterium tumefaciens
The VirB/D4 system in the plant pathogen A. tumefaciens
is the prototypical T4SS. A. tumefaciens translocates
oncogenic single-stranded DNA (T-DNA) into a variety of
dicotyledonous plants, causing tumours known as crown
galls. The T-DNA is translocated as a nucleoprotein
complex with VirD2, which, along with VirE2, ensures
that the T-DNA is translocated to the nucleus. Other
secreted effectors include the F-box protein VirF, the
intracellular target of which remains unknown, and
VirE3, which is also of unknown function.

Bordetella pertussis
The Ptl T4SS found in B. pertussis, the causative agent
of whooping cough, differs from the other systems
shown in this poster as it secretes its effector protein —
the pertussis toxin (PTX) — into the extracellular milieu.
The downstream effects of PTX include ADP ribosylation
of the inhibitory G protein (Gi), which increases the
intracellular levels of cAMP and modulates intracellular
signalling pathways, leading to cell death. 
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The type IV secretion systems of Gram-negative bacteria are evolutionarily
related to bacterial conjugation systems. Gram-negatives use type IV
secretion systems for a variety of biological functions including the
exchange of genetic material with other bacteria and the translocation of
oncogenic DNA and effector proteins into eukaryotic host cells. The
secretion apparatus itself typically comprises a macromolecular complex
that spans the bacterial inner and outer membranes and can also span the

membrane of eukaryotic host cells. This assembly is typically composed of
up to 12 proteins, and recent research has revealed detailed information on
the structure and assembly of the secretion apparatus. It is becoming
increasingly clear that the type IV-secreted effectors play important roles in
the virulence of some Gram-negative pathogens. This poster summarises
our current knowledge of the type IV secreted effectors of selected 
Gram-negative pathogens and their effects on host cells.


