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Bacterial pathogens are a threat to global health and have evolved elaborate strategies to infect their hosts.
One potent bacterial weapon in the war between host and pathogen is the Type IV secretion system
(T4SS). In Gram negative bacteria these complexes can deliver: 1) effector proteins into eukaryotic cells,
2) DNA into other bacteria, or 3) toxins into bacterial neighbors. T4SSs are found in a wide variety of
bacterial species including those that cause human disease, such as Legionella pneumophila, Helicobacter
pylori, Bordetella pertussis, Brucella, Bartonella, and Coxiella. When inhaled, L. pneumophila replicates
in alveolar macrophages and can cause a progressive and potentially fatal pneumonia, called Legionnaire’s
disease (1, 2). Infection begins when macrophages phagocytose the opportunistic pathogen which then
co-opts the host cell phagosome to create a replicative niche (3). The Defect in Organelle Transport (Dot)
TASS is required for this process and essential for L. pneumophila pathogenesis. This complex secretes
hundreds of bacterial proteins into the host cell that work to subvert host cellular machinery, inhibiting
phagosome fusion with the lysosome and bacteria degradation.

TA4SSs are challenging complexes to work with because they span the inner and outer membranes of Gram-
negative bacteria and contain a minimum of 12 proteins. Studies in prototype systems, such as E.
coliplasmids and A. tumefaciens show that T4SSs are generally organized into an outer membrane core
complex (OMCC), an inner membrane complex (IMC), and in some species an extracellular pilus(4-6).
Recent biochemical and in vivo cryo-electron tomography (cryo-ET) studies of L. pneumophila and H.
pylori T4SSs show these complexes have distinctive structural features compared to previously
characterized T4SSs (7-12). Differences include: 1) the OMCCs contain at least five proteins instead of
three, 2) the OMCCs are larger and more intricately organized than those in X. citri and conjugation
systems, and 3) the T4SSs have periplasmic sub-complexes not seen in other bacteria. Since L.
pneumophila and H. pylori T4SSs secrete proteins rather than DNA, we predict that these structural
differences are essential for function and will provide molecular insight into the mechanism of T4SS
substrate specificity.

The L. pneumophila T4SS is composed of ~26 components and low resolution (~20-40 A) cryo-electron
tomography studies show that this T4SS shares some architectural characteristics with the H. pylori T4SS
(8,9, 11-16). However, the lack of detailed structural information limits our mechanistic understanding
of how the L. pneumophila T4SS functions and contributes to pathogenesis. | have biochemically purified
the L.pneumophila T4SS core complex and visualized it by cryo-EM. From this analysis it is clear that
while similarities between the Cag and Dot T4SSs exist, the L. pneumophila T4SS is structurally distinct
from other T4SS complexes.
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Figure 1. Figure 1. Cartoon schematic showing the organization of the L. pneumophila Dot T4SS outer
membrane core complex (OMCC) and periplasmic ring complex (PRC) in relation to the outer membrane.
The central axial slice view is shown. Different protein core components are shown in different colors.

Spectral Counts

Identified Proteins Prep 1 Prep 2 Prep 3
DotG 112 114 195
DotF 94 69 101
DotA 38 65 60
Dot( 37 38 47

DotH 28 19 28
lemE 15 18 36
lemX (lemY') 19 13 28
Dotl. 10 26 20
Dot 9 11 16
Dotly 11 9 14
DotB 16 11 7
DotM 2 14 3
Dotk 10
IsmW 5
DotN 2
Dotl 1
lemS
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Figure 2. Table 1. T4SS components identified by mass spectrometry. Spectral counts of all Dot/lcm
proteins are shown across three biological replicates of complex isolation.
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