Prof. Gil Segal Research
The research in the lab is focused on the study of bacterial pathogenesis systems. We
wish to understand the molecular mechanisms by which these systems function, the
ways in which they are regulated and the evolutionary events that facilitate their
establishment as pathogenesis systems. We have chosen to study two bacterial
pathogens: Legionella pneumophila – the causative agent of a sever pneumonia in
humans known as Legionnaires’ disease and the potential bio-terrorism agent Coxiella
burnetii – the causative agent of Q-fever. Both these pathogens utilize a conserved
type-IV secretion system, the Icm/Dot system, to inject bacterial proteins (termed
effectors) into the host cells. These effectors modulate host cellular functions during
infection. The components of the type-IV secretion system itself and the arsenal of
effectors which are translocated into host cells during infection are the primary
pathogenesis determinants of these bacteria.

The projects in the lab focus on different aspects of microbial pathogenesis:
- Host cell processes modulated by bacterial pathogenesis determinants
(effectors)
- The regulatory network that controls the expression of pathogenesis related
genes
- Functional genomics of Legionella and Coxiella pathogenesis components
- Host-pathogen lateral gene transfer and its contribution to pathogenesis and coevolution

Some examples of our research are shown below
1. Identification of Legionella and Coxiella effector proteins
The main pathogenesis system of Legionella and Coxiella is the Icm/Dot type-IV
secretion system which translocates effector proteins into host cells. Identification of the
effector proteins which are translocated into host cells by this secretion system is an
essential step in the study of these pathogens. Our lab utilized several experimental and
bioinformatics approaches in order to identify effector proteins which include: 1)
identification of effectors according to their regularly elements; 2) identification of
effectors due their genomic location; 3) identification of effectors using a machine
learning approach; and 4) identification of effectors using their translocation signal.

Proc. Natl. Acad. Sci. USA. (2013) 110(8): E707-E715

2. Functional characterization of effector proteins using yeast genetics
It was shown before, using effectors from different pathogenic bacteria, that ectopic
expression of effectors sometimes result with lethal effect on yeast growth. The lethal
effect on yeast growth suggests that a conserved and essential eukaryotic process,
which is modulated by the effectors in the host cell, was also modulated in the yeast
cell, resulting in an inhibition of yeast cell growth. In addition, effectors sometimes target
a cellular pathway that is conserved but is not normally rate-limiting for yeast growth
and in order to identify such effectors different stress conditions as well as yeast
mutants are used. Identification of effectors that cause strong lethal effect on yeast
growth in any of these conditions can lead to the identification of their target proteins by
using the yeast over-expression and deletion libraries. Using these approaches we
uncovered the involvement of the effector LecE in phospholipids metabolism and
discovered several effectors with are involved in the modulation of ER - Golgi vesicular
trafficking.

PLoS Pathog. (2012) 8(11):e1002988

J. Bacteriol. (2014) 196:681-692

3. Study of effectors horizontally transferred from amoebae to Legionella
The effector LegS2 of Legionella pneumophila is a homologue of the highly conserved
eukaryotic enzyme sphingosine-1-phosphate lyase (SPL). Phylogenetic analysis
revealed that it was most likely acquired from a protozoan organism early during
Legionella evolution. The LegS2 protein was found to translocate into host cells using a
C-terminal translocation domain absent in its eukaryotic homologues. LegS2 was found
to complement the sphingosine-sensitive phenotype of the yeast Saccharomyces
cerevisiae SPL-null mutant and this complementation depended on evolutionary
conserved residues in the LegS2 catalytic domain. Interestingly, unlike the eukaryotic
SPL that localizes to the endoplasmic reticulum, LegS2 was found to be targeted mainly
to host cell mitochondria.

Cell. Microbiol. (2009) 11:1219-1235

4. The regulatory network that controls the expression of the Legionella
pathogenesis system
To establish its replication niche Legionella translocate about 300 effector proteins into
the host cells during infection. This enormous number of effectors should be
coordinated at the level of gene expression, in order to be expressed and translocated
at the correct time and appropriate amounts. One of the predominant ways in bacteria
to regulate virulence gene expression is by the use of two-component systems (TCSs).
To date, our lab has identified three TCSs directly involved in the regulation of Icm/Dot
effector-encoding genes: the PmrAB, CpxRA and LetAS TCSs. According to our current
knowledge, these three TCSs control the expression of about 80 effector-encoding

genes. The regulation by different TCSs divides the effectors into groups of coregulated effector-encoding genes that are probably co-expressed at a similar time
during infection and might perform related functions.

Mol. Microbiol. (2007) 63:1508-1523
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