(Appended form No. 3)

Abstract of Doctoral Thesis

Name Dhandy Koesoemo Wardhana

Title: Study on the identification and characterization of virulence determinants of Francisella novicida

(75028 T - T4 X OFRFEMERER ¥ OFRE & R 2 B9 2850

Abstract of thesis:

Francisella tularensis is a highly infectious Gram-negative bacterium that causes tularemia, a
zoonosis affecting humans and animals. F. tularensis is a dangerous pathogen that can incur a high risk of
morbidity and mortality. £ tularensis causes typhoidal and pneumonic systemic tularemia, which has a
fatality rate of up to 60%. Therefore, F. tularensis is classified as a Category A biological threat agent. F.
tularensis is further divided into four subspecies: tularensis (type A), holarctica (type B), mediasiatica,
and novicida. Among them, F. tularensis subsp. tularensis and F. tularensis subsp. holarctica exhibit the
highest virulence in humans and are responsible for the majority of tularemia cases. Due to its high
infectivity and potential for airborne spread, F. fularensis has been developed and stockpiled as a biological
warfare agent by several nations.

E tularensis subsp. novicida (F. novicida) is considerably less virulent than F. tularensis, it is
commonly used as a surrogate strain for virulent F. tularensis. In contrast to F. tularensis, F. novicida is an
opportunistic pathogen that causes illness and even death in debilitated or immunocompromised patients
but not in healthy individuals. F. novicida shares many characteristics with Type A strains of F. tularensis,
showing similarities in the genome sequence, intracellular life cycle, and mechanisms of infectivity,
including rapid phagosomal escape followed by vigorous cytosolic replication. It also infects macrophages,
causing disease in mice. However, due to its lower virulence in humans, it can be safely handled under
Biosafety Level 2 laboratory conditions and is a suitable model organism for studying F. tularensis
infection.

In this study, I used HeLa cells expressing FcyRII (HeLa-FcyRII) to screen a transposon mutant
library of F. novicida to isolate mutants that were less cytotoxic. HeLa-FcyRII cells are an epithelial cell
line that expresses the FcyRII receptor, enabling efficient uptake of IgG-opsonized bacteria. This cell has
the potential to enhance the efficiency of cell-based infection assays, such as large-scale genetic screening,
and to offer novel insights into Francisella infection in epithelial cells, which has been difficult to analyze
in phagocytic cells. I have screened 2,232 transposon mutants of F. novicida to find less cytotoxicity strains
in the HeLa-FcyRII cells. 13 strains of transposon mutants were isolated as less cytotoxic, as confirmed by
LDH cytotoxicity assay, and the transposon insertion sites were subsequently identified by sequencing
analysis. Two mutants involved the same gene, s/t. The others are figk, fopA, iglC, iglD, iglF, igll, pdpB,
pdpA, ampG, wbtF, and one unnamed gene (FTN_0096).

Chapter one of the study describes about FTN 0096 gene, focus on the identification and functional
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analysis of F'TN 0096, a gene identified through our screening of 2,232 transposon mutants of F novicida.
This research aims to elucidate the role of FTN 0096 in intracellular replication and host responses. F
novicida wild-type (WT) strain and FTN_0096 mutant were used to infect the HeLa—FcyRII and THP-1 cells,
and then compared the results. WT strain proliferated intracellularly well 12-48 h post-infection. In contrast,
the FTN_0096 mutant proliferated intracellularly until 12 h post-infection but decreased at 24 and 48 h post-
infection in both cells. The WT strain can escape from phagolysosomes, and the FTN 0096 mutant cannot
escape from phagolysosomes in the initial phases of infection. A successful escape from phagolysosomes
into the host cytosol is essential for intracellular replication and the induction of cytotoxicity. Moreover, the
FTN 0096 of F novicida associates with mitochondria and the Golgi complex during infection. These
findings indicate the importance of FTN 0096 of F. novicida for intracellular replication in the cells.

Chapter two of the study focused on the identification and functional analysis of whtF gene. WT
strain and whtF mutant were used to infect the HeLa—FcyRII and THP-1 cells. In this study, intracellular
replication of the WT strain increased at 12-48 h after infection. The wh¢F mutant underwent intracellular
replication for up to 12 h, then decreased at 24 and 48 h after infection in both cells. The WT strain can
escape from phagolysosomes, but the wbtF mutant could not escape from phagolysosomes in the initial
phases of infection and was digested within the lysosome. The wbtF mutant was also detected in the
mitochondria and the Golgi complex. Infection of THP-1 cells with WT, wbtF mutant, and the complemented
strain produced similar TNF-a and IL-6 responses, indicating that wbt¢F does not significantly affect cytokine
production. These findings indicate that wb¢F is important for the intracellular replication of F novicida.

In conclusion, both FTN_0096 and whtF mutants exhibited significantly reduced intracellular
replication in HeLa—FcyRII and THP-1 cells compared with the WT strain. These mutants also exhibited
impaired escape from phagolysosomes during the early stages of infection, resulting in their retention and
degradation within lysosomal compartments. FTN 0096 and wbtF are also associated with organelles such
as mitochondria and the Golgi complex. Thus, it may be a potential target for controlling Francisella

infection.
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Study on the identification and characterization of virulence déterminants of
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