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The zoonotic disease ‘tularemia’ is caused by CDC declared Tier-1 threat agent, Francisella
tularensis. Only 10 Francisella can infect humans. It enters into the host such as mammals,
birds, reptiles and fish through ingestion or inhalation of contaminated food and water, direct
contact of infected animal, and through insect bite. After entering into host, phagocytes induce
respiratory bursts to kill the pathogen, resulting generation of reactive oxygen species (ROS)
like H,O, and HCIO. Upon oxidation of macromolecules, methionine, the most vulnerable
amino acid under oxidative stress, is converted into methionine sulfoxide (MetQ), which
cannot perform normal cellular functions. Oxidation of methionine results in two
diastereomeric ~ forms  of  MetOQ:  methionine-(S)-sulfoxide  (Met-S-SO)  and
methionine-(R)-sulfoxide (Met-R-SO). Antioxidant enzyme, methionine sulfoxide reductase
(Msr) converts oxidized methionine into free form of methionine very specifically; Msr
encoded by msrA and msrB catalyze the Met-S-SO and Met-R-SO, respectively. F tularensis
carries msrA, msrB and msrA/B in different parts of its chromosome. In this study, role of
msrA and msrB of Francisella tularensis subsp. holarctica I VS strain have been investigated

by mutant analysis approach in mouse infection model.

For methionine sulfoxide reductase assay, msr4 and msrB mutants were generated by
Targetron” gene knock out system and compared the phenotypic characteristics with
wild-type strain. The results showed that deletion of msrB (AmsrB) in F. tularensis causes
increased susceptibility to exogenous oxidative stress like H,O, and t-butyl hydroperoxide. In
mouse macrophages (J774) infection assay, significantly decreased growth was observed in
case of AmsrB at 48 and 72 hours of post infection compared to parental strain, which was
further confirmed in confocal microscopy. Attenuated growth of AmsrB was also observed in
mouse infection assay. In contrast, AmsrA showed the phenotype as like as wild type. Double
deletion mutant (AmsrA AmsrB) showed similar characteristics as of msrB mutant. These
results suggest that MsrB of Francisella has an anti oxidative function both in vifro and in
vivo experiment. Among three misr, phenotypic characteristics of msr4 and msrB have been
analyzed in this study, for understanding detail mechanism of compete Msr system of

Francisella, anti oxidative role of the rare form of msr, bifunctional msrA/B, which is present
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in Francisella genome, need to be investigated. Interaction of three msr of Francisella may
reveal some insights of methionine sulfoxide reductase system that would be a future research

topic.

Mouse is widely accepted as an ideal mammalian model for Francisella research, but for
large scale animal experiment, it raises cost and ethical issues. Identification of novel
virulence factor, evaluation of gene functions, and assessments of therapeutic effects of drug
using silkworm (Bombyx mori) infection model is one of the tools for infectious diseases
experiment. Francisella novicida, which is virulent in mice but non-pathogenic to
immunocompetent humans, is widely used as a potential surrogate organism for Francisella

research. In this study, a novel silkworm model for F novicida research was established.

For development of silkworm infection model, day 2 fifth instar larvae were infected by
inoculating the hemocoels of silkworms with F novicida. Tt killed silkworms within 3—7 days
of post infection. To identify virulence factor, type VI secretory system of Francisella was
selected, and for study, Dotl, the core part of type VI secretion system was disrupted for
construction of dotU deletion mutant (AdotU). Upon infection, AdotU failed to kill silkworm,
and bacterial load of AdotU was significantly lower than that of the wild-type strain in whole
silkworm body CFU count assay; whereas DotlJ complemented strain restored phenotypic
virulence as like its parental strain. F novicida could grow in different body tissues,
approximately 10-fold increase in bacterial count was recorded in hemolymph and
subcutaneous tissues compared with that in the silk gland, Malpighian tubule, and
reproductive organs; the CFU count of AdotU strain showed similar results in all organs as
like whole body CFU count assay. Confocal microscopy further confirmed the arrested
growth of the mutant strain within hemocytes of silkworm. The intracellular growth of F
novicida strains was also analyzed using the silkworm ovary-derived cell line BmN4, here,
CFU count assay revealed extensive growth of the wild-type strain compared with that of the
mutant strain; confocal microscopic data also confirmed the results. DotU of Francisella, the
known virulence factor in case of human, found as a lethal pathogenic factor in our newly
developed silkworm infection assay; therefore, this silkworm infection model is claiming as a

useful non mammalian infection model for Francisella novicida pathogenesis study.

Taken together, this study was started with investigation of molecular mechanism of
methionine sulfoxide reductases system of Francisella in mouse infection model, and found
contributory role of MsrB in oxidative stress assay; considering expenses and ethical issues of
mouse infection assay, research plan was redesigned for development of cheap and non
mammalian infection model of Francisella, and finally succeeded in case of silkworm for F

novicida infection.
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