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Hypothesis

Background
Burkholderia pseudomallei

Nitrate is a poten;al environmental cue

• Gram-negative bacterium inhabiting wet soils and
surface water
• Endemic in tropics and subtropics
• Etiological agent of melioidosis in humans and animals
• Cutaneous, respiratory, gastrointestinal infection
• High mortality rates (up to 50%)
• Relapse is common (up to decades later)
• Tier 1 Select Agent - Public Health Security

Sodium nitrate inhibits biofilm formation in a
dose response manner
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*** P value 0.0001 to 0.001
**** P value < 0.0001
Adapted from McDougald et al., 2012

Predicted nitrate metabolism genes

How do bacterial pathogens transition from an
environmental reservoir to establish a persistent
infection and ultimately disseminate within a host?

Chromosome 1:

Mutants in nitrogen metabolism pathway are
resistant to pellicle inhibition by sodium nitrate
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Ω2(t) = {(x, y) ∈ Ω:M(t;x, y) > 0}
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Immunocompromised people (opportunistic pathogen)
Rice paddy workers
Recreational gardeners
Soil aeration and/or nitrates from fertilizers and animal
waste in dry seasons
Industrial agriculture runoff rich in nitrates
More prevalent in monsoonal wet season
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Emerenini et al., 2015

Chromosome 2:

• Nitrate inhibits biofilm formation in B.
pseudomallei as evidenced by two different assays
• narL, narX, narG-1, narH-1 and narK-2 are nitrate
metabolism genes directly implicated in biofilm
inhibition
• The NarX/NarL two component signaling system
regulates biofilm dynamics in response to nitrate
B. pseudomallei biofilm grown in the laboratory
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Rue-Albrecht et al., 2014

Ω1(t) = {(x, y) ∈ Ω:M(t;x, y) = 0}

Disruptions in 5 genes predicted to encode nitrate
metabolism enzymes abolishes sensitivity to nitrate

Who is at risk and why?

Rice paddy workers in south-east Asia, image courtesy
of University of Nevada School of Medicine

Mul;faceted approach to disease dynamics
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Big ques;on:

Sodium nitrate dosing in vitro will inhibit B.
pseudomallei biofilms by interacting with genes and
regulators in the denitrification pathway

• Model dissemination and relapse of melioidosis
• Understand how bacterial pathogens transition from
an environmental reservoir to establish a persistent
infection and ultimately propagate within a host
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Human
Host

• Bacteria have evolved sophisticated sensory systems
to detect and respond to a variety of cues and signals
from external stimuli
• Burkholderia pseudomallei is a candidate for these
studies because it can transition from the
environment and cause multiple types of infections
(acute, chronic, and latent) that are difficult to treat
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• Biofilms are a group of bacterial cells that are adhered
to a surface and encased in an extracellular polymeric
substance (EPS) matrix
• Antibiotic tolerance (up to 1000x more tolerant)
• Adhesion and protection
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Future Direc7ons
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Why are bioﬁlms important?

Environmental
Reservoir

Results and Conclusions

1. Determine the role of nitrate metabolism genes during
infection, colonization, and persistence in murine models
and cellular invasion assays – Dual RNA-seq and Digital
Droplet PCR
2. Evaluate molecular mechanisms for bacterial signaling by
quantifying second messenger signal – LC-MS/MS
3. Generate mathematical models for biofilm inhibition and
dispersal – Reaction-diffusion equation systems
4. Characterize nitrate effects on biofilm-related antibiotic
tolerance and resistance – Large biological datasets and
transcriptional profiling techniques
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