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Abstract

Known to play a significant role in the development of oral biofilms, the
oral pathobiont Fusobacterium nucleatum can spread to distal organs,
including placenta and colon, promoting preterm birth and colorectal
cancer. Since many bacterial pathogens acquire ethanolamine (EA) as a
source of carbon and nitrogen, and EA is upregulated in the placenta
during fetal development, we previously sought to examine the role of EA
metabolism in fusobacterial virulence as this process is currently unknown
in F. nucleatum. Because the EA-ammonia lyase EutBC catalyzes the
breakdown of EA, we generated a eutBC mutant (ΔeutBC), initially
predicting virulence attenuation of this mutant. Surprisingly, we found that
ΔeutBC is hypervirulent, exhibiting its increased placental and fetal
colonization and reducing pup survival. We now hypothesize that eutBC
deficiency may cause intracellular accumulation of EA, which triggers
upregulation of virulence factors that promote bacterial virulence and
colonization. To investigate this, we began to isolate total RNA from the
recovered placentas of animals infected with the parent or ΔeutBC strain
for gene expression analysis of a few Fusobacterium predicted virulence
factors by qRT-PCR. By creating a Python code to analyze gene expression
data via a ΔΔCT method, we found that expression of genes coding for
putative toxins and factors involved in oxidative stress are upregulated in
ΔeutBC, relative to the parent strain. In our current experiments, we are
employing RNA-seq to identify differentially regulated genes caused by
eutBC deficiency at the genome-wide scale, aiming to reveal novel
virulence factors contributing to the F. nucleatum pathophysiology.
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• F. nucleatum plays a key role in the development of oral biofilms and is linked
to many human diseases including preterm birth. [1]

• Throughout pregnancy, ethanolamine presents in high concentrations in the
placenta, helping maintain placental homeostasis and normal development of
the fetus. [2]

• Bacteria utilize EA through a (eut) gene locus pathway that allows them to
metabolize EA as a carbon source to begin pathogenesis. [3,4]

• eutBC encodes for the ethanolamine ammonia lyase which carries out the first
major step in the breakdown of EA. [5]

• Previous studies in the lab found that deletion of eutBC led to a hypervirulent
phenotype despite not being able to utilize EA as a nutrient source as shown
below in Fig 1.
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Figure 3- ΔΔCt Method through Python: To measure gene expression from qRT-PCR, a delta delta Ct
method is used from measured Cq values. To improve efficiency of these calculations, we created a code in
python that returns our final 2^-ddCt calculation as well as other calculation used in the method in a csv. An
example of the main function and the formatted file is shown above.

Figure 4- Comparison of virulence factors expression from recovered placentas: After RNA extraction,
qRT-PCR was performed for comparison of gene level expression between the parent strain at 48hrs to the
other timepoints and mutant strain. Error bars indicate mean and standard deviation of three biological and
technical replicates.

Figure 1- Hypervirulence of the eutBC mutant: (A) A group of 5 pregnant mice was infected with ~ 5 x 107
CFU of the parent or ΔeutBC strain via the tail vein on day 16 or 17 of gestation, and pup survival was 
recorded. The statistical differences were analyzed by Mantel-Cox (** P<0.01). 
(B-C) A similar procedure in A was performed, except that at indicated time intervals after injection, different 
organs and amniotic fluid (AF) were harvested for bacterial numeration.

qRT-PCR of Bacterial Virulence Factors in Placenta
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Figure 2- RNA Extraction: A group of 4 pregnant mice was infected with ~ 5 x 107 CFU of the parent or
ΔeutBC strain via the tail vein on day 16 or 17 of gestation. Placentas were collected at 48hr and 72hr post
injection. Host and bacterial RNA were extracted using a TRIzol Bacterial Isolation kit. RNA was converted
into cDNA and gene expression of known F. nucleatum virulence factors were measured via qRT-PCR.

• Results from our python code do more efficiently calculate all needed values 
from the ΔΔCt method from multiple files/replicates at once. 

• Our study shows that there are certain virulence factors being upregulated in a 
higher EA concentration environment, which can contribute to the 
hypervirulent phenotype of ΔeutBC. 

• Our second graph shows that LPS genes expressed consistently in our mutant 
strain at 48 hours, but not at 72 hours.

• Our first graph highlights, hicA and hicB, proteins from a type II 
toxin/antitoxin that showed the greatest expression in our samples.

• The results support our hypothesis that increased expression of virulence 
factors in the ΔeutBC may contribute to its hypervirulent phenotypes.

Figure 5- RNA-seq steps: Repetition of injection and collection of placentas with our parent and 
mutant strains. RNA extraction in order to map our samples with transcriptome. 

• While qRT-PCR gives us some insight on a few potential virulence factors 
expressed in the eutBC mutant, RNA-seq analysis will provide an 
unbiased view on all virulence factors contributing to the hypervirulence 
of ΔeutBC at the genome-wide level.
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