Investigating the Unique Transcriptional Response of Moraxella catarrhalis
“Rupture” Strains in Co-Culture with Host Cells
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Abstract
Moraxella catarrhalis (Mcat) is a gram-negative bacterium that commonly
colonizes the human respiratory tract. Mcat is one of three primary
causative agents of otitis media (OM) in pediatric populations and chronic
obstructive pulmonary disorder (COPD) exacerbations in adults. Of the
three main otopathogens (the others being non-typeable Haemophilus
influenza and Streptococcus pneumoniae), Mcat is typically the least
virulent. OM infections caused by Mcat are more likely to be in younger
patients, have lower rates of spontaneous tympanic membrane rupture,
increased likelihood of spontaneous resolution, and more frequently occur
as polymicrobial infections. However, our collaborator Dr. Michael
Pichichero and his research group at Rochester General Hospital observed
an increase in severe clinical OM phenotypes (tympanic membrane
rupture) in patients with OM caused by Mcat. Mcat strains from OM cases
with three different phenotypes (typical, severe, and rupture cases) were
isolated and whole genome sequenced. No overall phylogenetic clades
correlated with the observed clinical responses, indicating that no single,
more virulent clade of Mcat had emerged. To investigate if unique gene
expression patterns among these strains was contributing to observed
clinical response, we performed RNA-seq on three typical, two severe, and
four highly virulent “rupture” strains in two growth conditions:
monoculture in rich medium, and in co-culture with A549 human cell line.
Results from this experiment indicate that these diverse “rupture” strains
behave similarly in monoculture but possess a unique transcriptional
profile from other strains when co-cultured with human respiratory
epithelial cells.

Background: Otitis Media
Bacterial infection of the middle ear
(otitis media; OM) is one of the
most prevalent pediatric illnesses
and is the leading reason children in
the U.S. visit doctors, are prescribed
antibiotics, and receive surgery.
Viral upper respiratory infection,
host genetics, environment, and
bacterial colonization all contribute
Fig. 1: Pathogenesis of Acute Otitis Media1 to OM risk and severity. By the age
of 3, at least 60% of children will have suffered at 1 acute OM event. While
many preventative and therapeutic advancements (e.g. beta-lactam
antibiotics, pneumococcal conjugate vaccine, etc.) have been employed to
reduce disease burden of pediatric OM, a high complication rate for OM
leading to life-long sequelae still prevails, especially in areas where medical
access and prevention practices are more limited. Chronic OM infections
can cause delayed language acquisition and permanent hearing-loss,
leading to significantly reduced quality of life.
The bacterial pathogens that cause OM have high levels of intra-species,
leading to varying levels of pathogenicity and clinical outcomes.
Understanding what genetic features, such as gene expression patterns,
may lead to increased pathogenicity could aid in development of new
treatments and diagnostics to prevent severe cases of OM.
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Fig. 3: Phylogenetic Analysis of Clinical Mcat
Isolates: Genomes of clinical isolates from
patients with OM presenting with symptoms
that were either: typical (blue), severe
(green), or ruptured tympanic membrane
(red) were sequenced.
• Core genes from each strain were aligned
using Parsnp2 for phylogenetic analysis
along with Mcat genomes from NCBI. All
clinical isolates fell into the serum
resistant clade of Mcat.
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Fig. 4: RNA-seq Experimental Design:
• 9 strains of Mcat (4 “rupture” strains, 2
severe, and 3 typical) were grown in rich
medium alone or in co-culture with A549
human respiratory epithelium cell line.

Fig. 6: Top 5 Differentially Expressed Genes: Gene expression was
compared between strain type (rupture vs non-rupture) and
condition (monoculture vs co-culture with host cells). 24 genes were
found to be differentially expressed (Padj <0.5, LFC>1.4). Shown
above are the top 5 “hits” from this list.

• RNA was extracted, processed, and
sequenced on an Illumina platform.
• The resulting reads were then pseudoaligned to a pan-transcript reference using
the pseudoalignment software Salmon3.
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Fig. 7: Pathogenicity Island Insertion Event in “rupture” Strains: In a
comparative pan-genomic analysis, it was found that all “rupture”
strains (boxed in red) contained a transposase gene in a pathogenicity
island common to all strains. It is possible this insertion event could
be driving the transcriptional response observed.

Future directions
In the future, we aim to:

LFC Z-score

• Test our hypothesis that the insertion of a transposase into an Mcat
pathogenicity island may be driving differential gene expression and a
more pathogenic phenotype in clinical strains.
• Perform validation of the top 5 differentially expressed genes and
assess their roles in pathogenicity

”rupture” strain in co-culture
Non-rupture strain in co-culture
”rupture” strain in monoculture
Non-rupture strain in monoculture

Fig. 5: Differential Gene Expression Analysis: A. Heatmap visualizing the z-score of normalized
log2-fold change (LFC) for each core gene across all samples. B. PCA plot of core gene
expression data. Clinical strains isolated from OM episodes with tympanic membrane rupture
exhibit a unique transcriptional response in compared with other isolates that is co-culture
dependent
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