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Abstract

Introduction
Moraxella catarrhalis is a non- motile type of bacteria that spreads rapidly

on its host. Moraxella has a rod-shaped form and is a diplococcus, which
is a round bacterium that typically occurs in the form of two joined cells.
(Brophy, 2017). Colonies of M. catarrhalis may have a rough surface, are
pinkish-brown in color, and opaque. This bacterium causes otitis media, a
middle ear infection. It can also cause bronchitis, which inflames the lining
of bronchial tubes that carry air to and from the lungs, making breathing
difficult (Racaniello, 2019).
This bacterium can be transmitted through breathing and coughing from
person to person in a hospital setting, and they occur more in people with
the complications of the respiratory system such as COPD or infants with
underdeveloped immune systems (Urgent Care, 2015).
M. catarrhalis can be diagnosed based on a sample of fluid from the ear

or from the nasopharynx, at the base of your skull, and above the roof of
your mouth. Its mechanism of infection is unknown. It adheres and
colonizes the respiratory tract by infecting mucous membranes of
respiratory tract and epithelial cells (See Figure 1).
The collection of our gene products indicated that they are all CRISPR-
associated proteins. CRISPR, also known as Clustered Regularly
Interspaced Short Palindromic Repeats, is an adaptive immune system in
many types of bacteria. Bacteria use many CRISPR-associated genes
(Cas) that bind foreign DNA from invading viruses and incorporate that
DNA into the bacterial genome (Cooper et. al, 2018). This DNA then will
allow the bacteria to transcribe it and make a guide RNA that will detect
the foreign DNA in the future and degrade it before invading the bacteria
(Hille et. al, 2016) (See Figure 2).
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Figure 6 – Crystal
Structure of Locus Tag
MCR_RS00125
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Modules of the GENI-ACT program (http://www.geni-act.org/) were used to 
complete Moraxella Catarrhalis genome annotation . The modules are 
described below:

MCR_RS00120:
The initial proposed product of the gene with the locus tag MCR_RS00120 
gene by GENI-ACT was I-F CRISPER-associated helicase Cas3. The BLAST 
database provides multiple hits that indicate the protein is involved with 
CRISPER which is a family of DNA sequences in bacteria and archaea. 
Protein Data Bank was used to identify the protein by name, as Cas3-AcrF3 
complex. The cellular location of the protein is within the cytoplasm. As a 
result, the proposed annotation is a helicase. (See Figure 5).

MCR_RS00125:
The initial proposed product of this gene by GENI-ACT was a CRISPR-
associated protein Csy1. This was supported by the top BLAST hit. Web logo
analysis revealed good alignment except for gaps in sequence at 1-11, 85-88,
118-121, 159-160, 162-164, 226-229, 264-278, 323-327, 345-346. The
protein was determined to be part of Cas_Csy1 family as supported by Pfam.
The PDB results indicated a 3-D structure with the name: Cryo-EM structure
of Type I-F CRISPR crRNA-guided Csy surveillance complex with bound
target dsDNA (see figure 6).

MCR_RS00130:
The initial proposed product was a CRISPR associated protein, Csy2. This
gene product proposal was supported by the top BLAST for the amino acid
sequence and was aligned to, specifically, Psychrobacter (see Figure 7).
The gene product name was CRISPR-associated protein Csy2. The second
NR BLAST hit showed a 75% positive alignment with Pectobacterium
astrosep. Results from the CDD search indicated alignment with the COG
CRISPR/Cas system-associated RAMP superfamily protein Csy2.

MCR_RS00135:
The initial proposed product was CRISPR-associated protein Csy 3. The top
BLAST hit indicated alignment with type I-F CRISPR-associated protein
Csy3. It was 72 percent aligned. Web logo showed very good alignment, but
6 small gaps which indicates similarities to other sequences in Genbank.
(see Figure 8). The top PFAM hit identified a protein family as Cas_Csy 3
which indicates that the protein is part of the CRISPR array which is a type
of adaptive immunity in some prokaryotes.

Figure 5-Crystal Structure 
of Locus Tag MCR_RS00120

Figure 8 – Weblogo of Locus
Tag MCR_RS00135

The GENI-ACT proposed gene products did not differ significantly from the
proposed gene annotation for each of the genes in the group and as such,
the genes appear to be correctly annotated by the computer database.

Each of these locus tags codes for a Cas protein. These specific Cas
proteins (Csy1, Csy2, and Csy3) in combination with CRISPR RNA, form a
surveillance Csy complex that identifies the target sequence of foreign DNA
(Hille et. al, 2016). The Cas3 protein then unwinds and degrades the foreign
DNA (Jackson, 2014).
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A group of 4 consecutive genes (locus tags: MCR_RS00120,
MCR_RS00125, MCR_RS00130, MCR_RS00135) from the bacteria
Moraxella catarhalis were annotated using the collaborative genome
annotation website GENI-ACT. This bacteria is a nonmotile pathogen that
causes ear infections and lung infections. The Genbank proposed gene
product name for each gene was assessed in terms of the general genomic
information, amino acid sequence-based similarity data, and structure-based
evidence from the amino acid sequence. The Genbank proposed gene
product name did not differ significantly from the proposed gene annotation
for each of the genes in the group and as such, the genes appear to be
correctly annotated by the database. All of our gene products were CRISPR
associated proteins. CRISPR is an adaptive immune system in bacteria.
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Figure 7 – Top Hit of NR Blast for Locus Tag
MCR_RS00130

Figure 3 – Gene Map of Locus Tag MCR_RS00120

Figure 4 – Gene Map of Locus Tags MCR_RS00125 to
MCR_RS00135

Figure 2 Explanation of how CRISPR-Cas immunity 
works. (Ledford, 2017)

Figure 1-Moraxella catarhalis
http://microbe-canvas.com/Bacteria.php?p=1195
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