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Jeffrey Rong

Reflective Essay

The lab | work in studies a process that some bacterial strains exhibit called contact-
dependent inhibition, or CDI. CDI is a mechanism which some species of bacteria use to inhibit
the growth of competing strains by binding to specific target receptors through the binding
domains of extracellular CDI proteins. This binding triggers the release of C-terminal toxins into

the target cells, inhibiting their growth.

In my research project, | have been working with a specific CDI mechanism found in E.
coli EC93, called CdiA, in which | am assessing its binding ability to three conserved
extracellular loops of BamA: Loop 4, Loop 6, and Loop 7. BamA is targeted because it is a
conserved and essential outer membrane (3-barrel protein found in gram-negative bacteria.
Given how it is necessary for the viability of gram-negative bacteria, it is a reliable target for
CDI. If CdiA is proven to be able to bind properly to the three extracellular loops of BamA
through its binding domain, then the CdiA protein, especially its binding domain, can be used in
phage therapy applications by fusing it to the hypervariable regions of the tail fibers of T2
phage. These chimera phages could potentially target pathogenic gram-negative bacteria by
landing on BamA receptors. Since BamA is essential for viability, it would have a hard time

acquiring sufficient resistance mutations.

This project has been going on for many months, as my lab is collecting the data that is
necessary to further confirm the hypothesis that CdiA binds at a high affinity to the three
indicated extracellular loops of BamA. Therefore, when | got started in the project, | was already

given the help and resources | need to test the binding of CdiA to BamA.

During my time in undergraduate research, | had and have been presenting my research

through poster presentations at colloquia and symposia, as stipulated by a research program |



am in called UC LEADS. This means that | must collect the data from my experiments and
make sense of them by providing background information on CDI in general and providing a
question that my lab is trying to answer. Fortunately, | was able to learn what to put on scientific
posters and papers through the online library resources, which contain citation styles and

guides on writing scientific papers and posters.

Given how | had to make posters for undergraduate research colloquia and symposia, |
knew that | must obtain a list of references that support the details of my experiment and
provide a background on why | am conducting this research project. | discovered some my cited
sources from the UCSB library research databases, where | searched up published research
papers that contained details related to m project, such as details on the BamA receptor, the
CdiA protein, and further details on CDI in general. | also discovered some of my sources from
my faculty mentor and the other members in my lab, as my lab have been working with different
classes of CDI mechanisms, especially CdiA, for many years. Therefore, | was able to obtain as
much information as possible to back up information on my posters and to help me understand
what | am trying to discover, what | am working with, and what direction should | proceed

towards.

As | spend time doing research as an undergraduate student, | gradually learn the
process of discovering knowledge through scientific experiments and data collection. In
addition, I've learned that going through the research process require the collection of previous
research publications in order to provide background information that would help provide a
guide for experiments and lay out a general direction for research projects. Using my lab’s
publications and the library resources, such as the research databases, help me understand
why | am performing a certain experiment, which helps me brainstorm ideas for future project
proposals. Combining knowledge from performing experiments, from reading and understanding

referenced scientific publications, and from library resources also helps me properly



communicate my research contributions through scientific posters. | still have a lot to learn in my
undergraduate research career and | will continue to learn through my lab, the library, and other

resources.
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Abstract

Growth Competition Assay

Future Directions

Contact-dependent inhibition (CDI) is a series of mechanisms that some bacteria use to inhibit competing
bacterial strains. This allows them to better compete for resources. Many Cdi mechanisms have been
discovered, such as CdiA in E. coli EC93. CdiA is used in this experiment to target BamA, an essential and
highly conserved 3-barrel protein found in gram-negative bacteria. Cdi’'s ability to inhibit target bacterial cells
was tested through a growth competition assay between an inhibitor EC93 strain, DL4608, with a target
strain with wild-type BamA, DL7282, and a target with a BamA2F675> mutation, DL8830. Through a baseline
growth competition assay, there was inhibition of DL7282, but not for DL8830, since it may have mutated
BamA receptors, confirming that CdiA binds to BamA and allows the inhibitor strain to inhibit the growth of
the target strain. To further confirm CdiA binding to BamA, a fusion protein, MBP-CdiA, a competitive
inhibitor to bacterial CdiA, was introduced. The protein slightly narrowed inhibition during competition
assays, further confirming that CdiA binds effectively to wild-type BamA. The overall goal is to determine
CdiA’'s minimum binding specificity and affinity to to BamA. Through these series of experiments, the data
from this experiment will be compared to the binding ability of the J protein of Stx¢24 phage, which binds to
similar extracellular loops of BamA as CdiA. If proven to be a reliable ligand, CdiA will be fused to the tail
fibers to T2 phage to possibly target the BamA receptors of pathogenic bacteria.

Introduction

Contact-dependent inhibition (CDI) is a mechanism which some species of
bacteria release toxins to other target bacterial species, inhibiting their growth
through binding domains that recognize specific receptors of target cells (Ruhe
et al. 2017). This binding allows toxins to be inserted into the target cells,
Inhibiting their growth (Ruhe et al. 2013).

Evidence of CDI has been discovered in a strain of E. coli called EC93, which
uses a Cdi mechanism called CdiA. CdiA contains a C-terminal toxin that is
Injected into a target bacterial cell (Aoki et. Al 2010). When it recognizes and
binds to a receptor through its receptor binding domain, the C-terminal toxin is
ejected from the periplasm through the FHA-2 domain and then transferred to
the target cell’s periplasm (Ruhe et al. 2018).
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Results

« CdiA targets BamA, an essential outer membrane (-barrel protein

« CdiA binds to the following extracellular loops: Loop 4, Loop 6,
and Loop 7 (Aoki et al. 2008).

« Mutations in either loops prevent CdiA from binding (Edman
2015)

This computer-generated
image of BamA via PyMol
displays the three
extracellular loops in
which CdiA binds to: Loop
4 (cyan), Loop 6 (red),
Loop 7 (purple), and
mutated residues (blue).

« BamA is targeted because it Is a conserved and essential protein (Noinaj et al.
2013) [Malinverni & Silhavy 2011].

« This makes it a viable target for CDI, allowing for more practical
applications.

Theory: Judging by how the MBP-Cc
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CdiA does bind to BamA, even if it's not part of a bacterium.
Note: More work needs to be done to verify the binding of the MBP-CdIA to
BamaA.
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IA slightly blocks inhibition, it seems that

- The data from this assay will be used as a comparison to the binding of
BamA by the J protein of Stx$24 phage, which is located on the phage’s talil
fiber (Fogg et al. 2007)
- The J protein of Stx$24 phage recognizes similar protein markers on the
extracellular loops of BamA, just like CdiAEC3,
-~ The mechanisms of the J protein can be used in phage therapy,
providing antimicrobial applications (Chanisvili 2012).

Table 1. Eftect of bam.4 mutations on CDI resistance and Stx
phage resistance. bamdt- = E. coli bamd; bamA:L =
Enterobacter cloacae bamd; bamAELTECoopi= hamdiCl
with loop 6 of E. coli BamA replacing loop 6 of E. cloacae.
bamA mutation Loop CDIEC® Stx ¥
affected | phenotype phenotype
bamAEC None S S
EJHHHEC_V:'-J-EI'{-'E-’EME 4 R B
EJHH.IAEC_DFjd?-'TEdEH 4 R B
bam 4E€_DAGTLNGEL 6 R B
bany4EC_DF6T3 6 R R Phage from www.cronodon.com
bamAEC _Dloopd 6 R R
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bamAECL None R R
bamn 4ECL+EC-loopé 6 R E
ban 4ECL+ EC-loopd/& 4.6 R E
bamn4ECL EC-loopt/7 5;7 S S

- Problem: Stx$24 phage is lysogenic (Fogg et al. 2007).
- To get around this, T2 phage with CdiAEC®3 fused to the four hypervariable
gp38 regions of its tail fibers will be used (Montag et al. 1987).
- These lytic chimera phages can potentially bind to the extracellular loops
(specifically Loop 4 and Loop 6) of Bam A through the fused CdIA
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- Potential Problem: The target bacteria can become resistant to the phage.
- Potential Solutions:
- Find other extracellular regions of BamA that the phage can bind to.
- Have the phage bind to Loops 4 and 6 and have another chimera phage
or CDI protein potentially bind to other hypervariable loops of BamA.
- Rationale: Double mutations are rare.
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- Experiment: Test the ability of CdiA to target and inhibit BamA* E. coli strains
through growth competition assays between an inhibitor strain and two target
strains.

« Add fusion protein, MBP-CdIA, which will inhibit competition via
competitive inhibition

« If protein inhibited the CDI effect of the inhibitor, then it shows
that CdiA binds effectively to BamA, even when it is not part of
the bacterium.

Competition Between Inhibitor and BamAAFS7S Target:

* This was performed as a negative control.

« Mutant Target: DL8830 bamA24F675 | cdiAR, kanR
AF675: UV mutation on one of the phe residues on loop 6 of BamA
(Edman 2015)

« Cl=2457

There is no inhibition of mutant target.

This shows how mutations in the loops of BamA affect CdiA binding.
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