(®)
2018 2020

A multidisciplinary research program to enable the discovery of inhibitors of
colanic acid excretion in bacteria

A multidisciplinary research program to enable the discovery of inhibitors of
colanic acid excretion in bacteria

KONG, Lingbing

13,300,000

Antibacterial resistance is a global challenge. Novel antibacterial strategies and targets are

urgently needed. Colanic acid (CA) is one of outermost and most essential outer bacterial matrices
in the formation of most biofilms. Inhibition of CA export will help eradicate biofilms.

Three pathogenic bacterial strains have been cultured and stored. WzaCA is
transporter of colonic acid. Genomic DNA extraction followed by polymerase chain reaction and
cloning onto desired vectors has enabled the expression of WzaCA. Meanwhile, chemical strategies
have been developed for efficient production of potential blockers. A LC-MS system equipped with
autosampler, fraction collector, temperature controller and multiple detectors which include UV/Vis,

3D-field, refractive index, high-resolution mass, etc. has been established for fast and accurate
access to various potential blockers. Lastly, the proposed microscopic system equipped with an ideal

EMCCD camera has been set up. Further screening of blockers is currently ongoing. Once a desired
blocker is identified in single-molecule electrical recordings, all sorts of biochemical,
biophysical and biological tests that have been established will be carried out. Results will be
published in due course.
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1. WFFEBRAR S A DA 5

| am the pioneer in Wza-based drug discovery and have achieved success in all
closely related disciplines. | have also set up initial solid foundations for the proposed
research project at Kagawa. The following are some representative projects that | have
created from 2007 to 2016.

1.1 Establishment of a novel and multidisciplinary program to enable the discovery of
inhibitors against the transporter of K30 capsular polysaccharides Wzakso.

1.2 An antibacterial strategy that combines the Wzaksy inhibitor and a novel
glycoconjugate vaccine candidate based on the conserved base of
lipopolysaccharides.

1.3 Recapitulation of K30 capsular polysaccharide export at the single-molecule level.

In 2017, I initiated independent research work on Wza at Kagawa University
In summary, my previous work at Oxford and recent findings at Kagawa have provided
very solid foundations for the proposed research.

2. WHEDHRY

How to eradicate biofiims that are already formed and prevent new ones from
formation is the biggest question in antibacterial research. Exopolysaccharides
such as colanic acid (CA) are loosely associated with the outer membrane and/or other
outer matrices. This results in a greater volume in the outer cell envelope for every
single bacterial cell, which provides better protection and enables the interweaving of
these matrices between bacterial cells. CA is one of the first and the most essential
outer bacterial matrices in the formation of most biofilms. Therefore, inhibition of the
excretion of colanic acid will be of great signification in bacterial research. The “key
scientific question” here is whether the biofilm production could be significantly
reduced by inhibiting the colanic acid transporter Wzac,. If it is proven to be true,
Wzaca will be validated as a novel antibacterial target and the Wzaca inhibitors will be
potential novel antibacterials.

3. WD TIE

In order to address the key scientific question above, the proposed project
dedicates to establishing a novel and multidisciplinary program to enable the
discovery of inhibitors against the conserved transporter of colanic acid Wzaca.
The success of it requires a multidisciplinary program that includes molecular biology,
microbiology, single-molecule biophysics, computation, chemical synthesis, imaging,
cell biology, etc.

4. WFZERRR

The outermost protective layer of most pathogenic bacteria is colanic acid (CA),
instead of capsular polysaccharides (CPS). The proposed project is designed to
establish a novel multidisciplinary program to enable rapid discovery of inhibitors



against the transporter of colanic acid Wzaca (Fig.1a-b). After three years, significant
progress has been made in all the principles for the proposed research project. A brief
summary of each of the key disciplines is as follows.

4.1. Molecular biology and protein expression and purification

The pathogenic bacterial strains have been cultured and stored. Genomic DNA
extraction followed by polymerase chain reaction and cloning onto desired vectors has
enabled the expression of Wzac, (Fig.1c-d).

4.2. Chemical strategies

Creation of diverse chemical scaffolds is essential for the project. Chemical strategies
have therefore been developed for efficient production of potential blockers. A
HPLC-MS system equipped with autosampler, fraction collector, temperature controller
and multiple detectors which include UV/Vis, 3D-field, refractive index, high-resolution
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Figure 1. Inhibition against polysaccharide exporter Wzaca for novel antibacterials.
a) General machinery for polysaccharide synthesis and export [Kong, Methods in
Mol. Bio., 2021, cover image]. b) Expected function of Wzaca inhibitor. c) Gene of
Wzaca. d) Expression of otameric Wzaca.
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mass, etc. has been established for fast and accurate access to various potential
blockers (Scheme 1).

4.3. Single-molecule techniques for blocker screening
Single-molecule electrical recording systems have been established and used for the
study of the Wzaca octamers. Promising results have been obtained. In addition, the
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Scheme 1. Established chemical strategies for efficient model of Wzaca in a lipid
production and purification of potential Wzaca channel bilayer for single-

blockers. molecule studies.
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proposed TIRF microscopic system equipped with an ideal EMCCD camera has been
set up. Currently, further screening of blockers is currently ongoing (Fig.2).

4.4. Summary and perspectives

Most of the proposed experiments have been completed and exciting results have
been achieved. All disciplines are still ongoing. Once a desired blocker is identified in
single-molecule electrical recordings, all sorts of biochemical, biophysical and



biological tests that have been established will be carried out (Flowchart 1). Results

will be published in due course.
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Flowchart 1. Flowchart to discover initial drug candidates against membrane
protein Wza channels. This flowchart is from [Kong, Methods in Mol. Bio., 2021].
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