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Introduction

Anti-biofilm activity vs Gram-positive Staphylococcus aureus

Biofilms present a major problem to healthcare worldwide and are
responsible for increased tolerance to antibiotics, treatment failure and a
resulting rise in antimicrobial resistance [1]. Phenylalanine-phenylalanine
(FF) peptides have attracted interest over the past decade due to their
ability to self-assemble into nanotubular structures that can be potentially
utilized as future drug delivery platforms [2]. We demonstrate FF
nanotubes provide sufficient antibacterial activity to eradicate mature
biofilm forms of Gram-positive bacteria widely implicated in hospital
infections (Staphylococcus aureus). We also show preliminary data
demonstrating peptide nanotubes to interact significantly with the outer
membrane of Gram-negative bacteria, including Escherichia coli and
Pseudomonas aeruginosa. This promising observation opens new
avenues for research, including using peptide nanotubes to improve the
intracellular delivery of existing antibiotics to Gram-negative bacteria or
biofilms in order to reduce the negative impact of antimicrobial resistance.

Peptide nanotubes outer membrane interaction Gram-negative bacteria

A

A. Ability of NH2-FF-COOH (green) and
NH2-ff-COOH (red) peptide nanotubes to
permeate the outer membrane of Gramnegative E. coli ATCC 15597 bacteria
using a NPN assay. Polymyxin B (100
mM) is used as 100 % NPN uptake.

B
B. Ability of NH2-FF-COOH (green) and
NH2-ff-COOH (red) peptide nanotubes
to permeate the outer membrane of
Gram-negative P. aeruginosa ATCC
15692 bacteria using a NPN assay.
Polymyxin B (100 mM) is used as 100
% NPN uptake.

Peptide nanotube self-assembly
Biofilm susceptibility assay
Gram-positive S. aureus: The
reduction in viable biofilm
forming units (Log10 CFU/mL)
post 24 hr treatment with
peptide nanotubes. Biofilm was
grown and cultured in the
MBECTM device.
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NH2-FF-COOH resulted in greater than 3 Log10 CFU/mL viable biofilm reduction
(>99.9%) at 5 mg/mL and total biofilm kill at 10 mg/mL against S. aureus after 24 hours
exposure. Scanning electron microscopy proved that activity was primarily due to
surfactant-like action, with NH2-FF-COOH capable of degrading the biofilm matrix and
disrupting cell membranes (SEMs above) leading to cell death in Gram-positive
bacterial isolates.
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The outer lipopolysaccharide membrane of Gram-negative bacteria is a major barrier to antibiotic uptake and
treatment efficacy. The ability of peptide nanotubes to permeate this membrane was studied using NPN as a
fluorescent probe in E. coli and P. aeruginosa. Bacteria show increased NPN uptake in the presence of 10 mg/mL
NH2-FF-COOH and NH2-ff-COOH demonstrating similar (~100%) NPN uptake relative to polymyxin B. This is
sufficient to allow significant bactericidal activity in planktonic forms of E. coli and P. aeruginosa but not within
biofilm forms of these Gram-negative microorganisms [3].

Conclusions
FF nanotubes possess dual antibacterial and drug delivery capabilities. Their tubular architecture mean existing
antibiotics could be potentially encapsulated within their hollow hydrophilic pores or within their hydrophobic
phenylalanine walls to provide synergistic action. This technology could alleviate the negative impact of
antimicrobial resistance throughout society and provide a rapid means to repurpose existing antibiotics which lack
activity vs Gram-negatives and/or biofilms. Our goal is to build upon these preliminary results, through collaborative
projects, in order i) to understand how these nanotubes interact with microbial and mammalian membranes ii) tailor
their use to wider drug delivery applications.
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