
 

A broad-spectrum synthetic antibiotic that
does not evoke bacterial resistance
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Conjugated oligoelectrolytes (COEs) and comparative bactericidal activity and
mammalian cell cytotoxicity. a, COEs share a modular structure that
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spontaneously integrates into the bacterial membrane. b and c, COE structural
modules are depicted by colored boxes. The intercalation into phospholipid
bilayers is driven by the hydrophobic center and the terminal ionic
functionalities, consisting of the conjugated aromatic core (gold module) and
hydrocarbon pendants (blue module), which resemble the fatty acid center of the
bilayer. Additionally, the cationic end groups (red module) and terminal acyl
chains (pink module) interact via coulombic and hydrophobic interactions with
the membrane surface functionalities; specific example: COE2-2hexyl.
Bactericidal activity. Exponential-phase cultures (∼108 cells) of either d, S.
Typhimurium 14028 or e, CA-MRSA USA300 were incubated with 10 × MIC
of either COE2-2hexyl (20 μg/mL; 10 μg/mL, respectively) or ciprofloxacin
(0.156 μg/mL; 5 μg/mL, respectively) for 4 h, and viability was enumerated by
direct colony count (n ≥ 3, SEM). Mammalian cell cytotoxicity. COEs at the
designated concentration (1–20 μg/mL) were incubated for 18 h with f, murine
macrophage (RAW 264.7) and g, human epithelial cell lines (HEp-2).
Mammalian cell cytotoxicity was determined by the trypan blue vital stain
exclusion method, and the unstained viable cells were counted using a
hemocytometer (n = 6, SD). Credit: eBioMedicine (2023). DOI:
10.1016/j.ebiom.2023.104461

In a potential game changer for the treatment of superbugs, researchers
have developed a new class of antibiotics that cured mice infected with
bacteria deemed nearly "untreatable" in humans—and resistance to the
drug was virtually undetectable. 

Developed by a research team of UC Santa Barbara scientists, the study
was published in the journal eBioMedicine. The drug works by disrupting
many bacterial functions simultaneously—which may explain how it
killed every pathogen tested and why a low level of bacterial resistance
was observed after prolonged drug exposure. 

The project was led by professors Michael Mahan, David Low, Chuck
Samuel and their research team, Douglas Heithoff, Scott Mahan, Lucien
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Barnes and Cyril George. Additional contributors include professors
Guillermo Bazan (UC Santa Barbara) and Andrei Osterman (Sanford
Burnham Prebys Medical Discovery Institute). 

The discovery was serendipitous. The U.S. Army had a pressing need to
charge cell phones while in the field—essential for soldier survival.
Because bacteria are miniature power plants, compounds were designed
by Bazan's group to harness bacterial energy as a "'microbial"' battery.
Later the idea arose to repurpose these compounds as potential
antibiotics. 

"When asked to determine if the chemical compounds could serve as
antibiotics, we thought they would be highly toxic to human cells, similar
to bleach," said Mahan, the project lead investigator. "Most were
toxic—but one was not—and it could kill every bacterial pathogen we
tested." 

What makes the drug unique is the failure of bacteria to become
resistant to it. And bacterial resistance is typically a major barrier to
antibiotic development since it limits a drug's potential value in the
marketplace. 

"The key finding was that bacterial resistance to the drug was virtually
undetectable," said lead author Heithoff. "Most drugs fail at this stage of
development and never get to clinical practice." 

The antibiotic has a unique mechanism of action. Contrary to most drugs
(like penicillin) that target a specific germ function, the new drug targets
many functions simultaneously. 

"The drug appears to affect the bacterial membrane, which in turn,
disrupts multiple bacterial functions," explained Low, the co-project
lead. "This may account for the broad-spectrum antibacterial activity and
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low level of bacterial resistance." 

"This class of antibiotics has potential as a new versatile therapy for
antimicrobial resistant pathogens," Samuel said. 

Additional drug safety and efficacy studies will need to be conducted to
fully understand the clinical benefits and risks before the drug can be
used in clinical practice. 

  More information: Douglas M. Heithoff et al, A broad-spectrum
synthetic antibiotic that does not evoke bacterial resistance, 
eBioMedicine (2023). DOI: 10.1016/j.ebiom.2023.104461
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