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New antibiotic against multi-drug resistant bacteria
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The relentless emergence and proliferation of antibiotic-resistant bacterial
infections pose a formidable challenge to global public health, threatening
decades of medical progress. This commentary focuses on a pioneering
study about zosurabalpin (ZAB), as detailed in "A novel antibiotic class target-
ing the lipopolysaccharide transporter”." This groundbreaking study intro-
duces zosurabalpin, an innovative antibiotic that precisely targets the
lipopolysaccharide (LPS) transport system in multi-drug resistant bacteria
Acinetobacter baumannii (Figure 1). This study represents a significant
advancement in the field of antibacterial drug development, laying a new
direction for future scientific explorations.
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Antibiotic resistance, often likened to a silent pandemic, is relentlessly
undermining the effectiveness of critical medical procedures, such as organ
transplantation, chemotherapy, and various surgical interventions.” The
alarming ascent of antibiotic-resistant bacteria, especially formidable Gram-
negative pathogens like Acinetobacter baumannii, emphasizing the critical
need for innovative antibiotics to overcome these tenacious microbes. The
complex resistance mechanisms in carbapenem-resistant Acinetobacter
baumannii (CRAB) are multifaceted, involving a synergy of intrinsic and
acquired B-lactamases, the ramped-up expression of efflux pumps, dimin-
ished outer membrane permeability, and alterations in the targets of antibi-
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Figure 1. lllustration of macrocyclic peptides (MCPs) library screening workflow and the trans-envelope lipopolysaccharide transporter.

otics. In this landscape of growing resistance, Zampaloni, C. et al.' intro-
duced a novel antibiotic named zosurabalpin, a member of the tethered
macrocyclic peptide (MCP) class, as a formidable contender against A.
baumannii. This MCP is distinguished by its unique tripeptide subunit and
diphenylsulfide tether moiety, a structural innovation that deftly sidesteps
existing resistance mechanisms.

The identification and optimization of the structurally novel antibiotic class,
tethered MCPs, represent pivotal contributions within this study.' Zosura-
balpin, the selected clinical candidate from this unique class, not only exhibits
potent in vitro antibacterial properties but also demonstrates promising in
vivo efficacy in various animal models, including infections caused by multi-
drug resistant A. baumannii strains. This groundbreaking discovery opens up

317 UoybAoUU| Y |

[I J—

The Innovation Life 2(1): 100057, March 18, 2024 1



mailto:gaoyizhou@126.com
mailto:gaoyizhou@126.com
https://doi.org/10.59717/j.xinn-life.2024.100057
https://doi.org/10.59717/j.xinn-life.2024.100057
https://doi.org/10.59717/j.xinn-life.2024.100057
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

www.the-innovation.org/life

COMMENTARY

a new avenue to address the critical gap in treating invasive, drug-resistant
Acinetobacter infections.

Zampaloni, C. et al." meticulously outlines the screening process that led to
the identification of MCPs, with a focus on the structural features of the lead
compound, RO7075573, which displayed a minimum inhibitory concentra-
tion (MIC) ranging from <0.06 to 0.5 mg | against A. baumannii. The chemi-
cal structure, characterized by a tripeptide subunit and a diphenylsulfide
tether moiety, exemplifies the innovative design inherent in this antibiotic
class. The in vivo efficacy of RO7075573 in mouse models, encompassing
sepsis and thigh infection, provides compelling evidence of its potential clini-
cal utility. Nonetheless, the article briefly touches upon the unfavorable toler-
ability issue observed in rats. Specifically, the intravenous administration of
RO7075573 resulted in mortality and moribund animals. This raises concerns
about the translatability of the compound to human trials. A more in-depth
analysis of the underlying mechanisms and potential mitigation strategies for
these tolerability issues would significantly enhance the article's significance.
Despite zosurabalpin's demonstrated antibacterial prowess, its journey from
the petri dish to the patient is not without obstacles. The initial formulation
faced challenges with intravenous delivery, due to issues with plasma
compatibility that resulted in lipid precipitation. This hurdle facilitated the
synthesis of second-generation MCPs, which were modified with zwitterionic
groups to enhance their solubility and circulation within the bloodstream, thus
improving their delivery into the systemic environment. This evolution under-
scores the significance of chemical property optimization in the development
of a drug's administration profile.

The innovative study presents a dynamic culture model, specifically the
morbidostat, as a crucial tool for investigating the resistance development
against the newly developed antibiotic, zosurabalpin. This sophisticated
model facilitates the observation of spontaneous mutations, shedding light
on the genetic adaptability of bacteria under the selective pressure of antibi-
otic exposure. Notably, mutations were predominantly identified in genes
linked to the LPS transport and biosynthesis systems, with a particular
emphasis on LptF and LptG. These findings are pivotal, strongly suggesting
that zosurabalpin exerts its bactericidal effects by targeting the inner-
membrane LptB,FGC complex, thereby obstructing the LPS transport essen-
tial for bacterial viability.

Zosurabalpin exhibits broad-spectrum Jn vitro activity against a diverse
array of A. baumannii clinical isolates, including those notorious for their
multidrug resistance —a trait that heralds its potential as a formidable
weapon against severe invasive CRAB infections. The compound boasts
promising pharmacokinetic attributes and a reassuring safety profile,
corroborated by its in vivo efficacy in combatting multiple infection models,
such as pneumonia and sepsis. These characteristics collectively reinforce
the compound's prospective value in clinical application. Nevertheless, the
study about resistance mechanisms would be further enriched in the future.
A detailed exploration into the specific mutations induced by zosurabalpin
and their consequent impact on resistance patterns would be invaluable. In-
depth genetic analyses, particularly pertaining to the LPS transport and
biosynthesis machinery under the duress of antibiotic stress, are imperative.
Pahil, K. S. et al.” complements Zampaloni, C. et al.' findings by unveiling a
novel antibiotic mechanism targeting the LPS transport pathway in Acineto-
bacter. This research, showcasing a unique approach by trapping LPS within
its transporter, underscores the significance of inhibiting LPS transport for
bacterial membrane integrity. Such innovative strategies highlight the poten-
tial for developing new antibiotics to combat antibiotic-resistant pathogens,
reinforcing the importance of targeting essential bacterial processes. Such
detailed investigations would illuminate the battle between antibiotic and
bacterium at the molecular level, providing a roadmap for the anticipation of
resistance trends and the strategic development of countermeasures.

While the article provides some insights into the pharmacokinetic proper-
ties of zosurabalpin, a more thorough examination, encompassing absorp-
tion, distribution, metabolism, and excretion, is essential for robustly support-
ing its potential drug development. Delving deeper into these parameters
would offer valuable information on the compound's behavior within the
human body, strengthening the foundation for its clinical viability. Further-
more, the absence of a comprehensive comparative analysis with existing
treatments, such as polymyxin B, minocycline, tigecycline, and others, leaves

a notable gap in understanding the relative efficacy and safety profiles of
zosurabalpin. A detailed exploration of its strengths and weaknesses in
comparison to established therapies is crucial for informed clinical decision-
making. Looking forward, future research avenues should include a deeper
investigation into the mechanism of action of zosurabalpin on the LptB2FGC
complex. Understanding molecular interactions could inform targeted drug
development strategies. Exploring combination drug strategies for zosura-
balpin is another promising avenue, aiming to assess compatibility and
potential synergies with other antibiotics for enhanced therapeutic outcomes.
Extended-term resistance studies are imperative to evaluate the durability of
zosurabalpin's effectiveness, anticipating challenges and devising mitigation
strategies for prolonged exposure scenarios. To comprehensively assess
zosurabalpin's antimicrobial potential, studies should expand to include a
broader spectrum of pathogens. This broader evaluation is crucial for under-
standing the compound's versatility against diverse infectious factors. Lastly,
investigating the impact of zosurabalpin on the human microbiota is vital for
assessing overall safety and potential long-term effects.” Anticipating any
disruptions or alterations in the microbial community is key to understanding
the compound's holistic impact on the host.The incorporation of artificial
intelligence (Al) methodologies into antimicrobial research, as exemplified by
the recent study on machine learning and genetic algorithm-guided opti-
mization of antimicrobial peptides (AMPs)5 presents a transformative
approach to drug discovery. This pioneering work demonstrates how Al can
refine the structure and function of AMPs through directed evolution, opti-
mizing their efficacy against resistant bacterial strains. By training Al models
on structural, biochemical, and genetic data, we can predict the performance
of novel compounds across various bacterial species with heightened preci-
sion. This strategy not only deepens our grasp of antibiotic interactions on a
molecular level but also charts a course towards the discovery of next-gener-
ation antibiotics. Al simulations of drug-LPS transporter dynamics promise to
pinpoint new targets, boosting the precision and power of future antibiotics.

In conclusion, the discovery of zosurabalpin and the broader category of
MCPs marks a remarkable milestone in antibiotic research. This innovative
approach, targeting the LPS transport mechanism, represents a significant
shift in our strategy to counter antibiotic resistance. The potential of MCPs,
particularly in treating CRAB infections, not only confronts a critical health-
care challenge but also underscores the significance of continued innovation
in developing new antibiotic. The emergence of such novel therapies is vital,
especially in an era where antibiotic resistance threatens global health secu-
rity.
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