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Introduction

Antimicrobial resistance (AMR) is an escalating global health challenge driven not only by clinical antibiotic use but also by the environmental dissemination of antibiotic residues and
resistance genes (ARGs) via wastewater and natural ecosystems’. Current approaches, such as the 8-day SELECT bioassay, infer AMR selection based on growth inhibition thresholds but
do not explicitly capture competitive growth dynamics between susceptible and resistant bacteria, limiting mechanistic insight under environmentally relevant exposure conditions.

In this study, we focus on ciprofloxacin (CIP), a fluoroquinolone antibiotic that inhibits bacterial DNA gyrase and topoisomerase |V, thereby disrupting DNA replication and transcription. Due
to its widespread use and incomplete metabolism, CIP is a prevalent aguatic contaminant that promotes the emergence and spread of AMR, posing risks to human health and ecosystems?.
To address existing gaps in understanding resistance selection in microbial communities, we integrate experimental, genomic, and modeling approaches. First, we develop an in vitro
coculture competition assay using fluorescently tagged wild-type and CIP-resistant Escherichia coli (E.coli) to directly quantify selection dynamics under ciprofloxacin exposure. The
resulting coculture data are then combined with genomic information on resistance-associated mutations and their corresponding phenotypic mechanisms of resistance, to
mechanistically capture kinetics and dynamics of fluoroquinolone action in an in-silico model. The resulting parameterized in-silico model would describe bacterial competition and
antibiotic effects, enabling exploration of alternative exposure scenarios and would allow the extension of this model to other antibiotics and resistance mechanisms.
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Together, this work will establish an experimentally grounded and mechanistically informed framework for assessing AMR selection in environmental contexts, enabling more robust
resistance genes (ARGSs)

prospective risk assessments for antibiotics and supporting improved environmental protection strategies.
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Summary Future prospectives

O Integrate mono- and coculture data across passages (P4, P8, & P18) with

U E.coli MC4100 strains, tagged chromosomally with cfp and yfp markers were evolved in the laboratory under gradually ciprofloxacin concentrations, resulting in three whole-genome sequencing to link resistance-associated mutations to phenotypic

independent lineages (P4, P8, and P18) with varying degrees of resistance, ranging from low- to high-level ciprofloxacin-specific resistance (fig. 1 & 2). The MICs of the AMR mechanisms

ALE endpoint strains (P18) were in the range of 16-64 pg/mL, representing approximately 500-2000-fold increase compared to the sensitive ancestral (or evolved control) J Develop a mechanistic in-silico E. coli model capturing ciprofloxacin and

strain. fluoroquinolone kinetics and dynamics, including intracellular accumulation, target
binding, and growth inhibition

UCiprofloxacin-evolved CFP-tagged E. coli (P18) exhibited broad cross-resistance to fluoroquinolones (lI-1V generations), with right-shifted dose-response curves and d Explicitly incorporate distinct resistance mechanisms, such as target site alterations

sustained growth at higher antibiotic concentrations compared to the susceptible ancestor (or evolved control) (data not shown) (fig. 3). MIC values ranged from 16-32 in higher-MIC strains (P18) and more generic efflux-based mechanisms in lower-MIC

ng/mL across all tested antibiotics, indicating a consistent, broad fluoroquinolone resistance phenotype comparable to ciprofloxacin. The uniform shift in susceptibility strains (P4)

profiles suggests cross-resistance mediated by shared targets, including DNA gyrase and topoisomerase IV. Variation among replicates indicate heterogeneity in U Extend the modeling framework to additional antibiotics and classes, creating a

virtual multi-drug resistant E.coli model that can be used to predict MSCs enabling

resistance levels within evolved populations.
predictive assessment of selection thresholds to support environmental AMR risk

UALE endpoint strains (CFP-Cip1_P18) exhibited reduced growth rate, longer lag-phase, and lower carrying capacity as compared to their corresponding control strains assessment
(YFP-C3_P18), with similar trends observed in the P8 lineage (data not shown), indicating a fitness cost associated with the acquisition of ciprofloxacin resistance (fig. 4).
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