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Abstract Gene flow is the highest between phylogenetically distant bacterial groups:

This study presents the first integrated evolutionary analysis of chromosomal AmpC B-lactamases driven by strong selective pressures rather than neutral diffusion

(ADC, ACT, PDC) and plasmid-encoded metallo-beta-lactamases (MBLs) (NDM, VIM, IMP) across

three priority pathogens. PPl analysis identified NagZ as the central BL-interacting partner across preferential HGT directionality — BEAST-MASCOT migration constants
Enterobacteriaceae (E) and Pseudomonas aeruginosa (P), highlighting its potential as a drug arrow thickness o migration rate | * = highest per gene

target. A. baumannii (A) was found to carry highest diversity ratio in PPI. Patristic distance analysis

revealed progressive erosion of phylogenetic signal among MBLs correlating with evolutionary age @ A baumannii (Ab) @ Enterobacteriaceae (Ent) @ *. aeruginosa (Pa)
— NDM retaining the strongest structure, VIM intermediate, and IMP the least — while NDM VIM IMP

chromosomally encoded proteins consistently showed a conserved inter-organism proximity
pattern. Discrete trait migration analysis showed inter-host gene flow is greatest between

NDM and VIM contain Lactamase B 2
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phylogenetically distant lineages, suggesting selection-driven dissemination. Motif analysis deme 1 deme 1
identified a universally conserved FYPG(P/A)(G/A)H(T/S) element across all MBL families studied
and the PGFGAVASNGLI motif showing cross-family similarity across all three MBLs. Targetting K
these motifs can inhibit all three MBLs using a single drug. FADE analysis revealed sites 2.79% 1.73 0.88 .07
surrounding the active site are under high mutational pressure, providing actionable insights for 2.67% 1.91 9.40% 4.71
broad-spectrum BL inhibitor design. VIM consistently showed intermediate characteristics between
NDM and IMP across GC percentage, motif, PFAM and PCA analyses. Therefore, VIM could be Ent 0.98 Pa Pa
understood as an evolutionary intermediate or bridge between NDM and IMP. As a result, most deme 2 deme 3 deme 3
inhibitors targetting VIM could also target NDM and IMP. 1.02
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