Evolutionary Analysis of Beta-Lactamases in WHO Priority Pathogens Identifies Conserved Motifs and Positions VIM as an Evolutionary Intermediate Between IMP and NDM

O
@
ISAAR

Ananya Anurag Anand*, Vidushi Yadav, Kshitiz K, Sreedevi PC, Sarfraz Anwar, Sintu Kumar Samanta
Department of Applied Sciences, Indian Institute of Information Technology Allahabad, Prayagraj 211012, Uttar Pradesh, India

Abstract Gene flow is the highest between phylogenetically distant bacterial groups: RGN
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 b b b
phylogenetically distant lineages, suggesting selection-driven dissemination. Motif analysis deme 1 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
these motifs can inhibit all three MBLs using a single drug. FADE analysis revealed sites
surrounding the active site are under high mutational pressure, providing actionable insights for
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
understood as an evolutionary intermediate or bridge between NDM and IMP. As a result, most
Inhibitors targetting VIM could also target NDM and IMP.
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Methodology @
1.PPI profiles of BLs across P. aeruginosa, A. baumannii and Enterobacteriaceae retrieved from 4 1.00-
STRING database; quantitative diversity metrics computed % —
2.0rganism-specific sequences retrieved via NCBI BLASTP; variant sequences of IMP (n=103), VIM ©
(n=94), NDM (n=88), ACT (n=203), ADC (n=372) and PDC (n=676) retrieved from BLDB 0.50 -
3.MSA performed using MUSCLE algorithm in MEGA v12; maximum likelihood phylogenetic trees . [ ! Smaller distance = more :;:Iosely related sequences
constructed with 100 bootstrap replicates %
4.Patristic distances computed using ape and phangorn packages in R; inter-group proximity 0.00 - — ——t—
assessed via Wilcoxon rank-sum tests W o o W o
5.Bayesian structured coalescent analysis (MASCOT, BEAST2 v2.7.7) performed to estimate W o v\o'k*‘\‘ﬁ w"‘“ W v°
preferential HGT directionality across three demes Family Pair

6.GC content calculated using Biopython; descriptive statistics and ANOVA with Bonferroni post-hoc
tests performed
7.AAC and PCP descriptors computed using Pfeature; PCA performed using scikit-learn
8.PFAM domain annotation performed using HMMER suite; co-occurrence visualised via UpSet plots
9. Conserved motifs identified using MEME; cross-family similarity assessed using TOMTOM
10. Catalytic motif conservation analysed via HMM profiling and Skylign conservation logos

NDM and VIM are sister clades (branch from a
common node) in the midpoint-rooted
maximum likelihood tree;

NDM is closer to VIM than to IMP.

Organism-level analysis: Enterobacteriaceae

11.Directional amino acid evolution identified using HyPhy FADE; significant sites mapped to VIM-270

Variant-level analysis

Organism-level analysis: A. baumannii
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