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The growing threat of multidrug-resistant (MDR) pathogens has intensified
efforts to enhance antibiotic production and improve antibiotic discovery strategies.
Streptomyce’s spp. is a major promising source of novel antibiotics. In this study,
Streptomyces sp. SSUT88A was subjected to adaptive laboratory evolution (ALE) via
serial co-cultivation with drug-resistant pathogens, Staphylococcus aureus (MRSA),
Acinetobacter baumannii, Pseudomonas aeruginosa, or a mixture of all three. After
up to nine cycles of adaptation selection, evolved strains exhibited distinct phenotypic
shifts in antimicrobial activity and pigment production. Strains SSUT88A¢ and
SSUT88AN*> exhibited ‘signiﬁcantly increased with crude extract yields increasing by
40% and 43%, respectively. While strain SSUT88AY7, isolated from the three-
pathogen condition, lost its characteristic yellow diffusible pigment, formed red
colonies, and exhibited a complete loss of antimicrobial activity. SSUT88AY® also
demonstrated the earliest onset of bioactive compound production. Bioactivity assays
confirmed enhanced potency in adapted strains (4-8-fold stronger MIC/MBC against
MRSA and MRSE) while strain SSUT88A*¢" exhibited no detectable activity. All genome
assemblies were >99.9% complete and remained taxonomically identical to the wild-
type. No acquired resistance genes were detected in any strain after ALE. Comparative
genomic analysis identified six biosynthetic gene clusters (BGCs) shared among all
antibiotic producers comprising primarily of classes with known or predicted
antimicrobial activity. Only the High-antibiotic-producing strains possessed unique
NRPS and T1PKS clusters potentially contribute to enhanced bioactivity. In contrast,
clusters present only in the wild-type and non-producing strain were not commonly
linked to antibacterial activity and may represent less relevant pathways. The

SSUT88A® 7 strain lacked a yellow colored-associated aryl polyene cluster, consistent



Y

with its phenotype. Orthologous clustering using OrthoVenn3 supported broad
genomic conservation across strains but identified 16 unique clusters shared only by
high-antibiotic-producing strains, including functions in RNA unwinding and trehalose
metabolism. Conversely, over 600 clusters were shared only between the wild-type
and non-producer, likely representing traits unrelated to antibiotic production.
Phylogenomic analysis based on orthologs reflected phenotypic divergence, with
enhanced strains clustering together. To link these patterns to structural variation, BGC
predictions were cross-referenced with orthologous clusters and Breseq analysis.
Multiple deletions in the non-producing strain overlapped with missing BGCs and
ortholog clusters, suggesting that gene loss contributed to phenotypic loss. Breseq
consensus mode also identified three high-confidence SNPs: two located near
predicted G promoter regions in the high-producing strains (upstream of genes
involved in cell wall biosynthesis or transcriptional regulation), and one synonymous
SNP in the non-producing strain that may subtly affect translation via codon usage bias
or translational efficiency. Taken together, these findings support a model in which
observable phenotypes arise from a combination of structural gene loss and regulatory
fine-tuning. While deletion of functionally important regions can lead to phenotypic
loss, gene loss in non-essential regions may reduce metabolic burden and shift cellular
resources toward secondary metabolite production. These results demonstrate how
ALE via co-cultivation can fine-tune secondary metabolism and enhance antibiotic
production, offering a promising strategy for future industrial strain improvement and

bioactive compound discovery.
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