
 

 

 

 

Fig. S1. Purification of endolysin LNT113. Purified LNT113 was loaded onto a 10% SDS–PAGE 

gel. Lane 1, whole-cell lysate; lane 2, pellet fraction after bacterial lysis; lane 3, purified protein; lane 

M, molecular weight marker. 

 



 

 

 

 

Fig. S2. Principal component analysis (PCA) of RNA sequencing results. PCA showed tight 

clustering of biological replicates, depending on the RNA preparation conditions. Samples from the 

Tris buffer 15 min and LNT113 15 min were clearly separated from those of the Tris buffer 0 min 

control, indicating high reproducibility and treatment-dependent transcriptional differences. 



 

 

 

 
Fig. S3. Functional categorization of genes with altered mRNA levels following LNT113 treatment. 

Differentially expressed genes (DEGs) were grouped based on (A) Kyoto Encyclopedia of Genes and 

Genomes (KEGG) classification and (B) Clusters of Orthologous Groups (COG) analysis. Red and 

blue bars represent the percentages of genes with upregulated and downregulated expressions, 

respectively, in each functional category. 



 

 

  

Fig. S4. Quantification of mRNA levels of selected differentially expressed genes (DEGs) using 

quantitative reverse transcription polymerase chain reaction (RT-qPCR). Relative mRNA levels were 

calculated under Tris buffer (15 min) and LNT113 (0.64 µM, 15 min) conditions. Ct values for each 

gene were normalized to rpoD, and relative expression levels are presented as ΔCt values in T (Tris 

buffer 15 min) and L (LNT113 15 min) columns. Yellow-highlighted genes exhibited statistically 

significant differences between two conditions (p < 0.05).



 

 

 

           
Fig. S5. Comparison of expression patterns between RNA-seq and RT-qPCR. Heat maps illustrate 

the expression profiles of 168 differentially expressed genes (DEGs) determined by RNA-seq (left 

column of each pair) and RT-qPCR (right column of each pair). Genes are organized according to 

their KEGG and COG functional categories, with each row corresponding to a single gene. 

Expression changes induced by LNT113 treatment are represented by color intensity, where red 

denotes upregulated genes and blue denotes downregulated genes. RT-qPCR expression levels are 

reported as ΔΔCt values, calculated by subtracting the ΔCt of the control group (Tris buffer, 15 min) 

from that of the LNT113-treated group (15 min), with ΔCt defined as Ct[rpoD] – Ct[target gene] (n = 2 per 

group). RNA-seq results are shown as fold changes between the LNT113-treated (15 min) and 

control (Tris buffer, 15 min) samples. Genes highlighted in yellow exhibited statistically significant 

differences in RT-qPCR analysis (p < 0.05) and were subsequently selected for functional validation. 



 

 

 

Fig. S6. Comparison of NPN uptake in bacteria lacking candidate genes. (A) Membrane permeability 

was assessed by the NPN uptake assay in Escherichia coli MG1655 wild-type, ΔfabB, Δ(prmB–yfcL), 

ΔaroC, ΔmepA, ΔprmB, ΔyfcA, ΔepmC, and ΔyfcL strains in the absence of LNT113 treatment. (B) 

Bacterial membrane permeability was assessed in ΔprmB, ΔyfcA, ΔepmC, and ΔyfcL. Bacterial cells 

were treated with 0.64 μM LNT113 for 5 min. Negative control: wild-type Escherichia coli 

MG1655; positive control: 1 mM EDTA-treated E. coli MG1655 cells. Data represent the Mean ± 

standard error of the mean from three biological replicates. Statistically significant differences (p < 

0.05) are denoted by asterisks. 



 

 

 

 
 

Fig. S7. Schematic analytical flow. ① Comparative transcriptomic analysis was conducted under 

T1 (Tris buffer, 15 min vs. Tris buffer, 0 min) and T2 (LNT113, 15 min vs. Tris buffer, 15 min) 

conditions. ② A total of 552 DEGs were selected from T2 condition and ③ then narrowed down 

to 168 DEGs, prioritizing those associated with cell damage repair and metabolic adaptation to stress. 

④ The set of 168 DEGs were subjected to RT-qPCR under Tris buffer (15 min) and LNT113 (15 

min) conditions and thirteen DEGs with different transcription levels between two conditions (p < 

0.05) were finally chosen as candidate resistance determinants against endolysin LNT113. ⑤ 

Bacterial mutant strains lacking candidate DEGs were constructed and their phenotypic 

characteristics were investigated to determine the genes critical for bacterial tolerance to LNT113. 


