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Abstract

Introduction: Sub-minimal inhibitory concentrations (sub-MICs) of antibiotics can modulate the expression of virulence factors in bacterial
pathogens. This study aimed to assess the impacts of sub-MICs of tedizolid on virulence gene expression in Staphylococcus aureus (S. aureus)
and compare them with those of linezolid.

Methodology: Two S. aureus strains (N315 and Newman) possessing the selected virulence genes were analyzed. The MICs of tedizolid and
linezolid were determined, and sub-MICs for subsequent experiments were selected based on bacterial growth kinetics. Using qRT-PCR, we
assessed the expression of 23 virulence genes, including 7 cell wall-anchored (CWA) protein genes, 4 exoenzyme genes, 6 toxin genes, and 6
regulatory genes, before and after exposure to tedizolid and linezolid.

Results: Growth kinetics indicated that 1/8 and 1/4 MICs were optimal for evaluating the influence of drugs on gene expression. The qRT-PCR
results revealed that sub-MICs of tedizolid and linezolid primarily enhanced the expression of the studied virulence genes in both strains. In
Newman, tedizolid upregulated the expression of more genes encoding CWA proteins, regulators, and toxins than linezolid. In N315, tedizolid
stimulated the expression of more toxin-coding genes but fewer regulatory genes compared to linezolid.

Conclusions: Sub-MIC of tedizolid and linezolid could increase the mRNA levels of different types of virulence genes in S. aureus, with strain-

dependent variations. These findings provide new insights into the potential role of oxazolidinones in bacterial virulence regulation.
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Introduction

Staphylococcus aureus (S. aureus) is a major
human pathogen responsible for a wide range of
infectious diseases [1]. In order to establish infections
and persist within the host, S. aureus produces an array
of wvirulence factors, including surface proteins,
extracellular enzymes, toxins, and regulatory molecules
controlling pathogenicity [1]. Early investigations
demonstrated that the production of these virulence-
associated factors can be regulated by subinhibitory
doses of antibiotics, which potentially exacerbates
clinical outcomes [2,3]. During antibiotic treatment,
bacteria face challenges from the drug, and are usually
exposed to subinhibitory levels due to factors such as
the resistance of the organism, the pharmacokinetics of
the antimicrobial agent, and so on [2].

Tedizolid, approved by the FDA in 2014, is a novel
(the second-generation) oxazolidinone recommended
for the treatment of acute bacterial skin and skin

structure infections (ABSSSIs) caused by methicillin-
resistant S. aureus (MRSA). Compared to linezolid, the
first-generation oxazolidinone, tedizolid exhibits more
favorable pharmacokinetics and a reduced side effect
profile [4,5]. Previous studies have reported that
tedizolid significantly reduces the expression of key S.
aureus virulence factors, including alpha-haemolysin
(Hla), Panton-Valentine leukocidin (PVL), phenol-
soluble modulin (PSM), and toxic-shock syndrome
toxin-1 (TSST-1), both in vitro and in vivo [6-8].
However, data on tedizolid’s broader impact on S.
aureus virulence gene expression remain limited, as
only a few toxins have been investigated [7]. To address
this gap, in the current study, we evaluated the in vitro
effects of subinhibitory concentration of tedizolid on
the transcription levels of more selected virulence genes
in S. aureus, including those encoding surface proteins,
toxins, exoenzymes and regulatory factors, using
quantitative real-time amplification (qQRT-PCR), and
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compared with those of subinhibitory levels of
linezolid.

Methodology
Bacterial strains

S. aureus strains Newman (methicillin-sensitive
strain) and N315 (MRSA), provided by the Institute of

J Infect Dev Ctries 2025; 19(12):1838-1846.

Antibiotics, Huashan Hospital, were utilized for
experiments in this study. Both strains, stored at -80 °C,
were initially streaked onto 5% sheep blood agar plate
(Kemajia Microbe Technology Co., Ltd., Shanghai,
China) and then cultured in brain heart infusion (BHI)
medium (Oxoid, England, UK) for growth and
subsequent experiments.

Table 1. Primers used for quantitative real-time polymerase chain reaction (QRT-PCR).

Gene Encoding protein
Adhesion gene

clfA-F Clumping factor A
clfA-R

icaA-F Intercellular adhesion A
icaA-R

sasG-F Surface protein G
sasG-R

spa-F Staphylococcal protein A
spa-R

gﬁgﬁ:g Fibronectin binding protein A
ebpS-F Elastin binding protein
ebpS-R

sdrD-F Serine aspartate repeat containing protein
sdrD-R D

Toxin gene

hla-F a-haemolysin

hla-R

hld-F 8-haemolysin

hld-R

lukE-F leukotoxin E
lukE-R

psma-F Phenol-soluble modulin-o
psma-R

sea-F Enterotoxin A

sea-R

tst-F Toxic shock syndrome toxin-1
tst-R

Exoenzyme gene

sspA-F Serine protease A
sspA-R

nuc-F Thermonuclease
nuc-R

coa-F Coagulase

coa-R

aur-F Aureolysin

aur-R

Regulator gene

agrA-F Accessory gene regulator A
agrA-R

arlS-F Autolysis-related locus S
arlS-R

saeS-F S. aureus exoprotein expression
saeS-R '

rot-F Repressor of toxin
rot-R

sigB-F Sigma factor B
sigB-R

sarA-F

arA-R Staphylococcal accessory regulator A
16S rRNA-F Housekeeping gene
16S rRNA-R

Sequence (5°-3°) Reference

TGCTGCACCTAAAACAGACG I this stud
TGTGTCGTTTCCTGTTGTGC Y
AACAGAGGTAAAGCCAACGCACTC 10
CGATAGTATCTGCATCCAAGCAC
GGTTTTCAGGTCCTTTTGGAT 10
CTGGTGAAGAGCGAGTGAAA
GCGCAACACGATGAAGCTCAACAA 10
ACGTTAGCACTTTGGCTTGGATCA
ACAAGTTGAAGTGGCACAGCC 1
CCGCTACATCTGCTGATCTTGTC
TTTCCGGTGAACCTGAACCGTAGT 12
ACAGCAACAACAACGTCAAGGTGG
AGTACACAGTGGGAACAGCATC 12
TCTGCAGCCTTTGCTTCTTGGTTC
AATGAATCCTGTCGCTAATGCCGC 10
CTGAAGGCCAGGCTAAACCACTTT
TAATTAAGGAAGGAGTGATTTCAATG 10
TTTTTAGTGAATTTGTTCACTGTGTC
GAAATGGGGCGTTACTCAAA 18
GAATGGCCAAATCATTCGTT
ACCCATGTGAAAGACCTCCTTTGT 12
ATGGGTATCATCGCTGGCATC
ATGGTGCTTATTATGGTTATC 17
CGTTTCCAAAGGTACTGTATT
ACCCCTGTTCCCTTATCATC 17
AAAAGTGTCAGACCCACTAC
TGATACACAGCATATCCTCATGCA 13
TGGKCGCGAAGTGCCAATA
ATATGGACGTGGCTTAGCGT 14
TGAATCAGCGTTGTCTTCGCTCCA
AGGTCTTGAAGGTAGCTCAT 15
GTTGTATTCACGGATACCTGTA
TTATATTCTAAGTTCGCWGTCTCTTGTGT 16
ATCGGGTGCAAATGACGTAGT
TGATAATCCTTATGAGGTGCTT 10
CACTGTGACTCGTAACGAAAA
TGGAATACCAATTCCATGATCT 10
TGCAATCAAATATGATGTGAAGAA
ATCCGAACAACAAGAAAAAACAG 10
TGATTATACCATCACGTAGTCCTTCA
AAGAGCGTCCTGTTGACGAT 10
TTTGCATTGCTGTTGCTCTA
TCAGCGGTTAGTTCATCGCTCACT 10
GTCCTTTGAACGGAAGTTTGAAGCC
CCTCGCAACTGATAATCCTTATG 10
ACGAATTTCACTGCCTAATTTGA
CGTGCTACAATGGACAATACAAA 18

ATCTACGATTACTAGCGATTCCA

clfA: clumping factor A; icaA: intercellular adhesion A; sasG: surface protein G; fnbA: fibronectin binding protein A; spa: staphylococcal protein A; ebpS: elastin
binding protein; sdrD: serine aspartate repeat containing protein D; ila: a-haemolysin; /ukE: leukotoxin E; psma: PSM-0; sea: enterotoxin A; tst: toxic-shock
syndrome toxin-1; /ld: 3-toxin; sspA: serine protease A; nuc: thermonuclease; coa: coagulase; aur: aureolysin; agrA: accessory gene regulator A; arlS: autolysis-
related locus S; saeS: S. aureus exoprotein expression S; rot: repressor of toxin; sigB: sigma factor B; sarA: staphylococcal accessory regulator A. 16S rRNA:

housekeeping gene.
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Antibiotics

Tedizolid and linezolid used in the current study
were obtained from Cubist Pharmaceuticals
(Lexington, MA, USA) and Pfizer (New York, NY,
USA), respectively.

Minimal inhibitory concentrations determination

Minimal inhibitory concentrations (MICs) were
determined in triplicate using a broth microdilution
method according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [9]. Briefly, overnight-
cultured S. aureus colonies were adjusted to 0.5
McFarland turbidity (~1.5 x 10® cfu/mL) in sterile
saline and seeded in 96-well plates at a final density of
approximately 7.5 x 10° cfu/mL in the presence of serial
drug concentrations. After 20 hours of incubation at 35
°C, the growth inhibition was observed to determine the
MIC. S. aureus ATCC 29213 was used as the control
strain for the susceptibility testing.

Bacterial growth kinetics

Overnight liquid cultures of S. aureus strain were
diluted 1:100 into 25 mL fresh BHI medium (Oxoid,
England, UK) and subcultured at 37 °C with shaking
(150 rpm). After 3 hours of incubation (exponential
growth phase), antibiotics were added to the cultures at
a final concentration of 1/8 MIC, 1/4 MIC, or 1/2 MIC.
The cultures were then re-incubated for up to 24 hours,
with an untreated control included for comparison.
Bacterial growth was monitored hourly by measuring
the optical density at 600 nm (ODsp) using an
ultraviolet spectrophotometer (Unico Instruments,
Shanghai, China).

RNA extraction

Cultures were prepared as described above, then
incubated for 4 hours at 37 °C following the addition of
a subinhibitory concentration (sub-MIC) of antibiotics.
The aliquots were centrifuged (12000 rpm, 10 min, 4
°C), and the resulting pellets were incubated (56°C, 1
hour) with TE buffer (10 mM Tris HCl and 1 mM

Table 2. Characteristics of S. aureus strains used in this study.

S. aureus MIC (ug/mL)

strain  Tedizolid Linezolid Adhesin gene

J Infect Dev Ctries 2025; 19(12):1838-1846.

EDTA, pH 8.0) containing lysostaphin (I mg/mL,
Sangon Biotech, Shanghai, China) and proteinase K (20
mg/mL, TaKaRa, Dalian, China) to destroy the cells.
The total RNA was then extracted using an RNA
Extraction Kit (TaKaRa, Dalian, China) according to
the manufacturer’s instructions.

c¢DNA synthesis and qRT-PCR

Bacterial RNA was quantified by a NanoDrop
spectrometer (Thermo Fisher Scientific, MA, USA),
followed by purifying and reverse transcribing using
the PrimeScript™RT reagent Kit with gDNA Eraser
(TaKaRa, Dalian, China). Gene expression analysis
was performed by quantitative real-time amplification
(qRT-PCR) using SYBR Premix Ex TagTM (TaKaRa,
Dalian, China) in a 7500 Real Time PCR System
(Applied Biosystems, CA, USA). A total of 23
virulence genes, including 7 adhesion genes (clf4, icaA,
sasG, fubA, spa, ebpS, and sdrD), 6 secreted toxin genes
(hla, lukE, psma, sea, tst, and hid), 4 exoenzyme genes
(sspA, nuc, coa, and aur), and 6 regulator genes (agrA,
arlS, saeS, rot, sigB, and sarA), were assessed [10-18].
Primers for qRT-PCR were listed in Table 1. The
expression levels of target genes were determined as n-
fold changes of 16S rRNA using the 27 method in the
presence of antibiotics relative to the growth control
(untreated group) [18]. All qRT-PCR experiments were
carried out in triplicate.

Statistical analysis

One-way analysis of variance (ANOVA) followed
by a posteriori Dunnett’s test was used for statistical
analysis (SAS Institute Inc., NC, USA). The level of
statistical significance was p < 0.05.

Results
MICs

The MIC values of tedizolid and linezolid against
two S. aureus strains were 0.5/2 pg/mL (strain
Newman) and 0.25/1 pg/mL (strain N315),
respectively. Based on CLSI breakpoints [9], both

Virulence gene profile

Toxin gene Exoenzyme gene Regulatory gene

clfa icaA sasG fnbA spa ebpS sdrD hla IukE psma sea tst hld sspA nuc coa aur agrA arlS seaS rot sigB sarA

Newman

(MSSA) 0.5,S 2,8 + 0+ o+ o+ o+ o+ o+ 4+
N315
(MRSA) 0.25,S LS + 0+ o+ + o+ o+ o+ o+

+ 0+ -+ + o+ o+ o+ o+ o+ + o+ o+ o+

+ -+ + + + + o+ o+ o+ o+ 4+ o+ 4

clf4: clumping factor A; icad: intercellular adhesion A; sasG: surface protein G; fnbA: fibronectin binding protein A; spa: staphylococcal protein A; ebpS: elastin
binding protein; sdrD: serine aspartate repeat containing protein D; Ala: a-haemolysin; lukE: leukotoxin E; psma: PSM-a; sea: enterotoxin A; #st: toxic-shock
syndrome toxin 1; Ald: 3-toxin; sspA: serine protease A; nuc: thermonuclease; coa: coagulase; aur: aureolysin; agrA: accessory gene regulator A; arlS: autolysis-
related locus S; saeS: S. aureus exoprotein expression S; rot: repressor of toxin; sigB: sigma factor B; sar4: staphylococcal accessory regulator A. MSSA:
methicillin-sensitive S. aureus; MRSA: methicillin-resistant S. aureus; S: susceptibility; -: negative; +: positive.
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Figure 1. Influence of sub-MICs of linezolid and tedizolid on growth of S. aureus.
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Exponentially growing S. aureus cultures (3 h incubation) were treated with graded doses of linezolid and tedizolid, and bacterial growth was monitored over
time. A and B, strain Newman exposed to varying concentrations of linezolid and tedizolid; C and D, strain N315 treated with different concentrations of
linezolid and tedizolid. Bacterial density was measured at 0, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, and 24h. MIC, minimum inhibitory concentration.

strains were susceptible to the oxazolidinones assessed. strains Newman and N315 at sub-inhibitory
The characteristics of the two S. aureus strains were concentrations (Figure 2). In strain Newman, tedizolid
summarized in Table 2. at 1/8 MIC upregulated the expression of genes clf4

(1.8-fold), sasG (3.5-fold), fubA (1.5-fold), ebpS (3.8-
Influence of sub-MICs of oxazolidinones on S. aureus fold), and sdrD (2.3-fold) (p < 0.03 each). At 1/4 MIC,

growth the upregulated fold changes were 3.7, 6.2, 2.3, 8.1, and
To assess the effects of sub-MICs of linezolid and 2.1, respectively (p < 0.03 each). In strain N315, 1/8
tedizolid on bacterial growth, we analyzed the growth MIC tedizolid increased the expression levels of clf4

kinetics of S. aureus Newman and N315. As illustrated (2.1-fold), icad (6.8-fold), fubA (3.4-fold), and sdrD
in Figure 1, exposure to 1/2 MIC of oxazolidinones led (2.2-fold) (p < 0.03 each), while inhibiting that of sasG
to moderate bacterial growth retardation, though by 2.5-fold (p = 0.03). At 1/4 MIC, only icad (12.8-
cultures reached densities comparable to the control by fold), fnbA (3.0-fold), and sdrD (1.9-fold) were
24 hours. To minimize potential confounding effects markedly upregulated (p < 0.04 each). Notably, sub-
from growth inhibition, we selected 1/4 and 1/8 MICs MIC tedizolid did not affect icad and spa expression in
treatments for evaluating the impacts of subinhibitory Newman, nor spa and ebpS in N315. In contrast,
antibiotics on S. aureus virulence gene expression. linezolid at 1/4 MIC significantly altered gene

expression in a strain-dependent manner: in Newman,
Impacts of sub-MICs of oxazolidinones on the it increased clfA (1.6-fold) but decreased sdrD (1.4-

expression of adhesion gene fold); in N315, it upregulated icaA4 (6.5-fold), fnbA (4.4-
Treatment with tedizolid significantly modulated fold), spa (2.7-fold), and sdrD (2.9-fold). At 1/8 MIC,
the expression of adhesion-related genes in S. aureus however, linezolid only notably affected spa expression

Figure 2. Effects of tedizolid and linezolid at sub-MICs on adhesion genes expression in S. aureus Newman and N315.

A Newman+Tedizolid C N315+Tedizolid
03 No antibiotic
12 4 el . ™ /8 MIC
g 141 . |/4 MIC

Fold change of expression
.
Fold change of expression

clf4 icad sasG JfnbA spa ebpS sdrD clf4 icad sasG fnbA spa ebpS sdrD
B Newman+Linezolid D N315+Linezolid

o

Fold change of expression
"

Fold change of expression
=

clf4 icad sasG finbA spa ebpS sdrD clf4 icad sasG JfbA spa ebpS sdrD

Values are means = SD (n = 3). *, p <0.05 compared to the untreated control. **, p <0.01 compared to the untreated control.
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in both strains. 3). Neither linezolid nor tedizolid significantly affected
the expression of gene ts¢ (only exists in strain N315).
Impacts of sub-MICs of oxazolidinones on toxin gene Impacts of sub-MICs of oxazolidinones on exoenzyme
transcription gene expression
Sub-MICs treatment with tedizolid and linezolid In this section, we compared exoenzyme gene

(1/8 and 1/4 MIC) significantly upregulated Ala, lukE, expression before and after treatment with sub-MIC
psma, and sea mRNA levels (p < 0.017) in strain doses of tedizolid and linezolid (Figure 4). The

Newman; notably, 1/8 MIC of linezolid also promoted expression levels of several invasive extracellular
the expression of 4ld (p < 0.01) (Figure 3). In contrast, enzyme genes showed significant variation in both
strain N315 exhibited a more limited response: only the tested strains following treatment with both antibiotics.
expression of psmo was markedly upregulated, while For instance, tedizolid upregulated three genes—sspA,

hla was significantly suppressed by both drugs at sub- nuc, and aur—in both Newman (3.0-5.4-fold, 13.2-
MICs. Interestingly, 1/4 MIC tedizolid also promoted 15.5-fold, and 1.2-1.4-fold, respectively) and N315
the expression of /ukE by 1.7 folds (p = 0.037) (Figure (2.7-3.1-fold, 1.9-2.9-fold, and 1.4-1.7-fold,

Figure 3. Impacts of tedizolid and linezolid at sub-MICs on toxin genes expression in S. aureus Newman and N315.
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Values are means + SD (n = 3). *, p < 0.05 compared to the untreated control. **, p < 0.01 compared to the untreated control.

Figure 4. Influences of sub-MICs of tedizolid and linezolid on exoenzyme genes expression in S. aureus Newman and N315.
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Values are means + SD (three different experiments). *, p < 0.05 compared to the untreated control. **, p <0.01 compared to the untreated control.
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respectively) at 1/8-1/4 MICs (Figure 4). Linezolid susceptibility but also on their capacity to regulate

exhibited a comparable effect: at 1/8 MIC, nuc virulence expression [2,19]. Virulence factors related to
expression increased 1.8-fold in Newman, while coa adhesion, cell and tissue destruction, and biofilm
rose 3.8-fold in N315. At 1/4 MIC, N315 showed gene formation emerge at diverse stages of Dbacterial
expression upregulation, with sspA4 and nuc increasing infection and remain problematic for clinical
5.1- and 5.4-fold, respectively. Conversely, linezolid management [3]. Some reports indicate that anti-
also led to significant reductions in mRNA levels for virulence strategies may serve as a promising
genes nuc (in Newman at 1/4 MIC), aur (in Newman at therapeutic approach in the post-antibiotic era,
1/8 MIC), and coa (in N315 at 1/4 MIC) after 4 h of including the regulation of bacterial virulence by
incubation (Figure 4). subinhibitory concentrations of antibiotics [2,20].
Previous studies indicated that the second-generation
Impacts of sub-MICs of oxazolidinones on regulator oxazolidinone antibiotic tedizolid is non-inferior to the
gene expression first-generation oxazolidinone linezolid in treating
In this section, we examined the impacts of Staphylococcus infection [21,22]. However, the
tedizolid and linezolid on 3 two-component regulatory underlying causes of this phenomenon remain unclear.
system genes (agrd, arlS, and saeS) and 3 global Oxazolidinones are a class of inhibitors of protein
regulatory genes (rot, sigB, and sard) (Figure 5). synthesis that impede bacterial growth by disrupting the
Except for agrA, the transcription levels of the studied formation of the fMet-tRNA-50S ribosomal subunit.
regulatory determinants were upregulated or unaffected Studies have demonstrated that protein synthesis-
upon drug treatment in both trains. Specifically, inhibitory antibiotics, such as clindamycin and
treatment with sub-MICs of tedizolid markedly induced linezolid, can modulate the expression of virulence not
all target gene expression in a dose-dependent manner only at the translational level but also at the
in strain Newman, whereas only 3 genes (arlS, rot, and transcriptional level [19,23-25]. We therefore assessed
sigB) expression was induced in strain N315 the influence of sub-inhibitory concentrations of both
(demonstrating a strain-dependence) (Figure 5). For drugs on the transcriptional level of main virulence
linezolid, sub-MIC treatment significantly increased the genes to gain possible insight into the differences
transcription of ariS, saeS, rot, and sigB in both strains; between them.
however, it inhibited agrd expression in strain In the current study, we selected 5 genes encoding
Newman, while no significant differences were the cell wall-anchored (CWA) proteins (clfA, fubA, spa,
observed in the expression of sar4 gene (Figure 5). sasG, and sdrD) and 2 genes encoding non-covalently
surface-associated microbial surface component-
Discussion recognizing adhesive matrix molecules (MSCRAMMs)
The clinical effectiveness of antibiotics against S. (icad and ebpS) to evaluate potential differences in the
aureus infections depends not only on drug effects of tedizolid and linezolid on S. aureus adhesion.

Figure 5. Impacts of tedizolid and linezolid at sub-MICs on regulator genes expression in S. aureus Newman and N315.
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Values are means + SD (three different experiments). *, p < 0.05 compared to the untreated control. **, p <0.01 compared to the untreated control.
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Our data indicated that sub-MIC concentrations of both
drugs could enhance the mRNA expression of some
virulence genes mentioned above, though this effect
varied by strain. Tedizolid increased the expression of
clfA, sasG, fnbA, ebpS, and sdrD, but did not affect the
expression of icad and spa in strain Newman. In
contrast, in strain N315, it increased the transcription of
clfA, icad, fnubA, and sdrD, inhibited sasG, and did not
influence spa and ebpS mRNA levels (Figure 2).
Similarly, while linezolid up-regulated only 2 genes
expression in strain Newman, it promoted the
transcription levels of 4 genes in strain N315 (Figure 2).
In addition, tedizolid and linezolid exerted distinct
effects on different genes. Specifically, tedizolid had no
impact on spa expression, whereas linezolid did not
affect the expression of sasG and ebpS (Figure 2).
Notably, an early study demonstrated that sub-MICs of
linezolid were capable of reducing spa mRNA levels in
clinical MRSA strains [19,24]. The divergence from
our results may reflect strain-related differences.

The major toxins produced by S. aureus include
pore-forming toxins (PFTs, such as Hla, LukE, PSM-q,
and Hld) and superantigens (SAgs, such as SEA and
TSST-1) [26]. Previous studies showed that tedizolid
and linezolid suppressed the expression of hla, pvl (one
of the PFTs), and #st at the translational level both in
vivo and in vitro [6]. Additionally, Otto et al. [19]
reported that sub-MICs of linezolid were able to affect
the transcriptional level of //a in S. aureus in a strain-
dependent manner. Our data showed that graded sub-
MICs of tedizolid promoted the expression of /lukE and
psmo. in both tested strains. However, its effect on Ala
transcription ~ varied  strain-dependently,  with
upregulation observed in strain Newman and
downregulation in strain N315 (Figure 3). Tedizolid
increased the expression of sea (detected only in strain
Newman) but did not affect zs¢ (carried by strain N315)
(Figure 3). In contrast, linezolid treatment enhanced
psma. expression in both strains, while its effects on Ala,
lukE, and hld exhibited strain-dependent variation
(Figure 3). Notably, tedizolid and linezolid exerted
similar regulatory effects on the toxin genes examined
in each strain.

Our experiments showed that tedizolid promoted
the expression of sspA, nuc, and aur, but did not affect
coa expression in both tested strains. In contrast,
linezolid exhibited strain-dependent effects, promoting
more exoenzyme gene expression in N315 while
inducing biphasic regulation of nuc in Newman and coa
in N315. Notably, our findings regarding coa
expression differed from previous reports showing that
sub-MIC linezolid inhibited coagulase production in S.

J Infect Dev Ctries 2025; 19(12):1838-1846.

aureus [23].

Among microorganisms, two-component systems
(TCSs) represent a predominant signal transduction
mechanism for sensing and responding to
environmental changes [27]. Previous studies have
demonstrated that subinhibitory concentrations of
antibiotics can regulate the expression of TCS,
consequently influencing virulence factor production
[28,29]. Our study revealed strain-dependent effects of
tedizolid on TCS gene expression: all six examined
determinants were upregulated in strain Newman,
whereas only three (arlS, rot, and sigB) showed
increased expression in strain N315. Notably, linezolid
exhibited distinct regulatory effects from tedizolid,
upregulating saeS in N315 while repressing agr4 and
showing no effect on sar4 in Newman.

Conclusions

Collectively, our findings demonstrate that protein
synthesis  inhibitors  tedizolid and linezolid
differentially regulate the transcription of various
virulence genes, with strain-dependent effects observed
for specific genes. Notably, both antibiotics showed
stimulatory effects on multiple TCS genes, suggesting
their potential to modulate virulence factor production
by targeting the regulators of complex regulatory
networks. Nevertheless, our findings are limited by the
unassessed production of virulence factors at the
protein level, which represents the final form reflecting
the level of virulence. Therefore, future studies should
be focused on precisely characterizing the effects of
both drugs on bacterial virulence and pathogenicity
through functional analyses.
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