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ARTICLE INFO ABSTRACT
Keywords: Staphylococcus aureus is a bacterium responsible for resistance to multiple drugs and the efflux system is widely
Bacterial resistance studied among the resistance mechanisms developed by this species. The present study evaluates the inhibition of

Mechanism of action

the MepA efflux pump by thiadiazine-derived compounds. For this purpose, thiadiazine-derived compounds (1J-
MepA efflux pump

14 to 1J-20) were tested against S. aureus K2068 strains. Microdilution tests were initially conducted to assess the
Minimum Inhibitory Concentration (MIC) of the compounds and their efflux pump inhibition activity. In addi-
tion, fluorimetry tests were performed using BrEt emission and tests were conducted to inhibit the expression of
the mepA gene. This involved comparing the bacterial gene expression with the antibiotic alone to the gene
expression after combining compounds (IJ-17 and 1J-20) with the antibiotic. Furthermore, membrane perme-
ability assessment tests and in silico molecular docking tests were performed. It was observed that the 1J17 and
1J20 compounds exhibited direct activity against the tested strain. The 1J17 compound produced significant
results in the gene inhibition tests, which was also evidenced through the membrane permeability alteration test.
These findings suggest that thiadiazine-derived compounds have promising effects against one of the main
resistance mechanisms, with the IJ17 compound presenting observable mechanisms of action.
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1. Introduction

Infections caused by antibiotic-resistant bacteria have become a
problem today due to the high levels of pathologies associated with
these microorganisms [1]. In this scenario, the large number of in-
fections is associated with the development of multi-resistant bacteria,
among which it is possible to highlight the Staphylococcus aureus species
(S. aureus) [2].

There are different types of bacterial resistance mechanisms, such as
inactivation through enzymes, alteration of membrane permeability,
modification of the drug binding target and the efflux mechanism [3].
The efflux system is specifically an important factor which results in
drug ineffectiveness, and through this an extrusion of antibiotics from
the bacterial cell occurs. This mechanism can be specific to a given
antibiotic or even cause the withdrawal of different types of antibacte-
rials, which can be called the multi-drug resistant (MDR) efflux system
[4,5].

The efflux system occurs through the activity of proteins located in
the membrane of bacterial cells which actively transport antibiotics
through ATP hydrolysis to the extracellular environment [6]. In this
context, there are different types of efflux pumps, including the MepA
efflux pump expressed through the mepA gene and responsible for the
extrusion of fluoroquinolas and quaternary ammonium compounds [7].
Given its clinical importance, the search for new agents which act to
inhibit the efflux pump of S. aureus strains has significantly increased
[8].

Furthermore, heterocyclic compounds, such as thiadiazines, are an
important class of compounds used for developing therapeutic agents
due to their biological activity [9]. According to the literature, thia-
diazines and their analogues demonstrate antifungal, antiparasitic and
antibacterial activities [10-13]. On the other hand, there are still no
reports in the literature demonstrating the activity of these compounds
inhibiting the MepA efflux pump and their activity against the S. aureus
K2068 bacterial strain.

With the aim of finding new products for bacterial resistance cases
related to the efflux pump mechanism, the present study aims to eval-
uate the inhibition of the MepA efflux pump, the inhibition of the mepA
gene, and the assessment of membrane permeability alteration by
thiadiazine-derived compounds against the S. aureus K2068 bacterial
strain.

2. Results
2.1. Antibacterial activity

Only the 1J17 and 1J20 compounds showed antibacterial action
against the S. Aureus K2068 strain in performing the MIC of the syn-
thesized compounds, with an MIC of 256 pg/mL and 768 pg/mL,
respectively. The 1J14, 1J15, 1J16, 1J18 and 1J19 compounds presented
an MIC >1024 pg/mL, showing that they did not present direct anti-
bacterial activity against the tested strain.

2.2. Analysis of antibacterial activity through efflux pump inhibition

Efflux pump inhibition tests were carried out from the data obtained
from the MIC using the microdilution method, as described in the
methodology, where the value of “n” used corresponds to 3. EtBr was
used to evaluate the efflux pump expression, and the antibiotic Cipro-
floxacin in association with each compound, in addition to CCCP being
used as a pump inhibitor.

The associations made between the compounds and ethidium bro-
mide demonstrate that all products had significant activity, acting to
reduce the MIC of ethidium bromide. The 1J20 compound deserves to be
highlighted, as it reduced the MIC from 50.8 pg/mL (SD = 1,49), indi-
cating that the standard deviation is 1,49, to 0.57 pg/Ml (SD = 1),
achieving a lower MIC than that of the CCCP inhibitor, which was 8 pg/
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mL (SD = 1). In addition, the 1J14, 1J16 and 1J17 compounds presented
an MIC of 3.17 pg/mL, and the IJ15 compound presented an MIC of
5.03 ug/Ml (SD = 1,49), thereby showing a greater reduction in the MIC
of ethidium bromide than that shown by associating ethidium bromide
and the inhibitor used, as seen in Fig. 1.

The 1J18 and 1J19 compounds associated with ethidium bromide
also showed significant activity, in which a reduction in the minimum
inhibitory concentration of ethidium bromide was observed to
25.39 ug/mL and 32 pg/mL for each of the associations, respectively
(Fig. 1).

The analysis performed associating Ciprofloxacin and compounds
derived from thiadiazine also demonstrated a reduction in the MIC of the
antibiotic, as shown in Fig. 2. This was evidenced through the antibi-
otic’s MIC of 16 (SD = 1) being reduced when associated with the 1J14,
1J15, 1J17 and 1J20 compounds with an MIC of 3.17, 6.24, 3.17 and
4 pg/mL, respectively.

2.3. Assessment of inhibition of MepA efflux pumps by fluorescence
emission

In evaluating the fluorescence emission in the S. aureus K2068 strain,
it was observed that all compounds were able to increase the fluores-
cence emission of EtBr compared to the negative control, as shown in
Fig. 3.

2.4. mepA quantitative real-time PCR

From the implementation of the described methodology and the
calculation of AACT, it was observed that the 1J20 compound did not
inhibit the expression of the mepA gene. However, the 1J17 compound
showed a gene expression inhibition of approximately 3702 times when
compared to the relative value of the antibiotic control, as shown in
Fig. 4. The control indicated by preparation 2, containing only culture
medium and bacterial inoculum, did not show expression of the mepA
gene used.

2.5. Assessment of membrane permeability alteration

In terms of evaluating membrane permeability alteration, it was
observed that the IJ17 compound showed significant results across all
tested concentrations, allowing the entry of the Sytox Green dye used for
fluorescence assessment. On the other hand, the 1J20 compound did not
exhibit significant results in all three condition variations compared to
the bacteria and Sytox Green control, as shown in Fig. 5.

2.6. Molecular docking

The 1J17 compound showed the best binding energy (-7.68 Kcal/
mol) and inhibition constant (2.36 pM) in docking with mepA, followed
by 1J20, which also showed significant results (-7.46 Kcal/mol and
3.42 pM, respectively). The affinity of the other ligands with the
analyzed efflux pump followed the order: IJ14 > 1J16 > 1J15 > 1J18 >
1J19 > CCCP. CCCP was tested as a reference inhibitor, and showed the
best evaluation only in the ligand efficiency parameter (Table 1).

The interactions of 1J17 with mepA are divided into conventional
hydrogen bonding (GIn380 - 2.10A), carbon-hydrogen bonding
(Phe373 - 3.77 A), n-sulfur interaction (Cys294 - 4.60 1°\), n-t stacked
interaction (Phe373 -4.37 f\), n-alkyl interaction (Ala247 — 4.47 ;\), and
van der Waals interactions (= 5.00 A) (Fig. 6).

The residues with which 1J20 interacted indicate that its best posi-
tion and that of IJ17 occur in a similar region of the MepA protein.
Conventional hydrogen bonds were identified (GIn380 — 2.09 A, Gly67 —
1.85 A, Met66 — 3.09 A), carbon-hydrogen bond (Phe373 - 3.33 A),
attractive charge (Glu295 - 5.14 10\), n-n stacked interaction (Phe373 —
4.43 A), n-alkyl interaction (Ala247 — 4.64 A, Cys294 — 4.65 A), and van
der Waals interactions (Fig. 7).
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Fig. 1. Activity of thiadiazine-derived compounds associated with EtBr against Staphylococcus aureus K2068 strains. (n=3).*****
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Fig. 2. Activity of thiadiazine-derived compounds associated with Ciprofloxacin against Staphylococcus aureus K2068 strains. “**” p 0,0034 indicates significant
differences between groups. Statistical significance was determined by one-way ANOVA and Bonferroni posthoc test. (n=3).“*” p 0,0481 indicates significant dif-
ferences between groups. Statistical significance was determined by one-way ANOVA and Bonferroni posthoc test.

3. Discussion

From the obtained results, it is possible to highlight that this is the
first study on compounds derived from thiadiazine in which the inhi-
bition of the mepA efflux pump is evaluated, as well as its direct action
on the S. aureus K2068 bacterial strain.

In relation to thiadiazine analogues, a study by Aratijo et al. [13]
presents synthesized analogues and demonstrates their direct antibac-
terial activity by performing MIC against multi-resistant strains of
S. aureus and Pseudomonas aeruginosa.

In evaluating the inhibition of the efflux system activity, it was
possible to observe that all compounds have inhibition activity, which
was observed in the microdilution tests and consolidated through fluo-
rimetry. Considering that EtBr is an intercalating nucleic acid agent,
greater fluorescence occurs when it is bound to DNA. The intracellular
concentration of EtBr increases through the inhibition of efflux pumps,
and consequently increases its binding to DNA and its fluorescence

intensity. Therefore, the increase in fluorescence in the groups treated
with 1J14-20 thiadiazine derivatives indicates that the mepA efflux
pump was possibly inhibited [14-16].

Such action is also observed through the use of other synthetic
products, such as those observed through the activity of limonene
against another S. aureus bacterial strain (RN4220) which has another
mepA efflux pump, in which the compound also showed the ability to
inhibit the efflux system observed through increased fluorescence
emission [17].

The activity of the compounds against the efflux mechanism can
occur through gene expression inhibition, direct blocking of the efflux
pump, or using compounds that competitively bind to the protein to
prevent drug action. Additionally, alteration in structural integrity and
membrane permeability may be indirectly related to the action of efflux
pump inhibitors [18-20].

In addition to analyzing the inhibition of the mepA efflux pump,
potential mechanisms of action of the 1J17 and 1J20 compounds were
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Fig. 3. Evaluation of MepA efflux pump inhibition by 1J14, 1J15, 1J16, 1J17, 1J18, 1J19, and 1J20 derivatives (50 ug/mL). Assessed by fluorescence emission. S. aureus
K2068 strain carrying MepA efflux pump. (n=3) “****” = p < 0.0001 vs inoculum + EtBr.

evaluated. Since there are no reports in the literature regarding the ac-
tion of thiadiazines or their derivatives in gene inhibition, it was
observed that [J17 directly inhibited gene expression among the tested
compounds. Then in the assays, it was observed that the control con-
taining only culture medium and bacterial inoculum did not express the
studied gene, mepA. This can be explained considering that mepA efflux
proteins are not constitutively expressed; thus, their expression occurs in
response to the presence of antibiotics [21].

Furthermore, the analysis of the assessment of membrane perme-
ability alteration by these compounds revealed that another mechanism
of action is involved with the [J17 compound: alteration of membrane
permeability, demonstrated by Sytox Green emission and fluorescence
uptake. This can be explained because Sytox Green does not have the
ability to cross the cell membrane when it is intact; however, when al-
terations occur, this compound is able to penetrate the cell and bind to
genetic material, allowing its uptake and subsequent fluorescence
emission [22,23].

Radchenko et al. [24] describe how specific substrate-binding resi-
dues in the DinF-BH and NorM-NG transporters, members of the
multidrug and toxic compound extrusion (MATE) superfamily, and
similar to mepA, can be important for efflux inhibition. In line with the
docking results, this analysis demonstrates the predominant role of hy-
drophobic residues (e.g., alanine, phenylalanine, and methionine), fol-
lowed by uncharged polar residues (i.e. glutamine).

We additionally observed interactions of IJ17 and 1J20 with Glu295,
an acidic (or negatively charged) residue. MATE efflux pumps have

conserved acidic residues, which indicates their participation in the
transport of Na+ or H+ ions, providing the necessary energy for the
transporters function [25]. These preliminary data show that the inhi-
bition of mepA by thiadiazine-derived compounds can occur through
both competition with substrates and by energetic disruption.

These differences in the mechanism of action between the two
evaluated compounds may arise due to their structural differences. The
1J17 compound, N-benzyl-5-(3-chlorophenyl)-6 H-1,3,4-thiadiazine-2-
amine, contains the 3-Cl radical, while the IJ20 compound, N-benzyl-5-
(4-hydroxyphenyl)-6 H-1,3,4-thiadiazine-2-amine, has the 4-OH radical
added to its composition. Thus, even though the compounds have
similar structures and derive from the same compound, it does not
indicate that they will bind to the same target to carry out their action.
Furthermore, this factor can be explained by the added radical for the
synthesis of the 1J17 compound, where chlorine is capable of promoting
alteration in membrane permeability [26-28].

4. Materials and methods
4.1. Obtainment of materials

The chemical structures were synthesized through an initial mixture
of thiosemicarbazone (1 mmol) and 2-bromoacetophenone (1 equiv) in
methanol, where the compounds (1J14, 1J15, 1J16, 1J17, 1J18, 1J19, and
1J20) were obtained by adding radicals to each compound, as described
by Freitas et al. [26].
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Fig. 4. Evaluation of the expression of the mepA gene in the presence of
thiadiazine-derived compounds (1J17 and 1J20) in combination with the anti-
biotic compared to the growth control. (n=3) “**” p 0,0317 indicates signifi-
cant differences between groups. Statistical significance was determined by
one-way ANOVA.

4.2. Microorganisms and inoculum preparation for microdilution tests

The S. aureus (SA) K2068 bacterial strain was used to carry out the
tests, provided by Prof. S. Gibbons of the University of London. The SA

100

Fluorescence intensity
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K2068 strain expresses the mepA efflux pump, responsible for the
extrusion of multiple drugs, among which hydrophilic fluoroquinoles
can be highlighted.

The bacterial strains which were initially kept under refrigeration
were cultured in Petri dishes containing Mueller Hinton Agar culture
medium and incubated at 37°C for a period of 24 hours. After breeding, a
portion of the bacteria was used to prepare the bacterial inoculums for
the microdilution tests. These were done in triplicate in test tubes con-
taining sterile saline solution until reaching 0.5 on the McFarland scale,
which corresponds to 1.5 x10® Colony-Forming Units/mL. Then, an
inoculum was prepared in Phosphate buffered saline (PBS) until
reaching 0.5 on the McFarland scale to test the inhibition of efflux
pumps by EtBr fluorescence emission after spiking.

4.3. Preparation of the substances

Ethidium Bromide (EtBr), Carbonyl Cyanide m-Chlorophenylhy-
drazone (CCCP) and the antibiotic Ciprofloxacin were used for the tests,
with all of these products being purchased from Sigma Aldrich, Louis,
USA. In addition to the products used, the IJ14-20 substances were also
diluted to carry out the tests.

The substances used were prepared to obtain an initial concentration
of 1024 pg/mL. Therefore, 10 mg of each substance was initially
weighed to dilute the products. For ethidium bromide, the heavy ma-
terial was diluted in sterile distilled water, the CCCP was diluted in a
solution prepared with 50 % methanol and 50 % sterile distilled water
and the antibiotic, and finally 500 pL of dimethyl sulfoxide (DMSO) and

Table 1

Values recorded in the molecular docking with the MepA efflux pump.
Ligands Binding Energy’ Inhibition Constant® Ligand Efficiency®
1J14 -7.30 4.48 -0.37
1J15 —7.25 4.83 —0.35
1J16 -7.27 4.67 —-0.33
1J17 —7.68 2.36 -0.37
1J18 —6.95 8.00 —0.33
1J19 —-6.75 11.18 -0.31
1J20 —7.46 3.42 —0.36
CCcp —6.42 19.82 —0.46

1 Expressed in Kcal/mol. 2 Expressed in pM. * Binding energy + heavy atoms.

Bactena

Svtox Green
Bactena + Sytox Green
Poliruxm 100 pug'ml
Polimxin 50 ug/ml
Polimmximn 25 ng/ml
1717 100 pg/ml
IJ17 50 pg/ml
IJ17 25 pg/ml

1J 20 100 pg/ml

IJ 20 50 pg/ml

IJ 20 25 pg/ml

HABNZEHABAEN

Fig. 5. Membrane permeability assessment using Sytox Green in combination with polymyxin antibiotic (positive control), IJ17, and 1J20 (test substances) against S.
aureus K2068 strains. (n=3) p < 0.0001 indicates significant difference between groups. Statistical significance was determined by one-way ANOVA and Bonferroni

post-hoc.
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Fig. 6. Best pose of 1J17 (A) and interactions with MepA efflux pump (B).
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Fig. 7. Best pose of 1J20 (A) and interactions with MepA efflux pump (B).

9265 uL. of sterile distilled water were added to each substance
(IJ14-20) used in order to obtain the initial concentration.

4.4. Determination of the Minimum Inhibitory Concentration (MIC)

The Minimum Inhibitory Concentration test was conducted from the
initial preparation of solutions in sterile microtubes with 900 pL of BHI
culture medium prepared at a concentration of 10 %, and 100 pL of
bacterial inoculum, a volume which corresponds to 10 % of the volume
total of 1000 L. After preparing the microtubes, 100 uL was transferred
to sterile 96-well microdilution plates, and then 100 pL of each tested
product was microdiluted until the penultimate well, resulting in a
variation of 512 pg/mL to 8 ug/mL, considering the last well as a posi-
tive control for the test. In addition to this control, a negative control
containing only 10 % BHI culture medium was also prepared. After
filling the plates, they were incubated in an oven at 37°C for 24 hours.
Next, 20 uL of sodium resazurin was added after this period and kept for
a period of 1 hour at room temperature to observe bacterial growth. The
entire test was performed in triplicate [29].

4.5. Assessment of antibacterial activity through efflux pump inhibition

The antibacterial activity through inhibition of the mepA efflux pump
was evaluated by obtaining the MIC of the compounds [30,31]. A total
volume of 1500 uL containing 10 % bacterial inoculum (the volume
corresponding to the sub-inhibitory concentration - MIC/8), and the
remaining volume of 10 % BHI was used to prepare the microtubes.

Next, 100 uL of the solution was transferred to each well of the 96-well
microdilution plates in numerical direction, and microdiluted with
100 uL. of the antibiotic until the penultimate well, ranging from
512 pg/mL to 0.5 pg/mL. Microtubes were also prepared with the same
conditions for microdilution with EtBr. Positive controls were used for
the tests, and the last well of each column negative with 10 % BHI, and
modulation controls for EtBr and the antibiotic containing only culture
medium and inoculum in the prepared microtubes. The prepared plates
were incubated at 37°C for 24 hours, and after this period a reading was
carried out with sodium resazurin. The test was performed in triplicate.

4.6. Inhibitory action of mepA efflux pumps assessed by increased EtBr
fluorescence emission

The 1J14-20 derivatives were all tested at a concentration of 50 pug/
mL. A solution containing bacterial inoculum and thiadiazine de-
rivatives was initially prepared. A positive control also containing CCCP
at a concentration of 50 pg/mL, and a negative control with only PBS
with inoculum were used. The solutions were subsequently incubated
for 1h30min in an oven at 37°C. Then, EtBr was added at a concentration
of 100 ug/mL to all solutions.

No EtBr was added in the growth control solution. Soon after, the
solutions were then incubated for another 1 hour. After incubation, they
were subjected to centrifugation at 10,000 rpm for 2 minutes and
washed with PBS to eliminate excess EtBr. The resulting pellet was
resuspended and distributed into black 96-well plates. Plate reading was
performed using a Cytation 1 fluorescence microplate reader from
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BioTek® (Winooski, VT, USA) and using the Gen5™ 3.11 software
program. An excitation at 530 nm was applied and the emission wave-
length of 590 nm was measured. The following groups were read:
growth control; negative control containing the inoculum and EtBr;
positive control, composed of the inoculum, EtBr and CCCP; and the test
that contained the inoculum, EtBr and thiadiazine-derived products
(1J14-20) [32].

4.7. MepA quantitative real-time PCR

Three conditions were prepared in triplicates in conical tubes to
evaluate the inhibition of mepA gene expression after breeding the
bacteria, namely: 1 — control containing the volume corresponding to
the MIC/8 of the antibiotic, a portion of bacteria and the remaining
volume for 5 mL of solution BHI prepared according to the manufac-
turer; 2 — control containing the volume for 5 mL of solution BHI pre-
pared according to the manufacturer and a portion of bacteria; 3-
volume corresponding to the MIC/4 of the antibiotic, MIC/8 of the
thiadiazine-derived compounds (1J-17 and 1J-20), a portion of bacteria
and the remaining volume for 5 mL of BHI solution prepared according
to the manufacturer. The tubes were incubated during the period at 37°C
for 24 hours. After the incubation period, extraction was performed
using Trizol (Thermo Fisher Scientific) and quantitative analysis was
performed using Gen5TM. Complementary DNA was obtained from
SuperScript™ VILO™ Master Mix (Thermo Fisher Scientific) according
to the manufacturer’s instructions. Gene expression was evaluated using
the SYBR™ Green PCR Master Mix (Thermo Fisher Scientific) using the
23 s gene as endogenous and the qTowerG3 device from Analytik Jena
and its qPCRsoft software program. Both primers had an annealing
temperature of 61°C. The primers used are described in Table 2. The
relative mepA gene expression was determined using the AACT method
[33].

4.8. Assessment of membrane permeability

The Sytox Green addition methodology for fluorescence measure-
ment was employed to assess membrane permeability, adapted from the
procedure described by Mello et al. [36]. From this methodology, an
inoculum of 1.0 x10"8 CFU were prepared and distributed in 96-well
microdilution plates with a black coloration. The plates were then
treated with polymyxin, used as the positive control, and also treated
with the IJ17 and 1J20 compounds, all at concentrations of 100 pg/mL,
50 ug/mL and 25 pg/mL. After the transfer, the plates were incubated
for a period of 1 hour, followed by the addition of 100 pL of 1 uM Sytox
Green. The plates were then further incubated for an additional 1-hour
period. Readings were subsequently taken using a BioTek® Cytation 1
microplate reader (Agilent, CA, USA) with a fluorescent filter set at an
excitation wavelength of 485 nm and an emission wavelength of
528 nm. The entire assay was performed in triplicate.

4.9. Molecular docking

We used the SWISS-MODEL server (protein model construction) and
the MarvinSketch version 23.14 (ligand construction), Open Babel 2.4.1
(energy minimization), AutoDock Tools version 1.5.7 (receptor and
ligand preparation), and AutoDock version 4.2.6 (molecular docking)
[37-39] software programs to perform the in silico analyses. The mepA
model was built using the Q2G140 sequence (UniProt database) and the
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3WA4T template (Protein Data Bank). The selection of the best template
for building the protein model (carried out by the SWISS-MODEL server)
was validated by checking the parameters related to Ramachandran
Plots, MolProbity Results (MolProbity Score, Clash Score, Ramachan-
dran Favored, Ramachandran Outliers, Rotamer Outliers, C-Beta De-
viations, Bad Bonds, Bad Angles, and Twisted Prolines/Non-Prolines),
level of confidence of sequence alignment (protein model and template)
and Quality Estimation (QMEAN-DisCo method). The MMFF94 force
field was used in the energy minimization of the ligand molecules. Hy-
drogens (merging non-polar) and Gasteiger charges were added to the
macromolecule and ligands, and the ligand bonds and residues 48, 81,
156, 161, 183, 291, 302, and 423 of the transporter were kept flexible
[40].

A grid box (50 A x50A x 50 10\) was positioned at the center of the
protein cavity (x: —28.441, y: 0.029, z: 11.606). The Genetic Algorithm
(Lamarckian) was used in the docking process with the following pa-
rameters: 100 runs, 2500,000 evaluations, 27,000 generations, popu-
lation size of 150, and RMSD (Root Mean Square Deviation) limit of
2.0 A. The conformation with the lowest binding energy was selected for
each ligand.

4.10. Statistical analysis

Data were expressed as geometric means, as mean =+ standard de-
viation and evaluated with ANOVA analysis of variance, followed by
Bonferroni’s post-hoc test, with significant differences being considered
at p<0.05. The tests regarding the expression assays for efflux pump
genes were carried out in triplicate and relative gene expression was
performed using the AAC method. All analyzes were performed using
the GraphPad prism 9.2.0 program.

5. Conclusions

The inhibition of the MepA efflux pump by thiadiazine-derived
compounds was analyzed in detail in this study. These compounds
yielded significant results, demonstrating the inhibition of these pro-
teins when all tested compounds were evaluated through microdilution
with ethidium bromide and confirmed by ethidium bromide fluores-
cence emission. Furthermore, it was possible to elucidate the mecha-
nisms of action of the IJ17 compound through gene expression
inhibition and alteration of membrane permeability. Such results have a
significant contribution, considering this is the first study to describe the
action of thiadiazine-derived compounds against strains of Staphylo-
coccus aureus K2068, making them potential candidates for cases of
bacterial resistance.
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