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Abstract Antibiotic resistance of Staphylococcus aureus
has considerably increased among non-clinical or asympto-
matic individuals. The formation of biofilms denies antimi-
crobial access to its targets present on the surface and inside
the cell. The present study tested the effect of the combina-
tion of flavonoids and antibiotics over the preformed biofilms
of S. aureus. The eradication of the preformed biofilms was
analyzed using the crystal violet method. It has shown that
2500 pug mL~! Rutin and 100 pg mL~! Erythromycin (MIC
Concentration) combination efficiently reduced the growth
of the cells, which were adhered to the surfaces forming
the biofilms. Fluorescence microscopic analysis indicated
that the Rutin and Erythromycin (MIC value) combinations
could eradicate the preformed biofilm cells more efficiently
than other combinations. We found that the flavonoids and
antibiotics with MIC concentration show a significant effect
over the preformed biofilms cells of S. aureus. In addition,
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the semi-quantitative real-time PCR analysis for the SRNAs
under the treatment of Rutin and Erythromycin combina-
tions showed that few small RNAs expression (SprF, SprG,
ArtR, Teg49, Teg41, and RNAIID) are getting downregulated
upon the treatment; but again recovers with the incubation
time interval increases. Combinations have a significant
effect on Teg49 where there is a very faint intensity of the
band, but for other small RNAs, there is an irregular pattern
on the gel image. It has been concluded that at the initial
period of incubation, the combinations have an effect on
all the SRNAs but once the incubation increases, the effects
have been slowly decreasing. It has been concluded that the
combination has been able to reduce the doubling time of
S. aureus upon treatment. Whereas, the small RNAs used in
the study can be further evaluated for expression profiling
through qRT-PCT.
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Introduction

Biofilm causes the physical barrier around the bacteria,
which reduces antibiotic penetration into the cell and is one
of the attributes of antimicrobial resistance [1]. However,
reduced bacterial growth rate, active starvation response,
and changes in bacterial gene expression also contribute
to biofilm resistance [2-5] this inherent resistance makes
biofilm-associated infections very difficult to overcome
[6, 7]. Formation of biofilm remains the major virulence
determinant because S. aureus bacteria stays longer in the
genitourinary tract when a person gets infected [8]. Other
factors that enhance the possibility of biofilm formation in
patients are catheters and other prosthetic devices; therefore,
it provides the environment for the development of infections
in the Urinary tract lining by killing natural barrier molecules
[9]. Antibiotic therapy with beta-lactam antibiotics induces
biofilm formation in the MSSA even at sub-Minimum Inhibi-
tory Concentration (MIC) levels (Methicillin Susceptible
Staphylococcus aureus) [10]. The cells escape from the
treatment by deeply burying themselves in the biofilms [11,
12]. Most of the time, data on antimicrobial treatment on
planktonic bacteria were used to select the choice of antibi-
otic therapy, which is not representative of biofilm bacteria.
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effect on the planktonic cells and how they act against bac-
teria in the planktonic forms (free forms). Therefore, these
antibiotics are used only as inhibitory molecules for the
planktonic cells as a chemotherapeutic compound but not
the inhibition of biofilm formation or affect the preformed
biofilms [13]. The antibiotic’s inhibitory concentration has
a positive correlation with the biofilm formation rate [14].
For some antibiotics, 1000-fold more antibiotic concentra-
tion is required to kill sessile bacteria than a similar dosage
of antibiotics or drugs needed for the killing of planktonic
cells of the same microorganisms [15, 16]. The study aimed
to determine the drug concentrations required to eradicate
in vitro S. aureus biofilm and/or to inhibit biofilm formation
using a representative clinical strain of MSSA (Methicillin
Susceptible Staphylococcus aureus) isolated from an infec-
tion formed on the catheter inserted for the treatment of the
bone injury [17].

Small RNA plays a major role by pairing with bases of
target mRNA or by interacting with the modulating pro-
teins for both the positive and negative mechanisms of bio-
film formation. Regulation of gene expression mediated by
sRNAs is more beneficial when compared to proteins dur-
ing rapid response because it takes a short time for SRNAs
to either synthesize or degrade. Various regulatory mecha-
nisms of SRNAs are similar to the regulation of quorum
sensing in bacteria. Since the quorum sensing mechanism
controls the virulence factor of bacteria, it is considered
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Table 1 Important features of selected virulence related SRNA characterized in Staphylococcus aureus

Name Consensual name Length (nt) Direct mRNA targets Mechanism of action Functions
RNAIII  Srn_3910 514 Spa, sbi, coa, sal000, lytM, Translation inhibition, mRNA cleavage, translation Provirulent

rot, mgrA, hla activation, and mRNA stabilization

ArtR Srn_4050 346 sarT Translation inhibition and mRNA degradation Undefined
Tegdl Srn_1080 205 psma Unknown (mRNA stabilization or translation initiation) ~Provirulent
Tegd9  Srn_1550 196 sarA spn mRNA stabilization Undefined
SprF1 Srn_3830 138 sprG1, ribosomes Translation attenuation Persistence
SprG1 Srn_3840 309 spoVG, walR, ecb, clfB, hld Translation inhibition Provirulent

OREF: open reading frame [45]

the major target for finding out new therapeutic methods
[18] (Table 1).

In our study, we have examined the effects of different fla-
vonoids in combination with conventional antibiotics against
preformed biofilms of S. aureus. Further, the microscopic
analysis of the different combinations over the preformed
biofilm of S. aureus was studied. In addition, the effect of
treatments on small RNAs related to biofilm formation was
studied.

Materials and Methods
Bacterial Culture, Media and Antimicrobials

All the antibiotics (Erythromycin, Vancomycin, Tetracy-
cline, Rifampicin, and Gentamicin), and flavonoids (Querce-
tin, Rutin, Morin, and Naringenin) were purchased from
Himedia Laboratories Pvt. Ltd., Mumbai, India. Susceptible
strain S. aureus (MTCC96) was purchased from Microbial
Type Culture Collection and Gene Bank (MTCC), Chandi-
garh, India. The isolated strain of S. aureus from asympto-
matic individuals was used as test organisms [23]. The strain
was maintained on the Mannitol Salt Agar (MSA) media.
The Tryptic soy broth (TSB) was used to standardize the
biofilm formation. Mueller Hinton Broth (MHB) was used to
check the effects of combinations of flavonoids and antibiot-
ics against the preformed biofilms of S. aureus.

Estimation of Biofilm Formation of S. aureus

The biofilm formation of bacteria was analyzed using the
Congo-red agar (CRA) method [19]. The Congo red agar
medium was prepared with BHI broth (37 g L™}, sucrose
50 g L"), agar 10 g L™! and Congo red stain 0.8 g L.
Plates were inoculated with tested microorganisms, incu-
bated for 24-48 h at 37 °C. The change in colour of colo-
nies from pink to dark reddish or black colour indicates the

biofilm formation. The efficiency of the biofilm formation of
S. aureus was performed using the tissue culture plate
method [20, 21]. The method in brief: The overnight culture
of S. aureus (6 x 107 CFU/mL) was added to the plate con-
taining TSB medium supplemented with 2% glucose. After
incubating for 48 h at 37 °C, the planktonic cells were aspi-
rated out and washed with 1x PBS buffer (pH 7.4) to remove
the non-adhered bacteria. The developed biofilm was fixed
by incubating at 65 °C for 15 min. The biofilm of adhered
bacteria was stained with the addition of a 0.1% (w/v) crystal
violet solution. The excess stains were removed by washing
them with deionized water. The 33% (v/v) glacial acetic acid
was added to dissolve the biofilm, and the absorbance at
570 nm was measured. The efficiency of biofilm formation
of bacteria was determined based on the absorbance value:
Absorbance <0.120 is non-adherent and weak biofilm pro-
ducers; 0.120 < absorbance < 0.240 is moderately adherent
and biofilm producers; absorbance > 0.240 strongly adherent
and high biofilm producers [22].

Effect of Treatments on Preformed Biofilm

The effect of different combinations on preformed biofilms
was evaluated to determine the efficacy of the treatment with
previously reported MIC concentration [23]. The S. aureus
was diluted to 1:100 in the TSG medium supplemented with
2% glucose, which enhances the biofilm production. Once
the absorbance of the culture achieved a 0.1 OD value at
600 nm, it was added to the 24-well plate. After incubat-
ing at 37 °C for 48 h, the planktonic cells were removed,
and wells were washed thrice with 1X PBS. Further fresh
TSB media was added to the wells to study the effects of
combinations [24]. The drug combination of flavonoids and
antibiotics at MIC concentrations was added to each well
with positive control as culture alone, negative control as
TSB media alone, and incubated at 37 °C for 12 h. Then,
the wells were aspirated and washed thrice with 1 X PBS.
After fixing the biofilms by incubating the plate at 65 °C for
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Table 2 List of designed primers for sSRNA involved in virulence
mechanism in Staphylococcus aureus

sRNA name Type  Sequence (5'-3")
RNAII FP CCTTGGACTCAGTGCTAT
RP GGCTCACGACCATACTTA
ArtR FP GCAGTTCGTGTTAATGGGACTA

RP GCCATTGTCCAACTGCTTT
Teg41_RsaX05 FP ACGAATAACACGTTAGGTCTCG
RP CTCTTTAAGCGTGCTCCCAT
Teg49 FP CGAAACATTTAATTGCGCTAAATCG
RP TCTGGGTTAGCATTTGGTTTAGT
sprG1 FP TAAGGAGGTGGTGCCTATGG
RP ACCAGCCAAAGTTAGCGATG
sprFl FP GCGCAAACCATGTTACCCTAA
RP TCGCTAACTTTGGCTGGTTT

15 min, 0.1% (v/v) crystal violet solution was added to each
well, incubated for 20 min at room temperature. The wells
were washed thrice with 1X PBS to remove the excess stain.
After the air dry, 33% glacial acetic acid solution was added
to the well to dissolve the fixed biofilm, and intensity was
measured at 570 nm. The percentage of biofilm eradication
was calculated using the formula descriptive below [25]:

% Eradication of biofilm formation
= ((OD control—0D treatment)/ OD control) X 100.

Fluorescence Microscopic Imaging for Biofilm
Eradication Assay

The biofilm eradication was measured using microscopic
observation [26]. The S. aureus isolated strain was inocu-
lated in TSB growth media supplemented with 2% glucose
and cultured over coverslips in 6 well plates. After 48 h of
incubation at 37 °C, the plate with coverslips was washed
with 1x PBS buffer to remove the planktonic cells and non-
adherent cells. After that, the cells were fixed by incubating
the plate at 65 °C for 15 min. Then, fresh TSB media was
added to the wells and positive control as media + culture,
and negative control as media alone was kept for the study.
Further, different drug combinations of flavonoids and
antibiotics at MIC concentrations, which were previously
determined for Planktonic cells [23], were added. The plates
were allowed to incubate at 37 °C for 12 h on a shaker.
Then the media is removed and again washed with 1x PBS
buffer. After the fixation of biofilms, 0.001% (w/v) of acrid-
ine orange acidic pH (pH 5.0) was added and incubated for
15 min. The stained coverslips were visualized in a fluores-
cence microscope Leica DM6 Fluorescent Microscope with
Cryostat at an excitation wavelength of 488 nm. Quantitative
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analysis for the fluorescent imaging was calculated using
Image Proplus 10.0 software [27].

Analysis of Biofilm Formation Related to Small RNA
Expression Under Antimicrobial Treatment

Staphylococcus aureus cultures was grown in brain heart
Infusion at 37 °C, which is the suitable media for the. The
cells were allowed to grow for 6 h, and then the combination
was given to the cells and incubated for three different time
intervals 12 h, 18 h and 24 h respectively. The cells were
harvested and the RNA was isolated with slight modifica-
tions [28]. The quality and quantity of RNA were evaluated
using a bio-photometer (Thermo Scientific, USA) with a
ratio of A230/280 ratio. The RNA was stored at — 80 °C for
further use. The small RNAs were taken from the Staphy-
lococcus regulatory RNA database (SRD database) for the
NCTC8325 strain.

The first strand of the cDNA was synthesized using iso-
lated RNA under different drug treatments. PCR amplifica-
tion of cDNA was performed under the following condi-
tions: the mixture was incubated at 25 °C for 5 min. The
20 uL cDNA synthesis reaction was performed at 42 °C for
one hour. The enzyme was inactivated at 80 °C for 5 min.
The synthesized cDNA was stored at — 20 °C. The specific
small RNA (sRNAs) primers were used for second-strand
synthesis (Table 2). The SYBR Green qPCRs were per-
formed using the following parameters: 3 min at 95 °C; 35
cycles of 95 °C for 20 s and 58 °C for 30 s; and 30 s at
72 °C. A melting curve analysis was added to ensure the
specificity of the PCR product. Semiquantitative analyses
were done for all the sSRNAs after the RT-PCR. Further,
the qRT-PCR expression of the two small RNA RNAIII
and ArtR in S. aureus was measured using 16 s RNA as an
endogenous control. The expression level was calculated
using the (2 — AACt) method [29].
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Fig. 1 Optimization of biofilms formation under the different per-
centages of glucose supplementation in S. aureus strains
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Table 3 Effect of combination of flavonoids and antibiotics in eradicating preformed biofilms of Staphylococcus aureus

Combinations

Que+Ery Que+Van Mor+Ery

Mor+Van Rut+Ery Rut+Van Nar+Ery Nar+ Van

Concentrations (ug mL™!) MTCC

% of Eradication 78 83
Isolated 625+100 625425
% of Eradication 43 48

250+6.25 250+6.25 125+6.25

12504100 1250+25

125+6.25 250+6.25 250+6.25 625+6.25 625+6.25
82 86 80 76 79
25004100 2500+25 625+100 625+25
53 68 61 57 55

Que Quercetin, Rut Rutin, Mor Morin, Nar Naringenin, Ery Erythromycin, Van Vancomycin

Biofilm Eradication Assay
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Fig. 2 Graphical representation of the effect of the combination of
flavonoids and antibiotics in eradicating preformed biofilms of Staph-
ylococcus aureus. Q Quercetin, R Rutin, M Morin, N Naringenin, £
Erythromycin, V Vancomycin

Contrel Quercetin + Enythromycin

Quercetin + Vancomycin

Naringenin ¢+ Erythromycin Rutin

Merin + Vancomycin Rutin + Erythromycin

Statistical analysis

Data from the experiments are presented as the mean+SEM.
The level of statistical analysis was performed by ANOVA
and the P values <0.01 were considered significant. The
data for the qRT-PCR are mean + S.D. for triple-independent
experiments (** =P <0.05). The statistical analysis was per-
formed using GraphPad Prism software.

Results
Evaluation of Biofilm Formation by S. aureus

The crystal violet method was used to evaluate the biofilm
formed by S. aureus. The absorbance values at 570 nm
indicate the level of biofilm formed in the microtiter plate.
The biofilm formation was optimized in a microtiter plate
to obtain the appropriate biofilm production to study bio-
film eradication. During normal conditions, the formation of

+ Vancomycin

Naringenia + Vancomycin

Morin + Erythromycin

Fig. 3 Fluorescence microscopic images of eradication of preformed biofilms stained with acridine orange (acidic pH) after the treatment of dif-

ferent combinations for the isolated strain
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Fig. 4 Graphical representation of the corrected total cell fluorescent
(CTCF) and Integrated Density for the different treatment combina-
tions in biofilm eradication assay. A Control, B Quercetin+ Eryth-
romycin, C Naringenin+ Erythromycin, D Rutin+ Vancomycin, E
Quercetin + Vancomycin, F Morin + Vancomycin, G Rutin+ Erythro-
mycin, H Morin + Erythromycin, I Naringenin 4+ Vancomycin

biofilm, when estimated using crystal violet, the absorbance
was not sufficient to perform the study. After optimizing
the media by supplementing the 2% glucose, there was a
significant increase in the production of biofilms. Initially,
we evaluated the biofilm formation under normal conditions
with 1% glucose to find the efficiency of the biofilm for-
mation. After 48 h of incubation, an inadequate amount of
biofilm was formed (Absorbance at 570 nm: sensitive strain:
0.175 and isolated strain: 0.370), which was insufficient to
perform the biofilm eradication assay. The increase in car-
bon source (glucose) from 1% (w/v) to 2% (w/v) enhances
the biofilm formation (sensitive strain 96—0.370, isolated
strain—0.760) within 48 h as the bacterial growth increased
(Fig. 1). Glucose acts as a carbon source and metabolite,
which has various effects on the growth of bacteria and the
involvement of biofilm formation. It has been reported that
in an adhesion-dependent manner, the glucose-induced for-
mation of the biofilm of S. aureus was regulated by acces-
sory protein GbaAB in a polysaccharide intercellular [30].

Effect of Flavonoids in Combinations with Antibiotics
on Preformed Biofilms

We have performed a biofilm eradication assay to find
the effect of the treatment on the preformed biofilms of S.
aureus. The antibiotics and flavonoids were used in com-
bination to test the biofilm eradication. The crystal violet
assay was used to calculate the percentage of eradication
of preformed biofilms. The combinatory treatments showed
better biofilm eradication effects on preformed bacterial
biofilms. The MIC concentrations, which were reported
in the previous research, have been used for the preformed
biofilm eradication assay [23]. Different combinations and
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their concentrations were given in Table 3. For suscepti-
ble strain, the higher percentage of biofilm eradication
was found in the following combinations: 125 pg mL™!
Rutin +6.25 pg mL~!' Erythromycin—86%, 250 pg mL ™!
Quercetin+6.25 pg mL~! Vancomycin—83%. Similarly, for
isolated strain, the combinations with high biofilm eradica-
tion were 2500 pg mL~! Rutin 4 100 pg mL~! Erythromy-
cin—68%, 2500 pg mL~' Rutin+ 25 pg mL~" Vancomy-
cin—68% (Fig. 2).

Microscopic Determination of Biofilm Eradication
Assay

Micro-morphological study of preformed biofilm eradica-
tion was performed using a fluorescence microscope stained
with acridine orange dye to differentiate the log and lag
phases of cells. Active cells or live cells are appeared in
green colour after the treatment with the Acridine Orange
dye (acidic pH), whereas red fluorescence has been observed
when it has bounds with ssDNA or RNA and it is termed
as Phagocytosed cells [27]. Growth has been inhibited, and
the cells are in the log phase. A fluorescence microscope
(Fig. 3) evaluated the analysis of the biofilm architecture in
the presence of different combinations at MIC concentra-
tion. Fluorescence microscope results showed a wrinkled or
less compact biofilm architecture whereas non-treated cells
showed highly compact biofilm architecture. In addition, a
reduction in the cell number reflects the eradication activity
of the combinations of flavonoids and antibiotics against pre-
formed bacterial biofilms. Whereas few treatments showed
medium compactness of the biofilm architecture, which indi-
cates that the combinations were not able to eradicate the
preformed biofilms much efficiently. In addition, the relative
fluorescence intensity determination of the cells showed a

o0
=
=

® o

Relative expression level

n

m Wild type
6
‘i | I W 24 hours
0 T T
sprF Tegd

RNA sprG ArtR Tegds

sRNA under treatment in different time interval

Fig. 5 RT-PCR confirmation of differential expression in Staphylo-
coccus aureus for differentially expressed small RNAs under com-
binatorial treatment in different time intervals. The relative levels of
sRNA expression in comparison with the wild type are plotted in a
bar graph with relative expression levels
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Fig. 6 Differential expression of RNAIII, sprF and 16srRNA at dif-
ferent drug treatment time intervals with Rutin and Erythromycin:
Lane 1-50 bp ladder, 2-5—RNAIll, 6-9—sprF, 10-13—16srRNA.

sos?
LADDER

Fig. 7 RT-PCR of 4 small RNA
genes for different time intervals
of MIC value for Rutin 4 Eryth-
romycin combinations: Lane
1-50 bp ladder, 2-5 (sprG—
172 bp), 6-9 (ArtR—135 bp),
10-13 (Teg49—119 bp), 14-17
(Teg41—109 bp) on 2% agarose
gel electrophoresis under Eth-
idium bromide staining

W 12H 18H

clear difference between the treatment and control samples
(non-treatment) (Fig. 4). In most cases, eradicating the pre-
formed biofilms in S. aureus is considered as the most chal-
lenging task. Because of the attachment of the bacteria on
the surfaces, produces various virulence factors and adhes-
ins, and forms a complex architecture that encourages the
resistivity pattern in the bacteria [31, 32]. Previous studies
have found several anti-biofilm agents which were highly
active in inhibiting biofilm yet were unable to disperse the
pre-existing mature one [33, 34].

Semi-quantitative PCR for Small RNA (sRNA)

The Rutin and erythromycin combinations showed a better
effect in reducing the preformed biofilms with the lowest
FIC values among the treatment of Rutin and Erythromycin
combinations. The virulence-related small RNA for biofilm
formation was analyzed under the treatment of this antimi-
crobial combination. The non-clinical isolated strains of S.
aureus were grown under the different combinations of MIC
concentrations of Rutin and erythromycin at different time
intervals of 12 h, 18 h, and 24 h. The RNA was isolated
from the treated samples and control samples. The isolated
RNA was used to perform reverse transcriptase PCR for
selected virulence-related small RNAs, including Teg49,
ArtR, Teg41, sprX, SprGl, SprF1, SprC, and RNAIII. The

244

The amplified products are visualized on 2% agarose gel electropho-
resis under Ethidium bromide staining

W 12H 18H 2%H W 12H 18H 24H W 128 18H 24H
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i
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""_ %
5
: 2 xx *%
< - =) ERNAIII
&
g1 W 18H 244 mArtR
»‘f' x%x
% -4
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TIme interval

Fig. 8 Expression levels of the two sRNA in three different time
intervals of treatment relative to those in the wild type were deter-
mined by quantitative RT-PCR. 16s rRNA was used as a house-
keeping gene. Expression levels were normalized to /6s rRNA
level. The data are mean+S.D. for triple-independent experiments
(**=P<0.05)

differential expression of this small RNA under different
treatments was evaluated.

Using the intensity of the bands and the Image J analy-
sis software, we have determined the relative expression of
the small RNAs. The differentially expressed small RNA
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expression level under different conditions of time intervals
for Rutin and Erythromycin combinations were analyzed.
From the relative expression, it has been observed that most
of the sSRNAs are downregulated after the treatment in the
initial phase. Among all the sRNAs, only ArtR and Teg41
have been upregulated more in comparison to the control
gene (16sr RNA), but other SRNAs are downregulated. Even
the RNAIII, which is considered the standard sSRNA being
expressed in every condition during virulence production,
was downregulated when it is treated in the initial phase
(Fig. 5). Whereas some sRNAs such as srpG (12 h), sprF
(18 h), and Teg49 (12 h, 18 h and 24 h) do not show any
expression, which means that these SRNAs are downregu-
lated completely when they are treated in the combinations
(Fig. 4). From this data, we can state that these combina-
tions are having a significant effect in downregulating the
small RNA. However, the effect starts reducing in some of
the SRNAs when the incubation time increase, with this we
can infer that the combination can act as a bacteriostatic
agent rather than a bactericidal agent. In addition, the other
reason for the upregulation of SRNAs upon the increase of
time interval is that under stress conditions, the production
of virulence factors reduces the effect of the combinations.

The expression of SprF reduced as the increase in
treatment time in comparison with untreated samples,
while the increase in RNAIII expression was observed
with increased treatment time (Fig. 6). The treatment
reduces the expression of Teg41 and it completely sup-
pressed the expression of Teg49. No change in the expres-
sion of the reference gene was observed (16sRNA). The
results indicated the treatment-driven expression change
in the virulence-related small RNA. The expression pat-
tern of sprG differs from wild type to different time inter-
vals, where the intensity of bands showed that there was a
mild expression in 18 h. For 12 h, there was no expression
from the band intensity. For ArtR, the expression pat-
tern bright band for wild type shows a good expression,
and then the faint expression of 12 h indicated that there
might be a little expression of SRNA under the treatments.
Similarly, for 18 h and 24 h, moderate expression was
observed (Fig. 7).

Further, qRT-PCR analysis was performed for two
specific small RNAs (RNAIII and ArtR) which are spe-
cifically involved in the regulation of virulence genes
regulation and regulated by the agrA promotor. Through
relative fold change, it has been found that under 12 h
of treatment RNAIII has downregulated with 1.89-fold
change, in 18 h it has upregulated to 4.1-fold change,
and in 24 h, it has upregulated to 8.15-fold change with
respect to wild type of S. aureus. Since in ArtR sRNA,
wild type has prominent expression, with respect to fold
change; for 12 h under treatment, it has downregulated
to 11.56-fold change, but it is upregulating in 18 h of
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treatment with 0.8-fold change with 2.4-fold change after
24 h of treatment (Fig. 8). The reason for the inconsist-
ency expression of these SRNAs is due to the production
of virulence factors, which indirectly suppress the effects
of the treatment combinations.

Discussions

To determine the antibiotic susceptibility pattern of the
microorganisms, MIC has been used effectively and is con-
sidered the gold standard [35]. If the determined MIC con-
centration states that the drug is ineffective in the in-vitro
model, then it is not considered for the clinical trials since
it will not have any significant effect on the patients [36]. In
another case, if the drug is having an effect in the in-vitro
model, it cannot ensure that it will have a significant effect
in the in-vivo model [37-39]. In research laboratories, the
effect of the drug is reported only through MIC determi-
nation in planktonic cells, which may not be as effective
in infected patients. The biofilm formation pattern in the
microorganisms protects them from the effect of antibiotics.

Biofilms have overexpressed efflux pumps, a multilayer of
cells through which permeability is an issue and have anaer-
obic conditions in the inner layers of cells. These conditions
in addition to quorum sensing are reasons for higher resist-
ance. Biofilm is produced through quorum sensing means
by releasing the exo-polysaccharides. EPS helps in the for-
mation of a connection between cells and thereby forming a
network-like structure. In sub-MIC, does bacteria cannot be
killed. Biofilm is formed by bacteria attaching to a specific
surface enclosed in extra polymeric substances the antibiot-
ics or antimicrobials are usually difficult to reach the bacte-
ria, and thus the efficacy of antibiotics is reduced. In addi-
tion, there is a quorum sensing effect among the colonies
when biofilm forms on the surface, which can also increase
bacterial resistance [40]. The effect of the treatment over
preformed biofilms was tested with a biofilm eradication
assay. The result showed that Rutin and Erythromycin had
better activity in eradicating the preformed biofilms. The
fluorescence microscopic imaging also confirmed that Rutin
and Erythromycin have a better effect on preformed biofilm
eradication. For the first time, it has been reported that there
is an increase in the antimicrobial resistance pattern of S.
aureus among the skin of asymptomatic individuals.

There is no previous report available on combinatorial treat-
ments and their effect on small RNA expression. However,
some reports have studied the effect of Linezolid alone on
the small RNA-regulated virulence factor in S. aureus [41].
Another study has reported that the regulation of SRNA has
been associated with secretions of extracellular vesicles in S.
aureus. Several SRNA and tRNA molecules with different
regulatory functions have been reported to have associations
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with extracellular vesicles. Therefore, targeting these small
RNAs could provide us insight into developing or finding a
novel anti-virulence therapy to overcome the resistance pat-
tern among S. aureus infections [42]. We are reporting for
the first time that the combination of Rutin and Erythromy-
cin can downregulate the expression of virulence regulating
small RNAs. The combinations against preformed biofilms
have not been tested earlier and the study related to small
RNA expression profiling. Since the individual effect of fla-
vonoids and antibiotics against planktonic cells of S. aureus
has already been reported in our earlier paper [23], we have
used the Minimum Inhibitory Concentrations of that article to
determine the effect of MICs combinations of the flavonoids
and antibiotics against the preformed biofilms of the S. aureus.
It has been earlier reported that antibiotics alone are not able
to completely reduce or inhibit the formation of the biofilm.
In our study, we have directly evaluated the effect of the com-
binations of antibiotics and flavonoids for the eradication of
preformed biofilms in S. aureus. In addition, the combinations
are significant in eradicating the preformed biofilms in the well
plate. Quercetin is the most abundant flavanol present in the
plant species, Morin is the isomeric form of Quercetin and it
has been reported to have antibacterial activity. Rutin is the
glycosidic form of isomeric Quercetin. However, the reports
for the antibacterial efficiency of these flavonoids are variables,
particularly regarding the MICs concentrations. Because of the
methods used for inter and intra-assay differences in determin-
ing susceptibility testing or may be due to the difference in
the genetic variation in the bacterial strains used in the assay
[43, 44].

The semi-quantitative reverse transcriptase PCR analysis
for the differential expression of virulence-related small RNA
under the drug treatments. The small RNA Teg41 does not
show any expressions for three different time intervals under
treatments. Similarly, sprG1 and sprF1 do not show any dif-
ferential expression for 12 h and 18 h respectively. The RNAIII
showed prominent expression under the treatments and its
expression pattern gradually increases from 12 to 24 h. Other
small RNAs show a similar expression pattern to RNAIIL
Still, many questions related to the physiological roles of small
RNAs have been unanswered. With the help of transcriptomic
profiling, we can reveal the role of small RNAs and the effect
of individual or combinations of drugs during the infection
process in S. aureus, and how the biofilm eradication process
takes place.

There are certain limitations of this study because, upon
the treatment with combinations at different time intervals;
there are certain small RNAs that have been expressed with
the increasing time intervals. This states that even though the
combinations have been able to kill the planktonic cells effi-
ciently; and be able to reduce the formation of preformed bio-
films when sRNAs expression was analyzed it has been found
that there are different expression patterns with the increasing

time interval. This indicates that further study need to be car-
ried out to know the actual mechanism behind the regulation
of small RNA expression under the stress condition or under
the treatment conditions using transcriptomic profiling. This
will help the researcher to understand and develop the drug
targeting the SRNAs-mediated virulence factor production in
a more efficient manner.
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