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Abstract Staphylococcus aureus (S. aureus) causes a
wide variety of infections, which are of major concern
worldwide. S. aureus produces multiple virulence factors,
resulting in food infection and poisoning. These virulence
factors include hyaluronidases, proteases, coagulases,
lipases, deoxyribonucleases and enterotoxins. Among the
extracellular proteins produced by S. aureus that contribute
to pathogenicity, the exotoxins o-hemolysin, staphylococ-
cal enterotoxin A (SEA) and staphylococcal enterotoxin B
(SEB) are thought to be of major significance. Totarol, a
plant extract, has been revealed to inhibit the proliferation
of several pathogens effectively. However, there are no
reports on the effects of totarol on the production of a-
hemolysin, SEA or SEB secreted by S. aureus. The aim of
this study was to evaluate the effects of totarol on these
three exotoxins. Hemolysis assay, western blotting and
real-time reverse transcriptase-PCR assay were performed
to identify the influence of graded subinhibitory concen-
trations of totarol on the production of a-hemolysin and the
two major enterotoxins, SEA and SEB, by S. aureus in a
dose-dependent manner. Moreover, an enzyme linked
immunosorbent assay showed that the TNF-o production of
RAW?264.7 cells stimulated by S. aureus supernatants was
inhibited by subinhibitory concentrations of totarol. Form
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the data, we propose that totarol could potentially be used
as a promising natural compound in the food and phar-
maceutical industries.
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Introduction

Staphylococcus aureus (S. aureus), a major pathogen, is a
leading cause of both community- and hospital- acquired
infections associated with high morbidity and mortality
rates (Koszczol et al. 2006; Qiu et al. 2010). This pathogen
is capable of causing a wide spectrum of clinical illnesses,
including skin and soft tissue lesions, and even food-borne
illness (Balaban and Rasooly 2000; Le Loir et al. 2003). In
part, the diversity depends on the secretion of a broad
spectrum of soluble extracellular proteins. These proteins
include enterotoxins, hemolysins, toxic shock syndrome
toxin 1, and others (Koszczol et al. 2006). o-hemolysin is
secreted by S. aureus as a water-soluble monomer that
assembles into a heptamer to form a transmembrane pore
on a target membrane (Kawate and Gouaux 2003). The
staphylococcal enterotoxins (SEs), a family of nine major
serological types of heat stable enterotoxins, are a group of
major virulence factors (Larkin et al. 2009), including
staphylococcal enterotoxin A (SEA), staphylococcal
enterotoxin B (SEB), SEC (SEC1, SEC2, SEC3), SED,
SEE, SEG and SEH produced by S. aureus throughout the
logarithmic phase of growth and during the transition from
the exponential to the stationary phase in a growth-phase-
dependent manner (Novick et al. 2010; Koszczol et al.
2010). These toxins cause staphylococcal gastroenteritis,
toxic shock-like syndromes, several allergic and
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autoimmune diseases and food poisoning in humans. Thus,
there is a continuing and urgent need to discover new and
improved antimicrobial agents to treat S. aureus illnesses,
with potential benefits for both the food and pharmaceuti-
cal industries (Smith-Palmer et al. 2004).

Totarol, a traditional Chinese medicinal herb, is an
antibacterial novel phenolic diterpenes, and it is isolated
from Podocarpus spp. and a variety of other sources
(Jaiswal et al. 2007). Previous studies (Constantine et al.
2001) have shown that totarol could be a potentially
effective antimicrobial against S. aureus and could be used
to treat clinical illnesses and avoid food spoilage, and it
may to be the most potent agent against S. aureus (Muroi
and Kubo 1996). And new totarol type diterpenes also
showed good antibacterial activity (Sato et al. 2008).
Moreover, totarol is approved for use as an antimicrobial
additive in several consumer products, including toothpaste
and acne treatments (Kim and Shaw 2010).

It has long been known that certain antibiotics can
influence the expression of staphylococcal exotoxins.
However, to our knowledge, the effects of totarol on the
secretion of o-hemolysin and enterotoxins by S. aureus
remain uncharacterized. Therefore, in this study, we aimed
to assess and investigate the influence of subinhibitory
concentrations of totarol on the production of the major
enterotoxins, SEA and SEB, and a-hemolysin, by methi-
cillin-sensitive S. aureus (MSSA) and methicillin-resistant
S. aureus (MRSA). The importance of the other entero-
toxins of SEs are inferior to SEA and SEB, so we didn’t
study for the time being. The MRSA strains 1862, 3625,
1980 and the MSSA strain ATCC 29213 were selected for
real-time reverse transcriptase-PCR (real-time RT-PCR),
western blotting, and tumour necrosises factor alpha (TNF-
o) release assays in order to avoid overlooking the potential
strain-specific differences and reactivity ranges.

Materials and methods
Bacterial strains and reagents

Nine clinical MRSA isolates were obtained from the First
Hospital of Jilin University from the blood samples of
infected patients. The quality control strain, the MSSA
strain ATCC 29213, was obtained from the China Medical
Culture Collection Center. Totarol was purchased from
Sigma-Aldrich, and stock solutions at various concentra-
tions were dissolved in dimethyl sulfoxide (DMSO)
obtained from Sigma-Aldrich. Mueller—Hinton (MH) broth
used to test antimicrobial susceptibility according to
Clinical and Laboratory Standards Institute guidelines
(CLSI 2009) and lysogeny broth (LB) used to enrich and
cultivate S. aureus in order to reached at the post-
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exponential growth phase were purchased from Qingdao
Hope Bio-Technogy Co., Ltd.

Antimicrobial susceptibility testing

The minimal inhibitory concentrations (MICs) of totarol
for S. aureus ATCC 29213 and MRSA strains, which have
the potency to produce o-hemolysin, SEA and SEB, were
evaluated in triplicate by the broth microdilution method
adapted from previous researchers and in accordance with
the CLSI. The test was performed in 96-well flat-bottomed
microtitration plates. In brief, target strains were inoculated
on MH agar and grown overnight at 37 °C. Totarol were
prepared in MH broth to obtain graded subinhibitory con-
centrations by serial two-fold dilutions. S. aureus were
grown and diluted in MH broth to 10° CFU mL™". A total
of 50 pL of the graded totarol dilutions was added to
individual wells of a 96-well microtiter plate in triplicate.
Then, the 50 pL of a bacterial culture was added to each
well. Finally, the plate was inoculated aerobically at 37 °C
for 24 h. The MICs were defined as the lowest concen-
tration of totarol at which no visible growth was observed.

Hemolysis assay

Hemolytic activity was determined based on a method
previously described with rabbit erythrocytes (Worlitzsch
et al. 2001). The isolated MRSA 1862 selected in this assay
was cultured in the presence of graded subinhibitory con-
centrations of totarol in LB at 37 °C until the post-expo-
nential growth phase was reached (ODggy = 2.5,
equivalent to 1.0 x 10° CFU mL™"). Hemolytic activities
of bacterial culture supernatants were evaluated according
to the method of Rowe and Welch (Rowe and Welch
1994). The bacterial culture supernatants were collected
after centrifugation (5500x g, 4 °C, 1 min), and before the
addition of 25 pL of defibrinated rabbit blood, a 100 pL of
bacterial culture supernatant was added to 875 uL of
phosphate-buffered saline (PBS) buffer. And then, they
were incubated for 30 min at 37 °C. Following centrifu-
gation (5500x g, 4 °C, 1 min), the hemolytic activity was
detected by measuring the optical density at 543 nm of the
supernatant. The positive control, totarol-free culture
supernatant, served as the 100 % hemolysis control, and
the percent hemolysis was calculated by comparison with
the positive control culture. The PBS buffer served as a
negative control.

Real-time RT-PCR assay
The MRSA 1862, MRSA 3625, MRSA 1980 and ATCC

29213 were cultivated in LB in the presence or absence of
graded subinhibitory concentrations of totarol (0.25, 0.5
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and 1 pg mL™") to the post-exponential growth phase for
approximately 8 h. The totarol-free culture with DMSO
served as control. Total RNA from S. aureus strains treated
with graded subinhibitory concentrations of totarol were
extracted using the TRIzol RNA isolation kit (Life Tech-
nologies) as described in the manufacturer’s manual (Yeh
and Yen 2006). The primer pairs which have already been
published by Qiu et al. (2010) used in quantitative RT-PCR
are listed in Table 1. In brief, RNA was reverse transcribed
into cDNA using the Takara RNA PCR kit (Takara, Kyoto,
Japan). The PCR reactions were performed in 20 pL total
volume and contained SYBR Premix Ex TaqTM (Takara).
The reactions were performed using the 7000 Sequence
Detection System. The cycling conditions were as follows.
Stage 1: cycle at 95 °C for 30 s; Stage 2: 40 cycles at
95 °C for 5 s, 60 °C for 34 s; Stage 3: one dissociation step
of 95 °C for 15 s, 60 °C for 30 s, and 95 °C for 15 s. All
samples were analyzed in triplicate and normalized against
16S rRNA expression. Relative expression levels were
determined by the (AACt) method described in Applied
Biosystems User Bulletin (Livak and Schmittgen 2001).
All samples were measured in triplicate.

Western blot assay

The MSSA strain ATCC 29213 and MRSA 1862, MRSA
3625, MRSA 1980 were grown in LB ensured that the
bacterial could reach at the post-exponential growth phase.
After overnight incubation, S. aureus strain ATCC 29213
and MRSA strains were adjusted to an optical density of
0.05 at 600 nm with fresh LB. The culture samples were
supplemented with subinhibitory concentrations of totarol
(0.5, 1 and 2 pg mL™"), and collected from post-expo-
nential growth-phase cultures (ODgog nm Of 2.5, equivalent
to 1.0 x 10° CFU mL_l), the bacteria incubated with
totarol about 12 h. The totarol-free culture with DMSO
served as control. The 100 % of trichloroacetic acid was

Table 1 Primers used for Real-time RT-PCR in the study

added to the culture supernatants, with a final concentration
of 10 %. After overnight incubation at 4 °C, the precipitate
was centrifuged at 8500x g for 30 min at 4 °C. Then, the
precipitate was washed with ice-cold ethanol. After
recentrifugation and drying, it was dissolved in 0.5 ml of
0.1 M Tris. Western blotting was performed as described
previously (Sun et al. 2010). For Western blotting, proteins
in equal volumes of culture supernatants (28 plL) were
subjected to sodium dodecyl sulphate-polyacrylamide
(12 %) gel electrophoresis (SDS-PAGE) at 120 V. Then
electrophoretically transferred into polyvinylidene fluoride
(PVDF) membranes in transfer buffer using a semidry
transfer cell (Bio-Rad, Munich, Germany) at 15 V for
40 min. After blocking with 5 % skimmed milk with
shaking slowly, PVDF membranes were incubates with a-
hemolysin, SEA, SEB antibodies diluted to 1:8000,
1:10,000 and 1:5000 with 5 % skimmed milk according to
the manufacturers were incubated overnight at 4 °C. Then,
the membranes were incubated with HRP-conjugated goat-
anti rabbit antiserum as the secondary antibody. Finally,
the reacted patterns were visualized with ECL substrate
(Beyotime), and the images were obtained using a
CanoScan LiDE 100 scanner (Canon). Protein blots were
measured using the Image-J software in order to obtain
accurate results (Huang et al. 2013).

TNF-a release assay

TNF-a release assay was performed according to a modi-
fied method described previously (Bernardo et al. 2004).
Briefly, the MRSA 1862, MRSA 3625, MRSA 1980 were
grown overnight in fresh LB until the optical density at
600 nm reached over 2.5. Then, the S. aureus were diluted
30-fold into 40 mL of DMEM, respectively. After incu-
bation at 37 °C for 30 min with constant shaking, the S.
aureus supernatants diluted by DMEM cultures were
divided into 10 mL portions in four triangular flasks. The

Genes Product Primer Sequence Location within gene
16S rRNA 16S rRNA-fw 5'-GCTGCCCTTTGTATTGTC-3' 287-305
16§ rRNA-rv 5'-AGATGTTGGGTTAAGTCCC-3’ 446-465
agrA agrA-fw 5'-TGATAATCCTTATGAGGTGCTT-3’ 111-133
agrA-rv 5'-CACTGTGACTCGTAACGAAAA-3' 253-274
hla a-hemolysin hla-fw 5'-TTGGTGCAAATGTTTC-3' 485-501
hla-rv 5'-TCACTTTCCAGCCTACT-3' 569-586
sea Staphylococcal enterotoxin A sea-tw 5'-ATGGTGCTTATTATGGTTATC-3' 335-356
sea-rv 5'-CGTTTCCAAAGGTACTGTATT-3' 477-498
seb Staphylococcal enterotoxin B seb-fw 5'-TGTTCGGGTATTTGAAGATGG-3’ 480-501
seb-rv 5'-CGTTTCATAAGGCGAGTTGTT-3' 612-633
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culture samples were supplemented with subinhibitory
concentrations of totarol (0.25, 0.5 and 1 ug mL™"), the
totarol-free culture with DMSO served as control. Then,
the cultures were further incubated at 37 °C for 4 h with
constant shaking. Finally, the S. aureus strains were cen-
trifugated at 1000xg for 5 min, and the supernatants
containing secreted proteins were filtered through a 0.2-pm
pore-size filter. A total of 10° (200 pL) RAW?264.7 mac-
rophage cells were seeded into 96-well tissue culture
plates. After cell adherence, the 50 pL. of MRSA strains
culture supernatants with graded subinhibitory concentra-
tions of totarol were added into the fresh DMEM medium
and incubated at 37 °C for 16 h. Then, the supernatants
were collected and centrifuged at 1000x g for 5 min. TNF-
o in the supernatants were measured using mouse TNF-o
Platinum ELISA (eBioscience, USA) in accordance with
the instructions of the manufacturer, respectively. As a
comparison, ATCC 29213 was also performed in TNF-a
release assay.

Results

Effects of subinhibitory concentrations of totarol
on S. aureus growth

The antibacterial activity of totarol against nine different
MRSA strain isolates and the MSSA strain ATCC 29213
were assessed. The MIC values of totarol against S. aureus
are shown in Table 2. According to these results, we
concluded that the MIC values of totarol against S. aureus
strains were 2—4 pg mL~'. Totarol could be a kind of
antimicrobial agent, because it has the potential to act
against S. aureus, which causes clinical illnesses and food
spoilage.

Table 2 In vitro totarol against MRSA strain isolates and ATCC
29213

Strains MIC (range) of
compoud (ug mL™")

S. aureus 3101 2 (2-4)

S. aureus 3625 2 (1-2)

S. aureus 2985 2 (24

S. aureus 3629 2 (24

S. aureus 3015 4 (2-4)

S. aureus 3701 2 (24

S. aureus 3303 2 (24

S. aureus 1980 2(2)

S. aureus 1862 2(2)

S. aureus ATCC 29213 2 (2-4)
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Totarol attenuates hemolysis by S. aureus
by decreasing the production of a-hemolysin

The MRSA 1862, a clinical MRSA strain which was
chosen to be representative in this assay, was cultured with
increasing subinhibitory concentrations of totarol, and the
bacterial culture supernatants were subjected to hemolysis
assay. Hemolytic ability of S. aureus MRSA 1862 super-
natants assay showed totarol could obviously inhibit
hemolytic effects with the red cell of rabbit co-incubation
for 30 min at 37 °C (Fig. 1a). As shown in Fig. 1b, and the
hemolytic percent in positive control for MRSA 1862
served as 100 %. Compared to the positive control, when
cultured with 0.25, 0.5 and 1 pg mL~! of totarol, the
percentage of hemolysis was reduced to 95.6, §1.5 and
26.5 %, respectively. For the negative control, the per-
centage of hemolysis was 5.9 %. As expected, a dose-de-
pendent attenuation of hemolysis was observed in the
tested strain. In addition, totarol itself did not cause
haemolysis of rabbit erythrocytes at 0.5 or 1 pg mL™'
concentrations (data not shown).

Totarol represses the transcription of agrA, hla, sea
and seb by S. aureus

Real-time RT-PCR analysis was used to quantify mRNA
levels of hla, sea and seb which regulated the expression of
o-hemolysin, SEA and SEB in S. aureus MRSA 1862,
MRSA 3625 MRSA 1980 and ATCC 29213 cultures after
treatment with different subinhibitory concentrations of
totarol. However, the expression of hla, sea and seb are
positively regulated by the agr two-component system
(Bronner et al. 2004; Sambanthamoorthy et al. 2006).
Therefore, the transcription of agrA was also evaluated. As
shown in Fig. 2, as expected, totarol markedly decreased
the transcription of agrA, hla, sea and seb in MRSA strains
and ATCC 29213 in a dose-dependent manner. For
example, when cultured with increasing subinhibitory
concentrations of totarol against ATCC 29213, the tran-
scriptional levels of hla were reduced to 73.2, 52.3 and
12.5 % compared to the negative control, respectively; and
the transcriptional levels of hla in MRSA 1980 were
reduced to 74.3, 52.7 and 15.2 % compared to the negative
control, respectively. Our data indicate that totarol acts as a
potential inhibitor of the transcription of exotoxin genes
agrA, hla, sea and seb.

Totarol represses the expression of a-hemolysin,
SEA and SEB

To determine whether the reduced hemolytic activities of
S. aureus culture supernatants in the presence of various
subinhibitory concentrations of totarol were due to the
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(a)

0.25 0.5 1

control

negative

Fig. 1 Hemolytic activities of MRSA 1862 culture supernatants
grown in the presence or absence of totarol. Qualitative analysis
(a) and quantitative analysis (b). Haemolysis of rabbit erythrocytes by
culture supernatants of MRSA 1862 in the absence or presence of

diminished production of o-hemolysin, the culture super-
natants were subjected to western blot analysis, and
supernatants were prepared in the same manner as for the
haemolysis assay. As exotoxins are secreted during post-
exponential growth principally, S. aureus ATCC 29213 and
MRSA strains were grown with graded subinhibitory
concentrations of totarol to an ODggo of 2.5. As shown in
Fig. 3, the results revealed that totarol at subinhibitory
concentrations was effective at inhibiting o-hemolysin,
SEA and SEB secreted by MRSA 1862, MRSA 3625,
MRSA 1980 and ATCC 29213 in a dose-dependent man-
ner. For example, growth in the presence of 0.25 pg mL ™"
totarol did not result in a measurable reduction in o-he-
molysin, SEA and SEB secreted by ATCC 29213. But at
1 ug mL™", the production of immunoreactive protein
decreased obviously both for MRSA 1862 and ATCC
29213. Exoproteins produced by MRSA 3625 and MRSA
1980 were also decreased obviously, and the amount of
SEB was less than SEA and a-hemolysin produced by
MRSA 1980. In order to aquire accurate results, we used
the Image-J software. As shown in Fig. 3b, d, f, h, the
grayscale percentages were decreased obviously compared
to the control.

Totarol reduces TNF-a release

It has been shown that SEs secreted by S. aureus stimulate
cells of the immune system such as macrophages resulting
in the release of TNF and other proinflammatory cytokines
(Balaban and Rasooly 2000; Bernardo et al. 2004; Dinges
et al. 2000). Therefore, TNF-a release assay was carried
out to elucidate the biological relevance of the reduction in
a-hemolysin, SEA and SEB secretion induced by totarol.
As shown in Fig. 4, the levels of TNF-o release were
reduced when RAW?264.7 cells were cultured with super-
natant from S. aureus treated with increasing subinhibitory

(b) 120

Hemolysin percentage (%)

100 A *
80 *
60 -
40 * %
" [
positive 0.25 0.5 1 negative

Totarol (ug mL1)

graded concentrations of totarol. Values represent the mean + SD for
three independent experiments. Student’s paired ¢ test was used to
compare each culture with totarol to the untreated culture (*P < 0.05;
**P < 0.01)

concentrations of totarol (0.25-1 pg mL™", totarol-free
culture with DMSO served as control). When subjected to
0.25, 0.5, 1 yg mL™" of totarol, the amount of TNF-o
released from RAW264.7 macrophage cells stimulated by
S. aureus strain ATCC 29213 was decreased to 85.88,
59.15 and 49.75 % compared to control cultures, respec-
tively; for MRSA 1862, it was decreased to 66.62, 37.42,
and 32.56 %, respectively; for MRSA 3625, it was
decreased to 71.77, 40.05 and 37.14 %, respectively; and
for MRSA 1980, it was decreased to 80.56, 42.25 and
39.37 %, respectively. However, treatment with totarol
alone did not cause the release of TNF-o at concentrations
of 0.5 or 1 pg mL™" (data not shown). Totarol diminished
the TNF-a activity of S. aureus supernatants in a dose-
dependent manner. The result was in accordance with
western blot assay and real-time RT-PCR assay.

Discussion

Staphylococcus aureus is a major cause of hospital
acquired (nosocomial) infection of surgical wounds and
infections associated with indwelling medical devices. A
large number of virulence factors produced by S. aureus
may contribute to its pathogenesis and play a significant
role. As a consequence, the ability of S. aureus to cause
food poisoning depends on the secretion of virulence fac-
tors including SEs and others (Dinges et al. 2000). More-
over, staphylococcal gastroenteritis and food poisoning do
not result from the ingestion of S. aureus itself but rather
from enterotoxins that are preformed within the food
(Smith-Palmer et al. 2004). Consequently, the clinical
performance with respect to food poisoning of antibiotics
used for the treatment of S. aureus infections lies not only
on their bacteriostatic/bactericidal effects but also on their
ability to prevent the release of virulence factors from
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dying or stressed bacteria (Bernardo et al. 2004). Among
the extracellular proteins produced by S. aureus, o-he-
molysin is the key factor responsible for the hemolysis,
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«Fig. 2 Relative expression levels of agrA, hla, sea and seb in ATCC

29213 (a), MRSA 1862 (b), MRSA 3625 (¢) and MRSA 1980
(d) with graded subinhibitory concentrations of totarol. Bars show the
mean values of the experiments (n = 3). Error bars show the
standard deviation. * Indicates P < 0.05, and ** indicates P < 0.01
when compared with the drug-free group

while SEs are the major toxins that can act as superanti-
gens, inducing macrophages to release proinflammatory
cytokines, including TNF-a (Balaban and Rasooly 2000;
Dinges et al. 2000; Bernardo et al. 2004). Like most
staphylococcal exoproteins, a-hemolysin and SEs are not
expressed constitutively, but are primarily secreted during
the post-exponential growth phase (Ohlsen et al. 1997). a-
hemolysin has an essential influence on S. aureus pneu-
monia, as strains lacking this toxin are attenuated virulent
in a murine model of lung disease (Wardenburg et al. 2007;
Qiu et al. 2012). Up to now, a few published reports on the
biological activities of totarol have referred to its antimi-
crobial properties. Totarol has been found to exhibit potent
antibacterial activity against a number of Gram-positive
bacteria, including S. aureus strains, both the penicillin-
susceptible and penicillin-resistant strains (Kubo et al.
1992). Dufour et al. (2003) have previously reported that
although the combination of totarol and nisin or lactoper-
oxidase system did not present the potent antimicrobial
activity, it did show a modest enhancement of activity
against a number of organisms, particularly the Gram-
negative organisms. Smith et al. (2007) have suggested that
totarol would be a good lead candidate for further devel-
opment in the search for effective drugs against resistant S.
aureus, but the combination of totarol and other compouds
could be more effective. Therefore, the synergistic action
of totarol and more compouds is necessary to research in
our further investigations. Currently in the food industry,
there is a tendency in food processing to avoid the addition
of chemical preservatives. The traditional use of plants
provides a basis for identifying types of plant extracts
useful for specific food purposes. Historically, many plant
extracts have been reported to have antimicrobial proper-
ties (Hoffman 1987). In addition, the renewal of interest in
the food industry and the increasing consumer demand for
effective and safe natural products means that quantitative
data on plant extracts are required (Bajpai et al. 2008).
According to our study, our research has determined that
the MIC values of totarol against several S. aureus strains
ranged from 2 to 4 ug mL~". Previous study have shown
that totarol exhibited good antibacterial activity, with an
MIC of 2 pg mL ™! against S. aureus (Smith et al. 2007),
and it is in accordance with our results. Compared with
previous data, we found that the antimicrobial activity of
totarol was better than that of licochalcones (the MICs of
licochalcones A and B are 16 and 128 pg mL_l,
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Fig. 3 Western blot analysis of
o-hemolysin, SEA and SEB
secretion by S. aureus strain
ATCC 29213 (a, b), MRSA
1862 (c, d), MRSA 3625 (e,
f) and MRSA 1980 (g, h) after
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respectively) (Hatano et al. 2000), fennel oil (the MIC of
fennel oil for S. aureus strains was evaluated and ranged
from 64 to 256 ng mL™") (Qiu et al. 2012), and farrerol
(4-16 pg mL™") (Qiu et al. 2011). Moreover, it has been
demonstrated that totarol possessed low toxicity, the half
maximal inhibitory concentration (ICsg) of totarol was

7.5 ug mL™" (Gordien et al. 2009). In the present study,
through transcriptional, expressional and phenotypic anal-
yses, we concluded that subinhibitory concentrations of
totarol reduce a-hemolysin, SEA and SEB secretion in S.
aureus ATCC 29213 and MRSA 1862, 3625, 1980 in a
dose-dependent manner. Based on the result of the
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4000 + WATCC 29213 the mechanism of antibacterial activity of totarol claimed
3500 - OMRSA 1862 cell wall biosynthesis as a possible target. Micol et al.

SMRSA 3625 (2001) have indicated that totarol may act by disrupting the
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2500 -

TNF-0 Release (pgmL-!)
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Fig. 4 TNF-a release from RAW264.7 subjected to supernatants of
S. aureus strains ATCC 29213 and MRSA 1862, MRSA 3625, MRSA
1980 grown to an ODggonm Of 2.5 in the presence or absence of
increasing concentrations of totarol in DMEM. 24 h later, TNF-a
release was measured by ELISA. Values represent the mean + SD for
three independent experiments. Student’s paired ¢ test was used to
compare each culture with totarol to the untreated culture (*P < 0.05;
**pP < 0.01)

qualitative analysis by hemolysis assay, according to the
naked eye, the hemolytic activity of S. aureus MRSA 1862
culture supernatant was decreased by totarol in a dose-
dependent manner, consistent with the results of quantita-
tive analysis. The real-time RT-PCR showed that the genes
agrA, sea, seb, and hla were notably inhibited at the
transcriptional level by totarol in a dose-dependent manner.
Previous studies (Oliveira et al. 2006) showed that agrA,
hla, sea and seb were the most commonly used real-time
RT-PCR amplification targets for the detection of S. aureus
isolated from humans and food. Our data indicate that
totarol acts as a potential inhibitor of the transcription of
the exotoxin genes agrA, hla, sea and seb. From the results
of western blot assay, we concluded that totarol was
effective at inhibiting a-hemolysin, SEA and SEB secreted
by both MRSA 1862, MRSA 3625, MRSA 1980 and
ATCC 29213 in a dose-dependent manner. All in all, the
results showed the capacity of totarol at subinhibitory
concentrations to decrease the production of key virulence
factors secreted by S. aureus in a dose-dependent manner.
TNF release assay was performed to elucidate the biolog-
ical relevance of the reduction in SEA and SEB secretion
induced by totarol. Our results indicated that TNF-o pro-
duction by RAW264.7 cells stimulated with S. aureus
supernatants containing SEA and SEB was inhibited by
subinhibitory concentrations of totarol.

Although the antimicrobial activity of totarol against
S.aureus has been demonstrated previously, and in this
research, the inhibition of ao-hemolysin, SEA and SEB
production by totarol was also proved, the mode of
antimicrobial action of totarol and inhibitory effect of
totarol on exotoxin have not known yet. Several studies on
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phospholipid membrane of bacteria, which led to loss of
membrane integrity. Haraguchi et al. (1996) have presented
the inhibition of bacterial respiratory transport, but Shapiro
and Guggenheim (1998) have found that totarol inhibits
growth of anaerobic bacteria. Although different mecha-
nisms for the antibacterial action of totarol have been
proposed by several investigators, its antibacterial mecha-
nism of action is far from clear. Thus, further studies about
the mode of antimicrobial action of totarol should be per-
formed. In addition, the mechanism of inhibitory effect of
totarol on exotoxin remains to be determined, and it is
worth to do further experiments.

The research is an area of growing interest, especially as
the antimicrobial properties of totarol against a wide range
of pathogens are becoming increasingly recognized and
their potential application to foods is investigated. Taken
together, it is uncommon that totarol have such powerful
antimicrobial activities on both MSSA and MRSA, and in
view of its antimicrobial properties and antitoxin activity,
totarol has the potential to be used as a food preservative
and contributes to ensure the safety of foods, and further-
more, it also could be used as an important compound for
the design of potent antibacterial agents to fight drug-re-
sistant S. aureus strains.

Conclusions

In conclusion, totarol exhibits obvious inhibitory action
against S. aureus growth and secretion of o-hemolysis,
SEA and SEB. In view of the broad spectrum of antimi-
crobial activities of totarol reported previously and the
findings reported in this study, we propose that totarol
could be used in the food and pharmaceutical industries.
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