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Inhibition of Staphylococcus aureus biofilm by carvacrol
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Abstract: [Background] Biofilm is a form of bacterial self-protection, which can enhance the resistance
of bacteria to antibiotics and host immune response, and causes bacterial resistance and persistent
infection. [Objective] To provide a reliable theoretical basis for the development of new natural
antibacterial drugs, the inhibition mechanism of carvacrol on the biofilm formation of Staphylococcus
aureus was explored. [Methods] Crystal violet staining was used to detect the inhibitory effect of
carvacrol on biofilm formation and the clear effect on mature biofilm of tested strains. We used congo red
agar to detect the influence of carvacrol on polysaccharide intercellular adhesion (PIA) formation, and
used spectrophotometer to detect the influence of carvacrol on extracellular DNA (eDNA) release.
RT-PCR analysis was used to determine the effect of carvacrol on the transcription levels of icad, cid4 and
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sarA. [Results] Carvacrol has strong effects on the inhibition of biofilm formation and the removal of
mature biofilm. The inhibition of PIA synthesis and eDNA release by carvacrol at 256 pg/mL was
significant. Carvacrol can inhibit the formation of biofilm by inhibiting the transcription of related genes.
When carvacrol was 64 pg/mL, the transcription level of sard decreased by 60.44%+2.91%, cidA by
76.48%=1.67%, and icaAd decreased by 70.00%+1.94%. [Conclusion] Carvacrol had significant inhibitory
and removal effects on the biofilm of Staphylococcus aureus 25923. Its mechanism is to inhibit the synthesis
of PIA and the release of eDNA by reducing the transcription levels of icad, sar4 and cidA genes.
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Table1 PCR primers

Primer  Sequence (5'—3') Length (bp)
icaA-F  TTTCGGGTGTCTTCACTCTAT 229

icaA-R  CGTAGTAATACTTCGTGTCCC

cid4-F  GATTTTTCATCTTCCCTTAGCCG 300

cid4-R ~ GCGTCTACACCTTTACGATGTTTAT

sarA-F  TTGTTTTCGCTGATGTAT 100

sarA-R ~ CAATGGTCACTTATGCTG
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Figure 1 The effect of carvacrol with different
concentrations on the biofilm-forming ability of
Staphylococcus aureus
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Note: **: Compare with blank control group, P<0.01, ¢ test.
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Figure 2 The time analysis of biofilm formation of

Staphylococcus aureus by different concentration of
carvacrol
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Figure 3 The effect of different concentration of carvacrol
on the biofilm clearance of Staphylococcus aureus
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Table 2 Effects of carvacrol and oxacillin on mature biofilm of Staphylococcus aureus (X £SD, n=3)

Oxacillin concentration Carvacrol concentration (pg/mL)

(ng/mL) 0 32 64 128 256 512

0 1.607:£0.045 0.948+0.118"°  0.905+0.197°  0.997+0.128"  0.608+0.038""  0.424+0.038"
0.125 1.900£0.032”°  1.801+0.391 2.113+0.402 1.473+0.306 0.520£0.096"  0.476+0.006
0.250 2.161+0.069"  1.891+0.105" 1.717+0.517 0.601+0.072  0.547+£0.085"  0.462+0.011"
0.500 1.313+0.107" 1.182+0.380"  0.417+0.0197  0.567+0.028"  0.559+0.102°°  0.441+0.093"
1.000 0.644+£0.028"  0.574+0.098"  0.497£0.051"  0.574£0.085"  0.569+0.022"  0.489+0.051"
2.000 0.535£0.046"  0.510£0.085"  0.528+0.124"  0.593+0.067"  0.419+0.901"  0.402+0.076"
Heoer s Hasxt B, P<0.01, #; *: S IBAMELE:, P<0.05, 165

Note: **: Compare with blank control group, P<0.01, # test; *: Compare with blank control group, P<0.05, ¢ test.
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Figure 4 Effect of carvacrol on PIA in Staphylococcus aureus biofilm
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Figure 5 Effect of carvacrol on eDNA secretion in

Staphylococcus aureus biofilm
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Note: **: Compare with blank control group, P<0.01, ¢ test.
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Figure 6 Effects of carvacrol on the transcriptional level
of Staphylococcus aureus biofilm related genes
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