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conducted in triplicate for each group. After 5 days of incubation, the plates were photographed to record the growth of the bacterial 
colonies. 

2.4. Membrane permeability assay 

A 500 μL P. gingivalis suspension (107 CFU/mL) was added to a 1.5 mL centrifuge tube and then incubated with 500 μL TC solution 
at 1/4 ×MIC, 1/2 × MIC, 1 × MIC, and 2 ×MIC, individually, under a 37 ◦C anaerobic environment for 4 h. P. gingivalis suspension and 
culture medium were mixed in equal volumes (500 μL each), serving as the control. Propidium iodide (PI; Molecular Probes, Eugene, 
OR, USA) was incubated with suspension in each group for 15 min in the dark, and the stained bacteria were observed using a confocal 
laser scanning microscope (CLSM; Zeiss LSM 880, Germany). The excitation/emission wavelength was 543 nm for PI. 

2.5. Morphological changes in P. gingivalis 

After P. gingivalis suspensions (107 CFU/mL) were co-cultured with TC solution at 1/4 × MIC, 1/2 × MIC, and 1 × MIC for 4 h 
individually, the bacteria were collected by centrifugation at 3000 rpm for 5 min at 4 ◦C. Subsequently, the pellets were separately 
fixed with 2.5 % v/v glutaraldehyde at 4 ◦C for 12 h. For the observation of the morphological changes using scanning electron 
microscopy (SEM), the samples were dehydrated in a series of ethanol solutions (30 %, 50 %, 70 %, 80 %, 90 %, and 95 % once for 15 
min each, followed by 100 % ethanol twice for 20 min each), and then dried at the CO2 critical point. Finally, the samples were sputter- 
coated with gold and viewed using SEM (SU3050, Hitachi, Japan). Moreover, for transmission electron microscopy (TEM) observation, 
the samples were washed with phosphate buffered solution (PBS) and then fixed in 1 % (w/v) osmium tetroxide (OsO4) for 2 h. After 
sequential dehydration in a series of ethanol solutions followed by acetone (80 %, 90 %, and twice in 100 % for 15 min each), the 
samples were embedded and sliced at approximately 70 nm using an ultrathin microtome (Leica EM UC7, Germany). Subsequently, 
these sections were stained with lead citrate solution and 50 % ethanol-saturated solution of uranium dioxide acetate for 10 min. After 
drying, the samples were scanned using TEM (HT7800, Hitachi, Japan) at 80 kV. 

2.6. Overall biomass of biofilms 

A 500 μL P. gingivalis suspension (107 CFU/mL) was seeded with 500 μL TC at 1/4 × MIC, 1/2 × MIC, and 1 × MIC in each well of a 
24-well tissue culture plate. After co-culturing under a 37 ◦C anaerobic environment for 48 h, supernatants were discarded, and 250 μL 
crystal violet solution (0.1 % v/v, Sangon Biotech, China) was added to each well for 15-min incubation at room temperature. After 
washing thrice with PBS, 250 μL of 95 % ethanol (v/v, Tong Cheng Chemical Agent Co., Ltd., China) was added to each well for 15 min. 
Subsequently, the solutions were transferred to a 96-well plate, and the overall biomass was estimated using a microplate reader at 
595 nm. The experiment was conducted in triplicate for each group. 

2.7. Metabolic activity of biofilms 

After co-culturing 500 μL P. gingivalis suspensions (107 CFU/mL) with 500 μL TC at 1/4 × MIC, 1/2 × MIC, and 1 × MIC for 48 h 
individually, the culture supernatants were removed, and 250 μL MTT (0.5 mg/mL, Sangon Biotech, China) was added to each well for 
4-h incubation at 37 ◦C in the dark. Subsequently, each well was washed with PBS thrice, and 250 μL dimethyl sulfoxide (DMSO, Tong 
Cheng Chemical Agent Co., Ltd., China) was added to each well to dissolve the formazan crystals, and was shaken for 15 min. Finally, 
the DMSO supernatants were transferred to a 96-well plate, and the OD values were recorded at a wavelength of 490 nm. The 
experiment was conducted in triplicate for each group. 

2.8. Live/dead fluorescence staining of biofilms 

500 μL P. gingivalis suspensions were inoculated into confocal dishes and cultured with 500 μL TC at 1/4 × MIC, 1/2 × MIC, and 1 ×
MIC, individually. After 48 h, the LIVE/DEAD BacLight Bacterial Viability Kit (Molecular Probes, Eugene, OR, USA) was used to stain 
live and dead bacteria in biofilms formed by different groups. According to the manufacturer’s instructions, a mixed solution of PI and 
SYTO 9 (1.5 μL each diluted in 1 mL of ddH2O) was incubated with bacteria from different groups for 15 min in the dark, and sub
sequently, the biofilm structure was observed using CLSM. The excitation/emission wavelengths were 543 and 488 nm for PI and SYTO 
9, respectively. 

2.9. Transcriptome sequencing analysis 

The experiment samples were divided into two groups. P. gingivalis grown in a normal culture medium was used as the control 
group, whereas those cultured with TC at 1/2 ×MIC were the test group. After 48 h of incubation, P. gingivalis cells from the two groups 
were harvested and processed for transcriptome sequencing analysis, which was conducted in triplicate for each group. Total RNA was 
extracted using TRIzol reagent (Sigma, USA) from P. gingivalis cells according to the manufacturer’s protocol.The quality and con
centration of extracted RNA were analysed using a Nanodrop 1000 (Thermo Scientific Inc., Wilmington, DE, USA), and the integrity 
was verified by agarose gel electrophoresis. After the quality inspection, an RNA library was constructed using standard procedures. 
The samples were operated in Novaseq 6000 (Illumina, USA). The original data were converted into FASTQ format. Based on the 
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