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Antimicrobial activity of P-113 against bacterial flora of the human oral cavity 

 

Abstract  

Periodontitis is a chronic disease associated with dental biofilm formation by 

bacteria. The primary clinical signs include plaque formation, gingivitis, gingival 

bleeding, and attachment loss. P-113, a 12-amino acid antimicrobial peptide, is 

derived from Histatin 5 (Hst5) secreted by the human parotid and submandibular 

salivary glands and has been reported to reduce plaque formation, gingivitis, and 

gingival bleeding. This study aimed to investigate the effect of P-113 on 

periodontal disease-associated bacteria and the relative abundance of bacteria using 

real-time polymerase chain reaction (real-time PCR) and Matrix-assisted laser 

desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS). Saliva 

samples were collected from participants for analyses. Real-time PCR results showed 

significant changes in the abundance of the periodontal disease-associated bacteria, 

Fusobacterium nucleatum and Tannerella forsythia, after the use of the P-113 

mouthwash. After culturing in an anaerobic environment, MALDI-TOF MS analysis 

was performed. The results showed that the relative abundance of Streptococcus mitis 

decreased and that of beneficial Streptococcus salivarius increased after the use of the 

P-113 mouthwash. These results indicate the potential of P-113 mouthwash as a 

treatment that can influence the proportion of pathogens and probiotics to establish 

equilibrium in the salivary environment.  
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1.1. Introduction 

Periodontal disease has a negative impact on the overall quality of life. 

Periodontal diseases are highly prevalent, affecting up to 90% of the global 

population. In Taiwan, 98.6% of the population has oral-cavity problems [1]. Quality 

of life is affected by disabilities resulting from periodontal disease, such as tooth loss, 

periodontal ligament loss, and destruction of the surrounding alveolar bone [2]. 

Furthermore, periodontal disease not only affects the oral cavity, but is also correlated 

with multiple systemic diseases, such as diabetes, cardiovascular diseases, premature 

birth, and rheumatoid arthritis [3]. Therefore, its high prevalence, related disabilities, 

and association with systemic diseases have made the periodontal disease a public 

health concern [1]. Active bacterial infections and microbial dysbiosis are causes of 

periodontal disease [4]. A high abundance of gram-negative anaerobic organisms has 

been reported in specimens from participants with periodontal disease [5]. In 

Scoransky’s studies, the complexes are ranked first to fifth, with the first being most 

closely associated with severe periodontitis, including Porphyromonas gingivalis, 

Tannerella forsythia, and Treponemadenticola, and the fifth being the least associated 

[6]. Therefore, bacterial control and pathogen removal are critical in the treatment of 

periodontitis. The primary treatment approach includes maintenance of proper oral 

hygiene and nonsurgical mechanical debridement, whereas aggressive treatment 

involves surgical flaps and alternative anti-infective approaches [7]. However, the 

inability to effectively control microorganisms in the long term may be the reason for 

the short-term effects of treatment [8]. Furthermore, treatment failure may result from 

pathogen suppression during the active phase of therapy and re-colonization after 

therapy [9]. Further research efforts are needed to improve treatment efficacy [7]. P-

113 (AKRHHGYKRKFH), a 12-amino acid antimicrobial peptide, is derived from 
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Histatin5 (Hst5) secreted by the human parotid and submandibular salivary glands 

and has been reported to reduce plaque formation, gingivitis, and gingival bleeding in 

phase II clinical trials [10]. Using mouthwash is a common and effective way of oral 

hygiene to control oral bacteria.  

Real-time PCR is commonly used to identify target genes [11]. Previous studies 

have utilized this technique to quantify the load of viruses and other microorganisms 

[12]. It provides high specificity and sensitivity for detecting target viruses and 

bacteria. In addition, real-time PCR requires lesser time and workforce than the 

traditional method [13]. MALDI-TOF MS is another tool that has been widely 

utilized in a variety of studies for identifying microbes, such as gut microbiota, 

urinary tract and blood pathogens [14, 15]. Because of its advantages, such as high 

accuracy, less turnaround time, lower cost, lower sample volume, and faster 

identification speed, in comparison to conventional laboratory procedures for 

microbial identification, such as phenotypic tests involving gram-staining, 

biochemical profiling, DNA–DNA hybridization, and whole-genome DNA probes, 

MALDI-TOF MS has revolutionized clinical laboratory practice [15, 16]. Bacteria 

can be identified using MALDI-TOF MS without any knowledge of microbial 

taxonomic affiliation [17, 18]. The spectra of proteins extracted from microorganisms 

generated by MALDI-TOF MS are matched with reference spectra in databases, 

based on scoring algorithms [19].  

In summary, effective control of microorganisms is urgently required for 

improving the quality of life. Treatment for suppressing pathogens during the active 

phase of therapy and avoiding recolonization after therapy requires further research. 

Hence, this study focused on the antimicrobial activity of P-113 against the bacterial 

flora of the human oral cavity. Changes in specific target strains and in bacterial 
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distribution were analyzed using real-time PCR and MALDI-TOF MS.  

Materials and methods 

1.1.1. Settings and Participants 

Participants were enrolled from Taipei Medical University in Taiwan. The 

participants were selected from among those older than 20 years (n = 37) that 10.8% 

were male and 98.2% were female, with no history of any serious oral disease such as 

periodontal disease or oral cancer, systemic disease, or usage of medications such as 

antibiotics, anti-inflammatory drugs, and immune inhibitors, and exclude who were 

smoking, betal nut chewing, and pregnant. The P-113 mouthwash was supplied by 

General Biologicals Corporation, Hsinchu, Taiwan. Saliva samples were collected 

without treatment (Collection I). Afterward, saliva samples were collected after the 

use of a mouthwash containing P-113 three times a day for 4 days (Collection II) and 

14 days (Collection III) for short and long period treatments, respectively. All saliva 

samples were collected after lunch and rinsing the mouth. Hence, samples from the 

participants were collected after using a mouthwash containing P-113 to investigate 

the antimicrobial activity of P-113 against bacterial flora in the human oral cavity. 

 

 

1.1.2. Saliva sample collection  

Saliva samples were collected from all participants and followed previous 

study [20]; they were asked to spit saliva into a 15-mL sterilized tube. Next, 2 mL of 

saliva sample was transferred into a collection tube containing DNA storage buffer (1 

mM EDTA and 10 mM Tris-HCL) for real-time PCR analysis. After sampling, the 

samples were centrifuged at 8,000 rpm for 10 min, and the supernatant was removed. 

DNA was purified using a LabTurbo DNA Extraction Kit. Each sample for the 
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MALDI-TOF Biotyper process was preserved in a CMPTM anaerobic TranSwab 

container before sample preparation for bacterial culture. After removal from the 

CMPTM Anaerobic TranSwab, all samples were transferred into 0.5 mL of tryptic soy 

broth (TSB), mixed with 0.5 mL of glycerol, and stored at −80°C for 10-20 minutes. 

After the sample collection, several samples were pooled. Next, 10,000 x to 200,000 x 

dilutions (beginning from 10−4 to 2 × 10−5) of the saliva samples were prepared and 

100 µL of diluted samples was transferred onto prereduced anaerobic blood agar 

(TSB with 5% sheep blood, 0.5 mg/ml hemin, 2 µg/ml vitamin K1, 0.5% yeast extract, 

and 0.05% cysteine HCl-H2O)and chocolate agar (CAP) for anaerobic incubation 

(anaerobic gas mixture, 80% N2, 10% CO2, 10% H2, 37°C)for 4 days’ duration in a 

Whitley DG250 Workstation. 

1.1.3. Real-time RT-PCR 

The samples were analyzed to quantify six target strains: 

Actinobacillusactinomycetemcomitans (Aa), Fusobacteriumnucleatum (Fn), 

Porphyromonasgingivalis (Pg), Prevotellaintermedia (Pi), Treponemadenticola (Td), 

and Tannerella forsythia (Tf). The counts of the target strains were evaluated by real-

time PCR analysis. A total of 25 µL of the extracted DNA was amplified using 

Master Mix (General Biologicals Corporation, GBC) and analyzed on a Real-Time 

PCR System from Roter gene Q (QIAGEN, Inc., Hilden, Germany). Absolute 

quantification of target strains was performed using a standard curve prepared by 

plasmids with reference genes. DNA quantity was determined based on the genomic 

size of each bacterium and the mean weight of one nucleotide pair [19]. The real-time 

PCR conditions were as follows: 95°C for 5 min, followed by 40 cycles of 95°C for 5 

s, and 58°C for 30 s. The samples were analyzed to quantify the reference genes of six 

target strains and the PCR primers used for the quantification are shown as the 
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following sequences: lktA of Aa: 5’-CAGCATCTGCGATCCCTGTA-3’ (forward), 

and 5’-TCAGC CCTTTGTCTTTCCTAGGT-3’ (reverse) [21]; 16S rRNA of Fn: 5’-

CGCAGAAGGTGAAAG TCCTGTAT-3’ (forward), and 5’-

TGGTCCTCACTGATTCACACAGA-3’ (reverse) [22]; 16S rRNA of Pg: 5’-

TACCCATCGTCGCCTTGGT-3’ (forward), and 5’-CGGACTAAAA 

CCGCATACACTTG-3’ (reverse) [23]; phoC of Pi: 5’-

TGTCGGTTTACTGGCTATGTTCTC -3’ (forward), and 5’-

CTTGTCTGTTGGCCATCTTGAAG-3’ (reverse) [24]; 16S rRNA of Td: 5’-

AGAGCAAGCTCTCCCTTACCGT-3′ (forward), and 5’-TAAGGGCGGCTTGAA 

ATAATGA-3′ (reverse) [25]; 16S rRNA of Tf: 5’-ATCCTGGCTCAGGATGAACG-

3′ (forward), and 5’-TACGCATACCCATCCGCAA-3′ (reverse) [22]. The results of 

real-time PCR were analyzed by the Ct value, which was converted into the number 

of bacteria according to the standard curve of the target strains. The number of 

bacterial counts in the standard curve was calculated using the genomic DNA size 

from each bacterium. 

1.1.4. Microbial identification and quantification by MALDI-TOF MS analysis  

Bacterial colonies grown on the agar plates were transferred onto a target 

polished steel plate (MBT 384, BrukerDaltonicsInc). Then, 1 µL of 70% formic acid 

(Sigma-Aldrich, Missouri, USA) was used to extract proteins from bacterial colonies, 

and 1 µL of HCCA solution (10 mg/ml α-cyano-4-hydroxycinnamic acid in a mixture 

of 50% acetonitrile (ACN), 47.5% ultra-pure water, and 2.5% trifluoroacetic acid 

(TFA)) was overlaid on the samples after air-drying. The dried samples were analyzed 

on an Autoflex III MALDI-TOF mass spectrometer (Bruker Daltonics GmbH & Co. 

KG, Bremen, Germany) after repeating the air-drying process. Spectra ranging from 

2,000 Da to 20,000 Da were recorded at the maximal laser frequency. Raw spectra 
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were analyzed using the MALDI BioTyper 3.1 software package (default settings; 

BrukerDaltonik GmbH, Bremen, Germany, BioTyper® database renewed at 

2014/9/8). There were approximately 5989 spectra in this version of the database. Log 

scores, according to the criteria recommended by the manufacturer, ranged from 0 to 

3.00. Scores ≥ 1.7 were considered as confidence identification, and scores <1.7 as no 

reliable identification [19]. 

1.1.5. Data sources/measurement and Statistical Analysis 

Bacterial counts were performed using real-time PCR data, and significance 

was established using Mann-Whitney statistical analysis [26]. The relative abundance 

(RA) of bacteria identified by MALDI Biotyper was calculated by determining the 

proportion of the detectable bacterial colony count of each species among the total 

bacterial colony count and is shown as percentages. Statistical analysis of the data 

from Biotyper was performed using GraphPad Software. The results are shown as the 

means and standard errors of the means (SEM), and the level of significance was 

determined using the Student’s t-test. 
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1.2. Results 

1.2.1. Antimicrobial activity of the P-113 mouthwash against the 

periodontal disease-associated bacteria in the saliva of participants by real-

time PCR analysis 

To investigate the antimicrobial activity of the P-113 mouthwash in the saliva 

of participants, saliva samples were collected at three time points, and the 

periodontal disease-associated strains Actinobacillusactinomycetemcomitans (Aa), 

Fusobacteriumnucleatum (Fn), Porphyromonasgingivalis (Pg), Prevotellaintermedia 

(Pi), Treponemadenticola (Td), andTannerella forsythia (Tf), were identified in saliva 

samples via real-time PCR analysis. 

Saliva was collected from participants before the use of the P-113 mouthwash 

(Collection I), 4 days after use (Collection II), and 14 days later (Collection III). 

Periodontal disease-associated bacteria were affected after using the P-113 

mouthwash, but only two species, F. nucleatum and T. forsythia, showed significant 

differences in number of bacteria, according to the Mann-Whitney statistical test. The 

abundance of F. nucleatum decreased after the use of the P-113 mouthwash in 

samples from collection III (P = 0.0358; Figure 1), and the abundance of T. forsythia 

decreased in saliva samples from collection II (P = 0.0144; Figure 1) and collection 

III (P = 0.009; Figure 1). 

1.2.2. Antimicrobial activity of the P-113 mouthwash against bacterial flora in the 

saliva of participants by MALDI-TOF MS analysis 

To assess the effect of the P-113 mouthwash on bacterial distribution in the 

saliva of participants, samples were collected at three time points. Saliva was 

collected from participants before the use of the P-113 mouthwash (Collection I), 4 

days after use (Collection II), and 14 days later (Collection III). Eighty species were 
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identified by MALDI-TOF analysis (Figure 2), and two species, Streptococcus mitis 

and S. salivarius, showed significant differences in relative abundance compared to 

collection I, according to Student’s t-test. The relative abundance of S. mitis decreased 

by 1.6-fold after the use of the P-113 mouthwash in samples from collection III (P = 

0.0473; Figure 3a), and the relative abundance of S. salivarius increased by 1.9-fold 

in collection II (P = 0.0448; Figure 3b). 

 

1.3. Discussion 

The quality of life is affected by periodontal disease. Therefore, bacterial 

control and pathogen removal are critical. However, the current treatment failure 

results from the suppression of pathogens during the active phase of therapy and 

recolonization after therapy [9]. Further research is needed to improve treatment 

efficacy [7]. Using mouthwash is a common and effective oral hygiene method for 

controlling bacteria. In this study, we assessed the antimicrobial activity of P-113 

against bacterial flora in the human oral cavity by using a mouthwash containing P-

113. This peptide was used in mouthwash and phase I/II human clinical trial. The 

result showed that P-113 can decrease gingivitis and dental plaque in oral cavity [27]. 

In addition, P-113 has evidenced effective therapy on oral candidiasis in HIV 

patients[28]. In previous studies indicated that the P-113 peptide was modified; Nal-

P-113, replaced histidine residues with large amount of β-naphthylalanine, and 

effectively improved periodontal disease-associated bacteria [29]. 

We used real-time PCR and MALDI-TOF MS to identify periodontal disease-

associated bacteria. Real-time PCR was used to analyze oral saliva from the 

participants before and after using the P-113 mouthwash. The results showed that the 

abundance of bacteria did not dramatically change after the application of the P-113 
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mouthwash. This finding may be explained by the fact that the oral commensal 

microflora of humans can maintain the equilibrium of the oral cavity [30] however, 

two species, Fusobacterium nucleatum and Tannerella forsythia, showed significant 

differences in relative abundance after the use of the P-113 mouthwash compared to 

collection I and III. The abundance of Fusobacterium nucleatum decreased after the 

use of the P-113 mouthwash. Fusobacterium nucleatum and Tannerella forsythiae are 

common species in the oral cavity and can act as periodontal pathogens [31]. 

Moreover, recent research has shown that there is a correlation between 

Fusobacterium nucleatum, oral cancer, and uncontrolled type-2 diabetes [32]. 

Previous studies have indicated that Tannerella forsythia may be a risk factor for 

atherosclerosis [33]. Our results indicate that the risk of oral disease with 

Fusobacterium nucleatum and Tannerella forsythia may be reduced after the 

application of the P-113 mouthwash. 

In this study, 80 species were identified by MALDI-TOF analysis, and the 

bacterial distribution in the saliva of the participants in this study did not dramatically 

change after the application of the P-113 mouthwash. This finding may be explained 

as follows: salivary properties vary greatly among individual participants, making it 

more difficult to determine changes. On the other hand, the results may simply mean 

that the P-113 mouthwash does not dynamically influence the bacterial distribution in 

the saliva of participants. However, two species, Streptococcus mitis and S. salivarius, 

showed significant differences in relative abundance after the use of the P-113 

mouthwash compared to collection I. The relative abundance of S. mitis decreased 

after the use of the P-113 mouthwash. S. mitis is a common species in the oral cavity 

and can act as an etiological agent of endocarditis and odontogenic infection [34]. Our 

results indicate that the risk of infection with S. mitis may be reduced by the 
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application of P-113 mouthwash. Moreover, the relative abundance of S. salivarius, 

which secretes an antibiotic peptide that supports the immune system by combating 

streptococcal pathogenic strains, increases in saliva after the use of the P-113 

mouthwash [35]. In our study, the results imply that although the P-113 mouthwash 

does not significantly affect bacterial distribution in saliva, it can decrease the relative 

abundance of odontogenic-infection-inducing S. mitis and increase that of beneficial 

S. salivarius. These results indicate the potential of P-113 mouthwash as a treatment 

that can influence the proportion of pathogens and probiotics to establish a new 

equilibrium in the salivary environment.  

Two limitations of this study were the diversity of sample types and bacterial 

culture conditions. Real-time PCR has high specificity and sensitivity for target 

species, but detects one species at a time [11]. Therefore, multiplex PCR can be 

considered a detection method for multiple species and may enable the quantification 

of bacteria in the gingival sulcus in future studies. 

Only saliva samples were collected in this study. The oral cavity is a diverse 

habitat for microbes. Hence, samples from different parts of the oral cavity could 

provide us important information regarding the change in bacterial distribution after 

using the mouthwash containing P-113. For example, initially, the gingival sulcus is a 

specific site for bacteria to aggregate. Therefore, bacterial samples from the gingival 

sulcus should also be collected during the test to determine whether bacterial 

distribution at an infection site is affected by the use of the P-113 mouthwash. 

Furthermore, this study was conducted under anaerobic conditions only. Multiple gas 

environments, such as aerobic, 5% CO2, and 10% CO2 conditions, can also be 

considered in experiments to increase the diversity of bacterial culture conditions.  

Conclusion  
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In conclusion, real-time PCR results showed significant changes in the 

abundance of periodontal disease-associated bacteria, Fusobacterium nucleatum and 

Tannerella forsythia, after the use of the P-113 mouthwash. In addition, 80 species 

were cultured in an anaerobic environment and identified by MALDI-TOF MS. The 

relative abundance of odontogenic-infection-inducing S. mitis decreased and that of 

beneficial S. salivarius increased after the use of the P-113 mouthwash. This study 

explored the oral condition of healthy subjects after using P-113 mouthwash. Further 

studies we will evaluate the oral condition of patients who have periodontal disease. 

These results indicate the potential of P-113 mouthwash as a treatment that can 

influence the proportion of pathogens and probiotics to establish an equilibrium in the 

salivary environment.  
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Figure legends 
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Figure 1. Real-time PCR analysis of periodontal disease-associated bacteria in 

participants before and after using the P-113 mouthwash. 

Real-time PCR analysis was performed to evaluate the differences in the abundance 

of strains Actinobacillusactinomycetemcomitans (Aa), Fusobacteriumnucleatum (Fn), 

Porphyromonasgingivalis (Pg), Prevotellaintermedia(Pi), Treponemadenticola (Td), 

and Tannerella forsythia (Tf), in the saliva samples of participants. The samples from 

participants were collected at three time points: before using the P113-mouthwash 

(Collection I), 4 days after use (Collection II), and 14 days after use (Collection III). 

*P < 0.05, **P < 0.01 Statistical test performed with Mann-Whitney Statistical test. 
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Figure 2 Bacterial abundances in saliva samples collected from participants 

analyzed by MALDI Biotyper.  

The relative abundance of bacteria in the saliva cultured in an anaerobic environment 

and identified as MALDI Biotyper in this study represented in a heatmap. The 

samples were collected at three time points: before the application of the P-113 

mouthwash (Collection I), 4 days after the use of the P-113 mouthwash (Collection 
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II), and 14 days after the use of the P-113 mouthwash (Collection III).  

 

(a) 

 

(b) 

 

Figure 3 Bacterial strains in the saliva samples of the participants before and 

after the use of the P-113 mouthwash. 

(a) Streptococcus mitis and (b) Streptococcus salivarius. Distribution of bacterial 

relative abundance in the saliva collected before and after application of the 
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mouthwash is shown in a bar plot. The samples were collected at three time-points 

and more details are shown in the materials and methods section. (ns means no 

statistical significance, *P < 0.05 according to the unpaired t test). 


