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Abstract 
Purpose: The objective of this study was to verify growth suppression of methicillin-resistant Staphylococcus aureus 
(MRSA) involved in ventilator-associated pneumonia (VAP) aggravation by the probiotic candidate bacterium 
Lactobacillus gasseri (L. gasseri) in the oral cavity.  
Materials and Methods: L. gasseri YIT 12321 (Lg YIT 12321) and MRSA JCM 8702 (MRSA-JCM) were used as test 
bacteria. Both Lg YIT 12321 and MRSA-JCM were cultured in lactobacilli MRS medium, and MRSA-JCM was also 
cultured in TS medium anaerobically at 37˚C for 18-24 hours. The antibacterial activity of Lg YIT 12321 against MRSA-
JCM was examined by competition assay and radial diffusion assay (RDA). A fraction obtained from the Lg YIT 12321 
culture supernatant by 50% (w/v) saturated ammonium sulfate (50% sat. ammonium) precipitation was examined by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
Results: In the competition assay, inhibition of MRSA-JCM proliferation by Lg YIT 12321 was observed. Moreover, it 
was confirmed that the growth of MRSA-JCM was inhibited by neutralized culture supernatant of Lg YIT 12321 in the 
RDA, suggesting that the growth of MRSA-JCM was suppressed by an antibacterial substance produced by Lg YIT 12321. 
Conclusion: Lg YIT 12321 is a candidate probiotic that produces a class II bacteriocin that suppresses the growth of 
MRSA-JCM.  

(Asian Pac J Dent 2020; 20: 1-8.) 
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Introduction 
Methicillin-resistant Staphylococcus aureus (MRSA), frequently isolated in hospitals especially intensive care unit (ICU) 
in more than 100 countries, is responsible for ventilator-associated pneumonia (VAP) [1-3]. The death rate of VAP 
reportedly increases with advanced age [4]. According to the literature, Staphylococcus aureus (S. aureus) is more likely 
to colonize the nasal cavity than the pharynx, and patients receiving intranasal or intravenous nutrition have a 6- to 10-
fold higher incidence of MRSA lung infections than patients receiving airway nutrition, and this is believed to be related 
to the higher death rate [5]. Once S. aureus forms a biofilm, the efficacy of antibiotics such as linezolid decreases [6,7]. 

VAP remains an important cause of morbidity and mortality in mechanically ventilated patients, even though the incidence 
of VAP has decreased over the past several years in the United States. It is estimated that VAP is responsible for 
approximately ~27-47% of ICU acquired infections [8]. A prospective cohort study conducted at the central ICU of the 
Kragujevac Clinical Center in Serbia identified 620 patients with VAP (61.8%), which would also result in little reduction 
in morbidity [9]. VAP is an important clinical problem in patients using artificial respirators during the perioperative 
period, with bacterial pneumonia potentially developing within 48 hours of the start of artificial respiration under tracheal 
intubation. 
 Currently, perioperative management approaches emphasize oral care, hand disinfection, and prevention, and 
perioperative management such as antibiotic administration, but the risk could be reduced further by identifying the cause 
and enhancing the natural microbial flora through the application of probiotics [10,11]. At least seven newly isolated 
lactic acid bacterial strains have shown promising properties for use as probiotics, either alone or as a part of a probiotic 
formula, to improve oral health [12]. In addition, the incidence of VAP was reduced significantly following the 
administration of various probiotic lactobacilli, and the antibacterial activity of Lactobacillus gasseri (L. gasseri) against 
intranasal MRSA in hospitalized patients was demonstrated in vitro [13,14]. It is thought that use of the candidate probiotic 
bacterium L. gasseri to suppress the growth of VAP-causing MRSA is a viable alternative to the use of traditional 
antibacterial agents. In the oral health field, many trials have reported reductions in the incidence of oral diseases 
following the administration of probiotics [15]. Several probiotic candidates were isolated from the oral cavity of healthy 
subjects [16], and the characteristics of three probiotic candidates were reported [10,11,17]. This study aimed to verify 
suppression of the growth of VAP-associated MRSA by the probiotic candidate bacterium L. gasseri in the oral cavity. 
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Materials and Methods 
Bacterial strains and growth conditions 
Lactobacillus gasseri YIT 12321 (Lg YIT 12321), Lactobacillus crispatus YIT 12319 (Lc YIT 12319), Lactobacillus 
crispatus YIT12945 (Lc YIT12945), and Lactobacillus fermentum YIT 12320 (Lf YIT 12320) were obtained from the 
stock culture collection of the Microbiological Research Department, Yakult Central Institute (Kunitachi, Japan) and 
Tsurumi University (Yokohama, Japan). MRSA-JCM was provided by the RIKEN BRC (Tsukuba, Japan) through the 
National Bio-Resource Project of the MEXT, Japan. All Lactobacillus species were cultured in Difco lactobacilli MRS 
Broth (MRS broth; Becton, Dickinson and Co., Sparks, MD, USA), and Lg YIT 12321 was also cultured using modified 
MRS (mod-MRS). Mod-MRS was prepared by mixing all components used in MRS except for Tween 80. Oleic acid was 
substituted for Tween 80. MRSA-JCM was cultured in Bacto Tryptic Soy Broth (TS broth; Becton, Dickinson and Co.). 
All bacteria were incubated in an anaerobox (Concept Mini, Ruskinn, Central Scientific Commerce, Inc., Tokyo, Japan) 
under an atmosphere comprised of 80% N2, 10% CO2, and 10% H2 at 37˚C for 18-24 hours. 
 
Confirmation of antibacterial activity 
Antibacterial activity of Lg YIT 12321 against MRSA-JCM was assessed by competition assay and RDA. Competition 
assays were performed to observe the growth-suppression effects of four candidate oral probiotic bacteria (Lg YIT 12321, 
Lc YIT 12319, Lc YIT12945, Lf YIT 12320) against MRSA-JCM using agar plates containing a mixture of MRS broth 
and TS broth media at a ratio of 1:1. Each pair of competitive species was inoculated onto the plate at the same time in 
close proximity (6 mm apart) using 5 µL of an overnight culture after adjusting the concentration to an OD540nm = 0.5. 
The plates were incubated at 37˚C anaerobically for 18 hours before bacterial growth was inspected and scored. 
 A series of RDAs were performed to investigate the antimicrobial activities of the four candidate probiotic oral bacteria 
(Lg YIT 12321, Lc YIT 12319, Lc YIT12945, Lf YIT 12320) against MRSA-JCM using two layers of agarose gel. For 
the underlay gel, an agarose solution was prepared containing 0.06 g of TS broth, 1.5 g of agarose, and 100 mL of distilled 
water (DW) in a conical flask, which was then boiled in a water bath for 5 minutes. The agarose solution was then 
transferred to 15 mL culture tubes (10 mL each aliquot) and autoclaved. Next, the tubes were placed into a water bath set 
at 50˚C to allow the agarose solution to cool. MRSA-JCM was grown in 4 mL of TS broth overnight (as described above), 
and then 100 µL of the MRSA-JCM culture was added to a 10 mL aliquot of agarose solution. After dispersing the bacteria 
by gentle mixing, the mixture was poured into a 10 cm diameter sterile Petri dish and allowed to solidify in a clean bench. 
A series of wells (2 mm in diameter) was punched in the agar, and 5 µL of each test solution was pipetted into a designated 
well. The plates were kept in the clean bench for 10 minutes at room temperature to allow the experimental solutions to 
diffuse. For the overlay gel that provides nutrients for microbial growth, an agarose solution was prepared as described 
above, except that it only contained TS broth (6 g in 10 mL of DW, and 1.5 g of agar). This solution was then poured over 
the base and allowed to solidify in a clean bench. The plates were then turned over and incubated under anaerobic 
conditions in an atmosphere of 80% N2, 10% CO2, and 10% H2 at 37˚C for 18 hours, at which time the diameters of the 
clear bacterial growth inhibition zones around the wells were measured using a slide caliper. The salting out samples were 
obtained from Lg YIT 12321 culture supernatant by stepwise precipitation with 25%, 50%, and 80% (w/v) saturated 
ammonium (25%, 50%, 80% sat. ammonium). The samples used to assess the antimicrobial activity of the culture 
supernatant of oral probiotic bacteria against MRSA-JCM observed by RDA included Lg YIT 12321 supernatant of MRS, 
Lg YIT 12321 supernatant of mod-MRS, Lg YIT 12321 mod-MRS (25% sat. ammonium), Lg YIT 12321 mod-MRS 
(50% sat. ammonium), Lg YIT 12321 mod-MRS (80% sat. ammonium), Lg YIT 12321 mod-MRS (25% ammonium 
chloroform), Lg YIT 12321 mod-MRS (50% ammonium chloroform), and Lg YIT 12321 mod-MRS (80% ammonium 
chloroform). The Lg YIT 12321 mod-MRS (25, 50, and 80% sat. ammonium) samples had been subjected to dialysis 
against phosphate-buffered saline (PBS). After mixing Lg YIT 12321 mod-MRS (25, 50, 80% sat. ammonium) with 
chloroform at a 1:1 ratio, the mixture was centrifuged (1,710 × g) at 4˚C for 5 minutes, and the chloroform lower layer 
was collected. The chloroform layer was then subjected to centrifugal evaporation after the addition of PBS, and the 
concentrated sample obtained after filter sterilization served as Lg YIT 12321 mod-MRS (50% ammonium chloroform). 
 
Purification of bacteriocin-like substance 
One liter of the supernatant of Lg YIT 12321 culture was precipitated with 25-80% sat. ammonium with stirring. After 
precipitation with 25% sat. ammonium, 50% sat. ammonium was added to the resulting supernatant, and the precipitate 
was collected. Next, 80% sat. ammonium was added to the supernatant of the 50% sat. ammonium fraction. Precipitated 
proteins were collected by centrifugation (3,970 × g) at 4˚C for 20 minutes and then resuspended in 14 mL of PBS (pH 
7.4). The precipitated proteins were dialyzed twice against 1 L of PBS for 24 hours using a dialysis bag. The dialyzed 
proteins were mixed vigorously with an equal volume of chloroform and then centrifuged (1,710 × g) at 4˚C for 15 
minutes. The remaining precipitated proteins were also extracted with an equal volume of chloroform. The total organic 
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phase was evaporated using a rotary evaporator. 
 
Antibacterial effect analyzed in co-culture 
The antibacterial effect was evaluated under mono- and co-culture conditions at 0, 2, 4, 8, and 16 hours (n = 5 for both 
mono- and co-culture). Cells were cultured as follows for each replicate. The optical density at 540 nm of MRSA-JCM 
and Lg YIT 12321 pre-culture were adjusted to 0.5. Each bacterium was cultured in the specially prepared culture medium 
(MRS:TS = 1:1) under anaerobic condition. In the case of co-culture, same volume of both bacterial suspensions was 
mixed and cultured in the medium (MRS:TS = 1:1). At each time point, 1 mL aliquot of culture was centrifuged (1,710 × 
g) at 4˚C for 15 minutes, and the bacterial pellet was suspended in 1 mL of chilled PBS to be analyzed for viability, as 
described previously [11]. Each bacterial cell suspension (1 mL) was diluted to 10-3~10-5 before plating. Treated and 
control samples were plated on petri dishes containing MRS or TS agar medium using a spiral plating instrument (Eddy 
Jet2, IUL, Barcelona, Spain). After 48 hours of incubation under anaerobic condition at 37˚C, the Colony Forming Unit 
(CFU) was determined. 
 
Determination of protein concentration, tricine sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) 
Protein content was estimated using a Quick Start Protein Assay kit (Bio-Rad Laboratories Inc., Tokyo, Japan), according 
to the manufacturer’s instructions. Tricine SDS-PAGE was performed on a 15% acrylamide gel (e-PAGEL, ATTO Corp., 
Tokyo, Japan). Ten microliters of each Lg YIT 12321 sample was applied to the gel and electrophoresed. The gel was cut 
into two parts; one was stained with Ezstain (AE-1340 Ezstain Aqua, ATTO Corp.), and the other was rinsed in 0.1%(v/v) 
Triton X-100 in sterile water for 30 minutes. One gel section was then overlaid on a test agar plate containing MRSA-
JCM (500 µL) indicator and incubated under anaerobic conditions at 37˚C for 18 hours. At the same time, another part of 
the gel, corresponding to the molecular weight of 6.5 kDa, was excised and the protein was analyzed by nano Liquid 
Chromatography-Mass spectrometry (nano LC-MS/MS), with protein identification performed using Mascot Search 
(Fujifilm Wako Pure Chemical Industries, Ltd., Osaka, Japan). The amount of protein was calculated as mentioned above 
by measuring the absorbance at OD655nm using a spectrophotometer (Bio-Rad, iMark). Bovine serum albumin (Fujifilm 
Wako Pure Chemical Industries, Ltd., grade 1) was used as a standard control. 
 
Characterization of the bacteriocin-like substance 
The heat stability and proteinase sensitivity of the bacteriocin-like substance were also investigated. Partially purified 
protein was incubated with proteinase K (1 mg mL-1) or trypsin (1 mg mL-1) in PBS at 37˚C for 3 hours. Remaining 
activity was assessed by measuring the diameter of inhibition zones using a RDA, and the percentage of activity remaining 
was calculated based on a standard curve semi-logarithmic plot of diameter-dose responses. 
 
Results  
Inhibition of MRSA-JCM growth as determined by competition assay and RDA 
The results of competition assay are shown in Fig. 1. Only Lg YIT 12321 suppressed the growth of MRSA-JCM with 
consistent scores, with all test showing (++) results, and Lg YIT 12321 demonstrated the strongest effect against MRSA-
JCM.  

 
Fig. 1 Growth inhibition scoring and the results of competition assays (n = 3 for each experiment); (a) Lg YIT 12321, (b) MRSA-JCM 
 
 Compared with other strains examined, Lg YIT 12321 produced the largest inhibition of MRSA-JCM growth, as shown 
in Fig. 2. The other three strains (Lc YIT 12319, Lc YIT12945, and Lf YIT 12320) did not produce detectable clear zones 
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in the RDA. Strong antimicrobial activity was observed in the 50% sat. ammonium precipitate and chloroform-
concentrated sample of 50% sat. ammonium. The RDA results are summarized in Table 1. Samples (1), (3), (4), and (7) 
indicated in Table 1 exhibited inhibition of MRSA-JCM growth. In contrast, no antibacterial activity was detected in the 
25, 50, and 80% Lg YIT 12321 chloroform-water layers. No activity was observed with proteinase- and trypsin-treated 
samples or proteinase and trypsin alone. The active substance produced by Lg YIT 12321 was found to be heat resistant 
(Table 2). 

 
Fig. 2 Antibacterial activity of Lactobacillus culture supernatant samples against MRSA. Samples of Lg YIT 12321 supernatant were 
treated under various conditions; (a) Antibacterial activity of Lactobacillus isolates, (b) Activity of Lg YIT 12321 after heat treatment, (c) 
Activity of Lg YIT 12321 after proteinase K treatment, and (d) Activity of Lg YIT 12321 after trypsin treatment (n = 3 for each 
experiment). 50% saturated ammonium sulfate (50% sat. ammonium) 
 
Table 1 Antibacterial activity of culture supernatants of Lg YIT 12321 against MRSA, as determined by RDA 

Samples Antibacterial activity against MRSA-JCM* 
(1) MRS culture supernatant 1.08 ± 0.12 
(2) mod-MRS culture supernatant n.d. 
(3) 25% saturated ammonium sulfate fraction 0.87 ± 0.21 
(4) 50% saturated ammonium sulfate fraction 1.44 ± 0.19 
(5) 80% saturated ammonium sulfate fraction n.d. 
(6) 25% saturated ammonium sulfate and chloroform fraction n.d. 
(7) 50% saturated ammonium sulfate and chloroform fraction 2.39 ± 0.08 
(8) 80% saturated ammonium sulfate and chloroform fraction n.d. 

Samples (3)-(8) were obtained from mod-MRS culture supernatant.  
*diameter of clear-zone expressed in mm; n = 6 for each experiment; n.d., not detected 
 
Table 2 Effect of various treatments on antibacterial activity of 50% sat. ammonium precipitate 

Radial Activity 
Control 1.87 ± 0.12 
100˚C treatment 1.86 ± 0.11 
80˚C treatment 1.89 ± 0.15 
Protease treatment 0 
Trypsin treatment 0 

All samples are 50% saturated ammonium sulfate fraction. n = 3 for each experiment 
 
Antibacterial effect detected with CFU in co-culture 
In Lg YIT 12321 and MRSA-JCM mono-cultures, both Lg YIT 12321 and MRSA-JCM increased with time (Fig. 3). In 
co-culture of Lg YIT 12321 and MRSA-JCM, MRSA-JCM colonies decreased after 8 hours and MRSA-JCM growth was 
inhibited after 16 hours (Fig. 4).  
 
Characterization of the bacteriocin-like substance of Lg YIT 12321 
Lg YIT 12321 exhibited antimicrobial activity against MRSA-JCM. A few visible bacterial cells were observed by 
microscope in a clear zone in the RDA. The quantitative results were reflected in the RDA carried out at the same time 
as protein quantification, and the activity of the 25% sat. ammonium fraction was 2.33 times higher than that of the Lg 
YIT 12321 supernatant fraction, whereas the activity of the 50% sat. ammonium fraction was 2.84 times higher. The 25, 
50, and 80% sat. ammonium fractions contained 0.85, 0.35, and 0.0005 (mg protein mL-1), respectively. The molecular 
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weight of the active component was 6.5 kDa based on tricine SDS-PAGE (15%) with a low-range molecular weight 
standard (Fig. 5). 

 
Fig. 3 (left) Growth of MRSA-JCM and Lg YIT 12321 in mono-culture determined by CFU (n = 5 for each experiment) 
Fig. 4 (right) Effect of co-culture with Lg YIT 12321 on the growth of MRSA-JCM determined by CFU (n = 5 for each experiment) 
 
 For protein identification, the peptide excised from gel was fragmented with trypsin and analyzed by LC/MS, which 
revealed a molecular weight of 6,673 Da for a peptide of 65 amino acid residues. The sequence was then compared with 
those of L. gasseri deposited in databases such as National Center for Biotechnology Information Basic Local Alignment 
Search Tool (NCBI-BLAST) and UniProt Knowledgebase (UniProtKB). A total of 58% of the sequence matched proteins 
in the databases (Fig. 6), with matches to AHI41138, ALX37948, BAM09406, KDA99086, and PKZ91009 in GenBank 
[18-22]. Of the tryptic fragments of the Lg YIT 12321 peptide, three matched peptide sequences stored in the NCBI prot 
database (Table 3). A search of UniProtKB returned the same result as Mascot Search. The antibacterial Lg YIT 12321 
peptide was thus identified as bacteriocin, encoded by the gatX gene. The primary (citable) accession number is Q9XDR6, 
whereas the taxonomic identifier is 1596 (NCBI), and the Open Reading Frame (ORF) is C3745-03215. Although 
encoded by gatX, we could not conclude from our analyses whether the peptide is a member of the gatX family. The ion 
score was −10 × log(P), where P represents the probability that the observed match is a random event. An individual ion 
score >55 would indicate identity or extensive homology (P < 0.05). The protein score was 93, which was more significant 
at P < 0.05 than the threshold score of 55 (Table 4). 
 

 
Fig. 5 Tricine SDS-PAGE analysis of partially purified bacteriocin from Lg YIT 12321. Lanes: M, molecular mass standard (ATTO AE-
1440 EzStandard), (1) 50% sat. ammonium with Ezstain, (2) gel overlaid on 1% agar plate containing MRSA-JCM (500 µL). Arrows: (3) 
MRSA-JCM growth inhibition band after antibacterial activity staining, (4) Gel band before (left) and after (right) removal for protein 
identification (samples from 12 lanes were used for the analysis). 
  



Ishikawa et al.                       Asian Pac J Dent 2020; 20: 1-8 

 6 

 
Fig. 6 Complete sequence of Lg YIT 12321 bacteriocin (65 amino acid residues). Bold letters are peptide fragment sites matched to the 
reported sequence for L. gasseri. 
 
Table 3 Protein sequences matched to the peptide fragment of Lg YIT 12321 

Peptide 1 (Query No. 346)  K. WGNAVIGAATGATR.G 

Peptide 2 (Query No. 347)  K. WGNAVIGAATGATR.G 

Peptide 3 (Query No. 550)  R. GFGPWGMTACGLGGAAIGGYLGYK.S 

 
Table 4 Protein and gene information for Lg YIT 12321 obtained from Mascot search and UniProt KB 

Sample No. Protein gene MW Score Peptide Coverage Accession 

1 Bacteriocin 
gatX 

6,673 93 3 58 Q9XDR6 
gaeX 

 
Discussion 
In this study, we demonstrated that Lg YIT 12321 exhibits antibacterial activity against MRSA-JCM. The results of 
competition assays and RDAs demonstrated that Lg YIT 12321 inhibits the growth of MRSA-JCM. Sogabe-Ashigaki et 
al. reported that Lg YIT 12321 inhibited the growth of Haemophilus influenzae ATCC 9759 in competition assays and 
RDAs [11]. Nakano et al. also reported that Lg YIT 12321 exhibited antibacterial activity against Streptococcus 
pneumoniae ATCC 33400 in competition assays and RDAs [17]. These results suggest that Lg YIT 12321 is a probiotic 
candidate that could be used to inhibit the growth of opportunistic bacterial pathogens in the oral cavity. 
 The growth of MRSA-JCM was suppressed by neutralized culture supernatant of Lg YIT 12321 in a RDA, suggesting 
that the growth of MRSA-JCM was inhibited by an antibacterial substance produced by Lg YIT 12321. The partially 
purified antibacterial substance of Lg YIT 12321 was obtained from the culture supernatant by 50% sat. ammonium 
precipitation and subsequent chloroform extraction. The molecular mass of the antibacterial substance of Lg YIT 12321 
was estimated as 6.5 kDa based on tricine SDS-PAGE with low-molecular-weight standards. This antibacterial substance 
was heat stable but susceptible to proteinases such as trypsin and proteinase K. 
 The antibacterial substance of Lg YIT 12321 isolated in this study was composed of 65 amino acid residues with a 
molecular weight of 6,673 Da. It was identified as a class II bacteriocin, which are heat-stable polypeptides of 5-10 kDa. 
The molecular weight of gassericin A from L. gasseri LA39 and gassericin B from L. gasseri JCM 2124 were reported as 
5,652 Da and 4,400 Da, respectively [23,24]. Gassericin T from L. gasseri SBT2055 was heat stable and included two 
peptide chains, GatA (57 amino acid residues) and GatX (48 amino acid residues), with molecular weights of 5,539 Da 
and 4,761 Da, respectively [18]. The molecular weight of the GatX precursor of gassericin T from L. gasseri LA158 was 
found to be 6,673 Da [25]. Gassericin KT7 from L. gasseri KT7, with a molecular weight of 4,500-5,000 Da, was found 
to be thermostable and sensitive to proteolytic enzymes [26]. Based on a comparison of the characteristics of the Lg YIT 
12321 antibacterial peptide and reported gassericins, the antibacterial substance identified in this study appears to be a 
class II bacteriocin. Of the 65 amino acid residues, sequences covering 38 residues completely matched the complete 
sequence of the GatX component of gassericin T. The 17 N-terminal amino acids appear to be a leader peptide. These 
results thus indicate that the bacteriocin we identified is similar to the GatX component of gassericin T of the lactacin F 
family. As indicated above, gassericin T is composed of two peptides, GatX and GatA. However, we did not identify a 
component similar to GatA in this study. The GatA component itself was thought to exhibit weak or no antibacterial 
activity. Because our bacteriocin was excised from a gel after SDS-PAGE based on determination of antibacterial activity 
by staining, it is possible that another component was missed. Additional research will be needed to determine whether 
the bacteriocin isolated here has a GatA component. 
 Lg YIT 12321 was originally isolated from the human oral cavity and identified as a probiotic candidate based on its 
inhibition of the growth of periodontopathic bacteria without increasing the risk of adverse events such as infectious 
endocarditis [16]. However, whether this organism could be used as a probiotic against multidrug-resistant infectious 
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bacteria remained unclear until the present study. In this study, Lg YIT 12321 was demonstrated to inhibit the growth of 
MRSA-JCM, an important VAP-causing bacteria associated with perioperative opportunistic infections. Probiotic bacteria 
such as lactobacilli exhibit relatively good gastrointestinal resistance [27,28], desirable enterocyte adhesion [28], 
strengthening of the gastrointestinal barrier function [29], and enhancement of the enteric bacterial flora [27-29]. It is 
well-established that the incidence of VAP can be reduced by altering the composition of the oral flora to inhibit the 
growth of pathogenic bacteria [29]. Based on these considerations, the use of probiotics would be effective for the 
prevention of VAP. It would also be effective to take probiotics together with antibiotics such as vancomycin, a first-line 
agent for treating MRSA, or daptomycin (which is unfortunately inactivated when bound to lung surfactant), in the clinical 
treatment of VAP or for prophylactic administration and perioperative care in the ICU. Probiotics could contribute to VAP 
remission. 
 The bacteriocins reported to date, including that isolated from L. gasseri, exhibit low-pH tolerance and resistance to 
bile salts with respect to their antibacterial activity [30-33]. It was reported that the combination of gassericin A or 
gassericin T with glycine suppresses the growth of food-spoilage bacteria such as gram-positive organisms isolated from 
custard cream [34,35]. Some bacteriocins, such as nisin produced by Lactococcus lactis, have been added to various foods 
for the purpose of prolonging the shelf life [36], treating pathogen-derived diseases and cancer [37], or for general health 
maintenance, including anti-inflammatory potential [38]. Because of the growing application of probiotics in oral care 
[39], the candidate probiotic L. gasseri or its gassericin could be employed as an additional tool in the antibiotic treatment 
of multidrug-resistant pathogens in the oral cavity. The utility of Lg YIT 12321 as an oral probiotic should be confirmed 
through further research. 
 
Acknowledgments 
This study was supported in part by research funds from Yakult Central Institute, Kunitachi, Japan. The authors thank the staffs of the Department of 
Dental Anesthesiology and Department of Translational Research, Tsurumi University School of Dental Medicine, for valuable advice and assistance 
in completing this study. 
 
Conflicts of Interest 
N. Hanada and S. Imai received research funds from Yakult Central Institute (Kunitachi, Japan). All remaining authors declare no potential conflicts of 
interest with respect to authorship and publication of this article. 
 
References 
1. Juneja D, Singh O, Javeri Y, Arora V, Dang R, Kaushal A. Prevention and management of ventilator-associated pneumonia: A 

survey on current practices by intensivists practicing in the Indian subcontinent. Indian J Anaesth 2011; 55: 122-8. 
2. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer LB, et al. Executive summary: management of adults with 

hospital-acquired and ventilator-associated pneumonia: 2016 clinical practice guidelines by the Infectious Diseases Society of 
America and the American Thoracic Society. Clin Infect Dis 2016; 63: 575-82. 

3. Hurley J. World-wide variation in incidence of Staphylococcus aureus associated ventilator-associated pneumonia: A meta-
regression. Microorganisms 2018; 6: 18. 

4. Karakuzu Z, Iscimen R, Akalin H, Girgin NK, Kahveci F, Sinirtas M. Prognostic risk factors in ventilator-associated pneumonia. 
Med Sci Monit 2018; 24: 1321.  

5. Rikitomi N, Nagatake T, Sakamoto T, Matsumoto K. The role of MRSA (Methicillin-Resistant Staphylococcus aureus) adherence 
and colonization in the upper respiratory tract of geriatric patients in nosocomial pulmonary infections. Microbiol Immunol 1994; 
38: 607-14. 

6. Stryjewski ME, Corey GR. Methicillin-resistant Staphylococcus aureus: an evolving pathogen. Clin Infect Dis 2014; 58: 10-9. 
7. Ferrer M, Rodriguez J, Álvarez L, Artacho A, Royo G, Mira A. Effect of antibiotics on biofilm inhibition and induction measured by 

real-time cell analysis. J Appl Microbiol 2017; 122: 640-50. 
8. Weng H, Li J-G, Mao Z, Feng Y, Wang CY, Ren XQ, et al. Probiotics for preventing ventilator-associated pneumonia in 

mechanically ventilated patients: a meta-analysis with trial sequential analysis. Front Pharmacol 2017; 8: 717. 
9. Djordjevic ZM, Folic MM, Jankovic SM. Distribution and antibiotic susceptibility of pathogens isolated from adults with hospital-

acquired and ventilator-associated pneumonia in intensive care unit. J Infect Public Health 2017; 10: 740-4. 
10. Sogabe-Ashigaki K, Imai S, Okada A, Matin K, Akimaru G, Terai T, et al. Effects of Lactobacillus crispatus as a candidate for oral 

probiotic bacteria on Haemophilus influenzae. Asian Pac J Dent 2015; 15: 3-11.  
11. Akimaru G, Imai S, Sogabe K, Okada A, Terai T, Okumura T, et al. Characterization and purification of a bacteriocin-like substance 

produced by Lactobacillus crispatus LBS 17-11 isolated from an oral cavity of human subject. Asian Pac J Dent 2017; 17: 9-14. 
12. Bosch M, Nart J, Audivert S, Bonachera MA, Alemany AS, Fuentes MC, et al. Isolation and characterization of probiotic strains for 

improving oral health. Arch Oral Biol 2012; 57: 539-49. 
13. Morrow LE, Kollef MH, Casale TB. Probiotic prophylaxis of ventilator-associated pneumonia: a blinded, randomized, controlled 

trial. Am J Respir Crit Care Med 2010; 182: 1058-64. 
14. Bessesen MT, Kotter CV, Wagner BD, Adams JC, Kingery S, Benoit JB, et al. MRSA colonization and the nasal microbiome in 

adults at high risk of colonization and infection. J Infect 2015; 71: 649-57. 
15. Kobayashi R, Kobayashi T, Sakai F, Hosoya T, Yamamoto M, Kurita-Ochiai T. Oral administration of Lactobacillus gasseri 

SBT2055 is effective in preventing Porphyromonas gingivalis-accelerated periodontal disease. Sci Rep 2017; 7: 545. 
16. Terai T, Okumura T, Imai S, Nakao M, Yamaji K, Ito M, et al. Screening of probiotic candidates in human oral bacteria for the 

prevention of dental disease. PloS one 2015; 10: e0128657. 
17. Nakano T, Imai S, Ishikawa T, Terai T, Okumura T, Hanada N, et al. Suppression of opportunistic infectious bacteria by lactic acid 

bacteria and antibacterial drugs. Asian Pac J Dent 2019; 19: 17-25. 
18. Kawai Y, Saitoh B, Takahashi O, Kitazawa H, Saito T, Nakajima H, et al. Primary amino acid and DNA sequences of gassericin T, 

a lactacin F-family bacteriocin produced by Lactobacillus gasseri SBT2055. Biosci Biotechnol Biochem 2000; 64: 2201-8. 
19. Stoyancheva G, Marzotto M, Dellaglio F, Torriani S. Bacteriocin production and gene sequencing analysis from vaginal 



Ishikawa et al.                       Asian Pac J Dent 2020; 20: 1-8 

 8 

Lactobacillus strains. Arch Microbiol 2014; 196: 645-53. 
20. Treven P, Trmčić A, Matijašić BB, Rogelj I. Improved draft genome sequence of probiotic strain Lactobacillus gasseri K7. Genome 

Announc 2014; 2: e00725-00714. 
21. Maldonado-Barragán A, Caballero-Guerrero B, Martín V, Ruiz-Barba JL, Rodríguez JM. Purification and genetic characterization 

of gassericin E, a novel co-culture inducible bacteriocin from Lactobacillus gasseri EV1461 isolated from the vagina of a healthy 
woman. BMC microbiol 2016; 16: 37. 

22. Thomas-White K, Forster SC, Kumar N, Kuiken M, Putonti C, Stares MD, et al. Culturing of female bladder bacteria reveals an 
interconnected urogenital microbiota. Nat Commun 2018; 9: 1557. 

23. Tahara T, Yoshioka S, Utsumi R, Kanatani K. Isolation and partial characterization of bacteriocins produced by Lactobacillus 
gasseri JCM 2124. FEMS Microbiol Lett 1997; 148: 97-100. 

24. Kawai Y, Saito T, Suzuki M, Itoh T. Sequence analysis by cloning of the structural gene of gassericin A, a hydrophobic bacteriocin 
produced by Lactobacillus gasseri LA39. Biosci Biotechnol Biochem 1998; 62: 887-92. 

25. Yasuta N, Arakawa K, Kawai Y, Chujo T, Nakamura K, Suzuki H, et al. Genetic and biochemical evidence for gassericin T 
production from Lactobacillus gasseri LA158. Milk Sci 2014; 63: 9-17. 

26. Zhu W, Liu W, Wu D. Isolation and characterization of a new bacteriocin from Lactobacillus gasseri KT7. J Appl Microbiol 2000; 
88: 877-86. 

27. Howarth G, Wang H. Role of endogenous microbiota, probiotics and their biological products in human health. Nutrients 2013; 5: 
58-81. 

28. Kozak K, Charbonneau D, Sanozky-Dawes R, Klaenhammer T. Characterization of bacterial isolates from the microbiota of 
mothers' breast milk and their infants. Gut Microbes 2015; 6: 341-51. 

29. Karacaer F, Hamed I, Özogul F, Glew RH, Özcengiz D. The function of probiotics on the treatment of ventilator-associated 
pneumonia (VAP): facts and gaps. J Med Microbiol 2017; 66: 1275-85. 

30. Jagoda S, Blazenka K, Jadranka G, Srecko M. Role of lactic acid bacteria and bifidobacteria in synbiotic effect. Food Technol 
Biotechnol 2001; 39: 227-35. 

31. Group JFWW. Joint FAO/WHO Working Group Report on Drafting Guidelines for the Evaluation of Probiotics in Food,” Guidelines 
for the Evaluation of Probiotics in Food. 2002; 1-11. 

32. Selle K, Klaenhammer TR. Genomic and phenotypic evidence for probiotic influences of Lactobacillus gasseri on human health. 
FEMS Microbiol Rev 2013; 37: 915-35. 

33. Prabhurajeshwar C, Chandrakanth RK. Probiotic potential of Lactobacilli with antagonistic activity against pathogenic strains: An 
in vitro validation for the production of inhibitory substances. Biomed J 2017; 40: 270-83. 

34. Arakawa K, Kawai Y, Iioka H, Tanioka M, Nishimura J, Kitazawa H, et al. Effects of gassericins A and T, bacteriocins produced by 
Lactobacillus gasseri, with glycine on custard cream preservation. J Dairy Sci 2009; 92: 2365-72. 

35. Pandey N, Malik R, Kaushik J, Singroha G. Gassericin A: a circular bacteriocin produced by lactic acid bacteria Lactobacillus 
gasseri. World J Microbiol Biotechnol 2013; 29: 1977-87. 

36. Parada JL, Caron CR, Medeiros ABP, Soccol CR. Bacteriocins from lactic acid bacteria: purification, properties and use as 
biopreservatives. Braz Arch Biol Technol 2007; 50: 512-42. 

37. Yang S-C, Lin C-H, Sung CT, Fang J-Y. Antibacterial activities of bacteriocins: application in foods and pharmaceuticals. Front 
Microbiol 2014; 5: 241. 

38. Oh NS, Joung JY, Lee JY, Kim Y. Probiotic and anti-inflammatory potential of Lactobacillus rhamnosus 4B15 and Lactobacillus 
gasseri 4M13 isolated from infant feces. PloS one 2018; 13 e0192021. 

39. Devine DA, Marsh PD. Prospects for the development of probiotics and prebiotics for oral applications. J Oral Microbiol 2009; 1: 
1949. 

 

Correspondence to: Susumu Imai 
Department of Translational Research, Tsurumi University School of Dental Medicine,  
2-1-3, Tsurumi, Tsurumi-ku, Yokohama 230-8501, Japan 
FAX: +81-45-573-2473  E-mail: imai-s@tsurumi-u.ac.jp 
 

Received January 10, 2020, Accepted January 27, 2020, Available online April 2, 2020. 
Copyright ©2020 by the Asian Pacific Journal of Dentistry.    Online ISSN 2185-3487, Print ISSN 2185-3479 


