
1 
 

 

 
 

 
 
 
 

Purification and Characterization of Antimicrobial Protein Produced by  
Oral Lactobacilli 

 
 
 

 

 
 
 

 

Phirawat  Wannun 
 
 

 
 

 

 
 

A Thesis Submitted in Fulfillment of the Requirements for the Degree of 
Doctor of Philosophy (Oral Health Sciences) 

Prince of Songkla University 
2016 

Copyright of Prince of Songkla University 
 



2 
 

 

 
 

 
 
 
 

Purification and Characterization of Antimicrobial Protein Produced by  
Oral Lactobacilli 

 
 
 

 

 
 
 

 

Phirawat  Wannun 
 
 

 
 

 

 
 

A Thesis Submitted in Fulfillment of the Requirements for the Degree of 
Doctor of Philosophy (Oral Health Sciences) 

Prince of Songkla University 
2016 

Copyright of Prince of Songkla University 
 

i 



3 
 

 

Thesis Title Purification and Characterization of Antimicrobial Protein Produced by Oral 

Lactobacilli 

Author Mr. Phirawat Wannun 

Major Program Oral Health Sciences 

 

Major Advisor :                                                               Examining Committee : 

 

...................................................................                        ....................................................Chairperson 

(Prof. Dr. Rawee  Teanpaisan)                                        (Prof. Dr. Sittichai  Koontongkaew) 

 

                                                                                         .....................................................Committee 

Co-advisor :                                                                    (Prof. Dr. Rawee  Teanpaisan) 

 

...................................................................                      .....................................................Committee 

(Asst. Prof. Dr. Supatcharin  Piwat)                                 (Asst. Prof. Dr. Supatcharin  Piwat) 

 

                                                                                          ....................................................Committee 

                                                                                          (Assoc. Prof. Dr. Suppasil  Maneerat) 

 

 

 

                                                                                            

                                                                                            ...................................................................  

                                                                                         (Assoc. Prof. Dr. Teerapol  Srichana) 

                                                                                         Dean of Graduate School 

 

ii 

The Graduate School, Prince of Songkla University, has approved this thesis as  
fulfillment of the requirements for the Doctor of Philosophy Degree in Oral health science 

 



4 
 

 

 

This is to certify that the work here submitted is the result of the candidate’s own investigations.    

Due acknowledgement has been made of any assistance received.  
 

 

 

 

  ..............................................................Signature 

  (Prof. Dr. Rawee  Teanpaisan) 

  Major Advisor 

 

 

 

  ..............................................................Signature 

  (Asst. Prof. Dr. Supatcharin  Piwat) 

  Co-advisor   

 

 

 

 ...............................................................Signature 

  (Mr. Phirawat  Wannun) 

  Candidate 

 
 
 
 
 
 

iii 



5 
 

 

 
I hereby certify that this work has not been accepted in substance for any degree, and is not being 
currently submitted in candidature for any degree. 
 
 
 
 

 
.............................................................Signature 
(Mr. Phirawat Wannun) 
Candidate 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

iv 



6 
 

 

 

ช่ือวทิยานิพนธ์ การท าใหบ้ริสุทธ์ิและศึกษาคุณสมบติัของโปรตีนตา้นเช้ือจากเช้ือแลคโต 
 บาซิลไลจากช่องปาก 
ผูเ้ขียน นายพีระวฒั  หวานนุ่น 
สาขาวชิา วทิยาศาสตร์สุขภาพช่องปาก 
ปีการศึกษา 2558 
 

บทคดัยอ่ 
 

 เช้ือแลคโตบาซิลลสัไดรั้บการยอมรับในการใชเ้ป็นเช้ือโปรไบโอติกซ่ึงช่วยใน
การส่งเสริมการมีสุขภาพท่ีดีของมนุษยท์ั้งในระบบทางเดินอาหาร ระบบทางเดินปัสสาวะ และใน
ช่องปาก เช้ือแลคโตบาซิลลสับางสายพนัธ์ุสามารถผลิตแบคเทอริโอซิน ท่ีถูกสังเคราะห์ข้ึนจากไรโบ
โซม ซ่ึงเป็นเปปไทด์หรือโปรตีนตา้นจุลชีพ โปรตีนชนิดน้ีออกฤทธ์ิในการยบัย ั้งการเจริญเติบโต 
หรือฆ่าเช้ือแบคทีเรียท่ีมีพนัธุกรรมท่ีคลา้ยคลึงหรือมีความใกลชิ้ดกนั ซ่ึงมีแบคเทอริโอซินหลายชนิด
ท่ีผลิตจากเช้ือแลคโตบาซิลลสัจากตน้ก าเนิดท่ีแตกต่างกนั ยกตวัอย่างเช่น ระบบทางเดินปัสสาวะ 
ล าไส้ อุจจาระและอาหาร ซ่ึงจากการศึกษาไดเ้ผยให้เห็นถึงบทบาทของแบคเทอริโอซินท่ีใช้ในการ
เก็บรักษาอาหารและการป้องกนัการติดเช้ือในล าไส้และช่องคลอด แต่อยา่งไรก็ตามองค์ความรู้ของ
แบคเทอริโอซิน หรือโปรตีนตา้นจุลชีพท่ีผลิตโดยเช้ือแลคโตบาซิลลสั สายพนัธ์ุท่ีแยกไดจ้ากช่อง
ปากของมนุษย์ และความสามารถในการป้องกันการติดเช้ือในช่องปากยงัมีอยู่อย่างจ ากัด โดย
จุดมุ่งหมายของวิทยานิพนธ์ในคร้ังน้ีประกอบดว้ย: 1) เพื่อคน้หาเช้ือแลคโตบาซิลลสัสายพนัธ์ุท่ีแยก
ไดจ้ากช่องปากท่ีมีความสามารถในการผลิตโปรตีนตา้นจุลชีพ 2) เพื่อท าให้โปรตีนท่ีมีฤทธ์ิในการ
ตา้นจุลชีพ ท่ีผลิตไดจ้ากเช้ือแลคโตบาซิลลสัท่ีแยกไดจ้ากช่องปากมีความบริสุทธ์ิ 3) เพื่อประเมินผล
ของเอนไซม ์ความเป็นกรด-ด่าง อุณหภูมิ และระยะเวลาในการบ่ม ต่อการออกฤทธ์ิของโปรตีนตา้น
จุลชีพของเช้ือแลคโตบาซิลลสัท่ีแยกไดจ้ากช่องปาก และ 4) เพื่อศึกษาสภาวะท่ีเหมาะสมส าหรับการ
เจริญเติบโตของเช้ือและการผลิตโปรตีนตา้นจุลชีพของเช้ือแลคโตบาซิลลสัท่ีแยกไดจ้ากช่องปาก 
 ในการศึกษาคร้ังน้ีใช้เช้ือแลคโตบาซิลลสัจ านวน 90 สายพนัธ์ุ ซ่ึงประกอบไป
ด้ว ย  Lactobacillus casei, L. fermentum, L. gasseri, L. mucosae, L. paracasei, L. plantarum, L. 
rhamnosus และ L. salivarius ซ่ึงแยกได้จากเด็กท่ีมีและไม่มีฟันผุ โดยเช้ือแลคโตบาซิลลสัทุกสาย
พนัธ์ุจะถูกน ามาทดสอบฤทธ์ิการต้านเช้ือ Streptococcus mutans ATCC 25175 ซ่ึงจากการศึกษา
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พบว่า เช้ือ L. paracasei SD1  และ L. fermentum SD11 ซ่ึงแยกไดจ้ากคนท่ีไม่มีฟันผุ มีฤทธ์ิการตา้น
เช้ือสูงท่ีสุด การท าใหส้ารท่ีมีฤทธ์ิในการตา้นเช้ือมีความบริสุทธ์ิประกอบดว้ย การตกตะกอนดว้ย 
แอมโมเนียมซัลเฟต ต่อดว้ยการสกดัดว้ยคลอโรฟอร์ม การแยกดว้ยคอลมัป์โครมาโทกราฟฟีชนิด
แยกตามขนาดโมเลกุล การแยกดว้ยคอลมัป์โครมาโทกราฟฟีชนิดผนักลบัได ้หลงัจากผ่านขั้นตอน
การท าใหบ้ริสุทธ์ิ การทดสอบดว้ยวธีิ SDS-PAGE พบวา่โปรตีนท่ีมีฤทธ์ิในการตา้นเช้ือท่ีผลิตไดจ้าก
เช้ือ L. paracasei SD1 และ L. fermentum SD11 มีความบริสุทธ์ิสูง และมีน ้าหนกัโมเลกุลประมาณ 25 
และ 33 กิโลดาลตนั ตามล าดบั และยืนยนัน ้ าหนกัโมเลกุลอีกคร้ังดว้ยวิธี LC-MS ซ่ึงพบวา่ มีน ้ าหนกั
โมเลกุลเป็น 24.03 และ 33.59  กิโลดาลตนั ตามล าดบั 
 สารตา้นจุลชีพจากเช้ือ L. paracasei SD1 และ L. fermentum SD11 ถูกตั้งช่ือเป็น 
“paracasin SD1” และ “fermencin SD11” ตามล าดบั และสารตา้นจุลชีพทั้งสองมีฤทธ์ิในการตา้นเช้ือ
ก่อโรคในช่องปากไดห้ลายชนิด ไม่ว่าจะเป็นเช้ือก่อโรคฟันผุ โรคปริทนัต์ และยีส (Candida) จาก
การศึกษาพบว่า paracasin SD1 มีความคงตวัท่ีดีในช่วงค่าความเป็นกรด-ด่าง ระหว่าง 3.0 ถึง 8.0 มี
ความคงทนท่ีอุณหภูมิ 100 องศาเซลเซียส เป็นเวลา 5 นาที ในขณะท่ี fermencin SD11 มีความคงตวั
ไดดี้ท่ีอุณหภูมิระหวา่ง 60 ถึง 80 องศาเซลเซียส ในช่วงค่าความเป็นกรด-ด่างท่ี 3.0 ถึง 7.0 สารตา้นจุล
ชีพทั้งสองถูกท าลายไดด้ว้ยเอนไซมย์อ่ยโปรตีน (โปรติเนส-เค และทริปซิน) แต่ไม่ไดรั้บผลกระทบ
จากเอนไซมแ์อลฟาอะไมเลส คะตะเลส ไลโซไซม ์และน ้าลาย ยกเวน้ paracasin SD1 ท่ีมีการสูญเสีย
กิจกรรมบางส่วนเม่ือถูกบ่มดว้ยเอนไซม์ไลโซไซม์ สภาวะท่ีเหมาะสมส าหรับการเจริญเติบโตและ
การผลิตแบคเทอริโอซินของเช้ือ L. paracasei SD1 และ L. fermentum SD11 คือการเพาะเล้ียงใน
อาหารท่ีมีความเป็นกรด-ด่าง อยูใ่นช่วงระหวา่ง 5.0 ถึง 6.0 ท่ีอุณหภูมิ 37 หรือ 40 องศาเซลเซียส เป็น
เวลา 12 ชัว่โมง ทั้งในสภาวะท่ีมี หรือไม่มีออกซิเจน 
 จากการศึกษาคร้ังน้ีสรุปไดว้่า เช้ือ L. paracasei SD1 และ L. fermentum SD11 
ซ่ึงเป็นสายพนัธ์ุท่ีคดัแยกไดจ้ากเด็กท่ีไม่มีฟันผุ สามารถผลิตโปรตีนตา้นจุลชีพได ้ซ่ึงโปรตีนตา้นจุล
ชีพน้ีถูกท าใหบ้ริสุทธ์ิ และตั้งช่ือเป็น paracasin SD1 และ fermencin SD11 ตามล าดบั โดยสารตา้นจุล
ชีพทั้งสองสามารถออกฤทธ์ิได้ดีในสภาวะความเป็นกรด-ด่างท่ีกวา้ง และมีความสามารถในการ
ยบัย ั้งเช้ือก่อโรคในช่องปากไดห้ลายชนิด ซ่ึงสภาวะท่ีเหมาะสมส าหรับการเจริญเติบโตและการผลิต
แบคเทอริโอซินของเช้ือ L. paracasei SD1 และ L. fermentum SD11 คือการเพาะเล้ียงในอาหารท่ีมี
ความเป็นกรด-ด่าง อยูใ่นช่วงระหว่าง 5.0 ถึง 6.0 ท่ีอุณหภูมิ 37 หรือ 40 องศาเซลเซียส เป็นเวลา 12 
ชัว่โมง ทั้งในสภาวะท่ีมี หรือไม่มีออกซิเจน จากการศึกษาน้ีมีความเป็นไปไดท่ี้จะใชเ้ช้ือ L. paracasei 
SD1 และ L. fermentum SD11 รวมทั้งแบคเทริโอซินท่ีเช้ือผลิตข้ึน เป็นทางเลือกหน่ึงท่ีช่วยส่งเสริม
การมีสุขภาพช่องปากท่ีดี หรือการป้องกันโรคในช่องปาก เช่น โรคฟันผุ และโรคปริทันต์ ซ่ึง
จ าเป็นตอ้งมีการทดลองทางคลินิกต่อไป 
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ABSTRACT  
  

Lactobacillus has been proposed as probiotics for promoting and maintaining 
human health. Certain species of Lactobacillus produce and secrete bacteriocins, which are 
ribosomally synthesized antimicrobial peptides. This peptides exhibit a bacteriostatic or bacteriocidal 
activity against genetically closely related bacteria. A number of bacteriocins of Lactobacillus from 
different origins have been studied; for example, genitourinary tract, intestinal tract, feces and food. 
The studies have revealed the role of bacteriocin in food preservation, and the protection of intestinal 
and vaginal infections. However, the knowledge of bacteriocins or antimicrobial proteins produced 
by human orally Lactobacillus on the protective ability on oral infection is still limited. The aims of 
the present thesis were therefore: 1) to screen antimicrobial protein activity from oral Lactobacillus, 
2) to purify active protein from oral Lactobacillus, 3) to evaluate the enzymes, pH, temperature, and 
time incubator on antimicrobial protein activity from oral Lactobacillus, and 4) to investigate the 
optimum conditions for bacterial growth and antimicrobial protein production by oral Lactobacillus. 

A total 90 strains of oral Lactobacillus including L. casei, L. fermentum, L. gasseri, 
L. mucosae, L. paracasei, L. plantarum, L. rhamnosus and L. salivarius from children with caries 
and caries free. All strains were screened for inhibitory activity against Streptococcus mutans ATCC 
25175. L. paracasei SD1 and L. fermentum SD11 isolated from caries free subjects were exhibited 
the strongest inhibitory activity. Purification of the active compound was achieved with ammonium 
sulfate precipitation followed by chloroform extraction, gel filtration chromatography and/or reverse-
phase high-performance liquid chromatography. As revealed by SDS-PAGE, the active fraction from 
L. paracasei SD1 and L. fermentum SD11 were unadulterated, showing a proteins with an 
approximate molecular weight of 25 and 33 kDa respectively. They were confirmed as having a 
molecular mass of 24.03 and 33.59 kDa by liquid chromatography-mass spectrometry.  

vii 
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The antimicrobial compound from L. paracasei SD1 and L. fermentum SD11, 

named “paracasin SD1” and “fermencin SD11” respectively, exhibited a broad spectrum against oral 
pathogens including cariogenic and periodontogenic pathogens, and Candida. Paracasin SD1 was 
stable in a pH range between 3.0 and 8.0 at 100 °C for 5 min while fermencin SD11 was stable 
between 60-80 °C in a pH range of 3.0 to 7.0. They were sensitive to proteolytic enzymes (proteinase 
K and trypsin), but not affected by α-amylase, catalase, lysozyme and saliva except paracasin SD1, 
it was relative loss of activity after treatment with lysozyme. The optimum conditions for growth and 
bacteriocin production of both L. paracasei SD1 and L. fermentum SD11 were cultured at acidic with 
pHs of 5.0-6.0 at 37 °C or 40 °C under aerobic or anaerobic conditions for 12 h.  

In conclusion, L. paracasei SD1 and L. fermentum SD11, the strains derived from 
caries free children, could produce an antimicrobial proteins, from which later the purified proteins, 
namely paracasin SD1 and fermencin SD11 respcetively. They was active over a pH range with a 
broad spectrum against various oral pathogens. The optimum conditions for growth and bacteriocin 
production of L. paracasei SD1 and L. fermentum SD11 were cultured with acidic pHs of 5.0-6.0 at 
37 °C or 40 °C under aerobic or anaerobic conditions for 12 h. It is promising that L. paracasei SD1 
and L. fermentum SD11 and there bacteriocins may be an alternative approach for promoting oral 
health or prevention of oral diseases e.g. dental caries and periodontitis, that would require further 
clinical trials.   
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1. INTRODUCTION 

 

Background and Rationale 
 

There has been an increased interest in the role of probiotic bacteria for promoting 
and maintaining human health, including oral health.1, 2 The genus Lactobacillus includes Gram-
positive, facultative anaerobic or microaerophilic, rod-shaped, non-spore-forming bacteria. They are 
widely used as probiotics in the food industry. Many studies have shown that certain Lactobacillus 
species are also of importance in human health, providing a beneficial microflora in the vagina,3 
intestinal tract,2 and oral cavity.4 They have been proposed to promote oral health due to their ability 
to inhibit the growth against oral pathogens e.g. cariogenic Streptococcus5-7 and periodontal 
pathogens.5, 7 The production of antimicrobials against certain pathogens is often considered as an 
important trait in terms of probiotic efficacy, thus it has been an important criterion in the selection 
of a probiotic strain. The main mechanisms of Lactobacillus strains to inhibit growth of pathogens 
due to their produce antimicrobial substances, for example organic acids, hydrogen peroxide and 
bacteriocins.6, 7 

Bacteriocins are small bacterial proteins or peptides synthesized by ribosomes, and 
they exhibit a bacteriostatic or bacteriocidal activity against genetically closely related bacteria.8 
Bacteriocin producing bacteria as well as bacteriocins are increasing interests because they can be 
used as biological controls in the manufacture of beverages and ferment products.9, 10 In addition, it 
may be used as a pharmaceutical product for local applications e.g. in the vagina.11, 12 In application 
for commercial production, a number of studies have reported that physicochemical factors, e.g. pH, 
temperature and aeration, have a dramatic effect on the production of bacteriocins.13-16 Thus, the 
optimization for biomass production to improve the yield of bacteriocins is necessary. 

Several bacteriocins of Lactobacillus spp. from different origins have been 
characterized; for example, various bacteriocins were found to be produced by L. fermentum L23 
isolated from vaginal, L. paracasei HD1-7 isolated from Chinese cabbage sauerkraut, L. paracasei 
BGBUK2-16 isolated from homemade white-pickled cheese, L. casei CRL 705 isolated from dry 
fermented sausage, L. acidophilus LF221 isolated from infant faeces, L. plantarum LE5 and LE27 
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isolated from ensiled corn, L. animalis TSU4 isolated from fish and L. rhamnosus 160 isolated from 
vaginal.17-23 The studies have revealed the role of bacteriocin in food preservation, and the protection 
of intestinal and vaginal infections. However, the knowledge of bacteriocins or antimicrobial proteins 
produced by human orally Lactobacillus on the protective ability on oral infection is still limited.  

Previous studies of Piwat et al. have shown that certain Lactobacillus species were 
associated with the presence and progression of dental caries in Thai children and adults.24 
Nevertheless, the study and others have shown that some Lactobacillus species have been suggested 
as potential probiotics for caries prevention, mainly because of their inhibitory activities against 
cariogenic Streptococcus spp.5, 7, 25-27 The presence of certain oral lactobacilli is correlated with good 
oral health, this may be due to their ability to inhibit the growth of oral pathogen sin vitro.7, 27 In 
addition, the prominent species, i.e. L. fermentum, L. paracasei, L. plantarum, L. rhamnosus and L. 
salivarius, have been shown to reduce the growth of oral pathogens.5, 7, 28 However, the antimicrobial 
substances have not been studied as yet. Thus, the present study was to screen antimicrobial protein 
activity, purified, characterized and optimized in conditions for bacterial growth and bacteriocin 
production of human oral Lactobacillus. 
 

Literatures review 
 
1. Lactobacillus 

  
  Lactobacillus species are Gram positive bacilli, catalase negative. They are 
considered to be important organisms due to their fermentative ability as well as their health and 
nutritional benefits.29 During recent decades lactobacilli have gained importance as probiotics, ‘live 
microorganisms which when administered confer a health benefit on the host’.30 They are member 
of lactic acid bacteria (LAB), since it has similarity in production of lactic acid as a major end-
product of carbohydrate catabolism.31 Generally, LAB are generally recognized as safe (GRS) status 
except Leuconostocs and L. rhamnosus which are prohibited in European countries.32 Initially 
lactobacilli are the magnificent interest for food fermentation and food preservation because they are 
able to inhibit the growth of undesirable microorganisms (e.g. Clostridium botulinum, Bacillus spp., 
Enterococcus feacalis, Listeria monocytogenes and Staphylococcus aureus) that cause food spoilage 
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and food-borne diseases, resulting in less use of chemical preservatives. Subsequently, there has been 
an increase in potential heath purposes as a live microorganism ingestion for promoting or supporting 
a balance of indigenous microflora as a probiotic, such as probiotic yogurts or yogurt-like products 
as well as providing a potential source of antimicrobial agents, such as bacteriocins, for the 
prevention of certain infectious diseases.31 Recently, probiotic has been used for greater than ever: 
reducing carcinogenesis in preventative therapy for intestinal tumors; restoring the imbalance in the 
gut microflora, reducing blood level of urine toxin in treatment of chronic kidney failure, degradation 
of oxalate to prevent the subsequent evolution of kidney stones, reducing blood levels of cholesterol, 
and enhancing immunity by stimulating the activity of splenic NK cells and increasing gut IgA.33 
However, few studies available on the role and effects of probiotic for oral health.34 
 
2. Role of Lactobacillus in oral cavity 

 
The oral cavity shelters a very numerous and various microbial flora. More than 700 

bacterial species have been detected in the oral cavity, of which over 50% have not been cultivated.35 
More than 300 individual microbial species can be cultivated have been identified from a human 
mouth.36

 Lactobacilli appear in the oral cavity during the first years of a child’s life.37 
  Lactobacillus species are ubiquitous microorganisms colonizing the gastrointestinal 
tract, mucosal surfaces of the mouth and genitourinary tract. This bacterium has been reported 
infrequently as a cause of lethal infections in either immune competent or immune compromised 
hosts.   L. casei, L. fermentum, L. gasseri, L. paracasei, L. plantarum, L. rhamnosus and L. salivarius 
have been reported the human oral cavity.5, 27 The presence of certain oral lactobacillus are correlated 
with good oral health, this may be due to their ability to inhibit the growth of oral pathogens in vitro.7, 

27 In addition, the dominant species, i.e. L. fermentum, L. paracasei, L. plantarum, L. rhamnosus and 
L. salivarius have been shown to inhibit the growth of oral pathogens.5, 7, 28 

The studied of Ahumada et al.38 have reported that, lactobacilli isolated from the 
tongue were exhibited able to inhibit the growth of S. mutans. The inhibitive substances production 
were found in the homofermentative group more the heterofermentative group. In addition, this result 
same as other report, lactobacilli isolated from patients with caries active could produce inhibitory 
substances more than streptococci species (mutans, sanguis, anginosus, salivarius).  
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The studied of Koll-Klais et al.5 have shown that, 88 % of oral lactobacilli could 
inhibited Actinobacillus actinomycetemcomitans, 82 % Porphyromonas gingivalis, 65 % Prevotella 
intermedia and 69 % S. mutans. The highest antimicrobial activity was associated to L. plantarum, 
L. salivarius L. paracasei and L. rhamnosus. The lowest antimicrobial activity against S. mutans was 
founded in the strains isolated from periodontically sound patients than the strains isolated from 
patients with chronic periodontitis.  

The studied of Sookhee et al.27 have shown that, L. paracasei and L. rhamnosus 
were isolated in the oral cavities of sound subjects could produce antimicrobial substances against 
Actinomyces viscosus, Porphyromonas gingivalis, Staphylococcus aureus, S. mutans, S. salivarius,  
S. sanguis, and Candida. 

The studied of Ishikawa et al.39 have reported that, L. salivarius could inhibited, 
Prevotella nigrescens, Prevotella intemedia and Porphyromonas gingivalis within 24 h. In addition, 
a clinical study have shown that daily intake of tablets containing L. salivarius could decreased the 
number of anaerobic rods bacteria in saliva after 4 weeks of administration. 

Many studies have evaluated the role of Lactobacillus as probiotic in oral health. 
According to Nase et al.25 showed that consumption milk containing L. rhamnosus GG for 7 month 
could reduce caries risk in preschool children. The studied of Petti et al.40 have shown that, 
consumption of L. bulgaricus in yoghurt could decreased lactobacilli and S. mutans in saliva; but, as 
L. bulgaricus contained in this yoghurt do not colonize the oral cavity. One week consumption 
yoghurt containing L. acidophilus and L. casei caused a removal of other lactobacilli in saliva and 
dental plaque.41 

The studied of Ahola et al.26 have shown that, a shot-term consumption of cheese 
containing with L. rhamnosus GG and L. rhamnosus LC 705 reduces caries-related bacteria from 
saliva in young adults. This cheese was also reduce the risk of a high number of yeast, and reduce a 
high number of S. mutans, cause to reduce the carious risk.25, 26, 40, 41 Also, our group has previously 
demonstrated that some oral Lactobacillus species have been proposed as probiotics in oral cavity, 
mainly because of their inhibitory activities against oral pathogens.6, 25, 42  
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3. Types of antimicrobial substances of Lactobacillus 
 
   The antimicrobial properties of LAB are derived during fermentation and the 

production of one or more antimicrobial active metabolites, including organic like lactic and acetic 
acid, hydrogen hydroxide, ethanol, carbon dioxide and also the compound, such as bacteriocins.43 
The antimicrobial compound produced by LAB act as biopreservatives in food, with founds dating 
back to approximately 6,000 before Christ.44, 45 The role of antimicrobial substances are not only for 
promoting and maintaining human health but rather for one bacterium gaining advantage over 
another that competes for the same environment and same energy  source.46 
 

3.1. Organic acid 
 

   Acid is a major inhibitory factor produced by LAB. The lowers of pH of 
environment to the point that the growth of other bacteria could be inhibited.47 During fermentation, 
heterofermentative of LAB produce amounts of lactic acid, acetic acid, ethanol and carbon dioxide 
while homofermentative produce lactic acid alone.48 The reduction of pH in the fermented food 
resulting from acid production by the fermentation process that the primary preserving actions of the 
LAB.49 The organic acids are believed to disrupt the mechanisms responsible for maintaining the 
membrane potential, thereby inhibiting active transport.45, 50  

The productions of lactic acid and other organic acids were caused by sugar 
fermentation.  Acid producing LAB is very important factor for the inhibition of growth of undesired 
microorganisms, and it also important in helping to maintain the balance of microorganisms in the 
intestinal tracts.51, 52 However, the intensity of the antagonistic action may not be directly related to 
the amount of acid produced. It also has been recognized that LAB are capable of producing other 
inhibitory substances than organic acids.53 The reduction of pH makes organic acids lipossoluble, 
allowing them to destroy the cell membrane and reach the cytoplasm of pathogens.54 Lactic acid 
caused prominent permeabilization in Gram negative bacteria in vitro and it is responsible for low 
intracellular pH.55 For instance, L. acidophilus No 4356 produced a large amount of lactic acid that 
completely inhibited the growth of H. pylori in a mixed culture.56 Urease activity allowed pathogens 
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such as Yersinia enterocolitica or H. pylori to develop in the environment with low pH; however the 
production of acid from lactobacilli were able to inhibit this activity.56-58 
 

3.2. Hydrogen peroxide 
    
   LAB have the ability to produce hydrogen peroxide when grown in the presence of 

oxygen through the action of NADH oxidases, super oxide dismutase and flavoprotein-containing 
oxidases.46, 59, 60 Because of LAB are catalase-negative, hydrogen peroxide can accumulate to high 
and act inhibitory to the growth of some microorganisms.59 However, it is argued that the hydrogen 
peroxide does not accumulate significant amounts because it could decomposed by flavoproteins, 
pseudocatalases and peroxidases in vivo.61  

   The production of hydrogen peroxide by L. salivarius CECT 5713 showed 
antimicrobial activity against L. monocytogenes Ohio and Klebsiella oxytoca CECT 860T in vitro.62  
The supernatants of L. johnsonii NCC533 or L. gasseri CRL1421 exhibited antimicrobial activity 
against growth of pathogen while untreated with catalase, suggesting the implication of H2O2.63, 64 
H2O2 was also shown to be able to inhibit the formation of Staphylococcus epidermidis CSF41498 
biofilm in vitro, and to reduce the transcription of icaADBC operon involved in polysaccharide 
intercellular adhesion in this species.65  
 

3.3. Carbon dioxide 
 

   Heterofermentative of LAB could produce carbon dioxide and contributes to an 
anaerobic environment, and it cause toxic to various aerobic microorganisms that living in the area. 
Moreover, the carbon dioxide has an antimicrobial ability.66 The mechanism of this activity is not 
known, but it is believed that the accumulates of carbon dioxide in the lipid bilayer due to the 
inhibition of enzymatic decarboxylation,67 causing dysfunction of membrane permeability.66 It have 
been report that low levels of carbon dioxide  have been found to enhance the growth of certain 
microorganisms, whereas high carbon dioxide concentrations led to growth inhibition.66 
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3.4. Diacetyl 
    
   Various LAB can produce diacetyl (2,3-butanedione) during heterofermentation, 

including the genera Lactobacillus, Lactococcus, Leuconostoc, Pediococcus and Streptococcus.68, 69 
Diacetly is more sensitive to Gram-negative bacteria, molds and yeast than Gram positive bacteria. 
The antimicrobial mechanism of diacetyl was action on the arginine-binding protein of Gram-
negative bacteria leading to interference with arginine utilization.45, 68 Diacetyl is well known for its 
ability to enhance the flavor of butter. Moreover, there is also imparts to the fermented dairy products, 
but this property as well as the high concentration necessary to restrict the use of diacetyl in food 
storage as food preservatives. 

 
3.5. Bacteriocin 
 

    Bacteriocins are gene-coded, ribosomally synthesized antimicrobial peptides, and 
they exhibit a bacteriostatic or bacteriocidal activity against genetically closely related bacteria.46, 70, 

71 Most of bacteria produce only one bacteriocin, but some species can produce several different 
bacteriocins. 72 The first discovered of bacterocin by Gratia73 in 1925. He was demonstrated that 
Escherichia coli produced antimicrobial substance, named “colicin”, and had the ability to inhibit 
growth of other E. coli strains. Since then, many studies have been identified and characterized of 
antimicrobial peptides produced from both Gram positive and Gram negative bacteria, and there 
antimicrobial proteins were collective term “bacteriocins”.74 
 
4. Bacteriocin  
 

4.1. Bacteriocin definition 
 

  Gene-encoded, ribosomally synthesized antimicrobial peptides are being produced 
as constituents of their innate immune systems in nature by microorganisms, plants, animals and 
humans, which is a common defense strategy against bacteria.75, 76 The bacteriocins are often cationic 
and amphiphilic, and most of them kill bacteria by causing cell-leakage by permeabilizing the target 
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cell membranes. Antimicrobial peptides can be roughly categorized into those that have high content 
of a certain amino acids, most often proline, those contain intramolecular disulfide bridges, and those 
with an amphiphilic region in their molecule if they display an α-helical structure.77 
  Ribosomally synthesized antimicrobial peptides produced by bacteria are generally 
referred to bacteriocins, which may be either plasmid encoded78 or chromosomally encoded.79 The 
producer cells are also immunized at nominal levels of their own inhibitors.80 Their net charges, with 
pIs varying from 8.3 to 10, are common features.81 Even bacteriocins’s structure resembles many of 
the antimicrobial peptides produced by eukaryotes; they seem to be more potent and much higher 
specific activity than those produced by animals and plants.77 Higher potencies and specificity of 
bacteriocins were due to their high affinity binding to specific receptors or docking sites on the target-
cell surface.82 The bacteriocins produced by Gram- positive bacteria, proteins are typically smaller 
than 6 kDa in contrast to most of the bacteriocins produced by Gram- negative bacteria often produce 
bacteriocins are peptides, which are larger. 20 kDa. The bacteriocin productions are not necessary 
linked to one species or restricted to organisms sharing a specific environment. Among the 
lactobacilli, there has been much interest in L. acidophilus and L. plantarum, due to their potential 
application as starter bacteria in food fermentation product. 
 

4.2. Bacteriocin classification  
 

  Bacteriocins produced by Gram-positive LAB are grouped into four distinct class 
by Klaenhammer’s8 in 1993.   These groupings have formed on the basis of their structure and 
function. Klaenhammer’s suggested four classes of bacteriocins as follows: 

 Class I bacteriocins, also known as lantibiotics, containing the unusual post 
translationally modified residues lanthionine, -methyl lanthionine and other modified 
residues, such as dehydroalanine and dehydrobutyrine. A small membrane-active 
peptides (<5 kDa) containing 19 to 38 amino acids. Nisin is the most characterized of 
the Class I bacteriocins. 

 Class II bacteriocins, also known as non-lantibiotics, consist of peptides without 
modified residues, a small heat-stable peptides (<10 kDa). The class is further divided 
into three subclasses; subclass IIa, IIb and IIc. 
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- Subclass IIa are the pediocin-like bacteriocins, which have  Listeria-active peptides, 
consensus sequence in the N-terminal of  -Tyr-Gly-Asn-Gly-Val-Xaa-Cys- 

- Subclass IIb are poration complexes consisting of two difference peptide for 
activity. 

- Subclass IIc, which contains one-peptide bacteriocin, thiol-activated peptides 
requiring reduced cysteine residues for activity 

 Class III are consist of large (>30 kDa), heat-labile proteins, it often with enzymatic 
activity. 

 Class IV are complex proteins, composed of one or more chemical moieties, either 
lipid or carbohydrate. 
There are a number of bacteriocins produced by different Lactobacillus spp. (Table 

1), and they can be classified according to their biochemical and genetic characteristics.83 
 

5. Isolation of bacteriocin 
 
  Mostly bacteriocins were isolated from LAB, and from different sources such as 
food product, plant material and human or animal isolates. The nature of the inhibitory substance 
produced by organisms in the initial screening by the agar well diffusion technique. 74 According to 
Moreno et al.84 have isolate 167 strains of L. lactis from cheese and milk. The antimicrobial activity 
was detected through the agar well diffusion assay. The antagonism activity from hydrogen peroxide 
and organic acid was avoided by added catalase and neutralize by phosphate buffer in the cultured 
medium. The results found that, 8.4 % of isolated strains were inhibited the growth of indicator strain. 
Tahara et al.85 have reported that, the screening of antimicrobial activity from L. acidophilus JCM 
1132 was performed by agar well diffusion assay. The inhibitory activity of neutralized cell-free 
supernatant was not affected by catalase, indicating that a contribution of hydrogen peroxide was 
ruled out.  
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Table 1. Bacteriocins of Lactobacillus spp. and their main characteristics 
 

Producing species Bacteriocin Spectrum of action Characteristics 
L. acidophilus Acidocin CH5 

 
Lactacin F 
 
 
 
Lactacin B 

Gram-positive 
bacteria 
Lactobacillus 
L. fermentum 
Enterococcus faecalis 
L. delbrueckii 
L. helveticus 
L. debrweckii 
L. helveticus 
L. bulgaricus. 
Lactococcus lactis. 

Class II bacteriocin, forms high 
molecular weight aggregates 
Class II bacteriocin, 6,3 kDa, 57 amino-
acids, heatstable at 121 °C for 15 minutes 
 
 
Class III bacteriocin, 6,3 kDa, heat-
stable, detected 
only in cultures maintained between pH 
5.0 to 6.0 

L. amylovorus Lactobin A L. acidophilus 
L. delbrueckii 

Class II bacteriocin, 4,8 kDa, 50 amino-
acids, narrow spectrum of activity 

L. casei Lactocin 705 Listeria 
monocytogenes 
L. plantarum 

Class II two-component bacteriocin (33 
amino-acids each component), 3,4 kDa, 

L. sake Lactocin S 
 
 
Sakacin P 

Lactobacillus 
Leuconostoc 
Pediococcus 
Listeria 
monocytogenes 

Class I bacteriocin, 3,7 kDa, active 
between pH of 4,5 and 7,5 
 
Class II bacteriocin, 4,4 kDa, heat-stable 

L. curvatus Curvacin A Listeria 
monocytogenes 
Enterococcus faecalis 

Class II bacteriocin, 4,3 kDa 

L. helveticus Helveticin J L. bulgaricus 
Lactococcus lactis 

Class III bacteriocin, 37 kDa, narrow 
spectrum of action, sensitive to 
proteolytic enzymes, reduction of activity 
after 100 °C for 30 min 

Parada et al. 9 
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Lakshminarayanan et al. 86 have screened of Lactobacillus over 70,000 colonies, 
from faecal samples collected from 266 subjects. The antimicrobial activity of the cultured 
supernatants of the isolated strains were determined by the agar well diffusion assay. The results 
shown that 276 colonies exhibiting antimicrobial activity against indicator strain. The predominant 
antimicrobial-producing species were identified as L. acidophilus, L. crispatus, L. gasseri, L. 
salivarius and Enterococcus spp.  

Ndlovu et al.87 have screened of 155 LAB strains isolated from red wines. The 
antimicrobial activity was detected by the agar spot test method. The results shown that 8 isolates 
were identified to be bacteriocin producers and were identified as E. faecium. The peptides were 
preliminarily identified as enterocin P. 
 
6. Bacteriocin purification 

  
 Several techniques have been used to obtain purified or partially purified 

bacteriocins. The purification scheme may be varied for some applications. Highly purified 
preparations would be needed for determination of a bacteriocin's amino acid composition and 
sequence. However, high yields of active bacteriocin will be the focus of a food biopreservative 
system. Most purifications start with a method that concentrates bacteriocins from culture 
supernatants, because bacteriocins usually are extracellular products. Ammonium sulfate 
precipitation is well established as an initial step in the purification process.88   

   Dialysis and ultrafiltration are valuable methods of concentrating and purifying 
bacteriocins. By using membranes of specific pore size, the researcher can retain proteins above a 
particular size and allow smaller proteins to pass through.  

   Several methods of chromatography, such as gel filtration, ion exchange, and/or 
hydrophobic interaction chromatography, have been recommended for achieving significant 
purification of bacteriocins. Especially, reverse-phase chromatography has been frequently used as 
a final step for several bacteriocins, including bacteriocin TSU423, curvaticin FS4789, lactacin F90, 
plantaricin A91, bavaricin A92, bacteriocin LS193 and  bacteriocin L23.18 

   Many lactobacilli species have been identified as producers of bacteriocins, and the 
purification processes of their bacteriocins are depend on their characterization. The different 
approach for purifying the bacteriocin such as lactacin F, produced from L. acidophilus 11088, was 
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purified by ammonium sulfate precipitation, gel filtration chromatography, and high performance 
liquid chromatography. The purification methods resulted in a 474 fold increase in specific activity. 
Purified lactacin F was established to have a molecular mass of 2.5 kDa by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). 90 

Bacteriocin SL1, produced from L. salivarius BGHO1, was purified by ammonium 
sulfate precipitation, reverse-phase chromatography on FPLC and HPLC systems. The purified 
Bacteriocin SL1 was established to have a molecular mass of approximately 10 kDa by tricine SDS-
PAGE.93 

Plantaricin ZJ5, a new Bacteriocin produced from L. plantarum ZJ5, was purified 
by ammonium sulfate precipitation followed by cation exchange, hydrophobic interactions and 
reverse-phase chromatography. As revealed by matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS), the molecular mass of plantaricin ZJ5 was found to be 
25.7 kDa.94 

Plantaricin ZJ008, produced from L. plantarum ZJ008, was purified by 
macroporous resin column (XAD 2), cation exchange, gel filtration chromatography, and RP-HPLC. 
After purification, activity unit was increasing from 426 IU/ml to 8,471 IU/ml. Mass spectrometry 
based on MALDI-TOF indicated that the bacteriocin had a molecular of 1.33 kDa.  

Curvaticin FS47, produced by L. curvatus FS47, was purified by ammonium sulfate 
precipitation, solid-phase extraction and reverse-phased HPLC. The purification methods resulted in 
a 25 fold increase in specific activity and 0.0034 % recovered. Molecular mass of curvaticin FS47 
was found to be 4.07 kDa based on mass spectrometry.89  

Lactacin F, a bacteriocin produced by L. acidophilus 11088, was purified and 
characterized by Muriana and Klaenhammer.90 Lactacin F was purified by ammonium sulfate 
precipitation, gel filtration, and reversed-phase HPLC resulted in a 474-fold increase in specific 
activity. 
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7. Bacteriocin characterization 
  
   The physical parameters such as temperature, pH and enzyme were dramatic 

effected on bacteriocin activity. Some bacteriocins show that the molecules can be active under a 
certain range of temperature and pH. Generally, bacteriocins were sensitive to proteolytic enzymes 
such as proteinase K, pepsin and trypsin.95 According to Bendjeddou et al.96 reported that, 
paracaseicin A, a heat-labile protein produced by L. paracasei subsp. paracasei BMK2005. 
Paracaseicin A was active only at acidic pH range; inactivated by treatment with papain and 
proteinase K; stable at 60 and at 80 °C, and no detectable was observed after heating at 120 °C for 
10 min. 
   Bacteriocin L23 produced by L. fermentum L23 was active whide pH range (4.0-
7.0); inactivated by treatment with proteolytic enzymes (trypsin and protease VI); heat stable (60 min 
at 100 °C).18 Cell free culture filtrate of probiotic L. rhamnosus 231 exhibited a broad spectrum of 
activity against Gram-positive and Gram-negative bacteria.97 Acidocin D20079 produced by L. 
acidophilus DSM 20079 was extremely heat-stable (30 min at 121 °C); inactivated by trypsin, ficin, 
pepsin, papain, and proteinase K. Acidocin D20079 has a narrow inhibitory spectrum, especially the 
genus Lactobacillus.98  
 
8. Bacterocin production 

 
Most studies performed to optimize bacteriocin production have used commercial 

media to provide a rich supply of growth nutrients. Physicochemical factors such as pH or 
temperature have a dramatic effect on the production of bacteriocins.13, 16, 99 For example, Barefoot et 
al.100 reported that pH was an important factor in the production of lactatib B by L. acidophilus. A 
maximum activity was obtained at pH 6.0. Maximum production of lactacin F by   L. acidophilus 
11088 was obtained at pH 7.0.90 Production of lactococcin 140 produced by Lactococcus lactis 
140NWC was pH dependent, with maximum activity of 1.54 x 104 AU/ml was obtained at pH 5.5.101  
The production of acidocin 8912 was depended on temperature. Maximum production of acidocin 
8912 was obtained at 37 °C in MRS Broth.102  

   Optimal production of bacteriocin can occur at different growth phases. Some 
bacteriocins such as lactococcin 140 and nisin are produced during the exponential phase. 101, 103 
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During the late exponential and early stationary phase of growth, many bacteriocins, such as 
helveticin J104, pediocin AcH13,  propionicin PLG-1105 and pediocin SJ-1106 are produced 
extracellularly. This suggests that these bacteriocins are secondary metabolites. 

 

Objectives 
 
 1. To screen antimicrobial protein activity from oral Lactobacillus 
 2. To purify active protein from oral Lactobacillus 

3. To evaluate the enzymes, pH, temperature, and time incubator on antimicrobial activity 
from oral Lactobacillus 
 4. To investigate the optimum conditions for bacterial growth and antimicrobial protein 
production by oral Lactobacillus 
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2. MATERIALS AND METHODS 
 

Bacterial strains and culture conditions 
 

A total 90 strains of oral Lactobacillus including L. casei (5 strains), L. fermentum 
(40 strains), L. gasseri (5 strains), L. mucosae (5 strains), L. paracasei (20 strains), L. plantarum (5 
strains), L. rhamnosus (5 strains) and L. salivarius (5 strains), a clinical collection strains were 
obtained from the previous study of Piwat et al.24, and the culture collection was kept at -80 °C in the 
Department of Stomatology, Faculty of Dentistry, Prince of Songkla University, Thailand.  All 
strains were identified using restriction fragment length polymorphism (RFLP) analysis of a 
polymerase chain reaction (PCR).107 Sequencing of the 16S-rRNA was performed for strains with 
uncertain identifications. Lactobacillus strains were cultured in de Man, Rogosa, and Sharpe (MRS) 
broth for 24-48 h, at 37 °C in an anaerobic condition (80 % N2, 10 %H2 and 10 % CO2). 

The antimicrobial activity of the antimicrobial protein produced by oral 
Lactobacillus were determined against a broader spectrum of oral bacteria strained will be performed. 
For details, see Table 2. 

 

Antimicrobial activity assay 
 

Initially, the cell free supernatant and supernatant of sonicated cells of all tested 
strains were screened for inhibitory activity, and Streptococcus mutans ATCC 25175 was used as an 
indicator strain at this step. After recovery from storage, each tested strain was inoculated into MRS 
broth at 37 °C for 24 h.  Bacterial cells were separated from the broth culture by centrifugation at 
8,000×g for 10 min. The supernatant was adjusted to pH 6.5 with 1 M NaOH and then treated with 
proteinase K, catalase and lysozyme at a final enzyme concentration of 1 mg/ml. The treated 
supernatants were tested for antimicrobial activity using an agar well diffusion assay. 
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Table 2. Microorganisms used as indicator strains to determine the activity spectrum of the    
 bacteriocins produced by oral Lactobacillus 

 
Indicator strains  Medium and growth conditions 

Gram positive bacteria:  
Lactobacillus casei ATCC 393 MRS, 37 °C and anaerobic condition 

Lactobacillus fermentum ATCC 14931 MRS, 37 °C and anaerobic condition 

Lactobacillus paracasei CCUG 32212 MRS, 37 °C and anaerobic condition 

Lactobacillus plantarum ATCC 14917 MRS, 37 °C and anaerobic condition 

Lactobacillus rhamnosus ATCC 7469 MRS, 37 °C and anaerobic condition 

Lactobacillus salivarius ATCC 11741 MRS, 37 °C and anaerobic condition 

Streptococcus mutans ATCC 25175 BHI, 37 °C and anaerobic condition 

Streptococcus sobrinus ATCC 33478 BHI, 37 °C and anaerobic condition 

Gram negative bacteria:  
Aggregatibacter actinomycetemcomitans ATCC 33384 BHI, 37 °C and anaerobic condition 

Fusobacterium nucleatum ATCC 25586 BHI, 37 °C and anaerobic condition 

Porphyromonas gingivalis ATCC 33277 BHI with 2% (w/v)  Vitamin K (0.03 
M), 37 °C and anaerobic condition 

Yeast:  
Candida albicans ATCC 90028 SDA, 37 °C and aerobic condition 
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The supernatant was concentrated 10-fold in a Speed-Vac concentrator, and then the 
pH was adjusted to 6.5 with 1 M NaOH. One part of the concentrated supernatant was extracted with 
equal volume of either chloroform or ethyl acetate separately. After thoroughly mixing, the organic 
phase evaporated and the sediment was resuspended in phosphate buffer saline to the original 
volume.  

The bacterial cells were washed three times with phosphate buffer saline (PBS, pH 
7.0), then the sediment was resuspended in PBS to the original volume. The washed cells suspension 
was sonicated with a cell disrupter to lyse the bacterial cell wall for 5 min in an ice bath. Cell debris 
was removed by centrifugation at 8,000×g for 10 min, and the supernatant was used as the sonicated 
cell free extract. 

All samples were examined for inhibitory activity against S. mutans ATCC 25175 
using a microdilution assay. The inhibitory activity was defined as > 80 % inhibition growth of an 
indicator strain by the tested sample compared to the control (indicator strains with medium only). 
Antimicrobial protein titers were reported as arbitrary units (AU) per ml or µg, and one AU was 
defined as the reciprocal of the highest dilution showing inhibitory action towards the sensitive 
strains. 

From our screening study, the results indicated that the strongest inhibitory activity 
was observed in the aqueous phase of the supernatant of L. paracasei SD1and L fementum SD11. 
Thus, the strains were subjected to a further bacteriocin purification study.  

 

Purification of the bacteriocin 
  

  1. Ammonium sulfate precipitation  
 

   One liter of the supernatant from Lactobacillus strain was adjusted to pH 6.5 with 
1.0 M NaOH, and was precipitated with ammonium sulfate at various saturation levels (40 %, 60 % 
and 80 %). The mixture was stirred overnight at 4 °C, the protein precipitate was centrifuged 
(20,000×g, 20 min, 4 °C) and the resulting pellet was dissolved in 50 ml of 0.1 M sodium phosphate 
buffer pH 7.0. The precipitated protein was dialysed using a dialysis tubing (molecular weight cutoff 
of 3.5 kDa) against 1 liter 0.1 M sodium phosphate buffer pH 7.0 at 4 °C. The entire dialysis required 
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four changes of the same buffer over 2 days. At each saturation levels of ammonium sulfate, the 
resulting suspension was assayed for inhibitory activity. Protein concentration was determined by 
the method of Bradford’s. 108    

   From our screening study of ammonium sulfate at various saturation levels, the 
results indicated that the strongest inhibitory activity of L. paracasei SD1and L fementum SD11were 
observed at the 40 % saturation of ammonium sulfate. Thus, the 40 % saturation was subjected to a 
further bacteriocin purification study. 
 

  2. Solvent extraction 
 

   The precipitated bacteriocin (50 ml) was mixed with equal volume of solvents; 
chloroform or ethyl acetate.109 Phase separation was achieved after the samples standing at room 
temperature for approximately 30 min. The samples were centrifuged with 6,000×g at 4 °C for 10 
min. The water phase was dried using freeze-drying while solvent phase was dried using speed vac 
concentrator. The pellet was resuspended in 0.1 M sodium phosphate buffer pH 7.0. The 
antimicrobial activity will be determined by the broth microdilution assay.  
      From the study of solvent extraction, the results indicated that the strongest 
inhibitory activity of L. paracasei SD1and L fementum SD11were observed in the water phase after 
extracted with chloroform. Thus, the extraction with chloroform was subjected to a further 
bacteriocin purification study. 
 

  3. Column chromatography 
 

3.1. Purification of bacteriocin produced from L. paracasei SD1 
 
- Gel filtration chromatography 
 
The sample (0.5 ml) form L. paracasei SD1 was loaded on a Superdex 200 HR 

10/30 column (LKB-Pharmacia, Uppsala, Sweden); a fast protein liquid chromatography (FPLC) 
system. A buffer was applied in 0.5 ml/min with a 0.05 M sodium phosphate buffer (pH 6.5) with 
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the addition of 0.15 M NaCl for elution, with a time interval of 20 min after the samples were injected. 
The elution was monitored simultaneously at 280 nm and controlled in 0.5 ml/min. Fractions of 0.5 
ml each were collected and then dialyzed two times against 0.5 l of distilled water for 24 h using a 
dialysis bag with a molecular weight cutoff of 3.5 kDa. The individual fraction was lyophilized under 
pressure (25 mHg) at -110 °C of freeze-drying (CoolSafe 110-4 Pro, ScanLaf, Denmark) for 24 h. 
Each fraction was then tested for bacteriocin activity using a broth microdilution assay. 
 

3.2. Purification of bacteriocin produced from L. fermentum SD11 
 
- Gel filtration chromatography 

 
The sample (0.5 ml) was loaded on a Fractogel® EMD BioSEC (1.5×90 cm) column 

(MERCK, Germany). The column was equilibrated and eluted by a 50 mM sodium phosphate buffer 
pH 6.5 with the addition of 0.15 M NaCl at a flow rate of 0.5 ml/min, with a time interval of 20 min 
after the samples were injected. Fractions of 0.5 ml each were collected and then dialyzed two times 
against 0.5 l of distilled water for 24 h using a dialysis bag with a molecular weight cutoff of 3.5 
kDa. The individual fraction was lyophilized as mentioned above. Each fraction was then tested for 
bacteriocin activity using a broth microdilution assay.  
 
  - Cation exchanger chromatography 
 

  The active fraction (0.5 ml) from gel filtration chromatography was loaded on a SP 
Sepharose® Fast Flow 1.0/15 cm column (Pharmacia-Biotech, Canada). Equilibrate with 20 mM 
sodium acetate. After sequentially washing the column with 60 ml of 160 and 320 mM sodium 
chloride, the active fraction will be elute at a flow rate of 1.0 ml/min with 500 mM sodium chloride. 
Fractions of 1 ml each were collected and then dialyzed two times against 0.5 l of distilled water for 
24 h using a dialysis bag with a molecular weight cutoff of 3.5 kDa. The individual fraction was 
lyophilized as mentioned above. Each fraction was then tested for bacteriocin activity using a broth 
microdilution assay. 
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  From this study, cation exchanger chromatography could not remove contamination 
proteins from the bacteriocin. Thus, the further purification step was applied to reverse-phase HPLC 
system.  

 
  - Reverse-phase HPLC 
 
  For further purification of bactericon produced by L fementum SD11, the active 
eluted fraction (100 µl) from gel filtration chromatography was applied to RP-HPLC on a C18 Sep-
Pack column (Millipore Corp., Milford, Mass.) at a flow rate of 0.5 ml/min. Elution was carried out 
by applying a linear gradient of acetonitrile with deionized water from 15 to 100 % within 30 min, 
with a time interval of 10 min after the samples were injected.  Absorbencies were recorded between 
210 and 280 nm using a photodiode array detector (model 996; Waters). All collected fractions were 
evaporated and then tested for bacteriocin activity. The purity of active fraction was confirmed with 
second RP-HPLC run in the same conditions. 

 
Determination of protein concentration 
 

The protein content was estimated using Bradford’s assay,108 a reagent kit of  Bio-
Rad Laboratories, USA,  and bovine serum albumin (Sigma-Aldrich, USA) was used as a standard. 
A sample (20 µl) was added to 1 ml of the Bradford reagent, and then mixed for 1 min at room 
temperature. The solution was monitored for the protein concentrations at 595 nm by comparing with 
bovine serum albumin as the standard.  

 

Tricine sodium dodecyl sulfate polyacrylamide gel electrophoresis (tricine SDS-
PAGE)  
 

Tricine-SDS PAGE analysis of purified bacteriocin was performed according to 
Schagger et al.110, with 12 % acrylamide gel. Following electrophoresis, the gel was cut into two 
parts; one was stained with Coomassie brilliant blue R-250 (Bio-Rad, Canada), whilst the other was 
fixed in 20 % (v/v) isopropanol and 10 % (v/v) acetic acid for 1.5 h, and then rinsed in sterile distilled 
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water for 16 h. After the final rinse step, the gel was overlaid with soft agar medium inoculated with 
the tested indicator strain.  
 

Mass spectrometry 
 

   The active fraction was dissolved at the concentration of 1 mg/ml in 50 % 
acetonitrile in water, and 10 µl of sample was applied in liquid chromatography mass spectrometry 
(LC-MS, model V BIO-Q triple-quadrupole; Biotech, Altrincham, UK). The sample was pumped at 
a flow rate of 5 µl/min delivered by a 140-A solvent delivery system (Applied Biosystems, Foster 
City, Cailf.). The capillary tip was set at a voltage of 3.2 kV and the sample cone voltage was set at 
30 V. The mass spectrometer was set to scan the mass range of 20 to 40 kDa. The mass spectrometer 
was calibrated by preliminary analysis of horse heart myoglobin (Sigma).     

  

Characterization of bacteriocin produced by L. paracasei SD1 and L. fermentum 
SD11 
 

  1. Sensitivity to enzymes, pHs and heats 
 

   Enzyme sensitivity: Aliquots of 1.0 ml of the purified bacteriocin (containing 
approximately 30 µg) were powdered using freeze-drying and added to 1.0 ml of enzyme solutions. 
These solutions were prepared at 1.0 mg/ml as follows: trypsin (Sigma-Aldrich), proteinase K, α-
amylase (Merck), catalase (Merck), lysozyme (Merck) in 0.05 M PBS (pH 7.0) 111, 112 and saliva. 
After incubation for 4 h at 37 °C, reactions were stopped by boiling the mixture for 3 min. The 
antimicrobial activity was determined against S. mutans ATCC 25175 by broth microdilution assay.  

 
  pH sensitivity: The antimicrobial activity of the bacteriocin was tested at various 

pH values from 3.0 to 9.0. Aliquots of 1.0 ml of the purified bacteriocin (containing approximately 
30 µg) were powdered using freeze-drying and separately mixed with 1.0 ml of 0.05 M buffers as 
follows: citrate-phosphate (pH 3.0, 4.0, 5.0 and 6.0), sodium-phosphate (pH 7.0), Tris–HCl (pH 8.0) 
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and glycine NaOH (pH 9.0).96 The mixtures were incubated for 4 h at37 °C. The antimicrobial activity 
was determined against S. mutans ATCC 25175 by broth microdilution assay.  
 

  Heat sensitivity: Aliquots of 1.0 ml of the purified bacteriocin (containing 
approximately 30 µg) were heated at: 60, 80, 100 and 120 °C for 5, 10 and 20 min in a water bath.96 
Next, the samples were cooled at room temperature. The mixtures were incubated for 4 h at37 °C. 
The antimicrobial activity was determined against S. mutans ATCC 25175 by broth microdilution 
assay. The stability of the lyophilized bacteriocin during long-term storage was tested at 25 °C, 4 °C 
and -20 °C over 6 months. Bacteriocin aliquots were taken from storage every month and were 
measured for antimicrobial activity. 

 

  2. Inhibitory spectrum of the bacteriocin 

 
   The bacteriocin was tested for its inhibitory activity using the broth microdilution 

assay. Several indicator strains (see Table 2) were chosen on the basis of their importance in and 
relatedness to the oral ecosystem. All tested strains were grown overnight in MRS or brain heart 
infusion broth. The bacteriocin sensitivity of various indicators was presented using MIC. 
Antimicrobial protein titers were reported in AU per ml. 

 

Determination of optimum growth and bacteriocin production of L. paracasei SD1 

and L. fermentum SD11 
 

The experiment was performed using a biofermenter (BioFlo®/CelliGen115, 
Germany) where MRS broth (2 l) was inoculated with 100 ml of L. paracasei SD1 or L. fermentum 
SD11 culture for 12-18 h at 37 °C to an initial cell density of 108 CFU/ml. 

Initially, the experiments were set up to explore the optimum growth and bacteriocin 
production by incubating at 37 °C under aerobic or anaerobic conditions with different pHs of 5.0, 
6.0, 7.0 and 8.0. To monitor the bacterial growth, an aliquot of culture was removed at 0, 3, 6, 12, 24 
and 48 h time interval and measured at 600 nm absorbance. After concentrating the supernatant with 
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a Speed-Vac concentrator and adjusting pH to 6.5, bacteriocin activity against S. mutans ATCC 
25175 was determined using a microdilution assay. 

The optimum growth and bacteriocin activity were evaluated by comparing the 
growth rate and bacteriocin activity between times that were calculated as follows:  

Growth rate or bacteriocin activity = X2 – X1 / t2 – t1; where X1 and X2 were growth 
(OD) or bacteriocin activity (AU) at the time point 1 (t1) and time point 2 (t2), respectively. 
   The results indicated that at pHs 5.0 and 6.0 under either aerobic or anaerobic 
condition provided the optimum growth and bacteriocin production of L. paracasei SD1 and L. 
fermentum SD11. However, it was more convenient to conduct the experiment under aerobic 
condition to explore for the optimum temperature. Thus, the biofermenter was set to pH 6.0 under 
aerobic condition at different temperatures of 25, 37 and 40 °C, and the bacterial growth rate and 
bacteriocin production was monitored as mentioned above.   
 

Statistics analysis 
 
  The following parameters were used to characterize of bacteriocin: enzyme, pH, 
temperature and inhibitory spectrum were used as evaluated parameter. The average value of each 
parameter is presented as mean + standard deviation (SD) of AU. Normality and homogeneity of 
variance assumptions: pH, temperature, aeration and incubation time points were assessed by 
Shapiro-Wilks test. Nonparametric tests were used due to non-normal distributions of the data. 
Multiple comparisons of growth rate and bacteriocin activity at each incubation time points (0-3, 3-
6, 6-12, 12-24 and 24-48 h) with various parameters: pH (5.0, 6.0 or 7.0), temperature (25, 37 or 
40 °C) and aeration (aerobe or anaerobe) were analyzed by Kruskal-Wallis test. Mann-Whitney U 
Test was used to test differences of growth rate and bacteriocin activity at each pair of pH levels, 
temperature levels and aeration levels. Data were analyzed by the Statistical Package for Social 
Sciences (SPSS Inc., Chicago, IL), and the significant differences were considered as p 0.05.   
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3. RESULTS 
 

Screening antimicrobial protein production 
 
  A total of 90 clinical Lactobacillus strains were screened for inhibitory activity 
against S. mutans ATCC 25175. It was demonstrated that a 10 times-concentrated supernatant of all 
tested strains exhibited a stronger activity compared to the supernatant from the sonicated cell extract. 
Extract with chloroform and ethyl acetate did not result in any removal of the substance from the 
aqueous phase. Of those, L. paracasei SD1 and L. fermentum SD11, the strains isolated from caries 
free subjects exhibited the strongest inhibitory growth on S. mutans ATCC 25175. The inhibitory 
activity from the supernatant of L. paracasei SD1 and L. fermentum SD11 (inhibition zone 2.2 + 0.1 
and 2.0 + 0.15 cm respectively) were partially lost after treatment with catalase (inhibition zone 1.6 
+ 0.1 and 1.5 + 0.15 cm respectively), and it was completely absent after treatment with proteinase 
K (Fig. 1 and 2).   
 

 
 
Fig. 1. The inhibition zone of the supernatant from L. paracasei SD1 against S. mutans 

ATCC25175. The supernatant was treated with various enzymes. (A) untreated supernatant, 
(B) treated with proteinase K, (C) treated with catalase, and (D) treated with lysozyme.  
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Fig. 2. The inhibition zone of the supernatant from L. fermentum SD11 against S. mutans 

ATCC25175. The supernatant was treated with various enzymes. (A) untreated supernatant, 
(B) treated with proteinase K, (C) treated with catalase, and (D) treated with lysozyme.  

 

Purification of bacteriocin  
 

Initially, the antimicrobial protein was precipitated from cell free supernatant of L. 
paracasei SD1 and L. fermentum SD11 with 40 %, 60 % or 80 % ammonium sulfate. It was shown 
that the strongest antimicrobial activity of L. paracasei SD1 and L. fermentum SD11against S. mutans 
ATCC 25175 was recovered in the protein pellet which was saturated with 40 % ammonium sulfate 
(4,123 + 59 and 3,938 + 25 AU/ml respectively). Increased specific activity of the precipitated protein 
from 204.1 to 1,048.2 AU/µg (bacericon from L. paracasei SD1) and 103.8 to 317.53 AU/µg 
(bacericon from L. fermentum SD11)  was found after treatment with chloroform (1:1 v/v) (Table 3). 
 

1. Purification of bacteriocin from L. paracasei SD1  
 

The 40 % ammonium sulfate precipitated protein was further purified using gel 
filtration chromatography (Superdex 200 HR 10/30 column) with the FPLC system. It was revealed 
that the specific antimicrobial activity increased from 53.8 AU/µg (in the supernatant) to 46,875 
AU/µg (in the active fraction). Also an inhibition zone of the specific antimicrobial activity against 
S. mutans ATCC 25175 was detectable, and the tricine SDS-PAGE electrophoresis estimated the 
protein molecular mass at approximately 25 kDa (Fig. 3a). The LC-MS analysis demonstrated a 
specific protein molecular mass of 24.03 kDa (Fig. 3b). This antimicrobial protein was named as 
“paracasin SD1”. 
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Table 3. Purification of antimicrobial proteins from L. paracasei SD1 and L. fermentum SD11 
 

Sample 
Volume 

(ml) 

Total protein 

(µg) 

Total activity 

(Au) 

Specific activity 

(AU/µg) 

Activity 

recovered (%) 

L. paracasei SD1      

Culture supernatant 1,000 63,000 3,386,100 53.8 100 

Ammonium sulfate 

precipitation 
50 700 142,855 204.1 4.2 

Chloroform extraction 50 135 141,505 1,048.2 4.2 

Gel filtration 

chromatography 
1 0.8 37,500 46,875 1.1 

L. fermentum SD11      

Culture supernatant 1,000 33,000 606,060.6 18.36 100 

Ammonium sulfate 

precipitation 
50 850 88,235.29 103.8 14.5 

Chloroform extraction 25 243 77,160.49 317.53 12.7 

Gel filtration 

chromatography 
1 2.2 13,636.36 6,198.34 2.24 

Reverse-Phase HPLC 1 0.16 125,000 781,250 20.6 

Note. AU (arbitrary units) was expressed as the reciprocal highest dilution inhibiting the growth 
of the indicator strain 
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Fig. 3. (a) Tricine-SDS PAGE analysis of purified bacteriocin from L. paracasei SD1: (Lane 1) 

Coomassie brilliant blue stained gel, (Lane 2) gel overlaid with soft agar containing S. 
mutans ATCC 25175, and (Lane M), molecular weight standard, low range (Bio-Rad), and  
(b) Liquid chromatography mass spectrometry of paracasin SD1; only one peak was obtained 
corresponding to a molecular mass of 24.03 kDa. 

 
2. Purification of bacteriocin from L. fermentum SD11 

    
   The bacteriocin was purified using the following steps: 40 % ammonium sulfate 

precipitation, chloroform extraction, gel filtration chromatography, cation exchange chromatography 
and PR-HPLC. The results demonstrated that, the first step of purification by gel filtration 
chromatography could remove most contaminating proteins from the ammonium sulfate precipitated 
and chloroform extracted bacteriocin. Consequently, the specific antimicrobial activity increased 
from 18.36 AU/µg (in the supernatant) to 6,198.34AU/µg (in the active fraction) (Table 3). LC-MS 
analysis of the active faction of gel filtration chromatography was comprised three peaks of proteins 
with the similar molecular weight (Fig. 4). This active fraction was applied to cation exchanger 
column. It was revealed that the active fraction of cation exchanger column was also shown three 
separated peaks (Fig. 5) after LC-MS analysis. Then the purification of bacteriocin was successfully 
achieved by C18 PR-HPLC. This step of purification could remove contaminating proteins. 
Consequently, the specific activity increased from 18.36 AU/µg (in the supernatant) to 781,250 
AU/µg (in the active fraction) (Table 3). The first RP-HPLC run revealed the present of a major peak 
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eluted at 16-17 min retention time (Fig. 6a). The active fraction was confirmed by a second RP-
HPLC run, gave only one active peak eluted at the same retention time (Fig. 6b). The tricine SDS-
PAGE and bioautographic analysis revealed one active protein against S. mutans ATCC 5175, having 
an estimated molecular mass of approximately 33 kDa (Fig. 7a), and it was confirmed as having a 
molecular mass of 33.59 kDa by LC-MS (Fig. 7b). This antimicrobial protein was named as 
“fermencin SD11”. 
 

 
 

Fig. 4. Liquid chromatography mass spectrometry (LC-MS) of the active fraction produced by L. 
fermentum SD11after purified by gel filtration chromatography. The active faction was 
comprised three separate peaks of proteins. 

 
 



29 
 

 

 
 

Fig. 5. Liquid chromatography mass spectrometry (LC-MS) of the active fraction produced by L. 
fermentum SD11 after purified by cation exchange chromatography. The active faction was 
comprised three separate peaks of proteins. 

 

 
 

Fig. 6. C18 reverse-phase HPLC analysis of bacteriocin produced by L. fermentum SD11. Active 
fraction was obtained after a 16-17 min retention time (a). The purity of the obtained fraction 
was confirmed with a second RP-HPLC under the same conditions (b).  
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Fig. 7. (a) Tricine-SDS PAGE analysis of purified bacteriocin from L. fermentum SD11: Lane 1, 

Coomassie brilliant blue stained gel; Lane 2, gel overlaid with soft agar containing S. mutans 
ATCC 25175; and Lane M, molecular weight standard (low range of Bio-Rad); and  
(b) Liquid chromatography mass spectrometry of fermencin SD11; only one peak was 
obtained corresponding to a molecular mass of 33.59 kDa. 

 
Characterization of bacteriocin activity 

 
1. Enzyme sensitivity:  

 
Paracasin SD1 and fermencin SD11 were completely inactivated by trypsin and 

proteinase K. The bacteriocin activity was found to be resistant to α-amylase, catalase, lysozyme and 
saliva except paracasin SD1, it was relative loss of activity after treatment with lysozyme. (Table 4).   
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Table 4. Effects of enzyme on paracasin SD1 and fermencin SD11 activity produced by L. paracasei      
               SD1 and L. fermentum SD11 
 

 

Effect of enzyme on antimicrobial activity 
Antimicrobial activity* 

paracasin SD1 fermencin SD11 
α-amylase + + + + + + 
catalase + + + + + + 
lysozyme + + + + 
protenase K - - 
trypsin - - 
saliva + + + + + + 

 
Note.   Paracasin SD1; antimicrobial activity was determined by the microdilution assay against 

an oral pathogenic S. mutans. + + + is antimicrobial activity >37,500 + 0.0 AU/ml, + + is 
antimicrobial activity >25,000 + 0.0 AU/ml, + is antimicrobial activity >12,500 + 0.0 
AU/ml, and - is non-detected antimicrobial activity. All tests were performed in triplicate.  
Fermencin SD11; antimicrobial activity was determined by the microdilution assay against 
an oral pathogenic S. mutans. + + +, antimicrobial activity >125,000 + 0.0 AU/ml; + +, 
antimicrobial activity >13,636.36 + 0.0 AU/ml; +, antimicrobial activity >9,090.9 + 0.0 
AU/ml; -, non-detected antimicrobial activity. All tests were performed in triplicate. 

 
2. pH and heat sensitivity:  

 
The antimicrobial activity of paracasin SD1 seemed to be active across a broad pH 

range between pH 3.0-8.0, and the most active activity was observed with acidic pH between 5.0-
6.0. The antimicrobial activity was completely lost at pH value 9.0. Meanwhile, the antimicrobial 
activity of fermencin SD11 was stable at a wide range of pH levels (3.0-7.0) with optimal activity at 
pH 5.0 and 6.0. The antimicrobial activity was completely lost at alkaline pH (8.0-9.0) (Table 5). 

The antimicrobial activity of paracasin SD1 did not show any detectable loss of 
activity when heated at 60 °C, and it was a slight decrease of activity at 80 °C. There was stable at 
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100 °C for 5 min, and no detectable activity observed when it was heated at 120 °C. For fermencin 
SD11, it was stable between 60-80 °C and retained more than 60 % of its activity after heating at 
80 °C for 10 min, and no detectable activity was observed after heating at 100 °C for 10 min (Table 
6). It was found that storage of paracasin SD1 and fermencin SD11 for 6 months at 25 °C, 4 °C and 
-20 °C did not affect its activity.     
 

3. Spectrum of activity:  
 

Paracasin SD1 and fermencin SD11 presented a wide range of inhibitory spectrum 
against the indicators listed in Table 7. A total of 12 strains belonging to 6 species of Gram-positive, 
Gram-negative bacteria and Candida albicans were examined.  The results demonstrated that both 
of the bacteriocin having the strongest antagonistic activity towards Gram positive bacteria followed 
by the Candida strain. Meanwhile, paracasin SD1 was no effected to Fusobacterium nucleatum. 
(Table 7).  
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Table 5. Effects of pH on paracasin SD1 and fermencin SD11 activity produced by L. paracasei SD1  
               and L. fermentum SD11 
 

 

Effect of pH on antimicrobial activity 
Antimicrobial activity* 

paracasin SD1 fermencin SD11 
3.0 + + 
4.0 + +  + + 
5.0 + + + + + + 
6.0 + + + + + + 
7.0 + + + +  
8.0 + - 
9.0 - - 

 
Note.   Paracasin SD1; antimicrobial activity was determined by the microdilution assay against 

an oral pathogenic S. mutans. + + + is antimicrobial activity >37,500 + 0.0 AU/ml, + + is 
antimicrobial activity >25,000 + 0.0 AU/ml, + is antimicrobial activity >12,500 + 0.0 
AU/ml, and - is non-detected antimicrobial activity. All tests were performed in triplicate.  
Fermencin SD11; antimicrobial activity was determined by the microdilution assay against 
an oral pathogenic S. mutans. + + +, antimicrobial activity >125,000 + 0.0 AU/ml; + +, 
antimicrobial activity >13,636.36 + 0.0 AU/ml; +, antimicrobial activity >9,090.9 + 0.0 
AU/ml; -, non-detected antimicrobial activity. All tests were performed in triplicate. 
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Table 6. Effects of heat treatment on paracasin SD1 and fermencin SD11 activity produced by L.  
               paracasei SD1 and L. fermentum SD11 
 

 

Effect of heat treatment on antimicrobial activity 
Antimicrobial activity* 

paracasin SD1 fermencin SD11 

5 min   
     60 + + + + + + 
     80 + + + + + + 
     100 + - 
     120 - - 
10 min   
     60 + + + + + + 
     80 + + + +  
     100 - - 
     120 - - 
20 min   
     60 + + + + + + 
     80 + + 
     100 - - 
     120 - - 

 
Note.   Paracasin SD1; antimicrobial activity was determined by the microdilution assay against 

an oral pathogenic S. mutans. + + + is antimicrobial activity >37,500 + 0.0 AU/ml, + + is 
antimicrobial activity >25,000 + 0.0 AU/ml, + is antimicrobial activity >12,500 + 0.0 
AU/ml, and - is non-detected antimicrobial activity. All tests were performed in triplicate.  
Fermencin SD11; antimicrobial activity was determined by the microdilution assay against 
an oral pathogenic S. mutans. + + +, antimicrobial activity >125,000 + 0.0 AU/ml; + +, 
antimicrobial activity >13,636.36 + 0.0 AU/ml; +, antimicrobial activity >9,090.9 + 0.0 
AU/ml; -, non-detected antimicrobial activity. All tests were performed in triplicate. 
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Table 7. Bacterial strains used in this study and their sensitivity to paracasin SD1 and fermencin  
               SD11 produced by L. paracasei SD1 and L. fermentum SD11 

 
Note.   Paracasin SD1; antimicrobial activity was determined by the microdilution assay against 

an oral pathogenic S. mutans. + + + is antimicrobial activity >37,500 + 0.0 AU/ml, + + is 
antimicrobial activity >25,000 + 0.0 AU/ml, + is antimicrobial activity >12,500 + 0.0 
AU/ml, and - is non-detected antimicrobial activity. All tests were performed in triplicate.  
Fermencin SD11; antimicrobial activity was determined by the microdilution assay against 
an oral pathogenic S. mutans. + + +, antimicrobial activity >125,000 + 0.0 AU/ml; + +, 
antimicrobial activity >13,636.36 + 0.0 AU/ml, and +, antimicrobial activity >9,090.9 + 0.0 
AU/ml. All tests were performed in triplicate. 

 

 

Indicator strains Antimicrobial activity 

paracasin SD1 fermencin SD11 

Gram positive bacteria:   
Streptococcus mutans ATCC 25175 + + + + + + 
Streptococcus sobrinus ATCC 33478 + + + + + + 
Lactobacillus casei ATCC 393 + + + + + + 
Lactobacillus fermentum ATCC 14931 + + + + + + 
Lactobacillus paracasei CCUG 32212 + + + + + 
Lactobacillus plantarum ATCC 14917 + + + + + + 
Lactobacillus rhamnosus ATCC 7469 + + + + + 
Lactobacillus salivarius ATCC 11741 + + + + + 
Gram negative bacteria:   
Aggregatibacter actinomycetemcomitans ATCC 33384 + + 
Fusobacterium nucleatum ATCC 25586 - + 
Porphyromonas gingivalis ATCC 33277 + + 
Yeast:   
Candida albicans ATCC 90028 + + + + 
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Determination of optimum growth and bacteriocin production by L. paracasei SD1 

and L. fermentum SD11 
 

Initially, the experiments were conducted to explore the optimum growth and 
bacteriocin production by incubating at 37 °C under aerobic or anaerobic conditions with different 
pHs of 5.0, 6.0, 7.0 and 8.0.  

Results demonstrated that the increase of bacteriocin activity depended on the 
increase of the growth rate. After considering all the different conditions used, the maximum growth 
rate (approximately 0.15/h) and bacteriocin production (approximately 496 AU/h) of L. paracasei 
SD1 were achieved between 6-12 h of culturing in MRS broth at 37 °C. Also to L. fermentum SD11, 
the maximum growth rate (approximately 0.11/h) and bacteriocin production (approximately 293 
AU/h) were achieved between 6-12 h of culturing in MRS broth at 37 °C. Both pHs, 5.0 and 6.0 of 
two strains, gave significantly higher growth rate and bacteriocin production of than pH 7.0. There 
were no significant differences of growth rate and bacteriocin production when culturing under 
aerobic or anaerobic conditions (Fig. 8-9). No bacterial growth and bacteriocin activity was found 
under pH 8.0 (data not shown).    

After trials for the optimum temperature of both strains at 25, 37 and 40 °C, at 37 °C 
and 40 °C provided the higher bacterial growth and bacteriocin production compared to 25 °C (Fig. 
10-11). The results indicate that the optimum conditions for growth and bacteriocin production of L. 
paracasei SD1 and L. fermentum SD11 were cultured with acidic pHs of 5.0-6.0 at 37 °C or 40 °C 
under aerobic or anaerobic conditions for 12 h.     
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Fig. 8. The bacteriocin activity (solid line) and growth (dotted line) of L. paracasei SD1 in MRS 

broth at 37 °C with different pHs: pH 5.0 (●), pH 6.0 (■) and pH 7.0 (♦) under aerobic 
condition; pH 5.0 (○), pH 6.0 (□) and pH 7.0 (◊) under anaerobic condition.    

 

 

 
Fig. 9. The bacteriocin activity (solid line) and growth (dotted line) of L. fermentum SD11 in MRS 

broth at 37 °C with different pHs: pH 5.0 (●), pH 6.0 (■) and pH 7.0 (♦) under aerobic 
condition; pH 5.0 (○), pH 6.0 (□) and pH 7.0 (◊) under anaerobic condition.    
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Fig. 10. The bacteriocin activity (solid line) and growth (dotted line) of L. paracasei SD1 in MRS 

broth at pH 6.0 under aerobic condition with different temperatures:  25 °C (●), 37 °C (■) 

and 40 °C (♦). 
 

 

Fig. 11. The bacteriocin activity (solid line) and growth (dotted line) of L. fermentum SD11 in MRS 
broth at pH 6.0 under aerobic condition with different temperatures:  25 °C (●), 37 °C (■) 

and 40 °C (♦). 
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4. DISCUSSION 
 

Screening examination for selection of bacterial strains  

 

This work describes the purification, characterization and optimum conditions for 
bacteriocin production of an antimicrobial protein produced by Lactobacillus, a strains isolated from 
the human oral cavity. A previous report showed that L. paracasei SD1 had strong antimicrobial 
activity against a wide range of oral pathogens;7 however, the specific antimicrobial compound has 
not been identified.  

In this study, a total of 90 strains of Lactobacillus, from caries and caries free 
subjects were screened for antimicrobial production against S. mutans ATCC 25175, and a 
bacteriocin-like antagonism against an indicator strain was observed in the supernatants and 
sonicated cell free extract of all strains tested. However, after adjusting each culture filtrate to pH 
6.5, the supernatants of only two strains; L. paracasei SD1 and L. fermentum SD11 isolated from 
caries free subjects, still showed inhibitory activity. This concurs with earlier findings confirmed that 
the probiotic property is strain specific.113 Moreover, this study supports the previous reports6 in 
which inhibitory activity of certain Lactobacillus strains could be found in subjects with good oral 
health. It was demonstrated that the effective inhibition of Lactobacillus against cariogenic S. mutans 
strains was found to relate to caries free subjects. Koll-Klais et al.5 also showed that Lactobacillus 
gasseri from healthy persons had a stronger inhibitory activity against periodontogenic 
Aggregatibacter (Actinobacillus) actinomycetemcomitans than did the strains from patients with 
chronic periodontitis. 

L. paracasei SD1 and L. fermentum SD11 were exhibited partial loss activity after 
the catalase treatment indicated that there were hydrogen peroxide in the supernatants. The active 
compound also had a proteinaceous nature because there activity were lost after treatment with 
proteinase K. The organic solvent could not remove any antimicrobial protein from the aqueous 
phase of the culture supernatant, which indicated that the bacteriocins produced from L. paracasei 
SD1 and L. fermentum SD11 have a hydrophilic character.   

 
Purification of the bacteriocin 
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In this study were purified of two bacteriocins named “paracasin SD1”, produced 

by L. paracasei SD1, and “fermencin SD11” produced by L. fermentum SD11. It was demonstrated 
that paracasin SD1 was purified from cell-free supernatant by precipitation with ammonium sulfate, 
chloroform extraction and gel filtration chromatography. Meanwhile, fermencin SD11 was purified 
from cell-free supernatant by ammonium sulfate precipitation, chloroform extraction, gel filtration 
chromatography and reverse-phase HPLC. In this study cation exchanger column was also 
performed, but it could not purify fermencin SD11 in one peak. LC-MS analysis of the active faction 
of cation exchanger column showed three peaks of proteins. It may explain by that those proteins 
had the same cationic character of the molecules.  

The chloroform extraction of the ammonium precipitated protein increased the 
antimicrobial activity, suggesting a high degree of purification of paracasin SD1 and fermencin 
SD11. The antimicrobial activity of ammonium sulfate precipitated proteins increased after mixing 
with chloroform. It may explain by that some bacteriocins appear in their native state as aggregates 
with other molecules e.g. lipid materials. These aggregates may mask the antimicrobial activity 
partially. Such complexities can be eliminated by extraction with chloroform.9 This was supported 
by a study of Contreras et al.112 demonstrated that a simple one-step methanol-chloroform extraction 
could remove most fatty acid contamination from the ammonium sulfate precipitated bateriocin, 
which resulted in a pure bacteriocin.112  

The molecular mass of paracasin SD1 and fermencin SD11 were determined by LC-
MS, and they were found to be 24.03 and 33.59 kDa respectively. To our knowledge, paracasin SD1 
and fermencin SD11 might be a novel bacteriocin produced by L. paracasei SD1 and L. fermentum 
SD11 since its molecular mass differs from previous bacteriocins reported by others.17-19, 96, 114, 115   

Several bacteriocins of L. paracasei and L. fermentum of different origins have been 
characterized; for example, various bacteriocins were found to be produced by L. paracasei subsp. 
paracasei BMK2005 isolated from feces, L. paracasei BGBUK2-16 isolated from traditional 
homemade cheese, L. paracasei HD1.7 isolated from traditional Chinese fermented vegetable food, 
and L. paracasei HL32 isolated from an intestinal tract that, contained peptides sized 2.4, 7.0, 11.0 
and 56 kDa, respectively.17, 19, 96, 116 Of those, two strains, L. fermentum L23 and L. fermentum CS57, 
originated from vagina and one strain, L. fermentum Beijerinck CCRC 14018, originated from food 
that, contained peptides sized < 7, > 30 and 1-3 kDa, respectively.18, 115, 117 It indicated that 
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Lactobacillus strains from different sources could produce various sizes of bacteriocin proteins. 
However, the knowledge of antimicrobial proteins or bacteriocins produced by L. paracasei and L. 
fermentum strains having an oral origin is still limited.  
 

Characterization of bacteriocin activity 
 

Regarding the characterization of paracasin SD1 and fermencin SD11, a broad 
spectrum of antimicrobial activity against Gram-positive bacteria, Gram-negative bacteria, and even 
anti-Candida was found. It was noted that Gram-positive bacteria was more sensitive to paracasin 
SD1 and fermencin SD11 than Gram-negative bacteria. This may be explained by the observation 
that bacteriocins usually exhibit antimicrobial activity against closely related strains of bacteria to 
the producer.118 However, why Fusobacterium nucleatum was not sensitive to paracasin SD1, is 
difficult to explain.   

The antimicrobial activity may be influenced by the action of the pH, temperature 
and proteolytic enzymes. This study has demonstrated that paracasin SD1 and fermencin SD11could 
be active in a broad pH range, although maximum activity was detected within a narrow pH range of 
5.0-6.0. This finding was in agreement with previous studies reporting that bacteriocin activity from 
LAB was most stable when acidic and neutral.18, 115, 117  

The antimicrobial activity of paracasin SD1 appeared to be relative heat-stable, 
since inhibitory activity was maintained upon heating at 100 °C for 5 min. Therefore, paracasin SD1 
could be used in pasteurized products. In the other hand, fermencin SD11 was stable between 60-
80 °C and retained more than 60 % of its activity after heating at 80 °C for 10 min.  No detectable 
activity was observed after heating at 100 °C for 10 min, suggesting that the antimicrobial substance 
was a heat labile protein. According to Klaenhammer’s classification, fermencin SD11 should be 
classified into bacteriocin class III due to its properties of large molecules (> 30 kDa) and sensitivity 
to heat.8 In addition, paracasin SD1 and fermencin SD11 were stable and unchanged antimicrobial 
activity over long periods of storage.  

Concerning sensitivity tests to various enzymes, it was found that paracasin SD1 
and fermencin SD11 were inactivated by trypsin, a proteolytic enzyme, which usually presents in the 
small intestine. However, the antimicrobial activity of paracasin SD1 and fermencin SD11 were not 
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sensitive to -amylase, catalase, lysozyme and whole saliva, indicating that paracasin SD1 and 
fermencin SD11 may be practical to use as a topical application in the oral cavity. 
 

Determination of optimum growth and bacteriocin production of L. paracasei SD1 

and L. fermentum SD11 
 

Traditionally, optimization of bacteriocin production has been performed by 

physiological and metabolic control. A number of studies have reported that physicochemical factors, 

e.g. pH, temperature and aeration, have a dramatic effect on the production of bacteriocins.13-16 Thus, 

the optimization for biomass production to improve the yield of bacteriocins is necessary.  

In this study, our finding demonstrated that the increase of bacteriocin activity 
depended on the increase of the growth rate. After considering all the different conditions used, the 
maximum growth rate and bacteriocin production of L. paracasei SD1 and L. fermentum SD11 were 
achieved between 6-12 h of culturing in MRS broth at 37 °C. Both pHs, 5.0 and 6.0 of two strains, 
gave significantly higher growth rate and bacteriocin production than pH 7.0, and pH 8.0 not detected 
bacterial growth and bacteriocin production. There were no significant differences of growth rate and 
bacteriocin production when culturing under aerobic or anaerobic conditions. It indicated that the 
maximum paracasin SD1 and fermencin SD11 occurred during the exponential phase when 
bacterium was actively dividing. This concurs with earlier findings where bacteriocin activity 
generally increased rapidly during the exponential growth phase.119-121 Only in a few cases could 
bacteriocin production occur during the stationary phase. Bacteriocin activity frequently decreased 
in the late stages of the culture; this may be due to proteolytic degradation, aggregation or adsorption 
to cells.122

 

 

 
 

Application of oral Lactobacillus and their bacteriocins 
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  The application of probiotics to promote for good oral health received an attention 
from researchers. The results to date have shown that certain probiotic strains are useful in the 
prevention and treatment of oral infections such as dental caries and periodontitis. L. rhamnosus GG 
is one of the probiotics which has been widely studies in dental field. The studies have shown that L. 
rhamnosus GG has benefits in the prevention of oral diseases.25, 26 Our previous studies reported that 
L. paracasei SD1, a selected strain had a bacteriocin protein sized 24.03 kDa, which showed an 
antimicrobial activity against various oral pathogens.123 The strain has been applied into various 
products e.g. milk powder, yogurt and fruit juices124, 125, and products that are contained probiotics 
have been studied clinical trials. The studies has proven that L. paracasei SD1 is a useful probiotic 
strain for caries prevention due to the significant reduction of cariogenic bacteria (mutans 
streptococci) and less caries lesions among the volunteers who received the probiotic milk powder 
compared to the controls. 126-128 L. fermentum SD11, another one selected strain in this study, may be 
a potential probiotic for oral health, because the strain had a bacteriocin protein sized 33.59 kDa 
which also showed an antimicrobial activity against various oral pathogens. It would require for 
further clinical trials.  

   Many studies have been carefully selected and purified bacteriocins for applications 
in food technology.71, 129, 130 Thus, bacteriocins may be a potential proteins for replacing antibiotics 
in the treatment of the pathogens. In this study, paracasin SD1 and fermencin SD11 exhibit broad 
spectrum of antibacterial activity against oral photogenes. Hence, the application of both bacteriocins 
as products for use in the oral cavity may be an effective approach to control oral pathogens that 
would require for further trials. 
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5. CONCLUSION 
 

L. paracasei SD1 and L. fermentum SD11 were isolated from caries free subjects. 
The two strains could produce an antimicrobial proteins, from which later the purified proteins, 
namely paracasin SD1 and fermencin SD11 respectively. Paracasin SD1 was purified from cell-free 
supernatant by precipitation with ammonium sulfate, chloroform extraction and gel filtration 
chromatography. Meanwhile, fermencin SD11 was purified from cell-free supernatant by ammonium 
sulfate precipitation, chloroform extraction, gel filtration chromatography and reverse-phase HPLC. 
The chloroform extraction of the ammonium precipitated protein increased the antimicrobial activity 
of both bacteriocins. The molecular mass of paracasin SD1 and fermencin SD11 were determined by 
LC-MS, and they were found to be 24.03 and 33.59 kDa respectively.  

Regarding the characterization of paracasin SD1 and fermencin SD11, a broad 
spectrum of antimicrobial activity against Gram-positive bacteria, Gram-negative bacteria, and even 
anti-Candida was found. The bacteriocin activity of paracasin SD1 and fermencin SD11 were 
completely inactivated by trypsin and proteinase K. The activity of both bacteriocins were found to 
be resistant to α-amylase, catalase, lysozyme and whole saliva except paracasin SD1, it was relative 
loss of activity after treatment with lysozyme. Paracasin SD1 and fermencin SD11could be active in 
a broad pH range, although maximum activity was detected within a narrow pH range of 5.0-6.0. 
The antimicrobial activity of paracasin SD1 appeared to be relative heat-stable, since inhibitory 
activity was maintained upon heating at 100 °C for 5 min. In the other hand, fermencin SD11 was 
stable between 60-80 °C and retained more than 60 % of its activity after heating at 80 °C for 10 min, 
and no detectable activity was observed after heating at 100 °C for 10 min.    

The optimum conditions for growth and bacteriocin production of L. paracasei SD1 
and L. fermentum SD11 were cultured with acidic pHs of 5.0-6.0 at 37 °C or 40 °C under aerobic or 
anaerobic conditions for 12 h. In addition, it was found that storage of paracasin SD1 and fermencin 
SD11 for 6 months at 25 °C, 4 °C and -20 °C did not affect their activity.  It is promising that L. 
paracasei SD1 and L. fermentum SD11 and their bacteriocin may be an alternative approach for 
promoting oral health or prevention of oral diseases e.g. dental caries and periodontitis, that would 
require further clinical trials. 
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