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ABSTRACT 

 S. mutans isolated from the human dental plaques was screened for 

the presence of dextranase enzyme. Various optimization parameters 

like temperature, moisture content, incubation days, pH, carbon and 

nitrogen sources were analyzed under anaerobic conditions for 

maximum dextranase enzyme production by the submerged 

fermentation technique with dextran as the substrate. Dextranase 

production was optimum at a temperature of 37°C, with 50% moisture 

content in 3 days with sucrose as the carbon source and yeast extract 

as the nitrogen source, at pH 5.5.  
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INTRODUCTION 

The etiology of dental caries is often associated with the increasing amounts of various 

acidogenic microorganisms like Streptococcus mutans which plays a key role in the 

formation of cariogenic biofilms [24]. S. mutans is the primary odontopathogen present in 

supragingival plaque and causes the oral disease [3]. The organism utilize sucrose for the  

production of  sticky, extracellular dextran by the enzyme dextransucrase [20]. Dextran is a 

homoglycan of α-D-glucopyranose molecules coupled primarily with α-1, 6 linkages. It is a 

component of dental plaque, which is considered to contribute to the development of dental 

caries [14].   

 
Dextrans are degraded by dextran- hyrdolyzing enzyme, dextranase. Dextranase [1, 6 α-D-

glucanohydrolase, EC 3.2.1.11] has an important industrial applications since the enzyme 
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depolymerize various troublesome microbial dextran deposits in teeth and prevents 

toothdecay.  The enzyme have a high substrate specificity and is isolated from a wide range 

of microorganisms [14]. It is briefly classified into exo and endo dextranases [1]. 

 
In S. mutans, dextran is degraded by dextranase to isomaltosaccharides, predominantly 

isomaltotriose, isomaltotetraose and isomaltopentaose [7, 11]. The extracellular dextranase 

partially degrade the glucans or modify glucans by altering the ratio of 1, 6-α- to l, 3-α-linked 

chains and hence decrease solubility in water [10] and therefore affect virulence of S. mutans. 

Thus the involvement of dextranase activity in affecting the composition of dental plaques 

has been evident. The purpose of the study was to optimize the growth conditions of S. 

mutans for the production of dextranase enzyme on various parameters and a preliminary 

partial report has been given.  

 
MATERIALS AND METHODS 

Isolation and identification of Streptococcus mutans 

The dental plaques from humans were swabbed from the supragingival cavity of the mouth 

using a swab. The  selective media, mitis- salivarius agar (MS) was used for the identification 

of S. mutans. The media was autoclaved at 121°C for 15 min and the plates were incubated 

for 48 h anaerobically [23].  

 
Optimization under submerged fermentation  

Optimization studies of various physiochemical parameters were carried out in a 250 ml 

Erlenmeyer flask containing  tryptic soy (TS) broth for the production of dextranase enzyme 
[23]. After sterilization by autoclaving, the flasks were cooled and inoculated with S. mutans 

and maintained under various operational conditions separately such as temperature (17, 27, 

37, 47 and 57ºC), moisture content (10, 20, 30, 40, 50, 60 and 70%), incubation period (1, 2, 

3, 4 and 5 days),  pH (1.5, 2.5, 3.5, 4.5, 5.5, 6.5 and 7.5), carbon sources (sucrose, glucose, 

maltose, starch and fructose), nitrogen sources (peptone, yeast extract, casein, urea and 

albumin) and the culture filtrate were analysed for dextranase production for every 24 h. 

 
Enzyme assay 

Dextranase assay was performed by the method of Janson and Porath [13]. The enzyme 

activity was determined with the DNS (dinitrosalicylic acid) reagent with 1.9 ml of dextran 

(2% dextran in 0.1M potassium phosphate, pH 6.0) as the substrate. One unit (U) activity of 

enzyme liberates 1 µmole of isomaltose per min at pH 6 at 37°C. Quantitative estimation of 
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proteins was determined by the method of Lowry [17] using bovine serum albumin as a 

standard.  

 
Statistical analysis 

The results obtained were expressed as mean ± SD.                               

 
RESULTS AND DISCUSSION 

Effect of temperature for the dextranase enzyme production 

The temperature plays an important role in the production of dextranase and in the 

determination of the efficiency of dextranase [12]. The highest enzyme production was 

observed at 37°C with 59.97 U/ ml (Fig. 1).  

 

 
             Fig. 1 Effect of temperature on the dextranase enzyme production 

 
The temperature ranges for growth of S. mutans was found to be very narrow, from about 30 

to 47°C, with optimal growth around 37°C. Thus, the organisms showed little potential to 

grow in the environment outside the host [18]. Bailey et al., [2] reported that the temperature at 

37°C was more convenient for the investigation of dextranase enzyme activity.  

 
Effect of moisture content for the dextranase enzyme production 

Interactions between an enzyme molecule and the surrounding water are of crucial 

significance for enzymatic catalysis [15]. In the present study the effective moisture 

concentration required to produce dextranase enzyme was recorded in S. mutans at 50% with 

71.44 U/ ml. There was an increase in the enzyme production as the amount of the 

concentration of water increases and there was a gradual decrease in the enzyme production 

as the concentration increases after 50% in S. mutans (Fig. 2). 
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                   Fig. 2  Effect of moisture content on the dextranase enzyme production  
 

The higher the water content, the greater the enzymatic activity [27].  In earlier reports at the 

range from 10- 50%, Bacillus subtilis NRC-B233b produced maximum amount of dextranase 

enzyme at the rate 170.6 (U/ g) with 20 (v / w) of moisture [9].      

 
Effect of incubation period on the production of dextranase enzyme 

The maximum enzyme production was observed on day 3 with the enzyme activity of 57.9 U/ 

ml (Fig. 3). Earlier work demonstrated by Staat et al., [22] suggested that the incubation of  S. 

mutans to 3 days was sufficient for the production of the dextranase enzyme. Similarly, in the 

present study the maximum enzyme production was observed on day 3 with the initial 

graduation from day 1 and slowly the activity of the enzyme decreased during the prolonged 

incubation of the organism. 

 

 
                   Fig. 3 Effect of incubation days on the production of dextranase enzyme 
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Effect of pH for the dextranase enzyme production 

The ability of the oral bacteria to tolerate acidic environments is of major importance in the 

ecology of dental plaque [19]. This is directly related to the pathogenesis of dental caries. The 

maximum production of dextranase enzyme was recorded at pH 5.5 with 66.06 U/ ml of 

enzyme activity (Fig. 4). Similar results were confirmed by Ellis et al., [8] where S. mutans 

produced dextranase enzyme at an optimum pH of 5.5 at 37°C. The optimum enzyme activity 

for the organisms ranged from pH 4 - 5.5 [25] due to the rapid and profound change in the 

physical properties of dextran and negligible above 6.5 [21]. The increase in activity upon 

progression is due to the change in the state of the enzyme as its isoelectric point was found 

to be 4.0 [4] and low concentrations of glucose. pH below 4 was not conductive to rapid 

growth and significantly gave a lower enzyme activity. 

 

 
      
                       Fig. 4 Effect of pH for the dextranase enzyme production 

 
Effect of carbon sources for the dextranase enzyme production 

The cariogenicity of streptococci depends on the sugars as the main energy source [16].  The 

highest enzyme production of 90.72 U/ ml was observed in sucrose supplemented medium 

(Fig. 5). Dextranase enzyme was released from S. mutans during the exponential phase of the 

growth and once the maximum activity has reached there was no subsequent fall up to 24 h of 

inoculation. In the growth medium consisting of sucrose, dextranase released become cell 

associated because of its affinity for its own substrate and the activity increases throughout 

the exponential phase finally reaching to its maximum [26]. According to Day et al., [6]  the 

production of the extracellular dextranase has been enhanced by the assimilable carbon 
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source other than the addition of dextran. Glucose, fructose and sucrose has been preferred as 

the carbon source for the dextranase enzyme production by Lipomyces starkeyi. 

 

 
                    Fig. 5 Effect of carbon sources for the dextranase enzyme production 

 
Effect of nitrogen sources for the dextranase enzyme production 

The highest enzyme production was observed in yeast extract with 86.85 U/ ml (Fig. 6). A 

source of nitrogen is required for the enzyme production. Higher amount of the dextranase 

production has been possible with the supplementation of nitrogen sources along with the 

essential minerals and small amount of growth factors [5]. Equal amounts of nitrogen sources 

and dextran produces a higher level of enzyme. Under the pH controlled conditions neutral 

pH helps in the greater production. According to Davis et al., [5] corn steep liquor and 

autolyzed yeast extract were commonly used for the dextranase enzyme production.  

 

 
                  
              Fig. 6 Effect of nitrogen sources for the dextranase enzyme production 
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CONCLUSION 

The present study indicates that S. mutans is capable of producing high amount of dextranase 

enzyme. The use of submerged fermentation for production of dextranase is an economical 

process and is very simple to apply. The important parameters had significant positive effects 

on the dextranase production in different nutrients and cultivation conditions. 
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