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Open access Peer-review of Sucrose is an important dietary factor in the carigenic biofilm formation and subsequent onset of dental tooth decay. This study examined the functional relationship between sucrose concentration and adherence to Streptococcus mutans and biofilm formation. Changes in the morphological
characteristics of biofilms with increased sucrose concentrations were also assessed. S. mutans biofilms were formed on hydroxyapatite discs with saliva in a culture environment containing 0, 0.05, 0.1, 0.5, 1, 2, 5, 10, 20, or 40% (w/v) sucrose. The addition (in 4-hour biofilms) and biofilm compositions (in 46-hour
biofilms) biofilms were analyzed using microbiological, biochemical, laser scanning confocal fluorescence microscopic, and scanning electron microscopic methods. The 2nd polynomial curve of the installation was performed to determine the relationship. In this study, the effect of sucrose on bacterial adhesion, the
composition of biofilm (dry weight, the number of bacteria and water-soluble extracellular polysaccharide (EPS) and acidity followed the 2nd polynomial curve with concentration dependence, and the maximum effective concentrations (MEH) sucrose ranged from 0.45 to 2.4%. Bacterial and EPS bio-volume and thickness
in biofilms also gradually increased and then decreased as the concentration of sucrose increased. Micro-colonies were larger and more homogeneous than those at 0 and 40%, and were surrounded by enough EPSs to support their structure. , Kim M-A, Yi H-K, Jeong J-G (2016) Functional relationship between Sucrose
and cariogen biofilm formation. PLoS ONE 11(6): e0157184. Abdelwahab Omri, Lavrentian, CANADAReceived: 15 March 2016; Accepted: May 25, 2016; Published: June 8, 2016Coia: © 2016 Tsai et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which allows
unlimited use, distribution and reproduction in any environment, provided that the original author and source are credited. Availability of data: All relevant data is in the document. Funding: This work was supported by the National Research Foundation of Korea (NRF), funded by the Government of Korea (MSIP)
(2014R1A1A1005309). Sponsors played no role in the development, collection and analysis of data, the decision to publish or prepare the manuscript. Dental tooth decays associated with biofilm, biofilm, bacteria and high intake of dietary carbohydrates. Among dietary carbohydrates, sucrose can cause serious
biochemical and physiological changes in the formation of dental biofilm and is considered one of the most carogenic carbohydrates. Fermentation of sucrose by oral bacteria can quickly reduce pH in dental biofilms, leading to a shift in the balance of the microflora of resident plaque to become more carogenic. Sucrose
also serves as a substrate for the synthesis of polysaccharides in dental biofilms, especially extracellular polysaccharides (EPSs). In addition, recent studies have shown that sucrose can reduce the concentration of calcium (Ca), inorganic phosphorus (Pi) and fluoride (F) in dental biofilms; these are critical ions involved
in the demineralization and remineralization of enamel and dentin in an oral environment. Among cariogen bacteria, Streptococcus mutans are generally regarded as the primary etiological agent of tooth decay. This bacterium can produce large amounts of acid and survive in low pH conditions. In addition, S. mutans can
use food sucrose to synthesize EPSs, which are mostly glucins synthesized by glucosyltransferase (GTFs). The bacterium produces at least three GTFs (GTFB, GTFC, and GTFD), and synthesizes a mixture of (1'3)-related insoluble and (1'6)-associated soluble EPSs (13, 14). EPSs, especially water-soluble EPS, can
contribute to selective commitment and the accumulation of large amounts of cariogen streptococcus on the surface of the tooth, which contribute to the formation of carogenic biofilm. Many epidemiological and experimental studies have been conducted to identify a link between sucrose and tooth decay development
(17-20). Recent studies have shown that sucrose carogenicity is associated with concentration and frequency of exposure. In addition, several studies in vivo have shown that there is a strong association between the concentration of sucrose in the diet and the frequency of smooth surface and fissile tooth decay, and
that the concentration of sucrose can also affect pH in plaque in vivo. However, several studies have been conducted to examine the exact relationship between sucrose concentration and tooth decay development. In addition, little has been reported about the functional relationship between sucrose concentration and
cariogen biofilm formation, particularly for S. mutans. Therefore, the purpose of this study was to assess the functional relationship between the concentration of sucrose and the joining of S. mutans and the formation of biofilm. We also investigated changes in the morphological characteristics of biofilms depending on
the concentration of sucrose. Biofilms S. mutans UA159 (ATCC 700610; serotype c) were formed on hydroxyapatite with saliva (sHA) (2.93 cm2; Clarkson Products, Inc., South Williamsport, Pennsylvania, USA) placed upright in a 24-euro plate as detailed elsewhere. In short, sHA discs were created by incubation with a
filter sterilized (0.22-microgram low protein binding filter) of the entire human saliva for 1 hour at 37 degrees Celsius. To form a biofilm, SHA disks were transferred to a plate of 24 wells, Brain Infusion (BHI; Difco, Detroit, MI, USA) broth with broth 0, 0.05, 0.1, 0.5, 1, 2, 5, 10, 20, or 40% (w/v) sucrose and S. mutans
UA159 (2-5-106 colony unit (CFU)/ml. Biofilms were grown at 37 degrees Celsius with 5% CO2 for 4 hours or 46 hours. 1, 2, 5, 10, 20, or 40% Sucrose broth BHI) has been changed twice, at 22 and 31 hours to determine the change in adhesion S. mutans with different concentrations of sucrose, 4-h biofilms were moved
to 5 ml 0.89% NaCl and sonicated in the ultrasonic bath (sonic sonic 410; Hwashin Technology Co., Seoul, Korea) for 10 minutes to separate the biofilms. The solution for biofilm was resonicono at 7 W for 30 c (VCX 130PB; Sonics and Materials Inc., Newtown, CT, USA). The alicite (0.1 ml) of the scattered solution was
consistently diluted and washed on Agar BHI plates to determine CFU as detailed elsewhere. 46-hour biofilms were analyzed to determine changes in the formation of S. mutans biofilm depending on the concentration of sucrose. The 46-h biofilms were separated and sonicated for CFU analysis count as described
above. The dry weight and amount of water-soluble EPS have been determined as described elsewhere. In short, the remaining solution (4.9 ml) was centrifuged (3000 g) for 20 minutes at 4 degrees Celsius. The biofilm pellet has been re-suspended and washed twice in the equivalent amount of water. The washed
biofilm pellets were freeze-dried and weighted to determine the biomass of the biofilm. In addition, water-soluble EPS was extracted from dry pellets using 1 N sodium hydroxide to determine the amount of polysaccharide using phenol-sulfuric acid analysis. The final pH values of the old media culture were also
determined during the experimental period using a glass electrode (Beckman Coulter Inc., Brea, CA, USA) and the production rate of H'h(WF/h) was calculated by pH values (22 to 31 hours) to study changes in the acidity of biofilms. Confocal laser microscopy scan (CLSM) was performed as described by Chon and
others to confirm the results of microbiological and biochemical studies. Sucrose concentrations tested in the CLSM study were 0, 1, 10 and 40% To determine the change in adhesion and biofilm S. mutans 1 MKM Alexa Fluor® 647-labeled dextram conjugate (10,000 MW; absorption/fluorescence of emission maxim
647/668 nm; Molecular Probes Inc., Inc., Inc., Inc., OR, USA) was added to 0, 1, 10, or 40% Sucrose broth BHI with S. mutans UA159 (2-5 and 106 CFU/ml) at 0, 22 and 31 hours Fluorescence labeled dextran serves as a primer for GTFs and can be simultaneously incorporated during the annual synthesis of the
polysacarid matrix during the development of the biofilm, but not the spot of bacterial cells in the concentrations used in this study. After 4 or 46 hours, the bacterial cells in the biofilm were labeled incubation with 2.5 MKM SYTO 9 green fluorescent spots of nucleic acid (480/500 nm; Molecular probes Inc.) within 30
minutes of CLSM-image of biofilms was made with the help of the microscope LSM 510 META (Carl zeiss, Jena, Germany), equipped with ion ion and helium lasers. Four independent experiments were conducted and five stacks of images were collected per experiment (n No. 20). Bio-volume (m3/mmm2), average
thickness (um), roughness ratio and surface-to-volume ratio (m2/m3) of bacterial microcolonies and EPS were quantified from comstat concomatic stacks. Bio-volume is defined as the volume of biomass (No.3) divided into the surface area of the substrate (HA discs) (No.2). The roughness factor, which measures the
thickness of the biofilm varies, is calculated from the distribution of the thickness of the biofilm. The surface-to-volume ratio is the surface area divided into bio-volume. The roughness factor and the ratio of the surface to volume reflect the degree of heterogeneity of the biofilm and the impact of nutrients, respectively. The
3D architecture of biofilms was visualized with Imaris 8.0.2 (Bitplane, Switzerland). The scanning electron microscopy (SEM) was performed as detailed elsewhere. In short, 46-h biofilms grown in 0, 1, 10, or 40% Sucrose broth BHI were washed three times in a 0.1 M kacodilat buffer and prefixed with 3% glutaraldehyde
solution for 1 h followed by postfixation with 1% osmium tetraoxide solution for 1 h. Biofilms were then dehydrated in a graded ethanol series (30-10%) and penetrated with nitrogen gas just before spraying the coating with gold palladium. Biofilm samples were analyzed by SEM (JSM-5900, Jeol, Japan). To determine the
relationship between Sucrose concentration and adherence to S. mutans or biofilm formation, the 2nd order of polynomial treatment for sucrose concentration compared to the CFU count, dry weight, amount of water-soluble EPSs, or the final pH value was performed through the Polynomial Regression Analysis Program
(Origin 7.0; Microcal, Inc., Northampton, Massachusetts, USA). The (R2) ratios of each line installed were also calculated. All experiments were conducted with duplicates and at least four different experiments were conducted. The data is presented as an average and standard deviation. Intergroup were evaluated using
one of the следуют после специального многократного сравнения (Tukey) тест для сравнения нескольких средств. Значения считались статистически значимыми, когда значение P &lt; 0.05. As shown in Fig 1A, S. mutans adhesion during 4-h biofilm formation gradually increased and then decreased as the
sucrose concentration increased. Generally, the change in S. mutans adhesion to sHA discs followed a 2nd order polynomial curve with sucrose concentration dependence. The R2 value of the polynomial curve was 0.75 (P &lt; 0.05). The maximum effective concentration (MEC) of sucrose for bacterial adhesion from the
polynomial curve was 0.45%. In the CLSM study, the bacterial bio-volume of the 4-h biofilms also gradually increased and then decreased as the sucrose concentration increased (Fig 1B). The bacterial bio-volume at 1 and 10% was at least 1.5 times higher than that at 0 and 40% (P &lt; 0.05). However, the mean



bacterial thickness did not change with increasing sucrose concentration (Fig 1C). The EPS bio-volume and mean thickness also showed no change according to sucrose concentration, except at 40% (Fig 1B and 1C). Representative bacterial and EPS CLSM images are shown in Fig 1D and 1E, respectively, and show
that bacterial micro-colonies were more prominent at 1 and 10% than those at 0 and 40%, but EPSs were barely detected at any of the concentrations tested. Download: PowerPoint slide larger image original image Fig 1. Relationship between sucrose concentration and S. mutans adhesion at 4 h.(A) Bacterial adhesion.
(B) Bio-volume. (C) Mean thickness. (D) Representative confocal images of bacteria in the biofilms. (E) Representative confocal images of EPS in the biofilms. Values followed by the same letters are not significantly different from each other (P &gt; 0.05). Как показано в Рис 2A, сухой вес 46-ч биопленки постепенно
увеличивается, а затем уменьшается, как концентрация сахарозы увеличилось, который последовал 2-го порядка полиномиальной кривой с сахарозой концентрации зависимости. Значение R2 полиномиальной кривой составило 0,91 (P 0,05). MEC сахарозы для сухого веса в полиномиальной кривой
составил 1,8%. Изменение количества CFU, водорастворимого количества EPS и кислотогенности биопленок 46-ч также последовало за полиномиальной кривой 2-го порядка с зависимостью от концентрации сахарозы (Рис 2B-2D); значения R2 были 0,88, 0,82 и 0,71 (P 0,05), соответственно. МЦД
варьировались от 0,92 до 2,4%. В целом, результаты показали, что изменение состава и вирулентности биопленок S. mutans последовало за полиномиальной кривой 2-го порядка с зависимостью от концентрации сахарозы. Скачать: PowerPoint слайд больше изображения оригинальное изображение
рис 2. Взаимосвязь между концентрацией сахарозы и образованием биопленки S. mutans. (A) Сухой вес. (B) Бактериальная жизнеспособность. (C) Водорастворимые ЭПС. (D) In A and C dry weight and quantity EPSs were not detected by 0%. In B and D, since x coordinates are built on a logarmic scale, and
since the log 0 is not defined, we are close to 0 with the coordinates x 0.01. This study analyzed bio-volume, average thickness, roughness ratio and surface-volume ratio of 46-hour biofilms to assess changes in biofilm structure with increased sucrose concentration. As shown in Figure 3A, the bio-volume and average
thickness of the bacterial micro-colonies of 46-hour biofilms first gradually increased and then decreased as the concentration of sucrose increased. Bacterial biobutme and average thickness of 1 and 10% were at least 1.5 times higher than 0 and 40% (P 0.05). However, the roughness rate of bacterial microcomolon
gradually decreased and then increased as the concentration of sucrose (Figure 3B) increased; the roughness ratio of 1 and 10% was at least 2.5 times lower than 0 and 40%. The surface-to-volume ratio of bacterial microcolons was 0% higher than 1, 10 and 40% (Figure 3C). Rice 3D shows representative bacterial
images from the CLSM study, in which bacterial micro-colonies at 1 and 10% were, more spherical, and more aggregated than 0%, while there were only scattered large micro-colonies at 40% (Figure 3D). Download: PowerPoint Slide More Image Image Original Image Effect Effect of Sucrose Concentration on Bacteria
(A) Bio-Volume and Average Thickness (B) Roughness Ratio, and (C) Surface-to-Volume Ratio 46-H S. mutans Bio Film. (D) Representative 3-D images (isosurface rendering) bacterial cells. The values followed by the same letters are not significantly different (P 0.05). bio-volume and average thickness of EPSs in 46-
hour biofilms also gradually increased, and then decreased as the concentration of sucrose (Figure 4A). The bio-volume and average thickness of EPSs were minimal by 0 and 40%, but EPSs were strongly formed by 1 and 10%. Rice 4B and 4C show the roughness ratio and surface ratio to EPSs volume, which showed
the opposite pattern to that observed for bio-volume and average thickness. Rice 4D shows representative EPS and general biofilm (EPSs and bacteria) surface imaging images in which EPSs were barely detected by 0 and 40% and bacterial micro-colonies were not covered by EPSs in these concentrations. Download:
PowerPoint Slide More Image Image Original Image Effect Effect of Sucrose Concentration on EPS (A) Bio-Volume and Average Thickness (B) Roughness Ratio, and (C) Surface-to-Volume Ratio of 46-H S. mutans Biofilm. (D) Representative 3-D image (isosurface rendering) of bacterial cells (green) and EPS (red).
Values, beyond followed by the same letters, not significantly different from each other (P (P Fig 5 shows representative sem images (5000) of 46-hour biofilms at different sucrose concentrations. It was obvious that biofilms were 1 and 10% exposed to a larger number of EPS covering micro-colonies than those at 0 or
40%, which corresponds to the results of the CLSM study (Figure 3 and 4). The formation of a biofilm is a complex process that is influenced by many factors such as growth environment, nutrition, bacterial viability and superficial characteristics. Sucrose, an important substrate for the formation of dental biofilm, has been
studied in a series of epidemiological and experimental studies that have confirmed that sucrose can cause serious biochemical and physiological changes in the process of carigenic biofilm formation, and that, in turn, enhance its tooth decay-causing properties (17-19, 31, 32). However, limited studies have been
conducted to assess the effects of sucrose levels on the cariogen formation of biofilm. Therefore, in this study, we have identified a relationship between sucrose concentration and S. mutans and biofilm formation. While the biofilm regimen used in this study may provide significant benefits to establishing data
reproduction and reducing variance, more research is needed to confirm the relationship between sucrose concentration and its effect on cariogen biofilms in vivo, since S. mutans do not occur in the monoculture in vivo, and the environmental conditions in this study differ from conditions in the mouth. In this study, a 2nd
order polynomial installation was performed to determine the relationship between the concentration of sucrose and S. mutans joining or forming biofilms. The definition (R2) of polynomial curves in this study ranged from 0.64 to 0.91 (P 0.05). This result indicates that polynomial curves adequately describe the joining of
S. mutans or the formation of biofilms in relation to sucrose concentrations, and that 64-91% variations in adherence to S. mutans or biofilm formation can be explained by changes in sucrose concentration. The planting of bacteria on the surface is a prerequisite for the formation of biofilm and contributes to both the
development of biofilm and maturation. In this study, the sticking of S. mutans to sHA discs was followed by the 2nd order of the polynomial curve with sucrose concentration dependence (MEC: 0.45%) (Figure 1A). Our data on bacterial biobutme during incubation 4-h once again confirmed this pattern (Fig 1B-1D). These
findings suggest that increasing sucrose levels increase S. mutans adhesion to a certain concentration (turning concentration), after which bacterial adhesion decreases as concentration increases In this study, the turning point for S. mutans adhesion was 0.45% (Figure 1A). Although although By which S. mutans
adhesion has been reduced with high concentrations of sucrose has not been identified in this study, the reduction may be due to an inhibitory effect on bacterial growth in the plankton state. According to a previous study, the growth of listeria monocytogenes, a gram-positive bacterium, has also been severely affected
by 20-60% sucrose, suggesting that the total number of gram-positive bacteria that can stick to the surface can be reduced at high concentrations of sucrose. In addition, the bio-volume and thickness of EPS produced at the stage of bacterial adhesion were not affected by the concentration of sucrose in this study (Fig
1B and 1C). This result may reflect the amount of EPSs synthesized during the experiment. As shown in Pic 1B and 1E, the formation of EPS bioobums during incubation 4-h was too low to allow accurate comparisons using CLSM images. After planting on the surface, bacterial cells will accumulate and then form a
micro-colony through an EPS-mediated process that leads to the formation of biofilm. As shown in Figure 2, sucrose affects dry weight, CFU calculates, water-soluble EPSs, and acidogenicity of 46-h biofilms in a 2nd order polynomial curve with a concentration of dependence. These findings suggest that sucrose may
increase the accumulation and virulence of S. mutans biofilm to a certain concentration (turning concentration), but accumulation and virulence decrease as sucrose concentrations continue to increase. In addition, in this study, the maximum effective concentrations of sucrose for the formation of S. mutans biofilm ranged
from 0.45 to 2.4% (Figure 1 and 2). Interestingly, however, a previous study reported that the threshold of sucrose concentration for the formation of cariogen biofilm is 5%, in which 1-40% of sucrose was treated 8 times (5 minutes/time) per day for 14 days. The difference between present and previous study may be
attributed to differences in treatment duration, suggesting that the effect of sucrose on the formation of cariogen biofilm is closely related to both concentration and duration of treatment. Further research is therefore needed to find an accurate link between the duration of treatment with sucrose and the formation of
carogenic biofilm. In this study, the appearance of 46-hour biofilm microcolons is also closely related to the concentration of sucrose (Fig 3D). As shown in Figure 3B, the microcolon roughness ratio of 1 and 10% was at least 2.5 times lower than 0 and 40%, indicating that micro-colonies of 1 and 10% were more
homogeneous than 0 and 40%. Interestingly, however, the surface-to-volume ratio was 40% lower than 0% (Figure 3B and 3C), which means that the impact of micro-colonies on nutrient flow was 40% lower than on nutrient flows This result suggests that the 40% impact of nutrient flow was very much although the
concentration of sucrose was the highest test. In general, while our findings confirm the crucial role of sucrose in the development of microcolonies and in maintaining a three-dimensional biofilm structure, they indicate a negative impact on homogeneity and the impact of the flow of biofilm microcolonies nutrients at very
high concentrations of sucrose. It is well documented that EPSs contribute to the mass and physical integrity and stability of the biofilm matrix (15, 34). The change in EPSs is also closely related to the concentration of sucrose (Figure 4). In 46-h biofilms, bio-volume and average thickness of EPSs by 1 and 10% were
significantly higher than 0 and 40% (P No. 0.05) (Figure 4A), confirming data from biochemical study and SEM images (Figure 2C and 5). In addition, EPS produced by 1 and 10% can cover microcolonia (Fig 4D). This result shows that the micro-environment of biofilms is 1 and 10% different from that of 0 and 40%, since
EPSs surrounding micro-colonies can create chemical gradients due to differential diffusion of nutrients and metabolic products throughout the biofilm matrix. Taken together, the results of this study showed that the effect of sucrose on adhesion and biofilm S. mutans followed the polygoma curve of the 2nd order with
concentration dependence and turn concentration in the range of 0.45 to 2.4%. These results can provide a fundamental basis for a more accurate study of the development of carogenic biofilm due to the concentration of sucrose. However, more research is needed to confirm the statistical relationship between sucrose
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