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Abstract: The development of oral biofilm consisting of easBttlers and late settlers in the presence
and absence of sucrose using a simulated mouthlmaddanvestigated. The experiments were carried
out by growing the early settlers’ biofilm consiggi of Srep. mitis and Strep. sanguinis and late
settlers’ biofilm of Srep. mutans in the simulated mouth system. Experiments usimget different
nutrient conditions (A, B and C) were carried datA, sterile saliva was used as the nutrient seimc
which the early settlers were suspended and punmpedhe simulated mouth system and allowed to
grow for 24 hrs. In B, 1% of BHI broth was addedthe sterile saliva three times a day at 6 hrs
interval to demonstrate the effect of glucose endavelopment of the biofilms. In C, the 1% BHI was
supplemented with 1% sucrose in order to show tieeteof glucose in the presence of sucrose on the
development of the biofilm. The experiments werbsgguently repeated with the late settlers. In all
the experiments, A serves as the control wherattéent source is minimal. The data collected were
analyzed using Student t-test. From the resultsiodd, it was observed that both glucose and secros
enhanced the development of early and late séttdéofilms. The growth of late settlers’ biofilm
however, was found to be significantly higher ia firesence of sucrose (93%TIFU mL™) compared

to glucose (66x10CFU mL™) with ap value <0.05.
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INTRODUCTION
usually exist as biofilm on the tooth surfaces and

Sucrose yields one equivalent of glucose and onsurrounded by protective matrix made up of
equivalent of fructose upon hydrolysis. In industried ~ extracellular polymefS. Srep. mutans on the other
societies, sucrose is commonly used as sweetenirftand, belongs toutans-group and has been associated
agent and it had been reported that consumption ofith dental carid¥’. Dietary sucrose is essential for the
sucrose is about 50 kg per person per§le@ucrose accumulation of this group on teeth and initiatioh
has been considered to be associated with dentabca carious lesions on smooth enamel surfadesStrep.
Sucrose can be utilized by extracellular bacteriaimutans synthesized extracellular polysaccharide from
enzymes for the formation of extracellular sucrose by the action of two enzymes, GTF and FTF.
polysaccharides (glucans and fructans) in dentalWhen the bacteria are grown in the presence of any
plaqué~. The formation of glucan is catalyzed by carbohydrate, addition of sterile sucrose to thkure
glucosyltransferase (GTF) and  fructan by results in the formation of extracellular polym&¥s
fructosyltransferase (FTEY!. Glucan plays a role in Strep. mutans produces three types of GTF that convert
plague formation as well as facilitates the baateri sucrose into glucans; (i) GTF synthesize waterkdelu
attachment to the tooth surf46&\. Fructan contributes glucan, (i) GTF synthesize water-insoluble glucam
to the virulence of the biofilm by acting as binglisites (i) GTF synthesize both types of glu¢®r”.
for the adhesion of Srep. mutans™. Sucrose The close relationship between sucroSkep.
consumption can result in a decrease in pﬁ]‘ inboth  mutans and caries development had been well
starved and starved biofilms 8fep. mutan§[ - documented for centurié$®2! However, little or no

The ear_Iy_ development of oral biofilm (_d?ma' information has been discussed on the role of
plaque) exhibits cqlpn;?zs oireptococeus sanguinis carbohydrate in the formation of early settlersfibin.
and Streptococcus mitis®*?. Both streptococci belong .
to mitisgrougt™®. Srep. sanguinis is capable of In this study, the ro!e .of gluco_se_ and sucrose lan t
producing water-insoluble mutans and water-solubledrOWth of the oral biofilm consisting of early dets
dextran from sucro§& whereas Srep. mitis may (Strep. mitis and Srep. sanguinis) was investigated
produce water-soluble dextf&h In the oral cavity, Using a simulated mouth model and compared with tha
these microbes of the late settlers.

Corresponding Author: Prof. Dr. Zubaidah Hj Abdul Rahim, Department ©fal Biology, Faculty of Dentistry,
University of Malaya, 50603 Kuala Lumpur, MalaysTel/Fax: 603-79674851/603-79674536

62



Online J. Biol. Si., 6 (2): 62-66, 2006

MATERIALSAND METHODS The development of biofilms: The Strep. sanguinis
and Strep. mitis mixture suspended in sterile saliva (A)
Preparation of a smulated mouth model: The glass in a ratio of 1:1 (60 mL) was inoculated into the
Pasteur-pipette was cut to 6 cm length using a aiimm simulated mouth system at a rate of 0.3 mL TiA
blade and was used as a chamber to mimic the orgkristaltic pump was used to pump the inoculums int
cavity. Glass beads were placed in the chambesrtees the simulated mouth system. The biofilm was allowed
as substratum for biofilm formation. The glass cham to develop on the glass beads for 24 hrs. Thiseseng
was then connected to a peristaltic pump (Bio-Radh control in which the biofilm was grown in the
Econo Pump) with rubber tubing. The chamber wagresence of minimum nutrients. Similar procedurs wa
then immersed in a water bath, which functions ms arepeated foB&rep. mutans.
incubator, with a temperature constantly monitoatd
37°C to mimic thein vivo temperature of the mouth. The development of biofilm in the presence of
The flow rate of all liquids through the artificiedlouth  exogenous nutrients supplement: The above method
model was 0.3 mL mifi which was controlled by a was repeated with a periodic inoculation of BHI thro
Bio-Rad Econo peristaltic pump. (1%) which is the source of glucose to the develgpi
biofilm (B). The method was then repeated with a
Preparation of sterile saliva: Undiluted sterile saliva periodic inoculation of BHI broth (1%) supplemented
was prepared in a manner similar to that describewith 1% sucrose (C). This was carried out to
previously by De Jong and Van Der Hoe¥8n demonstrate the effect of glucose in the preserice o
Approximately 25 mL of stimulated whole saliva (WS) sucrose on the development of the biofilm. The
was collected everyday from a single volunteer. Thanoculation of nutrients was carried out three snae
volunteer was asked to chew on a sugar-free gum tday at 6 hrs interval for 24 hrs.
stimulate saliva production. The secreted stimdlate
WS was then collected using ice-chilled test tufé®  Assessment of the microbial load in biofilm: After 24
aggregation of protein in the saliva samples wasrs, the glass beads with the biofilm were placeé i
reduced by adding 1, 4-Dithio-D, L-threitol (Fluka, micro-centrifuge tubes containing 1.0 mL phosphate-
BioChemika, Switzerland) (DTT) to a concentratidn o buffered saline (PBS). The tubes were sonicatedafor
2.5 mM. The saliva was then stirred slowly for 1lhm few seconds and vortexed for one minute to dislodge
and centrifuged (864 x g, 30 min). The supernataag the bacteria from the surface of the glass beatls. T
filter-sterilized through a disposable 0.2um (S«or microbial load was determined based on turbidity by
Membrane) low protein-binding filter (Acrodisc ® reading the absorbance at 550nm wusing a
Syringe Filters, Pall Corp, USA) into sterile tégsbes  spectrophotometer  (UV-spectrophotometer  160A,
to give sterile saliva which was then stored a®&20° SHIMADZU).
Prior to use, the saliva was thawed and centrifuogex
again to remove any precipitate. RESULTSAND DISCUSSION

Preparation of bacterial suspension: The stock of Figure 1 shows the development of early settlers’
oral bacteria $trep. mitis, Strep. sanguinis and Strep. biofilm consisting ofSrep. mitis and Srep. sanguinis
mutans) from frozen stock was thawed at room under three different nutrient conditions: A — 8éer
temperature and prepared in a manner similar tb thaaliva without the exogenous carbohydrate (Contil)

described previously by Palmeral.”!. 100 ul of the — 1% broth containing glucose and C-1% broth
stock was inoculated into 20 mL of sterilized Brain containing glucose and 1 % sucrose.
Heart Infusion (BHI) broth separately and incubaagd In the absence of glucose or sucrose, minimum

37°C for 18-24 hrs. 0.3 mL of the starter cultuvess  growth of early settlers’ biofilm was observed. the
transferred into 8 mL of fresh BHI broth and allate presence of glucose, the growth of the early settle
grow for 5 hrs @rep. sanguinis), 4 hrs @rep. mutans)  pjofilm was significantly enhanced by 4-fold (p=8)0
and 3 hrs @rep. mitis) at 37°C as static cultures in an ang only a slight and insignificant increase (5%@sw

aerobic incubator to reestabli_sh the exponent@Wtl. 1 carved in the presence of the added sucrose.
The cultures were then centrifuged and the pelietse Figure 2 shows the development of late settlers’

washed three times in phosphate-buffer saline (PBSBiofiIm consisting of Strep. mutans under the three
before adding into sterile saliva. The suspensicgaoh diff t nutrient diti ) In the ab afcok
bacterium of early settlers in the sterile salivasw merent nutrient conartions. in the a sen’ce. gse
adjusted to 0.072 absorbance at 550nm (equivatent land SUCToSe, _th_e growth of late settlers’ biofilmsw
0.5X1¢ cells mLY) using a spectrophotometer and found to be minimum compared to the growth of early
mixed together prior to the experiment. F8irep. settlers’ biofilm. However, the difference is not

mutans, the suspension was adjusted equivalent to &ignificant. The growth of late settlers’ biofilmaw
population of 1.0X1® cells mL!  observed to be significantly enhanced by 8-foldhiea

(spectrophotometrically to 0.144 absorbance at 550n presence of glucose (p=0.00).
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on the growth of both early settlers’ and late lsgt
{he arowth early seters’ biofim under three nutr__lent conditions biofilms. The sterile saliva used in the study was
56 obtained from a single volunteer to minimize the
54 variations that may arise. Although biofilms can be
o0 | | ( grown on various type of substratifi?®, glass beads
50 | were chosen because of its transparency featurieg wh
40 l make it easier to use in the system, as well dktfae
31 evaluation of samples. In addition, it has beerorigl

13

21 { by Pratt-Terpstrat al.*” that glass surfaces and enamel

90 -
80 4

70 4

CFU (1 000 000)/ml

1 behave similarly with regard to oral microbial aslios

(A) sterile saliva (control) (B) BHI broth (1%) (C)  BHIbroth (1%) prOpertieS. It has also been shown that no diffezen
SR was observed in the biofilm growth pattern wherirpla

glass or hydroxyapatite coated glass was used as

substratufi”. A periodic addition of exogenous

carbohydrates to the sterile saliva was designed to

mimic the intake of sugar in the diet.

Minimum development of the early settlers’

Im was observed in the absence of exogenous

Fig. 1: The development of early settlers’ biofilm
(Strep. mitis andStrep. sanguinis) on glass beads
placed in the simulated mouth model. The
biofim was allowed to develop on the glass
beads for 24 h. The values were expressed aSiofi

means + SD_' The numb_er of qeterm_'nat'oncarbohydrate. Under such condition, the saliva was
(n=6). Experiment A-sterile saliva W'thOUt used as the sole source of nutrient. This is in
exogenous carbohydrate (Control), Experimentyccordance with the findings of Theilade and
B-sterile saliva with 1 % broth containing Thejladé® who showed that diet plays a minor role in
glucose and Experiment C-sterile saliva with 1the jnitiation of plaque formation. Their study sex
% broth containing glucose and 1% sucrose  that the nutrient requirement during the initiags of
plague formation is sufficiently provided by thdiga
It has also been reported that oral streptocoatigcaw
The growth of late settlers’ biofilm under three di fferent nutrient conditions . .
continuously in human whole sall¥a at the expense

o of the various organic components present in theasa
" I (particularly mucous glycoproteins) that supporith
o s omoonm o growtt*2. In addition to that, several species of oral

streptococci have the ability to bind to salivanyydase
which may help them to degrade salivary glycoprwei
for direct metabolisH?*
» 5 Additional nutrients can influence the development
LSS of the oral biofilm. It was observed that the preseof
O stere sl o) (@) o (1%) (oo 9 glucose in the growth environment stimulated the
growth of the early settlers’ biofilm (Fig. 1). Bada in
Fig. 2: The development of biofilm consisting otda the developing biofilm may utilize the supplemented
settlers §trep. mutans), on glass beads placed in glucose to support their growth. This explains e
the simulated mouth system. The biofilm wasfold increase observed in Fig. 1-3Ih|3 is in agreem
allowed to develop on the glass beads for 24 hWith the observation by Shesa al! _] that the growth
The values were expressed as means + SD. THY Group_ A Streptococci biofilm is influenced by
number of determination (n=6). Condition A- glucose. Th_e_rgfore, the biofilm containing streptax
sterile saliva without exogenous carbohydrategrOUps is utilising glu_cose_ forgrowth. -~
(Control), Condition B-sterile saliva with 1 % The resullts obtained n this study appear to atdic
broth containing glucose and Condition C-sterilethat sucrose is not a crucial factor for the depelent

saliva with 1 % broth containing glucose and 1of biofilm consisting of early settlers as it omdgused a
% sucrose slight increase (5%). The slight increase in thefilon

observed in this study may agree with earlier

The presence of sucrose as in condition C was feund Observation that sucrose ' slightly stimulated —the
enhance the growth of the late settlers’ biofilmadhesion ofSrep. sanguinis® and can cause the
significantly by 12-fold (p=0.00). vitro formation of small amounts of pladtfé
From the Fig. 1 and 2, it was shown that glucose A Study carried out by Prattes al.*"! contradicts
increased the growth of early and late settlersfilbhs e resuit obtained in this study. This might be da
to almost a similar degree (50-60 CFU x°1aL™).  the source of the inoculums. Prattetral ™ has used
Sucrose further enhanced the growth of late ssttler Non sterile saliva as inoculums. The inoculums @i n
biofilm but not the early settlers’ biofilm. sterile saliva would provide a multi-species biuwfil
The purpose of the study was to look at thecontrary to the inoculums of sterile saliva usedhis

influence of nutrients supplement, specifically rese  Study.
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The development of late settlers’ biofilm under 7.
minimal nutrients (sterile saliva) was lower cormgzhr
to that of the early settlers’ biofilm. It has besmown
that unlike the early settlers’ biofilm, the devahoent
of the late settlers’ biofilm is influenced by
nutrient§®>%. This may explain the lower growth of the 8.
late settlers observed in the absence of exogenous
nutrients.

In the presence of glucose, the growth of late
settlers was significantly increased compared te th9.
control (p<0.05). Compared to glucose, the additbn
sucrose further increased the growth (p<0.05). This
agrees with what had been reported by Guigt."! that

plague wet weight was significantly higher in dénta 10.

plague formed in the presence of sucrose thanen th
presence of glucose and fructose. From this stiidly,
obvious that sucrose greatly enhanced the growth of
Srep mutans. This is in accordance with what have

been reported earlfét*?. 11.

From this study, it can be concluded that sucrose
has a role in the development of the late settlers’
biofilm but not the early settlers’ oral biofilm.h&

study also demonstrated the versatility of the &iea  12.

mouth system designed and indicated that oral Ibiofi
has been successfully developed in the simulatagdhmo
system.
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