Aggregation Abilities and Surface Charges of Oral Lactobacillus

Kamonchanok Pongpanit

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Oral Health Sciences
Prince of Songkla University
2014

Copyright Prince of Songkla University



il

Thesis Title Aggregation abilities and surface charges of oral Lactobacillus

Author Miss Kamonchanok Pongpanit

Major Program Pediatric dentistry

Major Advisor : Examining Committee :
...................................................................................... Chairperson

(Dr.Supatcharin Piwat) (Prof.Dr.Sittichai Koontongkaew)

Co-advisor

(Miss.Nuchnaree Akkarachaneeyakorn) ]
(Prof.Dr.Rawee Teanpaisan)

The Graduate School, Prince of Songkla University, has approved this thesis as
partial fulfillment of the requirements for the Master of Science Degree in Oral and Maxillofacial

Surgery.

(Assoc.Prof.Dr.Teerapol Srichana)

Dean of Graduate School



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
(Dr. Supatcharin Piwat)

Major advisor

......................................... Signature
(Kamonchanok Pongpatit)

Candidate



v

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
(Kamonchanok Pongpanit)

Candidate



4 a a d 1 ¥ Aa ¥ a o
FOINLUNUT anuansalumameznguuazlszyiuiivesdounan laudadd
1n¥e911n
d‘ Yy A 4 a
YorIe PWANANAFUN WIH WY
a a 4 1
MU IMNNANTFUNINTD10
Umisdnm 2556
U |l
UNAAEID

Y
Aav A

I = [ dy a

mi’m&mﬂumiﬁﬂ‘mmmﬁm15aSl,umiLmzﬂqmmzﬂizﬁgwummamaﬂiﬁ

V1gaad (Lactobacillus (L)) 1us0911n 10 ¥Ua Ao L fermentum, L. salivarius, L. gasseri, L.
=4
plantarum, L. rhamnosus, L. mucosae, L. casei, L. oris, L. paracasei W0 ¢ L. vaginalis WD EANH
[ v J 1 [ U % ]

‘ﬂ’)’lllﬁiJWHﬁ§$W31Qﬂ313Jﬁ'|3J'|5ﬂﬂ\°lﬂaTJﬂ‘]Jﬁﬂ’l’ng"Uﬂ'lWG]fﬂﬁﬂ'lﬂ

ant =i A o dal a o A Y 1 o .

AFNITANHYT AD ml,ﬂfmmﬂiﬁmwaaﬁ‘l/]!,!,ilﬂhlﬂmﬂ%mﬂmmu’m 198 strains
Ao L. Sfermentum (62), L. salivarius (29), L. gasseri (17), L. plantarum (12), L. rhamnosus (17),
L. mucosae (12), L. casei (11), L. oris (8), L. paracasei (22) W8 L. vaginalis (8) VIANY ﬁJizfQ

4 9 ¥
ﬁuN’JT@‘(’J’J% MATH uag ﬂ’Nll’fﬂiﬂii‘lsluﬂ15Lﬂ1$ﬂqllﬂﬂﬂﬂ@’)t%ﬁ)uaﬂiﬁﬂﬁﬁﬁaﬁmﬂ uazny

De

Lﬂf@ﬂﬂi‘iﬂﬁuvﬂu“ﬁﬂdﬂm ﬁ@ Streptococcus mutans

= 1 49' a v A 9 ] Y4 U
WaANIIANEINDTIN !ﬂf@LmﬂT@IU”I%’ﬁﬁfﬁ’ll!ﬂﬂulﬂ%1ﬂ%i’)ﬁﬂ1ﬂ1@ﬂﬁTﬂWH‘ﬁ‘ﬂ1ﬂﬂﬁqN

9
A A [

Y
aogrlinlszyiuiunuldoenasouluszaugs milszgnudmnusudmnasouluszay

Weeda11unana uaza hydrophobicity Iuszavu1muna1s sady L. gasseri A1 hydrophobicity

IS

o A& A o 1w 1 oAa .. ' 1w o Aa
a1 wouan Inungaa lungualed 19NN UKg a9 1A hydrophobicity §4n1nguAleg 19Nl

£
9 v a

'o | v a 2 1 1 j’

9NN IAYNIEDa (p <0.05) HENNHUFINYI ANNAIT0 TUMTINZNIUUD D
1] Y
uanlauFaaaduiusnuszeznal nade Wenawuiuanuansalumsinznquues
g < X Ao ' J X a o '
IRANINYY UBNINUGINDN ANVEINIa Tumsimznguuauseuan latdadea Tunguiluy
ganaza lnanannuedaliisdinyneada
1 1 j’ a U { 1 1 1
nanlaoagl1dn ieuanTnuidadaiuen ldanyesthnadrulnauansld

< 1A o ' = dy a Ya S dy a
Wwunlgaauiialumameznquuasinlszynurmuldioanaseuge anlseginunuy
v oA Y = ' .. dyd '
Sudanaieutosnsd1una1s uaza1 hydrophobicity Y1UNA19 NI INUTIRWIZAN

Y H 1
hydrophobicity M1 UNTANUAEETBEIRYNNADA (p < 0.05) HonfSeufieuszriengy

Murgataze



vi

Thesis Title Aggregation abilities and surface charges of oral Lactobacillus
Author Miss Kamonchanok Pongpanit
Major Program Oral Health Sciences
Academic Year 2013
ABSTRACT

Objective: The aims of the study were to compare aggregation ability and surface
charges of oral Lactobacillus (L) 10 species namely L. fermentum, L. salivarius, L. gasseri, L.
plantarum, L. rhamnosus, L. mucosae, L. casei, L. oris, L. paracasei and L. vaginalis. The relation
between such ability with oral health status (dt).

Methods: Total 198 strains of L. fermentum (62), L. salivarius (29), L. gasseri
(17), L. plantarum (12), L. rhamnosus (17), L. mucosae (12), L. casei (11), L. oris (8), L.
paracasei (22) and L. vaginalis (8) were investigated for their cell surface properties (The
microbial adhesion to hydrocarbon test) and measured their autoaggregation and pathogenic
coaggregation properties with Streptococcus mutans.

Results: Most species showed high basic surface (electron donor) charges, low to
moderate acid surface charges (electron acceptor) and moderate to high hydrophobicity. L. gasseri
was low hydrophobicity. Lactobacillus from high caries showed a greater ability to adhere to
hydrophobic substances compare to Lactobacillus that obtained from low caries. The aggregation
abilities (autoaggregation and coaggregation with S.mutans) were depended on incubation, Time
variation. L. gasseri was the highest aggregation ability. However, there were no significant in
aggregation ability between Lactobacillus obtained from high and low caries subject.

Conclusion: Most of oral Lactobacillus species showed adhesion relate properties
included high electron donor, low to moderate electron acceptor and moderate hydrophobicity.
However, only hydrophobicity was statistically significant difference (p <0.05) between the

groups of high and low caries subject.
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CHAPTER 1

Introduction

Lactobacilli are gram-positive, non spore forming, rods or coccobacilli
microorganisms. In environments where carbohydrates are available such as food (dairy products,
fermented meat, vegetables, fruits, beverages), gastrointestinal, respiratory and genital tracts of
humans and animals, and in sewage and plant material usaually found them'.

Lactobacilli normally comprise less than 1% of the total cultivable microbiota in
the oral cavity. Commonly isolated species include L. paracasei, L. plantarum, L. rhamnosus and
L. salivarius’. Lactobacilli are considered as part of the normal oral microbiota. They are the most
acidogenic among the lactic acid bacteria and are associated with the progression of dental caries.
Sometimes, the number of lactobacilli in saliva has been suggested to use as a part of caries risk
estimation’. The species associated with caries are still ambiguous, however the differences
between Lactobacillus species from caries-active and from healthy subjects have been reported4.
Piwat et al.” isolated salivary lactobacilli from 59 children. They found that L. fermentum and L.
salivarius were the predominant species, but in the moderate to high caries group L. salivarius
found L. salivarius significantly higher numbers. In some cases, lactobacilli could also play a
useful role by inhibiting the growth of some cariogenic bacteria. Michalek et al.’ found that the
presence of L. casei in plaque may reduce cariogenic pathogen (S. mutans) in gnotobiotic rats.
Some Lactobacillus species such as L. paracasei L. rhamnosus L. plantarum and L. salivarius
which isolated from the oral cavities of sound subjects have capability of having an antimicrobial
activity against streptococciw. However, some Lactobacillus species have been proposed as
probiotics in the prevention of dental caries, mainly because of their inhibitory activities against
cariogenic Streptococcus spp. and contributing to the balance of microflora in the oral cavity4.

Aggregation has been related with adhesion, which is a prerequisite for
colonization and infection by pathogens. Autoaggregation is defined as the adherence of bacteria
themselves. The bacteria that can autoaggregate conveys a selective advantage over non-
autoaggregation species by enhancing attachment within a developing biofilm'’. Bacterial
coaggregation is a result of two or more different species of bacteria interacting to form a stable

composite aggregation“. Coaggregation was first presented to the bacteria isolated from human



dental plaque, which are found living together of many bacterial species. Several studies
demonstrated that coaggregation was a common phenomenon between broad ranges of genera
from dental plaque. These investigations showed that coaggregation between pairs of bacteria was
highly speciﬁcu’B. Coaggregation is a process by which genetically distinct bacteria become
attached to one another via specific molecules. Cumulative evidence suggests that such adhesion
influences the development of complex multi-species biofilms. When considering the benefits
coaggregation confers on bacterial partnerships, it is probable that the strength and specificity of
the interactions will be subject to natural selection”. The ability to penetrate dense pathogen
biofilms could also be supported by biosurfactant production if adhesion forces of lactobacilli with
pathogens are more than those other binding the pathogens”, but thereafter lactobacilli integration
into the multilayered structure and formation of coaggregates with the pathogens would allow their
antimicrobial molecules to disturb the biofilms and reduce pathogen viabilitylsfw.

Surface charge is the study of the acid - base on the surface of bacteria using
chloroform (polar acidic solvent) as the electron donor and ethyl acetate (polar basic solvent)
as electron acceptor. Surface charge can affect the ability of aggregations and hydrophobicity
of bacterial cells'. Hydrophobicity of bacterial cell surface is one of important factor that
control bacterial adhesion to various surfaces such as air/water interface, oil/water interface,
biomaterial, teeth, animal cell, activate sludge and different solid surfaces ' . Hydrophobic
interactions define the strong attraction between hydrophobic molecules and surfaces in water.
In biological systems hydrophobic interactions are the strongest long-range non-covalent
interactions and are considered a determining factor in microbial adhesion to surfaces "

Aggregation abilities test together with cell surface abilities could be used for
preliminary screening in identifying potentially adhered to each bacteria’. The aims of this study

are to define aggregation abilities and surface characteristics; cell charge and hydrophobicity of

oral Lactobacillus and to relate them with oral health status (dt).
Review of Literature
Lactobacilli

Lactobacilli are gram-positive, non spore forming, rods or coccobacilli

microorganisms. They are fermentative, facultative anaerobe or microaerophylic and chemo-



organotrophic. They are catalase negative, even if pseudocatalase activity can sometimes be
present in some strains. They are found in environments where carbohydrates are available, such as
food (dairy products, fermented meat, sour doughs, vegetables, fruits, beverages), respiratory,

gastrointestinal and genital tracts of humans and animals, and in sewage and plant material .

Lactobacillus in oral cavity

Lactobacilli usually comprise less than 1% of the total cultivable microbiota in the
oral cavity. Commonly isolated species include L. paracasei, L. plantarum, L. rhamnosus and L.
salivarius’. Lactobacilli are considered as part of the normal oral microbiota. They are the most
bacteria that produce lactic acid and are associated with the progression of dental caries.
Sometimes, the number of lactobacilli in saliva has been suggested to used as a part of caries risk
estimation’. The species associated with caries are still ambiguous, however the differences
between Lactobacillus species from caries-active and from healthy subjects have been reported4.
Piwat et al.’ isolated salivary lactobacilli from 59 children. They found that lactobacilli levels in
children’s saliva with low caries prevalence were significantly lower than lactobacilli levels in
children’s saliva with moderate to high caries prevalence. L. fermentum and L. salivarius were the
predominant species but L. salivarius was found significantly in the moderate to high caries group
found. Nonetheless, some Lactobacillus species have been proposed as probiotics in caries
prevention, mainly because of their inhibitory activities against cariogenic Streptococcus spp. and

contributing to the balance of microflora in the oral cavity4.

Probiotic

Not all bacteria are harmful to the human body, some types of microorganisms
that can provide a beneficial health effect on the host. Such that the live microorganisms called
probiotics. “Probiotic” term, as opposed to “antibiotic”, was initially proposed by Lilley and
Stillwell in 1965. According to a WHO/FAO report (2002), probiotics are “Live micro-organisms
which, when administered in adequate amounts, confer a health benefit on the host””. Metchnikoff
was the first to state a health benefit of probiotics, and proposed that Bulgarian people had a longer
longevity because of viable bacteria in fermented milk. L. acidophilus was First probiotic species

introduced in research by Hull et al. in 1984; followed by B. bifidum by Holcombh et al in 19917,



Probiotics can improve the condition of patients in medical disorders such as
diarrhea, gastroenteritis, short-bowel syndrome, inflammatory intestinal diseases (Crohn’s disease
and ulcerative colitis), cancer, immunodepressive states, inadequate lactase digestion, pediatric
allergies, growth retardation, hyperlipidemia and liver diseases, etc.; improved results in medical
disorders after using probiotics have been supported by several researchs B

In oral cavity, probiotics can create a biofilm that role as a protective coating for
oral tissues against oral diseases. like a biofilm protect oral tissues from bacterial pathogens and
competing with cariogenic bacteria and periodontal pathogens growchHS.

Bussher et al.” reported that “L. acidophilus and L. casei presented in yoghurts
can colonize the oral cavity because their ability to adhere to enamel”. A one week consumption of
this yoghurt caused a removal of other lactobacilli in dental plaque and in saliva. Nase et al”
showed that “long-term consumption of milk containing L. rhamnosus GG caused a significant
lowering in caries risk in day care children”.

Petti et al.” also found that “the regular consumption of L. rhamnosus GG
yoghurt could decrease the salivary lactobacilli and S. mutans count, while L. bulgaricus contained
in that product did not colonize the oral cavity. However effect of L. rhamnosus GG disappeared
when its intake has been ended. A short-term consumption of cheese contained L. rhamnosus GG
and L. rhamnosus LC 705 has been conducted whether this could diminished caries-associated
salivary microbial counts in young adults”. This cheese seemed to reduce counts of S. mutans and

. . . 172329
yeasts loading to reduce the carious risk .

Aggregation
Aggregation has been correlated with adhesion, which is known to be a
prerequisite for colonization and infection by pathogens. Autoaggregation is defined as the
adherence of bacteria themselves. The bacteria that can autoaggregate conveys a selective
advantage over non-autoaggregation species by enhancing attachment within a developing
biofilm'".
Bacterial coaggregation is a result of interaction between two or more different species of
bacteria to form a stable composite aggregation (Fig. D Coaggregation was first recognized
among bacteria isolated from human dental plaque and the residue is defined as the process of

bacterial adhesion between pairs of genetic difference. Several papers published in the 1970s



indicated that coaggregation was a common spectacle between broad ranges of genera from dental
plaque. These early investigations showed that coaggregation between pairs of bacteria was highly
specific and was typically mediated by a protein ‘adhesin’ on one cell type and a complementary

. 12,13
saccharide ‘receptor’ on the other
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Fig.1 According to Rickard et al.” “Diagram illustrating the possible roles of
coaggregation in the development of multi-species biofilms. (a) Primary
colonization of a substratum covered in a ‘conditioning film’ composed of
polysaccharides and proteins; (b) cell growth, division and production of
extracellular polysaccharide (EPS) leading to the development of
microcolonies; (¢) coadhesion of single cells, coaggregated cells and
groups of identical cells into the young multi-species biofilm; and (d)
maturation and the formation of clonal mosaics within the multi-species

biofilm”.

Collado et al.” have studied adhesion and aggregation of commercial probiotic
strains compare with enteric pathogens, the pathogen strains showed lower autoaggregation
abilities than probiotic strains. Highest autoaggregation are L. fermentum ME-3 at 20 and 37 °C.
Coaggregation abilities of probiotic strains and pathogen strains were demonstrated to be strain-
specific and dependent on time and incubation conditions. The highest coaggregation was obtained

between B. vulgatus with L. rhamnosus LC-705 and with L. fermentum ME-3, respectively. The



strains with less coaggregation ability with B. vulgatus were B. lactis 420, B. longum 46 and P.
freudenreichii JS.

Kos et al.”' has investigated aggregation and adhesiveness of L. acidophilus M92,
they found the relationship between autoaggregation and adhesiveness ability of L. acidophilus
M92 which mediated by proteinaceous components on the cell surface.

Physiochemical characteristic of cell surface properties
Surface charge effect

Surface charge is the study of the acid - base on the surface of bacteria using
chloroform (polar acidic solvent) as the electron donor and ethyl acetate (polar basic solvent)
as electron acceptor. Surface charge can effect the ability of aggregations and hydrophobicity
of bacterial cells.

Rijinaarts et al.”’ insisted that “long-range forces, mainly electrostatic
interactions due to the overlapping of diffuse layers and van der Waals forces, i.e. DLVO
forces, are a very important factor of adhesion onto substratum surfaces at relatively lower
ionic concentrations”. Bos er al.” revealed that “substratum hydrophobicity is a major
determinant of bacterial cell retention although it hardly influences bacterial adhesion”.

According to van Oss™, “Hydrophobic interactions in biological systems are
commonly the strongest of all long-range non-covalent interactions, can be designated as the
attraction between apolar or slightly polar molecules, particles or cells immersed in water. The
main driving force is the hydrogen bonding (AB forces or Lewis Acid-Base) energy of
cohesion between the surrounding water molecules. This means that the AB forces, if strongly
asymmetrical or monopolar, are responsible for the orientation of water molecules adsorbed on
the surfaces”. As a result of orientation of water molecules on the one particle’s surface will
repel orientation of water molecules in the same manner on the surface of an adjacent
particle35. If the orientation of the water molecules is sufficiently strong, the two particles will
not approach each other. If on the other hand the surface is more weakly apolar, its capacity
for orientation of the most closely adsorbed water molecules is less pronounced and the
particles will approach each other under the influence of their net Lifshitz-van der Waals (LW)
attraction. "Hydrophobic" compounds or surfaces do not repel water rather they attract water
with a substantial binding energy, although not quite strongly as very hydrophilic compounds

or surfaces . It should be emphasized that hydrophobic attractions can prevail between one



hydrophobic and one hydrophilic site immersed in water, as well as between two hydrophobic
entities.

Colloca et al.”’ has researched surface properties of lactobacilli that isolated and
identified from teeth, tongue, saliva and gum of healthy patients, it was found that strains from
saliva and tongue had high electron donor. And lactobacilli that isolates from the tongue showed
low solvents affinity that concurs with low hydrophobicity results. They summarized that the
bacterial cell surface charge of lactic acid bacteria were different. And that could be involved in
their adhesion to hard or soft tissues of the mouth, or in attachment to other bacteria.

L. casei, L. paracasei, and L. rhamnosus showed strong electron donor. In contrast
they were low electron acceptor, as confirmed by their hydrophilic cell surface properties38.

On the other hand, previous investigations on the physicochemistry of microbial
cell surfaces have shown correlations between hydrophobicity, surface charges and elemental
surface compositions of the cells”. They indicate that higher hydrophobicity result from the
presence of (glyco-) proteinaceous material at the cell surface”, whereas a hydrophilic surface was
associated with the presence of polysaccharides. Lipoteichoic acids and other outer cell wall

substances might have an effect on hydrophobicity as well, but it is still unclear.

DLVO theory

According to Hermansson' “The DLVO theory has been used to describe the net
interaction between a cell and a flat surface (substratum) as a balance between two additive factors,
van der Waals (vdW) interactions (generally attractive) and repulsive interactions (VR) from the
overlap between the electrical double layer of the cell and the substratum (generally repulsive, due
to the negative charge of cells and substrata) (Fig. 2)”.

“The vdW interaction is a material property that describes the strength of the
interaction between a surfaces and the medium, as well as between two interacting bodies in a
medium. It;pends on the dielectric properties of the medium, the substratum and the cell. The only
significant attractive force known to be present is van der Waals force which is due to an
interaction between oscillating dipoles on the surface molecules. This force is unaffected by ionic
strength. Van der Waals attractive force is a very powerful force but it only operates over a small
distance. Significantly, van der Waals attractive force reveal force less than the repulsive force due

to overlapping electric double layers. It is, however, very strong and if the cell can get close



enough to the surface, the van der Waals force will hold it very tightly. It is showed that, when the
cell gets very close to the surface the van der Waals force starts to get very big indeed. In fact, at
very small distances the van der Waals attractive force is enormously bigger than the electrostatic

. 40
repulsion”

DLVO theory
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Fig. 2 The graphs describing the potential energy of the interaction between two

particles.

“The double layer interaction (VR) originates from the Coulomb interaction
between charged, molecules, and its strength and range. It is strongly affected by the presence of
surrounding ions. Independent of charging mechanism of any surface, the surface charge is

balanced (electroneutrality) by an equal but oppositely charged region of counterions”™"



The theory states that the stability of colloidal is determined by the potential

energy of the particles (V;) outlining two potential energy of the interaction of interest due to van

der Waals force V, and potential energy of the repulsive electrostatic interaction V:

V.=V, +V,

“The minimum of the potential energy determines the distance between two

particles corresponding to their stable equilibrium. The two particles form a loose aggregate, which

can be easily re-dispersed. The strong aggregate may be formed at a shorter distance corresponding

to the primary minimum of the potential energy (not shown in the picture). In order to approach to

the distance of the primary minimum the particle should overcome the potential barrier™".

Hypothesis of the study

1. Aggregation abilities and surface charge of oral Lactobacillus are interrelated.

a. Autoaggregation and hydrophobicity of oral Lactobacillus are interrelated.

2. Aggregation ability of oral Lactobacillus is related caries status.

a. Aggregation abilities of oral Lactobacillus is related to high caries.

Objective of the study

1.
2.

To study the autoaggregation abilities of oral Lactobacillus.

To study the coaggregation abilities between oral Lactobacillus species and S. mutans.
To study the surface charge of oral Lactobacillus.

To study relationship between aggregation abilities and surface charge of oral
Lactobacillus.

To study relationship between aggregation abilities/surface charge and caries status.
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CHAPTER 2

Materials and Methods

Bacteria strains

One hundred and ninety-eight strains of oral Lactobacillus obtained from the
culture collection of Department of Stomatology, Faculty of Dentistry, Prince of Songkla
University were studied including 62 L. fermentum strains, 29 L. salivarius strains, 17 L. gasseri
strains, 12 L. plantarum strains, 17 L. rhamnosus strains, 12 L. mucosae strains, 11 L. casei strains,
8 L. oris strains, 22 L. paracasei strains, 8 L. vaginalis strains and 10 Lactobacillus reference
strains were included. The tested reference strains were L. fermentum ATCC 14931T, L. salivarius
ATCC 117417, L. gasseri ATCC 33323, L. plantarum ATCC 14917, L. rhamnosus ATCC 7469',
L. mucosae CCUG 43179", L casei ATCC 393", L .oris CCUG 37396, L. paracasei CCUG
32212" and L. vaginalis CCUG 31452". These clinical strains were isolated from saliva sample of
59 two-year-old children. Each tested strains were selected from different child and different
genotype within the same species of Lactobacillus. The study design, selection of patients,
isolation and identification procedures have been described in the study of Teanpaisan et al’'. The
oral pathogen used for coaggregation test in this study was Streptococcus mutans ATCC 25175™,

The bacterial strains were kept in a freezer at -80°C until required.

Bacterial cultivation

Before the experiment, the Lactobacillus strains were cultivated in Man Rogosa
Sharpe (MRS) broth (LAB scan, India) in an anaerobic condition (80% N,, 10% H, and 10% CO,)
at 37°C for 24 hrs. The streptococcus strains were grown in Brain Heart Infusion (BHI) broth
(Difco, France) under conditions of low-oxygen (5% CO,) at 37°C for 24 hrs. After incubation, the
bacteria were harvested by centrifugation at 10,000 rpm for 15 min at 4°C. Cells were washed

twice in phosphate buffered saline (PBS).

Aggregation of Lactobacillus
Autoaggregation: Autoaggregation assays were performed according to Del Re et

al.”. The cell density was monitored by measuring the optical density at 600 nm (OD,,,) using a
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spectrophotometer (Multiskan GO, Thermo Scientific, USA) throughout the study. The bacterial
cells were suspended in PBS buffer to give an OD,, of 0.5 (approximately 10° CFU ml”" cells
density). Cell suspensions (6 ml.) were mixed by vortexing for 10 sec and left undisturbed at room
temperature. One milliliter of upper layer of each tube was carefully removed after 1, 4 and 24 hrs.
Absorbance of the supernatant was measured at 600 nm. The autoaggregation percentage was
calculated by the formula:
% Autoaggregation = (OD,-OD,)/OD, X 100

Where OD, represents the absorbance at time t = 1, 4 or 24 hrs. and OD,
represents the absorbance at t = 0.

Coaggregation: Coaggregation assays between Lactobacillus and S. mutans
ATCC 25175™ were also performed according to Del Re et al.?. The bacterial cells were
suspended in PBS buffer to OD,, of 0.5 (approximately 10° CFU ml" cells for Lactobacillus and
10° CFU ml" cells for S. mutans). Equal volumes (3 ml. each) of the Lactobacillus and S. mutans
suspensions were mixed together by vortexing for 10 sec. Control tubes were set up at the same
time, containing 6 ml. of each bacterial suspension on its own. The preincubation OD value of
control and mixed suspension was measured. After incubation at room temperature without
agitation for 1, 4 and 24 hrs. to allow coaggregation occurred, 1 ml. of upper layer of the
supernatant was carefully removed. Absorbance was measured. The percentage of coaggregation
was calculated using the equation“:

% Coaggregation = {{(OD, + ODy)/Z - OD(Hy)] /(OD, + ODy)/2} x 100

Where OD, and OD, represent preincubation OD value of each of the two strains

in the control tubes, and OD, , ., represents OD value of the mixture at time 1, 4 or 24 hrs.

Surface charge of Lactobacillus

The microbial adhesion to hydrocarbon test (MATH)* was determined following
the modified method described by Geertsema et al.*. The adhesion of bacteria to the different
hydrocarbon solution, including xylene (nonpolar), chloroform (monopolar and electron-acceptor)
and ethyl acetate (monopolar and electron-donor) were measured. The bacterial cells suspended in
PBS solution were adjusted to OD,, of 0.2 (approximately 10° CFU ml" cell density). After
homogenization, 3 ml. of the suspension were pipetted into a test tube. Subsequently, 1 ml. of

hydrocarbon solution was added and then the mixture was vortexed at maximum speed for 60 sec.
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The OD of both the initial and the extracted solution was determined at 600 nm. using a
spectrophotometer (Multiskan GO, Thermo Scientific, USA) and disposable polystyrene cuvettes
with an effective volume of 1 ml. A blank value was determined using the PBS buffer without
added bacteria. After a waiting period of 15 min. employed to achieve complete phase separation
between the sample and hydrocarbon phases (Fig. 3), the aqueous phase was carefully collected
and its optical density at 600 nm. was measured. The percentage of bacterial adhesion to solvent

was calculated as:

% Microbial adhesion to hydrocarbon (MATH) = (OD, ;,,.~OD4,.,)/OD, ... X 100

after before

Lactobacillus strains were classified in three groups depending on their % MATH:

those with low (0-35%), moderate (36-70%), and high of charge surface (71—100%)37.
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Fig.3 The phase separation between the sample and hydrocarbon

Statistical analysis

Each experiment was carried out in duplicate using independently fermented
cultures. The data were descriptive by mean value and standard deviation. Spearman rank
correlation coefficient and relative R° was calculated between aggregation ability and
physicochemical properties. The Mann-Whitney U test was determined for the comparison
between the data from low caries and high caries group. The analyses were performed with the
SPSS statistical program (SSPS Inc., Chicago, IL). The differences were considered significant

when p < 0.05.
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CHAPTER 3

Result

Bacteria strains
A total of 198 strains of oral Lactobacillus and their oral health status were shown
in Table 1. The strains were divided into two groups according to the caries status of the children:

low caries (the numbers of decayed teeth (dt) <5), high caries (dt >5)’.

Table 1 Oral Lactobacillus with their oral health status

No. of strains

Species(n) Low caries (dt<<5)  High caries (dt>5)
L. casei (11) 6 5
L. fermentum (62) 28 34
L. gasseri (17) 13 4
L. mucosae (12) 0 12
L. oris (3) 5 3
L. paracasei (22) 9 13
L. plantarum (12) 1 11
L. rhamnosus (17) 10 7
L. salivarius (29) 3 26
L. vaginalis (8) 8 0
Total (198) 75 123

Aggregation of oral Lactobacillus

The autoaggregation of oral Lactobacillus (Fig. 4A) and coaggregation with S.
mutans (Fig. 4B) are shown. Autoaggregation and coaggregation ability of Lactobacillus strains
depended on time of incubation and varied among the species. The highest autoaggregation and
coaggregation values were presented at 24 hrs. L. gasseri showed the highest autoaggregation and

coaggregation abilities while L. oris and L. mucosae showed the lowest ability compared with
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other strains. The correlation between autoaggregation and coaggregation of all species was found

at a significant of p< 0.05 as shown in Fig. 5 and Fig. 6.
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Fig. 4 Autoaggregation of oral Lactobacillus (A) and their coaggregation

abilities with S.mutans (B) at 1, 4 and 24 hrs.
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Surface charge of oral Lactobacillus

The adhesive characteristics of oral Lactobacillus to xylene, chloroform and ethyl
acetate are shown in Fig. 7. Most Lactobacillus strains showed high affinity (> 85%) with
chloroform (electron donor). All strains show moderate to high affinity with xylene
(hydrophobicity) except L. gasseri and L. vaginalis showed statistically significant low
hydrophobicity (< 35%) at p < 0.05. The bacterial cell adhesion to ethyl acetate, a strain basic

solvent and electron donor, was moderate except L. gasseri has statistically significant the lowest

value (10.9%).
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100 = Electron donor
R N < 9 (Chloroform)
= w0 3 [ Electron acceptor (Ethyl
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R 3 e
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Fig. 7 Cell surface hydrophobicity, surface charge characteristic of oral

Lactobacillus

Aggregation ability and surface charges
The correlation between autoaggregation/coaggregation of oral Lactobacillus and
surface charge (hydrophobicity, electron donor, electron acceptor) are significantly correlated (p <

0.05) (Fig. 8).
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Aggregation ability and surface charges with oral health status (dt)

No correlation was found between autoaggregation/coaggregation and oral health

status and between surface charge and oral health status (Fig. 9A and 9B). The surface

hydrophobicity was significantly lower in the strains from low caries group, compared with the

strains from high caries group (p<0.05) (Fig. 10).
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CHAPTER 4

Discussion

Cell adhesion is a complex process involving contact between the bacterial cell
membrane and interacting surfaces. The ability to adhere to epithelial cells and mucosal surfaces
has been suggested to be an important property of many bacterial strains in several ecological
niches™** especially in the oral cavity. This specific interaction selectively integrates bacteria of
different species into a biofilm. Autoaggregation ability is one of the key factors that determine the
ability of bacterial strains to adhere, which is known to be a prerequisite for colonization not only
for the pathogens but also for the probiotics strains.

The microbial adhesion to hydrocarbon test has been extensively used for
measuring cell surface characteristics in lactic acid bacteria. Xylene, chloroform and ethyl acetate
were used to assess the hydrophobic/ hydrophilic, electron donor (basic) and electron acceptor
(acidic) characteristics of bacterial surface. Many authors have reported that hydrophobicity and
surface charge of bacterial are related to cell adherence properties“’48

Our results demonstrated that most oral lactobacilli strains tested showed
relatively high autoaggregation at 24 hrs. Bacterial aggregation has been observed widely among
oral bacteria. The non-aggregating bacteria cannot be incorporated in the multi-generic aggregates
formed in cell suspensions and are eventually washed out along with swollen saliva”. In this study,
the bacterial affinities to ethyl acetate were relatively low when compared to chloroform,
indicating oral Lactobacillus have the strong electron donor and poor electron acceptor property.
Hydrophobic cell surface is demonstrated by high affinity to xylene, an apolar solvent. A high
percentage adhered to xylene was found in this study, demonstrated that most of oral Lactobacillus
had high hydrophobicity except L. gasseri and L. vaginalis. Cuperus et al.” studied the
physicochemical surface characteristics of Lactobacillus and reported that the presence of (glycol-)
proteinaceous material at the cell surface results in higher hydrophobicity, whereas hydrophilic
surfaces are associated with the presence of polysaccharides. Pan et al” reported the relationship
between the higher hydrophobic strains and the stronger adhesive capability which is a major role
in initial interaction with host tissue. Microbial with high aggregation ability and hydrophobic cell

. . . 49
surface could have more chance for adhesion and colonization .
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L. fermentum, L. salivarius, L. casei, L. plantarum and L. paracasei were
demonstrated high autoaggregate and hydrophobic cell surface in our study. Several studies
reported high prevalence of these species in the oral cavitys’so. Our previous study found the
relation between the presence of L. salivarius and high caries while L. fermentum was found in
both low and high caries status’. In this study, autoaggregation/coaggregation and basic/acid
surface characteristic were no correlation with dental health status. However, the correlation
between dental health status and hydrophobicity was statistically significant. The strains from high
caries group were high hydrophobicity. These results do not coincide with the study of Colloca et

37
al.

and Ahumanda et al.”. They reported that Lactobacillus species isolated from healthy mouth
have high hydrophobicity, while the strains from caries active mouths, showed lower ability.

In probiosis for oral health, coaggregation ability of Lactobacillus strains with
cariogenic pathogens are of importance for prevent colonization by pathogensﬂ. The current study
found that the coaggregation ability with S. mutans of oral Lactobacillus was varies among the
species. For probiotic candidate, not only the coaggregation ability but also the other properties
such as inhibitory effect against pathogens, acidogenicity and aciduricity should be considered.
Our previous studies reported the higher inhibitory effect against S. mutans of L. paracasei, L.
plantarum, L. rhamnosus™ and the lowest acid production of the L. paracasei strains”. Although L.
gasseri showed highest pathogenic coaggregation abilities and the greatest autoaggregation, they
had low hydrophobicity and low affinity to ethyl acetate. Piwat et al.’ and K:>11-Klais et al.” found
that L. gasseri had really low antimicrobial activity against S. mutans, and the presence of this
species was quite low in the oral cavity. Adhesion is a complex process involving non-specific
(hydrophobicity and hydrophilic) and specific ligand-receptor mechanisms. The information in the
present study can be used as the preliminary data for select the strains that suit for use as oral

probiotics.
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CHAPTER 5

Conclusion

In conclusion, most oral lactobacilli strains showed adhesion related properties
included high electron donor, low to moderate electron acceptor and moderate hydrophobicity.
However, only hydrophobicity was statistically significant difference (p <0.05) between the groups
of high and low caries subject. Bacterial binding capabilities (autoaggregation and coaggregation)
and surface characteristics (adhesion to hydrocarbons) is preliminary screening in order to identify
potentially bacteria adhesion. Further studies are needed to understand mechanism of surface
charge characteristic and correlation between aggregation ability/surface charges with the other

microorganisms.
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Fig. 11 Scatter graph of Spearman’s correlations and relative R’ values between

autoaggregation and coaggregation properties of L. casei

(A), L.

rhamnosus (B), L. gasseri (C) and L. mucosae (D) at 24 hrs. Asterisk

indicates correlated significant at p < 0.05.
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Fig. 12 Scatter graph of Spearman’s correlations and relative R’ values between

autoaggregation and coaggregation properties of L. oris (E), L. plantarum

(F), L. salivarius (G) and L. vaginalis (H) at 24 hrs. Asterisk indicates

correlated significant at p < 0.05.
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Aggregation abilities and cell surface characteristics of oral Lactobacillus
fermentum and Lactobacillus salivarius

Kamonchanok Pongpanit, Supatcharin Piwat*, Rawee Teanpaisan and
Nuchnaree Akkarachaneeyakorn

The bacterial aggregation which correlated with the adhesion ability, depend mainly on
physicochemical interactions of cell surface characteristics; hydrophobicity and  surface
charge. Autoaggregation appeared to be necessary for bacterial colonization and coaggregation
abilities may form a barrier that prevents colonization by pathogenic microorganisms. Objectives:
The aims of the study were to compare aggregation ability of oral Lactobacillus fermentum and
Lactobacillus salivariusand to relate such ability with oral health status (dmft). Methods: Total 21
strains of L. fermentum (10) and L. salivarius (11) were investigated for theircell surface properties,
measured autoaggregation, pathogeniccoaggregation properties with Streptococcus  mutans.
Results: It was shown that the aggregation abilities (autoaggregation and coaggregation with
S.mutans) of L.fermentum were statistically significant higher than L salivarius. Surface charge
with ethyl acetate of L.fermentum was higher than ofL.salivarius.Itwas found that autoaggrega-
tion and surface charge with acetyl acetate of both L. fermentum and L. salivarius were higher in
the high caries group (dmfi=5) compared to the low caries group (dmfi= 5).The coaggregation
of L. fermentum was high in the high caries group, whereas, the high coaggregation L. salivari-
uswas found in the low caries group.For hydrophobicity, there was no difference of L. fermentum
between high and low caries group, however, the higher hydrophobicity of L. salivariuswas
observedinhighcaries group. The surface charge with chloroform was similar in general. Conclusion:
This preliminary study demonstrated that L. fermentumand L. salivarius showed low to moderate
autoaggregation and coaggregation with S. mutansdepended on the strains. The association of
hydrophobicity and caries status was found in L. salivarius, Further study will include more strains
and spe cies in the study.
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Aggregation abilities and cell surface characteristics of oral Lactobacillus fermentum and
Lactobacillus salivarius

Kamonchanok Pongpanit', Supatcharin Piwat", Rawee Teanpaisan’, Nuchnaree Akkarachaneeyakorn”

" Common Oral Discases and Epidemiology Research Center and the Department of Stomatology, Faculty of Dentistry, Prince of

Songkla University, Hat-Yai. 90112, Thailand'

Abstract

The bacterial aggregation which correlated with the adhesion
ability, depend mainly on physicochemical interactions of cefl
surface characteristics; hydrophobicity and surface charge.
Autoaggregation appeared to be necessary for bacterial colo-
nization and caaggregalmn alulules may form a barrier that
prevents coloni: by ic microorgani. Objec-
tives: The aims of the Vlmf) uere 10 compare aggregation
ability of oral Lactobacillus fermentum and Lactobacilius
salivariusand to relate such ability with oral health status
(dmft). Methods: Total 21 strains of L. fermentum (10) and L.

salivarius (11) were investigated for Ihmra.'ll surface proper-
ties, ! autoaggregati iccoaggregation
properties with Streptococcus mumm Re.mhs it was shown
that the aggregation abilities (autoaggregarion and coaggre-
gation with S.mutans) of L.fermentum were statistically sig-
nificant higher than L.salivarius. Surface charge with ethyl
acetate of L fermentum was higher than ofL.safivarius, ftwas
Jfound that auteaggregation and surface charge with acetyl
acetate of both L. fermentum and L. salivarus were higher in
the high caries group {dmfi>3) compared to the low caries
group (dmfi< 5).The coaggregation of L. fermentum was high
in the high caries group, whereas, the high coaggregation L.
salivariuswas found in the low caries group.For hydrophobic-
ity, there was no difference of L. fermentumbetween high and
low caries group. however, the higher hydrophobicity of L.
salivariuswas observed inhigh caries group. The surface
charge with chloroform was similar in gf:nerul Conclusion:

This preliminary study de ated that L. fer dL.
salivarius showed low 1o moderate autoaggregation and co-
aggregation with S. mutansdepended on the strains. The asso-
ciation of hydrophobicity and caries status was found in L.
salivarius, Further study will inciude more strains and species
in the study.

Keyword:

Aggregation, hydrophobicity, surface charges, oral Lactoba-
cillus

Introduction

Lactobacilli are known as a part of the normal oral microflora,
They have also been reported their association with the pres-
ence and progression of dental caries [1-3]. However, the
relation between certain species of Lacrobacilfus and caries is
unclear. The role of Lactobacillus in oral cavity may vary
between their species, Piwat et al. [4] reported that Lactoba-
cillus salivarius was more prevalent in children with moderate

to high caries prevalence compared with children with low
caries prevalence, while Lactobacillus fermentum was the
most predominant species in all study groups. On the other
hand, some Lactebacillus species, such as Lactobacillus
rhamnosus, Lactobacillus reuteri and Lactobacillus paraca-
sei, have been selected for used as probiotics for the oral
health. They play a beneficial role cither by inhibiting the
growth of some pathogenic bacteria or by their adhesive abil-
ity to complete with oral pathogens [5-7].
Bacterial aggregation and adhesion are key factors for coloni-
lauon ol bacterial strains in the oml cavity, preventing their
limination by ing and providing a com-
petitive advantage in this ecosystem [8]. Pietie and Idz1"ak [9]
reported that the cell surface charge and hydrophobicity have
infl d the gth of adh Autoaggi & ion has been
lated with adh which is a required condition for
colonization of the oral pathogens. The coaggregation ability
of pmbxouc strains with pathogens as well as their ability to
P path: is the signifi hanism for therap
tic ipulation of the path ic oral bacteria [10]. Aggreg-
tion abilites test together with cell surface abilites could be
used for preliminary screening in identifying potentially ad-
hered to each bacteria [11]. The aims of this study are to de-
fine aggregation abilities and surface charactenistics; surface
charge and hydrophobicity of oral Lactobacilius and to relate
them with oral health status (dmft).

Materials and Methods
Bacteria strains

Twenty one strains of oral Lactobacillus obtained from the
culture collection of Department of Stomatology Faculty of
Dentistry, Prince of Songkla University were studied includ-
ing 10 L. fermentum strains and 11 L. selivarius strains. These
strains were isolated from saliva sample of two years old chil-
dren, Each tested strains were selected from different child
and different genotype within the same species of Lactobacil-
dfus. The study design, selection of patients, their dmft score,
and isolation and identification of Lactobacillus have been
described in the study of Piwat et al.[4] The oral pathogen
used for co-aggregation test in this study was Sweprococcus
mutans ATCC" 25175™, The bacterial strains were kept in a
freezer at -80°C until required.

Bacterial cultivation

Before the experiment, the lactobacilli were cultivated in Man
Rogosa Sharpe (MRS) broth (LAB scan, India) in an anaero-
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bic condition (80% N, 10% H; and 10% CO,) at 37°C for 24
h. The streptococei were grown in Brain Heart Infusion (BHI)
broth (Difco, France) under conditions of low-oxygen (5%
CO;) at 37°C for 24 h., After incubation, the bacteria were
harvested by centrifugation at 10,000 rpm for 15 min at 4°C,
Cells were washed twice in phosphate buffered saline (PBS).

Aggregation of Lactobacillus

Autoaggregation

Autoaggregation assays were performed according to Del Re
et al., (2000). The cell density was monitored by measuring
the optical density at 600 nm (ODgy) using a spectrophotome-
ter (Multiskan GO, Thermo Scientific, USA) throughout the
study. The bacterial cells were suspended in PBS buffer to
give an ODgy of 1.0 (approximately 10°CFU mI” cell den-
sity). Cell suspensions (6 ml) were mixed by vortexing for 10
sec and left undisturbed at room temperature, Upper layer was
carefully removed after 4 h. at room temperature and absorb-
ance (OD) was measured at 600 nm. The autoaggregation
percentage was caleulated by the formula:
% Autoaggregation = (OD - OD, ODx 100

Where OD | represents the absorbance at time t = 4 h. and OD
y the absorbance at t =10,

Coaggregation
Coaggregation assays were also performed according to Del
Re et al., (2000). The bacterial cells were suspended in PBS
buffer to ODgy of 1.0 (approximately 10” CFU ml"for Lacto-
bacillus and S. mutans). Equal volumes (3 ml cach) of the
Lactobacillus and S. mutans strains were mixed together by
vortexing for 10 sec. Control tubes were set up at the same
time, containing 6 ml of each bacterial suspension on its own.
The preincubation OD value of control and mixed suspension
were d. After incubation at room temp without
agitation for 4 h. to allow coaggregation occurred, | ml of the
supernatant of the mixed suspensions was transferred to an-
other tube and the OD was measured. Samples were taken in
the same way as in the autoaggregation assay. The percentage
of coaggregation was calculated using the equation (Handley
etal, 1987):

% co-aggregation = {[(OD, + ODy)2 — ODy. 3] /
(OD, + OD,)¥2} * 100

Where OD, and OD, rcpfcscm preincubation OD value of
each of the two strains in the control tubes, and OD, . » repre-
sents OD value of the mixture at time 4 h.

Cell surface characteristics of Lactobacillus

The microbial adhesion to hydrocarbon test (MATH) (Rosen-
berg, 1984) was determined following the modified method
described by Geertsema el al (1993). The adhesion of

bacteria to the dlﬂ'crcm bon sol fuding xy-
lene  (nonpolar), ( polar and el
aceepter) and ethyl acetate ( polar and el donor)

were measured. The bacterial cells suspended in PBS solution
were adjusted 10 ODgy of 0.2 (approximately 10° CFU ml”
cell density). After homogenization, 3 ml of the suspension
will be pipetted into a test tube. Subsequently, 1ml of hydro-
carbon solution was added and then the mixture was vortexed
at maximum spccd for 60 sec. Thc 0D of both the initial and
the were ined at 600 nm using a

ic Meeting and R h Pr on (DFCT2013)

h (Multiskan GO, Thermo Scientific, USA)
and dlsposablc polystyrene cuvettes with an eflective volume
of 1 ml. A blank value was determined for the PBS bufler
without added bacteria. After a waiting pcnod of 15 min em-
ployed to achieve P ase the wa-
ter and hydrocarbon phases, the aqueous phase was carefully
removed and its opucal density at 600 nm was measured. The

of ial adh to hydrocarbon was caleu-

Ialed as:

% MATH = (OD seoee= OD sties J/OD pegeee 100
MATH value was classified in three groups: those with low
MATH (0-35%), moderate MATH (36-70%) and high
MATH (71-100%) [12]

Experimental design and data analysis

All experiments were conducted in duplicate on two different
accasions, The data from both experiments were descriptive
by mean values and standard deviation, Aggregation ability
and surface charge of Lactobaciflus species were analysed by
Student’s t-test with p < 0.03

Results

In the present study, it was shown that the aggregation abili-
ties (autoaggregation :\nd coaggrcganon with S.murans) ol
L. fer was Iy  signifi higher  thar
L.salivarius (figure 1),
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Figure 1- Comparison of the aggregation ability benveen L
fermentum and L. salivarius. Data correspond to the mean o'
two independent replicates (n=10 in L fermentum, n=11 i
L.salivarius). Asterisks indicate value that show significan
difference between L.fermentum and L.salivarius of autoag:
gregation and coaggregation.(Student’s t-test; p<0.05)
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Figure2 - Cells surface charge of L. fermentum and L. sali-
varius to xylene, chloroform and ethyl acetate. Error bars
represent standard error of the mean values of results.
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Species dmft(number % % % % Surface charge+SE
of strain) Autoaggregaion | Coaggregation Hydrophobicity Chloroform Ethyl acetate
SE 2SE +SE
L fermentum <5(4) 15,1433 222419 73.6+4.6 93.842.5 45.7£12.4
=5(6) 4284124 36.346.7 70.0£11.1 93.5+1.8 74.949.8
L.salivarius <5(2) 22.1£11.2 27.9+7.2 36.1£6.9 91.120.7 27.0£10.4
=5(9) 27.343.2 23.2+24 90.3£3.3 97.4:0.9 39.1£74 |
Hydrophabicity and surface charge with chloroform of both L. Conclusion
Sfermentum and L. salivarius were more the same (figure 2),
Surface charge with ethyl acetate of L fermentum was higher This preliminary study d d that L. fer and L.

than L.salivarius. However, it was not statistically signifi-
cance since the only few strain were studied.

‘When the dental health status (dmft) was considered together
with aggregation abilities and cell surface characteristics (ta-
blel), it was found that autoaggregation and surface charge
with ethyl acetate of both L. fermennum and L. salivarius were
higher in the high caries group (dmft > 5) compared to the low

salivarius showed low to moderate autoaggregation and coag-
gregation with S, mutans depended on the strains. The asso-
ciation of hydrophobicity and caries status was found in L.
salivarius. Further study will include more strains and species
in the study,

caries group (dmft = 5).The coaggregation of L. fer

was high in the high canics group, wherteas, the high coaggre-
gation of L, salivarius was found in the low caries group, in
contrast to L. salivarius, the high coaggregation was found in
the low caries group. However, the difference was statistic
insignificant. For hydrophobicity, there was no difference of
L. fermentum between high and low caries group, however,
the higher hydrophobicity of L. salivariuswas observed inhigh
caries group. The surface charge with chloroform was similar
in general.

Discussion

Aggregation has been ds d to correlate with adhesion
and hydrophoblclty, \whxch is known to be a prerequisite for
lonization and 1 of pathog Autoaggregation is
defined as the adh ofbaucna } Ives [13). Bac(crml
coaggregation is a result of two or more different specics of
bacteria interacting to form a stable composite aggregation
114]. G lly, both L. fe d L. salivariusshowed-
low to autoaggregation and coaggreg: with S
mutans. This is inagreement with the others which reported the
similar results[12]. The surface charge with ethyl acetate of L.
[ermenmm tended to be higher lhnn of L. salivarius which
dicated that L. fe was
The relationship between dental health status {dmft) and ag-
gregation abilities and cell surface characteristics was ana-
lyzed. Hydrophobicity and surface charges are known to in-
fluence the adhesion ability of organisms to host cells [8]. The
strains with high hydrophobicity can adhere well to the cells.
In our study, the percentage of hydrophobicity of L. fermen-
tum strains cither in the high caries group or in the low caries
group were high. This may be the reason to explain that L.
Sfermentum was commonly found in oral cavity, It is noticed
that L. salivarius strains with the high hydrophobicity were
found in the high caries groups. L. safivarius has been re-
ported 1o be active acid producer, Thus, the strains with the
high adhesion ability may have more chance to adhere and
produce the acid. However, the further studies should be per-
formed in the larger number of stains and species.

This work was supported by the National Research Council of
Thailand.
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