
Inhibition of Dental Biofilm
Formation Using Antisense
Oligonucleotide to
Streptococcus mutans
and Streptococcus sobrinus
Glucosyltransferases

Sum mary

Back ground. Den tal car ies re mains one of the most prev a lent hu man
dis eases due to un con trolled in crease of di etary su crose con sump tion in
mod ern so ci ety. Su crose is me tab o lized by Strep to coc cus mutans and
Strep to coc cus sobrinus to ac ids caus ing tooth de cay. These strep to cocci
pro duce glucosyltransferases (Gtfs) for syn the sis of sticky glucan poly -
mers from su crose, which is im por tant for biofilm for ma tion on teeth. In
or der to re duce den tal biofilm build-up and oral dis eases it causes, one
pre ven tive mea sure could be block ing of Gtf syn the sis.

Aim. This study aim was to test antisense phosphorothioate oligo de o -
xy ribonucleotide (PS-ODN) tar get ing si mul ta neously S. mutans gtfB, gtfC
and S. sobrinus gtfI mRNAs in or der to in hibit biofilm for ma tion in vi tro.

Ma te rial and meth ods. Mixed cul ture of S. mutans and
S. sobrinus bac te ria were grown an aer o bi cally on glass slides in serted
ver ti cally in 24-well cell cul ture plates con tain ing Todd Hew itt broth
with su crose and ster ile sa liva un der ex po sure to antisense or missense
PS-ODNs at fi nal con cen tra tion of 10 mM. Un treated bac te ria served as
con trols. Af ter 24 h of in cu ba tion, glass slides were re moved, air-dried
and fur ther used for quan ti ta tive eval u a tion of strep to cocci biofilm ap -
ply ing op ti cal profilometry tech nique.

Re sults. It was found that antisense PS-ODN sig nif i cantly re duced
biofilm sur face rough ness and thick ness of mixed S. mutans and S. sob ri -
nus cul ture sup press ing the biofilm de vel op ment by 1.6-fold over all in
com par i son to un treated and missense PS-ODN-treated bac te ria (p<0.05).

Con clu sions. Data dem on strate that antisense PS-ODN con sid er -
ably at ten u ate strep to cocci-in duced biofilm build-up on glass slides, and
might there fore sig nif i cantly in hibit den tal biofilm for ma tion through
si mul ta neous in ac ti va tion of bac te rial gtf mRNAs.

Keywords: den tal car ies, Strep to coc cus mutans, Strep to coc cus sob ri -
nus, biofilm, glucosyltransferase, antisense oligonucleotide.

INTRODUCTION

Re cent ep i de mi o log i cal stud ies in di -
cate a trend to global in crease in tooth

de cay or den tal car ies de spite the
avail abil ity of flu o ride tooth pastes,
wa ter flu o ri da tion, den tal seal ants,
oral health ed u ca tional pro grams and

LABORATORINË MEDICINA � 2014, t. 16, Nr. 4(64) 165

MOKSLO DARBAI • SCIENTIFIC PAPERS 

1Clinic of Infectious and Chest
Diseases, Dermatovenereology
and Allergology, Faculty of Medicine,
Vilnius University, Vilnius, Lithuania

E-mail: p.kalesinskas@gmail.com

2Institute of Odontology, Faculty of
Medicine, Vilnius University,
Vilnius, Lithuania

3Department of Physiology,
Biochemistry, Microbiology and
Laboratory Medicine, Faculty of
Medicine, Vilnius University,
Vilnius, Lithuania

4Department of Prosthodontics,
Faculty of Odontology,
Malmö University, Malmö, Sweden

5Department of Cariology, Faculty
of Odontology, Malmö University,
Malmö, Sweden

Povilas Kalesinskas
1, 2

Tomas Kaèergius
3

Arvydas Ambrozaitis
1

Vytautë Peèiulienë
2

Ryo Jimbo
4

Dan Ericson
5

Laboratorinë medicina.
2014, t. 16, Nr. 4(64), p. 165–171.



var i ous an ti sep tic mouth-rinses [1, 2].
This trend is mainly re lated to the in -
creased in take of foods rich in car bo -
hy drates and par tic u larly su crose,
e. g., sweets, bis cuits, snacks, sweet
drinks [3]. Di etary su crose is a nu tri -
ent for oral bac te ria (mostly strep to -
cocci) that fer ment it into or ganic ac -
ids [4]. Ac ids re tained in bac te rial de -
pos its on the teeth can cause de min er -
al iza tion lead ing to cav i ta tion. The
bac te rial me tab o lism of su crose oc curs 
in the struc ture called biofilm that is
formed on tooth sur faces by oral bac te -
ria [5]. Im por tant struc tural and bind -
ing ma te ri als of biofilm are wa ter-in -
sol u ble glucans syn the sized from su -
crose by sev eral isoforms of glucosyl -
transferase (Gtf) en zyme pres ent in
the mutans group strep to cocci – Strep -
to coc cus mutans and Strep to coc cus
sobrinus, col o niz ing hu man oral cav ity 
[5, 6]. In this re spect, S. mutans pro -
duces wa ter-in sol u ble and partly wa -
ter- sol u ble glucans by GtfB and GtfC
en zymes, re spec tively, whereas S. sob -
ri nus gen er ates wa ter-in sol u ble glu -
can em ploy ing GtfI en zyme [5]. Hence, 
it is im por tant to de sign new phar ma -
ceu ti cals in or der to sup press den tal
biofilm for ma tion through the mech a -
nism in volv ing the spe cific in hi bi tion
of wa ter-in sol u ble glucans’ synthesis.

Antisense tech nol ogy pro vides the
novel ap proach that can be ap plied for
block ing the pro duc tion of glucan poly -
mers in S. mutans bac te ria [7]. It is
based on the use of chem i cally mod i -
fied sin gle-stranded nu cleic acid mol e -
cules (usu ally 20 nt in length), which
can se lec tively hy brid ize to their tar -
get com ple men tary mRNA through
Wat son- Crick base pair ing, and con se -
quently lead ing to deg ra da tion of the
bound mRNA by RNase H endo nucle -
ase, steric hin drance of ri bo somal ac -
tiv ity, in hi bi tion of mRNA splic ing or
destabilization of pre-mRNA [8]. This
re sults in spe cific down-reg u la tion of
the tar get gene and sub se quent pro -
tein ex pres sion. A large num ber of
stud ies have dem on strated the ef fi -
cacy of antisense oligonucleotides for
si lenc ing of var i ous genes in bac te ria,
in clud ing those re spon si ble for an ti bi -
otic re sis tance [9]. Im por tantly, Guo
et al. [7] showed that phosphoro thio ate 
oligodeoxyribonucleotides (PS-ODNs)
de signed to antisense gtfB mRNA in
S. mutans re duces the ex pres sion and
ac tiv ity of Gtf en zyme as well as wa -
ter- in sol u ble glucan pro duc tion and
biofilm for ma tion. The PS-ODNs rep -
re sent DNA mol e cules con tain ing a
phosphorothioate-mod i fied back bone,
where one of the non- bridg ing ox y gen
at oms in the phospho diester link age is
re placed by a sul phur atom in or der to

in crease the re sis tance to endo- and
exonucleases [8]. More over, two other
in ves ti ga tions per formed by McLeod
et al. [10] and Dufour et al. [11] re -
vealed that the PS-ODNs can ef fi -
ciently sup press the growth of
S. mutans cells by block ing the ex pres -
sion of fruc tose-biphosphate aldolase
and enoyl-CoA hydratase genes.

There fore, in the pres ent study, we 
aimed to test the PS-ODN tar get ing
spe cif i cally and si mul ta neously
S. mutans gtfB, gtfC and S. sobrinus
gtfI mRNAs in or der to in hibit biofilm
for ma tion in the mixed cul ture of
mutans group streptococci.

MATERIAL AND METHODS

Bacterial strains and culture
conditions

S. mutans UA159 (No. 700610) and
S. sobrinus SL1 (No. 33478) strains,
which are avail able through the
Amer i can Type Cul ture Col lec tion,
were cho sen for this ex per i men tal
study be cause they pref er a bly col o nize 
hu mans. Stocks of these bac te rial
strains were kept in 10% skim milk
(Difco) at -70 °C. Be fore ex per i ments,
the bac te ria were cul tured in Todd
Hew itt (TH) broth (Difco) con tain ing
10% heat-in ac ti vated horse se rum
(Gibco) in or der to in duce their com pe -
tence state un der an aer o bic con di tions 
(95% N2 and 5% CO2) at 37 °C for 18 h.
Pu rity of the cul tures was checked on
Mitis salivarius agar (Difco) and Co -
lum bia blood agar (E&O Lab o ra to -
ries).

Bioinformatical analysis and
selection of target sequence

In or der to find the ap pro pri ate tar get
se quence, at first the con served ho -
mol o gous re gions among the gtf genes
of oral strep to cocci were iden ti fied.
For this pur pose, it was pri mar ily con -
ducted a com par a tive anal y sis of
amino acid se quences be tween
S. mutans UA159 GtfB and other Gtf
pro teins pres ent in oral strep to cocci.
Us ing S. mutans UA159 GtfB pro tein
as a query se quence, the BLAST (Ba -
sic Lo cal Align ment Search Tool;
http://blast.ncbi.nlm.nih.gov/Blast.cgi)
search of homologs among all known
pro teins was per formed. Then, the
pro teins with high iden tity amino acid
se quences were col lected and mul ti ple
se quence align ment pro duced
 employing MAFFT on line server
at the Max-Planck In sti  tute
for  Development Bi ol  ogy

(http://toolkit.tuebingen.mpg.de/mafft).
It was de ter mined the con served
amino acid se quence within the GtfB
pro tein of S. mutans UA159, which is
en coded by the re spec tive re gion in
S. mutans UA159 gtfB gene con sist ing 
of 26 nu cle o tide (nt) se quence:
5’-GTTAAGATTAAGCAATGGTCT
GCCAA-3’. Ap ply ing such ap proach as 
de scribed herein, it was iden ti fied that 
this seg ment of 26 nt has 100% ho mol -
o gous frag ments in S. mutans UA159
gtfC, S. criceti gtfI, S. dentirousetti
gtfI, S. dentisuis gtfI and S. orisuis gtf
genes. Ad di tion ally, it was also found
a highly sim i lar se quence with only
two mis matched nu cleo tides in
S. downei  gtf  pre cur sor and
S. sobrinus gtfI genes.

PS-ODN optimization and
preparation

For the PS-ODN op ti mi za tion, the
Primer3 ser vice (http://primer3.ut.ee/) 
was used to an a lyze ther mo dy nam ics
as well as other as pects of the hetero -
duplex form ing, and then a com ple -
men tary antisense se quence of 19 nt
(PS-ODN1: 5’-GCAGACCATTGCTT
AATCT-3’) was picked out for the tar -
get re gion in genes and their en cod ing
mRNAs of S. mutans UA159 gtfB, gtfC
(GenBank ac ces sion No. AE014133)
[100% complementarity] and
S. sobrinus SL1 gtfI (GenBank ac ces -
sion No. D63570) [one mis matched
 nucleotide]. For a neg a tive con -
trol   purpose,  the missense se -
quence of 19 nt (PS-ODN2:
5’-ACTCGTATGCTACAGCTAT-3’)
was de signed, and dif fered from the
antisense mol e cule by scram bling nu -
cle o tide se quence. These PS-ODNs
were syn the sized by the Metabion In -
ter na tional AG (Ger many) with all
internucleotide link ages phosphoro -
thioated. Stock so lu tions of the
PS-ODNs were pre pared in ster ile
nuclease-free dis tilled wa ter (Thermo
Fisher Sci en tific, Fermentas) and
stored at -20 °C un til use.

Experimental design

For the ex per i ments, op ti cal den sity
(OD) of the bac te rial cul tures was ad -
justed to 0.2 at 630 nm em ploy ing the
microplate reader spectrophotometer
(Dynex MRX). Prior to in oc u la tion of
the bac te ria, 24-well flat-bot tomed
poly sty rene cell  cul ture plates
(Sarstedt) were filled with the TH
broth with out 10% heat-in ac ti vated
horse se rum, and then the PS-ODNs
were added to the plate wells at the fi -
nal con cen tra tion of 10 mM ei ther
alone or in com bi na tion with the
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trans fection re agent com posed of
cationic poly mer – TurboFect™ (TF)
[Thermo Fisher Sci en tific, Fermentas] 
pre pared ac cord ing to the man u fac -
turer’s in struc tions. Af ter wards, the
ster ile fil tered hu man sa liva was
added to the plate wells at the fi nal di -
lu tion of 1:10, and sub se quently
S. mutans and S. sobrinus cul tures
were mixed in equal parts and in oc u -
lated to the wells at the fi nal di lu tion
of 1:100. Im me di ately, the ster ile glass 
slides of 1 mm thick ness cut from stan -
dard mi cro scope slides (76×26 mm;
Thermo Fisher Sci en tific) were ver ti -
cally in serted into wells, and the
plates were in cu bated an aer o bi cally at 
37 °C for ad di tional 4 h. Af ter wards, a
ster ile so lu tion of su crose was added to 
the ap pro pri ate wells at the fi nal con -
cen tra tion of 1%, and the plates were
in cu bated an aer o bi cally at 37 °C for
an other 20 h. Wells with out bac te rial
cells were used as blank con trols, and
un treated S. mutans and S. sobrinus
and TF-treated bac te ria served as ex -
per i men tal con trols. Fol low ing 24 h of
the to tal in cu ba tion time, the glass
slides were re moved from wells, dried

and fur ther used for profilometric
anal y sis of the mixed S. mutans and
S. sobrinus biofilm.

Optical profilometry

There were per formed 6 mea sure -
ments for eval u a tion of the biofilm
rough ness and 5 mea sure ments for as -
sess ment of the biofilm thick ness per
slide half way from bot tom to top of the
vis i ble biofilm em ploy ing Sensofar
PLu 2300 op ti cal profilometer with
50× con fo cal ob jec tive. Data of the
scanned and mea sured sam ples were
fur ther pro cessed with Gwyddion
programme (ver sion 2.27, avail able at
http://gwyddion.net) in or der to quan -
tify the biofilm sur face’s rough ness pa -
ram e ters and its thick ness re flect ing a 
ma tu rity of the formed biofilm. In ad -
di tion, a Me dian fil ter (size of 10 pix els 
or 3 mm) was se lected to re move er rors
of form and wav i ness of the sur face.
For the quan ti ta tive eval u a tion of the
biofilm sur face’s rough ness, it was cal -
cu lated one of the most crit i cal sur -
face’s pa ram e ters – Rq (root mean
square rough ness) de fin ing an av er -

age of the mea sured height de vi a tions. 
The height of ar ti fi cially pro duced ver -
ti cal scratch on each slide cov ered with 
the bac te ria was used for mea sure -
ment and cal cu la tion of the biofilm
thick ness.

Evaluation of bacterial growth

S. mutans bac te ria were used for the
eval u a tion of bac te rial growth in
24-well plates filled with TH broth,
con tain ing 10% heat-in ac ti vated horse 
se rum, with out sa liva and glass slides
in the ab sence or pres ence of su crose
and PS-ODNs. The bac te rial growth
was mon i tored spec tro pho to met ri cally 
ev ery 3 h in ter val af ter an ini tial 2 h of
in cu ba tion un til the time point of 14 h,
and then at the time point of 24 h. For
this pur pose, OD of taken sam ples
from the plate wells was mea sured at
630 nm em ploy ing microplate reader
spectrophotometer (Dynex MRX).
Also, the Gram stain ing was per -
formed of the sam ples taken at time
point of 24 h for the bac te rial mor phol -
ogy eval u a tion us ing Leica DM500
light mi cro scope.
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Fig. 1. Op ti cal pro file of glass slides with the mixed S. mutans and S. sobrinus cul ture biofilm af ter 24 h of in cu ba tion un der
dif fer ent treat ments within Todd Hew itt broth, con tain ing ster ile sa liva, in the ab sence or pres ence of 1% su crose.
A – glass slide sur face with bac te ria in cu bated with out treat ment with PS-ODNs in the ab sence of 1% su crose; B – glass slide sur face with
bac te ria in cu bated with out treat ment with PS-ODNs in the pres ence of 1% su crose; C – biofilm un der treat ment with PS-ODN1 + TF
(TurboFect™) in the pres ence of 1% su crose; D – biofilm un der treat ment with PS-ODN2 + TF (TurboFect™) in the pres ence of 1% su -
crose. Magnification, ×50.



Statistical analysis

Data are ex pressed as means±stan -
dard de vi a tion (SD). Sta tis ti cal eval u -
a tion was per formed us ing the One-
 Way ANOVA with LSD Post Hoc test
of SPSS programme (ver sion 20.0).
A p value less than 0.05 was con sid -
ered sta tis ti cally sig nif i cant.

RESULTS

Effect of the antisense
oligonucleotide on formation
of streptococci biofilm

Anal y sis of the glass slides’ sur faces
with the mixed S. mutans  and
S. sobrinus cul ture biofilms ap ply ing
tech nique of the op ti cal profilometry
re vealed that the pres ence of 1% su -
crose in TH broth with sa liva con sid er -
ably in creased biofilm sur face’s rough -
ness pa ram e ter – Rq as well as biofilm
thick ness in com par i son to the un -
treated bac te ria grow ing with out su -
crose (p<0.05) (Fig. 1A and B; Fig. 2).
How ever, the antisense PS-ODN1 in
com bi na tion with TurboFect™ re -
agent de creased biofilm sur face’s
rough ness (Rq) of the mixed S. mutans
and S. sobrinus cul tures by 2-fold com -
pared to the un treated bac te ria as well 
as by 1.6-fold com pared to the bac te ria 
ex posed to missense PS-ODN2 in com -
bi na tion with TurboFect™ re agent
within TH broth con tain ing 1% su -

crose and sa liva (p<0.05) (Fig. 1B–D
and Fig. 2A). More over, the antisense
PS-ODN1 in com bi na tion with
TurboFect™ re agent re duced biofilm
thick ness of the mixed S. mutans and
S. sobrinus cul tures by 1.4-fold com -
pared to the un treated bac te ria as well 
as by 1.5-fold com pared to the bac te ria 
ex posed to missense PS-ODN2 in com -
bi na tion with TurboFect™ re agent
within TH broth con tain ing 1% su -
crose and sa liva (p<0.05) (Fig. 1B–D
and Fig. 2B). The ex po sures of strep to -
cocci to PS-ODN1 and PS-ODN2 with -
out TurboFect™ re agent re sulted in
1.83±0.43 mm and 1.83±0.76 mm for

the biofilm sur face’s rough ness pa -

ram e ter Rq, re spec tively. Sim i larly,

the treat ments with PS-ODN1 and

PS-ODN2 with out TurboFect™ re -

agent pro duced val ues of

10.25±5.73 mm and 9.87±4.34 mm for

the biofilm thick ness, re spec tively. As

shown in Fig. 1B, 1D and Fig. 2, the

transfection re agent TurboFect™

alone and even com bined with

missense oligonucleotide (PS-ODN2)

had min i mal ef fect on the strep to cocci

biofilm for ma tion only in terms of the

biofilm sur face’s rough ness pa ram e ter 

Rq.
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Fig. 2. Quan ti ties of the mixed S. mutans and S. sobrinus cul ture biofilm formed on the glass slide sur face af ter 24 h of in cu -
ba tion un der dif fer ent treat ments within Todd Hew itt broth, con tain ing ster ile sa liva, in the ab sence (white bar) or pres -
ence (black bars) of 1% su crose.
A – biofilm sur face’s rough ness (pa ram e ter Rq); B – biofilm thick ness. Blank – glass slide sur face af ter 24 h of in cu ba tion in TH broth, con -
tain ing ster ile sa liva, in the pres ence of 1% su crose, but with out bac te ria and treat ments with PS-ODNs; un treated bac te ria (white bar in
A and B) – that are bac te ria af ter 24 h of in cu ba tion in TH broth with out 1% su crose and treat ments with PS-ODNs; un treated bac te ria
(black bar in A and B) – that are bac te ria af ter 24 h of in cu ba tion in TH broth con tain ing 1% su crose, but with out treat ments with
PS-ODNs. Data (n=6 for biofilm sur face’s rough ness (pa ram e ter Rq); n=5 for biofilm thick ness) are means±stan dard de vi a tion.
*p<0.05 com pared to the un treated bac te ria (black bar), **p<0.05 com pared to PS-ODN2 + TF (TurboFect™).
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Fig. 3. Op ti cal den si ties of S. mutans bac te ria grow ing in TH broth, con tain ing
10% heat-in ac ti vated horse se rum, with out sa liva and su crose un der dif fer ent
treat ments dur ing 24 h of the to tal in cu ba tion time.
Sym bols: u, blank; n, un treated bac te ria; p, TF (TurboFect™); ¡, PS-ODN1 + TF
(TurboFect™); S, PS-ODN2 + TF (TurboFect™). Data (n=2) are means±stan dard de vi a -
tion. *p<0.05 com pared to the un treated bac te ria.



Effect of the antisense
oligonucleotide on
streptococci growth

Spec tro pho to met ric mon i tor ing of the
un treated S. mutans cul tures in TH
broth, con tain ing 10% heat-in ac ti -
vated horse se rum, with out su crose
re vealed nor mal bac te rial growth dur -
ing 24 h of the to tal in cu ba tion time
(Fig. 3). Ac cord ing to the mea sure -
ment data, growth of the un treated
bac te ria peaked at 14 h, where op ti cal
den sity (OD) value was 0.18±0.001.
The treat ments of S. mutans with
TurboFect™ re agent alone, antisense
PS-ODN1 and missense PS-ODN2 in
com bi na tion with TurboFect™ re -
agent did not sig nif i cantly re duce the
bac te rial growth as com pared to the
un treated bac te ria (p>0.05) at all time
points dur ing 24 h in cu ba tion pe riod
(Fig. 3). How ever, the ad di tion of su -
crose re sulted in a grad ual and sub -
stan tial in crease of OD val ues over the 
in cu ba tion time reach ing peak at 11 h, 
where OD value was 0.3±0.019 for the
un treated bac te ria (data not shown).
On the other hand, Gram stain ing of
sam ples dem on strated that the ex po -
sure of S. mutans  to antisense

PS-ODN1 com bined with TurboFect™ 
re agent led to de crease of the bac te rial 
ag gre ga tion in TH broth with 1% su -
crose as com pared with the un treated
bac te ria and bac te ria treated with the
missense PS-ODN2 in com bi na tion
with TurboFect™ re agent at the time
point of 24 h (Fig. 4).

DISCUSSION

This study dem on strated the ca pac ity
of antisense oligonucleotide tar get ing
spe cif i cally S. mutans gtfB, gtfC and
S. sobrinus gtfI mRNAs to sup press
biofilm for ma tion by these strep to cocci 
in vi tro con di tions. A most likely
mech a nism of ac tion is that one anti -
sense oligonucleotide of the same se -
quence can si mul ta neously down-reg -
u late the ex pres sion of three tar get
genes (glucosyltransferases) in the
oral strep to cocci lead ing to re duc tion
of the biofilm de vel op ment on solid
sur face (i. e. glass). In this as pect, our
in ves ti ga tion es sen tially dif fers from
the study per formed by Guo et al. [7],
where the re search ers used antisense
oligonucleotides for in hi bi tion of one
tar get func tion only – gtfB mRNA in
S. mutans bac te ria. On the ba sis of re -

sults re ported by Guo et al. [7], we se -
lected 10 mM as the fi nal con cen tra tion 
of PS-ODNs for treat ment of strep to -
cocci, and also ap plied the sim i lar
transfection re agent (TurboFect™)
con sist ing of cationic poly mer in or der
to fa cil  i  tate pen e tra tion of the
PS-ODNs to the bac te rial cells. The
cationic poly mer forms com plexes
with PS-ODNs via elec tro static in ter -
ac tion be tween neg a tively charged
oligonucleotide mol e cules and pos i -
tively charged re agent mol e cules [7,
12]. Since such com plexes main tain
pos i tive charge, there fore they can
bind to the neg a tively charged bac te -
rial cell wall, and then can be taken up 
by the cells. In deed, a sig nif i cant re -
duc tion of the biofilm quan tity pa ram -
e ters un der ex po sure to the test anti -
sense oligonucleotide (PS-ODN1) in
com bi na tion with TurboFect™ re -
agent strongly sup ports this mech a -
nism of oligonucleotide trans fer to bac -
te ria. More over, since the treat ments
of bac te ria with antisense (PS-ODN1)
and missense (PS-ODN2) oligonucleo -
tides with out TurboFect™ re agent
gen er ated ap prox i mately the same
val ues for biofilm quan tity pa ram e -
ters, hence it in di cates that the
transfection re agent is nec es sary for
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Fig. 4. Mor phol ogy of the Gram stained S. mutans bac te ria
af ter 24 h of in cu ba tion un der the treat ments with
PS-ODNs in TH broth con tain ing 10% heat-in ac ti vated
horse se rum and 1% su crose.
A – bac te ria grow ing with 1% su crose;  B – bac te ria un der treat -
ment with PS-ODN1 + TF (TurboFect™) in TH broth with 1% su -
crose; C – bac te ria un der treat ment with PS-ODN2 + TF
(TurboFect™) in TH broth with 1% su crose. Mag ni fi ca tion, ×100
(oil im mer sion).



pen e tra tion of the antisense oligonu -
cleotide into bac te rial cells in or der to
reach the tar get mRNAs. In ad di tion,
the find ing that missense oligonucleo -
tide (PS-ODN2) in com bi na tion with
TurboFect™ re agent did not af fect the
biofilm for ma tion high lights that the
ac tiv ity of test antisense oligonucleo -
tide (PS-ODN1) was very spe cific, i. e.
the se lec tive in hi bi tion of S. mutans
gtfB, gtfC and S. sobrinus gtfI mRNA
func tions re sult ing in the de creased
biofilm pro duc tion. The lat ter fact sug -
gests a sup pres sion of wa ter-in sol u ble
glucans’ syn the sis since these poly -
mers are es sen tial for the biofilm de -
vel op ment, and no glucans leads to no
biofilm for ma tion [6, 13]. It should be
noted that, in the pres ence of su crose,
S. mutans and S. sobrinus ad he sion to
solid sur faces (e. g., glass, tooth
enamel) is mainly de pend ent on the
ac tiv ity of glucosyltransferases, es pe -
cially those syn the siz ing wa ter-in sol u -
ble glucans [13–15]. This was ev i -
dently dem on strated by Ooshima et al. 
[13] us ing S. mutans GtfB/C-de fi cient
mu tant strains – their abil ity to ad -
here to glass sur face was sig nif i cantly
re duced in spite of the pres ence of su -
crose within me dium. There fore, in
the con text of these stud ies, we can
state that the test antisense oligonu -
cleotide (PS-ODN1) ex hib ited highly
spe cific ef fect on the biofilm for ma tion, 
prob a bly by si mul ta neous in ac ti va tion 
of S. mutans gtfB, gtfC and S. sobrinus
gtfI mRNAs. Im por tantly, this in hib i -
tory ef fect oc curred in the me dium
con tain ing hu man sa liva and su crose
that in part im i tated nat u ral microen -
vironment of oral cav ity.

Fur ther more, we also per formed
an ad di tional ex per i ment in or der to
find out whether the PS-ODNs af fect
the bac te rial growth. For this pur pose, 
the growth of S. mutans bac te ria was
mon i tored spec tro pho to met ri cally in
the me dium with or with out su crose
un der ex po sures to the PS-ODN1 and
PS-ODN2 con ju gated to TurboFect™
re agent. In the me dium with out su -
crose, these oligonucleotides did not
at ten u ate S. mutans growth as com -
pared to the un ex posed bac te ria in di -
cat ing that the PS-ODNs con ju gated
to TurboFect™ re agent did not af fect
the bac te rial vi a bil ity, and thus they
are not bacteriostatic or bac te ri cidal.
This would in fer a low in ter fer ences
with the oral eco sys tem, as no spe cies
would be elim i nated. How ever, ac cord -
ing to Gram stain ing re sults, in the
me dium with su crose, the ex po sure of
S. mutans to test antisense oligonu -
cleotide (PS-ODN1) in com bi na tion
with TurboFect™ re agent caused a
sub stan tial de crease in bac te rial ag -
gre ga tion as com pared to the un ex -
posed bac te ria, but not vi a bil ity,
whereas missense oligonucleotide
(PS-ODN2) did not pos sess such ef fect. 
Since the ag gre ga tion or clus ter ing of
S. mutans bac te ria are also de pend ent
on the wa ter-in sol u ble glucans pro -
duced from su crose due to en zy matic
ac tiv i ties of GtfB and GtfC as in di -
cated in re view by Koo et al. [6], there -
fore the lat ter find ing sup ports and
cor re sponds to the main re sults out -
lined herein prov ing that the test
antisense oligonucleotide (PS-ODN1)
sup pressed se lec tively S. mutans gtfB
and gtfC mRNAs.

CONCLUSIONS

In ac cor dance with the pre sented re -
sults, we con clude that the phospho ro -
thioate oligo deo xy ribonu cleotide de -
signed to antisense si mul ta neously
S. mutans gtfB, gtfC and S. sobrinus
gtfI mRNAs in hib its biofilm for ma tion
by these strep to cocci via the spe cific
in ac ti va tion of their re spec tive gtf
mRNAs func tion. From the data of ad -
di tional ex per i ment, we also con clude
that this phosphorothioate oligodeo xy -
ri bonucleotide re duces ag gre ga tion of
the strep to cocci with out bac te rial vi a -
bil ity or af fect ing the oral ecol ogy.
Tak ing to gether, these re sults are im -
por tant for the de vel op ment of novel
pharmaceuticals aim ing to pre vent
car ies through the sup pres sion of den -
tal biofilm for ma tion.
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Santrauka

DANTØ BIOPLËVËS FORMAVIMOSI SLOPINIMAS NAUDOJANT
PRIEÐPRASMINÁ OLIGONUKLEOTIDÀ PRIEÐ STREPTOCOCCUS MUTANS
IR STREPTOCOCCUS SOBRINUS GLIUKOZILTRANSFERAZES

Povilas Kalesinskas, Tomas Kaèergius, Arvydas Ambrozaitis, Vytautë Peèiulienë,
Ryo Jimbo, Dan Ericson

Áva das. Dan tø ëduo nis ið lie ka vie na ið
la biau siai pa pli tu siø þmo gaus li gø dël
ne kon tro liuo ja mai pa di dë ju sio mais to
sa cha ro zës var to ji mo ðiuo lai ki në je vi suo -
me në je. Sa cha ro zæ me ta bo li zuo ja Strep -
to coc cus mu tans ir Strep to coc cus sob ri -
nus iki rûgð èiø su kel da mi dan tø iri mà.
Ðie strep to ko kai ga mi na gliu ko zil trans -
fe ra zes (Gtf), rei ka lin gas lip niø glu ka no
po li me rø sin te zei ið sa cha ro zës, o tai yra
svar bu biop lë vës for ma vi mui si ant dan -
tø. Sie kiant su ma þin ti dan tø biop lë vës
su si da ry mà ir jos su ke lia mas bur nos li -
gas, vie na ið pre ven ci jos prie mo niø ga lë -
tø bû ti Gtf sin te zës slo pi ni mas.

Dar bo tiks las – ið ban dy ti prieð pras -
mi ná fos fo ro tio a to oli go de ok si ri bo nuk le o ti -
dà (FT-ODN), vei kian tá tuo pa èiu me tu
S. mu tans gtfB, gtfC ir S. sob ri nus gtfI
iRNR, sie kiant nu slo pin ti biop lë vës for ma -
vi mà si in vi tro.

Me dþia ga ir me to dai. Mið ri S. mu -
tans ir S. sob ri nus bak te ri jø kul tû ra bu vo
au gi na ma ana e ro bi në mis sà ly go mis ant
ob jek ti niø stik liu kø, ádë tø ver ti ka liai á
24 ðu li në liø plokð te læ, pripil dy tà Todd
Hew itt bul jo no su sa cha ro ze ir ste ri lio mis
sei lë mis, esant 10 mM ga lu ti nës kon cen tra -
ci jos prieð pras mi nio ar ba ið mai ðy tos se kos
FT-ODN po vei kiui. Ne pa veik tos bak te ri jos 

pa si rink tos kon tro lei. Po 24 val. in ku ba -
ci jos ob jek ti niai stik liu kai bu vo ið trauk ti, 
ið dþio vin ti ore ir to liau pa nau do ti kie ky -
bi niam strep to ko kø biop lë vës áver ti ni -
mui tai kant op ti nës pro fi lo met ri jos me to -
di kà.

Re zul ta tai. Nu sta ty ta, kad prieð -
pras mi nis FT-ODN la bai su ma þi no mið -
riø S. mu tans ir S. sob ri nus kul tû rø biop -
lë vës ðiurkð tu mà ir sto rá, uþ slo pin da mas
biop lë vës su si da ry mà 1,6 karto, pa ly gin ti 
su ne pa veik to mis ir ið mai ðy tos se kos
FT-ODN pa veik to mis bak te ri jo mis
(p<0,05).

Ið va dos. Duo me nys ro do, kad prieð -
pras mi nis FT-ODN la bai su sil pni na
strep to ko kø su kel tà biop lë vës su si da ry -
mà ant ob jek ti niø stik liu kø ir to dël gal -
bût ga lë tø smar kiai slo pin ti dan tø bio -
plë vës for ma vi mà si vie nu me tu inak ty -
vin da mas bak te ri jø gtf iRNR.

Reikð mi niai þo dþiai: dan tø ëduo nis,
Strep to coc cus mu tans, Strep to coc cus sob -
ri nus, biop lë vë, gliu ko zil trans fe ra zë,
prieð pras mi nis oli go nuk le o ti das.
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