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Abstract In this study, the SELEX method was used to screen for and select aptamers with high selectivity and
affinity for Streptococcus mutans, which is the causative agent of dental caries. Aptamers are single stranded
oligonucleotides of DNA or RNA with high selectivity and affinity for target molecules because of their specific
three-dimensional structures that are used to collect biometric information. When compared to antibodies in vitro,
aptamers are more advantageous because of their ease of use in the screening process, low cost, chemical stability,
and lack of restrictions on the target molecules. We sorted DNA aptamers, which contain 44 bp or 38 bp primer
sequences in 5' and 3', 39 bp random sequences in the middle.We then analyzed the character and affinity to S.
mutans. Aptamers of specific oligonucleotides that combine with S. mutans were selected and these results are
selectively fused to S. mutans. The results confirmed that DNA aptamers can be used for rapid diagnosis and
treatment of dental caries caused by bacteria of the oral cavity, namely S. mutans.
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21 @& % plasmid

o] Aol AMEE #FE thed Atk WA FEs
ASS 1% TR Streptococcus mutans ATCC
319895 ARE-sFlom, SiElH AdEiAde] wASS flst
o] Porphyromonas gingivalis ATCC 33277, Treponema
denticola ATCC 33521 A3kt $JEFH 9] cloning
& 93 45 AIERE E. coli TOP10¥} pCR2.1-TOPO
TA cloning vector (Invitrogen, USA)E A}-&-3}31 ).

2.2 SELEX

S. mutans®| A JetuE AEsy] 9fsto]
Tuerk 5{18]9] SELEX (Systemic Evolution of Ligand
by Exponential Enrichment) W'H-S W &3slo] ALE-31
t}. iEbe S 9% DNA librarys 39719 random
sequenceS ZY+ nucleotide®] 5’} 3°9] 9IX|of| Z+7}+ 44
T 38719 primer sequence’} AdE &g E
Qrsle] ARS8 AL, PCRES &dto] AdE dele &
Z317] Y3t A" primere BamHI1Z} T7
+ forward primer®} BamHI

L
L

al
=

e

[¢]

=

2]

promoter sequences %t

239 reverse primers A 23l ARE-EIA
t} (Table 1). F5H& M £, selection buffer (50
mM Tris.HCl pH 7.4, 5 mM KCI, 100 mM NaCl, 1
mM MgCl,, and 0.1% NaN3)[20]50 ulZ =
13,000xg, 4°CellA] 51t 942l Skl PBS 200 ul=
23] A1#&k3itk 10 ul PCR productS 100°CollA] 5+
FO)aL FA] ofo]2ol 23| 10 pl AT dEA Y} 3
3129th Rocking shaker 4°ColA 1A]7F B#3F 5
13,000xg, 4°Coll~] 10%3F AR 3 PBS 50 ulE 4
2 % HgA7]aL, 500 mM NaCl 200 plS 2ar dEkA]

731 13,000xg, 4°Coll A 1087 9AEE s oA

sequence 7t

wo
o

o} 20°Ce| B3I T) Nucleic acid library pool®l
Ao NS £33} nucleotide THAE©] thA} DNAC] -
2ok ¢ QEF shal, A Alzto] A @ o A3ty

384

target AR}t
%4 DNAC]

Table 1. Random DNA library and primers used for

SELEX

Primers Sequences
APT-N40 5'-CGGATCCATGGGCACTATTTATATCAA

(86 mer) -N40-AATGTCGTTGGTGGCCC -3'

APT-F 5-CGCGGATCCTAATACGACTCACTATAGGGGCC
(44 mer) ACCAACGACATT-3'

APT-R 5'CCCGACACCCGCGGATCCATGGGCACTATTTAT
(38 mer) ATCAA-3'

2.3 S. mutans®|
S. mutans® 25
A Aol 10%9] %7t =
EfHE 1 pMo] HEE H7I8taL, S, mutanss 4533
o} 3 HitH glass beads] FAE ST F 6 well

i1
platec] ¥ 7t well @ 5

949 9 2 9

H3L AEet T YT wiA
w5 8ko] 37°C w7l 2441 7kE <t H ek
ok 2447 WY 3 2 A B dAEe A8k, 75%
ethyl alcoholS Fo] @7} F-84 glass beadsE 114
3 T AZXAA beads®] A SABE Bluskgich
3] Wk Alskgl
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+ S. mutans
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Fig. 1. Schematic diagram of SELEX process. SELEX is a
multi-step process in which strongly binding
ligands are preferably selected by rounds of
affinity assays and PCR amplification.
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2.4 Western blot analysis

TFE kst wjek | wAlol 5 mle] lysis buffer
(50 mM NaH,POs, 300 mM NaCl, 10 mM imidazole,
pH 8.0 7kt & =&3 7] (Vibra cell
VCX-600, Sonics and Materials Inc., USA)Z A&
a5k, 13,000 rpm, 1087 AR st AHsAut
&k oF 712 5 em, AR 1 em?] A7|2 AE
nitrocellulose membranes  transfer buffer (25 mM
Tris, 192 mM Glycine, 20% (v/v) methanol)°lA] 20+
ZF AR 2 20 ng/mlZ A 3}
o] B33} T} ©] membraneS
(Seoul milk Co., Korea)”} &% TTBS buffer (0.2 M
Tris-HC1 pH 7.6, 1.37 M NaCl, 0.1% Tween 20)°A]
2043} blocking@}al nitrocellulose membraneS 0.1%
Tween 20°] 3 50 ml9] TBS bufferel] 33]ol] Z A
mj3] 1583+ A4 3skal TTBS®E primary antibodyE 1 :
5002.% 3]AEte] Hrhek & T wEEAFH T §E
4 %8 ¥ nitrocellulose membraneS 0.1% Tween 20
Hel 50 m12] TBS bufferoll 33]¢l] 24 wj3] 154
A4 3}l Alkaline phosphatase-conjugated anti DIG
£ blocking buffere] 1 : 20002 3]4]3+ secondary
antibody & A] 1A1ZF REGAJATE ©]$ 0.1% Tween
200] =3+ TBS bufferoll 33]9] 24 1583+ A%t
3, 200 ule] NBT/BCIP stock solutions Z7}&
detection buffer (0.1 M Tris-HCI, 0.1 M NaCl, pH 9.5)
5 mlol] A ghEAF T

31, membrane®] ¥

3% non-fat dry milk

s
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B EEAe =4

Az YepdoITh o] T e
mutans®] F-25E one way
ANOVAE E3}o] 393, 7 7t ¥l Tukey’s
tests Al &3S Ali-A]-2 SPSS(Statistical Package
for the Social Sciences 18.0. SPSS Inc. USA) TAIZ2
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HE}
A7)
0 base pair =] 9%
4 ASATh e ek
$J3} pCR2.1-TOPO cloning
coli Toplooﬂ A st
E1r. 717y 34743 ¥ positive colonyE-S Hi o%} al,
ZHE plasmid vectors #2|5}o] A 6@1

g1t A3, 4epH v o] cloningdl

A

AdE 0“E]—D1,] 971 E 4L Bioneer Co. Ltd.
(Daejeon, Korea)oll 2]F|3le] #4514 tE w48 47
Ad F o]E°] SELEXE $I5t¢] A}-8-%l DNA library
22E fFHig AYES FAR1e] 8k BamHI T7
promoter sequences 7] O E 3t 0|59 H7|AHol

P9 Perine Adsiar. 1 4% 6 dete

;-’;

235131, agarose gel

al

—(>_&ml
< 0 o

L

A=)

R
=]
R

A7) MEE BIskiL 247} SM-1, SM-2, SM-3, SM-4,
SM-5, SM-6012} a3t 1 /IR e thes}
t} (Table 2).

Table 2. Nucleotide sequences of aptamers specific to

Streptococcus mutans

Name Sequences
oy 5 -GCATCGAATTCGAAGTTGCTCTAGTGCCCGTGTG
CTCAA->
oy 3-GGGCTAGGTAACCGTCACCACTTTCCCTGCTTGA
TGCAA-3’
oy 3-TGTAACGGTGGAAAGGATCTGAGGAGGCGCAAT
GCGTAA-3’
SM-4 5’>-TGGCACCATTAACCCGTGTTGAGGAGGCGCAATG
CGTAA-3’
s 3-CCTAACGTTGTAACCGCGCTCCTCAAGGAGCCAC
GCTAA-Y
og 3-GTGITTCGCGCTATTTCCGTACAACCGGAATACG
CCTAA-Y
3.2 MEIHO| oISt S, mutanse| B=F K|
8E JE 7L S mutans®] F-2sol vAE G
S BABIATE S, mutans= 10% Aol $--¥ BHI HY
Aol A glass beadol] T} o B2 & 5 JIS 7
st 4= o, 24417t Bl F glass bead] F T

Z78l= Aow BAHQc) zizhe] ek
7} 1 pMe] FEZ H7FENS o beado] HYe] W3
2 243 A3 BE o QoM gz 2 2fo)s

YeRfiglen, SM-29F SM-39] - Aol Wby}

7.2+0.7 mg

ZE]
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2.140.5 mg, 1.9£0.1 mg&X 7P viA] UElkT) (Table 3).

Table 3. Effect of aptamers on the adhesion of
Streptococcus mutans

unit : g
Before' After’ Difference’
Name
Mean =+ SD Mean =+ SD Mean + SD

Control  1.5850 = 0.0333 15923 = 0.0332 0.0072 = 0.0007"
SM-1 15652 = 0.1115 15698 + 01129 0.0045 = 0.0016"
SM-2 15992 = 0.0827 16013 + 0.0830 00021 = 0.0005°
SM-3 15243 = 01376 15262 + 0.1375 00019 = 0.0001°
SM-4 15305 = 01378 15332 + 01376 00027 = 0.0001°
SM-5 14759 = 00516 14794 + 00518 00034 = 0.0002°
SM-6 15521 = 0.0913 15558 + 0.0887 0.0036 = 0.0029"

" :Before the adhesion of bacterial cells

¥ :After the adhesion of bacterial cells

* : p<0.05, by one way ANOVA

a,b: The same letter indicates no significant difference by Tukey's test
at £=0.05

3.3 MEIHO| Zat My
AaE gurlel AFEAS BAS Slsk]

DIG-labelled $JEFHE A3}, ©]E primary antibody
2 AFE-3FY] modified-Western blot-S A1 3331 th H A
negative control 24 E. coli TOP10-& lane 1°] loading
StaL S. mutans lane 29| loading3}l P. gingivalisS
lane 3°l|, T. denticolaZ lane 49| loading3}iT} ©]=
DIG-labelled $IE}HE
primary antibody = AF2-3}¢] Western blot2 433 2
3 S mutanso| W 5018 02 At As 1T
191t (Fig. 2).

AR AN

filter paper®ll transferd}il,

Modified-Western blot of SM. DIG-labelled
aptamers were used as primary antibodies and
anti-digoxigenin-AP conjugate was used as a
secondary antibody. Color development reaction
was done in a solution containing NBT/BCIP.
Lanes 1, E. coli TOP10; 2, S. mutans; 3, P.
gingivalis; 4, T. denticola.

Fig. 2.
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2) AE¥ JEPHE pCR2.1 cloning vector®l cloning
a7 A7 IEe BASn:
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