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DNA 100 fg7bA] AEE F U5 BA3A) S mutans 3
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(KCTC, Daejeon, Korea)oll A 43k Sk=lo] XA 2]
A 22 2 5439 o) AldE F ddidTaEd B
T2 Todd Hewitt broth (TH broth, Difco Diagnostics,
Detroit, USA) X+ TH broth®] 1.5% Bacto agar (Difco
Diagnostics)E A7}3le] = TH agardl] HE3le] 37°C ATl
%¥71(Moel 311, ThermoForma, Marietta, USA)o| A 244]17F w2k
st AMESIAT. FE onucleatum 5 Schaedler broth (Difco
Diagnostics)oll, A. actinomycetemcomitans &2 Trypticase
Soy Broth (TSB, Difco Diagnostics)®| 0.6% yeast extract (Difco
Diagnostics), 5% horse serum (Difco Diagnostics), 75 ug/ml
bacitracin (Sigma Chemical Co., St. Louis, USA) ¥ 5pug/ml
vancomycin (Sigma Chemical Co.)©] #H7}E wizlel, Z1g]x

=

Prevotella intermedia 2 Prevotella nigrescens d55-2 TSBel
0.5% yeast extract, 0.05% cysteine HCI-H,O, 0.5 mg/ml hemin
2 2 pg/ml vitamin K,©] #H7Fd wiA)o) AFsle] 85% N, 10%
CO,, 5% Hy7} T=FT 37°C 7143 Aluidr)olA 1297t
njkated ohE A3l ARkt

MZ 74 DNAZS| &

A vkl 15miZ 10,000 x g2 YNHE o) Bl 428
3l3, G-spin™ Genomic DNA Extraction Kit (iNt(RON Co.,
Seoul, KoreaY2 o]-8-3}o] AzgJAle] z|Alol whel Hlit F-24|
DNAE FZ3Ath &, 8¢ Aol 50l Pre-incubation
solution® 3 12| lysozyme solutiong 23l 2+ EF3F o3 37
°coll A 141z EQF meFstd ). A7)l 250 ul®]  G-buffer
solutione 2B & B3 F 65°ColA] 1587 ¥-&A17] 2,
250 ul®] Binding solution® 21 & E¥3F thE- vortexingdFS]
o}, o]t cell IysatesZ G-spin™ columndl] ¥ 10,000 X gl
A 187 9ARE Y Th Column®ll 500 ule] washing buffer
A B3 oA 18 24EE STk 7)o 500 we)
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Table 1. Bacterial strains used in this study

Strain
ATCC25175%

Species
Streptococcus mutans

Descriptions
Type strains

S. mutans ChDC YM2 (=KCOM 1053) Clinical isolate
S. mutans ChDC YM4 (=KCOM 2759) Clinical isolate
S. mutans ChDC YM6 (=KCOM 1076) Clinical isolate
S. mutans ChDC YM9 (=KCOM 1055) Clinical isolate
S. mutans ChDC YM12 (=KCOM 1089) Clinical isolate
S. mutans ChDC YM15 (=KCOM 1082) Clinical isolate
S. mutans ChDC YM20 (=KCOM 1085) Clinical isolate
S. mutans ChDC YM22 (=KCOM 1086) Clinical isolate
S. mutans ChDC YM25 (=KCOM 1087) Clinical isolate
S. mutans ChDC YM27 (=KCOM 1089) Clinical isolate
Streptococcus sobrinus  ATCC 33478" Type strains

S. sobrinus ChDC YS! (=KCOM 1061) Clinical isolate

S. sobrinus ChDC YS2 (=KCOM 1148)  Clinical isolate

S. sobrinus ChDC YS3 (=KCOM 1149) Clinical isolate
S. sobrinus ChDC YS4 (=KCOM 1150)  Clinical isolate
S. sobrinus ChDC YS5 (=KCOM 1151) Clinical isolate
S. sobrinus ChDC YS6 (=KCOM 1152  Clinical isolate
S. sobrinus ChDC YS7 (=KCOM 1153)  Clinical isolate
S. sobrinus ChDC YS8 (=KCOM 1154)  Clinical isolate
S. sobrinus ChDC YS9 (=KCOM 1155)  Clinical isolate
S. sobrinus ChDC YS11 (=KCOM 1157) Clinical isolate
Streptococcus downei  KCTC 36347 Type strains
Streptococcus rattus KCTC 36557 Type strains
Streptococcus cricetus  KCTC 36407 Type strains
Streptococcus anginosus ATCC 333977 Type strains
Streptococcus thermophilusKCTC 36587 Type strains
Staphylococcus aureus  KCTC 16217 Type strains
Streptococcus mitis KCTC 35567 Type strains
Fusobacterium nucleamm ATCC 255867 Type strains
Actinobacillus — ypoe 333941 Type strains
actinomycetemcomitans
Prevotella intermedia  ATCC 256117 Type strains
Prevotella nigrescens ~ ATCC 335637 Type strains

ATCC, American Type Culture Collection; ChDC, Department of Oral
Biochemistry, College of Dentistry, Chosun University; KCOM,
Korean Collection for Oral Microbiology; KCTC, Korean Collection
for Type Cultures

washing buffer BS ¥12 o} 183 AL 5, Gspin™
column®- 2§ eppendorf tubedll ¥ 100 n12) elution buffer
£ 93 187 2o WA O 10,000 x gollA] 127 A4
wElste] Al 34 DNAS FE3131, o1& 4°Cel| Basto
o Aol AMg-skT

PCR Z2}0|0{ &of MA| 2 M=

GenBank®] ©|o]E] wo]2=ollA] S murans, S. sobrinus, S.
downei, S. rattus D 8. cricetus®] 168 rRNA G 7IMEE o
At} o]E MegAlign HAFE Z=Z 27 (Lasergene, DNASTAR
Inc, Madison, USA)E ©]&3td ZF54dE 483, S
nutans 16S tDNA 271449 v o8 3}al, PrimerSelect &
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Table 2. PCR primers designed in this study for the detection of S.
mutans

Name oligonucleotide sequence (5' — 3" Base(fl)t()):mon
ChDC-SmF2 TGG GAC GCA AGGGAA CACA 35-53
ChDC-SmR2 GCGGCGTTGCTCGGI CAGA  390-372

*Base positions of primers are from S. mutans ATCC 251757

Z13 (DNASTAR Inc)S o83l S muans 513 PCR Z&}
olo| %8 A ChDC-SmF2$} ChDC-SmR2E W3t
(Table 2). o] W] AAH Z&o]n| -2 Probe Match ZE 13
(http://rdp8.cme.msu.edw/html/analyses.htmlyS- ©]-8-8}e] F.50]4
S EA31%31, BioneerAH(Dagjeon, Korea)oll &]&sle] Eilo|r
g AZ3HTE GAEE PCR FEEY =7 356 bpolth
(Fig. 1).

PCR Z2}0|He| S0|= ¥ DIZE &

oA HAHE S, mutans AZE L THE 3 Ziloln] e
2. Eo|A-S Yolr 7] #5t, Table 13 2] S. mutans TEd
SHATCC 251757 2 gh2lolA £28] 54" 10358 T3}
of oje} FAStH o G ThE 4% Fek ?‘M*J%EA
EEATET 3% 7 W v AV E2dE R 4
Z9 @718 AT EFTF 24 DNAE TR 3§l
PCRE Al &35t

HA Ag 2xo] Hu) AE dolrr] $8le] gradient PCR
< AlgEtnt. ol AR 5% 55°C-70°C AlOlE 12 BAIZ
o] A8kttt PCRE AccuPower® PCR PreMix (Bioneer
Corp.)S} Peltier thermal cycler (Model PTC-200 DNA engine™
MJ Research Inc., Watertown, USA)E ©]-&3}e] Alaia}sich
AccuPower® PCR PreMixoll = 5 nmole®9] 47}] deoxynucleotide
triphosphate, 0.8 mole®] KCI, 0.2 mole®] Tris-HCl (pH 9.0),
0.03 mole®] MgCl, 283, 1 unit®] Tag DNA polymerase”} &
AQTh 7)ol 2 ng®) MT XA DNAS 20 pmoles? 9]
ChDC-SmF2¢} ChDC-SmR2 #}7}¢] Zzjo|mE il PCRE Al
g3ttt of W PCR 2312 vt skt 27] WAL 94°C
oA 587 Aldela, WA (94°C, 308), AF (55°C-70°C, 30
Z2) B 2 72°¢, 30329 Al gL 328 whEska, 74

165 rRNA gene

1st PCR amplicon (1,465 bp)

I I

27F 1492R

2nd PCR amplicon (356 bp)

1

ChDC-SmF2 ChDC-SmR2

Fig. 1. Schematic diagram for the amplified region of the 16S rDNA
of Streptococcus mutans.

Streptococcus mutans 2% 21

Z%H72 °C, 30%)S 10583t A33stact

ChDC-SmF2$} ChDC-SmR2 Eg}o]w] 3uhe o] &3} direct
PCR¥} thRE-o] AF £¢] 165 IDNAS ZEI+ 4 I+t 27F%
1492R-E- ©] &3} 8. mutans ATCC 25175T2] 16S DNAE &
s, o] ZZES 108 3)A3 B ChDC-SmF2¢ ChDC-
SmR2 Zgjo]™ & o] &3+ nested PCRE Z47He] 14T
(sensitivity)Z 43T} olwl] S. mutans ATCC 251757 334
DNAE 2 ngoflA] 2 fe7tx] 1082 &A1& oz sldsle] Alg-s}
Atk PCRL A&3d uled o] AccuPower® PCR PreMix
(Bioneer Corp.)%} PTC-200 DNA engine™ (MJ Research Inc.)&
o83t A3t

PCRo] B4 & 20u8] ¥hE-F 5 2UE 1.5% agarose gel¥
Tris-acetate buffer (0.04 M Tris-acetate, 0.001 M EDTA, [pH
8.0DE ©l&3lA 100 VollA 3047+ 2171995 (Mupid-21, Optima
Inc., Tokyo, Japan)3lH et FH-E2 ethidium bromide (Sigma
Chemical Co)E G413} UV transilluminator (TFX-20.M, Vilber
Lourmat, Marine la Vallee, France)® ZMA|A =718 15t
o}

X HMZIM S. mutanse| S8

Lim 5(11)2] A7 4 Alguidgel 23k S mutans 730
AREEI W XHA TR WSS o83, B dTolA st 2
gholn] 4o H8AS golHgtt Lim %(11)91 Ao A S,
mutans’t B8] B9 i]tg_x];m AMZ-S direct DNA F&14
ol s A & DNA ?éﬁ}c’it} A& nested
PCR Wl o3 XA A& HH S. mutans®] EA F7E
Felstsicth

2 3

Z[&¥o| PCR =71 23 ¥ ChDC-SmF28} ChDC-SmR2 =
2io|H e &-5014

E Ao BAE ChDC-SmF2¢} ChDC-SmR2 Z#}o]n] 4
o] A% 2% dAE dolr ] Y3l gradient PCRE A3k}
2 A 700N E Y 2719 PCR AR o] SEE Q)

1 2 3 4 5 6 7 8 9

10 11 12

Fig. 2. Gradient PCR for optimized annealing temperature of the
primers (ChDC-SmF2 and ChDC-SmR?2). The PCR reactions were
electrophoresed in 1.5% agarose gel. A 2 ng of each of bacterial
genomic DNA was used as PCR template. Lanes: S, 100 base pair
DNA ladder (Bioneer Corp.); 1, 55°C; 2, 55.4°C; 3, 56.2°C; 4, 57.5°C;
5, 59.2°C; 6, 61.4°C; 7, 63.9°C; 8, 66.1°C; 9, 67.7°C; 10, 68.9°C; 11,
69.7°C: 12.70°C.
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Fig. 3. Specificity test of PCR with the ChDC-SmF2 and ChDC-
SmR2 and purified genomic DNA of (A) the type strains and (B) the
clinical isolates. 2 ng of each bacterial genomic DNA were used as
PCR templates. The PCR reactions were electrophoresed in 1.5%
agarose gel. Lanes: S, 100 base pair DNA ladder (Bioneer Corp.); 1
and 15, DDW; 2 and 16, Streptococcus mutans ATCC 25175"; 3 and
17, Streptococcus sobrinus ATCC 334787, 4, Streptococcus downei
KCTC 3634™; 5, Streptococcus rattus KCTC 3655T; 6, Streptococcus
cricetus KCTC 3640%; 7, Streptococcus anginosus ATCC 33397%; 8,
Streptococcus thermophilus KCTC 36587, 9, Streptococcus aureus
KCTC 1621 10, Streptococcus mitis KCTC 3556T; 11, Fusobacterium
nucleatum ATCC 25586"; 12, Actinobacillus actinomycetemcomitans
ATCC 33384; 13, Prevotella intermedia ATCC 256117, 14, Prevotella
nigrescens ATCC 33563"; 18-27, Streptococcus sobrinus ChDC YS1,
ChDC YS2, ChDC YS3, ChDC YS4, ChDC YS5, ChDC YS6,
ChDC YS7, ChDC YS8, ChDC YS9, and ChDC YS11, respectively;
28-37, Streptococcus mutans ChDC YM2, ChDC YM4, ChDC YMS6,
ChDC YMS9, ChDC YMI12, ChDC YMI15, ChDC YM20, ChDC
YM22, ChDC YM25, and ChDC YM27, respectively.

(Fig. 2).

£ At A] HAIE ChDC-SmF29} ChDC-SmR29} S. mutans
o thgt F-Eol 4SS, mutans®] TETT R PIEATFER
tEo| 77 W EAste AT, downei, S. rattus, S.
mitis, S. cricetus, S. anginosus, S. thermophilus), L=/
(Staphylococcus aureus) 2 H71A 1% S AT TEE
nucleatum, P. nigrescens, P. intermedia, A. actinomycetemcomitans)
o] dFdF w34 DNAZ o= PCRE A&3H 23 s
mutans TSN o33t A & 356 bpe] TEEC| TF
HATHFig. 3). o] W HH] AF =T 70°CH2H, o|ETh
32 REAAE S ramusol A H] B0} PCR 4HEO] SEEH ]
o}, olelgt datg nlEo 2 ¥ g5l A ChDC-SmF29} ChDC-
SmR2 Zz}o|™ A& o]8§3F PCROAAE 70°CollA] Al=lstSaTh,

A)
Kbp Sl_'234567
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Fig. 4. Sensitivity of direct PCR with the ChDC-SmF2 and ChDC-
SmR2 primers for the detection of purified genomic DNA from S.
mutans ATCC 25175, The PCR products were electrophoresed in
1.5% agarose gel. Lanes: S, 100 base pair DNA ladder (Bioneer
Corp.); 1-7, purified genomic DNA serially diluted 10 fold from 2 ng
to 2 fg.

ChDC-SmF2¢2}
(sensitivity) S

ChDC-SmF2$} ChDC-SmR2 *2}olw) 49| S mutans ATCC
25175" 7314 DNAE 53T F Ue Hage SRR 2
pe°l ATHFig. 4). thE-EY TF 165 IDNAS FZT 4 Qe
27F9} 1492R EElo| 402 PCR (direct PCRYS A|3)%F &
71 PCR A& F3 02 0]83le] ChDC-SmF29} ChDC-SmR2
Zztoln 42 Z PCR(nested PCR)S Al81SH A3 S mutans
ATCC 25175T 4| DNA 2 fg7tA] AZ & F AT (Fig.
3).

ChDC-SmR2 =ZzZfo[o{ %o QT

M

ChDC-SmF22} ChDC-SmR2 Z2}0|0{ 4 2]

ChDC-SmF29} ChDC-SmR2 Zgjo]w e
71 931 8. mutans Bl A3 X @A FEt
PCRE A3Jst Ax, BE AMEoAM S, mutans
Eo) ZEHUTHFig. 63} Table 3).

s8 4
A4S AE3)
ZollA nested

-£o] PCR %+

Fol

o i
= o

ol

I

1]

ChDC-SmF29} ChDC-SmR2 Z&}o|H & nested PCRY 2]
A S. mutans ATCC 251757 -3 DNAE 2 ferlA HEE
T AL T F WEEY HoAL, S musnse} FrEEHo R v}
2 7V 8. rantuss T3S OFE FEs AT EEY] #A

(B)
kp S 1 23 45 6 7

Fig. 5. The detection limits of nested PCR amplication with (A) 27F and 1492R primers and purified genomic DNA of S. mutans ATCC 251757 or
(B) ChDC-SmF2 and ChDC-SmR?2 primers and 10-fold dilutant of the 1st PCR. The PCR products were electrophoresed in 1.5% agarose gel.
Lanes: S, 100 base pair DNA ladder (Bioneer Corp.); 1-7, purified genomic DNA serially diluted 10 fold from 2 ng to 2 fg.
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Fig. 6. Detection of the S. mutans from the dental plaque samples. (A)
The first PCR was performed with 27F and 1492R primers and dental
plaques. (B) The nested PCR was performed with the 10-fold dilutant
of the first amplification mixture (2 pul) and ChDC-SmF2 and ChDC-
SmR2 primers. The PCR reactions were electrophoresed in 1.5%
agarose gel. Lanes: S, 1 kbp (A) or 100 bp (B) DNA ladder (Bioneer
Corp.); 1, DDW; 2, S. mutans ATCC 25175" 3, No.1; 4, No.2; 5,
No.3; 6, No.4; 7, No.9; 8, No.10; 9, No.13; 10, No.14; 11, No.16; 12,
No.20; 13, No.21; 14, No.22; 15, No.25; 16, No.31; 17, No.32; 18,
No.35; 19, No.36; 20, No.37; 21, No.38; 22, No.40; 23, No4l; 24,
No.42.

Al DNAS 7HE & SlE Hold Sol=g 7FA AUt o
+ F Sao (17, 18)° 28] W nested PCRETH T E
7} 508) =& Zolt}h. Sato 5(17, 18)9] AollA= 16S rDNA
£ ZZ35 3 WA PCRY SEN-ES M) ¥al L uE
nested PCRO| 302 A3} 1L, 35 cycles® PCRE A|33sH
e Addthd, B Aol 7dE ChDC-SmF2¢} ChDC-
SmR2 Zajolw] A& S mutans®] &0 oA Eo]w7} ol
val 9T} A4 o] 4 S ASE Azbdr) w3k AW
Alder S o] &3 S, mutans 578 BT A o] ¢
3 Wb Aok FUs A(Table 3)F B.g17) wiitol), Sk
Toll lojA] B Ao Al kel srejoln] Mgo] 18314 o]&
w2jz} AZE.

B A7) F¥3} nested PCRES 3 WA PCRIA 2E
Al FoZ2E 168 tDNAS 558 4 e gjoln] o=
FEI T2, S muans F-50) EZjoln] HoZ T WA PCR
S APEIAIL, ©o] FHES 108 BRI ARESEE Y] Wl
S. mutans ©1919] 7 U B& Mg HE| oAl o8
I 200, b MEY o g XolpAE Wk ol T} XFdEs
3
]

£ o T4 W) 4RYAB YATE AT S U= 3

N

Johe-2iZ ko] gstaAl AT 2 Hols-ABgRAL T 2
sl B WSl uetEo] ARSE T Qlck 7P A

W golol} WA AES Fek Qe 49
X1 MSB agar plate(3)°] EZa}o] Tete] vt AsieA
2 AldEke AolthR). ATHPEE 7IReE Sk ojd

oL o

Streptococcus mutans & 23

Table 3. Comparison of cell culture and nested PCR methods for the
detection of Streptococcus mutans from the dental plaques

Sample Gender Detection of Streptococcus mutans
No.(11) (year, month) Cell culture(11)  Nested PCR

1 Male (19, 10) + +
2 Male (26, 2) + +
3 Male (28, 0) + +
4 Female (29, 4) + +
9  Female (15,0) + +
10 Female (21, 3) + +
13 Male (20,9) + +
14 Male (27, 11) + +
16 Male (18, 11) + +
20 Male (15, 3) + +
21 Female (15, 3) + +
22 Male (17, 1) + +
25  Male (19,4) + +
31  Female 21,7) + +
32 Female (22,7) + +
35 Female (21, 8) + +
36  Female (21, 3) + +
37  Female (15, 9) + +
38 Male (14,4) + +
40  Female (20, 6) + +
41  Female (22,7) + +
42 Female (26, 10) + +

ol

HE B AR =Fgo) a7 3k Thylo] Slrh gk
522)9] Bl 9J&hd, MSB # AN Feks At
vk o}l \IE} S. anginosus, S. sanguinis, Pantoea agglomerans
SES wjFETr BuEink JRER o3k W¥ylERY
FAstaL, gEgdo] Hold WEel LasiH, ol& <18 DNA
=2 B4 PCRHUG, 6, 12, 14, 17, 18)°] 7EHATE o]
% DNA ZEHWL AR, =8 gl Z7)3 S1elA PCRYEC
Hlsl vl aTAQl @o] gtk e R, Bolx9} Wzlk}
ofet PCRY ] Bol /s B3 HstdTrol Wol o] g5u
ATE QA 8. sobrinusE 7E 2 595 Y8 ol&HE EH
FRAAR = glucosyltransferase, dextranase, manganese o)

A
o
superoxide dismutase B 16S RNA FHAE°] itk ol &
Lls

Yoo
=
o)

o

5
1

NIRRT
O mlﬂ H&:

K
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ABSTRACT : Nested PCR for the Detection of Streprococcus rmutars
Min Ho Choi'’, So Young Yoo*', Dong-Wan Kang', Chae- Kwang L1m and
Joong-Ki Kookz* ('Department of Prosthodontics, “Department of Oral Biochemistry, and
*Institute of Forensic Odontology, College of Dentistry, Chosun Umvers1ty, Gwangju 501-759,
Korea)

This study was undertaken to develop PCR primers for the identification and detection of Streptococcus mutans
(by)using species-specific forward and universal reverse primers. These primers targeted the variable regions of
the 16S ribosomal RNA coding gene (rDNA). The primer specificity was tested against 11 S. mutans strains and
10 different species (22 strains) of oral bacteria. The primer sensitivity was determined by testing serial dilutions
of the purified genomic DNA of S. mutans ATCC 251757, The data showed that species-specific amplicons
were obtained from all the S. mutans strains tested, which was not observed in the other species. The direct and
nested PCR could detect as little as 2 pg and 2 fg of the chromosomal DNA from §. mutans ATCC 251757,
respectively. This shows that the PCR primers are highly sensitive and applicable to the detection and iden-
tification of S. murans.



