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ABSTRACT

Detection of the Streptococcus mutans using

species-specific PCR primers

Choi, Min Ho, D.D.S., M.S.D.

Advisor : Prof. Kang, Dong-Wan, D.D.S., M.S.D., Ph. D.
Department of Dentistry,

Graduate School of Chosun University

This study was undertaken to develop PCR primers for the identification and
detection of .Streptococcus mutans using species-specific forward and universal
revers primers. These primers targeted the variable regions of the 16S ribosomal
RNA coding gene (rDNA). The primer specificity was tested against 11 .S mutarns
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 25175°. The data showed that species-specific amplicons were
obtained from all the .S mwians 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 .S rutans ATCC 25175]‘, respectively. This shows that
the PCR primers are highly sensitive and applicable to the detection and

identification of .S, muztars.
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B9 AP Aoz Lud 2, olF F ¥UA alel &3 AwAE ey
Aito] Fad 99 Ao dA Ytk F, AohsAFE AT AT FANAD

ot & F vk AA A Wel= 5009 T Alito]l EAstE Aom g o
S W (Paster et al, 2001), °lE F Ao}¢259 Fag JJTES mutans
streptococci(Fr 822 AT+ )2kal F 3 sth(Whiley and Beighton, 1998). o] & & &
B2 ANSF o= Streplococcus sobrinus, S mutans, S cricetus, S. rattus, S
downer, S, macacae R S, feruss ©l 4 ¢tH(Whiley and Beighton, 1998). Kawamura
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elongation(% 3%, 72C)9 GAIE o&F 303 wEsle] EA AV|9 FEES A5 W
o sl Al Ak A9l FHA H AT HE wo] o] &EH
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IoI-1. A 2 Mg =4

Eoogo] o] &3 A FFELS Table 13 2t} o5 #FEL American Type
Culture Collection(ATCC, University Boulevand, Manassas, VA, USA) &% Korean
Collection for Type Cultures(KCTC, Daejeon, Korea)oll Al 48t A Y = 4n A&
A& g (Korean Collection for Oral Microbiology, College of Dentistry, Chosun
University, Gwangju, Korea)oll A 24 Fwol A&31dt. ols Ads F Ay
T X472 Todd Hewitt broth(TH broth, Difco Diagnostics, Detroit, MI,

USA) =+ TH brothol 15% Bacto agar(Difco Diagnostics)E& % 7}sfe] WE T

)

agaroll FFsto] 37C AltufFrloll A 24A13F vl ketol AR} ATk, A nucleatum
&+ Schaedler broth(Difco Diagnostics)oll, A  actinomycetermcomitans T 552
Trypticase Soy Broth(TSB, Difco Diagnostics)ol 0.6% vyeast extract(Difco
Diagnostics), 5% horse serum(Difco Diagnostics), 75 pg/ml bacitracin(Sigma
Chemical Co., St. Louis, Mo., USA) % 5 pg/m{ vancomycin(Sigma Chemical Co.)°]
A7V Wy R o, el Prevotella intermedia R Prevotella nirescens 52 TSB
o 0.5% vyeast extract, 0.05% cysteine HCI-H-O, 0.5 mg/m¢{ hemin % 2 pg/ml vitamin
Kio] "7ke wiAo] HFse] 85% N, 10% COs 5% HoZt T3 ¥ =37C @714 Al

o g7l el A 1207 W gshel The 2@l AHEaa

II-2. Ald F# 2 DNA® F&

Al wieked 15 mlE  10,000x g9 AAHE olgste FFsta, o F
9l EZA}(GINtRON Co., Seoul, Korea)?] G-spin'™ Genomic DNA Extraction KitZ
o] &3to] A x3|ALe] A Alol|l wEl Alit Fdx DNAE FZEskdch 5, 583 Alatol

50 ul9 Pre-incubation solution¥ 3 w09 lysozyme solution® %1 % &33 U}

37CoA A 1A1ZF Tt wjekstach. of7]o] 250 w9 G-buffer solutionS ¥ Z
g3 & 65ColA 1587 w3-A] 722, 250 wo] Binding solutione ¥ 2 E g3t



™
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G-spin' ™ column< A Z¢ eppendorf tubeo] ¥ i 100 2 elution bufferE® ¥
187 A2 #x3% vt 13,000 rpmoll Al 1 #3F a8 ste] A +4A DNAS

FEoAAL, o] F 4T Basto] vg Ayl A&kl

II-3. PCR Zz2}olv] 9 AA & Az

GenBank®] dlo]lE wlo]xzoA 7]Eo] olul LHA S gwtans, S sobrinus, \S.
downer, S, rattus R S cricetus® 16S rRNA AA7IMES AT o=
MegAlign 78 =Z 213 (Lasergene, DNASTAR Inc., Madison, WI, USA)& o] &
sto] AEAS BEAEA, S sobrinus 16S rDNA @714 €S uwig oz slu
PrimerSelect Z 213 (DNASTAR Inc)olM Zeholv S A ste] ChDC-SmF29}
ChDC-SmR2= W H et thH(Table 2). o] wf AAE Zgolw 4L wlw wAZL F9
of &} of] A Al & 5= Probe Match Z8
(http://rdp8.cme.msu.edu/html/analyses.html)2 ©] &3to] F-EolAd S 14359,
BioneerAl(Daejeon, Korea)ol| ¢ slo] Zeholm #& A 23stAtt. o445 += PCR 5%

=9 A7]+ 356 bpolth(Fig. 1).

ol AAE S mutans AE R FAHAS Y3 Zoly Mol F-Eo|AHS Lol
S mutans F=TF(ATCC 251757) 2 dhaolo] A 2 g
TAE 10758 TFete] olg FRtHoR A e 4% FEs AR T
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o] FAS Lolrr] Ysle] gradient PCRE Al st} o] v

A LxE 55T-70C Alo]l2 12 @AZ o] A&ste 1, PCRE AccuPower”



PCR PreMix(Bioneer Corp.)¢} Peltier thermal cycler(Model PTC-200 DNA engine ™,
M] Research Inc., Watertown, MA, USA)E o] 43}o A &3 A}, AccuPower”™ PCR
PreMixol = 5 nmole® ¢ 47}#] deoxynucleoside triphosphate, 0.8 mole® KCI, 0.2
mole 2] TrissHCI(pH 9.0), 0.03 mole®] MgCl, 23, 1 unit® Zzg DNA

polymerase7t =tk o7l 2 nge A FdA DNA®9 20 pmoles?]
ChDC-SmF2¢ ChDC-SmR2 X glo|HE ¥ PCRS A &stdtt. o] Wl PCR 271
oS3 2k 27 de& 94T A 523F Al ar, WA (94T, 30%), 27 (B5T

-70C, 30%) 2 FTH(72C, 302)9 Al #AE& 323 W&, FrhAQ FF(T72T, 30
)& 10# 7 Al e

ChDC-SmF2¢ ChDC-SmR2 Zg}o]w #7hg o] 48 direct PCRY} w29 At
F9o] 16S tDNAS FZ 8 4 9l 27FS} 1942RS o] &310] S smurans ATCC 25175"
°] 16S rDNAZ F %31, o] $Z&22S 108 343 F ChDC-SmF29 ChDC-SmR2

P

xzgtolm & o] 83}l nested PCR Z+2t9] W7 Z(sensitivity) & S A 3IATH oo S
mutans ATCC 25175" f A A DNAY: 2 ngol A 2 fg7hA 1004 348 Ah-g39]
t}. PCRE A& nks} ol AccuPower™ PCR PreMix(Bioneer Corp.)9 PTC-200
DNA engine "(M] Research Inc.)& o] 43}¢] A3l c}.

PCRo] &Y & 20 wd W3EF 2 wE 15% agarose geld} Tris—acetate
buffer(0.04 M Tris—acetate, 0.001 M EDTA, [pHS8.0DZS o]&3fA 100 VolA 30& 3t

A7 9 F3A . =Z2E L ethidium bromide®Z @A 3o UV transilluminator 2 2 A A]

II-5. AWAERANA S mutans® &3

Lim %(2005)°] <A7ell A Al Fraol o S mutans AE0] AHEEH A XA
T AES o] §5te], & ATl sHEE Zeholw o F8AS dolE AUTth Lim
5(2005)8] AFolAM S mutans7t 2l AR AWM A WEZ direct DNA F5H
(Lee et al., 1998)o] 23] A7 A4 DNAZS FE35Act. A

%3t nested PCR %ol
o) AWAFE AE W S mutans®] A FFE FASA



Table 1. Bacterial strains used in this study

Species Strain Descriptions
Streptococcus mutans ATCC 25175" Type strains
S mutans ChDC YM2 (=KCOM 1053) Clinical isolate
S mutans ChDC YM4 (=KCOM 2759) Clinical isolate
S, muutans 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, sobrins ChDC YS1 (=KCOM 1061) Clinical isolate
S sobrinus ChDC YS2 (=KCOM 1148) Clinical isolate
S, sobrins ChDC YS3 (=KCOM 1149) Clinical isolate
S sobrinus ChDC YS4 (=KCOM 1150) Clinical isolate
S, sobrins ChDC YS5 (=KCOM 1151) Clinical isolate
S sobrinus ChDC YS6 (=KCOM 1152 Clinical isolate
S, sobrins ChDC YS7 (=KCOM 1153) Clinical isolate
S, sobrins ChDC YS8 (=KCOM 1154) Clinical isolate
S sobrinus ChDC YS9 (=KCOM 1155) Clinical isolate
S, sobrinus ChDC YS11 (=KCOM 1157) Clinical isolate
Streptococcus downer KCTC 3634" Type strains
Streptococcus ralttus KCTC 3655" Type strains
Streptococcus cricelus KCTC 3640" Type strains
Streplococcils arnginosus ATCC 33397" Type strains
Streptococcus thermophiis KCTC 3658" Type strains
Staphylococcus aureus KCTC 1621" Type strains
Streptococcus mitis KCTC 3556" Type strains
Fusobacterium nucleatum ATCC 25586" Type strains
Acunobacillus . ATCC 333847 Type strains

actinomycerencomniiians
Prevotella mntermedia ATCC 25611" Type strains
Prevotella nigrescerns ATCC 33563" 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.



Table 2. PCR primers designed in this study for the detection of .S, /wtans

Name oligonucleotide sequence (5" — 3') Base position (nt)”
ChDC-SmF?2 TGG GAC GCA AGG GAA CAC A 35-53
ChDC-SmR2 GCG GCG TTG CTC GGT CAG A 390-372

“Base positions of primers are from .S zutans ATCC 25175"

16S rRNA gene

1st PCR amplicon (1,465 bp)

27F 1492R

2nd PCR amplicon (356 bp)

ChDC-SmF2 ChDC-SmR2

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

Streptococcus mutans.
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II-1. 339 PCR 27 ZAA 9 ChDC-SmF2% ChDC-SmR2 & olw %9 ZF-

5o 4

—

oA AAE ChDC-SmF2¢ ChDC-SmR2 Zgtolw %o Ag L% A=
olr 7] 93 gradient PCRES Aldatart. 1 A3 70CoAE Hst= =719 PCR

A

o] T3 ¥ v (Fig. 2).

2 Ao A AAE ChDC-SmF29F ChDC-SmR29] S mutanso| W3 F-5o014 S
S mutans® EEd T QAR FES gEol 7 W EAG e A THS
downer, S rattus, S. muitis, S cricetus, S anginosus, S. thermopluus), EET
(Staphylococcus  aureus) 2 @714 A9 54 A FTELE nucleatum, P
nigrescens, P. mtermedia, A actinomycetemcomitans)® %+ F 43 DNAE
o2 PCRS A& A S rmutans TSN A0 o3 A3 2& 356 bpel T=
ol THHAJA(Fig. 3). o] W HAH AF == 70T oW, o]it; W2 2Iof A
= S. rattusel A ¥l 5o]4 PCR #4tZo] T3 ol ARE wgo=w 2 4
Tol A ChDC-SmF2¢ ChDC-SmR2 = g}o]u %S o]&3 PCRAAA= 70CE oA
A o) &k QA et

III-2. ChDC-SmFE29 ChDC-SmR2 Z#o]l™W 2o W7Zt%(sensitivity) =7
ChDC-SmF29 ChDC-SmR2 =&tolw &9 S nmuwtans ATCC 251757 A DNAZ

= 3 5 2~ - =
TET 7 Uv Hadge

lo
o

PV E)E 2 pgol A th(Fig. 4). =5 Al %9 16S rDNA
PRES FEZ3 5 9l 27F9 1492R Zeholn] %oz dak PCR(direct PCR)S Al

1 PCR 78S F3 o=z o434 ChDC-SmF29 ChDC-SmR2 =Zz}o]H
%oz 294 PCR(nested PCR)S A#F A3 S nutans ATCC 25175 A A
DNA 2 fg7tA] A& & F A A (Fig. 5).



III-2. ChDC-SmF2% ChDC-SmR2 Z&olv %9 T%A AZ
ChDC-SmF2¢} ChDC-SmR2 Xzlolw] %90l FFAS #HZF37] Aol S mutans

AZlA S

=
to
>
o
e
i)
i
Rl
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v ofoll A agk A WA Al Zo] A nested PC

mutans &-5°] PCR 2t=0o] T &% A} (Fig. 63 Table 3).
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Fig. 2. Gradient PCR for optimized annealing temperature of the primers
(ChDC-SmF2 and ChDC-SmR2). 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, 55C; 2, 554C; 3, 56.2C; 4,
575C; 5, 59.2C; 6, 61.4C; 7, 63.9C; 8, 66.1C; 9, 67.7C; 10, 689C; 11, 69.7C; 12,

70°C.



s 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Kbp
20

[y
o

(A)

© 0000
[ IXFNS

Kbp S 1516 17 18 19 2021 22 2324 25 26 27 28 29 30 31 32 33 34 35 36 37

®) &

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 33478"; 4, Streptococcus downei KCTC 3634"; 5,
Streptococcus rattius KCTC 3655"; 6, Streptococcus cricetus KCTC 3640"; 7,
Streptococcus anginosius ATCC 33397%; 8, Streptococcus thermoptilits KCTC 3658";
9, Streptococcus aureus KCTC 1621%; 10, Streptococcus mitrs KCTC 3556"; 11,
Fusobacterium nucleatum ATCC 25586, 12, Actinobacillus actinormyceterniconiitans
ATCC 33384; 13, Prevotella intermedia ATCC 25611°; 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
YM6, ChDC YM9, ChDC YMI12, ChDC YM15, ChDC YM20, ChDC YMZ22, ChDC
YM?25, and ChDC YMZ27, respectively.
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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 szuzans 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.
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Fig. 5. The detection limits of nested PCR amplication with (A) 27F and 1492R
primers and purified genomic DNA of .S rmuians ATCC 25175" or (B) ChDC-SmF?2
and ChDC-SmR2 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 mwans from the dental plague 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 u¢) 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 swutans ATCC 25175%; 3. No.l; 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. No.41; 24. No.42.



Table 3. Comparison of cell culture and nested PCR methods for the detection of

Streptococcis mutans from the dental plaques

Sample Detection of Strepfococcis mutans
No.(Lim ez (ye;?renriz;th) Cell culture
. 2005 | (Lim et a/._2005) Nested PCR
1 Male (19, 10) t *
2 Male (26, 2) t *
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) + +
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AF Ao 93 H, ChDC-SmF2¢ ChDC-SmR2 Z o]l %8 nested PCRel
A= S mutans ATCC 25175 44 DNAS 2 fg7l#A A& 4 9L w3

Lo

b Holva, S omutsnst FrAstH o2 VY JWbE S rattuss ETHE ULE
g2 AT HEe] A DNASH +H T &
o] FH <+ Sato T(2003)el ]3] /¥ nested PCRETH WIZFE7F 508] =2 A o]
Sato 5(2003)°] Aol A= 16S rDNAE %
a4 283 1 ulE nested PCROl F3 o2 AME31% 31, 35 cycles®Z PCRE Al e A
o pergrid, 2 Aol AjwE ChDC-SmF29F ChDC-SmR2 Zeholn #& g
mutans® A= AolA o]k Holua wgETE =4 olgd F As Aoem A
Zhah g WA EE NES ol & S smwtans T AFNE AE w9
WHol Aot sAdg A3 (Table 3)& H 7] wWzol, Jgd+ol oA & Aol A
Mg zefolm o] F&aHA ol & H el BaHEn

B 7oA FYd nested PCRYS 3 WAl PCRIA RmE Ald £02RE 165
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S anginosus, \S. sanguinis, Pantoea agglomerans %
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