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Detection of Streptococcus mutans in Saliva using Monoclonal Antibodies
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——Abstract

monoclonal antibody were collected.

The purpose of this study was to determine the usefulness of a detection method for Streptococcus mutans in
saliva with monoclonal antibodies developed targeting Ag 1/l and glucosyltransferases (gtf B, gtf C and gtf D) in
Streptococcus mutans. In the three groups tested (adults, minors, and minors under orthodontic treatment), the
results of the DMFT scores, the colony density (CFU/mL) in their saliva was measured using Dentocult®™-SM
strip mutans, polymerase chain reaction was performed to test whether Streptococcus mutans and Streptococcus
sobrinus were present, and Streptococcus mutans detecting tests performed in their saliva using four types of

In conclusion, it was demonstrated that the Streptococcus mutants plays more important role in forming den-
tal caries compared to Streptococcus sobrinus, and that the monoclonal antibodies against glucosyltransferases
(gtf B, gtf C, gtf D) and Ag I/II of Streptococcus mutans are superior in detecting Streptococcus mutans to
Dentocult®™SM strip mutans or polymerase chain reaction.
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sucrose-5¢ ‘“ﬂrﬁﬂi S mutanse S. mutans®|
A chl Aol Ag I/110l] &) A Algate] H2gict
HA DA = sucrose-%34 ‘?l'ﬁﬂi A sucroseS o] &3t
mutans’} A/d31= glucosyltransferase (gtfs)ell <]3|
/‘éo] 743 glucane] @A o] glycocalyxZt RHEo1A| 1
glucan binding proteins (GBP)l| 23] tt& Kﬂﬁ”é
o] o] o} ®WHd & S. mutans®] F7F HH
ot Al A GAR SAE AY W Aldo] Ak A4S
g jto] X|otE E3|AA X|olp-AFE of7|sHA At
Algte] XHel| Fatete A& X|of ¢-2]F0] WA sh=
GAR o] BE ddo HHo| AzEE M Fag
At & 4 ik webA S, mutans®] SHAAE Y 4
A7 ol A Folw, 53] Al F-2to] w7
101 Ag I/1, gtfs, GBPdl| F53}o], T AAR o]
2 il E3E AE AT7EC] EEE L U,
|+E S. mutans®] EHo LaE o] .ﬂ* < Vel
11 2923 S, mutans’t A/dske] =
gtfsoll diste] /IEd dASE2FAES /A2
Aeds v G SFEFAEC] S. mutansE A= We 59
< olsluxt, DMFT$ Dentocult®-SM strip mutansE ©]
23 colony density, Z2]al polymerase chain reaction
(PCR) T+ ZAkste] Hlwatgith,
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3 A3l Folskith. B AR % 73 A 7,
$AAGANL 129D, ek Gag Agdtel A3
Bl 10~15 mLA ARAsGom, AAE Bele A A%
A7 -20ce] BBelTh A9 dgAel Aol 24
A A Aeln FolE dglem, uaAst v
A9 Aol BEANIE BlE QL F ATFE AAa
o

-—

2. AL i

) Aok-2173 @24 (DMFT)

AT A LS AT flete] FL e HAR
(XA 7t A7 3 B3-S o] &ste] ZARSIAT Al A B 7]
T4 Al V’L 7\13753 7o 2 e A3UTAE A3t
2871¢] = Ao}, FHA oS AL
3o DMFTE '3P Itk 2%} international caries

detection and assessment system (ICDAS)E 7|l =2
grade 09 a9k WA L WMEokby S0 7] x|o}

= A

$4%2) Aok A oz BYRATP.

|

2) Dentocult®™SM strip mutansE ©|-&
(CFU/mL)
Dentocult®™SM strip mutans (Orion Diagnostica,

Espoo Finland)We] stepads 4 &3 47 st g & &

HHX] HS Fol] il screening strip AAA ) gloo] &

&+ colony density

'E‘;] T2 3t} n|g bacitracin discE 591 #j o] ol
NS e =S A2 F, 37T & wdrlelA 48413
HjFste] A&z Abe] g 9] 7]l o § S. mutans®] &
Fol wah, $AFYEE grade 0~32.2 FH3AHTable
1).

3) PCRE ©] 43 S. mutans9t S. sobrinus®] Zajo] 5

el W} S, mutans9t S. sobrinus®] £MF-E= PCR A&
= &3l gl A3l AHE-H primers 5-GATAACTA-
CCTGACAGCTGACT-3"3 5'-AAGCTGCCTTAAG-
GTAATCACT-3"] S. sobrinusdl tha AF&ER o, 5'-
ATGCGCAATCAACAGGTT-3'3# 5-CGCAACGCGAACA-
TCTTGATCAG-3"°] S. mutansg ¢8| AFHEEIAt. PCR
AES Y3 F 2 20 pL=2 DNA 1 4.8 5 X PCR mix-
ture (ELPIS, Taegjeon, Korea) 4 4L, 5 pM primer 1 4L,

ZHT 14 L2 o]FoF . PCR #H2-& 95°CollA 183H

Table 1. Caries risk and colony density of grades

Dentocult®-SM grade Caries Risk Colony Density (CFU/mL)
0 negative CFU/mL <10*
1 mild 10* < CFU/mL < 10°
2 moderate 10° < CFU/mL < 10°
3 severe CFU/mL > 10°
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denaturation ¥, 95° CollA] 10%%} denaturation, 58 CollA
10%3} annealing, 72°C°ﬂ/\1 103}t extension 2 30
cycle IR o™, I & 72°CollA 5EZT extension 3FAH-
PCR Ad < 5al U A5 1% oP7l2= A B4
t}.

4) 4717 G S EFAE RS BH 9] S. mutans HE

(1) 4714 S ZF23A 2] 7

o] Ado| AF2H S, mutans® Ag I/II @23} gtfs (gtf
B, gtf C, gtf D)ol gt GASZE2FA = 7] & AZE FHE
= AHESIT) o] FAES A7) HalA Ag /1T S A7 gtfs
(gtf B, gtf C, gtf D)9 N-terminus FHA=S PCRS &3
ZZ319t}. ©]= T e ligationdte] sequencings 53l
283t sequence® 71 HEHE A5t Adaiz e
plasmidel integrationdte] Aozl W& o] &) A|=3 T
HAE(Ag I/II-N, gtfBN, gtfCN, gtfDN)& H&AF 1, o5
ettt o] @AES FASt miced FH}HHA A, A
©]7 spleen celle SP2/0 cell} fusiondte] hybridomag A3
313tk Western blot®} Dot blot, 28]l ELISAE &3
o] hybridoma”} Ag I/II-N, gtfBN, gtfCN, gtfDNel| th&k ¢t
dZ 23] anti-Ag I/II antibody, anti-gtfBN antibody,
anti-gtfCN antibody, anti-gtfDN antibody (ckAg I/1I,
ckBN, ckCN, ckDN)& A4 2latict.

(2) 7HA] GLF2IAE AHES B 9] S. mutans A&

et W S. mutansg HZ&317] 98l enzyme-linked im-
munosorbent assay (ELISA) 2@WHS A&ttt
ELISA A3 flal 20 pLo] Ax3 Ag /11 @947} gtfs
(gtf B, gtf C, gtf D)= FHZ 96-well Zd|°]E(Nunc,
Roskilde, Denmark)®ll 100 pL2] EfYS ¥-2 & 44 3
F A9 FolFAth ©|3E 3% skim milkZ AF-oA 30%
AetA 7] B2 phosphate buffered saline (PBS)& 3H A&
% 7} gd3A =2 Yol 37X 1A17F incubationdt ot
PBSZ Ao &4 #AA ¥ alkaline phosphate”} &2 goat
anti-mouse immunoglobulin G (Sigma Chemical Co., St.
Louis, MO, USA)E 37¢ColA 1413t incubationdt$ith. ©]

Table 2. Distribution of the DMFT index

A< PBSZE 48 A& % alkaline phosphatase substrate®
2ol ELISA reader (Packard Instrument Co.,
Grove, IL, USA)7I<IA 405 nm= Z%8I31tt.

Downers

5) A &4

Zt A+ gdAES] DMFTSF Dentocult™SM strip mu-
tans, PCRE ©]43% S. mutans®} S. sobrinus®] &A%
a3 47149 G SEGAE AHES B 9] S, mutans
A&l A8E SPSS (Statistical Package for Social
Science) Ver 19.0 B4 TS Apgale] BAs1qi). 7t
TE9 DMFT, Dentocult®™SM strip mutans, S. mutans<t
S. sobrinus® PCR 22}, 223 S. mutans®t 4714 9] @
234 vhg ko] ARIAE AHEY] Y8 Spearman
TN AAletglon, oo & 7t A3 275 Apold o
8l Chi-square #7%, One-way ANOVAZ AAJs}9th v &
22l WH © 2 Fisher's Exact test, Kruskal-Wallis testS

Aletitt.

i

>

I o1 A
1. x[otAZEHX|5=(DMFT)

AN ARY] 3 A S AR ET] Yal REEN S
ARG A7} Table 29F 2o] Yelgth A7 tdAl= & 973
oler, 17 wgeA} 32.0%, 27 254 25.8%, 3T 4
9l 42.3%°1Q 1, Zr 2] DMFT+ 5.16, 5.12, 8.39% U¥E}
wom AA DMFT 3 6.52% ZAE AtH(Table 2).

2. Dentocult®™-SM strip mutansZ 0|28t colony density
(CFU/mL)

179 Dentocult®™SM strip mutansZ ©]&3% colony
density (CFU/mL) Akl A grade 0°] 10%(32.3%),
grade 1°] 16 (51.6%), grade 27} 44 (12.9%), grade 3°]
18 (3.2%) 2.2 Yelgon 27+ grade 0°] 11%(44.0%),
grade 1°] 119 (44.0%), grade 27} 2 (8.0%), grade 3°]

N (%) DMFT (Mean & SD) Range p value
Group 1 31(32.0) 5.16* + 2.89 1.00 - 13.00
Group 2 25(25.7) 5.12* + 4.06 0.00 - 13.00 0.002**
Group 3 41 (423) 839> +5.20 0.00 - 19.00 (p = 0.009%*)*
Total 97 (100.0) 6.52 & 4.60 0.00 - 19.00

One way ANOVA test, chi-square test (*: p <0.05, **: p <0.01, ***: p <0.001)

Duncan post hoc test, a <b
*. Kruskal-Wallis test p value
N = sample size, SD = standard deviatioin

12



Table 3. Distribution of colony density (CFU/mL) level of Streptococcus mutans
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Group 1 Group 2 Group 3 Total
N (%) N (%) N (%) N (%) BRI
Grade 0 10(323) 11 (44.0) 18 (43.9) 39(40.2)
Grade 1 16 (51.6) 11 (44.0) 16 (39.0) 43 (44.3) 0916
Grade 2 4(12.9) 2(8.0) 6 (14.6) 12 (124) (p=0912)"
Grade 3 132) 1 (4.0) 1(24) 33.0)
One way ANOVA test, chi-square test (*: p <0.05, **: p <0.01, ***: p <0.001)
', Fisher's Exact test p value
N = sample size
1 (4.0%)2.2 Yelta, 372 grade 0°] 18 (43.9%), F6%E UEPEe™, S. sobrinusel thE PCR Z3+& S. so-
grade 1°] 167 (39.0%), grade 27} 6% (14.6%), grade 3°| brinus7} HE=A] &2 A$7) 36%, A %% A7} 64%

1% (2.4%) 2.2 Jepyttt. A A7td2ke] Dentocult™-SM
strip mutansE grade 0°] 39%(40.2%), grade 1°] 43%
(44.3%), grade 27} 127 (12.4%), grade 3°] 3" (3.1%)°
= YElsTHTable 3).

3. PCRE 0|88t S. mutans®t S. sobrinus2| EX{o{F

17¢] EtlL o] 83+ S, mutansel 3t PCR 23}, S. mu-
tans’t AEHA ¥& A7 61.29%, AEH 7§—°r7
38.711%= Yelstom, S. sobrinusll g PCR @J)r%
sobrinus7t AEHA @& ZH$7F 58.656%, HEH
41.94% 2 Jebka, S. mutans®t S. sobrinus’} &
Azd 45+= 80.66%, & tF AEHA &2 45+= 19.35%
2 YUeistth 279] Btl& o] 8¢ S. mutansl fH?Z PCR
7}, S. mutans’t AEHA B2 A7) 44%, HEE P57
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Fig. 1. Representative results from the electrophoresis of polymerase
chain reaction using Streptococcus mutans and Streptococcus sobrinus in
saliva samples of group 1. (A) Streptococcus mutans. (B) Streptococcus
sobrinus. (M : marker, lane 1-31 : products of polymerase chain reaction
of group 1).
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e, S. mutans®t S. sobrinus’t $EC 2 AEH 76‘—?‘
= 72%, & v AEHA &2 A= 28%= JET 379
Efl-g o] 83t S, mutansl gt PCR A2, S. mutans’t
=5 e AUl 41.46%, HED A7 58.54% = LE}
on S, sobrinus®l W3 PCR AZE S. sobrinus’t A%
7\] % 757t 65.85%, HEH A7t 34.15%= R

, S. mutans®t S. sobrinus’7} T#ECE HAEH A$E
73 17%. & & A&HA &2 49+= 26.83%2 YelsT. A
A AT EAES] S. mutansdl g PCR 43, S. mutans
7V AEEA @2 B$7 485%, AEH A7t 51.5%=
Elstom | S. sobrinusdl ta PCR 23+ S. sobrinus’t A
EHA & A7) 55.7%, AEE A7) 44.3% =2 VER
i, S. mutans®t S. sobrinus’t TELE AEH ASE
24.7%, & o AEHA ¥ A¥= 75.3% =2 YebgoH(Fig.
1-3, Table 4).

™
i
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Fig. 2. Representative results from the electrophoresis of polymerase
chain reaction using Streptococcus mutans and Streptococcus sobrinus in
saliva samples of group 2. (A) Streptococcus mutans. (B) Streptococcus
sobrinus. (M : marker, lane 1-25 : products of polymerase chain reaction

of group 1).
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Fig. 3. Representative results from the electrophoresis of polymerase

chain reaction using Streptococcus mutans and Streptococcus sobrinus in
saliva samples of group 3. (A) Streptococcus mutans. (B) Streptococcus
sobrinus. (M : marker, lane 1-41 : products of polymerase chain reaction
of group 1).

4. A7FX|o HUASEEHME AlSet Bt L] S. mutans HE

ELISAS AH&ato] Bteliat 7ide 4704 <
(ckAg 1/II, ckBN, ckCN, ckDN)E HHS-A]# .
mutanss A&, 139dA ckAg /IS HHF 1.78,
ckBNE H1 1.97, ckCN& H 1.86, ckDN2 H 1.55
2 71&H o, 230 ckAg I/II& Hit 1.70, ckBNS
T 1.82, ckCN< Ht 1.57, kDN H 1.702 A=
1, 3F9A ckAg I/11& #Hi 1.65, ckBNS 3 1.67,
ckCN2 %3 1.44, ckDN& i 1.442 AE=HUT A
AFNIAEANE ckAg I/11S HT 1.71, ckBN2 H
1.80, ckCN-& 1 1.61, ckDN2 Hit 1.542 A=HAC
(Fig. 4-6, Table 5).

o1
T
4>
Y
>
i=l
Hr
1z

T &

g 2 BRA4E AT EY] 98t Spearman 7
ot A3}, Dentocult®SM strip mutans (D-
SM)E o] &3 Ad2 polymerase chain reaction-
Streptococcus mutans (PCR-SM) (r = 0.295, p < 0.01),
polymerase chain reaction-Streptococcus sobrinus (PCR-
SS) (r = 0.369, p <0.001), PCR-Both (r = 0.467, p <
0.00D)ell F(+)e] Folgk Aol Ae A2 Yest
PCR-SM< PCR-Both (r = 0.585, p < 0.001)l <¥(+)9]
frolgk geke] 9= Ao R YEyton PCR-SS= PCR-
Both (r =0.643, p <0.001)° F(+)2] g Fdke] =
Aoz Yebdth ckAg I/1I level > ¢ckBN (r = 0.811, p <
0.001), ckCN (r = 0.753, p<0.001), ckDN (r = 0.834,
p < 0.00D)°] F(+)e] frofgk Fako] e Aoz Yo
™, ckBN2 ckCN (r = 0.823, p < 0.001), ¢ckDN (r =
0.825, p < 0.001)°ll F(+)e] fFelgt dgko] Ue Aoz
Elsta, ckCN2 ckDN (r = 0.751, p < 0.001)el < (+)<]
ot Fako] Sl Ao YEit

e
T AAAGE A ET] 9l8te] Spearman AR
= o]&% 48L& PCR-SM (r
0.510, p < 0.01), PCR-Both (r = 0.492, p < 0.01)°ll %
(+)9] frefgh dako]l sle Ae=Z Yeyt. PCR-SM&
PCR-Both (r = 0.661, p < 0.001)°] %(+)2] f2l3t gk
o] JdE Aow Yehton, ckAg I/II (r = - 0.554, p <
0.01), ¢kBN (r = - 0.534, p < 0.01), ckDN (r = -
0.434, p < 0.05)° =2 frelgt Jgol] de= Aoz e
WL, PCR-SS= PCR-Both (r = 0.576, p < 0.01)°l &
(+)o] frofat dake] e Aoz Ueyuth. ckAg I/II=

Table 4. Detection of Streptococcus mutans and Streptococcus sobrinus using polymerase chain reaction

Group 1 Group 2

Group 3 Total

N (%) N (%) N (%) N (%) 7
PCR o 12(38.8) 13 (52.0) 25 (61.0) 50 (51.5) 0.022*
SM X 19 (61.3) 12 (48.0) 16 (39.0) 47 (48.5) (p=0.013%)"
PCR o 13 (41.9) 15 (60.0) 15 (36.6) 43 (443) 0.169
-SS X 18 (58.1) 10 (40.0) 26 (63.4) 54(55.7) (p=0.177)"
PCR o 6(19.4) 7(28.0) 11(26.8) 24 (24.7) 0.697
-Both X 25 (30.6) 18 (72.0) 30(73.2) 73 (75.3) (p=0.726)"

One way ANOVA test, chi-square test (*: p <0.05, **: p <0.01, ***: p <0.001)

*. Fisher's Exact test p value

PCR = polymerase chain reaction, SM = Streptococcus mutans, SS = Streptococcus sobrinus, O = detection of the bacteria, X = non-detection of the bacte-

ria, N = sample size
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Fig. 4. Level of antibodies (A) ckAg I/II, (B) ckBN, (C) ckCN, (D) ckDN identified by enzyme-linked immunosorbent assay (ELISA) in saliva samples of
group 1.
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Fig. 5. Level of antibodies (A) ckAg I/1, (B) ckBN, (C) ckCN, (D) ckDN identified by enzyme-linked immunosorbent assay (ELISA) in saliva samples of
group 2.
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Table 5. level of monoclonal antibodies reacted with Streptococcus mutans in saliva samples

Group 1 Group 2 Group 3 Total p value
ckAg I/l 1.78 + 0.59 1.70 + 041 1.65 + 0.53 1.71 + 0.52 (p:ObS.Z;)*
0.107
ckBN 1.97 + 0.61 1.82 + 0.55 1.67 + 0.61 1.80 + 0.60 (p=0117)"
0.005%*
ckCN 1.86"+ 0.47 1.57°+ 048 1.44*+ 0.63 1.61 + 0.57 (= 0.003%%)"
0.225
ckDN 1.55 + 0.59 1.70 + 0.55 1.44 + 0.63 1.54 + 0.60 (p=0.180)"
One way ANOVA test, chi-square test (*: p <0.05, **: p <0.01, ***: p< 0.001)
Duncan post hoc test, a <b
*. Kruskal-Wallis test p value
¢ckBN (1 = 0.841, p < 0.001), ckCN (r = 0.629, p < 3) 29| W 2 A EEA
0.001), ckDN (r = 0.853, p < 0.001)°ll ¥(+)2] Felgt 272 W= 7F A S A Y] 93te] Spearman AHE
ol = AoE YEon, kBN ckON (r = 0.662, A& Algg 23}, DMFT

p<0.001), kDN (r = 0.822, p < 0.00D)°ll %(+)<] F<]
g+ ko] & Ao Yehdal, ckCN2 ckDN (r = 0.614,
p<0.00D)°l F(+)2 gt Jgko] Sl Aoz Yehsth

16

| D-SM (1 = 0.416, p < 0.05)
F(+)e] fFelet FaFo] e A2 vHeEgen, D-SM<
PCR-SS (r = 0.460, p <0.05), PCR-Both (r = 0.576, p
<0.01), ckAg I/IL (r = 0.488, p < 0.05)°l %(+)<] 2|
& 9ol 9l Aoz Yepdth. PCR-SM2 PCR-Both (r



= 0.599, p<0.01), ckBN (r = 0.433, p<0.05)°l & (+)
9 Foet kel Aoz Yo, PCR-SS= PCR-
Both (r = 0.509, p < 0.01)°] ¥ (+)9] f2lgt Fgo] U=
Aoz Yehgal, PCR-Bothe ckBN (r = 0.494, p < 0.05)
o F(+)9 frolgh Gkl A= A2 e ckAg I/11=
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