zation of enamel lesions with remineralization rate of
30-50%
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Actd neutralizing activity duning amino acid fermentation by washed cells of

Porphyromonas gingivalis Prevotella inter media and Fusobacternum nucleatum was
studied When the washed cells of these strains were anaerobically incubated in the
presence of aspartylaspartic acid or glutamylglutamic acid for P gingivalts aspartic
acid for P intermedia and glutamic acid for F nucleatum at an imtial pHof 50o0r 5 5
the pH of the mcubation mixtures rose toward neutral F nucleatum had the highest
acud neutrahizing activity followed by P intermedia and P gingivahs The P intermedia
and F' nucleatuin cells were used to measure the amounts of base produced at a fixed pH
of 50 These cells generated significant amounts of base at pH 5 0 along with the
production of organic acids and ammonia from aspartic or glutamic acid Acid-base

balance theoretically calculated from the amounts of consumed substrate and end
products implies that the acid neutralizing activity was derived from the decrease in
acidity during the fermentation of ammo acid into organic acids and ammonia
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Poiphyromonas gimgnalis Prevotella m
termedia and Fusobacterium nucleatum
are constdered to be periodontopathic bac
teria (7 21-23) Increased numbers of
P gingivalis are found in plaque from sites
i adults with periodontitis while this
bacterium 15 usually absent mn healthy gin
gival suler (20 22) and scarce in gingival
lesions (20) Unlke P gingivalis F aucle
atum and P mtermedia are 1solated from
not only the lesions of periodontitis but
also the lesions of gingivitis (20) or healthy
sites (38) The observation that strains of
F nucleatum and P 1ntermedia are able to
grow at wide pH ranges of 5§ 0-7 0 (12 32
36) whereas F gingivalis grows at pH
6 5-7 0 (19 32 36) ndicates the fiexibil

ity of F nucleatun and P intermedta to the
fluctuaticn of pH 1n oral environment

In addition stramns of P gingivals
P mtermedia and F nucleatum raise the
pH of the culture durning growth (32 36)
and the washed cells of these bacterna
neutralize the environmental pH along with
the production of organic acids and ammo
ma 1n the presence of tryptone or casamino
ac1ds (32) These findings suggest that thre
ugh degradation of mtrogenous compounds
these bacteria are capable of producing base
and consequently modifymng the environ
ment of dental plaque However the me
chamsm of the base production has not been
elucidated since stoichiometric calculation
of substrates and end products 15 difficult

due to the complexity of the composition
of nitrogenous compounds such as tryptone
and casamino acids

Recently 1t has been reported by the
author and hus collaborators {33-35) that
P gingrvails utilizes dipeptides asparty
laspartic acid or glutamylglutamic acid
as a fermentation substrate while P inter
media and F nucleatum uhlize aspartic
acd (37 42) and glutamic acid (3 10}
respectively In this study the acd
neutralizing activity of P gingivalis P i
termedia and F nucleatum dunng fermen
tation of these amino acids and dipeptides
was measured Further the involvement
of amino acid fermentation mn the acid
neutraiizatton was proved by theoretical
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calculation of acid—base batance during the
fermentation

Matenal and methods
Microorganisms and growth conditions

P gingwvalis ATCC 33277 P gingivalis
W 83 P ntermedia ATCC 25611 and
F nucleatum ATCC 25586 were used mn
this study These bactenal strains were
precultured it modified BM medium con
sisting of 1% tryptone 1% proteose pep
tone and 0 5% yeast extract (26 32)
without glucose for 2days at 37 C in an
anaerobic chamber (N, 80% H, 10% CO,
10% NHC type Hirasawa Works Tokyo
Japan) The precultures of the bacterial
strams were transferred nto modified
BM mediuim without glucose at 37 C 1n
the anaerobic chamber

Assay for acid neutralizing activity of
washed cells

The following experiments using washed
cells were carmed out 1n another anacrobic
chamber (N, 90% H; 10% NH type Hir
asawa Works) The bactenal cells were
harvested duning exponential growth phase
and washed twice with 2mM potassium
phosphate buffer (pH 70) contannng
75 mM NaCl 75 mM KCl and 2 mM MgCl,
The cells were suspended in the same
buffer solution at an optical density of §
at 660 nm

The acid neutralizing activity was mea
sured by the change of pH in the cell

suspenston wn the presence of aspartylas
partic acid or glutamyighutamic acid for
P gingrvalis aspartic acid for P interme
dia and glutamic acid for F nucleatum
The cell suspension (0 8 mi) was prewncu
bated at 35 C and pH 50 or 5 5 for S5mun
and the reaction was started by the addition
of 0 8ml of 100 mM sodium salt of amino
acid or 50 mM sodium salt of dipeptide
The pH of reaction mixture was monitored
at 1 hintervals for 6h Before and after the
6 h incubation 0 5ml of the reaction mix
ture was mixed with 0 05 ml of 60% per
chlonc acid and stored at 4 Cmorethan 1h

The amount of base produced was also
measured at a fixed pH by a pH stat using
10 mm HCI as titrant The cell suspension
(2 7 ml) was preincubated at 35 C and pH
50 for Smun and the reaction was started
by the addition of 0 3 ml of 100mm so
dium salt of amino acid The amounts of
base produced were calculated from the
amounts of titrant consumed Before and
after a 14 or 20 mun incubation 0 5ml of
the reaction muxture was muxed with
0 05 ml of 60% perchlorc acid and stored
at 4 C more than Ih

Assay for ammonia and carboxylic acids

The samples mixed with perchloric acid
were centrifuged for the removal of cell
debris (8000x g 4 C 10mn) and then
neutralized with 5 M potassium carbonate
Ammonia in the samples was assayed en
zymatically with glutamate dehydrogenase
(1) Formic acetic lactic malic propio

ni¢ butyric and succinic acids in the sam
ples were assayed by a carboxylic acid
analyzer (model S 3000X Tokyo Rikaki
kat Tokyo Japan) (31 35) Fumaric acid
was determtned fluorometrically using en
zymatic reaction (4}

Detection of § alanine and
y-aminobutyric acid

A part of the sample (3—10 pl) was sepa
rated on a thin layer chromatography plate
(Stlicagel 70 plate Wako Pure Chemical
Industries Osaka Japan) using » butanol
acetic acid water (41 1) Aspartic acid
glutamic acid aspartylaspartic acid gluta
mylglutamic acid P alanine and vy amino
butyric acid contained m the samples were
confirmed by cochromatography After
drying these amino acids and amino acid
dernrvatives were visualized by spraying
1% minhydrnine dissolved 1n methanol con
taining 3% acetic acid

Theoretical calcutation of acid-base
balance

Acid-base balance durmg amino acid fer
mentation was calculated according to the
Henderson—Hasselbalchequation(Table 1)

pH = pK + log[A™]/[AH] when
AH=A"+H"
For mstarice aspartic acid has four forms

differing in the dissociation of carboxyl
and amuno groups The distribution of

Table ! Amount of H* liberated from 1 mol of amimno acid carboxylic acids carbome acid and ammeonia at a pH value of 4

Forms

Amount (mol)

B* amount {mel)

Amino acid
n=1 aspartic actd
n=2 glutamic acud

Monocarboxylic acic
n=10 formic acid
n=1 acetic acud
n=2 propionic acid
n=3 butync acid

Dicarboxyhc acid
n=1 fumanc acid
n=2 suwccme actd

Carbonic acid H,CO,
HCO;™ + H*
CO;> +2HT

Ammonia NH,* + OH~
NHJ

HOOCHC(NH, ")(CH,) COOH + OH™
~QOCHC(NH; *KCH,) COOH
~OOCHC(NH,*}CH,) COO™ +H*
~OOCHC(NH,)(CH,) COO™ + 2H*

H{CH,) COOH
H(CH,) COO~+H*

HOOC(CH ),COOH
QOC(CH ),CO0H + H*
~00C (CH ),C00~ + 2H*

1/S,

Ci/S,
C,Cy/S;
C1C1Ca/Ss

145,
C\/S

1752
C\/S;
C,C/8;

1/8;
C\/8;
C G5y

/8,
C|IIS].

-1/s*

0

CiCyfSs

2C,C,C4/S;

Z[H] =(C\,C +2C,CC3— 1S3
0

C/8,

IfHY =C /5,

0

C\/S,

2C,Co/8;

Z(HD)=({C, +2C,C)/S;
0

C\/8,

2C,C,f5,

I{H*]=(C, +2C,C2)/82
—1/5,*

0

T[HY)=-V1/5,

C,=10¥-PK) C, =W -PK) Cy=100 P § =14C, §,=14+C +CCz 8:=1+C+C,C+ GGG
¥Amounts of OH™ were calculated as minus values

pK values see Material and methods



these forms at a pH value of 4 1s calculated
from the following equations
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{(pK, =418 pK;=56) ammoma (pX| =
9 26) (25)

A = pK) + log["OOCHC(NH, *)CH,COOH|/[HOOCHC(NH; * JCH,COOH]
A = pK; + log[ " OOCHC(NH; *)CH,CO0"]/[~OOCHC(NH; * )CH,COOH]
A = pKs + log["OOCHC(NH,)CH,C00~/[~OOCHC(NH;* )CH,COO™]

Thereby the total H™ derived from
Imol of asparic acid at pH A
((HY)ygpan) 18 calculated as (C,C, +
2C,C,C5 — 1S5 when C, = 104 9K
C;=101"7K) ;=104 gpg
Sg =1 +C1 + C[C2+C]_C2C3 (Table 1)
Sumular calculations were performed for
end products from aspartic acid fermenta
tion formucacid ( 35[H*)y,,} aceticacid
(3[H'] ) fumancacid (3 [H*}yma)
sucamc acd ( FoMH* ] .n)  carbonic
actld  (3_[H"] ) and ammoma
(3oMH*],mon) From these calculations
the change in H* dunng aspartic acid
degradation by P intermedia at pH A (p
mol of aspartic acid = ¢ mol of formic
acid +r mol of acetic acid+s mol of
fumanc acid + ¢ mol of succinic acid + u
mol of carbonuc acid + v mol of ammonia)
wasg estimated as

Chemicals and enzyme preparations

Sodium salts of aspartylaspartic acid and
glutamylglutamic acid were purchased
from Sigma Chemical Co (St Lous
MO) Enzyme preparations were pur
chased from Roche Diagnostics (Basel
Switzerland) All the other chemicals were
obtained from Wako Pure Chemical Indus
tries Ltd

Results and discussion

The washed ceils of P gingrvalis P inter

media and F nucleatum raised the pH from
5 5to 6 55-6 70 during a 6 h incubation
the presence of amino actd or dipeptide
(Fig 1) In addition all the cells raised the
pH from 5 0 except for P gingivahs ATCC
33277 in the presence of glutamylglutamic
acid F nucleatum ncreased the pH most

{(@ 2 M o+ 7 32 1 a5 3 M e + £ 3 M
+u Z [H+]carhon +v Z {H+]ammon) ~P E[H+]aspm}

The following pX values were applied for
calculation aspartic acid (pK, =188
pK> =365 pKy=960) glutamic acid
(PK1 =219 pK; =425 pK3=967) car
bonic acid {(pK, =637 pK,=1025) for
mic acid (pK, =3 75) acetic acid (pK, =
476) butynie acd (pK, =4 82) fumaric
acid (pK| =3 02 pK;=44) succinic acid

P gingivals

P intermedia

rapidly while P intermedia and P ging:
valis increased the pH slowly but thetr final
pH was higher than F rucleasum Dunng
the neutralization F nuclearem produced
formic acid acetic acid butyric acid and
ammonta while P mtermedia produced
formic acid acetic acid fumanc acid suc
cinic acid and ammoma P gmgrvalis pro

F nucleatum

70
65
5 60
55
50 [ [
0 2 4 6 o] 2 4 1] ¢ 2 4 &
Time (hr) Time (hr} Time (hr)

Fig I Acid neutralizing actuvity of P gingrvalis P intermedia and F nucleatum In the panel for
P gingivalis ATCC 33277 (A A)and W 83 (@ O) One representative set of results 1s given from

three independent experiments and 1s similar to the other two sets of results

duced butyric acid acetic acid propiomc
acid succinic acid and ammoma except for
P gingivalis ATCC 33277 at an imtial pH
of 50 These end product profiles were
simular to those reported previously (data
not shown) (34 35 37) Neither B alanine
nor y aminobutyric actd was detected as an
end product

These results clearly show that the wash
ed cells of these bacteria produced base
dunng amino acid degradation Previous
studies demonstrated that base production
in dental plaque 15 due to degradation of
urea (ureolysis) (17 29 40 41) degrada
tion of argimine (argmolysis) (5 15 18 40
41} and decarboxylation of amino acid (9
11 13 17 39) The base production by
ureolysis and arginolysis has been ex
plamed mamly by ammomia hberation
from urea and arginine respectively (6
27) Decarboxylation of ammo acid pro
duces amine and carbonic acid Durning this
reaction H¥ 15 trapped into carbonic acid
and the carbonue acid 1s released as carbon
dioxide leading to neuiralization (9 17
27) Particularly at low pH the decarbox
ylation of amino acid has been considered
a main bactenal metabolic activity pro
ducing base (9 11 13) In this study
however no amune (§ alanine or y amino
butyric acid) was produced excluding the
possibility of base production by dec
arboxylation Instead a signficant prod
uction of organic acids and ammona
indicates that the amino acids were fer
tmented nto organic acids and ammonia
{Table2) and strongly implies the mvol
vement of amuno acid fermentation 1n the
base production

In order to prove this assumption the
oretical calculation of acid-base balance
during the amino acitd fermentation by
P intermedia and F nucleatum was per
formed according to the Henderson—Has
selbalch equation (Tablel) The base
production was quantified by a pH stat
method using HC! as titrant (Fig 2) and
the amounts of end products were quant
fied by & carboxylic acid analyzer (Ta
bile2) The production of carbome acid
was estimated from stoichiometric caleu
lation of carbon recovery according to the
previous reports concerming the metabolic
pathway of P wtermedia (37 42) and
F nucleatum (3 10)

For instance at pH 50 P inrermedia
consumed (} 870 pmol of aspartic acid and
produced 0095umol of forme acid
0284 ymol of acetic actd 0 098 pmol
of fumanc acid 0 520pmol of succinic
acid 0346 umol of carbonic acid and
0 870 pmol of ammonta (Table 2) Accord
ing to the equations in Table! 1 00mol
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Table2 End product formation base production and acid—base balance during amne acid fermenta
tion by P mtermedia ATCC 25611 and F nucleatum ATCC 25586 at pH 50

P intermedia F nucleatum

End products from aspartic or glutamic acd (umol)*

Formic acid
Acetic acid
Butyric acid
Fumaric acid
Succimic acid
Carbonuc acid
Ammonia

Aspartic or glutamic acid consumed (pmol)®
Amount of base expected (pumol)
Amount of base produced (umol)f

0095+ 0026 036+008
0284+ 0047 324+074
nd 200+045
0098400621 od

052040061 nd

0 346 + 0 282° 9264210
0870+£0129 4824109
0870+0129 4824109
068440147 489+ 111
0 560 40 090 4244083

The means + standard deviations of three experimental values were given

nd not detected

Production for 20 mun from aspartic acid and 14 mun from glutamic acid

*Obtaimed from stoichiometric calculation of carbon [=5 x mol of ammoma — | x mel of forme
acid — 2 x mol of acetic acid — 4 x mol of butyric acid)

Obtained from stoichiometric calculation of carbon [=4 x mol of ammonia — 1 x mol of formic
acid — 2 x mol of acetzc acid — 4 x mol of suceimic acid]

dAssumed as the same amounts of ammonia produced

Calculated from the amounts of amino actd consumed and end products detected using Henderson—

Hasselbalch equations (Table 1)

fProduction (umol of OH™ obtamed from the data presented :n Frg 2} for 20 mun from aspartic acid

and 14 min from glutamic acid

No signuficant difference from the amount of base produced (pared Student ¢ test)

of aspartic acid consists of 0957 mol
of "TOOCHC(NH;MCH,COO™ + H* and
0 043 mol of "OOCHC(NH, " CH,COOH
at pH 5 0 so that total H* 15 calculated as
0957mol Therefore the amount of HY
liberated from 0 870 umol of aspartic acid
1s calculated as 0833 pmol (0870 x
0957 pmol) Similarly each mol of for
mic acetic fumaric succinic and carbomsc

P Iintermedia

acids hiberates 0944 0645 179 107 and
0 042 mol of H* respectively while 1 mol
of ammoma hberates 1 00mol of OH™
(namely production of —1 00 mel of HY)
Thus the total H' Iiberated from the end
products 15 calculated as 0 149 pmol
[(0 095 % 0 944 pmol from formic acid)

+ (0 284 x 0 645 pmol from acetic acud)

+ (0098 x 1 79 pmol from fumaric acid) +

F nucleatum

08 5
= 4
S 06
£
=
c 3
o
£ 04
3 2
Q
i
Y
X 1
O
0 L 1 0 L A,
0 5 10 15 20 0 5 10 15

Time {(min)

Time {min)

Fig 2 Base production by P intermedia ATCC 25611 and F mucleatum ATCC 25586 at pH 5 0

One representative result 1s given from three independent experiments and 15 sirmular to the other

results

(0 520 % 1 07 pmol from succime acid)
+ (0346 x 0042 pmol  from carbomic
acid)+ (0870 x —1 00 umol from am
monia)] The change in H* dunng the
degradation of glutamic acid to formic
acetic fumaric succiuc carbonic acids
and ammonia 15 calculated as —0 684
(=0149 -0 833)pmol  meaning that
0 634 umol of OH™ is expected to be pro
duced (amount of base expected 1n Table 2)
A similar calculation was performed for
F nucleatum (Table 2)

The theoretically calculated amounts of
base (base expected 1n Table 2) were sim
lar to the detected amounts of base
(Table2) These results indicate that the
base production by P intermedia and
F nucleatum at acidic pH was denved
from the decrease 1n acidity during the
fermentation of amino acid mnto organic
acids and ammonia The acid neutralizing
actrvity of P gingrvalis (Fig 1) can also be
explained 1n the same manner though the
calculation for P gmmgivals 1s difficult due
to the lack of information on pX values of
dipeptides The neutralizing activity slo
wed down after reaching about pH 65
(Fig 1) This could be due to the ability
of even orgamic acids with high pK' values
to mostly dissociate around reutral pH and
subsequently produce a sigmficant amount
of H™

Acid-base balance dumnng amino acid
fermentation can be more generalized
The pK value of carboxyl group of amino
acid 13 2-3 so that the carboxyl group
dissociates completely at pH 5 Both the
ammo group of amino acid and the ammo
nia produced from amino acid alse dis
sociate completely at pH 5 On the other
hand most organic acids such as acetic and
butyric acids produced from amine acid
fermentation have higher pK values so
that they only partially dissociate at pH 5
Therefore during the fermentation of am
no acid mto orgamic acid and ammoma
around pH 5 H*' could be consumed
{namely net base production) depending
on how many moles and what kinds of
organic acids are produced from 1 mol of
amino acid The base production by F nur
cleatum P mtermedia and P gingwahs
from peptide muxture at acidic pH as ob
served pieviously {32) may also be ex
plamed in the same manner since these
bacteria produced laige amounts of organ
1c acids and ammonia fiom peptide mix
tures (32)

Thele are vailous amino acids available
in dental plaque of winch glutarmic and
aspartic acids make up the major part (14
28) Both these amino acids mmcrease in
gingival fluid from periodontal sites (3G)



Peptides are also supplied from saliva and
crevicular fluid and through bactenial pro

tein degradation Asaccharolytic bactera

such as F nucleatum P intermedia and
P gingivalis 1 the dental plaque ecosys

tem can incorporate and ferment these
ntrogenous compounds nto organic acids
and ammonia This activity may partly
contribute to the acid neutralizing activity
1n dental plaque as shown in this study and
play a role n maintaiming a neutral dental
plaque pH (2 & 16) as well as the activity
of ureolysis arginolysis and decarboxyla

tion of amino acid Furthermore the ability
of these bactena to neutralize the environ

ment of dental plaque could protect them

especially acid sensitive bacteria such as
P gmgwvalis (19 32 36) from acid attack
when fermentable carbohydrates are sup

plied to the oral cavity and the plaque pH
decreases rapidly (24)
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ABSTRACT

T SATO,J MATSUYAMA, T KUMAGAI, G MAYANAGI M YAMAURA,J WASHIO ANDN TAKAHASH! 2003

Aimms Mutans streptococcr such as Streptococcus mutans and Streptococcus sobrinus have been implicated 1n human
dental caries In an attempt to develop a rapid and sensitive method for detecting Strep mutans and Strep sobrinus in
dental plaque, a nested PCR amphfication based on the 168 rRNA gene was employed

Methods and Results A universal set of PCR primers for bacterial 168 rRNA gene was introduced for the first
PCR, and then two sets of primers specific for the 16S rRNA gene sequences of either Strep mutans or Strep
sobrinus were used for the second PCR Eighteen plaque samples were analyzed, and a nested PCR was shown to be
more sensitive for detecting Strep mutans and Strep sobrinus than direct PCR

Conclusions, Significance and Impact of the Study The 16S rRNA gene-based nested PCR method 15 a
rapid and sensitive method for the detection of mutans streptococct, and may also be suitable for carrying out large-
scale studies on the cariogemicity of mutans streptococc

Keywords 165 rRINA gene, detection, PCR, Streptococcus mutans, Streptococcus sobrinus

INTRODUCTION

Mutans streptococer have been implicated as canogenic
bacteria 1in the oral cavity because they have biological
properties such as high productivity of dental caries-causing
lactic actd and extracellular polysaccharides (Loesche 1986,
Maiden er 4/ 1992) Among these bacteria, Streptococcus
mutans and Streptococens sobrinus are frequently 1solated from
dental caries lesions (Loesche 1986, Maiden ¢f af 1992)
Presently, molecular approaches have been developed for
the detection and idenufication of mutans streptococc n
oral samples We previously reported a method using
restriction fragment length polymerphism analysis of PCR-
amplified 16S rRNA genes to 1denufy Swep mutans and
Strep  sobanus followed by the culture and isolation of
colonies on the agar plates (Sato er a/ 2001) However, this
method 1s time-consumung and requires culturmg and
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1solating target bactersa on agar plates On the contrary, a
direct PCR method has been developed to detect mutans
streptococct dwrectly from dental plaque samples using
speafic PCR primers without the need to culture and
isolate bactera (Igarashu er af/ 2000, Oho et al 2000, Rupf
et al 2003) However, specific bacterial DNA amplification
may be influenced by the presence of other bacterial DNA
extracted from dental plaque samples, and this may result
in reduced sensiivity (Bamford et ¢/ 1998, Sugita et al
2001)

Nested PCR amplification has been developed to increase
the sensitivity of detecting periodontal bacteria directly from
dental plaque samples (Leys e a/ 1994, Wilhs et 2/ 1999)
This method consists of a first-step amplfication with
unmiversal pnimers and a second-step PCR with species-
speafic primers, and 1t allows amplification of specific DNA
regions of the target bacteria with hagh sensinwty

In the present study, we developed a nested PCR method
for rapid and sensitive detection of Strep mutans and Strep
sobrmus, and 18 human dental plaque samples were analysed
for the presence of these two species

© 2003 The Society for Applied Microbiology
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MATERIALS AND METHODS
Bacterial culture and genomic DNA purification

Streptococcus mutans NCTC 10449 and Strep sobrinus JCM
5176 were cultured on Fastidious Anacrobe Agar (IDG
Limited, Bury, UK) supplemented with 5% defibrinated
rabbit blood, and incubated at 37°C for 3 days n an
anaerobic glove box (model AZ-Hard, Hirasawa, Tokyo,
Japan) i an atmosphere of 80% N3, 10% H; and 10% CO,
Bacteria were harvested from the plates and genomic DNA
was extracted using the InstaGene Matnx Kit (Bio-Rad
Laboratories, Richmond, CA, USA) according to the
manufacturer’s mstructions

Dental plaque sample collection and preparation

Eighteen supragingival plaque samples (ca 1 mg) formed on
healthy enamel surfaces of 18 pauents (27-81 years) were
collected No patients had taken anubiotics for 3 months
prior to sampling All patients were treated as specified
under the umiversity human subjects protocol Sternle
explorers were used to collect dental plaque Plaque samples
were stored 15 ml sampling tubes at —20°C prior to
analysis

Nested and direct PCR

Plaque samples were washed once with 1 ml of sterile
distilled water and DNA was extracted with the InstaGene
Matrix Kit (Bio-Rad Laboratories) according to the manu-
facturer’s mstructions

In the first amphficanon, the 165 rRNA genes were
amplified by PCR with universal primers 8UA and 1492R
{Sato et al 1997, 2001) and Tag DNA polymerase (Hot-
StarTaq Master Mix, Qiagen GmbH, Hilden, Germany)
according to the manufacturer’s mstructons Each PCR
mxture comprised 5 zl of either plaque sample DNA or
bacterial genomic DNA and 95 ul of reaction muxture
contaning 15 mM MgCl; PCR amplficaton was per-
formed 1in a PCR Thermal Cycler MP (TaKaRa Biomed-
icals, Ohtsu, Shiga, Japan) programmed for 153 mun at 95°C
for imtial heat acttvation and 35 cycles of 1 mun at 94°C for
denaturation, 1 mun at 55°C for annealing, and 15 min at
72°C for extension, followed by 10 min at 72°C for final
extension The predicted PCR product with the universal
primers was 1505 bp 1n length

Subsequently, detection of Strep mutans and Stiep
sobrinus were performed by a second amplification of the
first amphfication muxture (1 pl) usimng species-specific
primers based on the 165 rRINA gene sequences The
second PCR was carnied out for 35 cycles with either the
Strep mutans-specific primers, sml and sm2, or the Strep
sobrinus-specific primers, SobF and SobR (Rupf et a/ 2001,

Sato er al 2001) and Tag DNA polymerase (HotStarTaq
Master Mix, Qiagen GmbH) according to the manufac-
turer’s instructions The predicted PCR products with
Strep mutans- or Strep sobrmus-specific primers were 282
and 546 bp 1n length, respectively

Direct PCR was also conducted using the spectfic primers
to detect Strep mutans or Strep sobrnus DNA directly from
a dental plague sample without PCR amplification with
universal primers

The PCR products were separated on 2% agarose gels
(High Strength Analyncal Grade Agarose, Bio-Rad Labor-
atories) in Tris—borate EDTA buffer (100 mM Tris, 90 mM
borate, 1 mM EDTA, pH 84) stmned with ethidium
bromide and photographed under uv hght A 100-bp
DNA Ladder (Invitrogen Corp, Carlsbad, CA, USA) was
used as a molecular size marker

DNA quantification

The sensitivity of the nested PCR method and the direct
PCR method was compared using standardized amounts of
genomic DNA extracted from Strep murans NCTC 10449
and Strep sobrmus JCM 5176 DNA as a template The
concentration of chromosomal DNA was deterrmined pho-
tometrically at 260 nm using a spectrophotometer (Smart-
Spec 3000, Bio-Rad Laboratories)

RESULTS
Sensitivity of the nested PCR

Serial dilutions of genomic IDDNA extracted from Strep
mutans NCTC 10449 and Strep sebrinus JCM 5176 (range
10 ng to 1 fg) were carried out to compare the sensitivity of
the nested and direct PCR methods Nested PCR for Strep
mutans and Strep sobrinus allowed the detection of 100 and
10 fg DINA, respectively (Fig 1) For direct PCR, the
detection himuts of Step mutans and Strep sobrinus were

100 pg and 100 fg DNA, respectvely (Fig 1)

Nested PCR detection of Strep mutans and Strep
sobrinus 1n dental plaque samples

Nested and direct PCR was zpplied to detect Strep mutans
and Strep sobrimus in dental plaque samples In the first
amplification with universal primers, bacterial 165 rRINA
genes were amphfied 1in all 18 samples tested (data not
shown) In the second amphfication, Strep mutans DNA was
detected 1 all 18 samples tested (detection rate 100%)
With direct PCR, however, no signal was detected in
sarnples I, 2 and 11-18 (detection rate 44%) Furthermore,
Strep sobrinus DNA was detected by nested PCR 1 4 of 18
samples tested (samples 8, 9, 13 and 14, detecuon rate

©@ 2003 The Society for Applied Microbrology Letters i Applied Microbiology 37, 6668
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Fig 1 The detection lunus of direct and
nested PCR amplification with Strepococcus
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22%), while by direct PCR, only samples 8 and 9 had
positive signals (detection rate 1196)

DISCUSSION

Streptococcus mutans and Strep sobrinus are recognized as the
most common cariogenic bacteria associated with human
dental caries, and due to different imitial colomzanon and
acidogenic properues, detection and differentiation of these
bacteria are important (T.oesche 1986, Hirose ef al 1993)
To understand the relationship between the incidence of
caries and the existence of Strep mutans and Strep sobrinus,
1t 15 first necessary to develop a rapid and sensizve method
for detecting these bacteria 1n dental plaque

The detection of Strep mutans and Strep sobrinus has been
accomphished by the conventional culture methods inclu-
ding biochemical and serelogical analyses, e g production of
acids from N-acetylglucosamine, arbutn and melibiose, and
the presence of «-galactosidase and a-glucosidase (Beighton
et al 1991, Maiden et o/ 1992, Whiley and Beighton 1998)
Conventional methods are followed by the isolation of
colomies on the mitis-sahivarius agar, so that the methods are
nme-consummg and sometimes unstable because they
depend upon morphology and susceptibility to bacitracin
Therefore, genetic approaches such as a species-specific
PCR based on the dextranase (Igarashi ¢ 2/ 2000, Okada
et al 2002) or glucosyltransferase (Oho er 2l 2000, Yano
et ol 2002), gene sequences have been reported to be useful
for detecung Strep muzans and Strep sobrmus In addition to
these target genes, bacterial 16S rRINA gene 15 known to be
highly conserved within bactenal species and 15 widely used
as a tool of bacterial taxonomy (Tanner er ol 1994) At
present, analysis based on the 165 rRNA gene sequence 1s
considered to be a standard in bacterial 1denaficaton and
detection A direct PCR using specific primers based on the

Nested PCR—

13 14 15 16

mutans-specific (panel a) and Strep sobrimus-

specific (panel b) primers Lanes -16 DNA
of either Spep mutans NCTC 10449 or Strep
sobrurus JCM 5176, at 10 ng (lanes 1 and 9),

1 ng (lanes 2 and 10), 100 pg (lanes 3 and 11),
10 pg (lanes 4 and 12), 1 pg (lanes 5 and 13),
100 fg (lanes 6 and 14), 10 {g (lanes 7 and 15)
and | fg (lanes 8 and 16), M, molecular stze

markers (100 bp DNA Ladder)

16S rRNA gene, as well as dextranase and glucosyltrans-
ferase genes, can differenunally derect Swep mutans and
Strep sobrinus (Rupf et e/ 2001) However, the disadvantage
of these direct PCR methods 1s the potenually low
sensittvity for directly detecting bactersa from chmical
samples Thus, in this study the nested PCR with the 168
rRNA genes was employed for the detection of Strep mutans
and Strep sobrmus

Our results (Fig 1) revealed that the detection using
nested PCR was highly sensitive to Swrep mutans and
Strep  sobrinus {detectnion hmats 100 fg and 10 fg DNA,
respectively) when compared with direct PCR (detection
hmats 100 pg and 100 fg DNA, respecuvely) This could
be because selective amplfication of the 165 rRNA gene
by the first PCR increased the sensiuvity of the second
PCR using specific primers designed for the 168 rRNA
gene This procedure may also reduce interference from
other DNA extracted from plaque samples In addition,
the difference of detection lumits of the nested PCR
between Strep mutans and Swrep sobrnmus were smaller
than those of the direct PCR These results suggest that
the nested PCR in this study are suitable for the
simultaneous detection of Strep muctans and Strep sobrinus
rather than the direct PCR, and may also be switable for
carrymng out large-scale studies on the canogenicty of
mutans streptococcl

In nested PCR amphficanon, universally conserved
sequences were used as the first PCR primers 1n order to
amphfy variable regions of the 165 rRINA gene in all bacteria
present 1 the plaque sample Sequences unique to a single
bacterial species were used as the second PCR primers 1n
order to penerate a species-specific DNA fragment There-
fore, the method descrnibed here can potennally detect not
only Strep mutans and Strep sobrimus but also other oral
bacteral species, such as periodontopathic bactena, by
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