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Urea in the oral cavity is hydrolyzed mainly by bacterial ureases to ammonia, which in turn, raises pH of
the oral environment, maintaining oral pH homeostasis, thereby inhibiting dental caties. Srreprococcus sali-
varins has been shown to be a major contribution to oral ureolysis. Synthesis of urease by S. salivarius .
appears to be constitutive. but can be greatly enhanced in the acidic environment. It has been presumed
that ureolytic activity of S. sa/ivariuns strains isolated from caries-active site is greater than that of strains
from cariesfree site. However, no iz vivo study has supported the presumption. The present study was
performed to observe the ureolytic activity of §. salivarius strains isolated from different environments in
the same individual, finding out whether the ureolytic activity is related to dental caries. For the purpose,
S. salivarins strains were isolated from caries-active site ()C2), a caries-free site of the tooth, and the dor-
sum of the tongue of each of 50 patients having decayed teeth. The strains isolated from the patients who
harbored S. salivarizs in more than two sites were selected and then their ureclytic activities were mea-
sured. In order to examine clonal diversity of the strains, their #72C genes were amplified by polymerase
chain reaction (PCR) and then restricted with EcoRV, and the protein profiles of the strains were compared
by SDS-PAGE. The results were as follows:

1. Of 50 patients, 13 patients harbored §. safivarius in more than two sites: a total of 61 S. salivarius

strain were isolated from the patients and selected for the study.

2. Of 17 isolates from the caries-active site of 9 patients harboring . se/iwarius in more than two sites
including carious lesion, 10 (58.8%) showed a high ureolytic activity (& 200 #mol/min/mg}. While, 19
out of 44 isolates (43.2%) from the caries-free site of the teeth and the dorsum of the tongues of 13
patients were the strains with a high ureolytic activity.

3. Of 9 patients harboring §. sa/ivarius in more than two sites including caries-active site, 6 patients were
found to have the strains in the caries-active site showing a lower ureolytic activity than the strains in
the other sites.

4. Of 34 isolates with ureolytic activity higher than 40 #mol/min/mg, 32 isolates produced 0.54-Kbp PCR
products regardless of the sites of bacterial collection. In contrast, of 27 isolates with ureolytic activity
lower than 40 #mol/min/mg, 26 isolates yielded 1.3-Kbp PCR products or none regardless of the sites.

5. Different clonal types of . safrearius with relatively higher and lower ureolytic activities were found in
the same individuals and even in the same sites.

6. None of strains showing different ureolytic activity appeared to be the same clonal type.

The overall results suggest that ureolytic activity of the isolates does not appear to be related to differ-

ences of the environments but related to their own genetic traits.
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5. Polymerase chain reaction
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chain reaction(PCR) 438& 33t A2 primer
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polymerase, PCR ¢%-894(10mM Tris-HCl(pH 8.3,
50mM KCl, 15mM MgCl2)& 718t B389 3ol
3047t B2 & st AMgstgch E-E9L 92TelA
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FZEAHON T2 Streptococcus salivariuse 2LEfEHN Bist

Table 1. Isolation of S. salivarius strains from different sites in the oral cavity of individual patients with dental

cariesa.
Pationts Caries-active  Caries—free Tongue Patients Caries-active  Caries—free Tongue i
site site site site |
P1 - - +* P26 + - . -
P2 - - + P27 - - +
P3 ' - - + P28 - + +
P4 - - + P29 + + +
P5 - + - P30 - - -
P6 - - - P31 - - -
P7 - - + P32 - - -
P8 - + - P33 - - -
P9 + - + P34 - - -
P10 + - - P35 - - -
P11 - - - P36 - - +
P12 - - - P37 - - +
P13 + + + P38 + + +
P14 + + + P39 + - +
P15 - - + P40 - - -
P16 - - - P41 - - -
P17 - - - P42 + + +
P18 - - - - P43 - - -
P19 - - + P44 - + +
P20 - - - P45 - + +
P21 - - - P46 - + +
P22 - - - P47 + + +
P23 - + - P48 - - +
P24 + + + P49 - - -
P25 - - + P50 - - +

a ;8. salivarius strains were isolated from caries-active site, caries-free(healthy) site of the tooth, and the dorsum of the

tongue.
. +, isolated: —, not isolated.

£ Hol= A% 84 133 F 4% (84 P13, P14, P28,
P4g)olgl e UHR] gl 8. salivarius T57} o
G gARH BATE Hooh W, FHEE g o,
2L BodA B2 S salivarius TFE 7Y A3 ]
23 948 ZATE 2l HAEHdE 19
(P42), 73209l 29 (P42, P45), AAulF-gldM < 4
H(P9, P24, P39, P47)0| 2L FHAUAINE §. salivar
jusS) 8228) FHEC) 2 A0]% LehdcHTable 2).

3. PCR ME

ZF 61N #F F ureC FAANE FE317] 93 primerE

AH-ste] PCRE A3’ A3 (Fig. 1) 220 257t e S
AT Yottt o] 5 139 FAHP42)olM Bejd 2 7
Fukg AQstn Uz 20 #3e EF 40#mol/min/mg
ol3tel wte gl FHAE EHYth FH 404
mol/min/mg °l3te] F& FYEE 2= 277 #F F 1
7} 55 0.54Kbp AHES AR D YA 267) 25 =
5 PCR AtEo] A=A EGA%QR07) #5), 1.3Kbp4l
PCR 2H&wHE 43T 67] @F). o|€ 1.3Kbp4l
PCR 2H&-& EcoRVE Hesle A¢ o] ddaid 9
3] ZAA E35o] agarose gelolld Ao} FALA] sk
o},

A 40pmol/min/mg ©1%32 84Es FAEE e
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Table 2. Ureolytic and genetic characterizations of S. salivarius isolates from different environments of 13 patients
harboring S. salivarius in more than two bacterial collection sites®.

Caries-active site Caries-free site Tongue
Patients Ure.ol-ytic SLZ;}(DI(?;)) No. of Uref)b'/ticA St)zf‘fé?) No. of Uref)l?rtic Slj: 1(31(?;)) No. of
activity® fragmentd activity fragment  activity fragment
product’ product product
P9 17.3 - - 729.7 0.54 1
"~ 163 - - 16.9 —
P13 727.3 054 - 2 660.8 0.54 2 695.1 0.54 2
704.7 0.54 2 - 635.0 0.54 1
P14 13.6 1.3 - 5.5 1.3 - 7.1 1.3 -
7.3 1.3 -~ 5.3 1.3 — 9.3 1.3 -
P24 850.7 0.54 1 1078.0 0.54 1 216.5 0.54 1
859.4 0.54 1 1047.3 0.54 1 12.0 -
P28 - 159 - 13.2 -
- 14.6 - 13.6 -
P29 334.9 0.54 1 650.3 0.54 1 645.9 0.54 1
P38 1248.8 0.54 2 800.6 0.54 2 2842 0.54 2
1262.8 0.54 2 686.5 0.54 2 391.9 0.54 2
P39 420.1 0.54 2 - 475.6 0.54 2
307.6 0.54 2 - 1340.3 0.54 2
P42 163.1 - 42.9 0.54 2 162.1 0.54 2
530.6 - 1165.6 0.54 2 1504 0.54 2
P44 - 686.8 0.54 1 31.2 -
- 693.6 0.54 1 -
P45 - 35.2 - 32.2 -
- 999.3 0.54 1 30.4 -
P46 - 27.3 - 24.8 -
- 25.7 - 26.8 o=
P47 21.6 - 24.8 - 23.5 0.54 1
24.6 - 21.8 - 121.8 0.54 1

» A total of 61 S. salivarius strains were isolated from 13 patients harboring §. sefvarius in two or more than two out of
the three bacterial collection sites. caries-active site, caries~free site of the tooth, and the dorsum of the tongue.

» Ureolytic activity( mol/min/mg) represents an amount of ammonium produced from urea per min by 1mg of S. sa/:-
varius (protein) used for the experiment. The urea hydrolysis experiments were repeated several times and almost
identical results were obtained from the experiments. The results shown here are the representative ureolytic activi-
ty of the several experiments. -: no §. sa/ivarius isolate.

: The numbers indicate the size of products obtained from PCR amplification. —: no PCR product.

. The numbers represent the number of fragments produced from the PCR products after EcoRV restriction. 1: no
endonuclease cleavage left the product as it was (one fragment), 2: one endonuclease cleavage made two fragments.
— multiple cleavage by £c0RV endonuclease made many small fragments which were not detectable on an agarose
gel.
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Table 3. Distribution of S. salivarius isolates based on the range of their ureolytic activities®.

FZEZ0) T2 Streptococeus salivariusS] SABFHEAS] HE

Urease activity

Number of isolates from :

{(#mol/min/mg) Caries-active site Caries-free site Tongue
{ 40 6 9 12
40 ~ 100 ¢ 0 1 0
100 ~ 200 ¢ 1 0 3
200 ~ 400¢ 2 0 3
400 ~ 800< 4 5 5
800 ~ 1200 ¢ 2 5 0
1200 < 2 0 1

2 ; The result represented here is the modification of Table 2.

Table 4. Variation in the size of the PCR products from ureC gene of the S. salfivarius isolates and number of
restriction fragment of the PCR products®.

| No. of No. of |
x Urease PCR products Urease PCR products
. . fragments . . fragments

Strains  activity by EwoRV Strains activity l

) y Eeo . by EcoRV |

(pmol/min/mg) 0.54Kbp  1.3Kbp . {ermol/min/mg) 0.54Kbp  1.3Kbp o

restriction restriction }
P14-H2® 5.3 — + - P42-T1 162.1 + - 2

P14-H1 5.5 - + - P42-C1 163.1 S = -
P14-T1 7.1 - + - P24-T1 216.5 + — 1
P14-C2 7.3 — + - P38-T1 284.2 + - 2
P14-T2 9.3 — + - P39-C2 307.6 + - 2
P24-T2 12.0 - — P29-C1 334.9 + - 1
P14C1 13.6 — + - P38-T2 3919 + - 2
P28-T1 13.2 - - P39-Cl 420.1 + - 2
P28-T2 13.6 - - P39-T1 475.6 + - 2
P28-H2 14.6 - - P42-C2 530.6 - -

P28-H1 159 - - P13-T2 635.0 + - 1
P9-C2 16.3 - - P29-T1 645.9 + - 1
P 9-T2 16.9 - - P29-H1 650.3 + — 1
P 9-C1 17.3 - - P13-H1 660.8 + - 2
P47-Ci 216 - - P38-H1 686.5 + - 2
P47-H2 21.8 - - P44-H1 686.8 + - 1
P47-T1 23.5 - - P44-H2 693.6 + - 1
P47-C2 246 - - P13-T1 695.1 + - 2
P46-T1 24.8 - - P13-C2 704.7 + - 2
P47-H1 24.8 - - P13-C1 727.3 + - 2
P46-H2 25.7 - - P 9-T1 729.7 + - 1
P46-T2 26.8 - - P38-H2 800.6 + - 2
P46-H1 27.3 - — P24-C1 850.7 + - 1
P45-T2 304 - - P24-C2 859.4 + - 1
P44-T1 31.2 - - P45-H2 999.3 + - 1
P45-T1 32.2 - - P24-H2 1047.3 + - 1
P45-H1 35.2 - - P24-Ht 1078.0 + - 1
P42-H1 42.9 + - 2 P42-H2 1165.6 + - 2
P47-T2 121.8 + - 1 P38-C1 1248 .8 + - 2
P42-T2 150.4 + - 2 P38-C2 1262.8 + - 2
P38-T2 1340.3 + - 2

*, The result was derived from Table 2.
b ; P means patient, H means heathy (caries-free) site, T means the dorsum of the tongue. and C means caries-active
site. For example, P14-H2 indicates the second strain isolated from the healthy (caries-free) site of the tooth of

patient

P14.
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34N FFE dolld AFE P42 $ale] 2 #FE At
2% 0.54 Kbp9 PCR 2H&& A& ol& 0.54
Kbp PCR A&& EcoRVE A& o das]z) ol
PCR AHE Z7] U2 1749 AH 2 JeldAY gy
7t Ao} 2709 AU S FA3te TR FY F iR
2 B9 Fig. 2, Table 4).

4, A profile

W B9 BRI S, salivarius FF7} BRH2 228
3 AT BAEEE & Aol & Kolut #E RYdM e
ztol7 W2 gl P249 P38 fAlolA 2Eld 12 779
2l A profiled FABIHTE P24 #Ate] 259 #FE
Zte] Bl profile ZA THEA YERd WA AR o
Aol TFEZY profile, AMF-9] FFE7HY profile F
2§ Aol & Holx| Yot} B & £9 #FE g2 ¥
FFEY B2y o G profiled FHEUR BF th=
Al Yebdth(Fig. 3). P38 849 $4¥9] @FE3e] &
1 profiled ZA ThEA YEIGL, FAA MY TFE
7he] 2l profile o Auji9el #FE
£ 2 #olE BAHFig. 4).
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V. &% Y ng

AWM g4E BAH dRYLS AAstHA 77
o] pHE A3l 8¢ 985 9. 2 &
29| tFEE AT ) AHEE | WiFol 79
pH7A ok 2 Aok$430] 28 oA Qo¥d
Th AQTEY BEE FRE 0 JAFH Y. 2
St 44 QA9 Aol olF as¥HEs 44TE
o] FRAAAG Aok %ol o BHE Tl A2 B
239 a7E 990

8. salivariuse FAAT ZF 7% 7HE e R4 R Y
7 E RO d dA §la webr] Aot AH e F3
2o 4 92 AoE 235 A, ¥ 4T ol
FEAE B3] AT PO FYT BN S
HE ¥ 7ol ThE Bl B @ S. salivariusT}
2288 YT glo] R me} ojE §FF Aol
AeAE BN o1 A Aot F FA A C2
ool %9 aElm PARAS ¥|way] Y 22
Al AR g e g2 7S dxske AR o
Aot Al JE3ATt. ZF FolM A HE AFHSt b
okgl A} Vel 8. salivarius® EAE 2t &S 20
A Melsle] APT 20 Strep kitZ ¥A89c. 2 A3 S
salivarius7y EAete A°2 338 A0 +ARe
509 5 119, Aol 9e 143, duloA = 26% 0
A Table 4). ©] A= 8. sativarius?t F2 XolTHE

rio o2 wlo

qr ok

-
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= Ao EAske Folgte AMRPE uigdte AL
z AZEn ogge 28 $ARdM 23 S osaki-
varius7t 2|8 BAF7L 71 Al ol S salivar-
ius7} ‘& pHY AR BRI = siARE g U
e E A2 olleke van Houted 4749 AHE
F A& Aeg Azt

B A3E= 84 e} S salivariusd 258 BAE
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ujghe] o}F e FAMTE WOl #Fr} 27/ FFEMN
44 3%% AABRD. B TPL 259 F AR ol A
2% 7570 #F9 26.7%% 2070 TF7F 404
mol/min/mg ©l3te] 848s GH=E VETY En
&t Felthan® Sneath®, Hardie 5% . salivarius
2FF & o 75%%0] 248 AEE velitin
B3l Ao Yol BE S salivarius TF7) L4055
BAAE Aehe AL opd Aog AZEr

Belgee 4R 8458 YUY E FRe vl
#2 o) 200#mol/min/mg ©]4e] BHEE Hole 57t
SR oA 58.8%, A/dAoF R HulF-9lojA 432% =
A 50| Hagh A Zo] 229 oA 24RE S
7} & FF7 8 £ EY 8lEo] A Jepda 3ot
gy §70] Z7] & ol § 3| F4oA FFEY 84
e BAEE iz vagdd e FAREHAA S
salivarins7} B-2)9 9¥ & 3¥To| @4t the B &
T2 Br} A veigth I F 15e I FHdM BF
g ert o) ¥ dF5(5.3~13.6¢mol/min/mg) T
2= 7] 2o o] Fxo] B x| 2tolE FAGCH
Z% 2"ute] L4489 F9 ATt w4 YT
B4 olr}, £33 7MY 52 2488 SRS Bl E5E
ARG} obd Huj Rz fEAHAY. gL dFEP
B3] & safivariuse 'FL pH AN 2428549
o] A Frkete A& BE7] Wl pH7L A4
Hog g 7h5Ae] & AR FR . safivar-
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T o] 4T 238 wiHe 294E HaF3n Yot
SA A A 590 F¥ AFARAME BAdR| o} F-
909 §. salivarius FFET thkgt QAR BATE B
D3, FARYNA 71 2 SAFs BARE B o
F9} v]53 F e BT E H FFEE BAX Y
oA wHE HiT o] AMEER n| R $AFHY 7
zgo] 4E ¥99 FFTUT 2% FHE/} 0
Byl o3 AoZ Az

A
x
giLd

g 2R d7Ad a2l gaRdIse $4
F99 2o] W& pH #7lM 828 Fdsl] pHE =
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A7t F9 £ $4d 2t gefxle Aol ofle 2
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5. Yo Y BT 9AEH FHE 2 $AH
o] g F571 2AEAY

6. _8__/::-"'&_— 3 AN 2 zo|7} Vet BS S, salivar

T3 clonal typeol $¥% 7 ‘—C— & ’—é}ﬂz] 23t
C}.

ole] AR t)Fo] 8. salivarius®] 8488 BAzE
Aoh94534 44 Bl Pk Aoz Ardh

REFERENCES

1. Burne, R.A.: Oral streptococci... Products of their environ-
ment, J. Dent. Res. 77:445-452, 1998.

2. Bradshaw, D.J., McKee, A.S., and Marsh, P.D.: Effects of
carbohydrate pulses and pH on population shifts within
oral microbial communities 7 vitro. J. Dent. Res. 68:1298-
1302, 1989.

3. Biswas, 8.D.. and Kleinberg, 1.: Effect of urea concentra-
tion on its utilization, on the pH and the formation of
ammonia and carbon dioxide in a human salivary sedi-
ment system. Arch. Oral. Biol. 16:759-780, 1971.

4. Singer, D.L., and Keinberg, [.. Ammonia and urea content
of human incisor tooth plaque. Arch. Oral Biol. 23.1083-087,
1978.

5. Kleinberg, 1., Jenkins, G.N., Chatterjee, R., and
Wijeyweera, L.: The antimony pH electrode and its role in
the assessment and interpretation of dental plaque pH. J.
Dent. Res. 61:1139-1147, 1982,

6. Kopstein, J., and Wrong, O.M.: The origin and fate of sali-
vary urea and ammeonia in man. Clin. Sei. Mol Med. 52:9-17,
1977. .

7. Golub, L.M., Borden, S.M., and Kieinberg, I.: Urea con-
tent of gingival crevicular fluid and its relation to peri-
odontal disease in humans. J. Periodont. Res. 6:243-251,
1971.

8. Mobley, H.L.T., and Hausinger, R.P.: Microbial ureases:
significance, regulation, and molecular characterization.
Microbiol. Rev. 53:85-108, 1989. -

9. Kleinberg, I.: Effect of urea concentration on human
plaque pH level f# sizu. Arch. Oral Biol. 12:1475-1484, 1967.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23,

Sissons, C.H., and Cutress, T.W.: pH changes during
simultaneous metabolism of urea and carbohydrate by
human salivary bacteria in vitro. Arch. Oral Biol. 33:579-587,
1988.

Peterson, S.. Woodhead, J., and Crall. J.: Caries resis-
tance in children with chronic renal failure: plaque pH,
salivary pH. and salivary composition. Pediasr. Res. 19:796-
799, 1985.

Woodhead, J.C., Nowak, A.J., Crall, J.J., and Robillard,
J.E.: Dental banomalities in children with chronic renal
failure. Pediatr. Dentistry 4:281-285, 1982.

Sissons, C.H., and Cutress, T.W., and Pearce, E.LF.:
Kinetics and product stoichiometry of ureolysis by human
salivary bacteria and artificial mouth plaques, Arch. Oral.
Biol. 30:781-790, 1985.

Sissons, C.H., Hancock, E.M., and Cutress. T.W.: The
source of variation in ureolysis in artificial plaques cul-
tured from human salivary bacteria. Arch. Oral Biol,
33:721-726, 1988.

Salako, N.O., and Kleinberg. I.: Incidence of selected ure-
olytic bacteria in human dental plaque from sites with dif-
fering salivary access. Arch. Oral. Biol 34:181-189, 1987.
Morou-Bermudez, E., and Burne, R.A.: Genetic and phys-
jologic characterization of urease of Actinomyces naeslundi,
Infect. Immun. 67:504-512, 1999.

Sissons, C.H., Hancock, E.M., Perinpanayagam, HE.R.,
and Cutress, T.W.: The bacteria responsible for ureolysis
in artificial dental plaque. Arch. Oral. Biol. 33:727-133,
1988.

Braude, A.l., and Siemienski, J.: Role of bacterial urease
in experimental pyelonephritis. J. Bacteriol. 80:171-179,
1960.

Leusmann, D.B., and Sabinski, F.: Potential contribution
of optional urease-positive bacteria to idiopathic urinary
calcium stone formation. II. Microlith formation kinetics in
a fermenter model of the urinary tract infected by optional
urease—positive microorganisms. Ure/. Res. 24:73-78, 1996.
Flazell, S.L., and Lee, A.. Campylobacter pyloridis, urease,
hydrogen ion back diffusion, and gastric ulcers. Lancer
#:15-17, 1996.

Chen, X.G., Correa, P., Offerhaus, J., Rodriguez, E.,
Janner, F., Hoffman, E.. Fox, J., Hunter, F., and
Diavolitsis. S.: Ultrastructure of the gastric mucosal har-
boring Campylobacter-like organisms. Am. J. Clin. Pathol.
86:575-582, 1986.

Mobley, H.L.T.. Island, M.D., and Hausinger, R.-P.
Molecular biclogy of microbial ureases. Microbiol. Rev.
59:451-480, 1995.

Rosenstein, 1., Hamilton-Miller, J.M.T., and Brumfitt. W.:
Role of urease in the formation of infection stones: com-

. parison of ureases from different sources. Infect. Immun,

24,

25,

32:32-37, 1981.

Collins, C.M., and Falkow, S.: Genetic analysis of
Escherichia coli urease gene: evidence for two distinct loci.
J. Bacteriol. 172:7138-7144, 1990.

Cussac, V.. Ferrero, R.L.. and Labigne, A.: Expression of
Helicobacrer pylort urease genes in Escherichia coli grown under
nitrogen- limiting conditions. J. Bacteriol. 174:2466-2473,
1992.

26.

27,

28.

29,

30.

31.

32,

33.

3A.

35.

36.

37.

38.

39.
40.

41.

42.

43.

TUHZ0 LHE Streptococcus salivarius] 2 ASEHEAIS] HE

Allison, C.. Lai, H.-C., and Hughes, C.: Co-ordinate
expression of virulence genes during swarm cell differenti-
ation and population migration of Proseus mirabihis. Mol.
Microbiol. 6:1583-1591, 1992.

Nicholson, E.B., Concaugh, E.A., Foxall, P.A., Island.
M.D., and Mobley, H.L.T.: Proteus mirabilis urease: tran-
scriptional regulation by UreR. J. Bacteriol. 175:465-473,
1993.

Miederer, S.E., and Grubel, P.: Profound increase of
Helicobacter pylori urease activity in gastric antral mucosa at
low pH. Dig. Dis. 8ci. 41:944-949, 1996.

Sissons, C.H., Perinpanayagam, H.E.R., Hancock. EM.,
and Cutress, T.W.: pH-reglation of urease levels in
Streprococcus salrarins. J. Dent. Res. ©69:1131-1137, 1990.
Sissons, C.H., Perinpanayagam, H.E.R., and Hancock,
E.M.: Processes involved in the regulation of urease levels
in Streprococeus salivarius by pH. Oral Microbisl, Immunol,
7:159-164, 1992.

Chen. Y.-Y.M., and Burne, R.A.: Analysis of Streptococcus
saltvarius urease expression using continuous chemostat
culture. FEMS Microbiol. Lert. 135:223-229, 1996.

oA e H39, Wl oG, A& Sreprococcns
salivarius®) QAFS &L B0 B A7 AIANH=ER
19:535-545, 1997.

3|21 Swreprococcus salivarius®] RAFHEx FAA Hejo
& . Aty oigtd BA =g, 1999.

EH 3 RMERE, BELS: SFEE Ly oERE0 58 Fesk
A48 415:125-131, 1977.

Chen, Y.-Y.M., Clancy. K.A., and Burne, R.A.:
Streprococcus salfvarius urease | genetic and biochemical char-
acterization and expression in a dental plague Streprococcus.
[nfect. Immun. 64:585-592, 1996,

Lowry, O.H., Rosenbrough, N.J., Farr, A L., and Randall,
R.J.: Protein measurement with the Folin phenol reagent.
v J. Biol. Chem. 193:265-275, 1951.

Ausbel, F.M., Brent, R., Kingston, R.E., Moore, D.D.,
Seidman, J.G., Smith, J.A., Strihl, K.: Current Protocols
in Molecular Biology. Green Publishing Associates and
John Wiley and Sons, Brooklyn. N.Y.

Liljemark, W.F.. and Bloomquist, C.: Human oral micro-
bial ecology and dental caries and periodontal diseases.
Crit. Rev. Oral. Biol. Med. '7:180-198, 1996.

Scheie, A.AA. © Mechanisms of dental plaque formation.
Ado. Dent. Res. 8:246-253. 1994,

Van Houte, J.: Role of micro-organisms in caries eticlogy.
J. Dent. Res. 73:672-681, 1994.

Loos, B.G., van Winkelhoff, A.J., Dunford, R.G., Genco,
R.J., de Graaff, J., Dickinson, D.P., and Dyer, D.W.© A
statistical approach to the ecology of Porphyromonas gingivalis,
J. Dent. Res. 71:353-358, 1992.

Mouton, C., and Menard, C.: DNA fingerprinting of
Porphyromonas gingivalis by arbitraily primed PCR. /»
Molecular Pathogenesis of Periodontal Disease, R.J..
Genco, S. Hamada. T. Lehner, J. McGhee, and S.
Mergenhagen (ed.), p33-p46. American Scciety for
Microbiology Press, Washington DC, 1994,

Laemmli, U.K.: Cleavage of structural proteins during the
assernbly of the head of bacteriophage T4. Nature(London)
256:495-497. 1970.

597



LHSIA[ 2L Z (] Vol 25, No. 4, 2000

At Z

T

T

12,126
4,072

2,036
1,636

1,018

506
396

75

|

M 1 2 3 4 5 6

12,126
4,072

2,036
1,636

1,018

506
396

75

Fig. 1. Agarose gel electrophoresis pattern of the PCR-
amplified #reC genes from the S. sa/ivarius trains of a
representative patient P24. M, DNA molecular markers.
Lanes: 1, strain P24-Cl: 2, P24-02: 3, P24-H1: 4, P24~
H2: 5, P24-T1; 6, P24-T2,

Fig. 2. EcoRV restriction pattern of the PCR-amplified
ureCG genes from the 8. selivarius strains of a
representative patient P24. The lanes were the same as
those presented in Fig. 1.
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Fig. 3. Protein profiles of the §. salivarius strains of
patient P24 by SDS-PAGE. The strains from patient P24
were grown for 2 days, washed, and adjusted the cell
density to optical density 1.5 at 540nm. The cell
suspension (1004) was centrifuged and the cell pellet
was treated with sample buffer at 100 under reducing
conditions, and then subjected to SDS-PAGE using an
SDS-10% polyacrylamide gel. M, protein molecular
markers. Lanes: 1, P24~C1: 2, P24-C2: 3, P24-H1: 4,
P24-H2: 5, P24-T1: 6, P24-T2.
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Fig. 4. Protein profiles of the . safivarius strains of
patient P38 by SDS-PAGE. The experimental procedure
and lanes were the same as those described in Fig. 3
except that P24 was replaced by P38.




