Te3eU . U&& L))-6-T .a{ METHOD OF | SOLATI NG STREPTOCOCCUS' SOBRI NU, S AND
SELECTI VE MEDI UM THEREFOR 5 Technical Field The present invention rel ates
-to a nmethod of selectively isolating Streptococcus sobrinus out of dental

caries-causing bacteria (nutans strept®dcocci) inhabiting ,
cavity, and a nedi um which allows Streptococcus sobrinus wmumwmmﬂ“m”m
sel ectively grow. 10 Background Art Heretofore, it has been sa} M hat the
bacteria which cause dental caries in human is Streptococcus nutans out of

streptococci (oral streptococci) inhabiting in the oral cavity. However, it
is considered 15 nowadays that dental caries is caused by a group of

bacteri a gener iMETHOPOFESGEATYNGN STHERPPOTOCOUSBORRIFUSPNSt i tuted by
bacterial species distinguished fromeach other in the different serotypes

a to h (Hamada, S. anh\¥D SELECGPRE MBDIUYIrOBREFEORCal Revi ew 44: 331- 384
H rasawa, M et al., 1980, Infect. Immun. 27:1003-1011 and Loesche, W J.,

1986, 20 M crobi ol ogi cal Revi ew 50:353-380). Oral streptococci classified
into nutans streptococci include Streptococcus cricetus, Streptococcus
rattug, SJcBRIRIFGEEMS nutans, Streptococcus sobrinus and Streptococcus
downeii Further, the recognition is recently being accepted that

Streptococcus "@H@??e@iﬂ PVeRAB0ACRASHS P Ar tBo@Wf RiedtRRIPaLsIating 25
classified into nutans streptococci play particularly inmportant roles in

dental cagi8prochails Gebainus oub GETRARal t risd-eidihgaBatte?la Jni@ifRCOCCUS
2 sobrinus attracts attention, and there are reports that caries risk in

the case gihpgit8cdebhhitiabitin@PiPahecCoal AR Adl StrheMiues OFRith aMBixsNUS
inhabit in the oral cavity becones higher than that in the case of

St r ept 0CQSKHUBLIPIEARSSOBIrNES a(l_Bﬁ@%@'é@lé‘ébivelg- few.et al., 1998, Caries Res. 5
32:51-58 Kohler, B. and S. Bjarnason, 19 7% Community Dent. Oral Epidem ol.

15: 338- 335 and Lindquist, S. and C G Emlson, 1991, Caries Res.

25: 146- 152). However, the distribution of ,Streptococcus mutans and
St r ept oC Bdkers@RdIAYYS i n dental caries, and the relative significance
t hereof to dental caries have not been clarified.

Heretofore, it has been said that the bacteria which cause dental
caries in human is Streptococcus mutans out of streptococci (oral
streptococci) inhabiting in the oral cavity. However, it is considered

15 nowadays that dental caries is caused by a group of bacteria generically
called as mutans streptococci which is constituted by bacterial species
distinguished from each other in the different serotypes a to A (Hamada, S.
and H. D. Slade, 1980, Microbiological Review 44:331-384; Hirasawa, M. et
al., 1980, Infect. Immun. 27:1003-1011; and Loesche, W. J., 1986,

20  Microbiological Review 50:353-380). Oral streptococci classiﬁed into
mutans streptococci include Streptococcus cricetus, Streptococcus rattus,
Streptococcus mutans, Streptococcus sobrinus and Streptococcus downelil.,

Further, the recognition is recently being accepted that
Streptococcus mutans and Streptococcus sobrinus out of the bacteria

25 classified into mutans streptococci play particularly important roles in

dental caries. Particularly, in Europe, the significance of Streptococcus

LT
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210 In Japan, it has been said that mainly found out the clinical sanples of
dental caries (carious cavity, dental plaque and saliva) is Streptococcus
.frut ans. However, it is now di scussed t he researchers how many
Streptococcus sobrinus inhabit the oral cavity, and, whether or not the
presence of Streptococcus sobrinus is really inportant for caries 15 risk.
Mtis Salivarius Agar (MS, nmanufactured by Difco) is conventionally used as
a selective nediumfor streptococci in the oral cavity A medi um prepared by

the addi t,pp;0fs SHEAQS gat%é&%iéﬂ 2Rl fhepé ie&gb@e«y'of&fsa%& EQrib§idd §h She

Salivarius Agar 1s used as a selective nediumfor nutans 20 streptococci

(MsB mdicﬁ@-wﬂ@%\fvﬁ&h Iof KErdpRoeMachafuiting NendVESLEREAIPEuS NRBERRAVErY Of

Streptococcus sobrinus is lower than that of , Streptococcus nutans.

Further, ;ShhBRt 9 0BG Sord¥t GNALRBbcotl RPIRSREC UhafORhAD U ah8 ehasalfy
resenble to each other in their colony norphol ogy and so on, therefore,

unl ess a $@8pRICEARIS bﬁztﬁﬁﬁ\é%ﬁéi@a%élﬁhnfaﬂﬁ, Rol®@nyt 3B, TobBhOJaefy Rébs.t hese
speci es, under the circunmstances, he or she cannot distinguish these

speci gs i3MEbisEE MKokRr! B aade | Bjfrni@ehUmIgONCeathunity Dl Oyal
observation with the naked eye. Sone nethods for detection and

i dentifi qgidemiel. 19:33PBE5PaAHSLiNdgalst, $dind Celi3.0EACdRes, 9901] Wagies

i ndividually were reported. In these nmethods, these two kinds of bacteria
are separRdL@50146-052). heHowabe® the rdiptrilowicn of Sirupicedcdusesithne akidnds of
bacteria by means of a selective nmedium capabl e of substantially selecting
t hese twoSHbpaiociushaobeinug i odéntal otdraedahy bhecrdaiical sighifenmieogi cal
tests to distinguish these two species fromeach other (Gold, O G et al.,
1973, Ar ghsredPtaldeBital carlds Aa3b ndBbdertchaaiftodh, M et al., 1980, Infect.

| mun. 27:697-699 Kimel, L. and N. 10 Tinanoff, 1991, Oral M crobiol.

| mmunol . 6: 275 IA7J9apankdt lhs AeceB. saildThat JmaGilynfouddroniti the Girfiéad- 609
Schaeken, M J. M et al., 1986, J. Dent. res. 65:906-908 Takada, K. et

al ., 1984&anpieecof dembaln cadlsdbobrii® aadithadantall plaqud aid sal8@s,is]. Med.
M crobiol. 22:319-323), or by a DNA prove nethod to distinguish them

(1 gar ashiStréptaevecals. miians, Boslevik,citols nbw dischissadhbly. tie 2&ba2elBerand
Shiroza, T. et al., 1998, Oal Mcrobiol. Immunol. 13:11-16). Further, sone
sel ect i véhaveanany &tr&pioeptonsaspbrinusiinrabit the obslecavitp amtde dvii€@dled, orO. G et
al., 1973, Archs. Oral Biol. 18:1357-1364 Kimel, L. and N. Tinanoff, 1991,
Oral M crmii tHe presemcel of Stipocus isnkeinuls. isAreallly, ithpaitant . fo€l damies

M crobiol. 5:604-609 Schaeken, M J. M et 20 al., 1986, J. Dent. Res.

65: 906- 9Q8sland Wada, W G et al., 1986, J. Med. Mcrobiol. 22:319-323).
However, up to the present date, no selective culture technique capabl e of
i sol ating Strefiti®ccSelivntius nuAgat or(dPas nemenfactped edy Flhfdodr nmre, the
difference in the susceptibility to antibiotics between the different

ser ot ypesonentibnaly sised msac selectinamdibam & steguioteati (i ithe beal daaviy, et

al ., 1979, Antimcrob. Agents Chenother. 15:440-443). However, no

ant i bi ot i A médiam paspared Iposke ladditign vb saetosetand 4n antibiotic bacitracin

to the Mitis Salivarius Agar is used as a selective medium for mutans
20 streptococci (MSB medium). However, it is known that in the MSB
medium, the recovery of Streptococcus sobrinus is lower than that of
Streptococcus mutans. Further, Streptococcus mutans and Streptococcus
sobrinus are closely resemble to each other in their colony morphology and
so on, therefore, unless a researcher is conversant with the colony
25 morphology of these species, under the circumstances, he or she cannot

distinguish these species inhabiting on the same plate medium from each



-Strept ococcus sobrinus al one has not yet found. Disclosure of the Invention
The object of the present invention is to develop a nethod of 5 selectively
.isolating Streptococcus sobrinus alone3out of the popul ation of oral
streptococci including nutans streptocdcci, and a sel ective nedium for

sel ecting Streptococcus sobrinus. In order to attain the above-nentioned
"object, the present inventors focused the susceptibilities of nutans
streptococci to cell wall inhibitors, 10 and tested the susceptibilities

thereof tRh¥AD B¥SetviRRh RithedHd Raldd 6pe. As the results, the difference
bet ween Streptococcus nutans and Streptococcus sobrinus in their

suscepti bi | ity gnéoReblisdAToRrHdtbitddn CondVadehfifiddtioAndf tS@epiROEMs
i nvention was acconplished by the finding. Nanely, the present invention is

t o provi dg 22 AP hRAASHepiorostins babkihak liddivi@h ALy Neere! FEPirfaRC qWS tigadar | nus
al one by the addition of a nonobactam antibiotic to a nedium on which oral

st rept 0cGhethddaC! tHEs89 WYt RitidsS lOfCBAAGPRC | areaRefaibed 20Ht GofS@hChiale nmedi um
for Streptococcus sobrinus prepared by the addition of a nonobactam

anti biot is‘%réﬁ%o@od&?%élﬁﬂﬂgg Whé gt Wb Hindh B BREAGE by Bfdardi 6¥0a Beledive
streptococci can grow. 20 In the present invention, it is preferred that

the nedi wﬁb@ﬁmaﬁabmﬁfsdﬂaeamﬂtl]y %bIe@ﬁh?%@@é t%8'kif9Wf bactdrid &lowal i vari us
Agar (M5 nmedi um manuf act ured by fco). I'n'the present invention, as the

monobact qmlawteagizﬂlsib_ehe@zédl%qr@m@é%m t64ts 38/1sRARMsh TR thd dperiedr r ed,
and aztreonam (AZT) is 25 particularly preferred. Here, the nonobactam

ant i bi ot iffomSedde b Goldddrdai Bt al¢A9T8NArehs.o0ral Bislonsddsy-1864 5 o/ L.
5 The sel ective nedium for Streptococcus sobrinus of the present invention

pr ef er ablHiraeawal M. &0al.0MPEONTMad!. oOkmAAG. t27R69T-696H Kififihel, iTl. 45d N. _
particularly pr eferred that the selective nediumfor St rept ococcus sobrinus

Vedi U 00 g1 L Ae LT eonam 0 o T 8 6 L Eost anyern 0. 06 0. 5 G L Bhci trac n
5 - 50 unj.t@hh. Microbiol. 5:604-609; Schaeken, M. J. M. et al., 1986, J. Dent. Res.
65:906-908; Takada, K. et al., 1984, Infect. Immun. 45:464-469; and Wada,
W. G. et al., 1986, J. Med. Microbiol. 22:319-323), or by a DNA prove
method to distinguish them (Igarashi, T. et al., 1996, Oral Microbiol.
15 Immunol. 5:294-298; and Shiroza, T. et al., 1998, Oral Microbiol. Immunol.
13:11-16). Further, some selective media for Streptococcus mutans have
been reported (Gold, O. G. et al., 1973, Archs. Oral Biol. 18:1357-1364;
Kimmel, L. and N. Tinanoff, 1991, Oral Microbiol. Immunol. 6:275-279;
Linke, H. A. B., 1977, J. Clin. Microbiol. 5:604-609; Schaecken, M. J. M. et
20 al.,, 1986, J. Dent. Res. 65:906-908; and Wada, W. G. et al., 1986, J. Med.
Microbiol. 22:319-323). However, up to the. present date, no selective
culture technique capable of isolating Streptococcus sobrinus alone has
been reported. Furthermore, the difference in the susceptibility to
antibiotics between the different serotypes of mutans streptococci has been

25 reported (Little, W. A. et al., 1979, Antimicrob. Agents Chemother.

15:440-443). However, no antibiotic which has the possibility to select



-10 Sodium Chloride 5 - 40 glL Best Mdde for Carrying Qut the Invention The
nmet hod and sel ective nedi um of the present invention are characterized in
.that a nonobactam antibiotic is added 40 a nedi umon 15 which oral
streptococci including nutans streptococci can grow. In the background of
the present invention, there is the fact that distinction of Streptococcus
mut ans and Streptococcus sobrinus on the nmedi umon which the two ki nds of
bacteria inhabit together requires a |lot of skill, since the two kinds of

bacteria W%Pac@ L{Sa.scc}bl‘bﬂ?s£18§8% %'}ﬁ{tﬁre%(fo@ﬁ&e”t' on as the nmajor dental

cari es-causi I'a anon tococci classified into the nutans
streptococci, are extrenely resenble to each other in their col ony
nmor phol ogy and so on as is mentioned above. Here, mutans streptococci other

t han St rqg{sgﬁ)g CASE PR mrﬁﬂql Streptococcus sobrinus have respective

identifia ur es in elr colony 25 norphol ogi es and so on w t hout

requiring the patdIgHIAT of bl prddifi Cifiedeigh 80 dof dbheRp Ragidthba onhabi t

together with Streptococcus nutans or St rept ococcus” sobrinus on the

same Bedi Jdmcthagy %sdlmn@ 5&!@9&&@% 8hbbANEIMIERS ol Jrahdi Iﬁélﬁilﬁ&’bhaéied from

t he other bacteria. In view o0f the above-nentioned background, in the

present igye Q{%ﬂe%ocok&em‘élu‘t“cﬁﬁ%tmhﬂé{ﬁé‘Eﬁ%ﬁt&%&&owﬁﬂ d Q@lef:ﬁ@é‘%écﬁuﬁl e ly
differentiate 5 Streptococcus mutans and Streptococcus sobrinus, searched

for anti hicddihisy Kereppbsdecat 9bAihgant difference between the two kinds of
bacteria in their susceptibilities was observed, and prepared a sel ective

medi um for St r gpt GERE ¢St EARThRUboveinulishe SobRRE, AHRGHYSe RORTVeRSrsAl one
coul d substantially grow. 10 Now, test conditions such as materials and

met hods  Upegkdd thd &ukEstsbitidids! SUnAithnk Nsthéiftob&ReabCdell &AL caRMitorh, t he
present invention will be described. <Materials and Methods> Bacteri al

Strailps lmd\tdstell ﬂﬁes@@ep%ﬂ@dle@th@rm tySetidus tyifes’ e5aatiblvtaise own in
Tabl e 1 descri bed bel ow. 7 Tabl e
the results, the difference between Streptococcus mutans and Streptococcus
sobrinus in their susceptibility to monobactam antibiotics was found, and
the present invention was accomplished by the finding.
Namely, the present invention is to provide a method of

15 substantially isolating Streptococcus sobrinus alone by the addition of a
monobactam antibiotic to a medium on which oral streptococci including
mutans streptococci can grow, and a selective medium for Streptococcus
sobrinus prepared by the addition of a monobactam antibiotic to a medium
on which oral streptococci including mutans streptococci can grow.

20 In the present invention, it is preferred that the medium on which
only the oral streptococci can grow is Mitis Salivarius Agar (MS medium;
manufactured by Difco).

In the present invention, as the monobactam antibiotic, aztreonam
(AZT) or carumonam (CRMN) is preferred, and aztreonam (AZT) is
25  particularly preferred. Here, the monobactam antibiotic is preferably

added in a concentration of from 0.05 to 0.5 g/L.



-Strai nSer ot ype<Mut ans st reptococci >~ftreptococcus

cricetusOVEZ- 61laE49a~ftreptococcus rattusBHTbFALbSt rept ococcus m
-ut ansPSl4cl ngbrittcJC2cNCTC 10449c LM aNUM Sne

1aOVZ175f NUM Snf | f St r ept ococcus

sobri nusOMZ176dB13dNUM Ssdl dNUM Ssd2dNI DR6715g0OVZ65gNUM Ssgl gSt r ept ococcus
downei i NCTC 11391h<Oral Streptococci >Streptococcus

sal i vari usATCC9222HHTSt r ept ococcus miti SNCTC3168ATCCO03St r ept ococcus

sangui SATCCLO55§R! 58 RIcHITRC Hitli Qe d1S ASkrEpfdeaccls’ 8619608 VfSthe present
gor doni i ATCC10558Chal | i sStrept ococcus angi nosusATCCO895NCTC10709 8 Qut of

the abo@h@&ﬁﬁ&%?ﬁ@%‘?éﬁw&ﬂbiﬁfo@d?ﬁycih*%ﬁlc%fB&él&aicm'.i cated by NUM Sre,
NUM Snf, NUM Ssd and NUM Ssg were strains isolated fromclinical sanples,
and identified ; E{%@fc f YaRheNRhQgh sl hothyand a
ser ol ogi cal rretﬁﬁ%réh?ﬁlila}?rggfﬁ . ggé(;ﬂﬂpr%feﬁ'gé(gﬁaggf% 1&8%0‘%&!\‘/3%; obi ol ogi cal

Revi ew 44St§‘§%to%’?élcdfs" r &33%us Mf Ehel presd@B0indeMifit - hAdMiRe FlIRPiA099 and
Takada, K et al., 1984, Infect. Inmun. 45:464-469). Qut of the other

bact eki algoptgitisn: the strains to which "ATCC' is attached were purchased
from Anerican Type Culture Correction, the 10 strains to which "NCTC' is

attached were pMitsd8aldati@MNBb@umnal Col |l ection bepgL.Cul ture, and the
ot her strains are those which have been preserved before in the |aboratory

to which the preassdndmventor s belong. All Qi bg.qat%qe_j al strains were
grown and nmai nt ai ned anaerobically at 37 C on Brain art I nfusion (BH

broth, manuf actpys®sinbyinD f co 15 Laboratoriesgo ddxto® &/, M) agar plates
suppl emented with 5% (v/v) horse bl ood. Susceptibility Test to Antibiotics
The suscepti bi IBieitda@at was carried out in agca@Eangg/Iw th mcrobroth
dilution method. 20 In order to develop a selective nmediumfor

St reppococcus KYFuALUChldride prel i m nary study f®r4egyBction of antibiotics
was carried out by a disk susceptibility test (Sensi-Disc; nmanufactured by

Becton Di ckinson Co., USA) (no data given herein), and on the basis of the
result of the prelimnary study, the antibiotics used in the main test were
det er m neBestModéd foraQaiiying g theckhvientiohe main test are described bel ow

Cephal ori di ne (manufactured by Sigma Chem cal Co., MO USA) 9 Cefazoline
(manuf act ur ed BPhéNaketHddr andheslective ImddRimi e thé doresent invention are
characterized in that a monobactam antibiotic is added to a medium on
15 which oral streptococci including mutans streptococci can grow.

In the background of the present invention, there is the fact that
distinction of Streptococcus mutans and Streptococcus sobrinus on the
medium on which the two kinds of bacteria inhabit together requires a lot
of skill, since the two kinds of bacteria which attract the researchers

20 attention as the major dental caries-causing bacteria among oral
streptococci classified into the mutans streptococci, are extremely resemble
to each other in their colony morphology and so on as is mentioned above.
Here, mutans streptococci other than Streptococcus mutans and
Streptococcus sobrinus have respective identifiable features in their colony

25 morphologies and so on without requiring the particular skill, therefore,

even if these bacteria inhabit together with Streptococcus mutans or



-Tokyo, Japan) Coxacillin (manufactured by Sigma) |m penem (manufactured by
Banyu Pharmaceutical Co., Ltd., 5 Tokyo, Japan) Aztreonam (AZT)

(manuf actured by | CN Bionedicals Inc.,60H USA) Carurmpnam ( CAM

(rmanuf actured by Takeda Chem cal Industries Ltd., Osaka, Japan) 10
Cephal exi n (manuf actured by Sigma) Benzyl penicillin (Wako Pure Chem cal

I ndustries Ltd.) Cefoxitin (manufactured by Sigma) The above-descri bed
antibiotics were dissolved in an appropriate solution, respectively, and

the res p%ﬁkﬂ%cgégédsb%tfﬂﬁzﬁu§ ehUtHeo B meehR dihi dREsel bwbkiddsesf Bactbyaf ol d

dilutions in a 96-we mcrotiter plates containing BH broth. The bacteria

were preciantddsely b dffdreRtiatd fross Plee bthvd! bactérd. i nocul ated into the wells
containing the antibiotic solution to nake a final concentration of the

bacteria to beTh %id@4 ofelthe Ab¥hd-merdt&HRACIHARYoudde iRl ahes pBsdnt
anaerobically incubated at a tenperature of 37C for 48 hours. 20 After

m xi ng t avBAAbLA, tie PASRNMEhVebrs harkswePthé fotuRelot Qeaflaliffepiithaace at
550 nmin each well was neasured with a mcroplate reader (manufactured by

Cor ong El 8gbpkdeobéus nikahdkind SeRPBdcockRs 46bAMNs NG rehé® To2hntibdids The
antibiotic concentration at which no bacterial growth was observed was

defined ap whech'bipniBtantBiffirbasy bepwesmithattwankZbdd M GheteMd @iahsirof 10 ul
of the broth in the well) which no bacterial growh 10 was observed were

i nocul at efhsespidbiMtidss wad | Merved,Agaid (Mepaped um reluetivet whedivby Biif co)
pl ates, respectively, and anaerobically incubated at a tenperature of 37C

for 48 haSfeptotbecuse wobeintsOf ol e hidlocBtadpededeans esolarings £laheukaildd to
estimate which the nechanismof growmh 5 inhibition was bactericidal or

bact er i oshidlstentifp grdw. Resul ts of the susceptibility tests of
Streptococcus nutans and , Streptococcus sobrinus to S-lactam anti biotics

are 300wn in Tabh®, Ledtebonitibls Talthead BHEaeMs! Rid inbafodel uSid eRtRROCCUS
mut ans and Streptococcus sobrinus to S-lactamantibiotics
tests carried out in the research to accomplish the present invention will be
described.
<Materials and Methods>
Bacterial Strains

15 All of the bacterial strains used in the research are shown in Table

1 described below.



-Anti bioticM C(u Streptococcus nutans JC2(c)a 10449(c)g/ nm) Streptococcus
sobrinus OVZ176(d)

-B- 13(d) Cephal ori di ne0. 0250. 0250. 0250. 025Cef azol i ne0. 250. 250. 250. 50C oxaci | |
i n0. 630. 631. 251. 251 m penen?. 1250. 1250. 0310. 016Azt r eonanl2512520002000Car
unonanml2512520002000Cephal exi nl. 251. 251. 251. 25Benzyl peni ci | I i n0. 10. 10. 050. 0
5Cef oxitin3. 133. 1312. 53. 13 Serotype given in parentheses. 15 Fromthe
results shown in Table 2, as to cepharoridine, cefazoline and cephal exi n,
no significant n@jifif grence between Streptococcus nutans and Streptococcus
sobrinus in thelr susceptihilities were observed As to cloxacillin, the
susceptibilities of Streptoco¥@ad nutans were twice aSertygpe 11 As to

i m penem the <Mstaps streptdcoes>of St rept ococcus sobrinus were approxi mately
from4 to 8 tiSwepasottiglrraetuhiose of Streptococcus nutans. As to

benzyl penicillinpnepgtirary to cloxacillin, the susceptibiglities of
Streptococcus sopjgnus were tw ce as Bi gh. 5 AZ to cgf o>r<]iati n, althgulgh only
OVZ176 strain & ccus sobrinus indicated the susceptibility

t hereto appr ox'}ﬁ% ngéysfz%ttrr&gsoas hi gh as those of the ot I?)er bacteri al
strains, no sig cant difference between Streptococcus ;nutans and

St rept ococcus inus in their susceptibilities was obsé’r ved. 10 As to

azt r eonam and ‘CEERIASACEAHSIHERS i ed i nt o nonobact am anti biotics, the M Cs of
the both antibioPP&4 to Streptococcus mutans wer a 125 @g/ni,

respectively, whingbrithe M Cs of these antibiotics to Streptococcus sobrinus
were 2000 I xg/ mJC2espectively, it becomng clear that tke susceptibilities
of StreptococcusNOM@I®44D t hese antibiotics were 15 16-fold as high as
those of StreptopNErus sobrinus. These observations indigate that the
monobact am ant i bNPINICSmalie useful agents for separation @f Streptococcus
sobrinus from Sthgpgpepccus nutans. It has been reported g hat i m penem
aztreonam and calgw argeted the penicillin-binding [ ot ei n-3 ( PBP-3)

W th respect t %/t’oco i 20,(CGeorgopapadakou, N. H et al., 1982,

Anti microb. AGEH WS RIS T 950- 956 and | mada, A et al., 1985,

Antim crob. Age hot her. 27:821-827), while with reSpect to

St rept ococcus 43s and St rept ococcus sobrinus, im penef and the

nonobact am ant i bN&IMe®sddi d not show t he same node of actidon. 25 Here, both
aztreonam and caNUMMrSsdZhad t he node of action of bacteridcidal to

St rept ococcus nmMuUNaDR631E St rept ococcus sobrinus. g
OMZ65 £
NUM-Ssgl g
Streptococcus downeii
NCTC11391 h

<Oral Streptococci>
Streptococcus salivarius
ATC(C9222
HHT
Streptococcus mitis
NCTC3168
ATCC903
Streptococcus sanguis
ATCC10556
Streptococcus oralis
ATCC10557
Streptococcus gordonii
ATCC10558
Challis
Streptococcus anginosus
ATCC9895
NCTC10709




-12 Although in the above-described susceptibility tests to the antibiotics,
only the two kinds of bacterial strains classified into the serotype c out
of Streptococcus nutans, and only the 8wo kinds of bacterial strains
classified into the serotype d out of Streptococcus sobrinus were 5 used,
the susceptibilities of bacterial strains classified into the various
serotypes to the nonobactam anti biotics were studied. The results are shown
in Table 3 below. Table 3 10 Susceptibilities of bacterial strains

classified i nt QY@bf ¢HE aHRWEIAREEHOA bactaRADSRaMS tHel sRaiNthddk4eAt ococcus
sobrinus to nonobactam antibiotics M C(ug/nL) Strain Serotype Aztreonam

Car unonargySINTENE-SERE NTINIEARSREIVIcd b hardl NUPM-55& WwWerb2strilinsl ZiolafeliUM Se
1a1251250MZ175f 250250NUM Snf If 250250St r ept ococcus

Sobr | nus WiSeihi30002A0RNNMSS IZUARRRA0IHN RO L ABARAZ0 ACHZ 45124001000

Fromthe results shown in ftable 3, the bacterial strains classified 15 into

the ser Otrﬁﬁﬁﬂlcﬁoéﬁgl n&hodt ﬁﬁ&tQ%@FﬁHgmmﬂxﬁé‘ﬁﬂaaﬁ{MaOfs 1gRd ud/ ..
respectively, in'the same as the resul'ts shown in Table 2. The bacteri al

St r ai s qiladsi 1980 MRbLIdIEziesT RevRAy 1403188 £PHPGRE R4S MUERRE, hogoM Cs of
0 ~g/nL) respectively, and had the susceptibilities to aztreonam and 13

car unonampifeweTnifan. UreePreber bad ThkadASKe!asal.f 1984] MhfecthemyeiRt ypes ¢
and e. The bacterial strains classified into the serotypes d and g of

Strept ocogrygg4-aebyi nus had MCs in the sane as the results shown in Table 5
2, respectively, except that OV65 strain classified into the serotype g

had an M C to q@at/BPRREfthel BACte#d1Mtraids, RRYI ftBaindCtoSWHEGPTANOC 6 t Wi ce
as high as the other bacterial strains.

attached were purchased from American Type Culture Correction, the
10 strains to which "NCTC" is attached were purchased from National
Collection Type Culture, and the other strains are those which have been
preserved before in the laboratory to which the present inventors belong.
All the bacterial strains were grown and maintained anaerobically
at 37°C on Brain Heart Infusion (BHI broth, manufactured by Difco
15 Laboratories, Detroit, MI) agar plates supplemented with 5% (v/v) horse
blood.

Susceptibility Test to Antibiotics

The susceptibility test was carried out in accordance with
microbroth dilution method.

20 In order to develop a selective medium for Streptococcus sobrinus,
the preliminary study for selection of antibiotics was carried out by a disk
susceptibility test (Sensi-Disc; manufactured by Becton Dickinson Co.,
USA) (no data given herein), and on the basis of the result of the
preliminary study, the antibiotics used in the main test were determined.

256  The antibiotics used in the main test are described below.

Cephaloridine (manufactured by Sigma Chemical Co., MO. USA)



-Al'so, both aztreonam and carunonam had the node of action of bactericida
to the bacterial strains of Streptococcus nmutans and 10 Streptococcus
~sobrinus as shown in Table 3. Fromthe9results shown in Tables 2 and 3, it
becanme clear that the susceptibilities of Streptococcus sobrinus to the
nonobactam anti biotics were significantly | ower than those of Streptococcus
mut ans. Therefore, it is understood that Streptococcus sobrinus can grow on
a medi um 15 contai ning the nonobactam anti biotics in such a concentration

that Strept 0COGGLs Glh& T an¥allre @B WaRB0P SHE CH3 iRl WA tERY Ltd.,
Streptococcus sobrinus alone to grow selectively. Nanely, the present

i nvent orsrpd]@,\()ngggﬁ)j that by the use of the nobnobactam anti biotics)
Strept ococcus sobrinus al one can selectively be isolated. 20 Exanpl es Now,

the present inveRkheMiM(ldalBasReed blySikkina)described with reference to
fth [

exanples. On the basis of the above-nentioned findings, the present

i nventors produggigheRehd | @Ghari®ORtmet dySeashi VPhaRdhesuGion g epteEoccus

sobrinus and evaluated it. 25 Preparafion of Selective Medi um The sel ective
nedi ug f ofukSlo! gRpRRPCCUS sobrinus having the 14 5 conposition shown in
Tabl e 4 below (hereinafter this mediumw ||l be referred to as M5 SOB

nmedi um) was preaReéthm I eAYE) Anfenpfacturedn b9l ICK BibmedidBdi Mv.f OH,
Strept ococcus sobrinus (Ms-SOB nedi unm) Conponent Mtis Salivarius Medi um 90
g/L Aztreggan 0.2 g/L Fosfonycin 0.02 g/L Bacitracin 20 units/L Sodi um
Chloride 20 g/L Mtis Salivarius nedium (M5 nedium in Table 4,

manuf act ured byCdfubbhgm, (ORMD) (m $ngacaired! by Takdds @hémbivadThdtstiesnot only
mut ans streptococci but also the other streptococci, has the foll ow ng
conposi t ilotdl., Bagka, Japat)ose 10 g/ L
10 Cephalexin (manufactured by Sigma)
Benzylpenicillin (Wako Pure Chemical Industries Ltd.)
Cefoxitin (manufactured by Sigma)
The above-described antibiotics were dissolved in an appropriate
solution, respectively, and the respective antibiotic solutions were divided
15  into serial two-fold dilutions in a 96-well microtiter plates containing BHI
broth. The bacteria were precultured in BHI broth, respectively, and
inoculated into the wells containing the antibiotic solution to make a final
concentration of the bacteria to be 1 x 104 cells / well, respectively. The
plates were anaerobically incubated at a temperature of 37°C for 48 hours.
20  After mixing the broth in each well by the use of a pipette, the absorbance
at 550 nm in each well was measured with a microplate reader
(manufactured by Corona Electric Co., Ibaraki, Japan), to determine
bacterial growth. The antibiotic concentration at which no bacterial
growth was observed was defined as the minimal inhibitory concentration

256 (MIC).

Aliquots of 10 pl of the broth in the well, which no bacterial growth



-Bacto Proteose Peptone No. 3 5 g/L Bacto Proteose Peptone 5 g/L Bacto
Dextrose 1 g/L 15 Bacto Saccharose 50_g/L D pottasi um Phosphate 4 g/L
~Trypan Blue 0.075 g/L Bacto Crystal vil8l et 0. 0008 g/L Bacto Agar 15 g/L 20
However, the base nediumused for the selective nmediumfor Streptococcus
sobrinus of the present inventionis not limted to the M5 nediunm and any
medi a nay be used on which only oral streptococci including nutans
streptococci can grow. 15 Al though aztreonamis used in the M5-SOB nedi um

as the mMpabaphefednivore Gnbbulatb® JIBONBELSARMAIiRE Assr (SE médiupg Present
invention is not limted to aztreonam and the antibiotics classified into

t he monobaghafcaitd PbPDif®) ples! PSIpREBEPelyC ahHMRRRFOBRYIIPSnedRstedFitr t her, 5
the nonobactam antibiotics available comercially in Japan at present are
only two Kitegpehtide! bEBED of LRRETRBAMTHE reboveFynebahbamariilateidot i cs
used in the present invention are not limted to these two antibiotics. The

concent r &dcpaviff wialde cARURRARAT 80N dtimBtOtWhicH ShdehRichaResnf 6PN R]Nr esul t's
shown in Table 2 and 3 within such a range 10 that Streptococcus sobrinus

can gsow jaRehitidd whdBhcRIRidS IraPiR6MA68aticICl udi ng mutans streptococci can
significantly be controlled. The concentration of the nonobactam antibiotic
i s usual IFegMlEhi n a range of fromO0.05 to 0.5 g/L, preferably fromO0.1 to
0.3 g/L and particularly preferably 0.2 g/L. 15 Fosfonycin and bacitracin

used here were BaHghaSEdHe alspdiBility NRstE o aBlepbodbcias thh s ahdsf onycin
and bacitracin are inhibitions of pyruvate N acetyl gl ucosam ne-3-0-enol

t r ansf er a8gepfkobdtisHIBP a0 Ba dB mPA I b ddick drRkbivaih TARREhBEloR. ds,
respectively. Nanely, the nechanisns of action thereof are to block from
synt hesi zing cell wall 20 peptide glycan. By the combined use of the
nonobact am anti biotics wth fosfonycin and bacitracin which have the nodes
of aqpi on differgyis 2f rom t he nonobactam anti biotics, it was expected that
synergistic effect could be obtained. However, in the present invention,
agent s such Sascaptibllitdéd 65Stepbsrosside s itant BadnSaeprocot AT sobraiud he
nonobactam anti biotic are not 25 [imted to fosfonycin and bacitracin.
Fosfomycin is preferably used torB-hactomcamiibmticen of from0.05 to 0.5 g/L,
and baci Hr—s—preferably—used—in—a € :-:.i.s- m-5—t 0 50
uni ts/ L. Sodi um chl oride_is added to the WEEMLY) ('}

Antibiotic Streptococcus mutans Streptococcus sobrinus
JC2(c)2 10449(c) OMZ176(d) B-13(d)
Cephaloridine 0.025 0.025 0.025 0.025
Cefazoline 0.25 0.25 0.25 0.50
Cloxacillin 0.63 0.63 1.25 1.25
Imipenem 0.125 0.125 0.031 0.016
Aztreonam 125 125 2000 2000
Carumonam 125 125 2000 2000
Cephalexin 1.25 1.25 1.25 1.25
Benzylpenicillin 0.1 0.1 0.05 0.05
Cefoxitin 3.13 3.13 12.5 3.13
2 Serotype given in parentheses.
15 From the results shown in Table 2, as to cepharoridine, cefazoline

and cephalexin, no significant difference between Streptococcus mutans
and Streptococcus sobrinus in their susceptibilities were observed.
As to cloxacillin, the susceptibilities of Streptococcus mutans were

twice as high.



-adj usting osnotic pressure and the like, and the concentration thereof in
the medium nay optionally be determ ned on the basis of the relationship 5
of the type, concentrations and so onldf the other conponents, and is
preferably within a range of from5 to 40 g/L. To the selective nediumfor
Streptococcus sobrinus of the present invention, additional conponents
capabl e of increasing the selectivity of Streptococcus sobrinus other than
t he conponents described in Table 4 10 above nmay be added. The MS nediumto

whi ch sodi um c | de: d L d b L ooled to
sof5d0 13’@%@2&% %&égﬁbﬂiﬁéé 6?@%6 ﬁ]&“éu ?ﬁﬁ%’?%

a tenperature o above-nenti on ree

ant i bi ot iy RS RIADN A o' iIRY AN high B SRS NG e)BrotB s Baaas. 15

Performancé Eval uatlon Test of Selectivity to , Streptococcus sobrinus By

the use of  he ASiSEBARHLHIBIRI ciifralP BRABHBI, b lsdep bR on

whi ch oral streptococci 1 ncluding nmutans streptococci can grow,

recoveri %@ﬁtﬁb&&ﬂtwﬁﬁgﬁvé&bﬁiﬁéﬁs‘dﬁéﬁ. obtained, to evaluate the
per formance ‘of selectivity of the M5-SOB nmediumto , Streptococcus 20

sobrigus. The bactecekitth! AltASubRUMIFGMZAITETaBh BubRf WeripiRobAubat ed
anaerobi cally at 37C over night rn advance. Tenfold dilution of the culture

sol uti on simiSRdi@dedXht RasadtiBiliop tRérdlo %p?skoﬂfmade?y H@imley falsetiighO. 05 M
pH 7.2) thereto, aliquots of 0.1 nL of the dilution were plated on 25 the

test nedig {AaeS6BtheGthEY bacRSPACsirdfls/ - nol RiziifisdRs dEs R nich ChEtiead _
anaerobically at a tenperature of 37C for 3 days, and then, colony formng
17 uni ts Sfpboebécuiehfitenl iRl StidpRobsvetl (sobafifusSinOteit subaéy tebidities 18
was observed. -
10 As to aztreonam and carumonam classified into monobactam
antibiotics, the MICs of the both antibiotics to Streptococcus mutans were
125 png/mL, respectively, while the MICs of these antibiotics to
Streptococcus sobrinus were 2000 pg/mL, respectively, it becoming clear
that the susceptibilities of Streptococcus mutans to these antibiotics were
15 16-fold as high as those of Streptococcus sobrinus. These observations
indicate that the monobactam antibiotics are useful agents for separation
of Streptococcus sobrinus from Streptococcus mutans.
It has been reported that imipenem, aztreonam and carumonam
targeted the penicillin-binding protein-3 (PBP-3) with respect to E. coli
20 (Georgopapadakou, N. H. et al.,, 1982, Antimicrob. Agents Chemother.
21:950-956; and Imada, A. et al., 1985, Antimicrob. Agents Chemother.
27:821-827), while with respect to Streptococcus mutans and Streptococcus
sobrinus, imipenem and the monobactam antibiotics did not show the same
mode of action.

25 Here, both aztreonam and carumonam had the mode of action of

bactericidal to Streptococcus mutans and Streptococcus sobrinus.



-Table 5 Recoveries of Oral Streptococci and Miutans Streptococci on M

Medi um and MS- SOB Medium Strain Ser ot gpeRecover M5 nedi uny (CFUY% Ms- SOB
~medi unBt r ept ococcus cricet usOVZ- 61al. 32x 10" 1.8 x 105 (13.5)E49al.0 X 10'0
(0) Streptococcus rattusBHTbl. 1 x 1080 (0) FA1b2.4 x 1080 (0) Streptococcus
mut ansJC2c2. 9 x 10$0 (0) NCTC10449c1.9 x 1080 (0)LMra2.4 X 10 g0 (0) NUM Srre
1a3.0 X 10 80 (0)Owz175f1.4 X 1080 (0)NUM Snf1f6.3 x 10'0 (0)Streptococcus
sobrl nusOVZ176d1.0 x 10'7.0 x 106 (70.2)B13d5.8 x 10'4.7 x 10

(81. 3) NUM Ssd1 0%.1. ' - Rty 10nda 1 '

(70. 7) OVZ66g2. HieHodgt Ot s, Ja%&%ﬁl%%s‘?g%éf%hbﬁh’é teste® b e

(76.6) ~S 4 {1AAbACOCoHEy dARWNEkb le%?%térlél 19833 %lajsgﬁied into the
(60. 2) Streptococcus sal 1 vari usATCC92222. 0 X 1080 (0)HHT2. 3 x 108

(0) St r eptREQGHES Gt bﬁy%éc%guﬁﬁ&t%gsoaﬁ@bﬁrm@%o%ﬁdé%@@aetenal
(0)~S treptocCoccus sangui SATCC105564.5 x 1080 (0) Strept ococcus

or al i SATGHIAR3 7dadsifid @8R té Bhet SaBLRFP LYt GOT Aprtaém%oééﬁan&s Xyehld' O
(O)Challisl.1 x 10%$0 (0) Streptococcus angi nosusATCC98958 X 10'2.0 X 103

(0. 0085) Nfsed T \he ~S@cepibXitied) of~battsrial ktaihB £188sifled inkd O WarpRpar ent
from Tabl e 5 above, all the bacterial strains used for the test grew well

on the Mge BE 3! tie deARdHactAn hhoiBickis Werd (Rulidd. MThOrebiiRs Adrger hand,

the bacterial strains able to grow on the M5-SOB nediumwere |inmted only
to StreptPeRatitsTableCehwIVEZ-61 5 strain (recovery: 13.5% out of the
serotype a, all of the bacterial strains classified into the serotypes d
and g of Streptococcus sobrinus (recovery: 74.1 % on the average),
Streptococcus downeii NCTC11391 strain of the serotype h (recovery: 60.2
%, and JFgmdei3ococcus angi nosus ATCCO895 strain (recovery: 0.0025 9% and
NCTC10709 strain (recovery: 0.0003 % . 10 Qut of nutans streptococci able
to gaow on t$esdebtibiitie®df battetial epiaine clussifivd rbd waridvé-®totsipeai n of the
serotype a is a rare bacterial strain detected in the oral cavity. Al though
Streptococcus dowvdl $triefscodddYhushineand Siréprecesigisppeinuswas found at a

hi gh recovery of 60.2 % this bacterial strain has not been detected from
human or al caV|ty up unt|I %momb;ﬁmahh@nnbidmse bacterl al strains can be
di sting i
features. St'fgﬁ{ ef ore
bacteri a IS. ‘SFeqna 2 P )
ATCC9895 Sztre,atawoeau;bzbd@f@iﬂ?OQ stral n 20 bel ongi ng to the oral strept ococci
are extremPSa4l ow in their recoveriesg and they hage featuresigsgnificantly
di fferent ﬁﬁgmlﬁtrept ococcus sobrinussin their cqbgny norphol 9g5.

Ther ef or e, en when these bacterial gtrains inhgbit together th

St rept ococ brijnus, a person who Is not conv ant with t r col ony
nmor phol ogi gggs ethal nly distingui szed 25 bet §§§ Strept ocogggs sobri nus
and t hese 5a| strains. Qut of thhe tested ns strepto ci,

St rept ococNMidmfds which 20 are Wardly disti #§Qi shed fron28reptococcus

sobri nus .ﬁa'eptbcowudmbrimm ony nor phol ogi es can not grow on the M- SOB

medi um at NUM-Bb&tefore, there is nq/possibilit300® confuse ZOOept ococcus
mut ans and NfyVeRk@goccus sobrin us. §yFrom t he apgye- menti oneghgacts, it is
under st ood 5 the use of the NBr«?SCB medi um 9§ ept ococcugyapPbri nus can
be i sol ate%’ |ver Confl rmatlo of Sel ectl of I\/B-S bdi um

usi n, g~ “S redi—tHA-HR firmed
W th respect to clinical sarrpl es obtal ned fromthe dental carles area in
human oral 10 cavity. Sanpling area of dental caries was wiped with a

cotton roll, arRtom the results shown in Table 3, the bacterial strains classified

15  into the serotypes c and e of Streptococcus mutans had MICs of 125 ng/ml,
respectively, in the same as the results shown in Table 2. The bacterial
strains classified into the serotype fof Streptococcus mutans had MICs of

250 pg/ml, respectively, and had the susceptibilities to aztreonam and



-Saliva was renoved fromthe sanpling area with air blast for a short period
of tinme. Then, sanple was taken out fromthe area of dental caries with a
sterilized dental probe. Each sanple Wds taken into a sterilized 15

m cro-centrifuging tube containing 1 nL of 50 MM ~is-HC buffer (pH 7.2).
After ultrasonic dispersion, by the use of the same buffer, tenfold serial
dilutions of each sanple were prepared, and appropriate dilutions were
plated triplicate on the M5 plate nmedium and the M5-SOB plate nedium These

pl ate medhpudRhan MweRtEsh AnaYaebd sl stvapis dabsifRariatstRe @bratfped® for 3
days, and then, recoveries (CFW49 were cal cul ated. The sanpl es contai ni ng

bacteriagyyg ghe total nunber of 1 x 10s to 108 on the average were used for
clinical analysis. Five colonies per a test subject, which seened to be

Streptococcus SEHY iHH¢Seril ($haihk IblasSifiecdhehto GREOBNrIPHENAN Od Megfe
subcul tured to 25 confirmthe presence of Streptococcus sobrinus. The pure

cul ture s$frabibchbéqd ¥ehnscpad MESE it shineaisitheiebhits howalindYaBle t he
col ony norphology 2) the fernmentation pattern using their rapid ID 32 STREP

( manufacta)regpditively di@é?ti R0 OMZ6H EaRiS IRl dhitbatleWeotyfaks hBdr
Chem cal Industries Ltd.) ~ and 3) agar gel immunodiffusion nethod using

rabbit anid MIOID genahahamh GURNG hghtlE, 5 havineotheséusbpribilananeidoids our
| aboratory as nentioned above (Hrasawa, M et al., 1980, Infect. | mun.

27: 697- 69fighna thaajthePbactbridftstins. 1996, Oral M crobiol . | nmmunol.
5:294-298). The clinical sanples were divided into two groups of G oup |

havi ng the ratiflsef b&¥H eRtReaaaH and0BahitHEnai Bad fHeenfddecof aeflehiofof | ess
than 1 % 10 and G oup Il having the ratio of not less than 1 % on the

basi s of HdeeerieidBEr tOf thi bhtfgiall r2PARSOCTUSSHOPIIDEsus Allithhe aadp! es
contai ned the streptococci in the nunber of 10s to 10~ on the average on

the W8 plSdrepssediciin soByiriixamsisieoven i Mabddbgve- nentioned clinical sanples,
the recoveries 15 of , Streptococcus sobrinus were cal culated. The results

are shown in Tdoen 6hdebsuwlts shéwh i¥ Tables 2afldl G, @ Becdhf cledt that-then
susceptibilities of Streptococcus sobrinus to the monobactam antibiotics
were significantly lower than those of Streptococcus mutans. Therefore, it
is understood that Streptococcus sobrinus can grow on a medium
15 containing the monobactam antibiotics in such a concentration that
Streptococcus mutans can not grow, and such a medium allow
Streptococcus sobrinus alone to grow selectively. Namely, the present
inventors have found that by the use of the monobactam antibiotics,
Streptococcus sobrinus alone can selectively be isolated.
20 Examples
Now, the present invention will be specifically described with
reference to examples. On the basis of the above-mentioned findings, the
present inventors produced a trial model of a selective medium for
Streptococcus sobrinus and evaluated it.

25  Preparation of Selective Medium

The selective medium for Streptococcus sobrinus having the



n.QX~~X~XXcry XXy-~-0o0 ~ ~cac~~ O~~~00"'alc ~ ¢
OAz ~0~00a0O0OaalO00xo00c'. oagoagoo .~PGOOOC1"'. ~
. "NCl~~~m+~0'0+ OCad ,O 14~ ~ ~ ~ - ‘r' ~G~Pi O- X~ cG+~
~ rd+~-+~b0O0O" O,~~pVOOOz~~~0wwUUa~c~"'.c +~ "~
~-"0o0o0+ E, WwW.~,~zZ~~ba~ZzalpU 23 As is apparent from
the results of Table 6 above, in Goup |, no Streptococcus sobrinus was

detected on the crowded MsS plate nmedium On the other hand, on the M5 SOB
medi um  Q¥fIpshIcn v HnOTabld ePhelie ClhersificrUshisnhaldihed wATbRg t he
bacteria of 'the total nunber of 5 from 106 to 10~ coul d be detected. Wen
the M5- SEBfeFRéd toh¥ASSSOB médiRink I prdpavé@r than Streptococcus sobrinus
were alnost totally inhibited. The bacteria other than Streptococcus
sobrinus, which grew on the M5-SOB nedium fornmed a small nunber of

col onies or pinpoint colonies. 10 As for the sanples of Goup Il, the pure
strai ns dfqbhs yept ococcus sobrinus were obtained on the M5-SOB nedi um and
the other bacteria (contam nants) did not grow on the MsS-SOB nedium On the
M5 megi um St r alympesitien TEulédtie RditmefodtStPspldRsiceisisabriiabi t ed t oget her
in alnost the sane quantity. It was difficult to find out Streptococcus
sobrinus from (MS-SOB medium)

Component
Mitis Salivarius Medium 90 g/LL
Aztreonam 0.2 g/LL
Fosfomycin 0.02 g/L
Bacitracin 20 units/L
Sodium Chloride 20 g/L

Mitis Salivarius medium (MS medium) in Table 4, manufactured by

Difco, which is generally used for isolation of not only mutans streptococci

10  Dbut also the other streptococci, has the following composition.
Bacto Tryptose 10 g/LL
Bacto Proteose Peptone No. 3 5 g/l
Bacto Proteose Peptone 5 g/Li
Bacto Dextrose 1¢g/LL

15 Bacto Saccharose 50 g/LL
Dipottasium Phosphate 4 g/l
Trypan Blue 0.075 g/
Bacto Crystal Violet 0.0008 g/LL
Bacto Agar 15 g/LL

20 However, the base medium used for the selective medium for

Streptococcus sobrinus of the present invention is not limited to the MS

medium, and any media may be used on which only oral streptococci

including mutans streptococci can grow.



-15 the sanple on the M5 plate nmedium of Goup Il, which was contam nated by
the other bacteria, as was expected. Fromthe results of Table 6 above, it
~i.'s understood that by the use of the NB- SOB nedi um Streptococcus sobrinus
can selectively be isolated fromclinical dental caries sanples. 20 Study
on Bacterial Gowh on M5-SOB Mediumwi th respect to Cinical Dental Caries
Sanpl e Sixty human clinical dental caries sanples were incubated on the

M5- SOB nedia, and the results of incubation are shown in Table 7 bel ow.

Here, all of thegg, SQQBESﬁa riéah PR VMS‘SDBh?néHiHH?r fthjex 10~
n IVB a

on 25 the average rreasure on t te medi a. 24 Ta

| sol ati onngholidtaR! ARMAHECSPRE] {ﬁHﬁo %@ﬁlmsﬁb Ugdd G B el cal

dental caries sanples G owhs Nunber o es Streptococcus so rinus pure

culture t g i ia only
e SOOI S A4S i Ay e, )

mL.on t henbhbPAdtaat ﬁnﬁ*b%t?és FON G tahBY @arjanmné}{% rﬂﬁy%’édhhéﬁ edp§apeke. In 14

sanpl es out of the 60 sanpl és, Streptococcus rinus alone grew, and in 23
sanpl gs, fh@ ﬂbﬁ%&btafn éﬁﬁbﬁ%ﬁfseawafila Shgsdreedly ﬂrPJhﬁaﬂ‘ a%?fﬁ% adr ot h of
Streptococcus sobrinus was mainly observed W|t t he shal er of

col oni es {IlyMp&H_King®! N BRreotAnit ahﬂe Hud tnli' EAfr 1 @
g m)rp ) cally ﬁ% I's

(contam nan These ot her bacteria cou | ogl t| ngui shed

from Str eﬁiﬁ&@&%ysu@abrihnﬂfe g%éé}&uamftﬂaﬁ hr8f nb8i éﬂfteart&%ﬁ{a&r itroal one

was observed in 19 15 sanple these bacteria formed their colonies in the

number ofad§sidticEan The 18sndenthdtiot of NEhé®phiRBactARS CaRlibfticP gt | @

were, of course,
determined from the results shown in Table 2 and 3 within such a range

10 that Streptococcus sobrinus can grow and the other oral streptococci
including mutans streptococci can significantly be controlled. The
concentration of the monobactam antibiotic is usually within a range of
from 0.05 to 0.5 g/L, preferably from 0.1 to 0.3 g/Li and particularly
preferably 0.2 g/L.

15 Fosfomycin and bacitracin used here were purchas;ed from Sigma.
The mechanisms of action of fosfomycin and bacitracin are inhibitions of
pyruvate N-acetylglucosamine-3-0-enol transferase and pyrophosphatase
by binding to membrane phospholipids, respectively. = Namely, the
mechanisms of action thereof are to block from synthesizing cell wall

20 peptide glycan. By the combined use of the monobactam antibiotics with
fosfomycin and bacitracin which have the modes of action different from
the monobactam antibiotics, it was expected that synergistic effect could be
obtained. However, in the present invention, agents such as antibiotics to
be added to the medium other than the monobactam antibiotic are not

25 limited to fosfomycin and bacitracin. Fosfomycin is preferably used in a

concentration of from 0.05 to 0.5 g/L, and bacitracin is preferably used in a



nmor phol ogi cal Iy di stingui shabl e from Streptococcus sobrinus. |ndustrial
Applicability 20 According to the present invention, a nmethod of
-substantially isolating Streptococcus l$obrinus al one sel ectively and a

sel ective nediumfor Streptococcus sobrinus. According to the present

I nvention, there is no necessity to 25 nor phol ogi cal | y di stinguish

bet ween Streptococcus nutans and Streptococcus sobrinus, which are closely
resenbl e to each other in their norphol ogies so that the distinction of

these speGin@enfratieh’ dFrém! Pto 80 vslid/l.: Therefore, no confusion of these
bacterial species could be brought about. 5 Further, no confusion of

Strept ococcus SSHlﬁhﬁiJSclﬂbﬁHeOi@'adﬂerdeRBOQH&CineH%hU%PQtHeh%d%B@@S of

streptococci other than Streptococcus sobrinus could be brought about, too.

By the usgy; ﬁéuh@%sﬁ%t?&bké@u?@ddm% 11 andeﬂ?é‘thééfﬁPéhQH thgpé(ggtnococcus
sobri nus aI one ¢an selecCtively be isolated among oral 10 streptococci

i ncl udi ng:h@hh@aﬁ;rﬁtmﬁﬁtdiﬁﬂﬁﬁllyaﬂél d@@é}n?&edrtﬁil@ﬁé pesist &H}fébi/elhhoﬁgh@g
possible to clarify the exact aspect of the presence of Streptococcus

sobri gus dfMtled itHpeakokintpationd iam S8Pph &sf. thd Jther ashfsnedits,t AAdPILsence
of Streptococcus sobrinus can be exactly gotten hold of, it becones

p055| bl e prefadably Withine saged 6f franch taad g?lﬁ role of St rept ococcus sobrinus
in caries risk, which has been discussed in the art. Furthernore, in the

future, the di STy thelsblRtiob mbiRith Fop CS dpwébédd%u.%bﬁh@é af th@\prbyer | | Dbe
investigated and be able to be used for diagnosis of the caries risk of a

patient. jAQentidh, GdAlititndl cﬁnﬁ&hém edpablesifaiticraadivgl & aélebfivity of

, St rept ococcus sobri nus al one by
Streptococcus sobrinus other than the components described in Table 4
10 above may be added.
The MS medium to which sodium chloride was added was sterilized
and the medium was cooled to a temperature of 50°C. Then, the
above-mentioned three kinds of antibiotics were added to the medium to

prepare the MS-SOB medium.

15 Performance Evaluation Test of Selectivity to Streptococcus sobrinus

By the use of the MS-SOB medium and the MS medium selected as
a medium on which oral streptococci including mutans streptococei can
grow, the recoveries of Streptococcus sobrinus were obtained, to evaluate
the performance of selectivity of the MS-SOB medium to Streptococcus

20 sobrinus.

The bacterial strains indicated in Table 5 below were incubated
anaerobically at 37°C over night in advance. Ten-fold dilution of the
culture solution was prepared by the addition of 0.9 mL of Tris-HC] buffer
(0.056 M, pH 7.2) thereto, aliquots of 0.1 mL of the dilution were plated on

25  the test media (MS-SOB and MS), respectively. The plates were incubated

anaerobically at a temperature of 37°C for 3 days, and then, colony forming
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5 strain (recovery: 13.5%) out of the serotype a, all of the bacterial strains
classified into the serotypes d and g of Streptococcus sobrinus (recovery:
74.1 % on the average), Streptococcus downeii NCTC11391 strain of the
serotype A (recovery: 60.2 %), and Streptococcus anginosus ATCC9895
strain (recovery: 0.0025 %) and NCTC10709 strain (recovery: 0.0003 %).

10 Out of mutans streptococci able to grow on the MS-SOB medium,
Streptococcus cricetus OMZ-61 strain of the serotype a is a rare bacterial
strain detected in the oral cavity. Although Streptococcus downeii
NCTC11391 strain of the serotype A4 was found at a high recovery of 60.2 %,
this bacterial strain has not been detected from human oral cavity up until

15 now.  Further, these bacterial strains can be distinguished from
Streptococcus sobrinus in their colony morphological features. Therefore,

. it is vanishingly impossible to confuse these bacterial strains and
Streptococcus sobrinus.
Streptococcus anginosus ATCC9895 strain and NCTC10709 strain

20  belonging to the oral streptococci are extremely low in their recoveries, and
they have features significantly different from Streptococcus sobrinus in
their colony morphology. Therefore, even when these bacterial strains
inhabit together with Streptococcus sobrinus, a person who is not
conversant with their colony morphologies can certainly distinguished

25  between Streptococcus sobrinus and these bacterial strains.

Out of the tested mutans streptococci, Streptococcus mutans which
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After ultrasonic dispersion, by the use of the same buffer, ten-fold serial

dilutions of each sample were prepared, and appropriate dilutions were
plated triplicate on the MS plate medium and the MS-SOB plate medium.
These plate media were incubated anaerobically at a te.mperature of 37°C
20 for 3 days, and then, recoveries (CFU%) were calculated. The samples
containing bacteria in the total number of 1 x 106 to 108 on the average
were used for clinical analysis.
Five colonies per a test subject, which seemed to be Streptococcus
sobrinus in the light of their colony morphology, were subcultured to
25  confirm the presence of Streptococcus sobrinus.

The pure culture strain from each separated strain was identified
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666667722 NA410&I 3" 10% & ()-G & 3" 109824 ()-G & 3"10% & ()-G & 3"10% & () -
)?B2" &1 3" 10% & ()-G 77 777" 7' 7yYINA410&l 3" 10% & ()-G & 3" 10% & () -G
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0 10% 85 QLA % EL TR e o
& 3"10% &7Y) ‘3@ STREP (manufactured by bio Metrieux) or Streptogram
(manufactured Wako Pure Chemical Industries Ltd.) ; and 3) agar gel
immunodiffusion method using rabbit antiserum generated against the
5 control strain prepared in our laboratory as mentioned above (Hirasawa, M.
et al., 1980, Infect. Immun. 27:697-699; and Igarashi, T. et al., 1996, Oral

Microbiol. Immunol. 5:294-298).
The clinical samples were divided into two groups of Group I having
the ratio of Streptococcus sobrinus in all the streptococci of less than 1 %,
10 and Group II having the ratio of not less than 1 %, on the basis of the
number of existing Streptococcus sobrinus. All the samples contained the
streptococci in the number of 106 to 107 on the average on the MS plate

medium,

By the use of the above-mentioned clinical samples, the recoveries

15  of Streptococcus sobrinus were calculated. The results are shown in Table

6 below.
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As is apparent from the results of Table 6 above, in Group I, no
Streptococcus sobrinus was detected on the crowded MS plate medium.
On the other hand, on the MS-SOB medium, even less than 1% of
Streptococcus sobrinus inhabited among the bacteria of the total number of
5 from 108 to 107 could be detected. When the MS-SOB medium was used,
the bacteria other than Streptococcus sobrinus were almost totally
inhibited. The bacteria other than Streptococcus sobrinus, which grew on
the MS-SOB medium, formed a small number of colonies or pinpoint
colonies.

10 As for the samples of Group II, the pure strains of Streptococcus
sobrinus were obtained on the MS-SOB medium, and the other bacteria
(contaminants) did not grow on the MS-SOB medium. On the MS medium,
Streptococcus sobrinus and the other bacteria inhabited together in almost
the same quantity. It was difficult to find out Streptococcus sobrinus from

15  the sample on the MS plate medium of Group II, which was contaminated
by the other bacteria, as was expected.

From the results of Table 6 above, it is understood that by the use

of the MS-SOB medium, Streptococcus sobrinus can selectively be isolated

from clinical dental caries samples.

20 Study on Bacterial Growth on MS-SOB Medium with respect to Clinical

Dental Caries Sample

Sixty human clinical dental caries samples were incubated on the
MS-SOB media, and the results of incubation are shown in Table 7 below.
Here, all of these 60 samples contained bacteria in the number of 1 x 107 on

25  the average when measured on the MS plate media.
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Isolation of Streptococcus sobrinus on MS-SOB medium

from 60 human clinical dental caries samples

Growtha Number of Samples

 Streptococcus sobrinus pure culture 14
Streptococcus sobrinus plus other bacteria 4
Other bacteria only

>500 0
10 to 500 - 10
<10 9
No bacterial growth 23

5 2 Mean number of CFU per mL on the triplicate plates containing 0.1 mL of
an undiluted sample.

In 14 samples out of the 60 samples, Streptococcus sobrinus alone
grew, and in 23 samples, no growth of any bacteria was observed.

10 In 4 samples, growth of Streptococcus sobrinus was mainly
observed with the small number of colonies (number of colonies: 70 at the
maximum) of the other bacteria (contaminants). These other bacteria
could morphologically be distinguished from Streptococcus sobrinus.

Although growth of the other bacteria alone was observed in 19

15 samples, these bacteria formed their colonies in the number of less than 5 x

102 CFU/mL at the maximum. These other bacteria were, of course,

morphologically distinguishable from Streptococcus sobrinus.

Industrial Applicability

20 According to the present invention, a method of substantially
isolating Streptococcus sobrinus alone selectively and a selective medium
for Streptococcus sobrinus.

According to the present invention, there is no necessity to
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addition of a monobactam antibiotic to a medium on which only oral

streptococci including mutans streptococci can grow.

3. The selective medium for Streptococcus sobrinus according to Claim

10 2, wherein the medium on which only oral streptococci can grow is Mitis
Salivarius Agar (MS medium, manufactured by Difco).

4. The selective medium for Streptococcus sobrinus according to Claim
2 or 3, wherein the monobactam antibiotic is aztreonam (AZT) or
carumonam (CRMN).

15 5. The selective medium for Streptococcus sobrinus according to Claim
4, wherein the monobactam antibiotic is aztreonam (AZT).

6. The selective medium for Streptococcus sobrinus according to any
one of Claims 2 to 5, wherein the selective medium contains the
monobactam antibiotic in a concentration of from 0.05 to 0.5 g/L.

20 1. The selective medium for Streptococcus sobrinus according to any
one of Claims 2 to 6, wherein the selective medium contains fosfomycin
and/or bacitracin.

8. The selective medium for Streptococcus sobrinus according to any

one of Claims 2 to 7, wherein the selective medium has the composition

25  below:
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