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ABSTRACT

Development of the Species—-Specific DNA probes and
PCR primers for the identification of mitis group
streptococci using the Inverted Dot Blot hybridization

screening method

Park, Soon-Nang

Advisor : Prof. Do Kyung Kim, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to develope of species—specific DNA probes of
mitis group streptococci (MGS) and species-specific PCR primers base on the
nucleotide sequences of the DNA probes. A collection of 95 strains consisting of 81
clinical isolates, 8 reference strains and 6 type strains of MGS were examined. The
identification of 81 clinical isolates was performed by phylogenetic analysis using
multilocus sequence typing (MLST) method using three housekeeping genes, 16S
rRNA gene (16S rDNA), RNA polymerase beta-subunit encoding gene (rpoZ) and
manganese superoxide dismutase gene (sodA). The Aindll-digested genomic DNAs
from the type strains were cloned by random cloning method. To screen the
species—specific probes of .Streptococcus rmutis, S, pneurmoniae, \S. oralls, \S.
parasangumis, S, sanguinis and S, gordorn, IDBH were performed and confirmed
the specificity of the DNA probes by southern blot analysis method. The
species—specific PCR primers were designed base on the nucleotide sequences of
the species—specific DNA probes. The MLST data revealed that 93% of clinical

isolates were classified into 11 species of MGS by rpoF gene. SodA gene is not



adequate for the identification of .S muzis and .S priewrnonice and did not coincide
with the results obtained by the rpoZ gene. The data showed that the Sgo4l,
Sor24, Spal7 and Ssa2l DNA probes were species—specific for .S gordornz, S
oralis, S, parasangumnis, and S, sanguinis, respectively. Interestingly, the
strain—-specific probes for .Streptococcus mitis KCTC 3556'1‘, Smi2l DNA probe, was
developed. The PCR data showed that species—specific PCR primer for .S gordornii,
Sgo4l1-F1/R1. and two pairs of .S suzis KCTC 3556T*specific primers,
Smi21-f-F2/R2 and Smi2l-b-F/R were developed. These results indicate that
Sgo41-F1/R1 primer could be useful in the identification of .S gordorii and this
primer is suitable for the detection of .S gordorniz in clinical samples. In addition,
two PCR primer sets, Smi2l-f-F2/R2 and Smi2l-b-F/R, have proven useful for the
identification of .S, muzzs KCTC 3556'1‘, especially with regard to the maintenance of

the strain.
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L A 2

T

AA streptococci(d A F )= 50F o] o F(bacterial species) &2 55 o]
N, 7t MTE AT TFEY 16S rRNA G312 A7IAE vl ZA ol 23] mitis,
mutans, anginosus, bovis, pyogenic % salivarius 5% A 7l phylogenetic 2 =&
o] Xt (Hoshino e @/, 2005, Kawamura ef @/, 1995). 15 F7 Wo] &A=
mitis group(¥) QA TTELS XolxEH FH H&FS o]FH FHAAZ AT E
o Aotel] HRT= AL FlstAY Adfetr|= o dE o mitis wol £Ek=
Streptococcus gordonii= 8591 g G de AT 4 9lii(Gibbons es @,

23
1991, Scannapieco ef @/, 1995), X FA3 Fad HhAdF F g

o

Porphyvromonas gingiwalist 23S 7 v FHUE AFdoh(Lamont er @/, 1993).
Hh o] o] & mitis W AT HES Aok T FoF AUFFQ mutans 7 A
HFdEG FAAH oz Hof T ¥ H(Nyvad e @/, 1990).

Mitis o Aol Fole dFES Xt ofye} ooy r Fag dF
ojt}. o]EL AV|Td FAIY B3|, S prewnoniaes =AF Tv AARHe Fa
Rl W ol tE mitis o AT HEL olFAAMMTA AW Y9 (Baddour er .
1994, Douglas e @/, 1993), neutropenic @3Ao|Al F=elxA YEeElyE=E IS5
(Beighton er @/, 1994, Bochud er @/, 1994, Jacobs er a/ 1995), =4 (Cabellos e/
@/, 1999) @ ¢4+ (Arbique ef @/, 2004)8] =& HAAZE g A 9t}

Mitis & AT dE5S T FTo=2 AFsA sAs= A2 7137399 2y 7A

I dFE Tk FA4A W .
A Gl AAFTE dFES FAE 7] #18], Rapid ID 32 STREP
system(BioMéieux, La Balme les Grottes, France)® STREPTOGRAM(Wako Pure
Chemicals, Osaka, Japan)® #Z<& A EAH TAEAH ARE HAeE dF9
phenotypic 4 ZEES drbH o= ALgsta o, stAw, o594 F FEolAe &
AEL 30-50%¢ Aoz HaxEU(French ef @/, 1989, Hinnebusch es a@/. 1991).

Aol & FaodAe FAd dogA  dFY e 7|F(golden  standard)

DNA-DNA hybridization ¥H3} 16S rRNA A AH(16S rDNA) G 71 E v w4

Holt}H(Krieg 2001). E3], ATFE2 16S rDNA AP 7| EL A322 ZHo|A
FTbol & Bzxro] glom folgtuo] a7t Z FEE ow tE ERFTH WY

_‘I_



ol vl Fdsty] witel 7H deE AREE A vk 2y mitis 7 AHF T F

=9 S pneumorniae, S. mitis 2 S oralis®] 7dFE 16S rDNA ;A A7 EELS A

2 99% 9 AEFAS 7FA a2 W (Hoshino er @/, 2005). LA Streptococcus % <5
sl 7 ES 5457 Y8, o8 housekeeping A ALY ARV A LS v wEAE
= multilocus sequence typing(MLST)® o] o€ %1 9t} =, 7|5 RNAE ZAGstE

7 #¢l RNA subunit of endonuclease P(s7p5)(Tapp er @/, 2003), @+ A S 343}
= A2 D-alanine:D-alanine ligase(dd/)(Garnier ez @/, 1997, Kawamura e/ @/,
1999, Hoshino ez @/, 2005), B subunit of RNA polymerase(/poZ)(Drancourt ez a/,
2004), heat shock protein(groZSZ)(Teng er a/, 2002), elongation factor
Tu(zzf(Picard er a/, 2002), glutamate dehydrogenase(gd/)(Hoshino ez @/, 2005) 2
manganese—-dependent superoxide dismutase(sodAd)(Hoshino ez @/, 1999) = A A& o]
o] & ¥ Q). zEjy o] &%= housekeeping A Aol whel A AT F FF
Ao ZFR7F 59 237 e s dFEo] AUl wiEel, 54 ¢ A fAAe Al
Bl RS MM st BRE AT dFE T FEoE FAGE oy
Aite F FEo2 A48 E d 45 Wy F dyr DNA Z2HRot, o
u AFE-E = DNA Z2H &= Alat HA A¥ DNA, 54 %Ak oligonucleotides 2
+ FRYY o At A= DNA 45 Fo| vk o5 DNA Z=2rB9 F
EolAdS HF387] #1814+ southern blot #AW S Aldfof s}, =,
EoldE AFs7l fdlAAE 1092 Southern blot w4 H & Al o & of 5}
71wl F29 F2Yyel 2§ DNA Z2HE Muss 44 g Aty 2 4
A& A ko] whektt. A WF H < inverted dot blot hybridization(IDBH) 7 A% o] 7§
9w o] 3 9] dot blot hybridizationo] 28] 967019 DNA T 2H 9 F Eo|Ag #AM
st = lar, of7]elA dx My DNA L2HE o] 838 Southern blot A H o=z
T 5045 AF FQst= el MEHE JAHKook e @/, 2003a). ©] WS o] &5}
southern blot &A1l sl Ao F-SoJitnt o}
T3 -50°] DNA Z27b#] 7dsglon, o] DNA Z2H o it 7|d& vt
F-Eo] W HFF-Eo] F3F LA HS(polymerase chain reaction, PCR) =&} 0]

W 7EA] NS E QA Gang e o/, 2002, Kim es @/, 2005, Shin ez a/, 2006).
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1. Ale 2 Al i

EoAFolAM olg® FFE F .S mutis KCTC, 3556', S oralis CCUG 24891", S
pneumoniae CCUG 28588", S gordonii CCUG 25608', .S sanguinis CCUG 17826,
S parasangurnis CCUG 3()417T, Streptococcus oralist KCTC 5605, KCCM 41567),
Streptococcus pneurnoniael KCTC 3932, KCCM 40410, KCCM 41569, KCCM 41570),
Y Streptococcus sp. (KCTC 5606/JCM 5702, KCTC 5607/JCM 5704) 59 ¥+

2 FHudFEL CCUG(Culture Collection, University of Goteborg, Sweden),

x£d

KCTC(Korean Collection for Type Cultures, Biological Resource Center, Daejeon,
Korea) T+ KCCM(Korean Culture Center of Microorganism, Seoul, Korea)ol|A
Jato] ArgtATE B, dANA B sA4EH dFES R AANAE AU
(KCOM, Korean Collections of Oral Micrbiology, Gwangju, Korea)ol| A} & <oFdto} A}
&3tk ol dATEFEL =79 ¥4 79, A5 79, Adsd HATS

Atabel A 22 H QY 5 2004, ¥ 5 2006, H 5

m 12

aelal WA SR Aobo] A
2006)(Table 1).

E A Agd BEE AN FT TFE-2 BHI(Brain heart infusion, Difco
Laboratory, Detroit, MI, U.S.A)W A 2 37C A wtu k7] o A 24A 7 F<F vfokste] o

& Ayl ALgse

2. AT genomic DNAS F&

Mite] A% DNAE G-spin' ' Genomic DNA Extraction KitGNtRON Co., Seoul,
Korea)& o] &3t Al x3]ALe] A Ao we} DNAE F=aadvh. 5, Al v 15
mE 10,000 x go] fAHL o]Ldle] AMAFS F&FHI S 5002 Pre-incubation
solution¥} 309] lysozyme solutiong ¥ & &3 o 37CoA 1AZF &t vl
SEATE. of 71l 2500 9] G-buffer solutions ¥ 2 &g th& 65CoA 1583+ 1t
SA 713, 25009] Binding solutions % i & &3tgk ths vortexingstSlth. o] &gk
cell lysates& G*spinTM columnol ¥ i
of 500409 washing buffer AE i TAl 13 dAEeA . o771 500 e

washing buffer BE 21 thA] 1587 94 %253, G-spin' " columng A 2 -¢



Table 1. Isolation site of mitis group streptococci

Patient number Isolation NPmber of
isolates
T7+e17 3 Lt Mn angle area 3
T2l 5 Osteomyelitis 23
T7e)3 10 Both Maxillary sinusitiss POMC.(Lt) 8
T7el 3 12 Maxillary sinusitis (POMC) 13
T7e)3 13 Maxillary sinusitis 2
Tl 14 Chronic osteomelitis 5
ok 16 Subgingival dental plaque, Gingivitis 1
ouk 18 Subgingival dental plaque, Gingivitis 1
o\l 20 Subgingival dental plaque, Periodontitis 2
o vk 22 Subgingival dental plaque, Gingivitis 1
dvk 29 Subgingival dental plaque, Gingivitis 1
X < EN86 Acute pulpitis 1
X E EN93 Acute pulpitis 3
HE EN9S Periapical abscess 4
HE EN99 Acute pulpitis 2
HE EN102 Acute pulpitis 2
HE EN104 Acute pulpitis 1
H<E EN107 Acute pulpitis 2
HE EN112 Acute pulpitis 2
20} 10 normal 1
Ay 35 normal 2
WA 47 normal 1
Total 81




eppendorf tubeo] ¥l 10049 elution buffers ¥ i 187 AL WA S

13,000rpmell A 13& 2+ A4 2 €] 8 9

3. Multilocus sequence typing(MLST)

B oA B4zt 3 16S rDNA, rpolf, sodd +AAE PCRY o Z FZ317]
f& Hz T3 RuEdd ZetolHE(Lane ef @/ 1985, Drancourt et al., 2004,
Kawamura ez @/ 1999)& A3t 3, o5 2Zgo]w = BioneerAH(Daejeon, Korea)e®l
o= ete] AZsEAT. B AGelA AARE 4 FAAE SEE7] AT Zetolw g =

gholm HAAVIAME 2 FHELAMTE 20S Table 201 A2 k3

4. PCR $%E° 82493 E82v= DNA 55 2 447144 23
PCR ZZE&E2 pGEN-T easy vector(Promega Crop.,, Madison, WI, USA)el
A Z3 A Y] A Ao wE}t F2YSsta, £ co/ DHbaol HA A3 stk Az
Zetav =% AecuPrep'™  Plasmid  Extraction  Kit(Bioneer Corp., Daejeon,
Korea)E ol &3dto] Ax3ALe AAU=z F=Adtt. =, Aldulded 1msE 30x3F
HAAEZ (12,000 x ostr, Fo4F M "HolzglE 250402 Resuspension bufferE
7bakel Z dAEE F 25040 Lysis bufferE #H7bste] A3 2 &3 o2, 350
w8 Neutralization bufferg F7tet SA| & 42 Fo d3Fol 5zt WAt
oA g 103 A (12,000 x gdte] 45 NS Binding column tubeel & 7]3iL,
212,000 x 23R, 3} AE B3, Binding column tubec] 80%
ESS 700 ¥ T 183 9A4EF(12,000 x 235A . Binding column tubed
= A& de&Es AAG7] A& A} S W, vA 0%z
QAR (12,000 x 2 39 th. Binding columne A 22 eppendorf tube® 7)1l
o] 710 100409 Elution bufferE ¥ i 1837 7|g¢d v oA 183 4452 (12,000
x gstel ol s -20TColA  H¥ste] MAFTIAE AAd AREstAT. 7
Aol #AMak AVIAE AAS sl 16S rDNAE ChDC-GEM-F(5'-TTC CCA
GTC ACG ACG TTG TAA AA-3'), ChDC-GEM-R('-GTG TGG AAT TGT
GAG CGG ATA AC-3)3% Seq-F1(5'-CCT ACG GGA GGC AGC AG-3)=
85U, poB= ChDC-GEM-F/R Zelo|v2 Algstdrh. sodd SA4 9

Aard s A4S PCR 2Z 22 PCR quick spin' ™ PCR product purification Kit



Table 2. PCR primer sequences used in this study

PCR condition”

. . ID temp, time Ampli
Gene Primer name; D temp, time —con
oligonucleotide sequences (5 — 3') A temp, time )
E temp, time s1ze (bp)

FE temp, time

94C, 2min
94C, 1min
55T, 30sec 1502
72°C, 1min
72°C, 10min

16S 27F; AGAGTTTGATCMTGGCTCAG
rDNA  1492R; TACGGYTACCTTGTTACGACTT

95T, 2min

94T, 10sec
Strepto F; AARYTNGGMCCTGAAGAAAT .
rpol7 51°C, 10sec 740
Strepto R; TGNARTTTRTCATCAACCATGTG 60°C. 2mi
, 2min

72°C, Smin

95C, 10min

94C, 1min
SOD-UP; TRCAYCATGAYAARCACCAT
sodA 51C, lmin 435

SOD-DOWN; ARRTARTAMGCRTGYTCCCARACRTC .
727C, 90sec

72°C, 10min

* The number of PCR cycle was 30; ID, initial denaturation; D, denaturation; A,

annealing; E, extension; FE, final extension.



(iNtRON Co., Seoul, Korea)E o] &3 AH#|3 T sodA-F3(5'-AGA AAA ACA CCC
TGA AAT CGG-3)¢ sodA-R4('-TGA CAA CCA ACC ATG CCC AAC C-3")
zglolH = ALg3] PCR T % %2 direct sequencing 3} S t}.

5 729 229l % A+F DNA 28 2.

At DNA =283 &5 F24Y317] fste], Alit A5 DNAE Ardll(TaKaRa Bio Inc.
Japan) ALz Al o] DNA AHE HAidll Adarz Aosia,
bacterial alkaline phosphatase(TaKaRa)® 5'¢] ¢147]1Z A7 3+ pBluescript 11 KS(+)
vector(strtagene, La Jolla, CA, USA)E DNA ligase(TaKaRa)® ligationd & o]&
ligation €& &S £ co/f DH5aol 32 &3

6. DNA 289 AHA =L X

DNA ZzBol AgxlE QIAEX 1 "(QIAGEN Inc., Valencia, CA, USA)E ©]§3alo]
A3 Al A Aol wel AAsAT. 5, 1.5% ofrf=2 A oA A7 Ed &
DNA ZH#Ho] = HES 7L A AAse] 15m eppendrof tubeol H i, buffer
QX1E ol7t2 2 A 250mgd 600 E HP = & QIAEX IO E 30%3 343 o5 204l
S 23, 50CelA 108 Fet THet AS ]
238t A5 A& w2l a, buffer QX1 5002 A AAE A b 30%
w2 (13,000% @38 th. buffer PE 500ut® 23] Al #3te] 30x &<k 941% 2] (13,000%
2% F 10~15%8 AE 4FAZEAS Ax2A70 v 10 mM Tris-Cl(pH 85) 20l =
elutionst o] 3ol AF-§5}3tt.

DNA 22132 A3 A A H DNA %9 Andlllz Adoste] 22493 DNA 3
< DIG-High Prime(Roche Diagnostics, Mannheim, Germany)< ©]&3}o]l I A3
o 1pge] AT Al DNA =& 20ngd AmdlllZ 23d DNA Z2HS HF Fu7)
16pl7t M =5 FTHTZ AU o8 Y B =olA 1023 7tEste] DNAE

wa] Ao Yol At o7]ol 4 DIG-High Primes X 7}ste] 2
Ha A7k QAT d F 37ClAM 1243 wFet sl W ¥ 0.2M EDTAE %o
W3S AAAZG. FAE DNAE AccuPrep ' PCR Purification kit(Bioneer Co.)%
o] §-ato] A x| ALY A Aol wep FASA T 5, AE DNA 20utd PB buffer 100
WE o]l 3A3% t1g binding column tubed] Hol 2o 187 dAE2(13,000x
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2 o columnes £33 ozde vy i, thA] W buffer 250 E Yo 23 w3
ATk ool W buffers &3] A7yl #a] ol A2olA 1&EIF AAE
(13,000% 2) 3to1 columns &3 ool Wil thA] W buffer 2505 2ol 23]
HHEEE AT o] W bufferg €3] Al7s7] 9 233F 942 (13,000x &) T
T columnes M=ZF 15ml eppendrof tubeo] &7]3 o7]o] 30ule] E buffers Y
Ao A 123 A& sto] ofFds APl AFEsEA

7. IDBH ™ 2 Southern blot ¥4

Mitis ¥ QAT 5 60T FT-5°] DNA 22 FRE IDBH #HAHo=z 3+
71 9lel, 7t wEY FETFE S mutis KCTC, 3556°, S oralis CCUG 248917, S
pneumoniae CCUG 28588" , S gordonir CCUG 25608 S sanguimis CCUG 17826"
2 S parasangunis CCUG 30417' 9] 35 DNAZ ¥H %29 229 ¥ Hindll A
a4 DNA #dd#o] Add Axd Sg2v=s 5 4749 dF=5FH 16M8S A

I

gttt olE AZFTE Z2Av=(20ng)E 1083 #odA WMAA 7L, gl 5R3H
W28t E Y. 2 & HAdE A2 Z2g2v=E Nylon membrane (Roche Diagnostics)

of &3 T, 120C 3224 30 &<t bakingdtol DNAE membraneo]| 74 A|

.

Southern blotS A133st7] Y] Z AfellA F=3 5ugd Ax DNAS Aindll
(TaKaRa) Adair=2 A3 oS 08% Agarose gelodl #A7]9%312 Vacuum
Blotter(Model 785, Bio—Rad Laboratories, Hercules, CA, USA)E o]&3lo] EA+9
vacuum transfer © 2 Nylon membrane(Roche Diagnostics)ol transferstil, 120C
AT LB A 308 F<F bakingdle] DNAS membraneo] 127 A Z t}.

Hybridization< S o2 A3 tt. =, membranes hybridization & % (5x SSC,
50% formamide, 0.1%6 sodium-lauroylsarcosine, 0.02% SDS, 2% Blocking Reagent)©
2 2A]17F F9ot prehybridizationAl 71 tg o]E WE| 1, A 2% hybridization & ol
DIG-High Prime(Roche Diagnostics)s ©]83}¢] labelingAlzl 2+ Mol A A5
T+ DNA 223 E H713sto] 124 3F hybridizationA] 1 tF. Membrane g 4 <o A 5%
7F 2x wash € 9(2x SSC, 0.1% SDS)o. & 23] A FHstiL thA] 0.5%x wash £ 9%(0.5x
SSC, 0.1% SDS)°. 2 68Tl A 151 29 Al 439

¥A¥ DNA Z 2 P27} membrane 49 #2% DNA 7}9 3 hybridization® & ¢olH

|
<o}
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7] 938k detection A2 Roche DiagnosticsAt®] chemiluminescent detection kitE A}

43t o A xIALY AAIHZE A dFFAT. =, membranes 100ml e Blocking
solution(buffer 2)o ¥ i1 30%3F vjker 5 buffer 29| anti-DIG-AP conjugateE 75
mU/ml(1:10000) H7}sFo] 343 20m¢ antibody solution®]l membranes ¥ i 30&7F
HES- Al A A 1587 100ml 9] washing buffer®2 23] A% 319t MembraneS 20ml 2]
Detection buffer(buffer 3)oll A 2~52%F A=Al sttt DNAZ o] H=7HA 5o
membrane2 polyethylene filmAel] =31 oF 1 mee] 712 (CSPD™)4 AL A48 T
ZA] Wl = sheet® Yo 712 o] membranedol 1F A 4 A AT 583
Ao A wkg F ko] HS A A filme ZFFAEE %5to], luminescent
reaction®] Yoly=E 37C w7 1587 WAz & A2 A X-ray

film(Lumi-film chemiluminescent®, Roche Diagnostics)oll 1~3 A7t =2 A 7t}

8 DNA Z2 8 AJH7|EdZ443 2 PCR ZetolW o AA 4 PCR

DNA Z2Heo] @i A7|Md Z2AS 98 ChDC-F(5'-AAT ACG ACT CAC
TAT AGG GCG AA-3)9 ChDC-R(5-CCT CAC TAA AGG GAA CAA AAG
C-3) =ZgolWE Atgs EAMIIPn Z2ZBo Alo]zryF Z Spn8Y AF
ChDC-F/ChDC-R & ¢}d a71449S wyg oz =Zalolw Spn8F-F('-ACG ACG
TCC GCT AAT CTT TTC ATA-3)9 Spn8F-R(5-ATG TCG AGG CAG CCA
AGT TTT T-3")& AAste] LA dS AR

= 2] flste] B Aol HdEd ZrpBe dAtHTIAES

ol PCR *
o 7zt Zglo)

=z

gom MHAT Zto]lm = Sgodl-F1/R1, Smi2l-f-F2/R2, Smi2l-b-F/R, Spn8-F1/R1,
Sor24-F1/R1, Spal7-F/R, Ssa21-F3/R2¢]il, o]&9 AgFLE+= 77 54T, 50T, 5
0C, 61T, 59°C, 59C, 70C o]t} (Table 2).
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1. MLST® A 9% mitis & AAFTTY T FFA49 &3

S AU A ER PPl A EPHE mitis 7 AT H 16S rDNA, rpod,
sodA FHAAES PCRYSRE &3 A3 77 oF 1502bp, 740bp 18] 31 430bp =L7]
EEs Ao NIV ES AASAT. 2 AT elA 16S rDNA HAA7IA <L
ARsto] ool EF mitis w8 AT HS T tH(Table 3). Mitis
o 139E T BFolR @2 T0F S pseudopneumoniae, S, peroris, S
oligofermentans, \S. infantis, S sinensis, S australis, S cristatus %59 16S
rDNA, rpoB, sodA ++3A7e] @4 A 714 d5 GenBank®] dH o] Bl ¥ o] o] A Tt} 1ko}
AL-&-3} 31

E Ao A AFEH mitis o A G FTEL 16s tDNA, rpol, sodAd A 9
AAVIAE S BAstY F FEoE FA457] 9ste] MegAlign(DNASTAR  Inc,
USA) =Z 2732 o]&3}e] Clustal V Bl 98] phylogenetic tree® =23} &%
tHFig.1-4). Mitis o Aol £ate 13% ZFdFE7e B4 23 165 rDNA
= S. mutis, S. pneumomniae, S. oralis, S. pseudopnewnoniaed AtG 714 Qo] Aol

Aol 05%oled AL 4 F AU, sodd FAAY AS S, prewnoniaest S.

pseudopneumoniae T ALl A 100% AAFte] F AT FHE

& Ao2 YEtH(Fig. 1). /ol #7d#e] 4+ 165 rDNAZ 77 o8& #5
59 AT G Y AdolAe] 2-4%=E Y ®oka Al A T 137F ] A E7IA
do] Hdoldel M =& e & F ARG (Fig. 1. o]# & o) F =2 & ATolA ALE

i
=
4z
Me
flo
oh
o Ho

E3le Aoz o4 ﬁli’iD}(Fig 2.-Fig. 4). Mitis « W] @ #F Ff

ol =
&5 A o JFF(Streptococcus sp)E L 16S rDNA, rpoB, sodd F+AAE Z+2+g 7]
FO 7 Bt 41vF, T, 22v 2 EAEHAY. ¥EvFE9 16S rDNAZ EF7)

AHANDA S. mutis, S. prnewnoniae, S. oralis HEL BFE rpol AR o FHu
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et YT 242y 89, 3w agla 229 R W EE] EREHAUY. HadT
Streptococcus sp. KCTC 56079 A+ ZE=TFEY 0B sodd +AaA A 7] A
g8 JFor BN A BT S oralis clusterol X &FHO] S oralis®E AR,

Streptococcus sp. KCTC 56063 74 ChDC B677, ChDC B685, ChDC B686 4
FE 0] S prneumoniae®} S, oralis cluster AFolol] THE cluster® E{FH o] A 2%

oz BF/ A5T Aom AAAY EEFFE sodd FA4 ARGNAAL

=

of\

NeEox2 & A S, prneunoniaet S. pseudopneumonize’t E57F E7l% s
EFTTEY polf FAA AN AIAE S 71Fo2 & AL S nutis(bootstrap value
52.6% ol’hH = EFHAY 4+ 871% 570(ChDC B183, ChDC B188, ChDC B231,
ChDC B242, ChDC PV-F28)7} S. nutis®¢ S pnewmoniac/S. pseudopneumorniae
cluster Afolell EFHUATH F. o] o/ DT FT= S, mutis/S. pnewnoniaelS.
pseudopneunoniae M T2 FEo] ETE s AR E 40 7% A
T3 rpol AR Q8] S, putisE EFE ChDC B3002 soddel ¢siAd = S.
pneumoniaelS.  pseudopneumoniae cluster Woll X EHAT Rpokol 9 S
oligafermentans(bootstrap value 100%)Z T A" ChDC B689% sodddl <d|A= S
oralis(bootstrap value 26% 0] 5}) = TAEAL, sodA°l 9] 3] A K)
oligofermentans(bootstrap value 20.9%)% A ® ChDC B1862 rpoZdl 2osjA S.
pneumoniae(bootstrap value 63% ©|7H) 2 FAFHAGY. Tk B Ao A8H 8719
AndF F rpolo 9@l A= Streptococcus sp. KCTC 5606°] 18] 1 sodAo] <&
X+ Streptococcus sp. KCTC 5606%} .S ora/is KCCM 41567 59| S oralis® &
FHA @i, o #Fode 2THA e Aoz e

2 AT ALEE ZFEEFEY Al A FAA B A wdd For Eid
HE> S gordoni=, 6719 AT T7 FLUEA FAEAC. 16S rDNASE sodd -
Az @AArA 7| E BA O 9al S. sanowinis® EFHAYD AN TFTFES ol F A
2L AT GS BT Ay 60T F 110 dFERel S sanguinisE W5
HAx vdHA 57355 S smensis®E wHRHJT. TS 16S rDNASF rpofel S.
parasangumis= 10719 Q3T F7F FA4HA =Y, sodd FHAAZE ol 10709
oF A rpolN 8 S australis® 55 QW ChDC B330 {7+ F7F o 2354

2 ATeM AT FEY T FELE TS 52 pol A #MALA Y

5
AN

_12_



NEE 7|Fo =2 3 NA = 1 FE FE
J |+ 5oy, sodASt 16S rDNA FHAAE9 AAY 7| LS 71A 2 T

. q- ) ) 3 = =2 [¢} LN
07 TAS Ao dAEE WMES(%)E AT s (Table 4)
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Table 3. Identification of streptococci clinical isolates by the comparison analysis

by the rpo/f gene oligonucleotide sequence at the species level.

Species and strain KCOM' No./ChDC? No. Species and strain KCOM No./ChDC No.

Streptococcus mitis KCOM 1350/ChDC B183 S, oralis KCOM 1501/ChDC B674- 1
S mutis KCOM 1355/ChDC B188 S, oralis KCOM 1502/ChDC B674-11
S, mutis KCOM 1379/ChDC B231 S, oralis KCOM 1503/ChDC B676
S. mutis KCOM 1388/ChDC B242 S oralis KCOM 1505/ChDC B678
S, mutis KCOM 1050/ChDC B300 S, oralis KCOM 1507/ChDC  B680
S, mutis KCOM 1295/ChDC F276 S, oralis KCOM 1508 /ChDC B681
S, mutis KCOM 1285/ChDC PV-F26 .S oralis KCOM 1518 /ChDC B691
S, mutis KCOM 1286/ChDC PV-F28 .S oralis KCOM 1293/ChDC F221
S, pneurnoniae KCOM 1353/ChDC B186 S infantis KCOM 1358/ChDC B194
S, pneurmnoniae KCOM 1360/ChDC B196 S, nfantis KCOM 1375/ChDC B227
S, pneurnoniae KCOM 1016/ChDC B302 S infantis KCOM 1377/ChDC B229
S, oralis KCOM 1401/ChDC B253 S, peroris KCOM 1475/ChDC B648
S, oralis KCOM 1407/ChDC B258 S australis KCOM 1371/ChDC B218
S, oralis KCOM 1408/ChDC B260 S australis KCOM 1386/ChDC B239
S, oralis KCOM 1414/ChDC B279 S, australis KCOM 1439/ChDC B315
S, oralis KCOM 1416/ChDC B286 S australis KCOM 1441/ChDC B317
S, oralis KCOM 1422/ChDC B297 S australis KCOM 1027/ChDC B330
S, oralis KCOM 1423/ChDC B298 S australis KCOM 1444/ChDC B340
S, oralis KCOM 1442/ChDC B338 S, australis KCOM 1296/ChDC F297
S, oralis KCOM 1447/ChDC B402 S, australis KCOM 1496/ChDC B669
S oralis KCOM 1493/ChDC B666 S australis KCOM 1498/ChDC B671

' KCOM, Korean Collection for Oral Microbiology
> ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University;

(continued on next page)
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Table 3. (continued)

Species and strain

KCOM No./ChDC No.

Species and strain

KCOM No./ChDC No.

Streptococcus gordonii KCOM

S, gordoni
S, gordoni
S, gordonir
S, gordoni
S, gordonir
S, parasanguinis
S, parasanguinis
S, parasanguinis
S, parasanguinis
S, parasanguinis
S, parasanguinis
S parasanguinis
S, parasanguins
S, parasanguins
S, parasanguinis
S sanguinis
S sanguimnis
S sanguins

S sangumnis

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

1347/ChDC
1357/ChDC
1364/ChDC
1369/ChDC
1387/ChDC
1506/ChDC
1352/ChDC
1359/ChDC
1365/ChDC
1366/ChDC
1368/ChDC
1370/ChDC
1415/ChDC
1497/ChDC
1585/ChDC
1294/ChDC
1567/ChDC
1014/ChDC
1419/ChDC

1420/ChDC

B180

B193

B211

B216

B241

B679

B185

B195

B212

B213

B215

B217

B285

B670

0549

F229

B203

B259

S, sangumnis

S sanguinis

S sanguinis

S, sangumis

S sanguinis

S sangumis

S sanguinis

S, sinensis

S, sinensis

S, sinensis

S, sinensis

S, sinensis
Streptococcus sp.
Streptococcus sp.
Streptococcus sp.
Streptococcus sp.

Streptococcus sp.

Streptococcus sp.

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

KCOM

B294 S oligopermentis KCOM

B295

1428/ChDC B305- 1
1019/ChDC B305-1I
1434/ChDC B331
1070/ChDC YSALl
1169/ChDC YSAZ2
1171/ChDC YSA4
1192/ChDC YSA201
1372/ChDC B219
1017/ChDC B304-1
1427/ChDC B304-10
1018/ChDC B304-1II
1576/ChDC 0S38
1349/ChDC B182
1425/ChDC B303-1
1426/ChDC B303-1I
1504 /ChDC B677
1512 /ChDC B685
1513 /ChDC B686

1516/ChDC B689

' KCOM, Korean Collection for Oral Microbiology

> ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University;

_15_



Table 4. Proportion of idnetification according to 7po/Z’ gene.

9% of strains (number of strains)

Taxon
rpol7 sodA 16S rDNA
S, gordonii 100 (6) 100 (6) 100 (6)
S, oralis 100 (22) 86.4 (19) 40.9 (9)
S.mutis/ S oralis (19)
S muitis 100 (8) 25 (2) 0 (0)
S.mutis/ .S pneumoniae (5)
S, pneumoniae 100 (7) 0 (0) 0 (0)
) S pseudopneumoniae S.pseudopneurmoniae
S, pseudopneunoniae O (0) . .
/.S pneumoniae (6) /.S pneumoniae (6)
S parasanguinis 100 (10) 91 (11) 100 (10)
S, sanguinis 100 (11) 75 (16) 75 (16)
S, sinensis 100 (5) 0 (0) 0 (0)
S, australis 100 (9) 11.1 (1) 44.4 (4)
S peroris 100 (1) 33.3 (3) 100 (1)
S, nfantis 100 (3) 75 (4) 75 (4)
S oligofermentans  100(1) 0 (1) 0 (0)
Streptococcus Sp. 6 22 41

_16_



2. IDBH A # 2 Southern blot W& % F-5°] DNA 2B 742

Mitis & ANFTe = 5 S gordon, S oralis, S mutis, S pneumoniae, .S
parasanguinis 183l S sangums TWEEY F-5o] TR BEE sy YA
IDBH A Hol| o3 2t MaFEe] 20T A% DNAE HAmndll2 A9 DNA A
d F A2717F 05-2.0 kbp A% H= F-5°] DNA 2B F W E5(Sgodl, 708bp;
Sor24, 1029p; Smi2l, 1020bp; Spn8, 1568bp; Spal7, 669bp; Ssa2l, 938bp)S Al 83}
Ak (Fig 5).

deg ZrBo F-Solkg AFetr] f& WA BEdF9 A DNAE o] &3
o] Southern blot hybridizationg A3} tHFig. 6). 2L Z3} Sgodl, Sor24, Smi2l¥}
Ssa2l 2218 = A7 S gordoni, S oralis, S mutis, R S sangumusd o F 5ol
T AAT Spn8Y] AF 6T Y T T BTN FANES HAo

, Spal7 ZEZ B & S parasangunis T . Sanguinis O
™, Spal7 2 HEE S s CCUG 30417" ¢} CCUG 17826"

3 o]

&

S o
o =

o
32

5 A5 DNACl $A4rteS HAW(Fig. 6). 24t ZR2H S0 F-5°045 EF-dT5
o poB FAA HAGAAG . B4 o FAY YHTFE AFE A

Sgodl, Spal7, Sor24 T2 H = Z}Z}o] Algt Fol g SolAde] &S & F U

(Fig.7, 8, 9). Spn82 X TdTolA Y Ayees dAAFS HolA X3 o (Fig.ll),

Ssa2le F-5o] 2B g Ay JddFol o A5 AdskA %
FolME F-5o] TrHz IRIHJL, APF o= JAFTF

Fol¥ 2] e Smi2le Sreplococcus mitis KCTC 35560 o] #F-Eo] zznz 3

1= A TH(Fig. 10).

3. = AN EZAA, F-50°] PCR Zztolw 9 HA 9 PCR

AelE 67019 DNA 28 AP gdE 2Ad o] blastn searchdt 23 Sgodle
transcrition regulator?l Zvs/Z A 92%°] FEAH S Ze Aoz FQFHS A, Smi2l
L g9 570bpe glycosyl transferase® 29 °F 400bp= EpsOH=E 99% 9] A5 A
S FF9dtg o Spn8L phosphoglucomutase® 99% A5 A4S Ssa2l2 hypothetical
protein Hydrolase 94%<%1 A& & 4 AAJTh. 1 9 Sor243} Spal72 72} dFolA &
oAl Brel A A @& A o w QAT

7 2B E atd I Ee vg oz PCR ZetolHE txdl dho] TS
S A 3d A Sgodl-F1/R1E S gordoni®l td F-Eo] ZgolWz Folxla
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(Fig. 12), Ssa21-F3/R2 Zztolm o] A% sodA4%t 16S rDNA] o3 F4¥ 16709
sangumis Al 5 Z 5 o] &9l th(Fig. 13).

Smi2l-f-F2/R2% Smi2l-b-F/R Zgtoln B& #F-5o] Z2o|X HFH A 2
o] Streptococcus mitis KCTC 3556 o #F-Eo]x9l Zatolmz 3ol 9t} (Fig. 14
¢ 15).

s F KCTC 56059 KCTC 5607 +
= S, oralis F & 59% oA FEZ Eo] golx g T3 Spn TRZEE vlgo g T

W A ol TR Qe S parasanguinis®= SARE 107 F
9} ChDC B330 94+ A5 DNAdA FHEo] AAEH A (Figl?). o] 11718 o5

= sodd AR Q8 S parasanguinis® R E TFE o]t}
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Table 5. The results of homologous search (BLASTn) of DNA probes.

gene name Locus Identity Length
Probe )
[species] Name (%) (bp)
transcription regulator, Zys/Z family a 445/479
SeoAl o ordonii Challis NCTC7868"] SG0_1033 (92) 08
glycosyl transferase, group 2 family 573/576
protein (V) N SMT0223°
smio] LS mitis NCTC 1226171 ©9 1020
Eps9H . 357/359
LS mitis NCTC 12261"] SMT0222 (99)
Phosphoglucomutase Y 577/579
Spn8 ) spr1351 1568
LS. preumonia R6 ] (99%)
preprotein translocase, SecA subunit
" 727/992
(secA-2) SP_1759
. (73%)
LS pneumoniae TIGR4]
secA2, verified frameshift (secA2) 598/901
Sor24 § . SGO._0974° 1029
LS. gordoniz Challis NCTC7868] (66%)
preprotein  translocase, SecA chain
., 619/1005
(secA) SAL_1526
. (61%)
LS. agalactiae 515]
conserved hypothetical protein " 383/571
.. . SGO_1664
LS. gordoniz Challis NCTC7868] (67%)
hypothetical protein homologus p 384/590
] SPN03121
Spal? LS. preumoniae G54] (65%) 669
P conserved hypothetical protein . 403/636
SMU_1703c¢
LS mutans UA159] (63%)
conserved hypothetical protein ” 368/574
N SMTO0270
LS. mutis NCTC 12261] (64%)
Conserved hypothetical protein
Hydrolase, alpha/beta superfamily, 4 891/938
Ssa2l ) CP000387 938
putative (94%)

LS sanguinis SK36 ]

“ TIGR locus name in the genomic database of TIGR.

® GenBank accession number.
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Table 6. Sequences of the primers designed from probes.

Annealing Amplicon

Probe Oligonucleotide sequences (5" — 3') Temp.(C) size (bp)

Sgo4l F1-ATT CCC TTA GTG TTC TGA TTG TT

Sgo4l 54 527
Sgo41l R1-GAC CCT CCG TTT CTT TAT GA

Smi21-f-F2-TTG GGC TCA GAT AAA ATA AT

. 50 351
Smi21-f-R2-TTT GAA ACG TTG TCT TGA A

Smi21l

Smi2l-b-F-ATT AAA ATA GCG ATG ATA CG

50 25
Smi21-b-R-AGA CCA GGA AAA ATT AAC TCA AAA I

Spn8 F1-CTG TGC CCC TCT TTG ATG GA
Spn8 61 409
Spn8 R1-CTA CAC CGC GTT CTT TCT CGT T

Sor24 F1-ACG GGG AGA GCC TGC GAT AAT
Sor24 59 409
Sor24 R1-GGC TGA GAT GAA TAC GGG TGA GG

Spal7 F-ATG GCC CAA ATC ACT CCT T

Spal7 59 509
Spal7 R-TTA TCC GCA YYA TCT TTT ATT TTG

Ssa2l Ssa2l F3-TGG AGC AGC CTG TCG TCA TCA T 70 635
sd Ssa2l R2-AGG CAG ACC AGC GAG TTT TCA TTT
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Table 7. Specificity of the primers designed from probes.

primer

Species and strain Sgo41 Smi2l1-f Smi2l1 Sor24 Spn8 Spal7 SSa2l

F1/R1 F2/R2 b-F/R F1/R1 F1/R1 F/R F3/R2
Streptococcus gordonii CCUG 25608" + - - - - - -

S, mitis KCTC 3556" - + + - - - _
S, oralis CCUG 248917 - - - + - - -
S preumnoniae CCUG 28588 - - - _ + _ _
S parasanguinis CCUG 304177 - - - - - + _
S sanguinis CCUG 178267 - - - - _ - +
S oralis KCCM 41567 - - - - - _ _
S, oralis KCTC 5605 - - - + - _ _
Streptococcus sp. KCTC 5606 - — — — — _ _
Streptococcus sp. KCTC 5607 - - - + - - _
S, pneumoniae KCCM 40410 - - - - + _ _
S, pneumoniae KCCM 41569 - - - - + _ _
S, pneumoniae KCCM 41570 - - - - + _ _

S, pneumoniae KCTC 3932 - - - - + _ _

Species and strain KCOM No./ChDC No.

S, gordonir KCOM 1347/ChDC B180 + - - - - - -
S, gordonir KCOM 1357/ChDC B193 + - - - - - -
S, gordonir KCOM 1364/ChDC B211 + - - + - - -
S, gordonir KCOM 1369/ChDC B216 + - - - - - -
S, gordonir KCOM 1387/ChDC B241 + - - - - - -
S, gordonir KCOM 1506/ChDC B679 + - - - - - -
S, parasanguinis KCOM 1352/ChDC B185 - - - - - + -
S, parasanguinis KCOM 1359/ChDC B195 - - - - - + -
S, parasanguinis KCOM 1365/ChDC B212 - - - - - + -
S, parasanguinis KCOM 1366/ChDC B213 - - - - - + -
S, parasangumnis KCOM 1368/ChDC B215 - - - - - + -
S, parasanguinis KCOM 1370/ChDC B217 - - - - - + -
S, parasanguimnis KCOM 1415/ChDC B285 - - - - - + -
S, parasangumnis KCOM 1497/ChDC B670 - - - - - + -
S, parasanguinis KCOM 1585/ChDC 0S49 - - - - - + -
S, parasanguinis KCOM 1294/ChDC F229 - - - - - + -
S, oligopermentus KCOM 1516/ChDC B689 - - - - - - -

(continued on next page)



Table 7. (continued in previous page)

. rimer
Species and b

KCOM No./ChDC No. Sgo41 Smi21-f Smi21-b Sor24 Spn8 Spal7 Ssa2l

stramn F1/R1 F2/R2 F/R  F1/R1 F1/R1 F/R F3/R2
S oralis KCOM 1401/ChDC B253 - - - - - - -
S oralis KCOM 1407/ChDC B258 - - - - - - -
S oralis KCOM 1408/ChDC B260 - - - - - - N
S oralis KCOM 1414/ChDC B279 - - - - - - N
S oralis KCOM 1416/ChDC B286 - - - - - - -
S oralis KCOM 1422/ChDC B297 - - - - - - -
S oralis KCOM 1423/ChDC B298 - - - * - - -
S oralis KCOM 1442/ChDC B338 - - - - - - N
S oralis KCOM 1447/ChDC B402 - - - + N - N
S oralis KCOM 1493/ChDC B666 - - - + - - -
S oralis KCOM 1501/ChDC B674- 1 - - - + - - N
S oralis KCOM 1502/ChDC B674-1I - - - + - - -
S oralis KCOM 1503/ChDC B676 - - - + N - N
S oralis KCOM 1505/ChDC B678 - - - + N - N
S oralis KCOM 1507/ChDC  B680 - - - + - - -
S oralis KCOM 1508 /ChDC B68l1 - - - * - - -
S oralis KCOM 1518 /ChDC B691 - - - + N - N
S oralis KCOM 1293/ChDC F221 - - - + - - -
S pneumoniae KCOM 1353/ChDC B186 - - - - - - N
S preumoniae KCOM 1360/ChDC B196 - - - - - - -
S pneumoniae KCOM 1016/ChDC B302 - - - - - - -
S mitis KCOM 1350/ChDC B183 - - - - - N N
S mitis KCOM 1355/ChDC B188 - - - - - N N
S mitis KCOM 1379/ChDC B231 - - - - - - N
S mitis KCOM 1388/ChDC B242 - - - - - - -
S mitis KCOM 1050/ChDC B300 - - - - - - -
S mitis KCOM 1295/ChDC F276 - - - - - - N
S milis KCOM 1285/ChDC PV-F26 - - - - - - -
S mitis KCOM 1286/ChDC PV-F28 - - - - - N -
S peroris KCOM 1475/ChDC B648 - - - - - - -
S sinensis KCOM 1372/ChDC B219 - - - - - - i
S sinensis KCOM 1017/ChDC B304-T - - - - - - i

(continued on next page)
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Table 7. (continued in previous page)

. primer
Species and

KCOM No./ChDC No. Sgo41 Smi2l-f Smi21-b Sor24 Spn8 Spal7 SSa2l

strain F1/R1 F2/R2  F/R FI/RIl FI/RlI F/R F3/R2
S, sinensis KCOM 1427/ChDC B304-11 - - - - - - "
S sinensis KCOM 1018/ChDC B304-1I - - - - - - "
S sinensis KCOM 1576/ChDC 0S38 - - - - - - "
S, sanguinis KCOM 1567/ChDC B203 - - - - B - "
S sanguinis KCOM 1014/ChDC B259 - - - - - - "
S sanguinis KCOM 1419/ChDC B294 - - - - - - *
S sanguinis KCOM 1420/ChDC B295 - - - - - - *
S sanguinis KCOM 1428/ChDC B305-1 - - - - - - *
S sanguinis KCOM 1019/ChDC B305-11 - - - - - - "
S sanguinis KCOM 1434/ChDC B331 - - - - - - "
S sanguinis KCOM 1070/ChDC YSAI1 - - - - - - "
S, sanguinis KCOM 1169/ChDC YSA2 - - - - B - "
S sanguinis KCOM 1171/ChDC YSA4 - - - - - - -
S sanguinis KCOM 1192/ChDC YSA201 - - - - - - "
S infantis KCOM 1358/ChDC B194 - - - - - - -
S infantis KCOM 1375/ChDC B227 - - - - - - B
S infantis KCOM 1377/ChDC B229 - - - - - - -
S peroris KCOM 1475/ChDC B648 - - - - - - -
S australis KCOM 1371/ChDC B218 - - - - - - -
S australis KCOM 1386/ChDC B239 - - - - B - B
S australis KCOM 1439/ChDC B315 - - - - - - B
S australis KCOM 1441/ChDC B317 - - - - - - B
S australis KCOM 1027/ChDC B330 - - - - - - -
S australis KCOM 1444/ChDC B340 - - - - - - B
S australis KCOM 1296/ChDC F297 - - - - - - -
S australis KCOM 1496/ChDC B669 - - - - - - -
S australis KCOM 1498/ChDC B671 - - - - - - -

Streplococcus Sp. KCOM 1349/ChDC B182 - - - - - - -
Streptococcus sp. KCOM 1425/ChDC B303- 1 - - - - - - -
Streptococcus sp. KCOM 1426/ChDC B303-1I - - - - - - -
Streptococcus sp.  KCOM 1504 /ChDC B677 - - - - - - -
Streptococcus sp.  KCOM 1512 /ChDC B685 - - - - - - -
Streptococcus sp.  KCOM 1513 /ChDC B686 - - - - - - -
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V. =3 9 7

T

Mitis « AdFol= 13719 Fo] & AARE, 16S rDNA A 74D AA Y

of ofsl BRI/ HA @t FEel vk ¥ ATE @2 F4olA 165 DNA I
A AR R ol mitis * QAFTFEOL FAW 8119 AFF 879 A

TTE ATTTEY rpolff B sodd FAA APV EE vtEoE F FFEoE U
Al HA3%3, IDBH A A% 9 Southern blot 4 H & £3lo] £-E0] DNA T2HE

Adstv, o]& DNA Z2Ho] Q7 EE atd ez F-50°] PCR Zztojr s i

_[E’_
T ANGT T wol TS HAATNIAME Aol 94%0 Ao F HIIE QAL
sodAT=  92%-96%(Kawamura e a/, 1999, Poyart er a/, 2000), groZ&Sl+
95.1%-91.5%(Vandamme ez @/, 1997)2 <8 A At} Kawamura 5(1999)2 mitis T

o

AN T TS sodd FE ANA A7 LD (366bp)S v BAE A3 S prewnoniae=
A &) e mitis 7+ AT 2 F9 cluster’t B EH UL S prewmnoniaex S mutis

cluster Woll M9 clusterE o] Fo] RE #F9 EF7 7l53 Aoz ®Hudc).

T3 Hoshino 5 (2005)2 nonhemolytic A3 F TS sodd Ao o8 FHe 2
3 293 nonhemolytic AT F 96.6%7F AoHdo2 FAHEHJL mitis + TF
E X&3 EE nonhemolytic 4Tl 100% A &stA sAFHATT H st
gy B AFdAE G AFAAgeGE E2A sodd AR s T AFES

78.6% 0l 1L, S preuwmnoniaeSt S pseudopneumoniaed TE L E7lsd G oH, S
pneumoniaet S, mutisd TEol ok AR et Hoshino 5(2005)2 rpolf

T AFANAALD S o] &3 A A, S sanguinis SK36 FNe dEFE A9 E
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Fo 7T oA, 8 AEES 93% AT ol g Aol T wEf EYEH=
AN Fo] vhFAel EAE] WEQl Ao AzEr.

HudFE F KCTC 5607/JCM 57049k KCTC 5606/JCM 570252 Bridge and
Sneatholl 2]s] 1982\ S oralis® £33 - sAZHJAoY, HE dEo JCM(Japan
Collection of Microorganisms)ol A+ £ FFoA e EF7F HA e 45
A th(http://www.jem.riken.go.jp). & AT olA KCTC 5607/JCM 5704 ¥ XT
T rpoB%t sodA T A #MAEVIA YN S vl EA% A3 S oralis
2 FAFAG. AT, KCTC 5606/JCM 57029 45+ Al MY A5 (ChDC
B677, ChDC B685, ChDC B686)# &7/ tt& ZxdTE534= EIHY clusterg °] &
Ao Hol A2E H#For EFE F U 7hedol 52 Aow A4dy. a2
2 ERgAoR Ade F FEodAY w80 oA dF Y 57159 DNA-DNA
hybridization® % o2 th& At FAWES AdYsto] M2 dFAAE ATes o
T7F Al E ool & Ao AyZtET

Aol A 57 AT T ol AR AN E S o] &Ete] vl #A% A
I 5 YA TEFIE S simensis® FFEJT. ol 5 YT FES 16S rDNAS
sodA AR WM S sangunis® FFE AT 22 Hoshino (20052 11709
S sanguinis 5 3 TFF(SK36)7V rpol AR QS simensis® A AT
2 Bustgn. weEbA B AFo AN spol AR BAH & S sinensis® FHE

PAEFEC UG T FEAAY AP WY Aoz YA

(@a}
3
Eo

2ot Ayl IDBH AW 2 Southern blot X Wol o3& S gordoni, S oralis,

f

S parasanguinis R S, sanguinis ZYZYol g F-5o] DNA X2 HQl Sgodl, Sor24,
Spal7, 18] 3 Ssa2lS 7/NE3AT. o]E 5 Sgodl DNA Z2H o AAA7|AYGE )
Bo 2 S gordonidl Wd F-5colAdo]l = PCR Zo]w(Sgodl-F1/R1)7F 7N
Ak AR, YA 4749 F-5o] DNA Z2H9] MG EdS vgoz 3 F-

So] PCR Zebolr AwsA Zaigrh ole 72 AT Fol Hoht AFTFEe

_25_



B AN Seplococcus mitis KCTC 35560 5 Eo] DNA Z&H(Smi2l)9} F
2ol PCR 2ol & (Smi2l-f-F2/R29F Smi2l-b-F/R)7} /&l o]+ Kim

ojf

(2005) 0] Fusobacterium nucleatumn ATCC 25586 #F-E0] DNA L ZH Ful2g
Wrer O 2 A sucleaturm ATCC 255860 1t

FAF Aol ok 2L

E0] PCR Zlolw A %o Hid Az

==
T
of &3t FFREolPE FAAG Foltk 4P =

ofN

Aeg AAFS I & 4 9l
g Spn8-F1/R1 Zetol 2ol ofd Aol A 8] FAHE S preuwnoniaed] i
T Fad T EFolA PCR AbEo] X HAAT dxlolA F8 sAE I

F

FEoNAE o

rfi

= 3L 11
STE=

i
1o,
)
d
%
o

AT A S2006)2 AFAAAM EE FAHE

Prevotella mntermedia®l FEFd T8 o] Eold2ed DNA X2 HQ Pigh %

MLSTel ol &5 = frdate]l AAA7|NE S v oz Ao F-5o] Zeko|vr}

M E 7] = gt} Fabien %5(1997)2 D-alanin:D-alanin ligases(de?) A x We A

lr

TEES 7FA 3L viridans @3 milleri @ AT S FAHAL £ U= ZEo|HE S
wkel ok, o] AFoA MNLH S st S oraliso I F-Eo] Z o] (F-1/F-2

-1/G-2)5 ol&3dto], & Aol olgd F=delM e FAHE T F A=

S
)]

DNAES o]&3o] PCRS A &3t tH(Data not shown). L A3} S miitis F-E0]
Zgfolmo o= B AFNA TAHE LA TT T T dTFolAN FEHEo] Y
&

At S oralis F-50°] ZgolHo| M= S oralisE

HFS-S HAAN EFEdFoA = PCR AHEo] S5 ¢ot=d], ol Kawamura %

e
1

(1999)¢] A+ Ao} dAF Aoldnt. ol T ZiaEs vud uf, ¥ AFolA mitis
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V. 24 &

2 oATE =AY FAlA 16S rDNA Aol ofd mitis & A

sAE 81N YT 8 FuvdFE ZEdFTEY ol B sodAd
Az AAANAMEL g o7 F F£Fo A A, IDBH AW 2 Southern
blot ¥+ ¥ & F3te] 671 T-50°] DNA Z2HE /|23, o]5 DNA Z2H9 3
o2 F-50o] PCR Ztolv & Zdetuz Alf@sglon, thaat 2

1. =] g FoA Feld 8l T2 mitis w AMGFTTEL ol A9
ARG EE v O 7| F7V S gordoni, 10957V S parasanguinis, 115
7V S sanguinis, 8TF7V S mutis, 30TV S preumoniae, 185 57Y S oralis, 31
F7V S mfantis, OFFIV S australis, 577V S sinensis, 17 FRNY S peroris
DS oligofermentans®= FEH N, YA 7 dFE N2 7Y 7hsAdol A

= Aoz AZHE

2. IDBH AAH 9 Southern blot &AWl o3| S gordoni, S oralis 2 S
parasanguinis 224 ik £-Eo0] DNA T EH 9l Sgo4l, Sor24, 18] 1 Spal7o]
M=t} o] 5 F Sgodl DNA Z 2B o A G/ IS vy o w2 S gordoniol

gk F-5colAdo] A= PCR Z ko] m(Sgodl-F1/R1)7} 7Hds] Aot

3. Streptococcus mitis KCTC 3556° 3 Eo] DNA Z 2B (Smi2l)9} % 9 PCR
T} o] W E(Smi2l -f-F2/R29} Smi2l-b-F/R)7} 7]+ 9t}

o} RuTdF S prewnoniaed Eo]A 2 Spn8-F1/R1 =}

WNE F3e9A, rpof AR AAANEE vtE O R mitis o A

el
AT el F FFoA FAHo] dAEM+= DNA-DNA hybrization® S A& stae
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VI. FIGURE LEGENDS

Fig 1. Comparative phylogenetic trees of rpolZ and sodA partial gene
sequences and 16S rRNA gene using the type strains of mitis group

streptococci.

Fig 2. Phylogenetic trees of rpolfZ partial gene sequences using the type

strains, reference strains and isolates.

Fig 3. Phylogenetic trees of sodA partial gene sequences using the type

strains, reference strains and isolates.

Fig. 4. Phylogenetic trees of 16S rDNA partial gene sequences using the type

strains, reference strains and isolates.

Fig. 5. Composite summary of inverted dot blot hybridization screening. The
96 recombinant plasmid DNAs containing genomic DNA fragments derived from six
strains of mitis group streptococci were hybridized with DIG-labeled genomic
DNAs. The genomic DNAs were from: (A) .S gordoni CCUG 25608",(B) .S mutis
KCTC 3556, (C) S oralis CCUG 24891", (D) .S parasangunis CCUG 30417', (E) .S
pneumoniae CCUG 28588" (F) .S sanguinis CCUG 17826,

Fig. 6. Southernblotanalysis confirmedthespecificity of the DNA fragments using
the type strains. The /Zudll-digested genomic DNAs were electrophoresed and
transferred to nylon membranes. Hybridization was performed with the DIG-labeled
inserted probes Sgo4l(A), Smi2l(B), Sor24(C), Spal7(D), Spn&(E), Ssa2l(F). The
hindIll-digested genomic DNAs sere from:(1), .S gordonii CCUG 25608"; (2), .S
mitis KCTC 3556"; (3), .S oralis CCUG 24891"; (4), S parasangunis CCUG 30417";
(5) S pneumoniae CCUG 28588'; (6), S sanguinis CCUG 17826'. Lane S, 1Kb
DNA ladder.
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Fig. 7. Southern blot analysis confirmed the specificity of the cloned DNA
fragment inserted into Sgo4l plasmid. The Aidll-digested genomic DNAs
were electrophoresed and transferred to nylon membranes. Hybridization was
performed with the DIG-labeled inserted DNA fragment. Zdll-digested genomic
DNAs were from type strains and isolates. Lane S, 1Kb DNA ladder. | , indicate

the same species strains.

Fig. 8 Southern blot analysis confirmed the specificity of the cloned DNA
fragment inserted into Spal7 plasmid. The Amdll-digested genomic DNAs
were electrophoresed and transferred to nylon membranes. Hybridization was
performed with the DIG-labeled inserted DNA fragment. Zzdlll-digested genomic
DNAs were from type strains and isolates. Lane S, 1IKb DNA ladder. | , indicate

the same species strains.

Fig. 9. Southern blot analysis confirmed the specificity of the cloned DNA
fragment inserted into Sor24 plasmid. The AmdIl-digested genomic DNAs
were electrophoresed and transferred to nylon membranes. Hybridization was
performed with the DIG-labeled inserted DNA fragment. AZzzdlll-digested genomic
DNAs were from type strains and isolates. Lane S, 1Kb DNA ladder. | , indicate

the same species strains.

Fig. 10. Southern blot analysis confirmed the specificity of the cloned DNA
fragment inserted into Smi2l plasmid. The Amdlll-digested genomic DNAS
were electrophoresed and transferred to nylon membranes. Hybridization was
performed with the DIG-labeled inserted DNA fragment. AZzzdlll-digested genomic
DNAs were from type strains and isolates. Lane S, 1Kb DNA ladder. | , indicate

the same species strains.

Fig. 11. Southern blot analysis confirmed the specificity of the cloned DNA
fragment inserted into Spn8 plasmid. The Aindll-digested genomic DNAs were
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electrophoresed and transferred to nylon membranes. Hybridization was performed
with the DIG-labeled inserted DNA fragment. AzzdIlll-digested genomic DNAs
were from type strains and isolates. Lane S, 1Kb DNA ladder. | , indicate the

same species strains.

Fig. 12. Specificity test of Sgod4l-F1/R1 primers with purified genomic DNA
of type strains(A), clinical isolates(B), and reference strains(C) of mitis
group. Four ng of each bacterial genomic DNA were used as PCR temlpates. The
PCR reaction products were electrophoresed on 1.5% agarose gel. Lanes: S, size
marker (100 bp ladder); i, .S gordornii CCUG 25608"; i, S mutis KCTC, 3556";
i, S oralis CCUG 248917; v, S pneumoniae CCUG 28588"; v, S sangumis
CCUG 17826"; Vi, .S parasangunis CCUG 30417"; (a), .S oralis, (b), .S mitis, (c), .S
pneumoniae, (d), S, infantis, (e), S peroris, (), S parasanguinis, (g), S ausiralis,
(h), S sinensis, (1), S sanguinis, (), S oligofermentans, (K), S wgordoniz, (1),
Streptococcus sp.; (—), negative control;, 1, .S prewrnoniae KCTC 3932, 2, .S oralis
KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp. KCTC 5607, 5,
S, pneunoniae KCCM 40410, 6, .S, oralis KCCM 41567, 7, .S, pnewnoniae KCCM
41569, 8, .S preurnoniae KCCM 41570.

Fig. 13. Specificity test of Ssa2l-F3/R2 primers with purified genomic DNA
of type strains(A), clinical isolates(B), and reference strains(C) of mitis
group. Four ng of each bacterial genomic DNA were used as PCR temlpates. The
PCR reaction products were electrophoresed on 1.5% agarose gel. Lanes: S, size
marker (100 bp ladder); i, .S gordonii CCUG 25608'; ii, .S mitis KCTC, 3556';
iii, S oralis CCUG 24891%; i, S pneunonize CCUG 28588'; v, .S sanguinis
CCUG 17826"; Vi, .S parasangunis CCUG 30417"; (a), .S, oralis, (b), S, mitis, (c), .S
pneumoriae, (d), S, mfantis, (e), S peroris, (f), S parasanguinis, (g), S australis,
(h), S swnensis, (1), S sanguinis, (), S oligofermentans, k), .S gordoni, (1),
Streptococcus sp.; (—), negative control; 1, .S prewnoniae KCTC 3932, 2, .S oralis
KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp. KCTC 5607, 5,
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S, pneunonicae KCCM 40410, 6, .S, oralis KCCM 41567, 7, .S, pnewnoniae KCCM
41569, 8, .S preurnoniae KCCM 41570.

Fig. 14. Specificity test of Smi2l-f-F2/R2 primers with purified genomic
DNA of type strains(A), clinical isolates(B), and reference strains(C) of
mitis group. Four ng of each bacterial genomic DNA were used as PCR
temlpates. The PCR reaction products were electrophoresed on 1.5% agarose gel.
Lanes: S, size marker (100 bp ladder); i, .S gordonii CCUG 25608"; ii, .S mitis
KCTC, 3556'; iii, .S oralis CCUG 24891"; iv, .S pnewnoniaze CCUG 28588"; v, .S
sanguinis CCUG 17826"; vi, .S parasangunis CCUG 30417"; (a), S oralis, (b), S
mutis, (¢), S pneumoniae, (), S mjantis, (e), S peroris, (f), S parasanguinis, (g),
S australis, (h), S sinensis, (1), S sanguinis, (j), S oligofermentans, (k), .S
gordonii, (1), Streptococcus sp.; (=), negative control; 1, .S preumornize KCTC 3932,
2, .S oralis KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp.
KCTC 5607, 5, S pnewmnonize KCCM 40410, 6, S oralis KCCM 41567, 7, S
pneumoniae KCCM 41569, 8, .S prneumonice KCCM 41570.

Fig. 15. Specificity test of Smi2l-b-F/R primers with purified genomic DNA
of type strains(A), clinical isolates(B), and reference strains(C) of mitis
group. Four ng of each bacterial genomic DNA were used as PCR temlpates. The
PCR reaction products were electrophoresed on 15% agarose gel. Lanes: S, size
marker (100 bp ladder); i, .S gordornii CCUG 25608"; i, S mutis KCTC, 3556";
i, S oralis CCUG 248917; v, S pneumoniae CCUG 28588"; v, S sangumis
CCUG 17826"; vi, .S parasangunis CCUG 30417"; (a), .S oralis, (b), .S mitis, (c), .S
pneumonae, (d), S, infantis, (e), S peroris, (), S parasanguinis, (g), S ausiralis,
(h), S sinensis, (1), S sanguinis, (), S oligofermentans, (K), S wgordoni;, (1),
Streptococcus sp.; (—), negative control, 1, .S prewrnoniae KCTC 3932, 2, .S oralis
KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp. KCTC 5607, 5,
S, pneunoniae KCCM 40410, 6, .S, oralis KCCM 41567, 7, .S, pnewnoniae KCCM
41569, 8, .S preurnoniae KCCM 41570.
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Fig. 16. Specificity test of Spn8-F1/R1 primers with purified genomic DNA
of type strains(A), clinical isolates(B), and reference strains(C) of mitis
group. Four ng of each bacterial genomic DNA were used as PCR temlpates. The
PCR reaction products were electrophoresed on 1.5% agarose gel. Lanes: S, size
marker (100 bp ladder); i, .S gordonii CCUG 25608"; ii, .S smitis KCTC, 3556';
iit, S oralis CCUG 24801"; iv, S pnewnoniae CCUG 28588'; v, S sanguinis
CCUG 17826"; vi, S parasangunis CCUG 30417%; (a), .S oralis, (b), .S mutis, (c), S
pneumoriae, (d), S, mmfantis, (e), S peroris, (f), S parasanguinis, (g), S australis,
(h), S sinensis, (1), S sanguinis, (), S oligofermentans, (K), S wgordorni;, (1),
Streptococcus sp.; (=), negative control; 1, .S prewnoniae KCTC 3932, 2, .S oralis
KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp. KCTC 5607, 5,
S pneumonicae KCCM 40410, 6, .S, ora/is KCCM 41567, 7, .S pneumonice KCCM
41569, 8, S preurnoniae KCCM 41570.

Fig. 17. Specificity test of Spal7-F/R primers with purified genomic DNA of
type strains(A), clinical isolates(B), and reference strains(C) of mitis group.
Four ng of each bacterial genomic DNA were used as PCR temlpates. The PCR
reaction products were electrophoresed on 1.5% agarose gel. Lanes: S, size marker
(100 bp ladder); i, .S gordomii CCUG 25608"; ii, .S mutis KCTC, 3556"; iii, .S
oralis CCUG 24891"; i, S pneunoniae CCUG 28588'; v, .S sanguinis CCUG
17826%; Vi, S parasangunis CCUG 304175 (), S oralis, (b), S mitis, (c), S
pneumoniae, (d), S, infantis, (e), S peroris, (), S parasanguinis, (g), S ausiralis,
(h), S sinensis, (1), S sanguinis, (), S oligofermentans, k), .S gordoni, (1),
Streptococcus sp.; (—), negative control, 1, .S prewrnoniae KCTC 3932, 2, .S oralis
KCTC 5605, 3, Streptococcus sp. KCTC 5606, 4, Streptococcus sp. KCTC 5607, 5,
S, pneunoniae KCCM 40410, 6, .S, oralis KCCM 41567, 7, .S, pnewnoniae KCCM
41569, 8, .S, prewnorniae KCCM 41570.
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Fig 1. Comparative phylogenetic trees of rpo/’ and sodA partial gene sequences

and 16S rRNA gene using the type strains of all mitis group streptococci.
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Fig 2. Phylogenetic trees of rpo/Z7 partial gene sequences using the type strains,
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Fig 3. Phylogenetic trees of sodA partial gene sequences using the type strains,
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Fig 3. Phylogenetic trees of sodA partial gene sequences using the type strains,

reference strains and isolates.
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Fig 4. Phylogenetic trees of 16S rDNA partial gene sequences using the type

strains, reference strains and isolates.
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Fig. 4. Phylogenetic trees of 16S rDNA partial gene sequences using the type
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Fig. 5. Composite summary of inverted dot blot hybridization screening. The 96
recombinant plasmid DNAs containing genomic DNA fragments derived from six
strains of mitis group streptococci were hybridized with DIG-labeled genomic

DNAs.
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Fig. 6. Southern blot analysis confirmed the specificity of the DNA fragments

using the type strains.
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Fig. 7. Southern blot analysis confirmed the specificity of the cloned DNA fragment

inserted into Sgo4l plasmid.
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Fig. 8. Southern blot analysis confirmed the specificity of the cloned DNA fragment

inserted into Spal7 plasmid.
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Fig. 9. Southern blot analysis confirmed the specificity of the cloned DNA fragment

inserted into Sor24 plasmid.
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Fig. 10. Southern blot analysis confirmed the specificity of the cloned DNA

fragment inserted into Smi2l plasmid.
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Fig. 11. Southern blot analysis confirmed the specificity of the cloned DNA

fragment inserted into Spn8 plasmid.
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Fig. 12. Specificity test of Sgo4l-F1/R1 primers with purified genomic DNA of

type strains(A), clinical isolates(B), and reference strains(C) of mitis group.
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Fig. 13. Specificity test of Ssa2l1-F3/R2 primers with purified genomic DNA of

type strains(A), clinical isolates(B), and reference strains(C) of mitis group.

_55_



Kbp s 0 0 il ivovo i

K

pa g

P

Kbp o & (d) ﬂ (f) .
05
03

oo (g) (h) (i)

K

pa g

p — ()

Kb sy 2 3 45 5 7 8

0.3 —»

Fig. 14. Specificity test of Smi2l-f-F2/R2 primers with purified genomic DNA of

type strains(A), clinical isolates(B), and reference strains(C) of mitis group.
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Fig. 15. Specificity test of Smi2l-b-F/R primers with purified genomic DNA of

type strains(A), clinical isolates(B), and reference strains(C) of mitis group.
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Fig. 16. Specificity test of Spn&-F1/R1 primers with purified genomic DNA of type

strains(A), clinical isolates(B), and reference strains(C) of mitis group.
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Fig. 17. Specificity test of Spal7-F/R primers with purified genomic DNA of type

strains(A), clinical isolates(B), and reference strains(C) of mitis group.
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