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Streptococci are among the normal human microflora that
populate the oral cavity. However, oral streptococci are known
as a major causative agent for dental caries and bacterial
endocarditis. Tetracycline is a broad-spectrum antibiotic that
is used for oral infections but two mechanisms of tetracycline
resistance in streptococci have been reported. The 7ef(K) and
tet(L) genes in these bacteria are related to the active efflux of
tetracycline, whereas te#(M) and tet(O) confer ribosomal
protection from this antibiotic. It has been reported that the
tetracycline resistance of streptococci is related mainly to the
activity of ze7(M) and ze#(O). In our present study, we examined
the prevalence of tef(IM) and fez(O) in oral streptococci isolated
from Korean dental plaques using PCR. One hundred and forty
eight of 635 isolates (23.3%) were tetracycline resistant; 68 of
these strains (46%0) harbored ze#(M) and 3 strains (2%) were
positive forzef(O). However, fet(IM) and tet(O) did not co-exist
in any of the resistant strains. Seventy seven of the 148
tetracycline resistant strains (52 %) were negative for both the
tet(M) and zet(O) genes.
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At HdFH HdFTS dor)= o]
[3]. HEZHPIEFHLS 1940dt) Aoz wAEga,
A9 AHNEY YA 1953d0] YAS Hole
ol Aoz WA TH4-6]. UREAQl 2872 v
AE grE 308 A9l F-2sko] aminoacyl-tRNA
7 B2EE S wejgtogn dad e o As)
= Aol

A relA  EEZRA|EFA UYAIHES  renK)SH
tet(L)°l 23t 555 (active efflux) O 2 EHEZAIO] S
o] AlxUE Fdsl= A& JAEkE 7143 fe(M) 2
tet(0)7} BAH= 2HEHES HEdhs @A (ribosome
protection proteins)oll 2|3l EHEZAFo]E O] ] HEo
Ajteh= Aa AAlsks 71del g8 vebdtia ®al
HATHT8L te(M)> B 72 e 77 Aol
WA QOH[9], te(0)= IF A Aol A
AT O A AR HAL Qe e B
o]a 9ltH10]. HEZAOIEFA digt udS 7HA =)
Q3
Tk et M) tet(0) WA A= o]n] o] AlrtollA]
AL A Qlh11-13]. AT HEZA}
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Al tet(M) Hi= tet(0)ell o] &l HARTH10,14].

tetM) A9 tF22 Tnol6 2 Tn5253% -2
EWANE A5, ol M) AT o8] F
7o Aol gl BEs olfol7lE Stth4]. X3}
A te(M) G2 7He] AxFoR FA <17
Hol7h JehA Hal, o]& <lsle] HEeito]ZH
22 gpoFst s RolAl |rHiL,15].

7 AT o]l HEZAe|EH W A-dE /4
zke] gt A7 ol e ojgkoi{14-16], HEZA}
olFHe WdE sk A diiw ERArE
of $IAte] Wol7} Wi Alfzte] dgo] HAYA B
o] Wi} W Zlo=® el QIrh17,18]. olefst o)
2 HEZAIEFA WA 422 57 9 Fxe 7
UepdE zpo]7t Qe Ao ® Waw il 9lrk9,13,18].

2 AFelA = =Rl A EeA Helgh AT
7S ez gEo|Ew A
A ATHY WAl F2 s A
= tetM)¥} rer(0)2] EEE FAFSFITH
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Ao 54 2w =2
B oQyelt A7 09 e FAAE Bed gL
19479 9] 7ok ARRFO R Alerte A Holr] wee
TAAATRE AR FAAN T B dlat
o AAAZIE AehE AF Wekowl, LA o] A
o =243} el v A9e
FONE AFeA. o] A AT Ay
o] YIAERASIAR9] S9E THIRB2011-2). A 3
A AZE WFERTel W WiE R olg
ko] Mitis Salivarius Agar (MSA) (Becton, Dickinson and
Company, Sparks, MD, USA)ell =23}l 37°C CO, %7 ]
oM 12417 wjeksrit b Al dAke] FAelA A
A MES =TS MSA HiA] oA Al e Beke] A
2 oE 340 Jes TSR Eeste] 4 FRUE
Brain Heart Infusion Broth (Becton, Dickinson and
Company, Sparks, MD, USA)ell &3t 37°C CO, M%7

oA 2441 AAE ST FAFIE B Al
Rapid ID-32 strep system¥} Mini API reader (bioMerieux,
Marcy-1‘Etoile, France)E ©|-8-511 97112] 574 +<&(Streptococcus
anginosus, Streptococcus constellatus, Streptococcus gordonii,
Streptococcus  intermedius, Streptococcus mitis, Streptococcus
mutans,  Streptococcus  oralis, Streptococcus  salivarius,
Streptococcus sanguinis) ©. % 574 ¥ 2t}

FAA 44 A4

63571 +t-oll o gk Bl Eetrto]E7(Sigma Chemical Co.,
St. Louis, MO, USA)] 342 ZALSE] 18 A
S| 0 2 A A F 5 (minimum inhibitory concentration;
MIC)E S8kt 19]. A ©14-¢] -5 %=+ Clinical and
Laboratory Standards Institute (CLSI)olA] @ alek= A2+
o] % A el o AW HUY HERA ol EHE
5,120 pg/m o] T2 THEAL FEY(0.22 im)E ARt Het
SISt} 2.5% laked horse blood (Oxoid limited, Basingstoke,
England)E %7}3t Mueller Hinton I Broth (Becton,
Dickinson and Company, Sparks, MD, USA)°l| 1,024 yg/ng ©]
57 H =5 312480t} 96-well plate (SPL, Seoul, South
Korea)®ll Mueller Hinton I Broth (Becton, Dickinson and
Company, Sparks, MD, USA)E ©]-8-3}] 557} 0.0002 g/
mg o] 2 wi7bA] 2l G B A8t Al gk
A](Komed, Seongnam, South Korea)ol] =23} 37°C CO,H|
F71eIA 24X13F wfj<star, AAAFE o]&eto] 0.5
McFaland (1 x 10° CFU/mI)E @gslar 2t welloll HE At
F57)5 x 10° CFUmIO] 5= HE3s1dth 96-well plateS
37°C ARMfF7 ol A 24A1F HjeFetaL MICE S7g38ke] &
Al gt Zde B7Fskl

Genomic DNA &% ¥ PCR 4

HEZ o] 2] WS Hole #F5E Utow
DNAE FZ3}3th DNA &5 94 Accuprep®
Genomic DNA Extraction Kit (Bioneer, Daejeon, South
Korea) & AFE3F31 2™ DNA -70°C ©f] B #5131t Bioneer
HotStart Taq polymerase (Bioneer, Daejeon, South Korea)$}
54 primers ©]&3te] PCRS AlFSITh AMES
primer®] G714 Q9 ¥} PCR ZHES & 19 UYL= o] Qlth

Table 1. Primers and PCR conditions for amplification of tet(M) and te#(O)

Gene Primer sequence (5°-37) PCR condition Reference

tet(M) AGT TTTAGC TCA TGT TGA TG 95°C 5min, 35 cycle (1]
TCC GAC TAT TTG GAC GAC GG (95°C 1min, 50 C Imin, 72°C 30sec), 72 C 5min

e1(O) GCG TTT TGT TTA TGT GCG 95C 2min, 35 cycle [24]

ATG GAC AACCCG ACAGAAG

(95°C 2min, 52°C 30sec, 72C 1min), 72C 2min
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PCR productE 1.5% agarose gel®ll 7] %J-53F31 L ethidium
bromide = 4 $- ultraviolet (UV) transilluminator (COREBIO,
Seoul, South Korea)= 3|3t} tet(M) DNA 7]
1862bp ©]aL ref(O)= 559bpoltt. PCRel olsf whdw
FAATY tet(M)H tei(0)7F BH=A E1eE7] flal 22t
=34 DNA & 78S AccuPrep® PCR purification kit
(Bioneer, Daecjeon, Korea)=  AFE3slo] At
vt ZAl(Seoul, Korea)oll 9JF|3te] A7IALS ATk
7|44 Blastn (genome database of the National Center
for Biotechnology Information)E ©]-&3}o] =493} t}.,

JHZ5E 4 A7l dist
= ogst A A AL A 635
Zo A 14870(23.3%) 7} HEZALO]
Hof| PAS eRILE 1487 HIEZALO|EH YA
AN TS FOE tet(M)F ref(OYWA 212k &
= AR HESAIEY WA KA (M)}
tet(0) primerE ©]€3t] 4 ZZte] DNAES 1.5%
agarose geloll 7|95 AIZ A¥= Fig. 13 2T
tefM)>- 14871 WA o7 5 681(45.9%), tet(0)+
3ET(2.0%) 4] HAF Y THTable 2). weld 77 Fol
A HERAfolE-el S Hols 5 S oralis(42
T S, mitis377F)7F 7HF @o] YERE O, fer(M)
FHAAR= S oralisoNA 227F5(52.4%), S. mitiso A= 17
TT45.9%) 14 FAHE AA WA #F5F T ren(0)
= 8. anginosus 277, S. constellatus 19-T= FAE )
CHTable 2). S salivarius 735 % 435(57.1%)1A]
tetM)©] AL R O™ S sanguinis 207 SOl 12

Mooyt & @

A B C

1,862 ==

A. 100bp DNA ladder
B. tet(M)
C. tet(O)

559 ==

Fig. 1. Detection of te#(M) and tet(O) with specific primers in
tetracycline resistant oral streptococci S. sanguinis KN16 and
S. anginosus KN11, respectively. PCR products were stained
with ethidium bromide and visualized by ultraviolet (UV)
transillumination.

Table 2. Incidence of zet(M) and tet(O) in tetracycline resistant
oral streptococci

Number of isolates with tetracycline
No. of resistance gene

Species .
isolates sef(M) + ret(M) + tet(M) - tet(M) -
tet(O) + tet(O) - tet(O) + tet(O) -
Mitis group
S. mitis 37 0 17 0 20
S. oralis 42 0 22 0 20
Sanguinis
group
S. sanguinis 20 0 12 0 8
S. gordonii 10 0 3 0 7
Anginosus
group
S. anginosus 25 0 8 2 15
S. constellatus 2
S. intermedius 2 0 0 0 2
Salivarius
group
S. salivarius 7 0 4 0 3

Mutans group
S. mutans 3 0 2 0 1

148 0 68 3 77

Total (0%) (45.9%) (2.0%) (52.0%)

TF(60.0%) 1A terM)©] A EATE tet(M)F} tet(0)E
Aol 7= e st HERPo|E -l WS
Hol= o FollA 7770(52%) 7} tetM) 3} tet(O) -4
= UERA] o= AoR FRlEginh

Z}7ke] primerel] &J3 FEHFE FAAL] Q7ML
Blastn B2 A3} re(M)3} rer(0)F el & QiT},

2k

o

HEZ ol 2o WS 7HE FdAe] F27t A
oAnj} 2ol 5 HATH= AMIE o) W oA g3l
FItH15,16,20]. Stapleton 5] A-ollA] Hw12] 2271 7
AT el oist AP AT 14375563.6%) ¢l A
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tet((M)©] A UATH15]. 2FAe] F7FAsFtol A El
Egprto] el tigk g 35% 5 YERI oM, 3671
HEZRR o2 WA 5 Foll 2877(77.8%) 1A tet(M)
o] MARL, 2377(5.6%) A ter(0)7} A= ITH16].
A7) ollel A el 1577 4 HHL? oA BlEZAL
olFde] Y-S Kol ¥ 114712 YERRE o, o]
Zo 10570(92.1%) 2] Er?oﬂﬁ teM)©] YEFSIL 271
(1.8%)2] ol ter(O)7F A= o™, spte] 5]
A e A S A E I TH20).
shelelA] el ?ﬂou%?~ oz 3t
ATNE 6357 FF = 148712 HEZAo|Z
A A5l te(M)S 687H(45 9%) 2] FellA] A
o, ol A9 63.6%4 2T 77.8% 183l W
71019l 92.1% Kt} W2 HIESIT) fer(0) AN £ <
TolA 2.0%7F FAFRAT AT WTofle A Z}zk
5.6%, 1.8%7F HAE A7} Zo] e RIEE e
2 A o] AFESE 97119] F(species)oll MG T
AT = S constellatusfﬂr S. intermediusS A2 EE
TTollA tet(M)yS AT = AATE AV 37 FollA]
S. oralis 42708} S, mitis 37707} HEgAo]EH o] YA
B30 tey(M)S] &z ngo] ZHzre] AlatollA 52.4% 2}
45.9% %= JEVSTE. S, anginosus 9} S. sanguinis 1A tet(M)
o] vkA uj&2 77} 32%9} 60% % LFERSLTE
HEgAPo|Zdol] A& Hols o5 ol ter(M)
ZL el(0)E AYA 2= 770 e oigt YAz A
oAl =AY rer(M) T ren(0) ©]9]2] BIEZAO]
d U FAA) olg 17719 d ol EAE T
o] O

L ols AldEe] HEZAIER gt Ui

r ¥ o ori

FR

i rlo

3

Ao 27} A1LE Edlo] wE] Ao} 8k Ao}
el AN BAA WRES S AT
21-23], & AT A¥ HEZRPo|E- tigh oA

N o

—

e AT T WSS 233%E A1) 35%
LH16], #7]el9] 72.6%[20]RCF W Z1S ERlskeich
o]g]3t zjo]o] A7) A9l B Ao X el
e AldE iR skl ATRleA = EHuet
Al tie® sialon, Wrloor= 774 QoA
ANFAS AltE tFo® st A% olf 79 Y Ao
= A7bEn

T, =l AEelA e AT

B EetAto]Zde] tist Ul’d M=o} rer(M) 2] BN &2
G, 2FRL Wle] T thE WekE T Sk fer(0) 9]
WA HES FAHAl BEE S

2 ATE Foto] A2 A U KR el dist A
Y A ARt A U 71l digk olalE =0l
M2 A ] atel] =S & 5 S oM, Mt

7 A YA ik AR E gletel=t G835 AR
= Ak Ao
2Atel 2

o] =H-& 2010d% A¥(wSHer|Ei)e] fhdoz
S cke] Qe wol F3E 7| 2ATARRIY
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