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Erythromycin is a macrolide antibiotic and inhibits bac-
terial protein synthesis by stimulating the dissociation of the
peptidyl-tRNA molecule from the ribosomes during elon-
gation. The use of macrolides has increased dramatically
over the last few years and has led to an increase in bac-
terial resistance to these antibiotics. Bacterial resistance to
erythromycin is generally conferred by the ribosome methy-
lation and/or transport (efflux) protein genes. Among the
identified erythromycin-resistant genes, erm(B) (erythromy-
cin methylation) and mef(A) (macrolide efflux) are gene-
rally detectable in erythromycin-resistant streptococcal spe-
cies. The distribution of these genes in oral streptococcal iso-
lates has been reported in studies from other countries but
has not been previously examined in a Korean study. We here
examined by PCR the presence of erm(B) and mef(A) in
oral streptococci isolated from Korean dental plaques. Among
the 57 erythromycin-resistant strains tested, 64.9% harbored
erm(B) whereas 40.4% were positive for mef(A). Eleven
isolates had both the erm(B) and mef(A) genes. Twenty six
isolates had only erm(B) and 12 isolates had only mef(A).
Eight of the 57 strains examined were negative for both
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o] ERno] A Streptomyces Foll 23l T = 14
A3t macrolide A|F ] FBAZA 287142 gRES
50S k9] of 238 RNAS} ARsto] i o] A9
(translocation) WAIE 2bsh= Z1o = okefA QlvHl]. &
o =°] macrolide AIFe] FEA ARgo] F7leAA ALt
=0°] o= Al st Wds 7H = Qe 71 F
7kstar ik s8Al Ydolsh Alato] AN A
25 Wolslz] fEl whEold AA| WolsE o EA|
= A0 F sle 71dE el Aotk dYER
atolale] Al 7L A F 7R v 3,
21 RNAS wEstz gHEel gt A A3
W= 2192 erm(erythromycin ribosome methylation)-f-
Axkel AdEoldtk B4, AFE Al Fl(efflux sys-
tems) ©f 2]k 71O =2 msr(A)(macrolide and streptogramine B
resistant), mef{A)(macrolide efflux), vga(virginiamycin factor
A) fAzksE Axo] UTH2,3].
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tococcusZ oA 70.3% = v]=re] 28%¢°l wWlE €53 ¥
Al YeRsEo (5], 2] group B streptococci(GBS)ell T
st og EZuto]al UIAIH]E-E 1990-1995°1% 0% %o
19961 elli= 26%, 1998ell= 40% = S7FskSiTHe]. <4l
T4 macrolide, lincosamide 1] 3L streptogramin Bell
53 S YRl 283 MLSgEdFolghar sty
macrolide®]] WS Yehlle @S MEddFo|gkar o
th MLSpEE 2] WA Ao & erm(B)oll &k +
Aztel] o3l Ve, MEEFL meflA) G2 EA)
2 3l WS 7HAAIEIENT.8]. meflA)= streptococei [9-11]
2 e At &9 O FeM s HAEI(12], erm(B)
methylasex= A2 & AMlat FollA SAETH3,13].
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I el gk A 1L Aol Hofdhth= FoME
AEstalnt o] FedTtn A pEAe]
ARSI Y39 59l WISITKIRB2011-2). =F 3 Sample
& Aol A § der WE-S o]8-3)o] Mitis Sa-
livarius Agar (MSA) (Becton, Dickinson and Company, Sp-
arks, MD, USA)oll =@3}al 37°C COMISE] oA 72417k
HjeFelSiet Feldt M= Rapid ID-32 strep system} Mini
API reader (bioMerieux, Marcy-1‘Etoile, France)E ©]-8-3}°]
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tellatus, Streptococcus gordonii, Streptococcus intermedius, Streptococ-

cus mitis, Streptococcus mutans, Streptococcus oralis, Strepto-

coccus salivarius, Streptococcus sanguinis) ©. % 73} Th

FAA A AA

of 2] EZwn}o]2l(Sigma Chemical Co., St. Louis, MO, USA)
o gt Helre] pAe AP glste] sl
S o072 HAA| 5 (minimum inhibitory concentra-
tion; MIC)E =43 tH17). 454 9% X Clini-
cal and Laboratory Standards Institute(CLSI) A1 @ 8k=
Ao X EFe] Witk ogEErtolilE 20 me/
ml= Y= % ZEH(0.22 mE AREste] oJskal -70Cell
Hykshm el AMEIGITE cll|EZro] Al 2.5% laked
horseblood (Oxoid limited, Basingstoke, England)E %713+
Mueller Hinton II Broth (Becton, Dickinson and Company,
Sparks, MD, USA)°ll 1,024 pgml©] 55 345 H 96-
well plateel] 200 w04 =T33tk YA E=7F 0.0002
pg/meo] = wi7bA] 2ujH SR o2 BHA 3| A5Gl T
Al dAEA el =dslo] 2441 BIGFSIAL 0.5 Me-
Faland (1 x 10° CFU/mI)Z @AEst] 7zt welloll Ald-g-<
5 x 10° CFU/mle] ¥5= HE3stdeh 96-well plate™= 37T
UkajE7]olA 24A13F wjeFEE 5 MICE S7g8I3ih

Genomic DNA &%

PEzmtolle]l WS YEhll= 752 genomic
DNAFE-E Accuprep” Genomic DNA Extraction Kit (Bio-
neer, Daejeon, South Korea)Es AFE3Io™ F=E3
DNAE -70°Cell ®EaH3lth

PCR &4

PCR 45 $1814 HotStart Taqg DNA polymerase (Bio-
neer, Daejeon, South Korea)E AMHE-3FSIth A3t PCR
primers®] 971X E 3} PCRFS Table 1] Y5 o] )
o 717t A cycle erm(B) 40 cycles©]al mef(A)
1 35 cycles©] 2 tE. DNAT 1% agarose geloll A7) 4%
3}l ethidium bromide® 2 - ultraviolet (UV) transil-
luminator= ¥ty SFE A% 5 2o /4
Aol thalo] PCR ZFZ¥ DNA 3 WR-S AccuPrep” PCR
purification kit (Bioneer, Daejeon, Korea)s AR3-3to] 7

Table 1. Primers and PCR conditions for amplification of erm(B) and mef{A)

Gene Primer sequence (5°-37) PCR condition Reference
ym(B)  OAAAAGGTACTC AAC CAA ATA 94°C 5 min, (94°C 1 min, 52°C 30 sec, B3]
erm AGT AAC GGT ACT TAA ATT GTTTAC  72°C 1 min) x 40, 72°C 10 min
ATGGAA AAT ACA ACA ATT GGA AAC  94°C 5 min, (94°C 1 min, 50°C 1 min,
mef (A) [32]

TTA TTT AAA TCT AAT TTT CTA ACCTC

72°C 1 min) x 35, 72°C 10 min
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Alskar vk 2 A (Seoul, Korea)oll 2JF|3lo] A7 ES o
At 97192 Blastn X2 73(genome database of the
National Center for Biotechnology Information)= ©]-&-3}-¢]

B3tk

2 1

7} primere]l 98l SHE Clg Emnfol Al WA
AR erm(B) St mefiA) -4 7|95 A¥}i= Fig. |
of Bolct Age] AFE3E 637702 HeEldF FollA 57
M9%)7F N EZntol Al UAS Bk AA)| 5759
YEZuolA WA AT e T 378(64.9%)
2 erm(B)E 7FA 1L, 23%(40.4%)> meflA)E 7HA Il A%
t}. S mitis= 175 5 123(70.6%) 14 erm(B)7} VR,
5%5(29.4%) 1A mefiA)E ERJSITE. S. oralis 23% F
16%51(69.6%)~> erm(B)E 7FA L, 115(47.8%) A= meflA)
7} Q15 QI tKTable 2). erm(B)WHa 7HAE #FE 265
(45.6%)C. 2 8. mitis 95, S. oralis 1155, S. salivarius 2,

1,200 =

500 ==

A. 100bp DNA ladder
B. erm(B)
C. mefA)

Fig. 1. Detection of erm(B) and mef{A) with specific primers
in erythromycin resistant oral streptococci S. mitis KN10 and
S. anginosus KN296, respectively. PCR products were stained
with ethidium bromide and visualized by ultraviolet (UV) tran-
sillumination.

Table 2. Incidence of erm(B) and mef{A) in erythromycin res-
istant oral streptococci
Number of isolates with erythromycin

Species resistance gene
erm(B) mef(A)
S. anginosus (n=1) 0 1
S. intermedius (n=1) 1 1
S. mitis (n=17) 12 5
S. oralis (n=23) 16 11
S. salivarius (n=5) 2 2
S. sanguinis (n=10) 6 3

Total (n=57) 37 (64.9) 23 (40.4)

S. sanguinis 4522 UERE O™, meflA)HS 7HA= o
T 2FQLI%) O S, anginosus 1, S. mitis 2, S. oralis
6%, S. salivarius 275, S. sanguinis 15072 ZAYE ) 11
Fo| BHF FF7F em(B) 2 meflA) FRAAE & T 7ML
A om oZlE AAl 57F 5 19.3%°l YU erm
(B)Sh mefiA)FradA7E HAE A oF2 = 8F(14%) 2
2 YeRtTE ZHEe] PCR primersol] 2J8l S%E f-7d7k9)
A7) DL Blastne) A5} erm(B) 2 meflA) = 2=k

a

fk

ol AtellA =S Streptococcus pyogenes it
A olgERmfol Aol theh &S 27% % Lo 27% K.
o A& =01, Streptococcus agalactiae®] 2] EZnto]Al
of Tt UgE A 12%, 3Har 26% 2 F=to] =)
UERTHA). dg|Ezntolile] W& 7= fAAk]
W= Aui AfolE vl Zlo® oA ik H
71 S. pneumoniae T-ElxtFoll tidt Aol erm(B)
FAA7E A o2 VEREIL meflA)E D72 wElatel
A FRJIENCHS). FH S. pneumoniae Tl sk
AL erm(B)7F B A B2lE I Bl A= meflA)
7F o B Aol i AoE HuEa QurHis-2l].
F=old RS SAlAN FEeld ATl
tist ofz|ERutolrle] YA el FARL erm(B)2t mef
Aol gt AFZE3} erm(B)= 25.3%, meflA)= 75.8%,
T S 25 e B 111%2 YERITH22]. mef
(A} em(B)yE EF 7HE 71 obA] weAA] Ak
ol 92 A7) A ermB)7F LAE H]EL 64.9%, mef
(A)7F A HE2 404%E YERon, B 2y
= &2 19.1%% B719 G Apol7t itk

2 S. pyogenesoll A LAE mef(A) [23]19} S. pneumo-
niae®X LA mef(E) [24]= PCRUR 2 gHAalwx|qt =
HE AlolE AE 4= glan2s], F fAARE 90%2] DNA
7} AXTHE Hol meflA) @Y kR o] AR AL Qlrh24].
erm(B) A= Aol S. sanguinis®] ETFAv]|=ollAq wh
ZAE) AL o] ThE streptococcioll A = BEo] EUTH26.
ol AATNA erm(AM)Z} erm(B)oleh= 44 o]Fo] &
7 AFEE 0] $EOLH7,11], Roberts 5310 <3HA erm(AM)
& erm(B)° EFE = FHAAE 99-100%2] DNA’ES 1
ER AL Q1o erm(AM) +-HAFE erm(B) 2 X715H & W
&atar ATH3].

E]7]18} A5 FH=7IeA cg|ERntol Az} U
g Alele] Adale g1 ASlETIR7,28], AT
M= cglEzntol il thE A Abole] WAl
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Table 3. Streptococcal strains with erm(B) and mef(A)

Si Young Lee

Genes Species Strains

S. anginosus (n=0)
S. intermedius (n=1) KN433
S. mitis (n=3) KN28, KN520, KN582

erm(B) () meflA) () g v alis (n=5) KN63, KN284, KN362, KN3598, KN603
S. salivarius (n=0)
S. sanguinis (n=2)  KN24, KN461
S. anginosus (n=0)
S. intermedius (n=0)
S. mitis (n=9) KN10, KN29, KN62, KN278, KN514, KN526, KN610, KN629, KN646

erm®B) () meflA) O g vatis (n=11) KN20, KN74, KN152, KN235, KN247, KN359, KN365, KN483, KN616, KN645, KN651
S. salivarius (n=2)  KN261, KN460
S. sanguinis (n=4)  KN25, KN35, KN223, KN457
S. anginosus (n=1) KN296
S. intermedius (n=0)
S. mitis (n=2) KN366, KN609

erm(B) O) meflA) (V) g ovatis (n=6) KN32, KN75, KN153, KN515, KN564, KN628
S. salivarius (n=2)  KN178, KN451
S. sanguinis (n=1)  KN635
S. anginosus (n=0)
S. intermedius (n=0)
S. mitis (n=3) KN513, KN555, KN560

erm®B) Y meflA) O g oratis (n=1) KN595
S. salivarius (n=1)  KN448
S. sanguinis (n=3)  KN250, KN305, KN420

3 AT zAkeH] Eakeinh e Ad o)A AAE
97 ol et AFA} S anginosus, S. intermedius, ZHAlel 2

S. mitis, S. oralis, S. salivarius, S. sanguinis 671 &l
gk g ERujol o] WS wE & 5 itk o= &
g Aol e ERnelie] Yids HRlvks Ze dE

UL R A ulE Holel eJd At o 5 GlolA
olFel HelEe 58 ol F/HA 4] Bed

7)4\ OE Agﬂg\:}

o] =i 20109 % (S |E e Aoz
Z[:

AgolMe g=RlelAN Eelet dlelEEneli] Ul
?L”OUHL?~ o= oEExntell WAH 4
AR erm(B) 2} mefiA)ell st FEE ZAFSIGILE o]
A A erm(B) St mefiA)E EF L]-E]'LHX] A T8
F(14%) 02 AN Om olF At erm(B)St mef(A)
o]g]e] A 71 AYaL Sl Aew FEm ald 7]
e Wel7] feiMe F7HA R Aol ded Zlow
A7iET 2 RNAS] wWEstel & = Al wd
¥ erm(B) 2t meflA) ©1912] FAAF AAHNS 74
T oglom, o] FrEA] 71d olele] Ry Q= TR

ogExntolal Y7o EetAan|EE iR 2-g-s)
of oM I AN FUkel 72E ks 14
AF=13,293018] o] o= F7) AJow yre Aol &
Ao|tt.

FATATE] ALS o} ST 7 EATAAU010-
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