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Abstract—From 84 clinical isolates of Staphylococcus species, ten strains showing inducible resistance to MLS
antibiotics were selected by disk agar diffusion method. Colony hybridization was executed using two MLS
inducible resistance genes, ermA and ermC, previously identified from S. aureus as probes. S. hemolyticus
401 and S. epidermidis 542 whose genes were not homologous to those probes were finally selected. It was
determined that the resistance genes of S. hemolyticus 401 and S. epidermidis 542 were not homeologous to
ermA, ermC and ermAM by Southern hybridization. S. epidermidis 542 had a plasmid DNA. To know if the
plasmid may have genes related to inducible resistance, it was attempted to transform B. subtilis BR151
and S. aureus RN4220 with the plasmid prepared from S. epidermidis 542. It was shown that the gene related
to inducible resistance to MLS antibiotics did not exist in this plasmid. These results indicate that two clinical
isolates of S. hemolvticus 401 and S. epidermidis 542 had novel genes which were not homologous to MLS
resistance genes identified previously. It was assumed that these genes may exist in chromosomal DNA.

Keywords [] clinical isolates, MLS antibiotics, inducible resistance, colony hybridization, Southern hybridization,
S. hemolyticus 401, S. epidermidis 542, transformation.

Macrolide-lincosamide-streptogramin - B(MLS) A
gAY EAL A7 508 ribosomal subunitel] =t-&-35}ed
vhilzl Aebde odaige g e i
macrolide], lincosamide#| % streptogramine BA| &
AEAL Ao}, o]SL FHY YAEHEA Gram
¥ T, ZHE R Gram 24 Tl 3= AR
oz glew T W ® Campylobactor, Legionella,
Chamydia 59 FFEN= &x7} glge] BRud v}
9ltHPestka =, 1977).
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d, Staphylococciol A o] Aol w7} Ade] EH3HA|
HAT 2 F 7] AHoz dAdo] 5x YA AU
(Chabbert %, 1956). =274 #l¥ WA TFEE
e WA AE —’_r*-zé H B A SdHolo] 23 ribo-
some?] TA wwldel L4, L22E coli) & L17B.
subtilis)e] W el ojalt /‘](Wlttman £ 1973; Tipper %,
1977)=} 23S rRNAS] 1= ‘*@r‘ﬂ] s )5 YA
AgHo) A" ASE vE 5 lew Fake A%
Zoriold] 2%t 057]7‘]5&‘(51gmund %, 1982) == F
291 %)(A2058)2] methylatione] 2@ 73-$7} ok o
Aol EM2] target siteq! 505 ribosomal subumtbﬂ-l
23S rRNAS) w3l 7]Qeke A-¢, T&2v trEA
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=3} target siteS 7} MLSA SAEAd s}
F2hJAe] Yeldel(Lai 5, 1973). MLS WA w52
o ¥-2-0] 235 rRNA9] Né-monomethylation 3= N&Ne-
dimethylationel] 7)191%} 222 HF=Ee] 9lom methyl-
ation® = 92 =3 E. coli ¥ Bacillus®] ribosomeol] 4]
conserved=e] ¢le Aoz o&A ¢k 273 508
ribosomal subunit el methylase @ MLS 347}
Ajshe HAw 2R ¢o DA methylationel] £]3t
ribosome 2] conformation ¥ 3t & EMe] A3 s}A] Eot=
Aoz oex glriDubnan 5, 1984).

A=Z7kA gE =z MLS A3 ARe] A =4 7[He
ZA translational((t3= transcriptional) attenuation,
mRNA stability, translational feedback inhibition 2! au-
toregulation®] 47122 5o Fct o)L AE 5¥
Hom zZggro ey AAH F-3a} FH-& -3}

ermC S. awreusol| 4 §-2]= pE194 plasmidel] #7)
sl MLS WA #9724 methylaseo] o8 Fz4
ZAz}9)e)) 14709 olm]iale & FAH leader peptided
codingdl= FAAPF FEFAR G EA A
translational attenuation 7|l 2)s] A=} ojdt
translational attenuation 7} 218t 2L omC B
ol ermA, G, SF, AM % AF71A] & Al 1o
FrE WA QARE Exjske AR F9E v 9o
(Monod 5, 1987).

MLS YA 3=k 28 =4 7|38 2o} B slF
] HiAe AE7A B33 AT €5
2 = WAS vl gt T8 555 HH
WA FAAE cloningdtz @7/ d-E AR s ol
e fF5lE mRNAS 23 +28 A= 7o) H
83k ol F AZ7HA] ¥R oE MLS WA /311y
uy 7]Ads) vlx HEZoeZH MLS YA fFxzpe
TY 24 7)1AS B} A4 3] A 4 9l ¥ ohal
AF7A] dAAA] g2 x o Az 2 2)|A
2 JbeAE T 5 slch

£ @l 4s MLSA sHA-EAlel gk A 2g F=u
A FAHAE A8 el B8E S aureus
2} coagulase-negative Staphylococei w5258 EM 14
AE-e Adstgck o] F Al wiA] Y=g o4
sted MLSAH JA4EAA diat feuldae Adstz,
7)1&9) Staphylococcus=3} StreptococcusZ F-Fol| 4w+
&2 MLS f-=A 5" Ae ermA, ermC ' ermAME
probe® 3&F colony hybridizationg £ o] 5 3}l
sl 5] gl 5 ALseirh Plasmid DNAE
7H4l @5l dfE) A= plasmid DNAAe]| =4
A7 245 &91317) 913 B. subklis BR1513%
S. aureus RN4220-% =z s1A] 7}

Al

CElMS - NS - e

Z 9 plasmids

ol AbollA] B-2)dk 7022 Staphylococcus aureus2} 14
coagulase nagative Staphylococci® 3o s 7JAsbe]
om AL 95 hostEA B subtilis BR1512} S.
aureus RN4220-& A1&-stedc). 223, plS8200, pE194
2 pAM77¢ o]43}od DNA probes Azshsivh
4 A WA F9EA

Erythromycin(EM), kitasamycin(KIT), tylosin(TYL)
%9 34EA 9 Trizma base, EDTA, SDS, sucrose,
Denhardt’'s solution £-2 Sigmarhe] A|E-g& A&k
o formamide& Aldrich #A&&, #A7)9E At %
cesium chloride 52 Bethesda Research Labs(BRL)
AL9) ultra pure AF& AHEshdeh WA 4 A9l
Lo-¥S]dATP(>>1000 Ci/mmol)+= New England Nuclear
(NEN) AlE-2 Aestgc). 45 AgEss New Eng-
land Biolabs(NEB), KOSCQO, Bochringer MannheimA}
248, DNase I, DNA polymerase I+ KOSCOALZ HE]
T4}l Lysozyme, Lysostaphin, RNase 52 Sigma
Ake] A E-E AR
EMof| ciigt tfMxte] Muat

EMe] 10 pg/m/ 9] F=2 g5 o] ol MH 524 3
2ol dArREE A kAL AFste 7 4R
o2 Fsiaoh
OAeRK] ciATHo 2 MLS |REMFS M

3ml¢) top agar Wi=]d] EM WA afiel el 100

£ 7kg & AEAe] FiFA @L MH 1443
w7 of| E-2algch, EM, KIT, TYL 59 s4Eae] 20
pg/disk ¥E2 T3 Y2a3g wAYe)] ¥ t=
F9) 9 A% Pug dFssch
Colony Hybridization(Benton =, 1977)

MLSA &#AEA & FEHAE el 5
el emA L emC FAAFe} F2A(homology)e] 9l
=2Z #913}7] ¢35l colony hybridizationg 4lA]3}
gt ermAS) EcoRI-EcoRl AR ermC2 Tagl-Taql
A AL nick translationdle] DNA probeE ®HE¢iTh
oAb 2| ZFEFHE plasmide| 22|

Staphylococcus=-2) plasmid¥ lysozymeel &3+ 83by
2 2¥F cell walle] 2 gtal=]=] ¢dv} E=]% plasmid ]
ako) o} H o B F lysis brothE ©]-23 W33 Elliker
W-g 583l plasmidE #2315 tHElliker 5, 1981).
Total DNAS| 22|

S. hemolyticus 4013} S. epidermidis 542 T2 z}z
100 W] LBuj=]el] HE3lod 37T oA s5wt vl ka5
QAR sty FAE FEsidch «17]o) 3mie] TES
bufferg 7}sle] & =gt oh2- lysozyme(db mg/ml)3}
lysostaphin(5 mg/m/)-& 0.3 m/% 7}&HE 37C oA 30+
ZF vhex ) 0.6 mi) 10% SDS £93) 1.05 m/8) 5 M
sodium perchlorate €48 7}ste] 4 42 o}-f 39

chloroform2 & o2yl 28 & T athanol2 7}5hed
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A% DNAE glass rod & AH§-3t 3j3tgick A=
DNAZ c}A] glass ol #3F ¥ DNAE 1 m/¢] TE buf-
ferel] =ik 260 nme}t 280 nmol| 4] FHEE A&
DNA%& A=l

Southern Hybridization(Southern, 1975)

S. hemolyticus 4012} S. epidermidis 5420 EA =
MLS WA 5&-27 olm] S aurensol A uhs]zl MLS
WA fAxkel emA, ermCe BE S sanguisol A
29 WA F22Q emAM FAA0) glertE &
o}® 7] 2)8 Southern hybridization2 A A}sl¢dw}. Plas-
mide A el 2 total DNAE Sau3Ale 2 B3R Ahsl
k& 1% agarose gelol| loadingste] #7]ed%g AlA]s}
ook &7 gel& 15M NaCl-05 N NaOH £-ofo] Ah-2-
oA 147k AR &g FH4 DNAE B84 47k
Gel& t}iA] E2=ke] 1M Tris.Cl(pH 8.0)+ 1.5 M Na(l
Lo g F EZo] FuA 1A A w-AHA
DNAE 347t} Gel& acryl plated]] HAej &3 NC
filtere} 3MM paper 24% 23 £2 ¥ paper towel 2
sl LAZ 29k E2 Fol DNAZF NC filterd)
transfer® =2 3}gch NC filterE plastic bagel]l 21
prehybridization -2-2(6 X SSC, 0.5% SDS, 5X Denhart’s
solution, 100 pg/m/ denatured Salmon sperm DNA)
°F 5mlS 78] T H4A & 587F 2o denaturation
A]Z] hybridization probe(1X 107 cpm/ug)E 7}5}1 bag
< sealing®le] 42T o] 4 8153} shakingsteich vh ¢
filterg 71e] 250 m/2] 2XSSC+0.1% SDS f-Ho 2
Aol 4] 1084 43) A3l 500 mi2] 0.1XSSC+0.1
% SDS £ o 2 52T oA 108-4¢ 28 AHslgich NC
filter2 A 712417 & Xray filme] ©]& F<F 24y
X%A]7 autoradiograph® gtk
Bacillus subtilis BR1512| &3 &#

=W A" KA} plasmid Aol 22 8=
£ U3t $18te] S epidermidis 542 FAFEYE] B
2]® plasmid® ARAFAFHct B subtilis BR151 o
Z2 staph mediume] FE3le] 37C oA st ik
st Abzl Zai =6 SPMM 149 135 mie 1.5
m/&} vk FH4E 23 37C o4 300 rpme] £&=2 35
AlZb kst th Al FekaFe] 36 mie] SPMM 114
At 919 sk F 4mie 93 oA 37T oA 250
rpme] HER 15417 wfeksteic), 587 4AlE-a] sl
gL competent celld 4m/e] SPMM 112 <Az
0.5 m/9] competent cell E&te=} 0.5 m/¢] SPMM 115
Zal~Tel| Y3 plasmid DNA 494 10 Ws 715 ¥
37C oA 300 rpme] &2 4027 AlEhE)oksiolc).
Erythromycine] 0.05 pg/mie] 5% 359 LB X
2mi& HrpE F 37C M 6087 A wiekslgich
dAEe el FAE 9z EMo] 10 ug/mie] H=2
&3 LB agar platee] Za3}adch 37C oA o]E7}
sloke = A" A gty

ProtoplastHol]l 2%t S. awrens RN42202| HETXE
(Chang S, 1979)

S. aqureus RN4220-2 10 m{¢] LBu=]ol] AHE35}e] 37
T oA sk Fob vkt o 9AEEEe Q& pel-
let& 10 m/¢] HBMe| &)z} o] d=telof lyso-
zyme(4 mg/ml)3} lysostaphin(100 pg/mi)o] §-5-% HBM
10 mi-2 78k 37C o)A 2~32)17F Hhx|slgdch o] wk
S-ol-2 YA1E(15%, 7,000 rpm)3}te] cell debrisE A
Az, AHede ha] 452155, 19,000 rpm)ste
protoplast pellet-& it} 2 m/2] HBM.© 2 protoplast
pellet-2- x| 7)3, o] ZF 200 we] FA=tedo] 20 e
2XHB, 1 g9 plasmid DNA, 18 m/2] 40% PEG 6,000
+ 7hste] ARRelA 22 B UASYL 10 mlg
HBM% 713te] PEG 4942 3|4 A)17]2 A422](304%,
4, 19,000 rpm)ste] pellet-2 2%t} o] pelletd 0.4
m/¢ HBMel| #eA]7]5 100 W4 DM3 A QuRjel] =
whste] 37C ol A Hwlf 3t ch. EM(10 pg/ml)S 53}
= HB/TSB[2XTSA(Tryptic soy broth agar)®} 2X
HBE 53 42 wix] 5 mis Aol kgk v =] ${of] H-of
T3] 37C A 2~4U7F wieFEtgiTh

A dn

akZe|pFEe| MLSAH EasSalof| izt HA
EMel| gt WA#Fe 2dulee= F 8459 35
2 UFA09%)EAM S, aureus 707 Fol|lA] 265(37%),
coagulase negative Staphylococci 145 o4 8F(57%)
7F WA FFHA Tk MLSA 4230 i WA 2832
34%-2] WALT T4 10F760%)7F A& B3
245470%)7} 2= AdE HolvTable I).
REHY BESHYS 2= TF9 colony hybridization
MLSH 422 s =g 283E 2+ 10
Fol| N&f ermd, emCE PS-dATPZ. £A3}o] colony
hybridization g Ax|3tgdct. A7 822 FFE& ermd
2l emC {37k dis A4S Ryen, F probeol
e F=RAo) gl S hemolyticus 4013} S. epidermidis
5422 Alukshed ci(Fig. 1).
Plasmid2| &xj #ol

Table 1. MLS phenotypes of clinical isolates of Staphylococcus
Spp

Straing Susceptible MLS Resistance
Inducible 7
S. aureus (70) 44 (63%) |26 (37%)
Constitutive 19
Coagulase- Inducible 3
negative 6 (43%) 8 (57%)
Staphylococci (14) Constitutive 5
Total (84:100%) | 50 (60%) | 34 (40%)
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Lysis brothZ o] &3t WMo 2 S epidermidis 542
F7o) plasmidz} &A% 3115l cH(Fig. 2).
Southern Hybridization

S. hemolyticus 4013} S. epidermidis 542 TFZH-€
22]3 DNAY| d$}e] total DNAE Sau3Ale ® partial
digestiondlgom plasmide A2 o] &3)ic)
ermA2}t ermC& probe® ¥l Southern hybridizations
B3 FAAel ¢le-g FastedauFig 2), Streptococcus
sanguisoll A B3R emAM $RA BR(PAM77S
Ddel % Akst 1.2kb9] AH)S probe® shed o]

A e FAAe] ¢S 9389 HFig. 3).
B. subtilis BR1512] 34 =x=

B. subtilis BR151& competent cell® = t}g- §
epidermidis 54204 221§ plasmid=. @ x3tr|z] 4
- EMell uiAdel HAAFAE 4L = ginh
S. aurens RN42202| #EIFE

S. aureus RN4220% protoplast® "+ S. epidermi-
dis 54294 £2]% plasmid2 & AAFA|Z] 1} EMej
WAl dAAFA= A=A ookl

!‘,

Fig. 1. Colony hybridization of Staphylococci with MLS inducible phenotype.

(A) Autoradiograph probed by *S-labelled ermA.
(B) Autoradiograph probed by ®S-labelled ermC.

12 3 4 56

A B

C

Fig. 2. Southern hybridization of DNA prepared from S. hemolyticus 401 and S. epidermidis 542 probed by ermA and ermC.
(A) 1% -agarose gel electrophoresis pattern.

lane 1: pE194 digested with Tug I (positive control), lane 2: S. hemolyticus 401 total DNA partially digested with Sau3A I,
lane 3: lambda DNA digested with Hind III (size marker), lane 4: plasmid of S. epidermidis 542, lane 5: S. epidermidis 542
total DNA partially digested with Seu3A I, lane 6: pLS200 digested with EcoR 1 (positive control)

(B) Autoradiograph of Southern hybridization probed by ermA.

(C) Autoradiograph of Southern hybridization probed by ermC.
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Fig. 3. Southern hybridization of DNA prepared from S.
hemolyticus 401 and S. epidermidis 542 probed by *S-la-
belled ermAM.

(A) 1% agarose gel electrophoresis pattern.

lane 1: Hind III digested lambda DNA (size marker), lane
2: pAM77 digested with Dde 1 (positive control), lane 3: S.
hemolyticus 401 total DNA partially digested with Sau3A 1,
lane 4: S. epidermidis 542 total DNA partially digested with
Sau3A 1, lane 5: plasmid of S. epidermidis 542.

(B) Autoradiograph.
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MLSA FAEAe s Ade e AFE Tl
Bejd o= g4 S JelllE w59 EME-9 indu-
cero]l AEHUS o WAl fEHT FEHETT
glct. o] 2 EAPEIE AR v Z 287} gle
FEWA 7R e A7str] gste] <Akl Feldt
Staphylococcus% FF2HE EM WAF S ALt =
AR ]~z 98] MLSA A4S g f 2
WAL zhe 58 Atk

EMel| & AT 2= oF 40%24] 1986
He] 20%, 19872) 38%(Koo &, 1987)el| vls| Z7}=]
s}, E3], coagulase negative Staphylococciell A% 57%

do

o] 2 WAL Byvk EMUA #5F Fol4 MLSA
BAERH W3 FEHAL 2IFYE 2= FFE 107
(30%)5 .o o] FFel WA= 71E2] Staphylococcus
S FFoll A B3 F2lA AR ermd R ermCe}
221434 v)wst7] 93] colony hybridizations A4k
AF 557) emA AR, 3F7F eemC AR} FA
Aol alslend o] F 2FE emd, ermC R 5o TAHAE
Bk S hemolyticus 4015} S, epidermidis 542 H 55
F fAze} AL Holx] wgkew, o] MLSH
FAEA g J2E A FARE 7pEAR
71 o] 1L A5 Adetgivk Y A5l 4 plasmid
DNA=<} total DNAE Hedlglon o]F o]&3ly
Southern hybridization& A28 23 ermA, ermC
Azt FAAo] gige] FAAHG) = 7)o &
= el Rz kARt Streptococcus sanguisel A B
&% ermAME- probeZ 3}od Southern hybridizationg-
ArEle] o] FAAIGE F-AAC] F3& FUsck

=Wl F5t fAx AR} chromosomal DNAo]
9)=A] plasmid DNAAF] gl=xE &al3l7] 98 S
epidermidis 54290 4] 5-2]# plasmid . B, subtilis BR151
< FARARAZ An FARASA ) PAEA sk
Staphylococcus A F-2 8k plasmid”} Bacillusg <%
slodg o WEEZR 52 slbgAde] qlr] Wil 22
29 S aqureus RN42208] AA#S Alxslgct o
A3} EMe) WA Ql A8 dAFR 29hed tet-
racycline(TC)ell wjsll WjAd<l FAARANE 2& 5 9l
Al 2HERE ¢ plasmidelEs TC WA $Hz7F &
Agte] FHelElglcho] 24 plasmiddell MLSA A
A i =l #AA7F EA54R] 3 chromo-
somal DNA~e| WA F3A7F &8s Hoz2 +4
=it

S. hemolyticus 4012} S, epidermidis 542 FF = 7]£9]
StaphylococcusSo A 8187 f-Axbebe 8 FAHAES
Aue AR A2 BdF4e B3I ARE sHEA
o2 7=t

goze] AgHsl AFE %3t  chromosomal
DNA 2 58] methyltransferase A% clonings}l i, o)
f+42k2] DNA sequences 8H3]9 o] & <l oA=&
mRNA®| 23329} vlol7bad= 238 rRNAS] #H3 2
frAd2L Al g A7rt AEEejHek slelzl Azt
ot

ANERTE

2 ATE AL Aok A A (T
Falhe) A9 024 BAAELe] Al A 2|
ATAGE AUe] G 2P Aoz Ao o] 7
g,



182 QA+ Hoie - 0l0fY - HRY - HML -

FHoad

Benton, W.D. and Davis, R.W. (1977). Screening Agt recombi-
nant colonies by hybridization to single plaques in situ.
Science 196, 180-182.

Chang, 5. and Cohen, S.N. (1979). High frequency transfor-
mation of Bacillus sublilis protoplasts by plasmid DNA.
Mol. Gen. Genet. 168, 111-115.

Chabbert, Y. A. (1956). Antagonisme in vitro entre l'erythro-
mycine et la spiramycine. Ann. Inst. Pasteur (Paris) 90,
780-791.

Horinouchi, S. and Weisblum, B. (1980). Post-transcriptional
modification of RNA conformation: mechanism that regula-
tes erythromycin-induced resistance. Proc. Natl. Acad Sci.
USA 7, 7070-7083.

Horinouchi, 5. and Weisblum, B. (1982). Nucleotide sequence
and functional map of pE194, a plasmid that specifies indu-
cible resistance to macrolide, lincosamide, and streptogra-
min type B antibiotics. [ Bacteriol. 150, 800-814.

Horinouchi, S., Byeon, W. H. and Weisblum, B. (1983). A com-
plex attenuator regulates inducible resistance to macro-
lides, lincosamides, and streptogramin type B antibiotics
in Streptococcus sanguis. J. Bacteriol. 154, 1250-1262.

Koo, E.C. and Kim, S.1. (1987). Antobiotic susceptibility of
bacteria isolated from blood in the last 3 years. J. Korean
Soc. Chemother. 5, 19-25.

Monod, M., Mohan, S. and Dubnau, D. (1987). Cloning and

L]

'%Jg - 218471

(==t ]

analysis of ermG, a new macrolide-lincosamide-streptogra-
min B resistance element from Bacillus sphaericus. J
Bacteriol. 169, 340-350.

Murphy, E. (1985). Nucleotide sequence of ermA, a macro-
lide-lincosamide-streptogramin B determinant in Staphylo-
coceus aureus. J. Bacteriol. 162, 630-640.

Pestka, S. (1977). Inhibitors of protein synthesis. In Molecu-
lar Mechanisms of Protein Biosynthesis (H. Weissbach,
and S. Pestka, Eds.), pp. 468-553. Academic Press, New
York.

Rigby, P.W,, Dieckmann, J., Rhodes, C. and Berg, C. (1977).
Labelling deoxyribonucle acid to high specific activity in
vitro by nick translation with DNA polymerase 1. J. Mol
Biol. 113, 230-241.

Sigmund, C.D. and Morgan, E.A. (1982). Erythromycin resis-
tance due to a mutation in a ribosmal RNA operon of
Escherichia coli. Proc. Natl. Acad. Sci. US.A. 79, 5600-5607.

Tipper, D.J., Johnson, C. W., Ginther, C. L., Leighton, T. and
Wittmann, H.G. (1977) Erythromycin resistant mutations
in Bacillus subtilis cause temperature sensitive sporulation.
Mol. Gen. Genel. 150, 140-153.

Wittmann, H. G., Stoffler, G, Apirion, D., Rosen, L., Tanaka;
K., Tamaki, M., Takata, R., Dekio, S., Otaka, E. and Osawa,
S. (1973). Biochemical and genetic studies on two different
types of erythromycin resistant mutants of Escherichia coli
with altered ribosomal proteins. Mol. Gen. Genet. 127, 170-
181.



