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Screening of Inducible Resistance Genes to Macrolide-Lincosamide-

Streptogramin B(MLS) Antibiotics
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Abstract—Forty nine clinical isolates of S. aureus showing resistance to erythromycin(EM) were
selected from 83 strains isolated recently in Korea. Fourteen strains of S. aureus showing inducible
resistance to MLS antibiotics were selected by disc agar diffusion method. Colony hydridization
was executed using two MLS inducible resistance genes, ermA and ermC, identified previously from
S. aureus as probes. S. aureus 375 and S. aureus 507 whose genes were not homologous to those
probes were finally selected. It was confirmed that the resistance genes of S. aureus 375 and S.
aureus 507 had no homology with those probes in southern hybridization test using ermA, ermC
and ermAM as probes. It was determined that S. aureus 375 had a plasmid whose size was about
35 kb. To know if the plasmid may have the genes related to inducible resistance to MLS antibiotics,
it was attempted to transform Bacillus subtillis BR151 and S. aureus RN4220 with the plasmid
isolated from S. aureus 375. 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. aureus
showing inducible resistance to MLS antibiotics have novel genes that have no homology with MLS
resistance genes identified so far. It is assumed that these genes may exist in chromosomal DNA.

Keywords [] S. aureus, MLS antibiotics, inducible resistance, colony hybridization, southern hyb-
ridization, B. subtilis BR151, S. aureus RN4220, transformation.
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S. aureus 375 |4 Be| 2FRPE SolAn|=9)
22" — Staphylococcus<-2] plasmid+ lysozymeo))
o7 B o 2= cell walle] & sla]g=] gt B
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H-S. aureus 375904 ¥=]& plasmidS BamH]I,
EcoR], Ndel, Pstl 529 ATiEALZ Hdsly 1%
agarose geldll F7]¢3E3}ed plasmidd] =7} 2 2
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s vkt Al Eelste] FAE sEsigich
1719l 3m/¢] TE bufferZ 7}ste] & dekgt o}-&
lysozyme (5 mg/ml)=} lysostaphin(5 mg/m/)& 0.3
m/¥ E§ste] 37C oA 30487t ukg-A)Zc 0.6
m/2] 10% SDS&9%3} 1.05ml¢] 5M sodium per-
chlorate -8 7}8te] 2 412 o}& F39 chlo-
roform®2 3 &3 F F3us FHa £
ethanol® FAA|Hc}. AAdE DNAE ofA| fel%
4l 3 5 DNAZ 1mi8 TE buffero] =tk
260 nm<} 280 nmo) 4 FF L A 3to] DNASKE
A=rstolch

Southern Hybridization®—S. aureus 3752} S.
aureus 5074 EA3H= MLS WA 44x71 o= S,
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9} g Bo] S sanguisol A E2E HA A= er-
mAM} FA430] 3E7bE Sotir] 13 Southern
hybridization& A1} t}. S.aurens 375258 £
2]3 plasmid-S BamHIC. 2 b3 Axtstar =3 S
aureus 3759} S. aureus 507ZHE] R-2]3 total
DNAE Bdlez 94 Akl o5 1% agarose gel
ol loading3}e} A 7]9E& AA3E . Transferd
gels 1.5M NaCl-05N NaOH £ Ah2djx 1
A7 Ar BEo] Fula DNAZS denaturationr3
o} Gel& t}A] FE2e] 1M Tris.Cl(pH 8.0)-15M
NaCl g0 &t 3 E5o] FHA X7 Ax 4t
2214 DNAS #3217t Gel acryl plated]] ¥
#lo] L 20XSSC $-o 2 A Al NC filtere} SMM
paper 242 22 &8 & F 35 B ¥ol
DNA7} NC filtere] transfer¥ %% 3ok ofL ¢
NC filter 8 6 X SSC §-4of] Al 3 7] A3 A7)
80C2) A-F- Aol A 2417k F<t ¢ DNAE NC
filterel] AZA T} -2 filterE 6 XSSC £ <
8] 241 % plastic bagell 241284 93 prehy-
bridization €98 ¢¥ 5 ml-& 715} 1217 A= 5 &4l
%, 587k #o denaturationA]Z] hybridization
probe(1X 10" cpm/w)S 713} bags sealingdled
427C oA 8}F4} shakingstdt) ofg ¢ filterE 7
W 250 ml2] 2X SSC-0.1% SDS £ 0. 2 Al-2-0] 4]
1084 43] AA3}, 500 mi2) 0.1XSSC-0.1% SDS
fojo g 52CA] 1084 23] AlFslgch NC fil-
ter& A2 AZx A7) F X-ray filmol] o]E-%E<r 2|4
X2 A)A autoradiographd ¢t}

Bacillus subtilis BR1512] &2 M&M—-MLS fx=
WA AR A} plasmiddel EA3=AE
Z1sly] ¢ste] S aureus 375 FFRIF-E Fzl®l
plasmid 2 3A A 222 e} B. subtilis BR151 #5375
staph mediumel] 3} 37Cel| A s} w3}
o} Ak Ze} s SPMM I(Spizizen's minimal
medium)£ 135 m/F 1.5 m/ v} FHE Y3
37T 4 300 rpme] £E2 35417k vkttt A
Zebaol] 36 m/2] SPMM 18-} 9] uf <k 74
4 ml& 23 o] 37Co) A 250rpm o] £ =2 1.54]7F
wieksigdc) 5E7F KAIRE]sld 2 competent
celld 4 mie) SPMM I8 o2 #2731} 0.5 ml
9] competent cell =tz 0.5m/2} SPMM IIE
EZglaze] Wi S, qureus 375004 H-2l3) plasmid
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DNA 49 10 WE 713 % 37C4] 300 rpme] &
X2 4037+ Aeka)okslg et Erythromycino] 0.05
pg/mie] F=2 3§43 LB ¥lA 2mi& A/ F
37CelA 60487 At WARese F
A& <43 EMe] 10 ug/ml9] F=2 4% LB agar
plateo] T=H3lgict 37Tl A o] &4t wiekgt & A4
A" Aggs AFsiq

S. aureus RN42202| "X &I —S. gureus RN
4220-¢ 10 m/2] LBel) Es}e] 37Col 4] st Fa
Wt o5 daEeEEte] A& pelletd 10 m/9)
HBMel| #=hxjzich. o] Aetddol] lysozyme(4 mg/
m/)3} lysostaphin(100 pg/mi)o] 3 HBM 10 m/
£ 718k 37Cel A 2~3A]7F WA Ech o] WkS-
N2 QAR (158, 7,000 rpm) 3ted cell debrisE
A A8}, A& oA LAE-(15%, 19,000 rpm)
&led protoplast pellet& A%t} 2mie] HBM2 R
protoplast pellet2 H=A|F|3L o]F 200 we] A
o]l 20 W&l 2XHB, 1 g2 plasmid DNA, 1.8 m/<]
40% PEG 6,000& 73t Ah2eA 2% Fqt WA
st} 10 mie] HBMS 7}t PEG £99¢ 34
Al 713 LA E-21(304, 4T, 19,000 rpm) 3} pellet-S
i) o] pellgt-% 04 m/e} HBMo| der]7|w
100 W4 DM3 zAJuf Aol =rkaled 37CeA] Al
okalgict. EM(10 pg/ml)-& i3 HB/TSB {2X
TSA(Tryptic soy broth agar)¢} 2X HBE EaF 412
WA} 5mie et wiA|$le) o] 3| 37C
o| A 2~4 7} W F3tsd e}

Addn

4t 22 ¢Fe| MLSH HME3o chst Wy
—EMol| izt WA FF2] 2dd e £ 835y 75
5 497(59%) 5 th. MLSH sHA &4l tigh yjA &
P2 49F9) WAATF FlA UFAT%)7} Fr=
WS EHAR 357(42%)7F EeAWAEE 2o
(Table I).

TN HHYE = 2F9| colony hybridiza-
tion—MLSH #FAEA dsl F=ud ZEHE
2t 1450 i3l ermA, ermCE *S-dATPE ¥EX
3} colony hybridization-& 4]t o} A} 1259)
TFFEL ermA 2 ermC F3A ] sl TS B
9o, 5 probeel W#] EAAo] Q& S aureus

3759} S. aureus 5072 As}eicHFig. 1).
S. aureus 375 A 22| FFE2HE 22lE pla

Table I-MLS phenotypes of clinically isolated Sta-
bhylococcus aureus

Microorganism { No. of isolates with phenotypes
(No. of isolates) |MLS resistant 49(59%) MLS
Inducible|Constitutive [susceptible

14Q17%) | 35(42%) | 34(41%)

S. aureus(83)

B
Fig. 1—Colony hybridization of S. aureus with MLS
inducible phenotype.
(A) Autoradiograph probed by *S-labelled
ermA
(B) Autoradiograph probed by *S-labelled
ermC
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Fig. 2—S. aureus 375 plasmid DNA digested with va-

rious restriction enzymes

lane 1: original S. aureus 375 plasmid

lane 2: S. aureus 375 plasmid digested with
BamHI

lane 3: lambda DNA digested with HindIIl
(size marker)

lane 4: S. aureus 375 plasmid digested with
EcoR 1

lane 5: S. aureus 375 plasmid digested with N
de |

lane 6: lambda DNA digested with BstEll(size
marker)

lane 7: S. aureus 375 plasmid digested with Pst]

smid2| £2A! —Lysis brothZ ©]43F w35 Elliker
Ho g S qureus 375 ol plasmid7t £A432
gelslgdrt S, aureus 375904 Heldt plasmidE
BamHI, EcoRI, Ndel, Pst] 5-2] A|gtE 42 Aelsia
1% aarose gelol A7}l slol 2 Aty )2 &
AstgS o 2 F=rlE < 35 Kb A goiFig. 2).
Southern hybridization—S.qureus 3752 5H€ H
2]&t plasmidE BamHIS.E 4 Andslaw =31 S
aureus 3759 S. aureus 50725 €] 223} total DNA
E Bdlez <t Adddste] ol&aiqict. ermAgt
ermCE probe® 3+ Southern hybridizationg %3
Za4o] ¢122 #alalgd 3 C panel?] band: ba
ckground2 A3t ci(Fig. 3). Streptococcus sa-
nguisol| ) £-2] 3t ermAM-S- probeZ o] Southern
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hybridization-& AlA &g &) 54 o] & &l
sl dthFig, 4).

==ME2O| HEME S qureus 3750 4] E-2l3t
plasmidE o]&3}o] B. subtilis BR151-% A A&t
A7) A3 EMd] WA Ql #AARA S & 5 Ut
th S. aurens RN4220-% protoplast A= e S
aureus 375904 ¥-2]8t plasmid 2 A A ZA]FH )
FAASA 7} A=A gkt

oo

o el A BeF S awrens A F2) FF
83F F 49%F9 #F7} erythromycin(EM)<ll WA
P& FHelstsich o] 49F F UFL A EMe) A
Z3} Fof= o} macrolide, lincosamide, strepto-
gramin BMMLS)A| S8 EA o) ez jgde] &
=398 Fql3lgich F 1484 macrolided] 33E
el EMe] 93} Aol x5 ] 1634 macrolide
A 22l CHAL, KIT, TYL¥: ohv=} linco-
samider] BAEAql CLN¢| gfsixx WAdo] et
g shalalgict olEdt f = WA el 28 A
23S rRNA®} Wisle] 7jalshs Ao galA sivh
B Ao e o)ul S aureusol A E-2]5 MLS WA
S22} ermA 2} ermCZ probe® colony hybridi-
zation AAIERe] A F7kA) Bl MLS W #-4
AZ3 EAX) gl S. aureus 3759 S. aureus 5
075 HE Adursleda o) MLSH Y EA o it
AL 5 WA FARE 71 AR Vs
oS A7E Agsisich emA, eemCe vlES S
sanguisel A E21= MLS WA #3221 ermAM S
probeZ. Southern hybridizationg AAj3r A=} 2
probe Sl 5ol glgo] Falw gk

S. aureus 37590 4% plasmid7} &418H8 &5}
o Saureus 507+ plasmidr} e ALE F
AL} Saureus 375914 2% plasmide EcoR],
BamH1, Ndel, Pstl, Bell, Bgll 52} A|gasis At
v 2 Z7)E ok 35 Kb Axojrk MLS WA 3
A7} plasmidAdel] 25 =AE Gol Rr) $3) S
aureus 37528 Y21 plasmidE o}8-3}e] Baci-
Hus subtilis BR1513} S. aureus RN42202) 32=
-2 A= A3}, o] plasmid Aol MLS WA
AR 2234 e AeE FAEHY.
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Fig. 3—Southern hybridization of DNA prepared from S. aureus 375 and S. aureus 507 probed by *S-labelled ermA
and ermC
(A) 1% agarose gel electrophoresis pattern
lane 1: pE194 digested with Tagl(ermC-positive control)
lane 2: S. aureus 507 total DNA digested with Bcll
lane 3: S. aureus 375 total DNA digested with Bell
lane 4: S. aureus 375 plasmid DNA digested with BamHI
lane 5: lambda DNA digested with Hindlll(size marker)
lane 6: S. aureus 375 plasmid DNA digested with BamHI
lane 7: S. aureus 375 total DNA digested with Bcll
lane 8: S. aureus 507 total DNA digested with Bell
lane 9: pLS200 digested with EcoRI(ermA-positive control)
(B) Autoradiograph of southern hybridization probed by ermC
(C) Autoradiograph of southern hybridization probed by ermA.

12345

A B
Fig. 4—Southern hybridization of DNA prepared from S. auwreus 375 and S. aureus 507 probed by

¥S-labelled ermAM
(A) 1% agarose gel electrophoresis pattern

lane 1: pAM 77 digested with Ddel(ermAM-positive control)

lane 2: S. aureus 375 plasmid DNA digested with BamHI

lane 3: lambda DNA digested with HindlIll(size marker)

lane 4: S. aureus 375 total DNA digested with Bell

lane 5: S. aureus 507 total DNA digested with Bcll
(B) Autoradiograph of southern hybridization

probed by ermAM
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