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ABSTRACT: Two macrolide-lincosamide-streptogramin B (MLS) antibiotic resistance genes, one ex-
pressed inducibly and the other expressed constitutively were recognized from a single Staphylococcus
aureus DHI strain. The inducible MLS resistance gene was isolated and cloned from the R-plasmid
pDEL (7.4kb) and the constitutive gene was from chromosomal DNA. Base sequence of the inducible
MLS resistance gene (1.2kb) was determined and found as same that of pE194. The restriction map of
the cloned constitutive MLS resistance gene was compared with that of the inducible gene. Two genes
have same restriction map except leader region. In the constitutive gene there is no leader region which

is doing major role in inducible expression.
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Alo] macrolide-lincosamide-streptogramin B
(MLS) Al sk 5-alel) v sfed “lgo“é'c’* Zhi e
19643 Staphviococcus awrens A 35 2] 3 o
(Weaver ¢+ Pattee, 1964) o]2igt "1 &g flale
rRNA #jel#¥e] &4 (methyltransferase)ell 2lsho]
23S rRNA 2 205887 adenine #t/]ell viwulz)
(dimethylation)?}  gleviir(Lai 9k Weisblum,
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A} ( Grvcmn %, 1980 ; Horinouchi 2} Weisb-
lum, 1980 ; Shivarkumar 5, 1980), erm(C 9]
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ol 'IL-‘v‘% H 4} HEi ok §-gloll 91} &h 1970 2] o)
vt 4yl leader peptide ©] ribosome off
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2} s to] Wb shhi aalyli wbel Eme] #af 8l
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18k (rRNA methylase) erﬁ'ﬂ b -2l sl
o) 7}09} sl wlsha] e we] qakidol vl
Al xivksr elvdd Qlvb(Dubnau, 1984 Weish-
lum, 1983 ; Mayford #F Weisblum, 1989),

gaf7ba] whsizl MLS Aol ab i < a2 S,

dal.
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Table 1. Bacterial strains and plasmids

reference or
source

strain or plasmid relevant genotype

or phenotype

S. aureus DHI Em-r Cm-r Km-r Byeon ez al.
Te-r Ap-r (1985)
B. subtilis BD170 thr trp B. Weisblum

E. coli MV1190 (lac-proAB), thi
SupE44(sri-recA)

406::Tn10(ter-r)

plasmid

pDEl Em-r present study
pDEB10 Em-r Km-r present study
pBE110 Em-r Cm-r present study
pC194 Cm-r

pUBI110 Km-r

aureus N4 ¥ pE1944e] ermC, Tnbb44H2]
ermA (Murphy, 1985) % Tn55142] ermB (Novi-
ck &, 19797t 2™ Bacillus licheniformis 2
FE9 ermD (Gryczan =, 1984), Bacillus spha-
ericus EHE1S  ermG (Monod %, 1987), Sta-
Phylococcus epidermidis ZHE19)  ermM (Lamp-
son Parisi, 1986), Streptococcus sanguis 3
B2l ermAM (Horinouchi 5, 1983) Bacteroi-
des fragilis 2%-€19] ermF (Rasmussen %, 1986)
% Streptomyces erythraeus 2H€12]  eymE (Uc-
hiyama ¢} Weisblum, 1985)%¢] glc}. o]% =
ermE, ermE R ermM &) A QA= A&A wgy
< ke Aoz wA glon YnAEe $u
WS shs o oelA) 9l

£ =#l4 Byeon 5(1985)0) ol ¥yl u}
= Em A g late] 7l AAst To F29
AUA DNA 2¥ ¥ Fe]gl 244 2wl Em A3
A ke ABALE Barshmal g},

Mz oy

T2} plasmid

Aol AH4g F59 plasmid & Table 1o e}
o whel g

Hgtga 9 Alet

Al A" AYVERE F EcoRI, T4 ligase
s New England Biolabs, Inc, el 4] [@-%8]
dATP+= Amersham 4], Tris, antibiotics &,
lysozyme, IPTG, X-gal, acrylamide = &
Sigma Chemical Co, 9| z}7} F-9ls}e ARE-31Y]
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o Fujeke 28 wiz)e A% Difco lab, #A)Zg
ARt wlAEA 9 buffer 24-¢ Maniatis =
(1982)9) Whlel] wgtom Agtat uhezde 4=
3]Ake) 7)ol wigicl,

HMI1EE % DNA HEo| &

M=z DNA9 DNA AHL gHasir] 93t
agarose gel 17192 Maniatis 5 (1982)2] upy
o ot} Algfsigdom agarose gel 2HEle] DNA
AHe] 322 International Biotec, Inc, 9 elec-
troeluter & A3},

DNA 22

Plasmid ¥ 444 DNA & Guerry %(1973)2)
CsCl-EtBr Fx-7u) 2QA1%e]yo ufe} -2l 3fed
AHg-sd ),

Bacillus subtilis 2| &Zlxz

S. aureus 2|4 219 plasmid pDE1 ¥ Az
plasmid £ AM-%F B. subtilis 2] §AHES Dub-
nau 59 #hy (1971)) o8] =% competent
cell & o]-g-3}e] S8=)¢]r},

Plasmid €| curing

Byeon 5 (1985) 2] v of] n}a} ethidium bromide
(2um/m{) & acridine orange (20-100 «g/m/)
E AHg3le] A)epsloi),

Minimal inhibitory concentration k2 {WAl wt
g

Aol W PEAde] H2AER (minimal
inhibitory concentration, MIC) Azt A3}y ol
Ao AAEA o LA, x4 Bl sy
< Byeon % (1985)2] uhyel| wjehc}.

DNA ¥H7|Md &4

DNA 7149 AAe M13mpss M13mp9e|
subcloning & »  Sanger % (1977)¢ dideoxy
chain termination W& AMg-shec,

Zo o na

S. aureus WollM2] Em XMatM olxiel o) gL
B. subtilis ©| #EXiE 5l ws

Byeon 5 (1985)d) ojs) ¥z S. aureus DH1
T2 MLSAY 348 erythromycin(Em),
lincomycin (Lin), clindamycin(Cln) 2 tylosin
(TyDell g A8 P Table 2 et ule}
b, oGP st 2 x5y HrE A
& A ge, gzrioes s S, aureus
ATCC 6538 T3l H)4) 300-100080 o)Ak Egtom
L HEE Ao} (Fig, 1), olo) AabAde) Az
(plasmid £ <345 DNA)S ol 7] 943 Ay
o4 plasmid DNA 2| curing ol 2J3F A8 4



Vol. 28, 1990

Table 2. Minimal inhibitory concentrations (MIC) of MLS
{macrolides, lincosamides, and streptogramin B/
antibiotics against Em-s (S. aureus ATCC 6538,
B. subtilis BD170) and Em-r (S. aureus DH1, B.
subtilis BD170-pDE1) strains

MICs (in ug/mi)

Strain
Em Lm Cln Tyl
S. aureus ATCC 6538 1.25 3 3 1
S. aureus DHI 1000 1000 1000 1000
B. subtilis BD170 2 50 50 2
B. subtilis BD170 1000 1000 1000 10
(pDE)
0.9
S. aureus DH1
08¢
0.7 .
normal induceu
growth
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uniduced

1 2 3
Hours

Fig. 1. /nduction of S. aureus DH1 measured by growth.
Induction with 0.1 xg/m/ of erythromycin for 30
min followed by challenge with 100 ug/m/ of ery-
thromycin. ‘Normal growth’ describe uninduced
and unchallenged growth, ‘uninduced’ describe
uninduced but challenged growth, and ‘induced’
describe induced and challenged growth.

Hoj -2kl bl Alvstelont Em AatAdo] ¢
%l WS <1 Eskddizdl olwdt Hyl= S,
awreus DH1 w72 254 MLS A3 3=}t

erm Genes from S. awrens 29

linear DNA

.8 ——pDE!

Fig. 2. Agarose gel electrophoresis profile of plasmid DNA
from S. aureus DH1 (1) and from B. subtilis BD170
transforimed by plasmid pDET isolated from S. au-
reus DH1 (2).

Hojx o MH DNA Aol &8 71548
wrhat & 9= 3dvk, Curing el )&t MLS x| &}
A el "-/H gpebabi= WR R S gureus DH1o
2] el 4782l plasmid & CsCl-EtBr 443
wlewn Felsiod B, subtilis & HAHIRHS o
Em # 6“0‘:‘} “FeRila= colony = 4709] plasmid 4

7} 7. 4kb plasmid (pDE1)el] 2la} & 243ty
]-: Eﬂo o] 1)1-{5;17{1’1) 1—:L1_]_ o] z;gxlzaﬁy_;] B
subtilis 2] Ery #3432 fubd] el sl 7o
FalE ek (Fig, 3). o] 24 Em #ak4d ol =l
plasmid Jefl-{2] a2 dEghe] Hapea S,
aurveus DH1viell Em A3 alzp7p 28, & f
dal plasmid Aol alxbe} 214440 o W) DN A 4
o] alapzt Fajoll qF AlEel Eafghohs AS 9w
stod olo) amxl W4 DNA S o ’z}f’_-’-. 3l
shot-gun cloning Az} A vf 2 Hindlll
crldHe s 4454 Em #1884 <057} cloning 4
v (Fig. 4, ).

Plasmid pDET & ARx| DNA &oil ExSl= Em
HMarM QIxtel Migtga olAR el ZAED subclon-
ing

S. awreus DH1 -7 258 #2135 pDElS
Poull, EcoRY, Nrul, Hindlll, Bcll, Pstl 3
Clal ¢l 2)a}o: 1}4 cheldsow Hxhygls 21 9
ol Bgllst B:NI %9 Algtast o127} &3}
st} (Fig. 6). BsIN13} EcoR] .5 =ks) pDE]
S pUBLL02 Ecokl Pvu]] -2l Akd Al

r Al A Efed

7



30 Kwon, Park, Yoon and Byeon

Absorbance 660 nm

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

1

Em— Em

0

1

3 4

S Hours

o
o

nm
° o o
L= S - )

Absorbance 660

© © © > o
_— N W b

Em— Ty

Absorbance 660

0
0

3

Fig. 3. /nduction of B. subtilis BD170 foDET) measured by growth.
Induction with 0.14g/m/of erythromycin followed by challen

with 100ug/ m/ of tylosine (B),
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S Hours

ge with 100 g/ m/ of erythromycin (A), challenged
and challenged with 100 g/ m/ of lincomycin (C). ‘Control’ (0-0) describe unin-

duced and unchallenged, ‘uninduced’ (©-©) describe uninduced but challenged, and ‘induced’ (@-@®) describe in-
duced and challenged.
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Fig. 4. Construction scheme and agarose gel electrophoresis profiles of restriction enzyme digest of pBE170.

(A) Cloning of constitutively expressing erythromycin resistance gene from the chromosomal DNA of S. aureus
gment. (B) and (C) Agarose gel electrophoresis

DH1 using pC194 as vector and the restriction map of the cloned fra,

profiles of restriction enzyme digest of pBE110.
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Fig. 5. /Induction of B. subtilis BD170 (pBE110) measured

by growth.
Description is same as that of Fig. 1.

EcoRIl

Pvull

Hindlll

Fig. 6. Restriction endonuclease clea vage map of plasmid
PDET (7.4Kb) from S. aureus DH].
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Fig. 7. Cloning of Em resistance gene from pDE1 using
pUBT10 as vector.

Mspl Sacl Haelll Bcil Rsal EcoRlI
1 1 Lt {
I leader[ 1——
o 05 L 1.0 1.5Kb
—_—
—_—
— > -
—
————
Fig. 8. Sequencing strategy for the pDET MLS resistance
determirant.

A2F plasmid FelX Em a4y lzas =
pDEBI10e] A>3 e24 subcloningo] $ais)g)o
M (Fig. 7) 47149 43S ssted Axge #31a
A A =7t A E o (Fig, 8),

AHA DNA AelA Felgl 44 Em 234 el
b= Hindll1 4 fW el Mbol, Bell, Rsal,
Haelll, Hinfl "2 Ddel %2 Q14%9)E vlehfo]
pPDEIe] Eni A& <z} al4]4-9]e} ¥y o g
el EARNE B ¢ U (Fig. 4, 9),

T Em B 2lXle] HI|AMY B

A7 A g 13 Acksl "o R 9 o 4
A ARuEke Fig, 8l vhehd whel g} 244742
o Ate® -rAEl Aol sinkal £ 980 7]
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Mspl  Sacl Hinfl Ddel Haelll Bcll _ Rsal EcoRI
erm from pDEl: L | 1 hi ( |
] .
erm from chromosomal
DNA: | I S D | G S 1
Hindlll Ddel Hinfl Ddel Haelll Befl  Rsal Mbol Hindlll

Fig. 9. Restriction endonuclease map of the erm from PDET and the erm chromosomal DNA.

GAGCTCTGGCTATAATTATACTAATTTTATAA GGAGG AAAAAAT  ATG GGC ATT TTT
Met Gly Ile Phe

AGT ATT TTT GTA ATC AGC ACA GTT CAT TAT CAA CCA AAC AAA AAA TAA
Ser Ile Phe Val Ile Ser Thr Val His Tyr GIn Pro Asn Lys Lys TER

GTGGTTATAATGAATCGTTAATAAGCAAAATTCATATAACCAAATTAAA GAGG GTTATA

ATG AAC GAG AAA AAT ATA AAA CAC AGT CAA AAC TTT ATT ACT TCA AAA
MET Asn Glu Lys Asn Ile Lys His Ser GIn Asn Phe Ile Thr Ser Lys

CAT AAT ATA GAT AAA ATA ATG ACA AAT ATA AGA TTA AAT GAA CAT GAT
His Asn Ile Asp Lys Ile MET Thr Asn Ile Arg Leu Asn Glu His Asp

AAT ATC TTT GAA ATC GGC TCA GGA AAA GGC CAT TTT ACC CTT GAA TTA
Asn Ile Phe Glu Ile Gly Ser Gly Lys Gly His Phe Thr Leu Glu Ley

GTA AAG-AGG TGT AAT TTC GTA ACT GCC ATT GAA ATA GAC CAT AAA TTA
Val Lys Arg Cys Asn Phe Val Thr Ala Ile Glu Ile Asp His Lys Leu

TGC AAA ACT ACA GAA AAT AAA CTT GTT GAT CAC GAT AAT TTC CAA GTT
Cys Lys Thr Thr Glu Asn Lys Leu Val Asp His Asp Asn Phe Gln Val

TTA AAC AAG GAT ATA TTG CAG TTT AAA TTT CCT AAA AAC CAA TCC TAT
Leu Asn Lys Asp Ile Leu Gin Phe Lys Phe Pro Lys Asn GIn Ser Tyr

AAA ATA TAT GGT AAT ATA CCT TAT AAC ATA AGT ACG GAT ATA ATA CGC
Lys Ile Tyr Gly Asn Ile Pro Tyr Asn Ile Ser Thr Asp Ile Ile Arg

AAA ATT GTT TTT GAT AGT ATA GCT AAT GAG ATT TAT TTA ATC GTG GAA
Lys Ile Val Phe Asp Ser Ile Ala Asn Glu ITe Tyr Leu Ile Val Glu

TAC GGG TTT GCT AAA AGA TTA TTA AAT ACA AAA CGC TCA TTG GCA TTA
Tyr Gly Phe Ala Lys Arg Leu Leu Asn Thr Lys Arg Ser Leu Ala Leu

CTT TTA ATG GCA GAA GTT GAT ATT TCT ATA TTA AGT ATG GTT CCA AGA
Leu Leu Met Ala Glu Val Asp Ile Ser Ile Leu Ser Met Val Pro Arg

GAA TAT TTT CAT CCT AAA CCT AAA GTG AAT AGC TCA CTT ATC AGA TTA
Glu Tyr Phe His Pro Lys Pro Lys Val Asn Ser Ser lLeu Ile Arg Leu

AGT AGA AAA AAA TCA AGA ATA TCA CAC AAA GAT AAA CAA AAG TAT AAT
Ser Arg Lys Lys Ser Arg Ile Ser His Lys Asp Lys GIn Lys Tyr Asn

TAT TTC GTT ATG AAA TGG GTT AAC AAA GAA TAC AAG AAA ATA TTT ACA
Tyr Phe Val MET Lys Trp Val Asn Lys Glu Tyr Lys Lys Ile Phe Thr

AAA AAT CAA TTT AAC AAT TCC TTA AAA CAT GCA GGA ATT GAC GAT TTA
Lys Asn GIn Phe Asn Asn Ser Leu Lys His Ala Gly Ile Asp Asp Leu

AAC AAT ATT AGC TTT GAA CAA TTC TTA TCT CTT TTC AAT AGC TAT AAA
Asn Asn Ile Ser Phe Glu GIn Phe Leu Ser Leu Phe Asn Ser Tyr Lys

TTA TTT AAT AAG TAA GTTAAGGGATGCATAAACTGCATCCCTTAACTTGTTTTTCGTG
Leu Phe Asn Lys TER

Fig. 10. Nucleotide sequence of the inducible expressing erm gene from plasmid pDET of S. aureus DH1.
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o] 2 AR B9} ook F-9el 19719 ojujx
Ak 2 A leader peptide S HH-2E 7} 9l

=l (Fig. 10) ol d 97)4 9L Horinouchi
2} Weisblum (1980)¢ll 9} X%l pE194 (3, 7kb)
4ol ermC oF FUI AL vl gAay
DNA A #e2ixl Em #8t4 elzbe] Aabas #n
2} pDE142} Em *] ad alabe] Alglas = we) v

i
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Hap ofol s)dsind o WA DNA Abe] %44 Em
A4 l2R= pDE14] leader peptide +-9]7} 7
Axl A=kl Qo wlef Avk, 28 ermC 7} 5 £ 2]
3= pE194st pDE1S] 747 ajo] 7} o] cpitos}
oF oW 7ol ofel ermC b Sl WA, pE194
pDEIN -3 -2 41395 = qlgd =78 ulbs)iz 4lo)
tha HARA ermC & ¥3 transposon ¢ =3

Stell 4] vhehbs ARSI oAl Ak PEE e bR R olt)
¥ g

A5l b abslel 4 macrolide-lincosamide- &trq)mgmmm B A& ol 47 &b Staphiviococcns aurens DH w5
1)

2] o4 lﬂ DNA 2 plasmid pDEL(7, 4kb) &% 27}
= ub glis pE19Ael erm( St s
ermC A4 H}oﬂ Frub e atedalis leader peptide 5-%
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