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Abstract (] Four bacterial strains having inducible resistance to erythromycin were
isolated from soil samples in Korea and characterized. MLS inducibility was checked in each
strain. Cloning of inducible resistance gene(s) has been tried. Four isolates were identified as
B. anthracis, Micrococcus luteus, Streptococcus faecium and B. licheniformis, in which
erythromycin, oleandomycin, cirramycin and carbomycin acted as resistance inducers re-
spectively. The resistance gene cloned from B. licheniformis 597 strain using pBS 42 vector

was found to have a 3.2 kb insert.
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Some antibiotics at not only as growth (me-
tabolism) inhibitors in microorganisms but also
as controlling substances of gene expression. The
control mechamism of gene expression by antibio-
tics in the inducible resistant bacteria to MLS
(macrolide-lincosamide-streptogramin B) antibio-
tics is one example of them. The molecular studies
on controlling mechanism of gene expression are
expected to contribute to reduce the appearance of
resistant strains to these antibitics. The control
mechanism of gene expression in resistance to MLS
antibiotics in the inducible strains has been explain-
ed by post-transcriptional attenuation (transla-
tional attenuation) mechanism. This induction
mechanism has been elucidated in ermC gene clon-
ed from the Staphylococus aureus plasmid
pE194'3, Although several MLS resistance ele-
ments have been studied and their DNA sequences
have been determined*?, it is necessary to clone
more MLS resistance genes from the different
species of bacteria and to compare them to clarify
the control mechanism of gene expression. We have
tried to clone new resistance gene(s) grom the four
selected strains which were isolated from soil sam-
ples in Korea, and a MLS resistance gene was clo-
ned from a Bacillus licheniformis 597 strain having
the different resistant phenotype compared to the
reported strains.

§ To whom all correspondence should be addressed.
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MATERIALS AND METHODS

Bacteria and plasmid

Four strains of bacteria (590, 597, CT-4, and
TR-1) showing inducible resistance to erythromy-
cin, which were isolated from soil samples in Korea,
E. coli CSH 26'" and B. subtilis UOTO 277'2 were
used. For cloning purpose a shuttle vector pBS42
(between E. coli and B. subtilis) was also used.

Resistance induction

Induced resistance to MLS antibiotics by MLS
was ckecked by agar media method and liquid cul-
ture method as described previously'”. 1) Agar
media containing high level of MLS which usually
did not act as inducer were prepared, and test mi-
croorganism was inoculated on the agar. MLS anti-
biotics disks were loaded. The microorganism
around disks could grow if MLS resistance was in-
duced by the drug contained in disks. D-form in-
hibition zone by antiboitic disk on agar media hav-
ing no antibiotics was another indication of resis-
tance induction. 2) The bacteria was cultured on
AC broth containing sub-inhibitory concentration
of MLS, and the culture was used to inoculate fresh
AC broth which contained high level of MLS anti-
biotics. The good growth was indication of induc-
tion.

Identification of the isolated strains
The physiological, morphological, cultural cha-
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Table I. The physiological, morphological and cultural
characteristics of the isolated strains.
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Table II. Resistance induction to MLS in the isolated
strains.

B. subtilis
560 CT-4 TR-1 597 ATCC
6633

Production of + + + + +
catalase

VP test + - - + +

MR test ~ - - - _

Growth in + - + + -
anaerobic agar

Growth in 7% + + + + +
NaCl

Acid and gas acid + - NT + +
from

Glucose gas — - NT -~ -

Reduction of + - - + +

NO3_ to NOZ_

Starch hydrol- + + - + +
ysis

Citrate + + - + +
utilization

Indole - - — _ _
production

Gelatin + + + o+ +
hydrolysis

Urease activity + + NT + +

Growth in PLET + NT NT - -
medium

Gram staining + + + + +

Spore forma-

tion + - - + +

Acid from NT NT - - NT
sorbitol

Acid from NT NT- - - NT
Gycerol

NT: not tested

racteristics of each strain were determined. The
test results were listed on Table I. The genera and
species of each strain were determined according to
the guide of 1) Manual for the identification of me-
dical bacteriology'¥. 2) Bergey’s manual of sys-
tematic bacteriology'”, and Bergey’s manual of de-
terminative bacteriology'®.

Cloning of resistant genes

Total DNAs were prepared from each strain and
digested, partially or completely by EcoRI or
BamHI. The digested DNAs were ligated to pBS42.
E. coli CSH26 was transformed with the ligated
plasmids'?. E. coli libraries were prepared. B. sub-

Strains Inducers Ingiuced
Resistance
Bacillus EM. OM. CIR. EM. OM. CIR.
anthracis 590 KIT. CAR. MAR.
Streptococcus EM. OM. EM. OM. CAR.
JSaecium TR-1 KIT. CLN. MAR.
Bacillus EM. OM. CIR. EM. OM. CIR.
licheniformis 597 TYL. CHAL.
Micrococcus EM. OM. CAR. EM. OM. CIR.
luteus CT-4 CIR. TYL. CHAL.

EM: erythromycin, OM: oleandomycin, CIR: cirramycin,
CAR: carbomycin, KIT: kitasamycin, MAR;
maridomycin, CLN: clindamycin, TYL: tylosin, CHAL:
chalcomycin

tilis UOTO 277 was transformed with the plasmids
prepared from the E. coli libraries'®. B. subtilis
having MLS resistance gene was selected on both
erythromycin and chloramphenicol agar medium.

RESULTS AND DISCUSSION

Identification of the isolated strains

The physiological, morphological, cultural cha-
racteristics of four strains were determined and re-
sults are summarized at Table I. Strain 590 was a
Gram-positive rod and formed spore. This bacte-
rium could grow aerobically as well as anaerobical-
ly, and form catalase. Especially this strain could
grow in PLET medium. So strain 590 was identified
as Bacillus anthracis. Strain CT-4 was a Gram-
positive coccus but did not grow in anaerobic con-
dition. This strain could form neither acid nor gas
from glucose. It could not reduce nitrate to nitrite.
On the basis of these test results, strain CT-4 was
classified as Micrococcus luteus. Strain TR-1 was
determined as a Gram-positive coccus which could
grow aerobically as well as anaerobically. All MR,
VP and nitrate reduction test were negative. The
strain couldn’t use citrate as a carbon source, and
didn’t form acid from both sorbitol and glycerol.
Therefore this strain was identified as Streprococ-
cus faecium. Strain 597 was a Gram-positive sporu-
lating bacillus and could grow aerobically and an-
aerobically. It was a catalase positive strain. The
strain could be classified as B. licheniformis.

Resistance induction
The isolates were tested for MLS resistance in-



178 E.-C. Choi, K.-W. Woo, J.-S. Woo, J.-H. Kwak and B.K. Kim

TR-1, resistance to MLS could be induced by either
erythromycin or oleandomycin. In CT-4 strain not
only erythromycin, oleandomycin, cirramycin but
also carbomycin could induce resistance. Carbomy-
cin inducibility in naturally occurrring isolates has
not been reported.

Fig. 1 shows the resistance inducibility of both
erythromycin and carbomycin in strain CT-4 agar
disk method. The D-shape inhibition zone by the
chalcomycin disk means that the resistance to
chalcomycin was induced by erythromycin. Al-
though the D-shape inhibition zone by the chalco-
mycin disk neighboring the carbomycin disk wasn’t
clear, the possibility of resistance induction by car-
bomycin was high. Especially the resistance induc-
tion to carbomycin by carbomycin was strongly ex-
pected because the inhibition zone by carbomycin
disk wasn’t almost identifiable.

Fig. 1. D-shape inhibition zone in CT-4 strain. Fig. 2 shows the inducibility of erythromycin re-
sistance in strains 590 and TR-1 by liquid culture
ducibility by agar media method and liquid culture method. The culture grown in low concentration of
method. Table II shows the results. In strains 590 erythromycin could grow in the liquid medium
and 597, resistance to MLS antibiotics could be in- containing high concentration of either erythromy-
duced by either erythromycin or the closely related cin or kitasamycin or carbomycin.
macrolide oleandomycin. Cirramycin could also in-
duce resistance to MLS in these strains. In strain Cloning of resistance gene
Strain 590 Strain TR-1 4
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Fig. 2. Resistance inducibility of macrolide antibiotics to MLS in strains 590 and TR-1.
X : Control culture (no antibiotics)

: Precultured with 1 zg/m/ EM, cultured with 1004 g/m/ EM

: Not precultured, cultured with 100 .g/m/ EM

: Precultured with 1 ug/m/ EM, cultured with 100 4 g/m/ KIT

: Not precultured, cultured with 100 ¢g/m/ KIT

: Precultured with 14g/m/ EM, cultured with 100 »g/ml CAR

: Not precultured, cultured with 100 ug/m/ CAR
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3.2 kb B

ABC
_7.7kb
4.5kb Origin region
~3.2kb pBS42 of pBR 32

(4.5Kb) —L gy 3A

v CAT gene
f pC194
HpallO pCis
Fig. 3. Resistance gene cloning into pBS42 from B.
licheniformis strain 597.
The recombinant plasmid was designated as
pEC1001.
A: Lambda DNA digested with HindII!I
B: pECI1001 DNA digested with EcoRI
C: pECI1001 DNA digested with BamHI

Total chromosomal DNA isolated from strain
597 was completely digested with EcoRI and ligated
to pBS 42 plasmid cut with EcoRI. The ligation mix-
ture was used to transform E. coli CSH26. Trans-
formants were selected by chloramphenicol and
about 5,000 transformants were collected. Plasmid
DNA prepared from E. coli library was used to
transform B. subtilis UOTO277. Three trans-
formants showing both erythromycin and chlo-
ramphenicol resistance were selected and resistance
inducibility to MLS antibiotics was determined.
The resistance inducibility patterns determined by
agar disk method in these transformants were iden-
tical with that of strain 597. The recombinant
plasmid was designated as pEC 1001. Fig. 3 shows
digestion pattern of pEC1001 with two restriction
endonucleases; lane C shows a 7.7 kb linear frag-
ment after BamHI digestion whereas lane B shows
two fragments, 3.2 kb and 4.5 kb band after EcoRI
digestion. Therefore the pEC1001 contains about
the 3.2 kb insert. The 3.2 kb insert size would be
enough for one complete gene. Considering the re-
sistance inducibility and the insert size of pEC1001,
MLS resistance gene seems to be located on the 3.2
kb DNA fragment. ermD, a MLS resistance element
was cloned from Bacillus licheniformis strain 749'%
and its DNA sequence was determined”. The
phenotype of inducible resistance in B. lichenifor-
mis strain 597 was compared with that in B.
licheniformis strain 749 and it was found those
phenotypes were different. Although the possibility

that the homology between the cloned gene from
strain 597 and ermD is high, it is thought the newly
cloned gene has the partially different DNA base se-
quences, compared with that of ermD.
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