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Studies on the Resistance to Antibiotics in Bacteria
Induced Resistance to Macrolide Antibiotics in Bacillus sp.

Abstract—Several strains of bacteria having resistance to macrolide antibiotics were isolated. EMR-1,
one of them, exhibited the induced resistance to macrolide antibiotics and this microorganism was
identified as a bacterium belong to Bacillus species. The subinhibitory concentration of erythromycin or
oleandomycin induced strong resistance to both erythromycin and oleandomycin themselves and to other
macrolide antibiotics such as leucomycin, spiramycin and josamycin. The effective concentration of
inducer, erythromycin was 0.0016~0.2xg/ml. The inactivating enzyme of these antibiotics was not
produced by EMR-1.
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romycin U] Al o] t]d] 4] constitutive resistant straine] Bz xe] glrh 10 o]l dFelAlE
B. subtilis®. A 5% erythromycin U4 Bacillus% A 7S ¥eletz, Fe= AT erythro-
mycin 42 4ol Hste] AF AEHALh

R B FH &

Shax 2l gy Erythromycin (EM)-8- Hjyi4el 4], oleandomycin (OM)-2- 3+ Pfizero] 4,
leucomycin (LM)-2- { ¥ 8l45e] 4], josamycin (JM)-2- WIEiflgiol A A Fbol Apgstgiet, 4
3 tazE WMEMMEToRED e AL AEstgder], ATP, acetyl CoA, c-AMP, NAD %
9] Bochringer Manheim2] | &£ A}-8-8}9] ¢},

S S 2 Bxe— EM-S 100p¢g/ml ‘il'ror‘i nutrient agar plate- wh&3, plate $]of -
S Wol, 37°ColAl 2040 wikelg vk 3 A A9 4 Pesat 499 2
s} @Aul A ghae Bacillusé o 5 o] A 3= Algte] del WA AdE gota, AwxE EMR-1 3
:-Oﬂ )& Gram <l A, 3.« oA (Schacffer and Fultou spore stain),'" oluj4  A)¢ (60°C, 30

e Pasish

ﬁ%']_&._ . fitite BB Paper disk®] & o] £3}¢vl. Nutrient agar slanto] 37°C, 164 7L vl 93}
ot} <=4 nutrient broth (beef extract 10g, peptone 10g, yeast extract 2g, glucose 5g, NaCl
5/, pH 7. 000 slante] 8 A %spel, 37°Co1A 1647 vlgbelel w3 Fem selw 4
A nutrient agar (& nutrient broth-4agar 15g/1) 15mle] L5 7 30plE- A 7}3lo] plated =t
Eoleh. 2 $lol 4F FAEAGzaE Bk 37°Col A 164 7 vl Fdte], flmz F9e] A
71 AALY =9 meko w A, WA, WA 44 F& stAsdAc

fiftde| HFW— Z->4 nutrient broth 20mle] ==} 0.2 528 T F F4& €57, inducerz
EM-$ 0.00032~1pg/mle] Fx 7t =5 Hrlslgoh, 37°Coll A 3417 wokgt & Az wA
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20mloj $]9] Wjok FHL wws) 0.07 5% Y, EM =i LME 100ug/ml 5§52 #7319
th dlzfen g9 ek Fol e Agdls] FAEAS A s & 2#, inducer §lo] 347k
ol kgt o Abg-sfa 5"‘3}5‘7‘ & 9 e Evletdrh FY &l ] v kel 24 zhwrt
660nme] 4] O.D.& FA sl HAxd A .

HAYE TEH{E BE WB— 1) A 3%%9 24 . 4£4 nutrient broth 20mle] EMR-1
& A Fsto] 37°Col Al shEyF mikssEetgdel. 1.809] A wiAel Akl 7ot 250pg0) EME 4
3, 37°Coll 4] 447} = e} o ket vh. HWAE](1000g, 20838k H#AE 4z TMK buffer
(Tris-HCl 100mM, KCl 60mM, MgOAc; 10mA, 2-mercaptoethanol 6mM, pH 7.8) % 33 A%
st A 2.5g0] ¥R 5g3F TMK buffer 6mlE ¥z Faaget. 9488 (10,0008, 30%)
3}01 AL AGAE Az F5£E2 9ok 2) EFAHI 9k 250pg/ml EM 0.1ml, A= &

=% 0. 2m1 TMK buffer 0. Iml, ATP % cofactorg-9] 0.1mlE Z 33, 37°Coll A 24] 7k ub-&-4
Zet. 80°Cell A 5% 7tdste] W-g& FAAZ F d4E=5te] (10,0008, 20%) 4EHE 3t
Qul. AZe] ol gli= EMO o 71E B. subtiliso] tldt A9 asz v mag

B B & R

e S8 X FE— 100pg/mle] EM-S 3H4-3t agar plates] “}lit-& wio} wjokslz, A
A" A= F Aduk A w4 sl SR E el AEl vaz wE AAsA ).
MacrolideA] §A-EAo] & f= WAL vdells Ao odAses 755 A9dd Gy -
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W4 Ay Azx) EMR-1eo|gt Asty, $A4stAvt. EMR-1 55 3714 2243504 al sl
o], 7 ]% AE o) g3t FIetA ARt el. Gram gzt Hatstg & «f EMR-1 FF &
Gram ¢4, 7tdolglen] 7= 0.5X2~3pumE T Ewlol 7ZslA wgrch. =x M-S
A Fokel el ¥ el =g Aabs k. (Fig. 1) 60°Coll 4 30487k 71484 & W EMR-1

]
FRE AUGA @sken, Ea g6 oa mAA Bk olHd Anzye EMR-1
T 55 Bacilluss: A 4] o) Q—OY =] 9l o},

REH - e KB~ L2l EMR-1 57} ofwl F4r9 A& 2tertd 971 Hal Ll 23
Moz 44 2 g AYe sheleh FMR1 ol g @Ra agar plates] GAEA

5 ¥ 2 Fat

gt v} (Fig. 2). EM, OM, LCM ¢j2x= ‘T‘

Aeldro] a2l zho]l Ay A xe] F 16}71] H o]
=0 ¢]s} EM, OM ==+ LCM x} Nz kel «ff
girh. LM, SPM iz JMo] o]k A= 4l L-
sl ] A0 Fokol 9l EMo| 2918 LM, SPM

Fig. 1--The morphology of EMR-1 bacteria after Fig. 2--The resistance induction with macrolide

spore staining (A) and Gram staining (B). antibiotics in EMR-1.

in A blue: spore, red: vegetative cell, E: erythromycin L: leucomycin J: josa-
in B violet: vegetative cell, red: vegetative mycin O: oleandomycin li: Lincomycin
cell of E. coli. Sp: Spiramycin

WS FHM— o)== el 93 EMR-1 F5 EM 3= OMol| o¢) W4 o] §1x5 ) EM, OM,
LM Zof dlal WA 2tA Hel dadsdet. olvig WA Fx& A uf el 4] FAsEY v

EM-& MIC (Bacillus subiilis ATCC 6633 7]5) Mo} W FE 2 2 71et A ) Ao} 4] EMR-1
F4 34 W FHE) s, EME 100pg/ml 333 A wf Aol A A5 wdatgeh. Fig.
3off F=A2] EM ¥= *?‘—é_i A FA% “*]?3}93\‘4 EM& # 7te1A ?»é-x’l 3/‘1 7y v oFab ol & o
EMR-1 #5+ 100pg/mle} EM£ -
1pg/mle} EMS W o 3470 v F(HE)3A & ”H = EMR-1 '}T/} 100#8/1111«1 EMg %3
A otd WA o)Al A el F gkl EM EAstel Al 342k s Fgel olsl EMe wg A
o] Hxx glvh

2o zolA 347 MR %, 100sg/mls] LME @43 A 24 WA EMR-1 F5%
weFehger, 2ol 474 T4% Fig do] EAsgch 94 0.0016~1pg/mle) EM& 43 34
b et e @ EMR-1 %7} 100pg/mle] LM 43 A 4x wAel4 43stgch &
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Fig. 3—Effect of erythromycin concentration on
the induction of erythromycin resistance.
The figures denote the concentration of
erythromycin (pg/ml) in the induction
mixture. The dotted lines exhibit the
growth curve of EMR-1 in the modified
nutrient broth without erythromycin and
the solid lines exhibit the growth curves in
the medium containing 100xg/ml erythrom-
ycin after the induction.
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Fig. 4—Effect of erythromycin concentration on
the induction of leucomycin resistance.
The figures denote the concentration of
erythromycin (gg/ml) in the incubation
mixture. The dotted lines exhibit the
growth curves of EMR-1 in the modified
nutrient broth without leucomycin and
the solid lines exhibit the growth curves in
the medium containing 100gg/ml leuco-
mycin after the induction.

a3ke] EM ZA|sho] 4 347k i &k ito] ol LMol B 4ol F25 s
MEWR FEML BX XE— U4 777 EMe 23488 1a% A4stert 294

FE7be gob Xy WA FFE £
EME -3 vl Aol A wigele] 9 FAE
T Az $£558 22, o AE 2
3 EMS& ATP % cofactor &4} slol] 4l-&4|
ok AEF EM 9718 AALY =272
A3z, EM 971 44 A=z #8435 &
& A o4FF FASA

Table Jold & 4 9+ uie} o] ATP,
ATP+c-AMP, acetyl CoA =%+ NADE
cofacor2 3te] EM& W4 F HME F5F3

ghEA 7 3, A2 EMe 3 AAge] =

1 v z2dd s W, 2 3se 54 19
ME FE2EL LT A, 2= Az 25
& Holetx] gaAdAe AxYe ase

4 a7k gtk olZe WATe Ax &

Table I—The size of inhibition zone by the
remained erythromycin after incubation
‘with the cell extract of EMR-1.

Reaction mixture (diameter in mm)

ATP 20mM, TMK, EM, cell extract 22

ATP 20mM, c-AMP 10mM, TMK,
EM, cell extract 21.5

Acetyl CoA 10mM, TMK, EM, cell extract 21.7

NAD 10mM, TMK, EM, cell extract 21.2

ATP 20mM, TMK, EM, cell extract* 22.5

TMK, EM 24
The diameter of disks is 8mm.

* The cell extract prepared from B. subtilis

ATCC 6633 was used.
Bacillus subtilis ATCC 6633 was used in bioassay.
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Este] uigo] 23 EM°1 ‘ﬂ%—% &7‘1 o 718w, o] WA FF7F EME 2ZA4s
e BxE 7

;;w,tﬂ“‘f
i

Wt Fol A 225 macrolided 4 EZ A F% EMR-12 wjof 221, A% zoF, Gram 4
A, 24 @4 R dud AR Ast So o8 Bacillus & ATdel dAHS

Macrolidest] 42 46] W& 254, 14 48 2 94 £5 4G 2 #5& EM
da walel $m=5le] EME md 7] macrolider g EAd el WAL 2A FHol
A, ol@A WAel $EH¥ Bacillusdh TTE A& wAs Zejzg, TFe FE Hald
AL AAs gk AsEh

ez el o 744 -4 APl A EM, OM, LCMe| #=3 F Aol 98] ARl
Aoy, AXG el ARae Aol AAHAG ol v} 23] A %%543& EM %o
qrng 2o A4on FAS vrtw, of# Hid & (<MIC)e] EM Fof o W4
o] 9= le] EMR-1 #%7F EM 5 Al #a A& 28 v ke Zleoloh

=gk LM, SPM, JM g2 og Axfel Azeial AL FehA Zaslel g =g
EM Zo &3] ujade] $=xe], Wk A7 F FE3 Aol 2343t MICE z3tshe FE3
o] LM Zo] Hado] & wWoE 43 F J&E

EM, OM m=¥ LCMe] &) EM, OM =& LCM A, u+e] macrolideAd] FAEAo] g
YA fEs teagd g8 drsged, o diel g el o8 FHE T
0.0016~1gg/mle] EME 718 oA wi=]e] A 343k W ek (G5 o8 EMR-1 ¥5& EM #
Az LMo g& WA el %= gl rh. Macrolided] FAEA F 14~ -membered ringA] 3 -EA o)
inducerz #&3lx, 16-membered ring, 12- membered ringz] FAEA] YalAE WA F=
5A EgE Aol EM W4 Staphylococcus aureus 5ol A AT o] SIN=

Bacillus% A 72 EMR-1 :r("-rOﬂ A EM, OMel g8 vAe] fx5x, LM, JM, SPM Gl

_tllrﬂ—‘ >,\1

st Zolth

GalAs el GEHA G Ae e Ass @AWk Faa gels EMR-1 F57} LCM
o] ¢e) LCM Aol el WA %:a:a Aoz AR AL Ue 4T AR Yk A4S
S

iy g Ea
B AADAE A2 WY lﬁmoa guh o8 2E HPAT Hae T N4 WEE
lactamz 4%z WA 2 chloramphenicol W A8} 7A-$elx
A BaEn WAFAAE Mg A 2R Zast dAE UA @
EMR-1 773 2843 &4 wg Ag Az 28
o}, wels EMR-1 39 yAe i g4 71l 711g Zel vt
EM i A o} Staphyloceccus aureumﬂ ¥ 2% ribosomee] WEE o] o, 28g WEst
Aol AAen des s Z A FF9 23S ribosomal RNAe] & N6, N°- dimethyladenine
o] 7 Fel wlE vhEk ZgHE o 9,1‘1 ] 13,14 —21% W3l 9ls] EM3} chemoreceptorel
ribosomes! A ¥o] ofel9lA WAstE i A g, 419 EMR-1 F59 WA JELeE o] 2] 3k
WEE A74E % ek

ribosome2}
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4
1wl F Foll 4] macrolided] 4 EAe] WA AT Festgern, o AT =X 44T
of el Bacilluss AFoz g ek o] JATL 439 EM, OM Fof 98 HAol #=
=0}, EM, OM =3 2 LM, SPM, JM % o} macrolided] &4 EAo] gja) 723 WAL
g, JA4-E 58+ inducerd AAH L 0.0016~0.2g/mlgd =k, W4 71A9 stz 28
Afaax B4 35 z2Ad ot A Fgko)
of Hiois EREFAMES] SIFE BirAsHl o ad Aold, ofd FME 23 7
Abgtet.
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