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Abstract—The preparation of Enterococcus faecalis RSl is used as a therapeutics for humnan intestinal di-
sorders. However, the microbe in this preparation is usually very sensitive to rifampicin and flu-
oroquinolones. If this preparation is taken with rifampicin or fluoroquinolones. its therapeutic effect
can not be expected. E. faecalis RFR1], containing resistance to rifampicin was obtained by MNNG mu-
tation method. Serial passage of E. faecalis RFR11 produced E. feacalis OFR16 on agar with 2-fold minimal
inhibitory concentration of ofloxacin produced. E. feacalis OFR16 was resistant to fluoroquinolones up to
8~256 fold higher than that for the original strain. E. faecalis OFR16 also exhibited identical charac-
teristics with the parent strain when they were tested for lactic acid formation and growth inhibition of
E. coli MB4-5737 and Shigella sonnei MB4~10411. From in vitro test, it was identified that rifampicin and
ofloxacin is not inactivated by certain factors of E. faecalis OFR16. Conclusively, E. faecalis OFRI16, rifam-
picin and fluoroquinolones resistant mutant, is an efficient strain that has insensitivity against rifam-
picin and fluorogquinolones and original biochemical characteristics of the parent strain.
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= AN S Qe AEFE NgElaz) sl
2 Aol G E. faecalisol] tid 15F2) AAA)
9 Al AR EETMIC)E 3% 40 &
#3F7} rifampicin® ofloxacinll &l A& 2Ex
21L&l g At 2 A3l N-methyl-N'-nitro-
N-nitrosoguanidine(MNNG) 22 A& rfam-
picin WA ZF E. faecalis RFR11Y& 94 AQE4
Ho| W o2 223ty fluoroquinolone] A4Aol
= UA-g YehlE ©|F WAT5< E faecalis OFR
16€ AUch. o] #Fol tidtd 4§ AdA A2 9
e 7HsdE HES] Hsld A4S, E coligh
Shigella sonnei 52} AUl A7 A& AA5T A
A Ay 5EAS nyFe uu, dEsg =%
o]& WATF 93l rifawipicin® ofloxacin®] &
g3 IotE FAEA S X E BHE g = gle
B2 invitro 19& BH 2 7P 48 Lotr i,

Ay

AMTEF - £ AYAME AGADNAY B2
Enterococcus faecalis #5+2 W8 A1) rifampicin W4
@3 RFR11 #5378 AH838idch. 1 9] #F2e 2
A4 Basts QlE E. coli MB4-5737, Shigella
sonnei MB4-10411, E. coli MB4-5376, B. subtilis
ATCC 6633. Serratia marcescens ATCC 27117& At
|3tg.

H§X] - E. faecalis 8 wjzR2+ GPY medium
(Glucose 10 g, yeast extract 10 g, peptone 10g,
sodium acetate 10 g, B-salts 5 ml, dH,O q.s. : to-
tal vol. 11, pH 6.8)& AHg3}Hon, 1 99 #59]
A5 WA Z2&  Mueller-Hinton(MH medium,
Difco Co.)& A28ttt Zhil Al QS oA AgA
E. coli ¢ #jx]2+= EMB agar(Difco Co.) medi-
umE AHEERIAL. S. sonnei MY ¥l ZE Mac-
Coneky agar(Difco Co.) medium& AHE-stTH

H: MX| SEMICR &FH - £ HYoM:=
rifampicin, kanamycin, isoniazid. ethambutol,
ofloxacin(OFLX). pefloxacin(PFLX). norfloxacin
(NFLX), ciprofloxacin{CFLX), sparfloxacin
(SFLX). rufloxacin(RFLX). lomefloxacin(LMFX)
levofloxacin(LVFX). tosufloxacin(TSFX) 59} &4
A 9 sh A E AHEsi GPYel A v T

€ 10°CFU/mIZ 343k 2-fold A sjages
MICE &A3dct 37°CAM 1817 Mlgs & 79
e BAY § IE A2 T8 MICE st

OI& UMEF2| Mill - GPYYl 23 £9] rifam-
picin WAZFQ E. faecalis RFR112 37°Coll A} wj
g - oAl GPYNA mid-log-phase7bA) wi4stn
6000x goll A 58-7F eAE-3T 45 9L Haln
10°CFU/mIZ ®o} 10 pg/mi®] rifampicin®} 2-
fold MIC =9 ofloxacin® &3k 24 v Al 100
WY 718t 37°CollA 39~48A17F wljoFst s B ol
S A3 Mgy EQHolFFE ofloxacin
o] FErt GAER 52 w42 M} 2718 vkt
it

WAMQITFO| LM RX| AlY - 25 4 87)
A3k Agstel AhAlvich 2+ B AL MICE =4
e o] 2 =X R9 x7]e) MICH 2t
2 FAHEA 4R g3yt

AEEY - 37°ColA SRy AYF ERFol B
AW HFE N=E GPYd 25% HE3n 37°C,
2417k vierEt ). vl d-E 6000 x goll Al 587+ 944
g ¥ A& 4598 97 SHFE 54 34sy
1% phenolphthalein £%& =A%z (1N
NaOH &<§o 2 AAsct.

EHH MiE AR ANl AlY - E. faecalis 759 &
Aulo] 73 @ E coli MB4-57378 AWs & 27
F = EdWol#Fe} E. coli€ 10 13 100: 19
HEE2 37°CAN EFuYsta =2 E colithe
HFSsTh BF F 0A1ZE, 3A17L, 6413, 9A1ZE, 124]
2t a3 2473) vi) A e Fslo] 9 GA= 3
A%k F E. coli ¢ v]x]2) EMB agar wi®lol] %3
F 37°C. 24/t viokstel 433 & F&e Ho] E
colio]] 3t B8 AL 243} S. sonnei MB4-
1041100 i3] E. coli 4 oA AP} TUH Iy
oz Ayt

LHATS0H it offoxacin®| WA} JHsA0) CH
8t Al# -~ E. frecalis OFR16& A wi%d ¥ oflox-
acin®] 25 pg/ml ¥ GPYAA 18413t wi%ksin
ANEEsld FE5do2 5ug/disc = oflox-
acin HA3& vlEo] B. subtilis ATCC 6633 #5&
TR H o Fol AAFI I 16417 SR ¥
A7 A Y] A7 BFE A% M0 e X9
9] 2719} vlwdle] R4 928 Bt oy
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zFo2E ofloxacin® vl74=4¢1 E. coli MB4-
5376 T8 AHE3IL

Ad

E. faecalisOf CH8t SRl A SLIHAS| M XK|
&k - E faecalis 275, RFR11, QFR16%} &
15%9 a8 2 gAY Hx AA F=8
Table I JeRiRI:. E. faecalis 2FFE rifam-
picinoll thsled vl@d 2 A54AL JepAAL, flu-
oroquinoloned] gA4A¢] i3l 0.5~16 ug/mI= t}
U3t MICE B}, E. faecalis RFR11 @59 %
rifampicin®] MICE 2008 ol¥ 43¥a, flu-
oroquinolone 33A¢] MICE Z#F¢ 23lc}. E.
faecalis OFR16 &<l 9§ fluoroquinolone| 34
Ae] MICE 33% #@3 OFLX, RFLX: 8uf,
PFLX, LMFX, LVFX, RSFX, TSFX¥& 1648,
CPFX: 32uk, NFLX, SPFX3= 648 453ttt

Table I— Antimicrobial activity of antituberculosis
agents against E. fuecalis strains

WMTS5Q| M| - rifampicin WAFF E. faecalis
RFR11 #59l dl3l spontaneous multi-step mu-
tation WY& A3 rifampicin?} ofloxacinell ©]F
WAl EdWe| T8 st E. faecalis OFRIS, E.
faecalis OFR17¢)2} H93t1, o] F ofloxacin® MIC
7} 64 ug/mi! E. faecalis OFR16° thaled At=4%,
) Ml A5 JA A EE AgEs

Wea2F2 WM /X - rifampicin® flu-
oroquinoloned] FAAe] W42l EAR|FFE 874
4 3t 25 EY Aisd MICE 34¢ 43},
MIC7} rifampicin®] ) 800 pg/ml, ofloxacin®] 64 pg/
miIZ WAdo] FAEE ¢ F UK (Table I).

A W - Z4F Y 2dHo|FF o3t YA

E F71E &3, nad dn 27T &
A AL ZaFe) v|wsle 99.2% 24 vld A
4%-& 2 AH(Table IID).

BHH MiZ E. coli MB4-5737 MR 2Rl - E. faecalis
57} A AT A4S o= Ak dA¥E=sE
Yol ] 943t Y4 £a E coli MB4-5737& tid
22 3} E. faecalis RFF R S| FF & A
% A5 v, AEHYeH, 1 ARE Fig. 1,

Parent RFRII OFRI6 E. colis} E. faecalis® 1: 109) u]&2 Egtufe A)
Rfampictn e BN B0 exz A F¥E A E colifs A} ol FoiR
Isoniazid »256 Y256 )256 3L, 247 AR E E. faecalis RFF, WATFF B
Ethambutol 256 256 256 = . .
Pyrazinamide >256 Y256 >256 % E. coli @5 wjgA| e} oF 6 w) A E. coli 5¢] 7
D-cycloserine 64 64 64 28 BAtkFig. 1). E. coli®} E. faecalisg 1 1009
Ofloxacin 8 8 64
Pefloxacin 8 8 128
Norfl i 1 1 64
Ci(;pro(;l):;cal::lin 1 1 32 Table HI— The amounts of lactic acid produced by En-
Sparfloxacin 0.5 0.5 32 terococcus faecalis strains
Rufloxacin 8 8 64 . :
Lomefloxacin 16 16 Y956 Strains Concentration (mg/ml)
Levofloxacin 4 4 64 Parent 7.01(100%)
Tosufloxacin 1 1 16 OFR16 6.96(99.2%)
Table XI— Maintenance test for rifampicin and ofloxacin resistance of E. faecalis strains
Subculture after

0 1st 2nd 3rd 4~10th 11th 12 months

Strain (MIC : pg/mi)
REP OFLX RFP OFLX

Parent 4 8 - : - - - - 4 8
OFR16 7800 64 + + + + + 800 64
+ ! resistant

- : susceptible
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Fig. 1— Growth inhibition of E. coli MB4-5737 which
was grown with E. faecalis strains.
(E. coli : E. faecalis=1 : 10)
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Fig. 2— Growth inhibition of E. coli MB4-5737 which
was grown with E. faecalis strains.
(E. coli : E. faecalis=1 : 100)

Bl&2 EF wigAlele 3A7 As 388 4% E
coli 5 AA|7} o]Fo)H 1 2472 ARl 2F
9] 25 3008, WATFF Foll= 2608 HE E.
coli ¢} Z+4-8 B A HFig. 2).

HLY MiE Shigella sonnei MB4-10411 M ARls -
S. sonnei®} E. faecalis€ 1: 102 v}&2 E& ik Al
6A17t A3 FHE] FAE S sonneid] ] A7) o] F
NI, 24X AN E. fwecalis RFF AT
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Fig. 3— Growth inhibition of S. somnei MB4-10411
which was grown with E. faecalis strains.
(S. sonnei : E. faecalis=1 : 10)
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Fig. 4 — Growth inhibition of S. somnei MB4-10411
which was grown with E. faecalis strains.
(S. sonnei : E. faecalis=1 : 100)

RF S, sonnei S5 wiFA BT} oF 308) JE S. sonnei
@7e| 28 HATHFig. 3). S. sonneis} E. faecalis &
1:100¢} v] €2 EF iAol e A AR F
A S. sonneio] A& A7} o] FoiF 3, 2447} A3}
Adle ZEFe A9 600, WATFe Agds
4008} A S. sonnei #59] 48 BYHFig. 4).
LHA TS0l Q{8 offoxacin®| MM 7HsM -

Rifampicin® ofloxacin®] WAl E. faecalis OFR
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Table IV— Inactivation test of rifampicin and oflox-
acin by E. faecalis mutants

Inhibition zone (mm)* Inactivation
Strain
RFP OFLX RFP OFLX
Standard 18° 24.5° No No
Control 16.5¢ 23.5° No No
OFR16 16.5 23.0 No No

a. the size of inhibition zone against B. subtilis ATCC B

6633 by rifampicin and ofloxacin from the filtered
culture of Enterococcus faecalis mutants

b. Inhibition zone by disc containing 10 pg/disc
rifampicin

c. Inhibition zone by disc containing 5 pg/disc ofloxacin

d. Strain : Sermatia marcescens ATCC 27117

e. Strain : Escherichia coli MB4-5376

162 rifampicin 100 pg/ml. ofloxacin 25 p/mi°l &
FE iAozt wiF F, uigY Foll dol Qe
ofloxacin®] 84& ZAslo] B2 R g FES
A3, W widdollA AL rifampicin® oflox-
acinoll &J&] A7) Z}zte] Ax|YPe] A7l AT Wi
FHoll A A7 A= Ye] 37] R BF t]23A9) A Y
o] A7) & A}o)7} YATHTable V). Wk A+
ol 9] ofloxacin®] &4 3} H2) @i},

U |

E. faecalis Rit5ol thgt 15%9] a¥A R iy
Al Ak AR =8 & 43 rifampicinel] sl
A= MIC7} 4 pg/miZ B2 A L 7H7AS Vel
2, HZ QoM g8 AEExn e fluoro-
quinolone) &43A0ll WA= 0.5~16 pg/mi= ¥l2
A e A4S ERRIY wek Y 2 U X8
o] EXoz 9 YAAE Y7] BT BL431E el
E. faecalis 275 AAE HE T3 Y 3G &
Fg 71dE # glovz B A g Jd=2 #
2|8} A rifampicin# fluoroguinolone Al &44Alsh &
Aol WA zHe F50] sfde] g3t} 1 BXo=
2 AgadiM B8l JE rifampicin WATF E.
faecalis RFR1™€ spontaneous multi-step mu-
tation HHo2 H2dte ofloxacindl= WAdel olF
WA #F E. faecalis OFR16 @58 AW}, E. fae-
calis OFR16°] W% rifampicin® MIC ) 800 pg/ml
2 RFRI1 #F9} vb3riA 2 2008 o4 sl a.
ofloxacing ¥§% fluoroquinolone”l #444l2] MIC
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= 16~)256 pg/mi= 8~644 A&ttt Rifam-
picin o]v] 3 &Aet shiAlZ de] AHEH 3 9l
o, fluoroquinoloneA| ¥4+ broad spectrum %
ARZ 1 A4H ARgel P31t 53 ofloxacin®
pefloxacin® JpHAZE 444 A7 AFH T 9l
o9 MICX 2 & 9 E. faecalis OFR16 9} 714 &
AAE T3 iR @A g i HE
Fo] Aol A3 A3 7|0 = glealat Azls)e]
At} E. faecalis OFR16° tigh Asetd] B4 J4t
AT, AW AT AR QAaeE 348l 2T} v
¥, ZEHAT. 2FFE 448 7.01 mg/ml B4 A
. WA 9ol 6.96 mg/miE FAFE %ol &
He Ao ng B R Qg At A wi
TR A gokeh. AU Mol AsE w1 B
o] pHE A3AA Z4F 3 Al 438 A5}
I, Al A ATEE fAsked Fa8 8L Ea
Adgol AFH T Yt Y 2FF L Y EQMIFF
o] W Al E. ooliol] N in vitro AL A AQ 2
3}, E. coli 9} E. faecalisE 1: 109 ¥)&2 EF w3
& 3% E coli G5 wigART ZFF WAIET 2
of 6o A AT ol B4 Bgen, 1: 1009 v
&2 EF ulgA ol BT 3$ of 30080, WAE
Fo] 7% 26080 FEe] hAF o A8 HYG E
g 2aseh Ul Edel@Fel FW HAF Shigella
sonneioll T3t in vitro A& A AY A= B Y
£ 2. o|2M EiFe A EddoldFELS |
AL ) Al AAIEE 7RI AUt fAkdl 9@
AT B A A faddel Ak {714l
ol& pH A3t {714 £2e] 24, dAA Ay,
H:0, 484 4 polypeptide 7+%& ¥ 34 24 bac-
teriocinell o]&} VEhdTi R gu} gk M RME 2
A" X9 E. coli9} S. sonneid] 3 A& A AT
pH A3} W&o} opd o) BjhH<l 2o 9% A
olgtx Azt=loftt. Tramer” §& Lac. acidophilus
o] 7% pH 4.2 o1l ME E. ooli JAl%50] A9 glck
2 B o ok weEba, B AYeiA Elg 7]
off Yehd oAl a3= pHEtHE 1 9 ©& a4l ¢
& vehd ez Pz

£ Aol Qs o|F W4 EF E. faecalis OFR
1692] rifampicin® ofloxacinell th& WAl §-2| Aol
A 12709l Ae Felx MIC7 )800 pg/ml
(rifampicin), 64 pg/ml(ofloxacin)E #3250 B4
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Aol g g A 2] 7HeAS glleh A E
7} rifampicin® ofloxacing E8A3}A)7ichd o]
a5E AAsste] P& FoiAlo g4A Lo &}
€ AT F YLBE, in vitro oA o]F AT Tl
213 rifampicin® ofloxacin®] E843} 45-& HE
3 A3} rifampicin®} ofloxacin®] @Adeo] a2 §-7]
Hoj 8843l HA] 88 ¢ F A}

ole] @7 ABNZM E. faecalis OFR16L rifam-
picin® fluoroquinolone#l A4 Ajol FAjo) Adejd
A BaFel fARE ABet EAES e e A
AT ARG

4N

#At wa

£ a7 Aetista Aok g a7 AE% A
st oFstst wSATAGY A &3 3
¥ Aoz 24 23] A=Y
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