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Development of Bifidobacterium bifidum Strains Resistant
to Rifampicin and Ofloxacin
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Abstract —Bifidobacterium bifidum, one strain of medical preparation being on the market for human
intestinal disorders, was sensitive to rifampicin and fluoroquinolones. If this preparation is taken
with rifampicin and fluoroquinolones, its therapeutic effect can’t be expected. Serial passage of B.
bifidum RFR61, which was obtained by MNNG mutation method,” on agar with 2-fold minimal
inhibitory concentration of ofloxacin produced B. bifidurn OFR9 with minimal inhibitory concent-
rations of fluoroquinolones up to 4~256-fold higher than that for the original strain. B. bifidum
OFR9 produced almost the same amount of organic acid as parental strain. This strain showed
growth inhibitory activity against E. coli NM522, Shigella dysenteriae ATCC9752 and E. coli 078.
No inactivations of. rifampicin and ofloxacin by this resistant mutant strain were found.
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7= 48 73 gjch? =3 Macrophage@4-e
o dAF59 Gram ()T L8 AP
£ A= MNNGAg)& & rifampicino] W
43¢l B. bifidum RFR61& thdA AQEo) v}
H o2 fluoroquinoloneAldE H& WAL el
&, Al WAF3 B. bifidum OFR9S 7|ashsic),
o] @l o3l AL AFAAMNZA L M7 5AE
AES 17 943t AW S, E coli ASHA5-<
A 5stx EAWE B. bifidum parent, B. bifidum
RFR615} 8|2 ) E3}9ic)h. =3}, Shigella dysenteriae
ATCC9752¢} E. coli 0789 w3t A #HUF A3
oA 2148 golrglen, rifampicin# ofloxacin®]
2843 Hod e 5AE GAE  fleEE in
vitro A¥& 53 1 7bsAdE dotrsdth

AExE W uY

AEHZF -2 AgedAe dF5AGdA e
Bifidobacterium bifidum #5-5 A3t 2 9}
AMEAF R B AT A3 Sl E. coli
NM522, B. subtilis ATCC6633, Serratia marcescens
ATCC27117, Shigella dysenteriae ATCC9752, E. coli
078% AHg-3tsich

x| —B. bifidum A5 2= Blood-liver broth
(BL broth)& AH&-3lelw, RAE wlx =& Skim
milk brothE AH8-3lsith. 1 ¢ FF9 wiA2:
Mueller-Hinton medium(MH medium, Difco Co.)&
ARS8t} 714 vl ek Gas Pak Plus (BBL, Cat.
No. 71040)2} anaerobic indicator (BBL)E A}-2-3}
Ak

AR sE MIC)2| HH — £ AP+ rifa-
mpicin (RFP), kanamycin (KM), isoniazid (INH),
ethambutol (EB), pyrazinamide (PZA), D-cyclose-
rine (D-CS), ofloxacin (OFLX), norflozacin (NFLX),
ciprofloxacin (CPFX), sparfloxacin (SPFX)5-¢] 3
A¥A % hiyAE AM8-3sich BL-brothel] A
wjokgt 7€ 10° CFU/loopful 2 3]4j3}e 2-fold
A 3] Ay o2 MICE 24355t} 39T o4 1847k
ookt ¥ 7o A4S A 5 g ALk EE
MICZ 3}gich '

0I5 WHAMFFO| M —Skim milk o B#3}5
2+ rifampicinell WAl #5 B. bifidum RFR61&

39Ce) 4 A wjekgt ¥ ciA] BL-brothel| mid-loga-
rithmic phase7}=] ull o3} 6,000 xgoll 4] 587+ €1
AR} A59S Wz 10° CFU/mig 2o}
10 pg/mi 9] rifampicin3} 2-fold MIC5-x¢] ofloxa-
cin& Ff-3 A A o] 100 WY 7}3te] 39Tl A
36~482]7F 7143 wi<gslar Ede] g A
3lgc) o)Are] o g 497k Aoz Ay}
st}

B. bifidum®| B&'"—B. bifidum®| 3L fruc
tose-6-phosphate phosphoketolase A3E& A3l
Ak
MEHZ—-39CAA s A el BTt
Edwie] #F5 MES BL-brothel] 25% HE3l2
39T, 24417k wiFstsdch wi & 6,000 xgellAl 5
B {AE3 F A4S AFAS I TR 5
#A)sle] 1% phenolphthalein 49 2988 23,
0.1N NaOH&-H o2 F3} A3}

E. coli WS4 A8 —B. bifidum 27759} £
Wo| FFEE 39CelA A wioFstar, fAlke] st
Arol-g QAgit). o] A5 NS A2 wiA el 7}3ted
pH 5.72¢} pH 4925 93 ¥ E. coli 524 A4
WA 8 wEc). o 7)ol E. coli NM522 #5-5 2.5%
Ak 1417} 71 0. 2 8|75 dA RS F 5o
600 nmoll A FB=E 343t E. coli NM5222] A
$948 #F3r) ol HETL o2& B bifidum
W oF A5 9A} 942 pH 7.02) BL-brothell 4] 7]
£ E. coli NM522 wjokel-g AH&-3lgict olw] E.
coli®) A5-AA7} pHe| Aol lajAwt dojvk=
2| & <o} x 7] 95} BL-broth A FA] pHE 5.729}
4928 "o F viX)olA Ak E. coli NM5222]
ARex 289k £3F 72 e x| A Q] AFTE
ZA3te] Y&JA A=g v wsich

Zhil Hald MEAH Al —Shigella dysenteriae
ATCC9752, E. coli 078 ¥ 13toll W3t $)2| E. coli
AE-A AP U3 ARE AAERIC 247
Ao 12475t dAHFE Fstd FF=E &
Aale] A WAF] ASAAE BAsIsck 2wl
A A8 AE5E ZAs A5AA F=E v
a4t}

LHA ZZ=of| |8t rifampicin| 8 #4132} 7Hs Mol
st Al —A wigst WA #5FF rifampicin 100
pg/ml 53 BL-brothell A wiekslsich wige&
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Table I—Antimicrobial activity of antituberculosis age-
nts and fluoroquinclones against B. bifidum

strains
MIC (ug/ml)
Drug

parent RFR61 OFR9
Rifampicin 1 >256 >256
Kanamycin 128 256 256
Isoniazid >256 >256 >256
Ethambutol >256 >256 >256
Pyrazinamide >956 >256 >256
D-cycloserine 64 64 64
Ofloxacin 16 16 64
Norfloxacin 1 1 64
Ciprofloxacin 1 1 32
Sparfloxacin 0.12 1 32

AR A5 el A8 rifampicing chlo-
roform © & F &3y} FEHL 10 yg/disc T
rifampicin Y232 vFE-o] rifampicin®] 97} 737 o)
2~0)= B. subtilis ATCC6633 738 383l 3y
Aol Fol AAF| AL 1647} v Fsteict. old) A7)
A Z71E& BF A=k T4 Vel rifampicin
10 ug/disc| AR 2] 27]9} v wale] B&AI3} o
& a3yl oy dixF o2 rifampicing)
v 7 A Ql Servatia marcescens ATCC27117 #5F-&
AH-g-&tg ot

th ZFoll 2t ofloxacin®] E§4A3t JHsdo|
EH8t Al —B. bifidum OFR9S A wjekst £ oflo-
xacino] 25 pg/mi %! BL-brothe)| 4] 1847} wl <k
B3 AR st A AR b pg/discEre) of
loxacin tj~3E uvEo] B. subtilis ATCC6633 #
F5 sk B9l Fot 2P 16417 vl
S F AN ALY 2 RE AF T4
ehd Ax]e] =7)9} vlaste E&A43) 8-g g
alslei ). ofwf o 23 . 2 ofloxacinel] WAl
E. coli 1130 #55 A3}t

g

B. bifidum0)| tHE MICs—B. bifidum 235,
RFR61, OFR94]| ci3t 105:-9] A 9 shiAl
9] A AR % & Table I el i} B. bifi-
dum RFFE rifampicin®} fluoroquinolone]d]|
S JehislE 2 % ofloxacinel] HajAx 2k
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Table I1—The amounts of lactic acid produced by Bi-
fidobacterium bifidum strains

Strain Concentration (mg/m/)
Parent 10.36 (100%)
RFR 61 9.00 (86.96%)
OFR 9 9.27 (89.57%)

g S viepiiin)

N ZFe] B2l -B. bifidum RFR61 3ol o}
s}o spontaneous multi-step mutation®H-& ARS-
ste] vifzmpicin® ofloxacindl] ©]F WAl EdHo]
FF 2058 sl o] ofloxacinel] =& MIC
7} 64 pg/ml oA 3% A5 AU B bifi-
dum OFRY, OFR11, OFR21¢}} Wwslgi o o]
OFR9¢|l i 3tod 21415 318y 3}ich. B. bifidum OFR9
F5=o B3t fluoroquinolone A &) MIC-S &35+ A7)
OFLX¥ 44}, NFLX+= 644, CPFX+= 324), SPFX+=
2569 53tk

B. bifidum2 &F— 43 Fde] #57) B
bifidum QA2 8helslr] $13le] Bifidobacteriume)
Y rt A F Eo)dtA] AAEE fructose-6-phosphate
phosphoketolaseo] thgk A1g& AA% Az}, E49
Wo) F39 BFF BF S BHA ARYE
ehisith

AT HE-2FdF Y Boie] T5o) 93t 4
AEe f71aEEE &34, Blagr 23 EQle] #
F9] FA Adgke] BFel nmate] ot BrlE
sl ot U ulsgk MRS Helv) (Table D).

E. coli 88 A M —B. bifidum= E. coliZ F X))
S8 ¢ GRS BR B bifidumg W F3) A&
pH 5.729} 4927} ¥ =E A 22 wiA| o] £ v
E. coli NM522-5 HE3td A% A P& A
sloit). Fig 19} Fig. 2004 ¥ wie} 2bo| B. bi-
fidum BFF9} Edde] 5 vt F/3t pH
5.72 wh Aol 4] wleFAZl E. coliv pH 709} h=F
B}k 700~12009 2 A7) Zpasich iy oz
pH 4922 wtFo] F uwix|o|A] wlFA|R) E. colit=
A e BolA stk E. coli A AAE A
7% By 7o A4 275 dA3) JAES o
T Adsich s} A58 E E3siAl ¥a A pHt
5729} 4928 gtFo] 2 wR|oAe] E coli AL
Y2379 E. coli Aol vl8] 27} 400~ 60044, 900~
11004 SAH A} vk 35H L TR iAoy
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Fig. 1—Changes in the growth of E. coli NM522 in the
cultivated medium of Bifidobacterium bifidum
strains
O E. coli NM 522 pH 70
[ E. coli NM 522 pH 7.0
V' Culture broth of B. bifidum parent pH 5.72
A Culture broth of B. bifidum RFR 61 pH 5.72

B Culture broth of B. bifidum OFR 9 pH 5.72
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Fig. 2—Changes in the growth of E. coli NM522 in the
cultivated medium of Bifidobacterium bifidum
strains
QO E. coli NM 522 pH 7.0
O E. coli NM 522 pH 4.92
V Culture broth of B. bifidum parent pH 4.92
A Culture broth of B. bifidum RFR 61 pH 4.92
 Culture broth of B. bifidum OFR 9 pH 4.92

21

- - -
«© N (4] @

Absorbance (600nm)

()

w

Time (Hour) -
Fig. 3—Changes in the growth of Skigella dysenteriae
ATCC9752 in the cultivated medium of B. bi-
fidum OFR9

(0 Shigella dysenteriae ATCC9752 pH 7.0
V Shigella dysenteriae ATCC9752 pH 5.72 :l BL-broth

A Shigella dysenteriae ATCC9752 pH 4.92
QO Shigella dysenteriae ATCC9752 pH 5.72 — BL-broth
@ Shigella dysenteriae ATCC9752 pH 4.92 —& culture
broth

9 E. coli 24A°] 8- dA9E & 4 AUk

i YT MF A —Fig. 35} Fig. 4014 BE
uke} zho] Wi oF AHE--& 33k pH 4.92 wi Ao K=
Shigella dysenteriae ATCC97522} E. coli 078 25
A& MolA sttt pH 7.08] Wiz wlwA,
i<k A5 3 pH 5.72 wiA)M & S. dysente-
rige2] ‘7o) 400~600%] A=, vk A5
gt pH 4.920) M= 7o) fA= R @) E. coli
078 7= ¥ A5 - pH 5.72¢ 4+ 800~
1200u] AdAo] 7Z}AE), pH 49200 4= AL
BolA| st

WA 32 rifampicin@} ofloxacin®| WA |X|
—Rifampicin, ofloxacinel] WAdel Edde) FF&
12709 F]t 25 & W4 A sle] MICE &A%
A3}, MIC>} rifampicine] >256 ug/ml, ofloxacin®)
64 ug/mi 2 WA o] -2 g-& < 4= 31} (Table III).

L4 #3Fof| rifampicin®} ofloxacin®| 88 3} 7}
B4 —Rifampicina} ofloxacinel] WA el B. bifidum
OFR9% rifampicin 100 pg/m/ , ofloxacin®] 25 pg/mi
R wi Aol A] 747} wf g, vl kel ol o} 9l
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Table II—Maintenance test for rifampicin and ofloxacin resistance of Bifidobacterium bifidum strains

Subculture after 12 month
Strain 0 1st 2nd 3rd 4th-10th 11th (MIC; pg/mi)
RFR OFR RFR OFR
Parent 1 16 - - - - - 1 16
RFR 61 >256 16 + + + + + >256 16
RFR 9 >256 64 + + + + + >256 64

+ : resistant
— :no resistant

2.1

Absorbance (600nm)

Time (Hour)

Fig. 4—Changes in the growth of E. coli 078 in the
cultivated medium of B. bifidum OFR9

O E. coli 078 pH7.0
V E. coli 078 pH5.72 :] BL-broth
:I BL-broth

A E. coli 078 pH 4.92
QO E. coli 078 pH 5.72
@ E. coli 078 pH 4.92 & culture broth

rifampicin®} ofloxacin®] 44 &3 sle] B3}
oF-E ZEZ A3}, Tabel VoA Hi= nie} 3o
WA vl eFl ol X -8 rifampicin®} ofloxacine]] <]
3 A7) ZHzhe) A=) e] A7) = o 22 vl g o A
A ALY 737 R BFE YaTe] AxPYeY =
718t 2 o)zt ek web] WAl 98 rifa-
mpicin®} ofloxacine] 243 5= &L o

At
S -

B. bifidum 275 B3 105 FAHA 2
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Table IV—Inactivation test of rifampicin and ofloxacin
by Bifidobacterium bifidum mutants

Strain Inhibition zone (mm)* Inactivation
RFR OFR RFR OFR
Standard 13 28° No No
Control 1L 28 No No
RFR 61 10.9 —f No -
OFR 9 11.7 28 No No

a. The size of inhibition zone against B. subtilis ATCC
6633 by rifampicin and ofloxacin from the filtered cu-
lture of Bifidobacterium bifidum mutants

b. Standard inhibition zone by disc containing 10 ug/
disc rifampicin

c. Standard inhibition zone by disc containing 5 ug/disc
ofloxacin

d. Strain : Serratia marcescens ATCC27117

e. Strain : Escherichia coli 1130

f. —: Not done

e HAAAFEE 54 A7 rifampicinel]
el MICOE 1 pg/mi 2 F& S Jebdl,
HZ gJArell A @] AREEE fluoroquinolone#] &
A M= 0.12~16 yg/mlE Blwy 2 3}
F4E Jeigich debd 29 J AR &
Hog 9| AANE A7) AT E43ks FAlelA B
bifidum AAE WEFAA] Lo AL AFE 7
W& 5 gloenz Rao AFadg T 733}
4 rifampicin®} fluoroquinoloneA| o} F-A}ol| 4
ol #59 /o] HR3jch 2 FAHoE BFFF
MNNGHz| 2 Eod¥o])A|A rifampicinol] WAl B.
bifidum RFR61 @52 Alwrsla, t}A] spontaneous
multi-step mutation ¥ © 2 ofloxacinel] = 434l
B. bifidum OFR9#FZ AD¥#slgdc). OFR9 &t
rifampicin®] MICE 256 uyg/m/E 2568} o]AF Ak
39 %, ofloxacing *33F fluoroquinolone| %]
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MICE 32~64 pg/mlE 4~256m) At43slsich o]y
3 e o §AHFQ Laciobacillus  sporoge-
nes'®9} Streplococcus faecalis™73-3-o) 4= B2 =9
<l B. bifidum} 543 o2 WA 458 A
w2 MICE &A% A3 L. sporogenes 735 RFP+
256 yg/mi, OFLXS- 32 yg/mi2 Z7}315 2, S. fae-
caliss= RFP¢] >256 pg/ml, OFLXe] 128 ug/miZ
Z713tgdc). Rifampicing o)u] A A9} s
A2 de) AH2Ex 9len, fluoroquinoloneH =
broad spectrum FAYAZ T YAA ARgo] FH ¢
st} 53] ofloxacin® AR JAA A7)
&= 3297} B. bifidum OFR9-L ¢ 5714 34
AE 4 HF-Eo] JANA Y shiAlel W4
FAX e AR a3-E 7Y 5 e ARd
t}. OFR9el| 3t A3lshs] EXL fA A, A5
AA5& EA3 e Bl v, PR B
FE F4H 10.36 mg/mi-& A3+, OFRI+= 9.
27 mg/miZ FARRE 48 frAkg AAslgleons &
dle| 2 Qg A A9 Wishs WaEA] ¢l
A Aol A #7714k el pHE A
AlA ZAE f8l A A4S JAska, A A
AdF-E FABNH 28 8L 3} sl ¢
FH I sl o]F {714k AATH & F7HAF17]
$13te] B-galactosidase?] AA-& F7HA171= 29
o] #F& /s AT AL JY}® B bi-
Sfidum 25} FAWo] @52 Wt AsAE 3
3 pH 5.72 wi=]ol| A v F7t E. coli®] 3742wl
I dS 233A 92 pH 7.0 wix) 9 dj=F E.
coli AR} 700~12008] A=) ic). W A5
< #3 pH 4929 wiA A= E. coli®) AA-S
AT 5 A ok 7714 Al 28| Aut E. colig]
A5o] QA =715 dolrr] 95t vl A5AL
7V8}A] 33 A pHut 5729} 4928 3o F uf
2 29] E. coli®] 472 pH 7.0 v &} ool
B]3le] pH 5.726| A+ 400~600v], pH 4929 X &
900~1100%] <JAI=Iict. o] 24 pH7} F-U’ wi=]
A 75 g AEAE 53 v NN E. coli A
ol v JAHE o 5 sk AW HUAFQ
Shigella dysenteriae$} E.coli 0782 A A& E.
coli NM522¢} Zd3 viy o 2 A3y S o, vl
A543 pH 492 viRleiAe g4 AAS
RolA| ¢kgkeny, pH 572 wlA| |+ Shigella dy-

senteriage 2] AA-E 400~600v] A=Y, E. coli
0789 AJA& 800~1200%] A= gich ol =2 2
F9} gqdle] #FEL AR A HddE AH
A5 AR il e vk A5AE R Wl
Zlol| A 2] A 2Hg-o] v] $-AFI ) kel 2lF
WA Al A8 g4 712 Ak A
714kl 213k pH A 349} §-7]4F 212 2H4, A A
PAol g Aoz gelF o), peptide Tz I
bacteriocing v|Z3 344 A A A7 2}
4% AT gt ® B AP E colig}
Shigella dysenteriae?) 3% <A A3} = pH A3} o
£ate] obd o2 B3FAQl 946 &7 Holztn
Ata s}

A o]E WA EQWe) #F< B bifidum
OFR99)] rifampicin} ofloxacinel] T WAIF-2] 4]
ol 127190} 723t Foll = MIC7} >256 pug/ml
(RFP), 64 pg/mi (OFLX)Z u]Ado] A= EH
Eaddo]g) 7F54L ¢igict o) WA #57) rifam-
picin¥} ofloxacing £843}A| 2tk o] #5E Al
A zlsle] WL Foja] JAA L] EHE L
Nerv g, in vitroAdollA] rifampicin3} ofloxacin2|
B34 8 75 A 5-& HE] A rifampicind of-
loxacin®] #4J°] a2 A= E&43td Jbs
2do] wjA = it

olAte] AFANEMN B. bifidum OFR9-2 rifam-
picin®} fluoroquinolone#] A EA]o] Ao

WA BEFS AR ASHPY B4E e 353

A% 52 ARt

A 2

2 Qe Aevietm AeloRE AT T A8
Qo] Sla e Aoz AYe) 23 A=Yk

= 8
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