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Abstract— Bifidobacterium  bifidum OFR9 that exhibits acquired resistance to rifampicin and flu-
oroquinolones was selected by MNNG and multi-step mutation method. To investigate the resistance
mechanism to rifampicin in the strain, RNA polymerase from B. bifidum parent strain and rifampicin-
resistance OFR9 was partially purified and its sensitivity to rifampicin was assayed. The profile of RNA
polymerase preparation of B. bifidum parent and B. bifidum OFR9 is similar to that of E. coli RNA po-
lymerase that includes the basic subunits of §°, B, 6, a but which are a little different in size when
they are compared with E. coli RNA polymerase subunits. RNA polymerase isolated from the parent
strain was inhibited by 1 pg/mi rifampicin but that from B. bifidum OFR9 was not affected by 100 pg/ml!
concentration of rifampicin. RNA polymerase activity of B. bifidum OFR9 was maintained over 90%
through that rifampicin concentration. This result is consistent with MIC values of in vitro test. It can
be concluded that the mechanism of rifampicin resistance in B. bifidum OFR9 is due to an alteration of
RNA polymerase.
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RNA polymerase &4 AAEE vwg o2 X B. bi-
fidum OFR9°) oig 283 2hiAd~71-e] DNA-de-
pendent RNA polymeraseol| Al 719188 #4311t}
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B. bifidum 2.3t 8} o] 79 AN WAEF2! B. bi-
fidum OFR9E A3t} ?

Al2F ~ Acrylamide, bis-acrylamide, agarose 52
A7) E A2k Bethesda Research Labs(Gaither-
burg, MD, USA)ALS] ultra pure AlE-& AHS3IT
E. coli RNA polymerase, novobiocin Boeringer
Mannheim(California, USA)ALY] AF-& AFSSI9 1
Z}% Wi Difcorte] AEL ARSI (0P
CTP(400 Ci/mmol) A sE3-2 Amersham?] AlF
& AR

1M B - 2 AN FA F714 S R
A& 9314 Gas Pak Plus(BBL)& AH&-3lith &
AEST ANEE B F2A3E vzl 91, A8
Gas Pak Plus9l 257 10 ml& ¥2 ¥, A43) wlk
Z9 H74¢& 23 parafilme = YE3Hch Skim
milkell B33} 3 9= B. bifidum 27459} 21 SHHo]
AEL 39°ColA 32 vl Aol AHS3 L,
25 9nlt} Aloiste] skim milk brotholl Ra319ict.

2RFQ} LiA ZF2| RNA polymerase?| #a| U
HA|

Polyethyleneimine P (PEI) &3} - B. bifidum &
#39 WATESFE OFRIE BL-brothelld latelog
phase7t] W¥g & FAE 831 P14 3=
2 23] AR FAE lysis buffer(TGED, 0.15
M NaCl, 10 mM MgCl,, 2mM EDTA, 130ug/ml
lysozyme, 1 mM PMSF) 40 mio] @83% ¥ son-
icator® o]&3le] 30 &4, 30x AXE 203 v
3L, 27,000 g 4087 dAEested dede #
3t o] A5 ol 5% PEI 2.4 mI& AF3] 715td
A F2F AL F 5000xgoA 158370 ddEaEy
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tris - HC1 (pH 7.8), 20% glycerol, 0.1 mM EDTA,
0.1 mM DTT. 0.1 mM PMSF)+0.5 M NaCl& 25
mi7IEA g3t ¥ 5,000x golA 587 A

3] pellet2 3yt TED buffer+ 1M NaCl& 30
ml& 7F8ke] A7) 5,000x goll A 1087 A%
3t 5% (Polymin P eluate)g 2oE AAS
23] wrE 3o
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tion A5 45 mIo] FAULEES 16 g 713l ¢33
=9l F 27,000x goll A 3083 A Ee 3] JHES
AAt. 45% FAYRF §902 pellet2 FHAT
F. 27,000xgolA 3047 FAEEE YAEE &
3 1mi2l TE buffer(10 mM tris - HCl(pH 8.0), 1
mM EDTAJe =4t}

Heparin-S¢pharose CL-6B 3 Z20lE2im -
TGED buffer®2 H3A|7] heparin-sepharose CL-
6B minicolumn(packing volume 10mi)oll &2 Al
EE loading® ¥, TGED bufferg 2 ml &34 3}
= 548 28272, TGED buffere] NaClE 0.2,
0.3, 0.4, 0.5, 1.0 M¢] step gradient® 3t 0|2 &
2T 8% £EE 0ml/hrolxn 7 FEEE 4
mi 4£°CollM £} 4 BFolA] 5 9] sam-
pleg Hdt H71952 4233 RNA polymerase
Z} subunit7l g &L Rol 539 storage
buffer(10 mM tris - HCl{pH 7.8), 50% glycerol,
0.1mM EDTA, 0.1mM DTT, 0.15M NaCl, 10
mM MgClL) & 718t -20°Cell B35ttt

ERBAR ~ Bradfordd” g olgstod d ¢S
Z4319c) BSAS EEEAZ sl AFME A3
At

HI| & EA (SDS-PAGE) - #2]€ RNA polyme-
rasedl th& SDS polyacrylamide gel A7 952 ¥3
¥ Laemmli '#4 23l +9890k” 4% stack-
ing gel ¥ 10%9] separating gel 2 slab gel& 7= &
sampleS loading3}iL 60 VollA] 304, 100 Vel 24
7+ A% A719EE F geld staining solution(20%
isopropanol, 10% acetic acid, 0.4g/l Coomassie
brilliant blue)oll 2A17F B ¥ destaining solution
(10% acetic acid, 30% methanol) o2 @A H}

F A 2 = trypsin inhibitor(20 kDa), trypsino-
gen(24kDa). glyceraldehyde-3-phosphodehydro-
genase(36 kDa), egg albumin(45 kDa), bovine se-
rum albumin(66 kDa)5% SDS molecular weight
markers MW SDS-70L kit(Sigma)$} fructose6-
phosphate kinase(85kDa), P-galactosidase(116
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Table I— Purification of RNA polymerase from B.bifidum parent

Protein Activity Specific Activity Fold Yield

Step (mg) (units) (unit/mg) Purification (%)

Cell extract 248.0 1160.0 31 1.0 100
PEI eluate 99.0 472.5 5.0 1.6 40.7
Amm. sulfate ppt 19.8 225.0 11.6 3.7 194
Heparin-Sepharose 0.4 40.8 102.0 33.0 3.5

CL-6B eluate

* One unit is the enzyme activity that incorporates 1 nmol CMP into an acidprecipitable fraction in 10min at

37°C under the incubation conditions.

Table Il Purification of RNA polymerase from B.bifidum OFR9

Protein Activity

Specific Activity Fold Yield

Step (mg) (units) (unit/mg) Purification (%)
Cell extract 192.0 580.0 3.0 1.0 100
PEI eluate 495 360.0 7.3 24 62.1
Amm. sulfate ppt 11.8 215.0 18.2 6.1 37.1
Heparin-Sepharose 0.2 49.3 246.5 82.0 8.5

CL-6B eluate

* One unit is the enzyme activity that incorporates 1 nmol CMP into an acidprecipitable fraction in 10min at

37°C under the incubation conditions.

kDa), o;-macroglobulin(170 kDa) & AH&-3ldct.

2759} L2l RNA polymerase B4H|m -
RNA polymerase assay+ Jendrisak¥ Burgess 5
o] whg"e WYAA AABIPTE. HEFe] F49
#Y9A1E 7+ X 7182 50 mM tris - HCI(pH 8.0),
10 mM MgCl,, 0.2mM EDTA, 0.2mM DTT, 14.
3% glycerol, 2mM MnSO,, 2 0.16 mM*2] ATP,
GTP, UTP, 0.16 mM(o-*P) CTP(4 pCi/nmol), 20
u/ml calf thymus DNAZ whg &gl o gaje]
3T°ColA 108 2 WAL ¥ APA HE 10%
TCA 125 W& 7Fete] A5 &l 3083t X AIAT
Whatman GF/C filterg ©o]-83} 9342 o=t
% filter® 10mM pyrophosphateZ ##% 5%
TCA 2mIZ AA3R F¥3] A=A F, scin-
tillation cocktaildl filterE ®7} liquid scintilla-
tion counter2 WAbs& 5431 RaFo WAFEF
¢] RNA polymerase 84-& %= &3} v)shg]
t}, f}Z2+ E coli RNA polymeraseZ AHE-3lo ¢
o} TS FAAM WA blank2E 99 ¥
T aAE 7HeHA] g3 Agstdct.
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A5EAT. Aol PRI eluate®E IR FOR
50% = Al E3}st] FAES e, GRASS A
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739 OFR99 RNA polymerase(lane E, F)& E.
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Fig. 1— SDS-PAGE patterns of various fractions of the
RNA polymerase purification from B. bifidum
strains.

A. Cell extract of OFR9

B. PEI supernatant of OFR9

C. PEI wash of OFR9

D. 0-45% ammonium sulfate ppt. of OFR9

E. Heparin-Sepharose CL-6B eluate of parent
F. Heparin-Sepharose CL-6B eluate of OFR9
G. E. coli RNA polymerase

H. Molecular weight markers

o] P&} I o factors minor protein® 2 2 3)
1749} 5813 band® FHE = YUAATE E. colig]
o factor(70 kDa)$t+ f-AHH 7)Y e FAHY §
23}, o subunit(37 kDa) 9A] E. coli $-¢} =27)
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matis®] RNA polymerase® #28195S of, RNA
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meraseE #E5AEd 59T o subunite] 4ol
ztol7h doly B syt Lowes-2 7149 Eal34
& /e, o subunit® 8t 1 548 Bas)
et

SIEIA0) 2|8t RNA polymerase §4 A - oz
Z9] g5 A EFAL RNA polymerase ¢
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Edwo] F5-2] RNA polymeraset ) Edala &
FAE Pt gor, 2714 egaid WAaEd
Hole] B-subunit gene(rpoB)oll thste] (7t 28
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Fig. 2— Effect of rifampicin on RNA polymerase pre-
pared from the parent and resistant strains of
B. bifidum

bifidum OFR99] glE#HA YA 71HdE Lol r] 943}
o 2 L 759 RNA polymeraseE F5&
2] AAlstn Ao AEE 20604 1083k uF
3 9, WdFTAA 23 A8 RNA poly-
meraser HBHA 100 ug/mi o] FEAE
RNAZAOl A8z 2#Fe RNA polyme-
rase A9 1 pg/mig] FEAE whgo] A=
th(Fig. 2). ol Table I19] in vitro Aeje] MICZ
el )3}, o A= B. bifidum OFR9Y] 2]
) Ae) tig F8 WA 7)H2 RNA polymerased] #
o) o3 AYL o} B. bifidum OFR9<]
RNA polymeraset Hyol| &jdte] ajgujilof oig
A5Ae] Aoz RFFe RNA polymerase

Table III — Antimicrobial activity of antituberculosis
agents against B. bifidum strains

MIC (ug/mi)

Drug parent OFR9
Rifampicin 1 256
Kanamycin 128 256
Isoniazid 2256 2256
Ethambutol 2256 2256
Pyrazinamide >256 >256
D-cycloserine 64 64
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b= 22, 100 pg/ml 0139 1 EY gy &
A&l ME (a-*P) CTP9 incorporation®] Mg
4 91t} o) Linn, Morishita,"¥ White'™5-¢] ot
2 #FA9 @Al WAZA s A=
Axojr}

T &

FAA hg T AsH 7]HL 3A target
site®] W3}, Alxe 53lde] Wisl YAAE 5EA
}NFEe AR e § glen ¥ Mgz
B1d g g A7 A 2 FH Y tar-
get site$] DNA-dependent RNA polymerase2)
B subunit ¥3}7t $8.39, cell permeabilitys} &
3ol 2131 WA 0] Mycobacteria®lA 2.1 8 o7} Q)
o}.'"” B. bifidum OFR90| 5%l g4 yA714
& goliy] H3 259 HAFFe RNA po-
lymeraseE F-E#AAS T 7 BN TRy
RNA polymerase &g AA3l RNA po-
lymerase 84& v|a3lUch. B. bifidumB 59}
OFR99] RNA polymerasex B2 977} o|Fojzl
E. coli RNA polymerase®] 71232l 7241 B’ B,
o,az} subunit®] ¥ dAIHHo, 7t su-
bunit®] Z7lef= zkol7} AT B’ subunite oF
160 kDao2 E. colist §AM8tdx,'® 140~150
kDal® FAYR W Lactobacillus curvatus
RNA polymerase @43 418t ch" o factors
minor protein® 2 18] 1719 F3ig ez i
& 4 AN E. coli?] factor(85 kDa)st A
2”12 F49t}h. a subunit (40 kDa) 94} E. coli
73%-9 2717} §AHe bandE AT, In vitrool]
4] RNA polymerase 844l dig 2gu 2] g3
£ ¥mE 23, PAPdTF9 RNA polymerasers
100 pg/mi )32 2EH A sENAE 90%2] 84
o] FAHAAR, REF] AE lug/ml/9] B
A& Bkg-o] JAIHJLE o]= in vitro wje] MIC
#HE Bgsict. waA B. bifidum OFR99] €)%
A YA = RNA polymerasediA 719188 & &
it} ol#id A= Whites 2] Mycobacterium
smegmatis®} Morishita$9] Lactobacillus casei”
2] RNA polymerase BAd|u AForxe 43
Aok,
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