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Purified DNA-dependent RNA polymerase was prepared from BCG and the inhibition of
RNA polymerase activity by rifampicin was observed. Uptake of C-rifampicin by M. phlei
sensitive and resistant to rifampicin was studied. Purified DNA-dependent RNA polymerase
was obtained as follows: 70 g of BCG were disrupted by Ribi cell-fractionator, and the homo-
genates were centrifuged succesively at 70,000x g for 40 minutes and then 240 min. The
supernatant was centrifuged at 105, 000x g for 10 hours. The sediment was adsorbed to DEAE-
Then

the enzyme was purified further by a linear glycerol density gradient. M. phlei strains sensi-

cellulose column and the eluate was fractionated by ammonium sulfate precipitation.

tive or resistant to rifampicin cultured on Sauton’s liquid medium were suspended in Dubos lig-
uid medium and C-rifampicin was added to give a final concentration of 10 mcg/mil. Uptake
Rifampicin inhibited purified DNA-dependent RNA
Nearly 70% of activity was inhibited by 0.1

of "C-rifampicin by cells were measured.
polymerase activity obtained from BCG cells.
mcg/ml of rifampicin. The increase in the concentration of rifampin to 1.0 mcg/m! did not

affect much in the inhibition of RNA polymerase. Rifampin did not affect the chain elongation

on RNA synthesis but inhibited the chain initiation in RNA synthesis in BCG.

In rifampin

resistant strain of M. phlei, C-labeled rifampin was taken up somewhat less degree than

sensitive strain.

The mode of mechanism of resistance seemed not by cell wall permeability

change but by the change of enzyme conformation of RNA polymerase.

Rifampicin 1% Streptomyces mediterranei 7» & @A
I htc Rifamycin B % IEFC LTI BRI IREEA R
HAEWHET, 77 2ABEECHRRD Y, BT
SHACHEER LR T, £OEABFIXEL LT E. coli
THERI Mo E. coli i LIERICI\C, rifam-
picin (% DNA-#7t: RNA R Y 25 —€ 0% % M
EF L ERPE LM I DY, Rifampicin {3 RNA
RY2AF—FLEESH L, Zo rifampicin-RNA &Y x

F—XEERIINEREC X B 7 vv Y ST 4 —,
55 VI EEEEAREEODEC X oTHHI Y, &
Bic rifampicin @ RNA 8V 2 5 —EiEMAET, &
WL X OTERD D Z ENREI NI, Tichb rifam-
picin LI HkD RNA KV 25— ULTHERE
B CRE AR T 2%, Ehko RNA RY 2 7 — ek
LCBEEECLHELRRE o, Ll EOERI
3T E. coli #AVIERTH B 25, White BNX
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Mycobacterium smegmatis Z i\~ C RNA Ky x5 —
COMoREHEER L (EY, rifampicin (212 » DNA &

M RNA BY 25 —¥OFEEEHET S EEREL

T\Who 5K B% T rifampicin o fERE F % 8
Z LRIV D T, i b h ik Mycobacterium
bovis, BCG X » RNA KV 25 —E&EH L, rifamp-
icin 1T X % BH=E % B 2> ® 7o ¥ 7- Rifampicin B&
M % X O'ittko Mycobacterium phlei % \C, &
&4 rifampicin O #IfEEB I % 8 % Lic

ERMHEBRL VEHE

HEFIERE : RNA Y 2 7 — iEko £, BCG
HAMRE B\ oo Bt rifampin © & D jAZD R
1%, M. phlei ¥\ 7o )

MR 7577 v v-8-UCH-Z B R, WU Y v AR
(HeHegthe 52 mCi/mM) % X O'w Y v -5-3H 5/-=jk
B, W7 bV w s (HHbHEE 22 2 CGi/mM) 1, New-
England Nuclear, Boston, Mass.,U.S. A. X b A
Lo F4 8RR 7 VAYA FZBEEE, fF4-Moig DNA
1%, Sigma Co. St. Louis, Miss., U.S.A. X DAL
Joo HC TF v Ui Rifampicin (-1#C H=N, HH4
BE 6.7 mCi/mM) 1%, HF—(LEHRESHFT L Dikfkx
%Hf:o

) =

RNA RV 2 7 —COFEE X ORI : RNAKY 2
F — €%, 121F Fuchs O FED o7 .BCG %Y — b
v 2 BREIFEmERER L, 70g % 350ml o TMA
KRR (0.01M by A-FE#E, 0.01M B~ %oy
A, 0.022M #5117 ve=wa, 0.001M2-2 457
b=x 7=, PH7.3) wiFEL, Ribi o #i fasEd
THEHEZ BB Lo BNXT X T2Co R TEM
Lico Ribi offiflazEss CHim: LBk, 70,000g ©
40 5EO L, D k% 70,000 g T 240 FiEd L,
F0 LR X bic 105,000g © 10 BfEO L, £ D
% & oo Wik vED TMA BERCHERL, b
S U TMA 2 ¢4 Lic DEAE-2v v — X
F A (EfE 3.0cm, £X 25cm) CRINE R, Th
% KCl 00225 1M oEBRBEAEE T X b, EH
F L RNA Y 25— CiEER 5 Lic, 10ml §°o
D40 HEE L, RNA RY 25 —LIEMED 555 % %
DT, E DIRREE CHEED S\ #5% Rdie Tix
bR 30~65% fAfICcikE L icEE 2 ED TMA
RERCER L, RBERCR UEN & 17 2. T h
ZEOFERL RNA RY 25— & Lo ThEI DK
BT 27D, HEE 7Y e — VEBEGEELE (30~5
9% v[v) THIL RPS 25 A v — x —% i\, 24,000 rev/

B BB B8F

min, 13 BEEELLTHEH LI, C hiiEi RNA £
YA —E LT

RNA Y 27— CiEWHEIELE « 5% RNA Ky
X7 — ¥ X ORI RNA 0 2 7 — &Mz, “C 5
B H CIF_ALIFARR 2 vFYAL Y EBB
2, WY 2 e VBB E VA ER S ERTIE
Lizo bhbhOE#ED RNA £V 2 5 — FRIERITK
DTELThbo Y AEBEEKPHT.9, 104 =1,
MgCl, 24 = 2, ATP (Adenosine triphosphate),
GTP (guanosine triphosphate) 33 J 08 CTP (cytosine
triphosphate) 200 mu =/, “C-ATP (50 uCi/u mol)
2mu =N, F4EKE DNA 25 ug 3 X 08 RNA &Y
27— CEERER GKE®E 0.2ml & Ui H-UTP
(uridine triphosphate, 0.45 mu/moles, 22.2 uCi/mu
mole) % {FH LB, flio 3 oDIEMbHED 7 1 A=
2 VFHA FEBEERIT 15 DBETER % T2 e K
% 37°C 1@ incubate L, —EREIHIC 8.0% O
Y 27 mEE (TCA) 1ml % iz CRISZEFELSE
Foo WUIMETAT S v 10mg/ml O 1{EYF+ VT &
LNk, RBER KK 30 FKE L CIhB % 5ER
BRI B TCATREWI AV S V74 vEx— (3
A7, type HA, FL¥1 X 0.45 u) i 5% TCAS
ml C2EPEL, B 0.5% TCA 30ml CHEHL
foo T4 NX—13EHRL, I5ml D=V VF U~
% — (2.5-Diphenyloxazole (PPO) 5g, 1.4-Bis [2-4(-
methyl-5-phenyloxazolyl)]-benzene (POPOP) 0.4 g %
M=y 11 CEMLIc.) & A h, Beckman LS 150
Wlky vFv—v g vy v E—THE L.

Rifampicin &M% X O fittE M. phlei o "C-rifam-
picin @ & v 3iAZ : Rifampicin 100 mcg/m! fiif{fDd M.
phlei #k%, Rifampicin ZEBREH»ORBECE L
Dubos iAELHIC kSRS UCE 2o Rifampicin &
Pk (Imcg/ml) % X OifkRE (100 meg/ml) %, ¥
— b ViR 7 HHRELEE LRICERE L,
Dubos #5#-¢ 50 mg/ml /e % X 5 WIHSRIHR % {F
Dt FDOIR W T UC-rifampicin % 10 mcg/ml &g
Hroeimg, —EHHEI L —EBOFEREY LD,
AVTFVT7 4N E—TH % AL, 150 m! OFREK
THEEL, T 0.5%TCA 50 ml TP Lz, I8
WL, BRAMERRGEY VvFV—Y a2 VAV VE—T
WE Lo

& ES

DEAE-xrwe—RAAF K 2 w= X5 74—-8 &
OB FEC X 2 MoMEH RNA Ky 27 — G
M1wrmT L { DEAE-enrvw—~XAhF a7 b
77 4 —Ti%, RNA %Y 27 - CEEIEAREDS
WIRFIDH L IL L, ROPECBBAM R AR
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Fig.'1. DEAE-cellulose Column Chromatographic
Separation of RNA Polymerase
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Crude enzyme particles were applied to a column (3x25
cm) of DEAE-cellulose and eluted by an application of a
linear concentration gradient approaching one molar potas-
sium chloride. RNA polymerase activity was detected in
the portion coinsiding with the second narrow sharp peak
‘of protein. : i

— : Protein concentration  ....- : Radioactivity

Fig. 2 RNA Polymerase Activity of the DEAE-
cellulose Eluate Fractionated by Ammonium

1,000 Sulfate Saturation

500

Radioactivity (counts/min)
of *C-AMP incorporated

;I

0 10 20 30 60

Time (min.)

The major part of the enzyme activity was precipitated
by the addition of ammonium sulfate between 30 to 65 per
cent saturation.

@—@ : RNA polymerase activity in the protein precipi-
tated between 30 to 65 per cent saturation (1 mg protein),

A—A :between 0 to 30 per cent saturation (0.6mg
protein).

of ¥C-AMP incorporated
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Fig. 3. RNA Polymerase Activity of Partially
Purified Enzyme
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Reaction mixture consisted of 22.4 mg protein of partially
purified enzyme preparation, 70 # moles of Tris-HCl, pH
7.9,17.5 ¢ moles of f-mercaptoethanol, 14 z moles MgCl,, 14
# moles of MnCl;, 175 mcg of calf thymus DNA, each 1.4
¢ moles of GTP, UTP and CTP, and 14 # moles of 14C-ATP,
in a final volume of 1l.4ml. At intervals, 0.2ml/ was
withdrawn for the assay. The peak of reaction products
was at 30 minutes and decreased rapidly, suggesting the
possible contamination of decomposing enzyme of the
reaction product.

Fig. 4. Distribution of Protein and RNA Polymerase
after Centrifugation through a Linear

Glycerol Density Gradient
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Partially purified enzyme was further purified by a
linear glycerol density gradient (30 to 5 per cent v/v)
centrifugation at 24,000 rev./min. for 13 hours. The
portion showing RNA polymerase activity and inactive
i)rotein were fairly well separated.

----- .: RNA polymerase activity

—— : protein concentration



258

Fig. 5. RNA Polymerase Activity of Purified
Enzyme Obtained by Centrifugation through
a Linear Glycerol Density Gradient
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Reaction mixture consisted of 6mg protein of enzyme
preparation, 40 # moles of Tris-HCl, pH7.9,10 # moles of S-
mercaptoethanol, 8z moles of MgCl;, 8z moles of MnCl,,
100 mcg of calf thymus DNA, each 800 mg moles of GTP, UTP
and CTP,and 8 mg moles of 14C-ATP in a final volume of
1.6 ml. At intervals an aliquot of 0.2m!/ was withdrawn
for the determination of radioactivity incorporated into
acid insoluble material. Purified enzyme contained no
more contamination of enzyme which decomposes the
reaction product.

BRTHGE—BLUTHEE L. BREHROBVWERT %
D TRMBRGE LT Dlco TOBRIR 2R T Z &

{T, RNA RV 27 —EEkD 538 W M, K 30
~65% FIRICILET A BEAESCRD bhic K %
TMA BERCHEBEL, RBERCEN L, Thiifs
FE8L RNA 3V 25 —X L Lico TORBEERD M E %
HZDlDIE, HE T L EREEER L. K3 LA bh
5Tk, RNARY 25 —¥RIGEREIZ 30 5 ChRA
L, TOBRRECHD TS ZOBERIBHIEHEE
#orhic, RNA %89 RNAase © k57t DR 7E
LTW3 Z E%FT,

B2 ) v — VEENEEOEC L5 RNA £y 2
7 —EORH oK RNA RY 27 —ERERSY
v — VEE AR DE O LRI, M4RL
1oL ThHbBo RNARKY 25 —LIEMD EWEDT,
JEEMDEIRERABES D bR X SIS R &
WG R R TE S R D REIRCHN LB LT XY
R —LEBE I, O 105000g, 10 EEREE OO
L LCEERAYEIN L, Zhe BRI Lz D
EREMBRE M E Uico BREBRERE AW CRIGAER
BB HE Lick A, EREIT 150 5 TEE
BcHinL, X EOMoREEERYAVWBRCEES R
7o & 57 RNA 25T 5 BROBHELRETH L &
HETRD bhishok,

K RNA RV 25— %3 % rifampicin D%

s EATE B8

Effect of Time of Addition of Rifampin
on RNA Polymerase Reaction
7,000

Fig. 6.
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Reaction mixture contained 0.776 mg protein of purified
enzyme preparation, 60z moles of Tris-HCl, pH7.9, 25
¢ moles of f-mercaptoethanol, 20 # moles of MgCl,, 10 z moles
of MnCl,, 250 mcg of calf thymus DNA, each 200 mg moles
of GTP, ATP and CTP, and 0.45 mp moles of 3H-UTP in a
final volume of 1.0ml. At intervals, an aliquot of 0.2ml
was withdrawn for the assay of the enzyme activity.

@——@ : control, A——A : rifampin was added 30 min-
utes after the start of the reaction (at the point indicated
by an arrow) at a final concentration of 1 mcg/ml, @------ [ ]
:enzyme was preincubated with the drug for 30 minutes
at 37C and then reaction was started by addition of miss-
ing components.

Fig. 7. Effect of Rifampin on RNA
Polymerase Activity
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Each reaction mixture consisted of 0.155mg protein of
purified enzyme preparation, 8 # moles of Tris-HCI], pH7.9,
5 # moles of B-mercaptoethanol, 4 £ moles of MgCl;, 4 2 moles
of MnCl;, 50 mcg of calf thymus DNA, each 40 mp moles of
GTP, ATP and CTP, 0.045 mg moles of 3H-UTP.Rifampin
was added to give a final concentration of 0, 0.1, 0.25, 0.5
and 1.0mcg/m! to each reaction mixture respectively.

‘Final volume was 0.2m/. The enzyme was preincubated

with the drug for 30 minutes and the reaction was started
with addition of the missing components. The mixture was
incubated at 37C for further 150 minutes.
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Fig. 8. Uptake of *C-rifampin by M. phlei and

M. phlei Resistant to Rifampin
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14C-rifampin  was added to the cell suspension to a fin-
al concentration of 10 pg/ml. At intervals analiquot of the
suspension was removed and washed on millipore filter
membrane. The radioactivity remained on the filter was
determined.

@—@ : M. phlei sensitive to rifampin.

A——A : M.phlei resistant to rifampin

B :BCG Hiskokssl RNA RV 27 —¥EHEd 5
BHREHEET B o> T, rifampicin Fipn o K fHic
OWTDEBE T O M6 LA bh b I kL,
rifampicin ® RNA 8V 2 F — LT 5 HER R,
EE# L rifampicin % % 57 U 37°C i 30 451 v
2= b U, o RIS 5% In 2 C RS % B
RIBHERREB L, RIGHK 30 45#I1IC rifampicin
ZHEMUTHIEESRIIBRE I Wi oo ZOMERN
5 rifampicin 13 RNA 4 &0 L BfED 5 % RNA g4
EEOBBCIIFEL 523, AREEKROBRMCERT
B EnEbRIce W T RISHEHORAULE 0.1
mcg/ml 235 1meg/ml CEAPER D LD It & D
rifampicin L EER A H S U 30 45 37°C et v+
2= b LI, OMRRSE e CRIGEHBS
150 34 V¥ o X~} LICIRO RIGAER R L I LT,
£YEREco rifampicin OFAEMRLBHHE L. N7
RTZTEL, BCG X hBohkEH RNA #Y 25—
Vi3 % rifampicin @ A 213, 0.1 mcg/ml ©
IR T 70% THDlco rifampicin @ B B A2 X biC
B LT HIAECEE R H ¥ vilined, 1mcg/ml T
73% DHEZRTICE & FEF Dl

Rifampicin & #: % X O fif # M. phlei o ik & i
rifampicin © & DA% : PIFEE O rifampicin fifpEEHE
D—VR S Tdic, rifampicin T %t 3 % MilaED &
@M% M. phlei o RME S X OMHER & THE Lico
KRt &, RMEE & mHE O M, “C-
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rifampicin ® & DIALD 5 2 CTHHELERIRD D h
Tehsotze Fisdb rifampicin itk BFF L EIC
5 MO B RO BRI b0 Tk 7k <,
RNA RV 25 —¥HEOHE FoB LRSS = &
PEEBEI R

% ES

E. coli % i\ 7-5EEk 2> &, rifampicin |3 DNA {&
ik RNA EY 25 — CESEIEET S 2 L AE LA
Thteo RNA 5V 25— DNA OBEELEFEL L
LR, Tichb bR (transcription) BI5-F 5 EER
T, FIVAZYTx—¥ (BEEHR LdFEhb.
AEEFIL DNA gL LT 49D F{ EX 7 v XA
F (ATP, GTP, UTP, %X CTP) % RNA o 4 F
NICEESE, KERFSTFEELL 2 DNA KL bRT
WEHEREHRO—E RNA FFiRBELE D, EEAR
DBIAR 2 B o REFRIET 2 SUEIL, 4 BFE % & T
Thohbd ZEeNEELLT E. coli DERFTHLNIC
ThTwad, Ticbhb O DNA LERZES LESK
BB E h 5 K (&4, association), @ ¥\ T
DNA-FERBEABRRCRAD 2 2D FA AR 7 VA XA F
AL, ZOMBRARARY 2 ATFAEERRILEES
(&HBHLE, initiation), ® I LRIEEF M AKX 2 VA
24 FHMEIMEh, RNA IR IE R T5 (FEE, poly-
merization ¥ 72XIER: elongtion), @ KIGDOKKE (&
#% termination) @ 4 B¥ETH B MDD 4BREDS B
rifampicin AHET 5 DX EREBOEMET, Wwo ik
AN I N d D RNA 0 BB cIIiAE
13ER b 7e 29, rifampicin (3 RNA KV 25—+
LESLESHYHRL, ZofEGREIE7»F v 7 A
BT AL DEEEINLY, L EOFEFTT T E. coli
RAWEBRN DAL D THD, HIBEEICHTS
rifampicin @ g B ¥ FF @ o\~ ¢, White 513 M.
smegmatis X DEHREH LA RNA Ky 25 —¥ % [
WNTERES LTS B, 1 meg/ml @ rifampicin ¢ 90
% BEXRTZEERELTV,

AEID b O #4EL M. bovis, BCG s DEAE-
rw—X, WRSE, IDLErY 2w —VEERTE
DX bl L% DNA (K 7 #: RNA £V 25 —XIC
%3 % rifampicin OPHELREZBE LIcd D TH S,
DEAE-%L v —XH T AR I OMESEC L% 3, 5
B BTk RNA SRESRORED R DIICH, 7Y
v — VEEARREOCE D ChEBRE . HlER
BEHEMZL YY) e —A®ERELICH &, 1050008
10 B oE LTIk E LT B L, BEECHERL,
Y30 —T70°C WRAFE Licas, 1SR EGEM O B2
HEFR { Richic

= ® BCG fyskoks#l DNA k77 #: RNA 5y 25
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—E2iEMLE, 0.1mceg/ml @ rifampicin T 70% BH &
F T 1A, rifampicin PEE I LI BFCL A EO
BED EFITEY c/g{ “dose dependency” X 5% b
B s Tied otz B E. coli o % % RNA KV x
5 —¥l k% DNA (KE®D 75 7 v v EEEHRIO
£ X0 DNA JEERD 757 v vESE, =V OVE
HEUTROVPRHMEI L, ZhbOEEIL RNA #Y 2
F - LHHRETHHEVD, BCG X h & Lk
RNA RV 25— ¥R LIFKEMED AV A B X URY
U RER FRD DT, Thd' rifampicin @ EES
T AHBRERAEM UV ERE LTEZ DR D, RNA
RY 25— IR E R BT 5o rifampicin 0
DOEHC OWC DEEK M B, BCG g3k © HEIEFE
b APRERE O RBICILEE#E L rifampicin © SV
A vEF ,N—v g VHMET, rifampicin T RNA &
OBRIED BRI E L, AR S h RNA g i
RLOOHHEGOBEBCIXMEA LRV L XM b h
o

HE SRR A AV ¢ “C-rifampicin © & DA
H R LR & THEI LT\ 5o SEIDERTY
rifampicin fif#> M. phlei »3 “C-rifampicin % Fifk:
BERERSEDVRATVS Z b, MO BEzE
Fle R4 5 MREEE BB X% DT {, RNA
RY 25 —FHEOHE OB 5 { rifampicin
LEEEDORAMEDOBILC X % Z A HES iz

#E

RS % rifampicin o fERESFEEY B Davic T
% 7=, Mycobacterium bovis, BCG X v }E#l 17~ DNA
A RNA £ 2 5 —¥ERsd % rifampicin ©
FREE% B2 LYo %7 rifampicin fitfh:o a5 7o
¥, M. phlei o rifampicin &3 X OMMEEZ AV,
UC G U7 rifampicin © & DAL E Zfo,o

Fo#EER rifampicin 13 BCG X b k5Hl L7 DNA f&
i RNA Ry 25 —iEME%Y 0. 1meg/ml © EET

£

M B B8E

% 70% FHEE Ut rifampicin DEE & EIFCHIEE
RITBIIN LT vt rifampicin 13 RNA & o BitG
(initiation) #fASE %= #3iEHE (chain elongation) X
Bt g dnohe, Fifampicin fif ¥ @ M. phlei 13, fif
ME X Db TS B EER “C-rifampicin % &L VA
¥oo Lizhs> rifampicin o i PEESHEIIIES B O ZE
b3 dotizind, RNA Ky 25 —-YHEDHE
BEOBEZ IS D EEL Dhilo
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