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The mechanism of rifampicin inhibition of poxvirus replication has been
investigated. At doses that selectively block viral replication there is
complete inhibition of increase of & particulate RNA polymerase activity.
Early mBENA synthesis by cores is resistant as is synthesis of the early induced
enzyme thymidine kinase and of viral DNA., TLate mRNA synthesis also was not
significently inhibited by the drug. The effect of rifampicin on the activity
of the structural virion polymerase and of a soluble vaccinia induced RNA
polymerase is contrasted with its inhibition of E. coll polymerase.

Rifempicin inhibits the replication of the poxvirus vaceinia (1,2). Sinee
its action on vaccinia replieation appears to be selective (2), an interesting
question is its target in the replication cycle. Poxvirus, a DNA virus, pos-
sesses a DNA dependent HNA polymerase as an integral part of the virion (3).
This polymerase tramseribes early poxvirus mBNA in vitro if virions are con-
verted to the sub-structures referred to as cores (4)--i.e., a state in which
viral DNA is still encased in its protein coat. In addition, poxvirus infec-
tion elicits two polymerase activities in cells, One, an early function, is
soluble and primed most efficiently by the polymer dAT (5). The other, a late
function, is particulate but non-primable (3). The latter probably represents
the polymerase activity of progeny particles although special conditions are
required to unmask its activity in cell extracts (5). This report describes
the effeet of rifasmpiein on the activity of these species of polymerase and on
transcription of early and late poxvirus mRNA.

MATERIALS AND METHODS

Growth and infection of HeIa-S_), cells in suspension have been described
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in detail (6). The virus used was vaccinia WR. Assays for thymidine kinase,

dAT primed polymerase, core polymerase, E. coli polymerase, and the late part-
iculate polymerase were essentially as reported (5,7,12). The activity of the
latter activity was markedly enhanced by reducing the detergent used in the
original assay to 0.05%. Highly purified E. coli polymeragse was a gift from
Dr., J. Kates, Viral cores were prepared from purified virus as follows:
virions were dispersed in TRIS-Detergent (0.05M Tris-HC1l, pH 8.4, containing
0.075M mercaptoethanol and 0.5% Nonidet P40 Shell) and incubated (30 mirutes
at 37°C). The mixture was chilled, centrifuged (35,000 x g, 30 minutes) and
the pellet redispersed at 10" particles per ml in TRIS (0.05M Tris-HCl, pH

10

8.4, containing 0.015M mercaptoethanol). About 10 particles were used per

assay.

To label viral RNA and DNA, samples of 5 x 106 infected cells in 10 ml of
growth medium were pulsed either with Hs-uz'j.dine (1 pe/ml for 10 minutes) or
with H3-thymidine (2 pc/mi, 60 minutes). Pulsed cells were washed and dis-
rupted (4), and radioactivity of the acid precipitable cytoplasmic fraction
determined by scintillation spectrometry. Only viral mRNA and viral DNA are
detected by these procedures.

Generous gifts of rifampicin were received from Dr. Justus Gelzer, CIBA
Pharmaceutical Co., Summit, N.J. and Dr. Paul Hoeprich, University of California,
Davis. The antibiotic was dissolved in a few drops of dimethylsulfoxide and
diluted with buffer or water as required.

RESULTS

The incorporation of H3-uridine into cytoplasmic mRNA of WR-infected cells
shows two clearly defined peaks (8). The first represents early mRNA made
from viral cores and from viral DNA that has uncoated. The second represents
predominantly late mRNA and is dependent on DNA synthesis (9)e The actual
pattern of incorporation into HeLa-S3 cells infected with 1000 WR particles
per cell is shown (Pig. la)., Rifampicin (100 ug/ml) added at the time of ine

fection caused no significant reductim of uridine uptake into late mRNA
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Fig. la, Incorporation of HB-uridine into cytoplasm of WR-infected cells.
(—@) without rifampicin; (= — =) rifampicin (100 pg/ml) at time 0;

0 uninfected cells with or without rifampicin; ( O ) in the presence
of FU4R to block DNA end late mRNA synthesis (ef., Fig. 2b).

Pig. 1b., Incorporation of H3-thymidine into cytoplasm of WR-infected cells.
( ® ) Without rifampicin; (— — =) rifampicin (100 pg/ml) at time O.

(Pig. 1la). Synthesis of viral DNA is also not significantly depressed by ri-
fampicin (Fig. 1b). In agreement with others (2), we find that rifampicin
(100 pg/ml) inhibited the one-step growth of WR in Hela-S; & hundred fold.

In cells pretreated with actidione (100 pg/ml) to inhibit protein syn~
thesis, viral replication is arvested at the core sitage--i.e., viral DNA is
not released from its inner protein coat and early mRNA is transcribed contin-
uously from these cores at a much higher rate than in the uninhibited system
(4), Rifempicin added at the start of infection of actidione-treated cells
did not inhibit mENA trenscription from cores (Fig. 2a).

Parallel experiments were conducted using fluorodeoxyuridine (FU4R, 107 M)
to inhibit DNA synthesis but permit uncoating of the virmus. A burst of early
mBNA synthesis was detected followed by a drop in tramscription rate (ct.,
Woodson (9)) (Fig. 2b). Certain intemmediate functions not expressed by virel

cores are expressed by uncoated DNA prior to its replication (3)e In cells
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Fig. 2a. Transcription by viral cores in vivo. Cells were pretreated with
actidione (100 pg/ml) for 2 hours prior 1o infection with 2000 virmus particles/
cell and pulse labeled with H-uridine. The experiment was conducted in the
presence { ) or absence ( @ ) of rifempicin (100 pg/ml) added at time
zero. ( X ) Uninfected cells with or without actidione plus rifampicin.

Fig. 2b. Uridine incorporation in the presence of FUAR { @® ) or FU4R plus
rifempicin ( © ). ( 3K ) Uninfected cells with or without FUAR plus
rifampicin,.

infected in the presence of FUdR, rifampicin inhibition of mRNA was apparent

(Fig. 2b).

Induction of an early enzyme. Thymidine kinase is an early enzyme induced

by poxvirus infection (10) and the messenger for its synthesis is made vhile
virus is at the core stage (4). Rifampicin (100 pg/ml) added at the time of
infection did not inhibit synthesis of this enzyme (Fig. 3a).

Induction of a late engyme. The particulate RNA polymerase induced in

poxvirus-infected cells is a late function whose synthesis depends upon prior
synthesis of viral DNA (5). Despite the fact that viral DNA and late mRNA is
made, increase in activity of the late polymerase is abolished when rifampicin
was added at the start of infection (Fig. 3b).

Rifampicin end activity of poxvirus polymerases. The effect of rifampicin

292



Vol. 37, No. 2, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

C.PM. X 1073
CPM x 1074

1 1 | | | &l
3 6 9 3 6 9
HOURS

Fig. 3a. Inductiam of thymidine kinase in WR-infected cells. Activity is
expressed as C.P.M. of Cl%~thymidine phosphorylated. ( @ ) Uninhibited
systen; ( © ) rifampicin treated; ( M ) uninfected cells.

Fig. 3b. Induction of RNA polymerase in WR-infected cells. Activity is
expressed as C,P.M. of H’-UTP converted to acid precipitable material. Enzyme
activity of uninfected cells ( X ); of infected cells ( @ ); of cells
infected in rifampicin (= ~-—); of cells infected in FUGR ( O ), i.e.,
represents enzyme level due to residual activity of input particles.

on the in vitro activity of the following polymerases was tested: (a) purified
dAT primed polymerase from infected cells (5,13), (b) active viral cores, de-

tergent cores, prepared as described in Materials and Methods, (c¢) crude cyto-

Table I. Effect of rifampicin on poxvirus polymerases¥

Rifempicin (pg/ml) | O | 5 25 50 100 200
J

a) dAT polymerase 6,000 ! - 5,900 5,000 4,100 3,900

b) Detergent cores {17,800 § - 17,500 { 17,800 ! 16,750 | 14,500

¢) Natural cores ‘12,300 | - 112,300 | 12,400 | 12,300 | 9,300

d) E,_coli polymerase| 6,900 ; 1,500 500 100 100 50

* Results are expressed as C.P.M. of HBUTP converted to acid precipitable
form.
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plasmic extracts from cells infected in the presence of actidione to accumilate
"natural” cores, (d) E. coli polymerase. Rifampicin was added to the assay
mixtures several minutes prior to adding substrates or primers which were JAT

in the case of (a) or heat-denatured calf thymus DNA in the case of (d)(Table I).

DISCUSSION

Despite the fact the rifampicin caused no inhibition of transcription of
late poxvirus mBENA, induction of at least one late funection, the particulate
polymerase, appeé.red to be completely blocked by the drug. At least one early
enzyme, thymidine kinase, was induced; the virus was uncoated, functions es-
sential for DNA synthesis (11) were expressed and viral DNA was synthesized at
a rate similar to that found in the uninhibited system. Early mRNA synthesis
by cores in vitro was also unaffected by high concentration of rifampicin.
Such cores thus act like DNA-polymerase complexes that have initiated RNA
synthesis (12). Some rifampicin inhibition of mRNA trensceription under condi-
tions where viral DNA uncoats, was observed repeatedly (Fig. 2b). This might
be because of increased accessibility of the structural RNA polymerase to the
drug at that stage of the cycle. On the other hand it might represent inhi-
bition of tramseription of intermediate functions (cf. ref. 3) by another fomm
of the RNA polymerase., The dAT primed polymerase is the only soluble vaccinia
induced RNA polymerase lmown to date. In vitro it shows little capacity to use
viral DNA as a template and is in any case not readily inhibited by rifampicin
(Table I). Too little is known about the sub-viral structures involved, the
regulation of core transcription during uncoating or even the number and state
of RNA polymerases involved to speculate further on this point.

Assuming that the virion polymerase is essential to the viability of pro-
geny virions, inhibition of this one enzyme activity or its synthesis would
explain the rifampicin inhibition of vaccinia replicatien. However, there
remains the problem of the mechanism by which rifampicin blocks increase in

late enzyme activity even though there is no significant reduction of late
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mANA synthesis. Although induction appears to be blocked, one possibility
under investigation is that the polymerase is synthesized but is inactive

because it binds rifampiein prior to packaging into sub-viral particles.
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