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1, Introduction

Im 1971 Stavrianopoulos et al. 1] demonstrated
that DNA polymerase from chicken embryo acting on
a denatmred calfvthymns DINA could be stimulated by
the concomitant franscription of the template with
E. coli RNA polymerase. The synergism between
DNA and RNA polymerase was subsequently con-
firmed by reporis from other laboratories with studies
in vitro and in vivo [2—4] . From these studies many
authors have sugpesied that probably the transcrip-
tion process is conpled 10 duplicaticn either in bacte-
ria as well as in higher organisms, although the biologi-
cal significance of this mechanism is still under investi-
gation.

Dependence of DNA synthesis on transcription in
bacteria has often been demonsirated using the inhib-
itor rifampicin which specificaily acts on the DN A-de-
pendent RNA polymerase of prokaryotic organisms
{2,3} . Since the mitochondrial RNA polymerase of
rat liver is sensitive to this antibiotic [5,6) an evenin-
al synergism between the two mitochondrial polymer-
ase enzymes could be demonstrated by studying the
action of rifampicin on mitochondrial DNA synthesis.

This paper reports an inhibitory effect of rifampi-
cin or DNA synthesis in isolated rat liver organelles,
This fact suggests that probably RNA and DNA syn-
thesis are joinily ocenrring events also in mitochon-
dria.

2. Materials and methods

TLabeled 2nd wnlabeled deoxyribonucleoside tri-
pt ospiiites weie purchased from Schwarz Bio-.
Research, pancreatic ribonuclease from
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C.F. Bochringer, Mannheim, W. Germany: all other
reagents were of analytical grade.

Male albino rats weighing about 200 g and fed ad
libitum were used in all experiments. Mitochondria
were isolated from rat Bver under sterile conditions as
already reporied [7] . The homogenization and the
suspension medium was 0.25 M sucrose plus 2 mM
EDTA (pH 7). isolated mitochondria were kept at
37°C for 10 min in order to alter their permeability.
The reaction mixture for DNA polymerase activity
contained: 30 mM Tris—HC1 buffer; 20 mM sodinm
phosphate; 20 mM sodium succinate: 4 mM KCl;

0.5 mM ATP; 7 mM MgCl,; 60 mM sucrose; 4 uM 3H-
iabeled deoxyribonucleotides and 15 pM of the other
deoxyribonucleoside triphosphates; final pH, 7.4. In-
cubation was carried out at 37°C. Reactions wers
started by adding the mitochondrial protein and
stopped by 4 ml of ice-cold 10% trichloroacetic acid.
The precipitate was collected on membrane filters,
washed four times with 5 ml ice-cold 5% trichloroace-
tic acid and, after drying, counted in 2 PPO—POPOP
scintillation mixtare, in a Packard scintillation counter;
3Y efficiences were about 30%. The acid-insoluble ra-
dioactivity was solubilized by DNAase but not by

RN Aase treztment.

Protein was determined by the biuret method (8],
with serum zlbumin as standard.

3. Resuiis

Rat liver mitochondria isolated as deseribed in
Materials and methods were kept at 37°C for 10 min
in order to make the organelle’s membrane permeable
to some inhibitors like rifampicin or actinomyein D
which are known to be unable to pass through the in-
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Table 1
13 H])4TTP or [[3 H}4ATP incorporation into acid insclubls
material by rat liver mitochondria,

System Activify
{pmoles/mg protein/ 30 min)
PHieTTP  [PHIAATP
Complets 0.192 0.03 0.20= 0.03
+ calf thymus DNA (100 pg/m?} 0.20=2 8.03 0.21 2 0.03
— AGTP, aCTP, dATP 0.08x 002 -
+ Actinomyein D (200 pg/ml)  0.062 0.02 -~

Al incpbations were performed under standard conditions
{see Materials and methods). 2.5 mp of mitochondrial protein
were iIncubated in (.5 mi of the reporied reaction mixiure.
Zero time conizols were already subiracted.

tact inner membrane [5,7]. DNA synthesis was stud-
ied by measuring the incorporation of labeled deoxy-
ribonucleoside triphosphates into acid-insoluble mate-
tial as described by others [9, 10]. Some of the char-
acteriziics of this reaction are presented in table 1.
The incorporation of either AATP or dTTP is mostly
dependent on the pressnce of the other three ANTP’s,
the remaining incorporation being presumably sup-
perted by the endogenous pool of dNTP’s. The reac-
tion is not dependent on the addition of exogenous
DNA since the polymerase uses the endogenous DNA
since rhe polymerase uses the endogencus DINA as
template but is sensitive to actinomycin D. The incor-
poration of the two labeled nucleotides is the same, as
reported by others [9,10].

Table 2 shows the effect of rifampicin and some
other inhibitors of mitochondrial DNA synthesis.
After 30 min incubation the reaction is inhibited by
about 35% using 25 pg/ml rifampicin {5 pg/mg pro-
tein) and by 50% csing 50 pg/ml rifampicin (10 pgfmg
protein), The rea-tion is inhibited also by RNAase
clearly showing that synthesis or the presence of RNA
molecules are necessary for DNA syathesis. Since rif-
ampicin inhibits mitochondrial protein synthesis by
acting on the synthesis of the messenger RNA [11,12],
we have studied whether another specific inhibitor of
mitochondrial protein synthesis like chloramphenicol
[13] counld affect the reaction. As is shown in table 2,
up to 90 pgfril of chloramphenicol does not inhibii
the incorporation of labeled precursor into mitochon-
drial DNA. Cycloheximide which is an inhibitor of ¢y-
toplasmic protein synthesis [13] also does not affect
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Table 2
Effect of some inhibitors of RNA and proiein synthesis on
[°H]4TTP incorporation.

Additions Incorporation
(% of control)

Rifampicin {25 pgfmiy €5

Rifampicin (50 pgfmi) 50

Pancreztic RNAase (50 pgfmi) et

Thloroamphenicol (00 pefmi) oD

Cycloheximide (270 pgfmb T 82

Imhibitors were added to the incnbation mixture to reach the
final concentrations reported in the mble. 100% conirol activ-
ity was eguivalent to 5.2 = 0.03 pmoles of [ISH} dTMP incoa-
porated/mg protein/30 min. The same results were obiained
when RBH JAATP was the labelsd precursor.

the reaction. These results indicate that the effect of
rifampicin on DNA synithesis is specific and not second-
ary 1o its inhibition of mitechondrial protein synthesis.

In order to investigate she effect of rifampicin on
mizochondrizl DNA polymerase better, the time
coursz of DNA synthesis in the presence or asbsence of
rifempicin was studied. Fig. § shows that the percent-
age of inhibition by rifampicin increases with time ei-
ther when the drug is present from the beginniag or
when added after 15 min incubation. This probably
means that DMA pelymerase is able to elongaie the al-
ready imitiated chains and therefore synthesis of new
RNA chains is required in order 1o obtain inhibition
by rifampicin.

4. Discussion

The resulss reported in this paper indicate that rif-
ampicin inhibits mitochondrial DNA synthesis in rat
liver. Since it has been demonsirated that this drug af-
fects smitochondrial RNA synthesis [5,6] and a direct
effect of rifampicin on DNA polymerase itself has nev-
er been reported, it is conceivable to suppose that the
inhibition of DNA synthesis is dependent on the inhibs-
tion of RNA svnthesis in the orgznelles. According o
several authors, in bacteria as weil as in higher osga-
nisms, DNA synthesis requires th2 colloboration of 2
system synthesizing RNA or the presence of a pre-
formed oligonucieotide primer hydrogen-bended to
the template. According to Karkas 3] DNA polymer-
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Fig. 1. Time course of [3HRﬁTTP incorporation in the pres-
ence or in the absence of rifampicin. A 10-fold standard assay
mixiure was prepared {final volume 5 m) in an Erlenmeyer
frask {23 ml) and incubaticn was started by the addition of
25 mg of mitochondrial protein; 0.5 mil samples were re-
moved inte tubes containing 4 ml of 10% ClaCCO0OH at
0,5,10and 15 min. At 15 min {arrow), 2 ml of the remaining
reaction mixture was transferred into a flask containing 100
321 of rifampicin solution {1 mg/m}). A1 times indicated, 0.5
ml samples were removed from each flask into 4 ml of 10%
Clz CCOOH. (e #) Controls (o— — —o) with rifampicin ad-
ded at-15 min. The curve
ment similar to the control one except that in the reaction
mixture rifampicin at the final concentration of 50 pg/ml was
present. i

ase requires primer sites with fres 3'-OH and therefore
only those RNA molecules that have been released by
the RMNA polymerase can serve as primer for DNA syn-_

thesis. The experiments on the time course of the reac- -

“tion in the presencs of the drug reported in fig. 1 sug-
gest that rifampicin inhibits DNA polymerase also in
-our system by the mechanism postulated above. Prob-
- ably mitochondrial DNA polymerase, asin other sys- -

terns, is able o tiongate DNA chains already initiated
" and therefore the inhfviiry = ¥fect of the drug, pre-

~ sumably due to lack of primer sites for the DNA poly-" -

- merase enzyrne, becomes more significant as the reac--

‘1{33r N
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tion proceeds Bosmann 114] has reported the 1 pres-
ence in rat liver mitochondria of an enzyme with
properiies of an RNA dependent DNA polymerase.
Even if the presence of this enzyme in our prepara-
tion cannot be excluded, the effect of rifampicin
seems to indicate that in our system continuous syn-
thesis of pritner RNA is more necessary for DNA

- polymerase than the presence of the template RNA.

In condlusion our results demonsirate that in zai liver

- mmitochondria rifampicin inhibits DNA synthesis prob-

ably interfering at the level of the transcription of the
mitochondrial genome. Such results. besides, inaicate
that the synergism between DNA and RNA polymer-

ase is probably a generally oceurring phenomenon.
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