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Influence of Agents that act on DNA and RNA Synthesis on the Activity of Poly(ADP-Rib)

Polymerase

Poly(adenosine diphosphate-ribose) [poly(ADP-Rib)]
is synthesized from NAD by the poly(ADP-Rib) poly-
merase, an enzyme which is located in chromatin of
eukaryotic organisms-3.

The function of this enzyme is not yet fully understood,
although several reports on in vitro (review?®3) and in
vivo? systems indicate its importance. The enzyme reac-
tion seems to be DNA-dependent1-3. It is suggested that
poly(ADP-Rib) synthesis’is not involved in regulation of
DNA synthesis® but rather in gene expression* and/or in
organization of chromatin® and acidic proteins®. In the
present paper, the influence of agents which act on DNA
and RNA synthesis in isolated enzyme systems or in
in vitro systems, on the activity of the poly(ADP-Rib)
polymerase is determined, in order to shed further light on
the function of this enzyme.

The poly(ADP-Rib) polymerase is isolated from nuclei
of oviducts of egg-laying japanese quails (Coturnix
japonica). The incorporation is linear for 10 min; during
this period an incorporation rate of 4.5 nmoles/min is
observed.

The different agents described here can be classified
into 4 groups: 1. Polyamines; 2. template inactivators;
3. substrate analogues and 4. enzyme poisons. Unless
otherwise noted, the substrate concentration in the poly
(ADP-Rib) polymerase assays amounts to 70 uM (= 46
pg/ml) NAD, the concentration of the different compounds
was 220 pg/ml. The reaction mixture was composed as
described in legend to the Figure and incubated for 10 min.

Two polyamines have been tested, spermine (Serva)
and spermidine (Serva). Both stimulate the activity of
poly(ADP-Rib) polymerase. Under optimal concentra-
tions of the polyamines (5.3 mM spermine and 8.1 mM
spermidine), the activity of the enzyme increases to 1569,
in the case of spermine and to 1479, in the case of sper-
midine. Under optimal stimulation conditions, a ratio
between the molar concentration of the polyamine
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(mole/ml]) and the molar concentration of DNA (mole
nucleotide/ml) in the enzyme assays amounts to 1.9 for
spermine and to 2.8 for spermidine.

Two groups of template inactivators have been tested
for their potency in the poly(ADP-Rib) polymerase
assay; first, alkylating agents: Bleomycin (Mack),
camptothecin (National Cancer Institute, Bethesda) and
mitomycin C (Serva), and second, intercalating agents:
Daunomycin (Mann), distamycin (Farmitalia), acridine
orange (Merck), olivomycin (Mann), chromomycin (A,;
Mann), actinomycin D (Serva) and ethidium bromide
(Serva). All these agents do not affect the activity of the
enzyme, with the exception of ethidium bromide. This
agent inhibits poly(ADP-Rib) polymerase competitively
to NAD (Table). The relative affinity of an inhibitor can
be expressed in the case of a competitive inhibition by
the ratio K;/K,,". The higher the value of the ratio, the
lower the inhibitory potency of a compound. Due to the
high value of the ratio, the activity of ethidium bromide
to inhibit poly(ADP-Rib) polymerase is relatively low.
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Inhibition of poly(ADP-Rib) polymerase by formycin B. Preparation of the poly(ADP-Rib) polymerase: Quail oviduct nuclei were isolated
according to McGuire et al.’? and washed with 0.7 M KCl by centrifugation (12,000 X g, 2 min, 2°C). The nuclear preparation is characterized
by a DNA: RNA ratio of 1.28 and a DNA: protein ratio of 0.15. The poly(ADP-Rib)} polymerase was assayed in a reaction mixture containing
in a total volume of 70 ul: 100 mM Tvis-HCl, pH 8.5, 6 mM MgCly, 60 mM KCl, 4 mM dithiothreitol and different concentrations of [14C]
NAD+ (0.4 mCi/mmole; Radiochemical Centre Amersham) and 20 wl of the nuclear preparation. The mixture was incubated at 25°C for 10
min. The reaction was stopped by the addition of 1 ml of 5% trichloroacetic acid. After 30 min at 0°C the mixture was transfered onto
GF/C filters and counted?. a) Plot according to LINEWEAVER et al.’. @—@, control; A— - — A, inhibitor concentration 35 yg/ml; O - - O,
75 pg/ml. Ki = 68.9 + 6.5 uM; Ky = 43.7 + 4.1 uM. b) Plot according to Dixon et al.?. Two different substrate concentrations have
been used: @—@, 30 ug NAD/ml; O ~— O, 10 pg/ml. K: = 63.7 + 6.9 uM; Kpn = 48.2 + 4.1 uM.
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Tnhibitor Vmaz (nmoles/mg protein) Koy (WM) Ki(uM) Ki|Km
Ethidium bromide 98.4 42.2 143.8 3.4
Formycin B 96.0 43.7 68.9 1.6
Showdomyein 96.3 43.0 107.8 2.5
1-Methyl adenine 95.9 41.9 226.6 5.4

The standard enzyme mixture (see in legend to the Figure) with different NAD concentrations (in the range between 9 and 83 wM) has been
used; the mixture was incubated for 10 min. K, and K: were determined according to LINEWEAVER et al.b.

The substrate analogues related to the adenosine moiety
of NAD exert a different inhibitory activity in the poly
(ADP-Rib) polymerase assay. The natural analogues
Ade, Ado, dAdo, AMP, ADP, ATP, dAMP, dADP and
dATP are without influence on the reaction. The etfects
of some unusual analogues have been tested; without
influence were: 9-f-p-arabinofuranosyladenine (Mack),
9-p-v-arabinofuranosyladenine-5’-monophosphate,  -di-
phosphate and -triphosphate (Terra Marine), o-f-ATP-
methylene diphosphonate (Terra Marine), p-y-ATP-
methylene diphosphonate (Terra Marine), adenosine-5'-
O-(3-thiotriphosphate) (Boehringer, Mannheim), cordy-
cepin (Sigma), coformycin and tubercidin (Sigma). Three
analogues have been found to affect the activity of
poly(ADP-Rib) polymerase in different strengths (Table):
Formycin B (Calbiochem), showdomycin (Calbiochem)
and 1-methyl-adenine (Sigma). These 3 compounds in-
hibit the enzyme competitively to the NAD substrate.
The inhibition kinetics obtained are perfectly linear, both
in LINEWEAVER and Burk plot® and in Dixon plot?. One
example is shown for formycin B in the Figure. The highest
atfinity among the threc inhibitors to the enzyme is found
in the case of formycin B; showdomycin and 1-methyl
adenine are less effective.

The three different enzyme poisons tested are without
influence on the activity of poly(ADP-Rib) polymerase:
Rifamycin (Calbiochem; final concentration in the assay
0.2 mg/ml), «-amanitin (Boehringer Ingelheim; final
concentration 0.1 mg/ml) and 2-phenylethanol (Mack;
final concentration 1 mg/ml). To rule out the possibility
that these compounds which are capable of inhibiting
poly(ADP-Rib) polymerase are contaminated with NMN

(\thorodimeform and its Effect 0n&M0noamine‘~\Oxidase\lActivity in the&Cattle Ticlj

. Boophilus microplu.y/

" Galecron (active ingredient chlorodimeform) is a
relatively new acaricide which is particularly cffective
against cattle ticks, including resistant strains!. Its mode
of action is uncertain but it is known not to involve
inhibition of acetylcholinesterase? the mode of action
of organophosphorus and carbamate acaricides. Two
different modes of action for chlorodimeform have been
proposed. ABo-Kuarwa and HorrinaworTtH®* using
mitochondria from rat liver and from cockroach thoracic
muscle found that chlorodimeform uncoupled respira-
tory-chain phosphorylation and stimulated ATP-ase.
However, as pointed out by BEEMaAN and MATSUMURA®
this uncoupling action would not give rise to chlorodime-
form’s known action on the central nervous system.
Az1z and KnowLEs® and BEEMaAN and MATSUMURA® 7
have shown chlorodimeform to be a potent in vitro

adenylyltransferase, the compound solutions were assayed
for this enzyme; no enzyme activity could be detected 0.
NMN adenylyltransferase could convert NAD into NMN,
a potent inhibitor of poly(ADP-Rib) polymerase!*.

Summary. The activity of poly(ADP-Rib) polymerase is
enhanced in the presence of spermine and spermidine.
Among the adenosine-like antibiotics tested, only formy-
cin B and showdomycin cause an inhibition of the enzyme,
which is competitive to NAD. The activity of poly(ADP-
Rib) polymerase is not reduced by rifamycin, a-amanitin
and 2-phenylethanol.

W. E. G. MULLER and R. K. Zagn1?

Institut fiir Physiologische Chewmie dey Universitdt,
Johann Joachim Becher-Weg 13,

D—65 Mainz (Gevman Fedeval Republic, BRD),
14 March 1975.

8 H. LingwraveEr and D. Burk, J. Am. Chem. Soc. 56, 408 (1934).

? M. Dixon and E. C. WEBB, The Enzymes, 2nd edn. (Longmans and
Green, London 1966), p. 315.

10 M. R. ArkiNson, J. I, Jackson and R. K. Morron, lochem. J.
80, 318 (1901},

7. Preass, R ScurLAEGER and H. Hivz, FIEBS Lett. 79, 244 (1971).

12W. L. McGuire and B. W. O’MaLLey, Biochim. biophys. Acta
157, 187 (1968).

13 Acknowledgments. The authors are most grateful to Dr. H.
Umezawa {Institute of Microbial Chemistry, l'okyo, Japan) for
the gencrous gift of coformyecin. We also express our gratitude
to Dr, T. Suctmura (National Cancer Research Institute, Tokyo,
Japan) for advice and useful discussions,

inhibitor of monoamine oxidase (MAO) from both rat
liver and cockroach thoracic muscle and this led them to
suggest that inhibition of MAO may be the mode of
acaricidal action.

1C. 0. KnowLks and W. J. Rourston, J. ccon. Entomol. 66, 1245
(1973).

2V. DirTrIcH, J. econ. Entomoal 59, 889 (1966).

3 N. Apo-Kuarwa and R, M. HoLrinawortH, Life Sci. 77, 1181
(1972).

4 N. Apo-Kuarwa and R. M. HorringworrH, Pest. Biochem.
Physiol. 3, 358 (1973).

5 R. W, BEemaAN and F. MATsUMURA, Pest. Biochem. IPhysiol. 4,
325 (1974).

6 S, A. Aziz and C. O. KnowLgs, Nature, Lond. 242, 417 (1973).

7 R. W. BEEmaAN and F. Matsumura, Nature, Lond. 242, 273 (1973).



