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1. Introduction

The chromosomal enzyme poly(ADP-ribose) poly-
merase catalyzes the synthesis of poly(ADP-ribose)
from the ADP-ribosyl moiety of NAD [1,2]. The
biological role(s) of this polymer are unknown. The
effect of several pyridine derivatives and thymidine
on poly{ADP-ribose) polymerase activity has been
reported [3—6]. The most effective known inhibitors
of the polymerase are nicotinamide and thymidine.
We have examined two additional pyridine derivatives
and seven purine derivatives for their effect on poly-
(ADP-ribose) polymerase activity in isolated 3T3 cell
nuclei. We report here a potent inhibition of the poly-
merase by methylated xanthines and N®-substituted
derivatives of adenine (cytokinins). Both of these
classes of compounds have been shown to inhibit
¢AMP phosphodiesterase [7—12] .

2. Materials and methods

2.1. Commercial materials

Kinetin, kinetin riboside, isopentenyl adenine,
isopentenyl adenosine, quinolinate, nicotinic acid,
nicotine, nicotinamide, thymidine, NAD and Trizma
base were purchased from Sigma Chemical Co.,
St Louis, MO. Theophylline and caffeine were
obtained from Calbiochem, Los Angeles, CA. Aquasol
and [adenine-*H]NAD (3.4 mCi/umol) were from
New England Nuclear, Boston, MA. Isobutylmethyl-
xanthine was purchased from Aldrich Chem. Corp.
Inc., Milwaukee, WI. Balb/c 3T3 mouse embryo
fibroblasts were obtained from Dr G. Todaro.
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2.2. Tissue culture

3T3 cells were grown as in [13]. Logarithmically
growing cells at 1 X 10° cells/cm* were removed from
dishes by treatment with 0.05% trypsin—EDTA in
phosphate-buffered saline (PBS) (0.01 M Na, HPO, —
NaH,PO,, pH 7.2, 0.15 M NaCl) and nuclei were
isolated.

2.3. Nuclei isolation

Nuclei were isolated according to a modification
of the procedure in [14] . Approx. 1 X 107 cells were
collected by centrifugation and washed with PBS.
The cell pellet was suspended in 2 ml 3 mM Tris—HC],
pH 7.0, 0.5 mM MgCl,, 3 mM NaCl. Cells were
allowed to swell for 15 min and 1 ml 0.5% (v/v)
Triton X-100 solution was added to effect lysis. After
10 min, the suspension was centrifuged at 800 X g for
10 min. The crude nuclei pellet was resuspended in
2 ml 10 mM Tris—HCI, pH 7.0, 1.5 mM MgCl,,
10 mM NaCl. After 4 min, 0.3 ml detergent solution
containing 6% (v/v) Tween 80 and 3% (w/v) sodium
deoxycholate was added and mixed with a vortex
mixer for 4 s. After centrifugation at 800 X g for
10 min, the supernatant was removed and the nuclei
pellet was washed twice with 10 mM Tris—HCI,
pH 7.0. 1.5 mM MgCl, , 10 mM NaCl. At this stage,
the nuclei were free of microscopically-visible cyto-
plasmic debris. DNA was determined as in [15]
except that the reagent contained 3% (w/v) diphenyl-
amine and 0.01% (v/v) paraldehyde in glacial acetic
acid and the test solution was combined with the
reagent at a 1:1 ratio. Percent recovery of DNA was
72 13 (n=6) and the nuclei had an average protein/
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DNA mass ratio of 4.1 and an RNA/DNA ratio of

0.53. Freshly isolated nuclei were used to determine
poly(ADP-ribose) polymerase activity.

2.4. Poly{ADP-ribose) polymerase assay

The incubation mixtures (0.1 ml) contained
100 mM Tris—HCI, pH 8.0, 2 mM MgCl,, 8.2 mM
NaCl, 1 mM 2-mercaptoethanol, 0.2 mM EDTA, 1 mM
[adenine->H]NAD (0.8 uCi) and nuclei containing
17.6 ug DNA. Inhibitors were present at 1 mM. Iso-
butylmethylxanthine and the cytokinins were dissolved
in dimethylsulfoxide (DMSO). DMSQ in the incubation
mixture was final conc. 9% (v/v) which did not affect
the control incubation. Incubations were carried out
at 25°C with occasional agitation and portions were
removed and added to equal vol. 40% (w/v) ice-cold
trichloroacetic acid (TCA). Bovine serum albumin
(100 ug) was used as coprecipitant. The precipitates
were washed 3 times with 1 ml 20% (w/v) TCA and
were solubilized in 0.1 ml 88% formic acid. Radio-
activity of the samples was determined by scintillation
counting in 2 ml Aquasol. The rate of formation of
poly(ADP-ribose) was proportional to the amount of
nuclei added to the incubation. Incorporation was
linear for 10 min and reached a maximum at approx.
30 min.

3. Results and discussion

The effect of pyridine and purine derivatives on
poly(ADP-ribose) polymerase activity is listed in
table 1. Each compound tested was present at equi-
molar concentration to NAD (1 mM). Polymerase
activity is shown for a 10 min incubation. Similar
results were observed for 20 min incubations.

Threeof the compounds tested have been examined.
Our results are very similar to the previous findings
in that 1 mM nicotinamide and thymidine inhibited
poly(ADP-ribose) polymerase by 55% and 60%,
respectively, while nicotinic acid had no effect.
Inhibition of the reaction by nicotinamide has been
observed in nuclei from rat liver [3,4], HeLa [5] and
Ehrlich ascites [6] cells. This inhibition was shown to
be competitive with NAD [4,6] . Nicotinic acid at
equimolar concentration to NAD did not cause inhi-
bition [5]. Inhibition of the polymerase by thymidine
has been observed in nuclei from rat liver [16], HeLa
[5] and cultured mouse [17] cells. The effect of
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Table 1
Effect of pyridine and purine derivatives on poly (ADP-ribose)
polymerase activity in 3T3 nuclei

Additions Poly(ADP-ribose)

polymerase activity
(% control)

None 100

Thymidine 45

Nicotinamide 41

Nicotine 104

Nicotinic Acid 102

Quinolinate 93

Theophylline 26

Caffeine 67

3-Isobutyl-1-methylxanthine 87

Kinetin

(6-furfurylamino purine) 87

Kinetin riboside

(6-furfurylamino purine riboside) 70

N®-[A?-isopentenyl]-adenine 55

N*-[A?-isopentenyl]-adenosine 75

Nuclei containing 17.6 ug DNA were incubated as in section 2.
The poly (ADP-ribose) polymerase activity is shown for a

* 10 min incubation. The control incubation had 3070 cpm.

All inhibitors were present at 1 mM. Duplicate analyses
agreed within 5%

thymidine is also competitive [16,17] . We have
examined two additional pyridine derivatives, nicotine
and quinolinic acid. Neither of these caused inhibition.

The methylated xanthines theophylline, caffeine
and isobutylmethylxanthine were examined. These
compounds have previously been shown to be potent
inhibitors of cAMP phosphodiesterase [7,11,12].
Theophylline was the most effective inhibitor of
poly(ADP-ribose) polymerase activity while caffeine
inhibited to a lesser extent. Isobutylmethylxanthine
which is the most potent inhibitor of cAMP phos-
phodiesterase [12] was only slightly inhibitory.

Isopentenyladenine was the most effective inhibitor
of the polymerase among the four cytokinins
examined, although kinetin riboside and isopentenyl
adenosine also inhibited. Kinetin was only slightly
inhibitory. Cytokinins have been shown to inhibit
cAMP phosphodiesterase in cell homogenates [8] . In
plants, they constitute a group of growth promoting
hormones [18,19] . When added to cultured animal
cells, they generally have pronounced inhibitory
effects on cell growth [20—-23].
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The effects of methylated xanthines and cyto-
kinins on whole cells have generally been interpreted
in terms of effects on cyclic nucleotide metabolism.
Although isopentenyl adenine and theophylline show
very similar effects on cAMP phosphodiesterase,
theophylline causes an elevation of the intracellular
levels of cAMP several fold whereas isopentenyl-
adenine does not [8]. In view of the results presented
here, the effect of these compounds on both cAMP
and NAD metabolism will have to be considered. It
should also be noted that studies of the mode of
action of cholera toxin have established a direct
relationship between NAD and cAMP metabolism
[24,25].

The availability of inhibitors of poly(ADP-ribose)
polymerase may be useful in studying the biological
role(s) of poly(ADP-ribose). The possible involvement
of poly(ADP-ribose) in DNA repair has been
postulated [26—28]. It is interesting that both
caffeine [29] and theophylline [30] have been to
inhibit DNA repair.
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