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Ll Polymerization of the ADPR portion of NAD has been establish- 

ed in mammalian cell nuclei (Chambon et al - -- 7 1966; Sugimura et al - -- 7 

1967; Nishizuka et al - -* 3 1967), and the product, poly ADPR, has been 

proposed to exist in vivo (Daly and Mandel, 1967). The enzymic BP 

activity to synthesize poly ADPR was strictly localized in nuclei 

and was destroyed by DNase, but not by RNase (Chambon et al., 1966; 

Nishizuka et al - -- 9 1967). The present study was undertaken to inves- 

tigate the intranuclear localization of poly ADPR synthesis in an 

attempt to elucidate the role of DNA in this reaction. Evidence to 
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be presented suggests that both enzyme and product are associated 

with DNA and that a certain polyanionic structure is required for 

the poly ADPR synthesis. 

MATERIALS AND METHODS 

Rat liver Cell nuclei were prepared by the method of Chauveau 

et al. (1956). Chromatin was prepared from isolated nuclei by the 

use of saline-EDTA (Marushige and Bonner, 1966). The nuclei ob- 

tained from about 50 g liver (wet weight) were extracted successive- 

ly with 20 ml each of Tris-Cl buffer (0.01 M, pH 7.4, and 0.05 _M, 

pH 7.8), NaCl (0.075 _M)-EDTA (0.024 lY, pH 8.0), and further Tris-Cl 

buffer (0.05 E and 0.01 FI, pH 8.0), each time by centrifugation for 

10 min at 20,000 x g. The final sediment was stirred overnight 

with 10 ml of water at 0" and centrifuged for one hour at 105,000 

x iix- The clear viscous supernatant solution contained approximately 

80% of DNA in the original nuclei, and was referred to as chromatin 

fraction. 

The assay of poly ADPR synthesis was essentially identical with 

that used in our earlier experiments (Nishizuka et al - -* 7 1967) except 

that the standard reaction mixture contained 16 mpmoles of NAD- 

(adenine-8)- 14C (2,260 cpm/mpmole), 7.5 pmoles of MgC12, 25 pmoles 

of Tris-Cl buffer, pH 8.0, and the chromatin fraction in a total 

volume of 0.25 ml. The RNA polymerase activity was assayed by incu- 

bating the following reaction mixture for 20 min at 37", followed by 

measuring the acid-insoluble radioactivity with a Millipore filter. 

The reaction mixture contained 3.6 mpmoles of ATP-8-14C (11,000 

cpm/mpmole), 100 mpmoles each of GTP, CTP and UTP, 5 pmoles of MgC12, 

2.5 poles of MnC12, 25 pmoles of Tris-Cl buffer, pH 8.0, and the 

chromatin preparation in a total volume of 0.25 ml. Protein was 
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determined by the method of Lowry et al. (1951). -- 

RFISULTS 

The chromatin prepared as mentioned above contained 80 to 90% 

of the poly ADPR polymerase activity present in the original nuclei, 

while about 20% of protein was recovered in this fraction- . 2/ The 

chromatin contained DNA and protein in a ratio of l:l.25 and showed 

a similar solubility pattern in a salt solution to that observed 

with calf thymus deoxyribonucleoprotein (0th and Desreux, 1957). 

The dissociation of protein from DNA was accomplished by gel 

filtration in the presence of high concentrations of salt as des- 

cribed by Georgiev et &. (1967). Ammonium sulfate was chosen as 

a dissociating agent because of its profitable property to be de- 

scribed later. As seen in Fig. 1, the bulk of protein was released 

from DNA and eluted in the later fractions, however the activity 

to synthesize poly ADPR was recovered exclusively in the void vol- 

ume which consisted mainly of DNA. Even on the addition of rat 

liver DNA the activity was not detected in the dissociated protein 

fractions. An association of the poly ADPR polymerase activity 

with DNA was evident also on equilibrium cesium sulfate density 

gradient centrifugation of chromatin. Although approximately 70% 

of protein was dissociated from DNA, the polymerase activity was 

not recovered in it, but was found in a minor part of protein bound 

to DNA. 

2/ The preparation of chromatin used in this study contained a 
part of so-called "nucleoli-associated chromatin". However, Drs. 
M. Muramatsu and T. Sugimura observed that the poly ADPB polymerase 
activity was not detectable in purified nucleoli (personal commu- 
nication). 
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Fig. 1. Gel filtration of chromatin in the presence of ammo- 
nium sulfate. Chromatin containing about 10 mg of protein was ap- 
plied on a Sephadex G-200 column (1 x 40 cm), which had been equi- 
librated with 1.7 g ammonium sulfate buffered with Tris (final 0.1 
2) at pH 8.0, and eluted with the same salt-buffer solution. Ali- 
quots from each fraction (5 ml) were assayed for poly ADPR synthe- 
sis under the standard conditions except the addition of ammonium 
sulfate to the final concentration of 1.7 g. +o Enzymic activ- 
ity, o---- o absorbance at 260 rnp, A-*-*-Aprotein. 

It has been noted that ammonium sulfate increases RNA synthe- 

sis by either sn enzyme "aggregate" (Goldberg, 1961), a DNA-histone- 

RNA polymerase complex (Chambon et al., -- 1965), or isolated mammalian 

cell nuclei (Widnell and Tata, 1966). The stimulation has been ten- 

tatively ascribed to the removal of histone from deoxyribonucleopro- 

tein. Fig. 2A shows the initial velocity of poly ADPR synthesis in 

the presence of various concentrations of ammonium sulfate. Low 

concentrations (0.1 - 0.5 g) of ammonium sulfate depressed markedly 

the poly ADPR synthesis in contrast with a remarkable increase in 

RNA synthesis. However, at higher concentrations, the poly ADPR 

synthesis increased again and reached the maximum at 1.7 g which 

was 40% as active as at the salt-free state. The decrease in poly 

ADPR synthesis at lower ionic strength, together with the stimula- 

tion of RNA polymerase activity, was observed with many other 
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Fig. 2A. Effect of varying concentrations of ammonium sulfate 
on poly ADPR synthesis and RNA synthesis by chromatin. Assays were 
performed under the standard conditions except the addition of am- 
monium sulfate as indicated, and the incubation period for poly 
ADPR synthesis being 7 min. ~0 Poly ADPR synthesis, o-ORNA 
synthesis. 

B. Time course of poly ADPR synthesis by chromatin in the ab- 
sence and presence of ammonium sulfate. Aliquots (0.05 ml) were 
taken out of the reaction mixture (0.50 ml) at various intervals 
end assayed under the standard conditions. The concentration of 
ammonium sulfate was given in each line. 

salts, while the increase in poly ADPR synthesis at higher ionic 

strength was observed only with sulfate and phosphate ions, irre- 

spective of the pairing cations. 

The radioactivity once incorporated into the acid-insoluble 

material rapidly disappeared during the incubation in the absence 

of salt. However, as shown in Fig. 2B, the disappearance of acid- 

insoluble radioactivity was completely inhibited by ammonium sul- 

fate at concentrations of O.lM or higher. This seems to indicate 

the inhibition of degradation of the polymer by the salt. The 

enzyme responsible for the degradation appears to be a new kind of 

phosphodiesterase g. 

2/ The details will be reported elsewhere. During the prepara- 
tion of this manuscript a new type of phosphodiesterase which reacts 
also with poly ADPR has been briefly reported by Futai et al. (1967). 
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In addition, as shown in Fig. ZB, the final amount of radioac- 

tivity incorporated into acid-insoluble material increased with 

higher concentrations of ammonium sulfate (0.5 g to 2.1 l4). The 

product made in the presence of high concentrations of salt had a 

larger molecular size than that made with lower concentrations of 

salt, as judged by a sucrose density gradient analysis. 

The product, when examined with gel filtration in the presence 

of salt, showed an association with DNA fraction just like the 

enzyme activity. But it dissociated from DNA in cesium sulfate 

density gradient, implying that the binding was not covalent. In 

addition, sodium dodecyl sulfate or proteinase promoted the release 

of poly ADPR from DNA. It seems plausible, therefore, that the 

polymer links to DNA through some protein molecule. 

DISCUSSION 

The sensitivity to DNase has been noted as one of the charac- 

teristics of poly ADPR synthesizing activity (Chambon et al., 1966; 

Nishizuka et al - -* ? 1967) in spite of some discrepancy of results by 

others (Fujimura et al - -* 7 1967). Although the significance of this 

phenomenon has not been clarified yet, Chambon et al. described -- 

that the activity lost by DNase was restored partially by the addi- 

tion of DNA or other polyanions (1966). The present study shows 

that chromatin is the site for poly ADPR synthesis and that salts 

have profound effects on the activity. These observations seem to 

suggest that DNA or some polyanionic structure is necessary for the 

manifestation of enzyme activity and that agents which change such 

a structure affect the activity. The exact mechanism of the reac- 

tion will be investigated with a more purified system. 
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