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Mammalian NAD glycohydrolase (NADase) has been established to 

catalyze two different reactions: (a) hydrolysis of NAD to ADP- 

ribose and nicotinamide, .and (b) transfer of the ADP-ribose moiety 

of NAD to some pyridine derivatives such as acetylpyridine, thio- 

nicotinamide, and nicotinamide (exchange reaction) (Zatman & a., 

1953Ie In a preceding paper (Nishizuka et al., 1968), a chromatin 

fraction obtained from rat liver has been shown to transfer the 

ADP-ribose moiety of NAD to histone. A successive transfer-of this 

moiety results in the formation snd elongation of a homopolymer 

composed of several ADP-ribose units (poly ADP-ribose synthesis) 

(Chambon et al - -* 9 1966; Nishizuka et al., 1967; Sugimura et al., 

1967 ;I . The enzyme responsible for this reaction, which will be 

* This investigation has been supported in part by Research 
Grants from TW-00280 from Foreign Grants and Awards Office of Inter- 
national Research, and AM-10333 from National Institute of Arthritis 
and Metabolic Diseases, National Institutes of Health, and grants 
from Matsunaga Foundation and the Scientific Research Fund of the 
Ministry of Education of Japan. 

** Present address: Department of Psychiatry, Kyoto University 
Faculty of Medicine, Kyoto, Japan. 

+ & leave from Institute of Cancer Research, Kyushu University 
School of Medicine. 

143 



Vol. 32, No. 2, 1968 BIOCHEMICAL AND B~OPHYSICAL RESEARCH COMMUNICATIONS 

tentatively referred to in this paper as ADP-ribose transferase, 

may be related to an NADase since nicotinamide is released during 

the reaction. The present studies were undertaken to identify 

different NADases in rat liver, and to further explore the mecha- 

nism of poly ADP-ribose synthesis. 

MATERIALS AND mTHODS 

F&t liver nuclei were isolated by the method of Chauveau et al. -- 

(1956), end further washed with 2.2 B sucrose containing 3.3 m.bJ 

CaC12. Chromatin was prepared from the nuclei as described previ- 

ously (Ueda et al., 1968). FLat liver microsomes were prepared by 

the method of Schneider and Hogeboom (1950). Endoplasmic membrane 

was isolated from the microsomes by the method of Chauveau et al. -- 

(1962). Various radioactive NAD's were prepared as described pre- 

viously (Nishizuka et al., 1967). 

ADP-ribose transferase was assayed by measuring the acid-in- 

soluble radioactivity with NAD-(adenine-8)-14C as a substrate as 

described earlier (Ueda et al., 1968). The reaction mixture con- 

tained 16 mpmoles of NAD- 14C (2,260 cpm/mwole), 7.5 pmoles of 

M&Q ? 25 wales of Tris-Cl buffer, pH 8.0, and an enzyme prepara- 

tion in a total volume of 0.25 ml. Incubation was carried out for 

10 min at 37O. The NADase activity was assayed under the identi- 

cal conditions except that NAD-(nicotinamide-7)-14C (8,500 cpm/ 

mpmole) was employed as a substrate. The radioactive nicotinamide 

produced was isolated by paper chromatography with 1 g ammonium 

acetate, pH 5.0-ethanol (3:7) as a solvent, end was determined by 

direct paper-strip counting with a Packard Tri-Carb liquid scintil- 

lation spectrometer. 
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EXPERIJYIENTAL BBSULTS 

In agreement with the earlier observations by Jacobson and 

Kaplan (1957), a major portion (more than 90%) of the cellular 

NADase activity was localized in microsomes, and only about 5% was. 

recovered in nuclei. Upon further fractionation of microsomes, 

most of the activity was found in endoplasmic membrane (microsomal 

NADase). In contrast, the ADP-ribose transferase activity was ex- 

clusively localized in chromatin (Ueda et al. -- 7 1968). In addition 

to the polymer synthesis, the chromatin fraction hydrolyzed NAD 

simply to ADP-ribose and nicotinamide (chromatin NADase). With 

chromatin, quantitative analyses showed that approximately 2O-?O$ 

of nicotinamide released was accounted for by the ADP-ribose in- 

corporated into acid-insoluble material. The addition of either 

histone, DNA, or both to the microsomal fraction did not induce 

the polymer synthesis, and mixing the chromatin and microsomal 

fractions decreased the polymer synthesis by the former fraction 

alone. 

Table I summarizes the properties of microsomal and chromatin 

NADases as well as ADP-ribose transferase. Both microsomal and 

chromatin NADases were equally inhibited by various pyridine deri- 

vatives, such as nicotinamide, acetylpyridine and thionicotinamide. 

These compounds also inhibited concomitantly the ADP-ribose trans- 

ferase activity (Nishizuka et al., 1967; Sugimura et al., 1967). 

The NADases and ADP-ribose transferase were relatively insensitive 

to nicotinic acid and isonicotinic acid hydrazide. The inhibition 

of NADase by a pyridine derivative was shown to be ascribed to an 

exchange reaction of the nicotinamide moiety of NAD with that com- 

pound, resulting in the formation of an NAD analogue (Zatman et al., -s 
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Table I 

Comparison & NADases and ADP-ribose Transferase 

Properties Microsomal Chroma-tin 
NADase NADase 

ADP-ribose 
transferase 

Inhibitor Pyridine Pyridine Pyridine 
derivatives derivatives derivatives 

Exchange reaction Positive Positive ---- 

Kin for NAD 1.7 x 10-4 g 2.5 X lO-4 g 2.5 X lO-4 E 

Optimum pH 6.4 7.6 - 8.0 8.0 

Heat stability Stable Labile Labile 

Specificity NAD, NADP NAD NAD 

DNase treatment Resistant Sensitive Sensitive 

19531 l Indeed, both microsomal and chromatin NADases catalyzed the 

exchange reaction with radioactive nicotinamide but not with nico- 

tinic acid. 

Chromatin NADase and ADP-ribose transferase showed en identi- 

cal Km value for NAD, which was slightly higher thsn that of micro- 

somal NADase. The microsomal enzyme showed the maximum activity at 

pH 6.4, in contrast to chromatin NADase and ADP-ribose transferase 

which were most active at pH 7.6-8. &. The enzymes associated 

with chromatin were rather labile, snd about 75% of the activities 

was lost upon heat treatment at 45' for 1 min at pH 7. In con- 

trast, microsomal NADase was stable under the above condition.In support 

ofthefindingthatchromatin NADase showed somewhat different properties 

from microsomal NADase as described above, these two enzymes were 

u Similar observations on microsomal and nuclear NADases ob- 
tained from Ehrlich ascites cells have recently been maae by 
Roemer et al. 
Roemer): - 

(1967) (also personal communication from Dr. V. 
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Table II 

Substrate Snecificities of Microsomal and Chromatin 
NADases and ADP-xbose TransfeGe 

The activities were assayed under the standard conditions ex- 
cept various substrates were used as indicated. Radioactive NADP 
was prepared from NAIL14C with pigeon liver NAD kinase (Wang and 
Kaplan, 19541. Desmido-NAD was prepared as described previously 
(Nishizuka and Hayaishi, 1963). Acetylpyridine-NAD was repared 
by an enzymic exchsnge reaction with beef spleen NADase 7 Kaplan, 
19551. 

Substrate Microsomal Chromatin ADP-ribose 
NADase NADase trsnsferase 

NAD 100 100 100 

NADP 51 0 0 

Deamido-NAD 0 0 0 

Acetylpyridine-NAD 35 4 4 

Numbers are expressed as relative activities (NAD:lOO). 

clearly distinguished by substrate specificities. As shown in 

Table II, the microsomal enzyme split NADP as well as NAD and 

acetylpyridine-NAD. In contrast, chromatin NADase was essentially 

inactive for NADP, which was also inert as a substrate for ADP- 

ribose transferase. The poly ADP-ribose synthesis was previously 

shown to be inhibited by a prior treatment of chromatin with pan- 

creatic DNase but not with RXase (Chambon et al., 1966; Nishizuka 

et al., 1967). Similarly, the chromatin NADase activity was found 

to be apparently sensitive to DNase but not to PNase. The micro- 

somal enzyme, however, completely resisted the DNase treatment 

under the same condition. 
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Table III 

The enzyme activities were assayed under the standard condi- 
tions, except that the enzyme preparations were preincubated with 
200 pg of either pancreatic DNase or RNase for 10 min at 37'. The 
reaction was started by the addition of the substrate. 

Treatment Microsomal Chromatin ADP-ribose 
NADase NADase transferase 

Activity* ($) Activity* ($) Activity* (5) 

none 194.6 100 36.9 100 14.8 100 

DNase 193.4 100 10.7 29 2.6 18 

RNase 194.6 100 36.7 100 14.7 100 

* Activity is expressed as mumoles per mg of microsomal or chro- 
matin protein per 10 min under the standard conditions. 

DISCUSSION 

The results presented above indicate that at least two differ- 

ent NADases may be distinguished. One enzyme localized in endoplas- 

mic membrane catalyzes the hydrolysis of NAD as well as exchange re- 

action. The other enzyme associated with chromatin comprises appro- 

ximately 5% of the total cellular NADase activity, and shows slight- 

ly different properties: a higher optimum pH and a higher Km value 

for NAD. It does not react with NADP and is sensitive to DNase. 

The enzyme responsible for the poly ADP-ribose synthesis is also 

localized in chromatin, snd seems to belong to the entity design- 

ated thus far NADase, since the polymer synthesis is a transglyco- 

sidase reaction with the simultaneous release of nicotinamide. Close 

similarities of the latter enzyme and the NADase associated with 

chromatin may suggest that chromatin NADase plays an essential role 
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in the poly ADP-ribose synthesis. More purified enzyme prepara- 

tions will be used to examine the mechanism as well as the precise 

role of chromatin NADase in the polymer synthesis. 

During the preparation of this manuscript, Dr. K. W. 3ock com- 

municated to us that similar results were obtained with nuclear and 

microsomal NADases obtained from Ehrlich ascites cells (Bock et al - -' 9 

1968). 
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