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A specific, low K, ADP-ribose pyrophosphatase from rat liver

Asuncion Mir6*, Maria Jesus Costas, Miguel Garcia-Diaz, Maria Teresa Hernandez and
José Carlos Cameselle

Departamento de Bioquimica y Biologia Molecular y Genética and * Departamento de Patologia y Clinicas Humanas
(Médicas), Facultad de Medicina, Universidad de Extremadura, Instituto de Investigaciones Biomédicas del Consejo
Superior de Investigaciones Cientificas, E-06080 Badajoz, Spain

Received 3 December 1988

Two rat liver ADP-ribose pyrophosphatases (ADPRibases) were partially purified. ADPRibase-I hydrolyzed ADP-ribose
(K,=0.5 uM) giving AMP as a product, required Mg?* or, less efficiently, Mn?* (Ca?* was not active), its activity
changed little between pH 7 and 9, and was specific for ADP-ribose as it did not hydrolyze ADP-glucose, NAD*, NADH
or diadenosine 5,5""- P', P"-n-phosphates (Ap,A, Ap;A). ADPRibase-11 showed similar properties, except that the K, for
ADP-ribose was 50 uM and may be non-specific, as the same preparation hydrolyzed ADP-glucose, NADH and Ap,A.
ADPRibase-I fulfils the requirements of a specific turnover pathway consistent with a cellular role for free ADP-ribose.

ADP-ribose pyrophosphatase; ADP-ribose, free; ADP-ribose turnover; ADP-ribosylation; (Liver)

1. INTRODUCTION

Free ADP-ribose can be formed in vitro by
NAD- or poly(ADP-ribose) glycohydrolases
related to the turnover of NAD or protein-linked
poly(ADP-ribose) [1-6]. Whether ADPRib has a
specific cellular role is not known but, for instance,
nonenzymic glycosylations by ADPRib occur in
vitro and could happen in vivo [7-11]. As ADPRib
catabolic enzymes have not been studied in detail,
it is not known whether ADPRIib turnover occurs
through a specific pathway, which could be consis-
tent with a cellular role for the free metabolite.
Driven by previous work with other specific and
unspecific phosphohydrolases [12], we have in-
vestigated this point and found two rat liver pyro-
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phosphatases, one of which is specific for ADPRib
with a Ky, value of 0.5 uM.

2. MATERIALS AND METHODS

NAD* and NADH were from Boehringer and other
nucleotide derivatives from Sigma. To remove contaminant
ADPRib, NAD* was adsorbed onto Cl~ Dowex-1 and eluted
with a 0-0.4 M NacCl linear gradient.

Except when indicated, enzyme activities were assayed by
measuring P; liberated by alkaline phosphatase with an
ascorbate-molybdate reagent [13,14]. Standard assay mixtures
contained, in 100 or 200 zl volume, 50 mM Tris-HCI (pH 7.5),
5 mM MgCl,, 2.5 xg/ml alkaline phosphatase (Boehringer) and
500 «M substrate. Reactions were run at 37°C, stopped with
1.45 ml ascorbate-molybdate reagent [14], and Asz0 measured
after 20 min at 45°C. ADPRibase was also assayed by coupling
to alkaline phosphatase and adenosine deaminase, recording the
decrease in Azs in a Shimadzu MSP 2000 spectrophotometer
allowing for reliable measurement of 0.0002 A units/min, i.e.
initial rates at below 1 xM ADPRib (¢ for ADPRib-coupled
hydrolysis, 8.6 cm™! - mM™?). Standard conditions were 50 mM
Tris-HC1 (pH 7.5), 5 mM MgCl,, 2.5 4g/ml alkaline phos-
phatase (Boehringer) and 1 zg/ml adenosine deaminase (Boeh-
ringer), at 37°C in 2-ml mixtures.

3. RESULTS
The isolation of ADPRibase-I and -II from rat
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Table 1

Isolation of ADPRibase-I and ADPRibase-1I from rat liver supernatants

Volume Protein Activity Specific Yield
activity

(ml) (mg) (mU) (mU/mg) (%)

100 000 x g supernatant 16.5 310 950 3.1 100
(NH,)2SO; fractionation 4.5 120 580 4.8 61
Sephadex G-100 chromatography 335 44 650 14.8 68
DEAE-cellulose chromatography (ADPRibase-I) 35.0 8.8 330 37.5 35
DEAE-cellulose chromatography (ADPRibase-1I) 35.0 1.1 210 191 22

10 g rat liver were homogenized in 20 ml buffer T [5S0 mM Tris-HCl (pH 7.5), 0.5 mM EDTA] and centrifuged for 60 min at

100000 x g. Supernatant ADPRibase was fractionated successively by ammonium sulfate precipitation (30-60% saturation), gel filtra-

tion (fig.1A), and ion-exchange chromatography (fig.1B), upon which ADPRibase-1 and ADPRibase-II were separated. Protein was
assayed according to Bradford [15]

liver supernatants is summarized in table 1. In
DEAE-cellulose elution where both pyrophos-
phatases were resolved, only one ADPGIc-
hydrolase peak was found, coeluting with
ADPRibase-1I (fig.1B). Therefore, the phospho-
hydrolytic activities on NAD*, NADH, Ap,A and
ApsA were also assayed in the ADPRibase peak
fractions (fig.2). Besides ADPRib, only Ap;A was
split by fractions containing ADPRibase-I
(fig.2A). Upon Cibacron blue F3G-A-Sepharose
4B chromatography, the contaminant activity (cor-
responding to dinucleoside triphosphatase, EC
3.6.1.29 [16]) bound to the gel, whereas ADP-
Ribase-1 appeared in the flow-through fraction
(not shown). On the other hand, ADPRibase-II
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Fig.1. Separation of ADPRibase-I and -II. (A) 4 ml of the
30-60% ammonium sulfate fraction (table 1) were loaded onto
a 1.2 x 103 cm Sephadex G-100 column equilibrated in and
eluted with 50 mM Tris (pH 7.5), 0.5 mM EDTA (buffer T) at
a rate of 20 ml/h. Fractions containing ADPRibase activity
were pooled and (B) loaded onto a 2.2 x 6 cm DEAE-cellulose
column equilibrated in buffer T and eluted at 30 ml/h with a
linear 0-0.4 M KClI gradient in buffer T. (@) ADPRibase activi-
ty; (O) phosphohydrolytic activity on ADPGIc; (&) Azso;
(++++) KCl. ADPRibase-I and -II are the peaks eluting in B at
100-135 and 165-200 ml, respectively.
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fractions showed low activity on NAD" or Ap;A,
but increasing activity on ADPGlc, Ap,A, NADH
and ADPRib with similar profiles (fig.2B).

The pyrophosphohydrolytic action of both
ADPRibases was shown because they yielded AMP
as a product detectable with AMP deaminase,
whereas ADP or adenosine were not found with
pyruvate  kinase/lactate  dehydrogenase or
adenosine deaminase, respectively. The possibility
that ADP is an ADPRibase product immediately
converted to AMP by other enzymes seems to be
ruled out since, when ADP substituted for ADP-
Rib as the substrate, ADPRibase-I did not form
AMP and ADPRIibase-1I did so at 20% of the rate
found with the same ADPRIib concentration.

ADPRibase-I showed a K, value of 0.5 xM by
initial rate assays (fig.3A) and by computing the
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Fig.2. Substrate specificity of ADPRibase-1 and -Il. In an elu-
tion similar to that of fig.1B, the phosphohydrolytic activities
on ADPRIb (e), ADPGlc (O), NAD* (O), NADH (=), Ap,A
(A) and ApsA (A) were measured with 500 xM substrate, ex-
cept for the activities on ApsA and NAD™*, which were assayed
with 260 and 70 M substrate, respectively. NAD™* was purified
as described in section 2. Only the peak fractions corresponding
to ADPRibase-1 (A) or -1I (B) were assayed. The activity on
ApsA in A corresponds to an enzyme different from
ADPRibase-I (see the text).



Volume 244, number 1

9
WOF B

ADPRib! pM”!
001 0.0

a

INITIAL RATE
w
[}
INITIAL RATE™
e o
S 8
\
o'
T
INITEAL RATE

(d
-3

20+

<

0
0 2 4 6 0 100 200

ADPRib. pM

Fig.3. Saturation kinetics of ADPRibase-I (A) and -1I (B). The
initial ADPRib hydrolysis rates were determined by the
adenosine deaminase and alkaline phosphatase-coupled‘ assay.
Double-reciprocal plots are shown in the insets. Rates are ex-
pressed as nmol ADPRib hydrolyzed/min per mg protein.

rate change along progression curves recorded until
completion of the reaction (not shown). A spectro-
photometric assay irreversibly coupled to alkaline
phosphatase and adenosine deaminase was used
(see section 2). Progression curves starting from 1
or 20 uM ADPRib yielded the same Ki, values, in-
dicating that potential inhibition by the expected
products (inosine, ribose, P;) did not interfere. The
Kn value of ADPRibase-II for ADPRib was
around 50 M, 100-fold higher than that of ADP-
Ribase-I (fig.3).

ADPRibase-I and -11I did not work in the absence
of divalent cations. With both enzymes, Mg?*,
Mn?* and Ca?* were tested and, at either 0.5 or
5 mM, Mg?* supported full activity, Mn** sup-
ported 20% of the Mg?*-dependent rate, and Ca**
was inefficient. Both enzyme activities rose slightly
with change in pH from 9 to 7. The ratios of activi-
ty at pH 7 to that at pH 9.2 were about 1.5.

4. DISCUSSION

ADPRibase-1 is specific for ADPRib as sub-
stituting the ribose moiety by glucose or adding a
second adenosine or a (reduced) nicotinamide
residue to the ADPRib molecule prevented enzyme
action. This and the low Kn value for ADPRib
hydrolysis by ADPRibase-I support the occurrence
of a turnover pathway specific for free ADPRib in
liver.

ADPRibase-I differs from an activity described
in rabbit reticulocytes, inhibited by Mg?* or Mn**
and of undefined substrate specificity [2], and
from liver ADP-sugar pyrophosphatase (EC
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3.6.1.21), that splits ADPGlc besides ADPRib
[17], or phosphodiesterase 1/nucleotide pyrophos-
phatase (EC 3.1.4.1/EC 3.6.1.9), which shows a
wide substrate specificity [12,18]. A crude prepara-
tion of ADPRib pyrophosphatase (EC 3.6.1.13)
from rabbit muscle [19], free of NAD*/NADH
pyrophosphatase, was not tested for activity with
other substrates, precluding a comparison with
ADPRibase-I, while its K, for ADPRib was
38 #M, i.e. similar to the value displayed by ADP-
Ribase-I1 (fig.3). ADPRibase-II was similar to
ADPRibase-I as far as pH and Mg?* or Mn?*" ef-
fects are concerned but the activity profiles in the
DEAE-cellulose elution (figs 1B,2) indicated that
ADPRibase-II, in contrast to ADPRibase-I, could
be non-specific.
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