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SUMMARY: The rate of hydrolysis of IMP (0.5 mM) by cytosol 5'-nucleotidase
from Artemia embryos was increased up to 7-fold by concentrations of around
10 uM diadenosine tetraphosphate (ApgA). Half maximal activation of the en-
zyme was accomplished with 5 pM ApgA. The Km (S 0.5) values of the nucleo-
tidase for IMP, GMP, AMP, XMP and CMP decreased about 10 fold in the pres-
ence of 10 uM ApgA. Maximum velocity of the enzyme was not affected by ApgA.
ATP had been previously described as an activator of the enzyme. However,
comparatively with ApyA, concentrations of ATP two orders of magnitude higher
are needed to elicit similar effects on the enzyme. Preliminary results indi-
cate that ApyA is also an activator of the cytosol 5'-nucleotidase from rat
liver. © 1986 Academic Press, Inc.

We recently found that Artemia cysts extracts contained a nucle-
otidase (1), similar to the cytosol 5'-nucleotidase (EC 3.1.3.5) previously
reported in rat liver (2), chicken liver (3) and human malignant lymphocytes
(4). The enzyme from all these sources cleaves IMP and GMP preferentially,
whereas nucleoside 2' or 3'-phosphates are not substrates of the reaction.
One relevant property of the enzyme is its activation by ATP (activation
constant (Ka) around 0.6 mM). The regulatory meaning of this activation is
obscure, as at the usual concentration of ATP in the cell (3 mM), the enzyme
would be permanently activated by this nucleotide.

For some time we were looking for other different activators of the
nucleotidase. Due both to our previous experience with dinuclecside poly-
phosphates (5,6,7) and to the fact that diadenosine tetraphosphate (diadeno~
sine 5', 5"'—P1,P4—tetraphosphate or ApgA) can also be considered as a struc-—
tural analogous of ATP, the effect of ApyA on the nucleotidase was tested
and found to be a strong activator of the enzyme.
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Several laboratories are currently investigating the role of ApypA
in cellular metabolism. This nucleotide has been mainly implicated in the
regulation of DNA replication (8,9,10,11), in the onset of cellular stress
(12), in platelets function (13,14) and in the control of interconversion
of purine nucleotides (6). The activation of Artemia cytosol 5'-nucleotidase

here described is ascribable to the last type of effects of ApyA.

MATERIALS AND METHODS

Artemia cysts were from Bio-Marine Research, Hawthorne, CA. ApyA
was from Sigma Chemical Co (Lot 112F-7170). ATP was either from Boehringer
(Lot 7294411/1) or from Sigma (Lot 104F-7410). The composition of the ATP
samples was analyzed by high pressure liquid chromatography con a Nova
Pack Cqg column (3.9 x 150 mm) from Waters Assoc. and using an HP 1090
chromatograph. Nucleotides were eluted with a linear gradient of sodium
phosphate (5~100 mM), pH 7.0 in 5 mM tetrabutylammonium and 20% methanol.
The sample from Boehringer contained 97.8% ATP, 1.2% ADP, 0.3% AMP and
0.05% ApyA. The sample from Sigma contained 99.0% ATP, O.7% ADP, 0.06% AMP
and less than 0.005% ApyA.

The enzyme was prepared from Artemia cysts free of nonspecific
phosphatase activity as previously described (1). The method implied ammo-
nium sulphate fractionation (0.25-0.45 saturation), chromatography on
Sephacryl $S-300, chromatography on DEAE-cellulose and affinity chromatography
on Cibacron blue F3G-A Sepharose 4B. The specific activity of the purified
enzyme determined at 2.5 mM GMP concentration in the standard assay (see be-
low), lacking effectors, was 0.8 umol/min/mg protein. The experiments here
described were performed with this preparation.

The 5'-nucleotidase activity was followed through evaluation of the
free inorganic phosphate (Pi) liberated from the corresponding substrate.
The reaction mixture contained, in a final volume of 0.2 ml, the following
components: 100 mM Imidazole-HCl buffer, pH 7.0, 7.5 mM MgCl,, 0.1% bovine
serum albumin, 0.2 M NaCl, 1 pg enzyme protein, substrate, and effector as
indicated. Controls without enzyme or substrate were run in parallel. After
incubation at 379C for 30 min the reaction was stopped by addition of 1.45 ml
of a solution prepared shortly before use by mixing 6 vol of 3.4 mM ammonium
molybdate in 1 N HySO4, 1 vol of 10% {wt/vol) ascorbic acid and 1 vol of 3.7%
(wt/vol) sodium dodecyl sulphate. The samples were incubated for 20 min at
458C and Agpp was determined after cooling at room temperature. The amount
of Pi formed was calculated from standard curves. In our conditions, 1 nmole
of Pi rendered a net reading of 0.015-0.020 Agpn units, which was stable for
at least 2 h.

RESULTS AND DISCUSSION

For the reasons shown above, we tested the effect of ApyA on the
cytosol 5'-nucleotidase from Artemia, using IMP as substrate of the reaction.
The concentration of ApgA was raised from O to 200 PM' The activation of the

enzyme by ApgA followed a rather hyperbolic activation curve {interaction

coefficient (n")=0.85) (Fig.1). In the same experimental conditions, and as
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Fig. 1 Activation of cytosol 5'-nucleotidase by ApgA and ATP. a) Reaction
mixture as described in the text containing 0.5 mM IMP as substrate and ac-
tivator (ApgA or ATP) as indicated. b) Hill plots and interaction coeffi-
cients (n") of the data from (a) were determined as described (3).

a comparison, ATP was also tested as activator of the enzyme in a range of
concentrations from O to 2mM. In this case, the activation curve was slightly
sigmoidal (n"=1.4). Half maximal activation of the enzyme, by ApyA and ATP,
was accomplished, as calculated from Fig. 1b, at concentrations of 5 and
300 uM, respectively. This figure for ATP is similar to that previously de-
scribed for the enzyme from Artemia (1).

The effect on the nucleotidase of fixed amounts of either ApgA (10uM)
or ATP (1mM), in the presence of variable concentrations of IMP is presented

in Fig. 2. Both ApgA and ATP activated the hydrolysis of IMP by decreasing

Fig. 2 Effect of ApyA and ATP on the cytosol 5'-nucleotidase activity as
a function of IMP concentration. Reaction mixture as described in the text.
a , no addition; o, 1mM ATP; e, 10 UM Ap,yA.
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TABLE I

Effect of ApgA and ATP on the kinetic parameters of various substrates of cytosol 5'-nucleotidase

No addition 10 UM ApgA imM ATP
Substrate v * Km (80_5)* mM “H* Km (Sg. 5) ™ ny Km (Sp.5) ™ Ny
IMP 1.0 2.8 1.0 0.3 1.0 0.4 1.0
GvP 1.2 3.5 1.0 0.3 1.0 0.3 1.0
XMP 1.1 9 1.6 1.3 1.2 2 1.3
AMP 1.0 21 1.9 9 1.1 10 1.2
CMP 0.8 175 1.1 10 2.3 10 1.9

*Relative values of the maximum reaction velocity (V) for each substrate were estimated from
Lineweaver-Burk or Hill plots; ny refers to the Hill coefficient; Sp 5 is the substrate con—
centration at half saturation of the enzyme.

the Kn value (2.8 mM) of the enzyme towards its substrate. This value de-
creased to 0.3 and 0.4 mM in the presence of ApgA and ATP, respectively.

We also tested the effect of both ApgA (10 pM) and ATP (1 mM) on the
hydrolysis of several nucleoside 5'-monophosphates (Table 1). In every case,
both effectors decreased the apparent K, values of the enzyme, without affec—
ting maximum velocity. Sigmoidal kinetics were observed with XMP and AMP,
which in the presence of the effectors, became rather hyperbolic. On the con-
trary, CMP was hydrolyzed following an hyperbolic kinetics which was trans-
formed in sigmoidal following activation by either ApgA or ATP. The signifi-
cance of these changes are not known at present. It is worthy to recall that
in the presence of 10 pM ApyA, the apparent Km_values of the enzyme for the
different nucleotides, and in particularly for IMP and GMP, approaches the
range of their physioclogical concentrations.

As the presence of ApyA had been described in some preparations of
ATP (15), we investigate whether the ApsA present in the samples of ATP,
rather than ATP itself, could be responsible for the activation of the nu-
cleotidase. In this regard, 6.8 fold activation of the enzyme was obtained
with 1 mM ATP (from Boehringer). In those conditions, the contaminant Ap A

is present in the reaction mixture at a concentration of around 0.5 uM ,
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which would produce only 1.7 fold activation of the nucleotidase (Fig. 1).
Additionally the experiment of Fig. 1 was repeated with identical results,
using ATP {from Sigma) containing less than 0.005% ApgA. From here, we con—
clude that both ApsA and ATP are activators of the reaction but with Ka val-
ues differing in two orders of magnitude. Probably, ATP is acting as a struc-

tural analogous of the true activator ApgA.

Diadenosine tetraphosphate is present in Artemia cysts at a concen-
tration of around 2 uM; it decreases to 25 mM after decapsulation and stor-
age of the embryos in saturated NaCl during 12 days. When development is re-
iniciated the ApgA content of the decapsulated embryos undergoes a rapid in-
crease, reaching a concentration of around 3.3 puM after 10 hours of incuba-
tion, at a time when the synthesis of DNA is initiated (16). These peculiar
experimental conditions were chosen to better follow a possible correlation
between the amount of ApyA and the rate of synthesis of DNA during develop-
ment of the cysts. To our knowledge, there is no information on the level
of ApyA attained at the time of emergence when normal (capsulated cysts)
are incubated. From the result presented in (16) it may be assumed that the
concentration of ApyA either remains unchanged (at around 2-3 pM) or in-
creases during the first 12 hours of incubation of the cysts. During this
period there is a rapid use of the stored GpsG to serve as a source of both

adenine and guanine nucleotides (17,18).

Referring to the role of ApgA in the interconversion of purine nu-
cleotides, the following points could be raised. a) Ap4A is an activator
(Ka = 5 uM) of AMP deaminase from rat muscle (6); b) maximum velocity of
this enzyme in Artemia cysts is very low (around 0.25 mU/g (18), compared
to that of the following enzymes acting in the interconversion of purine
nucleotides, with the following V values: adenylosuccinate synthetase
(EC 6.3.4.4) 50 mU/g (19); adenylosuccinate lyase (EC 4.3.2.2) 180 mU/g
(20); IMP dehydrogenase (EC 1.2.1.14) 5 mU/g (21), and adenosine deaminase
(EC 3.5.4.4) 140 mU/g (22). Nevertheless, the activation of AMP deaminase
by ApgA would favor the synthesis of IMP (and probably also of GMP) from
AMP. c¢) The nucleotidase activated by ApyA, here reported, cleaves IMP
and GMP preferentially and, to a much lesser extent, AMP. The degree of
activation of the enzyme by Ap,A seems to be directly related to the a-

mount of ApyA present in the cysts ((16) and Fig. 1). The following fac-
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tors, among others, can also influence the actual velocity of the enzyme

in vivo: concentration of ATP (around 1-2 mM in Artemia (23); concentra-

tion of inorganic phosphate (a known inhibitor of the enzyme (2,3,4)) ;

concentration of Mg2+ (1,2,3,4), and the possibility of compartmentation

and/or binding of substrates and effectors to cellular macromolecules (24).

For us it is difficult to further speculate on that, given the complex

array of reactions and effectors comprising the purine interconversion

pathway.

Finally, preliminary experiments with cytosol 5'-nucleotidase

from rat liver, obtained and assayed as described in (2), showed that

half maximal activation of the hydrolysis of IMP (0.25 mM) was accom—

plished in the presence of 20 pM ApgA or 300 pM ATP.
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