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AMP deaminase (EC 3.5.4.6) from anterior lobe of bovine pituitary has been purified
for the first time. Six molecular forms of the enzyme were eluted from
phosphocellulose P11 with a KCI concentration gradient. By two stage gel
chromatography individual molecular forms were purified to electrophoretic
homogeneity. Comparison of some physico-chemical and kinetic properties of the
preparations obtained showed high similarity of their properties to those of AMP
deaminase from other animal tissues already described. All the isoforms were found

to be Zn**-dependent.

AMP deaminases have been shown to exist in
many human and animal tissues. They deami-
nate # MP, producing IMP and ammonia. Some
of them, isolated from brain, liver, spleen and
lungs, occur in several molecular forms [1, 2].
The results of Ogasawara ef al. [3, 4], as well as
ours [5], demonstrated the existence of 5
isozymes in rat brain. However, some other
authors isolated the enzyme from bovine brain
as single isoform [6, 7. In our previous paper
[8] isolation of six isoforms of AMP deaminase
from bovine pituitary and from brain gray mat-
ter has been described. In the present paper
some properties of AMP deaminase isoforms
from the bovine pituitary anterior lobe (PAL")
are presented. The enzyme was inactivated by
EDTA treatment and its activity was restored
in the presence of several divalent metal ions.
Zn?* being most effective for all isozymes in-
vestigated.

MATERIALS AND METHODS

Reagents and apparatus. Phosphocellulose
P11 was obtained from Whatman (England),
2-mercaptoethanol, bovine serum albumin,
ADP and ATP were from Sigma (U.5.A.), AMP
and GTP—fromServa (Germany); reagents for
electrophoresis — from Reanal (Hungary), Se-
phadex G-200 and Sepharose 6B — from Phar-
macia (Sweden). Catalase from bovine heart,
adrenodoxine from adrenal cortex, and AMP
deaminase from rat skeletal muscle were ob-
tained in homogeneous form in our laboratory.
All other reagents were of the highest purity
available. Spectrophotometric and fluores-
cence measurements were performed on Spe-
cord M-40 (Germany) spectrophotometer and
on Perkin-Elmer spectrofluorimeter MPF-44A

1 Abbreviations: PAL, pituitary anterior lobe; P11, phosphocellulose P11.
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(US.A), respectively, in 10 mm rectangular
cells, at ambient temperature.

Enzymeisolation and assay. AMP deaminase
from PAL was isolated by two step affinity
chromatography on phosphocellulose P11 as
described previously [8]. The procedure con-
sisted of homogenization in 20 mM phosphate
buffer, pH 7.0, containing 50 mM KCl and 1
mM dithiothreitol, centrifugation, adsorption
on phosphocellulose P11 and elution with a
KC10.3-2.0 M concentration gradient. Then re-
chromatography on P11 was performed. In the
experiments presented here, the enzyme was
further purified by gel filtration on Sephadex
G-200 and Sepharose 6B.

AMP deaminase activity assay mixture in the
final volume of 0.8 ml contained: 40 mM imida-
zole buffer, pH 7.0, 100 pl of enzyme solution
(usually 50 ug of protein) and, where indicated,
either 2mM ADP or 2 mM ATP. After preincu-
bation for 5 min at 37°C the reaction was started
by the addition of AMP to the final concentra-
tion 4 mM (oras indicated) and the mixture was
incubated for 10 min at 37°C. The reaction was
terminated by the addition of 0.5 ml ethanol.
The ammonia liberated was determined by the
method of Sugawara & Oyama [9] with some
modifications described previously [8].

Preparation of apoenzyme. This procedure
was performed in two ways: either by incubat-
ing the enzyme in 10 mM phosphate buffer, pH
7.0, containing 0.6 M KCl and 1 mM EDTA, or
by dialysing the enzyme solution against 100
volumes of the same mixture containing EDTA.
Both the incubation and the dialysis were pro-
longed for 23 h, then EDTA was removed by
dialysing the samples against 100 volumes of
the same mixture but containing no EDTA. As
control, the enzyme preparations subjected to
the identical treatment, but in the buffer solu-
tion without EDTA, were used.

Analytical procedures. Protein was estimated
by the method of Bradford [10] with bovine
serum albumin as a standard. SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) in 10%
polyacrylamide was performed as described
by Weber & Osborn [11]. Prior to electro-
phoresis protein samples weredialysed against
10 mM sodium phosphate buffer, pH 7.0, and
heated for 5 min in a boiling water bath in the
presence of 5.0 M urea, 1% SDS and 1% 2-mer-
captoethanol. To investigate theability of metal
ions to restore the activity of apoenzyme the

sulphate salts of zine, copper, magnesium,
manganeseand iron were used. The assay mix-
tures containing respective metal ions were
preincubated for 10 min at 37°C, then the reac-
tion was initiated by the addition of substrate.

RESULTS AND DISCUSSION

The application of the KCl concentration gra-
dient from 0.3 to 2.0 M in order to elute proteins
of bovine pituitary adsorbed on P11, resulted
in six maxima of AMP deaminase activity coin-
ciding with protein peaks (Fig. 1). The six mole-
cular forms obtained differed in their specific
activities, and their half-saturation (Sp.5) con-
stants ranged from 3.0 mM to 12.0 mM [8]. The
sequential gel filtration of isoforms through
Sepharose 6B and Sephadex G-200 caused the
removal of, respectively, high and low molecu-
lar mass contaminations. Identical elution
profiles were obtained for all isoforms of the
enzyme. AMP deaminaseactivity was eluted as
a single peak in either gel filtration. Compari-
son of the elution volumes of the active frac-
tions and of standard proteins such as catalase
(Mr 22000), bovine serum albumin (M; 67000),
adrenodoxin (Mr 300000) and rat skeletal
muscle AMP deaminase (M 300000), demon-
strated that all the molecular forms of AMP
deaminase from PAL have the same relative
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Fig. 1. Phosphocellulose column chromatography of
bovine PAL AMP deaminase: x, AMP deaminase

activity (nmol/min x mg'lj; ®, protein (ug per ml
of fraction); —, KCl gradient.
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molecular mass of about 300000. The active
fractions obtained after two stages of gel filtra-
tion were concentrated by adsorption on a
small phosphocellulose column, followed by
elution with 1.7 M KCl in 10 mM phosphate
buffer, pH 7.0. Storage for 10 days at 4°C of the
enzyme preparations obtained in this way
caused a negligible loss of activity.

When all the six purified AMP deaminase
fractions were mixed, adsorbed again on a
phosphocellulose P11 column and eluted with
theabove mentioned KCl gradient, the samesix
peaks of AMP deaminase activity appeared,
indicating that these fractions are in fact dis-
tinct molecular forms of the enzyme.

The SD5-PAGE with the above listed stand-
ard proteins showed that each of the six mole-
cular forms obtained from the second P11
column, exhibited the main protein band corre-
sponding to relative molecular mass of 75000.
Comparing this with the gel filtration results
we may suppose that every native isoform of
AMP deaminase from bovine PAL has a te-
trameric structure with relative molecular mass
of monomers equal to 75000.

Several catalytic properties of the isozymes
obtained were studied. In Fig. 2 the substrate
saturation plots for theisoform 2 are presented.
In the absence of any effector added the curve
had sigmoidal shape (curve 1). In the presence

uimol NH/min
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Fig. 2. Dependence of the enzymatic reaction rate of

isoform 2 on AMP concentration.

The reactions were carried out in the absence (curve 1) and
the presence of either ADP (curve 2) or ATP (curve 3) at
concentrations of 2 mM.

of ADP or ATP the plot became more hyper-
bolic (curves 2 and 3, respectively). A simulta-
neous decrease of the 505 value was observed.
Similar results were obtained for all the iso-
forms. This means that both ATP and ADP are
allosteric activators of all the AMP deaminase
isoforms, ATP being more effective than ADP.

The ATP apparent affinity constant deter-
mined by the double reciprocal plot (1/V versus
1/[ATP]) was equal to 0.125 mM at 4 mM AMP
concentration (not shown). GTP was an effec-
tive inhibitor of the enzymatic reaction; 0.5 mM
GTP inhibited the reaction catalyzed by the
isoform 2 down to 50% of the initial velocity.
Theinhibitory constant determined for enzyme
activated by ATP and calculated from Dixon
plot [12] was equal to 0.03 mM (notshown). The
obtained kinetic constants are in accordance
with the values usually observed for AMP
deaminase from bovine brain [6, 13].

It is known that monovalent cations are effec-
tive activators of AMP deaminases [14,15]. In
our experiments the plots of the reaction rate
versus KCl concentration were for all enzyme
isoforms, bell-shaped with optimum concen-
tration in the range of 0.1-0.2 KCI (not shown)
in agreement with the data for other known
AMP deaminases.

Theability of divalent metalions to restore the
activity of apoenzyme from which the metal
ions had been removed by treatment with
EDTA, was also studied. In Fig. 3 the effect of
metal ions concentration on the activity of the
apoenzyme isoform 2 is presented. The
apoenzyme retained 30% of the controlactivity,
i.e.of theactivity takenas 100 of asample which
underwent all the treatments in the absence of
EDTA and which was kept in the presence of
0.6 MKClto preventenzymedenaturation [16].
Although three of the ions used were able to
restore the activity of the apoenzyme, only
Zn** jons restored it t up to 100% of the control
value. Fe** and Mn?* restored the activity up
to 70% and 80%, respectively. In contrast, Mg
and Cu?* did not restore the activity of
apoenzyme atall. Similar results were obtained
for all the isoforms of the bovine PAL AMP
deaminase. We conclude, therefore, that AMP
deaminase isoforms of bovine pituitary ante-
rior lobe, like the enzymes ﬁ'um other human
and animal tissues [16-20] are Zn +-d9pendent

Since AMP deaminase from bovine pituitary
has been isolated and investigated for the first
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time, it is worth to compare its properties with
those of the enzymes isolated from other tis-
sues. The results obtained in our experiments
show their high similarity in main physico-
chemical properties such as the absorption
spectra, relative molecular mass, subunit com-
position of holoenzyme, complete restoraﬁ%n
of the activity of apo-AMP deaminase by Zn i
and partial by Mn** and Fe?* ions. Kinetic and
regulatory properties were also similar: ATP
and ADP are effective activators but GTP isan
inhibitor of enzymatic deamination of AMP;
the plot of the rate of AMP deamination versus
substrate concentration is sigmoidal and
becomes hyperbolic in the presence of either
ADP or ATP: a simultaneous decrease of So5
and Hill's coefficient was observed (cf. [8]).
Unlike in the case of AMP deaminases from
some tissues, and like in those from brain [15],
the maximum activating concentrations of KCI
did not transform the sigmoidal substrate satu-
ration plot of the pituitary enzyme to a hyper-
bolic one.

In the earlier papers of Rhoads [7], Ito et al.
[21], and Setlow & Lowenstein [6] a single peak
of AMP deaminase activity was reported to
exist in calfand sheep brain. On the other hand,
five molecular forms of AMP deaminase from
rat brain were obtained by Ogasawara ef al. [3,

100 ¢ T EE—— i o
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Fig. 3. Dependence of the reactivation of apo-AMP
deaminase on the concentration of metal ions: Zn?t
(Q), Mn®* (O), Fe** (@), Mg?* (x) and Ci?* (A).
The enzyme was inactivated by EDTA down to nearly

30% of control values. Concentration of the enzyme in
assay mixture was 0.7 pM

4] and by Haroutunian & Lowenstein [5]. These
isoforms were eluted from P11 in the KCl con-
centration range of 0.3-0.8 M. They differed in
the relative amounts, So5 values, kinetic and
immunological properties. According to Oga-
sawara’s classification based on chromato-
graphic, immunological and kinetic properties,
three parental forms of AMP deaminase (A, B,
and C) occur in mammalian tissues. Ogasawara
et al. [4] conclude that rat brain contains two
parent enzymes, B and C, and their three hy-
brids.

In our experiments the application of a wider
range of the KCl gradient and of a sensitive
fluorimetric method for determination of the
ammonia liberated, resulted in finding six
forms of AMP deaminase in bovine PAL,
eluted in the KCl concentration range of 0.5-1.7
M. The obtained isoforms differed in their
relative amounts and the So 5 values. However,
to find to what types of Ogasawara’s classifica-
tion they correspond, requires further studies.
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