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SUMMARY 

The treatment of purified rat muscle AMP deaminase 
with pryidoxald’-P produces a decrease of the enzyme ac- 
tivity which is time- and pyridoxal-5’-P concentration-de- 
pendent. The reaction is reversible and can be changed to 
an irreversible reaction by reduction with NaBH4. The 
reduced pyridoxal-5’-P-AMP deaminase complex shows an 
absorption spectrum which is typical for pyridoxamine de- 
rivatives. Chromatographic analyses confirm the formation 
of a Schiff base between pyridoxal-5’-P and the t-amino 
group of lysine residues in the enzyme. 

The loss of activity is not a simple inactivation process due 
to modification of the catalytic site of the enzyme. GTP 
and ATP, which are allosteric inhibitors of AMP deaminase, 
show a protective effect against pyridoxal-5’-P inactivation 
whereas KC1 at high concentration exerts a little protection 
and Pi and P-creatine are ineffective. The reduced pyri- 
doxal-5’-P-AMP deaminase derivative with 30 to 35% re- 
sidual activity and 6 to 7 moles of pyridoxal-5’-P bound per 
mole of protein has different kinetic and regulatory properties 
from the native enzyme: Y,,, is the same but the K, value 
is increased; the enzyme shows a homotropic cooperativity 
also in the presence of activators, K+ and ADP, and is no 

longer sensitive to GTP, ATP, and high salt concentration 
inhibitions. Pi and P-creatine still exert an inhibitory ef- 
fect. These kinetic properties are similar to those of the 
native enzyme in the presence of nucleoside triphosphates. 
The reduced pyridoxal-S/-P-AMP deaminase derivative pre- 
pared in the presence of GTP is still sensitive to inhibition 
by nucleoside triphosphates. 

It is likely that pyridoxal-5’-P binds at or near the binding 
sites for these compounds. 

Kaldor and Weinbach (2) reported that adenylate deaminase 
activity of myosin A is inhibited by several dialdehydes but, 
among monoaldehydes, only pyridoxal-5’.P is strongly inhibitory. 
Besides the normal function in enzyme catalysis, pyridoxal-5’.P 
with its active aldehyde group has been used for the specific modi- 
fication of e-aminolysyl residues of some enzymes which act on 
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phosphate-containing substrates or which present binding sites 
for phosphate-containing effecters such as glutamic dehydro- 
genase (3)) 6-phosphogluconate dehydrogenase (4), aldolase (5)) 
and phosphofructokinase (6). 

AMP deaminase (AMP aminohydrolase, EC 3.5.4.6) was 
purified from rabbit and rat skeletal muscle and from calf brain 
(7-10). The rat skeletal muscle enzyme is activated by mono- 
valent cations (9, 11) and is also strongly influenced by the anions 
to which monovalent cations are combined (1). The enzyme is 
inhibited by nucleoside triphosphates, P-creatine and Pi; ADP 
removes the inhibition by these effecters (9, 11, 12). The kind 
and the concentration of the salts in the assay have a large effect 
on the inhibitory effectiveness of nucleoside triphosphates and 
on the activation by ADP (1). 

In this paper we report a study on the effects of pyridoxal-5’-P 
on the catalytic and regulatory properties of rat muscle AMP 
deaminase; the equivalents of the reagent bound to the enzyme 
and the nature of the amino acid residues involved in the reaction 
also are examined. 

MATERIALS ANU METHODS 

The enzyme was purified as previously described (9) : the prepa- 
ration was homogeneous on chromatography on DEAE-cellulose, 
gel electrophoresis at pH 8.9, and sucrose gradient centrifugation, 
and showed a specific activity of 1100 pmoles of AMP deaminated 
per min per mg of protein when assayed with 2 mM AMP in 0.1 
M KCl-0.05 M imidazole.HCl buffer, pH 6.5, at 20”. 

Biochemicals were purchased from Boehringer & Soehne, 
GmbH, Mannheim and from Sigma Chemical Co., St. Louis, MO.; 
all the other reagents were of analytical grade and used without 
further purification. 

Protein concentration was calculated from the absorbance at 

280 nm with a value of E:?,,, of 9.8 (9); the same index was used 
for calculating concentration of modified AMP deaminase. A 
molecular weight of 290,000 was taken for the enzyme. 

The enzyme activity was assayed at 265 or 285 nm depending 
on substrate concentration in a Zeiss spectrophotometer PMQ II 
equipped with a Zeiss T-E converter and a Varian G-2000 recorder. 
The amount of AMP deaminated was calculated using a AC,U of 
8.86 and 0.23 at 265 and 285 nm, respectively. 

Enzyme solutions were incubated with different pyridoxald’-P 
concentrations in imidazole.HCl or potassium phosphate buffer, 
pH 6.5, at 25”. Freshly prepared pyridoxald’-P solutions at pH 
6.5 were used. At intervals aliquots of the reaction mixture were 
removed and the activity was assayed in 0.1 M KCl-0.05 M imida- 
zole.HCl, pH 6.5, and 0.1 or 2 mM AMP, in the presence of pyri- 
doxal-5’.P at the same concentration as in the reaction mixture. 
To prepare a stable pyridoxal-5’.P-enzyme complex the enzyme 
was first incubated with the appropriate pyridoxal-5’.P concen- 
tration for 30 min at 25” and then reduced by adding 0.05 ml of a 
fresh aqueous solution of 0.2 M NaBH4 to each milliliter of reac- 
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tion mixture. The reaction mixture was maintained for 30 min 
in an ice bath and then dialyzed for 24 hours against several 
changes of 1 M KCl-0.05 M phosphate buffer, pH 6.5, at 4’. Al- 
ternatively the solutions were passed through a Sephadex G-25 
column equilibrated with 0.1 M phosphate buffer, pH 7.5. Control 
samples of native AMP deaminase were treated in the same way 
in the absence of pyridoxal-5’.P. The amount of inhibitor bound 
per mole of enzyme was calculated spectrophotometrically by 
using the molar extinction coefficient of 10,150 for s-phospho- 
pyridoxyllysine at 325 nm (13) and by assuming that pyridoxal- 
5’-P-AMP deaminase complex exhibited a comparable absorption. 

To identify the amino acid residues of the enzyme to which 
pyridoxal-5’-P is bound the reduced complex after dialysis or 
gel filtration was lyophilized and hydrolyzed for 23 hours with 
6 N HCl at 105” in sealed vials under vacuum. The hydrolyzate 
was dried, dissolved in water and chromatographed on Whatman 
No. 3MM paper with HDmethanol-ethanol-benzene-pyridine- 
dioxane (25:25: 10: 10: 10: 10, by volume), butanol-acetic acid-Hz0 
(4: 1: 1, by volume), and 75% ethanol (14). Synthetic e-pyridoxyl- 
lysine was used as standard. 

RESULTS 

Effect of Pyridoxal-5’-P on AMP Deaminase Activity-Aliquots 
of AMP deaminase (40 pg per ml) were incubated wit.h different 
pyridoxal-5’.P concentrations in 0.1 M KCl-0.05 M imidazole.HCl 
buffer, pH 6.5, at 25” and the residual activities were tested in 
the presence of 0.1 mM AMP as reported under “Materials and 
Methods.” As shown in Fig. 1, the enzyme was inactivated by 
pyridoxal-5’-P and the reaction was time- and concentration- 
dependent. In a few minutes the reaction was complete and no 
further change occurred with continued incubation. A different 
inactivation curve was obtained when higher substrate concen- 
tration (2 mM AMP) than K, was used; the K, value of rat 
muscle AMP deaminase is 0.5 mM AMP (11). The subsequent 
kinetic studies of the reduced enzyme derivative have shown that 
the inactivation of the enzyme is not due to a decrease of V,,, 
but to a modification of the enzyme affinity for the substrate. 

The curve of the residual activity after lo-min incubation 
against pyridoxal-5’.P concentration (Fig. 1B) is not hyperbolic 
since pyridoxal-5’-P has a strong inhibitory effect up to 30% 
residual activity, then the inhibitory capacity decreases. 

The reaction of pyridoxal-5’.P with AMP deaminase is reversed 
by the addition of amino acid solutions: samples which retained 
20 to 35% of the original activity regained 60 to 80% of the con- 
trol activity in the presence of 25 mM valine; the reaction was 
complete in 10 min. 

FIG. 1. Inhibition of rat muscle 
AMP deaminase by pyridoxald’-P. 
A, enzyme residual activity versus 
time. The enzyme, about 40 pg per 
ml, was incubated in 0.1 M KCl-0.05 M 
imidazole.HCl, pH 6.5, with 0.1 mM 
(ml, 0.5 mM (O), 1.0 mM (A) pyri- 
dox&l-5’-P at 25”. At the indicated 
intervals aliquots were analyzed for 
enzyme activity in 0.1 M KCl-0.05 M 
imidazole*HCl (pH 6.5)-0.1 mM AMP 
and the same pyridoxal-5’-P concen- 
trations as in incubation mixtures. 
The enzyme, reacted with 1 mM pyri- 
doxald’-P, was assayed also in the 
presence of 2 mM AMP (A). B, en- 
zyme residual activity versus reagent 
concentration. The enzyme activity 
after lo-min incubation with the indi- 
cated pyridoxal-5’-P concentrations 
was determined as in A in the presence 
of 0.1 mM AMP. Inset, log plot of the 
data. 
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FIG. 2. Effect of some AMP deaminase modifiers on the rate of 

inactivation by pyridoxal-5’.P. AMP deaminase, 40 pg per ml, 
was incubated with 1 mM pyridoxal-5’.P in 0.05 M imidazole.HCl, 
pH 6.5, containing 100 mM KC1 (A), or 500 mM KC1 (O), or 100 
mM KC1 plus 10 PM ATP ( q ), or 100 mM KC1 plus 10 PM GTP (A), 
or 100 mM KC1 plus 10 FM ATP and 10 PM GTP (m). At intervals 
aliquots were analyzed for the residual activity in the same 
medium as incubation mixture but containing 0.5 M KC1 instead 
of 0.1 M. This high concentration of KC1 in the assay removes 
almost completely the inhibition by ATP and GTP. An arbitrary 
value of 100 was assigned to the enzyme activity obtained in the 
absence of pyridoxal-5’.P. Enzyme incubated in 0.1 M KCl-0.05 
M imidazole.HCl and 10 PM GTP and assayed in the same condi- 
tions (0); in this case in which GTP inhibition is not removed 
by KC1 an arbitrary value of 100 was assigned to the enzyme 
activity in the absence of both pyridoxald’-P and GTP. The 
substrate concentration was always 0.1 mM AMP. 

Pyridoxal is much less effective than pyridoxal-5’.P on enzyme 
activity : 10 mM pyridoxal caused only a 6 $ZO loss of activity which 
was reached in a few minutes. 

E$ect of Some Enzyme Modifiers on Rate of Inactivation by 
PyridoxalU-P-The time course of AMP deaminase inactivation 
by pyridoxal-5’-P in the presence of some modifiers of the enzyme 
activity is presented in Fig. 2. GTP and ATP at 10 PM concen- 
tration protect against inactivation. These two allosteric 
effecters inhibit the native enzyme to a finite value which is 90 
and 75%, respectively (1, 12; also see Fig. 6). To decrease the 
strong inhibitory effect exerted by GTP and ATP in assaying the 
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enzyme activity, the protection experiments were carried out in 
the following conditions. The enzyme was incubated with 1 rntil 
pyridoxal-5’-I’ and 10 pM GTP, or 10 pM ATP, or 10 pM GTP 
plus 10 PM ATP in 0.1 M KCl-0.05 M imidazole.HCl, pH 6.5. 
At intervals the enzyme activity was assayed in the same medium 
as incubation mixture but containing 0.1 mM AMP and 0.5 M KC1 
instead of 0.1 M. In fact KC1 at high concentrations decreases 
the inhibitory effect,iveness of GTP and ATP (1). With 0.5 M 

KC1 in the assay the inhibitory effect of 10 pM ATP is quite 
abolished and that of 10 pM GTP is reduced to about 8%. The 
presence of nucleotides, also in the assay mixture, results in 
an increase of their protective effect. GTP is more effective 
than ATP in the enzyme protection. ATP slightly increases the 
protection exerted by GTP. 

The protective effect of nucleotides is quite specific; other 
allosteric inhibitors, such as I’i and Pcreatine, do not protect 
AMP deaminase against pyridoxal-5’-P inactivation. The pres- 
ence of 0.5 M KC1 without nucleotides both in the incubation and 
in the assay mixture exerts a little protection against pyridoxal- 
5’.I’ inactivation. In the experiments carried out in the presence 
of 10 PM GTP and 0.1 M KC1 both in the incubation and in the 
assay mixture, in which the enzyme is strongly inhibited by GTP, 
pyridoxal-5’-1’ seems to partially remove GTP inhibition; this 
effect is related, as reported and discussed later in the paper, to 
the loss of sensitivity to nucleoside triphosphates and to the differ- 
ent finite value of inhibition observed with GTI’ and pyridoxal- 
5’.1’. In the presence of ATP this effect is not observed. 

Number of Pyridoxal-5’.P Equivalents Bound to AMP Deami- 
nase-In order to determine the number of pyridoxal-5’.1 moles 
bound per mole of AMP deaminase the enzyme (2 to 2.5 mg per 
ml) was incubated with 0.2 to 10 mM pyridoxal-5’.I’ in imidazole. 
HCl or potassium phosphate, pH 6.5. After NaBH4 reduction 
and gel filtration the absorption spectrum and the specific activity 
in 0.1 RI KCl-0.05 M imidazole.HCl, pH 6.5, and 0.1 mM AMP, 
were determined. The spectrum of the reduced complex showed 
a maximum at 325 nm which was characteristic for pyridoxamine 
derivatives (15) while the enzyme treated only with NaBH4 has a 
spectrum similar to native AMP deaminase. 

As shown in Fig. 3, a linear relationship exists between the 
decrease of the enzyme activity and the absorption at 325 nm of 
the reduced complex. This plot is linear to 30 to 35% residual 
activity: at this point 6 to 7 pyridoxal-5’-P eq are linked to pro- 
tein. Then a deviation from linearity is observed and a complete 
inactivation of the enzyme is obtained when approximately 16 eq 
are bound. No difference in the number of the equivalents bound 
was observed when phosphate was used as buffer. Increase of 
pH in the reaction medium caused an increase in the number of 
the equivalents bound: in fact when the enzyme was treated with 
pyridoxal-5’-I-’ at pH 7.5, about 20 to 24 moles of reagent were 
bound per mole of inactivated enzyme. 

To identify the amino acid residues to which pyridoxal-5’.P is 
bound, the reduced pyridoxal-5’.PAMP deaminase complex, 
with a residual activity of 28% after NaBHe reduction, was 
hydrolyzed and chromatographed on paper as described under 
“Materials and Methods”: a fluorescent spot with the same RF 
value as synthetic NG-pyridoxyllysine was observed in each sol- 
vent system. This fluorescent area, eluted with HzO, accounted 
for 87% of the absorbance at 325 nm observed in the sample 
before and after hydrolysis. The spot reacted to 0.1 y0 2,4- 
dichloroquinone chlorimide in benzene and to 0.25y0 ninhydrin 
in acetone and was quenched by NH, vapor (16). The standard 
spot showed an identical behavior. All these data allowed to 
identify the sample spot as NE-pyridoxyllysine and to confirm 

moles pyridoral 5-P bound per mole protein 
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FIG. 3. Correlation between AMP deaminase activity and the 
absorbance at 325 nm. AMP deaminase, 2 to 2.5 mg per ml, was 
incubated with 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 mM pyridoxal-5’.P 
and reduced with NaBH4 (for details see the text). The protein 
solutions passed through a Sephadex G-25 column were analyzed 
for the enzyme activity and for the spectral changes. 

that in the binding of pyridoxal-5’-P to Ah#H’ deaminase a Schiff 
base is formed between the aldehyde group of the inhibitor and 
the c-NH2 group of lysyl residues in the enzyme. 

Properties of Reduced Pyridoxal-5’-P-AMP Deaminase Deriva- 
tive-some kinetic and regulatory properties of the pyridoxal-5’- 
P-AMP deaminase derivative were examined. Enzyme solu- 
tions (0.4 to 0.5 mg per ml) were incubated with 1.5 mM pyri- 
doxal-5’.P in 0.1 M KCl-0.05 M imidazole.HCl, pH 6.5, reduced 
with NaUH*, and dialyzed against 1 M KCl-0.01 M potassium 
phosphate, pH 6.5. The reduced complex presented a residual 
act,ivity of about 30 to 35%, when assayed in the presence of 0.1 
mM AMP, and 6 to 7 moles of pyridoxal-5’.1’ bound per mole of 
enzyme. A plot of initial velocity against substrate concentra- 
tion is presented in Fig. 4A. The curve of the reduced pyridoxal- 
5’.P-enzyme derivative is sigmoidal with respect to substrate, 
while that of the native enzyme is hyperbolic; Hill coefficient 
(nH) is 1.1 for native and 1.5 for modified enzyme. The data 
reported in a double reciprocal plot (Fig. 4B) show that V,,, of 
the pyridoxal-5’.P derivative of the enzyme is the same as the 
native, whereas K, is increased from 0.5 mM AhlP for the native 
to 2.2 mM AMP suggesting that the observed inactivation of 
AMP deaminase by pyridoxal-5’-P is due to a decreased affinity 
for the substrate. 

Native AhIP deaminase presents a sigmoidal substrate-velocity 
curve when assayed in the absence of salts and the sigmoidicity 
disappears in the presence of KC1 and ADP. These compounds 
behave as activators at low substrate concentration (9, 11). In 
order to determine if the activation by KC1 and ADP was modi- 
fied in the reduced pyridoxal-5’.l-‘-enzyme derivative the effect of 
these compounds was examined; the enzyme activity at varying 
concentrations of KC1 and ADP is reported in Fig. 5 assigning an 
arbitrary value of 100 to the activity obtained in 1 mM KC1 and 
which is 16.2 and 9.1 pmoles of AMP deaminated per min per mg 
of protein for the native and for the reduced enzyme derivative, 
respectively. Both KC1 and ADP exert a less activatory effect 
on the reduced pyridoxal-5’.P-AMP deaminase complex. The 
concentrations of the effecters giving a half-maximal activation 
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FIG. 4. A, substrate-velocity curve of native (A) and reduced pyridoxal-5’.P-AMP deaminase derivative (O ). Assays contained 
0.1 M KCl-0.05 M imidazole.HCl buffer, pH 6.5, and the reported AMP concentrations. Inset, Hill plot of the kinetic data. B, double- 
reciprocal plot of the data from A. The K, for the reduced AMP deaminase derivative was calculated at substrate concentrations 
ranging from 0.4 to 2.0 mM. 

FIG. 5. Activation of native AMP deaminase and reduced 
pyridoxal-5’.P-enzyme derivative by KC1 and ADP. Assays 
contained 0.05 M imidazole.HCI (pH 6.5)-0.1 mM AMP and the 
reported concentrations of KC1 (A and A) and ADP (O and 0). 
The open symbols are used for the pyridoxal&P derivative. An 
arbitrary value of 100 was assigned to the activity obtained in 1 
mM KC1 and in the absence of activators. 

do not differ significantly and are 40 and 60 mM KC1 and 5 and 7 
FM ADP for the reduced complex and for the native enzyme, 
respectively. However a major difference was observed in the 
specific activity: in fact the micromoles of AMP deaminated per 
min per mg of protein at 0.1 mM AMP are 68 and 210 in the 
presence of 0.1 M KC1 and 57 and 265 in the presence of 50 pM 
ADP for the reduced complex and for the native enzyme, respec- 
tively. For the native enzyme the activation curve by ADP is 
sigmoidal and nx is 1.6; the curve becomes almost hyperbolic for 
the pyridoxal-5’-P-AMP deaminase derivative with rzH = 1.2. 

AMP deaminase is inhibited by high salt concentration and the 
inhibition is due to the anionic moiety of the salt (1). As may be 
seen in Fig. 5 the inhibitory effect of KC1 on the reduced pyri- 
doxal&P-enzyme complex is strongly decreased: the specific 
activity of the native enzyme is 228 and 106 at 0.05 and 0.5 M 
KCl, respectively, while that of the reduced complex is 70 and 51. 

10 20 
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FIG. 6. Effect of nucleoside triphosphates on the activity of 
native enzyme and reduced pyridoxal-5’-P-AMP deaminase 
derivative. Assay contained 0.05 M imidazole.HCl, (pH 6.5)- 
0.1 M KCI-0.1 rnM AMP and the reported concentrations of ATP 
(A and A) and GTP (O and 0). The open symbols indicate the 
enzyme derivative. 

GTP and ATP, which are powerful enzyme inhibitors (12), are 
quite ineffective on the pyridoxal-5’-P derivative as shown 
in Fig. 6. 

The inhibition exerted by Pi and P-creatine is only partially 
modified (Fig. 7) ; the inhibition curve as a function of Pi concen- 
tration presents a sigmoidal shape for the native enzyme (no = 
2.0) and is almost hyperbolic for the pyridoxal-5’.1 derivative 
(n, = 1.1) ; the concentration giving a half-maximal inhibition at 
0.1 mM AMP changes from 2.4 mM for native to 1.8 mM for re- 
duced AMP deaminase complex. P-creatine shows a decreased 
inhibitory effect on the pyridoxal-5’-P derivative and the concen- 
tration giving a half-maximal inhibition is 2 mM while it is 0.5 mM 
for the native enzyme; rzx is 0.7 and 1.6, respectively. 

The enzyme with 53% residual activity and 4 pyridoxal-5’-P 
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FIG. 7. Effect of Pi and P-creatine on the activity of native 
enzvme and reduced nvridoxal-5’-P-AMP deaminase derivative. 
Assays contained 0.05*& imidazole.HCl (pH 6.5)-0.1 M KCl, and 
the reported concentrations of Pi (0 and 0) or P-creatine (A 
and A). The open symbols indicate the enzyme derivative. 
Inset, Hill plot of the kinetic data. 

equivalents bound, obtained after NaBH4 reduction of the pro- 
tein incubated with 0.5 mM pyridoxal-5’.P, shows kinetic charac- 
teristics intermediate between those reported above and those of 
the native enzyme. The K, value is 1.6 mM AMP; GTP and 
ATP still exert an inhibitory effect; however, the finite value of 
inhibition which is 95% for GTP and 75% for ATP in the native 
enzyme is decreased to 55 and 4Oa/,, respectively. 

A reduced pyridoxal-5’.P-AMP deaminase derivative was pre- 
pared also in the presence of 1 mM pyridoxal-5’-1’ and 10 pM GTP. 
NaBH4 was added when a 10% inhibition was reached. The 
complex is still quite sensitive to GTP inhibition; also ATP in- 
hibition is partially maintained. If, however, the enzyme treated 
with pyridoxal-5’-P in the presence of GTP is reduced after 40- 
min incubation when it is inhibited for 70’%, sensitivity to nu- 
cleotides is lost. 

DISCUSSION 

AMP deaminase from rat skeletal muscle is affected by some 
biologically important phosphorylated compounds such as ATP, 
GTP, ADP, P-creatine, Pi, PPi and 2,3-diphosphoglyceric acid. 
Many of these compounds are effective at the concentrations 
found in muscle and probably are involved in enzyme regulation 
(1, 9, 11, 12). 

Monovalent cations are activators in this decreasing order of 
effectiveness: K+, Naf, Li+, NH4+. The kinetic and regulatory 
properties of AMP deaminase also are influenced by some organic 
and inorganic anions used in buffer systems such as Cl-, acetate, 
succinate, and citrate. At low concentrations the anions, with a 
different order of effectiveness, which depends on the number of 
the negative charges, affect the activation constant for K+ and 
the enzyme specific activity while at high concentrations they 
inhibit the enzyme and decrease the effect of activators and in- 
hibitors (1). Homotropic cooperativity for the substrate, which 
is a phosphorylated compound like many effecters, is observed in 
the absence of activator or in the presence of allosteric inhibitors 
as nucleoside triphosphates, P-creatine, and Pi (1, 11). Some of 
these characteristics change in AMP deaminase when 6 to 7 
pyridoxal-5’-P moles are bound per mole of protein. The enzyme 
derivative shows homotropic cooperativity for AMP also in the 
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presence of activators, K+ and ADP, and is not inhibited by 
nucleoside triphosphates and by high concentrations of buffer 
anions while it is still sensitive to Pi and P-creatine. 

At least three classes of binding sites for phosphorylated com- 
pounds exist in AMP deaminase: for substrate,’ for Pi and for 
nucleoside triphosphates. Nucleoside triphosphates and Pi, 
which behave as allosteric inhibitors, have kinetically distinct 
binding sites (12). 

The observation that adenosine, 3’-AMP, 2’.AMP, and adeno- 
sine phosphoramidate have a minimal affinity for AMP deami- 
nase (17) suggests that a site for the phosphate moiety of AMP is 
present in the active center of the enzyme. It is likely that in 
the reduced pyridoxal-5’-P-enzyme derivative with 6 to 7 pyri- 
doxal-5’-P equivalents bound the phosphate-binding site for AMP 
is not involved since Vm,, is the same for the native and the re- 
duced enzyme complex. The presence of negative charges of 
pyridoxal-5’-P near the phosphate-binding site for AMP may 
exert an electrostatic repulsion and determine a decrease in the 
K, value without affecting V,,,. However the changes in other 
kinetic properties of AMP deaminaee cannot be explained on this 
basis. The binding of pyridoxal-5’.1’ at the Pi sites must be 
excluded considering that the enzyme is still inhibited by this 
compound. 

It is more likely that pyridoxal-5’-P binds at or near the sites 
for nucleoside triphosphates: in fact the sensitivity to GTP and 
ATP is completely abolished and nucleotides protect against in- 
activation. The high number of the binding sites for nucleoside 
triphosphates may explain the relatively high number (6 to 7) of 
pyridoxal-5’-P residues bound to the reduced enzyme derivative. 
Skeletal muscle AMP deaminase has a polymeric form with 4 or 
more subunits (18, 19) and in the rabbit enzyme at least four 
sites for ATP and two for GTP were demonstrated (20). This 
number of nucleoside triphosphate sites corresponds to the moles 
of pyridoxal-5’-P bound per mole of enzyme which retains 30% 
activity but has lost the sensitivity to nucleoside triphosphates. 
Since a finite value of inhibition, which corresponds to 25 and 5% 
residual activity, respectively, is obtained when AMP deaminase 
is assayed with increasing concentrations of ATP and GTP, a 
finite value of inhibition should be expected when pyridoxal-5’-P 
reacts at the nucleoside triphosphate sites. The observation 
that the reduced enzyme derivative in which 6 to 7 pyridoxal- 
5’-P residues are bound and the sensitivity to nucleoside triphos- 
phates is completely lost, still retains 30 to 35% activity may be 
explained on this basis rather than on the assumption that only a 
part of the nucleoside triphosphate-binding sites has reacted. 
The sharp variation at 25 to 35% residual activity observed in 
the inhibition curve as a function of pyridoxal&P concentration 
(Fig. 1B) and in the inhibition curve as a function of the equiva- 
lents bound (Fig. 3) also supports this view. The finite value of 
inhibition observed when the nucleotide sites have reacted with 
pyridoxal-5’-P before and after NaBH4 reduction, corresponds 
to that obtained with the native enzyme in the presence of ATP 
(25 to 35% residual activity). This value is higher than that ob- 
tained in the presence of GTP. For this reason pyridoxal-5’-P 
apparently removes the inhibition by GTP but not that by ATP 
when these nucleotides are present in the assay. 

The inactivation of the enzyme at high pyridoxal-5’-P concen- 
trations (in excess of 1 mM) is probably due to the modification 
of phosphate-binding sites different from those of nucleoside tri- 
phosphates (e.g. the sites for AMP or for Pi). 

The kinetic behavior of the pyridoxal-5’-P derivative partially 
corresponds to that of the native enzyme when nucleoside triphos- 
phates are present in the assay. With ATP and GTP homo- 
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tropic cooperativity for the substrate is observed also in the pres- 
ence of K+ (1, 11) ; the inhibition by high salt concentrations 
decreases; the cooperativity for Pi is modified and the Hill co- 
efficient, which is 2.0 in the absence of nucleoside triphosphates, 
ranges from 1.2 to 1.5 depending on the kind and the concentra- 
tion of the nucleoside triphosphate. 
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