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Summary 

1. Rat  skeletal muscle AMP deaminase (AMP aminohydrolase, EC 3.5.4.6) 
can be inactivated by incubation with the per iodate~xidized analogue of  the 
enzyme inhibitor GTP. 

2. Nucleoside triphosphates and KC1 at high concentrations protect  against 
inactivation, while ADP has no effect.  

3. The inactivation can be reversed by the addition of GTP and amino acids 
and made irreversible by  reduction with NaBH4. This indicates that,  in the 
binding of  the oxidized GTP to the enzyme, a Schiff base is formed between 
the aldehyde groups of  the inhibitor and amino groups of  the enzyme. 

4. The kinetic properties of  the reduced (oxidized GTP)-AMP deaminase 
derivative indicate that  the loss of  activity results from an increase in Km while 
no appreciable change in V is observed; consequently,  the enzyme shows posi- 
tive homotropic  cooperativity even in the presence of optimal KC1 concentra- 
tion. 

5. Since the treated enzyme shows kinetic properties similar to those of the 
native enzyme in the presence of  GTP, and since the loss of  sensitivity to GTP 
is directly proport ional  to the degree of  inactivation, it is concluded that  the 
oxidized GTP specifically modifies the binding sites for GTP. 

6. Binding of  the radioactive oxidized GTP shows that two binding sites for 
this reagent exist in the AMP deaminase molecule. 

Introduct ion 

AMP deaminase (AMP aminohydrolase, EC 3.5.4.6) from rat skeletal muscle 
is inhibited by  GTP. This inhibition, which is reversed by  ADP and high salt 
concentrations, results in a decreased affinity for AMP and causes the hyper- 
bolic substrate-velocity curve obtained at optimal K ÷ concentrations to revert 
to the sigmoidal one shown by the native enzyme in the absence of salt [1,2].  
Kinetic behaviour similar to that  of  the native AMP deaminase in the presence 
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of GTP is shown by the enzyme after modification of 6--7 lysines with pyri- 
doxal-5'-P and NaBH4 [3]. Since the sensitivity of the enzyme towards ATP 
and GTP is completely lost after this t reatment,  it was suggested that  pyri- 
doxal-5'-P binds at the binding sites of these nucleoside triphosphates. 

From the literature, it would appear that  GTP and ATP have a common 
binding site on the skeletal muscle AMP deaminase molecule, since both nucle- 
otides inhibit the activity of the enzyme at K ÷ concentrations higher than 0.1 
M [4], and show mutually inhibitory binding to rabbit muscle AMP deaminase 
[5]. However, some differences were observed in the effect of these nucleo- 
tides. GTP, but not  ATP, increases the rate of inactivation of rat muscle AMP 
deaminase by EDTA [6]. ATP exerts a biphasic effect on the enzyme at K ÷ 
concentrations lower than optimal; up to 5 pM, ATP acts as an inhibitor while 
at higher concentrations it slightly activates the enzyme. GTP inhibits the en- 
zyme in every case [2]. Furthermore,  using equilibrium binding studies, 3.8 
binding sites were found in the rabbit enzyme for ATP but only 2.0 for GTP, 
and t reatment  of the enzyme with p-mercuribenzoate selectively abolished 
binding of GTP [5]. 

The above observations stimulated our interest in finding a reagent which 
might modify the binding site of either nucleotide with greater specificity than 
pyridoxal-5'-P. Periodate oxidation of the vicinal 2'-3' alcoholic groups has 
been a useful approach for the binding of nucleotides and nucleic acids to 
resins suitable for affinity chromatography [7,8]. Besides this function,  period- 
ate-oxidized nucleotides can be useful materials for the specific modification of  
binding sites for coenzymes and effectors, as recently shown by Rippa et al. 
[9], who used periodate-oxidized NADP to modify 6-phosphogluconate dehy- 
drogenase. The data reported in this paper present evidence that  the periodate 
oxidation product  of  GTP can be used for the specific modification of the GTP 
binding sites of rat muscle AMP deaminase. 

Materials and Methods 

E n z y  me  
Rat muscle AMP deaminase was purified as previously described [10],  ex- 

cept that  elution of the enzyme from cellulose phosphate was performed with 
1 M KC1 adjusted to pH 7.0 with 1 M KH2PO4 after a previous elution with 0.6 
M KC1, pH 7.0, which yielded one small peak of lower specific AMP deaminase 
activity attributable to the isoenzyme present in red muscle [11]. 

The homogeneous enzyme showed a specific activity of 1200 pmol of AMP 
deaminated per min per mg of protein at 20°C in 50 mM imidazole • HC1 (pH 
6.5), 100 mM KC1 and 2 mM substrate. Protein concentration was determined 
from the absorbance at 280 nm assuming - ~1~ value of 9.8 [10] The moleo o a x  J-~ I c m 

cular weight of the enzyme was taken as 290000 [10]. Enzyme activity was 
measured spectrophotometrically at 265 nm or 285 nm and the amount  of 
AMP deaminated was calculated using AEmM values of 8.86 and 0.23 at 265 
and 285 nm, respectively [1]. 

Inact ivat ion-react ivat ion s tudies  
The periodate oxidation product  of GTP was prepared as has been described 
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[8] and isolated by precipitation of  the barium salt. The concentration of the 
oxidized GTP was calculated spectrophotometrical ly by using a molar extinc- 
tion coefficient of  11800  at 260 nm, pH 7.0. Incubation of  the enzyme with 
different concentrations of  oxidized GTP was carried in Tris • HC1 buffer  pH 
8.0, at 20 ° C. At intervals samples of  the reaction mixture were removed and 
immediately tested for catalytic activity using a 200-fold dilution in 50 mM 
imidazole • HC1 (pH 6.5), 100 mM KC1 and 0.1 mM AMP (or 2 mM AMP when 
specified). Control samples were incubated in the absence of  oxidized GTP. 
To prepare a stable (oxidized GTP) • enzyme complex the enzyme, inhibited 
by incubation with oxidized GTP, was reduced by the addition of 10 pl of  a 
fresh aqueous solution of  1 M NaBH4 to 0.5 ml of  the incubation mixture. 
The reduction was allowed to proceed for 30 min at 0°C and the reaction mix- 
ture was then dialysed for 24 h against several changes of  0.8 M KC1/0.02 M 
phosphate buffer (pH 6.9) at 4°C. Control samples were treated as above bu t  
in the absence of  oxidized GTP. 

Reactivation of  the enzyme inhibited by oxidized GTP was performed using 
an enzyme with 7% residual activity which was diluted 6 times in an incubation 
mixture containing valine, GTP, or valine and GTP, 0.6 #M treated enzyme, 50 
mM imidazole • HC1 (pH 7.1) and 0.5 M KC1. At  intervals samples were diluted 
200-fold into an assay mixture containing 50 mM imidazole • HC1 (pH 6.5), 
100 mM KC1, 0.1 mM AMP with or without  50 pM ADP. 

Analytical measurements 
Binding of  the oxidized GTP to the enzyme was measured by using the ra- 

dioactive reagent obtained by periodate oxidation of  [3H]GTP. The amount  of  
oxidized GTP bound per mol of  protein was calculated from the specific radio- 
activity of  (oxidized GTP) • protein and the original oxidized GTP solution. 
Protein concentration was determined by the method described by Lowry et 
al. [12],  using native AMP deaminase as standard. 

Determination of  radioactivity was carried out  in a Packard model 2002 Tri- 
Carb liquid scintillation spectrometer in the solvent system described by Bray 
[13]. Spectrophotometr ic  determinations were made in a Zeiss PMQ II spectro- 
photometer  equipped with a GOERZ Servogor S recorder. AMP and ATP were 
purchased from Sigma Chemical Co., St. Louis, Mo., U.S.A.; ADP and GTP 
from Boehringer und Soehne, GmbH, Mannheim, West Germany; [8-3H]GTP 
from the Radiochemical Centre, Amersham, Bucks, U.K.; the other reagents 
were of  analytical grade. 

Results 

Reversible inactivation o f  AMP deaminase by the periodate oxidation product 
o f  GTP 

When rat muscle AMP deaminase is incubated with a 33-fold molar excess of  
oxidized GTP at pH 8.0 a rapid inactivation of  the enzyme is observed (Fig. 
1A). This loss of  activity is biphasic since the first phase of  the reaction, reach- 
ing an 80% loss of  activity, is followed by a reduction of the inactivation rate. 
Since subtraction of  the slower rate from the experimental values of the first 
phase gives a straight line on the semi-log plot,  the inhibition of AMP deamin- 
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Fig.  1. Revers ib le  i n a c t i v a t i o n  o f  rat m u s c l e  A M P  d e a m i n a s e  b y  p e r i o d a t e - o x i d i z e d  GTP.  A ,  e n z y m e  res id-  
ual  ac t iv i ty  as a f u n c t i o n  o f  t i m e .  T h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  3 0  m M  Tr i s  • HC1 ( p H  8 .0 ) ,  0 .9  M KC1, 

2 . 4  DM A M P  d e a m i n a s e  a n d  8 0  ~ M  o x i d i z e d  GTP a d d e d  as t h e  last  r e a g e n t .  Contro l  s a m p l e s  (o )  w e r e  in- 
c u b a t e d  w i t h o u t  o x i d i z e d  GTP.  Inse t ,  s e m i l o g  p l o t  o f  t h e  i n a c t i v a t i o n  data.  - - ,  o b s e r v e d  res idual  ac- 
t iv i ty  at t i m e  i n d i a c t e d ;  . . . . . .  , e x t r a p o l a t i o n  of  s l o w e r  rate to  z e r o  t i m e ;  . . . .  , Line o b t a i n e d  af ter  sub-  
t r a c t i o n  o f  s l o w e r  rate f r o m  o b s e r v e d  ac t iv i ty .  B, r eac t i va t i on  o f  p e r i o d a t e - o x i d i z e d  G T P - t r e a t e d  e n z y m e  
b y  GTP and  val ine.  A M P  d e a m i n a s e  i n a c t i v a t e d  as in A was  i n c u b a t e d  at  2 0 ° C ,  p H  7 .1 ,  w i t h  2 5  m M  valine 
(o) ,  o r  0 . 2  m M  G T P  ($) ,  o r  2 5  m M  v a l i n e  p l u s  0 . 2  m M  G T P  (A). A, ( o x i d i z e d  G T P )  • e n z y m e  i n c u b a t e d  
w i t h  2 5  m M  valine plus  0 . 2  m M  G T P  af ter  N a B H  4 r e d u c t i o n ,  o, u n t r e a t e d  A M P  d e a m i n a s e  d i l u t e d  in  t h e  
reac t iva t ion  m i x t u r e  at  t h e  e n d  o f  i n c u b a t i o n  as i n  A.  

ase by excess oxidized GTP may be described as the sum of two first-order re- 
actions. A similar decrease in the inactivation rate at 20--25% residual activity 
was observed in the experiments carried out with 500-fold molar excess of 
oxidized GTP or using 0.9 M KC1/10 mM potassium phosphate buffer, pH 8.0. 

The inhibitory effect of oxidized GTP is reversed by addition of  GTP and 
amino acids to the treated enzyme (Fig. 1B). Initially, a faster rate of reactiva- 
tion is observed with 0.2 mM GTP than with 2 5 m M  valine, 27% and 19% res- 
toration of  the original activity, respectively, being observed after 3-h incuba- 
tion. However, the extent of  reactivation obtained after 12-h incubation is 
limited to 50% and 55% in the presence of  GTP and valine respectively, but is 
raised to 67% when the inhibited enzyme is incubated with both valine and 
GTP. As is shown by Fig. 1B, the activity of  the controls decay with incubation 
time to below 80% of the original activity. It can also be seen from Fig. 1B that 
when the (oxidized GTP) • enzyme complex stabilized by NaBH4 is incubated 
with GTP and valine, there is no appreciable increase in enzyme activity. 

The values reported in Fig. 1B were obtained by assaying enzyme activity in 
the presence of  50 pM ADP to remove the inhibitory effect exerted by GTP 
[10].  During the first 15 min of  reactivation the enzyme activities assayed in 
the presence and absence of  ADP were not appreciably different; subsequently, 
the activities in the absence of  ADP were lower, 46%, 44% and 55% of the ori- 
ginal activity being determined after 12-h incubation in the presence of valine, 
GTP and GTP plus valine, respectively. This observation may be explained by 
the loss of  sensitivity to GTP in the (oxidized GTP) • enzyme derivative, as re- 
ported later in the paper. 

The inhibition by oxidized GTP can also be reversed by dialysis or gel filtra- 
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tion; samples which retained 10--20% residual activity regained 50--65% of the 
original activity after either 48 h dialysis against several changes of  0.8 M KCI! 
0.02 M phosphate buffer (pH 6.9) or chromatography on a column (800 × 10 
mm) of  Sephadex G-25 equilibrated with 50 mM imidazole • HC1 (pH 7.1), 
0.5 M KC1, 25 mM valine and 0.2 mM GTP. The recovery of  original activity 
was only 30% if chromatography was performed in the absence of  valine and 
GTP. Once again, no reactivation was observed with the NaBH4-reduced (oxi- 
dized GTP) • enzyme complex.  

Effect  o f  some modifiers o f  enzymic activity on the inactivation 
The rate as well as the degree of  inactivation at low concentrations of  

oxidized GTP depends strongly on the KC1 concentration of the incubation 
mixture (Fig. 2). After  30 min of  incubation, when the reactions are almost 
complete,  inhibitions of  85%, 64%, 37% and 8% are observed in the presence of  
0.1, 0.2, 0.4 and 0.6 M KC1 respectively. In this and the following experiments 
the incubation buffer used was 0.04 M succinate/0.4 M Tris • HC1 (pH 8.0), 
which gave the best stability to the enzyme in the presence of low KCI concen- 
trations. However,  as is shown by Fig. 2, the controls were not  sufficiently sta- 
ble unless the KCI concentration of  the incubation mixture was 0.2 M or higher. 

The rate of inactivation by  oxidized GTP in the presence of  nucleotides 
which affect the enzyme activity was also investigated. In Fig. 3 the effects of  
GTP, ATP and ADP are compared. GTP exerts a protective effect  which is 
strongly concentration dependent:  AMP deaminase retains 40% and 75% of the 
original activity when incubation with Oxidized GTP is-carried out  in the pres- 
ence of  100 pM and 400 pM GTP respectively. 400 pM ATP is as effective as 
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Fig. 2. E f fec t  of  KCI c o n c e n t r a t i o n  on t h e  r a t e  o f  i n a c t i v a t i o n  o f  A M P  d e a m i n a s e  by ox id ized  GTP.  T h e  
e n z y m e ,  0.4  JiM, was  i n c u b a t e d  w i t h  7 /~M oxid ized  GTP in 0 .04  M succ ina t e /0 .4  M Tris • HCI (pH 8.0) ,  
con ta in ing  100  m M  KCI (b),  or  200  m M  KCI (m), or  400  m M  KCI (e) ,  or  6 0 0  m M  KCI (v) .  Contro ls  wi th-  
ou t  ox id ized  GTP wi th  100  m M  KCI (A) or 200  m M  KC! (n).  

Fig. 3. E f fec t  of  s o m e  modi f i e r s  of  AMP d=.aminase a c t i v i t y  o n  t h e  ra te  o f  i nac t iva t ion  by  ox id ized  GTP.  
T h e  e n z y m e ,  0.6 /zM, w a s  i n c u b a t e d  wi th  10  ~LM oxid ized  GTP  in 0 .04  M succ ina t e /0 .4  M Tris • HCI Coil 
8.0) ,  con ta in ing  200  m M  KCI (o) ;  100  /~M GTP  a d d e d  (o);  400  ~M G T P  a d d e d  (m), 4 0 0  ~LM A T P  a d d e d  
(A), 400 /~M ADP a d d e d  (a) .  
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GTP in the enzyme protection,  while ADP at the same concentration has no 
effect. 

Kinetic properties o f  the (oxidised GTP) • AMP deaminase complex 
The curves of  inactivation of  AMP deaminase by different concentrations of 

oxidized GTP at 0.2 M KC1 are reported in Fig. 4. In about  60 min the reac- 
tions were complete and prolonged incubation did not  produce any further ap- 
preciable change. Both the rate and the extent  of  inactivation are dependent  on 
the reagent concentration. Two of the inhibition curves demonstrate inactiva- 
tion with 6 #M oxidized GTP, when substrate concentrations both  lower (0.1 
mM) and higher (2 mM) than Km (0.5 mM AMP [10] ) were used in the assay 
mixture. The extent  of inhibition obtained at the completion of the reaction 
was 71% and 37% respectively. This observation is related to the nature of the 
inactivation of AMP deaminase by oxidized GTP, which is essentially due to an 
allosteric mechanism, as is shown by Figs 5 and 6, which compare the kinetic 
properties of  the native and inactivated enzymes in the presence of  60 mM KC1. 
For this experiment the (oxidized GTP) • AMP deaminase complexes had been 
prepared and stabilized by  NaBH4 reduction as described in Materials and Meth- 
ods. Their degree of  inactivation was the same as before reduction. This was 
determined by  assaying the native and treated enzymes in the presence of  0.1 
mM AMP and 100 mM KC1. Native AMP deaminase, which is completely acti- 
vated by 60 mM KC1 shows an hyperbolic substrate vs. velocity curve, with a 
Hill coefficient of  1.05. The curves of  the 70%- and 85%-inactivated enzymes 
are sigmoidal with Hill coefficients of  1.3 and 1.5 respectively (Figs. 5 and 6B). 
The double reciprocal plots {Fig. 6A) show that  no noticeable change in V up 
to 85% inactivation occurs in the treated enzyme, but  that  the decreased activi- 
ty results from modification of Km values (0.5 mM, 1.2 mM and 1.8 mM for 
the native, 70% and 85% inactivated enzyme, respectively). When assayed at 
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Fig. 4. E f f e c t  o f  oxidized GTP c o n c e n t x a t i o n  o n  t h e  r a t e  o f  i n a c t i v a t i o n  o f  A M P  d e a m i n a s e .  T h e  enzyme, 
0.4 ~M, was incubated in 0.04 M succinate/0.4 M Tris - HC1 (pH 8.0)/200 mM KC1, with oxidized GTP, 
I /~M (o), 3 /~M (I), 6 /JM (A) and 12 /~M (o). T h e  e n z y m e ,  r e a c t e d  w i t h  6/~M oxidized GTP, was also as-  
s a y e d  in t h e  p r e s e n c e  o f  2 mM AMP (~). 
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60 mM KC1 the 92% inactivated enzyme shows at AMP concentrations lower 
than 0.2 mM a higher activity than that of  85% inactivated enzyme, but no ap- 
preciable increase in activity is observed between 0.3 and 0.5 mM AMP (Fig. 5). 
The corresponding Hill plot did not fit with a straight line, variations in the Hill 
coefficient being observed from 1.0 in the initial part of  the curve to 0.5 in the 
intermediate plateau and then to values higher than 1.0. This behaviour which 
may be interpreted as being due to a negative co-operativity effect [14] ,  sug- 
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Fig. 6. Lineweaver-Burk and Hill p lo ts  o f  native and o x i d i z e d  GTP-treated AMP deaminase  activit ies.  
D o u b l e  reciprocal  p lot  (A)  and Hill p lot  (B) o f  kinet ic  data f rom Fig. 5. o ,  native e n z y m e ;  o x i d i z e d  GTP- 
treated e n z y m e s  at 30% (A) and 15% (o)  of  the original act ivity .  
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gests that  more than one type of site was modified after the extensive treat- 
ment  of  the enzyme with a 30-fold molar excess of oxidized GTP. 

GTP, which inhibits the native AMP deaminase to the value of 95% still 
exerts an inhibitory effect on the reduced (oxidized GTP) • AMP deaminase 
derivatives with 30% and 15% residual activity (Fig. 7); however, in both cases 
the value of inhibition is such that  the enzyme retains about 5% of the original 
activity. 

Binding of the periodate oxidation product of GTP by AMP deaminase 
In order to determine the number of mol of oxidized GTP bound per mol of 

AMP deaminase, the enzyme (0.4--0.5 pM) was treated with different concen- 
trations of the radioactive reagent prepared as described in Materials and Meth- 
ods. The incubation was carried out in 0.04 M succinate/0.4 M Tris • HCI (pH 
8.0) and 200 mM KC1 for about  60 min, when no further change in enzyme 
activity occurred. After NaBH4 reduction and dialysis the radioactivity and the 
specific activity of the enzyme were determined. The ratio (~) of mol of peri- 
odate-oxidized [3H] GTP bound per mol of enzyme at various degrees of inacti- 
vation are plotted in Fig. 8, which also shows the residual activities obtained 
after 60-min incubation with the indicated concentrations of unlabelled oxidiz- 
ed GTP. All the results of Fig. 8 up to 80% loss of activity fit  with an exponen- 
tial decay curve, so that  a straight line is obtained w h e n t h e y  are plotted semi- 
logarithmically. 

The double reciprocal plot of ~ as a function of the concentration of free re- 
agent was linear. The slope and intercept and their standard errors were calcu- 
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Fig. 7. E f fec t  of  GTP on the  ac t iv i ty  of  nat ive  and  o x i d i z e d  GTP-treated  AMP deaminases .  The  r eac t ion  
m i x t u r e  c o n t a i n e d  50 m M  imidazo le  • HC1 (pH  6.5)~ 60  m M  KC1 a n d  0.1 m M  AMP. o, Nat ive  AMP de- 
aminase;  oxid ized  G T P- t r ea t e d  AMP deaminase  a t  30% (e )  a nd  15% (A) of  the  or iginal  ac t iv i ty .  

Fig. 8. Cor re la t ion  b e t w e e n  AMP deaminase  inac t iva t ion  a nd  b ind ing  of  ox id ized  GTP.  o, Res idual  en- 
z y m e  ac t iv i ty  versus  ox id ized  GTP c o n c e n t r a t i o n ;  e ,  Res idual  e n z y m e  ac t iv i ty  versus  v (mo l  of  ox id ized  
[ 3 H ] G T P  b o u n d  per  tool  of  e n z y m e  a f t e r  NaBH 4 r e duc t i on ) .  Calcula t ions  are  based  on  a specific rad io-  

ac t iv i ty  of  ox id ized  [ B H ] G T P  of  13 • 107 c p m / ~ m o l  a n d  a m o l e c u l a r  we igh t  of  AMP d eamin ase  of  
2 9 0 0 0 0 .  Inse t ,  semilog p lo t  of  the  da ta .  
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lated by  fitting the data to a straight line by the method of  least squares, with 
a weight p4 for each point  to allow for the effect  of  taking reciprocals [15].  
The number  of  binding sites so determined corresponded to 1.94 + 0.11 mol of 
oxidized GTP/290000  g of  protein, with an apparent dissociation constant  of  
6.79 + 0.74 pM. 

Discussion 

The inhibitory effect  of  GTP on skeletal muscle AMP deaminase has been ex- 
tensively studied [2,4,5,16].  This nucleotide behaves as an allosteric effector  
causing a strong inhibition of  the enzyme at low concentrations of  substrate 
wi thout  affecting the V value, so that  in the presence of GTP a positive homo- 
tropic cooperativity for the substrate is observed. The results presented in this 
paper show that the GTP binding sites of  rat-muscle AMP deaminase can be 
specifically and reversibly modified by periodate-oxidized GTP. The inhibition 
of  enzymic activity observed after oxidized GTP treatment can be reversed by 
dialysis against solutions free of  the inhibitor or by addition of  amino acid solu- 
tions, indicating that an equilibrium exists between the (oxidized GTP) • pro- 
rein complex and the free inhibitor and protein; this equilibrium can be shifted 
towards the fully active free AMP deaminase by removing the unbound oxidiz- 
ed GTP either by dialysis or reacting it with amino groups. A faster rate of reac- 
tivation is obtained if the process is carried out  in the presence of GTP. The ob- 
servation that, after NaBH4 treatment,  the bound inhibitor cannot  be removed 
from the protein, strongly suggests that  in the binding of  oxidized GTP to AMP 
deaminase a Schiff base is formed between the aldehyde groups of the inhibitor 
and amino groups of  the enzyme. 

The binding data obtained from the investigation carried out  with the radio- 
active reagent fit with an hyperbolic saturation curve which indicates binding 
of  1.9 mol of  oxidized GTP per 290 000 g of  protein, with an apparent dissocia- 
tion constant  of  6.8 • 10 -6 M. This result is in good agreement with the pre- 
vious observation of  Tomozawa and Wolfenden [5],  who found 2 binding sites 
for GTP with an apparent dissociation constant  of 2 • 10 -4 M by equilibrium 
binding studies with rabbit  back muscle AMP deaminase. 

The suggestion that  periodate-oxidized GTP specifically modifies the binding 
sites for GTP is supported by the kinetic behaviour of  the reduced (oxidized 
GTP) • enzyme derivative which shows positive homotropic  cooperativity for 
the substrate even in the presence of  60 mM KC1, when the native enzyme sub- 
strate vs. velocity curve is hyperbolic.  Furthermore,  the modified enzyme 
shows a loss of  sensitivity to GTP corresponding to its degree of  inactivation. 

The rate of  AMP deaminase inactivation by  oxidized GTP is affected by 
some enzyme modifiers. A strong protect ion is shown by KC1, which at high 
concentrations is known to influence the regulatory properties of skeletal 
muscle AMP deaminase by  decreasing the effect  of  activators and inhibitors 
[2,4]. It has been reported that  the rabbit  muscle enzyme shows a KCl-depen- 
dent  association that has been postulated to take part in the regulatory mecha- 
nism of the enzyme [ 17 ]. On this basis it is likely that  KC1 may prevent bind- 
ing of  oxidized GTP as well as of  effectors inducing a structural change in the 
AMP deaminase molecule. Interestingly, KC1 does not  protect  the rat muscle 
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enzyme from the inactivation by dinitrophenyl fluoride [18] which is due to 
modification of  tyrosine residues in the enzyme active centre [19].  

A protective effect  against inactivation by oxidized GTP is exerted also by 
nucleoside triphosphates, while ADP at the same concentration is wi thout  ef- 
fect. The observation that ATP, as well as GTP, protects the enzyme against in- 
activation by oxidized GTP can be explained either by the existence of com- 
mon binding sites for these two nucleotides or by a conformational  change 
elicited by  ATP which no longer permits binding of oxidized GTP. The first in- 
terpretation would be consitstent both  with the mutually inhibitory binding of  
ATP and GTP to rabbit  muscle AMP deaminase [5] and with the conclusion 
drawn from the results of  a s tudy on the kinetic properties of rat muscle AMP 
deaminase treated with pyridoxal-5'-P [3]. It was inferred that  the modifica- 
tion of 6--7 lysines with pyridoxal-5'-P "freezes" the enzyme in the conforma- 
tional state of the native enzyme in the presence of  nucleoside triphosphate 
(ATP as well as GTP). The kinetic behaviour of this derivative was quite similar 
to that  presented in this paper for the periodate-oxidized GTP-modified en- 
zyme. However,  the possibility that  the protect ion exerted by ATP against the 
binding of  oxidized GTP may be, at least partly, due to an allosteric mechanism 
cannot be excluded. A more detailed kinetic s tudy is now in progress to distin- 
guish between these possible effects of  ATP on oxidized GTP-induced inactiva- 
tion. 

It has been mentioned above that after extensive t reatment  with a 30-fold 
molar excess of  oxidized GTP rat muscle AMP deaminase retains less than 10% 
of the original activity and shows negative homotropic  cooperativity. This de- 
gree of  inactivation is achieved after a deviation from linearity in the semilog 
plot of  the inactivation data is observed, indicating that it is probably due to 
the modification of sites different from those specific for GTP. The possibility 
that the modification of  sites specific for ATP occurs at this level of  inhibition 
is supported by  the observation that  in the presence of ATP negative homo- 
tropic cooperativity is observed in rat muscle AMP deaminase [20]. Prelimi- 
nary results indicate that  the same kinetic behaviour is shown by the enzyme 
treated with periodate-oxidized ATP and AMP. 

It was not  the aim of this paper to decide whether or not  GTP and ATP bind 
at common sites on the AMP deaminase molecule; however,  the finding that 
t reatment  with periodate-oxidized nucleotides can specifically modify the sites 
of either of  these inhibitors forms the basis for further studies to clarify the 
regulatory properties of  the enzyme. 
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