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SUMMARY 

I The effect of K +, nucleoslde tnphosphates, ADP and P1 on skeletal muscle 
AMP deamlnase (AMP ammnohydrolase, EC 3 5 4 6) from frog, pigeon, guinea pig, 
rabbit and rat, partially purified by the same method, was investigated 

2 K+ activates the enzyme from all the sources, however, the complete actl- 
vatlon of rat and pigeon enzymes is observed at KC1 concentrations lower than those 
required for a complete activation of the enzyme from the other sources 

3 At pH 6 5 and at KC1 concentrations higher than ioo raM, ATP, GTP, ITP 
and P1 inhibit the enzyme from all the species examined, however, at 5O-lOO mM 
KC1 ATP activates the enzyme from guinea pig and rabbit At pH 7 i and at 50- 
200 mM KC1 ATP Inhibits all the enzymes 

4 AMP deammase is inhibited to a limited extent by nucleo~lde trlphosphates, 
the mhmbltlon degree depends on the pH and on the sources, P1 completely inhibits 
the enzyme Creatlne phosphate also is an inhibitor Kinetic evidences suggest two 
distinct sites of binding, one for the nucleoslde trIphosphate and the other for P~ 

5 ADP at low KC1 concentrations strongly activates the enzyme, while at high 
KC1 concentrations the activation is weaker or absent, be~xdes this effect ADP re- 
moves the Inhibition by nucleoslde trlphosphates and PI 

6 The data suggest that the enzyme in resting muscle is partially or completely 
inhibited, when ADP accumulates in muscle it removes the inhibition by nuclecside 
trlphosphates, P1 and creatine phosphate and the enzyme results activated 

INTRODUCTION 

AMP deammase (AMP amlnohydrolase, EC 3 5 4 6) catalyzes the hydrolytic 
deamlnatlon of AMP to IMP and NH3 The enzyme is widely distributed in animal 
tissues, however, in skeletal muscle AMP deamlnase activity is much higher than in 
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other  t issues including hear t  and  smooth  nluscles',- '  The d i s t r ibu t ion  of the enzyme 
in ~keletal muscle varies g rea t ly ,  white  muscles have higher enzylne concentra t ion  
than  red a 

AMP deamlnase  wab purified from ra t  and r abb i t  skeletal  mu~cle~ and finn/ 
calf  bra in  4 9 The kinetic proper t ies  of AMP deamlnase  from brain,  e ry throcyte~ and 
~keletal muscle have been ex tens ive ly  s tudmd MENDICINO AND MUNTZ 1° first de- 
m ons t r a t ed  tha t  the b ra in  enzyme is ac t iva t ed  bx A T P ,  the enzyme is also ac t iva t ed  
by  monova len t  catxon~ and inhib i ted  b y  GTP 9,11,1°" AMP deaminase  from x arlous tIs~ue~ 
of ra t  was found to be ac t i va t ed  b y  A T P  and inhib i ted  b y  GTP 13 The enzyme from 
e ry th rocy tes  is ac t i va t ed  by  ATP,  monova len t  cat ions  and Inhibi ted  b y  2 ,3-dlpho,-  
phoglycerlc  acid1< 15 LYUBIMO\ A AND MATIANA 16 repor ted  tha t  AMP deammase  from 
r abb i t  skeletal  muscle is ac t i va t ed  b y  A D P  and ATP An ac t iva t ion  by  ATP was al~o 
observed in carp muscle enzyme 17 However ,  in the pre~ence of o O M KC1 crvs ta lhne  
AMP deamina~e from rabb i t  skeletal  muwle  l~ Inhibi ted  bx P, but  not  ac t iva t ed  by  
ATP and A D P  s-7 Recent ly  SMILEY AND SIIELTER TM showed tha t  the  crysta l l ine  
enzyme from rabb i t  skele ta l  muscle is ac t iva t ed  by  K + and Na + and by  A T P  and 
A D P  in the absence of monova len t  ca t ions ,  GTP and G D P  inhibi t  the enzyme The 
enzyme from ra t  skeletal  muscle in the presence of IOO mM K~ l~ inhib i ted  b 3 ATP,  
GTP,  UTP,  CTP, b y  some organic anions and P, ,  A D P  removea these lnhlblt lon~ vj 

The different behavior  of r abb i t  and  ra t  enzyme towards  the nucleoslde &- and 
t r l pho ,pha t e s  can be due ei ther  to the  different bource of the two enzx me~ or to the 
different  purif icat ion procedure  or to the different  a~say condi t ions used (pre,ence or 
absence of K ~) 

In this  paper  we repor t  the behavior  of AMP deamlnase  from rabbi t ,  guinea 
pig, pigeon and frog, purified by  the same method,  t o ~ a r d s  the nucleoslde dl- and 
t r lphospha tes  at  var ious  concent ra t ions  of K + The reaults stlo~ tha t  these four 
enzymes behave  ~Imilarly to the ra t  enzyme when assayed in the pretence of K +, 
the nucleoside t nphospha t ea  and P~ inhibi t  the enzymes and the inhibi t ion is re- 
moved b y  A D P  

E X P E R I M E N T A L  P R O C E D U R E  A N D  R E b U L I 5  

Nucleot ldes  were ob ta ined  from Sigma Chenncal  Co or from Boehr lnger ,  o ther  
chenucals  were of reagent  grade The AMP deamlnase  ac t iv i ty  was de te rmined  spec- 
t ropho tomet r l ca l ly  at  265 or 285 m# (ref~ 18, 2o), ZlemM values of  8 86 and o 23 were 
uaed at  265 and 285 m/~, respect ively,  for the calculat ion of the  #moles  of subs t ra te  
deamlna t ed  The spec t ropho tomet r l c  de te rmina t ions  were carr ied out  in a ZeIss PM 
Q I I  spec t ropho tomete r  equ ipped  with  a Zelss TE-conver t e r  and  with a \ ' a r i a n  G-2ooo 
recorder  The prote ins  were de te r imned  by  the mlcrobmre t  me thod  using bovine 
serum a lbunnn  as a s t anda rd  

AMP deammase  from back and leg nmacles of r abb i t  and  guinea  pig, from leg 
muscles of frog (Rana esculenta) and from wing muscle~ of pigeon was pa r t i a l l y  
purified according to the  me thod  of  CURRIE AND WEBSTER 4 up  to the (NH4)ISO 4 fra( - 
t lonat lon  ~tep In  Table I the to ta l  and  the ~peclfic ac t iv i t ies  a t  the var ious  steps ol 
purif icat ion are repor ted  For  companaon  the purif icat ion of  the  ra t  enzyme is al~o 
repor ted  The incubat ion  mix ture  for the de te rmina t ion  of the  enzyme ac t iv i ty  con- 
t a m e d 2 m M A M P ,  5 o m M l r m d a z o l e  H C l ( p H 6 5 )  a n d o 6 M  KCI I u n l t o f e n z y m e  

Htochtm Hzophv~ 4eta lOS (tO7 o) l o l  I t_ '  
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lO 4 s RONCO-TESTONI ct al 

ac t iv i ty  is defined as the amount  which catalyzes the deamlnat lon  of  I #mole  of  AMP 

per rain at 25 ° and 2 mM AMP The purification ratio and the recovery (Table I) of 

frog, pigeon, guinea pig and rabbit  AMP deamlnabe are lower than tho~e of the rat 

enzyme Purif icat ion procedures were described for AMP deamlna~e from pigeon and 

rabbi t  skeletal nluscleS-S, eI, however,  we preferred to purll:V all the enzyme,  by the 

~ame method  The most  evident  &fferences in the purification procedure of AMP 

deammase from the five bpecles have been observed in the phosphate  dlb~oclatlon step 

Phosphate  dls~oclateb the enzyme from ac tomyosm preparatlon~ of all the ~pecles 

examined,  but  the purification ratio 1~ lo~x as compared to tha t  of the rat  The ~ame 

result  was obtained by CURRIE AND WEBSTER 4 with rabbit  actomyo~m The dls- 

sociatmn ~ l t h  phosphate  wa~ alao used by SMILEY ct al 8 in the punf ica tum of rabbi t  

AMP deanunase For the d>~oclatlon of AMP deammase  fronl guinea pig and frog 

actomyosIn the umlc s t rength of the phosphate  buffer (pH 7 2) ~as  o I instead oi 

o o 5 as used for the purification of the other  enz\  hies The rise in the runic ~trength 

~ as neces~arx to increase the yield of the dissociated enzyme Although the purification 

and the recovery ~xere lower than those observed fl)r the rat  enzyme, the enzyme~ 

from frog, guinea pig, pigeon and rabbi t  skeletal muscle after (NH4)2SO 4 fract lonat lon 
were enough purified for the kind of s tudy  reported in th>  paper In fact the enzyme 

preparat ions were free of  5'-nucleotIda~e, myoklna~e, nucleoside diplio~phokinase and 

ATPase  actlvltle~ and only the guinea pig preparat ion q l o ~ e d  a small adenosine 

deamlnase actlvltx 
Like AMP deamlnase from rabb~t and rat  skeletal niu~cle, the frog, pigeon and 

guinea pig enzymes are ac t iva ted  by K + In Fig I the effect of increasing K(1 con- 

cent ra tmns 1~ reported The ac tw l ty  wa~ a ~ a v e d  in 5o mM unidazole HC1 (pH 0 5) 

and 15o mM t e t r a m e t h v l a m m o n l u m  chloride AMP deamlnase from p~geon ~keletal 

:1 

0 ! o 5o lo~ 

x 

2- 

24- o ~ ° ~ ' -  

20- ~ L ~ A  .--'_~7 

16 - A / . f  -/ , / 
~12- ~ / /°  

8- / '" / ' /  

'/.y 
, !  / 

o 
150 200 250 0 05 10 ~5 20 

[KCt] (raM) [AMP] (raM) 

Pig i Effect of KCl Oll skeletal nlusclc AMP deannnase froln frog (O), pigeon (&), guinea pig 
(~) and rabbit (ll) The reaction lmxture contained ioo/,M AMP, 5o mM mlldazole HCI (pH 6 5) 
and 15o mM tetramethylammonmm chloride "lemperature, 2o 

Fig 2 Effect ol AMP concentration on initial \ eloclty of skeletal muscle M~IP deamma~e from 
frog (O), pigeon (&) and guinea pig ((,) The reaction mixture contained 5 ° mM lmldazole HC1 
(pH 6 5) and 150 mM KCI Temperature, 2o" 

13mchzm Bmphys Acta, I98 (197 o) ioI- I  i2 



MUSCLE AMP AMINOHYDROLASE 105 

F A B L E  I I  

EFFECT OF A O ]  D ON A ~ I P  DEAMIN~SE INHIBITION BY SOME NUCLEOSIDE TRIPHOSPHATES AND Vl  ~.T ]oH 6 5 

Each  assay  sys t em con ta ined  ioo  pM AMP, 50 mM imadazole HC1 (pH 6 5) and  15o mM KC1 T e m p e r a t u r e  
20 ~ An a r b i t r a r y  va lue  of ioo  is ass igned to  the  a c t i v i t y  ob ta ined  in the  absence of effectors 

.4 dditzon ~ Frog Pzgeon Guznea pzg Rabbzt 

[|'tlhout [Vtth [Vtlhoul II'#h [Vzthout IVzth [['~lhoul [ | ' t /h 
A D P  A D P  A D P  A D P  A D P  A D P  A D P  A D P  

(5o 113I) (5 ° p 3 I )  (5 ° t*3I) (5o p M  ) 

None ioo  16o ioo  IOS ioo  137 Ioo I34 
A T P  (5 ° / ,M)  ,So 143 82 IOO 91 131 72 I ~o 
GTP  (IO/IM) 72 14o 75 lO5 74 137 ~I I ~4 
[TP  (TO/~M) 75 145 89 lO9 83 124 45 I ~3 
P~ (5 mM) 7 ° 125 6~ lO 7 62 129 31 133 

muscle is a lmost  comple te ly  ac t iva t ed  at  20 mM KC1 while for the rabb i t  and  guinea 
pig enzymes  the  highest  ac t iv i ty  is ob ta ined  with  lOO-15o mM KC1, higher  KC1 con- 
cen t ra t lons  are necessary for a complete  ac t iva t ion  of  flog enzyme The ra t  enzyme 
behaves  s imi lar ly  to pigeon AMP deamanase 19 In  the absence of t e t r a m e t h y l a m m o -  
n m m  chloride higher  KC1 concent ra t ions  are required for the complete  ac t iva t ion  of 
tile enzyme (Table IV) ,  for the ra t  enzyme see ref  19 

In  bhg 2 the subs t ra te  veloci ty  curves of  the  enzymes from frog, pigeon and 
guinea  pig are r epor t ed  The curves were ob ta ined  in 50 mM lmldazole  HC1 (pH 6 5) 
and  15o mM KC1 The appa ren t  Km for AMP, ca lcula ted  on the curves of F ig  2, is 
o 35, o 5 and o 75 mM for pigeon, guinea pig and flog, respect ive ly  The s u b s t r a t e -  
ve loc i ty  curve for the  r abb i t  enzyme is s imilar  to tha t  r epor ted  b y  SMILEY AND 
SUELTER 18 

The effect of  some nucleosade da- end t r lphospha tes  and  P1 on AMP deamlnase  
from frog, pigeon, guinea pig and r abb i t  is shown in Table I I  The table  also repor ts  
the  ac t iv i ty  in the  s imul taneous  presence of  A D P  and ATP,  GTP,  I T P  or P1 Assay  
condi t ions  were 50 mM imldazole  HC1 (pH 6 5), 15o mM KC1 and IOO/~M AMP The  
nucleoslde t r iphospha tes  and P1 inhib i t  the  enzyme from all the  sources while A D P  
shght ly  ac t iva tes  AMP deamlnase  when tes ted  in the absence of  lnhibl tors  and re- 
moves the  inhibi t ion  b y  nucleoside t r Ipho~phates  and PI In the  absence of K +, A D P  
s t rongly  ac t iva tes  the  enzyme from all the  sources considered 

The effect of  va ry ing  inh ib i tor  concent ra t ions  on AMP deamlnase  ac t iv i ty  is 
r epo r t ed  In 1;ag~ 3 and 4 A finite value of  inhibi t ion  is ob ta ined  when the enzyme 
ac t i v i t y  is assayed in the presence of  lncreasmg concentra t ions  of  nucleoslde t r iphos-  
phates ,  while an a lmost  complete  Inhibi t ion is observed in the presence of increasing 
concentra t ions  of  P~ The effect of  mixing  two inhIbItors on the enzyme a c t l w t y  wa~ 
also tes ted  In  Table I I I  the  residual  ac t i v i t y  in the presence of  each inhib i tor  ahme 
or of  a mix ture  of  two inhlbi tors  is shown In  the  same table  the  p roduc t  of  the  re- 
s idual  ac t iv i t ies  ob ta ined  in the  presence of  each inh ib i tor  alone is r epor ted  in paren-  
theses I t  appears  t ha t  the  s imul taneous  presence of  a nucleoslde t r lphospha te  and 
P1 lead~ to a res idual  ac t i v i t y  lower than  the produc t  of the  separa te  residual  actav- 
ltles, while when bo th  A T P  and GTP are present  in the  assay  the residual  ac t iv i ty  
is higher  

Bzochzm Bzophys Acta, 198 (197 o) lO1-112 
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lq~ 3 Ef fec t  o f  (,1 P on ~keletal muscle A M P  deammasc f rom pigeon (11), guinea p~g ( ~ )  aml 
r a b t n t  (0 )  a n d  of  k l ' P  on  s k e l e t a l  n l u , c l e  e n z y m e  f r o m  f rog (,~) a n d  r a t  (at) a t  p H  6 5 q h e  
r e a c t m n  m i x t u r e  c o n t a i n e d  I o o l t M  k M P ,  5 o m M  l m l d a z o l e  HCI  ( p H 6 5 )  a n d  15 o m M  t,2CI 
T e m p e r a t u r e ,  2¢) 

F i g  4 Ef fec t  ot i q  on  s k e l e t a l  m u s c l e  A M P  d e a m m a s e  t r o m  f rog  (Q), p~geon ( " ) ,  g u i n e a  pl~ 
(11), r a b b i t  (&) a n d  r a t  (~ ,) 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  i o o  ] ,M AMP,  5 ° mM l m l d a z o l e  H (  1 
(pH (> 5) a n d  15o mM KC1 l e m p e r a t u r e ,  2o ¢ l h e  P, x~as a d d e d  as  s o d m m  p h o s p h a t e  bul fe i  
(pH o 5) 

The effect of nucleotlde~ was also tested at different KC1 concentra tums In fact 

~t was lepor ted  tha t  in the absence of monovalen t  cations A T P  actlx ated the rabbit  

AMP deaminase ~8 Table IV shows the effect of ATP, GTP and A D P  on AMP de- 

ammase from guinea pig, rabbi t  and rat  at four concentrat ions  of KC1 The assay~ 

~xere earned  out I n  I O o / / M  AMP, 50 mM nnidazole HC1 (pH 6 5) and 5o, Ioo, 15o 
or 2oo mM KC1 An arbltrarx value of  Ioo 1~ assigned to the ac t iv i ty  obtained m the 

1 ,kHLI'; l i1  

I N H I B I T I O N  OF &MI ) DIzXMIN \bE  BY P~IRb  OF INHIBITORS (NUCLEO~IDE TRIPHOqPH kTEb OR ~t)  

E a c h  a ~ a v  ~ t e m  cont~lnC 1 IOO/tM ~kMP, 5o m \ l  l l m d a z o h '  H(A (pH 6 5) a n d  I5o  mM I((A 
[ e l n p e r a t u r e ,  20 ~tn a r b l t r & r y  ~ a l u e  of  t oo  is d~,',l~ne 1 to  t h e  act)x i t} o b t a i n e d  in t he  a b s e n c e  
of  m h f l n t o r b  The  p r o d u c t n  of  t h e  r e s i d u a l  ac t lxqtm~ o b t a i n e d  m t h e  p r e s e n c e  of  e a c h  m h l b l t m  
a lone  arc r e p o r t e d  enc lose  l in  b r a c k e t n  Fo r  e x a m p l e  t h e r e  x~a~ 75°o r e s i d u a l  a e t t x l t ' ,  in  t he  
pre~ence  ot i o  p M  G'I P a n d  8 0 %  in t h e  p r e s e n c e  of  2 5 m M  P~ fl)l \ M P  d e a m l n a s e  f rom p~goon 
s k e l e t a l  m u s c l e  t he  p r o d u c t  of  t h e  r e s i d u a l  a c t i v i t i e s  r e p o r t e d  111 p a r e q t h e ~ e s  is (~ 75 o So) 
IOO o r  f)o°() 

4 dd~tu,n~ Pzg~ ,m ( , , t i m  a Rabbzt  
pz~, 

Nol l e  1 oo [ oo i oo 
ATP  (5 ° / I M )  82 Ol 72 
( , T P  ( Io  tiM) 75 74 31 
11 P ( to  pM) 80 8:~ 45 
Pl (2 5 raM) 8o 70 50 
P,  (5 o raM) 6~ ¢)2 3 l 
¢1"I '  (5o / IM)  ~ P~ (5 raM) 44 (52) ~;8 (.50) 14 (22) 
( . ] P  ( i o p M )  - -  P~ (2 5 m M /  43  (So)  t6  ( 58  ) S (15)  
I T P  ( i o / t M )  + PI  (2 5 raM) 04 (7 I) 40 (65 ) 12 (22) 
V I I  3 ( 5 o p M )  + G T P  ( i o p M )  81 (62) 89 (67) 48 (22) 

Htoc tum B w p k y s  4cta, rob ( lq7o)  I O I - I t 2  
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lO8 S RONCO-TESTONI Ct a l .  

,oo[ 
~ 8 0  , 

o o \  • 
"8 60 

g 20 " ~ . _  

Ol , . . . .  
0 10 20 30 40 50 

[ATP] r/aM) 

100 

- 6 0  1 ~  

0t ~ m ~  Iv--- • 
0 10 20 30 40 50 

[GTP] (JaM) 

F lg  5 E f f ec t  o f  A T P  on  ~ke le t a l  m u s c l e  A M P  d e a m i n a s e  f r o m  g u i n e a  p ig  (A), r a b b i t  ( ) a n d  
r a t  (It) a t  p H  7 i 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  i o o / t M  AMP,  5 ° mM l m l d a z o l e  H (  l (pH 7 t) 
a n d  15o m M  KCI T e m p e r a t u r e ,  2o' 
l q g  6 E f f ec t  o f  G T P  on  s k e l e t a l  m u s c l e  A M P  d e a m l n a s e  f rom g u i n e a  p ig  (&), r abbz t  (~,) a n d  r a t  
(It) a t  p H  7 i l 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  i oo td~ I  A M P ,  5 ° m M  i m l d a z o l e  HC1 (pH  7 t) a n d  
15o m M  KC1 T e m p e r a t u r e ,  2o" 

presence of  5 ° mM KC1 u l t l l o u t  addi t ions  The enzymes from the three sources ex- 
amined  show a different betaavmr towards  A T P  Guinea  pag and r abb i t  enzymes are 
ac t iva t ed  b y  A T P  ~ h e n  assayed at  5o and ioo  mM KC1 whale A T P  mlalblts a t  15o- 
2oo mM KC1 The enzyme from ra t  is Inhib i ted  by  A T P  at  each KC1 concent ra t ion  
te~ted GTP inhibi ts  the enzymes m every  case The effect of I T P  (not repor ted  in 
the  table) > s imilar  to tha t  of  GTP At  5O-lOO mM KC1 concentrataon A D P  as a 
be t te r  ac t i va to r  than  A T P  while at  2o0 mM KC1 A D P  1~ wathout effect on the en- 
zyme act lvaty  

The ex ten t  of  m l u b m o n  by" nucleoslde t raphosphates  depends  on the p H  of the 
lncuba tum maxture In  fact in 5o mM lm~dazole HC1 (pH 7 I) conta in ing 15o lnM 
KC1 (Table V) the mhablt lon by  A T P  and GTP of  skeletal  muscle AMP deamlnase  

"[ \ B L E  V 

I~2FFECT Of k D l '  ON ~kMP DE&I~IIN~bE INHIBITION I~Y +k'l P, (TI P, Pi  AND CREAT1NE PHOSPHATE *xT 
p H 7 I  

E a c h  assa~ s ~ s t e m  c o n t a i n e d  l O o / t M  k M P ,  5 ° m M  u n i d a z o l e  HC1 (pH  7 I) a n d  15o mM K(1 
l ' e m p e r a t u r e ,  2o ~ 
of  e t t e c t o r s  

4 ddmons 

An a r b i t r a r y  v a l u e  of  i o o  is a s s i g n e d  to  t h e  a c t i v i t y  o b t a i n e d  in  t h e  a b s e n c e  

(,uzm'a ptg Rabbzt Rat 

l[ tlhoul I[ ~lh It ~thout IV~th [I ~thout H'tth 
4 D P  A D P  4 D P  4 D P  A D P  A D P  

(5 ° t ~ I )  (50 ll3i) (5 ° l t3I) 

N o n c  t o o  i ~o 1 oo 195 i oo 12 o 
A T P  (5o/*M) 44 157 37 i 8 o  it) ~)S 
G ' I P  (IO/¢M) 52 i 5 o  18 167 i2  05 
P~ (5 raM) 58 147 43 158 38 87 
C r e a t l n e  p h o s p h a t e  (5 raM} 63 135 34 145 3 ° ('7 

Bm~hzm Bzophys Acla, 198 ( I97  o) lO1-112  
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I I O  b R O N C O - T E S T O N I  Ct al 

from guinea pig, r abb i t  and  ra t  is higher  than  at  p H  6 5, ~xhile the  mhib l t ion  by P, 
is abou t  the same (see Table  I I  for guinea pig and r abb i t  and  ref  19 for r a t ) ,  c rea tme 
pho>phate is effective as P1 in the  lnh lb l tmn of  the enzyme A finite value of inhibi t ion  
is ob ta ined  when the enzyme is assayed in the presence of  increasing concent ra t ions  
of  A T P  and GTP bu t  the  ex ten t  of  inhibi t ion  is higher  a t  p H  7 I t han  at  p H  0 5 
(Figs 3, 5 and 6) However ,  a t  p H  7 i and  at  5O-lOO mM KC1, in con t ras t  to p H  6 5, 
no ac t iva t ion  b y  A T P  of  r abb i t  and  guinea pig enzyme is observed (Table VI) A D P  
remove~ the mhlb t tmn  b y  ATP,  GTP and P~ also at  p H  7 I (Table V) 

D I S C U S S I O N  

The compara t ive  s tudy  on the behav ior  of  skeletal  muscle AMP deamlnase  
from five different specms towards  K+, nucleot ldes  and P1 shows t ha t  the enzymes,  
purified b y  the same method ,  have some fundamen ta l  common character is t ics  wtnch 
suggest a COlmnon regu la to ry  mechanism,  however,  some minor  differences were also 
observed K + ac t iva tes  the enzyme from all the  sources examined  bu t  lower KC1 
concent ra t ions  are necessary for the  complete  ac t iva t ion  of  ra t  TM and  pigeon enzyme 
KC1 concent ra t ion  and  p H  influence the  behawor  of  AMP deannnase  towards  A T P  
and thls phenonienon m a y  expla in  the  different behavior  of AMP deaminase  towards  
t h >  nucleot lde  observed by  var ious  authors  a 7,16 19 

The enzyme lb inhib i ted  to a lnmted  ex ten t  b y  nucleoslde t r iphospha tes  These 
compounds  p robab ly  have an ident ica l  site of  b i n d i n g  o n  the  enzyme molecule In 
fact the  residual  ac t iv i ty  ob ta ined  in the  s imul taneous  presence of two nucleosIde 
t r lphospha tes  is higher than  the produc t  of the residual  ac t iv i t ies  ob ta ined  with  each 
inh ib i tor  ahme A T P  which lntlibitb the  enzyme to a minor  ex ten t  than  GTP,  pa r t i a l ly  
removes  the  ml i ib i tum by  GTP In  the pre~ence of  P~ and nucleoslde t r lp t iosphates  
the  res idual  ac t iv i t ies  are lower than  the produc t  of  the  ies ldual  act ivi t ies  ob ta ined  in 
the  pre~ence of  one Inhibi tor  alone T in .  phenomenon was observed with o ther  en- 
zymes and was expla ined  as>umlng dis t inct  ~ltes of b inding for the mlnbitor~2a, aa 
This is p r o b a b l y  t rue  also for AMP deamlnase  m which t u o  different sites, one fin 
P, and  the other  for the nucleoslde t r lphospha te ,  can be hypothes ized  However ,  a 
more de ta i led  kinet ic  s tud3,  which is not  the  aim of the  pre~ent work, will be neces- 
sary  to e lumdate  this  po in t  

Nucleoslde tnpho~phates ,  ADP,  crea tme phospha te  and Pt a t  concentra t ions  
near  or lower than  tho~e f lmnd in muscle affect the AMP deamlnase  a c t i w t y  from 
five different species, when assayed at  p H  7 I and  at  physiological  concent ra tmns  of 
K + ( I o o - I 5 o  raM) and AMP (Ioo/ ,M) All  these compounds  appear  to be significant 
m the regula t ion  of  the ac t iv i ty  zn vzvo The ATP,  creat lne pho.~phate and P~ con- 
een t ra t lons  in inu~cle and the fact  t ha t  a grea t  pa r t  of A D P  is bound  to niubcle pro- 
telns 2s suggests t ha t  in rest ing muscle AMP deannnase  is a t  least  par t ia l ly ,  if  not  
complete ly ,  mh lb l t ed  In  the  condit ions in which free A D P  accumula tes  in nluscle, 
it  removes the  inhibi t ion  b 3 P~ and A T P  and the enzyme resultb ac t iva t ed  On this  
a~pect muscle AMP deamlnase  seems to help the  myokina-_e react ion In uti l izing the 
l i lgl i-energy phospha te  of  A D P  for muscular  cont rac t ion  and in main ta in ing  a high 
A T P / A D P  ra t io  2b (myosin ATPase  is inhibi ted  by  A D P  'aT) In fact  nmscle myokinase ,  
specific for adenine nucleotldes,  is inhib i ted  by  AMP which has a K~ value lox~er than  
/x" m for A D P  28 Such a k ind  of regula t ion  of  AMP deaminase  could expla in  the  ob- 

]~zo~h~m B*ophys Acta, IO~ (107 ° ) ~ o l - I I 2  



MUSCLE AMP AMINOHYDROLASE I I I  

servatmns that  IMP accumulates in muscle sublected to strong tetanlc contractions 
and is ieamlnated to AMP during the aerobic recovery period, while at is impossible 
to demonstrate a deamlnatlon of AMP in resting muscle or durmg a moderate muscu- 
lar work 29-as Although it cannot be excluded that  in these conditions a deammatlon 
of AMP occurs, in fact if the rate of IMP reamlnation as higher than or equal to the 
rate of AMP deanilnataon no accumulation of IMP i~ observed, however, because the 
capacity of the muscle to reamlnate IMP > much less than Its potential  AMP de- 
ammating capacity a6 as, it must be concluded that  AMP deamlnase is inhibited to a 
great extent in restmg muscle or during moderate muscular work 

The studies carried out with poisoned muscles in which ATP synthesis 1s com- 
pletely or part ial ly inhibited are ubeful to confirm that  IMP is produced when ADP 
tends to accumulate in muscle LANGE a9 and HERMANS 4° with muscles poisoned with 
mdoacetate and MARkCHAL AND BECKERS-BLEUKX 41 with frog muscles poisoned with 
I-fluoro-2,4-dlnitrobenzene observed that  the ATP used for nmscular contraction as 
almost quant l tahvely  replaced by  IMP, however, CAIN" AND DAVIES a6 reported that  
during the contraction of frog nmscles poisoned by I-fluoro-2,4-dmitrobenzene ATP 
is stoichlometncally converted to ADP and AMP These contradictory findings can 
be explained assuming that  in the poisoned muscles studied by the different authors 
AMP deamlnase is inactivated by this drug to a different extent AMP deamlnabe, 
in fact, from frog, guinea pig and rat is inactivated by I-fluoro-2,4-dinltrobenzene 
(G RONCA, unpublished observation) 

Besides nucleoslde triphosphates, ADP, creatlne phosphate and P~ other factors 
may be sagmficant in the regulation of AMP deamlnase zn v z v o  As it appears from 
the pH dependence of enzyme actlvltys-7,17 and of nucleoside triphosphate inhibition, 
a decrease of pH in muscle results in increasing enzyme act ivi ty Variations of pH 
during muscle act ivi ty  were described a2 It  was reported that  lactate is an inhibitor 
of rat  AMP deamlnase and Mg 2+ and Ca 2+ influence both ADP activation and P~ and 
nucleoslde traphosphate inhibition ~9 The ~keletal muscle enzyme from all the five 
species examined as inhibited bv 2,3-diphosphoglycerlc acid (G RONCA, unpubhshed 
observation) as AMP deamlnase from erythrocytes t4 These data  suggest a more 
complex regulation of muscle AMP deamina~e than that  discussed above 
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