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Summary 

Acetate kinase (ATP:acetate phosphotransferase, EC 2.7.2.1) from Esche- 
richia coli exhibited a time-dependent loss of activity when incubated with 
N-ethylmaleimide at micromolar concentrations. However, prolonged incuba- 
tion did not eliminate all catalytic activity and generally about 15% of its initial 
activity remained. When incubated with 7.2 pM N-ethylmaleimide, acetate 
kinase was inactivated with a rate constant of 0.063 min -1. Adenine nucleo- 
tides, ATP, ADP and AMP, protected the enzyme against such inactivation, but 
acetate up to 3.0 M and in the presence of 0.2 M MgC12 and acetyl phosphate at 
24 mM did not interfere with the rate of inactivation: While both acetate and 
acetyl phosphate did not affect the protection rendered by AMP, the presence 
of acetyl phosphate altered ADP protection. However, both substrates pre- 
vented ATP from protecting the enzyme. These data suggest that the binding 
sites for acetate and acetyl phosphate are different from that of the adenosine 
binding domain, but are in close vicinity to the phosphoryl binding regions of 
the nucleotides. 

Introduction 

Acetate kinase (ATP:acetate phosphotransferase, EC 2.7.2.1) from E. coli 
catalyzes the phosphorylation of acetate according to the following equation: 

ATP + acetate Mg2~ ADP + acetyl phosphate 

The mechanistic pathway followed by this enzyme has been a matter of con- 
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troversy over the years. Anthony and Spector [1,2] reported that the enzyme 
catalyzes both ATP-ADP exchange in the absence of  acetate, and acetyl phos- 
phate-acetate exchange in the absence of  added nucleoside triphosphate. They 
[3] later isolated a phosphorylated enzyme on incubation with ATP or acetyl 
phosphate and showed its chemical competence,  in the sense that the phos- 
phoryl group could be transferred either to ADP or acetate. However, the phos- 
phoryl-enzyme intermediate was not  kinetically competent ,  in that, although 
ATP-ADP exchange was seven times faster than the overall reaction, the acetyl 
phosphate-acetate exchange was 64 times slower [2]. Subsequently,  Todhunter  
and Purich [4] showed that the phosphoryl  group was attached to glutamic 
acid residue in the protein. Early kinetic investigations of  Purich and Fromm 
[ 5] indicated that  the enzyme followed a simple ping-pong pathway,  consistent 
with the formation of  a phosphoryl  enzyme in the reaction. However, Janson 
and Cleland [6],  through the use of  chromium triphosphate, suggested a 
random sequential mechanism for the majority of  the reaction flux and a ping- 
pong type mechanism to account  for the ATP-ADP exchange. Subsequent  
kinetic studies by Webb et al. [7] using propionyl  phosphate,  further substanti- 
ated the random sequential mechanism. Nevertheless, Todhunter  et al. [8] 
showed that the nucleoside diphosphate kinase activity of  acetate kinase fol- 
lowed ping-pong kinetics. These data were consistent with the presence of  a 
phosphoryl-enzyme intermediate. On the contrary, Skarstedt and Silverstein 
[9] reported that at thermodynamic equilibrium the ATP-ADP exchange rate 
was independent  of  the presence or concentration of  co-substrate, whereas 
acetyl phosphate-acetate exchange could not  be observed in the absence of  
adenine nucleotide and concluded that phosphoryl  enzyme was not  formed in 
the absence of  nucleotides. Finally, Blatter and Knowles [10] showed that the 
phosphorylat ion of  acetate by ATP proceeded with inversion of  configuration 
at the phosphorus,  suggesting that a direct phosphoryl-group transfer reaction 
occurred between enzyme-bound substrates. 

Shortly after acetate kinase was detected in E. coli extract, Rose et al. [11] 
showed that  the enzyme was strongly inhibited by  sulfhydryl reagents, particu- 
larly mercuric chloride, p-chloromercuribenzoate and iodosobenzoate.  The 
present report  examines the functional role of  the sulfhydryl group in an effort  
to determine its location at the active site and to elucidate its function in the 
catalytic mechanism. 

Experimental procedure 

Materials. N-Ethylmaleimide was obtained from Aldrich Chemical Company 
and recrystallized three times from heptane. All nucleotides and acetyl phos- 
phate were products of  Sigma Chemical Co., various enzymes used were also 
supplied from Sigma. E. coli acetate kinase was obtained in the form of  a crys- 
talline suspension in 3.2 M (NH4)2SO4, and had a specific activity of  230 units 
per mg protein. 

Assay. Acetate kinase was assayed spectrophotometrical ly for the produc- 
tion of  ADP. A standard assay mixture (1 ml) contained 0.6 M sodium acetate, 
40 mM MgC12, 5.4 mM ATP, 1.1 mM phosphoenolpyruvate, 0.23 mM NADH, 
5 units pyruvate kinase, 7 units lactate dehydrogenase and 50 mM triethanol- 
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amine with a final pH of  7.5. About  0.01 units acetate kinase were used in each 
assay. The decrease in absorbance at 340 nm was measured with a Unicam 
SP18000 spectrophotometer  at 27°C using a cuvette of 1 cm light path. 

E n z y m e  inact ivat ion.  Unless otherwise specified, acetate kinase (1.2 units) 
was incubated at 27°C with N-ethylmaleimide in 50 mM triethanolamine (pH 
7.5) in a final volume of  0.1 ml. N-Ethylmaleimide was the last compound 
added and during the subsequent 30 min aliquots were removed periodically 
and assayed. To minimize the possible influence of  cold inactivation at 0°C and 
reactivation at ambient temperature [ 7 ] the enzyme solution was incubated at 
27°C for at least 30 min prior to the addition of reagent. Whenever substrates 
or products were included, they were first incubated with the enzyme. In order 
to avoid phosphorylation of the enzyme, all incubations were carried out  in the 
absence of  MgC12. The concentration of N-ethylmaleimide was determined 
using an extinction coefficient of  620 M -1 • cm -1 at 302 nm [12]. 

Equat ions .  The equations used herein were derived in a manner similar to 
that  reported earlier [13]. As shown in Scheme I, the native enzyme form E of  
acetate kinase is inactivated to E* by N-ethylmaleimide (NEM) at a rate k 1. The 
inactivation will be pseudo-first order with respect to 

Ka 

E + A ~ E .  A 

kl  
E + NEM ---> E* 

k2 
E . A  + NEM'- ' ->E * . A ~ - E *  + A 

S c h e m e  I. 

NEM concentration. E can bind a substrate A with dissociation constant  Ka to 
form an enzyme-substrate binary complex E .  A which is inactivated by the 
same reagent at a rate k2 to form E* • A. The latter can dissociate to form E* 
and A. At a fixed concentration of  N-ethylmaleimide, the rate of  loss of the 
fully active (native) enzyme is 

dEt 
d t  = k l ( E )  + k 2 ( E .  A )  (1) 

where Et is the total amount  (concentration) of  fully active native enzyme at 
any time t, (Et = E + E • A ) .  On substitution and integration, Eqn. 1 becomes 

ln E0 = \ Ka +-A ] t (2) 

where E0 is the initial concentration of  native enzyme. Since the catalytic rate, 
v, is proportional to the concentration of  native enzyme, it follows that  Eqn. 2 
may be rewritten as 

V - -  V~ 
In - -  - --Kob t (3) 

V 0 - -  V¢¢ 

where v, v0 and v~, are respectively, the catalytic rate of  the enzyme at time t, 
zero time (native enzyme) and after infinite time of  incubation with inhibitor 
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(residual activity), and the observed apparent rate constant. 

k ,Ka  + k2A 
K°b - K a + A (4) 

Note that  if the substrate concentration is zero, Kob is equal to kl. Also if the 
binding of A to the enzyme does not  affect the rate of  inactivation, then k2 = 
kl and Kob will be independent  of  the concentrat ion of  A, i.e., Kob = kl. On 
the other hand, if A totally protects the enzyme from inactivation, then k2 = 0 
and Eqn. 4 reduces to 

k 1Ka 
g o b - -  - -  K a + A  

o r  

Ko; -- A + k-: (5) 

In the case where two substrates, A and B, are present,there will be four 
enzyme species which could be formed according to a random sequential 
mechanism and each could undergo inactivation by N-ethylmaleimide (NEM) as 
shown in Scheme II. 

K a 
E + A ~ E  - A  

Kb 
E + B ~ E . B  

Kab 
E , A + B x  ~ E - A . B  

Kba 
E , B + A ,  ~ E ' A ' B  

k l  
E + NEM --'> E* 

E . A + N E M k - ~ 2 E  * . A t - E *  + A  

k3 E* 
E • B + NEM --'~E * " B ~  + B  

k4 
E ' A ' B + N E M - ' - ~ E * ' A ' B ~ - E * + A + B  

Scheme  II .  

By the similar approach outlined above, it can be derived that 

1 _ KaKbKba + KaKabA + KaKbaB + K a A B  (6 
Kob klKaKbKba + k2KaKabA + k3K,KbaB + k4KaAB 

If the presence of  substrate A totally protects the enzyme from inactivation, 
then k2 = k4 = 0. In addition, if substrate B does not  interfere with the rate of  
inactivation, then k3 = kl and Eqn. 6 can be simplified to 

_ (  K a b + B  ) 1 
1 k IKba(K b + k l Kob B) A + - -  (7) 
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Note that  Eqn. 7 reduces to Eqn. 5 when the second substrate B is absent. 
Eqn. 7 also reduces to Eqn. 5 if the presence of  B does not  interfere with the 
binding of  A and vice versa, i.e., Kab = Kb and Kba = Ka. If A and B are, respec- 
tively, acetyl phosphate and ATP, they will no t  be compatible  on the enzyme 
surface and the ternary enzyme complex E • A • B will not  be formed, in other  
words, Kab and Kba are infinite. Then Eqn. 7 can be simplified to 

1 _ (  K b ) A + I  
'k ,Ka(~  + K o b  B) k, (8) 

Note that  this equation also reduces to Eqn. 5 when B is absent. A plot of  
Eqn. 5 using the reciprocal of  the experimentally determined apparent rate 
constants of  inactivation, 1/Kob, against concentrations of  a protecting sub- 
strate A will provide the dissociation constant  of  the enzyme-substrate com- 
plex. And if a second non-protecting substrate B binds competi t ively against A, 
a secondary plot  of  Eqn. 8 as a funct ion of  concentrations of  B will yield its 
dissociation constant  K b. If the second substrate B can bind simultaneously 
with A on the enzyme surface to form E • A • B, a plot  of  1/Kob vs. the concen- 
tration of  protecting substrate A will give a series of  lines with different slopes 
as a function of  the concentrations of  B according to Eqn. 7. All data f i t ted to 
the above equations are treated with least-squares analysis. 

Results 

Inhibition by N-ethylmaleimide 
Acetate kinase from E. coli exhibited a t ime<lependent  inactivation in the 

presence of  N-ethylmaleimide (Fig. 1). But  it was observed that extending the 
incubation period to over 10 times the half-life of  inactivation and a further 
addition of  the inhibitor did not  eliminate all its activity. A residual activity of  

lOOt 0 
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Fig. 1. Inact ivat ion o f  a c e t a t e  kinase by N-ethylmaleimide.  Acetate kinase (1.2 units) w a s  i n c u b a t e d  at 
27°C in 50 mM tr ie thanolamine (pH 7.5) wi th  7.2 #M N-ethylmaleimide (e "-). T h e  e n z y m e  activity 
was followed af ter  t h e  a d d i t i o n  o f  t h e  r e a g e n t  at t ime interval as i n d i c a t e d  in t h e  figure. Arrow ($) ind i -  
ca te s  fur ther  addi t ion of 20 /~M N-ethylmaleimide.  A parallel c o n t r o l  e x p e r i m e n t  w i t h o u t  t h e  i n h i b i t o r  is 
also shown (o o). 
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Fig. 2. E f fec t  of  ace ta te  and  ace ty l  p h o s p h a t e  on  inac t iva t ion  of  ace ta te  kinase by  N-e th y h n a l e imid e .  The  

a p p a r e n t  rate cons tan t s  of  inac t iva t ion ,  K o b ,  ob t a ined  by  Eqn .  3 for  t h e  r e a c t i o n s  in the  absence  of  
ace ta te  or  a c e t y l  p h o s p h a t e  (o) ,  in the  p r e s e n c e  of  3.0 M ace ta te  and  0.2 M MgC12 (~),  13 m M  ace ty l  
p h o s p h a t e  (B) and  24 'raM ace ty l  p h o s p h a t e  (m) are p l o t t e d  against  the  c o n c e n t r a t i o n s  of  N-e thy lmale i -  
m i d e  (NEM) a t  w h i ch  the  inac t iva t ions  were  carr ied ou t .  

about  15% of  the native enzyme always remained. A plot of  the log of  relative 
enzyme activity against time is non-linear unless the residual activity v~ is sub- 
tracted out. The apparent rate constant  of  inactivation, Kob , was  determined 
from the slope of  a plot of  ln(v --v~/vo --v~) vs. t according to Eqn. 3. The 
apparent rate constants of  inactivation in the absence of  any protecting agent 
are directly proportional to the concentrations of  iV-ethylmaleimide over a 
range of 0--19 pM (Fig. 2) suggesting that the inactivation does not  involve 
prior association of  the reagent with enzyme to form an enzyme-inhibitor com- 
plex, which would give saturation kinetics. The slope of  a plot  of  --ln Kob 
against In N-ethylmaleimide concentration is 0.99 indicating that essentially 
1 mol N-ethylmaleimide was bound per mole of  catalytic site to produce inac- 
tivation [13,14].  Fig. 2 also shows that 3.0 M acetate in the presence of  0.2 M 
MgC12 and acetyl phosphate up to 24 mM did not  affect the process of  inactiva- 
tion. It may be concluded that acetyl phosphate and acetate did not  protect  
the enzyme against inactivation. An explanation for this observation is that 
neither acetate nor acetyl phosphate binds to the free enzyme. However, from 
the conclusion that reaction occurs via a random sequential mechanism [6,7],  
acetate and acetyl phosphate must interact with the free enzyme. If A in 
Scheme I is acetate or acetyl phosphate,  k2 may be assumed to be equal to kl 
and the apparent rate constant,  Kob , would be independent  of  the concentra- 
tions of  acetate or acetyl phosphate. The apparent rate constant  of  inactivation 
of  acetate kinase, Kob,  when incubated with 7.2 pM N-ethylmaleimide is 0.063 
min -1. 

Protection by adenine nucleotides 

In contrast  to acetate and acetyl phosphate, adenine nucleotides, AMP, ADP 
and ATP, protected the enzyme against N-ethylmaleimide inactivation. If a plot  
of  1/Ko~ against the concentrations of  protecting nucleotide is linear, then k2 
of  Eqn. 4 may be assumed to be equal to zero. Thus Eqn. 5 holds and the dis- 
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sociation constant,  Ka, of  the enzyme-nucleotide complex can be obtained 
from the intercept on the abscissa. This is illustrated in Figs. 3 and 4 with AMP, 
ADP and ATP as the protecting substances, respectively. It should be pointed 
out  that  no metal ions were included in these experiments. The protect ion of  
the enzyme against inactivation is therefore due to the binding of  free nucleo- 
tide to the enzyme. Table I lists the dissociation constants of  the enzyme- 
nucleotide complexes as calculated according to Eqn. 5. The dissociation con- 
stants decrease steadily from AMP through ADP to ATP suggest!ng that addi- 
tional phosphoryl  group contr ibutes to binding. Although these values are 
lower than the corresponding Km values determined earlier [11],  they are not  
directly comparable since the Ka values are for the free nucleotides and the Km 
values refer to their magnesium complexes. 

Inclusion of  0.38 M acetate or 9.6 mM acetyl phosphate in the incubation 
mixture with AMP did not  affect  the protect ion rendered by  AMP (Fig. 3A). 
As shown in Table I, the dissociation constants of  enzyme--AMP complex ob- 
tained in the presence of  acetate or acetyl phosphate are both 1.2 mM; these 
are identical within experimental error to the value of  1.4 mM obtained when 
AMP was incubated alone. Similarly, acetate did not  affect ADP protect ion 
(Fig. 3B). In the presence of  94 mM acetate, the dissociation constant  for the 
enzyme-ADP complex is similar to that obtained in the absence of  acetate 
(Table I). However,  inclusion of  5.3 mM acetyl phosphate increased the value 
of  the dissocation constant  of  enzyme-ADP complex to 2.8 mM, which is about  
2.5-times higher than that obtained in its absence (Table I). 

Both acetate and acetyl phosphate  affected the protect ion rendered by ATP 
as shown in Fig. 4. The data are analyzed as indicated in Scheme II. According 
to a random sequential mechanism, both  acetate and MgATP would bind to the 
enzyme to form an enzyme-acetate-MgATP complex.  In the absence of  Mg, it 
would be expected that  an enzyme-acetate-ATP complex would form so that  
both  reactants are at the active site of  the enzyme at the same time. A plot of  
1/Kob against ATP at various fixed concentrations of  acetate (Fig. 4A) gives a 

(A) 

(B) ~ ' ~  ' 
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AMP o. ADP (raM) 
Fig. 3. P ro t ec t i on  of  ace t a t e  kinase by  AMP a n d  A D P  f r o m  N - e t h y l m a l e i m i d e  inac t iva t ion .  The  da t a  are  

p l o t t e d  a c c o r d i n g  to Eqn .  5. (A)  The  inac t iva t ion  was  e f f ec t ed  by  6.6 /~M N - e t h y l m a l e i m i d e  in  t h e  p r e s -  
e n c e  of  var ious  c o n c e n t r a t i o n s  o f  AMP, e i the r  a lone (o o),  wi th  0 .38  M ace ta t e  (~ ~),  or  wi th  
9.6 m M  ace ty l  p h o s p h a t e  (D-- a) .  (B) The  inac t iva t ion  was  car r ied  o u t  wi th  7.3 ~tM N - e t h y l m a l e i m i d e  
in t h e  p r e s e n c e  of  var ious  c o n c e n t r a t i o n s  of  ADP,  e i ther  a lone  (o o),  wi th  94 rnM a c e t a t e  
(A ~), or  wi th  5.3 m M  ace ty l  p h o s p h a t e  (~ D). 
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Fig. 4. E f fec t  of  ace ta te  and  ace ty l  p h o s p h a t e  on  the  p r o t e c t i o n  o f  ace ta te  kinase  by  ATP  against  N-e thy l -  
m a l e i m i d e  inac t iva t ion .  (A)  The  inac t iva t ion  of  ace t a t e  kinase was  e f f ec t ed  b y  6.9/~M N - e t h y h n a l e i m i d e  
in the  presence  of  va ry ing  c o n c e n t r a t i o n s  of  A T P  at  var ious  levels o f  ace ta te  (Ac)  as ind ica ted  in the  
f igure.  The  da t a  are p l o t t e d  accord ing  to  Eqn .  7. (B) The  inac t iva t ion  of  ace t a t e  kinase was  e f f ec t ed  b y  
7.1 DM N - e t h y l m a l e i m i d e  in the  presence  of  va ry ing  c o n c e n t r a t i o n s  of  ATP  at  var ious  levels of  ace ty l  
p h o s p h a t e  (AcP)  as ind ica ted  in the  f igure.  The  d a t a  are  p lo t t ed  accord ing  to  Eqn .  8. Inser t .  Th e  rec ipro-  
cals of  the  slopes were  p lo t t e d  against  ace ty l  p h o s p h a t e  c oncen t r a t i o n s .  

series of  lines which converge at the ordinate as predicted by Eqn. 7. Since 
Eqn. 7 contains dissociation constants of  an enzyme-acetate-ATP complex,  Kab 
and Kha , Kh cannot  be calculated. In the case of  acetyl phosphate and ATP, the 
simultaneous presence of  a transferable phosphoryl  group will cause these com- 

T A B L E  I 

D I S S O C I A T I O N  C O N S T A N T S  F OR V A R I O U S  A C E T A T E - L I G A N D  COMPLEXES 

The  dissocia t ion cons tan t s  for  aden ine  nuc leo t ides  were  ca lcula ted  accord ing  to Eqn.  5 f r o m  Figs. 3 an d  
4. T h a t  for  ace ty l  p h o s p h a t e  was  eva lua ted  accord ing  to Eqn .  8 f r o m  Fig. 4B. 

L igand  K a or  K b (mM)  

AMP 1.4 
AMP (1.4 M ace ta t e )  * 1.2 
AMP (9.6 m M  ace ty l  p h o s p h a t e )  1.2 
ADP 1.1 
ADP (94 m M  ace ta t e )  0 .96  
ADP (5.3 m M  ace ty l  p h o s p h a t e )  2.8 
ATP  0 .73  ** 

0 . 8 1  *** 
Ace ty l  p h o s p h a t e  1.4 

* Values  in pa ren theses  indicate  the  c o n c e n t r a t i o n  of second  subs t ra te  p resen t .  
** Calcula ted  f r o m  Fig. 4A. 

*** Calcula ted  f r o m  Fig. 4B. 
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pounds to bind to the enzyme competitively against each other. The effect of 
acetyl phosphate on ATP protection is analyzed with Eqn. 8. As shown in Fig. 
4B, acetyl phosphate competitively removes the protection rendered by ATP. 
A secondary plot of 1/slope vs. acetyl phosphate concentrations gives a dissoci- 
ation constant of enzyme-acetyl phosphate complex of 1.4 mM. This value is 
comparable to that for AMP {Table I). 

Discussion 

E. coli acetate kinase is readily inhibited by sulfhydryl group specific 
reagents, N-ethylmaleimide, p-chloromercuribenzoate and mercuric chloride. 
All these reagents did not eliminate totally the catalytic activity of acetate 
kinase even with incubation time exceeding 10 times the half-time of inactiva- 
tion, but rather reduced it to about 15% of the initial activity. Complete 
recovery of catalytic activity could be obtained by adding an excess of  mercap- 
toethanol to p-chloromercuribenzoate, and mercuric ion inactivated acetate 
kinase while similar treatment of N-ethylmaleimide-modified enzyme gave no 
reactivation. These observations suggest inactivation results from mofidication 
of  sulfhydryl group which apparently reacts completely with the sulfhydryl 
reagents. Due to the rapid rate of inactivation even with low concentrations of 
mercuric ion and p-chloromercuribenzoate (0.2 pM), accurate rate constants of  
inactivation were difficult to obtain and therefore the kinetic data are reported 
only for the slower inactivation reagent N-ethylmaleimide. 

The sulfhydryl residue modified by the group specific reagents probably 
does not participate directly in the catalytic mechanism otherwise it would be 
expected that all catalytic activity would be lost upon modification. The 
properties of the modified enzyme are currently under investigation. It would 
be of interest to know whether the Km or V of the enzyme is affected by the 
modification of the sulfhydryl group. Protection experiments as summarized in 
Table I indicate that adenine nucleotides prevent N-ethylmaleimide inactivation 
while acetate and acetyl phosphate do not affect the rate of  inactivation. The 
protection rendered by ATP is not due to phosphorylation of the enzyme 
glutamate residue [4] for the following reasons: (a) Magnesium which is 
required for phosphorylation is omitted in this experiment; (b) adenylyl imido- 
diphosphate which cannot phosphorylate the enzyme behaved exactly the same 
was as ATP (Wong, S., unpublished data) and (c) acetyl phosphate which would 
also phosphorylate the enzyme in the presence of Mg did not render any 
protection under identical conditions. The inability of acetate and acetyl phos- 
phate to protect the enzyme may be explained by the fact that the sulfhydryl 
group is away from the acetate and acetyl phosphate binding region. The pres- 
ence of an adenine nucleotide, however, sterically prevents the sulfhydryl 
group from reacting with the group specific reagent. The different bonding sites 
for acetate or acetyl phosphate and ADP or ATP are consistent with the ob- 
servation of Anthony and Spector [2] on the differential effect of mercurials 
on partial exchange reactions and the kinetic data which suggested that the 
reaction pathway is random sequential rather than ping-pong bi-bi [6,7]. 

The effect of acetate and acetyl phosphate on the protection rendered by 
adenine nucleotides may be explained in terms of a random mechanism 
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involving an enzyme-substrate ternary complex as shown in Scheme II. In the 
case of  acetate and ATP, the existence of  an enzyme-acetate-ATP complex is 
possible although no Mg is included. In our investigation on functional groups, 
we have found that acetate kinase was inactivated by phenylglyoxal. Such 
inactivation was prevented by ATP, ADP, AMP and acetyl phosphate. However, 
we have found that acetate has no effect  on ATP protection,  contrary to that  
observed in this work. Such data suggest the existence of  an enzyme-acetate- 
ATP complex. The presence of  the first substrate in the enzyme-substrate 
binary complex affects the binding of  the second substrate to form the ternary 
complex. Thus Kab is not  equal to Kb, nor Kba equal to K~. Similar substrate 
interference to form a ternary complex probably exists between acetyl phos- 
phate and ADP. Since acetate and acetyl phosphate do not  affect  the protec- 
tion rendered by AMP {Fig. 3A), the presence of  acetate or acetyl phosphate 
does not  affect the binding of  AMP to form an enzyme ternary complex. Thus 
it can be assumed that  K~b is equal to Kb and Kb~ equal to K~. 

Relief of  acetate kinase from ATP protect ion in the presence of  acetyl phos- 
phate cannot  be explained by the formation of  an enzyme-substrate ternary 
complex because such a complex probably does not  form. It is conceivable that  
the binding site for the phosphate of  acetyl phosphate overlaps with that  of  the 
7-phosphate of  ATP. Thus the two molecules will compete  with each other  for 
the enzyme. Fig. 4B shows the competit ive kinetics between these two mole- 
cules in accordance with Eqn. 8. 

Although the nucleotide protect ion against N-ethylmaleimide inactivation 
was studied in the absence of  Mg where reaction cannot  occur, some implica- 
tion may be made on the mechanism of  reaction in the presence of  a metal ion. 

The fact that  acetate, acetylphosphate and AMP do not  interfere with each 
other on-binding to the enzyme indicates that  the carboxyl group of  acetate 
and the phosphoryl  group of  acetyl phosphate can accommodate  the phos- 
phoryl group of  AMP. However,  acetyl phosphate and acetate interfered with 
the binding of  ADP and ATP, respectively. These data suggest that  the phos- 
phoryl group of  acetyl phosphate and the carboxyl  group of  acetate are in close 
vicinity to the ~-phosphoryl group of  ADP and the 7-phosphoryl group of  ATP, 
respectively, such that they interfere with each other. However,  phosphoryl  
group transfer cannot  occur because of  the absence of  a metal ion. The close 
approximation of  the substrate binding domains suggests that  direct transfer of  
the phosphoryl  group between the participating substrates may occurs. Blatter 
and Knowles [ 10] have recently shown that the transfer of  7-phosphoryl group 
of  ATP to acetate proceeded with inversion of  configuration at the phosphorus 
and suggested a direct in-line phosphoryl  group transfer reaction between 
enzyme-bound substrates. Our results presented here tend to support  such a 
hypothesis. 
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