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SUMMARY 

The activation by AMP of glutamate dehydrogenase (L-glutamate NAD + 
oxldoreductase (deamlnatlng), EC I 4 I 2) from Blastocladzella emerson,z has been 
studied by stopped flow technique and steady state kinetic methods The results 
demonstrate that the activation involves a blmolecular reaction When the oxidative 
deamlnataon of glutamate was measured the rate constant for the activation was 
2 IO ~ M -1 sec -1 at pH 8 The rate constant increased strongly at decreasing pH 
NAD+ and glutamate did not affect the rate constant for the activation of the enzyme 
by AMP 

Measurements of the kinetic parameters of the enzyme show that the activation 
1~ associated with an increase m Km for NAD +, NADH and a-ketoglutarate, while 
Km for ammoma decreases The Km for glutamate was not affected by AMP In- 
creasing concentrations of all substrates, except glutamate resulted In a decrease m 
the blndmg constant for AMP The results suggest that  the activating action of AMP 
IS mediated through a conformatlonal change in the protem 

INTRODUCTION 

Glutamate dehydrogenase occupies a key position in metabolism The enzyme 
connects the metabohsm of amino acids with the trlcarboxyhc acid cycle Further- 
more, its substrates glutamate, a-ketoglutarate and ammonia are involved in a 
number of metabolic processes As expected the enzyme has been found to be under 
strong control from a number of metabohtes, as well as from the punne nucleotldes 1-5 
Most of the enzymatic studies reported have been carried out with the enzyme from 
bovine liver Since this enzyme can use both NAD + and NADP + as substrate this 
has complicated the evaluation of the kinetic properties with regard to the proper 
physiological role of the control mechanisms 

Recently, L~JOHN AND JACKSON 5 have isolated glutamate dehydrogenase (L- 
glutamate NAD + oxldoreductase (deamlnatmg), EC I 4 I 2) from the "unicellular" 
water mould, Blastocladzella emerson,~ This enzyme IS NAD+-speclfiC and in contrast 

Bzochzm B,ophy~ dcta, 250 (I97 I) 297-305 



298  T b 4NNE1/: 

to man 3 glutamate dehbdrogenases from micloblologmal origin (see rei I) it shows 
~trong allo~teilc purine nucleotide effects 5 The activit~ of the enzyme 1% greatl) 
enhanced bx AMP and ADP while ATP inhabits the actIvit 5 

The purpose of the present communication is to throw hght on the mechanism 
of activation of glutamate dehydrogenase flora B emersomt b5 AMP Stopped flow 
experiments have been u~edIn attempt~ to deteI mane the rate of the activation process 
Furthermore, the effect of AMP on the different kinetic parameters ha~ been deter- 
m i n e d  

M X_TERIALS AND METHOD'~ 

Mah rz als 
Glutamate, a-ketoglutarate, 5'-adenyhc acid deainmase and AMP we1 e obtained 

from Sigma Chemical Co, St Louis, Mo NAD + and NADH were purchased from 
Boehrlnger und Soehne, Mannheim, Germany The Whi tman  DEAE-cellulose DE-52 
was obtained through Koch-Light Lab Ltd Buckinghamshire, England, and the 
Sephadex G-Ioo from Pliarmacla, Uppsala, Sweden 

Preparatwn of enzyme 
The enzyme was prepared trom single genelatlon cultures of B emersomz, 

grown in Io-1 cultures as described by GOLDSTEIN AND CANTINO 6 The cells were 
harvested at the end of their exponential growth phase by centrlfugatlon The enz2me 
~ as prepared according to LI~JOHN AND JACKSON 5 with the following modifications 
The homogenization was carried out with a Braun Melsungen homogenizer To 
~tabihze the enz2me o 5 mM AMP was present In all solutions except during the last 
column chromatography In addition to the steps described by LI~JOHN AND JACKSON s 
the enzyme was pas~ed once through a Sephadex G-ioo column, and subsequentl} 
for a second time through the DEAE-cellulose column The enzyme was finally 
precipitated with ammonium sulfate, dissolved in phosphate buffer and frozen in 
~mall tubes at --20 ° The specific activity was similar to that obseIved by LI~JOHN 

et al ~,7,8 

Plotein concentration was determined by the method of LOWRY el al 9 A 
molecular weight of 2o0 ooo (ref 7) was used in the cakulatlon 

Assay of enLwm aclzz, t@ 
The activity was measured from the rate of change in absorption at 34 ° n m  

upon oxidation or reduction of the coenzyme The normal kinetic studies were done 
with an Unlcam SP 8oo spectrophotometer Unless otherwise indicated the reaction 
mixtures contained, in addition to enzyme, the following reagents in o 2 M Trls- 
chloride buffer (total volume 3 ml) Measurements of the oxidative deamlnatxon of 
glutamate 4 mM NAD+ and 33 mlVI glutamate Measurements of the reductlve 
aminatlon of a-ketoglutarate o 33 mM NADH, 2 5 mM a-ketoglutarate and 4o0 mM 
ammonium sulphate The pH was adlusted as indicated in the text The pre-steady 
state kinetic experiments were carried out with a Durrum Stopped Flow Spectro- 
photometer (onditlons are given in the text The change in transmission was dis- 
played on a Tektronix storage oscilloscope A photography of the curve was made b~ 
a polaroid camera 
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Treatment of data 
Determination of Km was made from Lmeweaver-Burk  plots From the da ta  

the best line was determined by  least square methods by  use of a Hewle t t -Packard  
calculator combined with an XY-plot ter  The changes m transmission in the stopped 
flow experiments was measured and converted to absorption The results were fitted 
to 2nd order curves by least square methodq and the reaction rates determined from 
the derivat ive of the curves 

R E S U L T S  

Effect of pH 
Recently, we have found that  commercia l )  available NAD + may contain small 

amounts of an AMP-hke Impuri ty 1° The NAD + used in the experiments shown in 
Fig I and Fig 4 has been pretreated with 5'-aden3 hc acid deammase In o oI M citrate 
buffer (pH 6 5) 
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F i g  I E f f e c t  o f  A M P  o n  t i l e  c a t a l y t i c  a c t i v i t y  o f  g l u t a m a t e  d e h y d r o g e n a s e  A R a t e  o f  o x l d a t l ~  e 
d e a m l n a t i o n  o f  g l u t a m a t e  a s  a f u n c t i o n  ol  A M P  c o n c e n t r a t i o n  a t  p H  8 o B E f f e c t  o f  ~_MP o n  
t h e  p H  o p t i m u m  o f  t h e  o x i d a t i v e  d e a m m a t l o n  o f  g l u t a m a t e  (c losed  s y m b o l s )  a n d  o n  t h e  r e d u c t l x  e 
a m i n a t i o n  o f a - k e t o g l u t a r a t e  ( o p e n  s y m b o l s )  T h e  p H o f a l l r e a g e n t s w a s a d j u s t e d p r l o r t o  m e a s u r e -  
m e n t  a n d  t h e  p H  w a s  c o n t r o l l e d  a f t e r  t h e  a s s a y  w a s  l a m s h e d  Al l  m e a s u r e m e n t s  ~ e re  c a r r i e d  o u t  
in  o 2 M T r l s - c h l o n d e  b u f f e r  T h e  A M P  c o n c e n t r a t i o n  w a s  I m M  T h e  e n z y m e  c o n c e n t r a t i o n  x~as 
o 85 i o  - s  M T h e  N A D  + h a s  b e e n  p r e t r e a t e d  w i t h  5 ' - a d e n y h c  a c i d  d e a m m a s e  a s  d e s c r i b e d  in  t h e  
t e x t  

In Fig IA is shown the effect of the AMP concentration on the oxidative de- 
amlnatIon of glutamate  at  pH 8 o The enzyme is fully act ivated at an AMP concen- 
t rat ion of o I-O 3 mM AMP Under the present conditions AMP increased the act ivi ty  
by a factor of about 20 The act ivat ion can be adequately described in terms of 
Mlchaehs Menten kinetics Interestingly, it  was found that  the reaction rate decreases 
again at  higher AMP concentrations 

The presence of AMP during the assay results in an increase in the pH ophmum 
(Fig IB) Furthermore,  the opt imum becomes much broader in the presence of AMP 
The displacement IS greater m the case of the oxidative deamanatlon of glutamate  
(closed symbols) than for the reductive amlnat lon (open symbols) L~JOHN AND 
JACKSON 5 have previously observed a broadening and displacement of the pH optl- 
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mum for the deamlnatIon of glutamate Their optimum in the absence of AMP was 
however, at a higher pH than here observed The discrepancy is probably due to the 
presence of small amounts of AMP in the NAD+ used by the previous authors A similar 
increase in the pH optimum, as well as a broadening In the optimum has also been 
found with other enz~cmes upon activation by nucleotldes 11,12 
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Fig  2 Effect  oi  s u b s t r a t e  concen t r a t ion  on the  A MP a c t i v a t i o n  A Reac t ion  ra te  of the  r educ t lve  
a n u n a t i o n  (open symbols)  and  of the  oxldat l~  e d e a m m a t i o n  (closed symbols)  in the  presence and  
absence  of i mM AMP as a func t ion  ot the  concen t r a t i on  of a - k e t o g l u t a r a t e  and  g l u t a m a t e  respec- 
t i v e l y  B The apparen t /~AMP as a func t ion  of the  s u b s t r a t e  concen t ra t ion  The reduc t ive  amlna -  
t lon  of  a - k e t o g l u t a r a t e  ~ a s  measu red  a t  p H  7 o wi th  an  enzyme  concen t ra t ion  of o 7 lO-8 M 
The oxidat]~ e d e a m m a t l o n  of  g l u t a m a t e  was  measured  a t  pH  8 5, ~ l t h  an enzyme  concen t ra t ion  
of  I 4 lO-8 M 

Effect of substrates 
Further information on the mechamsm of activation was sought In experiments 

where the effects of the different substrates and coenzymes on the extent of activation 
were measured By studying the influence of the substrate and coenzyme concentra- 
tion on the binding of AMP information was obtained concerning the interactions 
between the different sites 

The rate of the oxidative deamlnahon as a function of the glutamate concentra- 
tions follows Mlchaehs-Menten kinetics except that substrate Inhibition is observed 
at high glutamate concentrations (Fig 2A) Llneweaver-Burk plots show that the 
Km value for glutamate is unaffected by AMP The results here presented have there- 
tore been carried out with untreated NAD In separate experiments (not shown here) 
the Km for glutamate was found to be nearly constant in the pH range 6- 9 

In subsequent experiments the activity was determined for different concentra- 
tions of AMP using a constant concentration of glutamate The K A M t '  w a s  then deter- 
mined from Lmeweaver-Burk plots The results demonstrate that the apparent 
&'AMP (Fig 2B) was unaffected by the glutamate concentrahon 

The curves for the rate of the reductlve ammatlon as a function of the a-keto- 
glutarate concentration differ slgmficantly when the enzyme was assayed m the 
absence and presence of AMP (Fig 2A) Due to the fact that the apparent Km value 
is smaller when AMP is absent ]t follows that the lelatlve activation afforded by 
AMP Increases with Increasing a-ketoglutarate coneentrat]on Th]s effect is further 
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Fig  3 Effect  of t he  a m m o n i u m  su lpha t e  concen t r a t ion  on the  AMP a c t i v a t i o n  A Reac t ion  r a t e  
of  the  reduct i~  e a m m a t i o n  of a - k e t o g l u t a r a t e  in the  absence  and  presence of I mM AMP as a func- 
t ion  of  t he  a m m o n i u m  su lpha t e  concen t r a t ion  13 The  appa ren t /4AMp as a func t ion  of the  a m m o -  
n i u m  s u l p h a t e  concen t r a t ion  The  m e a s u r e m e n t s  were car r ied  ou t  a t  p H  7 o wi th  an  enzyme  con- 
cen t r a t i on  of o 7 I°-S M 

ampli f ied b y  the subs t r a t e  inhib i t ion  found in the  absence of  A M P  In  separa te  exper i -  
men t s  (not shown here) i t  was found t h a t  the  difference be tween the  Km value  in the  
absence and  presence of  AMP increases wi th  increas ing p H  Tile f inding t h a t  the  
K A M P  i n c r e a s e s  with  increas ing concen t ra t ion  of  a - k e t o g l u t a r a t e  (Fig 2B) demon-  
s t ra tes  an in te rac t ion  be tween  the  two b ind ing  sites 

In  F]g 3 A is shown the  effect of  the  a m m o n i u m  ion concen t ra t ion  on the amlna-  
tmn of  a -ke tog lu t a r a t e  in the  absence and  presence of AMP The a c t i v i t y  in the  pres- 
ence of  I mM AMP increases as an hyperbol ic  funct ion wi th  increas ing a m m o n i u m  
su lpha te  concen t ra t ion  The  Km for a m m o n i u m  su lpha te  at  p H  7 o in the  presence of 
A M P  is abou t  25 mM However  in the  absence  of  AMP the  Km is so high t h a t  we have  
not  been able  to measure  i t  Thus  the  a c t i v i t y  increases nea r ly  l inear ly  wi th  the  
a m m o n i u m  su lpha te  concen t ra t ion  up  to  o 4 M The resul ts  in F ig  3B show tha t  the  
KAM P i n c r e a s e s  with  increas ing concen t ra t ion  of a m m o n i u m  su lpha te  

Effect of coenzymes 
In  previous  expe r imen t s  b y  L ~ J O H N  AND JACKSON 5,s i t  was found t ha t  the  shape 

of  the  curve for the  ra te  of the  ox ida t ive  d e a n n n a t l o n  of  g l u t a m a t e  as a funct ion of  
the  NAD+ concen t ra t ion  depends  on whe the r  AMP is p resen t  or not  In  the  absence 
of  AMP a p l a t eau  was observed a t  low coenzyme concent ra t ion ,  while a t  higher  con- 
cen t ra t ions  the  a c t i v i t y  increased  s t rong ly  In  the  presence of  A M P  a no rma l  hyper -  
bohc curve was ob ta ined  W e  have  recen t ly  ob t a ined  evidence Indica t ing  t h a t  the  bl- 
phas ic  curve ob t a ined  in the  absence of  AMP is due to lmpur l tms  in the  N A D  + 
p repa ra t ion  In  F ig  4 A is d e m o n s t r a t e d  t h a t  s imi lar  curves  are ob ta ined  in the  ab- 
sence and  presence of  A M P  a t  p H  7 5, except  t h a t  the  Km is much  smal ler  in the  
absence of  AMP A t  higher  p H  no significant ac t i v i t y  is observed wi th  deamlnase-  
t r e a t e d  N A D  + in the  absence of A M P  (see F ig  IB)  

W h e n  the  reduc t lve  d e a m m a t l o n  of  a - k e t o g l u t a r a t e  is measu red  (Fig 4 A) the  
a p p a r e n t / i ' m  for N A D H  is hkewlse much smal ler  in the  absence t han  in the  presence 
of  A M P  In  subsequent  experu l ien ts  the  effect of  the  AMP concen t ra t ion  was de ter -  
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iqg 4 Effect of coenzyme concentration on the AMP act]~ ation A Reactmn rate of the reductlve 
amlnatmn (open symbols) and the oxldatl~e deammation (closed symbols) in the presence and 
absence of I mM AMP as a functmn of the concentration of N kDH and NAD+, respectlx ely B 
The apparent Kamp a~ a function of the coenzyme concentration The reductl~e ammatmn of a- 
ketoglutarate ~vaq measured at pH 7 o x~tth an enzvme concentration of o 7 IO-8 l~I "lhc o~¢i- 
dative deamInatmn of glutamatc ~as measured at pH 7 5 ~lth an enzyme concentratmn of 
2 8 ~o -s M The NAD has been prctreatcd x~lth 5"-adcn~hc acid d~alnln,tse 

mined for different coenz) me concentra t ion  F rom the da t a  obtained,  the KAMP was 
de te rmined  I t  follows from Fag 4 B tha t /£AMP increases wi th  increasing concentra-  

non  of  N A D H  and N A D  + This demonstrateb in teract ion between the binding sites 

fl~r AMP and for the c o e n z ) m e  The da ta  suggest tha t  the coenzvmes somehow 

counterac t  the AMP effect so tha t  higher AMP concentra t ions  are needed in order to 

ac t iva te  the enzyme 

1 ~me course o f  achvatwt~ 

In order to obtain  Informat ion on the ra te  of ac t iva t ion  of  the enzyme b) AMP,  

exper lnlents  were pe i fo rmed  with s topped flow technique In Fig 5 A are shown some 

typical  results obta ined  an studies of  the oxida t ive  deamlnat lon  of  g lu tamate  W h e n  

AMP ~ a~ premlxed  with  the substra tes  (glutamate  and N A D  +) prior to mix ing  with 

the enzyme,  tile xeaction ra te  was found to increase with tame I t  appears tha t  several  

~econd~ are needed to con~ err the enzyme to the a c n v a t e d  s ta te  This IS more clearly 

demons t ra t ed  in Fig 5 B where the react ion ra te  is p lo t ted  as a funct ion of t ime m a 

semilogar l thmlc scale I t  IS apparen t  tha t  af ter  approx o 3 sec the ra te  is only 1/4 o f  
the m a x i m u m  rate  found af ter  20 sec 

In the exper iment  where AMP was premlxed with  tlle enzyme prior  to mixing 

with the substrates  the react ion ra te  was ini tmlly  very  rapid and decreased with tune 
Tlus decrease can probably  be accounted  for by product  Inhibi t ion of the e n z ) m e  
Thus,  it 1~ seen from Figs 2 and 4 tha t  the substra tes  for the reductxve a m m a t l o n  of 

a -ke tog lu ta ra te  have  much  lower Km values than  those for the ox ida t ive  deamlna t lon  
o f g l u t a m a t e  Under  the present  exper imenta l  condit ions the rates obta ined whenAMP 
is premlxed  ~ I th  subs t ra te  and with  enzyme respect ively  equal  each other  af ter  

approx  30 4 ° ~ec On the basI~ of  tile ra te  observed when AMP was premlxed  with 
the substrate ,  the amount  of  unac t lva t ed  enzyme remaining at different rimes after  
the s tar t  of the react ion has been de te rmined  In the calculat ion it is assumed tha t  
the enz~yme is completel3 t ransformed to the ac t iva ted  s ta te  at the t ime when the 
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F i g  5 E f f e c t  o f  A M P  o n  t h e  In i t i a l  r a t e  o f  t h e  o x i d a t i v e  d e a m l n a t l o n  o f  g l u t a m a t e  A I n c r e a s e  
in  a b s o r p t i o n  a t  34 ° n m  w i t h  t h e  r e a c t i o n  t i m e  T h e  d i f f e r e n t  t r a c e s  r e p r e s e n t  f r o m  t h e  b o t t o m  
o 05 m M  A M P  p r e m l x e d  w i t h  s u b s t r a t e s ,  o o 5 m M  A M P  p r e m l x e d  w i t h  e n z y m e  B R e a c t i o n  r a t e  
as  a f u n c t i o n  o f  t i m e  a f t e r  m i x i n g  T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  w i t h  s t o p p e d  f l ow  s p e c t r o -  
s c o p y  T h e  f i n a l  c o n c e n t r a t i o n s  w e r e  33 m M  g l u t a m a t e ,  4 m M  N A D  + a n d  2 8 IO - s  M e n z y m e  i n  
o 2 M T r l s - c h l o r l d e  b u f f e r  ( p H  8 5) a n d  A M P  a s  i n d i c a t e d  

maximum activity is observed The rate observed in the absence of AMP is so small 
that  it can be neglected at pH higher than 8 o At lower pH values the reaction 
rate observed In the absence of AMP has been subtracted prior to the calculation of 
the amount of activated enzyme In Fig 6A are shown the results obtained in experi- 
ments carried out at pH 8 o with different AMP concentrations It  is seen that the rate 
of conversion of the unactlvated enzymes to the activated state follows pseudo first 
order kinetics Thus, straight lines are obtained in a semfloganthmlc plot when the 
percentage of unactlvated enzyme is plotted v e r s u s  time 

The second order rate constant for activation of glutamate dehydrogenase by 
AMP was determined by plotting the first order rate constants (the reciprocal of the 
time constant for activation) v e r s u s  the AMP concentration (Fig 6B) From the slope 
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F i g  6 C o n v e r s i o n  o f  u n a c t l v a t e d  e n z y m e  t o  t h e  a c t i v a t e d  s t a t e  b y  A M P  A R e m a i n i n g  u n a c t l -  
v a t e d  e n z y m e  a s  a f u n c t i o n  o f  t i m e  a f t e r  m i x i n g  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  A M P  T h e  A M P  
w a s  in  a l l  c a s e s  p r e m l x e d  w i t h  s u b s t r a t e  p r i o r  t o  m i x i n g  w i t h  e n z y m e  T h e  e x p e r i m e n t s  w e r e  
c a r r i e d  o u t  a t  p H  8 o T h e  e n z y m e  c o n c e n t r a t i o n  w a s  2 8 lO -8 M O t h e r  c o n d i t i o n s  as  in  F i g  5 
T h e  a m o u n t  o f  u n a c t l v a t e d  e n z y m e  w a s  d e t e r m i n e d  o n  t h e  b a s i s  o f  s t o p p e d  f l o w  e x p e r i m e n t s  a s  
d e s c r i b e d  in  t h e  t e x t  B R a t e  o f  c o n v e r s i o n  o f  t h e  u n a c t x v a t e d  e n z y m e  t o  t h e  a c t i v a t e d  s t a t e  as  a 
f u n c t i o n  o f  A M P  c o n c e n t r a t i o n  T h e  p o i n t s  h a v e  b e e n  d e t e r m i n e d  o n  t h e  b a s i s  o f  c u r v e s  a s  s h o w n  
i n  A I n s e r t e d  f i g u r e  s h o w s  t h e  r a t e  c o n s t a n t  f o r  t h e  a c t i v a t i o n  a s  a f u n c t i o n  o f  p H  
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Fig  7 Effect  of NAD  + concen t r a t ion  (A) and  g l u t a m a t e  concen t r a t ion  (B) on the  convers ion of 
unac tz~a ted  enz}mes  to the  AMP a c t i v a t e d  s t a t e  AMP (o I raM) was  p r e m l x e d  w i t h  subs t r a t e  
The  e x p e r i m e n t s  ~ e r e  carr ied  ou t  a t  p H  8 o Other  cond i t ions  as in F ig  5 The enzyme  concen- 
t ratzon was  2 8 IO-* M 

of the straight  line obtained the second order rate constant for activation of the 
enzyme was found to be 2 lO 3 M -1 sec -1 at  pH 8 This rate constant for converting 
the enzyme to the act ivated state depends strongly on the pH during the assay 
Thus, it  is seen tha t  the rate constant increases by  a factor of nearly IO when pH 
decreases from 9 to 7 

In the kinetic experiments shown in Figs 2 and 4 It was found tha t  NAD+ 
decreased the binding of AMP while glutamate had no effect on the b]ndlng of the 
act ivator  Exlcerlments were therefore carned out to s tudy whether the substrate 
concentrations affected the conversion of the unact]vated enzyme to the act ivated 
state The results are presented in Fig 7 I t  is apparent  that  neither the NAD + concen- 
trat ion (Fig 7 A) nor the glutamate concentration (Fzg 7 B) affected the rate of act]- 
vatlon of the glutamate dehydrogenase by AMP 

DISCLSSION 

The present work demonstrates tha t  the AMP-Induced conversion of glutamate 
dehydrogenase from the normal to the act ivated state takes several seconds and is 
associated with changes m a number of the kinetic parameters  of the enzyme The 
activation can be described by a blmolecular reaction revolving the enzyme and AMP 
The la te  constant for converszon of the enzyme to the act ivated state decreased with 
increasing pH but  was found to be Independent of the glutamate and NAD+ concen- 
trat ion 

A number of different mechanisms have been suggested to account for the 
act ivat ion of enzymes by small molecular compounds Thus, the act ivator  may In- 
fluence directly the rate of a certain step in the enzymahc conversion of the substrates 
to the products When such mechanisms operate it  would, however, be expected that  
the activation occurs immediately and tha t  no time-dependence is found Secondly 
the act ivator  may  act by removing inhibi tory substances e g by increasing the amount  
of actzve enzyme In such cases no effect will be expected on the different Km values 
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I t  has also been found that the activation can be associated with aggregation or de- 
aggregation of the enzyme This mechanism seems, however, to be ruled out in the 
case of the present enzyme as L~JOHN et al 7 have shown that the addition of AMP 
during sucrose gradient centrlfugatlon does not affect the movement of the enzyme 
activity peak Finally, the activator may act by changing the conformation of the 
enzyme The present results as well as previous data by LI~JOHN et al s,7 mdicate that 
this is the most likely mechanism in the case of the present enzyme Such conforma- 
tlonal changes may be expected to take a certain time to be completedI3,14, and 
furthermore such changes will be expected to affect a number of the kinetic para- 
meters involved in the reaction 

If  we consider the oxidative deammatlon of glutamate it seems that the activa- 
tion by AMP can largely be accounted for by an increase in the Vmax In previous 
studies by L]~JOHN AND JACKSON 5 it was found that in absence of added AMP the 
curve for the reaction rate as a function of the NAD+ concentration showed a plateau 
at low NAD + concentrations T E I P E L  AND KOSHLAND is have on the basis of a mathe- 
matical treatment tried to explain the curve However, recent results TM indicate that 
the peculiar response curve for NAD + in the absence of added AMP might be an 
artifact due to the presence of a small amount of an AMP-hke substance in the NAD + 
preparation 
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