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SUMMARY 

I IMP dehydrogenase was prepared from Sch,zosaccharomyces pombe Enzyme 
kinetics showed properties typical  of allostenc enzymes 

2 In the absence of any effector, the substrate NAD exerted homotroplc 
effects No heterotroplc interaction between NAD and substrate IMP was detected 

3 IMP showed neither homotroplc nor heterotroplc effects 
4 GMP exerted an allosterlc effect upon the kmetic of fixation of NAD and 

showed an homotroplc effect for its own fixation 

INTRODUCTION 

IMP dehydrogenase (IMP NAD oxidoreductase, EC I 2 I 14) is the first enzyme 
in the metabolic pathway of the transformation of IMP into GMP This enzyme 
is expected to be submit ted to some feedback regulation by  GMP and thus to show 
allosterlc properties The kinetic studies of BROX AND HAMPTON 1 and of ANDERSON 
AND SARTORELLI 2 have elucidated the reaction mechanism catalyzed by  this enzyme, 
isolated from Aerobacter aerogenes and sarcosomal cells These authors proposed an 
ordered addition mechanism with IMP as first hgand, however they did not mention 
any allosterlc effect On the other hand, BUZZEE AND LEVIN 3 present evidence suggest- 
lng that  m Salmonella typh~mumum separate binding sites for GMP and IMP exist 
Allosterlc kinetics of the enzyme in the presence of GMP were briefly mentioned 
This paper further elucidates the allosterlc kinetic properties of an IMP dehydro- 
genase prepared from Sch,zosaccharomyces pombe, Clear non-Mlchaehan kinetics 
could be found in the absence of any effector 

MATERIALS AND METHODS 

Enzyme preparatwn 
A high level of IMP dehydrogenase was found in gu~ mutants  which are auxo- 
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trophic for guanine and presumably lack GMP synthetase (EC 6 3 4 I) The cells are 
grown aerobically at 3 °0 for 48 h in a liquid medium containing yeast extract supple- 
mented with guanine 20 mg/1 They are harvested at the end of the log phase The 
pellet is resuspended m I M Trls-HC1 (pH 8 4), o I M KC1 and o ooi M glutathlone 
The cells are disrupted by shaking with glass beads in a refrigerated Braun shaker 
and the resulting homogenate is centrifuged 30 min at 71 ooo x g Nucleic acids are 
removed by precipitation with lO% (v/v) of I M MnC1, and then with o 06% (w/v) 
protamme sulfate. The supernatant is further fractlonated by precipitation between 
35% to 55% of saturation with (NH4)2SO 4 The precipitated enzyme is redyssolved 
m a minimum volume of buffer and dialyzed for 2 h against o 5 M Trls-HC1 (pH 8 4), 
o I M KC1, 2 5" IO-~ M glutathlone After this partial purification, the specific activity 
rises from o 002 to o 008 unit/mg protein Glycerol is added to the dialyzed enzyme 
to a final concentration of 20-25% w/v, this solution can be stored for a few weeks 
at --20 ° without appreciable loss In activity Enzyme preparations once thawed are 
stable for a day but loose part of their activity when frozen and thawed again Each 
set of curves presented below have been obtained within a day with enzyme solutions 
which had never been previously thawed 

Enzyme assay 
The spectrophotometrlc assay described by MAGASANIK 4 has been slightly 

modified The reaction mixture contains in a total volume of 2 ml o I M Tris-HC1, 
o I M KC1, 5" lO-3 M glutathlone, varying levels of NAD, water and enzyme. The 
enzyme is incubated for 6 mm at 24 ° and the reaction is started by adding prewarmed 
IMP The reference cell contains no IMP. The activity is measured by the increase in 
absorbance obtained in IO mm at 290 m/, The increase in absorbance is linear during 
these IO mm, and the activity is a linear function of the enzyme concentration The 
values of Vmax were computed from double reciprocal plots of the reaction velocity 
versus substrate concentrations 

R E S U L T S  

Propert,es of the enzyme 
The enzyme shows a broad pH optimum between pH 8 2 and 9 5 However 

the pH of the reaction strongly influences the kinetic properties as well as the stability 
of the enzyme, in the absence of glycerol the enzyme is unstable and the inactivation 

T A B L E  I 

EFFECT OF NUCLEOTIDES UPON THE ACTIVITY OF IMP I)EHYDROGENASE 

Assay conditions are described In %he text, pH of the reaction was 9 4, NAD concn, o 5 mM, 
IMP concn, o 6 inN[ 

Nucleohde added to the assay (raM) 

A M P  A D P  A T P  U M P  C M P  T M P  G M P  G D P  G T P  
o 8  0 8  o 8  o 6  0 6  o 6  o 6  o 6  o 6  

I n h i b i t i o n  o o o 2 5 %  2 5 %  2 5 %  5 5 %  4 5 %  4 5 %  
A c t i v a t i o n  o o 3 0 %  o o o o o o 
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is faster in buffers of weak ionic s t rength Dialysis agaanst o oi  M Trls-HC1 (pH 8 4), 
o.oi M KC1 and 2 5 IO-4 M glutathlone rapidly inact ivates  the enzyme However 
addit ion of either dlalyzate or TrIs-HC1 buffer (cf ref 5) to the reaction mixture  
results in react ivat ion K + is required for enzyme act iv i ty ,  the Km for K+ has been 
found to be 2. IO 2 M at pH 8 4 The enzyme act ivi ty  is affected by  several nucleo- 
tides Table I shows the percentages of inhibi t ion or of act ivat ion exerted by  these 
nucleotldes 

Saturatwn of IMP dehydrogenase by ~ts substrates 
All kinetic results reported here were obtained at pH 9 4 and 24 ° In  these 

conditions the allosterlc effects were most visible The empirical Hill equat ion may 
be wri t ten as 

V 
log n log [S~ -- lo~ /x" 

V i a  x 73 

where v is the conversion rate of substrate  to product,  n the number  of Interact ing 
sites, IS[ the concentrat ion of substrate  and K the product  of the n dissociation 
constants  for the separate b inding steps CHANGEUX 6 has referred to n as an Inter- 
action coefficient depending on the number  of in teract ing subst ra te  binding sites and 
on the strength of in teract ion,  when interact ions are very weak, n equals i n was 
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Fig  I S a t u r a t i o n  of I MP  dehydrogenase  by  N A D  (A) Double- rec iproca l  p lo t  of r eac t ion  rate ,  
measured  as absorbance  inc rease / ram vs [NAD~ Assay  cond i t ions  are descr ibed m the  t e x t  
p H  of the  reac t ion  was 9 4, IMP  concn , 3 mM (B) P lo t  of log v/(Vma~ --  v) aga ins t  log [NAD] 
Assay condi t ions  are those  of (A), IMP  concn ©, 3 raM, , , I raM, O, o 15 mM 

calculated as the slope of the straight hne which is obta ined by  plot t ing log V / ( V m a x  ---  

v) as funct ion of log FS~, for each of the substrates  at three different cons tant  concen- 
t ra t ions  of the other one In  Fig IB, the reaction velocities at vary ing  NAD levels 
are plotted as described above The slope of the straight line obta ined is approx I 4 
Different constant  IMP concent ra tmns  displace the curve bu t  do not  significantly 
alter its slope On the other hand,  it can be seen in Fig 2B that  when IMP is the 
variable substrate,  n has a constant  value of I which remams constant  for the levels 
of NAD tested 
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Fig  2 Saturat ion of IMP dehydrogenase  by  IMP (A) Double-reciprocal  plot  of reaction rate, 
measured as absorbance increase/ram vs l IMP] Assay  condit ions  are described in the t ex t ,  p H  
of the  react ion was  9 4,  N A D  concn , i 6 mM (B) Plot  of  log v/(Vmax --  v) against  log l IMP l 
Assay  condi t ions  are those  of Fig  zA  N A D c o n c n  O, I 6 m M ,  × , o 4 m M  

Inh, b#~on by GMP 
Addition of GMP to the reaction mixture is inhibitory Plots of enzyme activity 

against GMP concentrataon (Fig 3A) give slgmoadal curves, suggesting that more 
than one GMP molecule per enzyme molecule participate in the formation of the 
inactive Inhibitor-enzyme complex According to TAKETA AND POGELL 7, If one 
assume the over-all reaction 

then 
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Fig 3 Inhlbatlon of IMP dehydrogenase  ac t i v i ty  by  GMP (A) Plot  of  the percentage of a c t w l t y  
vs [GMP] p H  of t h e r e a c t l o n w a s 9 4  I M P c o n c n ,  O l  5 m M ,  N A D  c o n c h ,  I 6 m M  (B) Plot  of  
log (% --  v) /v  against  log [GMP] constructed after (A) 

Fig  4 Saturat ion of IMP dehydrogenase  by  N A D  at different cons tant  GMP concn Plots  of  the 
ac t i v i ty  v measured as absorbance m c r e a s e / m m  vs [NAD]  Assay  condit ions  are the same as for 
F ig  I e x c e p t p H w h l c h l s 8 4  G M P c o n c n  O, o m M ,  × ,  o z m M ,  A, o 6 m M ,  G,  o 4 m M  
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where E is the enzyme concentlation, v 0 the reaction rate In the absence of GMP and 
n the apparent number of GMP molecules reacting per enzyme molecule Fig 3B 
shows that n approximates I 6 at GMP concentrations higher than 3 mM Fig. 4 
shows that GMP mainly inhibits the Vmax of the reaction and is not competitive with 
NAD Similar results are obtamed by varying the IMP concentration These last 
results have been obtained at pH 8 4 where the curve is less smgmoidal than at pH 9 4 
However similar results are obtained at pH 9 4, the interaction coefficient of NAD 
passes from n = I 4 in the absence of GMP to n = I 7 in the presence of 4" lO-4 M 
GMP 

DISCUSSION 

Our results show that by varying the NAD or GMP concentration, the enzyme 
kinetics do not obey simple mass action laws Apparent homotroplc effects were 
obtained only for NAD and GMP and not for IMP No heterotroplc effects either 
from IMP or NAD on the fixation of NAD or IMP have been detected The sigmoidal 
curves with interacting coefficients greater than one, obtained when the reaction 
velocity is plotted ver sus  substrate or effector concentrations, suggest that IMP de- 
hydrogenase is a multlslte enzyme which manifests some of the characteristic kinetic 
properties predicted by the allosterlc theory of MONOD et al  8 

The kinetic properties of IMP dehydrogenase have previously been studied 
using the classical procedure of CLELANDg, 10 These results obtained in other con- 
ditions are consistent with a classical ordered addition mechanism, IMP being the 
first hgand Although no allosterlc kinetic was reported, NICHOLS et al  11 have postu- 
lated the existence of a configuration modification in the enzyme mediated by the 
phosphate moiety of IMP, BROX AND HAMPTON 1 have suggested that such a modifi- 
cation might be a prerequisite for the fixation of NAD BUZZEE AND LEVlN 3 were 
first to report allosterlc kinetics of the enzyme in the presence of GMP, while the 
present paper reports allosterlc kinetics in the absence of any effector All these 
observations are not necessarily contradictory While studies carried out in conditions 
where the enzyme shows classical kinetics elucidate the reaction mechanism, those 
in conditions where allosteric kinetic appears suggest the existence of regulatory 
mechanisms which could act through allosteric transition directed either by NAD or 
by GMP One may reasonably assume that both IMP by its first place in the ordered 
sequence reaction mechanism and NAD by its ability to induce allosteric transition 
act upon the regulation of the enzyme 
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