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Calculation of half-lives, ~., using eqn. (5) and k = 2.5 • 10 .5 (min -1) 
determined experimentally by GRIBNAU and TESSER ~ 

~,,  (days) 
n Consecutive order model ~ Random order model 

1 19.16 19.16 
2 46.67 34.17 
3 74.67 43.89 
4 101.94 51.11 
5 129.72 56.67 
6 157.50 61.67 

6 
k'r  n 

/7 

Fig. 2. Comparison of the kT, values computed from the con- 
secutive order model ~ (0--0) and the random order model (�9169 

The t ime  course of l igand release is co mp u t ed  f rom eqn.  
(4) (Figure 1). The shapes  of these  curves are qua l i t a t ive ly  
t he  same as in the  GRIBNAU/TESSER model,  a l though  the  
analy t ica l  express ion  of the  leakage-funct ion is d i f ferent  
(cf. eqn.  (4)). 

kvn values  were c o m p u t e d  f rom eqn. (5) using the  i tera-  
r ive procedure  of N ew t o n  and  Raphson .  They  are com-  
pa red  wi th  t he  values calcula ted by  GRIBNAU and  TESSER 
(Figure 2, Table). I t  is especial ly n o t e w o r t h y  t h a t  t he  
increase of t he  kv~ values  w i th  increasing n is no t  so 
s teep  as in t h e  GRIBNAu/TEssER model .  The in t e rp re t a -  
t ion of th is  s o m e w h a t  surpr iz ing result  is t h a t  the  s tab i l i ty  
gained b y  an addi t iona l  po in t  of a t t a c h m e n t  is par t i a l ly  
offset  b y  an increased p robab i l i ty  of cleavage of a l igand-  
ma t r i x  bond.  For  n = 1, b o t h  models  mus t  yield t he  
same kz v This  condi t ion  is fulfilled b y  the  r andon  model  
p resen ted  here  (Figure 2). 

Summary. A leakage func t ion  descr ibing the  hydro ly t i c  
release of l igand molecules covalen t ly  a t t ached  to  insoluble 
suppor t s  b y  the  CNBr m e t h o d  has  been derived.  Sta t i s t ica l  
fac tors  were  t aken  in to  account .  The  results  of th is  
r a n d o m  order  model  are compared  wi th  those  of a consec- 
u t ive  order  model  p roposed  b y  GRIBNAU and  TESSER. 
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On the  Role  of D iva len t  Cat ions  in the R e a c t i o n  M e c h a n i s m  of Mal ic  E n z y m e  

NADP- l inked  malic  enzyme (L-malate:  N A D P  oxido-  
reductase  (decarboxylat ing) ,  EC 1.1.1.40) is known  to  
require  a d iva len t  ca t ion  for ac t iv i ty  1. Usual ly  Mn 2+ or 
Mg 2+ are the  be t t e r  ac t iva tors ,  b u t  o the r  cat ions,  such as 
Co 2+ and  Ni 2+, are of ten  able to  replace Mn 2+ or Mg 2+, a t  
least  to  some ex t en t  2. 

We  repor t  here  the  results  of some kinetic  expe r imen t s  
on the  ac t iva t ion  of t he  NADP- l inked  malic enzyme  
par t ia l ly  purif ied f rom a mar ine  P s e u d o m o n a d  8 by  d iva len t  
cat ions.  

The malic enzyme f rom the  mar ine  P s e u d o m o n a d  was 
ac t iva t ed  by  several  d iva len t  cat ions.  Mn 2+, Mg ~+ and  
Co ~+ were cons iderably  more  effect ive t h a n  Cd ~+ and Ni ~+. 
W h e n  expe r imen t s  w i th  vary ing  concen t ra t ions  of d iva len t  
ca t ion  a t  f ixed concen t ra t ions  of the  subs t ra tes  L-malate  
(1 raM) and N A D P  (0.3 mM)  were performed,  the  ap- 
p a r e n t  Vmax values ob ta ined  for the  ac t iva t ion  by  Mn 2+ 
and  Mg ~+ were similar,  b u t  the  value for Co ~+ was abou t  
half. The a p p a r e n t  Ka values were  abou t  10 .6 M, 
2 •  -6 M and  8 •  -5 M for Co e+, Mn ~+ and  Mg 2+, 
respect ively .  

The  na tu re  of t he  d iva l en t  ca t ion  used as ac t iva to r  
af fec ted  the  a p p a r e n t  kinet ic  cons t an t s  for the  subs t ra tes .  
Figure  1 shows the  double  reciprocal  plots  for the  sub- 
s t ra fe  L-malate ob ta ined  in the  presence  of 1 m M  MnC12, 
MgCI~ or CoC12. Subs t r a t e  inhibi t ion,  previous ly  r epor ted  
for mal ic  enzyme f rom other  microorgan isms  ~, was  
clear ly observed  in the  presence  of Co ~+ or Mn 2+, bu t  no t  
in t he  presence  of Mg 2+. The a p p a r e n t  Km values for 
L-malate  ob ta ined  f rom the  da t a  of Figure 1 were 31,100 
and  179 ~zM, in t he  presence  of Co ~+, Mn 2+ or Mg 2+, 
respect ively.  The a p p a r e n t  Vmaz va lue  ob ta ined  in t he  

presence  of Co ~+ was, however ,  cons iderably  lower t h a n  
those  a t t a ined  in the  presence of Mn 2+ or Mg 2+ (Figure 1). 
The a p p a r e n t  Km for N A D P  (not shown in the  Figure) 
showed less var ia t ion  wi th  the  na ture  of the  d iva len t  cat ion ; 
under  s imilar  expe r imen ta l  condi t ions  (1 m M  z-malate)  
the  values were 17, 24 and  22 ~zM, in the  presence of Co 2+, 
Mn 2+ or Mg 2+, respect ively .  

L-malate  is known  to  be able to  form complexes  w i th  
d iva len t  ca t ions;  t he  s tab i l i ty  cons t an t  for the  L-malate-  
Mn complex  is grea te r  t h a n  t h a t  for the  L-malate-Mg 
complex  4 The  s tab i l i ty  of t he  L-malate-Co complex  m i g h t  
be expec ted  to  be of the  same order  or grea ter  t h a n  t h a t  
for L-malate-Mn, consider ing the  usual  order  of effect ive-  
ness of the  d iva len t  cat ions  to form complexes  w i th  organic 
l igands 4. Two main  roles for t he  d iva len t  ca t ion in the  
react ion m e c h a n i s m  of malic enzyme seem possible, b o t h  
involving the  abi l i ty  of l . -malate to form complexes  wi th  
d iva len t  cat ions.  Fi rs t ,  the  L-malate-Me complex  migh t  
be t he  t rue  subs t r a t e  of t he  react ion,  as in the  case of the  
M e A T P  2- complex  for t he  kinasesS; second, free ca t ion  
migh t  b ind  to  the  enzyme,  and  then  act  as a link be tween  

1 S. OCHOA, Methods in Enzymology (Eds. S. P. COL�9 and N. O. 
KAPLAN; Academic Press, New York 1955), vol. 1, p. 739. 
R. PARVII~, S. PANDE and T. A. VENKITASUBRAMANIAN, Biochim. 
biophys. Acta 92, 260 (1964). 

3 j .  j .  CAZZULO and E. MASSARINI, FEBS Lett. 22, 76 (1972). 
a W. J. O'SULLIVAN, Data ]or'Biochemical Research 2nd edn. (Eds. 

R. M. C. DAWSON, D. C. ELLIOTT, W. H. ELLIOTT and K. M. JoNEs; 
Clarendon Press, Oxford 1969), p. 423. 

5 W. W. CL~LAND, A. Rev. Biochem. 36, 77 (1967). 
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t h e  a c t i v e  s i t e  a n d  L - m a l a t e .  T h e  l a t t e r  p o s s i b i l i t y  is 
i m p l i c i t  in  t h e  r e a c t i o n  m e c h a n i s m  p r o p o s e d  b y  H s u  e t  
al.  6. E x p e r i m e n t s  p e r f o r m e d  w i t h  t h e  m a l i c  e n z y m e  f r o m  
Mycobac ter ium ~ s u g g e s t e d  t h a t  t h e  f i r s t  m e c h a n i s m  
m e n t i o n e d  w a s  n o t  fo l lowed ,  a n d  f a v o r e d  t h e  d i r e c t  
b i n d i n g  of  c a t i o n  t o  t h e  e n z y m e .  F u r t h e r m o r e ,  PARVIN 
e t  al.  2 s u g g e s t e d  t h a t  t h e  s u b s t r a t e  i n h i b i t i o n  b y  
e x c e s s  L - m a l a t e ,  a l so  o b s e r v e d  in  t h e  c a s e  of  t h e  e n z y m e  
f r o m  Pseudomonas  ( F i g u r e  1), w a s  d u e  t o  c o m p l e x a t i o n  
b y  e x c e s s  s u b s t r a t e  of  t h e  f ree  c a t i o n  r e q u i r e d  as  a c t i v a t o r .  
T h e  c r y s t a l l i n e  e n z y m e  f r o m  p i g e o n  l ive r  b i n d s  M n  2+ in  
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Fig. 1. Effect of the nature of the divalent cation activator on the 
saturation curve for L-malate. The reaction nfixtures contained (in 
~xmoles) in a final volume of 1 mh  Tris-HC1 buffer (pH 7.6), 100; NH~- 
C1, 20; NADP, 0.3; MnC12 (O), MgC12 (0) or CoC12 (s 1; 0.4 [xg of 
protein, and l.-malate as stated (in reciprocal scale) on the abcissa. 
The reaction was followed as the increase in absorbance at 340 nul in 
a UNICAM SP 1800 B recording speetrophotometer at 30~ 150- 
fold purified malie enzyme 3 was used; further purification was 
prevented by the instability of the highly purified enzyme. The 
enzylne preparations were exhaustively dialyzed before use against 
50 m M  Tris-HC1 buffer (pH 7.6) containing 0.1 m M  EDTA. When 
EDTA was onfitted, the enzyme presented, in the absence of added 
divalent cation, an activity equal to about 50% of the activity 
attained in the presence of 2 m M  MnC12. The apparent K,~ values 
for L-malate in the presence of Co S+ or Mn 2+ were obtained from the 
asymptotes (dotted lines), according to CLELAND 7. 

t h e  a b s e n c e  of  o t h e r  l i g a n d s S ;  t h e  e n z y m e  f r o m  Pseudo-  
monas  s e e m s  to  be  a b l e  t o  b i n d  M g  2+ i n d e p e n d e n t l y  of  t h e  
p r e s e n c e  of t h e  o t h e r  r e a c t a n t s ,  s i n c e  we  h a v e  f o u n d  p a r t i a l  
p r o t e c t i o n  o f  t h e  e n z y m e  a g a i n s t  t h e r m a l  i n a c t i v a t i o n  a t  
7 0 ~  b y  1.3 m M  MgCle in  t h e  a b s e n c e  o f  o t h e r  l i g a n d s  
(MASSARINI a n d  CAZZULO, u n p u b l i s h e d  e x p e r i m e n t s ) .  

W e  s t u d i e d  t h e  o r d e r  of  a d d i t i o n  of  M g  e+ a n d  t h e  s u b -  
s t r a t e s  o f  t h e  r e a c t i o n  in  t h e  k i n e t i c  e x p e r i m e n t s  s h o w n  in  
F i g u r e s  2 a n d  3. W h e n  L - m a l a t e  w a s  t h e  v a r i a b l e  s u b -  
s t r a f e ,  a t  d i f f e r e n t  f i x e d  l eve l s  of  MgC12 ( F i g u r e  2A) ,  t h e  
e q u i l i b r i u m  o r d e r e d  in i t i a l  v e l o c i t y  p a t t e r n  7 w a s  o b t a i n e d ,  
i.e. : s a t u r a t i o n  w i t h  L - m a l a t e  a p p e a r e d  t o  e l i m i n a t e  t h e  
r e q u i r e m e n t  for  t h e  d i v a l e n t  c a t i o n ,  s i n c e  t h e  s a m e  Vma~ 
w a s  o b t a i n e d  i r r e s p e c t i v e  of  t h e  MgC12 c o n c e n t r a t i o n .  
W h e n  t h e  r e s u l t s  w e r e  p l o t t e d  a s  a f u n c t i o n  of  t h e  rec i -  
p r o c a l  MgC12 c o n c e n t r a t i o n  ( F i g u r e  2B) ,  t h e  l ines  i n t e r -  
s e c t e d  to  t h e  le f t  of  t h e  o r d i n a t e  ; t h e  s e c o n d a r y  p l o t  of  t h e  
s l o p e s  as  a f u n c t i o n  of  t h e  r e c i p r o c a l  L - m a l a t e  c o n c e n t r a -  
t i o n  ( F i g u r e  2C) w a s  a s t r a i g h t  l ine  t h r o u g h  t h e  o r ig in .  
T h i s  d e m o n s t r a t e s  t h a t  t h e  a d d i t i o n  of  Mg  ~+ a n d  L- 
m a l a t e  to  t h e  m a l i c  e n z y m e  f r o m  _Pseudomonas is o r d e r e d  ; 
t h e  c a t i o n  m u s t  be  t h e  f i r s t  to  b i n d ,  a n d  c a n n o t  l e a v e  t h e  
a c t i v e  s i t e  o n c e  L - m a l a t e  is a l so  b o u n d  7. T h i s  s t r o n g l y  
s u g g e s t s  t h a t  t h e  c a t i o n  a c t s  as  a l i nk  b e t w e e n  L - m a l a t e  
a n d  t h e  a c t i v e  s i te .  S i m i l a r  e x p e r i m e n t s  w e r e  n o t  p e r -  
f o r m e d  w i t h  M n  2+ or  Co S+, b e c a u s e  of t h e  p r o b l e m s  a r i z i n g  
f r o m  t h e  low E D T A  c o n c e n t r a t i o n  ( 0 . 5 - 1 . 0  VM) n e c e s -  
s a r i l y  p r e s e n t  (see l e g e n d  t o  F i g u r e  1), w h i c h  i n t e r f e r e d  
w i t h  t h e  v e r y  low M n  2+ or  Co 2+ c o n c e n t r a t i o n s  ab l e  t o  
e l ic i t  a c t i v a t i o n .  

"When t h e  c o n c e n t r a t i o n s  of  N A D P  a n d  MgC12 we re  
v a r i e d  in  t h e  p r e s e n c e  of a f i x e d  c o n c e n t r a t i o n  of L- 
m a l a t e ,  t h e  d o u b l e  r e c i p r o c a l  p l o t s  for  N A D P  ( F i g u r e  3A)  
or  for  MgCI 2 ( F i g u r e  3B)  i n t e r s e c t e d  t o  t h e  le f t  o f  t h e  
o r d i n a t e ,  a n d  t h e  s e c o n d a r y  p l o t  of  s l o p e s  as  a f u n c t i o n  
of  t h e  r e c i p r o c a l  N A D P  c o n c e n t r a t i o n  ( F i g u r e  3C) h a d  a 
f i n i t e  i n t e r s e c t i o n ,  a s  is t h e  n o r m a l  caseT.  T h e s e  r e s u l t s  
s u g g e s t  t h a t  t h e  a d d i t i o n  of M g  2 ~ a n d  N A D P  to  t h e  m a l i c  
e n z y m e  f r o m  Pseudomonas  d id  n o t  fo l low a n  o b l i g a t o r y  
o rde r ,  b e i n g  p r o b a b l y  r a n d o m .  T h i s  is in  g o o d  a g r e e m e n t  
w i t h  t h e  d e m o n s t r a t i o n  b y  H s u  a n d  LARDY s t h a t  t h e  
p i g e o n  l ive r  e n z y m e  b i n d s  N A D P  or  N A D P H  in  t h e  
a b s e n c e  of o t h e r  l i g a n d s .  L - m a l a t e ,  on  t h e  o t h e r  h a n d ,  c a n  

6 R. Y. Hsu,  H. A. LARDY and W. W. CLELAND, J. biol. Chem. 242, 
5315 (1967). 

7 W. W. CLI~LAND, The Enzymes (Ed. P. D. BOYER; Academic Press, 
New York 1970), vol. 2, p. 1. 
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Fig. 2. Effect of the variation of 
the concentrations of L-malate and 
MgCI 2 on the reaction catalyzed by 
inalic enzyme. The experimental 
conditions were similar to those 
described in the legend to Figure 1, 
except for the concentrations of 
z-malate and MgC12. A) effect of 
variable concentrations of z-mal- 
ate, in the presence of 0.1 (O), 0.2 
(O), 0.5 (A) or 1.0 (&) m M  MgC12. 
B) effect of variable concentrations 
of MgCll, in the presence of 0.05 
(O), 0.1 (e),  O.2 (A) or0.5 ( A ) m M  
L-malate. C), secondary plot of the 
slopes from the lines in Figure B, 
as a Iunction of the reciprocal con- 
centration of z-malate. 
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Fig. 3. Effect of the variation of the concentration of NADP and MgC12 on the velocity of the reaction catalyzed by malic enzyme. 
The experimental conditions were similar to those described in the legeHd to Figure 1, with 1 mM L-malate and the concentrations of 
NADP and MgCI 2 stated below. A) effect of variable concentrations of NADP, in the presence of 0.1 (�9 0.2 (Q), 0.5 (A) or 1.0 (A) mM 
MgCI 2 B) effect of variable concentrations of MgCIe in the presence of 0.005 (�9 0.025 (O), 0.05 (G) or 0.l (A) mM NADP. C) secondary 
plot of the slopes from the lines in Figure B as a function of the reciprocal concentration of NADP. 

b ind  only  af ter  N A D P  is b o u n d  to the  enzyme,  to  form 
the  q u a t e r n a r y  complex  which  undergoes  reac t ion  a. 

Assuming  t h a t  t he  obl iga tory  order  of add i t ion  of L- 
ma la t e  af ter  N A D P  also holds  for the  enzyme f rom 
Pseudomonas, we can propose  t h a t  t he  t e rna ry  complex  
N A D P - e n z y m e - M g  ~+ reac ts  wi th  L-malate  t h rou g h  the  
meta l  ion, which  acts  as a link be tween  L-malate and  the  
act ive site. The d i f ferent  effect iveness of Co ~+, Mn 2+ and  
Mg ~+ as ac t iva tors ,  and the  d i f ferent  a p p a r e n t  Km 
values for L-malate ob ta ined  in the  presence of the  same 

s R. Y. Hsu aad H. A. LARDY, J. biol. Chem. 2d2, 527 (1967). 
9 This work was supported by grants from the Consejo Naeional 

de Investigaciones Cientificas y T6cnicas de la Repfiblica Argentina, 
and the Consejo de Investigaeiones de Ia Universidad Naeional de 
Rosario. ]JC and EM are members of the Carrera del Investiga- 
dor Cientifieo of the former and the latter institutions, respectively. 

act ivators ,  could be expla ined on the  basis of a decreas ing  
abi l i ty  of Co 2+, Mn ~+ and  Mg ~+ to  form the  q u a t e r n a r y  
complex  according to  t he  I rv ing-Wil l iams series ~ for the  
fo rmat ion  of complexes  be tween  d iva len t  cat ions and 
organic ligands. 

Summary. The kinet ic  order  of addi t ion  of Mg 2+ and 
L-malate to malic enzyme  has been  de termined.  Mg 2+ is 
the  f i rs t  to b ind,  and p ro b ab l y  acts  as a link be tween  the  
subs t ra te  and  the  act ive site. 
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C o n s e r v e d : M e s s a g e  of o - D i o h e n o l a s e  in  W h e a t  E m b r y o s  (Triticum aestivum) 
Our pre l iminary  observa t ions  1 indicated-Lhat  t he  s t im-  

u la t ion  of o - d i p h e n o l a s e  ac t iv i ty  in w h e a t  : embryos ,  
excized f rom ge rmina t ing  grains, is s t rong ly  inh]lsited by  
cycloheximide  b u t  no t  by  ac t inomycin  D. The occurrence 
o5 s tab le  messengers  capable  of suppor t ing  general  p ro te in  
syn thes i s  is r epo r t ed  in the  u n g e r m i n a t e d  w h e a t  em-  
bryos~, ~. Other  workers,  however ,  observed  the  ear ly  
syn thes i s  of m R N A  in w h e a t  embryos  which  is no t  
conver t ed  in to  s table  message 4, 5. At  present ,  i n fo rma t ion  
is no t  available abou t  the  na tu re  of specific enzyme pro-  
te ins  whose  t r ans l a t ion  is suppor t ed  b y  conserved  or 
newly  formed messages  in w h e a t  embryos .  In  t he  p resen t  
repor t ,  we provide  evidence for the  exis tence of a long- 
l ived s table  messenger  of o-diphenolase in excized w h e a t  
embryos  which  suppor t s  t he  de novo synthes is  of o- 
d iphenolase  enzyme  unde r  condi t ions  of inh ib i ted  R N A  
synthesis .  

Materials and methods. E m b r y o s  were excized f rom 
w h e a t  grains (Triticum aestivum, var.  Shera) presoaked 
for 10 h a t  4~ and  steri l ized wi th  0.02% mercur ic  chlo- 
ride. The  excized embryos  were  ge rmina ted  in t he  da rk  

a t  25~ on n u t r i e n t  m e d i u m  6,7 conta in ing  50 ~g/ml of 
chloramphenicol .  40 embryos  were homogenized  in 0.05 
M p h o s p h a t e  buffer  (pH 6.6) and  the  homogena te  was 
cent r i fuged a t  10,000 •  for 10 min.  The s u p e r n a t a n t  
(crude extract)  was  employed  for measur ing  o-diphenolase 
ac t iv i ty  b y  following the  procedure  o5 WONG et  al. 8. 
One un i t  of en zy me  ac t iv i ty  is def ined as t he  a m o u n t  of 
enzyme which  br ings  abou t  a change  in absorbance  of 

1 S. R. TANEJA and R. C. SACHAR, Phytochemistry 73, 2695 (1974). 
2 I). CHEN, S. SARID and E. KATCHALSKI, Proc. natn. Acad. Sei., 

USA 60, 902 (1968). 
3 D. P. WEEKS and A. MARCUS, Biochim. biophys. Aeta 232, 671 

(1971). 
4 E. REJMAN" and J. BUCHO'vVICZ, Phytochemisfry 72, 271 (1973). 
5 IVY. DOBRZA~SKA~ M. TOMASZEWSKI, Z. GRZELCZAK, E. REJIVIAN 

and J. BccHowlcz, Nature, Lond. 2d4, 507 (1973). 
6 j .  p. NITSCH, Am. J. Bot. 38, 566 (1951). 

P. R. WHITE, A Handbook o/ Plant Tissue Culture (The Jaques 
Cattell Press Inc., Lancaster 1943). 

8 T. C. Wos~, B. S. Lu~ and J. R. WmTAKER, P1. Physiol. Z8, 19 
(1971). 


