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deple t ion of G-6-P by  an unres t r i c t ed  ac t iv i ty  of G-6-PDI-I 
should be corre la ted  wi th  reduced  concen t ra t ions  of 
c -AMP in cancer  t issue. Indeed,  b y  compar i son  of cancer  
t issue and cor responding  normal  t issue, the  concen t ra t ion  
of the  cyclic nucleot ide  in the  fo rmer  t issue t u rned  out  to 
be decreased by  69.7 :~ 16.0%. Again,  t he  indiv idual  
values of e i ther  group exh ib i t ed  subs tan t i a l  var ia t ions  
wi th  levels be tween  0.13 and 2.30 pMol /mg cancer  t issue 
and  0.55 and  3.98 pMol /mg normal  t issue. Therefore  any  
in terac t ion  be tween  D H E A ,  G-6-PDH,  and  c -AMP under  
physiological  condit ions,  sugges ted  in general  for some 
metabol ic  diseases, m a y  very  well also pe r t a in  to special 
tissue. Still, i t  remains  to be seen to w h a t  ex t en t  D H E A  
or its sulfat ide par t i c ipa te  in the  regula t ion of intracel lular  
c -AMP levels, and hence  in cell p ropaga t ion  ~a. 

m a r y  t issue and cor responding  normal  t issue the  G-6- 
P D H  ac t iv i ty  in the  former  t issue grea t ly  exceeded t h a t  
found  in normal  t issue. On the  o ther  hand ,  a r emarkab le  
decrease of to ta l  D H E A  and  c -AMP could be de t ec t ed  
in cancer  t issue, h in t ing  a t  the  pa r t i c ipa t ion  of D H E A  in 
the  int racel lular  regula t ion of G-6 -PDH and  c -AMP levels. 
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S u m m a r y .  W h e n  to ta l  D H E A ,  G-6 -PDH act iv i ty ,  
and  c-AMP were de t e rmined  in h u m a n  neoplas t ic  m a m -  ~a T. POSTERNAK, A. Rev. Pharmac. ld, 23 (1974). 

Ligand-Leakage  in Affinity Chr o ma t ogr aphy:  a Second Note  on the Mathemat ica l  Approach  

E x p e r i m e n t a l  evidence 1 p r o m p t e d  GRIBNAU and 
TESSER 2 to der ive a leakage-funct ion t h a t  describes the  
hydro ly t i c  release (above p H  5) of b ioaff in i ty  l igands 
a t t ached  to Sepharose,  Sephadex  or cellulose by  the  
CNBr method.  

i n  a note  to  the i r  paper ,  THONIa po in ted  out  t h a t  the  
half-l ives and the  t ime course of l igand release can be 
calculated conven ien t ly  f rom t abu l a t ed  Z2-values using 
the  wel l -known relat ion be tween  the  cumula t ive  probabi l -  
i ty  funct ion of the  Poisson-d is t r ibu t ion  and  the  Z 2- 
dis t r ibut ion.  
The der iva t ion  of the  leakage funct ion of GRIBNAU and 
TESSER rests on 4 basic assumpt ions :  a) a t  t ime t := 0 
all l igand molecules are a t t a ched  to the  ma t r i x  by  the  
max ima l  num ber  of bonds,  n, b) the  cleavage of the  l igand- 
ma t r ix  bonds  is pseudo first  order  ( approx imate ly  con- 
s t a n t  OH-- concen t ra t ion  in a buffered solution),  c) all 
bonds  are similar and spli t  wi th  the  same ra te  cons tant ,  
k, d) the  bonds  are spli t  in a consecut ive  order,  i.e., given 
a bond number ing  which  is no t  fu r ther  specified, bond  
2 will be a t t acked  by  O H -  only if bond  1 is c leaved and so 
forth.  

Re ta in ing  assumpt ions  a) to c) let us assume a r a n d o m  
nucleophil ic  a t t ack  of the  h y d r o x y l  ions. This is equ iva len t  
to the  s t a t e m e n t  t h a t  the  cleavage of the  l igand-mat r ix  
bonds  does no t  depend  on number ing .  

If  a is again the  to ta l  l igand concen t ra t ion  (~mole/ml 
wet  gel) and s - t h e  number  of bonds  hydrolyzed ,  t hen  
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Fig. 1. Computed time course (cf. eqn. (4)) of the release of bio- 
affinity ligands attached to insoluble supports by the CNBr method. 

we have,  a t  any  t ime:  a --  c~ + cn 1 + cn 2 + " ' "  + 
cn .~ + . . .  + co (1), co concen t ra t ion  of free ligand. 
The n u m b e r  of d i f ferent  forms of the  l igand species wi th  

bond  (: t = (:)  oms 
kinet ical ly  degenera ted  because of a s sumpt ion  c) th is  is, 
any one of the  remain ing  (n- - s )  bonds  will be a t t acked  
wi th  the  same probab i l i ty  in the  n e x t  step.  

"Writing down the  different ia l  equat ions ,  care m u s t  be 
t aken  of s ta t i s t ica l  factors,  i f  k is the  pseudo  f irs t  o rder  
ra te  cons tan t ,  which  is p ropor t iona l  to the  p robab i l i t y  
of cleavage of a given bond  dur ing  a fixed t ime  interval ,  
t hen  the  p robab i l i t y  t h a t  any  one bond  of the  l igand 
species wi th  n points  of a t t a c h m e n t  will be cleaved is 
p ropor t iona l  to nk. The s ta t is t ica l  factor  for l igands wi th  
n-1 po in t s  of a t t a c h m e n t  is n-1 and so on. 

We can wri te  now:  

dc,~/dt =: nkcn 
dc,,.1/dt ,-.- nkc,,-- (n /)kc,~M 1 
den--z/dr = (n l)kc,, 1-(n 2)/r 2, etc. 

The solut ions to these different ia l  equa t ions  are easily 
found  by  the  procedures  of Bernoull i  or Lagrange4:  

c~, aexp(--nkt) 
c,,- I -- na Eexp(-(n-l)ht) -- exp(-nkt)] 
c,,_ 2 = n(n-1)a/2 Eexp(-(n-2)kt) -- 2exp(-(n-l)kt) + exp(-nkt)~ 

Cn-s = ( : )a  .~' ( : ) ( - - l ) ' - rexp( - (n-r )k t )  (2) 
7 = 0  

I t  follows t h e n  t h a t  the  leakage-funct ion is 

(:)(;) Co/g = 1 - -  ~ (--1) n-r e x p ( - ( n - r ) k t )  (3) 
S ~ O  ~'- 0 

This equa t ion  can be rear ranged  to 

S=I 
k is a measurab le  quan t i ty ,  so t h a t  half-l ives,  r.,~, can  be 
co mp u t ed  f rom : 

1 / 2  ~ ~ (~ ) ( - -1 )  *-1 e x p ( - s k v , , )  (5) 
S=I 
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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 
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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. 

J. LASCH 

Physiologisch-Chemisches Institut 
der Martin-Luther-Universitiit, Hollystrasse 7, 
DDR-402 HaUe/Saale (German Democratic Republic, 
DDR),  6 May  1975. 

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  
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