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The effect of electrolytes on the reactivation of 
phosphorylated cholinesterase 

The  r eac t iva t ion  by  h y d r o x a m i c  acids  or ox imes  of chol ines terase  (ChE) inh ib i ted  wi th  organo-  
p h o s p h a t e s  ha s  been shown  to h a v e  m u c h  in c o m m o n  wi th  more  no rma l  enzymic  react ions .  The  
kinet ics  of  r eac t iva t ion  are  cons i s t en t  wittl a m e c h a n i s m  similar  to t h a t  of MICHA~LIS AND MENTEN 1 
for e n z y m e - s u b s t r a t e  in terac t ion ,  while t he  specifici ty proper t ies  of r eac t iva to r s  are  re la ted  to 
those  of s u b s t r a t e s  for ChE  2-4. A fu r the r  wel l -known p r o p e r t y  of ChE-ca t a ly sed  hydro lys i s  is the  
m a r k e d  effect of e lect rolytes  which  reduce  t he  a p p a r e n t  s t r e n g t h  of b ind ing  be tween  t he  e n z y m e  
a n d  s u b s t r a t e  and  so increase  t he  o p t i m u m  s u b s t r a t e  concen t ra t ion ,  bu t  increase  t h e  ra te  of 
b r eakdown  of the  e n z y m e - s u b s t r a t e  complex  5-v. I n  t he  p re sen t  c o m m u n i c a t i o n  e lect rolytes  are  
s h o w n  to  h a v e  equa l ly  m a r k e d  effects on t h e  r eac t iva t ion  process,  b u t  w h e t h e r  t h e  r a t e  is increased 
or decreased depends  on  t h e  chemical  s t r u c t u r e  of t h e  reac t iva tor .  

W a s h e d  h u m a n  e r y t h r o c y t e s  were al lowed to s t a n d  for io  rain a t  25 ~ in an  equal  v o l u m e  of 
o.9 ~o NaC1 con t a in ing  I o - S M  t e t r a e t h y l  p y r o p h o s p h a t e  (TEPP) .  The  cells were t h e n  washed  wi th  
ice-cold sal ine to  r emove  excess  T E P P  and  were t h e n  h a e m o l y s e d  by  freezing in an  equal  vo lume  of 
saline.  IO ml  of t h e  h a e m o l y s e d  so lu t ion  were m i x e d  wi th  io  ml  of a solut ion of t he  r eac t iva to r  in 
ba rb i tone  buffer  (o.oi M sod i um d ie thy lba rb i tu ra t e ,  o.oo2 M KH2PO4) con ta in ing  an  appropr i a t e  
concen t r a t ion  of t he  requi red  electrolyte .  T he  p H  was  rap id ly  a d j u s t e d  to 7.8 and  t he  m i x t u r e  was  
s to red  a t  25 °. A t  su i t ab le  t i m e  in t e rva l s  i ml  s amples  were w i t h d r a w n  a n d  ana ly sed  for ChE  by  t he  
e lec t rometr ic  m e t h o d  s. The  ra te  c o n s t a n t s  were ca lcu la ted  as descr ibed elsewhere 8 f rom the  slope 
of a g r aph  of log (Eoo - E t )  aga ins t  t ime,  where  Et is t h e  f rac t ion of e n z y m e  r eac t iva t ed  a f te r  t ime  t. 
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Fig. I. The  effect of ca t ions  on t h e  r eac t iva t ion  b y  pyr id ine -2-a ldox ime  me th iod ide  ( Io -4M)  a t  
p H  7.8 and  2 5  ° of e r y t h r o c y t e  C hE  inh ib i ted  w i t h  T E P P .  [] KC1, ~ NH4C1, O choline chloride. 

Figs.  I and  2 il lustrate" t he  effect of a r ange  of e lectrolytes  on r eac t iva t ion  by  pyr id ine-2-  
a ldox ime  me th iod ide  a n d  by  i soni t rosoacetone .  As can  be seen, t he  effect of e lectrolytes  is qua l i ta -  
t ively  different  for t h e  two compounds .  Pa r t i cu la r ly  n o t e w o r t h y  is t he  m a r k e d  accelera t ion  of 
r eac t iva t ion  b y  i son i t rosoace tone  due  to  p o t a s s i u m  salts,  t h e  effects of t he  chloride and  s u l p h a t e  
being d e p e n d e n t  on  t h e  c o n c e n t i a t i o n  of p o t a s s i u m  ions b u t  n o t  on t he  concen t r a t ion  of the  
anion.  Th i s  fact,  t oge the r  wi th  t he  considerable  va r i a t ion  in  t h e  m a g n i t u d e  of t he  effect due  to 
different  chlorides,  sugges t s  t h a t  t h e  effect is p r e d o m i n a n t l y  due  to  t h e  specifi c cat ion,  as  is t he  
effect of  e lect rolytes  on t he  di rect  ChE-ca t a ly sed  hydro lys i s  of ace ty lchol ine  x°. MYERS ~ h a s  a t -  
t r i bu t ed  t h e  sh i f t  in t h e  o p t i m u m  s u b s t r a t e  concen t r a t ion  for t he  hydro lys i s  of ace ty lchol ine  by  
ChE  in  t h e  presence  of e lect rolytes  to  compe t i t i on  be tween  t h e  pos i t ive ly  cha rged  ace ty lchol ine  
a n d  t he  ca t ion  of t h e  e lect rolyte  for t h e  an ionic  si te  on t he  e n z y m e  surface.  I t  h a s  been showni ,  3 
t h a t  r eac t iva t ion  by  pyr id ine -2-a ldox ime  me th iod ide  is g rea t ly  accelera ted by  t h e  fo rma t ion  of a 
complex  be tween  t h e  ox im e  and  t h e  inh ib i ted  enzyme ,  wh ich  are  bound ,  a t  l eas t  par t ly ,  by  a t t r ac -  
t ion  be tween  t he  pos i t ive ly  cha rged  n i t rogen  a t o m  in t h e  ox ime  a n d  t h e  an ionic  s i te  on t h e  phos-  
pho ry l a t ed  enzyme.  I t  is t h u s  reasonable  to expec t  t h a t  ca t ions  genera l ly  would  compe t e  wi th  
pyr id ine-2-a ldox ime  me th iod ide  for t h e  anionic  si te  and  so re ta rd  reac t iva t ion .  Fig. i shows  t h a t  
th i s  r e t a rda t i on  does occur. 
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Fig. 2. The  effect of ca t ions  on t he  reac t iva t ion  by  i soni t rosoace tone  (o.oo4M) a t  p H  7.8 and  25 ° o5 
e r y t h r o c y t e  ChE  inhib i ted  wi th  T E P P .  [] KCI, [] K~SO 4, O NaC1, • Na2SO4, A NH4C1, 

A l t h o u g h  reac t iva t ion  by  i soni t rosoace tone  is also accelera ted by complex  fo rma t ion  2, t he  
fo rma t ion  of th i s  complex  does no t  involve  t he  anionic  si te  on the  enzyme,  in wh ich  case t he  s lowing 
down of r eac t iva t ion  due  to cat ions,  found  wi th  pyr id ine-2-a ldox ime  meth iodide ,  would  no t  
necessar i ly  be expected .  I n  fact,  Fig. 2 shows  t h a t  cat ions,  ins t ead  of r e t a rd ing  reac t iva t ion  by  
isoni t rosoacetone,  m a r k e d l y  acce]erate it. A s imilar  accelera t ion due  to ca t ions  is found  w h e n  
p i co l inhydroxamic  acid is used  as a reac t iva tor .  This  difference be tween  posi t ive ly  charged  and  
u n c h a r g e d  reac t iva to r s  is cons i s t en t  wi th  the  belief ~ t h a t  t h e y  form complexes  a t  different  s i tes  on 
t he  p h o s p h o r y l a t e d  enzyme.  However ,  no sa t i s f ac to ry  exp l ana t i on  can  be offered w h y  t he  ra te  of 
r eac t iva t ion  by  u n c h a r g e d  reac t iva to r s  should  be g rea t ly  increased in t he  presence  of electrolytes .  

A c k n o w l e d g e m e n t  is m a d e  to t he  Control ler  of H.M. S ta t ione ry  Office for permiss ion  to 
pub l i sh  th i s  paper .  
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Isolation of 2-methoxyoestrone from the urine of pregnant women 

KRAYCHY AND GALLAGHER 1 h a v e  recen t ly  repor ted  t he  isolat ion of 2 - m e t h o x y o e s t r o n e  f rom the  
u r ine  of h u m a n  sub jec t s  following t he  a d m i n i s t r a t i o n  of oes t radiol - i7 /~- i6  14C. This  f inding h a s  
been conf i rmed b y  ENGEL e/al .  2. I n  t h e  courso of our  own s tud ies  on u r i n a r y  oes t rogen  metabof i tes ,  
t h e  s ame  c o m p o u n d  ha s  now been isolated f rom t h e  u r ine  of p r e g n a n t  women ,  and  obse rva t ions  
of some  in t e re s t  h a v e  been m a d e  concern ing  i ts  behav i ou r  in t h e  Kobe r  react ion.  

P re l imina ry  e x p e r i m e n t s  were carr ied  ou t  on s y n t h e t i c  2 - m e t h o x y o e s t r o n e  generous ly  
suppl ied  b y  Dr.  T. F.  GALLAGHER of t he  S l o a n - K e t t e r i n g  Ins t i t u t e ,  New York.  


