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The chemical bas|s of the "ageing process" of DFP-inhibi*~4 
pseudocholinesterase 

Esterases  inhibi ted with D F P  and analogous compounds  m a y  be r eac t iva ted  by  m e a n s  
of nucleophilic agents  like hyd roxam i c  acids and oximes. In the case of eholinester~ses 
the  inhibi ted enzyme is conver ted  from a reac t iva tab le  into a non- reac t iva tab le  form 
upon storage ("ageing")  1-3. 

The  results repor ted  by  J . ~ s z  at a l .  4 suggested tha t  the  DP-g roup  in t roduced  
into Pst~hE by react ion wi th  D F P  is conver t ed  into the  MP-group  spontaneously .  
Tiffs react ion might  give a sa t i s fac tory  explana t ion  for the loss of r eae t iva tab i l i ty  
of the  inhibi ted enzyme.  We now present  the results of some invest igat ions  made. 
to confirm the occurrence of this conversion and to find a relat ion with the ageing 
process. 

Horse serum PsChE, purified according to  a modified STREL[TZ procedure  s  ̀
(specific ac t iv i ty ,  58o uni ts /mg N) was comple te ly  inhibi ted with [3~P]DFP~ (concn. 
of enzyme,  18o units /ml ; D F P ,  2- Io  -a M ;  75 min incubat ion  at  o ° in o,o6 M veronal ,  
pH 8.6). The inhibi ted enzyme  was d ia lyzed  against  distilled wa te r  a t  o-2  ° unt i l  free 
from non-pro te in-bound 3~P-compounds (25 h) and  subjected  to ageing by  s torage  
at 24 °, At intervals  two samples were taken  s imul taneously ;  one was hea t ed  at  
pH x2.6 (NaOH) for IO inin at  IOO ° in a sealed Py rex  tube  to  release the phosphory l  
group f rom the  protein,  the o ther  was incuba ted  wi th  PAM {o.x M, pFt 7.4 a t  r o o m  
tempera ture )  to accomplish react ivat ion.  

The a lkal ine- t rea ted samples were subjected  to  paper  c h r o m a t o g r a p h y  (BAW). 
Au to rad iog raphy  of the. ch romatograms  revealed the  presence of two rad ioac t ive  
compounds  which were identified as D I P  (RF, o.Sr) and  MIP (RF, o.4e) by  compar ison 
wi th  reference compounds.  The amounts  were ca lcula ted  from rad ioac t iv i ty  measure-  
ments .  In the sample taken  immedia te ly  af ter  dialysis ~-lmost all the  z2p was ac- 
counted  for as [z2PIDIP while in the  subsequent  samples an increasing f ract ion of 
the  z~P was found as 232P]MIP. The  results summar ized  in the  columns A and B of 
Table  I arc consis tent  with a convers ion of DP-  into MP-enzyme.  

In the  samples incuba ted  with PAM the reac t iva t ion  was de te rmined  by  com- 
par ing  the  res tored enzymic  ac t iv i ty  wi th  the ac t iv i ty  of uninhibi ted  bu t  otherwise 
ident ical ly  t r ea t ed  samples of the enzyme  ( t i t ra t ion in 5" IO-* M phosphate ,  p H  7.4, 
0.02 M acetyl  choline wi th  o .o i  N N a O H  at  25°). After  4-6  days  of incuba t ion  
opt imal  reac t iva t ion  was achieved;  at  this stage par t  of each  sample was chromato-  
g raphed  in BAXV, the  remainder  was t r ea ted  as indicated below. Au to rad iograms  
showed two radioact ive  spots on the chromatograms,  p ro te in-~oand  3~p on the  s ta r t  
and ~z'2P]DIP. The  percentage  of the  u2p present  in the  form of [a2PIDIP corresponded 
with the percentage of reac t iva t ion  ob ta ined  in the  same smnple (Table I, columns 
C, D and  E). This result  shows t ha t  upon reac t iva t ion  a D P -  group is released from 
the inhibi ted enzyme  with s imul taneous  re~torat ion of the enzyr, fic ac t iv i ty .  

The  remainder  of the  PAM-conta ining samples (.see above) were t r ea t ed  wi th  
N a O H  (Io rain, pH  z2.6, zoo ~) to establish the na tu re  of the  pro te in-bound  s~p 

Abbrevi~Ltions: P s C h E ,  p~eudoch~l ines te rase ;  D F P ,  diLsopropyl p h o s p h o r o f l . o r i d a t e  ; I ) P - ,  
d i i sopropyl  p h o s p h o r y l  ; ?all'--, . m n o i s o p r o p y l  ph*~sphoryb~; !)1 P, d i i sopropy l  pla¢,sphate: M I P ,  
m o n o . s o F ; n p y l  p h o s p h a t e :  I JAM, py r id ine -x - a ldc . ; i ' n e  m e t h i o d i d e ;  B..\XV, b u t a n o l - a c e t i c  a c i d -  
w a t e r  (4 : r : 5)- 
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[ a ~ P i D F i ' - i n h i b i t e d  I * . ~ C h E  w a s  d i a l y z e d  a t  o "~ a n d  s t o r e d  ~it ' 4 : ' -  A t  t h e  t i m e s  i n d i c a t e d  t w o  
s a m p l e s  w e r e  t a k e n ;  o n e  w a s  s u b j e c t e d  t . . . . ,  . . ¢ a ,  zne*  h y d r o l y s i s , .  . t h e  o t h e r  w a s  i n c u b a t e d  w i t h  I'A.~£ 
for 4 6 d~ys. After this period part of the latter sample ~as hydroiyzed with all~ali, bee text 

for fiarther 0etaiis, 
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subs t i tuent .  The  solutions were acidified (pH 3) and percolated through a coh,mn 
containing 2.5 mt of IRC 5 ° (H ~) on top of 2.5 ml of Dowex 50 X4 (H +) ion-exchange 
resin to remove  proteins and cations. The  radioact ive  eluate fractions were concen- 
t r a t e d  and eh roma tog raphed  (BAW L Two 32p compounds  were found which were 
identified as [asP]DIP and ~aP]MIP.  For each ~ample the  percentages of -3~P]DIP 
and  r32P]MIP were equal  to the percentages of -~aP]DIP and prote in-bound 32p found 
before  the  alkaline t r e a t m e n t  (Table I, columns D, E, V and G) indicat ing tha t  the  
phosphory l  g roup  re f rac to ry  to the  oxime is a MP-  group. 

I t  will be seen from the  figures in the column.~ A, C and  D of Table  I t ha t  all 
D P - e n z y m e  present  in the mix tu re  9f DP- and MP-enzyme at  the  s tar t  of the  PAM 
incubat ion  is reac t iva ted .  This moans tha t  the conversion of DP-  into MP-enzyme 
is t e rmina t ed  comple te ly  by  the presence of HAM. In similar exper iments  carr ied out  
with isoni t rosoaeetone as a reac t iva tor  (o.I 31, pH  7-4) only  a slight re ta rda t ion  of 
the  ageing process was found. These results suggest tha t  the protec t ion  against ageing 
observed wi th  PAM is due to  the q u a t e r n a r y  ammon ium s t ruc tu re  of the oxime. 
The effectiveness in this respect of q u a t e r n a r y  ammonium compounds  in general  is 
under  invest igat ion.  

The  fate of the  isopropyl group which is r emoved  from the phosphoryl  group 
during the conversion of DP-  into MP-enzyme was s tudied in exp.~riments wi th  PsChE 
inhibi ted wi th  Ex~C] - and [ ~ P ] D F P .  i t  was fotmd tha t  upon ageing the ~aC con t en t  
of the prote in  (measured in washed tr ichloroacet ic  acid precipitates) gradual ly  de- 
creased while the a ~  con ten t  remained constant .  Free ~tlCJisopropanol could be 
demons t r a t ed  in the superna tan t  of the prempitates.  

F rom o u r  exper iments  it m a y  be concluded tha t  the react ion of PsChE with D F P  
results in a DP-subs t i t u t ed  enzyme,  which may  be reac t iva ted  by  oximes;  upon 
storage this DP-enzyme  is conver ted  into the non-react ivatable  MP-enzyme by" the 
release of isopropanol.  

Our  results are not  in favour  of the conception of j.~_x'Dogv at al. 2 and  of D.tvrEs 
AND GREEN 7, who s~aggested tha t  ageing is d~m to a migrat ion of the phosphoryl  group 
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in the  i n h i b i t e d  e n z y m e  f r o m  t h e  i m i d a z o l e - N  of a h i s t id ine  res idue  to  the  O H  of  
a ser ine  res idue.  
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An extreme example of the coding problem, Avian PPLO 5969* 

A p r o b l e m  in the  r e l a t ion  of p r o t e i n  to  D N A  is w h e t h e r  or  n o t  a g i v e n  n u c l e o t i d e  
sequence  u n i q u e l y  c o r r e s p o n d s  to  a g i v e n  p r o t e i n  molecu le .  T h i s  e q u i v a l e n c e  r e l a t i o n  
m a y  be  t e r m e d  one to  one  coding.  A m o n g  the  a l t e r n a t i v e  posMbilitie.~ w o u l d  be  
o v e r l a p  cod ing  where  a s e g m e n t  of D N A  m a y  e n c o d e  p o r t i o n s  of  t h e  p e p t i d e  s equence  
of s eve ra l  d i f fe ren t  prote in~.  An a p p r o a c h  to  th is  p r o b l e m  is to  f ind a n  o r g a n i s m  
whe re  t he  D N A  code  is sho r t  e n o u g h  to  beg in  to  d i s t ingu i sh  b e t w e e n  s o m e  of the  
po.ssible hyt}otheses .  

I n  an  a t t e m p t  to find an  o r g a n i s m  w h e r e  the  a m o u n t  of D N A  p r e s e n t s  a c o d i n g  
l i m i t a t i o n  to the  n u m b e r  of  poss ib le  p ro t e in s ,  we h a v e  d i r e c t e d  o u r  a t t e n t i o n  to  s m a l l  
cells c a p a b l e  of  r e p r o d u c t i o n  on a non - l i v ing  m e d i u m .  W h i l e  a r i u m b e r  of  s m a l l  
bactez-ia hax'e been  looked  a t ,  the  m o s t  e x t r e m e  case  we h a v e  e n c o u n t e r e d  is t h e  
p l eu ropneumon ia - l i k . e  o r g a n i s m  A v i a n  5969L 

T h e  i nd iv idua l  cells a r e  splxerical a n d  in the  e l e c t ron  m i c r o s c o p e  show a d i a m e t e r  
of o.25 ~. T h i s  e x t r e m e l y  smal l  size h a s  t h e  fo l lowing consequences .  T h e  cell has  a 
v o l u m e  of 8 .2 - IO  ~ ml ,  a n d  a s s u m i n g  a 75 % w a t e r  c o n t e n t  has  a d r y  we igh t  of 
2.o- r o - ~  g, wh ich  c o r r e s p o n d s  to  a m o l e c u l a r  we igh t  of 1 3 .  IO' .  Or  f r o m  a s o m e w h a t  
d i f fe ren t  p o i n t  of  v iew we see t h a t  we  h a v e  a cell which  c o n t a i n s  in t h e  n o n - a q u e o u s  
p o r t i o n  the  o r d e r  of 2o0,0o0,0o0 a t o m s .  

\Ve h a v e  r e c e n t l y  c a r r i e d  ou t  D N A  m e a s u r e m e n t s  on th i s  t y p e  of cell  in t h e  
fo l lowing m a n n e r .  A la rge  c u l t u r e  g r o w n  on a m e d i u m  of Di feo  T r y p t o s e  B r o t h  p lus  
I °o  l ) i fco P P L O  S e r u m  F r a c t i o n  is c e n t r i f u g e d  a n d  washed .  P o r t m n s  a r e  t a k e n  for  

o,, e t h a n o l  d r y - w e i g h t  d e t e r m i n a t i o n ,  while o t h e r  p o r t i o n s  a re  first  e x t r a c t e d  in 75 ,o 
a n d  then  in 5 0,/, t r i ch lo roace t i c  acid  ( Ioo  ° for  45 min) .  T h e  p r e c i p i t a t e  is c e n t r i f u g e d  
o u t  a n d  D N A  d e t e r m i n a t i o n s  a re  ca r r i ed  o u t  on  the  t r i ch lo roaee t i c  s u p e r n a t a n t  b y  

.M~brev i a t i ons :  ])_S..\, deoxyr i lp ( ,n l lc le ic  ~eitl ; R N  A, r ibon t t c lo i c  :reid. 
" Pf~LO i n d i c a t e s  t f l e u r ~ q m e u m o n i a - l i k e  o r g a n i s m ~  T h i s  .~train is a l so  k n o w n  a s  3lycop lasma 

gallisapticurn. 


