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The nature of the reaction between diisopropylfluorophosphate 
and chymotrypsin 

JANSEN et al. 1,2 were the first to s tudy  the inhibit ion of chymot ryps in  using 32p labeled diiso- 
propylf luorophosphate  (DF32P). They showed tha t  one mole DF~2P was bound  per mole of active 
enzyme, t ha t  a fluorine ion was released during the reaction and tha t  the reaction product  consisted 
of the original protein with a d i isopropylphosphate  (DIP) rest  s. Moreover it was demons t ra ted  by 
SCHAFFER et al.4, 5 t ha t  this reaction product  yielded O-ser inephosphate  on acid hydrolysis.  

In  the course of our s tudy  of the pharmacological  action of organophosphates  we became 
interested in the character  of the bond result ing from the reaction of D F P  on mammal i an  cholin- 
esterase 6. In  view of the limited supply  of purified cholinesterase available at  the time, we decided 
first to obtain  more basic informat ion about  the inhibition of crystalline chymot ryps in  by DFS2p. 
I t  was assumed tha t  this inhibition could serve as a sat isfactory model for the corresponding reaction 
on cholinesterase. This hypothesis  was suppor ted  by  the fact t h a t  other  esterases could be demon- 
s t ra ted  to produce ser inephosphate  on acid hydrolysis.  This was shown by SCHAFICER et al. ~ for electric 
eel cholinesterase, and by  us for purified bovine cholinesterase, serum pseudo-cholinesterase and 
s t roma  ali-esterase 8. SCHAFFER et al. s have repeatedly stressed tha t  these findings do not  necessarily 
mean tha t  the p r imary  point  of a t tack of D F P  on the chymot ryps in  molecule would involve the 
hydroxyl  group of a serine molecule. The isolated ser inephosphate  might  be produced during and 
as a result  of the acid hydrolysis.  I t  appeared to us t ha t  breakdown of chymot r yps in - DF P  by enzymic 
methods,  avoiding the acid hydrolysis,  might  yield a product  which on analysis would provide 
informat ion about  the p r imary  side of reaction of DFP.  

For  the breakdown of the c h y m o t r y p s i n - D I P  a polyvalent  commercial  pancreatic enzyme 
prepara t ion  was used*. This prepara t ion was able to split a numbe r  of proteins,  including chymo- 
trypsin,  into amino acids. I t  seems reasonable to assume on the basis of the specificity of proteolytic 
enzymes, t ha t  the presence of an unusual  group in the protein molecule (like the D I P  group in the 
chymot ryps in -DIP)  might  interfere with the normal  breakdown of such a protein. Thus  a peptide 
might  result, containing this unusual  group (in the present  case the ~2p labeled DIP)  in addition 
to a number  of amino acids. Hydrolysis  of c h y m o t r y p s i n - D I P  by cotazym indeed produced a single 
peptide which contained 5 ° to 6o% of the original D I P  group. The isolation of this peptide from 
the hydrolysate  could be effected by  distr ibut ion between water  and phenol, followed by paper 
ch romatography  in butanol-acetic acid-water and butanol-water ,  or be t ter  still by zone electro- 
phoresis on a s tarch column 9 at p H  4.6, followed by paper  ch roma tography  in butanol-acetic acid- 
water. 

The isolated peptide had the following propert ies:  
i. I t  was stable against  hydrolysis  by  cotazym. 
2. I t  moved rapidly towards  the anode on the s tarch column, suggesting a high acidity (oddly 

it hardly moved on paper  electrophoresis). 
3- On alkaline t r ea tmen t  (pH II.O) and heat ing at ioo ° C for 5 minutes  all labeled phosphorus  

was split off as DIP,  indicating t ha t  the labeling group was still present  as DIP .  
4. On acid t r ea tmen t  (pH 2.0) at  IOO ° C the peptide did not  produce D I P  and yielded serine- 

phospha te  on continued acid hydrolysis  with 2 N HC1 (15 h ioo ° C). 
5. Per D I P  group the original peptide was shown to consist of the following amino acids: 

proline (i), leucine (i), aspart ic acid (i), serine (i), and glycine (2 or 3)- 
The sequence phosphoseryl-glycine,  demonst ra ted  by  SCHAFFER et al. TM, could obviously occuI 

in the present  peptide. We do not  know yet  where the D I P  group is situated, bu t  in view of the 
mild t r ea tmen t  we applied, i t  seems reasonable to assume tha t  this localisation will not  be differenl 
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from the  or ig inal  po in t  of a t t a c k  of D F P  on the protein.  Yur ther  work  is under  way  to e luc ida te  
the  sequence of the  amino  acids in the  isolated pept ide,  the local isa t ion of the D I P  group and the 
chemica l  compos i t ion  and proper t ies  of the pep t ide  resu l t ing  from the a lka l ine  t r ea tn l en t .  
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* Cotazym Organon  Oss (Holhmd).  

Purif ication of cholinesterase f rom ox red cells 

In  a prev ious  c o m m u n i c a t i o n  I a n le thod  was repor ted  for the  p r e p a r a t i o n  of soluble  cholin- 
es terase  from ox red cells p resen t ing  a 25o 4oo fold purif icat ion.  These p repa ra t ions  sti l l  suflered 
from var ious  d i s a d v a n t a g e s ;  t h e y  were still  of l imi ted  p u r i t y  and  had  a t endency  to  lose so lub i l i ty  
p a r t i c u l a r l y  af ter  freeze drying.  

A new method  will  be descr ibed which yields  p repa ra t ions  approx.  IO t imes  as pure as t h a t  ot 
the  prev ious  ones which can  be sa t i s fac to r i ly  freeze dried w i t h o u t  loss of solubi l i ty .  

Analytical methods. As descr ibed p rev ious ly  1. 
Procedure. St roma  was p repared  as beforO. In s t ead  of being freeze dr ied i t  was now added  

to one 1 of p h o s p h a t e  buffer o.o2 M pH 8.o con ta in ing  2o g NaCI and 2 ml co tazy ln  (a pancrea t i c  
e x t r a c t  purchased  from N.V. Organon,  Oss; 3 t ab l e t s  are dissolved in 22 nil of d is t i l led  wa te r  and  
cen t r i fuged  to remove  insoluble  mater ia l ) .  This  m i x t u r e  is ad jus t ed  to pH 8.o wi th  NH4OH 25 % 
and  af ter  v igorous  sha k ing  i n c u b a t e d  for ~6 hours  a t  37 ° C. After  incuba t ion  the pH is r ead jus ted  
to 8.o and  the  m i x t u r e  cen t r i fuged  in the Serval l  v a c u u m  centr i fuge  SS2 (approx.  14,ooo rpm). 
The s u p e r n a t a n t  is s a t u r a t e d  to o. 7 wi th  a m m o n i u m  su lpha te  and  al lowed to s t and  a t  5 ° C for 1 hour. 
Af ter  cen t r i fuga t ion  in the  ServalI  cent r i fuge  the p rec ip i t a t e  is dissolved in dis t i l led  water .  This 
so lu t ion  is d ia lysed  ove rn igh t  aga ins t  three  different  lots  of d is t i l led  wa te r  a t  pH 7.o. The d ia lysa te  
is cen t r i fuged  and  the  s u p e r n a t a n t  ad jus t ed  to pH 6.2. Alcohol is added  to a concen t r a t ion  of 9 % v/v 
a t  2 ° C. The p rec ip i t a t e  is d i scarded  by cen t r i fuga t ion  a t  2,ooo rpm a t  ---2 ~ C. The alcohol  concen- 
t r a t i on  of the  s u p e r n a t a n t  is increased to 32.8 % v/v at  5 • C. The p rec ip i t a t e  is d issolved in lOO ml 
phospha t e  buffer pH  7 (o.oi M). 

To samples  of one ml of the  so lu t ion  ca lc ium phospha t e  gel 2 is added  unt i l  the  s u p e r n a t a n t  
on cen t r i fuga t ion  is op t ima l  as regards  enzyme  concen t ra t ion  and pur i ty .  Usua l ly  two volunles  of 
the gel have  to  be added  in two stages.  The pH should  be k e p t  a t  7.o. The bu lk  is t hen  t r ea ted  wi th  
ca lc ium phospha t e  gel accord ing  to the resul t s  ob t a ined  on the  sample.  The gel is s epa ra t ed  by cen- 
t r i fuga t ion  and  the  s u p e r n a t a n t  s a t u r a t e d  to o.8 wi th  a m m o n i u m  su lpha t e  a t  p H  6. 5. Af ter  s t and ing  
ove rn igh t  a t  5 ° C the  p rec ip i t a t e  is spin1 down and dissolved in O.Ol M phospha t e  buffer (pH 7.o), 
d ia lysed  and freeze dried. 

P r epa ra t i ons  wi th  an average  a c t i v i t y  of ioo,ooo-35o,ooo uni t s  per nag N were obta ined.  
To our knowledge  the  m a m m a l i a n  chol ines terase  prepared  in th is  way  is cons ide rab ly  purer  

t h a n  any  repor ted  in the  l i t e ra tu re  or commerc ia l ly  avai lable .  
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