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In  the  course of a s t u d y  of the  mechan i sm of ac t ion of ant ichol ines terases  a hy- 
pothesis  was deve loped  concerning the chemical  s t ruc ture  of cholinergic neurorecep-  
tors  1, 2. I t  was proposed  t ha t  in add i t i on  to anionic si tes the receptor  possessed a so-called 
B group, which was ident ica l  to a g roup  occurr ing in or near  the  ca ta ly t i c  group of 
D F P  sensi t ive esterases ( including cholinesterases) .  Therefore it ,was decided to s tudy  
the chemical  s t ruc ture  of the  enzyme-ac t ive  group of esterases because this  might  not  
only  provide  va luab le  in fo rmat ion  on the mechanism of ac t ion of esterases and thei r  
inhib i t ion  b y  ant ichol ines terases  bu t  also on the s t ruc ture  of neuroreceptors .  

The s t u d y  was s t a r t ed  on m a m m a l i a n  chol ines terase  and  la te r  ex t ended  to chymo-  
t ryps in ,  pseudo-chol ines terase  and al i-esterase.  I t  included the  d e v e l o p m e n t  and  appl i -  
ca t ion  of me thods  to de te rmine  tu rnover  numbers  and  analyses  of p roduc ts  of tile ac t ion  
of DFa2P * on var ious  enzymes a,~,5,6. The l a t t e r  m e t h o d  of inves t iga t ion  was grea t ly  
s t i m u la t ed  b y  recent  discoveries  by  SCm'\~'FER el al. 7,~. They found tha t  pa r t i a l  hydro lys i s  
of the  reac t ion  p roduc t  of DFa2p and chymot ryps in  y ie lded  serine phosphate .  This 
compound  con ta ined  30 o o of the  r ad ioac t ive  a2p in i t ia l ly  combining  wi th  chymot ryps in .  
The remain ing  32p a p p e a r e d  ma in ly  as inorganic  phosphate .  Similar  resul ts  were ob ta ined  
b y  the  same au tho r s  wi th  electr ic eel cholinesterase.  

In  the  presen t  p a p e r  de ta i led  resul ts  are descr ibed oil m a m m a l i a n  enzymes which 
on the  s t reng th  of the i r  sens i t iv i ty  to D F P  could be assumed to possess B groups.  
H igh ly  pur i f ied bovine red-cell  chol inesterase  has recen t ly  become avai lable  ~ and  was 
used. Other  p r epa ra t i ons  s tud ied  were the  crude chol inesterase  and al i -es terase of bovine 
red-cel l  s t roma  and purif ied horse serum cholinesterase.  I t  will be shown tha t  for these 
enzymes  the me thods  prev ious ly  descr ibed for the  de te rmina t ion  of tu rnover  numbers  
p roved  adequa t e  and t h a t  in all  subs tances  32p conta ining serine phospha te  could be 
i so l a t ed  f rom the  hydro lysa t e  of the  reac t ion  produc ts  of the enzymes with  DFa"P. 

• The abbreviations used in this paper are as follows: DI'P ft)r di isopropyl f luorophosphonate;  
DFa2p for the same compound labelled with a~p; Da2p_cholinesterase and Da2p-esterase for the 
combination products of the enzymes involved with a diisopropylphosphatyl radical resulting from 
interaction of these enzymes with DFa2p; T.O.N. for turnover number; B.A.W. for butanol-acetic 
acid-water and i sob-NH a for i sobutyr ic  acid-NH a mixtures used as solvents for paper chromato- 
graphy. 
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EXPERIMENTAL METHODS 

Incubat ion o[ enzymes with DF~2P 

The combinat ion product  of DF32p with the t rue  cholinesterase of crude s t roma  was prepared  
by  method 13 described in a previous communicat ion  6. S t roma was made as already reported TM. 
True cholinesterase was purified by  the method of ~VARRINGA AND COHEN 9. I t  was t reated by  bo th  
methods,  A and B, recommended by COHEN et aL e. Pseudo-cholinesterase was purified th rough  
stage 6 of the  STRELITZ method n by  Dr. C. v. D. MEER of this laboratory.  The combinat ion  p roduc t  
of DF32P with  the ali-esterase of s t roma was prepared by  a method based on the principle of method  B 
quoted  above 7. In  this case protect ion of the enzyme-active groups was afforded not  by butyrylchol ine 
b u t  by  t r ibutyr ine,  a subs t ra te  for ali-esterase. A complication is introduced by  the fact t ha t  this 
substance not  only protects  a large propor t ion  of the ali-esterase groups against  a t tack  by  D F P  
b u t  also a small propor t ion  of the t rue cholinesterase present  in the s troma.  To prevent  a t t a chmen t  
of I)F32p to these groups during the second incubation of procedure B butyrylchol ine is added. 
This compound  prevents  any reaction of DF32p with t rue cholinesterase. 

The methods  for the est imation of the enzyme act ivi ty of t rue and pseudo-cholinesterase and 
of the radioact ivi ty  of the various prepara t ions  were the same as described before s. The same applies 
to the synthesis  of DF32p which however  was used at a considerably higher specific activity, viz. 
2 0 0  ¢tc/mg. Ali-esterase activity was measured by a cont inuous  t i t ra t ion method at 24°C using 
t r ibu tyr ine  (i °o) as a subs t ra te  in an unbuffered solution of io ml. The activity is expressed in units  
represent ing the numb er  of/~1 o.oi molar  NaOH which mus t  be added per  hour  to mainta in  the p H  
of the reaction mix ture  at 7.4 under  the experimental  conditions. Part ial  hydrolysis  of the combi- 
na t ion  products  of enzyme prepara t ions  and DF32p was effected by  the action of 2 N HC1 at IOO ° C 
during x8 hours  according to SCHAFFER et al.7, 8. After filtration the hydrolysates  were evaporated 
at  3o ° C and dried in  vacuo over KOH.  

The fractions were separated on a Dowex-5o ion exchange column of 17 m m  diameter  and 
75  ° m m  length. Rlut ion was effected by 0.o 5 N HC1 at 3 ° ml/h. 

Paper  ch roma tography  was performed on W h a t m a n  No. I using mixtures  of butanol-acet ic  
ac id -wate r  4 :1 :5  and i sobutyr ic  acid-ammonia  (0. 5 N) lO:6 at p H  3.8 as solvents.  

The solvents were allowed to ascend at 25 ° C for a period of 18 hours.  

E X P E R I M E N T A L  R E S U L T S  

I. The reaction o~ DF32p with red-cell stroma components 

Three grams of freeze-dried stroma (COHEN et al. 1°) were taken up in 15o ml o.oi  
molar phosphate buffer (pH 7.5). The cholinesterase activity of this solution was 4700 
units/ml; its N content 1.97 mg/ml. The solution was divided in 3 equal portions of 
5 ° ml (I g) which were processed as follows: 

Prep. I. 50 ml stroma (I g) were incubated with I ml DFa2p 5"1o-6 w/v during 
40 minutes at 24 ° C. The mixture was consecutively dialysed overnight against 1% 
NaC1 solution, during 5 days against tap water and overnight against distilled water. 
Analysis in a liquid Geiger Mfiller counter revealed that 4.60/~g of D F ~ P  had reacted 
with the stroma. This quantity represents all D F P  reactive groups of the stroma in- 
cluding those of cholinesterase and ali-esterase. 

Prep. 2. In this preparation the stroma was first treated with non-radioactive D F P  
under protection of the true cholinesterase by butyrylcholine according to method B 
described by COHEN et al. 6. Next the DF32P treatment and dialysis followed as before 
resulting in a radioactivity corresponding to o.Io/~g of originally reacting DF32P. 

Prep. 3. This preparation was made on the same principle as the previous one. Only 
this time We aimed at protecting the ali-esterase instead of the cholinesterase during 
the incubation with non-radioactive DFP. For this purpose 1% tributyrin was used 
instead of butyrylcholine. Enzyme activity tests revealed that only approx. 50% of 
the available ali-esterase could have reacted with DFa2P under the prevailing conditions. 
The remaining 5o % of the potentially reactive esterase groups kept their enzyme activity 
as a result of the protective action of a proportion of the tributyrin which could not 
Re[erences p. 235. 



2.~O J . A .  ('OHF.N, R . . \ .  ()()SIF.RILk.kN, M. (;. P. J. \V.\RR1N~,.\ \ ~ I . .  l ~  (I95.51 

be dialysed out. \Vith thus treated s t roma 2.5 ° tzg of 1)Fa2p wcrc h,umt t,~ react. (i(msc 
quently,  5.00/xg would have reacted if all esterase groups had bc,n availal)]c. Prepa- 
ration 3 owed its capaci ty  to combine with 1)Fa2p exclusively to the prcsenco of ali- 
esterase, provided tha t  t r ibutvrin affords a specific protection of this enzvlnC. It has 
only half tile a2p activi ty of prep. I hut also only half of the ali-cstcrasc tin:sent in 
prep. 3 has reacted. This would mean that  practically all of the I )F l '  c(mlbil~ing powm 
of the red-cell s t roma is d u e  to its ali-esterase, a n d  only a very small prol)ortion to 
its cholinesterase content.  It should be stressed that  the correctness of this statcnlent 
depends on tile assumption that  under  the experimental  conditions cmployed tr i lmtyrin 
protects the ali-esterase in a specific way. A similar assumption has been proved for 
the I )FP-bu ty ry lcho l ine - t rue  cholinesterase, but  so far uot for the I )FP-t r ihutvr in-  
ali-esterase system. The fact that  the degree of protection by t r ibutsr in  of s t roma a]i- 
esterase corresponds to the amount  of a2p found in the treated s t roma might still depend 
on an aspecific fencing-off by  t r ibutyr in  of various reactive proteins, including ali- 
esterase, to the same extent. This however is made unlikely by tin, observation that  
the protection of ali-esterase by t r ibutyr in  is vast ly  superior to that  of the cholim'stvrasc 
of the same s t roma preparation. I t  seems therefore reasonable to assume that  the 
presence of a considerable number  of groups other than ali-esterasc but capable of 
binding aep from DFa2p would have interfered with the correspondence found between 
protection by  t r ibutyr in  of the enzymic act ivi ty of ali-esterase and the amount  of a2p 
bound by the whole stroma. 

If .  The lurnover o.t true choh'nesterase, psel~do-choh'~esterase and ali-cs/cra,~c 

A recently developed tmrification procedure 9 allowed us to re-estimate the T.O.N. 
of true cholinesterase using this t ime both of the previously reconlmended methods 
(method A and B) 6. The T.O.N. is defined as the number  of molecules of substrate 
broken down per active centre per minute under tile normal conditions of the act ivi ty  
test. Freeze-dried material  was dissolved in 45 ml water to give a solution containing 
388o units/ml and o.o117 mg N/ml (33o,ooo units/mg N). Dialysis was performed as 
has been described above for s t roma and the T.O.N. was estimated. Bv method A 
a value of 372,000, by method B one of 278,000 was found. Tile latter corresponds very 
well with previous estimations. Tile former is somewhat  higher. No explanation can be 
offered for this discrepancy but it should be remembered that  theoretically method B 
might  be expected to yield the more accurate results. 

IO ml of a purified pseudo-cholinesterase preparat ion containing 244,ooo units and 
2 mg N were incubated with ~ ml I)Fa2p 2 . I o  -~ (w/v) during 4 o minutes at 24 ~ C 
resulting in complete inhibition of the enzyine activity. The solution was thoroughly 
dialysed as described before. A comparison of the radioact ivi ty  of the dialysed solution 
and the enzyme act ivi ty  of the original protein permit ted a calculation of the T.O.N. 
of pseudo-cholinesterase. This was found to be approx. 5o,ooo. 

An a t t empt  was made to interpret  the results with preparat ion 3 to arrive at an 
est imation of the T.O.N. of ali-esterase. A procedure based on the principles of method 1{ 
and using t r ibutyr in  as a protective agent was used. The figure thus obtained was 78o. 
I t  should be considered as highly tentat ive due to tile serious limitations mentioned 
earlier inherent in tile use of t r ibutyr in  and the uncer ta inty  regarding its specificity 
as a protect ive agent. I t  cannot be directly compared with the wdues reported for 
cholinesterases on account  of the differences in the respective testing procedures. 
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III. The nature o~ the bond resulting/rom the action o / D F P  on esterases 

The three stroma preparations described in part I were partially hydrolysed by HC1. 
A small insoluble fraction was filtered off; this contained 5-1o% of the total radio- 
activity. The filtrates were separated on a Dowex-5o column. The data corresponding 

Fig. I. Dowex-5 o [H +] chroma- 
togram of prep. i. The eluate 
was collected in port ions  of 
6.5 ml. The radioact ivi ty is 
given in c /m as indicated by  a 
liquid G.M. counter.  IOO c/m 
represents  a radioact ivi ty cor- 
responding to 22.1. lo .4/~g 

D F P  per  ml. 
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28% 
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Fig. 2. Dowex-5o [H +] ch romatogram 
of prep. 2. The eluate was collected in 
port ions  of 5 ml. The radioact ivi ty is 
given in c /m as indicated by  a liquid 
G.M. counter.  IOO c/m represents  a 
radioact ivi ty corresponding to 14.o. 

IO -4/~g D F P  per  ml. 

Fig. 3. Dowex-5o [H+] chroma- 
togram of prep.  3- The eluate 
was  collected in port ions  of 5 
ml. The radioactivi ty is given in 
c /m as indicated by  a liquid G.M. 
counter.  IOO c/m represents a 
radioact ivi ty  corresponding to 

I4. 9 • lO .4/~g D F P  per ml. 

1000" 

500- 

Inorg. P. 
67.4 % 
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to the eluates obtained from preparations I, 2 and 3 are represented in Fig. I, 2 and 
3 respectively. Table I provides additional information on the fractionation. Column 1 
gives the amount of 8~p in the filtrate calculated in Fg of the original DFP. Only a 
limited percentage of this, tabulated in column 2 of Table I, could be eluted by 0.o5 N 
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H('I. Figs. I, 2 and 3 and the percentages given in columns 3, 4 and 5 "f laMe I ol~viouslv 
only refer to this elutable fraction of material brought on the cohmm. Of the two main 
fractions obtained from the colulnn the fast moving one could be recognized a s  i n o r g a n i c  

phosphate; it represented 66, 52 and hT!!i, of the cluted material in lu-eparations r, 2 
and 3- The other fraction representing 31, 4.} and 32 % was identified as scrim' t~h,>sphatc. 
Tim identification was carried out b y  comparing the behaviour of both unknown 
fractions with that of synthetic serine-o-phosphate and inorganic l~hosphate as mark~:rs 
on the Dowex column and on paper chromatograms using various solvents. (%mph,tc 
agreement could be established between the positions of the unknowns and the markers 
on the Dowex column and on paper chromatograms using isob-NH:~ or I~.A.W. as 
solvents. The position of the unknowns on the paper could be revealcd by the usual 
staining methods and by autoradiography of the papers on X-ray films. 

T . \  BLt~2 1 

l 2 3 I 5 l, 

l*g DI"P % ",, 11' % £1 '  ",, rest / ' . O . N .  

P r e p .  i s t r o m a  4 .0o  58 .o  ~,ti. i 3J • i _,.s 
P r e p .  2 t r u e  c h o l i n e s t e r a s e  ( s t r o m a )  o . [ o  90 .0  51 .7  42-1' 5 .7  
P r e p .  3 a l i - e s t e r a s e  ( s t r o m a )  2..511 03 .7  07 .4  31.7  o .o  7 8 o "  
P u r i f i e d  t r u e  c h o l i n e s t e r a s e  52 .0  4S.o  2 7 8 , o o o  
P u r i f i e d  p s e u d o - c h o l i n e s t e r a s e  } 00  ::~: 33 5 0 . 0 o o  

1 = a2p in  f i l t e r ed  h y d r o l y s a t e  - -  e x p r e s s e d  in  p g  D F I ' .  
2 - -  r e c o v e r y  in  o .o  5 N HC1 e l u a t e  f r o m  D o w e x - 5 o  of  a2p p r e s e n t  in i .  
3 = p e r  c e n t  of  2 p r e s e n t  a s  i n o r g a n i c  p h o s p h a t e .  
4 = p e r  c e n t  o f  2 p r e s e n t  a s  s e r i n e  p h o s p h a t e .  
5 = a~p n o t  a c c o u n t e d  f o r  in f r a c t i o n s  3 a n d  4. 
6 = T . O . N .  

• T h i s  f i g u r e  r e p r e s e n t s  o n l y  a h i g h l y  t e n t a t i v e  e s t i m a t e .  

A small unidentified additional flaction was found (column 5 of Table I). Prepa- 
rations I and 3 yield essentially similar results as might be expected from the as- 
sumption made earlier, that in both preparations it is chiefly ali-esterase that is re- 
sponsible for the reaction of DFP with 
stroma. Preparation 2 might possibly 
differ in having relatively more radio- 
activity in the serine phosphate and less 
in the inorganic phosphate fraction. It  is 
essentially a true cholinesterase prepa- 
iation. 

The purified preparation of true 
cholinesterase described in part I I  and 
dealt with in Table I yields a distribution 
pattern of the radioactivity, which is 
essentially similar to that of preparation 
2 as might be expected, It  is characterized 
by a relatively high serine phosphate 
content. The hydrolysate prepared as 
described before was brought on a 
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10 

counts per 
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l lnorg P. 

~ L ~  tin e ml el uate 

P 

i 2 3 4 5 6 7 8 9 ~o n 12 

F i g .  4. D o w e x - 5 o  [ H + ]  c h r o n l a t o g r a m  of  p u r i f i e d  
t r u e  c h o l i n e s t e r a s e .  T h e  e l u a t e  w a s  c o l l e c t e d  in  
p o r t i o n s  11I o. 5 rnl.  IOO c / m  r e p r e s e n t s  a r a d i o -  

a c t i v i t y  c o r r e s p o n d i n g  t o  4.1 • l o  a l~g D F P .  
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Dowex-5o column of 3 ° mm length and o. 9 cm diameter. The fractions were concen- 
trated by evaporation and quantitatively transferred to paper. The results are summa- 
rized in Fig. 4 and Table I. The position of the fractions on the paper after developing 
in B.A.W. in the presence of markers was assessed by X-ray film exposure during 
6 weeks. The positions of the blackening of the photographic emulsion due to the radio- 
activity of the fractions coincided with those of the coloured spots on the paper due 
to staining of the added markers. 48% of the radioactivity collected from the Dowex 
column was present in the inorganic phosphate and 52 % in the serine phosphate fraction. 

The reaction product of DFP  and pseudo-cholinesterase, as used for the determi- 
nation of the corresponding T.O.N. in part  II ,  was hydrolysed as described and dried. 
The dried product was taken up in IOO ~1 water. 5/~1 were chromatographed on paper 
using B.A.W. and isob-NH~ as solvents. Inorganic phosphate and serine phosphate 
were added as markers. Again the 3 week-autoradiogram revealed two spots of black- 
ening corresponding exactly in position and shape to the coloured spots on the paper  
due to the staining of the markers. The ratio of the distribution of radioactivity between 
the inorganic and the serine phosphates could in this case only be guessed approximately 
by visual comparison of the corresponding areas of blackening. I t  was estimated as 
being approximately 2 :~. 

D I S C U S S I O N  

In the introduction attention was drawn to the work of SCHAFFER et a/.7, s who 
demonstrated, that  serine phosphate could be recovered from the partial hydrolysates 
of the D.I.P. derivatives of chymotrypsine and electric eel cholinesterase. In the present 
work we were able to extend these observations to the reaction products of DFP  with 
purified mammalian red-cell cholinesterase, plasma pseudo-cholinesterase and red-cell 
ali-esterase. On the strength of their reactivity towards DFP  all these proteins should 
possess a common B group in the terms of the hypothesis quoted in the introduction. 
The present results suggest that  the serine group might be a component of this B group 
since for all enzymes investigated a large part  of the 3~p radioactivity from the D F P  
is recovered combined with serine in the hydrolysates. Although all enzymes investigated 
are esterases this conclusion does not necessarily imply that  serine itself is important  
for their esteratic action. Serine might be situated so near to the actual hydrolysing 
group that  its combination with D.I.P. might produce steric hindrance of the latter. 
Experiments reported recently 4 on Ds2P-chymotrypsin have shown that  this compound 
can be broken down to form a radioactive peptide. This peptide possesses an intact 
diisopropylphosphoryl group; serine phosphate is formed on acid hydrolysis. The 
peptide is formed from D32P-cbymotrypsin under extremely mild conditions of enzymic 
hydrolysis. In addition to one serine the following amino acid residues are present: 
2-3 glycine, I proline, I aspartic acid and I leucine. I t  is not known where the D.I.P. 
group is situated on the peptide, but in view of the mild t reatment  applied it seems 
reasonable to assume that  this localisation will not be different from the original point 
of a t tack of D F P  on the protein. 

Several authorsl2,13,14 have stressed the lability of peptides containing serine 
residues, in particular the transfer of N-linked acyl radicals to form esters with the 
hydroxyl group of serine. Correspondingly acid hydrolysis of the peptide described 
might involve migration of the 32p from a labile P - N  linkage to a stable P-O-serine 
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l i n k a g e  w i t h  loss of t h e  i s0p ropy l  g roups .  T h e  se r ine  p h o s t ) h a t e  t h u s  p r o d u c e d  w o u l d  

a t  l eas t  p a r t l y  res i s t  t h e  ac id  h y d r o l y s i s .  T h e  p o s s i b i l i t y  of s u c h  a m e c h a n i s m  h a s  bcel l  

s u g g e s t e d  b y  \V,\(INER-J.\URI~(IG 15. T h e  i n o r g a n i c  r a d i o a c t i v e  p h o s p h a t e  f o u n d  w o u l d  

p r e s u m a b l y  r i se  f r o m  t w o  sou rce s :  f r o m  t h e  a2p e s c a p i n g  t h e  miRra t i on  p roces s  a n d  

f r o m  t h e  h y d r o l y s i s  of s e r ine  t ) h o s p h a t e .  
T h e  w o r k  of gCHAFF'V,I¢, t'{ (t[. 7 , s  a n d  WAGNER-JAURE(;G 15 w o u l d  sugges t  t h a t  i m i d a z o l  

N m i g h t  be  t h e  p r i m a r y  p o i n t  of a t t a c k  of D F P .  T h e  a b s e n c e  of h i s t i d i n e  in o u r  p e p t i d e  

r e n d e r s  t h i s  a s s u m p t i o n  less a t t r a c t i v e .  

T h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  o v e r  t h e  t wo  m a i n  f r a c t i o n s  is i d e n t i c a l  for  t h e  

a l i - e s t e r a se  p r e p a r a t i o n s  I a n d  3 a n d  s o m e w h a t  d i f f e ren t  for  t h e  c h o l i n e s t e r a s e  p r e p a -  

r a t i o n  2. T h i s  s u g g e s t i o n  t h a t  t i le  r e l a t i o n  i n o r g a n i c  p h o s p h a t e :  se r ine  p h o s p h a t e  m i g h t  

b e  d i f f e r en t  for  a l i - e s t e r a s e  a n d  c h o l i n e s t e r a s e  is s u p p o r t e d  b y  t h e  r e s u l t s  o b t a i n e d  w i t h  

t h e  pu r i f i ed  c h o l i n e s t e r a s e .  Fig.  4 s h o w s  t h a t  r e l a t i v e l y  la rge  a m o u n t s  of se r ine  t ) h o s p h a t e  

a re  p r e s e n t  in  t h e  h y d r o l y s a t e .  F o r  p s e u d o - c h o l i n e s t e r a s e  no  v a l i d  c o n c l u s i o n s  can  be  

d r a w n  in  t h i s  r e s p e c t  s ince  t h e  r e l a t i o n s h i p  i n v o l v e d  cou ld  o n l y  be  e s t i m a t e d  b y  c r u d e  

v i s u a l  e v a l u a t i o n  of t h e  d e g r e e  of b l a c k e n i n g  of t h e  p h o t o g r a p h i c  e m u l s i o n .  

T h e  v a l u e  for  t h e  t u r n o v e r  n u m b e r  of t r u e  c h o l i n e s t e r a s e  r e p o r t e d  ea r l i e r  (2()5,ooo) 

c o u l d  b e  c o n f i r m e d  on  ~t p r e p a r a t i o n  of f a r  h i g h e r  p u r i t y  t h a n  was  f o r m e r l y  a v a i l a b l e .  

T h e  v a l u e  of 5o,o00 for  p s e u d o - c h o l i n e s t e r a s e  w as  t h e  r e s u l t  of a d i r ec t  d e t e r m i n a t i o n ;  

t h a t  is to  say ,  no  a t t e m p t  was  m a d e  to  c o r r e c t  for  poss ib l e  r e a c t i o n s  of g r o u p s  o t h e r  

t h a n  t h o s e  c o n n e c t e d  w i t h  t h e  a c t i v e  s i t es  of p s e u d o - c h o l i n e s t e r a s e  w i t h  D F P ;  t h e  

a c t u a l  v a l u e  m i g h t  t h e r e f o r e  be  h i g h e r  t h a n  t h e  r e p o r t e d  one.  

SUMMARY 

I. Bovine red cell stroma was capable of combining with DFa2p. The combination was found 
to be mainly due to the ali-esterase present ill the stroma. The true eholinesterase of the stroma 
accounts for only a minor percentage of the a2p bound. 

2. The reaction products of DFa2P with highly purified preparations of true and pseudo-cholin- 
esterase were prepared by incubation of the enzymes concerned with DFa2P. 

3. For these enzyme preparations turnover  nmnbers  could be established. The figure found 
for true cholinesterase confirmed the value previously reported (295,ooo). A turnover  number  of 
5o,ooo was found for pseudo-cholinesterase. 

4. The reaction products of D FP  with ali-esterase, true and pseudo-cholmesterase were hydro- 
lysed and subjected to chromatography on Dowex-5o. 

5- In all three cases the bulk of the radioactivi ty proved to be associated with the inorganic 
phosphate  and serine phosphate fractions of the chromatogram. 

6. The results suggest tha t  the OH groups of serine might be of importance in the combination 
of DFP with the active centre of the esterases concerned. 

RI~SUM1;I 

~. I,e s troma des globules rouges du boeuf est capable de se combiner avec DFa21 '. I,a liaison 
a lieu principalement par  l ' intermddiaire de l'ali-estdrase pr6sente dans le stroma. La cholinest6rase 
vraie du stroma n 'est  responsable que d 'un  faible pourcentage du a2p li6. 

2. Les produits  de la r4action du DFa2p avec des prdparations fortement purifides de cholin- 
est6rase vraie et de pseudo-cholinest6rase ont  6t6 pr@ardes par  incubation des enzymes respectifs 
avec I)Va2P. 

3. Des nolnbres de turnover  ont pu 6tre dtablis pour ces prdparations d'enzymes. La valeur 
trouvde pour la choIinestdrase vraie confirme la valeur publide pr6c6demment (295,000). l~n nombre 
de turnover  de 5o,ooo a 6 %  trouv6 dans le cas de la pseudo-eholinest4rase. 

4.  l . e s  produits  de la rdaction du D F P  avee l'ali-estdrasc, la cholinestdrase vraie et la pseudo- 
cholinestdrase ont  6% hydrolysds et soumis fl la chromatographie sur Dowex-5o. 
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5- Darts les t ro is  cas  l 'essentiel  de la radioact iv i t6  a 6t6 re t rouv6 dans  les f rac t ions  du c h r o m a t o -  
g r a m m e  co r r e spondan t  au p h o s p h a t e  minera l  et  & l 'es ter  phospho r ique  de la s 6 r i n e ,  

6. Les r6su l ta t s  sugg6ren t  que  les groupes  OH de la s6rine pou r r a i en t  jouer  u n  r61e i m p o r t a n t  
d a n s  la combina i son  en t r e  le D F P  et le cent re  act i f  de l 'es t6rase raise en jeu. 

Z U S A M M E N F A S S U N G  

I. S t r o m a  aus  ro ten  ]31utk6rperchen des Rindes  t r i t t  m i t  DF321:) in Verb indung .  Es  wurde  
bewiesen,  dash die V e r b i n d u n g  haupts/~chlich der im S t r o m a  gegenw/~rtigen Al i -Es te rase  zuzu-  
schre iben  ist. Die wahre  Chol ines terase  des S t romas  ist  nu r  ffir e inen kle ineren P rozen t sa t z  des  
g e b u n d e n e n  121:) ve ran twor t l i ch .  

2. Die R e a k t i o n s p r o d u k t e  yon  DF32p nli t  we i tgehend  gere in ig ten  Pr/~paraten wahre r  u n d  
Pseudo-Chol ines te rase  wurden  durch  I n k u b a t i o n  der be t re f fenden  E n z y m e  mi t  DF32P erha l ten .  

3. Die U m s e t z u n g s z a h l e n  ffir diese E n z y m p r ~ p a r a t e  k o n n t e n  fes tges te l l t  werden.  Der  fiir die 
wahre  Chol ines terase  ge fundene  W e r t  bekfi t f t igte  die vorher  e rha l tene  U m s e t z u n g s z a h l  (295,ooo). 
E ine  U m s e t z u n g s z a h l  yon  50,00o wurde  ffir Pseudo-Chol ines te rase  festgestel l t .  

4. Die R e a k t i o n s p r o d u k t e  yon  D E P  mi t  Ali-Esterase,  wahre r  u n d  Pseudo-Chol ines te rase  
w u r d e n  hydro lys i e r t  u n d  einer  c h r o m a t o g r a p h i s c h e n  U n t e r s u c h u n g  mi t  Dowex-5o un te rworfen .  

5. In  allen 3 F~llen wurde  der Haup t t e i l  der  Radioakt iv i t / i t  in Ve rb indung  mi t  den  inorganischen  
P h o s p h a t -  u n d  Se r inphospha t f r ak t i onen  des C h r o m a t o g r a m m e s  wiedergefunden.  

6. Die Ergebnisse  ffihren zur  A n n a h m e ,  dasH die Se r in -OH-Gruppen  in der  V e r b i n d u n g  zwischen 
D F P  u n d  dem ak t i ven  Z e n t r u m  der  be t re f fenden  Es t e r a sen  eine wicht ige Rolle spielen k6nn ten .  
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