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Abstract-Tabun-inhibited acetyl- and butyrylcholinesterases from human and horse 

blood were stored at varying conditions and the degree of reactivation after incubation 

with the oximes TMB-4 and P2S was measured. The influence of the concentration of 

the oxime upon reactivation was studied. When possible, rate constants for the reactiva- 

tion were calculated and compared with rate constants for the transformation of the 

phosphorylated enzyme to a non-reactivable form. Reactivation of human erythrocyte 

and plasma cholinesterase with P2S was shown to be very slow. Reactivation with 

TMB-4 was more rapid, but decreasing the concentration of TMB-4 below IO s M 

resulted in incomplete reactivation. At therapeutical concentrations of the reactivator 

(-2.5 IO-” M) at least 75 per cent of the enzyme activity was rcstorcd. 

Phosphorylated plasma cholinesterase from human blood was shown to “age” much 

more rapidly than phosphorylated plasma cholinesterase from horse blood and to have 

a promoting effect upon the “ageing” of phosphorylated, purified horse serum cholin- 

csterases. The “ageing” of the purified serunl cholinesterase preparations was found to 
be slower than that of the corresponding untreated plasma enzyme. 

IT IS generally accepted that organophosphorus anticholinesterases inhibit cholin- 
esterases through phosphorylation. The phosphorylated enzymes can often be re- 
activated by nucleophilic compounds such as certain oximes provided conversion of 
the inhibited enzyme to a non-reactivabla form (“ageing”) has not occurred.3 There 
are, however, inhibitors which do not allow reactivation of the inhibited enzyme. 
Methylfluoro-phosphorylcholines obstruct reactivation by 2-PAM. the explanation 
being a shielding of the anionic site from the reactivator through an ionic bond between 
enzyme and inhibit0r.l The in L~CO reactivation2 by 2-PAM of Tabun-inhibited cholin- 
esterases is supposed to be difficult. An attempt to analyse the possibilities of reactiva- 
tion after inhibition with Tabun of human blood, horse plasma and purified cholin- 
esterase preparations from human serum and horse serum is described here. Reacti- 
vators were TMB-4” and P2S3. 

Enzymes 
MATERlALS AND METHODS 

Acetylcholinesterases. Human erythrocytes were obtained after centrifugation of 
heparinized blood (blood bank), and washed three times with 0.904 sodium chloride 

solution. 
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ButyrylcholinesteraseJ; Human plasma or horse plasma was obtained after centri- 
fugation of heparinized blood. Purified horse serum cholinesterase” was dissolved in 
0.9% sodium chloride solution, 2 mg/ml solution. Serum fraction IV-6-3 (AB Kabi. 
Stockholm) obtained from human postpartum blood, was dissolved in veronal buffer 
pH 8.0, 0.5 mg/ml solution. 

Substrates 

Acetylcholine iodide, synthesized in this laboratory, was used. The final concentra- 
tion in all experiments was 7.3 ,’ 10 Z M. 

Inhibitors 

Dimethylamido ethoxyphosphoryl cyanide (Tabun) and isopropoxy methylphos- 
phoryl fluoride (Sarin) were used. The inhibitors were synthesized in this laboratory 
by L. Fagerlind. Their concentration during the inhibition procedure was lO-5 M. 
The inhibitors were either dissolved in 0.9’4 sodium chloride solution or in Verona1 

al buffer pH 8.0. 

Reactirators 

N-methylpyridinium-2-aldoxime methane sulphonate (P2S) and N,N’-trimethylene 
bis(pyridinium-4-aldoxime) dibromide (TMB4) were used. The reactivators were 
synthesized in this laboratory by I. Enander. When kept in solution at pH 7.4 and 
37 ‘C, 3 I per cent of P2S or 9 per cent of TMB-4 were broken down after 14 days.j 

Bufser solutions 

Verona1 buffer pH 8.0 (Michels buffer) was prepared as described earlier.7 Verona1 
buffer pH 7.4 was prepared as described in Methods in Erqwo/ogy (Vol. I). 

Inhibition qf the enzJt?les 

Human erythrocytes, diluted I :I with saline solution were incubated with the 
inhibitor for I hr at 0 C. The incubation mixture was centrifuged for 1.5 min at 
4000 i g, 0 C and the erythrocytes were washed three times with a fivefold excess of 
cold (0’;) saline. Immediately before use the erythrocytes were diluted with twice their 
volume of buffer. In experiments with the automatic recording titrator” the erythro- 
cytes were haemolysed by addition of twice their volume of cold distilled water. After 
incubation with the inhibitor, all other enzyme preparations were dialysed con- 
tinuously for 2 days against saline or buffer at 7-4 C. A shorter dialysis time resulted 
in a presence of traces of free inhibitor in the enzyme preparation. Enzyme solutions 
without inhibitor were treated in the same way and used as controls. No loss of 
enzyme activity due to the dialysis was noticed. 

Test,fbr,f>ee inhibitor 

After washing or dialysis ofthe inhibited enzyme solutions these solutions were used 
as “inhibitors” on their controls. The controls were incubated with the inhibited 
enzymes for 30 min at 25 ‘C and pH 8.0, after which the cholinesterasc activity of the 
solutions was measured and compared with the activity of the controls. The same 
activity in all samples was taken as an indication of the absence of free inhibitor. 
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Measurement of enzyme activitJ1 

Enzyme activity was either determined with the electrometric method’ or with the 
automatic recording constant pH-titrator. 6 When the electrometric method was used. 
the vessels contained 3 ml of veronal buffer pH 8.0, (3 - a) ml of distilled water. 
a ml of enzyme solution and 0.6 ml of substrate solution. When the titrator was used 
the vessel contained 2 ml of enzyme solution, 37 ml of 0.1 M potassium chloride and 
I ml of substrate solution. All enzyme activities were determined at 25 “C and pH 8.0. 
All values used are mean values of two determinations. 

Determination ~f’reactivation and “ageing” 
Control and inhibited enzyme solution were diluted in the same manner, usually 

I :l with veronal buffer pH 8.0 or pH 7.4 and placed in a thermostat either at 25 ‘C 
(pH 8.0) or 37 “C (pH 8.0 or pH 7.4). In all but one series of experiments (those of 
short time reactivation; the pH was kept at 7.4 by the use of the constant pH-titrator) 
the pH was kept constant by means of buffer solutions. The pH was measured at the 

beginning and at the end of each experiment and was found to be constant. When 
larger amounts of reactivator were used, the pH was lower (7.8, resp. 7.2) during the 

whole experiment. 
Samples of controls and of inhibited enzyme solution were withdrawn after varying 

incubation times and incubated with reactivators without further dilution. From these 
solutions samples were again withdrawn after certain time intervals and their enzyme 
.activities were determined. In experiments ‘with a long duration the first enzyme 
activity determination was made 70 min after addition of the reactivator. Further 
measurements were made at intervals of about 24 hr. 

For calculation of rates of reactivation some of the symbols introduced by Davies 
and Greene were used. E, thus is the total inhibited enzyme concentration available 
for reactivation and Et is the concentration of reactivated enzyme after time t. Rate 

constants were calculated only from freshly inhibited enzyme preparations. The 
following equations were used : 

and 

k, ~_ kobs 
OX 

were OS is the concentration of the reactivator. With the reactivator P2S at concentra- 
tions above 1 x 1O-~3 M, E, was identical with the activity of the control containing 
the same amount of reactivator. This was also true within 5 per cent with TMB-4 at 
high concentrations. At lower concentrations reactivation with TMB-4 reached a 

plateau at a value below the value of the control. 
Activities of untreated enzyme solutions with or without reactivator and of in- 

hibited enzyme solutions were always measured in order to control spontaneous 
reactivation or denaturation of the preparations. 

When “ageing” was observed for several days, corrections for changes in the activity 
of the control and the inhibited enzyme preparation were made. For calculations of 
rate constants (kt) for the “ageing” of the phosphorylated enzymes log [(E ~- Ei)lOO/ 
(EO Ef)] was plotted against time, where E is the activity of the reactivated enzyme. 
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Et the activity of the inhibited enzyme (including spontaneous hydrolysis of the sub- 
strate} and E. the activity of the control incubated with the same amount reactivator. 
E was obtained after I day’s incubation with TM B-4 or 2 day’s incubatjon with P2S. 

RESULTS 

After inhibition with Tabun enzyme activity could be restored at pH 7.2, 37 ‘C 
and in the presence of veronal buffer much quicker with 8.5 ’ 10~-:3 M TM54 than 
with 10 Z M P2S. The effect of the two reactivators on Sarin inhibited human plasma 
was more equal (Table I). The Sarin-inhibited enzyme showed, in contrast to the 

TABLE I. REACTIVATION OF TARUN- OK SARIN-INHIBITED HUMAN 

PLASMA AT 37 C AND PH 7.2 

iEnzyrnc inhibited at 0 C for 1 hr and dialysed at 4 ‘C for 2 days. Controls incubated 
with the same amount of rcactivator as inhibited enzymes.) 

Enzyme activities in I’(, of controls 
TMB-4 P2S 

Time after addition 
of reactivator ~~bun-~~~~b. ‘*~a~-inhib. Tab~~n-inhi~~~~ Maria,-inhib. 

T’MB-4 P2S enzyme enzyme enzyme enzyme 
..-___ _-_-___.---__--.~- --.. 

70 min 70 min 
22 hr 23 hr :: 1:: :: :I: 
68 hr 67 hr 83 91 ‘$9 88 

t 

FIG;. 1. Reactivation at pH 7,_. 7 37 C of dimethylamido-ethoxyphosphorylated cholin- 
esterase in human plasma. 2 IO-’ M PZS, 0 =- 8.5 “’ 1O-.3 M TMB-4. 

Tabun-inhibited enzyme, a certain amount of spontaneous reactivation, which 
followed first-order kinetics. At constant reactivator concentration reactivation was 
also found to follow first-order kinetics (Fig. 1). Rate constants for the reactivation of 
the dimethylamido-ethoxyphosphorylated enzyme were calculated from experiments 
with the automatic recording pH-titrator and are reported in Table 2. 
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When the Tabun- or Sarin-inhibited plasma was stored at 37 “C in Verona1 buffer 

pH 7.4, conversion to a stable phosphorylated form occurred. This “ageing” followed 
first-order kinetics with respect to the amount of reactivable enzyme and was stopped 
by the addition of reactivator. Rate constants are given in Table 3. 

TABLE 2. RATE CONSTANTS FOR THE REACTIVATION OF TABUN-INHIBITED 
HUMAN ERYTHROCYTES (E)AND TABUN-INHIBITED HUMAN PLASMA(P) WITH 

8.5 X lo-” M TMB-4 OR 1o-2 M P2S AT 37 “C AND PH 7.4 

TMB-4 P2S 

E P E P 

kobr; (min. ‘) 1.62 >j 10-J 1.32 10-2 1,05 ,O -:! 6.04 _I’ 10m3 
k (I. mol-’ min ‘) 1.91 10 1.55 I .os 6.04 10-l 

TABLE 3. RATE C‘ONSTANTS FOR THE “AGEING" ATPH 7.4 

(VERONAL BUFFER) AND 37 ‘C OFSOME PHOSPHORYLATED ~H~LINE~TERA~ES 

Source of enzyme 

Human plasma* 
Human plasmat 
Human plasma* 
Human plasmat 
Purihed from human serum* 
Purified from human serum: 
Horse plasma* 

Purified from horse serum* 
Purified from horse serum* 
Human erythrocytes* 

Inhibitor 

Tabun 
Tabun 
Sarin 
Sarin 
Tabun 
Tabun 
Tabun 

Tabun 
Sarin 
Tabun 

0.9 
(slowed down after 

5 days) 
0.4 
0.7 
8.1 

Rcactivator * TMB-4 or t P2S. 

PUI$EL/ humnn serum cholinesterase,fraction TV-63 
The experiments were run at 25 “C and in veronal buffer pH 8.0. Again. reactiva- 

tion with TMB-4 was quicker, maximal restoration of enzyme activity was reached 
within 1 day with TMB-4, while only 47 per cent of the enzyme activity was restored 
with P2S during the same time. “Ageing” of the phosphorylated enzyme followed 
first-order kinetics and could be prevented by the addition of reactivator. Rate con- 
stants are given in Table 3 and show that “ageing” of the purified enzyme preparation 
was more than ten times slower than of the untreated human plasma enzyme. 

The preparation was tested for Tabun-splitting enzymes (phosphorylphosphatases)3 
with IO-” M Tabun and found to contain no such enzymes. 

Purcjied horse serum cholinesterase 
At 25 “C, pH 7.8 (Verona1 buffer) and constant concentration of reactivator, 

reactivation of the Tabun-inhibited enzyme preparation was found to be a first-order 
reaction with respect to the amount of inhibited enzyme available for reactivation. 
With 1O-2 M P2S the rate of reactivation was 6 x 10-j min-l. Reactivation with 

TMB-4 was much quicker (Fig. 2). No spontaneous reactivation was noticed during 
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the time of the experiment (7 days). A small decrease of enzyme activity with time 
noticed in the uninhibited preparation was somewhat higher in the presence of TMB-4 

(Fig. 2). 
At 25 C and pH 8.0 (veronal buffer) “ageing” of the Tabun-inhibited enzyme was 

hardly noticeable. the percentage of restored enzyme activity after treatment with 
TMB-4 for 1 day being approximately constant during 6 days. At 37 C and in veronal 

+ P2S 

FK,. 2. Reactivation at pH 7.8. 25 C of dimethylamido-ethoxyphosphorylated cholin- 
esterase in a purified horse serum fraction. lo-’ M P2S and 8.5 IO-’ M TMR-4. 

inhibited enzyme. 0 reactivated enzyme. control. 

t 

151 
C’ 50 

h! 

:00 ! 50 

FK,. 3. “Ageing” at pH 7.4, 37 C of methyl-isopropoxyphosphorylated cholinesterasc in a 
puriticd horse serum fraction. Reactivation with 8,5 IO :I M TMB-4. 74 hr. 

buffer pH 7.4 a very slow “ageing” was observed (Table 3). Jansz et al.!’ have described 
rapid “ageing” of purified horse serum cholinesterase after inhibition with DFP and 
slower “ageing” after inhibition with Sarin. To compare the enzyme preparation used 
in the Tabun experiments with the one used by Jansz, “ageing” was studied at 37 ‘C 
iti veronal buffer pH 7.4 after inhibition with Sarin and found to be rather slow (Fig. 3). 
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The rate constant is seen in Table 3. Corrections for spontaneous reactivation had to 
be made. From the first part of the curve obtained from values given by Jansz et al. 
(“restored enzymic activity (%) Table 4”) a rate constant of approximately 9 x 10 -j 
min-l at pH 7.5 (buffer unknown) and 25 “C can be calculated. Considering the 
difference in temperature, this value is somewhat higher than the value seen in Table 3. 

An attempt was made to determine if the difference in the rate of “ageing” of 
phosphorylated human plasma cholinesterase and phosphorylated purified horse 
serum cholinesterase depends upon the presence in human plasma of some enzymic 
or non-enzymic factor that promotes “ageing”. Dimethylamido-ethoxyphosphorylated 

cholinesterase from horse serum was incubated at pH 7.4 and 37 “C either with buffer 
alone or with buffer plus human plasma or with buffer plus boiled and centrifuged 
human plasma. The rate of “ageing” was then observed. In Fig. 4 the curves are 
plotted. They suggest the existence of an “ageing-promoting” factor in human plasma. 

FIG. 4. “Ageing” at pH 7.4, 37 C of dimethylamido-ethoxyphosphorylated cholinesterase 

in a purified horse serum fraction. A = incubated alone, l -= incubated with boiled and 

centrifuged human plasma. incubated with human plasma. Reactivation with 85 

IO-” M TMB-4, 24 hr. 

Horse plmm clrolinesterase 
To determine whether the very slow “ageing” of purified horse serum was caused 

by a change of enzyme properties during purification the experiments were repeated 
with Tabun-inhibited horse plasma at 37 ‘C and pH 7.4 (veronal buffer). “Ageing” 
was still very slow although somewhat faster than with the purified preparation 
(Table 3). Reactivation of freshly inhibited plasma with 8.5 10~ 8 M TMB-4 was 

complete within I day. 

Human erythrocyte cholinesterase 
Reactivation and “ageing” were studied at 25 “C and pH 78 (8.0) (veronal buffer) 

and at 37 “C and pH 7.2 (7.4) (Verona1 buffer). Reactivation with 8.5 v: IO-:’ M 
TMB-4 was quicker than with 1O--2 M P2S. Both substances reactivate this enzyme 
better than human plasma cholinesterase (Table 2). The total enzyme activity could 
be recovered when freshly inhibited enzyme was used. 
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“Ageing” occurred according to first-order kinetics (Fig. 5) in Verona1 buffer. 
k, calculated after reactivation with P2S or TMB-4 was 2.4 x 10-I min-l at 25 ‘C. 
pH 8.0 and 8.7 x lo-” mint at 37 ‘C pH 7.4. “Ageing” was prevented by the 
addition of high concentrations of reactivator (Table 4). 

FIC~. 5. “Agcing” at pH 7.4. 37 C ( ) and pH 8.0, 25 C (0, ) of dimethylamido-ethox)- 

phosphorylatcd cholinesterase in human crythrocytes. Reactivation with 8.5 IO 3 21 

TMB-4, 24 hr ( . 0) and 10~” M P2S. 48 hr ( .). 

TADLI. 4. PRl.VtNl ION OF “AGEING” OF TABUN-INHIBl ILlI 

A(‘ETYL(‘HOI.INCSTIRASt RY ADDITION OF REAC‘TIVATOR 

(Activity of inhibited enrymc before addition of 
reactivntors 2 per cent of control.) 

TICK after addition 
of reactibator 

70 min 
I da) 
2 da>\ 
i day\ 
1 days 
6 days 

Activity in “,, of control 

TM B-4 P2s 

94 50 
02 101 
9 I IO5 
03 101 
9, 108 
‘) I I03 

Reactivation with 2-PAM at varying concentrations of reactivator has been studied 
by Green et o/.:~, lo, I1 They proposed the following mechanism for the reactivation. 
assuming the formation of a complex 

where A is the reactivator. and EiA the complex. With a large excess of reactivator. 
the observed velocity of the reaction is given by 

I‘ = kohs [Eltotn11 (3) 
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whet-e 

and 

Green et al. tested the validity of this equation over a range of reactivator concentra- 
tions and for that purpose they rearranged equation (3) to 

where 

k . 
k’ == ;; 

Their results have now been confirmed with Tabun-inhibited erythrocytes and con- 

centrations of reactivator between 1O-2 - 1O-3 M, as is seen in Fig. 6, where l/k’ is 
plotted against the concentration of the reactivator. When the concentration of the 
reactivator was kept at 5 x 1O-5 M, which is what can be expected to be the in Co 

0.9 

t 

r I I I t 0 I 5 10 

reactivator concentration (mol r: 1-l .i IOR) 

FIG. 6. Reactivation at pH 7.4, 37 “C of dimethylamido-ethoxyphosphorylated cholin- 

esterase in human erythrocytes by P2S. k’ is 
k Ob8 

[reactivator]’ 

concentration during therapy,12 only 67 per cent of enzyme activity was restored. An 
increase in the added amount of P2S did not restore more of the enzyme activity. 

While reactivation with 8.5 x 1O-3 M and 4.25 x 10e3 M TMB-4 was found to 
follow first-order kinetics, it was observed that at lower concentrations of the re- 
activator, reactivation reached a plateau. The degree of reactivation decreased with 
B 
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decreasing concentration of reactivator, but in the examined range of oxime con- 
centrations 75 per cent of enzyme activity was always restored (Fig. 7). The time for 
reaching 75 per cent of reactivation as a function of TM B-4 concentration is reported 
in Table 5. Increase of the added amount of TM B-4 to a concentration of 8.5 \.’ IO -X M 
after the plateau was reached could not restore the total enzyme activity when the 

TABLE 5. TIME AT PH 7.4, 37 “C FOR A 75 o/l, RETURN OF F.RY THROCYIX: 

CIlOLlNESTERASE ACTIVITY AFTER INCUBATION WI-rtl VARYING AMOUNTS OF 

TMB-4 

M TMB-4 

I .oo IO ~’ 
5.00 IO Y’ 
2.50 ,O oh 

Time 
(min) 

x 
X.5 

II 

:s 

44 
71 

FIG. 7. Reactivation at pH 7.4, 37 “C of dimethylamido-ethoxyphosphorylated cholincsterase 

in human erythrocytes at diffcrcnl concentrations of TMB-4. 0 ~- 8.5 IO J M, 

8.5 ’ IO-’ M, A 5 IO B M, s’ 1.5 IO z M. 

reaction was studied in potassium chloride solution (titrator). When the reaction was 
studied in veronal buffer an additional small portion of the enzyme activity was 

restored. 

DISCUSSION 

It has been suggested that the low antidotal effect of 2-PAM in Tabun intoxication 
is due to inability to reactivate the formed phosphorylated cholinesterases.13 
From the results presented here it is seen that in vitro Tabun-inhibited 
cholinesterases are reactivated by P2S, but that the rate of reactivation is slow, much 
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slower than, for example, after Sarin inhibition. Experiments with Tabun intoxicated 
dogs’* have shown that in vitro reactivation of the inhibited blood cholinesterases 
from these animals can be obtained. Judging from the results seen in Fig. 7 and 
Table 3, reactivation at therapeutical concentrations of P2S (30 mg/kg, resulting 
in plasma concentrations of lo-* to 5 x lO-5 M during l-2 hr after intramuscular 
injection)12 after Tabun intoxication can not be expected within a reasonable length 

of time. In ciro practically no reactivation can be expected after a single dose of 
P2S. Provided equation (3) holds at therapeutical concentrations of P2S, /Cobs would 
be 13 x lO-4 min-l which means a slow reactivation. Low concentrations of reacti- 
vator do not seem to be able to protect the inhibited enzyme from “ageing.” Therefore 
complete reactivation cannot be expected. since the rates of reactivation and “ageing” 
are of competitive orders of magnitude. This has been indicated by the experiments 
described above. Even repeated injections of P2S would therefore not be able to 
restore total enzyme activity. 

Reactivation with TMB-4 after Tabun inhibition proceeds more rapidly. This 
reactivator has been shown to be slightly more toxic than P2S. The LD,, as calculated 
after intraperitoneal injection into white mice is 3.5 times that of P2S.15 One would 

therefore perhaps consider a therapeutical concentration of 3 x 10e5 to 10e5 M. At 
these concentrations the onset of reactivation is rapid in vitro, 50 per cent of enzyme 
activity being restored within 30 min. However, a total of only 75-85 per cent is 
restored. Whether this effect of TMB4 is enough for treatment of Tabun intoxications 
has to be determined by in vivo experiment. 

So far it has not been possible to give a satisfactory explanation to the plateau 
effect. When working in Verona1 buffer, addition of a high amount of reactivator 
after the plateau was reached resulted in a small additional reactivation. At the same 
time enzyme activity of both control and reactivated sample decreased owing to 
inhibition by the reactivator. When working in potassium chloride (titrator) addition 
of more reactivator could not restore total enzyme activity. The difference between 
total enzyme activity and the reactivated amount was approximately twice that which 
could be expected if “ageing” had occurred as calculated from the rate constant for 
“ageing” obtained from experiments in Verona1 buffer, It is possible that the exclusion 

of buffer results in a more rapid “ageing”. If the following two reactions are supposed 

to occur simultaneously 

k ohs 
EI+Ox---E+P 

then plots of the logarithm for the disappearance of EZ against time, result in 
straight lines. The value of k, can be obtained from these curves and was found 
to vary between 0.008 min-l and 0.015 min-l. These figures are from ten to twenty 
times higher than the one found for the “ageing” of dimethylamido-ethoxy- 
phosphorylated erythrocyte cholinesterase in Verona1 buffer (Table 3). This would be 
an astonishingly high buffer effect. The found values of kobs vary with the concentra- 
tion of the oxime as has been proposed by Green et a1.16 Further experiments are 
needed to clarify the problem. 
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Originally reactivation and “ageing” of butyrylcholinesterase after Tabun inhibition 
was studied with purified horse serum cholinesterase since this enzyme had been 
extensively purifted.4 When it was noticed that this phosphorylated enzyme “aged” 
very slowly, untreated horse plasma enzyme and human plasma enzyme were in- 
cluded in the study. Calculation of the rate constants for the “ageing” of dimethyl- 
amido-ethoxyphosphorylated plasma cholinestcrases revealed a species difrerence as 
well as a difference between the untreated and the purified enzymes. If one assun:es 
the splitting off of an alkoxy group from the phosphorylated enzymes:<, !’ to be KS- 
ponsiblc for the “agcing” of the Tabun-inhibited cholinesterases it would seem that 
human plasma contains an “agcing-promoting” factor, which is partly separated or 
destroyed during purification of the enzyme and which seems to be able to promote 
“ageing” of another phosphorylatccl cholincs;trasc (Fig. 6). The possibility that phos- 
phorylphosphatascs are able to split off an alkoxy group from the phosphorylated 

enzyme is small. Augustinsson Ii has demonstrated the occurrence of a Tabun-splitting 

cnzymc prcscnt in horse plasma which hydrolyses the P- CN bond of Tabun at a 
rate similar to that of human pla:,ma phosphorylphosphatasc. To the author’s know- 
Icdgc no spiitting of P-O bonds has been demonstrated to occur with these cnzymcs. 
Still the possibility exists, that the phosphorylphosphatase in human plasma is able 
to split a P-O bond while the one in horse plasma is not. Other enzymic or non- 
enzymic factors can equally well be involved. However, the explanation may also be 
found in the structure of the cholinesterase molecule itself. The three-dimensional 
structure of the enzyme might well be disturbed during purification which could result 

in a dccreasc in the rate of “ageing”. A difference in structure between the human and 
the horse plasma enzyme may also explain the obscrvcd difrerences between the two 
enzymes. This argument can also be applied if instead of the alkoxy group the di- 
metbylamido group is split off as has been shown, for example, by LarssonIN to occur 

in acid hydrolysis of Tabun. 

~~krlol~(rc/~er,:eirl.\-~ I wish to thank Dr. 1.. Larsson and Dr. L.-E. Tunmclin for helpful discussions 
and criticism. 
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