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SUMMARY 

i. The pH dependence of the rate of sulfonylation of butyrylcholinesterase 
(acylcholine acyl-hydrolase, EC 3.1.1.8) by  methanesulfonyl fluoride was studied in 
an a t tempt  to obtain some new information about dissociating groups in the esteratic 
center of this enzyme and to determine the corresponding dissociation constants. 

2. Results obtained by  following the rates of sulfonylation at different pH 
values point to a reaction mechanism in which two dissociating groups in the esteratic 
center are involved, with pK1 = 6.2 and pK 2 = io. i .  I f  both groups are protonated 
the resulting esteratic center is inactive; if only the first group is dissociated the es- 
teratic center reacts with ka" ---- o.30 1" mole -~" s -~, and if both groups are dissociated 
the esteratic center reacts with ka'" = ka"/2. 

INTRODUCTION 

The sulfonylation of cholinesterases by methanesulfonyl fluoride is practically 
a simple irreversible pseudo first-order reaction1, 2. Sulfonylation takes place at the 
esteratic center of the enzyme while the anionic center remains free2, a. The sulfonyl- 
ation of cholinesterases by  methanesulfonyl fluoride is, therefore, a suitable tool for 
the s tudy of the esteratic centers of cholinesterases. 

In the present work the sulfonylation of butyrylcholinesterase (acylcholine 
acyl-hydrolase, EC 3.1.1.8) by  methanesulfonyl fluoride was studied at different pH 
values in order to obtain some information about dissociating groups of the esteratic 
center of this enzyme and to determine the corresponding dissociation constants. 

METHODS AND MATERIALS 

The basic reaction was 

ka 
E +  I - - + E ' +  P (1) 

where E represents the esteratic center of the enzyme butyrylcholinesterase; I ,  the 
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inhibitor methanesulfonyl fluoride; E ' ,  the sulfonylated esteratic center; P, the pro- 
duct, and ka, the second-order rate constant at a given pH. 

The experimental procedure was as follows (@ ref. 3) : First, the apparent  pseu- 
do first-order rate constant at a given concentration of methanesulfonyl fluoride and 
a given pH was determined from the time dependence of the inhibition. Three dif- 
ferent concentrations of methanesulfonyl fluoride were always used ( I - I O  mM). The 
enzyme activity was measured photometrically (Hestrin 4) by the decrease in acetyl- 
choline concentration, ka was then determined from the dependence of the apparent 
constant on the concentration of methanesulfonyl fluoride. Experiments were re- 
peated at pH values from 5.3 to i i .  

Experiments were carried out in a thermostat  at 25 °C. The universal buffer 
solution of Britten and Robinson 5 was used, but since this solution has different ionic 
strengths at different pH values, NaC1 was added to all solutions, so that  a total 
ionic strength of o.2 was maintained. 

The stability of butyrylcholinesterase at a given pH was checked by preincu- 
bating the enzyme for 15 min at a given pH value, diluting the solution ioo times with 
a buffer solution, pH 7.o, and determining the enzyme activity. No decrease in enzyme 
activity was ever noticed in the pH range from 5.3 to i i .  The stability of methane- 
sulfonyl fluoride at different pH values has been established before 3. 

The butyrylcholinesterase used was Code CHE 9 KD, 6 units/mg, Worthington. 
The enzyme stock solution contained 2oo mg of the preparation in I ml buffer so- 
lution with o . I% gelatin, pH 7.o. The enzymic hydrolysis of acetylcholine obeyed 
the Michaelis Menten equation over the tested concentration range from o.2-4 mM. 

The methanesulfonyl fluoride stock solution was a I M solution of methane- 
sulfonyl fluoride, reagent grade, from Eastman Organic Chemicals, in spectroquality 
acetone. The incubation solutions were prepared by mixing various amounts of the 
stock solution with the buffer solution. The incubation solutions were prepared im- 
mediately before each experiment. 

RESULTS AND DISCUSSION 

Our experimental results are summarized in Fig. I. 
I t  is seen in Fig. i that  the pH dependence of the sulfonylation of butyryl-  

cholinesterase by methanesulfonyl fluoride is bell shaped. A bell-shaped curve for pH 
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Fig. i. The p i t  dependence of the second-order rate  cons tan t  for the inhibit ion of butyrylcholi-  
nesterase by  methanesulfonyl  fluoride at  25 °C. ka is the second order rate cons tan t  for the in- 
hibit ion at  a given pH.  Each  point  in the figure is the average of three determinations.  Curves 
a, b and c are theoretical curves (see text). 
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dependence of an enzymic reaction can be interpreted in many  ways (cf. refs 6-8). 
In our case, the interpretation in terms of dissociation constants of some groups seems 
to be the most plausible since it has been shown already (cf. ref. 9) that  in reactions 
with cholinesterases, including butyrylcholinesterase, pH-dependent  dissociating 
groups in their esteratic centers are involved. 

Let us assume, in accordance with other findings on cholinesterases (cf. refs 
9, io), that  the esteratic center of the enzyme exists in the following three dissociating 
forms : 

K 1 1(" 2 
E H  2+ ~ E H ~  E -  (2) 

In this scheme K 1 and K 2 refer to the first and the second stage of the dissociation 
of the esteratic center. 

I f  only the E H  form is active (cf. refs 3, I I )  then the activity of the esteratic 
center must be proportional to the amount of this form: 

~tt 
k~ = (3) 

K2 (H+) 
I + ( - ~ - t  K1 

Here, ka" is the second-order rate constant for the sulfonylation of the second form 
of the esteratic center (EH). The denominator is the second Michaelis pH function. 
For (H +) >> K s or for (H +) 44 K 1, respectively, 

i 
ka = k a "  --  ~ ha(H+) (4) 

ka 
k~ = ha" -- K , -  (5) 

(H+) 

A plot of ka against ka (H÷), or ka against ka/(H+), gives a line with K 1 as the reciprocal 
of the tangent of the line, or K s as the tangent of the line, respectively. In both cases, 
the intersection of the line with the y axis gives ka". 

Our experimental data  were plotted according to Eqns 4 and 5, as shown in 
Figs 2 and 3, respectively. The data in the low pH range (Fig. 2) are in accordance 
with Eqn 4 but the data  in the high pH range (Fig. 3) are not in accordance with 
Eqn 5. Thus, our experimental results at high pH values do not agree with our as- 
sumptions. 

Judging from the relatively high activities of the enzyme at high pH values 
(Figs I and 3) it seems possible that  our assumption of only one active form of the 
esteratic center may  be wrong. Not only the second form, EH,  but  also the third 
form, E- ,  seems to be active. The contribution of this form to the activity measured 
at the lower pH values is negligible, so the line in Fig. 2 fitting the experimental 
points again represents Eqn 4 but  the dotted experimental  curve in Fig. 3 then corre- 
sponds to the activity of the second form plus the activity of the third form. From 
this figure, K s can be obtained as the tangent to the experimental  curve at x ---- o; ka" 
is the intersection of this tangent* with the y axis and ka'", the second order rate con- 
s tant  for the sulfonylation of the third form of the esteratic center, is the extrapolated 

" I t  s h o u l d  be  m e n t i o n e d  h e r e  t h a t ,  a t  f i rs t ,  for  d e t e r m i n i n g  K ,  t h e  l i n e  f i t t i n g  b e s t  for  t h e  
f i rs t  f o u r  e x p e r i m e n t a l  p o i n t s  i n  F ig .  3. w a s  used12; t h e  v a l u e  t h u s  o b t a i e n d  w a s  p K  2 = lO. 3. 
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Fig. 2. The  dependence  of  the  rate  of  the  inhib i t ion  of  butyry lcho l ines terase  by m e t h a n e s u l f o n y l  
f luoride at  25 °C on the  H + concentrat ion  in the  range from 5" IO-S to 5" lO-6 M. ka is the  second or- 
der rate  cons tan t  for the  inhib i t ion  at  a g iven pH.  The  data  for the  low p H  values  from Fig. I 
are p lo t ted  according to the  equat ion  ka ~ k a " - - k a  (H+)/Kz (Eqn 4). F r o m  this  d iagram the 
fo l lowing  values  have  been derived (see text) :  ka" = 0.29 l ' m o l e - ~ ' s - t ;  K~ = 6. 5- io  -7 M. 

Fig. 3. The dependence  of  the  rate of  the  inhib i t ion  of  butyry lcho l ines terase  b y  m e t h a n e s u l f o n y l  
f luoride at  25 °C on the  H + concentrat ion  in the  range from i • lO .9 to I • IO - n  M. ha is the  second- 
order rate  cons tan t  for the  inhib i t ion  at a g iven pH.  The data  for h igh p H  values  from Fig. 
are p lo t ted  as ka against  ha/(H+). F r o m  this  d iagram the  fo l lowing  values  have  been derived (see 
text ) :  k~" = o.3I l 'mole -~ - s -~ ;  ha"' = o.15 l ' m o l e - ~ ' s - t ;  K2 = 8.5' IO -zz M. 

value of  ka at very  high x values. The constants  thus obtained are : K 1 = 6. 5 • lO -7 M, 
p K  z = 6.2; K~ = 8 .5 .1o  -11 M, pK 2 = IO.I" k a "  = 0.30 l 'mo le - l" s  -1 (average), and 
k a ' "  = o.15 l ' m o l e  -1 "s -1. I f  these values for K 1, K 2 and ka" are introduced in Eqn 3, 
Curve a in Fig. I. is obtained which represents the act iv i ty  of the esteratic center with 
only  its second form being active.  The act iv i ty  of  the esteratic center with only the 
third form being act ive  is 

k a  ptt 
ka = (6) 

(H +) (H+) 2 

Here, the denominator  is the third Michaelis pH function. I f  the corresponding values 
are introduced in Eqn 6 Curve b in Fig. I is obtained. The act iv i ty  of  the esteratic 
center wi th  its second and third form being act ive is tile sum of Curves a and b and 
is shown in Fig. i as Curve c. Our experimental  points  fit the resultant curve very  
well*. 

Thus, our exper imenta l  data agree well  with  the fol lowing assumptions  and 
derivations:  In the sulfonylation of  butyrylchol inesterase  by methanesul fonyl  
fluoride, the esteratic center of  the e n z y m e  exists  in three dissociating forms (Eqn 2) 
of  which the second and the third are act ive ; their activit ies  expressed as the corre- 

k tt = sponding second-order rate constants  are a 0.30 l ' m o l e - l . s  -1 and k a ' " - -  
o.15 l . m o l e - l . s  -1, respect ively .  The constants  for the first and the second stage of  
the dissociation are K z = 6.5" IO -7 M and K 2 = 8.5" lO -11 M, respectively.  

Since the constants  K 1 and K 2 are wide ly  separated they  m a y  be referred to two 
dissociating groups. In  any case, the groups in question must  be on the e n z y m e  and 

• Note  t h a t  the  rates  obta ined in the  present  w o r k  are higher than  those  prev ious ly  deter- 
mined  2. This  fact  is pr imar i ly  due to the  t w o  different e n z y m e  preparat ions  as it  was  checked 
repeatedly .  
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not on the inhibitor as methanesulfonyl fluoride does not dissociate. Furthermore,  
the groups must be in the esteratic center, as only there does the reaction take place. 
I t  is unlikely that  some groups outside the esteratic center would influence the re- 
action in such a characteristic manner (see Fig. I). 

Thus, the dissociation constants of the two groups in the esteratic center of 
butyrylcholinesterase are, according to our results, p K  1 ----6.2, and p K  2 = IO.I. 
Different authors have obtained different values for those constants (cf. refs 13-16 ). 
But their experimental conditions were complicated by a possible influence of the 
anionic center and, in some cases, by  the possibility of the enzyme-substrate  complex 
being responsible for the observed constants. For the reasons given above, our values 
for the dissociation constants seem to be more reliable. Far  from being conclusive, 
our results speak for histidine and tyrosine in the esteratic center of butyrylcholin- 
esterase (of. refs 17 and 18). 

I t  should be noted here that  our analogous experiments with acetylcholines- 
terase (acetylcholine hydrolase, EC 3.1.1.7) showed a that  the pH dependence of the 
sulfonylation of acetylcholinesterase by  methanesulfonyl fluoride did follow the equ- 
ation based on the assumption that  there was only one active dissociation form of the 
esteratic center. However, in those experiments the pH dependence of sulfonylation 
at very high pH values displayed a similar, but much less expressed, behaviour as 
it does in the case of butyrylcholinesterase. The slight discrepancies between theory 
and experiment were interpreted as being due to relatively great errors at low re- 
action rates ; this may  or may  not be true. The above interpretation of the discrepan- 
cies, applied to acetylcholinesterase, gives a value of pK 2 ---- lO.2 (previously, lO.3) 
for the acidic group and, for the activity of the third form of the esteratic center, a 
value of about one tenth or less of the activity of the second form. However, the re- 
action mechanism of the sulfonylation of acetylcholinesterase by methanesulfonyl 
fluoride seems to be different from that  of butyrylcholinesterase; the dissociation 
state of the acidic group in the esteratic center being relatively much more important  
in acetylcholinesterase than in butyrylcholinesterase. 
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