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Abstract-Experiments with butyrylcholine and benzoylcholine as substrates revealed that inhibition 
of horse serum cholinesterase by D-tubocurarine is linearly mixed. The ratio between K, and K) is 
practically the same for both substrates, K: being five times as large as Ki. The difference is in the 
degree of inhibition: D-tubocurarine is a more potent inhibitor of butyrylcholine than benzoykholine 
hydrolysis. The mixed inhibition of serum cholinesterase by D-tubocurarine can be explained by the 
allosteric binding of D-tubocurarine to the enzyme protein and is not due to the presence of isoenzymes 
displaying different affinities for substrates and inhibitors. 

Several years ago we showed, by using acetylcholine 
(ACh) as a substrate, that the type of inhibition of 
serum cholinesterase (serum ChE; acylcholine acyl 
hydrolase, EC 3.1.1.8) by D-tubocurarine (TC) 
depends on the concentration of the inhibitor [l]. 
Recently we showed with the aid of the Dixon and 
the Cornish-Bowden [Z] plots that in the linear range 
the inhibition is of the mixed type [3]. Non-linear 
inhibition suggested by the curved Lineweaver-Burk 
plot might indicate positive cooperativity. However 
the curve U-S is not sigmoidal. Another possible 
explanation is that isoenzymes, with different affinities 
for substrates and inhibitors are involved [4]. Since 
by its standard kinetic parameters ACh is not the 
most specific substrate for serum ChE. we decided 
to investigate the inhibition of this enzyme by TC 
using butyrylcholine (BuCh) and benzoylcholine 
(BzCh) as substrates. BuCh is the substrate for which 
serum ChE has the highest V,,,, whereas BzCh is 
the substrate for which serum ChE has the smallest 
K, thus being, according to Kalow [S], the most spe- 
cific substrate for serum ChE. 

MATERIALS AND METHODS 

The two serum ChE preparations were: (1) horse 
serum (4 enzyme units per mg of protein), diluted 
30-times in the assay sample; and (2) a filter cake 
obtained from the fifth stage of serum ChE purifica- 
tion according to Strelitz (220 enzyme units per mg 
of protein), concentration in the assay sample 1Opg 
per ml. BuCh iodide was used in concentrations from 
0.5 mM to 20mM, BzCh choloride from 1 mM to 
lOmM, and TC chloride in concentrations from 
0.005 mM to l.OmM. The substrates and inhibitor 
were obtained from Koch-Light. 

Activity was measured with a Radiometer auto- 
matic titrator (Type TIC titrator, ABUlb auto- 
matic buret, TTA3 titration assembly, and SBR2c 
recorder). TC solution was added to the enzyme prep- 

aration in Ringer solution (0154 M NaCl, 2.7 mM 
KCI, 2.3 mM CaCl,, and 1 mM MgCl, with the addi- 
tion of 0.1 M NaOH up to pH 7.4) without buffer. 
The reaction was started by addition of the substrate. 
In the experiments with the purified enzyme prep- 
aration, gelatine solution to the final concentration 
of 0.02% was added to Ringer solution. The volume 
of the reaction solution was 15 ml. The measurements 
were carried out at pH 7.4 and 25” in at least three 
parallel runs. The 10 mM solution of NaOH was pre- 
pared fresh evey day in a nitrogen atmosphere and 
bubbled through with nitrogen during measurements. 
A flow of nitrogen was also maintained over the sur- 
face of the reaction solution. The value of the non- 
enzymatic hydrolysis rate of the substrate was mea- 
sured and subtracted from the value of the corre- 
sponding enzyme hydrolysis rate. 

The dependence of the initial hydrolysis rate on 
TC concentration at different substrate con- 
centrations was graphically analyzed according to 
Dixon and Cornish-Bowden [2]. 

RESULTS AND DISCUSSION 

Inhibition by TC of BuCh hydrolysis catalyzed by 
serum ChE was of the same type in both native and 
purified enzyme preparations. The only difference was 
in the degree of inhibition: serum ChE in the diluted 
serum was about 20% more strongly inhibited than 
it was in the purified preparation with the same acti- 
vity. 

With BuCh as substrate the graphical analysis by 
plotting s/v vs i showed that the inhibition of serum 
ChE by TC is linearly mixed (Fig. 1). Recently, Cor- 
nish-Bowden [2] revealed that in the case of mixed 
inhibition the plot of s/u vs i and the plot of l/v 
vs i complement one another. The straight lines at 
different substrate concentrations obtained by plot- 
ting s/u against i intersect at a point where the abs- 
cissa is -Ki and the ordinate K,( 1 - K~/K,)/Vm;,x, 
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Fig. 1. Inhibition of horse serum cholinesterase by o-tubo- 
curarine; substrate butyrylcholine; plot of s/u against i 

(Cornish-Bowden plot); pH 7.4; 25”. 
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With BzCh as substrate TC is a less potent inhibi- 
tor than with B&h as substrate. Inhibition is likewise 
of the mixed type, K, being 70 PM and KI. 37044 
(Fig. 2). The ratio between Ki and Ki is practically 
the same for both substrates: Ki is about five times 
as large as Ki. The same ratio of inhibitor constants 
was obtained also with ACh as a substrate 137. 

Thus the same type of enzyme inhibition by TC and 
a practically identical ratio between KI and Ki was 
obtained with both BuCh and BzCh. It might, 
therefore, be assumed that with different substrates the 
mechanism underlying the interaction of TC with the 
enzyme protein is very similar, if not identical, Mixed 
inhibition is obtained if the enzyme reacts with the sub- 
strate and the inhibitor so as to form a ternary com- 
plex (EIS). Recently, Bunting and Myers [63 showed 
that in the case of carboxypeptidase A partially com- 
petitive inhibition of esterase activity by the cyclohex- 
ylacetate ion might be explained as due to the forma- 
tion of an EI, complex; analyzing the enzyme inhibi- 
tion they obtained a linear Lineweaver-Burk plot a 
curved Dixon plot; replotting the reciprocal value of 
the initial velocity against the squared value of the 
inhibitor concentration, they obtained linear depen- 
dence. In the present case, however, the linear depen- 
dence obtained by both the method of Dixon and 
that of Cornish-Bowden precludes the possibility that 
mixed inhibition of serum ChE by TC is due to the 
formation of an E12 complex. We, therefore, assume 
that the inhibition of serum ChE by TC gives rise 
to the formation of an EI and an EIS complex. The 
existence of an EIS complex, when substrate and in- 
hibitor do not react with each other, always points 
to an allosteric binding of the inhibitor to the enzyme 
protein, We hold that with substrates like BuCh and 
BzCh mixed inhibition of serum ChE by TC used 
in a wide range of concentrations can be explained 
in terms of an allosteric interaction of the enzyme 
protein with TC and not as due to the presence of 
isoenzymes with different affinities for TC. Thus the 
reaction between ChE and TC seems to resemble the 
reaction between AChE and TC for which Changeux 
[7] showed that it can be allosteric. 
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Fig. 2. Inhibition of horse serum cholinesterase by D-tUh- 

curarine; substrate benzoylcholine; plot of s/u against i 
(Cornish-Bowden plot); pH 7.4; 25”. 

whereas the intersection point of the lines of a Dixon 
plot for mixed inhibition has the coordinates: i = 
-Ki and l/u = (1 - Ki/Kl)/V~ax. Thus the two plots 
provide the measure of both Ki and K{, which are 
in the case of mixed inhibition by TC of serum ChE- 
catalyzed hydrolysis of BuCh 8 ,uM and 4O@I, re- 
spectively. 
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