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1. 5,5'-Dithiobis-(2-nitrobenzoate) did not influence serum cholinesterase activity,
whereas 2,2'-dithiodipyridine had an inhibitory effect. 2. The lowering of the molar
extinction coefficients observed in the presence of physostignine may be a result of a re-
action between thiolate ions with carbamate moieties. 3. The use of 5,5'-dithiobis-
(2-nitrobenzoate) is still recommended in investigations, especially where the quantitative
aspects are significant.

The use of the spectrophotometric method first
described by Ellman et al. (1961) for the determina-
tion of cholinesterase activity and recently applied in
a similar manner for measuring arylesterase (Augus-
tinsson et al., 1972) is very attractive because of its
simplicity and adaptability for micro determinations.
The method is based on the use ofthiocholine esters as
substrates and the reaction of the thiocholine formed
with 5,5'-dithiobis-(2-nitrobenzoate) to give 5-thio-
2-nitrobenzoate, which has an extinction maximum
at 405-420nm.

In a recent report (Brownson & Watts, 1973),
another disulphide, 2,2'-dithiodipyridine (aldrithiol-
2), is suggested to be a better choice than 5,5'-dithio-
bis-(2-nitrobenzoate) because the latter was found to
activate both acetylcholinesterase (EC 3.1.1.7) and
serum cholinesterase (EC 3.1.1.8). However, in the
work reported here this effect of 5,5'-dithiobis-(2-
nitrobenzoate) could not be confirmed. Instead, the
'activation' was found to have another explanation.

Materials and Methods

Enzymes

Acetylcholinesterase was purchased from Sigma
Chemical Co., St. Louis, Mo., U.S.A. Butyrylcholin-
esterase was a partly purified preparation from horse
serum and was obtained from Organon, Oss,
Holland.

Other reagents

The choline and thiocholine esters (used in the form
of iodide salts), 5,5'-dithiobis-(2-nitrobenzoate acid)
and physostigmine sulphate were obtained from
Sigma, and aldrithiol-2 was from Aldrich-Europe,
Beerse, Belgium. The properties of aldrithiol-2 were
described by Grassetti & Murray (1967). All other
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chemicals used were standard commercial products,
and all solutions were made up in double-deionized
water.

Assay of esterase activities

All spectrophotometric measurements were made
at 30°C with a Beckman DB-G spectrophotometer
with a Contron 3012 recorder. Unless otherwise
stated, the reaction mixture was composed of3.0ml of
50mM-sodium phosphate buffer, pH7.4, containing
0.35mM-disulphide (5,5'-dithiobis-(2-nitrobenzoate)
or aldrithiol-2), 0.02ml of the substrate solution and
0.05 ml of the enzyme solution, added in that order.

In a number of determinations of the esterase
activity in the absence of disulphide, a slight modifica-
tion of a method described by Brownson & Watts
(1973) was used. The composition ofthe reaction mix-
tures was as above minus the disulphide, and the re-
action tubes were equilibrated at 30°C before
addition of the enzyme. After suitable time-intervals,
samples (0.4ml) were transferred to a stopping mix-
ture, composed of 0.50mM-disulphide and 1.5mM-
physostigmine sulphate, giving a total volume of
1.0ml. Then the extinction of this 'stopped' re-
action mixture was measured at the usual wave-
length (5-mercapto-2-nitrobenzoate): A',,. = 412nm,
a = 13600M-1 *cm_I; 2-thiopyridine: AA.. = 343nm,
E= 7060M-1 cm-'). The sampling times were 0.50,
1.0, 1.5 and 2.0min. As controls, parallel series of
measurements by this same method were done in the
presence of 0.35mM-disulphide (the disulphide con-
centration in the stopping mixture was in this case
0.35mM).
The esterase activity was also determined by the

Warburg technique at 25°C in a NaHCO3-C02
buffer of pH7.4 with the choline esters as substrates
(Augustinsson, 1957).
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Esterase activity was expressed in mkatals/kg, i.e.
mmol of substrate hydrolysed/s per kg of protein
(according to the Recommendations (1972) of the
IUPAC and the IUB on enzyme units).

Results

Effect oftwo disulphides on cholinesterase activity

The effects of 5,5'-dithiobis-(2-nitrobenzoate) and
aldrithiol-2 on cholinesterase activity, when the con-
centration of the two disulphides was varied and the
spectrophotometric assay was used, are shown in
Fig. l(a). The activity in the presence of 5,5'-dithio-
bis-(2-nitrobenzoate) was independent of the con-
centration used. On the other hand, the activity in the
presence ofaldrithiol-2 increased as the concentration
of the disulphide decreased and reached the value

obtained with 5,5'-dithiobis-(2-nitrobenzoate) at a
concentration of about 0.05mm when acetylcholin-
esterase was used as enzyme. The inhibiting effect of
aldrithiol-2 was even stronger for butyrylcholin-
esterase.

Fig. l(b) illustrates an experiment with butyryl-
cholinesterase by the Warburg technique. The results
were the same as those obtained with the spectro-
photometric assay; consequently, all the assays pre-
sented below were performed spectrophotometrically.
Fig. 1(b) also shows that the activity in the absence of
disulphides was identical with that obtained in the
presence of 5,5'-dithiobis-(2-nitrobenzoate). Fig. 2
shows that the results are valid over a wide substrate-
concentration range.
The kinetic behaviour of butyrylcholinesterase

catalysis did not follow the Michaelis-Menten equa-
tion, as shown by the plot (Fig. 2).

9

8

g 7

0

04
'*-6
0
to

5

Ca
4)3

0

2-

4)
U'"

0 0.2 0.4 0.6 0.8 1.0
[Disulphide] (mM)

. 45
0

'4
04
0

,14 40

8.5
C)

la
g 35

U'5Cd 30
PUCd
'.
4)

25J

0 0.2 0.4 0.6 0.8
[Disulphide] (mM)

Fig. 1. Effects of5,5'dithiobis-(2-nitrobenzoate) and aldrithiol-2 at various concentrations on the activity ofbovine erythrocyte
acetylcholinesterase and horse serum butyrylcholinesterase

The substrates used in (a) were acetylthiocholine iodide (0.1 mM) and butyrylthiocholine iodide (0.1 mM). The activities were
measured in the spectrophotometer at 30°C. In (b) the Warburg technique was used (at 25°C) with butyrylcholine (10mM)
as substrate. Open symbols represent the presence of 5,5'-dithiobis-(2-nitrobenzoate), and closed symbols the presence of
aldrithiol-2. A, Acetylcholinesterase; o, butyrylcholinesterase. The arrow in (a) indicates the disulphide concentration
normally used, and that in (b) the activity obtained when no disulphide was present.
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Fig. 2. Effects of 5,5'-dithiobis-(2-nitrobenzoate) and
aldrithiol-2 on the activity of butyrykcholinesterase over a

wide range ofsubstrate concentrations

The results are shown as Augustinsson-Hofstee plots,
and the butyrylthiocholine concentration was varied over
the range 0.01-10mM in the presence of: *, 0.35mM-
aldrithiol-2; *, 0.l0mM-aldrithiol-2; O, 0.35mM-5,5'-
dithiobis-(2-nitrobenzoate); o, 0.10mM-5,5'-dithiobis-
(2-nitrobenzoate).

Comparison of cholinesterase activity in the presence
and absence of disulphides by a spectrophotometric
technique

To be sure that 5,5'-dithiobis-(2-nitrobenzoate)
does not influence the cholinesterase activity even at
low substrate concentrations, another method (des-
cribed in the Materials and Methods section) was
used. Fig. 3 shows no significant difference between
the activity with 5,5'-dithiobis-(2-nitrobenzoate) in
the reaction mixture and that obtained in the absence
of disulphide.
The difference in extinction at zero time was due

to the fact that the disulphide concentration was
somewhat higher (0.35mM rather than 0.30mM) in
the final stopped mixture when the disulphide was
also present in the reaction mixture.

Fig. 4 demonstrates that aldrithiol-2 caused a signi-
ficant inhibition of the enzyme activity. Several other
substrate concentrations were also used in this experi-
ment and the results were essentially the same as those
shown in Figs. 3 and 4.

Similar results were obtained when the same assay
procedure was tested with acetylcholinesterase and
acetylthiocholine.

Effect ofphysostigmine on the extinction measured in
the spectrophotometric assay

The reference and sample cuvettes were filled with
the same solution (at pH7.4) without cysteine for
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Fig. 3. Effect of 5,5'-dithiobis-(2-nitrobenzoate) on the
activity ofbutyrylcholinesterase

The results are presented as increases in extinction at
412 nm as a function of time. Open symbols indicate
that 5,5'-dithiobis-(2-nitrobenzoate) was present in the
reaction mixture and closed symbols that 5,5'-dithiobis-
(2-nitrobenzoate) was added with the stopping mixture.
o, 0.1 mM-Butyrylthiocholine; El, 0.O5mM-butyrylthio-
choline. For experimental details see the Materials and
Methods section.

determination of the molar extinction coefficients.
The determinations were made over a wide range of
cysteine concentrations (0.001-O.1mM) and within
this range the extinction seemed to be a linear function
of the cysteine concentration. Fig. 5 shows part of the
ranges and demonstrates that in the presence of
physostigmine the extinction decreased and con-
tinued to fall with time when 5,5'-dithiobis-(2-nitro-
benzoate) was used as the disulphide. This decrease
was shown to be not due to autoxidation of cysteine.
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Fig. 4. Effect ofaldrithiol-2 on the activity ofbutyrylcholin-
esterase

Methods and symbols are as indicated in Fig. 3, except that
aldrithiol-2 was used instead of 5,5'-dithiobis-(2-nitro-
benzoate).
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Fig. 5. Effect of physostigmine on the extinction when
5,5'-dithiobis-(2-nitrobenzoate) and aldrithiol-2 are used as

coupling disulphides atpH7.4

The extinctions indicated are those observed a few seconds
after addition of cysteine to the buffered solutions. The
phosphate buffer (pH7.4), in which the extinction was
observed, also contained: o, 0.35mM-5,5'-dithiobis-
(2-nitrobenzoate); El, 0.35mM-5,5'-dithiobis-(2-nitroben-
zoate) and 1.OmM-physostigmine sulphate; 0, 0.35mM-
aldrithiol-2; a, 0.35mM-aldrithiol-2 and 1.OmM-physo-
stigmine sulphate. The arrows indicate the decrease in
extinction during the first 5min after the addition of
cysteine.

Even the immediate effect of physostigmine in the
presence of 5,5'-dithiobis-(2-nitrobenzoate) was
greater than that observed in the presence of aldri-
thiol-2. In the presence ofanother carbamate, prostig-
mine bromide, a decrease in extinction was also ob-
served immediately after the addition of cysteine to
the 5,5'-dithiobis-(2-nitrobenzoate)-carbamate solu-
tion, but on standing no further decrease appeared.
In the presence of prostigmine, no significant effect
on the molar extinction coefficient of 2-thiopyridine
was observed.

Discussion

The results presented in this paper show that 5,5'-
dithiobis-(2-nitrobenzoate) at the concentrations
tested does not have any effect on the cholinesterase
activity, and that aldrithiol-2 inhibits both types of
cholinesterases investigated in a competitive way.

These conclusions contradict those reported by
Brownson & Watts (1973) although they are not in-
consistent with their data. We suggest that this
difference can be explained by the fact that the molar
extinction coefficient is lowered in the presence of
physostigmine, more so with 5,5'-dithiobis-(2-nitro-
benzoate) than with aldrithiol-2 as coupling disul-
phide.
That effect probably depends on a carbamoylation

of the liberated chromophore, which can be expected
to be stronger with 5,5'dithiobis-(2-nitrobenzoate)
owing to the stronger nucleophilicity of the ion
liberated. This hypothesis is further emphasized by
the fact that the effects of prostigmine were weaker,
probably owing to the weaker electrophilicity of its
carbamoyl carbon. A spectral investigation was also
made with 5,5'-dithiobis-(2-nitrobenzoate)-physo-
stigmine and it was observed that the extinction
around 410nm decreased with time and that the
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extinction increased in the region 290-340nm, as
expected.
The results reported here suggest a continued use

for 5,5'-dithiobis-(2-nitrobenzoate) in esterase deter-
minations, especially where the quantitative aspects
are of importance. Aldrithiol-2 could have limited
usefulness when highly coloured (e.g. haemoglobin-
containing) solutions are used. However, even with
5,5'-dithiobis-(2-nitrobenzoate) caution should be
exercised if interfering compounds are included in
the assay mixture. The possibility that these might
arise in crude blood samples etc. should not be neg-
lected.
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