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1. Introduction 

The inducible amidase (acylamide amidohydrolase 
EC 3.5.1.4) from Pseudomonas aeruginosa catalyses a 
number of reactions, including the hydrolysis of short- 
chain amides such as acetamide and propionamide [ 11; 
the acyl transfer from acetamide to hydroxylamine 
and, at a far slower rate, the hydrolysis of ethyl 
acetate and other short-chain esters 121. At pH 7 
these reactions can be represented by eq. (l)-(3): 

CH&ONHz + Hz0 = CH,COO- t NH’, (1) 

CH$ONH2 + NH,OH = CH,CO.NHOH t NI$ t OH- 

(2) 

CH&O.OEt + Hz0 = CH,COO- + EtOH + I-I+ (3) 

The amide transferase reaction (2) has been used 
routinely as a convenient single time-point assay of 
amidase activity [3] and preparations of the enzyme 
from this laboratory give spec. act. -1800 
pm01 .min-’ .mg-’ in this assay, comparable to the 

highest reported value of 2000 pmol .min-’ .mg-’ 

141. 
There are conflicting reports as to the catalytic 

activity of amidase in the acetamide hydrolase reac- 
tion (1). A k, for the reaction of 975 s-l at pH 7.2 
and 25’C was given [5] whereas the value that can be 
calculated from the data in [6] for closely similar con- 
ditions is 192 s-l. 

In the course of experiments directed to the deter- 
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mination of the number of functional active sites, n, 
in the amidase molecule, which comprises 6 identical 
subunits [7], we required a value for the number of 
acetamide molecules hydrolysed per amidase molecule 
per second, (corresponding to k, in [5] but defined 
here as /ctoJ. Division of kkol by the turnover num- 
ber of a single active site would give a value for n (cf. 
[8,9]). It was important to determine an accurate 
value for kiop not only for the latter study but also 
to establish a specific acetamide hydrolase activity for 

homogeneous preparations of amidase. 
The conflicting values for ktoi [5,6] had been 

obtained by using discontinuous sampling methods 
involving the measurement of the concentration of 

ammonia in aliquots removed from the assay mixture. 
In preference we sought a method whereby a con- 

tinuous time-course of acetamide hydrolysis could be 
recorded. A pH-stat method is not applicable at 
pH 7.2 as reaction (1) does not give any significant 
proton release or uptake at this pH value, so an alter- 
native ‘cbmpetition time-course’ method was devized. 

This approach involves the measurement of the 
extent of suppression of the rate of change of a signal 
associated with the transformation of one substrate 

on addition of a second substrate for which there is 

no signal change. In the present case the competition 
time-course method exploits the fact that the hydro- 
lysis of ethyl acetate at neutral pH values gives a 
release of protons and so can be followed by using a 
pH-stat. Addition of ethyl acetate to an ethyl acetate 
assay medium caused a decrease in the rate of proton 
release as the enzyme switched over to the hydrolysis 
of the competing substrate (which gives no proton 
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release). The proton release returned to the original 
rate on exhaustion of the acetamide. 

These observations indicate that the two substrates 
are probably hydrolysed at the same site but this 
communication is concerned mainly with how the 
steady-state kinetic parameters for the amidase-cata- 
lysed hydrolysis of acetamide can be determined from 
such competition time-courses and the precautions 
that must be taken in applying the method to this 
and other systems. The method is applicable in prin- 
ciple to many amide or peptide hydrolase reactions 
as well as other enzymic reactions. 

2. Materials and methods 

Preparations of amidase were carried out from 
300 g batches of Pseudomonas aeruginosa PAC 142 
[lo], grown as in [3], by the procedure in [ 111. The 
preparation employed for the present study gave 
spec. act. 1800 pmol .min-’ .mg-’ in the standard 
transferase assay [3]. The Azso of a 1 mglml solution 
of the enzyme was taken as 1.26 + 0.02 (from dry wt 
measurements) and molarities of enzyme solutions 
were calculated on the basis of mol. wt 240 000 [ 121. 

Acetamide was purified by crystallization from 
ethanol and ethyl acetate by fractional distillation 
and collection of liquid boiling at 76 + 1°C. 

The hydrolysis of ethyl acetate was followed by 
a pH-stat method employing a Metrohm (Herisau) 
Combititrator equipped with a 0.2 ml delivery syringe. 
The concentration of neutralizing NaOH was 0.03 M. 
Reaction mixtures (5 ml), contained 1 mM EDTA, 
0.1 M NaCl and 0.05 M ethyl acetate, adjusted to 
pH 7.2 at 25% and time-courses were initiated by 
addition of a small volume of a solution of amidase 
to give 0.0167 PM final cont. Competition time- 
courses were carried out by adding a small volume of 
a solution of acetamide to the pH-stat vessel while the 
ethyl acetate assay was in progress. Pen deflections on 
the chart recorder of the pH-stat were calibrated in 
units of molarity of protons released in the assay by 
addition of aliquots of standardized HCl to reaction 
mixtures. 

3. Results and discussion 

A typical competition time-course of acetamide 
hydrolysis catalysed amidase is shown in fig.1. A pH- 
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Fig. 1. A competition timecourse of the amidase-catalysed 
hydrolysis of acetamide with ethyl acetate as the indicator 
substrate. At zero time the pH-stat assay with 0.05 M ethyl 
acetate as substrate was initiated by addition of amidase to 
0.0167 MM final cont. At the time indicated by the arrow, 
0.1 ml of a 1 M solution of acetamide was added to give 
20 mM final cont. The assay medium comprised 5 ml of a 
solution containing 1 mM EDTA, 0.1 M NaCl and the 
reaction components, at 25°C. The solid line is the pa-stat 
trace and the solid circles give the computed competition 
timecourse for ktol = 245 s-l and K$, = 0.41 mM. 

stat assay with ethyl acetate as substrate was initiated, 
and after a linear time-course had been recorded a 
small volume of a solution of acetamide added to give 
20 mM final cont. It can be seen that the evolution 
of protons from hydrolysis of the ethyl acetate ceased 
immediately and there was no further uptake of alkali 
for -4 min. After this time the proton release resumed 
and the rate increased to reach eventually that obtained 
before addition of the acetamide. At this stage the 
process could be repeated by addition of a second 
aliquot of the acetamide solution, which gave rise to 
another time-course indistinguishable from the first. 

That the rate of the reestablished reaction was the 
same as the original rate and the time-courses were 
reproducible with the same assay mixture shows first, 
that the enzyme does not lose activity during the time- 
course and second, that the products do not inhibit 
the reactions. Complications arising from these effects 
are therefore neglected in the following treatment. 

As the concentration of ethyl acetate employed 
was <lO% of the Km value for this substrate (i.e., 
0.05 M and 0.5 M, respectively [2]) the rate of 
hydrolysis of ethyl acetate, v, will be proportional to 
the concentration of free enzyme and eq. (4) will 
hold as a good approximation: 
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CO* 

v=dE/dt=----- 

Kfl 
PI,. [El = k,. [El (4) 

where kS mol is the number of ethyl acetate molecules 

hydrolysed per molecule of enzyme per second. The 
free ethyl acetate concentration can be written as con- 
stant at [S], as the initial concentration in the time- 
course of fig. 1 was 50 mM and only 0.2 mM of this 
was consumed by the completion of the observation. 
Thus the rate of proton release will be proportional 
to the concentration of enzyme not in the form of 

intermediates along the reaction pathway for acet- 
amide hydrolysis, with the constant of proportionality: 

kp = kiop [Sl,/K; 

The hydrolysis of acetamide will make no contribu- 

tion to the proton release under the conditions of the 

time-course of fig. 1. 
If it is assumed that the amidase-catalysed hydrolysis 

of acetamide follows Michaelis-Menten kinetics through- 
out the time-course, there being no product inhibi- 
tion, then the expression for the concentration of 
acetamide [A], remaining at any time, t, will be given 
by eq. (5): 

([Al, - [Al3 + KA .WAl,/ PI3 = kiol PI, .t 
(5) 

where [A], and [El, are the initial, total concentra- 
tions of acetamide and enzyme, respectively, ktol is 
the molecular activity of amidase with acetamide as 

substrate (i.e., the catalytic centre activity multiplied 
by the number of functional active sites per molecule) 
and K* is the Km for the acetamide reaction. 

As !?i >> [S], there will be no significant loss of 
the enzyme by binding of ethyl acetate, so the con- 
centration of free enzyme at any time during the 
reaction is given by eq. (6) as a good approximation: 

PI = PIoK + [AIt&) (6) 

so, from eq. (4), the observed rate of hydrolysis of 
ethyl acetate will be given by eq. (7): 

dB/dt = v = kp. [El,/1 t [A],/K$, (7) 

Equations (5) and (7) can be used in conjunction 
to determine values for kkol and K$, from the com- 
petition time-course, given values for [El,, [A], and 
k,. We employed the computer program FACSIMILE 
[ 131 to compute best-fit values of these parameters 
by the following procedure. The program was given 
values for the concentration of alkali added at dif- 

ferent times (E, corrected by calibration as in section 

2) and values for [El,, [A], and kp (The latter was 
obtained from the value of Y in the absence of acet- 
amide.) Least-squares, best-fit values of kkop and 

Kt were then computed by a cyclic, iterative routine 
involving numerical integration of eq. (7) and sub- 
stitution of the [A],value so obtained in eq. (5). 

The values obtained from the time-course of fig.1 
were : km01 = 245 + 2 s-r and Kk = 0.41 f 0.05 mM 
and these are the values used to calculate the theo- 

retical curve of fig. 1. The high precision of the ktol 
value arises from the consideration that the duration 

of the flat part of the competition time-course gives 
information mainly about the kmol value, whereas 
the curvature as the rate approaches that in the absence 
of substrate is determined essentially by the value of 
Km. The greater the curvature, the less the value of 
Km. In the case of the time-course of fig.1 the time 

of zero rate is relatively long and the curvature is 

rather sharp. 
Other experiments were carried with different con- 

centrations of substrate. For example, the kiol values 
obtained with 4 mM, 8 mM and 20 mM acetamide 
were 195 f 5 s-l, 204 + 2 s-’ and 245 ?r 2 s-r, respec- 
tively;i.e., the value of kkol is 215 f 20 s-l. The small, 
apparently systematic variation in the values at dif- 

ferent concentration of substrate is not significant as 
the response time of the pH-stat renders the values at 
low substrate concentration less accurate, although 
the computer program gives the same, high precision 
to the parameter. A number of other time-courses 
gave similar results, which were independent of the 
concentration of enzyme. 

It is not clear why the kkol value of 215 + 20 s-l 
obtained in the present study should differ so widely 

from the value of 975 s-l reported [5]. The enzyme 
preparation used here had spec. act. 1800 units/mg 
in the hydroxamate transfer assay, close to the value 
of 2000 units/mg quoted for a preparation of amidase 
shown to be homogeneous by a number of criteria 
[4,7]. The difference cannot be accounted for by a 
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difference in the two strains of bacterium employed 
as the structural genes in PAC 111 and PAC 142 are 

identical (Professor P. H. Clarke, personal communica- 

tion). On the other hand the value of kk,I = 
2 1.5 f 20 s-’ is in good agreement with the value of 
the same parameter that can be calculated from the 

data in [6] obtained at the same temperature and 
pH value. 

The competition time-course of fig.1 provides 
evidence for acetamide and ethyl acetate being 
hydrolysed at the same site in the amidase molecule. 
However it does not constitute a final proof as it 
could be argued that there were separate sites for the 
two substrates and occupation of one site precluded 

catalysis at the other. In this respect it is noteworthy 
that a common use of competition between substrates 
has been to establish that the substrates bind to the 
same site [ 141, although measurement of an initial 
velocity of an equimolar mixture of two substrates 
has been used to determine the value of Km for one 
substrate when that of the other is known [ 151. 

The competition time-course approach provides a 
method for following enzymic reactions for which 

there is no suitable signal change on product forma- 
tion. It does require that there is some other substrate 

that gives a signal change and is transformed at the 

same site, although a relatively poor and not necessarily 
specific ‘indicator’ substrate would be adequate. If 

such a substrate is available the method provides an 
alternative to the use of coupled enzyme assays. For 
example, it would be applicable to the study of pep- 
tide hydroytic reactions at neutral pH values using a 
p-nitroanilide as a spectrophotometric reporter or an 
ester substrate as a proton-releasing reporter. 

In the present case, the competing, indicator sub- 
strate (ethyl acetate), was at a concentration much 
less than its Km value. This allows the simplifying 
assumption to be made that the indicator reaction 

did not perturb significantly the reaction under study. 
However it would be possible, by using an analogous 
procedure to that described here, to elucidate kinetic 
parameters for a system of substrates where this 
assumption did not hold. 
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