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Determination of the maximum velocity and Michaelis constant of
enzymes by a fixed-point method which avoids the necessity
to measure initial rates
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Measuring the initial velocity is difficult in some enzyme assays where a significant fraction of the substrate is
consumed. Here a solution to this problem is proposed; the time to produce a fixed amount of reaction product is
measured. This time is inversely proportional to the initial velocity. and is related to the maximum velocity and
Michaelis constant by a simple equation and flinear plot. The method is iHlustrated using the reaction catalysed by

pyruvate kinase.

The usual method for measuring enzymic activity is
based on the delermination of the initial rate (r,); that
1s. the rate measured after the initial pre-steady-siate
period is over, but before there has been substantial
substrate utilisation and product accumulation. The case
with which these rates can be determined depends on
the sensitivity of the assay method and sometimes a
significant fraction of the substrate may be used by the
time that measurements are made. Under these condi-
tions it would be very easy to underestimate the v,

These rate measurements usually have one of three
specific purposes: (1) to measure the quantity of the
cnzyme which is present; (2) to determine the effect of
alterations in the assay environment on the enzyme: or
(3) 10 study the kinetic properties of the enzyme. This
latter type of study would usually involve determining
the maximum velocity (V) and Michaelis constart
(K,,) only. although more extensive kinetic studies are
frequently performed. In the first two cases A, may
often be chosen so as to simplify measurement of v,
However. in the third case. the experiments necessarily
involve variations of A, over a range may not be freely
chosen by the investigator; rather it is dictated by the
properties of the enzyme. Unless a sensitive assay is
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available, there is sometimes no choice but to try 10
estimate the ¢, over a period where a significant frac-
tion of the substrate has been used up. Morcover. this
fraction may vary depending on A4, so that some rate
measurements are more likelv to be biased than others.
In this report I will be concentrating on the particular
problems associated with experiments to determine V,,
and K.

Various alternatives to simplify or avoid the problem
of measuring ©, have been suggested. These include
measuring chords [1-4]. estimating ¢, from the shape of
the reaction progress curve [5.6] or determining the
half-time [7] (i.e. the time for the reaction to reach half
completion). None of these methods seems to be used
widely. In this report 1 will propose a variation on the
half-time method {7} in which the time 0 reach a
predetermined product concentration is measured. This
method will be referred to as the *fixed-point’ method.

The basic idea behind the present method is very
simple and is based on Eqn. 1, the integrated Michelis-
Menten equation which describes the amount of prod-
uct {-) formed in an irreversible, single-substrate en-
zyme-catalysed reaction exhibiting no inhibition by ac-
cumulating proaucts.

Vorr=:-K,-In{1-:/4,) (1

If the assay procedure permits continuous monitoring
of a signai. it is relatively easy 10 measure the time (1*)



required for a chosen amount of product (2¥) to he
formed. This time is given by Eqn. 2.

1= = (K, V) - Il = 204, (

o)

I ¢* 15 measured for a series of 4, then a plotof 17 vs.
~1In(1 - z*/A,,) will be a straight line with a slope of
K, /V, and an intercept on the ordinate of -*/V .
From this slope and intercept, V_ and K, are easily
calculated. Alternatively, Eqn. 2 can be fitted 1o the
data (z*, r*) by nonlinear regression 10 obtain values
of V,, and K. In the results presented below. the
graphical method is used for illustration although the
data are analysed by nonlinear regression. using the
DNRP53 computei program {8].

The fixed point which is recommended is half the
lowest substrate concentration and this was chosen for
the following reasons. If the fixed point is 1o be the
same at all values of A,. it clearly must be somewhat
less than the fowest 4,. On the other hand. if it is
expenimentally possible for it to be very small there will
be no real problem in determining ¢, Thus. =* is likely
10 lie in the range from 10 to 90% of the lowest A, and
50% was taken to be a reasonable compromise.

Progress curves for pyruvate kinase were determined
at 30°C in 2.7 ml reaction mixtures containing 5.6 mM
ADP. 11 mM MgCl,, 22 mM KCI and 10 IU lactate
dehydrogenase in 0.1 M Tris-HCl buffer (pH 8.0). The
concentration of phosphoenolpyruvate was varied (ap-
prox. 20-200 uM) and sufficient NADH added to
ensure that there was an excess over phosphoenolpyru-
vate of between 60 and 120 uM. The reaction was
started by adding approx. 0.015 1U of pyruvate kinase
and the absorbance at 340 nM was followed.

Application of the fixed-point method to the reaction
catalysed by pyruvate kinase is illustrated in
Fig. 1. These 22 experimental measurements were ana-
lysed by fitting Eqn. 2 to the data and gave V,, = 9.08 +
0.31-10°* M s ' and K, =266 £ 0.25-10 ° M. This
maximum velocity agrees well with that expected from
the quantity of enzyme added (0.015 IU in 2.7 mi equals
9.26-10 % M s™'). while the K, for phosphoenoi-
pyruvate is similar 1o the value of 3.13-10°° M re-
ported earlier [9].

One of the principal advantages of the fixed-point
method over the half-time method {7} is that the lauter
requires long incubations. especially at high substrate
concentrations. Indeed. if =* 1s taken as half the lowest
A,. the longest incubation in the presemt method will
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Fig. 1. Analysiv of the pyruvate kinave reaction by the fived-point
methad. Reactions were followed as described in the text and 1%, the
time required to produce 10 M NAD ™ (2 * ) was determined over a
range of A, (phosphoenolpyruvate) values from 23 1w 195 pM. Egn. 2
was fitted 1o the data by nonlinear regression and the lime represents
this heat fit

require exactly the same time as the shortest one in the
fixed-point method. Moreover. the half-time method
requires accurale knowledge of A, which the authors
suggest should be determined by allowing the reaction
1o run to completion. an even more lime-consuming
process. By contrast. it has been found by computer
simulation (data not shown) that the present method s
relatively insensitive 10 inaccuracies in A,

While the method described here is targeted specifi-
cally at experiments to determine ¥ and K. it can be
used in other situations where initial rates would nor-
mally be measured. For example. when measuring the
amount of an enzyme during its purification. one could
compare 1/1* since this value is proportional to v, at
any given A,

This work supported hv grant AG8715141 from the
Australian Research Council. 1 would like to thank
Robyn Clarke for technical asastance.

References

Lee. HL and Wibono 1B, (1971 Biovlem Biophys. Acta 242
$149-822.

Yun. S-L. and Suelter. CH. (1977 Biochim. diophys. Acta 480
Pz

Walev. .G (1981) Biochem. | 193 10609-1612

Boeker. EA (1982) Biochem J. 203117123

Cornnsh-Rowden, A 11375 Buxhem 144 5% 312

Duggleby. R.G. (1989 Biochem. ). 228, 55. 60,

Wharton. € W and Szawelsks, R {19823 Biochem 1203, 351 360,
Duggicbs. R (G 11984) Comput. Biol. Med. 14, 447485,
Duggletn, R.G. (1983) Biochim Biophys. Acta 744, 249-259

[S23N e ta

o e w2



