13

Enzyme Kinetics: A Review

INTRODUCTION

In the preceding chapters we considered various aspects of the structure of a protein.
In this and many of the succeeding chapters, we turn our attention to the function
of the group of proteins known as enzymes. Enzymes are the largest class of proteins,
and due to their ease of study, the most well characterized (as discussed in Chap. 1,
there is often a simple way to follow their biological activity). All proteins share a
common function: They interact with other molecules. In some cases the other mole-
cule is unchanged by the interaction, while in others it is chemically altered by the
interaction. Into the first category fall binding and structural proteins; into the second
fall the enzymes. Proteins in both groups have specific binding sites recognized by
the appropriate ligand. In some instances the ligand is a small molecule and in others
it is another protein or some other macromolecule. In many cases proteins interact
with either type of ligand at different binding sites.

Already we have considered some of the ways in which the chemical composition
(ie., the amino acid side chains) of a binding site can be determined. The major
emphasis of the remainder of this book is to examine the area of protein-ligand in-
teractions. We use the various characteristics of enzymes to discuss the information
a protein chemist or enzymologist wishes to acquire and the experimental approaches
used to acquire it. The methodology developed to study enzymes is often readily
applicable to the questions that protein chemists explore concerning binding proteins
or structural proteins.

In its simplest formulation, the action of an enzyme can be represented by the
scheme in Fig. 13-1. In the first stage of the process the substrate ligand must recognize

314



Introduction 315

NON—-SUBSTRATE

[:I O SUBSTRATE
O a

ENZ—-SUB COMPLEX ENZ—PROD COMPLEX
STAGE I: Substrate STAGE 1I:
Recognition ES—=EP
PRODUCT

/ +

STAGE III: Release of Product
& restoration of Enzyme to
Conformation able to bind S

Figure 13-1 Schematic representation of the steps involved in a simple enzyme-
catalyzed reaction.

and bind to its appropriate binding site. In addition to the chemical nature of the
binding site, this interaction can be characterized by various kinetic and thermody-
namic parameters.

The existence of a binding site on the enzyme for the substrate is the basis of
one of the tenets of enzyme-catalyzed reactions; they are saturable. In its simplest
terms, when all the catalytic sites of the enzyme are saturated with substrate the cata-
lyzed reaction is proceeding at its maximum rate for that particular concentration
of enzyme. A binding site, which makes specific interactions with various regions of
the substrate, also confers another general property on enzymes; they are specific in
their ability to recognize defined substrates. Recognition, by the binding site of the
enzyme, of multiple points on the substrate confers stereo selectivity. When an enzyme
binding site makes three distinct interactions with a substrate, then stereo-selective
reaction is possible even in a symmetrical molecule such as citrate. This is the basis
of the three-point attachment theory of enzyme specificity.

In the second stage an interconversion of substrate to product takes place, some-
times involving the formation of covalent intermediates between the substrate (or
product) and some amino acid side chain or cofactor on the enzyme, and almost
always involving the interaction of a variety of amino acid side chains with various
stages of the substrate to product conversion.

Finally, in the third stage the product must be released from the binding site of
the enzyme so that the cycle can begin again. As with the first stage, various kinetic
and thermodynamic parameters describe this product release phase of the reaction.

In this simplified scheme we consider the interaction of a single ligand with a
protein. In reality the majority of enzymes require two or more substrates to function
and frequently a regulatory ligand as well. In some enzymes the protein molecule
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consists of a number of polypeptide chains: sometimes homopolymers, sometimes
heteropolymers. In these instances the effects of protein—protein interactions must
also be considered. \

As soon as the situation becomes more complex than the simple case shown in
Fig. 13-1, a number of other questions have to be answered. Consider briefly the
possible effects of a second ligand on our example. We assume that the second ligand
is not a substrate: it could affect some parameter related to any or all of the three
stages mentioned. A description of the effects of this second ligand requires a knowl-
edge not only of its binding site and related parameters, but also of the effects its
binding has on the other stages of the reaction. An understanding of the effects of
this second ligand requires a detailed knowledge of the protein structure connecting
the various sites and the way in which the protein structure changes in response to
ligand binding. In all but a few cases such an understanding has not been attained;
the approaches described in the remainder of this book are those used to obtain a
detailed description of ligand—protein interactions. Such descriptions are essential
before the appropriate questions can be asked, questions whose answers lead to the
understanding of enzyme structure and function relationships.

In this chapter some of the essential terminology and conceptual background
relating to the topic “enzyme kinetics” are reviewed. The study of enzyme kinetics is
often regarded simply as a description of the way a substrate or product interacts
with an enzyme. As illustrated in later chapters, the various experimental approaches
employed in the study of enzyme kinetics can give detailed insight into almost every
phase of an enzyme-catalyzed reaction and its regulation.

CHEMICAL KINETICS

If we consider the reaction S = P, the rate of the reaction (which can be followed
cither as a decrease in [S] or as an increase in [P]) is proportional to the concentra-
tion of S (i.e., [S]). This rate, v, at any given time, T, is given by

—d[S] _d[P] _ o1
e LUEE (13-1)

where k is the rate constant of the reaction. Integration of Eq. (13-1) gives

[Sol

In = kt (13-2)
[S]

where [S,] is the initial concentration of S at t =0. A half-time for the reaction,

t,)2, can be defined as the time taken for the concentration of S to decrease to half

its value at any given point in time. From Eq. (13-2) we can obtain an expression

for t,,, if we allow S, to decrease to So/2. Hence

kt
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Figure 13-2 Determination of the rate constant k for a simple process where the
concentration of S can be determined at various times during the course of the
reaction.

and ¢ (which is t, ,) is equal to 0.693/k. The half-time of a process is obtained directly
from the rate constant of the process.
0.693
Ly = 5 (13-4)

Figure 13-2 graphically summarizes these points and indicates how k may be
calculated for such a process from a plot of log ([S]/[So]) versus t.

The reaction S = P does not continue past a finite point: Not all of S is converted
to P. The final concentrations of S and P are the equilibrium concentrations and are
related by the equilibrium constant (K.,) for the reaction

P
Ky =2 (13-5)
Seq

Thus we have two parameters that can be used to describe the reaction S = P:
the rate constant, k, and the equilibrium constant, K.

A chemical reaction proceeds through a transition state, and the reaction can
be visualized in terms of an energy diagram. For the reaction we are considering,
an energy diagram might resemble Fig. 13-3. Several important thermodynamic
quantities are defined in this figure:

Standard Free-Energy Change

AG is related to the equilibrium constant, K., for the reaction by

€q?

AG° = —RTIn K, (13-6)
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Figure 13-3 Energy diagram for the simple reaction S < P.

The actual free-energy change of the reaction, AG, is related to AG® and the
concentration of S and P by

P
AG = AG® + RT In L4 (13-7)

[S]
Thus a reaction can have a positive AG° but still proceed because the actual AG

is negative. Since AG = AH — T AS the equilibrium position of a reaction can be re-
garded as a tendency toward a minimum of energy and a maximum of entropy.

Arrhenius Equation

This equation relates the rate constant, k, to the activation energy, E, (defined
in Fig. 13-4):

Ae ™ Ea
=22 (13-8)
RT
which gives
Ink=_—" 1 In 4 (13-9)
—RE ;

A plot of In k versus 1/RT enables the activation energy, E,, to be calculated, as
illustrated in Fig. 13-4.

Transition-State Theory

Consider that an enzyme-catalyzed reaction proceeds through a transition state
in much the same way as does the simple chemical reaction we just considered. The
energy diagram for a simple one substrate—one product reaction, however, is more
complex than that shown in Fig. 13-3. Apart from the chemical steps involved in
converting substrate to product, one has also to consider the binding of substrate
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Figure 13-4 Determination of the activation energy, E,, from the temperature de-
pendence of the rate constant, k.

and product to the enzyme. Figure 13-5 shows a schematic energy diagram for such
an enzyme system. As indicated, various thermodynamic parameters are associated
with substrate binding and product release as well as the overall chemical equilib-
rium. Also shown is the hypothetical energy profile for the same reaction in the
absence of enzyme. If the enzyme is acting as a true catalyst, it does not alter the
chemical equilibrium position between substrate and product: It simply lowers the ac-
tivation energy, allowing the equilibrium position to be attained more rapidly.

Free
Energy

State of Reaction

Figure 13-5 Energy diagram for a simple enzyme-catalyzed reaction. The dashed
line shows the energy diagram for the non-enzyme-catalyzed reaction.
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Figure 13-6 Simple scheme of a non-enzyme-catalyzed (top pathway) and an enzyme-
catalyzed (bottom pathway) conversion of S to P.

If we assume that S* and S*, the respective transition-state structures of the
nonenzymic and enzymic reactions, are similar in structure, we can derive several
important points which are used in a variety of ways later.

Since the enzyme is acting as a catalyst (i.e., it is speeding a possible reaction),
one must consider that the transition-state structure is in equilibrium with the reactant
and can therefore write an equilibrium equation of the type K* = [S*]/[S].

For the scheme shown in Fig. 13-6, we write a series of equilibrium equations,

K, = -[%—E—] (13-10)
Ky = [[S;] (13-11)
K¥ = [SESS*]] (13-12)
K, = [—g%ss% (13-13)

where S*' represents the transition state of the nonenzymic reaction and ES* represents
the transition state of the enzyme-catalyzed reaction.

As before, the rate of either the nonenzymatic pathway or the enzymatic pathway
is equal to the concentration of the reacting species (either S* or ES*) multiplied
by a rate constant: k, for the nonenzymatic path or k, for the enzymatic path. From
these relationships it can be shown that

K, _KZ _k

ot (13-14)

n

and we can see that the rate enhancement of the enzymic reaction over the non-
enzymic reaction (k,/k,) is a measure of the increased affinity the transition state has
for the enzyme. We consider the ramifications of this conclusion further when we
consider the chemistry of enzyme action.



Introductory Enzyme Kinetics 321

INTRODUCTORY ENZYME KINETICS

For the simple reaction

E+S ES 22.F 4 P (13-15)
2
one can derive an equation using either the steady-state assumption or the equilibrium
assumption.

The steady-state assumption used by Briggs and Haldane is that the intermediates,
in this case the ES complex, are always present in very small quantities compared
to the reactants and products. Thus after an initial “pre-steady-state” phase, the
concentrations of the intermediates remain constant, that is,

dEs] _

13-1
I (13-16)
The initial velocity, V,, is defined by
Vo = keuES] (13-17)
Combining Egs. (13-16) and (13-17), we find
d[ES
AT 0 = ko[BS ~ [ESTks + ke (13-18)

However, since the total enzyme concentration, e, is equal to E + ES (the enzyme
conservation equation), we get

E=e¢—ES (13-19)
Substituting into Eq. (13-18) and rearranging, we find
ki[E ][S]=[ES](k; + kea) (13-20)
Therefore,
ki[e][S] = (ks[S] + k2 + kea) [ES] (13-21)
and
ki[e][S]
ES] = ' 13-22
[ES] ki[S]+ ks + Kea e
Combining Egs. (13-22) and (13-17) results in the following equations:
keaki[e][S]
V - cat’™1 K
" THIST + ks + (1329
k
Vo _ cat[e][s] (13_24)

)
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and

_ Vmax[S]
=151+ K,

where V.., = k..[¢] and is the maximum rate of the enzyme-catalyzed reaction,

(13-25)

K = k2 + kcat

13-2
=t (13-26)

where K,, is the Michaelis constant for the substrate.

In the equilibrium assumption, which can replace the steady-state assumption,
k., is very much slower than k,, and as a result the ES complex is in an effective
equilibrium with E and S. Thus we can define an equilibrium constant

_ ke LS| (13-27)
k, [E][S]
Substituting, the enzyme conservation equation [Eq. (13-19)], into Eq. (13-27), we get
[ES]
K = (13-28
[€][S] — CESIS] )
Rearranging Eq. (13-28), we find the equations
K[e][S] — K[ES][S] = [ES] (13-29)
and
‘ K[e][S] = [ES] + K[ES][S] = [ES](1 + K[S]) (13-30)
Equation (13-30) can be put in terms of [ES]:
K[e][S]
ES|=———= -
[E5] 1 + K[S] ool
As before, V, = k.,[ ES], and using Eq. (13-31) we get
k..K[e][S]
Vst b L 2 %
° 1+ K[S] (13-32)
Dividing by K we get an equation of similar form to Eq. (13-24):
_ kcat[e][s]
As in Eq. (13-25), Vipax = kea€]; thus
Vmax[S]
= ﬁ+—Km (13-34)

where K,, = 1/K = k, /k;.
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Equations (13-25) and (13-34) are the same: The difference lies in the definitions
of K,,. In the earlier, steady-state case, K,, is equal to (k, + k.,,)/k,, whereas in the
equilibrium case K,, is a true dissociation constant. This points to an important
difference between steady-state and equilibrium assumptions. In the equilibrium
assumption the Michaelis constant K,, is a true equilibrium constant, whereas in the
steady-state assumption this is not the case. In steady-state mechanisms as k_,, gets
slower (relative to k,), we approach the equilibrium situation. At this point the dif-
ference may seem inconsequential; however, as is pointed out in Chaps. 14 and 15,
this is important in establishing the formal kinetic mechanism of a multi-subunit
enzyme.

The formula given in Egs. (13-25) and (13-34) is the so-called Michaelis—Menten
equation and describes the dependence of the initial velocity, V,, on the substrate
concentration. From this dependence two parameters, V,,,, and K,,, can be deter-
mined, as shown in Fig. 13-7.

In many cases it is not experimentally practical to plot kinetic data directly
according to the Michaelis—Menten equation, and several linear transformations are
popular. If we take the reciprocal of Eq. (13-34), we get

1 K, +[S]

Vo BT .
I __ K. S]

Vo ™ Vaul ST VaudlS] (1330
1 K, 1 1 (13-37)

Vo~ VouS] | Viom
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Figure 13-7 V}, versus [S] plot of the Michaelis—Menten equation, indicating how
Vaax and K, can be determined.
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Figure 13-8 Double-reciprocal plot of kinetic data according to Eq. (13-37).

A plot of 1/V, versus 1/[S] is linear, as illustrated in Fig. 13-8. This plot, which is
the Lineweaver—Burk plot, allows extrapolation to the 1/¥, axis to give 1/Vax and
extrapolation to the 1/[S] axis to give —(1/K,,)- Alternatively, K, can be determined
by dividing the slope of the plot by the intercept on the 1/V} axis.

Alternatively, multiplying both sides by V,,,, and rearranging, we get
Vo
. B (13-38)
[S]
and a plot of V, against V,/[S] is linear. This is the Eadie—Hofstee plot. As shown
in Fig. 13-9, the two parameters V,,,, and K,, are obtained from the intercept on the
V, axis or from the slope, respectively.

VO = —Km

10
<€ Intercept = Vmax
8t
N\
C
-
E 6}
N
=
i)
v A4}
@)
>
2t
0

Vo/ [Substratel

Figure 13-9 Eadie-Hofstee plot of enzyme kinetic data.
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REVERSIBLE INHIBITION

The activity of an enzyme (or the bindiing activity of a protein) can be altered in
a number of ways. In the realm of reversible inhibitors there are two. In the first,
A, the inhibitor is considered to be a structural analog of the substrate and as such
has an affinity for the active site. Once the active site has bound the inhibitor, sub-
sequent binding of substrate is blocked. The interaction of the inhibitor, shown dia-
grammatically in Fig. 13-10A, can be described by a dissociation constant, K;, where

_ [E][1]
Re="TEn

(13-39)

and where [I] is the concentration of free inhibitor and [EI] the concentration of
the complex.

The second mode of interaction of an inhibitor with an enzyme, B, involves a
site other than the active site (see Fig. 13-10B). As in the first case, interaction of
inhibitor with protein can be described by a dissociation constant, K;, which has a
similar form to that of K;. Since this does not directly involve the active site, we
must consider how this type of inhibitor elicits its effect: (1) after inhibitor binding
there may be a conformational change in the protein that blocks the active site from
binding substrate; (2) as a result of a conformational change the ability of the active
site to bind substrate may be altered but not prevented; (3) as a result of a con-
formational change the ability of the enzyme to bind the substrate may not be affected,
but the ability of the enzyme to catalyze the reaction is affected; and (4) the site of
inhibitor binding, although not at the active site, may be so close to it that there is

A
s
k1
T e AN B
Sk2
I k3
- \] rKi J'
| PRODUCT
B
i T et A e
k1
%
K2
1 O \H\Ki [
l k3
O—=zx PRODUCT

Figure 13-10 Modes of interaction of an inhibitor with an enzyme: (A) the inhibitor
binds at the active site; (B) the inhibitor binds at a site other than the active site.
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direct physical interaction between inhibitor and substrate binding, leading to dis-
tortion of the enzyme—substrate complex. Although all these mechanisms can lead
to decreased activity (inhibition), the fourth type is conceptually quite different from
the other three—no conformational change induced by inhibitor binding is required.

At this point it is appropriate to divide the modes of inhibitor interaction with
enzyme into two categories; in category I is type A and type B-1. In both of these,
binding of inhibitor prevents binding of substrate. Because inhibitor binding is
reversible it follows that substrate binding in this instance can prevent inhibitor
binding. Inhibition in these cases is therefore called competitive inhibition. In the
presence of a fixed amount of inhibitor, the inhibition is completely overcome by
saturating concentrations of substrate.

In the other types of inhibitor interaction that we have examined so far, the
inhibitor and the substrate can be bound to the enzyme at the same time, giving an
ESI complex. Where an ESI complex can be formed, the inhibitor is referred to as
a category Il inhibitor. In this complex the presence of the inhibitor can affect either
the ability of the enzyme to bind substrate or the ability of the enzyme to catalyze
the reaction once the enzyme has bound substrate. From the earlier discussion of
basic kinetics in the absence of inhibitors, it is apparent that either K,, or V,, can
be affected in these cases, whereas only K, is affected in category I situations.

So far we have considered only cases where the inhibitor binds to free enzyme
and has some effect on either substrate binding or catalysis. It is entirely possible,
however, that the inhibitor may bind only after substrate has bound to the enzyme,
giving an ESI complex (as in several of the situations already examined) that under-
goes a conformational change leading to a decreased rate of product formation. As
with the cases where an ESI complex is formed, in this instance the inhibition cannot
be overcome by saturating substrate concentrations.

Rate equations describing the expected velocity in the presence of inhibitor in
these cases can easily be derived using approaches similar to those described earlier
for cases where no inhibitor is present. The only changes made are the inclusion of
the appropriate terms describing the interaction of the enzyme and the inhibitor, which
are manifested in the enzyme conservation equation.

Category I Inhibitors

This type of inhibitor, which causes the formation of EI at the expense of ES,
can be described by the scheme shown in Fig. 13-11. From Eq. (13-39) it is apparent
that [EI] = [E][1]/K;. The enzyme conservation equation for this type of inhibition
becomes

e = [ES] + [E] + [EI] (13-40)

which, using the expression above for EI, becomes

e =[ES] + [E] + [EI]<FI] = [ES] + [E] (1 + %—) (13-41)

l 4
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Figure 13-11 Equilibria and catalytic steps involved with a category 1 type of

inhibitor.

Applying the steady-state assumption, we get

d[ES]
dt

=0 = k{[E][S] — [ES](ks + kear)

and it is apparent that

_ [ES](kZ + kcat)
C ky[S]

[E]

327

(13-42)

(13-43)

Substituting this expression for [E] into the enzyme conservation equation for this

case [Eq. (13-40)], we get

e =[ES] +

-2

As before, V, = k., [ ES], and from Eq. (13-45),

[ES] % (kZ e kcat) <1 i I )

k,[S] K;

14

which becomes

e
LES] = FT 6, + kg [STIE [1I/K:]
and
V kcale

" [+ (ky + kea/ko[STILT + [1/K ]

which, as before, can be rearranged to give

V - Vmax[s]
° [S]+ K,[1+ ([T]/K)]

where K,, and V_,, have the same meanings as previously.

(13-44)

(13-45)

(13-46)

(13-47)

(13-48)
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Category II Inhibitors

Inhibitors Giving an ESI Complex. As described previously, the formation of an
ESI complex is described by an equilibrium equation:

ES][I
(st = LESIL (13-49)
K;
The enzyme conservation equation, as before, is
e = [ES] + [ESI] + [E] (13-50)
Combining Egs. (13-49) and (13-50), we get
I
e= [ES](I + 5{;) + [E] (13-51)
which gives
[T\ | k2 + kea
= [E 1+ = = 13-52
=1+ )+ (1352
and
[ES] = d (13-53)

(1 + [T1/K}) + (ky + kead/k4[S]
Since, as before, V, = k.,[ ES], we get

kcate
Yo = T TI/K) + (s + kead/Ka[S] (13-58)
Thus
1o = VaulSU0 + [V/K) 1559

~ [S]+ K,./(1 + [1]/K)

Inhibitors Giving EI and ESI Complexes. In this case we have two equilibria
involving the inhibitor: those involving EI and ESI. The equilibrium constants for
these, K; and Kj, respectively, are as described earlier. The enzyme conservation
equation becomes

e = [E] + [ES] + [EI] + [ESI] (13-56)
which, expressing each term in terms of ES gives &
S g, Pk Ky + ke [1] 1]

— ES 1 2 cat 2 cat 1 _57

e=l ]< Y] kIS KﬁK:-) o

which, in conjunction with V,/k.,[ES], gives

V[ SJ/(1 + [11/K3)
1+ [I]/K2>

Vo =
5]+ K"'(l YK,

(13-58)
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and when K; = K}, this becomes

_ (Vaa[SDAI + [TV/K)
[S]+ K

Vy (13-59)

Linear Transformations

As with the equations derived in the absence of inhibitors, it is convenient
to express these equations in double-reciprocal (Lineweaver-Burk) form and con-
sider the effects in Lineweaver—Burk plots. Each of the three equations is shown in
Lineweaver—Burk format in Table 13-1 and the appropriate plots in Fig. 13-12. From
these double reciprocal equations it is apparent that in terms of Lineweaver-Burk
plots, three types of inhibitors can be distinguished. Category I inhibitors affect only
the slope, while category II inhibitors affect the intercept. The slope may also be af-
fected in cases where an EI and an ESI complex are formed.

From Table 13-1 it is apparent that K; or K; can be obtained from a plot of
either slope or intercept from the Lineweaver—Burk plot versus [I], which gives a
negative intercept on the abscissa of K; or Kj, respectively. In instances where EI
and ESI can exist, slope and intercept plots against I must be made; these are also
illustrated in Fig. 13-12.

Since the enzyme kinetic data are also frequently represented by the Eadie-
Hofstee plot, the effects of the three types of inhibitors on these plots are illustrated
in Fig. 13-13. These three types of inhibition are known as competitive [ Eq. (13-48)],
uncompetitive [Eq. (13-55)], and noncompetitive or mixed [Eq. (13-59)]. In the latter
case K; and K| are not necessarily equal in Eq. (13-59). Equal values for K; and
K; indicate that the inhibitor binds to free enzyme and to the enzyme-substrate
complex with equal affinity. It is quite possible that the inhibitor binds to either the
free enzyme or the ES complex with higher affinity, and K is either smaller than or
greater than Kj, respectively.

TABLE 13-1 Lineweaver—Burk equations®

inhibition 1/V, = slope x 1/[S] + intercept
N K, 1
= Vi 7
K

3

Category I

1+ ! -
Ki Vmax

Vmax
Category II K, 1
ESI I
( ) Vmax Vmax <1 + _/)
K;
Category II K, I 1 I

2 K; values calculated from uninhibited parameter and the
parameter obtained in the presence of a known concentration
of L.
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Figure 13-12 Lineweaver—Burk plots of various types of inhibition represented by
(A) Eq. (13-48), (B) Eq. (13-55), and (C) Eq. (13-59). Also shown in parts (D) to (F)
are the secondary plots of slope or intercept from the primary plot versus [I].
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(13-48), (B) Eq. (13-55), and (C) Eq. (13-59).
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Effects of inhibitors on Eadie—Hofstee plots, according to (A) Eq.
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The Dixon Plot

In an alternative approach to analyzing inhibition data to obtain a value for
K;, Dixon proposed the use of plots of 1/V, versus [I] at several fixed concentrations
of the substrate. Analysis using such Dixon plots requires a somewhat different ex-
perimental design to that used in Lineweaver—Burk or Eadie-Hofstee plot analysis,
as the emphasis is on using a number of inhibitor concentrations at several discrete
substrate concentrations. From Eq. (13-48) it is apparent that for a category I in-
hibitor, where only EI can exist, a plot of 1/V, versus [I] at different values of [S]
gives linear plots with an intersection point of —K; (see Fig. 13-14). Similarly, for
category II inhibitors when K; is equal to K, such plots can be used. When K; does
not equal K}, or when only ESI complexes are formed, Dixon plots do not intersect
in this manner.

S1

1/Vo

—10.0‘1I012.0|3‘0l4l[] 50
[INHIBITOR]  mM

Figure 13-14 Use of a “Dixon” plot for the determination of K; for a category I
(competitive) inhibitor.

In this chapter we examined the basis for enzyme kinetics and demonstrated that
for a simple one-substrate system, two quite distinct derivatives of the Michaelis—
Menton equation [Egs. (13-25) and (13-34)] can be employed. These derivatives lead
to quite different physical significance for the Michaelis-Menton constant, K,,.
Although this difference seems inconsequential when considering one-substrate sys-
tems, it is of much greater importance when dealing with multisubstrate systems.
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