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The title method was proposed for the use in enzyme reaction kinetics to replace by its simplicity,
rapidity and much higher accuracy the tedious and little accurate graphical methods used in bio-
chemical laboratories. The new method can be used in connexion with a common electronic
calculator; it is suifable for such enzyme reactions where the measured quantity changes non-
linearly. The values of initial and maximum reaction rates, Michaelis constant, dissociation
constant of the enzyme-inhibitor complex, and the kind of inhibition can be directly determined.

The initial and maximum reaction rates, K, K; and the kind of inhibition in enzyme reactions
are commonly determined by graphical methods'. To determine the initial reaction rates, which
serve as a base, the dependences of the reaction rate on time at various substrate concentrations
are plotted and the tangents at r = 0 are drawn. This method is subject to a large error which
can be diminished by graphical differentiation?. This, however, in certain cases is also not too
accurate and the resulting value of K, is accordingly influenced. Some authors therefore proposed
numerical methods which — with a sufficient accuracy — led as a rule to the use of complicated
computation techniques3 ~6, For routine laboratory work, the method of Algranati” is preferable,
where the calculation of the initial reaction rates is based on the Gregory-Newton interpolation
method; however the calculation is rather tedious. |

We therefore propose another method that enables to determine besides the initial
reaction rates also the maximum reaction rate together with K, , K; and the kind
of inhibition. This method can replace by its simplicity, rapidity and higher accuracy
the tedious and inaccurate graphical methods used in biochemical laboratory work
and it requires only a small, common electronic calculator.

THEORETICAL

The dependence of the formation of the reaction product on time has in the case
of enzyme reactions the form similar as shown in Fig. 1; in the case of consumption
of the determined product they are similar to those in Fig. 2. In this work we replace
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these experimental curves by a suitable function, namely for Fig. 1

k; = at; + bt? 0
and for Fig. 2
k, = A + Bt; + Ct}, )|

where k; denotes concentration of the formed product, ¢; time, and a, b, 4, B, C
coefficients. The replacement of the experimental curve by the function (1) with the
use of different time intervals of the determination of the enzyme activity is shown
in Fig. 3. It is apparent that shortening of the measured time intervals leads to a better
approaching of the experimental curve; in our case a five-second interval is sufficient
to express the mentioned function with a satisfactory accuracy.

The coefficients a, b, A, B, and C were found for various substrate concentrations
by the least squares method. It is necessary to observe the condition that in the case
of nonlinear expressions the number of pairs of results must be higher than the
number of the coefficients®. The coefficients are calculated from equations that ex-
press the minimum sum of the squares of the deviations. We proceeded so that
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Activity of Alcoholdehydrogenase C (umol/
dm?® of Formed NADH) at Different Ethyl
Alcohol Concentrations

1 0-10; 2 0-05; 3 0:02; 4 0-01 mol/dm>.

Activity of Alcoholdehydrogenase C (umol/
dm® of Oxidised NADH) at Different
Acetaldehyde Concentrations

1100; 2 50; 3 20; 4 10 pmol/dm>.
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the chosen expression was rewritten in the form of the initial equation, namely
for the expression (1):

at; + bt? — k; = 4;, 3)

from which we further obtain

Y42 = (at, + b~ kY = 0. @

The coefficients a, b follow from the conditions (d¢/éa), = 0 and (d¢/ob), = O.
The resulting equations are

a= k- byd)¥s )

_ 2tk = Y Yk
S % Vg v ©

where all summations proceed from i = 1to i = n.

Starting from Eq. (2) we proceeded by the same method with the only difference
that the coefficients 4, B, and C were calculated by means of determinants of the
third order which were rearranged according to the Sarrus rule®:

A=D,D, B=D,/D, C=DyD, 7)
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Experimental Course of Alcoholdehydro- 4
genase Activity (EtOH Concentration 0-1M) [
and Course of Function / Calculated for rF 1
Duration of Measurement N
00— 3 min, measuring interval 30 s;
1 .

© 0—60s, interval 10's; ® 0—30s, interval 5s. 0 80 L 12‘0 ; 15';0
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D =ny ¥ + 2 nya ¥ — () - n(Ze) — (0 X7

D, =YYt Yk + Y, Y ek + I Y Ytk —
(3 Sk — (0 The - S Tt Tk

Dy=nYti Yk + Y0¥ Yk + Y, Y2 Y10k —
—(XEY Ytk = n L8 Ytk — Yu Vi Yk

Dy =n Z[‘z Ztizki + Zti Ztnz Ztiki + Zti Zl? Zki -

(Y Yk — n Y8 Sk, — (X)) itk .

All summations proceed from i = 1 to n.

Further we must find the initial reaction rate, v;, at time ¢ = 0. This is defined as
the tangent to the reaction curve and can be obtained by differentiation of the func-
tions used. The first derivative of the function (/) at = 0 is ki = a and of (2) is
ki = B. Thus, the coefficients a, B give the slopes of the tangents of the mentioned
functions in the origin of coordinates. The value of A gives also the intersection
of the curve with the concentration axis of the formed product, hence it should be
in cases similar to that mentioned at the end of this paper approximately constant
at different substrate concentrations.

To calculate K, we use the linear transformation according to Lineweaver and
Burk! because of its illustrativeness in determining the type of inhibition. Dowd
and Riggs'® do not consider it as the most suitable one of three common linear
transformations used, however in this case where the results are doubly corrected
by the least squares method it is sufficiently accurate. According to this method
during the calculation of K, we first find the reciprocal values of the initial rates
obtained by preceding calculations, the corresponding reciprocal concentrations
of the substrate, and we calculate the regression line leading through these points.
The value of K, is then determined, e.g., from the intersection of this line with the
axis of reciprocal concentrations, which is equal to —1/K,,.

In practice we proceed so that we calculate the reciprocal values of the initial
reaction rates v; and substrate concentrations [S], and introduce them into the linear
equation

vl =p+r[S]7L. (8)

The coefficients p and r are determined by the least squares method analogously
as the coefficient @ and b. They are calculated from the following equations:

p = (@ - XIS, ©)
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where again all summations proceed from i = 1 to n.

By solving Eq. (8) with respect to [S]™* with the equation v; ' = 0 we obtain
the intersection of this line with the axis of [S]7*. Then from [S]™! = —K_'
we obtain the value of K. By this procedure we obtain the final relation

(10)

Kn=rlp. ' (1

In determining the type of inhibition, we started from the linear relation of Line-
weaver and Burk!. In the case where the concentration of the substrate changes
in the presence of a constant concentration of the inhibitor, in contrast to noninhibited
substrate reactions there are, as a rule, two alternatives: the straight lines correspond-
ing to the linear relation between v; ' and [S]™! intersect either on the axis of [S]7,
then the inhibition is noncompetitive, or on the axis of v;" !, then the inhibition is
competitive.

Information about the intersection of the straight lines with the [S]‘l axis can be
obtained from the value of K, corresponding to the pure substrate and the apparent
values of K/, corresponding to the substrate with the inhibitor. The intersection
of the straight linc with the v, * axis gives the coefficient p. Hence, if we calculate K,
and K, as described above (and so obtain the coefficients p and p’), then we have
the following criterions for the type of inhibition:

1) competitive inhibition: K, #+ Kp, px p’,

2) noncompetitive inhibition: K,, & Ky, p &= p’. (12)
In cases where the mutual agreement of the K, or p values is not so apparent as
in the example given below, it is necessary to evaluate statistically the significance
of the agreement or difference between the parameters K, and p obtained from
repeated measurements and the parameters K, and p’. Thus, it is possible to di-
stinguish the competitive, noncompetitive, and mixed inhibition types.

With aid of the coefficient p we can further determine also the maximum reaction
rate ¥, since the section on the v * axis (i.e. the parameter p) is equal to V™!, Hence,

V=1fp. (13)

The value of V can be further derived also from the slope of the straight line, i.e.
from the equation r = K,,[V. Hence,

V=K. (14)

Collection Czechoslov. Chem. Commun. [Vol. 42] [1977]



, Bacik, Sarhan

¥

Sindel4

3544

6L-0 66-0 LLT £€e 181 0T-¢ 1154 £2-8 68T 00-¢ 16-9 15-L 00l 9—
06-0 [44 0s-T 8Lt £l 0LC 89-¢ L8:S 86-1 09T 09+ £€-§ 4

€9 1 0sT¢T oSl ¥ 0189 [ Y44 1314 068 & SI88 $SE T {104 099 9 066 L E7K4
LL LOT 661 [x43 91r 914 8T 67¢ £l . L0T 9Tt 68¢ X

§TIss = X ‘srzr = 1K ‘501 = 1K

0z 8T s <8 [U3 (%9 (43 P01 It [4Y 6L ©9% o€
LT V4 144 €L 9T Ly €9 $6 8T Ly 1L S8 ST
S-SI S-1Z $-8¢ $-29 w S-0F 149 738 x4 (U4 9 L (4[4
(4] 91 e 0S 81 S-£€ 124 89 6l (43 1s 19 ST sy
6 I [ 44 Spe €1 St 43 149 4! %4 St 134 1]
S-€ 9 1) 81 L ST 61 8T 8 €l 124 8T 9
o1 0C 0s 001 01 0T 0s 00[ or 0z 0s 001 arensqng
mEn\_oEEﬁ._o;osm 1Ay13 mEm\_oEE ‘[oyoo[e 1Ay1s mEv\BEE ‘[ogoo[e [A4i0
w .
guip/low 01" ¥ ¢Wp/owW Q[ ‘Ouue]£x0IpAH MOYIM 1031q14uy

21ROZUSGLINdIdWOIO[YD-d

uonIqryuy Jo 9dA 1 Jo uoneurwala(l pue 'y “y 4 Jo sanjeA pue s ‘d ‘q ‘v sjusdYII0)) JO
uonE[No[E)  ‘SI0)QIYU] PUE QJBIISANS JO SUONEBNUIDUOD JURYIA 10§ (HAVN PAWIOF Jo  wp/[owii) oseuafolpAYap[oyod]y JO SAIHANOY
jaI8av],

Collection Czechoslov. Chem. Commun. [Vol. 42] {1977]



3545

Calculation of Initial and Maximum Reaction Rates

»_O1 €L

sannzdwosuou
e 01 ¥t
7017 60¥

$0€ 6
9-LTT

16-191
S8 T

-0I" 188
aAnnedwod
¢-01"08
700" 6¥-¥

€19 s
0-$T1

Ly-$6
oIS T

cup/low Ly

uonIqiyu[

s cwp/jow g
u

cwp/low Uy

£100 = ,_[SIX 810 = _[SIX ¥ =#

42) 119771

Collection Czechoslov. Chem. Commun. [Vol.



3546 Sindelat, Bacik, Sarhan :

Assuming the validity of the reaction mechanism described by Lineweaver and
Burk!, we can use the coefficient r, which gives the slope of the straight line, to cal-
culate the dissociation constant of the enzyme-inhibitor complex, K;. These authors
found that the slope of the straight line with both inhibition types is larger by the
value of 1 + [I]/K; as compared with the straight line of the pure substrate without
the inhibitor. If »” denotes the new slope of the line then

¥ =r(l + [1]/K), (15)

where [1] denotes inhibitor concentration. Hence,

K, =r[1)J(" —r). (16)

TabLE 11

Activities of Alcoholdehydrogenase (umo[/dm3 of Oxidized NADH) for Different Concentrations
of Acetaldehyde, Calculation of Coefficients 4, B, C, p, r and Values of K and V'

Acetaldehyde, umol/dm3

Substrate _— T — —
100 50 20 10
5 140 150 155 159
10 134 140 150 157
15 110 131 146 155
ti,s 20 99 124 142 153
25 90 117 139 152
30 81 111 137 151

n=6,31=105 3% =2275 %= 55125 3r* = 1421 875

Sk 654 773 869 927
Stk 10 350 12 850 14 890 16 080
Sk 210 400 269 850 318700 346 650
A 160-3 1606 1607 161-7
—B 363 2:25 120 0-55
C.10% 321 2:00 136 064
n=43[S]7! =018 TSI"? = 0:013; Yo7 ' = —3-369; 3US] L v} = —02349

p=—T7736.10"%r= —16998 K,, = 2:19. 10"* mol/dm>; ¥ = 1-29. 10~ 5 mol/dm> s
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As an illustration, we shall discuss the following example. We chose alcoholde-
hydrogenase to show that our method can be used not only for simple one-substrate
reactions but also here for a two-substrate reaction, where the other substrate from
the kinetic point of view is NAD, subject to an ordered mechanism, and where the
modified Michaelis equation applies. At the same time we can show the solution
for both types of enzyme reactions, where the measured quantity can either increase
or decrease.

Example

Alcohol dehydrogenase (EC 1.1.1.1 and 1.1.1.2) catalyses the general reaction R—CH,—OH +
+ NAD' 2 R—CHO + NADH + H'. We used the enzyme isolated from yeast and worked
at 25°C and pH 7-9. The activities for different concentrations of substrates (ethyl alcohol,
acetaldehyde) and inhibitors (hydroxylamine, p-chloromercuribenzoate) are given in Tables 1
and II.

First we shall discuss the case of splitting of ethyl alcohol (values from Table I are illustrated
in Fig. 1) and inhibition of this reaction by both inhibitors. From the text follows the use of Eq.
(/). To calculate the coefficients @ and b from (5) and (6), we shall need the values of} 1, le,
S¢3, Sk, and Y'tk. As already mentioned, the coefficient @ gives the initial reaction rate v;,
in our case in umol/dm3 s. This value, expressed in mmol/dm® s, is introduced in Eq. (8) (also
the alcohol concentration is expressed in mmol/de), then the coefficients p and r are calculated
with the aid of Eqs (9) and (J0), further the values of K, ¥, and K; according to Eqs (/1)—(/3)
and (/6), and the type of inhibition is determined. The results are given in Table 1. It is seen that
hydroxylamine is a competitive inhibitor since K # K; and p = p’. The other inhibitor,
p-chloromercuribenzoate, is noncompetitive since K, &~ K, and p & p’.

If we solve this example for an opposite reaction course, i.e., the formation of ethyl alcohol
from acetaldehyde (Fig. 2), we must use Eq. (2) for the calculation of the mentioned values.
The method of calculations with the aid of Eq. (7) will be the same. The initial reaction rate v;
is here given by the coefficient B (in umol/dm3 s), which is together with the corresponding acetal-
dehyde concentration introduced into Eq. (8) (the pmol/dm?® units are used), then with the aid
of Egs (9) and (/0) the coefficients p and r are found, and finally from (/1) and (13) the quantities
K., and V. The calculation procedure is illustrated by Table II.
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