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The analysis of dependence of the length projection of L, vectors of biparametrical inhibited and
activated (L,) enzymatic reactions from the length projection of vectors of monoparametrical inhibited
and activated enzymatic reactions on the basic o, plane in three-dimensional K.,/ coordinate system,
allows to deduct the quadratic forms of equations for the correction of the constants of inhibition (K)
and activation (K) of enzymes. Examples of correction of constants are given.

Introduction

The study inhibition of enzymes helps to synthesize the drugs from poisoning of
living organisms.

In previous articles [1-9], devoted to construction of a vector method representation
of enzymaticreactionsinthe three-dimensional K, V' I coordinate system the properties
of L vectors of enzymatic reactions was analyzed, from which the parametriacal
classification of the types of enzymatic reactions and the equations for calculation of
initial activated (v ) and inhibited (v) reaction rates was deduced. In articles [2-9] the
equations of traditional form (tf) for calculation of the constants of activation (K )
and absent in practice the equations of nontrivial types of biparametrical constants of
inhibition (K} of enzymes (Table 1), was deduced [5].

This work is devoted to deduction of quadratic form (gq.f) of the equations for
correction of biparametrical constants of inhibition K, and activation K of enzymes
(Table 1, q.f), opening additional ability in the analysis of enzyme action what help of
these equations.

The examples of comparative using traditional and quadratic form of equations for
correction of K, and K constants of enzyme inhibition and activation are given.

Deduction of traditional form of equations

From Figures 1 and 2 it easy to see, that (/,) length of (L,) projection of L, vector
of biparametrically coordinated, I, type (or mixed type [10-12] of enzyme inhibition)
on P, semiaxis will be determined by difference: (i- 0) parameters, The basic 60 plane
(Figure 2), actually is orthogonal projection of three-dimensional L vectors of (Figure
1), i.e. the scalar magnitudes (orthogonal between them self) L, and L, projections of
monoparametrical L, and L, vectors of III and IV, type of enzyme inhibition, (which
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Application of the Pyphagor’s Theorem for Correction of K, and K, constants of enzyme inhibition and activation

Type Correlation between
No | Effect ZIfect K"n and V' parameters Graphs in(v;I;S")coordinates
1 | mhibition- |, K,>KV <V°
(i>0) i
2 [I K;n<K,2,VI<V0
(Zga)' = tga)o)
5 u | K, =K.V <V’
4 w | K,>K). v =V°
5 vy | K, -K,.V sV’
6 VI K;n<K2,VI<V0
(Zga)' > tga)o)
7 V[I K;n < Kr(r)r' V‘ < VO
(tgw <tgam")
8 None / K"" = K'(')l V‘ - VO
0
9 Activation | p-r7 K;ﬂ > Klg, V' osp°
(a > 0) a ;
(1gw > tga)o)
10 Vi K, > K,V >V"
(Zga)' < tga)o)
» v | K.<K,V <V’
1 wo | K, <KV ="
13 m, | K= Kn v -7"
14 11 K, > K,V >V"
(tgw =tgw")
.. / K,<K, V>V’

Table 1: Equations for calculation of K, and K, constants (in traditional form).

*The symbol of a graph in Figure. 1-15 corresponds to the type of reaction under study. For example:

the line (0) characterizes the position of initial (nonactivated) enzymatic reaction, line | - the position

of a graph representing the /, type of activated enzymatic reaction etc.
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Type Traditional form (t.F) of equation for
of New name of enzyrmatic. | oo Quadratic form (¢.f) of
et reactions caleulation of K; and K, constants gustions
Lo | K-kY (r-rY) L)
ipara- = =
i mettoaly coordinated | miediniiion | K =i/ [ Ko Ku | [V =V Ky=u| —+—3
inhibition K K’ 124 K Ky
11, 0 ' \2 0 2\ Bl
i unassoci-ative unconEpetitve K. =i/ K, -K, K= 0.5
inhibition m =1 g + g 1 1
Yen Km V 2 i+ 2
Kllll Kll"u
i i
111 catalytic . K, =—-= .
i inhibition lr:'ohr‘\gg;r:‘-petmve i V" /V —'1 Vﬂ - V
Vv
i i
, r petet Kpy=———— .
inhibition inhibi- K,./K,-1 K,-K,
tion Ku
m
V, d 02 ' 02 - K"'i =
pseudoin-ibition K. =i/ K, -K, 4 vy -v 05
=T )T 1, !
e + e
Iila Wi
Vi, 5 L N2 0 iz K=
discoordi-nated K. —i/ Ko =K V-V -
inhibition vi =1 v + b 1 1
K, v —+—
K Kivg
Ky =1
. 5 e 0.5 Vi
Vi, transient Ko — iR V'—y 05
inhibition Ky=il|| 22— + : 1 1)
K, v K2 + K2
uri IVa
initial
I (i=0and
0 a = 0) enzymatic reaction
. _— ) 032 )08 L
transient - = 05
VII, | activation R =l K, K, (VY =V 1 1Y
Vila 0 0
K/H V K2 + K2
uri i
%4 . 2 5\05 Ky =1
a discoor-dinated K —-K°Y VoY 0.5
activation K, =al = | 4 = 1 1 :
’ K, 14 7 + %
Hla i
v, o pyo_ppy® | Bnv
@ pseudo-activation K. =al K, -K, n V'-v 1 ! 0.5
Ve = = ;
' K, 4 7t 2 ]
K”h K”'ﬂ
a
IVU associa- K“v = % - 1 0.5
tive competi-tive L % o 0 _ g
activation activa-tion K, /K, -1 Km Km Ky, = 1/ X2 +0
K"" Wa
a a
111 catalytic Kpyjp=——7—- 0.3
a sy noncom-petitve Hla v 0 < 1
activation activaiion VIivb-1 V -V Ko :1/[ - +OJ
ye K
i . 2 ) 2\05 Ky =1
a K -K° v -y° 0,5
activation activartion Ky, =al = | 0 1 L)
Km V 2 + 2
KIII(I Kll"l
b 4 0 i N2 : o2\ Ko =1t
a bipara-metrically mixed K —a/ K. —K, V-V 0.5
coordina-ted activation | activa-tion n=a ; + 0 1 1
K V- 72— t—g
m K2 K2
Hla Va
Table 1 continued
v
Qi Q
LI
s AL
L, L "
ey
L N? Ly
s
L, & i J i K,
e L NEii"L,
L}' I g
Lo L, am
ai
Qo

Qi 0,

Figure 1: Three-dimensional (packed) k' 1/ 1 system of rectangular coordinates with coincident P, and P, semiaxes of
molar concentrations of inhibitor i and activator a. The symbols of kinetic parameters: x’,, v, three-dimensional vectors:
L.L,.-L,L,L,L,.. and their projections L, L. L, L, onthe basic o, plane as well as the symbols of projections of

directing planes o, 0, 6, 0,,, On the PK_ , PO, PO, and py' coordinate semiaxes the same as in the text.

it I
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Figure 2: Two-dimensional (scalar) k' ' coordinate system. The symbols of kinetic parameters: «,,, V', &°.., the
projections Llj, LIVi... Lla, LIVa of three-dimensional vectors: LIi, LIVi... LIa, LIVa on the basic 60 plane and symbols of
PK,, PO, 0, and Py’ coordinate semiaxes the same as in Figure 1 and in the text.

also are the coordinate of these vectors) but in the same time they taking adjacent place
relative to orthogonal L, projection of L, vector (Figure 2), determined by equation:

2 2
L= )” + ) W
It is analogous for length of adjacent projections of L, L, ...and L, L, , L, ... for
all otherL ,L, ..., L L, , L, ..three-dimensional vectors of biparametrical reactions

(Figure 2).
Having expressed from Eqn. (2)

o VeV i 2)

the [, length of dimensionless of L, projection of L, vector on PO, semiaxis of K’

V' I coordinate (Figure 1) and from Eqn. (3)

| = K,-K, _ 1

m m =

i X° K
m vi [3)
the [, length of the second adjacent dimensionless of L, vector projection on PK’_
semiaxis and substituted them in Eqn. (4):
K, = P, Ll,‘/ Pr, L (4)

(g

we shall obtain traditional form (t.f) of equation for calculation of the &, constant of
biparametrically coordinated, I, type, inhibition of enzymes, taking in to consideration
the I, length of orthogonal projection of L, vector on basic o, plane of figure 1:

i

Kp=
[(Km];g]ij {w;vn (5)

Similarly for deduction of all biparametrical equations of table 1 [5,7,8].

Deduction of quadratic form of equations

From analysis of equations (1 - 4) one can easily see that substitution in Eqn. (4) of
the dimensionless coordinates of the lengths of Z,, and Z,, vector projections is equal
to substitution in this equation of the i/ X, and i/ K,,, parameters

1,1:[5]+"]. (6)
KIII[

K[Vx
then it is not difficult to become the quadratic forms of equations for correction
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of K and K constants of biparametrical types of inhibition and activation of enzymes
(Table 1).

For example, such as:

I = i’ 7
Ii K[ ( )
this substitution will leads to equation:
1 1 0.5 1 1 0,5
K.=il.=ii[2+2j =1 + ) 8
§ / I 14/ K K ) /[Klzm 12”] (8)

or, in quadratic form:

1 1 1

KKy, K ©)

i i

convenient for correction of k, constant inhibition of enzymes (Eqn. 1, q.f, Table 1).

It is analogous for all the other equations of biparametrical types of inhibition
(Egns. 2, 5 - 7), and activation (Eqns. 9 - 11 and 14, 15) of enzymes, (Table 1, q.f)
taking into account, orthogonal projections of tree-dimensional L vectors on the basic
o, plane of (Figure 1) by data analysis of correspond position two-dimensional scalar
L projections of L vectors on these vectors in K| V' coordinate system (Figure 2). For
example, the orthogonal projection length of L, vector of, 7, type, activation will be
determined by analogous common equation (1, text) of enzyme activation that is
located in the o, plane of scalar K’ V' coordinate system (Figure 2, in 11" quadrant)
and edged by two £, and Z,, lengths of edged projection of this vector on the PV’ and

PO, semiaxes (I, = /(l,;,)* +(14,)* ),

a) in equation of I length projection - by two I, and [ lengths of edged vector
projections (1,, = \/(,,)* +(,,,)* );

b) in equation of I, length projection -/, and /,, lengths of edged vector projections
(4, = \Ui,)* + ()" ) and so on.
Examples of constants correction

Example 1: Calculation of kx, constant inhibition.

The inhibitory effect of Tungstic acid anions WO 42[ (0.5:10* M) on the initial rate of
pNPP cleavage by calf alkaline phosphatase figure 3 shows that the presence 0.5:-10* M
of these anions in the enzyme-substrate system makes the binding of the enzyme to the

substrate cleaved (K° = 4.45-10° M, K, = 6.56-10"° M) difficult and leads to a decrease

in the maximum reaction rate (V° = 2.56, V' = 1.74 umol/(min per pg protein). This

meets all the features (K, > K,, V < 1°, i >0) of the biparametrically coordinated, I,

m

type, of enzyme inhibition (Table 1, line 1). Hence, to calculate the K, constant of this
enzyme inhibition it is necessary to use Eqn. (5, text), or (Eqn. 1, t.f,, Table 1).

Substitution in this equation of the parametersx,,, K¢, V', V° and i obtained by

data analysis of (Figure 3) allows the calculation of this constant of enzyme inhibition:
K, = 05/10° ¥ — =7.48-10° M. (10)
[6.5674.45]2 [2.56 R 1.74]2
4.45 1.74

Substitution of these parameters rewritten to forms with (X, = 1.062 10* M, K
=1.055 10* M) in (Eqn. 1, q.f,, Table 1)

L—1+1:[1 1} (11)

= 1 L
K? K K2 \1.062* 1055

wi
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-2 -1 0 1 2 3

1/[pNPP], 10* M"!

Figure 3: Inhibitory effect of anions WO 42; on the initial rate Vo pumol/(min per pug protein) of pNPP cleavage by
calf alkaline phosphatase.

Note: line 1 - the concentration of WO i’ is 0.5-10-4 M; line (0) - the inhibitor is absent.

result in to the same value of the constant of enzyme inhibition:

(K Ka)-(10H2 a0y m*)” _

Vi

1
K. = =

h [ 1 1 ju.s (K’ZUI' + KIZVI)' (1074)2 /\/12
+ 2
K1211i KI.VI
J0.5602 107 . [pr> =0.7485-10*M. (12)

From Eqns. (10 - 12) it follows that dimension of K, constants in all cases, are the
molar concentration of inhibitor:

Ky = \i*/i* =i [M]. (13)

Correction. Determine the value of the K, , constant of this experiment (Figue 3) by
values of K, and K, constants.

From equation (11), rewritten to the form,

1 1 1 1

1 1
ZT * = = tooi) 14
= ) " sy ™ &, t rosr) (14)
it follows that:
KK
Ky = (%)0'5 104 M. (15)
Kllli g

Substitution the necessary parameters from (Eqn. 14) to (Eqn. 15), we find that:

0.5595-1.1278
1.1276 —0.5595

0.7485% -1.062°

27305 102 yos.q04 M =
1.062% —(.7485 ) (

)05:104 M =

mi = (

1.11295%-10*M = 1.0549-10* M, (16)
which is in good agreement with the experimental value of this constant (Eqn. 10).
Example 2: Calculation of K, constant inhibition.

The inhibitory effect of Pyrrolidine dithiocarbonic acid (PDTA) on the initial rate
of pNPP cleavage by canine alkaline phosphatase shows that in the presence of 1103
M PDTA the parameters x° = 4.69-10° M and »° = 2.921 pmol/(min per pg protein)
change as follows: kK, = 11.26:10°M and v = 3.616 umol/(min per pg protein) (Figure
4). This corresponds to the, V type, of enzyme pseudoinhibition ( X, >, v >,i> 0) (Table
1, line 5) and Eqn. (5, t.f) is applicable for calculation of the K, constant of enzyme
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v

-2 -1 0 1 2 3

1/[pNPP], 10* M7!

Figure 4: Inhibitory effect of PDTA on the initial rate v, pmol/(min per ug protein) of pNPP cleavage
by canine alkaline phosphatase.
Note: line 1 - the concentration of PDTA is 1:102 M; line (0) — the inhibitor is absent.

inhibition. Substitution all necessary parameters in this equation allow calculation of
this constant of enzyme inhibition:

-3
K, = 110°M  =7.0410*M. (17)

[ 11.26—4.69]2 +[3.616—2.92]2] '

4.69 2.92
Substitution all necessary parameters from of recalculated parameters of (Figure
4) to (Eqn. 5, Table 1, q.f) - result in to value of K, constant inhibition:

1 1 | (18)
-G T )
vV Illa i

rewritten to the forms (K, = 0.714 10°M and K, = 4.203 103 M)

Illa
from which it follows that
K = [ K2, K3 (10920t M4)”
l ( L, ] (Kp + Ko)-(10°Y M

2 2
Klllai K[ Vi

[ 0.51-17.67 }"'5

9.093)" | [575¢ =0.7041+10% M 19
051+17.67) = V0496 =T ' (19)

18.175

Example 3: Calculation of K, constant activation.

The results of study presented in figure 5 show that: the parameters of initial non-
activated reaction of pNPP cleavage by alkaline phosphatase k!, = 5.45-10° M, V° =
9.363 pmol/(min pg protein) in the presence of 0.001 M of activator change as follows:
K, =3.47-10°M, V' = 8.803 pmol/(min pg protein), which satisfies all the features of

type V_ of enzyme pseudoactivation (line 11, Table 1).

Substitution of the experimental parameters of (Figure 5, in Eqn. 11, t.f, Table 1)
gives the following value of K, constant:

1-10°M

K, = - = =1.7410° M, (20)
[5.45 - 3.47] 4 [9.363 — 8.803]
3.47 8.803
or according Eq. 11, Table 1)
[P W 0 5709 70 i i (0 P
(Kjy, +Kjy)- (107 M2

Va [ 1 . 1 ]0.5
K1211a KIZVI'
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1753 15.72* | 759.39)" 5
1753 1502) 10°M=|og | =1742110°M. 21)

Example 4: Calculate the value of K
of K, and K, constants.

K, constant of experiment (Figure 3), by value

From equation (1, Table 1, t.f), rewritten to the form (22)

1 1 1 1
—_= + —), 22
(K,2 K} K,Z,,, )= (0 74852 Ky 1.055° ) (22)

it follows that:
K; K,
K, = (—L 2. pr2y0s, 23
Vi4 (Klzm Klz ) ( )

Having substituted all necessary parameters from (Eqn. 22) into (Eqn. 23), the next
value of this constant is received:

0.748? -1.055° 0.5595-1.113
K .= R ’4 M - =
m [(1.0552 —0.748? (0T M (1.113 0.5595

1.125%%.10* M =1.061-10"* M. (24)

)05-10% M =

Example 5: Calculate the value of K
of K, and K, constants.

1. constant of experiment (Figure 5), by value

From equation (11, Table 1, t.f), rewritten to the form (22)
1 1 (NP 1 1

(g = )=l = t—) (25)
K.~ K%, Yk T T ke, sy
it follows that:
K, -K; 1.7532.1.742°

K. = —IV’,]\I2 05 = (=122 17T 32 q -

e (K?V, K} ) (17532 17422)
(9435105 10 M = 245.495 10% M = 15.66 10 M (26)
0.038

It is no desirable to put K, = 1.74:10% M from (Eqn. 20) in (Eqn. 25), because
calculation leads to K, = 14.43 10-*M (instead 15.66 10 M), such as the first constant

Ila
is not in Pythagorean’s «bundle» (Egn. 25).

It is analogous for all biparametrical types of catalyzed reactions (Table 1).

081 1w

0.6 4

0.4 4

1
0.2 4

1/[pNPP] (1041 )

Figure 5: Activating effect of Guo on the initial rate v;,, umol/(min per g protein) of pNPP cleavage by
canine alkaline phosphatase.
Note: line 1 — the concentration of Guo is 1-102 M; line (0) - the activator is absent.
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Discussion

The analysis of data obtained shows that:

1) The values of the constants of biparametrical types of inhibition (Eqns. 1, 2, 5 -

7) and activation (Eqns. 9 - 11, 14, 15), are not subjected to additive dependencies on
the values of the constants of monoparametrical types of inhibition (Eqns. 3, 4) and
activation (Eqns. 12, 13) of the enzymes (Table 1);

Kli # KIVi + K[Hi' (27)
They subjected to geometrical relationships (Pyphagorean theorem):
(I/K,)* = (l/KIVi)2 + (1/K111i)2' (28)

2) this opens an array of possibilities for calculation and correction of the values of

K and K constants (Examples 1 - 4).
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