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Abetract.Using our IRS concept (i.e., Investigated Re-
ceptor Space), the paper shows a convenient method to compute
the mean quantity of information (fif_or a biomolecule as well
a8 the mean quantity of information (I) of the IRS associated
with a spacifiad effector series, The derived quantity AT =
Inax -I1is a measure of the uncertainty associated with a gi-

ven IRS, I and AI (or, 100 AIII ¥ furnish general criteria
for ordering the IRS's, or the effector series, The method he-
re outlined is applied to hapten - antibody interaction and to
the binding to carbonie anhydrase of sulfonamides.

l.Introduction

Within the Steric Difference msthoda'4 the atructure of
the bioactive molecules belonging to a reaction series is des-
cribted by the hydrogen-suppressed graphe corresponding to the
biocactive compounds under consideration. The topology of the
molecules is quantitatively compared using the IRS (i.e., Inves-
tigated Receptor §paca)-defined5 as :

Definition 1. The graph G is an IRS if and only if

Gy eee G, is an overlop partition of G.
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Gl' 1=1, 2, 4os », n, stands for the hydrogen-suppressed

graph associated with the effector 1.

The Definition 1 is equivalent with :

Definition 2. The graph G is an IRS if and only if G =
n

L)
i=1 ¢

1°
Using the IRS concept and notions of informatien thaorys’n

one develops quantitative measures of the informatiom content

of the IRS or effector series and the uncertainty associated with

the IRS, respectively. Ome obtains a convenient basis for orde-

ring the effector series and IRS's

2, The Mean Quantity of Information and the
Uncertainty of the IRS.

Consider the IRS occupancy matrix defined as : X = [xij]
with xij = 1 if the vertex J &€ IRS is occupied by a non-hydrogen
atom belonging to the effector i, and xij = 0 if it is not oo-
cupied.

The finite probability scheme associated with the IRS :

1 Z e W 3

Py Dz ses Pm pJ

describes the probability that the coneidered n effectors inter-
act with the receptor space centered around the vertex j € IRS.

pJ sy 3 =1, 2, ¢s. , m, are computed according td equation:

n m n
P;'Z‘i;j/zz 1,5 = N/ (1
i1 J=1 1=1

The mean quantity of information carried out by the effector

_ m
I, = -i{; x4 Py log,py s bits/effector (2)
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The mean quantity of information contained in the IRS

(and, implicitly, in the corresponding effector series) 1s :
T o & % Py 1°5293 , Dbits/IRS (3)

Equation (3) establishes an hierarchical order of the
IRS'a (and, implicitly, of the corresponding effector series) :
(IHS).a dominates (IRS)b‘(or, the series a dominates the series
b) if I_ > I, , or written more compactly (IRS), > (IRS),

e I.>I,.

The maximum mean information content of the IRS is :

Imax = 1032m N bits (4)

Accordingly, the derived quantity :

Al = Thex = 1 ’ bits (5)

ie a measure of the degree of uncertainty associated with the
IRS. The quantity 100 AE/imax represents the percent of the
obtainable information left unused due to the particular choice
of the effector series (i.e., structures and number of points).
The order relation induced by equation (5) is :

(IRS), » (IRS), ®= AI, < AT,

3. Applications
3,1, Hapten - Antibody Equilibria for- Substituted Benzoic

Acids.

The relative equilibrium constants (Krel)‘for the
combination of substituted benzoic acids in the 0 - , m - , and
and - p - azobenzoate systemsa( E - series of stereoisomers) are

collected in Table 1.
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Table 1. Effects of Subetituents in the Attachement~
Homologous Position on Combination in the
E-¢-, -m- , and -p- azobenzoate System.

K 002 in the position :

Hapten Tel’ "°2
ortho meta parsa
m-%@co. l.o l.o l.0
Hy0 e 1T 1.9 2.6
GLj 2.9 3.0 2.8
Br 2.5 4.8 5,1
{ 4.2 6.0 6.5
H300“1 3.3 3.0 3.8
0,8 1.3 1.4 2.8
®0,c- 0.6 0.75 2.1
HO-J 0,31 1.1 2,3
Hzﬂ-] 0.76 1.4 1.9
H3GC(O)HN-1 1.2 7.8 Te4

The IRS for the haptens displayed in Table 1 is shown in
Figure 1,

Figure 1. IRS for the haptens collected in Table 1.
(this IRS is denoted by [IRS]a )
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The occupancy matrix corresponding to [IRS] i ja 2

1 2 3 4 5 6
1T o o o o o
2/1 1 © o o o
3/1 1 e o o o
s4/1 1 o o o o
51 12 o o o o

= [‘1;1]" el 3 = 8 ® @8
711 1 1 1 o o
8|1 1 1 1 o o
9l1 1 o o o o
w|l1 1 o o o o
m{1r 1 1 o0 1 1

The probablility scheme associated with the: [IRS]a is :

j .( 1 2 3 4 5 6
Py | 3u1,2,...,6 \ 03793 0.3448 0.1379 0.0690 0.0345 0.0345

(6)
The mean quantity of information contained in the
[IRE]a is given by equation (3) ms :
- 6
I = -5 p, log, ps = 2.055T , bits/IRS (7
a jzl j 2 1

The maximum mean information content of the [IRS]a ie :

Tyax,a = 10826 = 2.5849 , bits/IRS

and the degree of uncertainty associated with the [Ins]a is

computed as :

AI& = Ima.x,a - I, = 0.5292 , bits/IRS , and

loo AT,/ Tpuy o = 20.47 %
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3.2, Hapten-Antibody Equilibria for
Succinanilates and Succinamates.

The relative equilibrium constants (Krol)'f°r the combi-

nation of succinanilates and succinamates in the: E - p - azosuc-

8b

cinanilates system~  are collected in Table 2,

Table 2. Closeness of Fit Around the Benzene Ding of E - p-

azosuccinanilate Antibodies,

Hapten Krel
Succinanilate 1,00
Succinamate 0.04
N - Methyl succinamate 0.05
p - Nitrosuccinanilate 4,10
p - Bromosuccinanilate 2.20
p - Aminosuccinanilate 0.95
m - Bromosuccinanilate 1.80
o - Bromosuccinanilate 0.40
o - Naphthylsucocinamate 0.32
( - Naphthylsuccinamate 2.20

The IRS for the haptens displayed in Table 2 is shown

in Figure 2.
HN~

Figure 2, IRS for the haptens collected in Table 2 (this

IRS is denoted by [IRS]b).
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The occupancy matrix corresponding to [?as]b is

1 2 3 45 6 78 9 lo 11 12 13 14
11111110000 0 0 0 0
2 0O 0 0 0 0 0 0 0 0 O 0 Q (¢] Q
3/1 0000000006 0 0 0 0
|1 112 113213118 © 0 0 O
5|12 1132 1iboo6 ¢ 6 0 6

J=6[1 111111000 0 0 0 0
7]l1 111111006 1 6 ¢ ©
8|2 2121116060 v 0 1 ©
91111110000 1 1 1 1
10/1111111011 1 0 0 O]

The probability scheme asasociated with [;Rs]b ie :

(j ) 1 2 3 4 5
Pyf 3a1,2,...,14 0.1364 0,1212 0.1212 0.1212 0.1212
6 7 8 9 10

0.1212 0.09091 0.0152 0.0303 0.152

11 12 13 14
C.0454 0,0152 0.0152 0,0303

The mean quantity of information contained in the [iRS]b is
given by equation :

. 14
b= :E: Py log, Py = 3.4268 , bits / IRS (8)
J=1

The maximum mean information content of the [}Ré]b is :

Imax.,b = log, 14 = 3.8073 , bits / IRS ,
and the degree uncertainty associated with the [iRS]b is com-

puted as : AIb = Imax B = Ib = 0,3805 , bits / IRS , and

100.451/‘:fmax b =10 % .
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3.3, Affinity constants for sulfonamides

The affinity constants? of the sulfonamides LII and III

for carbonic anhydrase (AC, in molo'l) are collected in Table 3

SO,NH, 50,NH, S0, NH,.
©/C,oop.
cooR,
CoOR .
I I iy

The corresponding IRS is shown in Figure 3 :

Figure 3. IRS for the sulfonamides collected in Table 3
(this IRS is denoted by [IRS]O).

The matrix (9) is the occupancy matrix corresponding to

IRS c * The probability scheme associated with the IRS & is ¢

J 1 2 3 4 5 6
Py f§=1,...,19 0.1088 0.,1088 0.1088 0,0408 0.0408 0.0408
7 8 9 lo 11 12 13 14 15
0.0748 0.0680 0.0748 0.0544 0.0340 Q01360 Q0272 0.0680 0.0340
16 17 18
0.0340 0.0340 0.0340

-—

The mean quantity of information, I , contained in the [zns]c is:
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_ 18
T = le Py 108 Py = 3.9802 , bits / IRS

The maximum mean information content of the [?RQ]G is :

Inax,c = 108 18 = 4.1699 bits / IRS

and the degree of uncertainty asscciated with tho,[Inslo

computed according to equation :

8T, = Ipgy o = I, = 0.1897 , bite / IRS , and 100 AT /Ty o =

= 4-55 *
4, Conclusions

i) The paper has introduced and applied an informational
method for ordering the effector series and/or IRS's : the Be-
ries p dominates the seriea q, or/and the [IRS]p dominates the
[IRS]qif 1 >I,or AI <m: ,orlOOAI/Imaxp<

< 100 AIq/Imx.q.

The three IRS's here studied are ordered according to the above
criteria a¢ : [IRS] > [IRS], > [IRS], (2.0557 < 3.4268 < 3.9802 ;
0.5292 >0.3805 > 0.1B97 ; 20.47 > 10 > 4.55).

ii) The present approach of the of the information content

of the inveatigated receptor space allows to develop an infor-
mational version of our Sterie Difference method, This version,
denoted by EB, will be discussed in forthcoming papers of the
series,
iii) The above ideas may be easily reformulated using Onicescu's

information energylo'l1 y E = j? P§ .
j=1



Tab
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le 3. Binding parameters of sulfonamides
to carbonic anhydrase.

No R log AC
I. 1. Me 7.98
2. Et 8.50
3. n - Pr 8.77
4. n - Bu 9.11
5 n - Pent 9,39
6o n - Hex 9.39
171, T. Me 6.16
8. Et 6.21
9. n - Pr 6.44
10. n - Bu 6.95
Ve n - Pent 6.86
III. 12, Me 4.41
134 Et 4.80
14. n - Pr 5.28
15. n - Bu 5.76
16. n - Pent 6.18
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