maeilich no. 11 pp.169-183 1981

NEW INPORMATIONAL INDICES FOR INTERACTIONS
IN BIOLOGICAL SYSTEMS

Ioan Motoc

Chemistry Research CUentre
Mihai Viteaszu 24

1900 Timigoara, Romania

(Received November 1980)

§¥gggg[. The investigated receptor space (IRS)
by a given series of effectors is defined as the
graph G whese overlap partition is G,,...,G_. The
graph G,, 1 ¢L¢n, is the hydrogon-s&ppruun graph
oorroep%nd ng to the effector molecule L. One computs
the mean, I(G), and total, I(G), quantity of infor-
mation contained in the investigated receptor space.
I(@) or I(G) induces an ordering of IRS's and consti-
tues a oriterion of the IRS relevance. These indices

are of use in the quantitative structure-activity
relations, Two concrete series of hapten-antibody in-
teractions and one series of carboxypeptidase inhi-
bitors are studied.

1. Definitions

i) The effector (pharmacon, biomoleculs, or bic-
active molecule) is a chemical compound which elicits a bio-
logical response in an organiem,

i1) The effector series is a collection of ef-
fectors which elicit a biological response of specifyed type
yla the same mechanism.

iii) The pharmacophors (or, pharmacophoric group)
is the set of atome belonging to the effector which trigger

the biologiocal response to ecour.
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iv) The biological receptor is a structurated entity,
located in general on membranes, which mediates the biological

reaponse to occur.

2. Notations

Gy = (xL. FL) ie the hydrogen-suppressed graph cor-
responding to the effector L.

mp = Card XL is the number of vertioces in the graph
Gy.

G = (I,r-) is the graph of the investigated receptor
space (IRS).

m = Card X i8 the number of vertices in the graph G.

n is the number of effectors in the considered series.

X = [xi.1 ] , Where Xy = 1 if the vertex je¢X and
J€Xy, and xij = 0 if j € G and ;|¢J[1. X expresses the topology
of the effectors within the topologiocal frame G.
r, 8, P, EV and t have the usual statistical connotation.

The informational indices belong to the class of to-
pological indices’>'%, Por other basic definitions in graph
theory one may consult refs. 5 and 15.

3. The Investigated Receptor Space

In order to compare the topelogy of the effectors of
a given series, one superimposes the considered structures. The
ruleb'a is to superimpose the pharmacophores. The superposition

of the n effectors of the series reflects the topology of the
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receptor space explored by the coneidered effectors. This
space is termed "the investigated receptor space” (IRS).

In order to get an easily to use method to perform
the geometrical congruences we recommand to neglect the diffe-
rences lower than 10,20 3 i $20° in the bond lengths and
bond angles, respectively.

Concerning IRS, one may easily prove :

Proposition. The foilowin; statements are equivalent :

1) G = U 9
L=l

2) G is an IRS if end only it Gl.....un is an
overlap partition of G,
The IRS concept has been used within the MTD methodll in s
elightly modifyed acception.

4, New Informational Indices

Let consider an effector Beries given by the matrix

fll see 11.1 see Iln

= fil cae zid see xm

xnl see xnd e xm.

One may associate to the m vertices of the correspon-

ding graph G of the IRY the following finite probability scheme:

(1 | ---Iﬂ)

pl... pjsco pm

where



m
Obviously, O ¢ Py {1, and :{: Py 1.
I=1

One may define, according to the well known equati-

1’10, the mean quantity of informatiom :

m
T(6) = - == py log, py, bits/IRS (1)
=1

and the total quantity of information :
m
1(G) = N.I(G) = N log,N - >N log,N,, bits/IRS
{1 982
(2)
¥(a) or I(G) induces an ordering or IRS's and fur-
nishes a criterion of the IRS relevancs.
It 18 of interest to characterize the degree of uncer-
tainty ot the vertex j of the graph G corresponding to IRS,

For this purpose, one may use the entropy Hj of the vertex :
Hj = - logzpj s 0 ¢ HJ {1 (3)

or, simply, the 100 p.1 values,

We may easily adapt our Steric Difference mathodﬁ“e
(for an up-to-date review on this toplc one may consult ref.9)
to include the vertex uncertainty. One proceeds as follows 1
the SD steric parameters corresponding to the effector i
againet the IRS specityed by the graph G :

® o
50 = :;: Xy pkp » 8Dy = :%: Xy q¥q (4)

should become :

- *
3D, = zp:xipkp 00 p, 5D - é, %yqkq * 100 by (5)
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The summations are taken over the vertices p belon-
ging to the receptor cavity, and, respectively, the vertices
q belonging to the receptor wall,

12 sterioally the atom p (i.e., Ky o

kp characterises
=0 ; k =1 for the tirst row elements, except P, kr = 0,8 j
k =1,2, 1.3, 1.7 for the 2-nd, 3-nd and 4-th row elements, res-
pectively).

xip' xiq are the entries of the matrix X which descri-
bes the structure of the considered effectors within the topo-
logiocal frame G,

Similarly, one may adapt the MTD nothodll to ascount
for the vertex uncertainty (the resulted parameter is denoted

by MTD).

5. Applications

The utility of the vertex uncertainty (expressed by
100 pd) is investigated calculating the 8D - and 357 - type o~
quations (see relations 4 and 5) for two series of hapten -an-
tibody interactions and the SD", 5D MSD and MSD equations for
a series or carboxypeptidase inhibitors.

5.1. Interaction of benzoates in the anti-p-(p‘*-
~agophenylazo) benzoate system

The relative equilibrium constants, s for the

K
rel
combination of haptens (I) with the antibody against (II) are

teken from ref. 1l3a.



- 174 -

co;

? O Ores
~N”
i

-—

The K, values and 8D* and 5B parameters are collec-
ted in Table 1. The Sterioc Difference parameters were computed
using the IRS shown in Figure 1. The pharmacophore is the co0o®
group, and the antigenic part of the immunogen (II) is conside-

red complementary to the receptor cavity.

Figure 1. The investigated receptor space (IRS) by

the haptens I ( ¢ - cavity vertex ;
O - wall vertex),
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Table 1., Haptens I : Krel values and Steric Difference

parameters.

No.  Hapten Koo1 sn‘snﬁsn* — m;n*

[} w [} w
i, m - C1 0.43 9 1.2 T7.76 T.40
2, p-Q1 5.30 10,2 0 82,20 0.00
3. m - NG, 0.12 9 3 77.76 T.40
4. p - F02 1.80 11 1, 82,69 l.23
5. 3-!!02 s 4=C1 0,41 10.2 3 82,20 13.57
6. 3-!02 y 5=-Cl 0.07 9 4.2 T7.T6 16,52
7o 3,5 -di - 01 0,024 9 2.4 77.76  10.35

The matrix X = [Iij] describing the structure of
the effectors collected in Table 1 is shown below i

N 1 2 3 4 8% 6 7 8 9101112131415 16
1 111111111000 0O0O0C1O0
2 1111111111000 0O00O0
3 1111111119001 1010
4 1111111111110 011 00
5 1111111111011 010
6 1111111111 009011011
T 111111111000 O00 11
L .

7 77 313 315 2

HJ'I?TTTT

(N = 81)
* 3 ”n t
The following log K., ¥s 5D , 5D and snc. 5D,

equations were computed (the symbols have the usual connotation):
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log Kpyy = -4.554(0.172) + 0.486(20.018)99, - 0.296(%0.069)

sn;* (6)

(r=0.890,8=0.371,7=3,802, BV=0.687,r(3D} )=0.767,
r(8D])=-0.782,r(8D}, 8D, )=-0.515)

log K, = ~14.668(%0,165) + 0.184(10.002)332- 0.064(%0.017)

BB, N

(r=0.900, 820,357, P=4 . 164, EV=0,710, r(TD_)=0.800,
©(S0,)=-0.757, (3D, , 5D, )=-0.504)

The equation (7) is slightly better thanm the equa-
tion (6) (see s, F and BV values), but the most important dias-
tinction among these equations consists in the t-Student va-

lues corresponding to the predictor variables

* £ >* »
8D} Dy Sﬁs sn'
t= 27.38 -4,31 88.79 -3.78

(tg,05 ; 6 = 2447 4 % 57 , ¢ = 3:707)

5.2. Interaction of para-substituted bensoates in
the -p-(p'-asophenyl b oates system.

The Krcl for the eighteen haptens colleoted in the
Table 2 ares taken from the refersnce 13 b, The Steric Diffe-
rence parameters were computed againat the IRS shown in Figu-

re 2,



Pigure 2. The investigated receptor space by the para-substi-

tuted bensoates ( e - cavity vertex; O - wall vertex).

The matrix X associated to the effector series dis-

played in the Table 2 is 3
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Table 2, Para-substituted bensocate haptens : xr.l values and
Steric Difference paramsters.

No. Hapten Kol SD 3;*
»* * »> >
sp; 8oy SO BO;
1. B {0)}c03 1.0 9 0  64.56 0.00
2. L I 3.6 9.8 0 T1.02 0.00
3. cl'i 5-3 1002 0 7402‘ 0-00
4. A, 1.8 10 0  72.63 0.00
5. Br< 5.4 10.3 0  T5.05 0.00
6. I 4 9.0 10,7 © 78,28 0.00
7. H, N 2,1 10 0  T2,63 0.00
8. HO+ 4.7 10 0 72,63 0.00
9. 0,5+ 1.8 11 1 77.11 1.35
10, 70,04 5.3 11 1 77.11 1.35
11, H,CC(0)HR 1.6 12 1 80,70 0.45
12, CgHg 6.8 13 2 83.84 2.25
13. 48 67 17 0  94.60 0.00
R N
14, Hy¥- : 70 18 0  96.84 0.00
15, Hy0-b | 65 18 0 96.84 0.00
16,  HO+ J 11 18 0  96.84 0.00
4N
1. wo-RKOrY 81 18 1 96.84 0.90
| %l
| l¢“4
18, uowg;:>' | 125 18 1 96.84 0.45
|
CH,

The following QSAR's were derived with the
lected in the Table 2 :

log Kpq) = -2.245(20.058) + 0,191(%0.005) 8D -

- 0.261(% 0,161(%0,082) sn:

data col-

(8)
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(r=0.95,8=0,23P=41.38, EV=0,89,r(SD, }=0.93, (8D, )=-0.01,
o £ X
r(8D,, 5D} )=0.133)
- -3.999(10.057)+o.061(!o.ooo7)sn:'- 0.175(20.077)
55 (9)

w
(r=0.95,8%0,23,Pa42,62,BV=0,89,r(30,) = 0,93,r(FD,)=-0.01,
r(!ﬁ:, “:)-0007) .

and

log Kyq

sp* spy  §5; 3B,

t = 41.29 -1.97 89,17 =2,27

(t0‘05'17 = 2,101 , t0.0l;l? = 2,898)

We note that on passing from the 8D - to the sp-
type equation, the relevance of the SD: term impoves,

5.3. Qarboxypeptidase Inhibitors

The IRS explored by the series of carboxypeptidase
inhibitors collected in Table 3 in shown in Pigure 3.

Pigure 3. The investigated receptor space by the
caboxypeptidase inhibitors ( e - cavity

vertex § O - wall vertex).
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The X matrix associated to the studied carboxypepti-
dase inhibitors is given below,

The following equations were derived with the data
displayed in Table 3 1

Y = 1.144(0.123)+0.222(0.021)8D,-0.187(£0.047)8D]

(r=0.814,8=0,405,P=5,885,EV=0.595,(SD, )=0.584, (10)
r(8D] )=-0.456,r(8D7, 8D )=0.176)

Y = 3.317(%0.118) - 0,205(¥0018 )MSD Q1)
(r-0.009.l-0o409.’-9o515.lv-0.524)

Y = 0.041(%(0,121)+8.042(%0.003)BF, - 0.052(*0,012)3,

» . 12y
(r=0.820,8=0,398,F=6.166,EV=0.607,r(3D_)=0.600, (30 )=
=-0, 324,680 SD})=0.337)
and PR
Y = 3.215 - 0,044 MSD (13)

(r=0.814,8=0,404 ,F=9,828,EV=0.632)

The SD*— type equations are slighly better than MSD
ones, The main defferences among sp”* - !ﬂ*; and MSD - ;;; equ-
ations lie in the t-Student velues, namely :

»* » * * ey
SB, 8D, MSD 3D, nn; MSD

t = lousg "3-99 "11.‘6 20.45 -4.13 -10.31

(%5,05;12 = 2179 %5 01,12 = 3-05%)
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