maleh no. 12 pp. 117-126 1981

MOLECULAR INTERACTIONS IN BIOLOGICAL SYSTEMS
I. STERIC INTERACTIONS. THE SIBIS ALGORITHM
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Summary. The SIBIS algorithm represents the advanced version of our Steric
Difference (SD*) method. The aim of SIBIS is to generate bicactive struc-
tures using the computer. The algorithm is based on the method of least
squares with subsidiary conditions. SIBIS is applied with very good
results on the hapten-antibody interactions. A study of the stability,

convergence and auto-ajustability of the algorithm is also presented.

1. Introduction

We present a new method to map the bioclogical receptor. The
method is termed SIBIS (abbreviation for Steric Interactions in Blo-
logical System). The aim of the SIBIS method is to compute the optimal
standard used within the Steric Difference method]’z, i.e., the SD*
3-6

version The SIBIS algorithm is based on the method of least squares

with subsidiary conditions.

SIBIS is useful in QSAR and drug design7’]1.

*) On leave from Chemistry Research Centre,

B-dul M. Viteazul 24, 1900 Timisoara, Romania.
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2. The SIBIS Algorithm

We proceed by:
1) superimpose all the Si structure of the considered series of biocactive
molecules S], S ..,Sn according to the point 2 of the Steric Difference

2=
]’3. The resulted pattern reflects the topology of the receptor

algorithm
space investigated by the effectors which are being considered. This
space is termed Investigated Receptor Space, abbreviated by IRS.

2) IRS constitut958 a convenient topological frame, namely: the m
vertices of the IRS constitute the topological coordinates for the effec-
tor atoms. Accordingly, the chemical structure Si is described by the
vector éi = [xij]’ 3= 1,2,...,m, where xij = kt if the vertex j of the
IRS is occupied by the atom t of the effector i, and Ky = 0 otherwise.
kt is Austel va]ue12 associated with the atom t. The matrix X = [xij]’
i=k,2,...,0n, j =1,2,...,m describes the structure of the effector
series.

3) the derived space <IRS> is obtained from a given IRS by: one
partitions the IRS vertices into cavity (c), wall (w) and sterically
irrelevant (i) ones. IRS is viewed as a connected graph, i.e., the
vertices p and g are connected if and only if the edge p-g may represent
a chemical bond. The standard is defined by the c-type subgraph. <IRS>
is specified as:

<IRS> = [c(ml,...) : w(n1,...) 5 1(p],...)]

where m],.‘.; n],...; p],...; index the c-, w- and i-type vertices of

the IRS.

The SD* steric parameters are easily camputed(?he matrix ¥ and

<IR59:

E i and SD* = L i
all j of W all jof M
c-type w-type
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The SIBIS algorithm consists of the following steps:

i) consider the starting <IRS> denoted by <IRS>in Compute the

it
corresponding SD*-equation, i.e.,

BR = a+hb SD*C ol SD*w ,b>0,c <0 (BR: biological
response)

and its correlation coefficient.
ii) change the attribute of the vertex j of the IRS (i.e., co»w or i,
w+c or i, i+c or w) if and only if the following two conditions hold:
1) the resulting SD*-equation has a better correlation
coefficient; and
2) the subgraphs of c- and i- type vertices, respectively,
are left connected.
The changes are performed until further improvements are not possible.
iii) the resulting <IRS> is considered as <1RS>1n1t and step 2 is carried
out for all vertices j = 1,2,...,m.
iv) continue steps 2 and 3 until no change of the vertex attribute occurs.
The resulted <IRS> is optimal, denoted by <IRS>0pt. The computing proce-
dure is stopped.
Concerning the SIBIS algorithm, we note:
1) the connectivity of the c- type subgraph must be preserved to conform
with the definition of the standard (i.e., an organic compound is des-
cribed by a connected graph]sf.
2) the connectivity of the i- type subgraph is also preserved in order
to prevent meaningless improvements of the resulting SD*-equations.

3) we recommend building up <IRS>1.n as: c¢- vertices correspond to the

it
non-hydrogen atoms of the most potent drug of the series; the other

vertices are of w- type ones; one introduces one virtual i- type vertex,

i.e., a vertex jo such that X = 0 for all effectors i = 1,2,...,n.

Jo
s is connected with those vertices of the IRS for which one wishes to
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to check the steric relevance.

3. Application

We apply the SIBIS algorithm to study the interaction of benzoates
in the anti-p- (p'-azophenylazo) benzoate system. The biological para-
meters used in the present calculations are taken from ref. 8. The data
are collected in Table 1 (Krel is the relative equilibrium constant).

<IRS>.

init 15 shown in Figure 1. The standard, S, corresponds to

the antigenic part of the immunogen, i.e.,

__quﬁpd 1

(C%'istm pharmacophoric group).

Figure 1. Hapten-antibody interaction, <IRS>init

(o : c- vertex, o: w- vertex ; a: i- vertex (virtual))
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The vector 51 is easy to write using IRS shown in Figure 1. For

example 51 (hapten no. 1 in Table 1) is:

i<
o

= [111111111000000000000000000 7]

o (hapten no. 11 1is Table 1) is:

51] = [111T1111111.,700000000000000000 ] etc.

There resulted the following SD*-equations:

Tog K -1.683(+0.073) + 0.213(+0.006)SD* - 0.367(+0.049)SD* (m

(n= 23, r = 0.947, s = 0.336, F = 55,576, EV = 0.888)

with <IRS>init = [ c{1:18)} ; w(20:27) ; i{19) ]

log K., = -3.357(+0.064) + 0.379(+0.005)SD*_ - 0.365(+0.040)SD* ~ (2)

{(n=23, r=0.960, s = 0.293, F = 74.584, EV = 0.914)

with <IRS>opt = [ ¢(1:13,16,17) ; w(14,20:24,26,27) ; i(15,18,19,25) ]

Equations (1) and (2) are significant at >99 percentile level
(F statistic) and are in excellent agreement with the experimental facts,

9

i.e., antibodies are relative rigid macromolecules” and the antibody

active site "copies" the shape of the antigenic part of the 1mmunogen5.

4. The SIBIS algorithm: convergence, stability and auto-adjustability

The computations reported below use the biclogical parameters

12

corresponding to the carboxypeptidase inhibitors collected in Table 2

(Y] stands for -log K, K being the inhibition constant).

4.1 Convergence. The SIBIS algorithm is considered to converge if

<IRS>Opt does not depend on the considered <IRS>in1t'

The data collected in Table 3 argue that SIBIS converges. The
standard S corresponds to the compounds no. 3, 7 and 10, respectively

(see Table 2), within <IR5>init,4’ CIRS>1n1t,3 and <IRS>init,1'
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Table 1. Hapten-antibody interactions: Kre] values
No. Hapten Kre] No. Hapten -
| =
. co 67
1| H<o)co; 1.00 18. H-i@-N"N@' 2
0 |
g H@-CUE 0.43 19. | My 70
0N |
3. H@COZ 0.12 20. | Medq 65
0N |
4. | o -0}, 0.41 21| wol m
0N I -
5. H@co' 0.07 22. HD@_N’N@C% 81
2
Cl I‘ CH,
¢l | )
- 2N0)-Co
6. co, 0.024 b, H0~|®—N/O 2 125
o CH
/8 F—:@-COZ 3.6
8. Cl 5.4
9. Me-| 1.8
10. Br-| 5.4
1. 1 9.8
12. HZN-‘ 2.1
13. HO- 4.7
|
14. 0,N4 1.8
15. phq 6.8
16. 0,1 5.3
o |
17. H3CCNH-I 1.6
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<IRS>.

init,2 is shown in Figure 2.
s

Figure 2. Carboxypeptidase inhibitors: <IRS>1.m.t 2

4.2, Stability. The SIBIS algorithm is considered}3 stable if small
perturbations of the input data do not change significantly the resulted

. y
SD*-equation and <IRS>0pt.

Table 2. Carboxypeptidase Inhibitors

No. %ﬁ:ﬁgg{lgi)ac1d YI Y2 Y3 Y4
1 C,H €00 1.00 0.9% 1.0 2.34
2. n-C4H,C00” 2.30 2.298  2.32 0.83
3. n-C,HyCO0 2.57 2.573  2.55 2.57
4 n-Cg H,,C00 2.20 2196 2.10 2.20
5 (CHy),CH CHZCOO' 2.57 2.574  2.70 2.57
6. C4H5L00 0.83 0.834  0.80 2.30
7. CgHgCH,C00 2.34 2.336  2.40 1.00
8. CgHg (CH,) ,C00” 2.92 2,924  2.80 1.66
9. c6H5(0H2)3c00' 1.70 1.697 1.75 1.48
10. g-indolyl CH,C00" 3.1 1.109 3.1 2.26
1. g-indolyl (CH,),C00” 2.26 2.256  2.16 3.11
12. g-indolyl (cuz)scoo‘ 1.48 1.477  1.70 1.70
134 g-naphtyl CH,C00 1.66 1.664 1.50 2.92

2
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Y's collected in Table 2 would be exactly the same as the
published set, i.e., Y's, if rounded to the published number of digits.

There resulted the following SD*-equations:
Y] = 1.159(+0.123) + 0.220(10.022)50*c - G.]SB(:Q.OQ?)SD*W (3)

(r = 0.814, s = 0.404, F= 5.911)

Y, = 1.158(+0.124) + 0.224(+0.022)SD* - 0.158(+0.089)SD* (4)
(r =0.812, s = 0.408, F= 5,902)
with <]Rs>in1t = [ ¢(1:10) ; w(11:19) ; i(20) ]

Table 3. Convergence: <IRS>'s

Vertex <IRS>q <IRS>2 <IRS>3 <IRS>4
no. init. opt. init. opt. init. opt. init. opt.
1 c o c c c c C c
2 ¢ o4 c c c c c o
3 e I c I w) c ;"Tv“, W :“c“
4 ¢ !l c | ¢l cl ¢ ! woolow

5 c LEJ c L—EJ c L_E_J c LTTJ
6 ¢ G c c c (= c c
7 & (& W c w = W c
8 £ c w C w c W c
9 ¢ C W c w c W c
10 c G c c w c W c
1 W W W W w W W W
12 W W W W W W W W
13 W c c c c c w c
14 W [ W c W o W c
15 W ] W W w ] w W
16 w w W % w w w W
7 W i W i W i W i
18 w W W W w W w W
19 W W W W w W w W
20 i i i i i i i i
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The equations (3) and (4) and the data collected in Table 3

argue the statement that SIBIS is a stable algorithm.

4,3. Auto-adjustability

The Y3 and Y4 values (Table 2) represent medium and strongly

perturbed Y1 values. Using SIBIS, the following equations resulted:

Y3 = 0.756(+0.096) + 0.403(+0.017)SD* _ - 0.655(+0.058)SD* (5)
{r =0.882, s = 0.324, F=10.544), with
<IRS>opt = [ c(1:3, 5:9, 13, 14) ; w(4, 10:12, 15, 18, 19) ;

i(16, 17, 20) 1J.

Y, = 0.804(+0.176) + 0.304(+0.033)SD*_ - 0.156(+0.065)SD* (6)
(r=0.554, s = 0.580, F= 1.328), with

<IRS>0 [ c(1, 2, 5:7, 10, 12, 15, 16) ; w(3, 4, 8, 9, 11, 13, 14,

17:19); i(20) ]

pt.

The statement that the auto-adjustability of the SIBIS algorithm is
quite low is clearly supported by the equation (6), i.e., equations with
r2 < 0.40 are chance corre]ationsl4.
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