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ABSTRACT. A procedure of determining the best probable
shape of effector molecules for a given biological
receptor site is described. The procedure is based
on minimal tooological differences, an approximnate
measure for steric fit. It uses the experimentally
determined biological activities of a series of N
molecules with known structures. This procedure is
an optimisation problem for e triccleoured graph.
In a previous paper,1 the minimal topological differencc,*)
MID, was introduced, &s an approximete weasure of the nonover-
lapping volumes when s molecule { in e low energy conformation
sllowing meximal superposition ) is superimposed on a standard
S. This standard should be the complementary copy of the com
bining site of a certain biological receptor ( in its "active"
conformation ). It wes assumed that the affinity, i.e. biologi-
cal activity, of various potential effector molecules mi
towards the receptor, has a2 general tendency to decrease in a
linear fashion versus this KTD. A procedure was also outlined

to obtain the "best" stsndsrd, the one which yields the

- ’
highest correlstion between LTD Zgé the biological activity,
and thus gives the most probable shape of the effector site.2—5
We want to outline here the connection of this MTD - site
mepping procedure with grsohs, and give some relations which

may be useful in connecting this procedure to graph theory.

*) In 81l previous pspers,  !C the term "minpimal steric
difference", MSD, was always used. However, "minimal %opo-

logical difference", MTD, is & more suitsble term.
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The problem msy be stated as follows. There are N
molecules M, with known experimentally determined biological
exp

3

activities, Ai with respect to a receptor site ; the "best"

standard, SO should be inferred from these data. First the

’
N molecules gge superimposed, atom per atom, to give an atomic
network - the hypermolecule H, according to certain Pules,2—4
( hydrogen atoms sre neglected, differences in bond lengths end
angles slso, but differerces between covalent bonds snd Van der
Wasals contact distences are not ignored ; reactive groups or
groups giving strong interaction occupy alwsys the same
position in K ). Thus H is a graph, whose K vertices ( indexed
j=1to M) asre connected by covalent bonds existing in at
least one of the N molecules. Each molecule Mi is represented
by one subgrapnh in H, or by several subgraphs if more thean one
conformation g is considered for Mi. To charscterise the Mi's
on H, a tri-indexed variable is used ( where index i characte-
rizes the molecule, index g its conformation, and index J the
vertex of H ).

=1, if vertex j of H is occupied in con-
formetion g of molecule Ny

Il

5.8, d 0, if vertex J is empty, i.e. absence of (1)
an stom in that vertex in the confor-

mation g of the molecule Mi .

The vertices J may correspond to the interior of the
receptor cavity ( imerked by &j: 2 5 EJ =1 ),2 to the walls
of the receotor cevity ( .= 1 , {j= 0 ), or to regions ir-
relevant for steric fit ( gutside the receptor cavity, 3. = 0,
{5 = 0 ). The MTD is obtained uy counting the unsuperpcs;ble
stoms, i.e. the sterically relevant vertices occupied either

o

only in S or in i, in the maximslly superposable conforaation.
5
2-4

o

Thus, let us hove 8 hypotheticsl standserd S, definea by:

S = Fin(kTD) = k g o= % |
in(KTD) Ovzg . g ou 3 TJ. (2)

Also, 2 simpler equivalent formula can be used:
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Table 1

Exemple of & hypermolecule H with k = 13 vertices ;
of N = 5 superimposed subgraphs I\‘Ii , and of stsndard So 3

entries within the main part of the table are X583 values ;
15

X denotes a functional group.

Loc—c-c-c | 5|2 [1l1]|1]lolo|o|l1|l1lo]lolo]loio} 3

i

73 9}
b4 1 4 <1 X -4
1 \/3

e \u

L “fz fo]



= 260 =

Ui
MTD = M(S) + Min E €%, : (3)
(over g) J 1i8rd
e
with Ej = -1 for the receptor cavity vertices ( §.=1 5 ﬂb = 1)

EJ = 1 for receptor wall vertices { &§.= 1, {-= 0 ) and €. =0
for stericslly irrelevant vertices ( ;7 G 3 #ﬁ =0) ; M(8) is
the number of sterically relevent vertices occupied by the
hypothetical standard 5. In the accompanying exéemple ( table 1)
the hynermolecule I has 13 vertices, while the standard 5, has

7 sterically relevant vertices, which are connected by heevy
lines ; the dotted lines in S  connects the former vertices to
receptor well vertices.

Agalc’

The calculated activities, sre given by

Agalc = O~ BMTD +.... (4)

with o stending for a possible linesr correlationsl equation
with respect slso to other ( continous, usual ) structursl
narameters.

The regressional coefficients, ( & ,P , etc. ), are
obtsined oy minimizing with respect to them the sum Y of
square differences:

-

f APE - g0 3R (5)

i

i=
If the stsandard S0 used to calculate the minimal topo-
logicsel differences MTD? is optimel, Y should be minimal also
with respect to the values 6% which define SO . If at @
certsin vertex t, E: is substituted by &, , all 2 differen-

ces
' o] = ' o} s
¥ £, , B2 S uieh - D =
(6)
. N N ’
fe— = !
. LEXD cale y Ar- : 0 2t
= 2(_\,: ) CREER - af )-ATD; *é) (Al..TDi,t )
L i=1 i=1 '

chould be nonnegative.
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Here; N
" ' 0 1 [ (o}
AMTDi,t = MTDi - MDY - N E { MTD:-L MTDi ) (7
i=1
and for each M, a single conformation is possible ( all g;=1 ):
N
" = Y <89 A = 2 Yo E9 e
Ar..TDi’t (& Et)xi,t Ng (&, €)%,
i=1

The MTD? 's asre calculated with respect to So’ the MTD;
values with respect to the stendard resulted by substituting
E; for 82 5

Starting from an initial standard Sy the most active
M. molecule for example, one performs all 2M differences
A ( 5; 5 52 ). A new standard is obtained by performing the
substitution corresponding to the most negative difference,
and then new MTD; values and a new correlational equation (4)
are found. The cycle is repeated until only nonnegative dif-
ferences AY result.

Preliminary dsta : suggest that statisticsally signifi-
cent correlstions between biologicel sctivity end the best
molecular shape can be obtezined for sny biological receptor.
The selection of the initisl standard seems quite criticsl -
the procedure may essily yield local, nonebsolute minima for
Y. Also, the statisticsl reliabilities for the ascignment
of Ej for the vertices in Sopt
quelitatively they should the higher, the higher the two
values AY( Ej : Egpt ), end also the more often vertex
is encountered ( either occupied or uroccuoied ) in all the

remsin to be determined ;

N molecules Mi %
To conclude, our receptor uapping procedure secms
to be an optimizastion problem for & tricoloured graph.
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