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Similarity, diversity, and the comparison of molecular structures.
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Abstract both if it is a stable or an unstable molecular statés

Similarity is a powerful tool forcompound comparison and calculated using the following equation:
can be seen asgbodmethod to predict toxicity. One simi- W= ks X Zeg/ T+ Ko

larity measure and its application to complex probseivin
are >(/jescribed. PP plexp 9 where k and k are constantthatdepend on atom type, r

The importance of the determination of Compot[nd:ity |S the atomimovalentradii, and sz is the nucleaeffec-
is a fundamental requisite fahe introduction of new  tive charge. But
chemicals into daily useHowever,the cost, in terms of  Zer = N - (@N + bN, + ¢(Ns-1)), where a, band c, are
both timeand money, of an accurate experimendater- Slatercoefficients, N ighe total number of electrons,,N
mination forbids an uncontrolled application of well es- N, and N, are the electronioccupation ofthe atomic
tablished tests. In addition, the receffiforts oriented to shells; and
decreas¢he number of animdésts becausheir cost and r=>2Zew/ (Z'eff0 X r°), where Zg is theeffective nuclear
their relativereliability for humantoxicity prediction have charge with complete electrahielding and%is the stan-
stimulated the researctowards alternative approaches. dard covalent radii of the atom; then
(Pollothand Mangelsdorf 1997) Among these, theoretical i = -ky X [N - (@Ny+ bNp+c(Ns-1))] X [N - (aN+
predictions based othe correlationbetween astructure BNL+CNg)] / (Z'ei® X 1°) + ko
and itsactivity represent a powerful method fixe selec- Consequently, it is possible to calculate Aging the fol-
tion of toxic candidates whicltan be thenaccurately lowing equation:
tested by experiments. In order to asgbsgossibility of AE = k x.( A+B+C)-kxNs+K, where
a correlationtwo requisites are needed: thgailability of A= (N, + af\l _ 2NN - 2bNN, + N 23+ 2bf\hN Can +
experimental toxicitydata and amethod for describing TR I ! 2
structures. Clearly, it is the saw aspecthat we are con- b2N;” - abN) X Ns )
cerned with. B = 0.5 x (-2aN + 2aN+ 2abN - &) x N;

/3 3
The description of chemical structures is implicitly a i C=da"x N3_ o
modelling activity. In fact, any representation of molecules Just by summing upll the atomic contribution we can
must use a “pictorial” description tifieir structures. The  calculate the electronienergy of a molecule: E 5 AE.

difference is often related the explicit or implicitway of This is a quantityhat isrepresentative of a molecule in a
performing the modellingctivity. A second aspethat is well defined state. Therefore,ybu change the molecular
fundamental is the understanding that there is not an uni- state, either electronically or geometricalypu will have
versal mode of description; dhe contrary, it icommon different Es. AEand E can bseen as interestingolecu-

to have different methods depending on the current appli- |51 gescriptors forall those situation where trectronic
cation. In conclusion, we are going to introduce a particu- giae is important. In principle, this is a fundamental

lar method for describing structuresd asystem to com- atomic characteristic that can bged when it ismportant

pare structures, closing with a special attentiorthtgr : . .
potential application also to the toxicity field to evidentiate a molecular behaviour connected to atom
' interaction.

The Description System The Molecular Comparison

The Molecular Descriptor Another important issue ihie usethat ismade of the de-
Many different structural featureseused forthe charac-  scriptor. It is worth emphasisinthat thecharacteristics
terisation of moleculesBecause wavant to go as deep as  chosen to analyse moleculage notself-informative and
possible we selected an atomic descriptor. (Baumer, L., their profitable use depends dhe environmentwhere
andSello, G. 1992) It must be a calculated quantity, inde- they are inserted. One scenario is the goal of learning
pendent of a particular molecular class, sensitive to atomic something about a compound by its comparison to other
environment, an@asy tounderstand. One such descriptor petter known compounddhis hasbeen a longasting

is atom electronic energy (AE). Generally speaking, AE wish of chemistgshat hasbecomemoreeasy bythe intro-

depends on atom chemical potential followithg rela- duction of the modellingactivity. In betweerthe many
tion: AE =[ p dn, wherep is the chemical potential and ~ experienceshe use ofthe evaluation of structure similar-
dn is the electron variation. Because hotind dndepend ity represents aecent developmerhat hasopened many

on electron distributiorthat issensitive to atomic neigh- ~ NeW perspectives.

bourhood, we obtain a diverse AE for each diverse The assumption of a working definition of similarity is
situation, basilar to reach an agreement on the meaning of the



model. In fact, similarity can b&een as an attribute of an
objectwith respect to a particular property; etgo ob-
jects can bedefined similar because otheir colour, or
their taste.etc. It is thusimpossible to have an absolute
definition. In thecase of molecules it isnportant to al-
ways keep cleatthe application area we are considering.
For exampletwo moleculesan have similasolubility in
water, or theycan have similar number ofarbonyl
groups, or similargeometry. In oursystem (Sello, G.
1992) we are comparing structures on an atom by atom
basis, selecting atontbat have a similarelevance to the
electronic state of each compound. In different words, we
are more interested in the rdteat anatom has in a com-
poundthan inits absolute energy. Tihis end, wedefine
the importance (weight) of an atom in a molecule, as

AW = |Eg; - (Eori + B)|
where K is theenergy ofthe complete molecule, &; is
the energy of a hypothetical molecule obtained from the
original compound by eliminating the interactions of atom
(i) with all the remaining atomsnd E° is theenergy of
the isolated atom (i)This represents a measure of the
perturbation that atom (i) suffebgecause it inserted in a
particular neighbourhood. Asansequence, it is possible
that thesame atontype showddifferent weights depend-
ing on themolecule. (Leoni, B.and Sello, G. 1995)This
measure is very sensitive; for example, if it is calculated in
its most accurate form, it is sufficient a conformation
change to change the AWs.
Once chosen the similarity measure it is worth to organise

the structure comparison. This is not as banal as can be

thought; theproblem of structure orientation @ways
present, even in topological comparison. Amaimg alter-
natives we chose to developcanonical comparison, i.e.
we analysdghe atoms of anolecule in a canonical order.
(Sello, G.,and Termini, M.1996a) The canonicity is de-
cided bythe atom weightand by theatom - atom connec-
tions. Startingfrom the most representative atoftihat
with the highest weight)and following its bonds its
neighbouring atoms are ordered by weights. Phece-
dure is repeatedntil all theatoms are orderedhen the
methodfollows two different directions depending on the
dimension of the comparisor.opological comparisons
are made by matching atoms in the sagmusitions in the
canonical ordersand selecting those atomthat have
similar descriptor. The result isne or more chains of
similar atoms (figure 1).

Spatial comparisons use the canonical orders in a different
fashion. When we wish to mataholecules alsdaking
into accountheir geometry we have tsolvethe problem
of their relative orientation ispaceThis is awell known
andoften discussed problem. In ouew the atomweight
has a fundamental role; thus, weethe canonical order
determined by this characteristiso to orient the struc-
tures. In other words, we positioned one ofdbepound
oriented using its three most important atoms (the first in

@ starting atoms
) common substructures of A and B
() not common part
Figure 1. Similarity of variolaric and physodic acids.

the coordinate origin, the second along the X axis, the
third in thepositive Y part of the XY plane) and then we
use all the possible relative orientations dfie second
compound given by its positioning usitlge same princi-
ple but with all the possible sequenceshméeconsecutive
atoms in its canonical ordefhen, we select all thatom
pairs thathave similar AWand aresufficiently near in
space. Théestsimilarity result is chosen as the similarity
of thetwo structures in space. In figure 2 is reported the
result obtained by comparing the antitumorampound
Taxol with a modifiechaturalcompound. ((Sello, G., and
Termini, M. 1996b) Inthis case bond flexibility is also
considered.

Combretastatine A1
I NH

()

Figure 2. Similarity of Taxol and Combretastatine Al.
Marked atoms are similar in weight and position.

The most evident differencetisatalso isolated atoms can
becomepart of a similarityset regardless dheir connec-
tions. However,the most importantlifference isthat in
the topological comparison it is possible to evidentiate a
greaterlevel of similarity but with less precision, whereas
in the spatial comparison veecurately consideghe atom
position at the risk of missingome positivanatching. It

is obviousthat thetwo alternatives have different applica-
tions.

Diversity, or the Similarity of Dissimilar
Compounds

Once acceptethe similarityconcept, it isnatural to con-
sider thepossibility ofintroducing its companionmolecu-
lar diversity. In principle, if it ispossible to measure
similarity it should be possible to measure diversityis



so self-evident consequence should be carefully consid-

ered, because, ithe intuitive assertiorthat two com-
pounds areliversecan beobvious,the measure of their
diversity can present mangroblems. First oéll, similar-
ity is an attribute of awbjectwith respect to a feature; i.e.
we mustalways define a relativeimilarity. For example
we can affirmthattwo objectsare similar in theiicolour.
Can weaffirm thattwo objectsarediverse intheir colour?
Naturally, yes.But, can we measure thaliversity? And
order threeobjectsusing thismeasure? Theroblem has
two faces.One is purely terminological; we uslee term
diversity but wemeanscarcelysimilar. The other is much
more importan&and concerns the reliability of a measure
when it becomes vensmall, or, as is thease in our
method, when it can be nuecauseghe measure is dis-
crete. In fact, we measure similarity as the number of
similar atoms; i.e. if @kompoundhas noatoms similar to
othertwo compounds wean affirmthatthey arediverse,
but we cannot give a measure of this diversity.

Between many solutions presentedtle literature (e.g.
theuse of many molecular descriptors to alwgyarantee
a non-zero result) we propose a different approach. We
assumehat our similarity measure is a real measure, i.e.
if one object A isdistant X units from anothesbject B
that is distant Y unitérom athird object Cthen the dis-
tancebetween Aand C isX+Y. It is obviousthat if it is
possible to measure a direct distance betweand\C this
will be different from X+Y, i.e. the indirect distance we
are measuring is differefriom the direct distanc&ever-
theless, if we measure all tltistances betweeabjects
using the same standatftey will be comparable. Ithis
way we can havealways non-zero similarity measures,
even for hlghly d|55|m|Iar compounds.
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Figure 3. Molecule comparison using a predefined set

We developed two systems foreasuring thisiew simi-
larities, both of themuse the same descriptor, atom
weight, but the first compardsvo moleculesthrough a
predefined set oftandardmolecules, (Sello, G. 1998a),
whereas the seconslowly modifies the two molecules
until a significative similarity measure is possible and
weights thework required to makéhe modifications. In

figures 3and 4 we reportwo examples of comparison
using the two methods, and in figure 5 we show the results
obtained usingall the threemethods we have (Direct
Comparison, throughPredefined Set Comparison, and
Modification Comparison) applied tihe sameawo mole-

cules.

oo %3%3

0.200 0.283 0.283
Flgure 4. Molecule comparison through their modifica-
tion.
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Figure 5. Molecule comparison using three methods.

The exampleshow comparison of molecules of different
kinds, but it must be cled@hat we carcompare any mole-
cule pair, even very different, with our systems.

The Application of Similarity to Complex
Problems

The development of similarity measuring methodsesy
useful for structure comparison; but, manéeresting, is
their use in complex fields, wherfe number otunpre-
dictable variables is large.

Our previous experience ithe area of computer aided or-
ganic synthesiplanning has stimulated our interest to-
wards thepossibilities offered byhe application of simi-
larity. It is evident that the use of analogy is very common
in the planningactivity, consequently wecan easily
imagine the introduction of the similarity tool. Though the
planning ofsynthesis is a complex operatithatincludes
multilevel choices accounting fothe number and the
goodness ofhe results, weleveloped methods eimilar-

ity application to the comparison of alternatisymnthetic
paths both inside a single syntheplan (Sello, G., and
Termini, M. 1997)andbetween differenplans. (Sello, G.
1998b)This required a greadffort in the organisation of
the comparisons. We also introduced methéals the
evaluation of compound reactivity based tbrir similar-

ity togetherwith the corresponding similarity measures.
For example, we realise the comparison oftth@synthe-
ses reported in figure 6. Despite the clear diversity of these



molecules it isstill possible to have somieints of the
similarity of their synthetic routesObviously, the result
cannot be expressed usingly onenumber,because the
synthetic importantspectsare manyand have different
meaning; e.g. structure simplification is a strateggpect,
whereas reaction efficiency is a tactic aspect.

The principal hint we gathered from our attempts of
modelling complex problems concertige inadequacy of
the common methodologies afata analysis. When the
problem is complexand the means of itdescription are

related to different biological mode of action.

More, thecase of toxicity is evidently a complex problem,
where there is the need of considering many different and
concurrent aspects tifie response of the organism to a
substance; thus, these of many different similarities can
be envisaged as a powerful method of prediction.ngue¢

the tools used to analysendvalidate the results must be
carefully chosen becaugiee final answer must be as reli-
able as possible. Most tiie Al approaches can be sug-
gested to care dhis vital point of the theoretical predic-

scarce, when we have to cohabit with the uncertainty of tion of toxicity; we are lookingforward to experimenting
the experimental measures and with the approximations of this possibility.

the calculated measures, the resort to more fetitkin-
novative methodologies ofataanalyses is sure. Here, the
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Figure 6. Syntheses comparison using similarity.

The Application of Similarity to Compound
Toxicity Prediction

There remains to adsbme considerations dhe possibil-

ity of application of similarity to the theoretical evaluation
of compound toxicity. If we consider toxicitindistin-
guishable from any other biological activitlye possibili-
ties offered bysimilarity areself evident. In fact, structure
comparison is a common method to assksesctivity of
unknown fromthat of known compounds. Because com-
parison by similarity is ayjood methodology it ifighly
probablethat it can beused also irthis field. However,
betweenthe manypossibilities it is better to select those
that permit thdocation of the substructuressponsible of
the activity in addition to a general biological behaviour.
In this way, it could be even possiblettack theactivities
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