METHOD FOR CHARACTERI SI NG THREE- DI MENSI ONAL OBJECTS The present
invention relates to nmethods for charactegising, conparing and screening

t hree-di nensi onal objects in particular in order to automatically identify
their remarkabl e properties, to conpare these objects to other known
elenments in order to infer functions, and to evaluate or 5 deepen the
possi bl e physical interactions between these objects. The conpari son
of three-dinmensional objects belongs anong other fields to pattern matching
and have nunmengEFHRIPEORE CTERISING THREEPDIMERSIONALCOBIEOTS Pet veen
obj ects, conputation of surface contacts and correspondi ng energetic
potentials), in biology (screening of regions and of 10 nol ecul es,
specificity of regions), in chemstry (prediction of interactions between
synt hesi zabl e conpounds), in surgery (fine detection of regions to operate,
despite inter-patient variability), in biometrics (fingerprints
recognition), in robotics (determ nation of objects that can be handl ed by
a mechani c arn), idhgergepeinte ipvention zeglatea do taetheds dord elarrciegipingor

nore 15 generglly in ev industrial,.fjel. t. t] f ast
ecogn ti o oFoBBEB A SesRBled PP tal YifGe dl amalar™ dfae 16

I nvention is adtdmatidayli@entifp teeid eémbekabike prspettionttehedmpare thebe objects and
approaches called in silico (that is, by purely numerical approaches), for
instance to déd athem&npwnaeleaniseni erdghiovRferhfunstiens, asd 20 a¥algate grven
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execution CENinrre t akes between a few hours. and seyer al ga.s for.a single
assenbl y, i BIPIGEHISS SREGHa, oL Irearashanapperisyv: (redithon olg e Behiens) . 1 n
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expensive and difficult to 1 nplenent, and do nhot” provide sufficiently
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interactions, as it is 10 denonstrated in the literature. G her in vitrolin
vi vo appr bachgeneriallyin eveiydedustrial fields oviaradbe systematia andh&ast reeegnition vy,

e oo oo of BB ALk QB ShtiabrryoL oLl 00T oy, WD
several nonths (somRéi iwentieRr 8) i Oparticuldat dtendddgbe patterhaeddteiing of
molecules and approaches called in silico (that is, by purely numerical

approaches), for instance to determine in a systematic way which molecules

20 have a given functional region, or to determine in a systematic way the

molecular interactions (that is, the partners of a target) and the structures of

corresponding molecular assemblies, whatever their size or the type of

molecules involved.

In silico screening approaches of small patterns (such as catalytic

25  sites) are for instance known, in vitro and in vivo screening approaches (two

hybrid (Y2H), TAP-TAG) of macromolecules, or also the "docking" (in silico

approach of predicting the shape of the assembly between a ligand and a



15In vitro/in vivo, the identification of the |ocation of binding sites
requires for instance to perform nunerous nutagenesis experinents, which
are long and expensive. These binding sit2s however are fundanentals for
under st andi ng the nol ecul ar nmechani sns behind cell functions and

pat hol ogi es. They are, for pharmaceutical industry as for cosnetic

i ndustry, 20 an essential key to help in the creation of active and

speci fic compounds. Mor eover, existing in silico screening approaches
only answer to three problens: (i) to search in a database for an existing
conpound abl ereaeptomio domn oa wjaklel cormplses ;buti Wbielteoﬂ@e @@@uho@dmdabe&bl e
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conpound abI eitldwfibuIntb Be appliéd to Sereefingaproblenss)r eeni ng macr onol ecul es (such
as protein, DNA, RNA, |ipids) which are the biological targets of small
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a set of macronol écul es. fferent steps described in the foll ow ng

descri pti ons patticulagl pwitio 1@ystaﬁwmphhe M edgleaof magogtie c resgnanseai | i ng
its remarkabl e .0 ater called ruct ur n

cval uatc 115 FARGREGH) L rag e Sfide Hpp el e e P Ria S e et
(i.e. in biol goyalidates alsingl@interadtioanment ; in robotics, an assenbly line; in
blonetrlcs a collection of fingerprints; in artificial intelligence, a

t hr ee- di nénsi onal keddrdin wivo, dheofdendificationsafi thenresation PhebiRgingogites so

provides for t order
to specify th{abﬁlrgg%é'g\'g%& tﬁ%epé’&g'ﬁgpp %ﬁ%@%c@%%%i%s%% %@ﬂgﬁ WH'
particul ar t caeloagtaricdhexperiias.t Thédeabindiesitdsehowiest amﬁmuememtalbefor
studi ed environment. The invention is therefore intended to rovide a

met hod f or 20uRgRIstanding sthey malesslati mehasiams e Pehits ol ITHAFYRNS Afhr i ng
Wi th accuracyy, tﬂS[gicg‘?éénT%fyhér%h {/';Sl%mhtléélrlﬁﬁgétﬂgasrfSQEBé’rHéf?&|rﬂﬁ%4r9r
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i nportant for t rireld d for the studied application.

invention is lahdca bitlegidaldtargetp (iviodereatem corgpoend abieeto bind a blologlcal
target; (iii) to search for molecules having a small structural pattern. These
25 approaches which essentially allow selecting a compound able to bind a
target, do not allow screening macromolecules (such as protein, DNA, RNA,
lipids) which are the biological targets of small compounds, neither do they

precise which are the other biological targets of these compounds.
It is becoming essential to be able to functionally characterise the
30 biological macromolecules to better understand the function of a cell or of a

pathology, of metabolic and regulation pathways, and to better identify the



30di nensi onal object having desired properties inits field and/or area of
application, a nethod to detect and characteri se one or nore objects having
4 either conplenentary or simlar propertBes of the desired properties, and
to infer functions to the screened object, either by simlarity or by
conplenmentarity with other objects of the environnent. Anot her

obj ective of the invention is to provide a nethod all ow ng the 5accurate,
fast, traceable and reproduci bl e screening of three-di nensional objects,
what ever their size, their type or their properties. Finally, an

obj ective of me of@dtionrofi these cpnmpdmnﬂs;a‘fmro'glstqﬂvﬁ (We avish doneqgw g of a

gi ven three-di,nensional .obje anal and hering all,i,nformation
concer ni ng th EF(S%Jtet@tr ‘?tﬁ AJ“@FWI?%Q ﬁﬁ%s 'BP?\‘}'gél& rraél' 'b&?'#ﬂﬂ Fé)ﬁal

vi sual i zati ongr, to deterififie #thecddny Frﬁ!@r infpfepe With HiblgRiGe thtéHacdsan® a
met hod for characterising three-di mensional objects co r|5| the st eps

consi sting to@s a consequence )digjepts e %ﬂt‘bﬁhe@m@ﬂﬁﬁlﬁgl ghén Asthelieri on

mesh el gt bubl e e DSt dEtemplas 5 oty réﬁ?@%g%dtgp .”?43% Bifaing ™ ¢

characterise titgs pouR ;ﬁeﬂﬂélﬁlér brwvideaaiay tof evdigatersid wiodulate tig efficacy
according to the respective states of the remarkable 20properties of these

poi nts and/ or apddBespossible; GausasyREdexieile abig cOMReHNS ithBe etk FoNtd
cont i guous regle E\?%rgett%‘?rﬁ?c?gnﬁ%t{fé@r acterisation of the points of the
i hg

obj ect. 25Accor 0 a second aspec the invention al so provides a
nmet hod for char act@hesﬁffgrehhstepscuemnbednarth@fnlbw:ﬁg dBBCN]MI(IﬂS witihelp to

LQLE?S? : ggo”f IO_ gg;')er? ? & tnolvvsl’ecf‘gemc))lf eacnmogjecfS %y der?aelrhng its re ksalbpeg ptrcppeer? &SPS
(later called "structural fingerprints") and to evaluate its interactions with
other objects in a well defined environment (i.e. in biology, a cellular
environment; in robotics, an assembly line; in biometrics, a collection of
fingerprints; in artificial intelligence, a three-dimensional reconstruction of

15 the environment). The method also provides for the description of the object
and of its environment, in order to specify the frequency of the subparts that
compose the object, and in particular to detect the subparts that make the
object unique in the studied environment.

The invention is therefore intended to provide a method for

20 characterising three-dimensional elements allowing comparing with
accuracy, performing high-throughput screening, regrouping and/or
differentiating objects of an environment according to their three-
dimensional structures.

Another goal of the invention is to determine in silico, the remarkable

25 properties of some parts of the three-dimensional objects, in particular
geometric and/or physico-chemical and/or evolutionary remarkable
properties; that is a set of properties important for the field and for the
studied application.

The invention is also intended to provide, for a given three-

30 dimensional object having desired properties in its field and/or area of
application, a method to detect and characterise one or more objects having



) generate a three-dinmensional reconstruction of the nolecul e;

i1) generate a nesh of the object, said nmesh being built by points 30linked
two by two by an edge; iii) characterise the points and/or the
facets of the mesh of the 5 nolecule according to the respective states of
remar kabl e properties of these points and/or facets; and I v) segnent the
nol ecul e into three-di nensional contiguous regions fromthe nesh and
characterisation of the points belonging to 5the nol ecul e. Ve will
then typically inplement a step of conparison during which the

pr edet er mi nedeihen egmplemeaentankamsigilar preperties ajithe desiredipsaperties hand iy ect

cor r oapondi ng Ve ReiRes pibolH | EdeBhef Srttecr iy Y ofulbfbs ot W ne
i f the known ce@blmaernstafitySivith baferwbri@am@lfmehﬂrchm@ntt_ he region of the
obj ect. O her features, goals and advantages wi || becone nore

appar ent 15upon r eABPIgr ohiechive T tae inuentien ge te Rravide armethedsalloydag e ached
drawi ngs oi ve | 4 ndi-i N Lahs Fi. ;

1 Tust rat s Aetiale Tast Hacsai ST i RoBiclole stiakhlta of tree difinSiorl |
travel | i ng al objgctshevhatevdrebeir pireh thadir typedgirtikelr pagmsrtiesy accor dance with an
enbodi nent of the |iénv ntion;  20QFi g)xre b illustrates the %\%Ber ti(on of a
regi on fromthe meSRHagy: %ﬁ&b}?qﬁ’e ¥ ipvention s 4e PEPHAR C8MREaPhY(1-e., a
enbodi nent of i t o0 _AirmEl o | Lpn of
a region unde?{agsmd?\gztgi%ﬁ%}f th\/rggtdc')rrn%?g*r?g]t%lrglsjre\tb{’ orﬁ%ﬁ@%?r‘gl’q grap@% any
obj ect i n accinferarationwicohcamimgrbthés nabjectofn t esimplenandndefFiptiyar ¢hriee-
illustrates the cosrrl%]ut at i o?l%of a di stance between two points according to

thei r chatthct ¥MELISHN)VisyElzaLRn.

The objectives cited above are achieved thanks to a method for
characterising three-dimensional objects comprising the steps consisting to:
i) generate a three-dimensional reconstruction of a three-
15 dimensional object;
ii) generate a mesh of the object, said mesh being built by points
linked two by two by an edge;
iiiy characterise the points and/or the facets of the mesh of the object
according to the respective states of the remarkable
20 properties of these points and/or facets; and
iv) segment the object into three-dimensional contiguous regions
from the mesh and characterisation of the points of the

object.

25 According to a second aspect, the invention also provides a method
for characterising three-dimensional objects, in which the three-dimensional
object is a molecule, said method comprising the steps consisting to:

i) generate a three-dimensional reconstruction of the molecule;
ii) generate a mesh of the object, said mesh being built by points

30 linked two by two by an edge;

iii) characterise the points and/or the facets of the mesh of the



Figure 2 illustrates the conputation of the |ocal curvature on any surface
points in accordance with an enbodi nent of the invention; Figure 3
illustrates the difference between a geodesic distance and a 30Euclidi an
distance in the sense of the invention; Figure 4a illustrates the behaviour
of a logistic function L, used in the 6 conputation of an energy score,
follow ng the deviation A of values of a property given two points;

Figure 4b illustrates the behaviour of a logistic function L for a given
tol erance, for a deviation of property A and a nornalised deviation of 5
property A* between twomptgaule;according Hogthe reapédtives stateesofarersat@blle of a

mat chi ng schene between_t he poi of t regjons. ., . Fi gure 5b
illustrates a first enb%r&pﬁét?ﬁs %tﬁ?ﬁ%%ﬁﬁﬁﬁﬁgh%@tﬂ@”q egions to be
conpar ed; 10Fi gur ejyasaifleMPthiel ndfdcufd it thrReOdithetisisil [BBRtig@dus Fgyions
alignment of two regions to be conpared; ~ Figure 7 illustrates the
alignment of a regi on Lfreinttheseesh sindoghasaciesigation of the peétts belanging & t he
specific ints of L, V\ﬁlli (Fj,g ﬁe%ﬂlei n particul ar serve as anchor points for
t he devel opnent of nore SIERISIE nol ecul es; 15 Figure 8 illustrates in

general the nethod according to invention, allowng retrieving collections
of objects having either simlar regions, or conplenentary regions.

Figure 9 and 10 arWe wil thegmy@é,callud%tpéﬁmﬁgt arfden &f osparson; dwring WHeh ng of

FAD (Fl avin ni ] | eqt | o} | M ction
of the nunberts PROUEHTHEE AR 8P teRlarkBIRaRnehit o e Yoain & Hhe
defi ggd by spethjeef (“\)vh eadicidat 'ﬁcmg_m‘n of aahgtea‘cugh)iarbscdmpagedgtobtner stayes of
coordi nate system ere each point can be characterise ize, .a
di st ri butilon’ GRTERRAINVING, raraaTkable Propiiiesrof KiRWhragiens in oighr fq Arfermine

b T A T A A
its envel op),oljectull (this is the case for nol ecul es, where each point
defining the object corresponds to an aton).

Other features, goals and advantages will become more apparent

15 upon reading the detailed description that follows, and attached drawings
given as non-limiting examples and in which:

Figure 1a illustrates the approximation of a geodesic distance
between two points by travelling along the shortest path of weighted edges
in accordance with an embodiment of the invention;

20 Figure 1b illustrates the generation of a region from the mesh or
graph of any object in accordance with an embodiment of the invention;

Figure 1c illustrates the generation of a region under a directional
vector constraint from a mesh or graph of any object in accordance with an
embodiment of the invention;

25 Figure 1d illustrates the computation of a distance between two
points according to their characterising properties;

Figure 2 illustrates the computation of the local curvature on any
surface points in accordance with an embodiment of the invention;

Figure 3 illustrates the difference between a geodesic distance and a

30 Euclidian distance in the sense of the invention;
Figure 4a illustrates the behaviour of a logistic function L, used in the



The envelop (or surface) of the three-dinensional object defines the 30set

of points of the object directly in contact with the external environnment,

or close enough in order to participate tocontacts with the external 7

envi ronment under certain conditions (in particular in the case of

def ormabl e objects). A three-dinmensional object is said to be defornmable if

its structure is nmalleable, that is if all or part of its points can change

of spatial location. 5 Those changes, which alter the coordinates of al

or part of the points of the objects, may have inportant consequences such

as the defi ni coroputation efean @neEy BCOE, foﬁ@w'tngrﬁ@ deviation A0 aljesof a

For instance,_a nﬁ$ecule I S éﬁgsidered to be a full and deformabl e object,
P

whereas an i nglPP€ -(,glvqrh%o X

onsi dered as a holl ow and 10 undef or nabl e

obj ect . The pigars 4baMsgstidtes it bahawbac of a 16gistic diidtRinen forsa Z@ert hat
depend in particular of their |ocal and global environnents. The nodelling
of nol ecul ar ®lgranessforsat deyiation cofgaraneryodviasd a pofmalisachsleviatigh Pt i s

necessary 4o ' t l.nternol ecul ar atom c interactions, but
55 dRREE I p@ReRH o ity

al so the t1Tons o sut faces i nduced by the interactions with

sone partners and Bgusoba ilasteates anesamplensfua eeatchiayi stheoms befwddrethe
environnment. Mdelling of the three-dinensional object 20 W will
descri be t he RYBISR:OIT€0IRNSHet hod (or characterisation nethod, or process)

according to the inyand i iRty  MSCeHibBRAREANSr B Shbnment of two

According to this iHvention, we first no thi's object by  25reconstructing
its surface argiansttodeatdmpated;i nt ernal vol une. To do so, nunerous

al gorithns exi st d al Jow reconstructing with nmore or . less fidelit he
surface afd the int'@Hif amduq%!%ﬂ%{r?%eao%cgeg_embo&m% o‘iirhe 3"%'?mﬁaﬁ9£h in
particul ar t hgLreRfdng BAE6MPaldn. used nore for visualisation than for

conputer analysis due to its El gh conplexity, and 30 the sinplified
reconstruction di Scigeta gi illgstratessthef alighmeaat of a negiool lumdthyfseveral aihect f or

conputer anal r%sg%osﬁs %egrecfea}ltloylbcgteslhrg)lsbéciziﬁg protlar(ftgno tI[,u&/Hc?'lncér? in particular
serve as anchor points for the development of more specific molecules;

15 Figure 8 illustrates in general the method according to invention,
allowing retrieving collections of objects having either similar regions, or
complementary regions.

Figure 9 and 10 are two figures indicating the accuracy of the
screening of FAD (Flavin Adenin Dinucleotide) and of mannose,

20 respectively in function of the number of hits considered.

A three-dimensional object is defined by spatial localisation of a set of
points in an arbitrary coordinate system, where each point can be
characterised by a size, a distribution probability for its location, and a set of

25 distinct properties that give a detailed description of the object at this point.

The three-dimensional object can be hollow (only defined by the
points of its envelop), or full (this is the case for molecules, where each
point defining the object corresponds to an atom).

The envelop (or surface) of the three-dimensional object defines the

30 set of points of the object directly in contact with the external environment,

or close enough in order to participate tocontacts with the external



8 sufficient to characterise the properties of an object wth results

equi val ent to those produced by an exact reconstruction. Anong
sinplified reconstruction, the tessellatiédn of VoronoT is of particular
interest (the VoronoT tessellation allows determning the area of 5

i nfluence of each point) and can be used to construct the Del aunay conpl ex
in which the whole object is divided so that each edge sonehow |links the
cl osest points in a given direction. The al pha conplex is derived fromthe
Del aunay conpl ex by conserving the edges for which the size is inferior to
a threshol d. eoviroraent undescertainecenditionss tinpartissiar indlae casenof Hdefamablgay
conpl ex (al so ﬁﬁl{gd dual shape when al pha = 0) provides an envel op of the
t hr ee- di mensi 8 gps'bject, and therefore allows nodelling its surface. The
Del aunay conpl ex, ARfAred-gifterfionl ©bjedtds saf] & bbalefbraisblé i fsletrabtuvaner )
have t he advantage of being sinplified reconstructions 15that keep intact
the | ocation rlleaklepthatissit @l ar pariufjitsgeoints can changesofgpatiaplosatione t o
reconstru the s t = dj [ abje ' such
e marchi g cube,  TAPERo s M dhaPhE AR dRe T e B SERCBORR
systemati c anef thei cbjedts oinagdiave importans coaseguerdesisubhrasathg@efinitioni 6fised
reconstruction or an exact reconstruction w thout interpolation and with a

resol ution _sp’é%‘f"fqu‘!el%’ ff’ﬁ@‘%%%?‘@t‘ﬁ"@ﬂ%’@ﬁa! Ppigflder to sinmplify | ts
representation. | ”F&afntshéﬂblea.ra ndieduie F?Q%?in@lo%r%&’ tb‘%fe E%I:Tfﬁphléﬁdr ble
y alo er of fa

representati ons where the object 1s describe w nu cets, in
order to perfobjech fiheseéad i an emdugtrizf tulee hisavdoasideneld nmas e ad dialioive darkb
conpari sorbts. Furt hernore, the inside of the object corresponds to the
poi nt s of! heu%cﬂﬁfQFfPa*Plﬁaﬁm%qte not sufficiently close to the external

envi ronnent . The BRIms B?F\ﬁ]{gﬁn%h%bfé%ul‘é‘ﬁ@vé’&iﬁ@?&rﬂ%iﬁ&sthai Bepeh @i

bel onging to the 30inside o obj ect are those which are not accessible

to the exter npartioukar obtheinlocat and glghah eovinpnmentso T hefmodelliag ofnmolecular
accessibility or that ate 9.not sufficigntly cl Lo the external
arvel op (i n SRR e Qe Bf e focordies; TLER 1nsr iRt pbtesaafy RO Bk
accessi bilityingg desdlhtdenel GaRGniokcUlde BRIngieul inferadtRingsi Dut e@AS the
applicable for any full three-dinensional object. In the case where the

i nt ernal Mol udefoghations sHj hose sudaers riadusadedy ithe interactions with some
partners and by some more or less pronounced variations of the

environment.

Modelling of the three-dimensional object

20
We will describe the characterising method (or characterisation
method, or process) according to the invention for any three-dimensional
object.
According to this invention, we first model this object by
25  reconstructing its surface and optionally its internal volume.
To do so, numerous algorithms exist and allow reconstructing with
more or less fidelity the surface and the internal volume of the object.
We can distinguish in particular the exact reconstruction, used more
for visualisation than for computer analysis due to its high complexity, and
30 the simplified reconstruction discretising the surface and/or the volume of

the object for computer analysis. Generally, a simplified reconstruction is



5 is possible to use in particular the Del aunay conpl ex or the al pha
conplex, due to their ability to divide a full object into tetraedras,
which is geonetrical structure that can b& conveniently used to determ ne
the internal points of the object, therefore providing a construction

met hod for internal regions (those that do not contain surface points) and
internmediate (i.e., 10internediary) regions (those containing both surface
and internal points). From the nodelling of the three-dinmensional
obj ect by one of these various surface reconstruction (or volune)

net hodol ogi essufficiegé te chatacieriass theoprapestien pb an, ohjeet: with results egigvalent on

(or derivate pf,tri | at | on). of i . t he object and/or of the
surface poi nt&‘hﬁsgﬁﬁgaufeé §¥ égteé(agﬂgec%g?ﬁﬁtéo ent its three-di nensional
surface or vol UnP-Aﬁ‘fbr@n%ﬁtﬁTﬁﬁle@ YecdridtruaHoh, tise téssellationseoVeronait i of aphs
of different types. his transposition of the object nesh into a

graph is opti Eﬁgiculﬁﬂtin’@fﬁi\/\ﬂh%liV@’@f‘P'thSél%“%@fhém\H% ggtermriningetheopIRA Oénd
fast al gord t hyg af o4 p?gé%n Eg@aﬁ@@%%éﬁe@%ﬁﬁﬁ%ﬁi fie! @Bl’auh?gtcg le‘!g?' S

and the conparison 0 regrons o aces, Interne egl ons
and internal jneghizhsthef whble otbjeetis. divided sd thdtaedch edige Goapholhéinky the
provi des specifi cal lé' optimsed sol uti onf. C? cerni ngq ragh .al ﬁri t hns,
sone, such asClPB@sisP@Ptsd aiven siregtionsihe a SPEIPHX [FaHel! PM f%rest ,

as well as th ' j ] : ; ikenoreet£d and
triangul at ed QF g‘gﬁgy@c@?‘g?ggﬁqﬁé‘% gm{ﬁagﬁ?@mwg? ggé]g%w%l " g‘]r aph§

mat chi ng") anthreshaltli ques detecti on. For instance, the nesh can be
transposed into a graph. where each 30 point, of e h rresponds.to a
node in tHe graph Ighﬂg'?'ﬁ\él_[]atr’r ﬁ?n@fﬂhét ?@P%beq{%eérgwng@?i[ﬁégu? CQHH)é%X of
the graph. 1fyso called blal §hé’6éWHé?|5§|PHb@= 09 pr&idEe aR USRI of tad isreleD

whi ch a node of the graph correspond to several points of the mesh,_ and
wher e the defdimansionalf objeckdgnd dhemforn allawsormedelingl itsr isudace, Ehgh as

havi ng at |east,a predefined number of ed L0, th be n WO
sets of point e?uﬁ'g%r g?ringf% tlttl?g t\%go%dggﬁwe)f hea%birggﬁ? i%‘%?de%%%é_l i nk
these two npdﬁ.Eﬂblsﬁﬁum Havet fie @d@Bhtage of beiry efrapiflddy reddistriiretiong s
transposed into a connected and triangul ated graph in order to benefit from

several alygorihetkeepintasidheileeation ofitherpoints Ahtheralisey, in particul ar those
for the graph mat Clg'ig%'lﬁolgbgsiB%? oep?cgﬂ'!s%g{ the gﬁrf?&’é WS ﬂireétquens'bon]al
poi nts before

t hr ee- di nensi onal '0bj ec re g ere nto several sets o

t he nodel | i ngoisiect Usinguapprsaches/ suchy asumarchihg scubiehemalijhing teteaddrias or
generated fromthese sets of points, and its transposition into a graph
gi ves a tri anpheficebRaBroRigese sets. In the case of nolecul ar surfaces,

four graphs can bepgasd ke dGLiehttlic analysis of objects, we thus favoured either a
20 simplified reconstruction or an exact reconstruction without interpolation and

with a resolution specific to the problem given in order to simplify its
representation. In particular, it is possible to use low-resolution
representations where the object is described by a low number of facets, in
order to perform a first filtering before heavier and more detailed

25 comparisons.

Furthermore, the inside of the object corresponds to the points of the
object that are not sufficiently close to the external environment.
For instance, in the case of molecules, the atoms belonging to the
30 inside of the object are those which are not accessible to the external

environment (through a computation of the atom accessibility), or that are



15 the graphs of surface points, the graphs of surface atons, the graphs of
surface residues and the graphs of functional groups. For a graph of
surface points, each point of the surface nesh corresponds to a node in the
graph and each edge of the nesh triangul ati on corresponds to an edge in the
graph. This graph can be defined for the 20 surfaces of any

t hr ee- di nensi onal obj ect. For a graph of surface atons, each surface
atom (accessible to the external environnent, that is having a positive
accessibility (or ASA that stands for AcceSS| bl e Surface Area) corresPonds
to a node in notsufficiphthacidsedethe externaitanyelapefinagreanentavigh thenetion o

corresponds t e in the 25 gr w of
t hese interac&?%ﬁ?; j?‘és ﬁaﬁ?B 8 c%‘i?ﬁ?s'bB&WA‘é f‘ﬁbﬁﬁ‘ ég\éé??%@e%rnéﬁegn

various geom%l&@la%l%ﬁérﬁam@?vh@able%r ey full thide-dinhéngionalabjédtat i n
t he case of dual &gge (also calle ha shape 30 when al pha equal s zero),

the graphs of surf epzasmwh%rﬁctheh@tem%lm%ume Oilﬁhq’ Qb@cél%%oﬁ‘ﬁu'é?q bty

arom ¥ pEbasiie fo e T PRrRRll ENDLRTAAE Omplc BXRE alkpdoamatel 2o
(ASA > 0) or @ae ko Heif asityrtosdivide acullrabjectiint® tetraedrasg evhich tshgaecgneiwicahnd a
predeterm ned nunber of interactions between the atons of {hese re? es 5

(or the di st astectye that sanne copuanigntly ussd \iedateaning, the jgiginal,pPein
edge in the giaph; ect, therégbf@rﬁ)k‘é(wdlﬁgg t%s%@ﬁ’un rﬁéthEH”fbtr'lﬁf&‘h yéglhgrisyl

every nei ghbourin sanme cti1onal group ,
carboxyl, ket ghese etha)t aoe et rm:maim rurfagesipughts) nadd iintetmedigtepki.e.and an
edge links the functlo s that are.in ontacé"gatomc di us

I

i nt er sectibnsinrmedigy W?’P@%Pﬁ%ﬁ@?taﬁ?m% teth ﬁ‘t‘ g gnd jrgeeng met%jsr ary
di stance criteriongph ¢he ?ﬁ(?l?’% qﬁlgﬁ% %He@%ﬁ‘fe'n@lbn%ﬂ@bf&ﬁ%?sbr% lof tiese

criteria). Mre general 'y, he nesh hr ee- di mnensi onal object, it
i s 15 t her ef ovariqusssitihee tr@cmseramt}omdnervotwng)r mﬂ‘ihodﬂiagﬁst e gengrade g er ent

D pe oS, A eRh R BE AR B b £ e IR bl b TR st
i's possible teoifff bPehd dHjeRhaRd/of Wil Biel sGHAYRIPHIRE innorddrcid 6ﬁéat@vai1id’
surface points of the objéct having simlar
15 represent its three-dimensional surface or volume.
Advantageously, the mesh is then transposed into graphs of different
types.
This transposition of the object mesh into a graph is optional but
allows directly taking advantage of the robust and fast algorithms of the
20 Graph Theory for the description, the analysis and the comparison of
surfaces, regions of surfaces, intermediate regions and internal regions of
the object.
In fact, the Graph Theory provides specifically optimised solutions.
Concerning graph algorithms, some, such as the shortest path of Dijkstra,
25 are of particular interest, as well as the determination of connected
components, and for connected and triangulated graphs, of graph matching

algorithms (also called “graph matching”) and of cliques detection.

For instance, the mesh can be transposed into a graph where each
30 point of the mesh corresponds to a node in the graph and the triangulation

of the mesh defines the edges of the graph.



20 curvature val ues and being contiguous are gathered into a node in the
graph, and where (2) an edge between two nodes is defined either by
arbitrary criteria such as the distance df0 the difference between their
average curvature values, or by the direct contact in the nmesh of these
group of points. 25For any object having a spatial distribution of charges
(such as an electric wire, a dipole, an integrated circuit, or a nol ecule),
it is also possible to define a surface graph characterising this

di stribution of charges by gathering into a node of the graph, all the

poi nts in the meshltisaisogpessibledo defimegremeraist graphsrie wyeh iagnedss of el

where an edge is . defined either by 30 arhitrary criteria o I.Fect
contact in thgrarﬂ?s‘l;f)rg?sq% t&ﬁ?-vleé i R SeQSl_cthe_ %?*hgéﬁ‘é’hg’é ﬁ}egéf%firnﬁ%lgbf
associ at ed noggsedge Zelies on Fold AT BBV&ral i dritéfa,Peash kde Havingplat Ragt aph
conbining at the sane tinme the curvature and the chartge distribution, in

whi ch case t heradsfinedsnusnber ebegpes inrthenaeshatvann thenkw sets; plePoiftect

must exhi tgét c %F%eaﬁpsggﬁ% d'Hofes gf"ﬁ{gg b%arpffg?ﬁ’%ré bViHkUhse Y8 rdlsdsy (for

i nst ance, ni oni ¢ conductive or rnsulating
anchor, etc.)anedgeinltie gggggh. if it is possible to define graphs
characterising a sgeci fic property of the three-dinensional object fré)m its

mesh, it is also pBeefembly, tbed'%%h{@ nshesedrinioR cepnesiag apdsigangylate
kabl t { = dj i ] [R=Ya's :
remar kabl e pr ﬁ%gh lh?o'srgg tobggrbéaf{f o gb@?r’%z h@%gllthrﬂgla‘ﬁﬁ he&gitsﬁﬁs 6ftHeeGraph

structural fi prin heri ng pornts t ave a
sufficiently Thadty, ih pardicolar tedsscfen thehgraplhnmiatahdg.val ues of their

ties, When the object is. full and it tati
br ovi des Wl ther a ¥y PRRGHASABIEM e PBINIERT ecToRIBTENa A oUPRGPre

poi nts, 11 1 Sqathefed ] SbierP seld SRR BERRESHR' midiRIing 8f iRl stfatens of

t he object. erentiate the graphs and correspondi ng surface
regi ons havi ngnd/or walumeaddusoithe sobjetie masipliss generatad efroml thesgi sats Ravi ng

ly int | points (which are. nat t aof th r f : hs of
it or mod at o POGID RS BTIon0Id Aot iES SiianBiBtpn 2 heieds™ 20 ©
Neverthel ess, in tyfhet@ie dithbRitulatdurfdeesStriPgraphd Ban et éaxllyajsfinedt ng to
the invention which are inplenented on the basis of surface graph can be

di rectly 5 antheogeaphsoef sutfage Roings athtes geaphsepf sudacealomsditia graphprE. 25

Generation of regions. t fl I According to the

i nvention, th&'¢ der%?g{@%%?%“@%@hsﬁ;@g’g&@bégé@gpﬁhg whi ch the studied
object is divided Fot @ igegblonst, surfacs dssintsp edctaipointeof fthel sinfade mesh
application, to increase in an_ automated and systemg vva%egﬁr .30 knowl edge
of the obj ectgorserPanssdecenedainthegraphandeagthades ptHie tamgilation

t hr ee- di nensi 5];‘3% j£CL.S : ; %Eg,e FofBHhe
regi ons of thg 0 ?@B{d‘% an ecénnrt)%er-egﬂ?ﬁfe?'m?ﬁ{)s t ere%ég?%r?gﬂ % o(r)lgi ng
ei t her t @@ heswfaoesodf]am/t three-dintendibeal ddjeete- di mensi onal obj ects, in order

to determne if sonpe of these regions are simlar or co Iem&*ntb r¥ and
also in order to ev@l agraphpf surface atoms, each surface atom (accessible 1o the

external environment, that is having a positive accessibility (or ASA that

stands for Accessible Surface Area) corresponds to a node in the graph and
each interaction between surface atoms corresponds to an edge in the
25 graph.

Alternatively, only a few of these interactions are taken into account,
by performing a filtering on various geometrical and physico-chemical
criteria.

We will notice that in the case of dual shape (also called alpha shape

30 when alpha equals zero), the graphs of surface points and the graphs of

surface atoms are strictly the same, given that a surface point corresponds



5 representativeness (the frequency) of these regions given a set of

obj ects. Mdre generally, we will conpare a region to a collection of
regions representative of a field of appllilcati on and of the question asked.
W will also be able for instance to infer one or nore functions to an
object by simlarity and/ or conplenentarity of its regions with regions of
ot her objects. 10 Advant ageousl y, depending of the type of the given
t hr ee- di nensi onal object (m croscopic or nacroscopic) and its
deformability, we generate various shapes (or conformations) of this object
usi ng common exastyderesufaceratom.n several secondary objects (derived) to be

anal ysed by 15t he d hee | t1Qr ' . rate
the stable conforngg{ ﬂ%sg%%o$e(§i %‘ﬂ‘!ae y}egsé) %elsdeerafﬂgz‘{cﬁgﬁggésyelsﬁ ependent
entities, in Oydgreach sefface ftesriueoEpresponds tbna triwlec #sd¢hefgrapheand es, the
nol ecul ar dynam ¢ and the nol ecul.ar 20 nmechani c all ow descr. bi ncT;et_hei r

moverents wi t Rrastetermied nagiberRf inferactions, bewgeadha atemsLfbrse SHQW%gt s
of spatials coRyitaAdiERnke" bARRANARENH! relludeioafbérite) 4R0AEE 38 Yethe! diF! 1

| ocation on the surface or 1nterna nol ecul ar
dynami c, it iedgé fotheogaphl e to anal yse the possi bl e change of conformation

during a given ting (typically 25 m_croseconds). O her a oaches exist, in
particul ar the no?ﬁ@g' Hég‘q éfﬂp?‘éeﬁf fyactgyal ﬂé%“'qso exaly ‘E%Béggﬂﬁ'qﬂaﬁ&%al

obj ect, and dygi~REinAYAC el R ' i i o he
mesh in orderH(tglgﬂgg‘\#groathsaﬁn?g f%@@@?p%%&.(mfﬁg%i ??re%x{a conﬁﬁg{)?gs are
obt ai ned r api gathebed intoea bimgle acoderinttbetdraph3and ress edgetiaks dbe fynetisinab ul ar

dynam c Of;pam)l ecul a qechani C. heiy evert hel ess rov{.de val ua,b},l i nsi ght's
into the Ihi nglioé’meh@ 2% § %Ct(?gomﬁl "RELE g}tgrgpg IWhiBr e @Rg"%q t he
t hree-di mensi giaipsp Bl Q?ﬁitciéhftlyidléseg&ﬁrﬁﬁﬁ‘a‘?y Adade tiiteribAivioiRlcaABenhdded

Therefore, when we want to conpare two defornabl e objects such as
mol ecul es, weow@Mationgodasicessgjoility eniteriahe nost st abl e conf ormati ons of

More generally, from the mesh of a three-dimensional object, it is

15 therefore possible to create numerous graphs characterising different
properties and phenomenon specific to the object, to its surface, to its
volume or to its intermediate zones.

For instance, for any object, it is possible to define a graph of surface
curvatures in which (1) every surface points of the object having similar

20 curvature values and being contiguous are gathered into a node in the
graph, and where (2) an edge between two nodes is defined either by
arbitrary criteria such as the distance of the difference between their
average curvature values, or by the direct contact in the mesh of these
group of points.

25 For any object having a spatial distribution of charges (such as an
electric wire, a dipole, an integrated circuit, or a molecule), it is also possible
to define a surface graph characterising this distribution of charges by
gathering into a node of the graph, all the points in the mesh having similar
charges and that are contiguous, and where an edge is defined either by

30 arbitrary criteria or by the direct contact in the mesh of the sub-regions each

having the points of the associated nodes.



5 these three-di nensi onal objects, and we apply the nethod according to the
i nvention to each of these object configurations, rather than to only one.
W then obtain nore regions to conpare, ddd generally nore remarkabl e
properties interesting for the area of application. Typically, and as it
will be described in the followi ng, we determne, for each of the object 10
configuration, the remarkabl e properties at the |l evel of each nesh point
(or graph node), before (or sonetine after) the division of each stable
conformation of the three-dinmensional object into regions, we then conpare

them to other col | Butthemmrores ity isgpessibletognake a grand 6@'?‘?‘?*[&”91 a dhe ang i | ar
| t |
o Com ST . S S0 el 50 SARES PO GOA  ,

the b-factor afcomplesudrethe, invywortzt mstbi the obmctrmumstrexrrnbngamehatsamw
conformations, or to guide the generation of stabl& conformati ons, accordi ng
to one of the'W@tﬂo%Ele@séh?% cunygiwre) mndeeharge dohastancepa «akicgic or

mechani c, or ) T f generation of all
or part ofsnco @ﬂﬁgngr %%8?%%%%’? &Hésggﬁgg?ﬁw?’t %E# Pt he approach, but can
al so reduce the splexcfaiotpufty isf posaiblectee elefing grbphsochalayteciemgoanapéciﬁrs are

d d. Th rt hel, d hi
Coos of epeCI poeery g dyressdmersigal dSHt SRR i mas of s BB HORGIRAT of
regions, \é\@?y tgrépﬁ% RLRICtRsING & §8§%¥'r8ﬁ1a‘i’l@able propertied GEtHEOthres-t hen

appl i ed d| re t hree- di nensi onal object or to the secondary
obj ect s der i vdithgnsional hebjgehdalsoi called structuiial ffingerpringsatbye gatheringnahe ons.

det i nea r1om OB Bt beuh sy el Ao el Bifiefba Bibde, o

nmesh or its Os@BBir ppepéertias. met hods to define the regions of a

t hr ee-di nensi onal object 5 exist. Neverthel ess, these nethods do not ensure
t he notion of contlgwty of the regi on, nei t her do they allow generating in
a systematic and f S S | ect

Wi th or without sha n\(,:\@)r( Fht igaﬁha rﬁjl s'is tr%&{els%ﬁ%tlgﬂr gclfvgéles@réf'tﬂ\%re%ous

si zes and shamaagulﬂnenrmtactetraédmmrdnguﬂ ity internalpointanit ibexise possiblensur es
that we work on_a unique 10 undividable blgc, and not on a set of sub-blocs

scatter edd n dgfinegraphssfthe intemnal ergions pithenebightal | est undi vi dabl e bl oc,
functional or not h éBZHSI fe y S ssary
to generate the ' connpﬂqﬁen%p%'gﬁ etrs]é- g¥ a rgcg}ogn 2‘-{%@ bHH? or?gﬁvxﬁé dzl?'gg
conpl enent ar yha\ongimnlynmrﬁdcer pgints) thedgteipm aad |lnterdat Inegohmhawhg raedy on) .

15 Af|r exi sti,ng, net hod con t.0 qgat her e, poi nt of the
obj ect t hat | dPIETALRRS CWHHEH St TR Gt i SurTargl, crichBearnhse
definition of; n@ﬁ{éﬂéf@gﬁngq{ywb G‘?’ﬁ{, de;ﬁgl’&d: ﬁh@erﬂg; b@iﬁts‘)f

contiguity. In particular, when wve Ws cribe an object by its
regions, 20t is 20 Memrﬁn&leﬂ;sa o this kdescrtpdmm g@lbd:her stgpn ofi ther awthed
unite or divide t nd 1t hus..buil ding new ets con

Al so, when woTH% lng toath?u'ﬂ’?e %rhtv‘fri}db%{) q{pﬁntefjto ﬁ%g@gi‘sopé%}ﬁ@w de
it into contigrapHScambe %ﬁ}b@ﬂ‘;ﬁtrﬁﬂgpé&cﬁfdrqmérﬁélﬁg"mﬁﬁ@@"saﬁléll ¥s interraediate t 0
detail the specific subregions of that object region and to better decrypt
t he functi onsgréphshat object. 25 In the foll owing exanples, the approach to
divide is inplenented through the use of a graph derived fromthe nmesh of
the object. This is however not limting in the sense where these nethods

can al so J3e | GRherativitof fedions and sarictiiaal fhfferpfints di f f erence bei ng t hat
the Gaph Theory algorithnms woul d have to be adapted to work on nesh data

According to the invention, the characterising method has a step
during which the studied object is divided into regions, in order to create
new fields of application, to increase in an automated and systemic way our

30 knowledge of the object, and to accelerate the step of comparison with other

three-dimensional objects.



30structures. It is also possible to inplenment an approach to divide the
surfaces 16 into contiguous regions either with a distance criterion, or
following a criterion on the nunber of poidnts belonging to the region, or
foll owi ng the remarkabl e properties of the object points, or by conbining
these criteria. In the case of the generation of regions based on

remar kabl e properties, the 5 obtained region is called a "structural
fingerprint": it characterises a remarkable region of the object obtained
with no predefined criteria on the shape or size (as would be the case with
a di stance criteriap.doise, weegenemtewsie ahmaresregnsceathedobiesbhanwey ¢ o

generate regl 8@?}1@%}% th &%t éf?r%r fré&i%sn&?ﬁrggiﬁél%i{h‘aer%atﬂg’sé’r‘ﬁé it B §ot he

contiguity of region. 1 OW ng, Several criteria of
segment ati on ofher thieeeirdensionaloobjects)j ibcbrdert  determink e sshwnaf thegeons
w il be described. This list of criteria is nevert hel esg not |i 'tti nﬂ and
i s given onl yregiens @rassimiar & gRirplssEntanys@nd gisod} or %[c%ﬁ&?w@? €he

method of 3 herddieditafilenddie(the HRfRnePflof ede! find 4ilERTPEL 6P oBRIIDE

obt ai ned from dne or a co ion o gnentation crTteria, 1n or
obt ai n a vast Muebgenerfally e gvenwillacdmgptarecauredion i toger pollaction 26fSpegioas
di stance criteria

. F h f . ' bar. f ints),
can appr oxi nafeé’rﬁﬁ%f“@HY%lﬂ?iﬁ gg'l%hgfgrBB&%gﬁogoéfi?‘iP&\%%S%@g&ga%#ﬁfjg I%ivﬁb a\r/]vg
any other on gis3upé afifle f@Tﬁ‘ﬁalﬂé‘é’QSﬁhf‘efrdéﬁé ¥} GRoREFIRABNE VD Bﬁ'dt%jéctof)yt he

object is approximted as the length of the shortest path - or of one” of

the shortest similarity asdios campdamentaritypef ite eggione withaegionaof othertahiegisaph:
this di stﬂpce is therefore dependent of the object representation. In this
i nvention,” the geodesic distances are generally used to gather 30 the

points of the obj eAavéﬁtggeaug cl gssercing 9lof ( tisd | eydendot hiredi givencehree-
criteria, and/or the nunber of points) which is used create one or several
conti guous 1dimensional object (microscopic or macroscopic) and its deformability, we
generate various shapes (or conformations) of this object using common
approaches to obtain several secondary objects (derived) to be analysed by
15 the method of the invention.

Optionally, we generate the stable conformations of regions by
considering them as independent entities, in order to reduce the
computation.

In the case of molecules, the molecular dynamic and the molecular

20 mechanic allow describing their movements with both accuracy and
fineness, and as a consequence, new sets of spatial coordinates for each
point of the object, regardless of their location on the surface or internal.

In the case of molecular dynamic, it is also possible to analyse the
possible change of conformation during a given time (typically

25  microseconds).

Other approaches exist, in particular the normal modes that can be
applied to any three-dimensional object, and during which a spring tension
is applied to each edge of the mesh in order to generate its normal modes.
The different conformations are obtained rapidly but are less accurate than

30 those obtained by molecular dynamic or molecular mechanic. They

nevertheless provide valuable insights into the main tendencies and into the



regi ons. For instance, in the case of a graph of surface points,
each edge has for weight the Euclidian distance between its two |inked

poi nts. An approxi mati on of the geodesic ldi stance between two points Si and
82 is for 5 instance the sum of Euclidian distances of the edges formng
the shortest path between these two points. On figure lais
illustrated an exanpl e of approxi mati on of the geodesic distance between
two points A and B of a graph, including a set of points with edges each
associated with a weight. On this figure, the weight 10 between two

adj acent poi nost stabletcanfombationst he theldlrae-dikengianat mbjedt, wé itsaauddesr ve,
t he geodesi c di stance between.the points Aand Bis equal to 1 + 0.8 + 1.4
= 3.2 (foll oﬁﬁ@fﬁ%"&%ﬂaﬁ%?ﬁ-h in the graph). Taking advantage of the

robust Dijkstra al gréicidre ivbentvie whint @8 tempafatwe deffridbfe bjectsesuctpas h and
for the conputational approximtion of the geodesic distances, it is

possi bl e to chmelrasles, nue @idvantagepusly ganefeie thenmmgstusipble eenfornatiens ckri a,

in order to r e i QR n i i : ssar
Lo i vt de s nelDaEantdtEaRIRA R el ARE Wl ool IhE T ol RicBRAfG 1 BheS e Y
into a connecménmdt&@aw ofiftiseadisdctacantigutdtdnsArathet thab ﬁmﬁiﬂy oaerd\We _
edges. We then define a set (not enpty) of surfaceﬁgm nts frh%rHJM| ch

a region is thepeoblaint@gre J8EI0NS EhRHBPHEe J HINSTHY MQ'S) reparkable)i s
regi on. Each Pt QF - &Sy i I kLRE TR Le ) i as to
each of the P@%&%m% g‘;t&lgrgtéﬁitsf%': g‘ﬁg@ggéﬁ%da gﬁ%‘?é’n@@'%@fﬁi@?ﬁ&r%le‘?

i I lustrate thdegmibedatinothef fallowtng.onwér deterngnaphfor Oeachi off ithrir ebjeche
point Pc is the centre of the region to he created, the bpld edges
represent!® hecwl%?wiégﬁégnl%k%@ﬁé’rr%@ '?ﬁ@tﬁgﬁﬁ%‘fﬁl Ogr‘?‘t?c 'T'@StP% MdRber of
edges that c I art t e eqilRion’ ekid of
nei ghbouri ng g:ﬁﬁt tsr{ogj}éﬁo?\gfﬁgt éé%r%ﬁ%ﬁﬁeggﬁ@r '?géétdlg%wga?ﬁ %gg'é 'tsﬁgrl%fore
t he geodesi c corfoanatiar) obthentheee-diroepsionalksolffecbinta regisnsirwe therseompade ever y

ot her points of the gbject. W w ]| notice in this,aspect 8 th h

gr aphs descri%ﬁeﬁb?%&éé§°y?ﬁt'%ﬂ}e@tgéwsa%° féﬂ&?@f‘ﬁaeﬁﬁéﬁ aﬁ"%il?hgg t he
wei ghts of thedmpRAKaff RgfdnYs positive (in the sense they represent a
di stance), there always is a shortest path between two points Si and S2 of

the graphl5 5V t heWeuwdll reticsnithat whesr therprobabilitys distriutionreh pgintloeptiensig
Om on=or £ oBlst RRRSEN s 8 BT o B BB B .
i's the maxi miseufiierinfPrmadenstd hgdneatate v r evefoedaiionraterto t guiget ties
poi nts inside the region. ) )
generation of stable conformations according to one of the methods
described above (molecular dynamic, molecular mechanic, normal modes).
20
This optional step of generation of all or part of conformations
increases the sensitivity of the approach, but can also reduce the specificity
of the screening if too many conformations are considered. The invention
nevertheless provides a way to compensate this loss of specificity during
25 the quality evaluation of the alignment of regions, as we will see later in the
description.
The method is then applied directly to the three-dimensional object or
to the secondary objects derived from the generation of its different stable
conformations.

30



10This end criterion can be in particular a distance criterion, or a
criterion on the nunber of points constituting the region in generation.
According to the distance criterion, we détermne at each iteration of the
al gorithmwhat is the nearest point fromthe selected Pc point, anong the
|ist of remaining points to be treated (that is, the points for which a 15
di stance corresponding to their shortest path to the point(s) Pc is stil

to be assigned). Wen the distance between a given point and the point Pc
is greater than a predeterm ned threshold, the algorithmstop and return
the list of point swmmenlgarerateeatseﬂof RgionHLsINg aneat Bere ritesisdelined t he

Sl Der or | 20mSRuke t artatialr oh dhe i IRl BLDR e BRI g REC®

not been treaﬁ§grd necessarily at a geodesic distance of the point(s) Pc
greater than the d| stance threshol d. Wth the nunber criterjon, the
iterations of the %e‘@)'ﬂl methedwio datine dee egiens af @ thsgestimepsionahebject

Cogi ona by norxst NeveRAERES: tfe MR I hd e B3N8 BBy dradniaaRrRe
of points fOFth‘éﬁbﬁIbrI heitiesd e fiesy @I&ivmgenetdimmlﬂrwbyslt@nahoaad fast way,san Pc
are inferior to the mninmal distance threshol d. n%l a volu

repr esent at i opxhsFustive "ébpé&g'gﬂé fiross annhebjeet Wﬂh:ﬂf ‘(‘1 ape B(Pnstr{%éméi pha
conpl ex (whi ¢ ﬁ‘g jich Sggfgggd %Ebgrcﬁalla é"%?ze%”gnﬁh@h&d&esTﬁ@%otfdP”Kf

them, the ne e and a ows the generation
internal and wrttgurtydlsairapoagnbrhmcéusenutrmmne:puhat iwe wbrlgemd@snmlme;t ance

bet ween any two poi f t he object. D stanc riterio ependent of

remar kabl erﬂf@Y‘F’?E foc, and Ffdtl%ﬂ\n?lgs%ng{]ﬁﬂpm ﬁBﬁEedofrhespace a
segmentat | o Gntiglieue tHFQR)tn s SAaNieiHyitasieee! ﬁldcﬁBhQI”BrnhGﬂ dfodn owi ng
the states of properties, that Is geonetric, physico-chem cal or

evol uti onary, oigjett. )I'hprcmpdaom @é bamlgtgtyanm alsor emtcess;anyhéOf genarate &he f or
the applicatign i s studie

automatically CQEHQ‘?'Q?B%W@ P@@ Eﬁgg&f K'a? r%%'PP%%’HB%’?j c%rqgoefgmeﬁ&qrg 93 hese

proper t es.  TRPrédioh A thtkeaA bATd sl it hegiday ned states of the objects
are built with no a priori of shape and size and are consequently called

structural5 fingerprints. O course, one at |east of the properties used for
e o Ao G b R P gher . ol B bapel o
whi ch can al sipat e ansige | $ sphehebf aegiekatadius) INeasrthetessy fthé haefiiticrc of
such surface regions does not ensure the notion of contiguity.
In particular, when we wish to describe an object by its regions, it is

20 preferable to work on contiguous regions in order to unite or divide them,
and thus building new sets of contiguous regions. Also, when working on a
sufficiently big pattern, it is possible to divide it into contiguous subregions
and to screen them separately, in order to detail the specific subregions of
that object region and to better decrypt the functions of that object.

25 In the following examples, the approach to divide is implemented
through the use of a graph derived from the mesh of the object. This is
however not limiting in the sense where these methods can also be
implemented directly from the mesh. The difference being that the Graph
Theory algorithms would have to be adapted to work on mesh data

30 structures.

It is also possible to implement an approach to divide the surfaces



Typically, those properties can be: (1) spatial |ocation (point coordinates
of the object); (2) local surface curvature; (3) the orientation of 20 the
| ocal normal to the surface or normal tol& point of this surface; (4) the

|l ocal flexibility index (obtained for instance by approaches such as

nmol ecul ar dynam c or nol ecul ar nmechanic, as well as normal nodes); (5) the
| ocal malleability index (obtained for instance fromthe flexibility data
and/or fromthe spatial l|location of cavities, voids and | owdensity zones
of 25 the objet); (6) the presence of functional group (hydroxyl, carboxyl,
etc); (7) theint eeantigupousi egienseither with thedisignge erigrign; qraiollowing R al

poi nt of 'tho bAEERn ST BT ARBine: & S RlEPGnBe B s B, 1 kR e "
materi al usedjemérk@ble propefisd of thel sijectqifteebnby derribitidgfthese eiitehiar In

pre-established neasures or 30determ ne bg an approach simlar to the one
used for nal | bwnease ¢f the generationf regiansobasasl epueEarkable Riepediess the

conservation i . g i i Wnt itOTehSRAUERSSS £
fromthe str u{g?%ﬁ{eésg g'ggl?g\rnggog%llgeg rzregl gy&k{es.gp{ﬁdg scor'e'tofChéonserlvat iagn
i nfornms on t heemérkablecrbgion ioéithé iobject @btaingd weth negirddefinient chiteriazors ¢he of

atons) during Evolution (and in .a few cases for, a specific ade) . ce the
mul tiple aligHiRRR Of §128 i\M‘é'éia ke the,rase With-a QixiaR Pﬂﬁef?hﬁ%@éevﬁ%]% t he
Shannon Entro i C?fé yeRert8 edion§ bYirdvefingcredd £
coevol ution o%ﬂﬁdelgfgsng,a etglrg%é\'gé%wﬁg reru%tti pg‘gnal%i%g%rrenlts of
sequences or hodebbtheugraphr whialr erssuré yhe bertiguitygpfithe régiosvol uti onary
changes o]Lprone residue (or a group of atons) seemto be correlated to the
evol utionary changes of other residues (or sets 10 of atoms). It informs
on the possible fupctthansbiidwings feermertritrid esredegnfeitation obf t#etHreeecul e,
in particular in the case of allosteric phenonena. Thi s enbodi ment
can in parti cdimansiegnat objgaotdttotthrachdimensionsal seginns avikbatdescribed dEnistlist

generate the reqgi.ons and/or structural. f..nge i.pt s havi t .
geonetric, phg;gi%gge_r&é%riealler@ﬁ[]es vﬁPEt“i"gh&?yéer«;r}grQ'X%ﬁeb@gpﬁgp@#?%s'o%nd
respecting thgugoséance criterion. To do so, the studied properties
nmust be digitizable, and optionally normaliza Advant ageousl vy,

bl e.
to inplenent this Rwlhrmesat aceprding i the nefbodnefcthedinveptionntie mdiers s
transposed in r k: : ]
t ool s. z%rf[?d %gr%tc ﬁ@%‘ B@%é’{pgiﬁés ?%”%3@?3‘@&@ %&vgg%pr@’gg@:ﬁ?a}lbgpﬁgvi ng
for instance segmentationderitefia, I ,ordeditstoistain apeast nantbert bfi segionpeard/
bet ween the two nodes N1 and N2 of the graph corresponding to the points Sl
and 52 of t heStHEWabfing@Prigis,en t hr ee- di nensi onal object (figure 1d). 25For
i nstance, one can conpute the distance (Euclidian, Manhattan, etc., and for
one or nore properties) between two nodes N1 and N2 directly |inked by an
edge by @dmputi ng Shatialididtancechiteriaeen t he val ues P(Ni) and p(N2) -
In the same way, one can conpute the geodesic distance between 30 two given
nodes N1 and N2 not directly linked by conmputing the sumof their

sub-di stances deripgded@ stififcs poirtqet sRBGROUPEHIBSIALS) NReNEste apPloxinetd\2.

and calculate the geodesic distance between this point and any other on a

surface.

25 The geodesic distance between two points of the object is
approximated as the length of the shortest path — or of one of the shortest
path if several exist — between the two points in the graph: this distance is
therefore dependent of the object representation.

In this invention, the geodesic distances are generally used to gather

30 the points of the object that are close enough (following the distance criteria,

and/or the number of points) which is used create one or several contiguous



21 For a property P, the geodesic distance Dp(N,, between the two nodes N
and N2 is then given by: Dp (Ni, N2 = TAA3(M)- P(N2 Mor e
general ly, given n properties PI, 13, ...17 Pr, having val ues on the
S5interval [0, 1], the geodesic distance D, (NlAr2) between the states of

t hese properties for the nodes N1 and N2 is generalized by: DN =1 -nlP, (N
) - Pi(N 2A2 Pi The paraneter 1/n is optional but allows normalizing
t he di stance by the nunber of properties. By assigning a weight W(NL, N2) to
the edge |inking 10 the nodes N1 and N2, the Euclidian distance D,, (N

, N2) conput edrégi®ifi.t he EP, different states between the nodes N1 and N2 for

the properties |, ’Ifloﬁibsgér}g:?fﬁﬂﬁ%}&%ﬁé%% bﬁﬁ@oﬂgﬁﬁéﬁémh@ie‘&%ﬁ écd'rg%nﬁéé"e set

of properties, w't Si Ze. Se structu

fingerprints fhaneighr tise Eedidurs distincar ®egesen aitd yiworgiokednpomtsl syreci fic
to the object, to a sub- 15 famly or to a famly of objects. gi_s novel
descripti on o@PRmexERatinmehthegnradesis distancehatwgsBIwpoiMtacyl 884 igder can

be syst ey | CkiahcE hEAaIA bl didih B&é@més%ﬁfh%eggggg FARY e shofteat ur e

of object "and fromproperties such as curvature, ution, or
colorinetric pathcdetweehtbesstvgpeintsaut omatically. This automatic

characterisation of the structurgl fin I nt f 20 bj ect .. kabl
regi ons) has appl i @8t figHe i@ ﬁ%r'ﬁ‘i‘%[ﬁtﬁaefra Uﬁ?@"?‘Pfé‘ci‘él a?&éﬁ?@‘%ﬂ?‘gﬂ@ﬁa) ?n
order for the éﬁgﬁtinfdfs?aﬁh%t bSvedR o é:)cﬁné”ﬂ a!nﬂ@bﬁ‘étgr(ﬁ“)ﬁhnbf&%irfg a set of

envi ronnent , %s we as to establish assifications I nks, ranks) between
obj ect's from poiats with redigesredchf asspeigied with alweighb|Quyhis tfiguse, the weight

characterjsatjon allows to better, K descr.jbe and npase the | ecules, in

25par t1 cular bawerasSiG 99BeSE! bSis e witeh-Brte HBERRoR Ik e o s

vari ous can observe, the geodesic distance between the points A and B is equal to
1+ 0.8 + 1.4 = 3.2 (following the dotted path in the graph).

Taking advantage of the robust Dijkstra algorithm for the

15 determination of the shortest path and for the computational approximation
of the geodesic distances, it is possible to create a novel and faster
algorithm by using new end criteria, in order to reduce the computation to
the only geodesic distances necessary to divide the object in regions.

To do so, the object mesh is transposed into a connected and

20 triangulated graph G(S, A) with S nodes and A edges.

We then define a set (not empty) of surface points from which a
region is to be created, and we choose one or more point(s) Pc in this
region. Each point of this set is assigned an infinite distance, whereas to
each of the Pc point(s) are assigned a zero distance.

25 The figure 1b illustrate the generation of a region from a graph. On
this figure, the point Pc is the centre of the region to be created, the bold
edges represent the selected edges to generate the region, and N is the
number of edges that can be traveled starting from the centre Pc.

The travelling of neighbouring points allows determining the shortest

30 path (and therefore the geodesic distances) between the points Pc of the

starting set and every other points of the object. We will notice in this aspect



22 functi ons.

the grey tone,
simlar colour or grey tone.

In i mage anal ysis, by using a property such as the col ou

r or

It can be used to select the regions of the inage having a
In particul a8 the approach then allows to

determ ne the contour of objects and to select those that are part of an
| mage by accepting 5a configurable error factor allowing for the growth of
a region describing an object. Alternatively, the weight W NN2) assign

the edge linking two

10di stance D.L., (N, ),E (N p (N2, the pth distance of M nkowski r=

DN 2) = | i m - vthatithe graphg desaibingmeshegrarepannegtad/and tigramlaigd ang

g B elihte U B 5Rods HEHmBKE N Flik-setie ey

Pi with resp

possible to

ed to

nodes N1 and N2 can be defined as the Manhattan

1

habper ty

hen

obtain the foldmebast &alisthnes)s thevecalvays isSa dhvreghpathobétaeienr twaf pbimes Pi

property: D, (81,82) = -T1 card(P) Ea ,-1(P,(511) - EP, SD R ( "S2) =
al I P, (S1)- P, 4 and g‘IZEIB,the graph.
5 We then use an end criterion to this algorithm by computing only the
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30

required distances. For instance, on the figure 1b, the grey region
correspond to the region generated with an end criteria N=2 where N is the
maximal number of edges that can be traveled in order to gather points
inside the region.

This end criterion can be in particular a distance criterion, or a
criterion on the number of points constituting the region in generation.

According to the distance criterion, we determine at each iteration of
the algorithm what is the nearest point from the selected Pc point, among
the list of remaining points to be treated (that is, the points for which a
distance corresponding to their shortest path to the point(s) Pc is still to be
assigned). When the distance between a given point and the point Pc is
greater than a predetermined threshold, the algorithm stop and return the
list of points that have treated. The points treated correspond to the set of
points contiguous to the point(s) Pc and are at geodesic distance smaller or
equal to the designated threshold. Every other point that has not been
treated is necessarily at a geodesic distance of the point(s) Pc greater than
the distance threshold.

With the number criterion, the iterations of the algorithm stop when
we have selected at most the designated number of points.

Alternatively, we generate ring-shaped regions by not selecting (or by
removing from the obtained region) the set of points for which the distance
between them and the chosen point(s) Pc are inferior to the minimal
distance threshold.

If we use a volume representation of the object such as the Delaunay
complex or the alpha complex (which also model the internal points and the

edges that link them), the method is generalizable and allows the generation



D, (S, S2) =aelP,(31)- P, (S2)IP 1P1=1 D (S1,82)=limEP, > 1P1(81)- P1(5
2 23 Furthernore, to detect the structural flngerprlnts of a

t hree- di nensi onal object, it is possible ¥ deternmine a mnimal number of
points constituting the fingerprints in order for it to be of sufficient
size following the Scriteria of the desired application. In the case
where the property Pl is the | ocation (coordinates), this criterion
correspond to the spatial distance criterion previously described, in which
the geodesic di stance between two states of proPerty is equal to the

spatial distantdntereal and inlemmediater regienspiremt thencomutalien tafegeqpesic
10associ at ed e ructural fingerprints (that
is of regi onse&gﬁﬁ ?%Weﬁnﬁ{wetg‘% B%'?‘?%Jr’ﬁp‘eogbé%épe or size) on the ba5|(s of

the state of remarkable properties in each of the object is therefore done
following an algorithmsimlar to the one used to gener af e the regions on
the basis of the spigtance chterigndependent of remarkabledrgpeRieSess, in the case
of a strucfiural fingerprint character|5|ng one or nore given remarkable
properties, we also consider the state of this property (isolation of a
zone, its conducti Foligwinghanotbpt enifodimentfthe segméntatiorsaf, thet abject into

Therefore, rather than assigning a zero valye to the npdes form ng the
centre of theW@EﬁW%@Q'H”g gfaekef%?ntsﬁs@?w%r SHBRS rﬁ@ag?’sqq%n to

them a val ue E%ﬁé |éfattll?§t G S é@r‘h@tr’i}?t gﬁ?ﬁcéjéﬁbfnlééialorsb@élﬁtléﬁé#yt h@tegsired

state for this remarkabl e property (th I's for the curvature property, the
desired st at eprc:pe‘mes hav;mgraremserestanthwfteﬂd of aufarrthe application ol whishithe 0,

and the r i s |t own, co ed curva S
di 1 erench |Pblﬁ§? ' sficled. nin, ' dteet Jar Sde r%?ﬁjvbg@pﬁ';ﬂ {hgf r%@ﬁl’ Bha?
fingerprint géaﬁéé’écbrﬁ?d“to ér’ﬁ@o?hfd?é P ik bbbpbh%ssﬂ‘hbge&é?bhg charddtérisiagd to
limt the growth of the fing ergrlnt due to this original error. Mre

general |y, duweliglefinedistatesnfitbatabigcts mep bt With dora peEofi 1Ré S§ﬁpa@{r\9’r%lze

ascoct ted or Bpere ReRuEH b BR) RdeRinlitodfEamec R Pl at st o

states. of the properties used for the generation of the structural fingerprint can be

15 a spatial location property: we naturally obtain a region following the
distance criterion, which can also characterise other remarkable properties
of the object.

Typically, those properties can be: (1) spatial location (point
coordinates of the object); (2) local surface curvature; (3) the orientation of

20 the local normal to the surface or normal to a point of this surface; (4) the
local flexibility index (obtained for instance by approaches such as
molecular dynamic or molecular mechanic, as well as normal modes); (5)
the local malleability index (obtained for instance from the flexibility data
and/or from the spatial location of cavities, voids and low-density zones of

25  the objet); (6) the presence of functional group (hydroxyl, carboxyl, etc); (7)
the electrostatic potential or the local charge; (8) the local conductivity
index, dependent for instance of the used materials in each point of the
object; (9) the local density (also dependent from the material used); (10)
the local resistance (being derived from either pre-established measures or

30 determined by an approach similar to the one used for malleability); (11) in

the case of molecules, the score of conservation determined from the



30For instance, in the case we wish to find the set of cleft regions of the
surface of an object, that is, the sets of contiguous points which have a
24 curvature value Ps close to 0 - exanplZs of this conputation of |ocal
curvature of a region will be given later in this description -, we first
determ ne the curvature value of each point of the object surface, and we
choose a point fromthe object to generate a region corresponding to a
cleft 5 follow ng the curvature val ues assigned to each point. For
curvature value P(C )=0.2 in C, we then assign an error value iip(c,)-pdi
to c, equal touliple alighment gf spausacesdroffonhithe sirugtyies ef hemelaged$ol d

My | L ; O
Goreot the of VLGS S B8R Bt ecBRRRRBRAE BB veriedvafEbitiier o' o
curvature cl oggjiven fsidie oH2Esatofetoms) darieg EBMotution @malih Dfelv ghbesv ng

for the flexible growh of the region. . By iterating on every surface
point, it is foich spesicorladed Oaeattheymultivle rlighmant is ptginedyrit Pﬁé ke face
of the objgect % r t4.es Nngd d, | every
poi nts of 3§ he WRPHRE (BE Rsfincel WFL' MBS SHARPBA" EARS"  JaR.E i, 1
di st ances bet infermatiorhThéotyh¢l12) thieasarse aidoelolutioni ofdHe segions defssniren
previ ously, t%i%s sum ?f di st ances cap nevert hel esg be nornmal j zed@b% t he

nunber of pro rth?eg‘_qtffpl%r%iégfm‘?@tﬁs%_ ERIEKREER B QRPlRIOUR JBIFeHH BY the
number of 20 8bQiiy iPthe ELORABhAR: chdnddsP60BRE reSaudRbLaldtolis KilsmR) ! hen

t he extension paramgter of struct I ngerprints shoul d be approxi mately
k * N where kseenltd beecarnalated tertbemvolutionary thanges ohethpr ogsidugs (selsed.

gggt 83} 2id eﬁréfg_i Orﬁ%)réﬁgirﬁﬁ;rﬁ{?gjogﬁ réc;;[oesrsib?g %Rgt?éria{lclin%%p%% Seeor%c ar'lijggrent
regions of the molecule, in particular in the case of allosteric phenomena.

This embodiment can in particular be combined to the previous
embodiment, in order to generate the regions and/or structural fingerprints
having both the geometric, physico-chemical and evolutionary remarkable

15 properties and respecting the distance criterion.

To do so, the studied properties must be digitizable, and optionally
normalizable.

Advantageously, to implement this embodiment, the mesh of the
three-dimensional object is transposed into a graph in order to have access

20  to the Graph Theory tools.

It is then possible to compute, for a given property P having for
instance value inside [0, 1], a distance specific to this property between the
two nodes N; and N of the graph corresponding to the points S1 and S2 of
the mesh of the given three-dimensional object (figure 1d).

25 For instance, one can compute the distance (Euclidian, Manhattan,
etc., and for one or more properties) between two nodes Ny and Nz directly
linked by an edge by computing the distance between the values P(N4) and
P(N,).

In the same way, one can compute the geodesic distance between

30 two given nodes N1 and N not directly linked by computing the sum of their

sub-distances derived for the shortest path between the nodes N1 and Na.



In the case of nolecular surfaces, it is then possible to characterise the
object by dividing it into cleft and conserved regions (which are
first-class targets for active conmpounds)2! or into cleft regions having a
given electrostatic potential (which is inportant in particular in Drug
Design), etc. 30In the case of industrial use, it is possible to
systematically search the regions of a three-di nensi onal object being both
insulating and resistant. 25 In the case of surgery use, the
approach follow ng the invention allows to define the damaged regi ons of a
tissue or an organfFomg RESPErtysP: e gepdasicsdistances Dig; 3 eBuingr two
remar kabl e properties such as colorinetric data (highlighting a |esion),
curvat ure propedes N4 and Ngds themaiveadyst ance of a 5 tissue. This nethod, as
previously illustrated, can also be fo%’d to he regi ons defining
exi sting objects of an inmage, fror’PR( e sg?mer prints generated
fromthe distance between pixels and on the colorinetric state of points.
In other fields suleraigenetallyi givengr ppapeartiessh s ugh..ashchaviag yaliesion the

flexibili t%, densi i{é resi stance, conductivity or isolation of object are
i mport ant SandinteMakl®, {1 hitbe gepdesiadiganee iy {M%)ﬁ@@’&ﬁﬂ thertates il thege pest
region, following the selected criteria, ?P,be used for the docking of a
robotic arm Al'l of these regions, defined either by distance

criterion or foll aw emar kable _prgperti automatical ly

gener at ed botﬁ’\f°8f*ﬂf%ﬁn@ﬁh€ﬁaﬁli§5 li's?ﬁﬁﬁg% ?.de%seral%gﬁ?‘her nore, the generation
of such regions allows gathering and cl asgidyi

t hr ee- di nensi onal objects fPgom v@VgNzt y—-i €At 9d, PfldV } i ng t he

presence of these regions orystructural ft ngerprints, 20 characterising
specific properties and abilfties of the three-di nensional object. In

particul ar, the generation of those regions can be used to sinplify the
representation of 1l eerameteisi/enspptionalciy allowss ngrmgjizing the distancedhy
i nst tol . . _ . _ . . : q
o a regt on obEERr oReBRHIE By Bigiha HouBiol A0, Mihe B ATy Cre®
h ed ' | i t t - . ' : f '
oxi st ng Won Bt s FL 8FE N 3o BucUBRTEER0R ”hésfg‘m%%ﬁ%?@%aﬁé‘
S

arbitrary distance criterion between the states Af properties of these
regions. That way, we sinplify the conparison of 't hree-di mensi onal objects

by 30 conparififietdift statdBsetfbehtAbndR@ Rend RY for the properties B, B, ...,
P, it becomes possible to generate regions from the set of properties, with

no a priori of shape nor size. These structural fingerprints characterise
regions that are generally important and specific to the object, to a sub-
15 family or to a family of objects. This novel description of three-dimensional
objects increases the knowledge that can be systematically extracted with
no human intervention from the structure of object and from properties such
as curvature, charge distribution, or colorimetric indexes also assigned
automatically. This automatic characterisation of the structural fingerprints of
20 object (remarkable regions) has applications in particular in Artificial
Intelligence (Al) in order for the robots to better describe and interact with
their environment, as well as to establish classifications (links, ranks)
between objects from their structural fingerprints. In biology, this
characterisation allows to better describe and compare the molecules, in
25 particular to classify (i.e., rank) them and better understand their various



In the same way, a region can be described by sub-regions obtained froma
set of properties, in particular physico-chem cal and/or geonetric
properties, in order to sinplify the reprldsent ati on and t he subsequent
conparison with other regions and three-di mensional objects. 5Describing a
region Rin subregions can also be used to determ ne the specific
sub-regions of R that is, the subregions that can be find uniquely on the
considered object in a given environnental context: exanples of
environnments are a cellular environnent, an assenbly line with different
obj ects and tfcions: lpHp1ags amiyers, QYtW'lgaaopfﬁ@ﬁ§V§NQh ass:ﬂwecqle%emﬂaﬁ ni ng
several objec I

gathering in é'sega@g%agggﬁ htleé ggecf ?'gﬁpﬁﬂer i ongf tz]r? geads ftiar
fingerprints ¢dlaur orgrayetopenfv péﬂld:ufafrofhet &sprobilethen bﬂdmsgo rd@termméname

envi ronment. 15Propagation criteria (shape constralng§% Fol | owi

ng
anot her embodFRREAYT O @H?P@lﬁﬂ%mr%%l?%‘@oﬁ?@@r%ﬁtw |r5§ge,§y@é:ceptmg
propagat i cLi E&MH ol so,
we defi ne%n vécctbgfl @%ﬁ‘gﬁ?gﬁ@éﬁ%@.@gﬂf‘ep e gr ap%,re%l8n %eesr?n%eg\j\dﬂl] ght
the growt h fobbjeed.ng the direction and/or orientation of each edge of the
graph with respect to the vector v . Thus, the weight of an edge (defined
foll owi ng the distance criterion and/or follow ng renarkabl e properties)

l'inking two poi nt SAI%m% ?Ztﬁg gf(é]ﬁhtgrwxﬁmg‘céésﬁﬁe@%%eté’dééﬂ‘?lnﬂingtﬁfﬂ?e

separating them pI us or t count the angl e 25(SI

bet ween the eglsige (?\h@ct ON, F: ctahe Itgyverdbhﬁe@nglag ( Othet hqwgﬁhgﬂféﬁitl on)
bet ween t he edge 8182 an he véctor F |s the | ower the weight of this

edge wi | I10be, digtamceny er \s&ﬁ ?Egjff’c( E ?Ldlthecpfhordlsian&e ofl Kgienyske
14)(8182) Kd 27 Fol or'l ent dt of V: wo(8182)= w( SI S2) +
Kosin((P'S S2)) 2 W e 4815 2) is the weight of 8182; and

D ( ) \/ﬁjl )-P(N, )P or the Chebyshev distance

N
D, (W N,)=1lm ——z— /> |P(N,) - P(N,)|" "
i=1

n
Pi

To favour (respectively to unfavour) a property Pi with respect to one
15  (or several) other property(ies) P;, it is possible to weight the importance of
each of the properties P;, P;. We then obtain the following equations, where

a; is a weighting factor of the P; property:

Dy (5.5)=F d(P)Za\/(P(S> P(S,))

N
D, (8,8,)=2 a|B(S)-F(S,)
>p i=1

N
20 DiP (S]aSz)zp\/zaiIB(Sl)_])i(Sz)lp
i i=1

N
Di” (5,,5,) =1im —w )!{/Zai|f,i(sl)_‘l)i(s2)lp
i i=1



(V,SI'S2) is the angle in radian between vectors V and 8182; and 5Kd and Ko
are constants. We then obtain regions elongated in the direction or
the sense of the constraint vector V. TR figure Ic illustrates in
particul ar the generation of a region from 10 the graph of an object wth a
constraint vector V, and as centre of the region, the point Pc. Again, the
sel ected edges for the generation are in bold, and the obtained region is
in grey. In the same way, it is possible to generate regi ons of
arbitrary shape by defining several vectors 17"V, and by applying the
propagation 15criterion with each one of them Follow ng the direction

orientation of prartfiemion, 1o de@eEIHe ructitel? thasibl 05 | B
dimensional object, it is possible to determine a minimal number of points
constituting the fingerprints in order for it to be of sufficient size following the

5 criteria of the desired application.

In the case where the property P; is the location (coordinates), this
criterion correspond to the spatial distance criterion previously described, in
which the geodesic distance between two states of property is equal to the
spatial distance over the surface of the object and between the two

10 associated points.

The generation of structural fingerprints (that is of regions generated
with no a priori of shape or size) on the basis of the state of remarkable
properties in each of the object is therefore done following an algorithm
similar to the one used to generate the regions on the basis of the spatial

15 distance criterion. Nevertheless, in the case of a structural fingerprint
characterising one or more given remarkable properties, we also consider
the state of this property (isolation of a zone, its conductivity, the depth of a
cleft, its flatness, etc). Therefore, rather than assigning a zero value to the
nodes forming the centre of the region as in the case of distance criterion,

20 we assign to them a value equal to the distance between their real state and
the desired state for this remarkable property (that is for the curvature
property, the desired state is for instance a cleft with a numerical value
close to 0, and the real state of a point is its own computed curvature value).
This difference allows to take into account from the beginning of the

25 fingerprint generation, the error given by the state at the centre, and to limit
the growth of the fingerprint due to this original error. More generally, during
the initialisation step to determine the structural fingerprint, we assign to
every points of the mesh object (or to its associated graph), the distance
between their real states and the desired states.

30 For instance, in the case we wish to find the set of cleft regions of the

surface of an object, that is, the sets of contiguous points which have a



kinCv:" S 2) 2 + KO2 sin(V2 ,2) +...+ Kon 2 20Where ws-7;) is the

wei ght of the edge 8182; and
24

curvature value Ps close to 0 — examples of this computation of local
curvature of a region will be given later in this description -, we first
determine the curvature value of each point of the object surface, and we
choose a point from the object to generate a region corresponding to a cleft
5 following the curvature values assigned to each point. For curvature value

P(C,)=0.2 in C,, we then assign an error value |P(C,)-P;| to C, equal to

0.2, then we grow the region until a given error threshold (generally low) on

the states of the desired properties. For instance, to detect the clefts of a

three-dimensional object, one can search a state of curvature close to 0,

10  and use an error threshold of about 0.1 allowing for the flexible growth of the
region.

By iterating on every surface point, it is then possible to identify all

the cleft regions of the surface of the object.

15 When several properties are considered, we assign to every points of
the object mesh (or to its associated graph) the sum of the distances
between each of their states and the desired states. As seen previously, this
sum of distances can nevertheless be normalized by the number of
properties in order to use an extension value independent of the number of

20 properties. Otherwise, if N properties were to be chosen, then the extension
parameter of structural fingerprints should be approximately k * N where k

would be the extension value if only one property was used.

The obtained regions therefore characterise specific aspects of the
25 studied three-dimensional objects.

In the case of molecular surfaces, it is then possible to characterise
the object by dividing it into cleft and conserved regions (which are first-
class targets for active compounds), or into cleft regions having a given
electrostatic potential (which is important in particular in Drug Design), etc.

30 In the case of industrial use, it is possible to systematically search the

regions of a three-dimensional object being both insulating and resistant.



Kdn et KO1l, Kai are constants Alternatively, it is possible to

di sadvantage the growh of the region following the direction (respectively
the orientation) of one or nore vectors 25 by increasing the weight of the
edge when the angle between the edge 8182 28 and the vector Vis |ow.
Furthernore, the growh of the penalty can be adapted by applying different
operators such as the square root or the exponential to K(V,s"s2). 5 10

QO her ways to determne the or direction of at |east one vector For

i nstance, in the case constraint vector, the follomdn? equation  weight of
edges fol | owi ng t hia the @asat dbsuegeasy pisssi thiee appfoaghoialiewdng the | insentign an

orientation C%@ov?ﬁl)gqﬁlé(%%g%%ﬁgaq]%%ggeé ?(Z&%}% JOZ‘da“n%suMSa]r?%}g:aﬁ’,"(a% %}ﬁaé(’ [77-

- Where 1k11
their limits, by using in particular remarkable properties such as colorimetric

data (highlighting a lesion), curvature properties or again the resistance of a
5 tissue. This method, as previously illustrated, can also be used to generate
the regions defining existing objects of an image, from the structural
fingerprints generated from the distance between pixels and on the
colorimetric state of points.
In other fields such as robotics, properties such as curvature,
10 flexibility, density, resistance, conductivity or isolation of object are important
and can be taken into account for instance to determine the best region,
following the selected criteria, to be used for the docking of a robotic arm.
All of these regions, defined either by distance criterion or following
remarkable properties, can be automatically generated both efficiently and

15  rapidly.

Furthermore, the generation of such regions allows gathering and
classifying the complex three-dimensional objects from which they are
created, following the presence of these regions or structural fingerprints,

20 characterising specific properties and abilities of the three-dimensional
object.

In particular, the generation of those regions can be used to simplify
the representation of three-dimensional objects or of bigger regions.

For instance, following an embodiment, we define a graph in which

25 each node is a region obtained from one or more remarkable property(ies),
and where each edge is a link between two of these regions, defined either
by an existing contact in the initial mesh between these regions, or by an
arbitrary distance criterion between the states of properties of these regions.
That way, we simplify the comparison of three-dimensional objects by

30 comparing the graphs of their regions.



Kxi s a constant. Inthisenbodi nent,thepenalityCkr g _(fr.,(57s2))17r1 is

I ncreasing on the interval [0, 4 and with val ues on whereas on the 15
interval hr ,2 4, the penality /Cff isZfecreasing and with values on
[1°,131. For an angle of 0, a penality of O nust then be assigned, and for
an angle of , a penality of nust be assigned. Fol | owi ng anot her
enbodi nent, we take into account the global orientation of the region in

t he three-di nensi onal space (if the vector is 20three-dinensional), or of
its sinplified orientation in the tangent plan at Pc fromwhich the region
i s extended, by pr b} &etsame vay, Betaginns can Hegdescsped by sub-fegigrs optained

Orientation cgiteri t ou WaleNnY ;

enbodi nent, pf’;{bh gu%)%r ?{/ Ptg@g%'ﬁgﬁ & opaﬁ %eu larreati'n)()érf%—%ﬁ%%l Iﬁ%@gg%gﬁ{fﬁﬁc t hat

can be conbi nﬁﬁbﬁeﬁtiéé)einpro@demlﬂ&sﬂnﬁﬁﬁ,crthéerépeeﬁmﬂbmtemd \ike dsdibsegueati ons

by limting the contour to a given . . .

comparison with other regions and three-dimensional objects.

5 Describing a region R in subregions can also be used to determine
the specific sub-regions of R, that is, the subregions that can be find
uniquely on the considered object in a given environmental context:
examples of environments are a cellular environment, an assembly line with
different objects and tools, a photograph or a three-dimensional scene

10 containing several objects. The modelling of an environment is then
achieved by gathering in a database the collection of regions and structural
fingerprints that can be generated from the objects belonging to that

environment.

15 Propagation criteria (shape constraints)

Following another embodiment, contiguous regions are created also
by using propagation criteria (shape criteria) on the region.
To do so, we define a vector ¥ oriented in the plan of the graph,

20 then we weight the growth following the direction and/or orientation of each

edge of the graph with respect to the vector ¥ . Thus, the weight of an
edge (defined following the distance criterion and/or following remarkable
properties) linking two points S; and S; of the graph will be equal to the

distance separating them plus a factor taking into account the angle

25 (3—1—5;?) between the edge and the vector 7 : the lower the angle (or the
orientation) between the edge §;§; and the vector ¥ is, the lower the
weight of this edge will be, and inversely:

Following the direction of 7 :

W, (5,5;) = w(S,5;) + K, fsin(V,S,S;)




29 orientation, in order to select only the interesting region of the

obj ect rather than the whole object (due to its small size). In fact,
if the object is sufficiently small and &27generated region is sufficiently
big, the obtained region is not only contiguous, but also cyclic 5 and
enconpasses the whol e object, in the sense that a point at one extremty of
the region is connected to the point at the opposite extremty. In an
extrene case, the region is exactly the envel op of the object.

Fol | owi ng anot her enbodi ment of this segmentation criterion, we generate a
region R follow ”goWingfthérb‘?ieﬂf&anoéfsVa! gorithm typically 10foll ow ng
the distance criterion. n a second step, we define a surface nornal N1 of
the region by conmputing the avera f the surfaceqagggls of the facet (or
of the surface normals of the p%&%)%‘&@ﬁﬁmﬁﬁ@é( 1@9 of a point is
obt ai ned by averaging the surface normal of the facets adjacent to this
point) of the 15region: 1 (NS,) sc4 Si is a point of the region;
NS, is the surfaceg‘fhﬁ’fﬁa‘l"(gggzﬁisﬁh@efleigbwfggsphén@oi nt Si, or the surface
normal s of the point Si; 20This averaged surface nornmal. can -be. wei ght ed by
the geodesic di st afiéeS:§oristhe ahgle indadian étweka vectdrade andnafs arfd a poi nt
of the regg'on, t he area @f t he f%%eif havi ng the surface normal, the

conbi nati on of bot K93 K &8 GEBSIEA-t he area of the facet having the
surface normal, etc.

We then obtain regions elongated in the direction or the sense of the

constraint vector V' .
The figure 1c illustrates in particular the generation of a region from

10 the graph of an object with a constraint vector v , and as centre of the
region, the point Pc. Again, the selected edges for the generation are in
bold, and the obtained region is in grey.

In the same way, it is possible to generate regions of arbitrary shape
by defining several vectors 7, 7,, ..., 2’ and by applying the propagation

15 criterion with each one of them:

Following the direction of 7/, 7, ..., V:

n

w,(5,5,) = w(S,5,) + K, Sin(V;,5,5,)| + -+ Ko in(7,., 5,5;)

sin(7;, 5,5;)| + Koy

<

Following the orientation of 77, 77, ...,

sin(,.5,5;)  kin(7.5,8,) sin(?,,5,5,)
w,(S,S,)=w(S,S)+ K, ——Ayk L —— 4 g L 1
2 2 2
20 Where w(@:) is the weight of the edge S,S, ; and

Kg1 ... Kan et Ko1, . Kon are constants

Alternatively, it is possible to disadvantage the growth of the region

following the direction (respectively the orientation) of one or more vectors

25 Dby increasing the weight of the edge when the angle between the edge 3@



W then generate the contour CR; of the Rregion. To do so, we 25choose a
point C of the region R, typically its barycentre. In athird step,
we determine the point CP; of the region 3%r which the geodesic distance
between this point and the point C, is the greatest and then, anong the set
of points of the region R which are adjacent to the point CP,, we determ ne
the point Paco, which is separated fromthe point C, by the 30 greatest

geodesi ¢ di st ance. The points CP, and Padj,i are therefore, by
definition, two points of the contour CR . We then iterate the
nmet hod starti agdfthevetioe ppoisnlbvm hat has just been 5 determned, in order to
gat her the points P P3dj n | ocated on the contou

of h
region Rh and thi SFUFH’PTmQWe taﬁj%@é’m Of)éh@lﬂ)epﬁgy ganike @prte&idf)y @pp W?Q)m t he
t CP;. i nt
\Rﬁ: (r:]h bel ong ggfetr%ﬁt @&Létoqggwa ]fih?%éﬁgreé;%égzto %’%ﬁbﬁg}}?ﬁ?@g tou pg:c r]t ?le

regi on has been determ ned, we define an angle threshold, then we renove

the set of points Padj,k anong the points Padj,i, P2dj,1+1, , Padj,n O
the contowt CR, f@thévhwéys theengiree (HeRvéight URedg¢§fcg|bamgamet brdenthtien

t hr eshol d. Where Nto, is the surface normal of the point Padj, k;
and 15AR is tAedieetionel #ideast ons vesar ?@PQﬁﬁ'tﬂe W then obtain a

subregion RL, 1 of ERe; ﬁ&gbeg 4 tngvb% %Whpgé@kﬁb% Pﬁ{ﬂ%?@“’%&?ﬁé‘”

region R, excepting poin ’Pad our

respect ed t heconsteaihtveator, tie fcﬂlbmng EQaatlmrscam atsocbeosed:s whi ch had an

angl e between their surface nornmal @and the_’suaj,e””normal of the region
T

W,(S,5,) = w(S,8,) + K, | - l(n ~(7.(5:5))

10 Where 7]l is modulo # :and

K. is aconstant.

In this embodiment, the penality K, l” "l(” _(V=(Slsz))l7’||”
increasing on the interval [0, z[ and with values on [0:7 ], whereas on the
15 interval 1727 [, the penality Krr[” _K” -7, (SE))||” ”H is decreasing and with

values on [7:0] For an angle of 0, a penality of 0 must then be assigned,
and for an angle of 7, a penality of # must be assigned.
Following another embodiment, we take into account the global
orientation of the region in the three-dimensional space (if the vector is
20 three-dimensional), or of its simplified orientation in the tangent plan at Pc

from which the region is extended, by projecting the vectors 7 and S, in

the target plan.

Orientation criterion of the contour

25
Following yet another embodiment, particularly adapted for the
regions of small objects and that can be combined to the previously

described embodiments, we define regions by limiting the contour to a given



20 greater than an angle threshol d. W then iterate the nethod on the
region RA, in order to renove fromthe contour of the region RA all the
poi nts which do not neet either this crit®ria. Step by step, we
then obtain a region R fromthe initial region R for 25 which the contour
meet the requirenents of the orientation criteria. Follow ng another

enbodi nent, the contour of these regions constrained by a given orientation
is obtained by determ ning the set of points of naximal depth, and by
generating in an iterative way, the list of 30 points of the contour CR; of

the region frorientaionciperser toisatest onhethgeiptaresting sagier of Heg) ohiect Kather
smal | est nunbgr 3 n i ._I\he region to the nearest
central poi ntﬁlﬁé‘%ﬁﬁ’@ﬁ‘ﬁ%@%&ﬁﬁ‘éﬁ%g%ﬁ{%ﬁz een gener at ed. For

i nstance, the deeppsfaqoifithe dlsiest rneefficieptlytdraalt emdr al ggrerateds)ggiorris be
determ ned foll QW@;% the Dijkstra algaorithmby assigning to each 5 o'&,nt its
di stance to asyificieatly kig #1a ghirinrd regionds nationly ﬂ?@t'%ﬂ%rbl&fa"éﬂgg’é’ Ic

travel ed duri gqtAdibaRRUIHEIGRAR! 6ject, in_ the NBrREC 8 Bdineht! Bhe t Ne
search of “contour points 1's then that ery points of the contour nust be

| i nked by at éﬂaaahit%néﬂwlmiomismrdmfcteabtcgﬂwmihyatih'@toppwite@atﬂetmm Imegi on
I s contiguous and therefore connected. lentation criterion of the

regi on poi nt s@n extreme case, e PR &§ %*%C,J{R’&g?i%eﬁ)rﬁ’eoéhﬁm%f the region,

to take only the pgj 3 8 r eac) i RBatRion Ehteriba, swef ace
normal N. R of 15t hebrrmevgpyr]\,g ?tr?%grélrgr%?@%an gfng’ﬁ% ?ﬁ?eghtaﬁldo. NeveIPt hel ess,
t hi s approachgererate a region R; following any of the previous algorithm, typically

10 following the distance criterion.

In a second step, we define a surface normal NR of the region by

computing the average of the surface normals of the facet (or of the surface
normals of the points, each surface normal of a point is obtained by
averaging the surface normal of the facets adjacent to this point) of the

15  region:

— = 1 s
NR =NS,=——— > NS
' " card(NS,) s.gﬂ. '

Where S; is a point of the region;
ﬁ is the surface normal of a facet having the point S; or the

surface normals of the point S;;

20 This averaged surface normal can be weighted by the geodesic
distance (or the Euclidian) of the surface normals of a point of the region,
the area of the facet having the surface normal, the combination of both the |
distance and the area of the facet having the surface normal, etc.

We then generate the contour CR; of the R; region. To do so, we

25 choose a point C; of the region R;, typically its barycentre.

In a third step, we determine the point CP; of the region for which the
geodesic distance between this point and the point C; is the greatest and
then, among the set of points of the region R; which are adjacent to the point
CP;, we determine the point Pg;;, which is separated from the point C; by the



generate regions wth internal holes, in particular when the region R have
a three-di nensional accident of shape (pleated). These internal hol es nust
therefore be detected, and the points thal) have been wongly renoved nust
be re-added. 20Nevertheless, in the case of objects binding in cavities,
for instance of small conpounds binding nol ecular cavities, the selection
of a region enconpassing all the conpound, or nore precisely the selection
of the envel op of the conpound, can be better than its segnentation, in

whi ch case, it can be better to select one or the other approach, follow ng
t he 25appl i cagreaiestrgeadesid distaneat i on sought . In this case, starting

consequence 1 rom o DEPogaend Peqvac 0epE, B Harfeht by BBin@ e

possi bl e to dephtear 8R;egi ons foll ow ng one or 30nore segnentation criteria

in order to obtain full regions, ring-shaped regions, with a nornal growth
or under the const ¥¥g Hen igrags the meted stasting &omthe paing that has just been

Nevert hel ess, t] i L egbonspand struyst ur
fingerprints F%ﬁg’é‘%"gqﬁh‘g@%pﬁ% ﬁééﬁ e%?' %r ??"'bf%ﬂﬁ?:’e’s"’&gaﬂ‘d‘nlgg%ttedr %?:ji ons,
that is, regithescaiteur obtheregiqroR}, ant thisndrdil thod agjacentpoibfBygpnisadjferesity
the present invention provides a way to elimnate all or part of the

r edundant regfrgﬂ"sthierp%ghé%i-to reduce the nunber of regions to test, and

therefore accel er ajpf %hgs Lb%qe,qﬁing &t tﬁy: ggéb,r | UiId Vet W pBintd Svhich

h
invention, in particular for the generation of databases of regions, for
t he screeni ngbelongho diee dontons ICH af thbjegios Rif or the search of regions

havi 10 ifi bl ti . . | I.ow ,
advant ageblis. embodPRERIIE,oBH: REME Eatiofi e been Aelrydirde S negtins
whi ch i ncl udegplaethgdhdi@ deAanE reRtiventhePEeNof bBits M5y« BNSGHg Ble PBIHtONS
R1 RN where for any two regéonspé%egnggt he percentage of common

points is inf6P,oPatio BadhresholRbin tourdGRindom Whiebt the eangle

uni que | abel js—assignped to, each point qf the N set, for instance during
the generati OKNP@ik,- er'ﬁeggﬁaff%ﬁll" {h"ﬁ%“u own techni ques such as narchi ng

cube (a conputer graphics_algorithmallow ng to generate a polygonal object
from a three-di men¥heha Nese d$ the surdace B?"’A‘?Jﬁ?f&!?%ﬁmt(?ndim‘a%ﬁ i sosurface) or

on the basis of the spatial |ocation of 20 point when it is unique (for
i nstance by transpd®i rgthersurfasemiythat obth regiesRof a point into a string).
A hash map (that is, a data structure allow ng associating an elenent to a

key) is then definée then ebiain asybrsoien Rin offhie Fegior Rel kaving all dhe points
constituted by e, ARG Bfn R1%xXcEBHiRG pBintd2 3T thd RoRRRA CRIGRICK MG are
not respected the orientation criteria, that is, those points which had an
angle between their surface normal and the surface normal of the region
20 greater than an angle threshold.
We then iterate the method on the region R;1, in order to remove
from the contour of the region R;4, all the points which do not meet either
this criteria.
Step by step, we then obtain a region R;; from the initial region R;, for

25  which the contour meet the requirements of the orientation criteria.

Following another embodiment, the contour of these regions
constrained by a given orientation is obtained by determining the set of
points of maximal depth, and by generating in an iterative way, the list of

30 points of the contour CR; of the region from the deepest points. The depth is



25defined on the basis of their respective and uni que | abel. After
that, to determine if two regions R and R of N are redundant, the
respective hash map of the two regions ard conpared in order to deternine
t he percentage of common points. If this percentage is higher than a
predefined threshold, for instance 85% the regions Rand R are 30

consi dered redundant and one of themis renoved. Again, it is possible to
i npl ement the previously described 33 approaches to define contiguous
regi ons which al so includes é;% exclusively includes) the internal points
of the three- defiresiasrthe ssbaliast numberhef edges: betwedn, bl point ol tentedien to

i nst th h_obtai ned f h | ' Fl et ch
et sl i the D& pean conrs e R dromnhEihe Bk ag BaEh aRErdy o T o
regions allows conpgf irnaidy, &Re HaBpest pomts (histtice ymt thel cerstral fpgdet(s)pgi ons

as well as their internal regions or their internediate (i.e.,
i nt er nedi ar y) cardieo detgrmined Tolewingethen Bikstraalgorthm by asqignipg 19orAER) .

h c 1] . L i
e Leror ka0l ok 84S 1 pperpudld R 2, b Mzngiptr b v

representing tragelelirdeeindi thensiighb@uriolgj sedrch.\we characteri se the regions of
the object foll ow

properties that ar%gﬁﬁtsﬁa;ﬁg@gegﬁog @{ée _%3%25&5{40@5@& &P?éﬁgﬁﬁééfgﬁg}eim Can y
study. b é’bw;é' %@tthée&?ntohp' ust! 68 Iir?ke'dngyeéfelga‘%g dhe %85%)/ i Hri8E to
ef or e N

obj ect, generation of regrons and/or structural “fingerprints.

I'n what fol | ogsarapépthet the resuiitirg mgodreis cartigands ewdl theieforer gorprestad.t i es
will be described. This description is nevertheless only given as 20an

exanpl e alHi is non-limiti ng. The local curvature A first geonetric property
is the local curvagypgidighl N ofMeTegioh poihisaice point of the obj ect.
This surface property T's an rnportant rniormation both for the

vi sual i sation of the region (and of the three-di nensional object) but also
for the automatic gonmpuyter interpretation of .sur es. . I I bi ng
for any surface poﬁr‘? ,alllﬁ%goﬁﬁ'b%’ C{%W@e g'@fmﬁh%fftﬁ%g'?egh(}&’&ﬁaﬂag%'ﬂgtﬁﬁ%g i f

h di ed '
E kﬁozt ghiage) p@%@?segi é%@%rfé&ean&ﬂ%aﬁ’aps bfi fidle WitPe shiffade AbrmAl FRGEX

15 the region, inferior to an angle threshold. Nevertheless, this approach can
generate regions with internal holes, in particular when the region R; have a
three-dimensional accident of shape (pleated). These internal holes must
therefore be detected, and the points that have been wrongly removed must
be re-added.

20 Nevertheless, in the case of objects binding in cavities, for instance of
small compounds binding molecular cavities, the selection of a region
encompassing all the compound, or more precisely the selection of the
envelop of the compound, can be better than its segmentation, in which
case, it can be better to select one or the other approach, following the

25 application and the information sought.

In this case, starting from a set of surface points of a three-
dimensional object, and as a consequence from a set of nodes in the
associated surface graph, it is possible to define N regions following one or

30 more segmentation criteria in order to obtain full regions, ring-shaped
regions, with a normal growth or under the constraints of one or more



D fferent approaches exist to define such a curvature. These 34 common
approaches are generally based on the use of a solid angle or on the | ocal
poi nt density (being correlated to the | 382al shape of the surface region)
that can induce a bias when cavities exist (zone w thout points) under the
surface. The approach to conpute the curvature that we propose 5 works on
any three-di nensional object for which an envel ope can be defined, wether

the object is hollowor full. In a two-dinensional space, for a set of
points Si, 52,Sn, both linked two by two by segnents [S,, S2],
[ S2, S31, [ Sn- i V&SHPIS, €t surface tangent at each point as well as the

surface normal of | n SSA Dro Nall ' e
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uni tary nor mfilggrprintsSkbliolihg dhesd hiifferant icgiterih produwsds peduridaft ,reGidnSn.

In a three-di nensional space, several nethods allow to determ ne the
surface nor nelhabf$. E@iAns ShAKNG AN PREanhBUMBEEPEPEMiSacent or cl ose to these
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obtai ned using this invention, neither are they limted by this invention.
Fol | owi ng anosdreeniagboldthreatdimgesionap wbiedly, farnthenseanchl otiregiane hawing t he

surface rmal _on.a point S1 for which a |ocal curvature has to be

conmput edﬁ%_by %Rﬁé:i'r* rieﬁrbargpp%tq{gpg[}pfsaggc.nor mal s of every facets 25 (or

poi nts) adjacent Q_Iolmﬁﬁ?Qh%tﬁ/ah{ag%ous@ﬁboéimérﬂpﬁerﬂé‘fi_ﬁi@'a Slihsetanof aged can
then be weighted, in particular by the distance fromSi to the centre of

facets (or poNrgeneratedirrgisossvhinbiinsudss theenen-sedwidantiegigne e N deatis,
the transpose S CHBPRERTS i Rudieth felpYehd Jed8he 167 SR I pelenteee™s ' ©
t he transposeofddontinohydiiits ig infemor tHS thresihsid).ocal curvature at point Si is
3 15 To do so, during a first step, a unique label is assigned to each point
of the N set, for instance during the generation of the mesh following the
known techniques such as marching cube (a computer graphics algorithm
allowing to generate a polygonal object from a three-dimensional scalar field
by approximation of an isosurface) or on the basis of the spatial location of
20 point when it is unique (for instance by transposing the rounded coordinates
of a point into a string).
A hash map (that is, a data structure allowing associating an element
to a key) is then defined for each region R; in which the elements are
constituted by the points of the region R;, whereas the associated keys are
25 defined on the basis of their respective and unique label.
After that, to determine if two regions R; and R; of N are redundant,
the respective hash map of the two regions are compared in order to
determine the percentage of common points. If this percentage is higher
than a predefined threshold, for instance 85%, the regions R; and R; are
30 considered redundant and one of them is removed.

Again, it is possible to implement the previously described



STST then defined in two dinensions as the nmean C(Si) of the ratioand
[S,-,S 1(11S'Irs, T1 iSLS31,1 On the figure 2, we can see that" r , >1 and
as a 2[12][23] consequence the point S2 38 a knob, whereas 1 [s4rs5T]+

[ s5TS6T] ), and as 2 [5455][ S5S6] 5a consequence, the point S5 is in a
cleft. In general, starting froma surface point S" it is possible to
create a contiguous zone Z, around this point by gathering the points S
closest to the points Si. To do so, we define a distance threshold for
which the distance to the point Si is inferior or equal to this distance
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surface regions as well as their internal regions or their intermediate (i.e.,

intermediary) regions (which includes both internal and surface points).

The remarkable properties

10
After a set of regions and/or structural fingerprints has been
generated from the mesh or from the graph representing the three-
dimensional object, we characterise the regions of the object following the
state of some geometric and/or physicochemical properties that are of
15 interest for the application and/or the domain of study.
Alternatively, this step is implemented directly on the object, before
the generation of regions and/or structural fingerprints.
In what follows, geometric, physicochemical and evolutionary
properties will be described. This description is nevertheless only given as

20 an example and is non-limiting.

The local curvature

A first geometric property is the local curvature defined on each
25  surface point of the object. This surface property is an important information
both for the visualisation of the region (and of the three-dimensional object)
but also for the automatic computer interpretation of surfaces. It allows
describing for any surface point, the local tendency of the region, and
indicating if the studied point belongs to a concave (cleft shape), flat or

30 convex (knob shape) subregion.
Different approaches exist to define such a curvature. These



Alternatively, c¢c/(SiSi) is the Euclidian distance between the points Si 20

and Si. When the ratio C(S) is strlctly superior to 1 (respectively,
strictly inferior or strictly equal to 184 the point is on a knob
(respectively on a cleft, on a flat). 36 Alternatively, in order to

have a normalized curvature continuous on the interval [0, 1], the
curvature C(S1) can also be conmputed using the foll ow ng equation:

0.5+ (N,S1,, NS) )d(S,' Si' ) Si>0 "Cox 1 «c(s,)- card(S1, 82, , Sn)s cs;
, S (NS ,NS)cl (3,1 Si") 0.5 "si<0 |cY%AS, SJ) SWhere ATSNS |sthe
angl e in radi GAMPN@RRrogksbes @re generallyrhasedeen #ie UsS of seo Nsan@!ﬁcpr on

the local point density (being correlated to the local shape of the surface

region) that can induce a bias when cavities exist (zone without points)

under the surface. The approach to compute the curvature that we propose

5 works on any three-dimensional object for which an envelope can be
defined, wether the object is hollow or full.

In a two-dimensional space, for a set of points Sy, Sy, ... S, both

linked two by two by segments [S1,S3], [S2,S3], ... [Sn1,Sn], the surface

tangent at each point as well as the surface normal of this tangent and

10 passing through this point can be determined using conventional method.
The normalized surface normal (of unitary norm) NE NS; ..., NS are then

assigned to each point Sy, Sy, ... Si.

In a three-dimensional space, several methods allow to determine the

surface normal on each point by using the facets adjacent or close to these

15 points. In particular, the surface normal of a facet can be computed using
the vectorial product of two vectors defined by two of its adjacent edges; this
vectorial product being by definition perpendicular (i.e., normal) to the facet.
These methods are applicable to any surface, and allow computing the local
curvature on any point of a region or of the three-dimensional object. They

20 are therefore not limited to regions obtained using this invention, neither are
they limited by this invention.

Following another embodiment, we compute by conventional
arrangements the surface normal on a point S; for which a local curvature
has to be computed, by averaging all the surface normals of every facets

25  (or points) adjacent or contiguous to Sy. Each surface normal thus averaged
can then be weighted, in particular by the distance from S; to the centre of

facets (or points) contiguous and/or by the area of contiguous facets.

Then if §,” is the transpose of point S; by its surface normal _A—TS':
" is the transpose of S; by its surface normal J—V—S‘; and more generally

30 S/ is the transpose of S; by its normal ﬁsf the local curvature at point S; is



KO is a weighting factor allow ng nodul ating the contrast between a flat
curvature, a knob and a cleft. Wen the angle deviations between NS, and
NSJ are within 0 and Lt, 2 10an adequate 3val ue for Kc, enpirically
determned, is 0.3. If the curvature value C(S1l) is not inside the
interval [0, 11, we just need to overwite it in order for the curvature
value to be 1 when its actual value is superior to 1, and in order for the
curvature value to be 0 when its actual value is inferior to O.

15Anal ytically, for a normalized curvature and continuous on the interval

5,51 25 B el e 5l

in order to better depict the local or global curvature tendency, it is

possible to eil¢her|vary the size of the zone Z, (by 20 varying the size of
t he di stance ishol d), or to weight the curvature of points § of Zi, in
particul ar by Beili nverse of their geodesic distance to the central point
Si, multiply by a constant L: 37 .7 -
On the figure 2, we can see that lUSI 5 L[SZ 55 ]]>1 and as a
2\ [8:5,]  [5.85]

T T T T
consequence the point S; is a knob, whereas l(b_ss_LM]d and as
2 [S4S5] [SSSG]

5 aconsequence, the point S5 is in a cleft.

In general, starting from a surface point S;, it is possible to create a
contiguous zone Z; around this point by gathering the points S; closest to the
points Si. To do so, we define a distance threshold for which the distance to
the point Si is inferior or equal to this distance threshold. The definition of

10 the distance threshold depends in particular of the required accuracy for the
local curvature: the smaller the distance threshold is, the more the curvature
will reflect local tendencies; the bigger the distance threshold is, the more
the curvature will reflect global tendencies of the surface.

The local curvature C(S)) for a point S; is then equal to the mean of

T T
15 every ratio d(S" 5 ) , where d(S,.Sj) is preferably the geodesic distance

i~J

between points S; and S;.

1
Cc(S,) =
(5) Card(S,,S,,....S, ) s 2

j&S1.82 .Sy

Alternatively, d(s,S j) is the Euclidian distance between the points S;

20 ands;
When the ratio C(S)) is strictly superior to 1 (respectively, strictly
inferior or strictly equal to 1), the point is on a knob (respectively on a cleft,

on a flat).



(N.51., NS)) 0.5 + Km Ld(Si,Sj) (Nst, NS]) 0.5 Km Ld(SLSj)
d(SiT, S T) 0 d(Si,§) > It qS) = Es] ERLd (Si, Si)

10

15

20

Alternatively, in order to have a normalized curvature continuous on
the interval [0, 1], the curvature C(S;) can also be computed using the

following equation:

1 o o TaT
) i (vs,vs) dls/s,”)
C(Si)_card(Sl,Sz,...,S,,)Sjcslz,slz,”_,sn 05t % alss,)
P,
(vs,ns;) dls’s,”)
S ke )

Where (NEN@T) is the angle in radian between the surface normal

vectors NS, and NS, ; and

K. is a weighting factor allowing modulating the contrast between a

flat curvature, a knob and a cleft.

When the angle deviations between N—& and 7\@: are within 0 and 7,
2

an adequate value for K., empirically determined, is 0.3.

If the curvature value C(S)) is not inside the interval [0, 1], we just
need to overwrite it in order for the curvature value to be 1 when its actual
value is superior to 1, and in order for the curvature value to be 0 when its
actual value is inferior to 0.

Analytically, for a normalized curvature and continuous on the interval
[0, 1], when the value of C(S)) is close to 0, 0.5 and 1, the point S; is
respectively on a cleft, a flat or on a knob.

Following the needs and in order to better depict the local or global
curvature tendency, it is possible to either vary the size of the zone Z; (by
varying the size of the distance threshold), or to weight the curvature of
points S; of Z;, in particular by the inverse of their geodesic distance to the

central point S;, multiply by a constant L:



S| ER d(SIT,§T) S d(Si,§) < Alternatively, and as well
for the determ nati on of surface normal,

mean of the weighted mean by the inverse of distances, we weight the

curvature conputation by the area of adjacent 5 facets.

enmbodi nent ,

10

15

20

25

we obtain curvature val ues

(Nst,NSj) ,
0.5+~ —p—= y d(sit,sjT)
1 Z | Ld(SiSh d(si, Sj)
Ysjer Ld(S1,S5]) £ (NSi, NS;
Ve 05 ——-R-,,—J—) . d(si",5jT)

" Ld(SE, S)) R TCRG))

C(Si) =

Alternatively, and as well as for the determination of surface normal,
rather than doing the arithmetic mean of the weighted mean by the inverse
of distances, we weight the curvature computation by the area of adjacent
facets.

Following another embodiment, we obtain curvature values C_,(s,)

on the interval [-1, 1], the clefts, the flats and the knobs being then defined

for values respectively close to -1, 0, by using the following equation:
C[—l,l] (Si ) - ZC(S:' )— 1

These different alternatives of the general approach to compute the
curvature that we have just detailed can be implemented for any type of
three-dimensional object or three-dimensional region, as long as a mesh of
the object or the region, transposed or not into a graph, has been
generated. The computation approach of the local curvature is therefore not
limited by the approach described in this invention. It has the advantages of

being exact and fast to compute.

The electrostatic potential

A second property relates to the functional groups and to the
electrostatic potential of the studied region. The electrostatic potential can in
particular be obtained by one of the numerous existing approaches that
solve the Poisson Boltzmann equation.

By functional group we understand any set of points with a partial or
complete charge, or any set of points sharing a same potential with respect

to the electrostatic interactions.

rat her than doing the arithnetic

Fol | ow ng anot her

as



on the interval [-1, 1], the clefts, the flats and the knobs being then
defined for values respectively close to -1, 0, by using the follow ng
equation: chi] (S, )= 20S1 )- 1 10These di& ferent alternatives of the
general approach to conpute the curvature that we have just detailed can be
I npl emented for any type of three-dinensional object or three-di nensional
region, as long as a nesh of the object or the region, transposed or not
into a graph, has been generated. The conputation approach of the | ocal
curvature is therefore not 15limted by the approach described in this
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surfaces, etcregfigynext table presents the functional groups in organic
chem stry. The 1nt e¥'est in differentiating themduring the conparison of
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Alcohol R-CH2-OH ;
(primary, secondary, tertiary) R,R-CH-OH ;
R,R,R”-C-OH
Aldehyde R-C(=O)H
Ketone R-C(=0)-R’
Carboxyl R-C(=0)OH
Phenol Phenyl-OH
Amine R-NH2 ;
(primary, secondary, tertiary) R-N(-H)-R’ ;
R-N-R'R”
Amide R-C(=O)NH2 ;
(primary, secondary, tertiary) R-C(=0O)N(H)-C(=0)-R’;
R-C(=O)N-[C(=O)R][C(=0O)-R"]
Thiol R-SH
10 To determine in an effective way the interactions between objects or

of regions of objects, it can be necessary to take into account both the
curvature and the electrostatic potential, shape complementarity not always
being sufficient.

In fact, in the case of deformable objects, the importance of

15 electrostatic interactions between two objects (and more precisely between



Al cohol (primary, secondary, tertiary) RCH2-OH; RR-CHOH; RR , R -CCOH
Al dehyde R-C(=0)H Ketone RC(0)-R Carboxyl R-C(=0)0H Phenol Phenyl-0CH Am ne
(primary, secondary, tertiary) R-NH2 ; RIF R R Amide (primary, secondary,

}?erS}-ll ary) RC(=0)NH2 ; R C(=0)N(H)-C(=0)-R ; R-C(=0)NAC(=0)R1LC(=0)-R1 Thi ol

their interacting regions) may be greater than the importance of curvature
during comparison, and in order to predict their interaction. This
phenomenon is in particular due to the possible changes of conformation of

the objects and regions occurring during their interaction.

The deformability

During the comparison of full three-dimensional objects, in order to
quantify the amount of void under the surface of an object and to determine
10 the malleability of the structure, it is possible to detect the existing cavities of
the object. In fact, the malleability (or deformability) of an object results from
several factors including the presence of cavities (or zones of low densities)
and/or the flexibility index of the zone.
Typically, in the case of molecules, the presence of cavities allows to
15 bind ligands. It is therefore worth studying a remarkable property, in the
case of such three-dimensional object.
In order to quantify the deformability of an object, we compute the
amount of void under the surface (cavities) for every point of the region.
An example of embodiment of this quantifying method of the void
20 under the surface for each point P of the region consist in retrieving the set
of points Pcay belonging to one or more cavities and close enough to the
point P. Then it is possible to give an approximation of the void volume of
cavities selected by the Pgay points, by considering for each cavity, that the
void volume close to P is equivalent to the total volume of the cavity multiply
25 by the percentage of P,y points of this selected cavity. Thus for instance, if
a cavity of 800 A *is present under the surface and in the vicinity of point P,
and that 20% of the P., points of this cavity are selected, then the
approximate amount of void at point P will be 160 A 3,
The void volume can in particular be approximated by computing the
30 sum of volumes of the empty tetrahedrons that compose it in the Delaunay

complex.



10To determne in an effective way the interactions between objects or of
regi ons of objects, it can be necessary to take into account both the
curvature and the el ectrostatic potential0 shape conpl ennentarity not

al ways being sufficient. In fact, in the case of defornmable
objects, the inportance of 15 electrostatic interactions between two
objects (and nore precisely between 39 their interacting regions) nay be
greater than the inportance of curvature during conparison, and in order to
predict their interaction. This phenonmenon is in particular due to the
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T(R,)=[Ce..S/[+swicg,. 5]

Following yet another embodiment, it is possible to compute the
geodesic radius of the region by replacing |Cg,,S,| by d(Cgi, Si) that returns

the geodesic distance between the points Cg; and S;. In the case of regions
generated without shape constraint and following a spatial geodesic

20 distance criterion, the geodesic radius of the region will be closer to the
threshold distance used during the generation of the region.

In the case of regions built with constraints, it is nevertheless possible
to define several sizes in the direction (respectively orientation) of the
constraint vectors.

25 Following yet another embodiment, we perform a Principal

Component Analysis (PCA) to determine the main axis of the region.

Energy score and filters for the comparisons




The radius of a region Anot her remarkabl e property of a region R
Is its radius T(R). To 5 generate the radius T(R) of a region R' we
determne by a conventional approach the4arycentre Cg, of this region R .
The Euclidian radius T(Rl) of the region R can then be conputed using the
foll owi ng equation: T(R )- card (CR sc,cCR 10Were Cg"Scill is the

Eucl i di an di stance between the barycentre Cg, and the contour point Sc.

Al ternatively, we conpute the nean Euclidian radius of the region by

summi ng the nmean and standard deviations (std) of the distances between
every points Si of Wehwill sgiwodleseiihe the steps(af2agmparizpn ofthree-dimegsigpal | s

, 11] Fo | N t..ano . ' it Is possible to conpute the
geodesi c radihléj%ﬁs %E%P%cg%oﬁ?mgvﬁﬁ\%gbpg@%l S111 by d(Co, S) {rﬁat
returns the geodesic distance between the points Cg, and Si. In the case of
regi ons generated w thout shape constraint and follow ng a spatial geodesic
20di st ance criteriBRErAYHCOR 0desi ¢ radius of the region will be closer to
the threshol d di stance used during the generation of the region. In
the case of regions built with constraints, it is nevertheless possible to
define several sizEs evaludte thk yaalitywf the edigroient betweesn bmo aegiony Rif ande

Princt pal - ConBe RIS it bompUtecbietat bl BERAT I (e MHATHRRPOVER fritay
region. Ener gy &5RpEte?fst ddchifighnitt of fifesefBifdnsS @RSenergy score.
The energy score depends in great part of the nature of the object
10 considered. Nevertheless, in the case of the comparison of surface regions
of objects, a few properties such as the curvature, the resistance (or
malleability), the density, the spatial location of surface points (as well as a
distribution probability indicating the possible error on their location) and the
surface normals of the points and facets are common properties for every
15 three-dimensional objects, and can therefore be used systematically during
the computation of the energy score and during the comparison of regions.
Given n properties P; defined for each point and/or facet of a region

Ry, the local energy score Score,,, (S, S,) corresponding to the alignment of a
point S4 of the region Ry with a point S, of the region R; is given by the
20 following formula:
Score 4y (S,S,)= Zn;a,Score 5 (5.55)
Where «, is a weighting factor of the score Score,, of the property P;

for the two aligned points S; and S..
Preferably, each Score, returns a normalized score on a same
25 interval of value, so that when the coefficients o, are equal to 1, the

properties contribute equally to the global score.
Furthermore, to agree with usual conventions on energy scores and

entropic scores, the energy score ScoreP_(SI,Sz) for a given property P;

preferably returns a normalized value on the interval [-1,1], in order for the



41 W will now describe the steps of conparison of three-dinensional
obj ects and regions following the invention. Enerqv score 5 To

eval uate the quality of the alignment betdeen two regions Rl and R2 using

t he conputed remarkabl e properties, the invention provide a way to conpute,
for each alignment of these regions, an energy score. The energy score
depends in great part of the nature of the object 10 consi dered.
Neverthel ess, in the case of the conparison of surface regions of objects,
a few properties such as the curvature, the resistance (or nalleability),

the density, energypseoral of dhalt pwpesty tubeaslespoiontt when e |statesaof the

di stribution L I .ndi gata ng, 1. 0ssi bl r . i t4on)
and the surfa éﬁ)ﬁg%%gl éyoﬁe?&hfé?ptb?n?élngn% L fazldcdétsg g{eegm%?r’o%ngr%%éeér)ﬁ |8e1s for
every 15 thr eghdhrthep apndiffeedptect s, and can therefore be used
systematically during the conputation of the energy score and during the

conpari son of regions. G ven n properties R defined for each point

and/ or facet of a ' B I -
cor T espondi ng ot hg 2fe i acceft MRS erzR of Phiicfionalibale of |
poi nt S2 of téar otjgctoduriRRy its q@inmearidon, tdmee@botohémiwcongisterimihtrod@tingea nac,

(S,,S2)= pa, Score p, (St, S2 ere a, is a weighting factor of th core
scores of thet rgag@& eﬁﬁf’@r Fti'iﬁe"t%"ya?'i"@ﬁ@@a ngﬁP C@P%‘Aﬁbe B@pﬁe’?‘erabl Y,
each Score feturnsmish%x@%ieeeqhﬁés@fo?d OTi2 IBAFES 2Rt Séceptalté iHletgncs O

that when the coefficients a, are equal to 1, the properties contribute
equal | y to theetyesnathesrespective statestof thecpnopedy Ri behweer twp tioints il and

conventi ons op eper scores_and entropi.c scores, the energy score Score,
(51/52) fQ)r agéPE@Wg%gmﬁyaﬂQ%%@épﬁgﬁ'VW'et urns a nornalized val ue on the
interval [-1,1], iwrndfie bfferéf® observed between states of a property for the
points Sy and S; is inferior to this tolerance threshold Tp;, the variation of the
property P; in these points is considered as “normal”, and the energy score

Score, (S, S,) returns — in agreement with the conventions of this embodiment

15 - anegative value.
On the contrary, when the difference observed is greater than the

tolerance threshold Tp;, the energy score Score,(S,S,) returns a positive

value, indicating that the variation of the property is “unusual’ between
these points.
20 An example of calculation of Score, following this embodiment

consists in computing first the effective difference 4, of the states of

the property P; in these two points S; and S, and then the normalized

effective state 4* To do so, we compute the difference between the

Pigffectif *
difference observed 4, .. of states of this property for the points S4 and

25 S, with the predefined tolerance threshold Tp; for this property as defined by

the following equations:
Aobservé = |PI (Sl ) - R (SZ N
A TP;

observé

APieﬁ’ectif -



42 energy score of that property to be close to -1 when the states of the
consi dered property for the points Si and S2 are simlar, and close to 1
when they are different. 5To take into addount the intrinsic variability of
a functional region of an object during its conparison, an enbodi nent
consists in introducing a tolerance threshold TR, generally enpirical and
specific to the property R This tol erance threshold TR defines the
acceptabl e difference between the respective states of the property P,
between two points Si and 10 S2 of the regions RL and Ra respectively.

When the difference observed betmeemﬂgegfeéggggagf/ﬁﬂerty for the points S
and 52 is inferior to this tolerance threshold TR, the variation of the

property P, 11 thepmeps! ALS) |i¢ thENVAIGE 'St hraBert (P Gible af b PomtcBerand score

Scorep (s,,s2) returns - ‘In’ agreement wt he” conventions of this

obsorved i s ofdsas it kBl Y Gpe Rt b RN Y oner oy score

Scorelj S1,S2) returns a positive value, indicating that the variation of
the property is "unusual" between these points. 20An exanpl e of calcul ation
of scores & ol | owi nfhée ehergyndcmienseote, (H8gifet the pointerBatandySRiis then equal,
effective difference Api effectif of the states of the property P, in these

two points Siforrgl gieramdriBized ropertyr i ednelvated irgtiraedity the Idgistio so,
we conmpute the difference between the difference observed A observe of
states of thifingtiepéity for the points Si and 25 S2 with the predefined

tol erance threshold TR for this prgpert defii,ned by the follow ng
equations: Aabsen, O =113i (S1)- Pi (gpoffﬁ@&sze)f%%é’i@ﬁcﬂ- Aobservi TPi

With:

10 L(A Pi effectif )= 2 -1

1+ e_}'APi.eﬂ'mi/

Where A is a constant; and 4%, .., is the difference of the

respective values of states of the points S; and S, for the property P;,
normalized by the tolerance Tp; specific to this property (Figure 4b).

15 Then, when the difference between the states P(S,) and 2(S,) of the
property P; is greater than the tolerance Tpi, 4p, gy @nd A% 4. are

positives and L( 4, z.,;) and L(4%,, ..,) return a positive value at most

equal to 1, thus penalizing the wrong alignment of the points S1 and S for
the property P; (Figure 4a).
20 Inversely, when the difference between states P(S,) and 2(S,) is

below the tolerance Tp; (indicating a normal variation of the state of the

property), 4 is negative and L( A) returns a negative value at most equals
to -1, thus rewarding the good alignment of the points S; and S; for the
property P;.

25 Typically, an adequate value for the constant A of the logistic function
is 6.



43 4* pieffectif (4observe-Tpi)1llP; Where P, (St) is the value of
property Pi state at the point Si; and M52) is the value of property P
state at the point 52. 5The energy score ®corer (SS2) for the points Sl and
S2 is then equal, for a given normalized property Pi, to the val ue returned
by the logistic function L: Score p.(S1,)=-L(4 Pi,ejjectif Wth: VWhere A
Is a constant; and A*p,,,ffecief is the difference of the respective val ues
of states of the points Si and 52 for the property Pi, nornmalized by the
tol erance Tp, specific to this property (Figure 4b). 15Then, when the

di fference bet weenThaecadvamtage Rf ysing susl ar ensegy 6£0Kenbaged hath yorpthe s

01521 1, Gh 55305 Ss gt 8o g Tt Rameish s

and L(Ap,sffe a1 a positive value at nost
equal to 1, t{Hesingenal [-7] 1P réSideVinGRe pUssbilitetd integidte appiurdlity Sf wamded2 f or
the property P, (Figure 4a). 20l nversely, when the difference between
states P, (S,) remarkebie)propertiesoRf, t Be -t.ol 8r ddbeTpquatiandiof shenlpcal fsorl
variation of the state of . the property), Ais negative and L(4) returns a
negati ve val ué’cate,ggp@,.,é’gatahnmnmpltels,ervihgsa reatranh@ndhpegdoauante gAY  of
the points Si and S2 for the property P.

score, whenever the properties P, B, ..., B, are digitizable (i.e., can be

n

digitized) and that it is possible to assign tolerances to the accepted

differences.

10 Furthermore, if a point S; of the region Ry does not have an

equivalent S; in the region Rz for the property P;, the energy score Score,

returns a predefined value following the research criteria.
For instance, if we are searching for a region of similar size, the
energy score corresponding to the non-alignment of a point S; of the region
15 Ry is penalizing. The value of this energy score for this non-alignment can
then be defined as the value corresponding to the highest energy score (or
to a fraction of the highest energy score) of the energy scores computed for

the studied remarkable propertiesP, B, ..., P, for the compared regions.

This value is then equal to the worst score of alignment (or to a fraction of

20 the worst score of alignment) defined by the energy score for these n
properties. Optionally, we weight this predefined value of this energy score
by a weighting factor in order to adjust the importance of this lack of
matching scheme, in particular in the case where the non-aligned points
have a specific interest for the ongoing research.

25 On the contrary, if we search for a region smaller than the region Ry
(that is, a sub-region of the studied region), the energy score corresponding
to the lack of alignment (matching) of the point S; can be defined as a zero
value and will then have no incidence on the global energy score

Scoreg,aba,(Rl,Rz). This requires to check the percentage of aligned points for

30 regions R and Ry, as well as the energy score, in order to determine if the



25Typi cally, an adequate value for the constant A of the logistic function
is 6. 44 The advantage of using such an energy score based both on
the definition of tolerances and the use ¥f a |ogistic function returning
values on the interval [-1, 1], reside in the possibility to integrate a

plurality of wanted remarkable properties 13, 13, ..., PHto the equation
of the local score 5Score local (S 7051 j), while preserving a coherent and
per f ormance energy score, whenever the properties pi P2, ..., PH are
digitizable (i.e., can be digitized) and that it is possible to assig

tol erances t oatigRmgotismfdufersti(éthmsu-regioris swiicientiy big fo be ﬁﬁlrﬁ@reSI) of t he
R1L d t th h t

i the energy scorBesaitl RetoSiors) i G SorESppfiingy topireer Y
h t fi h f

e 1S e o MG AR R SRt ©

point Si of tppgeate9P 1B, Rl psispgral grenty e su of l@éalténagyrwogas score
for this non- allgnnent can theA be defined as the val ue corresponding to

the highesy enresgy & ffdrtvalrt@f poiifitsas; tandrS;qaligried b gdteslignedkr gy score) of
the energy scores corrpu ed for the studied remarkable properties/?, /3,

. i for the conpared regi gose ,Jhis A UF i Sotehgriseapal(sho the worst
score of alignnent (or to a fraction of 2@<tthe worst score of al i gnrrent)

defined by the energy score for these n_properties. Optiona

this predefined valNherarEqiSs isrtbe ppinicira Fpthat !ﬁe@'@ﬂqdrwﬂ? é@ BP'thQ' @fder
to adjust the inportance of this lack of matching schene, in particular in
t he case wher R; (See igureaba fprdbie poatehingsoheme oppeints @fmragm)for t he

ongoi ng research 50n th ntr.ar i f.. we,search for gi t han
the region RL (thaﬁ qqspo'g?mfﬂc?éﬁ'%naﬁf't ke ?%ﬁﬂraodﬂoéﬁs aﬁﬁrgz%él%y
score cor{®spfAgaienGal 0wbh€héna0rléttﬁ’ﬁ #Hd pragefinddaiahle nfa} mfe ehergipistor$  can
be defined as a zero value and will then have no incidence on the gl obal

energy score eewesRABling iRtRoN-aligrmMestf PeiBtstS afedk t he percentage of
aligned points for 30 regions Rl and R2, as well as the energy score, in
order to determine if the

Therefore, thanks to this global energy score informing on the

similarities of the two regions of three-dimensional objects following the N
15 properties defined by the field and/or the area of application, it is especially

possible to create classifications of these regions. The classifications

depend on chosen properties during comparison, which means that for a

same set of regions, it is possible to obtain different classifications, each

corresponding to the properties used for the comparison/screening
20 (example: the set of convex regions, the set of conductive regions, etc.).

The classification of regions into groups is established following the
pair wise comparisons of regions and following their respective energy
scores. For each pair of regions, the assigned energy score inform on their
similarity or dissimilarity following the remarkable properties chosen for the

25  computation of the score.

It is then possible to build classifications on the basis of the global

energy score by using common clustering supervised or non-supervised

algorithms (k-mean, iterative k-mean, neighbour joining, kohonen, etc).



45 alignnent is of interest (if the sub-region is sufficiently big to be of
I nterest). The gl obal energy score Scoreg"RARLR2) corresponding to the
alignment of two regions RL and R2 for tHé set of studied remarkable
properties /I, J ,P" is then given by the sumof |ocal energy scores 5Score
nced(S,S J) for pair of points Si and Si (aligned or not aligned): Score

gl obal R2)--= E Score joca, ,,Eq R2(S,)] s,cl?, Were Egl201) is the point

Si of RR that is aligned with the point Si of IR 1 (see Figure 5a for the
mat chi ng schene of points of two regi onsé.@ I'f no point mtch in R2, as it
is the case for poFtttkemiorentp stplify theeclassificgiier and sysiematically ighlight he

points S andig most inesFATLEYET % f AR PEROBRS ol d I Hosu ™

i nform ng on gheaé gligraneit. es of the two regions of three-dinensional
objects followng the N 15 properties defined by the field and/or the area
of application, itTPsdesgache [detergainepihe highastaenrergy agare; thati 6aR

t hese regions ; A ' ] [ j

compari sort  ePPiETeEHARRY the Sl SFENooSh, SRS BERRSEN FaSpLfy |
obt ai n di f f er gt akigrasent scoatiafrthe regidn with rigelfoBgi definition, liiee @ligpment e used

for the conpari son/screening 20(ex | e: the set of conyex regions, .the set
of conduct i ve"hee'_iﬁgdﬁ‘f!;‘,"“tBt‘tc?.e;1t : retug'ns %‘ng'ﬁ_éa)ﬂ'ln_é&?‘?rﬁctgﬁ 6R" q%@&fﬁﬁggﬁ‘ﬂ?%
groups is estgh) 'sEF%iﬁq’.l ﬂ&%@%maﬁb%'thamh%eaﬁ%}gﬁ@m $Q81e MpdrRi G ghand

followi ng therr’ respective energy scores. For € pair of regions, the
assi gned ener gymbeoroé paiftsrof the rdgion teibe seeengdpasdivelsiasi ther numpbeniof owi ng

11 6 Thel) poBRerESs BB Gemperisar: BRESBIE fgeus B shverd Bitbisy
ener gy Score pyaiRarbdredTarihé Cofipdirisbe of WhgtWoSEioPs Rane Rger vi sed
al gorithns (k-nean, i1terative k-nean, neighbour joining, kohonen, etc). 46
It is then sufficient to normalize the score of any obtained alignment
during the screening of a region with the maximal score obtained by the
alignment of this region with itself.

15 It is then possible to create a classification scale of alignments
following their quality. For instance, when the normalized score of an
alignment is greater than 80 (over 100), the screening successfully retrieved
very similar regions, most of them sharing a same function; for a score
between 50 and 80 (over 100), some of the similar regions retrieved do not

20 share a same function (more variability is accepted); for a score between 35
and 50 (over 100), we estimate that similar regions are retrieved but they do
not necessarily share the same functions; below a normalized score of 25 or
30, the retrieved regions are mostly similar but probably do not share the
same functions.

25 To summarize, we normalize the global score of comparison in order
to rapidly distinguish the interesting alignments from those that are less
interesting, and in order to be able to compare the alignments extracted
from two distinct screenings. It is then also possible to create confidence
categories to inform on their expected amount of errors.

30

Example:



Furthernore, to sinplify the classification and systematically highlight
the nost interesting results, it is alsozg ossible to normalize the gl oba
score of each alignment. To do so, we det®rm ne the highest energy score
that can be 5 obtained during the screening of a region, which is achieved
by conputing the alignnment score of the region with itself. By definition
the alignment of the region with itself returns the nmaxi mal score that can
be achi eved during any screening. Let us renenber that the alignnment score
depends on the number of points of the region to be screened, as well as
the number of 10pr dpercomearisoaclaregianR wilpiisalsgines ehalobaberergn&eO™@an be

several  di st Bt GEKl BBl SRR! Bl BErbSr SRIBRILIAR BE cRBeLMhdigd ons RI

and R2- 'Zze the score any obtai ned

al i gnment during the soohgearison of the reyioR wmhetgmmxanawzsmpecmmmu ned
by the alignment of this region with itself. 15It IS ossible to

create a cl asgiV\el%Q{qb@he%Eﬂ}’eSQﬁfeéJf -g3PraRes3PB) | B@\A’W@mﬁ %‘? SR ISP CFor
| nstance, ﬁ’meﬁf tRELJUERbF fRALSCAkeNRh RIpaLhTBYS (4 BUERY60) ARdD.PY

(over 100) e''screeni ng Iy re ri eved very simlar regl ons, nost
of them shari (@8 avexrat@®0)f unction; for a score between 50 and 80 (over 100),
sone of the simlar regions retrieved do not 20 share a sane function (nore
variability is accepted); for a score between 35 and 50 (over 100), we

estimte that sim bafioha, Ot Ss Besslife! P ¥hdaK! i BRI MignfRFRSER bk Y

share the same functions; below a nornalized score of 25 or 30,
retrieved regragiensaaRd amisR[Zyns:rdeﬂ@rthetmmedf)m ghgmnmiterscvramtlna@og‘d&e

functions, 25T r| ze, nor mal i ze

order to Ipi Bfﬁd”n;gr‘ﬂi hege ?ﬁag‘% qﬂ%ﬁg'gﬁ ggﬁgg%glr&ggt are
l'ess interesthpdiocal coﬁb@ﬂ@ﬁédirooheoamcﬁetsmbc@@wse the alignnents
extracted fromtwo distinct screenings. It is then also possible to create

confi dence cat egorifbﬁaoiothehﬁUfT‘mO(ﬁmmpﬂseﬁpé&t%’tpfénﬁﬁﬁlef@ﬁ sy fher W

AT cor e afonell Eaf R R ToL P8 Pl SE3HE GkeP ook o0

detailed abOVfbllowmg thig bmbwm@nt 30 thebukmef 4 egiatimurniert of mg:rtam edforand L2
respectlvely give a global energy score of -230 and -390. The nogqgllzed
ener gy scbr esCongentrated in assub-tsdiemR It can)thgp be ﬂfewte?r@%tcbmsvews 8¢ 46

over 100) andpQ, 78,{c8 QKA" itOBrticular, to penalize the one having a huge
concentration of local errors, often giving less good results in the field of
screening than the one having small errors scattered on the whole region.
The error done for each pair of points (S;, Sj) of two aligned regions
20 R; and R, (as well as for any point S of Ry not having any match in the

region Ry) is given by the local score of the couple score,,,(S,5,). In fact,

considering that the local energy score of the couple (S;, S)) returns a value
informing on similarities and/or dissimilarities between these points for the
set of studied remarkable properties, it also provides a measure of the error

25 done during the alignment or the non-alignment of the point S; of R; with the
point S, of R.

In this case, starting from the two optimally aligned regions Ry and R;
following the method of the invention, it is possible to generate sub-regions
of one of the regions R; or R, on the model of generation of structural

30 fingerprints, by using the value of the local energy score on each point of

the Ry region.



Optionally, it is possible to analyse the optinal alignment of two regions
Rl and R2 in order to determne if the alignnment errors of the points 10 of
RL with those of R2 are scattered on the 4%hol e region, or if these errors
are locally concentrated in one or nore sub-regions. In fact, the sum
of nunerous snall errors scattered on the whol e alignnment can be

equi valent, in the conputation of the global score following this

enbodi ment, to the sumof a small nunber of inportant errors 15
concentrated in a sub-region. It can then be of interest to distinguish
these two cases, aM¥e themdefine a grephthavieg al setofinpdesneorresnonging tugee

concentration A e i ield
of screening pﬁhﬁ;"?@"}}% rfﬁqérerﬁéén%ﬁ’ weérér{%rir?sca?@pgm{(? on (?%teﬂé\;%éolpggf
region. The ethedrocHinscdrer asswdiatedi to dhe peorrésponding $o)nt(8‘) invthel regiced
regions 20 R and R2 (as well as for any ggi nt Sk of Ri t havi n ng
match in the A@grr@%wﬁ% we d@fiﬂ@rarbycsmiab gaxipak errgf. a we assigh

coupl escorgk. n&ﬁ% tflg)d|§fa'ﬁcfaaﬁétwe%ﬂnﬁiedfﬁém4 Bftor ML *t%c%lfe“@f de%r?&ﬂe of

the coupl e (Si ns a value Informng on simlarities an

di ssim | ariti ssorectomspontagetothisnitisede) ipairités)set of st udi ed renarkabl e

properties, it al sg gr?vi des a neasure of tq% rr r 25 .done. dur f]ﬁ t he

aI i gnment or the ndhs Eﬂ?r&mr?eﬁ?o@f' PEipg;ion t I%rr%'ﬂ?s’tsf@edo gaeh
i) I RS Ri

and R2 foll omfJ ﬁgﬁt %@éﬂ?@ﬁiﬂgfnlgnvenﬁuﬁf#ﬁsﬁ%’sfdﬁ&%ﬁgf&gk%ﬂ? g ngggggat e

sub-regi ons othes&esoofes rs@megwertzarﬂ;row aReJropnegine hydbese@ﬂggenerau on of

struct ur 30f|ng rints usin he vaIu of thel e re on
each point® of the gfeotﬂé%ﬁ&t? °¥ﬁ8a diwth \P@@W? rqaiqvag %afﬂ%qﬁé%ﬁgﬁﬁ set
of nodes corrgsRenHitAE rbgndwerr@rn WHeh BRiord xiet, it e pbesibRNto gBHertte aR6T 9N
to each graph node the value of the local score associated to the

cor r espondi ngspiregioss that gatker tbgi eoancentratachand wepRgly aligaed ipeinta that is,

e mal oy EopoiPBkoCAl iiBata 8ot Anft PR B A ANEn TR

(these) poi nt tgygion). Therefore, a score informng on the local error is

assigned to each point, and to each edge |linking two points is assigned the
di st ance bet ween t hesdsiaosasit We qamaRaige W fegieps, Rn ad Re WRQia$INgjet hese

edges. 10 Ve d;gﬁgh&%gﬁq%xﬁn%en gté%PéPrBP{rE‘a& cah'b%vw?e Sﬁfthglangnmﬁt gf gwt h

limts of the rrors exist, I'S possible”to generate
t he sub-regi opsint bARgwithexr pollrneotﬁha((enthahed-aagdmﬂnboglaypcahi ghBg) isdhens

(e B Sy iob P St e naP DS, Wi Bndren ana
R2 with a singlfimal similarity is equal to -1.
20 Then for two points A and B of Ry matching with A’ and B’ in Ry, if the
errors done on the alignment of A with A’ and B with B’ are respectively 1
and 0.8, we assigned to the edges linking A and B and A’ and B’ a weight
equal to 0.2.
If all the other points of the regions Ry and R» are correctly aligned
25 (that is, their local scores of alignment are negative), then the weight of any
edge linking one of these points to A (respectively B) will have a value at
least greater than 1 (respectively 0.8). If we want to create an error region
(points with values close to 1) and we choose a growth parameter for these
error regions of 0.3, only one sub-region error on Ry having the points A and
30 B can be generated on Ry.
On the contrary, if the growth parameter is equal to 0.1, then only one



property, the maxi mal accepted error that can be done on the alignment of a
point of RL, with a point of R2 (or the non-alignnent of a point of RI) is
then equal to the maximal |ocal score of 4%hese points, which is 1, whereas
the maximal simlarity is equal to -1. 20Then for two points A and B of Rl
matching with A' and B in R2, if the errors done on the alignnent of A
with A and Bwith B are respectively 1 and 0.8, we assigned to the edges
linking A and B and A and B a weight equal to 0.2. If all the other
points of the regions Rl and R2 are correctly aligned 25 (that is, their
| ocal scores effoafagiembavingrtibe potidl wéhbe dpliied.he wei ght of any edge

| i nki ng one of thegg i S; i Wi |

| east greater thanl?&fa?ﬁé@%géq?%@lvéﬁ%_ @)etﬁH %ﬁé\/\%p%ﬁw tﬂb)e %?ngtdgméﬂddgﬁ?@?

region (pointA igithBreféfeesrc; viserehs the ernsk denelonoBese0.9r b qomsidertar f or
t hese error regions of O, only one sub-region error on RL having th

3, . g
points A and govdhyaieef §dniventhen genetate axsingle egnrediop having e geviv h
par amet er §'s gqual to 0.1, then only one 49 error region having the point
A will be defined. In fact, the wanted value in this exanple is 1:
the error done on point Ais therefore zero, whereas the error done on B is

0.2. If we consider a growh value of 0.1, t hen generate a si error
regi on having the Y& H}erswtgtermlne ?% Wfaé\fsffﬂ{ ﬁégtrﬁg'%n%%?erapéﬂe%PBr
sub-regi ons a ] kC, i | igtlg b fRRide Ealfinfyfat {0 @

pr edefi ned cg\?g?ﬁaf&?h ﬁéa@n%wbmﬂg%ﬁ Rre%?]qggl)gd? ao?%% nts f%r r’rq ng the error
region i s greahere tthamumbepofqefintsefornting shel eiyor region ist greatendhapodsi bl e

to determine if the errors of alignments of the points of RL with those of
R2 are sc tePr&‘l’egﬂesﬁEre\ﬁﬁBWg region, or if the errors are locally gathered

in one or nore subyrigghBASpoddblBatd detdrAfindMf Ged &rFirsi sf0alidrmentsbef tied
error sub-regions generated for which, their 15cardinal is greater_or equal

to a predefi neeintsapfiRhawith dhase pf tRuk arey scatteredcen dhe wheleresios: asfif #e nt s

i orme on 1 nETORSEIS ducdnoaersd O S bR dlexfstis hy PRty 6F' Do

regions. |n pgétermiding .thet n@mbersoft erréi Yubneyichs yeaereAse fohewkichy itheis are
smal | but scattered on the whole 20 region (many small error sut(),-re%iéé)ns),

from t he WasecaiRerad igrgrepteraple eAugktd @ Predefined” gardingle @ndoRk t8Kingof¥O er ror
sub-regi ons) “account the number of points for each error sub-region.

The definition of these error sub-regions informs on the distribution of
errors done by the optimal alignment of two regions. In particular, it allows to
distinguish the case where errors are small but scattered on the whole

20 region (many small error sub-regions), from the case where errors are huge
but locally gathered (one or more error sub-regions).

It is then possible to take into account those errors in the global score
corresponding to the optimal alignment of two regions, by changing the rank
of an alignment if it contains too much localized errors, that is, by removing

25 the region from the screening result, or by adding a penalty to the global
score, following the size (number of wrongly aligned points) and/or number
of error sub-regions.

An example of penalizing score to add to the global score is then:

N
Pénalité =C Z card (ERi )

erreur
i=1

30 Where ER, is an error sub-region;



It is then possible to take into account those errors in the global score
corresponding to the optinmal alignnment of two regions, by changing the rank
of an alignment if it contains too rmuch [calized errors, that is, by
removing 25 the region fromthe screening result, or by adding a penalty to
the gl obal score, followng the size (nunber of wongly aligned points)
and/ or nunber of error sub-regions. An exanple of penalizing score to add

to the global score is then: Penalite e",", = C .Ecard(ER,) 50 card (ER,)
is the nunber of points of the error sub_-re%i on XX; and Cis a
constant al | owi ng egirai(ery, )iothe mmbeisef Rapisratihe erios sthiredivaXignd wi t h

respect to the glohal score of aljgnnent. 5Finally, when we generate.
several stable con&ofsmﬁ‘t Censtapt Q"I"?é@’"?gw%@ngdm%ﬁsgﬁ)ﬂ%ﬁs %P@Bgn?‘% t8r§’§§ to

bt ai o X X ved f the initial
obtain severagﬁgﬁﬁgw%,sbggﬁﬁtﬂéwlgeﬁtﬁgﬁl%ﬂer|ve romthe initia

t hr ee- di nensi bj ect ave “seen t reeni ng accuracy can be
| owered if too nmany conformati ons are considered. To conpensate this | oss
of accuracy, it is_then \ﬁRSSi ble, 10 .foll own odi nen e _ener gy

| t of, t
score, to screen af MaJyoWheR We.gpnefate tsgvgr&ltsﬁa&?%gﬁﬁ%&gﬁtwﬁé}?it%%ﬂ?ree- .
derivatives byim&fiicAd1BbiE& hobraerRs dbRaihaddlepalSsdddndahy threetdimdhershal

tol erance paraneters are’introduced to take into account the intrinsic
vari abi | i ty oobjectsedgrivedafidmothet indiadithreerdimensionab ohjgct. ome hanatseien hah

take. If this,variability Is generated in i S , l.erance to
vari ations cawet REIFIES «ﬁ’f&&f@yaﬁﬁgt ?1% '8‘6’?@%%'@5% rhgﬁ)%eéoﬁ)ﬁ@?%@ Tr &%
These di ff er epénsiddred] TRdt Sorfperidifte et d¥s$ OdfPEEbalrae), StC@ eheanpbssible,
i npl enented to assess the alignnent of two regions or three-di nensional

obj ect s of0 anfplirRwing ap egpbedimest of thenangrgyrsPres to sEeen Aipdighas el 8hg as
a 20 nmesh andfor r of | egi - ] ! [
To effectivel (t/gc%ﬁsgrgtgplﬁa aco?’\gcgr{ﬁ agdr?g'a? og%s I\X%)E/ ggvgé%?mbigl onstb\;ﬂal? %\ﬁce

themsel ves, tb@rah}mterst Ten Irpg@ctj dmieatoﬂéraabeqdaeantemersi ael i;wtrlpdubed to take .
representations of regions hy inplenmenting one or nore "filters", jin order
to 25 reduce MR aexraWbxihey iBlingice vAEgP RS ofnd dRYICRe aﬁ‘gn‘é’érﬁlﬁ dr'{é‘a'ieé‘ﬁs to

conpare with éé}ﬁoﬁh&ﬁ’éﬁsdﬂ{a‘i‘g{ &8 take. If §/rﬁ§%ﬁ§8iu§{<is§§éné}faté@m aCngt iepe

filters is of course option can qui eliTmnate t i ons
that can 1ot the wierahee toovariations gaontheh batredestd asdvtbel scasening wilghens
that do not have sone ¥vant ed renar kabl e 30properti es.
more accurate.
These different embodiments of the energy computation score can be
implemented to assess the alignment of two regions or three-dimensional
objects of any kind, regardless of the method of the invention, as long as a

20  mesh and/or a graph of the said regions or objects is available.

To effectively compare in a fast and robust way several regions with
themselves, the invention provides a first step to simplify the
representations of regions by implementing one or more *filters” in order to

25 reduce the complexity of the regions and/or the number of regions to
compare with the studied region.

The use of all or part of these filters is of course optional, but they
can quickly eliminate the regions that can not be similar to the region of
interest as well as the regions that do not have some wanted remarkable

30 properties.



51 Representation sinplification of the three-di nensional obiect

The first filter essentially resides in the sinplification of the
representation of the object follow ng at51] east one sinplification method
(that 5will be detailed in the follow ng description). In particul ar,
t he dual shape, or again the spherical harnonics can be inplenented to
sinplify the representation of the surface of the object, and as a
consequence of the associated graphs and regions. In the case where the
surfaces are obtained follow ng a_narchlwg cube approach or one of its 10
derivatives, it isRepmsentationsimplificationoidheithreegdimensional ghiegtet er or the
intersection interpolation parameter to obtain sinplified representations
of the object. Alternatively, the sinplification of the object is
achi eved on the ba¥vhé f€ifstafitet hessengially pedidés iof thbe snhbhfafatlbhatofhzﬂvea

simlar states of properties. In 15 particul ar, as expl ai ned ewz y, it
i s possi bl e tEpjEsINA @%@fH@OWPCU@ilﬁWH‘%%VPﬁ‘@t Qne sipplification, qlfl‘@é

and/ or thes sef;Qfe 88&{\%? if e fb%ﬁ)i Seg&lﬁl’bhgnal groups. Mor e
general ly,” it I's possible to generate in'a systematic way, the set of
structural finger pinl parsicolar,tthe dulail sbape,corsaggin ittie/ sphericad rlaesonicatdamnbe and

th 20i t { ft .
{hr ee-di mensi BRAPTERH P DI Lo eRTEP e BRURa Gl (e SPrTFce o fap oblarty e
sinplificatiopg %fcdﬁé%q@éﬁ@@’b?’ﬂf‘é“é@édd?é‘te@fgrhﬁﬁs 'éﬁ@'r@@tonfsoiﬂ e Bgsctivhiepaist

one sinplification net regi on can be deScribed by a graph. The
graph can be theesurfacss are ebtainedl followingr 2 prarchingacubenapyrogeh fasranegot e

nodes havj |m ar st at es of (nao contracti h ph of
the regio ?rﬁ‘@ﬁ'vﬁsgr‘ta'ﬁhalﬁ&e%sgtﬁﬁgttot H%yr 8%%%%"% s&%&%ﬁr}q&e—%& ?Iﬁé
region (suCh merbéewf ﬁﬁefﬁcﬁawn BardrRéfes  tol distEInbindificBnRpreserftatid s of
zones, flexible zones, etc.). These graphs, which are far sinpler (of an
order of 10),thelohjeet. perform ng nore effective 52 conparison.

Neverthel ess, 11 Uaforrafal), BRosmulhafdn Bt BEIRTS GENBLEH 6 Mg tdiss bas o

of remarkabl e pro 0 gen € a grap n wWhi C each

sub-regi on i sofa BALRINGAST pOIBEIIf ehe bbjuth ttkitaive sihilahstates ol propertiess. &ph of
a regl on is
15

particular, as explained previously, it is possible to gather the set of points
having a close curvature value and/or the set of points having close
functional groups.

More generally, it is possible to generate in a systematic way, the set
of structural fingerprints of the object to simplify the representation, and then

20 its comparison.

Representation simplification of the three-dimensional region

The second filter essentially resides in the simplification of the
25 representation of the region, following at least one simplification method.

A region can be described by a graph. The graph can be used such
as a simplified representation by gathering the nodes having similar states
of properties (node contractions). The graph of the region is then a graph
describing the remarkable properties of the region (such as the presence of

30 clefts, insulating zones, resistant zones, flexible zones, etc.). These graphs,
which are far simpler (of an order of 10), allows performing more effective



obt ai ned by renmoving the set of edges of the graph region, which have | ocal
wei ght greater than a predefined threshold, and by searching for connected
conmponents in this region. The connect ed52onponents having a gi ven ni ni nal
nunber of points (in order to guaranty a sufficient size) then 10constitute
sub-regions of the region that gather distinct remarkabl e properties.

This very sinplified graph is well suited for the graph matching. It is
nevert hel ess al so possible represent this very sinplified region in the
space by averaging the coordinates of each node to conpare efficiently the
15 regi ons byCcmgadsl.ri cal approach rather than by algorithnms of the G aph
Theory (such as gr | : rd Lol A £
regions are |ess a@gg?réﬁ?éelg%gﬂﬁ%reega%q g%?%%é?m%?i%@%f%%?g@séig

regi ons, but lasis offremarieatile tpropertiese ittispadisibde 1o Igeneratgi agsapts invedhichas t o
gat her and/or classify the sim/|ar regions. 20 Conparison sinplifications
by region cl a@3¢h PYRI¢YPAN Is anodgyr i ng t he conparison of regions, the

conput at i of enexgqy. & | st i i [ ences
and si i a1 i oo BRTRRTPE, O SRRREnt BFIASnHAN bl ascidr ¥
consequence, cbtagwidflyy removiagitby set ohedgesotie graph regionoudigrkhanealocal

It ti k- i ghb | Oi ni h te)., Athird filt
ther of or e condeent Sreaae taneh Areseted BEsdivt SRS by seatdhing Rrcdsfrtsd e i or
to any conpargsAponsts! inc k98t fegic. "The! corfictsts dohfpdrisita thavirgg 30 garat gy

score), and to limt the conparisons to the only regions contained in one
of the group minimaé ruiraber fof cpeintsn (inf ordernta guasantyha guffigienhsizeigthene 53

characterjstics clqgsest to the regio 0. cre - f ol ] e
el d and neSsiSr Shpaolol® 7B ol a0 Yo el
region to stuskopettids. averaged regi ons representative to each of regions
cl ass generated during the classification. We then reduce the conparison to

the 5class of regibhis vemasimplifigsegrapdy isswell sHited fergthepgiaphameiching. dt fsw
addi tional cl as5efdidbd B0 YolblbitedrBEnt HidWd @ difPlified region in the space
by averaging the coordinates of each node to compare efficiently the
15 regions by a geometrical approach rather than by algorithms of the Graph
Theory (such as graph matching).

These comparisons of simplified regions are less accurate than the
detailed comparison of objects and regions, but are sufficient to remove the
dissimilar regions as well as to gather and/or classify the similar regions.

20
Comparison simplifications by region classification

During the comparison of regions, the computation of energy score

allows for instance quantifying the differences and similarities between two

25 regions to be compared, and as a consequence, classifying them by using

conventional methods (k-mean, iterative k-mean, neighbour joining,
kohonen, etc).

A third filter therefore consist in the creation of region classifications

to gather prior to any comparison, sufficiently similar regions (following the

30 energy score), and to limit the comparisons to the only regions contained in

one of the group of the classification (for instance, the group having the



Renoval of too distinct regions 10ln the sane way, by using sinplified
representations, it is possible to renove before said conparison, the
regions that cannot be sinmilar, or nore PBecisely those that do not have a
m ni mal nunber of specific and inportant features of the region of

I nt erest. Typically, if some points are nore inportant than
others in a region, 15 we will first try to conpare them Such

i nportant points can be nmanually defined, prior to the screening of a
region, or automatically by providing criteria specifics to the domain or
to the area otharpptaristic$ closest to the regioriade seregnedbgpd dakpwingithy field

: ¢ I I : L 0 ol ) ..
fo The I ocal Nbiee 4i8H of SHb&Aam Corchnfat, "RE b Seb M Pk Br S R ) 7
we know that tdypwitht a%rd@ﬁdoﬁggioh@ PepresBntationt td wush wialegioms relgson of
the region (in particular the hot spots of interactions, the catalytic

r;as! duels, t hegwﬁfléltﬁﬂ)ﬂyﬂ%? !tbﬁlcsﬁsﬂzf jiPat V\fﬁllﬂ'éﬁft eeduce the) COMBAHS LD ARR i g

it is als 0 . . i O e
resi ducs: of | o0ReT el pEong hatis i RUSESTnid 3G, oIy 16 4Rk AT C

aligned with tlhesgwinnthe alleprobthkrsiméarityn. |1 f no match is found on these
| nportant points, we can then avoid perform ng other tinme-consum ng
conparison. 30 her filters based on a sinple description of regions can be

used to renmove tooRdiRhbf @b diSSHASaione? For instance, if the
regi on of study is_mntﬁve—a'nni%e—r‘e%mn to be tested in a convex, it may
be useless to continue the conparison in the sense that it is not possible

¢ amar kbl 1 pr oper () EGRETBMA 5V R0 SRR ERESIRITAIY 5 BRI

shapes. reéMive BERPE 3hld/corhPhfisdrs the ré§ioRatRaPEaniYdt beasimill, dhdore
| nportant renmarkabl e properties of regions'to limt the nunber of regions

to be conpar epreciselpthesedhai ds not have a minimaboumber iof specifia @andriepiogiast i n
criteria and POMPRASTE BARbPTNERRTor tant Tor the application andlor the
field of study. Uspyméaliy)¥eséragtpditensetmere important than others in a region,
15  we will first try to compare them.
Such important points can be manually defined, prior to the screening
of a region, or automatically by providing criteria specifics to the domain or
to the area of application.

Thus, in Biology and during the comparison of molecular regions, it is

20 possible to give more importance to the local score Score,m,(S,.,S j), in the

equation of the global score, if we know that the point S; belongs to an
important functional sub-region of the region (in particular the hot spots of
interactions, the catalytic residues, the phosphorylation/glycosylation sites,
etc.).

25 In automatic, it is also possible to define the points belonging to the
most conserved residues of a molecule, as being the most important points
that must be aligned with the points of another region. If no match is found
on these important points, we can then avoid performing other time-
consuming comparison.

30 Other filters based on a simple description of regions can be used to

remove too dissimilar regions.



15As illustrated in the exanple of the conparison of concave and convex
regi ons, sone properties, said invariants, characterise a region

i ndependently of any orientation or aligrffent. This is particularly the
case of the size (Euclidian or geodesic) of a region, of its conposition of
different states of one or nore properties (for instance the proportion of
insulating 20 points, of knobs, of atomc types, etc.), or of the

di stribution of these properties (as the gathering or the scattering of the
insulating points, of all the points having an anionic charge, etc.).

For instance, the por instance, tihtheceagior affstady égconcavenage tbe aegipnpie be

consi dered as, invariant using, rotation erators,. |I{ si.ble to 25
determ ne pr oﬁéﬁ(’aé@ & HIOVER 1T MK 8h%ﬁ§§s _e%? I'F%'QUSrt?’%n%QﬁBgﬁ&i} "ﬂi@e
region (such gsnddén#tUt Yhot Po@éiblehﬁ) @ﬁ?hrtﬁé tadafegfons2enViBk! bais idfaheir
coordi nates of the centre wth respect to one of the axis in the graph) and

t o conpare theunvetised(an ireportant: reregikaiie property) congideriigyihali tiavehavéiese
properties.infor tri 30physi cochem cal and/or evol utionary
reality that %@H&hgﬁwaodﬂ%tggﬁ&&?@ﬁﬁng a region froma great set of other
regions. 55 Mobs Gersarafipic this eigi @, covapamn aliser part ofmshenomortame

ratio of its Euclidian radius EAB and of its geodesic radius GAB.
The Eucl i di anreraankableepropartiencoiniregins 1 dmihdke yaymeeh of neas i@ B the

region to a pg&@?’ﬁ@‘g‘ﬂ@"@%@% (or to an averaged point of the 5contour).

The geodesic ra rnftormon the length of the path to be traveled "on
t he object" or "onAtfbarthdileottien cedides in liee €asttremdval af pegions diatt danot
contour. In the caﬁ% of surf

( es, it is the pat er the surface that nust
bo t aken L6 | PRI VT PAKAOWS G5ITRARE By NPl RS TAPERIS  hus
i nf or m of thetﬁe"é@li‘&ﬁti@r’?‘énﬁﬁﬁtﬁ?'ﬁbl?oéfs"tné?.es encountered during the travel

to or t

to link the centr a pol nt e contour (or to an averaged point of
t he contour). As a consequence, the ratio RE/G or RG E between the

Eucl i di an radi us R and the geodesjc radius GAB (taking into account the
fol di ng) 15 infor M@@@H&Q@ﬁ)e of the region, and the conparison
of the ratio of two regions informon sone possible simlarities between
these regions. Two ratios having too different values (for instance of 1 or

2 Angstroh for t heAsoiltpstratedninofhershxagpler of &g srpsmparisarc f caneangsanedf

Cherefore of SO0 eaansy POPaProReyee s alL TR hs, PiakRRlegs, febion
Euclidi an di SMGF@n&éﬁlﬁmw ofiéitatien ¢e alignshient. arHie ispEticakely thg case df

| i nki ng one couple of points (A B) of a region or of an object. Ve can
t hen conpare theesige JEaslidiapan geodasiq) ebagegions gbdisneampesitin afedjfferento be

P Lreel SRk e AR bl RS GOA U s e o
ratios i 2| veointsyose khobs,f of tatomio tepés,cetm), | gr fntheedistributions iofrithase
regons. properties (as the gathering or the scattering of the insulating points, of all
the points héving an anionic charge, etc.).
For instance, the points at the centre of a region can generally be
considered as invariant using rotation operators. It is then possible to
25 determine properties that will not change with the orientation of the region
(such as the curvature or the central charge, as well as the coordinates of
the centre with respect to one of the axis in the graph) and to compare them
rapidly to other regions.
Although simple, these properties inform on a geometric,
30 physicochemical and/or evolutionary reality that can help distinguishing a

region from a great set of other regions.



For instance, in the nolecular screening of a region on a database having
nore than three mllion regions, use of this filter (by accepting a 30
variation of 10%of this ratio) allows sébecting only 47 000 regions
matching this criterion. The conparison between results of heavy screening
(on the 56 three mllion regions) and of filtered screening show that
alnost all the simlar regions retrieved in the heavy screening are al so
retrieved in the filtered screening. In the sane way, for nore than three
mllion regions having an 5 aromatic conposition between 0 and 58% only 10
703 ][egi ons have nbok a Isanfagevegianawec cgnouss. farninstanaeactdet ratlly afosret i cs
an ood industry. these omat,i ¢s, pl .very iAportant role during the
concepti on of ae‘yq'%f%‘ﬁ%?aﬁ&?.d q%ﬁtstgr?g&sﬁg%ﬁ %dﬁgs g?‘?ie use of a fil tegrJ based
on the presence of The RIGHHaANaEIUY BRETS theStinimas distaregs betwen the o@ritee t han
32% of aromatic 10groups is therefore particularly interestjng, Thi s
observation afi e Tegigbving Rttt efoital condgubher than aysrRged RO ehéhe egi on
of interesst. nt rV\hen searching for a region of equival ent size (and not
a sub-region o PHQ' region of interest), it is generally possible to only
consi der the regi ofise Igetigsity radias nGharinfonmben ihe ferighit of the patrehd ad e

variation is for instance 15 to 20% . The fifth filter then represents
the use of prpweledeantheobigst nef Qﬂb%’@ﬂ@géﬂf‘-rrt@d’r‘kﬂgeéﬁeﬂgﬁﬁ@rﬁ p?ﬁ”ﬁ\?ﬁﬁ‘%nt by

rotation and Eérﬁﬁﬁllld ﬁg ir'%f?é‘)casé b SfRees it Eeﬂﬁb"\ééstﬁ oer *flwé)wffact:eﬁﬂwd?frﬁh@l%é on in

a two-di mensi ona ernore, some regions at do not have
a too acci dentakéndbdipk thetwapoinds (BeeafigureX3). z) of a plan correspond a point

O e ot i SRt Redin s BHSRE o e S L o Shloms <o
obtain its deggidub/dd ARy iH&travel to link the centre to a point of the contour (or
to an averaged point of the contour).
As a consequence, the ratio Rgig or Rege between the Euclidian
radius Eag and the geodesic radius Gag (taking into account the folding)
15 inform on the general shape of the region, and the comparison of the ratio of
two regions inform on some possible similarities between these regions.
Two ratios having too different values (for instance of 1 or 2 Angstrom for
the comparison of molecular regions) indicate in most of cases, different
shapes. The heavier comparison of these regions is therefore of no use.
20 Alternatively, we use the ratio Rgg of the Euclidian distance Eag and
of the geodesic distance Gag (see figure 3) linking one couple of points (A,
B) of a region or of an object. We can then compare the distance ratios of a
couple of points of the region to be compared with the couple of points
matching the aligned region, rather than the ratios of Euclidian and geodesic
25 radius.
The use of these ratios is a very powerful filter to efficiently remove
too dissimilar regions.
For instance, in the molecular screening of a region on a database
having more than three million regions, use of this filter (by accepting a
30 variation of 10% of this ratio) allows selecting only 47 000 regions matching

this criterion. The comparison between results of heavy screening (on the



di mensi onal plan. Such a description of a region, where each point is
descri bed by a two-dinensional plan with a val ue representing one or nore
states of the 30 properties F'1, allows &feating an i mage. Such an i mage of
the region can be transforned using the Fourier transforns (or the Fast
Fourier Transforms, 57 FFT), a largely used technique to conpare inages,
due to its invariance with respect to translational operators. W can
conpare two regions by conparing their inmages in the plan, that is, by
conparing the Fourier transfornms of their images in the plan. 5 A sixth
filter then rtpeeswilian regionshasgosf filtered scremping sbaw 8iaf aimast all the

wthoother regnaies ERICRS: ISV iRl heBY PorBe Pl st SO R In 18 LY
a graph 10 filteredweréegghg@ns R1 and R2 can al so be transposed into graphs

G and 02 where their nodes and edges proRerties depend on the regi ons we
wish to retrieve (Ioytheisagneway.t i mesa than, thaee mailign £agivne h@Wig N t he

curvature Sandi@h‘?%t@%ﬁﬁosﬁbﬁ'Betgkgﬁt(?aﬂd %g00CoNE 10 780 Ir¥ i%ﬂgﬁ?évie%ohé‘es.e
two regions, i1 1S then possible to conpare their resp%ctlve graphs G
and rC]52 bly di fﬂ'tynemd Y%aqmpntstichgroups. Inphainsgdedtics ocysmeticsCang foddhinchisty, such
as the clique, detection, Starting fromthe.graphs 01 and . L.t 1s
especial l'y polEsE| %rofrt?t'ﬁérm_%)’rﬁ VoY 'Emﬂq%trgl?ngﬁrﬁgg1§g%§0f‘ﬁ%&'°é} g?FﬁY? ar to
simplify the ginbslds ! fbse ichls, the 1Re’ 60k AMer HhREdidHp iR sBACE TN N
all the edges having wei ght greater than a predefined threshold, in order
to reduce t heramarkablenpexpentyt suah as e regidashaving morehthannd2%aok atamatic ge

all the ngdes |inked, b n_edge in,a singl.e node for which we average the

states of % hegWﬁéﬂr?%?%ég?@gﬁ'%'%r&' lpgerggﬁrp}g.% node that are linked to it.

Thi s average can OphisoBBSédvalién VEIEWY Gdmdviny LAl aRgfond GRAR caRmbE al

node to the other nodes that are directly or indirectly lTinked to it.
match the region of interest.

When searching for a region of equivalent size (and not a sub-region
of the region of interest), it is generally possible to only consider the regions

15 having a similar number of points. An acceptable variation is for instance 15
to 20%.

The fifth filter then represents the use of properties that do not
depend on regions alignment (invariant by rotation and translation), to
compare them with each over.

20

Projection in a two-dimensional plan

Furthermore, some regions that do not have a too accidented shape,
at a coordinate (x, z) of a plan correspond a point (x, y, z) of the region. As a

25 consequence, it is possible to do a projection of the three-dimensional

region following its surface normal ﬁﬁ to obtain its description in a two-

dimensional plan.
Such a description of a region, where each point is described by a
two-dimensional plan with a value representing one or more states of the
30 properties P;, allows creating an image. Such an image of the region can be

transformed using the Fourier transforms (or the Fast Fourier Transforms,



Al ternatively, the contraction of graphs is inplenmented by creating a
contracted graph in which the region is divided in a set of sub-regions 30
havi ng one or nore remarkabl e properties X¥hat are assigned to each node of
the contracted graph. 58 Those contracted graphs are then sinpler to
conpare than the graphs fromwhich they are extracted. A seventh
filter thus resides in the use of graphs (contracted or not) of two regions
to conpare the great tendencies of these regions wthout Sperforming their
geonetrical alignment. Use of spherical harmonics A last filter finally

i npl ement s thEFa'mharlamlly nsedolechsiqus @ecompare pages,Zdyeitedts invariance

t hr ee-di rrenS|o des tor s have the particularity to be

i nvari ant by M ﬁﬁ@??ﬁ? '893?6@?{5903% are particularly suited to the
less reliable but W’ébaﬁ@@ﬁﬁfdré%o%gfd?@ ®N6om bﬁngltwi?ﬂhagemrt theoplanhese
conparisons rely in the description of star-1i ects star-l I ke

probl em) . Thi thaiisBlyesampang the:lffpwerrgran%m%ﬁﬁthﬁﬁ 'mase%%éh%f) any| |

obj ects h |ng15|t h! rﬁ@,@ S s in
t he use o?él nodel s E\uc)ﬁtﬂgislteggﬁéeé }%ﬁps%gtrs n%‘ﬁﬁ%srgg%&ﬂtaﬂe tth'r‘6 & |Jnn§| %ﬂ%l
Zerni ke descr ihreesdimensipaal pggioh asing:angmeihsaxns of ordagi tonsompare it rapidly O her
filters are of _course usable to, enhan e effect veness and 20 robustness
of the conpar Withpter reginsraescapeg byd ?'r UI”@@F"@H§ OfMSa third tine, the
alignment of the regions to be conpared is 25 perfornmed, in order to find

t he best possible matching of each of their points and/or facets (Figure
5a). It is then poSsnspesitiondo@pgapht he regi ons thus aligned, and to
determne the simlar regions or the conplenentary regions of the screened
regi on. 10 To do so, the invention provides in particular the use of
five nodels: a 30”?*%3’@?@%@9%01 RS CBACISS bé%Fdr%'ibo@éd RRDYrapRe @, farelt 6, Of
regions with contro di scretisation of points and facets of with
control di scswhere figeir nodes and edges properties depend on the regions we wish to

retrieve (by using only the local curvature of each region, or the curvature
and the charge, etc.). Instead of geometrically comparing these two regions,
15 it is then possible to compare their respective graphs G and G by different
approaches of the Graph Theory and Graph Matching, such as the clique
detection.
Starting from the graphs G; and G, it is especially possible to
perform the contraction of nodes that are similar to simplify the
20 representation of these regions, for instance by removing all the edges
having weight greater than a predefined threshold, in order to reduce the
differences between the nodes.
Then we have to merge all the nodes linked by an edge in a single
node for which we average the states of the properties associated to each
25 node that are linked to it. This average can optionally be weighted with the
distance from a central node to the other nodes that are directly or indirectly
linked to it.
Alternatively, the contraction of graphs is implemented by creating a
contracted graph in which the region is divided in a set of sub-regions
30 having one or more remarkable properties that are assigned to each node of

the contracted graph.



sectorisation of points and facets of regions wth a sphere of control
points, and a discretisation of points and facets in a sphere of control

poi nt s. These nodel s can be inpl en®8t ed separately or in conbination,
foll owi ng the desired speed and effectiveness of the conparisons. 5
Uni ver sal nodel In the universal nodel, regions RL and R2 having the

respective barycentre Cgi and Cg2 are translated to the origin 0 of the
system 10 coordinate (OX, 01, QZ), by applying respectively vectors cgio
and cgZ2o. At | east one of the regions is then rotated sinmultaneously
or successivel y ar those tdontractad (ghxph©RareCherpfsimpler sips cempaser ianathe

followi ng the respective.angles cc, .a, .et az , so that a2, ay et az take a
set of val uesgﬁ@?\fgéqmdﬁﬂﬁaﬂ} s?f?c%’?t@'&?fs'at nost max, max, nax,, where 15
max, nazy, nmex 2 apesdveRfiefiteethusivesrieelifl thal wrsof rabhegconigacted asrenbt)
alignment of two regions R1 and R2, that is, for_each rotation of one of

the regions bgf &wo Jagionsate comparmdhegreat tarsiangiesnel thessetagions WiEQUby
OF, and/or. Oz cor, ' ore of this alignnent is
conput ed. 52Oﬂg&gﬁ'ﬁ%f‘&zEggﬁﬁgﬁ?ﬁ%ﬁé&éﬁﬁgns R1 and R2 then correspond to

the alignnment in which the energy score is the lowest (in agreenent with

the conventions chosen in this description). To conpute the energy
score correspondi nse®f spharica) HAEMONISS t wo r egi ons, we define matching

schene between the points and/or facets of 25 each of the two regions
(Figure 5a). This is one of the limting steps for which the geonetri cal
nodel s are proposeA last fitertfimally implem&eteethel spheribaldsarmonics aslwalhas liee

mat chi f i nt f ot dif t [ i st. 30F i nst i
T B DL b Beat o il R BRG] 4 °

be invariant by translation and rotation, and are particularly suited to the

less reliable but fast comparison of regions. The biggest limits of these

comparisons rely in the description of star-like objects (star-like problem).

This problem is particularly important in the case of full objects having
15 internal cavities.

An eighth filter thus resides in the use of models such as spherical
harmonics and the three-dimensional Zernike descriptors to perform fast
comparison of regions.

Other filters are of course usable to enhance the effectiveness and

20 robustness of the comparison of regions.

Alignment of regions

In a third time, the alignment of the regions to be compared is
25 performed, in order to find the best possible matching of each of their points
and/or facets (Figure 5a). It is then possible to compare the regions thus
aligned, and to determine the similar regions or the complementary regions

of the screened region.
To do so, the invention provides in particular the use of five models: a
30 universal model, a sectorisation of points and facts of regions with control

discs, a discretisation of points and facets of with control discs, a



point Si of RlL, the closest point §§ in R2. By "closest"” we nean that the
spatial distance between points is the closest (by optionally taking into
account the probability on the location d9tribution, that is, the error
done on this distance), the spatial distance nay be a geodesic or Euclidian
di stance, 5 or considering all or part of the remarkabl e properties which
define the object and the region in this point (the distance being the

di stance between the two points and for the N properties defining these
points). Typically, we want to determ ne the respective couple of points of
the regi ons Rseetntdsaion abpointsand facetsof degioaaydth acpbere gt eamtc@ PAIALS, t op

of the figure_l1d . illustrates the co tio | lstance
bet ween a poi fAr ﬂ%{ﬁ%fehs%qu 11%c’)mgsngrﬁ‘]'ta%g;ssszgépﬁé'%ecﬂ‘fc%glg’g)! ﬁ%ﬁk%oordi nat es
(respectively (1, Thedd raddels3car belithplemented! separatehptdroim odbmbireationgur e
1d, we can see the conmputation of this distance that al so takes into

account the vigllgwing therdesiradesiinrad aned eligetivangss of iy 0OMPAESONS.and 0. 4 for
B) as well.as a weighting factor for these two properties (cc and f3).
The i npl erfsent ation of this universal nodel can be optimsed in order to
further reduce theUniebesl naddeiper ati ons to be realized during the search of
the optinmal alignnent of the regions RL and R2. 20For instance, to
accelerate the search of the closest point Si in R2, it is possible to
define a maxi mal dj : ; t S o] % o) jon,
there may be no m{rﬁ?\ﬁéﬁ}l\?\é}t&ﬁghﬁ (=|3’r Férbe%ﬁ%nm %‘dt enhéaxggggtﬁeafep gggfg? ned
energy score barycknse @ginarsd tOgt ade inanslatedclio thei driginoCQe af atheb&ystem
penal i zi ng or not, depending on wether we search for sub-regjons_or.

25si mi | arlGsi zeoordifad@$OX\ 10X s0Z) sy ppRlying respectiugiyivectoes gaer apd G0, ay |,

az , max, maxy and max,, following the type of regions,tq be co red
(surface regions, fhtleaskeans @\?Ao?hef H@Sfor%l ) athgngdeiated %Iﬁ‘é‘l?tiaf‘ﬁgﬁgly or

l'igne : . Indeed. .th f [ di ' ,
Cur Pace nor mefucossRPa AR S R BTE, T EPACH TR SBier hhii ©
f by, al i gni the 61 ' fol |l gw t hej f ls W
and Kok wi 1 GREWES Tletbeetn SRSt B Sotr ashalel oF ofh RCPanGY ) i n
order to | ocatg (e SLIRRleANE LROIDRAISY A TbHRELS i, FELE! Were
15 max,, maxy, max, are predefined threshold values.

For each generated alignment of two regions Ry and Ry, that is, for

each rotation of one of the regions by an angle @, , a, and/or a, around

the respective axes OX, OY, andlor OZ, the corresponding energy score of
this alignment is computed.

20 The optimal alignment of regions Ry and R, then correspond to the
alignment in which the energy score is the lowest (in agreement with the
conventions chosen in this description).

To compute the energy score corresponding to an alignment of two
regions, we define matching scheme between the points and/or facets of

25 each of the two regions (Figure 5a). This is one of the limiting steps for

which the geometrical models are proposed hereafter.

Several methods to establish the matching of points of two different
regions exist.
30 For instance, for a given alignment of Ry and R, we search for a



nunber of degrees of freedomrequired by the search of the optinal
5al i gnnent of two regions. Thus, we translate to the origin the
surface or internmediate regions RL and R®0of respective barycentre Cg, and
Cg2, and we orientate themso that their respective surface normals 7?7 and
NR2 coincide with the axis OY . It is then possible to performa conplete
rotation around the axis OY , to find 10 the best alignnment of the two
regions, then to performsnall rotations (adjustnents) foI | owi ng the axis
x and OZ by assigning small val ues to the nmaxi mum angl es max, and maxz.
This type of R@Rb&: |0§o'%1,|t§ef9'§§e%tn§°'@6& indR2. |%mé¢I0§e§h|w¢daﬁam>th@hﬂwe

and R2 1ol 1 ouiHael SPaace " GoiiEen, Bolrs,iF e oboB t JRYBRaM Rakifg, ke, ™
it is possibl @cdd@:ndmeaptdbabﬁlﬁyfoﬂrtﬁetlbeatmfmbﬁib@tlbmﬁialtdm thé eator ldeastorone of

the regions around the axis oy ., then to performsmall r jon around t he
axi s OX2 and ‘hdisignses t&?ﬂ%‘%ﬁ@ﬂf@@t"ﬁﬂ&&%@ﬁeﬁﬁpé’ﬁ ﬁolt?? fdigp Qigangee

normal NRs2 of B3 raﬁ.aeﬁnwhgr Br it Yeat ot thBereREdAblel brafies wiik deriethe

20Fur t her nor e, er t max r r conparisons, it aza ,
can be i nt er esthjecigand the regios dathiy poire (ﬂ&sdlswnogrmng theldllsjamm:;betvm&t)(| s

maxi | ) ¢ honEGHOoRPIRES S farine MhATPEItRS JESEiE Hiope RoiCsRS . TR0 Weha:
only ag?ﬁsg At @%%tﬁgrgﬁ e gﬁﬁg@g %383%:%r§f| ;S’cﬂﬁf% ofat?\eafegm! analRy. we
that minimize the distance.
10 For instance, the top of the figure 1d illustrates the computation of the
geodesic distance between a point A and a point B, on the basis of their
spatial coordinates (respectively (1, 1, 1) and (3, 1, 1)).
In the bottom of the figure 1d, we can see the computation of this
distance that also takes into account the value of their respective curvatures
15 (0.2 for A and 0.4 for B) as well as a weighting factor for these two
properties (o and B).
The implementation of this universal model can be optimised in order
to further reduce the number of operations to be realized during the search
of the optimal alignment of the regions R and Ra.
20 For instance, to accelerate the search of the closest point S; in Ry, it
is possible to define a maximal distance threshold, so that for some points
of a region, there may be no matching in the other region. We then assign a
predefined energy score to those points that do not match, said score can
be penalizing or not, depending on wether we search for sub-regions or

25  similar size regions.

It is also possible to adjust parametersa, , a,, &, , maxy, max, and
max., following the type of regions to be compared (surface regions,
intermediate or internal) and desired quality of alignment.

Indeed, the surface and intermediate regions have surface normals

30 WNR, and NR,. These surface normals are used as reference (by aligning the



62 sinultaneously or successively, the small translations tx , ty and t,
follow ng the respective axis OX, OY , and oz, so that tx , ty and t, have
val ues between 0 and at nost dmaxx, dmaxyol and dmaxz, where dmaxx, dnmaxy,
and dnmex, are predefined threshold values. 5W thus determ ne the optinal
alignment of regions, said alignnent being the one with the optimal gl obal
energy score, that is, the one corresponding to the best alignnent of the
two regions. Finally, it is also possible to determ ne the

princi pal conponents of the two regions Rl and R2 to limt the search space
around t hese regiens oligwing theibsurface Pormalspak, @wiparemith/ong gtthe apeaf .
Sectorisation of points The nethod of points sectorisation allows

si mplifying tthe systeohcodrdimatenfarniastance@en ipairdes talerate dee sidg ofithe

intermedi ate or .surface region, Rl with thgse of a regi i n,particul ar
when the regi S aRted ARWAS Ind: Siehtfly s e U8, i 1l the

By "sectorisahifiber dfedeBRiesARY fdédi Ridunedneydeid RieBecH i fenoparfls
zones which divide the entire object or region. 20To do so, we

ci r cunscr idbedakginentcefitoie regiansset of circles divided in sectors, so that

to each point and the.r.eqi .| east

Sector. We can theh e foranEaLe RoHsorafiheR ke SRR PRl Bloiife,
(Figure 5b). 3ad® sfaespectvelbargtemtie By, rdaCagandhae lorightns tidmagurdth@?, of
respective 25 barycenters Cgi and Cg2, with the origin O of the system
coor di nat e ( Gheireéspecive) surfgceapoinyalagyk o andevpocoinsidenvitiv the axist @Y ofltt he
regions the respective vectors a-g75 and CO If OY, and 0T2 are_the surface
nor mal s of t his thespassible to pgiforra Rtomptet&2otationtdronng dhé axis @¥r ptaafindn of

E/ggt greggflnozr\gﬁ]tgglbeelg%%rﬁalnrene%?ydf’ 8’\% %8upe%ict>r?se, t %%t fo preerFol#nt isrr]rgc\llf rrgtg]tigrqs?
(adjustments) following the axis OX and 0Z, by assigning small values to
the maximum angles maxy and max,. This type of comparison is fast and
does not lower significantly the quality of comparison.

Alternatively, rather than aligning the regions R1 and R2 following

15 their surface normals g, and Ng, with the axis OY , it is possible to
directly perform the complete rotation of at least one of the regions around

the axis OY , then to perform small rotations around the axis OX, and
5_22, where OX, is any vector perpendicular to the surface normal nr, of

Rz, and where 52 is the vectorial product OX, Afv—ﬁ;.

20 Furthermore, rather than doing ”#. x ™® x ™&. comparisons, it

a, a, a,

can be interesting to first search the best alignment following the axis oY

[maxyj, then following the axis 0z [’"“’Cj (respectively 5_22 (’”"x]) then

a, a, a,

a a o

x x x

following the axis OX (”WJ (respectively 0X, (max)) so that only ™% +

max + max. comparisons are done.

a, a,

25 Optionally, we also adjust the alignment of regions by applying,



OL Aor, , so that the axes 0/72 and 0172 of the regions coincides. To
sunmarize, we align the two regions RL and R2 so that their axes OYl and
01' 2 coi nci de. In a second tine, @e create a plurality of circles
around each region 5R1 and R2, centred on the aligned barycenters Cgi and
Cg2 of each region, and of respective radius T(R ) and T(R2), where /I is
the step distance kflkfl between each circle, k is a non zero

mul tiplicative nunber of fl, T(Rl) is the radius of the region RL and 1(R2)
if the radius of the region R2. Typically, for nolecules, fi= 3 A 10Then,
starting frongifulgineiousRT Yor dsacasseively, enshsmbll airaeslationsd e, mneaddaw,n

di aneters inside each circle in order to create the main sectors of these

circles. For ?oll%ﬁé@é@ﬂe geﬁs r%nvggglesﬂfg g%n? ‘0”th8 : nper ,n amd pai ﬂa§€0t ors

i? ah360_15Th|$ S I € 1S he~“tonditi ons &f I npfenmentation
of this Inven ' '
%Iﬂ%ﬁyﬂ-e%‘(w\clagﬁ byancf‘gb"?ﬁoé JRlye t eg’g{,r;%f‘dg o‘ﬂ%k’z‘fg\{?\eﬁﬁ:drﬁlaﬂx ten

degrees, prefera degree n fact, st a neést
and t he sl owedimani,| dnd dmagparapicsiefined thregholisvdlees.wher eas for hi gher a,

the conparison wil] be | ess accurate but faster. 20Thus, in the case of the
screeni ng of threeV¥g Fﬁ#ﬁsé%ﬁé’imﬂ?o} pgh@ﬁLaﬁgnment mIreglons, said alighment

being the one with the optimal global energy score, that is, the one
corresponding to the best alignment of the two regions.

Finally, it is also possible to determine the principal components of
the two regions Ry and R; to limit the search space around these axes

10 defined by the Principal Component Analysis (PCA).

Sectorisation of points

The method of points sectorisation allows simplifying the search of

15 matches between points and facets of an intermediate or surface region Ry
with those of a region Ry, in particular when the regions are defined by a
high number of points and facets.

By “sectorisation”, we mean any method allowing defining the
contiguous zones which divide the entire object or region.

20 To do so, we circumscribed each region in a set of circles divided in
sectors, so that to each point and to each facet of the region correspond at
least one sector. We can then perform the comparison of the two regions R,
and R; (Figure 5b).

To do so, in a first step, we align the regions R and Ry, of respective

25 barycenters Cg; and Cgp, with the origin O of the system coordinate (ox ,
oY, 0Z), by applying to the points and/or facets of the regions the

respective vectors cg,0 and Cg0. If O—Y]and 0Y, are the surface normals of

the respective regions Rs and R, we then perform a rotation of the regions

with an angle (o—ylo—yz) around the vector resulting from the vectorial product



of their regions, we can use a search angle fromfive to ten degrees if we
want to first privilege the speed of the nethod, whereas in the case of
nmore advanced conparison of two regions & objects, a search angle of one
degree allow to obtain a better result but will take nore tine. 25ln a
third tine, the regions Rl and R2 are arbitrarily aligned foll ow ng one of
their main dianeters. For each point of a sector SECG of Rl, we search for
the matching points in R2 that are in the equivalent sector SEC2. The said
equi val ent sector SEC2 being the sector_of R2 that is superinposed 64 with

the sector SEGy @y, Rlo whathé bres €O and &, afthdrogiores edingdes. f ol | owi ng one
of their main dianeters (Figure 5b) Alternatively, we extend the

search of the equi Valseammanze)twe alighdhé twe degipas iR aibSarso thiat thedr axes
equi val ent sector SEC2.of R2. 5This regions sectorisation considerably
reduces the sédf@ndoOYpeoitaide.by reduci ng the nunber of points to be tested

at each iteration. D scretization of regions in a disc or a ?ﬁ;‘oe of
control 10In this Hppsesend time, d’fl%@F%Qt?s%PM@“t}dcﬂfrﬁ'@‘%Pém e nt s

define a cont ﬁmapﬂongC c‘eﬁ'tr%ﬁrc?n ) ! aligned l?a&Br Hﬁer§@ ent 6’9)5f %'ath'r%@o‘hO the

sectori sat’l on efine on a poi of the

region, typicahdYofi tespeative aatiive. THemndsTe ), i whefe gin ;anther btelpr @istadéanet er
of each obtained circle, we draw nil5 diameters inside each circle. The
control points of a re?bé)'n are defined by the intersection of_the generated

circles ar oun'@ewnr T%d‘ l?fa RE Zﬁfgm‘EPlscatﬂ'&ﬁlW“f‘RFrtheBs@(ﬁﬂr‘% thg said
| trol th h t of trol
Dol nt s for ¢ Sl DR regioni: gad RREE e Sthne 188108 Rent rol ai so_can

be used to discret e ig s subsequent conparison with
othor T oo ons. Tﬁﬂcélyr?&‘rﬂale%ﬂ%s el

10 Then, starting from an arbitrary diameter of each obtained circle, we
draw n diameters inside each circle in order to create the main sectors of

these circles.

For a desired search angle called a , the number n of main sectors is

360
15 This search angle is defined by the conditions of implementation of
this invention. Typically, a has a value comprised between one and ten

degrees, preferably five degrees. In fact, the smallest a is, the finest and

the slowest will the comparison of regions be, whereas for higher a, the
comparison will be less accurate but faster.

20 Thus, in the case of the screening of three-dimensional objects and
of their regions, we can use a search angle from five to ten degrees if we
want to first privilege the speed of the method, whereas in the case of more
advanced comparison of two regions of objects, a search angle of one
degree allow to obtain a better result but will take more time.

25 In a third time, the regions Ry and R; are arbitrarily aligned following
one of their main diameters. For each point of a sector SEC4 of Ry, we
search for the matching points in R; that are in the equivalent sector SEC..
The said equivalent sector SEC, being the sector of Rz that is superimposed



To do so, we define a threshold distance Drax, and, for each control point
PC' we determ ne the set of points of the region belonging to a sphere
centred on the given PC, and having as r&di us the distance threshold Dmax:
25that is, the set of points of the region that have di stances to the
control point inferior or equal to Dnax. Typically, on the figure 6a,
we have represented a control disc of radius 3 jg , whose centre is the
control point PCO. For instance, we discretise the points P1, P2 and P3 of
the region of 30 the object belonging to the sphere of radius Dmax centred
on the contr owithdhesebot SHY, af/Br sipendhe tiegipns farand:Rq e alignghfoliowima . P2

and P3, and b 65,assi gni t hem th ontrol point PC4. The
bi gger the raépﬁg?%&"%& Q%H%eqﬁﬁré:?%ﬁﬁﬁ *of the region will be selected
and averaged in eagliefRfiVER! vROidXtendVieE bdardl of Uhkheguivaleap ponti tatiee t he

shape of the region. 5Wen”a sphere of radius Dmax does not contain any
poi nt of the ineiediate neighkosss phthedkativaledt sgstrPEGe®E Raot have any natch

Step o oot npar  sontis’ TOBIERE SEEMARMOTORBISALIERY Hech0ds s SsoneroRt
magni tude of fRgcEsy dilciits thelfunbdedimsintseadie eistad &t eddhligergtianant yi ng

certain accuracy in the discretization of the region. Thi s
di scretised formof the region can be advantageously used in the screening

of regions by not BAEREZHRE'diteRBhE P atisd (% SBALRNCANIR] ®: DUt ather
the control points igure 6b). 15
Thi s enbodi nent allows conparing the two regions RL and R2 by using their
control discs and w thout conputing at each aliqn nt (ro a[ion .
transl atibh), the IethihaRBroachewe Fcrﬁﬁéeg'a? peyTts where gonirof paints, pgfine o
R2. Fol | owi ng ' t he invention, additional control points
are 20 added %?]:Bpﬁgﬁ%gﬁfglﬁget g%z:'ed parts fromthe centre of their control
discs. In fact, thEodknsofin afwaypsimitdr toothet sedtorisationpmetipd: rwe slefingea di sc
is | ower. For. instance, we define.the peripheral .sectors. of -control
di scs as bei nﬁatq’fec'gcﬁ%ﬁ:ﬁe@é?%&? P%aegmer 'Eﬁ& stgg'cﬁﬁ\ﬁl't§&§rmem ?]’that

may. Ee succesgiathd frdiftan | dtbREPT dibRISEr of Rtacheebedified irdid)gweharaenh our
(0} e

15 diameters inside each circle. The control points of a region are defined by
the intersection of the generated circles around the region and of the
diameters defining the sectors of said circles.

The control disc of a given region then has a set of control points for
this region.

20 The geometrical structure of a control disc can be used to discretise a
region and ease its subsequent comparison with other regions.

To do so, we define a threshold distance Dmax, and, for each control
point PC;, we determine the set of points of the region belonging to a sphere
centred on the given PC; and having as radius the distance threshold Dnax:

25 thatis, the set of points of the region that have distances to the control point
inferior or equal to Dax-

Typically, on the figure 6a, we have represented a control disc of

radius 3 B, whose centre is the control point PCo.

For instance, we discretise the points P4, Pz and P; of the region of
30 the object belonging to the sphere of radius Dmax centred on the control

point PC,4, by averaging the properties of the points P4, P> and P3, and by



25control disc. An additional control point then can be defined at the

di agonal s intersection of such a peripheral sector. According to an
enbodi ment of the invention, a region ca®al so be sectorized and/or

di scretised in a sphere of control points follow ng nethods 30close to the
sectorisation and/or the discretisation of a region in a control disc. A
sphere of control points correspond to N control discs that have 66 been
successively rotated by a step angle of 360/ N around an axis of the system
coordi nate. The sphere of control points is well suited to the comparison
of any type oéssignihghe¢muofthe eontrat geinkdCat e, internal). The conparison of

two regions Rl and.R2.by t cQ I son. of | . .
points is simlar dT'ae tqlrigqrg%feer@gﬁ%a F"é?h'soiihé E'ié'](’?oﬁ%@@gf)ﬁ?%gé%gﬁﬁlgl%edi SCs.
The conpari sogelB¥tedORindolavepigsE Sinaldaehs centrpiargoigt, t whiche deéadh sfunihieh otd

searching for the matches at each alignment (rotation, translation) between
the points andppexinalettse shapa®fihe (@JIPRgi ons, thus considerably increasing
t he search of the ti gl [.gn : he ' : ot T so,

we assi gnhjto each \g@'r?tn?gl S@oélr%t g?ligédo'gg aérﬁaéncw% %g%ﬁg;‘rng%lﬁt%réy g\s)ler}tagfeq%‘ t he

set of remar kedgion, thepsisbtiated tohtrel peiot doepoohhave ey inatanin the regipher e
centred on PC and with a radius equal to a nmaxi nal redefinedr@! st anc

Dmax. 15 and'gs oFAPYed HEOBpaNYreforaPYIGHARNAUGNG (the SHhsewIent; SIeR of

(respectively 6’“@ gdieres of control points), we turn one of the control

di scs (respec?lv ?y one of the sphere of control points) of a step angle
equal to a, and weAdvwantageously cthelradntsaDiqris ofienagripdet ofitbe step distanes nt s
of each of the two control discs 20Qusi ngpt he  ener score Friagure 6

In fact, WhenBt REWERR r §ACR; §¢r§Fe(,r &Ry cBHI@NYIPg e U} e8C Bnfl} ofne

poi nts) are s&liggl%iﬁggﬁgﬁg m&o}egwrgned foll owi ng one of their dianmeters, each
control points of afi rs{ regrfon’is precisely aligned with a control point
of the second regiDis digcretisachfonm afsthe regjonroza heagearitageousiy uped in these

conpari sons 250f the control ,points belongjng respectively to the r ons
RL Bnd Ro. i {$ETPRRINGggioBe shenct comparitit i Bl (e reabnayrnes B on
and the di screh§{HeOBohtfolGpGiRidt 5PtheS BBRS Gkt VFSthbOregiiPfde Fifuré @)ons RL
and R2 by searching for the ) i
15 This embodiment allows comparing the two regions Ry and R; by using their
control discs and without computing at each alignment (rotation, translation),

the matching scheme of the points of Ry with the points of R..

Following an alternative of the invention, additional control points are
20 added on the most distanced parts from the centre of their control discs. In
fact, the density of control points in the periphery of the disc is lower.

For instance, we define the peripheral sectors of control discs as
being the space between two control discs and two diameters, that may be
successive or not: in other terms, the sectors forming the contour of the

25  control disc. An additional control point then can be defined at the diagonals

intersection of such a peripheral sector.

According to an embodiment of the invention, a region can also be

sectorized and/or discretised in a sphere of control points following methods

30 close to the sectorisation and/or the discretisation of a region in a control
disc. A sphere of control points correspond to N control discs that have



optimal alignnent follow ng the three axes OX, OY and QZ, whereas the
30sectorisation and discretisation in a control disc only authorizes the
rotation around a single axis, here the & s OY (which correspond to the
axis aligned 67 with the surface normals of the regions in the case of
surface or internmedi ate regions). Furthernore, the inplenentation of
a control sphere allows sectorizing and/or discretising all the regions
(surface, internmediate or 5internal), whereas the use of control discs is
limted to the conparison of surface and internedi ate regions. Thi s
approach is pbeen sutcedsivaly retated byfastarhanglengfad®@/dhaesundnar@xig of g ons

where no information regardi t he area exposed t h e} '

avai l abl e, an & 8°Pf°qri‘%tet %ﬁ‘ef%fﬁeﬁ@aﬁ?%&?’&r?’o%ﬂt %@'@%%’o#@% i ons
around t he t hggfpanesn Fany §pesstteglorabutige Siere@dene idtarask. It is
I nportant to note that the rmatchi ng between the 80| nts of the region and

t he cont rol poi nt sThe cohmarisggiczfﬁﬁ/oaegiqﬁ\sl 1 aadita Ry thimeempatisom gf thair
i scretisatiop o - ' '
duri ng tne ar frtencd BEHP} Befle FeIEFoThe P RRENGLOLER Briparddl 1

15 creation opy eehtrobdise®THhe sofiparieaniby egntesl sphicresvalldwe coaparing e  and
as a consequence, the natchi ng’kiof a control point of a region wi.th the
(&

one of the otlegionsyyitheuksaasCingwierathe matces @t eaeh 3l nt g ai@tien,

To be nore geﬁgﬁé}%ﬁoﬁ)hﬁﬁﬁ{é?rfﬁg&i&oﬁ’née&r‘icﬂ)t ?Ecé’lgdofj{h'%%%eﬁ/bé‘?e%i%ns, thus

neverthel ess not " Tim’te npl enentati on of discs and spheres, which
20 are only itdnsiderably incesasing ethe beaich bh thewadptimoals aligrenent ofithentva

t hese net hods using any geonetrical structure having a centre of symetry,
in particl® ar™@9Mfgons” (hexagons, octagons, etc) as well as their

t hr ee- di mensi onal gV G éssigﬁ(l?swcﬁie&m@vb)smip@opatdomet Eherel the

possi ble to performan iterativ or recursive) region screening to
i ncrease t he awsragh oféhsiset of tgmarkablenptaperties obthe wmgion peipts thatdedongrhi s

met hod consists in perform irst screening of the regi
i nterest (or @raispgg%ﬁwtéqggﬁp}ré)a,ndt\ﬁi@?‘atrggygl%%L{al ﬂl%m%g@?%epg%d%@%?ﬂts by
distance Dmax.
15
To obtain the optimal alignment of two control discs (respectively two

spheres of control points), we turn one of the control discs (respectively one

of the sphere of control points) of a step angle equal to a , and we compare
at each rotation the respective control points of each of the two control discs
20  using the energy score (Figure 6b).

In fact, when the control discs (respectively the spheres of control
points) are superimposed and aligned following one of their diameters, each
control points of a first region is precisely aligned with a control point of the
second region. It is then just required to perform the pair wise comparisons

25  of the control points belonging respectively to the regions Ry and R with the
energy score.

Advantageously, the sectorisation and the discretisation in a control

sphere allows to compare two regions R1 and R2 by searching for the

optimal alignment following the three axesOX , OY and 0z, whereas the

30 sectorisation and discretisation in a control disc only authorizes the rotation

around a single axis, here the axis OY (which correspond to the axis aligned



keeping for instance only the simlar regions wth a global normalized
score 68 greater than 0.8 or 0.6. Then, we screen each of these best
results (similar regions with a score > 0% or 0.8) in order to retrieve
new simlar regions. Al though this nethod can be repeated n tines, it is
generally sufficient to repeat it only once or twice. All the results
(simlar or conplenentary 5 regions) extracted fromthese recursive
screening are then gathered and sorted followi ng their normalized gl obal
energy score. Databases, screening and cartographies 10W wi |l now describe
the step of switbedhegsafacs diernale ohdhenvegiensnin the casmeofpsssfiasel ory to
conpare a given regi.op to.a second region offers the possibility to conpare
this region tgﬁgrrggq”agﬁ Fet%PQﬁ% ot her regions, to deternmine a set of simlar
or conpl enmentary regHABEM6R, | AMé NdmpRendritation | ofit imoncorftrd \wphbrepr alleds ned
criteria such as the renarkabl e properties. . For instance, in the case
of surface nobeetgrizingr agaiisdiscratisingh@ll ithe i regianse dsface, pindempdiatey Ofr eat e
a dat abase. of . |.an ' | u ' of: egi ' re
Chan v ecd m ITEAED Syfked fd ebRkbhlfortistE M nfied Bthe bapbafizol o212
regions of vasudase ahdpeterrasdiate rgions.he 20 dat abase can contain nore than

90 mllion of these regions. .Therefgre, although the. recopstruction
of the nmesh of an EBJSeEPF?m@Phi'§§%‘l§?q'§@é,“3%r§ﬁ@"€iF@G‘@n‘é‘?'ﬁ??'&ﬁ@bp i abl e

properties, apghOfs I GHePOS n5NGhRFHELbA! rl‘S%érI?i‘?r)\beﬂﬂe‘:tar%%e %gfofsgﬂmig_ Rpe f ast
and perform ng “approaches, these steps arg neverthel ess t nost limting
st eps of t hr eendironmenbisadvailablej, eodswisenedtisi thgrdfpre hecessagyiopetform the The
i nvention provides for generating these information in advance and for
storing them rdtetionsaraunceherthiaecaxas G¥vePX andt @b £ the sydemmeaordimateccess

D hecanet s Lo R 4 S AT D e iR, B bt B v
organ or a tiﬁég%l_@n%hd&hé%’ohﬁat pbiptPOEIAL fegitks BN ohlyesbngsuted Anee! Harisgt of
regions of the tissue or organ of the patient, to (i) better vjsualjze and
69 the discretisation of the points of the region in the control points. Then
during the alignments, only the control points are compared two by two. The
15 creation of control spheres for each region follows the same rules, and as a
consequence, the matching of a control point of a region Rs with the one of
the other region R; is known ab initio for each new alignment.
To be more general, the approach to sectorize and discretise is
nevertheless not limited to the implementation of discs and spheres, which
20 are only illustrative examples. It is in fact possible to implement these
methods using any geometrical structure having a centre of symmetry, in
particular polygons (hexagons, octagons, etc) as well as their three-

dimensional equivalents.

25 Recursive screening

Optionally, it is possible to perform an iterative (or recursive) region
screening to increase the search sensitivity of similar or complementary
regions. This method consists in performing a first screening of the region of

30 interest (or of its complementary), then to select only the best results by

keeping for instance only the similar regions with a global normalized score



sectorize the lesions and/or the regions to operate (in particular by using
the structural fingerprints based on properties such as the curvature, or
the colorinetric if the | esions/regions t68 operate are reveal ed by a
stain/reagent; (ii) to determine for instance the power of a |aser for
surgery to be used 5 considering resistance and nmalleability data of the
region (of a tissue); (iii) nore generally, to |locate the region to be
operated with respect to the remaining tissue or organ, in particular to
eval uate the risks and/or collateral effects of such a surgery.

robotics, in greatentand8rer Q. ﬁeThanewecﬁqneemeanlalof@m@&&be$t§e§ultq(ﬁlﬁblabt| c

arm the nethod.of t i nventio aII

obj ect requi r BRI &’E&E‘ oA CPER I> 8pagrk }%8%{% f%k%%%t“%ﬁ‘ﬁgﬁ'ﬁﬁcgaﬁ

plurality of ARR&&gHItHBNHERWY céabrb@cr@eat&i artifnes Na is Repneegliyosuffitiehb¢o
obj ect where it nust be grasped or on the contrary, the regions to be

avoi ded (el ecteﬂaatclhcﬂﬁl)'t@mq g giwiee. z&Hetheetr%Sl)'ts @'W'@f Qreéﬁﬁ\ﬁﬁleﬂ‘ﬁ@taﬂ]e

functional r by 5§
To achi eve  nEG g eRladd B e deBifERls, Seradiind ARTHACh UeireBoafd =
the vicinity ebrtédelloWNisy thsinndenadlizedrgidhalaneygysceiel ed, as well as their
regions. Then these regions can be stored in a database of the robot,

including information on the avail able objects in the environnent, as well

as 20 the nea td5a sa%ré&?i (aﬁ’rﬁtcﬁfito Riasbi lities of the robot) of

t he obj ect angéur—ogr‘rs—req%rs——%f t hese tasks can be achi eved
t hrough the screening of the regions of objects following the invention. In
particul ar, know ng for _instance t ap he robotic hand

deternminiHy its co%fﬁ NN NN | qSP”Bg E?poggi’bp ?%eﬁn'ch?FQ}or&iH?geatﬁr riig% t he
set of regiong,eafight herefore objects) that can be grasped. Finally,

inthe field of artificial intelligence, the nethod of the invention can be

i npl emented to credhe pDSSItnlﬁy!db mmparemmemm@smmsﬁ@ond)r%gwn @ffgpar t  of
the real worl an artifici

30aut onat i cal P&éﬁ‘gf"&/ t?h%OfPB%'Z?g '?arlﬁgéonsg‘%cé Pﬁlﬁratl ﬁg’? ethé {RIBPe P

(their structye@Rmidd08" BEL N6fS)simAaredl csmplmeamani regionst dolisiwingnthe
between the 70 objects of the environnent. I'n fact, for an

artificial5 i napplidagiencand withepredatined aeiteriaj auchsa%@e@gyarbam? RTEPRRbIgs it

environment (for i

cter coscopy & t hr cEoH RS e Pt B SHRESS ol ERicRs SireBling. it

obj ects); ande@pedifilynpbesible edldryatesai database toforeyidrs hbeingba qﬂu-lltmcd)ft he| r
regions (in particular by predicting the inter actl ons hetween objects

those that cakfowndregitie WRigally dRAK tham dhreg, duilllog, regjens {erf t 'é'?%'?)
Th t t d
The segmentat hofief Vathgﬁgt&%s rqrﬁgsgoegrég%tteogtg@s;of o%ﬁoasegh%s ah %\fﬁas the

|ncrea5|ngth on Its interactions with
ot her objzrt Sdath@aeé cahecopitainincade than!|9f millors obfheseaepionan t hus benefit the

char acterise it aul G ?ﬁezpﬁﬁéﬁfﬁytr%“%qnﬁbm@é‘r ot s 2f Poict Af e
Dol by STHE AR Srhoi O, ol ks, At gl
caneras al | oncharacterising the object are performed by fast and performing approaches,
these steps are nevertheless the most limiting steps of three-dimensional
25 objects screening by their regions.
The invention provides for generating these information in advance
and for storing them, for instance on one or several databases, so that the
access and reconstruction of a given region can be achieved instantly.
For instance, in the surgery field, the three-dimensional object can be
30 an organ or a tissue of a patient to operate. We can then generate the set of

regions of the tissue or organ of the patient, to (i) better visualize and



15 detecting and detailing the vol unes of objects. Starting fromthe
observation of the object, the artificial intelligence thus have access to
a nmesh and can itself generate the regiorf® and structural fingerprints to
anal yse the possible interactions of this new object with an already known
environment. In artificial intelligence |ogic and machi ne | earning, when
the artificial 20 intelligence use an object with one of these regions, the
i nduced response (electric choc, visual or sound stimuli, etc.) can in
return automatically feed and annotate the database of regions, so that
this induced seciagze e lesinnsaand/gnthe egiansetorepgraie €8 pariawaithyousiag the

behavi our for _this type of .regj , e ' ri
characteri sti gé{u tll"B%leﬁQ%erPHQt%t hgg%%%egféﬁérﬁﬁ%s }éi %%l}ég?é@g?@?%ebp%e
artificial intglolihane ff.the IssIoms/AHURY to Epdratabiiorevelalsthbybataia/reagent;
An exanpl e of Ggenleration of a da?a%ase ocorres onding to a’aset of 3§§é(ijven

t hr ee- di nensi Ghdp defeevine fo instancerbe prwenPt @ laseh far purgery & be

i dentify each a0 di ' I | A i : ;
char act or o PPNGENY FEIStEREE arftt tfeaBil gl S re hidR 8! tEBuc): (i
concer ni ng t henaréj gerieralty, otoa |ataitalthe eregiomite e operdtedewithfrespatti to tikan be
size, curvature, colorinetry, if the |esj ons/re%i ??nﬁ}éo be oper at Fag are

hi ghl i ght ed b{eraaiging tissue-gfeprgangn a%lsufé{/t%&t'%' g rigkssang/anelialgigl
S5mal l eability erate the nesh of each three-di mensional
obj ect accord?fr%dtsc?ftsﬁgh}aﬂﬁtg@gn, and we conmpute a set of remarkable

properties of the poirabstics! inhﬁne_rm:alaeowhgreaﬁhedhhre@dﬁmemienal. object is a
A menei onbl - obELe M b8 roehpRiaane drvempm SRR afbuer Sedghiding e

properties sughiedf réf@ired'36 Hecdinplizh 8! ask riAsthat bAviksHABAT MatCiABludBkyabe
conputed for sone three-di nensional objects (such as AC power %ugs,

mol ecul es, i nplkigaldy ef tbreezdimensienal. ghjects, deterauringdhei reginn of the ebjasit s,

boi nte. | For - aWhEhoR BATHE Brashid, BE oM, B Bafaty, g Hebidns, RLOEABIRRA, . .
states of sevgdéttriebeiesd, Stod Pragféi £énd, hetd)), asie gkt rmegbgmzingothee fonckbrnad to a

col our code, said code may have been annotated to detail for instance its
use or toldr aedionrs af thenbieet inwrderie yse thepupaotherebiegtsst arting fromthe

resh (or the of aphi, 45 GKSHEUBLIaklY (ARTCHN Eorllellin G aM hikdiev no

several paraneters OW Ny ance criteriton and/ or

on the basis ipf thengicimitynsf thesesbdt @ant beankerbbticallyopwdelled, as weldas their
obtain also the structural fingerprints of the obr{' ect),  Each frﬁgl on_and/ or
structural fifREPMTi heerydhesaredians ear P Hieed In a database of the robot,

including information on the available objects in the environment, as well as
20 the means to grasp them (suited to the abilities of the 'robot), of the object
and/or of its regions.

Each of these tasks can be achieved through the screening of the
regions of objects following the invention. In particular, knowing for instance
the shape of the robotic hand, and by determining its complementary, it is

25 possible to directly determined the set of regions (and therefore objects) that
can be grasped.

Finally, in the field of artificial intelligence, the method of the invention
can be implemented to create a virtual environment corresponding to all or
part of the real world, which allows to an artificial intelligence to

30 automatically identify the recognizable specificities of each object (their

structural fingerprints) as well as the possible interactions between the



25 di mensional object is then inserted into a database by detailing for
each point and/or facet of each region, the properties that have been
comput ed. Especially, the database includ®s information on the object
extracted fromthe regi on and the nei ghbouring regions. Thi s

dat abase provides a list of regions corresponding to a virtual 30

envi ronnent specific to the domain and to the considered area of
application. 72 For instance, in robotics, this list can be the set
of regions of objects present in a roomand reachable by a nmechanic arm In
bi ol ogy, the ebjeatseRfdhawpviraamedé t he set of nol ecul ar regions that exists
in a given cell, | - | | SSile. O | r | n
surgery, the dat agl gf@\éﬁggp:éﬁg#}%@atg w\é&g%%ﬁ%f er %gif%ﬁ%twg%ﬁgt % @%%’lesg(%]ry gi gan

to be oper at eh meidel its envirofimens Pt iindtahdey bpfusiray two egherasiéd iresmhsyuct he
set of remarkable properties of its points, of its surface or fu&tt}er of

i ts possi bl e Pyhtsderegsceny ia iteee-dimeyisiona) ayigw: Phihe rRNvieRmEnt and of its

i nteracti qns W egj f : I-£C : [ ; ' i
determ ne%Peg%{r?gtsng%@@ ct(at %&Igﬁ?{gﬁa&ta%félﬁ% Of@gpb[’\% tlﬁnt@rgg(gbs'g&?ﬁééﬁm%edge
on that obj ectegions f(ior particutarcby t preditingr theairdetactions rbetweenpokjects, on

envi ronnent . Fol | ow ng an enbodi nent, jndices on those |edgi are
created fol | ofiO8§ t?ﬂ*e‘?‘?'n’l?é\d%ﬁ@?ﬁgh?t()caéwo&tﬁ'@c o§ﬁd;a(9rmy5{]@%n£qr%qtg2ﬁbq
their respectj iBRO, LE8SHi b P i lIBwaUinekedifgss to
regi ons correés%@ﬁl}%gge?o&fﬂ{erégt%éqnggggﬁa{ @jﬁ&'?tg’g%%bngf\gagl e Sro erties.

I n parti cul arthet krowledgefonf fhiet alvjechitself and oncitsiinderactiens witheother objasts ch

for inst ing the fil based he i ' ies. . th
Conpar | sold of o 1BS; PERERL WerkieriiesaopreAeh! gab. 1aus BendieBy carffigal ne
needs and thejngapddrRe MONBSterOmdddi R8Senvifonnsert! 8AdPBERED|chatactengatie

several databases” having distinct functions. Typically, it is possible to
create a dat adutomatically.t by simplitying itat interastionsh witbothe physisak waslddathgase

contal 09 ZhABlSY & el M SEERGRRE] Hobennd 7 ey
regi on (geodejptdlligerbeusanEbel aehiaved athamks ® Gtereoscopic cameras allowing
15 detecting and detailing the volumes of objects. Starting from the observation
of the object, the artificial intelligence thus have access to a mesh and can
itself generate the regions and structural fingerprints to analyse the possible
interactions of this new object with an already known environment.
In artificial intelligence logic and machine learning, when the artificial
20 intelligence use an object with one of these regions, the induced response
(electric choc, visual or sound stimuli, etc.) can in return automatically feed
and annotate the database of regions, so that this induced answer will be
assigned to the region as a function/a behaviour for this type of region. By
homology, every region sharing characteristics close to the tested region will

25 induce, for the artificial intelligence, a same answer.

Generation of databases

An example of generation of a database corresponding to a set of
30 given three-dimensional objects is described hereafter.
In a first step, we identify each three-dimensional object by a unique



by shape of region (constraint vectors); follow ng the global charge of
regions; 30- by centred |level and/or in ring zones (peripheral) of the
region: the centred level for the surfacédland internediate regions is 73
the coordinates of the central points (or sufficiently near the centre)
followi ng the axis defined by their normal surface (always oriented towards
the external environnent for this type of regions). 5by functions
(followi ng one or nore renarkabl e properties); etc. Typically, this
database is created after the clustering of the set of regions of an

envi ronnent, lahel.ckeishatasterisaaifase themingggiate dhe |set HfJelavagt difermation

Furthernore, |t ] l.sQ p | to i . r. el .

representati Vééér&lresrgﬂge eo&ﬁéég{ng%s? B%ﬁ%%’ﬁgﬁgng{)?@g@; gﬁgg%é@trﬁgte'&q can be Thi s
concept al | ovsizdesuivdtuig eslfinidingeif dingnesionsiregionecto el loperatgdaage ven
screeni ng. Thus, in the field of nol ecul ar, screening, it is possible

to create a diighlightedcbyiai strityreagept.t RE 318Q)i ih datdr ersthenigsiRfanee k

bi ndi ng si5t es aﬁ? &ﬂt&proxi mat el y 300 000 regions) rather than creating a
dat abase of all tAa definabl e regions (from3 000 000 to 90 000 000 regions

foll owing the desiWed theni geperite sthieeamesil ehagzet) .thes-dioereiinal obbjece
obj ect or of the rﬁgi on, 2 Furt hernore,, for ggz t hr e-%mnsiﬁnal

0 .
obj ect, the iRRHEINGHOANEIRLCYAUNALHWEFCANRIUEA FEHOL 5718 proRerges
mapping) of t&ensRidits diind!fdih didrapRQMkRsitganerated during the
screening of these regions. |In particular, this cartography may informon
t he specific regi oBpatialeloeationedunstute; redistancherr ofalleapiliynofsanthree-t o

the region of .interes etrieved during jts screeni .and non-specific
regions ( enq'mmobﬁﬁtﬁﬁg%ﬁ ?ﬂm%’t%f’cf_o[ ARy iyé)& (Jnng%?gtr nterest are
retrieved during td)ﬁ\e'?gfréﬁér!tiag)s&h ANtheOBhAGE TARBI&GrdRatic gbtedlial can
envi ronnent or conpared to itself In particular, the frequencies observed

during the scomlgriengomputett for3somedhege-dimensionalj ekjectsalsupe asaPbeBOWARf 0 t he
three- di mensi ﬁﬂsls r%gleecﬁ}esl? Yntegrated circuits, etc.).
In the case of industrial objects, we can in particular compute

15 resistance of the object for each of its points. For a robotic arm, it is also
possible to compute the colorimetric states of several objects, to define the
biggest regions corresponding to a colour code, said code may have been
annotated to detail for instance its use or to draw the attention on some
particularities.

20 Starting from the mesh (or the graph), we systematically generate a
set of regions following several parameters (in particular following the
distance criterion and/or on the basis of one or more sets of remarkable
properties in order to obtain also the structural fingerprints of the object).

Each region and/or structural fingerprint generated on each three-

25 dimensional object is then inserted into a database by detailing for each
point and/or facet of each region, the properties that have been computed.
Especially, the database includes information on the object extracted from
the region and the neighbouring regions.

This database provides a list of regions corresponding to a virtual

30 environment specific to the domain and to the considered area of

application.



using a sinple and understandabl e col our code. The different interacting
74 sites with other objects, as well as the |labels referring to those

obj ects are al so stored and di spl ayed by #he cartography. It is also
possible to map (to cartography) on the three-di mensi onal object any

remar kabl e property that have been conputed for that object, or 5 for its
functional regions, either on the basis of external data contained for
instance in a database, or on the basis of structural fingerprints

characterising the special regions of the object, either on the basis of
screeni ngs. | n theFeainstaices dn sebpticg, this r“ébP@'h besthesed of segiens o @biesial i f
it is 10 poss I t S that region, this
conpl enment arybpésw g?éﬂ?ons %ﬁﬁ%% @f&l%é‘é&g‘osm BI"® i nteractions between

the mapped obj ect BnBioksyy, ties dafapase magmhid@thersétﬁmcﬂdcmat egionsathebase
following the invention. The functions of a ion may al so be inferred
fromthe sini ?é‘ﬁfsﬂy‘ 3 givaRGefled 9V 99anoR SWﬁrb K& A BIVER QTEAR[BIN. 15
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e et o Fhnebbiabel i e BBSUPlr e Sl BB BRI e 8 Shsfe bR
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known to be binding sites of sone specific biological interfaces, or yet
the set of pripcompiexenvineente to identify in parti cul ar change of

conf or mat | ons, hydg?ﬁch@ﬂg?én ?@}bﬁglﬂr}%ptd Hﬁegnbn ’fhtog apé rgsceﬂ@t F%atécfior

i nstance when the ecu is’in a orm t

wi thout 30 pafdllegirsg thir Bélen In@etosérf Bbjedt End/forttb&hmta&euloé thesir aeépmmndef orm
that is, V\nthapartner In the field of |ndustr|al éieCtS

screeni ngls i t PIoPepiiesi 1)"&93?0 indicgse then; rallowapapddiek oACEET s 10 e 529QBe by
a robotic ar d t e t C (%f;@[ bati c
arm nust mrﬂboﬁ%cg’koﬁ'?%%ntt@éag%g%ﬁtﬁ rgﬁeé]a%ﬁm%ce%@k%ﬁg Po ot I%% gt'asp
and mani pul at patticalappthee tuse ofnﬁltersgrrmys:mmaveEammcbelegatesm searzh t(fosit are
i ndi cated on the cartography) depend t he shape of the, robot

In the field Wﬁ%’lﬁegé?g %13/ the)o Tsﬁrbl%? iﬁg t"l‘\‘éar@é‘lttl?bqpféﬁ?/s’ogﬁﬁn
organ to be Oegrhﬁéﬁgon Byt é&f)éﬂﬁeﬁc?érﬁ?ﬁé@bf Ré@;léﬁs i) regions of the organ,

the region to be operate e targeted and col oured to highlight it. 10
Al ternati2®ely, theFolkmviog nhe peeds anedthteo dpsived dwimbgroptriegions.oit is rejso
resi stance (and/or

th t f it di,a th
different f raB??%blﬁggl%‘ﬁ%ezﬁ%%gE?l%%sﬁ 'rﬁvr@g bﬁi'npffl’“'gcﬁ?ﬁgglpg?lsént Cmet c?

Typically, it is possible to create a database:
by type of generated region. For instance, a database containing

25 the regions formed without shape constraints, a database
containing the regions formed with shape constraints, etc.;
- by size of region (geodesic radius, Euclidian radius, etc.);
- by shape of region (constraint vectors);
- following the global charge of regions;
30 - by centred level and/or in ring zones (peripheral) of the region:
the centred level for the surface and intermediate regions is



Anot her exanple of cartography is to consider a tool (screwdriver, spanner,
etc.) and to define the functional regions of those objects. For 15
instance, in the sinple case of a screwdridver, we can define a region that
correspond to the handl e and all ows grasping the tool, and a region
corresponding to the netal rod and the cross that allows inserting the tool
in the conplenentary slot of the screw. OQther exanples are still possible
(the concept of cartography is vastly 20 related to the concept of

bl ueprint of an object): the "car" object has a region correspondi n% to the
"door" and a sub-regi on "thecgeordingtes ehihet egniral Pointedgr swffickeatly near the The

choice of information used_ ..t : i
sel ected for that cartogr‘g%#%) @ﬁ%‘ﬁ’ﬁ{# ?ﬂ%%&@ép%ﬁ@?@?@ug&:} gﬁrrlﬂ?isggé‘ace
application, on the desir@iwagyetienfeddtiveards thetexterral exvsonment fier thigi ons

and structural fingerprints obtained follow ng the segnentation and the use
of the distinct filters aiypeiaddegions). For a sane three-di mensi onal

obj ect, can therefgy I sid &hﬂﬂ . se t hat
are the V\rrﬁsst sui ted t@?%@?‘%?@8@?&%%%?&%.@%}% %stgég{ t eé%égagkgases in
t he conparison of regions The conparison of three-dinensional

obj ects regions rather thap. the conparison, of ol.e opjects open th ates
to new applicati oﬁy@ﬁﬁﬁmg\%s gat@q%gg i'?i‘%fﬁ?ﬁeﬁingﬁgﬁ l(l@o]cgéfesn_m ﬂ‘pﬁ?ﬁ tsfglﬂ?ar,

it becones p%;qiahseotr B @nYR6nMBAt, OhE Gachoblinalshddee (taB@) A85a g ofa
request ed set remar kabl e properties. For instancé, we can gather
i nsi de a specrdgiensiaFatthermorehdt detaled possiblel s definengnaavergped @aian a
specific ape, having a specific char 10 and bei ot _nmal | eabl e; or

al so all f(ﬂe rgﬁ?rga@(e Qfsgz?@% 8¢5?9|H%Rﬁ ‘ﬂ%%%@éf’&sﬁ'@gt% ®be grasped and a
resistance greater Thigarconckpt eslitlsl. dasemsing f etchhapeeadithdp@ional | BbjdoRt | ng.

A good division of databases relative to the problens to be solved may
i ncrease t he folewingda given saeerindng by a factor of 10 to 100. 15 According

to the invention, +f isS. esheglal I I ses (or
several tables in Zﬁﬁ%’v'gn&%aﬁ%@a@éﬁi%@hg{:g%’%%f‘ﬁﬁg{ t%ggggg) %o@r%}e%l}%n% t hat
may be gener aggibbse poatalfingesily dhe eégiohs @oii@spbrding tohkribwirf binglivig sites er i a.
For instance, for a given collection of three-dinensional obé' ectfs f n the
20i ndust ri%al (apareximately 330 Q6P degioas) stherfan ceeaiing aglaahase of all the

thr ee- di mensi goal. i 5\/‘%?‘?[1@8%&2% do %@eg&fg@dpgboﬁw regihk HolSRAY The

di stance critéerion an ape constrail nts,
desired variety of sizes and shapes).

Cartography of the object or of the region

20
Furthermore, for any three-dimensional object, the invention allows
creation of a detailed cartography (i.e., mapping) of the object by using the
knowledge generated during the screening of these regions. In particular,
this cartography may inform on the specific regions (determined as the
25 number of regions similar to the region of interest retrieved during its
screening) and non-specific regions (when too much regions similar to the
region of interest are retrieved during the screening) of the object compared
to a given environment or compared to itself.
In particular, the frequencies observed during the screening of each
30 region of the object can be mapped onto the three-dimensional object by

using a simple and understandable colour code. The different interacting



a second database (or table) contains all the regions generated 25from a
spatial geodesic distance criterion with shape constraints defined by the
direction of two vectors V1 and V2, 74 third database (or table)
contains all the structural fingerprints generated fromthe remarkable
properties: curvature and 30charge; and a fourth database (or table)
contains the structural fingerprints 77 generated fromthe remarkabl e
properties: resistance and conductivity. Wen we search for a functional
region simlar to a known functional 5 re%ion of a given three-dinensional
object in a csiteswithmther obiegtsoras, wab agdherlabelsireferringttartbese pbiests are

regions of th aohj ect 1 ow t |, pusly described nethods.
Then, starti néfsPrsgéﬁﬁ%t%hae&g%l§§H¥§g b?e@?o%??%@“ el ect the region
automatical Iy genejtas etapdssibieth arp (o cmvtograpivgrontié ¢nree)diteasionast

overlaps with the functional region that we want to screﬁfn, 10 that, is, the
region that hakiect asy FeAEGDLIG pReRAMLINAY Hiane PeensBPWiedHof thatiqhieet Shal

region to dpe r.ee . [ eck ' : ' r i | on
the generdl sl cliordlBaRlss ehiel bRt batie Sffexdihndl Ak manen Tor Y
gener ati on crinstarice tihata cadatabaser edreroredthieo basis eaf estrietuss afiogexpirings i | ar

regions. 15For instance, .if the selected regi on was obtained, follow ng a
di stance cri t p3rggtessINgG ﬂ&%rﬁﬂer?éqs'r@,m% of ﬁeOEJ&ﬁgt ?&i‘?{t o) cthie, papis, of 1
0), we wll pé&%@ﬁﬁ‘@@/ screen the functional region on the database(s)
containing the regions obtained followng all or part of these criteria
(size 10 centi netrksthecaseraefi scregatigora (fegionlis 8aif taabrefunctiamaloi iklis

possi bl e yegions,. or on all the 20 datahases containing,all e regpons of
all obj ec{% aﬂ@sﬂtélﬁergﬁ ed}ef%‘ftl OWWB%Q?I?/RBW t AB9I'BPRvi %Pusfrﬂﬂtdeée&’?r{)eg{h%
approaches.  compleferthly of'fifd fEgibRGthd dicdtes PoBSibK irteRictas Besseaivt
necessarily require to be inplenented on a single processor (CPU).

I n
particul ar, gtheermappedbahiec anti akethesyobjeattspameriadaandi storeghdnke r&gi ons

b 5 id LS ible t. ] i th - ,
opt i onal 15w fataBAes:PIoFinboE. PhvBniBnTRE' finfrions br'4 gl rmaysaisEbeCs
empty, the remifé}?éd fr@nb&ecémiﬂéfi@dovdddthéte(egwlﬁﬁolrw%marfhlb&ttoedsaamw.aII t he
n CPU of the grid. In this alternative, we submt advant ageous

suf fi ci ent5 nunber bErthergIdas in dhe casenphmalesesakHs tm%%tti)o?f,gage@ #P?;a?
the comuni caéé&p n&dlé@hle studied following the approach of the invention, a molecular
map (cartography) that details the different binding sites of the molecules
and, when possible, their overlapping.
Following an embodiment, this cartography allows to identify the
20 regions specific to each type of binding site (homodimer, heterodimer,
protein-peptide, protein-DNA  (DeoxyriboNucleic  Acid), protein-RNA
(RiboNucleic Acid), protein-ligand, protein-lipid, protein-water, etc.), the set
of information relevant for the determination of the specific and non-specific
regions of a molecule (with respect to a list of regions corresponding for
25 instance to the molecular regions of a cell, an organ, a tissue, etc.), regions
that are known to be binding sites of some specific biological interfaces, or
yet the set of properties of molecule to identify in particular change of
conformations, hydration or charge in different interacting context (for
instance when the structure of the molecule is in a free form, that is, without
30 partners, or when the structure of the molecule is a bound form, that is, with

a partner).



30 is not too great with respect to the time required for the conparison of
regions. 78 Furthernore, the reconstruction of regions from each
node of the grid is preferably achieved By using one or two databases that
centralise the data and |let them accessible to each node. 5Determ nation of
conpl ementary regi ons The characterising approach according to the

I nvention allows conparing the three-di nensional objects with thensel ves,
and in particular to conmpare the regions of three-dinensional objects
with themselves in 10 order to determ ne the conplenentary regions. A
region Rl is said trotheefieldnpl industrial phjects scerpning, AL isupessiblentq geeatatahi ng

schene, for the,points Si.,of, Rl i Q . 0 ryv : = 440-11
TS a pr ol PatabeeRal 10U AT by ot Wt aPdd Sl drBhBde of 11
If P is a profgy bbjebRr o e rdbdtic ddm widst workeby takiny ahteeacdoudt the

In the sinple case of the description of a region t he curvature

b
nor mal i zed onabiitieg pf the gebetsto graspeamd nanipidate tha %Eﬁ%tthﬁé?gioﬂsathﬁbi nt
Si of RL ha a \ / 0. din
boi nt 52 (¢ FR B5-ER8l, GH Rahfe Miliued orPi, EdRapnSebetd BFBREC, 00
0.2 (cleft). shape of thetrobotiabandhere the property P is a charge, a point Si

S2 on the regi on MBI BOHe! SHTORNA BPOMILCJRATBRIS B ERLPUPPYORAE
P;\ggle; ?/nlgswit Pf‘g%\g@gﬁgslb‘bﬁekytbﬁy by st e dbsSHptiohtof Rl 1@gidRS &'k bigan,
the region to be operated can be targeted and coloured to highlight it.

10 Alternatively, the region is annotated to provide information on the
resistance (and/or on the resistance of its adjacent sub-regions), on the
different fragile regions of an organ risking the life of a patient, etc.

Another example of cartography is to consider a tool (screwdriver,
spanner, etc.) and to define the functional regions of those objects. For

15 instance, in the simple case of a screwdriver, we can define a region that
correspond to the handle and allows grasping the tool, and a region
corresponding to the metal rod and the cross that allows inserting the tool in
the complementary slot of the screw.

Other examples are still possible (the concept of cartography is vastly

20 related to the concept of blueprint of an object): the “car” object has a region
corresponding to the “door” and a sub-region “lock”, complementary to a
region “key”.

The choice of information used in the cartography depends on the
object selected for that cartography, and on the field of study, on its

25 application, on the desired level of details, etc., or also on the regions and
structural fingerprints obtained following the segmentation and the use of
the distinct filters applied.

For a same three-dimensional object, we can therefore create a set
of distinct map and choose those that are the most suited to a desired

30 application.



conplenentary in the region R2, a conductive point. This definiti on
can of course be extended to n properties Pi if they are digitizable (i.

if they can be digitized) and we know thei& neutral value in order to

i nverse them 30This nmeans that starting fromany region Rl defined by a
set of points S" it is possible to define a conplenentary region R2 defined
by a set of 79 points Si that are the exact conplenentary of Swth
respect to the properties P,: there is a bijection between the Si and S and
t he equations all ows going bot h way. 51t is also possible to generate
several conpl enent bisg afdhe databasgstin Hhe RAKSERN PEFAAINS To do so, we
generate the conplementary region in every point (which is unique by
definition) of that region, then, starting fromthat conplenentary region,
we randomy introdThe czm;ﬁanwni olihrée -dimendibealotieets tregionefratierthapdhat s in
order to generate one or nore regions simlar to 10this uni que region,

whi ch wi | beCagwparigen afhelg phiests Aran theodates tonew Apnlisgtions agaé?ﬁi’}’ ng on
t he i ntrodyce t+} 0,

vari abi 111y oGebRCRRN ol objects, I pelfeufas® BEARBE OIS OGRE the
S having a spabjeat falloaingnthen reglon,s $1awmgS a) requeestah sletf iofe remadkabdpat i al
location S with these coordinates: 158 = (S.X + randomposition(); Sy +
random posi ti BIRBEMEE.z + random positi on()) Wher e random posi tion()
returns a random VPbH‘?nstéﬁ’ée '\K}ét@awgaﬁfér"‘ﬁ@iae & spiifi database, tHe skhiof
aspect, we generate a pluralit l'ementary regi ons by 20i ntroduci ng
at each poi nt nmlmule&aaymgl arteg@h whbla spedfieshape, hgwngraalswm@mhaeget han

10% of th |
several Ot onhdBesE naf aibliea®; B AR & e gbisctsoht SRARRLISVIy Afkcifls by
normal nodes, tHt JHp BE Yraspsly ARl & resistricBagreaterothalea AeRehaINS &5 SPECifE

conformations of the initi aI regi ons
shape and being insulating.

A good division of databases relative to the problems to be solved
may increase the speed of the screening by a factor of 10 to 100.

15 According to the invention, it is especially possible to create several
databases (or several tables in a given database) each containing the set of
regions that may be generated from a collection of objects, but with different
criteria.

For instance, for a given collection of three-dimensional objects in the

20  industrial field:

- a first database (or table) contains all three-dimensional objects
regions of generated from a spatial geodesic distance
criterion and without shape constraints;

- a second database (or table) contains all the regions generated

25 from a spatial geodesic distance criterion with shape

constraints defined by the direction of two vectors V¢ and
Vy;

- a third database (or table) contains all the structural fingerprints
generated from the remarkable properties: curvature and

30 charge; and

- a fourth database (or table) contains the structural fingerprints



25 then we generate the set of their unique conpl enentary regions.

Al'l conparison nethods that we have presented in relation wth the

screeni ng of three-di nensional objects cdd therefore be applied to the
conpari son and the generation of conplenentary regions. In fact, starting
froma region RL, rather than searching all the regions 30 that are
simlar, it is possible to determ ne a region R2, conplenentary of Rl, and
to search all the regions simlar to the region R2, those will de facto 80
be conpl enentary of the region RI. If it is possible to create
regions that are the exacgenssaisidefrom she remagkatie nrepedies; resistageg anyd
possible to create a regi ondg)é.t. t entirely covers a region RL. This type
of conplenmentary region s B}S' d in fact to the 5 surface that could be
obtained if the region Rl was an isol ated object and m ght be conputed as
the surface of RL. The properties of this surface covering RL is then

i nversed as i ndi ca¥\fienpwe\segieh for a funCthPab[ﬁg@lBSinylaéﬁO&gfﬂﬂW%fl}'ﬁ“fﬂ?é’la# ating

t he objects that . | ned..fal _ng -t e 3 ' t i
J0on Chi o i otitdofRt @ ikt MBEtibnsial Bofal? 14 tlettion of (pIERS: MA¥
i nteracting wyéherake fobjimstandd®.the set of fregibas adfj that difjects fallomingcll he i t

may be for exanple a therapeutic target havip fupctional reqgion Rl

wher eas the cBFaYRUSY descrifadme - BEER: ?@é&'?g ?fpahﬂ}&%f@m%f Vet hod
of the inventj € HE¥rsdl 1%,%} SR ad L QJivéRe
conpl enent ar yé@%ﬁt ﬁie ?éafofgnaafﬁn?éﬂdéﬁly o#eﬁﬂgﬁ%, we tadhdg\ ogarﬂggéé;gr?\(l:h t he
dat abases (ar criteria) tifab besheverapsowith stheiflrzational tdgion thitove want toserees: ni ne

th t of object, 1, 12 havi th i m | ' R1 1 i
bart oul 90 £ olreR s, neoian tiatFhven e bihest pFihel & Hotne fhered Mifluthe, <1
of the conpoupfh-tiodfdréjioh K8 BE h@éregﬂedgﬂ'ﬂis( ableRved r@?iohhﬁllé\hQUhﬁ))rrrﬁﬂi@

obj ects 21, 22 having the regions Rz, simlar to the region R2, and

t Eer e; ore cong$penialtyaron ttbet generayi shape . of Tikee ofynetionalo 1egind, 2Bnd: gnore
t I nt t. with th bject 10..at. ' . il
e or e Sl A R8P B s Y

the inventiongearch of sirfila#ragione! | ows, we describe nmore specifically the

screeni ng of nol ecul es and nacr onol ecul es., ) . )
15 For instance, if the selected region was obtained following a distance

criterion of 10 centimetres, with the constraint vector (-2, 1, 0), we will
preferably screen the functional region on the database(s) containing the
regions obtained following all or part of these criteria (size 10 centimetres,
constraint vector (-2, 1, 0)) rather than on all possible regions, or on all the
20 databases containing all the regions of all objects and generated following
any of the previously described approaches.
We will notice that the screening of regions does not necessarily
require to be implemented on a single processor (CPU). In particular, given
n processors linked by a network on a grid, and N regions to be compared,
25 it is possible to create a file with these N regions, optionally with priority
indices. Then and until the file of regions is empty, the regions to be
compared will be equally distributed among all the n CPU of the grid.
In this alternative, we submit advantageously a sufficient number of
regions to be compared in each transaction, so that the communication time
30 is not too great with respect to the time required for the comparison of

regions.



W al so provide a nethod allow ng the determ nation of binding sites and
nol ecul ar partners of a target, as well as to determ ne the specific

30regi ons of nolecular targets, to eval uat®& and nodul ate the potenti al
toxicity or efficacy of a conpound; and to generate a nol ecul ar
cartography. 81 The in silico conparison of nol ecul es and
macr onol ecul es is particularly inportant to different fields of fundanental
research (for instance in biology, chemstry, etc.), and industri al
research (in the pharmaceutical, 5 cosnetic, toxicology and food industry,
etc.). It allows eEugbeirasienthe regosistrughen ehegwnsiipecedadsnodmptiheg grid

conbined to h i nf nces redicti pPALE | . i bi ng
the rol e and EBroetehly sEPRIFa me ds b BoB Fohd (dRiiesDRpt hiice e
essential to gdenamd letthemotdssiblesiol eschofode.t ar get nol ecul e, and to detail
the different partners that bind to it. 10The function and the reactivity
of a nolecule in an environnental context (wether it is a cell, a tissue,
an organisgmor a s [, 1 i | oth on the

t hr ee-di rreffnnsi onal g.huJfanastﬂ‘?mu?,{%‘?ﬁp'%?ﬁ‘%’ﬁéﬁ’ﬁ%ag’éﬁi e, but also on one or
several l|ocal and active three-di nmensional regions of said nolecule. These

| ocal regions are ed jn particular as functional antigor. 15 ..points for

ot her nol ecul es. lefg_egpbﬁfﬂ%t%rﬁ‘%t%%ro?§ n@GEPHANg Qs ?SE‘VPHB&HQ tWeue to
the sterical EoipaliAg the t feeC@ihdisiHdt objdtds mgﬁﬁtﬁelm&wés{natndt inSpsrfikurak

i nteractions between™| ocal regions. To date, the geonetrical,

physi cocheni ctd campase dhet regians/ of dhpea-dnengiomalsobjects) with thelinesalvess imind

bi ol ogi cal . macr | ecul es rotein, 20 DNA, stands for Deoxyri boNucl eic
Aci d, Rl\lAi%taﬂEfgeﬁBFe d 'RéjBTeeF%mR!ﬁrﬁ?ntP%f%ﬁmsetc.) i s achi eved in nost

cases by the CO”paAiréglbrPR1 S 9HRINGSSe cORPIEHhERRSY 300G RigRieR, RVHRenh itke  Of
mol ecul es. Sone approaches recently described neverthel'ess attenpt to take

into account Machingsehemeofordbewokdy haf Reand §ofith. we ahseavgthad: tri ads) ,

but they do not preserve the notion of g@ _% ntiguity (i mportant to conpare
t he undi vi dabl e and functional blocs, df f)f O(fae)ﬁ rate conpl enentary

regions), and do n allow to conpare the regjo of various sizes and
shapes. The @ﬁ’et§eq1prqq¢\,ry,nqr “ngéﬂns[@' %Wgﬁ@e'be‘ftaj V?hjr@ %quzlgla&ﬁent of
t echni cal {rocedures derived fromthe dep(g_i)Lep(Sqescri ption of nol ecul es and
30nmacronol ecul es in regions and structural fingérprints, as well as their
screeni ngs. The addiftisGnplopengWaaasize6 omi [ B | it Seesiral eitas ot 0. 82
description of nolecul es and nacronol ecul es in regions and structural
fingerprints allows in particular answering to the followng non limting
applications for apygfl %ﬁﬁ‘pl‘é”&éﬁo B?‘?H% ades%ﬂg{i&)ftof &)reé{&?\ 5@45§%Jr9éture

nol ecul es having a specitic or close functiobnal regio accepting

vari ations normalized on [0, 1], that is, where P is the local curvature, if a point S; of Ry

20 has a value of curvature equal to 0.8 (knob), the corresponding point Sz in
the complementary region Rz has a value of curvature close to 0.2 (cleft).

In the case where the property P is a charge, a point S; of the region
R+ having a cationic charge will have as complementary point S; on the
region Ry, a point with an anionic charge. Similarly, if the property is the

25 conductivity, a point S; of the region R; that is insulating will have as
complementary in the region Ry, a conductive point.

This definition can of course be extended to n properties P;if they are
digitizable (i.e., if they can be digitized) and we know their neutral value in
order to inverse them.

30 This means that starting from any region R4 defined by a set of points

S;, it is possible to define a complementary region R, defined by a set of



5 of remarkabl e properties of the region); 2) the search for nol ecul ar
partners (whatever the type of nolecule, the only pre-requisite being to
have a structure); 3) the search for nol &8ul ar targets of endogen or exogen
conmpounds (notion of "druggability"); 5) the search for conpound scaffol ds
able to bind a given nolecular region; 7) the search for specificity of a
10 nol ecul ar region (frequency of these regions in a given
context/environment) and of anchor points specific to a nolecule or a

nol ecul ar target; 8) the creation of interaction profiles for a given

nol ecul ar r egpointsorS;f that aarse thef exgol eeomplestantary 108 gBiomath iresrachcio dhe

Cer beni ng ancPRPRIa P ingle, B pafisfibe HehEEE 148 5 HE0ST a0 1D RaRLSR"

cl assi ficati ogllevisigbing bBtHWaALTI on of a toxic potential of a nolecule by the
anal ysis of the perturbation of biological interfaces induced by the
nol ecul e; 11) the evaluation and the classification of a toxic potential of

a nol ecul e, using t i i i I Cd b p) ;
12) the e\e/\SaI uat i Onﬁ%ﬂé@%&&%@lﬁ%gﬁg%ﬁgﬁs%?ertsarpggﬁﬂjﬁgbfgar%?%bﬁ%%oun from
t he conpar at i frematwae yegion oTo tdeess,0np gendratarthe tcongplemehtany cegiobi inlevgirg al
interfaces; 13) the eval uation an he dul ati on of . the conpound efficacy
fromthe nuan?mB(Wh@hdét%Q'q%thyog%flﬁmvo'%?éh\aédewnt Hée%x%?gg‘gi 5ol of
genes (all ow Leht hgaf © Y i e i riRd cy of
t he target ca?(rg'yf)tr%gnﬁgq}r]ég fgrl]'ﬁ,;\‘ﬁ/%r&; tﬁe'ﬁoecgjtdiéo%bg{?b g)brgota:aggjllgrw

cart ography aptoperties ofthgat peints il osdentaigenerata eondi orf rape tegionssiotlige to

produced by the characterisatjo thod froma single and,unique nplecul ar
struct ur e];OylS I% H@'qt@a@W%c‘Ub'CBanﬁd}‘? aYe ‘?rn%ﬁséﬁ?@@"@é%'ydﬂd@ef 'Bft\agwi ng
the i nt eract| RRdNAoBBRGh oM the iRFGAUCESvAatiig, compound and of it

s

targets. 30 Ml ecular typ , _ irst step according to the nethod
of the invention clbrsialsa ppasibiesteinitadsige| varigbdity wguthenlocation mserety &f dat a

files, the differe t. s _of .nol ecul e il e, i A1
par £ eul ar RSB Tl eETBs ort Boiit SRR Snansl etbhdfhtsnk S9.
nol ecul es ( sugad) swe b4l RFinete Rewvspatial Idcafion S2mithahB8se cobahnates: Each
type of nolecule has in fact specific roles and reactivities, For instance,

the curredt know eQge S ¥ws RN PESICA(aS-ONA Tandompl Resiiond); aRehgh ot her

things to the rvat.i and replication of the genetic information
wher eas the d@&fﬁ%ﬁﬁspso%itlog@)e and nore reactive, plays a nore transitory

rol e that allows iyheréheindomn asdsitibri(pctetyrnisn at randoganiadue, ¢or timstapcee as
a copy of a portion of the DNA to be translated in proteins. The proteins
are versati| ebetmeenttlendlx architectural roles (the 15 necessity to have

nol ecul es of a cerlha{hé@u?géﬁgtg% JBABRE & Btﬂ}'ﬁ%ﬂggﬁoﬁ@é%ﬁﬁrggm By the

super-conpl ex TFI | oI ncrease Ity of ecul ar
i nt eractizns inyrodatingdatieaghs peiritcainal overiatiminst of ,theio properias gengrally

St S B T L e R U e

O the contrary, t e e e o e b1 2y

a rol e of sol vrigue (omplementaryegenenated by nsirma) mades, by melggularidynagiic

R oDl ol & Rl A e b St SRl SShGimiTRirs 6PTRE Sl R giaRs Su°"
25  then we generate the set of their unique complementary regions.

All comparison methods that we have presented in relation with the
screening of three-dimensional objects can therefore be applied to the
comparison and the generation of complementary regions.

In fact, starting from a region R4, rather than searching all the regions

30 that are similar, it is possible to determine a region R, complementary of

R4, and to search all the regions similar to the region R», those will de facto



The PDB dat abase (Protein Data Bank) stores nunmerous nol ecul ar structures
as flat files (i.e. text files). It is possible to retrieve these files and
to analyse themin order to determine all80khe existing nolecules and their
nol ecul ar types. This determ nation of the nol ecular type is achieved 30

t hrough writing conventions summarized in the | UPAC nonencl ature (stands
for International Union of Pure and Applied Chem stry) and 84 described in
t he PDB. The proteins or polypeptides can in particular be separated
according to their size: we use the termof protein when the polypeptide is
constituted bbesomperentaryof theredighRy. ani no acids, of peptides when it is

consty 1o b7 S ! ioind G e 80E e, AR e comiBtE L o

physi cocheni cathergagiohy; itlidalger pésiltie tofcreatees région SRgZﬂnaaleatl@weoeéﬂsya nor e
stable and the si gnlflcant chaﬂges of conformatjon occur generall%/ nor e
cP

rﬁrel y than feagigredti dE¥isalyges mplementasy regigp eoreRRNDGMN fadly athecul e
h |1
that has rsot Dggﬁé‘%énwwé&ﬁe&%ﬁm%%r%@ rEGiBARRE Wasehy ifts eH]ﬁj&?j?ét e

pepti de), on ora water nolecu oW ng
t hese convent irigist, bé Scmﬁplatbtiyasahéedlrfdoegaﬁdh dthe' poogeatiesi"af this sarface

differentiate the, endogen caonpounds/l.igands (com ng fromthe expression of
t he organi sn)C?YQfmgtlﬁe'setf‘SﬁéﬂVQfé Kl Wﬁteé’aéﬁg'oi@%( coming from an

envi ronment ext er njg O g Eeaﬁ’re% FSJ‘iclﬁillustratmgttf;%Ior éecﬁ?rtﬁafjﬁia?' beé dbtahegul ar

cl assifications are possi ticular cise the presence of
aromati ¢ cycl fodlowirgy tbtefmetﬁadqoftﬂ\enaVerQMUps listed by the organic and

i nor gani c, chem str structure fil eota n_t he. previ t

the approtth is 206f‘h5h°' SWe?EeeEFHrﬁS%ntﬁpeq'bP gé EIelles ﬁ@téﬁ%ét
(follow ng thﬁ,t‘g@eﬁﬁ@wtﬂfthgrdb?égtq@ obj ect programmi ng), so that we can have
separate access to any of the present nol ecul ar tygg then, for each

nol ecul ar type, tolfdheh)bjﬁ@tl 0 d$ a malectiecitunay beyfas, exarapleca teerapedtiai n of
t hat nol ecul a h.re
Fol | ow ng. t nEroERibga el 8Bn TS s S eoPRuht 20 it Reve
residues of pbeé@udmm@asmmtrdmglm therhethdod oMkl mpemma)r sy tHeoekibting
nucl ei ¢ aci ds of DNA,
15 knowledge, contalns a region R, complementary to the region R;.
On one hand, we then can search the databases (arrow 1) for the
regions similar to the region R,, to determine the set of objects 11, 12
having the similar regions Ry, Ry (in particular to determine the new
therapeutic targets if Ry is a binding site of the compound), and on the other
20 hand (arrow 2 on the figure) the objects 21, 22 having the regions Ry, Ry
similar to the region R,, and therefore complementary to the region Rq. The

objects 21 and 22 can therefore interact with the object 10 at the R¢ region.

We will now present a specific application of the characterising
25 method following the invention.
In what follows, we describe more specifically the screening of
molecules and macromolecules.
We also provide a method allowing the determination of binding sites
and molecular partners of a target, as well as to determine the specific
30 regions of molecular targets, to evaluate and modulate the potential toxicity

or efficacy of a compound; and to generate a molecular cartography.



In the sanme way, due to the generic aspect of the nethod with respect to
the type of nolecule, the term"nolecule” can indifferently refer to 30

nmol ecul es and macronol ecul es. The term nedronol ecul es wi |l however remain
specific and will concern only proteins, DNA, RNA |[|ipids and ot her

macr onol ecul es. Systematic identification and characterisation of the
structurally known nol ecular interactions 5 Once the different

nol ecul es in presence are identified and stored in hierarchical data
structure, it is necessary to establish in a systematic way fromthe

nmol ecul ar structures, the interactions highlighted during bi ol ogi cal

netance 10 extract i 1T otifad SERHERcTY, hiSieqy Ahe rHdbied &8 | o

and macr onol epaftiesiarly importaat tb)dﬁf@rer\’eﬁﬂe@d‘@bmadtah'@nltaltreseémm(fbr mstance
I nternol ecul ar di stances, that is, the distances between the atons .

bel onging to & ngsmc@ean@m reise. BEAJRdusiEal Feseaseméin the Reammacapdicahen

can check 4 f ct: t S
separat i ngé t hEéﬂ\Q}n@{légﬁ?gE der (ﬁ\g%g 6?%13’)”%%6 agt Q%Vﬁ %%g%@%hsf% eto
add or to mul tiagkifichlyors obmsdleotilek, wHieh dsinmcombinees o rmmmlogy nnfereleces, o

take into acco nt both the inaccura s.ont at o tlons b al so the
smal | atomic 9&%4’%1?[ %t'ﬂgna‘?q’\Bﬁg'aﬂbfldrﬁsg'?@ﬂstge(% r%ch ?'E?V[' ‘ﬁ{tmﬁﬁ?ors

of atoms). 204p&a] éQH'p%rrthQrerlM"’es‘ééﬁhé’latb%éﬁta e Biriig Aited'ef B thejetngi ng

to two different nol ecul’es are in contact, we c:ﬁ; di st1 ngui sh two cases:
ei t her at | eastolecwe,cind toedataib the drﬁeremtq:arb‘rerpmarbmd treﬁ we will

systematically use Van der Isr L,us nodel , t he physi.cal

these atolfs: or thgh?&ﬁnngngvﬁ‘ep&?% Ivity av@o%pg %#%@DW%BX'H%"'H% 2%’Ihe
Coul onb radi Uéoﬁt@x?@%’(ﬁéf ittiged E:eﬂ’hd Sissak ¥ﬁ|dt§§ﬁlsﬁrpo?‘éaéélaﬁ@n tikefrée air)

I nteractions. 'owi ng anot her enbodi ment to determne if two

resi dues (or depend both an dhe thieerdimansional dlebal sdrsictire efdhganelestise chiﬁe
Tt oo 57 Hhe by S B L MPEeeS ] Yol o e
residues, optinddly. Thess eddat @dgians3dret Dséd i wmxlawastfanmmml emhoar e
i ndeed in contact, by using an enpirical threshold (general |r¥h %sossea gg
4.50) . 8B pomts for other ‘molecules. The global structure” is neverthe
important due to the sterical constraints it can create, that can thus limit the
set of interactions between local regions.
To date, the geometrical, physicochemical and evolutionary
comparison (in silico) of molecules and biological macromolecules (protein,
20 DNA, stands for DeoxyriboNucleic Acid, RNA stands for RiboNucleic Acid,
lipids, etc.) is achieved in most cases by the comparison of sequences,
structures and global properties of molecules. Some approaches recently
described nevertheless attempt to take into account the presence of some
key patterns (such as catalytic triads), but they do not preserve the notion of
25  contiguity (important to compare the undividable and functional blocs, and to
generate complementary regions), and do not allow to compare the regions
of various sizes and shapes.
The present invention is also intended for the development of
technical procedures derived from the detailed description of molecules and
30 macromolecules in regions and structural fingerprints, as well as their

screenings. The additional knowledge acquired by the systematic



It is also possible to determine the interacting atons and resi dues by
conputing separately the accessibility to the environnent of two groups of
atoms A and B (unbound form, and to com$re these accessibilities to the
accessibility conputed on the fusion of these two groups of atonms (bound 5
form. If the accessibility of an atom of group A or group B changes
between its conputation in unbound formand bound form it is at the
interface of the groups A and B, that is, this atomis an interacting atom
Al ternatively, an approach based on the Voronol" tessellation allows

defini ng the deseiptioni af) raeleadleanand exagiarsolgrulesutn Hegions qand Hitkuchrabs t he

oritoria i SndrBHBt ANERRSl Baiclld AbyRribe Y ECRIBRERETON, Iirtiha o
two nol ecul esafslidatioRs t fart apyMgivere esnviforimeritalRtcontéxtof 1)t ithef seatchmdbecul e

interacts with an atom Bi of the_second npol ecul e, and &% on). The .
i nt er mol ecul amolepuesbayipa speeflieor clesaifuncionaleiegiana RACEPHRIY VAratons

di fferent cat j I 1 t . 'Wa\V) i

i 11 o1 ont (5 eStEERADE prdBefihs' oINERLGRM . thEaretitorioeliar partners

mol ecul es) frwhdtbeeh ety rofr molecidentiey only tpre-reqdisite dreingrdbebavesy t hat
have sone di stinct int%r ctin rofperti s. For a gjltier stenmati c

char act er i sat $EHetHEe); Mt ea"!fcﬁ ﬁ‘g‘ [ oﬂ@raiﬂfﬁﬁ §bo A ePERIT At e

t he assenblie = Vi - i s ) id%h@b' i

X-sol vant, X- ??tégﬁgﬁt%%@rt@ ngg’& !r] p%m,%) éﬁ%%ﬁ%rt ype ooLgﬁdrrg(IEh g{:oukljsés
enuner at ed abable)to bnd hegiven pmotecedarofegiome7 h e raglagch o specifoity iof st | y

di ff f th f nbl y. Th t t | dat ted
rom the Bt yomReesiApEao8a; ATSBHEDEY t nef esthestne SPACER efdor 8 ofdven — ©
interaction, khqueyemaRhne) tRidMof CandHar! poineispecific to a nidlesdle or a

interactions induced by the crystal packing do not reflect true biol ogical
i nt er act i ons, moleduartargats8) thet ereajion afdntecadtion profilesrfenai given melaeular

Nurmer ous net hods achigved this r I j . t | & ogy tion 30
and conpl ementtA N fr(%éo%ﬁerti%agﬁ’%ﬁd'&r}ﬂ%%ﬁ%o?%{gﬁ?c(g'?{?'sdccﬁsi]e@ﬁgﬁoﬁ E”lr‘\%
interface. 8§eneration df Pholebslap Neteradtionr graphe ftorh emdletutar sdreeningt and
packi ng interfaces that have a buried area greater than 1000A2, or, that

have a hilgh nijamopmermctionnarcefilesial Pt thenpyaliation, the ¢lassificationagd yhe

compl ementaryy it 8F AR LRUARS SOLTRGELNES By Cine lddRe ofifs faces
are | ess 5con%‘|°ement°ary than the Tnteracting regions” formng Dbl ol ogi cal
interfaces. perturbationt bf bislbgical roterfaeesi Indudedf by etiiel malechle; t £f)mthe
"binding sites" fromthe term"interface" (or "Dbi ?I oglj cal int erface"})l.
bi ndi ng si t e @@yaligihand the classificationof & BRigniiak iR &rolspuls YRR LNE o
partici pati ng; A I |- r to
Phe set of of minrachen LAt mAalB e Bk offahe i et ®e oy
mol ecul e20  modulation of side-effects of a compound from the comparative analysis of

The

the compound targets and of known biological interfaces; 13) the evaluation
and the modulation of the compound efficacy from the number of targets,
optionally weighted by the expression data of genes (allowing the weight of
the frequency of a region by the frequency of the target carrying the region);

25 14) the creation of a molecular cartography allowing to gather and
summarize the different knowledge produced by the characterisation
method from a single and unique molecular structure; 15) the lead rescue of
toxic or ineffective compounds following the interaction and specificity
profiles of the compound and of its targets.

30

Molecular types




15The nol ecul ar representation usually inplenented is the Connolly
representation, obtained fromthe surface conputation of a

t hr ee- di mensi onal object by the usual marddhi ng cube and marching tetraedra
approaches. This representati on provides nol ecul e envel op, by approxi mating
the surface that could be traveled by a probe, having the 20 shape of a

nol ecul ar water in the way of a ball noving on the object. The derived
surfaces of the Connolly representation allows to take into account in
particular the conplenentarity of biological interfaces binding sites.
Nevertheless it is possible to nodel different surface types by varying not

only the size of tRe.pto t o, b ' ' ' . .
25p¥opert ies, | ncl)tj}df"%g *%% %‘#&r@ba to ¥hé’@f\%ﬂh§§cﬁ ﬁ?(ﬁgxg&ng %renrcg lg[ssi"}e of
the probe is, sydiematiogity didiagaistufresy nifledliar datd files, thprdifeenttypes of | |

be. Wien the surface nodelling of a target nolecule (i.e. of a nolecul e of
interest) depBipcugsavajlablee polarity of the probe, we then take into 30

account t Coul o LUS cbf |ﬂ)+}et ' ' hapNAVRRAaN
at om of tg nol ec[ﬂ')veer ?'t@u'bé "éllrbg(r)t&{oo arh,b%g?&Jto eOI%gﬂe%Z?'%\?@al s radius’if
the probe 88lipids) fimnatthen nfoléddesisagaise muclectidesyl water, ions, and otheal so
possible to change the resolution (also called the size) of the grid that

al | ows conput 198 9She nol ecul ar representation (that is for instance to

nodel the facets of,} | i
Eagﬁ ?)Fgé‘ﬁ]g&géwlé%é%ei'n faRP sp&¢ifie rlles¥id Fé}ﬁ:tlgltles. For

i nterpolations 5to oints of this surface. The
avai l abi | ity istaticef dhenturrendr ksamedge oaliovesf determiningothed UPNAais impliedis

resolutions allows to sipplify its nodelli and consequent| .
accel er at & t h@8MOREs BHRE N TIRGHiar oﬁgnsq@(@ﬁah_r%rﬂ) e'?@ﬁ?%th?no%i tﬁgebgne’.uc
neverthel ess pedilaionaRfefidicthe IRNACRERSSbRE AR InGrecitagtivd, Slayd aomdre
tessel l ation, the Del aunay conpl ex, the dual shape and the al pha shape

al | ows si npl i frgnsitpry colei thet alivws itreithesdelact dijeety imdhecroanisst, ride Heske and

t heir subsequent anal ysis, .. LEVi . onol tessellation
and the Del auﬂ%?c 8%1#&8?{?'%iogéﬁ%bmwp%?%@%%g?d fié’e‘oct)%fjﬂé'ct I nsi de and not
only of its surfaceh@sproteihearkd veastild aind riftean atix carchltettaralhegles aftie of

Connol Iy surface. This structured representation of the internal pg'rdaé of

the obj ectS i sneerssityatl Bave MelequiRs deff ioni Garin aRiged &8¢ iSHAPB 191 PHAYi ons,

D o o, RS S Yiohlod (LBl AR AT o8 ORI e "0

mol ecul ar st r spdaificityr epresecilat interactibpns Dy introducing sterical constraints), to
catalytic roles (catalytic enzymes) and the regulations and/or signalisations
(interaction with other partners).

20 It is then common to speak of macromolecules when we considered
proteins, DNA or RNA, due to their generally important size. On the
contrary, the molecules, that are generally smaller, more often play a role of
solvent (for the molecular diffusion), and of regulation of macromolecules,
able to induce the regulation of more complex systems such as the

25 metabolic and signalling pathways.

The PDB database (Protein Data Bank) stores numerous molecular
structures as flat files (i.e. text files). It is possible to retrieve these files and
to analyse them in order to determine all the existing molecules and their
molecular types. This determination of the molecular type is achieved

30 through writing conventions summarized in the IUPAC nomenclature

(stands for International Union of Pure and Applied Chemistry) and



20 possible to assign one or nore atons of the nolecule, and one or nore
resi dues of the nolecule. Al nolecular representations provide a nesh,
which is a structure that |ocates the poi8dts and provi des edges |inking

t hese points. Those edges can reflect the possible interatom c interactions
of the molecule, as if 25 it is for instance the case wth the al pha
conpl ex and the al pha shapes. This nesh can al so be transposed into various
graphs taking into account different remarkabl e properties of the nolecule,
such as its curvature, its charges, its rigid and mall eable zones, etc. In
return and asdeseribegiipithe B¥rved, these graphs allow sinplifying the

representation of lecul e | r.edl :
structural finger pi-ﬁ%tog&e%eérep ?ngg‘?é)}@‘sgsg:%&qéﬁduc%%gﬁefs ?ngear%%? ?Pﬁ srdgfq ow
both to syst erpthetadite: WeeRertheherriud\wredirewben tB@ gdipdeptideds cbastitatad al so
to screen the nol ecul es on the basis of their | ons. ese copparisons on

Th
the basis of Pygtigastsidynie eigtiy aprne asids, of é’eggaé%twr@r”e‘t 13 pastipted P¥vi de
t he mean t ' ' ] il ar,
the compari st fo by ARfio SBSCaRY B QieflyPntia B CRHWASE TriEdRBhEAGH =
macr onol ecul eallywss paking Yinteg actsurtti thei siguctutad sareh phgsisochemedl pealityethe

(detected either b simlarity of functiognal regions, or the. screening
of conpl enent%er}e'F‘%g‘?foﬁsﬁ"?”ﬁ"f‘ ElA ol QﬁﬁgrQVarlr\?é?iﬂ@glsﬁh@ngr@éu@ﬂeg'cap?a
region in a gj i : ' b %i i ]

targets of a %%ﬁ@gﬁ%“@ﬂﬁ%ﬁﬁg?@@ t g")?mserﬁgéyéﬁé}gf?e%%%%’e%gé%dnd of
t he bi ol ogi casmelipgptidesmf conpounds allows in return to informon the

i bl ic eff if, th ' f i th hiol.ogical . .
Poter faceld ™ on’t Y sekenian. anynBEcHR L BGS Fof Befh ideliBurat & Preteino
great a nunbefregbedtElhSptideSbHSmalifiptige),id DNre #oRMAING lipiat enfienes avith a

too great number of targets or biological interfaces) and to explain some
of their nol ewatesrmokeatde feliowimgetheseveanugations.t isevsually caledligandear

responsi bl e of side ok Xi f S l or t [ f a
compound al 1 ogoripue N i Siterehfate o b S SitloaFks €M " o
nodul ate its fomether exprsbsionf dfeibSorganisn® fromsthecexagn sbmpouadsffigandsy for
a given environnment. 20Segnentation of nolecules into regions and

structural5 f i (¢98¥pg fiens an environmenp sxierralip dhe QEIAMHF™-he ol ecul ar
b R T M S
contact w th pdrticalar eo nerecisevineopresehcarad/aromatic cycles and other functional
groups listed by the organic and inorganic chemistry.
Each structure file obtained in the previous step of the approach is

20 then converted in a hierarchical data structure (following the concept of
oriented object programming), so that we can have separate access to any
of the present molecular types, then, for each molecular type, to each chain
of that molecular type, and for each chain of that molecular type, to each
residue and atom composing it.

25 In the following, the term “residue” refers indifferently to the amino
acid residues of proteins (respectively peptide, small peptide) or to the
nucleic acids of DNA, RNA.

In the same way, due to the generic aspect of the method with
respect to the type of molecule, the term “molecule” can indifferently refer to

30 molecules and macromolecules. The term macromolecules will however

remain specific and will concern only proteins, DNA, RNA, lipids and other



25 sufficiently close to interact with the external environnent), and the
internal points (not being part of the nolecul ar envel op and/ or being too
di stance of the external environnent). 85 Fromthis classification of
points, it is also possible to differentiate three types of regions: the
surface regions, having only surface points, the 30internal regions, having
only internal points, and the internedi ate regions, having both surface
points and internal points. 90 The generation and storing of the
regions and structural fingerprints can be inplenmented in particular
fol | owi ng t hem@astaraalecleschar act eri si ng previously described. In
particul ar, we determ ne four databases (or tables) corresponding 5 to the
generation of regions of respective sizes 4k 8A, 12A and 16A The

dat abases corr espofgstematic lidsntificatioi  amd| Eharaztsisation 68f)thar strpckfralhabl y
used to characterise |ocal. phengnena of surfaces, such as the binding of

| i gands or ofk&im&ﬂﬁﬂm so the phosphoryl ati on and gl ycosyl ation
sites. 10The database corresponding to regions of greater size (12A, 16A)
nore generally allows highlighting the macronol ecul ar interactions (such as

prot ei n-protein, pDoteitne Oiffgrept miodecudedNR, presenye are identifiedeandastoted i a
dat ab is built h t i 1., the bindi i t ect in,
Systemti o wedieryebial Sererirufe. dhis Gereston thyBslebTsh i SR AP AR Y ¢ os
are identifiegomngheimbleipit étﬁlcftgréé,s it irtBRIcHBARS rﬂ@ﬁqgwéd BURNG DisibYical

detailed. The binding sites can be integrated directly in a database by
det ai | i ng it sexpeasimentsobr fctaitels fsequanighakthe kilgbpt apdtoyatvis, dor systanes r

i ograt cif bACIAER oot ARoF S o e pRea (oG o BREkIeS ] ¢ "'

extracted fromachsimerekars! ar representation (i.e. fromthe nesh) and
corresponding to these atons are integrated. Alternatively, it is also

i AT Yoo
possi bl e to integrb® o se wacanalyse the interatemie itpanelesular distances. ithrkd by
edges) rat her._t I j This. d i i
annot ati on of 'saq@gblog%tgﬁg?é)&e&\ﬁégﬁ?gef%mst Eél%?i gﬂﬁ :t%na;wélggf%gésn&apﬁ%saedy
25i dent i fi ed. belongingFtd laavthegy yelecaimt War treerbednneinéck fetvee mtomms earal In t he
regi ons of the m)?

T AL T R e VR
e ST par: PPl Bk O gResRRy o sBgictncaldpnop d o e 1o
t he bi ndi ng ssura,ofeesea tddiis troomler he takegintméasgourtdotih e inaceuragigsi onythene
binding si te'atom locations, but also the small atomic vibrations in these points (also
correlated to the b-factors of atoms).

20 In particular, when we evaluate if two atoms A and B belonging to two
different molecules are in contact, we can distinguish two cases: either at
least one of the two atoms are non polar, then we will systematically use the
Van der Waals radius to model the physical volume of these atoms; or the
two atoms are polar, then we preferably consider the Coulomb radius to

25 model their physical volumes to evaluate their interactions.

Following another embodiment to determine if two residues (or
groups of atoms) interact, it is possible to determine the surface atoms of
each of these two residues and to identify their respective barycenters. We
then can measure if the surface atoms of residues, optionally discretised by

30 their respective barycenters, are indeed in contact, by using an empirical

threshold (generally close to 4.5A).



91 This region is "labelled" so that we can retrieve the criteria
used for its generation (size of the region, shape constraints, etc.).

In this enbodinent, these are not the binfing sites that are directly
integrated inside the database, but rather the regions Rrax that best
overlap 5 the known binding sites. The interest of such a nmethod are
twofold: 1) we ensure that we will be searching for regions that can be
retrieved (as they have been generated systematically); 2) the |abelling of
the regions Rmax allows to informon the gl obal shape of the region éi . €.
of the binding sit#ds alss pessibletedetermingahe dfemrting atemsrand;residyes by
direction). | il i . J a
during the 50%8}34 |uh8b(r)}% nggn%&(e)@%l %Jf@els%%éﬁt etzr’qﬁ% éfnp E@P g‘?%ﬂwg@g?%g%mare
the stored nohtsms & ané@ (urbosindrfecn),harid tocorapamntheise adeessibditiepdo the

criteria. It is also possible to generate not only a_single, region
per bindi ng sPEeessRjtitycarputsd ‘P'é&i‘%lfi%s,'grt‘ thess F"é%p%ﬂﬂgﬁ BfIaFR-IﬂF\I(P@B ns

e T SEENGR RESeR I 5Pt of o b s oo angeen

the stabl e con mat i ons of t artlcula}r, In the case
of cavities bitadomputatipmihsynbduridsfopmsandbeund fated,iihis at thernotiernfaceiaf dhe hat

general ly resenbl es, a t,(c oseg%(g)r. opened) .and that covers a great
part of the CQWQR?,A@GB%LEE?E'%&*@%E‘ 584 Bﬁé‘r}%’}c&aﬂi%ﬁ%mw smal | er regions
that correspond toaRBitively! LR 8PbroakHSSaseld bake RRSTBRST tessellation allows

Alternatively, we create a database wth the structural fingerprints

det ect ed on t Hefiningethel interantingretomsoard uesidues withaut i prigr sdetinjigor: oh the

consi der e structural fingetprints based on t c t al. . on
Fhe. cur valtr e SUFREH R BHBBHCTOOSHE 2Bifa ShsbrEecid b B Seida o,
in 25 particulrpis apbfosdh kahuaRlo fiioeiner finés theT inksraeting ngchiemd hef olef t
regions that are hydrophobic; the structural fingerprints corresponding to

knob regions tiiecHes (echaromitbat swamarizest thah@ns alege M af dbe frsh medgrteli ng
to knob i t L oni . inal i f\structural
0 n, ! o0L et it bRl Co B SegPh ABRURCIAT SRyt et

fingerprints sane no ar s ure o represents a
uni que code speci f Thetintetmdfedutan Inferalctiond ¢ious eietected tave ahenlclassifiey iof

e o oS R e ol AR
we generate tﬁﬁggﬁ[ﬁt}ﬂé%rﬂ%i‘rﬁ@rso s¥e i BP'hﬁG%é’ﬁtic%?f'rﬁ?leE?IehPfr%m the

cellular/tiss ype, in an organism Or even, In a ce ar’ conpart nent
(organel | e suhétensdinters fasserhblydsfi tajo. difeferdanelenileg) timatshavie sorseatistinot

dat abase wi ||  then answer re precisely to the needs of Research and

I ndustrial WMNRractig PERESYSS| ows performi ng conparisons of the interacting

abilities of mol ecphe dhrbéﬂefrf ?&ﬁ@héﬁ%nbﬁék{cﬁéﬂ@aﬁ,@ﬁ”Bf‘tinte'rébtﬂﬂfst, Iwel 8an this
can help to identify the novel” therapeutic functions of known conpounds: a

conpound 24 f advantageously differentidtec thesiassemblies | X-pretein, o5peptide, XrDhfo

different tis . e.n of the | year n esearch Q by
t he phar naceu&ylgafo" %gl%ﬁi’?\te% r?’e?g'sgﬁ’?g?’%'géﬁ?%Zwﬁglgi/%rcé)l%%&ﬁﬂﬁg t‘ﬁﬁ’h&n&t ghave
a t herapeuti cyff §holdtufest éssmerftad dhave) cddie Bidpestiss bNs@hbedssensisiyes.
15Screeni ng of regions and structural fingerprints Once dat abases of

mol ecul ar r eglypes signifieantlyrdifferdiromtother hpesiabiaese®bier een a gi ven region or
Structural, 11 n9er D8t SclSPSA URMey "okl S1iE | BBMIBgrdbiE” dar
25 nevertheless contain artefacts of interaction, known under the term “crystal
packing”.
These interactions induced by the crystal packing do not reflect true
biological interactions, it is necessary to systematically differentiate them.
Numerous methods achieved this result by using mostly size, composition
30 and complementarity (geometrical and physico-chemical) criteria of the

interface.



20 structural fingerprints), it is possible to do this conputation on a
network having a plurality of processors éCPU). Each CPU t hen corresponds
to a node in the network. Fol | owi ng8an enbodi nent, one or several
central nodes serve as databases (allowing for the reconstruction of

nol ecul ar regions), and N 25 sl ave nodes individually interrogati ng one at
| east of the databases to reconstruct the stored regions and to conpare
themto the query region. The N slave nodes then return (when the
conparison provide a result interesting follow ng the energy score) the
results of that coffparngiance.othergAargnadewnouabenoé fiesiak packing dn s
results. 30Ea sgreeni_ng. lL.s.assign L ey d dhat . i d bw:ah! the
sl ave nodes, gﬁ(;att E‘gggal{al %tuhédr%zélﬁgt@%sagenr?%%yt%%@é& ho restﬁgfgﬁ\;;ebéiolrgghby
this unique ®gdiaphobicahd rrofriaticn corpositiengoethat arei lsighlyecomplenédmanevenl y
di stributed anong all the conput a%fi{ onal nodes, but it is possible to
retrieve all thR inteactag ofeqiaRs | FArEHeG dthesearsiytalipe dntgaces satkhi kg8 i d.
The conparkso i SRS i o 5 wel |
as the fil ergogﬁq’%@méﬁ%‘?ggﬁq {eh‘:eghﬂﬂéct erev?ﬁ)érpari sgr{r?sf)l('?a% E)ée? "?trar{-)f?ce;érfée'nt ed.

In particular, the use of sphere controls is particularly suited to a fast

i f f i { .i.nt | . i .nt er.nediat Th
o6 of oot rol " <38 BesFaiahins, e Wi difiretiie® R i bing e D T 08 1 ace
regions 10 angipidredicdi(®r MEicYisal interfalceqth He bﬁﬂingcgi’té%gh@% bAgstte the

rati o of geodesic and Euclidian radius allows selecting a subset of regions
of similar site aatiohatdmg anfiokegisluesiofia molecule pasticipatinghto godnigraetipron.

The sinplification of reqgigns fromthe regroupin f. i val e 150f
oroper t1ekd aersas ind ilpase, shPRsbBie O RE Hel i RngY sies ot iRl r v
efficient fil (WwhIhemselvesBef ore conparing each couple of regions, it is

al so possible to conpare the conpositions of the properties states of these
regions, as well as the distribution of these conpositions. Too different
conpositions thus |r | Gat i %?écuﬁ&e regi ons cannot be simlar and that
it is unnecessary conparisons (ex: 25% of hydrophobic
residues for a region, and 60% for another region). Normalized energy score

and confidence category 25 As seen for the general  three-djnensional
obj ects, the conpafhgdmolscular representation usually implemented is the Connolly

representation, obtained from the surface computation of a three-
dimensional object by the usual marching cube and marching tetraedra
approaches. This representation provides molecule envelop, by
approximating the surface that could be traveled by a probe, having the
20 shape of a molecular water in the way of a ball moving on the object. The
derived surfaces of the Connolly representation allows to take into account
in particular the complementarity of biological interfaces binding sites.
Nevertheless it is possible to model different surface types by varying
not only the size of the probe, but also by varying its phycochemical
25 properties, including its charge.
In fact, the smaller the size of the probe is, the bigger the accuracy of
the surface representation will be.
When the surface modelling of a target molecule (i.e. of a molecule of
interest) depends also on the polarity of the probe, we then take into
30 account the Coulomb radius if the probe is polar and in contact with an atom

of the molecule which is also polar, or the Van Der Waals radius if the probe



two regions is done by the pair w se conparison of points of these two
regions. The simlarities and dissimlarities between properties states of
t hese points allow informng on the globém simlarity/dissimlarity of the
two 30 regions. The gl obal score com ng fromthe conparison of the two
regi ons neverthel ess depends on the nunber of points constituting these
regions: 94 the nore points there are, the greater the nmaxi nmal val ues
(respectively mininmal) of the global score are; inversely, the smaller the

nunber of points is, the lower the nmaximal values (respectively the | owest)
of the gl obal O&hs atom ef the@ojacuiesisMNPAEF-mal i zed the gl obal score of

compari son i or defs i 8 iitedd ChERGE G ol ior! GI&Y EllecPhbGhB rné T O

the_Iess rel evant ones Screeni reglo quires to
define a regi gridtthabalicws eempdting the malee,uiaeeq:mesamtlayopcé’&tmt }:] &)rtmstaonpar e

t hi ' ith i | t th
scr een ng of  IhEosT BisAGERRRL 05 FUTRCENAS Wel P8 AFTG AT SoL b HIereelBgRS, he
regi on w t§1 | Eo';@%ﬁné ﬂfénp &%ﬂﬁ% %}J}pacfgam mal gl obal energy score that can

be achieved: 1n Tact, ovm ng finition of the energy score, no
ot her region coul dTbeta\aallabd&emtblchffeneniirrdptelsentatm bhaesampemolacule Gite.

Therefore, the_gl obal re t ken from each, co rison S

normal i zed byv?ﬁ S FESe Hﬁ?n%gl gws 19,8 ijﬁyttﬁe m zaéHI 88@%@“%&'8 é&has
val ues bet vveegcge@fgje}hé g{,bgb%l}énlggn{@rigaﬁg its reading). The nore the
normal i zed score is close to he nmore the regions will be different; the

more the normal i ze@heser geptasentations| are cnevertheless (cospex i wady athey. t he

ener gy schle, FHPEERERIBEE SHET e MBFe 3 Fss RNEh e ARl A8 L By de h o0
i nform on thedaaplshhp@f apdr #ie ghactrapé oallmrsmmﬁmg ycodgdervably lthet hen
possi ble for instance to define 4 categories: C and D; the catggory A

cor r espondi ngmasieliing rafgmmacyani sigiaunesr AR i@@"s%?%e%@m\e@ﬂaﬁs'%
(respect’ vely pdeisiidy go%%w &l lfle! 08531%\% i e ARTioR2NAd 4nE DOLRTRAY ZRFhSiER" ©

between 0.5 a respecti vel
provide a description of the object inside and not only of its surface as in the

15 case for instance of alpha shape and of Connolly surface. This structured
representation of the internal parts of the object is important both for the
definition and description of regions, but also for the comparison of internal
and intermediate regions (having both internal points, but also surface
points). For each point of the molecular structure representation, it is

20 possible to assign one or more atoms of the molecule, and one or more
residues of the molecule.

All molecular representations provide a mesh, which is a structure
that locates the points and provides edges linking these points. Those
edges can reflect the possible interatomic interactions of the molecule, as if

25 itis for instance the case with the alpha complex and the alpha shapes. This
mesh can also be transposed into various graphs taking into account
different remarkable properties of the molecule, such as its curvature, its
charges, its rigid and malleable zones, etc. In return and as previously
observed, these graphs allow simplifying the representation of the molecule,

30 and generating the regions and structural fingerprints. These regions and

structural fingerprints allow both to systematically deepen the knowledge on



and 75), Cof 0.25 to 0.5 and Dof O to 0.25. Most of time, the category A
will only contains regions functionally identical to the screened region.
The category B will contain regions wth®&unctions identical to the region
A but will also contain regions with close but not necessary identical
functions. 30 The category C could contain nore functionally close regions
but not identical, wether the category Dw |l contain regions nore distant
to the screened region. Exanple: The conparison of a region Rwith itself
gi ves a gl obal energy score 5 of -500 follow ng the conputajjon of. the

score we haveth@mgle@uepighalso to screenrfbe sppigavies o e hasis pbieyedionst h t he
regions L1 an LLvel ' - 390.
The nor i i 2edese FETREHSHIE ol el O Afons RARSH rBPER te whei®oBjeet
respectively 8redbineprantb)pravideOthe8 njeain 18) achie¥dethee gpplicatiohsapevidusly e

then classified into the cateqories C and A respectively. Search o

mol ecul es havinHi§dHcehedn fRATIGHIAG| CPmRﬁriSBHaPPF%@?SHIa{Sr\ﬁﬂMSa%i & of

i nt erest | Sg | bify L0 ' ' [ i exh@t |
annot at i oﬁjs, thngﬁgﬁégysglg%@ebe?g éﬁgﬁb{eﬁp?@gg%n Xﬁpoﬁ%gﬁéﬁé fsg%saélﬁrét |hgg
nol ecul es havasspciated |partneeg i(deteczd eithentbyt B similarifyr ofofunctional gegiobsante of

th | obal h d d i ’
208y homal ogybY e SETRRag! gprimeTsaay sRd I asg Aors SHEMEHS cd or
not) provideds 8f i20RSEoN iRfa tghfer @BVRESMANIBENtBxt iahdi RieRBfHdtiee f or

! Ofr@yuéd
i nstance to m_?%r ‘the functional aspect_of the region A on the aligned
regi on B. | nveiokgisgl tatgets phg daropeund. sieoanalyaistof the flaauenay of @ntadiom, | f

we find aer)ngar%crI] of %ﬁenuo%gicr:aqgtia(r)gnes(s %if ’co%\proeiﬁ’\idg%lﬂ%i iﬂgre"f\ﬂnatloriﬁf?)‘?% on the
possible toxic effects (if the compound interferes with biological interfaces),

on the possible lack of efficacy (if the compound bind too great a number of

targets), side-effects (if the compound interferes with a too great number of

targets or biological interfaces) and to explain some of their molecular

15 causes. The knowledge of these molecular causes, responsible of side or

toxic effects, and/or of the lack of efficacy of a compound allows in return

proposing slight modifications of the compound to modulate its side or toxic

effects, as well as to modulate its efficacy for a given environment.

20 Segmentation of molecules into regions and structural fingerprints

The points provided by the molecular representation can be divided
into two categories: the surface points (being part of the molecular envelop,
that is the points directly in contact with the external environment and/or

25 sufficiently close to interact with the external environment), and the internal
points (not being part of the molecular envelop and/or being too distance of
the external environment).

From this classification of points, it is also possible to differentiate
three types of regions: the surface regions, having only surface points, the

30 internal regions, having only internal points, and the intermediate regions,

having both surface points and internal points.



25characterised function (ex: bind a nolecular partner), it will be
possible to infer by honology this function on A It then becones
possi bl e to discover a set of nolecul es pable of performng a sanme nutual
nol ecul ar function (such as to bind a given nolecular partner, to catalyse
a given chem cal reaction, being 30phosphorylatable -i.e., able to be
phosphoryl ated-, etc.). It is also possible to identify functionally cl ose
regions, which are the 96 regions that could share a nmutual function if
sone specific residues are nutated. Then, renenbering that the |ocal
energy score corre$pergeneratiamandstesineef the regiens eadpsteuciarab dingeeprinds ned

o 1 ori tyr ai PRaEnanPitietad Bdtiofel "aftAhhsl St 1A ehafaRidReig ' e

aut omat i cal | ypesicusly désdribedpoi nts (that is, the atons and residues) and
set of points of these two regions that best match and those that worst
match, that is reslepastigalay, wedelgenivg foyp datahases (or &hieskapryespondiag t wo

regions ang t&g@p{;&{ﬁ@&ﬁ&#@&&ﬁm&b@wgQgéwxhsﬁ\ 49Ai4ﬁoe{% romone to

the other). EX searc erentiate the sub nol ecul ar
fanmilies and to buThe dataivadesgeoredspondireptmreditms basmmallodizésiitA| 8Aplarsi t es.

15The nucl ear receptor famly is a . vast famgily of protein transcription
factors that BISTGIAPNGHRPALD sharaueuss el Hisnbmenehesiaeas, Tchaf S ar o
in particul arpi o t haht | Ve i one
cancers and |2’G‘Ea mbg.qlg?'ﬁ?ésqﬁaénplgw a?ag&g%ﬁcfi’\clcﬁ délgge@%egiﬁg?w Ir?tﬂ gntﬂn/o&
sub-fani | i es, gynesyatimwsites.f or m ng heterodi ners (assenbly of two distinct

fwo §aentTtbal nuct £a¢ dateisane PofreSheidtbldn’ Bofriock SRRl Sids KPR TBN '
possible to dgiors gignérmtdnom%ighﬁgmin@rmé,mha%n%@amhnzﬁtﬁé@&_tiéhé gsucheasl to

screen themon a databaSe of nol'ecul ar regions. This screening allows for
i nstance to dpeteinguptsin,sirotein-BINAL proteis-RNALeicr es of nucl ear receptors,

t hose that are cap f_form i fr 0 P .
preferentially for%ﬁ%@?gﬁ;&i ﬁﬁnbggb%ggggv@[tsq%@awéﬁ& ?ﬁcthgaéllﬂgmg sites
physi cochem caétedidd @1 enepstehriticeaayt bg thendirtctufdlt &alpéis e aeh dousd e e
receptor can be quantified, so that we can build an evolutionary tree of
the bindily sPinding gdleredregidendifigd n@ndg differestiated: using 3theudascipbeNs t he

cl osest. previously detailed. The binding sites can be integrated directly in a
database by detailing its atomic coordinates and the remarkable properties
of their atoms. Following another embodiment, the atoms and their
properties are not integrated, but rather the points and the properties of

20 these points extracted from the molecular representation (i.e. from the
mesh) and corresponding to these atoms are integrated. Alternatively, it is
also possible to integrate the facets (that is, three points directly linked by
edges) rather than atoms or points. This database is suited for the
annotation of a molecular structure from the functional regions already

25 identified.

Following yet another embodiment, we generate all the regions of the
molecule and we search those that best overlap with a binding site studied
in this molecule. By overlapping, we here mean the percentage of points (or
atoms) present in the binding site of study that are also part of the

30 generated region. Therefore, rather than storing the binding site, we will

store the region(s) Rmax best overlapping the binding site.



For exanple, formng such a tree consists in conparing all the 97

al i gnnments of couple of dinerization sites, which provide an energy score
for each couple synbolizing a distance (&éonetric and physico-chenical)

bet ween these sites. Wth an approach such as UPGVA (stands for Unwei ghted
Pair Goup Method with Mean Arithnetic) or Neighbour Joining, 5 which

all ows buil ding phyl ogenetic trees, it is possible to build an evol utionary
tree of these dinerization sites fron1the set of inter-couple distances
descri bed by these energy scores. Exanple 2: 10We want to retrieve a set of
structures havi ng Bhisuegiondsdlabelled smthatgmmn kediigve thet ¢rijeria used forgtare

f I h h d d
e onnent 1 SEISALOR LTERS! Ui e or R forSiBRBE A &t ons or af ter an

interaction WI th anbihg esibiiment, tthése ard ot the m@glsﬂbéxhéhgrecaﬁ@cw 15
cal nodul i n, EQg{tEI n involved in the regulation of calciumsignal that is
i tsin

known f ﬁr atﬂdmasnd@rita:e databrass by peiher the toient Ranthél best evgramum
Soroen tne 1 e i Bhdifa SRS Bt iiehd ¥, & Inehohye BAGHE

Screen théf imin oné o ese envi ?onrrent al

contexts, thusnsigerthhi we Willrbeé seamhirlg forcegfonsnthiat eandie tetredeth¢as tney
site. W will see 20further in the text that it is also _possible tg search
mol ecul ar parhan@ §e§Beﬂﬁﬁqr€thoSYﬁ’f@”@F'C§|%sg) doarlabaiting d?fsthe regionspRngr e

general exanp S nore
t han 500 geneéslﬁ)elvicéj{mw%fqoﬁb &meﬁl ggfn@s% efgﬁl’dd1 %gﬁ ﬁﬁ(rab"?(ﬁ ﬁ?%ﬁal
site exists iforarstasdte, iktheoreigionist éxtended! in a diredtioaj.tit wiil th&a loe pbesitvte | on.
I't is possible

h Il th t t .of Ki
(det or i 1t SReR® A AHOOLME a6t Sl e T SeriBs 5] A REUGRT i ng
appr oaches) . MR (ohiniglBly) Tardl 11d)216iehenIEAIAF TBGioRS. stﬁmhstS

30W want to deter eane nol ecul ar partner by iInferring th
i nteracti on hgortdspomdda téseashapg oritesar eady known to bind a partner. 98

It is also possible to generate not only a single region per binding

site, but a set of regions, that correspond to the N regions best overlapping
15 the binding site, or to the N regions corresponding to the stable

conformations of this binding site. In particular, in the case of cavities

binding ligands, it is possible to define a binding site that generally

resembles a pocket (closed or opened) and that covers a great part of the

cavity, but it is also possible to define N smaller regions that correspond to
20 the different sides of that pocket.

Alternatively, we create a database with the structural fingerprints
detected on the molecules and macromolecules. In particular, we can
consider the structural fingerprints based on the curvature alone, or on the
curvature and hydrophobicity, or again on the curvature and polarity, in

25 particular: the structural fingerprints corresponding to the cleft regions that
are hydrophobic; the structural fingerprints corresponding to knob regions
that are cationic; the structural fingerprints corresponding to knob regions
that are anionic, etc. The combination of structural fingerprints belonging to
a same molecular structure often represents a unique code specific to a

30 family of molecules, or to a sub-family of molecules. Other structural

fingerprints can however be unique and specific of the molecule that



It is possible to screen a region Rand to retrieve Nsimlar regions; it
is frequent that at |east one of these N regions have at | east one

nmol ecul ar and/or cellular known function.92Then, this function can be
inferred on the region R In particular, if a region NN of the set N of
regions simlar to Ris 5 known to bind a region Y, then it is possible to
infer that the region R can also bind the region Y, that is, a nolecule
having a region R is capable of binding a given nolecule having a region Y.
Exanpl e 4: 10We want to retrieve nolecules able to bind |igands. ATP
(Adenosi ne Treenigdshikte) is a natural |igand used in the organi smas energy

" Ve i ) . . g
ol eoul ar st ruct ur EQIRHRE.AREF Phadiieht P (RIS B HiBlASeE TG,
di fferent binghiothel ise@fleAERistibgl in ascélluta/tizealirtypet in 2or egyandm/ east

one of these binding sites to determ ne the nol ecul es capabl e of binding
the ATP, and E¥eRd iMai eellulargcempagmant {organglia: such gsetheomitoghorgria). A

nol ecul e. a . PPy ] : aur d racy
o the sorbentaseae, 8o spegirk UARRR will ictf SRSl B m AR peReA R 2D
i nstance, twothendepdsdfnResearehnamd)dndestealborid]arel asopatiows glerfoominghe FAD

and on the nmannose .(see figyres 9 and.10 respecti vel t he nmanngse spall er
than the FAC P‘W@Haf'%%‘%alof ng{’? hentasaghing v éga'?'@? t¥e %%’}eéé’llﬁ nd" ﬁﬁ%rﬁ’ﬁpﬁ
conpounds; th lidehent! NAI i i o} i f i gger
conpounds. | ne%@té@/%@ges, ?ﬂéqﬂi I ndégas'f P@é@tq%aﬁ a‘%‘&e{%zgﬁﬁf& g%ner‘dmgre

al ways found therapeutitefunstigns iaf tnaves gbmpouhdst hecarapeund in HactPrd@®s wot ch i s

ol ccul ar L6t OGP SIMan PR ESEEr gt A< et tRRUSE] S68 neW BT tie” ™

bi ndi ng t hesejgkt GRALS A FoseRrEIRSE bRrbRhed e the \¥hatmaReliBEd] IBBErdtorig®st of
cases, the different structures which 99 were known to bind these |igands
(i f we screenalsoshpvkthaiiseneralididos knewnfterhayel a ghaerapeulic effleetinsetissue
sensitivity of eeni and . rily ensure to retrieve all the
structures kn%éﬁn%%ééhﬁ%ggsemlqtﬁgﬁﬁis)ﬁ{%sm eval uate the accuracy of the
screening, an inferior limt of the 5 specificity is determ ned by counting
t he nunber of structures anpng the first results that are i ndeed known to
bi nd respectivel y Seieeninefdegions and stipetural fingeprints js an inferior linit
of the specificity due to the fact that if a structure does not highlight a

bi nding to FAD (respectively to the mannose), it does not necessarily
i ndi cate that the OntedatabasesnsftmblecdidriregibAB are generated, it is possible to

screen a given region or structural fingerprint on these databases. As the

screening in fact corresponds to the pair wise comparisons of regions (or
20  structural fingerprints), it is possible to do this computation on a network
having a plurality of processors (CPU). Each CPU then corresponds to a
node in the network.
Following an embodiment, one or several central nodes serve as
databases (allowing for the reconstruction of molecular regions), and N
25 slave nodes individually interrogating one at least of the databases to
reconstruct the stored regions and to compare them to the query region.
The N slave nodes then return (when the comparison provide a result
interesting following the energy score) the results of that comparison to a
database node intended to store these results.
30 Each screening is assigned a unique id that is shared by all the slave

nodes, so that all the results sent by these nodes are labelled by this unique



10 (respectively the mannose). In order not to bias favourably the results
of these screenings due to the presence of redundant structures, only the
non redundant structural chains (as defif8d in the PDB) were retained.

On the figures 9 and 10, the specificity 1 represent the nunber of regions
bi ndi ng FAD (respectively the mannose) with respect to the nunmber 15 of
structures, whereas the specificity 2 represent the nunber of regions

bi ndi ng FAD (respectively the mannose) with respect to the nunber of
structures with a |igand. The results indicate that both conpounds
(respecti vel yid. §tagingritemiasenigtietduery dhiscqiiery iothemeaveniy distabyferiagaans )

have a m ni mal ecificity of abgut, 20.80% f ot i s...and
of about 60% ?Biﬁ‘? ﬁ@W%ﬂ%ﬂqﬁ'i St géjgl'tt'g.poss'bléqéd%ﬁ%)ﬁfen%?m%ﬁée”r& on
enbodi nent, i thd mteHdedl PREBASS By LRIrA A ahiquéhi@ structure of a nolecule
new y determ ned b)d;_hdi viding it into regions then by searching if those

regi ons are found &hesomparison@prreashes af rqgiemsaed $tciyal Binderpapisods have
a known nopl ec r fu i [ pu 1L S A artl r ~ROSSibl et o
here use the wgﬂaégsgﬁ%f Qﬁ]ﬁgﬁ%t ;&‘gﬁ@?ﬂq?eé?céérléra%lﬁgvir}lagslc&h@%ﬂsr%ro Pgeg:atno be

accel erate thpnpleaietiied. The functions and behaviours of those simlar

regions can then be reported to the regions of the said new term ned
mol ecul e. 30Ther ef By Bartichiaraiheoss Pt sphereyeqnirols is; W'ﬁe\ﬁ/ﬂmuﬁeaﬁa@ fast

structure gen j e Sty

function(s) O?B%%ggscgrg%5ﬁgﬂﬁ?@%&/&gg@%ﬁ?h@tﬁf]ﬁ@?ﬁft Sr egﬁagntﬁ@“f' eIS
annot ati on appf oawtiol di$csisqedrtieulartpisaited 40 acfast cgmppligon of surfaceleegioned i n
the foll owi ng description. . Non-limting exanples of functional

regi ons tHht 88f Memeedigls 9N retri eved by screening are: the binding

sites (whatever thephk f : } " ind- i i
pr ot ei n- DNA, prot e?hé %P%%vg?%ﬁcﬁ??égrtﬁ% Pét‘(t;l{ gi): 532%\/\%‘% l@ngsﬂ??ﬁfgséi'?r.ad.lus
phosphor yl at i aliows selectinga sibsed of regions of singlar sizecand havingrfads| siedlar et c.
Search of nol c%ar éﬁ?‘%ners 10. We have previously seen that the
screeni ng of §F QUEREIRer ence on the function of similar regions)

al | ow the detecti Omhéfsirﬁﬁﬁﬁd%bhrtﬁrrégio%@,_f*rdrﬁdheirégﬂoﬁfﬁ‘igséf 8gsivhlene states
determ ne the conplenmentary of that region. 15Therefore, if we wish to

det er ni nel ¥ heofiplopetties; apdrthadise effgraph anatehing algpethms arealsomartieWardyr een
t he regions ofﬁt hin? gér get, but rather to screen the conplenentary regions
of the regi on&G® ﬂ rstarget. In fact, the conplenentary regions are
geonetrically and Bbﬁo?éceombaﬂh%aééoh doupleriofetbgionsypit i is1 algot pessibleetact i on
with the initial region. As a 20 cgnsequence, every nolecule retrieve

havi ng these cOmpREHER ePRPPeilPas ©f the Brenasties stales of MAsFyraaivns Asguel at

the initial rggitﬂg'dis’cribution of these compositions. Too different compositions thus
20 indicating that the regions cannot be similar and that it is unnecessary to
proceed to heavier comparisons (ex: 25% of hydrophobic residues for a

region, and 60% for another region).

Normalized energy score and confidence category

25
As seen for the general three-dimensional objects, the comparison of
two regions is done by the pair wise comparison of points of these two
regions. The similarities and dissimilarities between properties states of
these points allow informing on the global similarity/dissimilarity of the two
30 regions. The global score coming from the comparison of the two regions

nevertheless depends on the number of points constituting these regions:



The screening approaches described in these processes (nethods) are fast
enough to allow the systenmatic screening of a nmacronol ecul e, whatever its
type, on all the known nol ecul ar structur¥s. 25W can for instance screen a
macronol ecule in less than a day with a high degree of accuracy. By
applying sonme filters, in particular the use of sinplified representations
(ex: dual shape), and/or the use of Euclidian and geodesic ratios, as well
as the use of spheres of control points, it is possible to reduce this
screening tine for all the regions of a macronolecule to | ess 30 than one
hour (foll ow the nerespeiatoithereeami thengreaientiee uhaxionadl vathues (respeciifel’PU on

th tati I id). f _thi [ is t le. 101
e conp e, BBmbf i dbbeloo e B RAY $n8 SBEERR LIS phiBSF S
provi ded by fisckists ioWertthe nsdxital Ué@bst(regp@auvel?W@lqﬁes@xdﬁﬂﬁldl@wla&% NVR,
or cryo-m croscopy, etc. Another advantage of this in silico screening

resides in tha@rf.act that 5 the binding sites of these predicted nol ecul ar

Vivorin vit o hi ontinPiarbBl hahBRIRCR QB SEIRTY PSR adind,
Besi des the krupMigdiifereatiaedthel ichevant atigaimenes from thenlesé irsleivanhonés tTese

bi nding sites, this data al so provide a way to performsinple nmutagenesis
experi ments t@0v&Q.i B§ every nicreeningy phreaignofeayinesgio defipe aa preginn: t@ doe

bi ndi ng site, ' i i 'ree%n‘il& [ |y
(itself predi%érggﬁgg’dttgggbgéu%ﬁ%&w §%§B%O@“F§§ptg%§m§y cr?c\)’\(:'g'lsgrg(lgprretry,
go-i mrunoprec(r}a"spaftivety,, aiths atsr f(nwnpletr[enlaryllbeX\&Gpl de & screenin@tlé ofathe t o
eterm ne a nol ecul ar partner of .a gLyen nol ecul e using c eent ar
 ogi ons. 10 complementan,otifat Ergionla Tiiscampansry shtherreaiat WP desl dhen i s
possible to d 1N i | | y Yi he
oot on B Thi BB er B AHP oldtl Shery stofd Shay off Y SERRBIEEY i talt

whi ch t he pr ofedowirgs thenvefibitien ohthe endrgy shores spe otheroregiore would bettate (a

cleft zone is transfqrned,into a know whereas a flat zone (neutral) remains
flat; a cati oﬁ”ﬁs@"ﬂiﬂg a]"éjdtf‘ﬁéﬁgf%*”ﬂ’é%lai '86°%hi oni ¢ zone whereas an
hydrophobi ¢ zone (Tiarefdib) tHeegBbBFsEMEERE? Flofn e8EIF cdmpaPrishR of té§iBAs Y Of
the region CR allows retrieving a set E of nolecules
15 normalized by this maximal value, so that the normalized energy score has
values between 0 and 1 (or 0 to 100 to ease its reading). The more the
normalized score is close to 0, the more the regions will be different; the
more the normalized energy score will be close to 1 (respectively 100), the
more the two compared regions will be close.
20 Starting from a normalized energy score, it then becomes possible to
form confidence categories that inform on the amount of errors expected for
each category. It will be then possible for instance to define 4 categories: A,
B, C and D; the category A corresponding to the regions having a
normalized score between 0.75 and 1 (respectively 75 and 100), B to the
25 regions having a normalized score between 0.5 and 0.75 (respectively 50
and 75), C of 0.25 to 0.5 and D of 0 to 0.25. Most of time, the category A will
only contains regions functionally identical to the screened region. The
category B will contain regions with functions identical to the region A but
will also contain regions with close but not necessary identical functions.
30 The category C could contain more functionally close regions but not

identical, wether the category D will contain regions more distant to the



having this region CR Let us renenber that the region CRis defined by
making it the nost conplenentary (geonetrically and physico-chemcally) to
the region R As a consequence, the nol edd es of the set E having the
region CR are susceptible to interact with the region R of the protein A
30An alternative to this enbodi ment consists in starting fromthe sane
region R of a protein A it is also possible to generate several 102
conpl ementary regions CR, each close to the unique conplenentary region CR
These CR regions then correspond to a plurality of regions CR on which can
be applied segereenetiyegiod. randony sone slight variations of their
properties states for each of their points. These CR regions can of 5
course al so correspond to the nost stable conformati ons generated fromthe
region CR or to thgasple:0f unique "conplenentaries” (i.e., conplenentary
regions) generated fromthe stable conformations of R The |ogic behind
this forne of inpl Ehecompasisonesfialeegion R withfitssdf gives aj globaleensrayisegrei t es

corpl eentary ot AR BLOREGRE ke BLBSOT LR s WP R BE IS ebBricac: 1
some sub-zones of The tohPaFisee. ofA\the FiGreCReNh, thy arfienatinoarkbvie? al

conpl enentary regions by introducing |ocal and slight variations on the
states of proi@spertively give anglebak eneryas¢re Qfagd and 6390.nbhediormalizemh t he
interval [-1, 0, f QL i NSt ; )0 4k Y
possible to 1%%@&5&0%%%%50&“ %}@e@g&g’a??)a I oﬁ‘s,eq{)Félsg)%EP\gelgrPy4%g%§r6 ? son.
The energy scameéOU@rd@)i ng the conparison of two regions al so have

tol erance parameters on the accepted differences. of operties. | ayi ng
ei t her onl(fhe pl ur &h¢ fegigps ﬂ—é@'ﬁﬁ'szélf@,”lﬁ" gass! %dﬂrgpgﬁr‘%ﬁ@g&%'?stcﬁépge‘her gy
score, it is ,telgg[e@{i\yf_ possible to take into account the intrinsic 20
variability observe n the conplenentarity of biological interfaces.

To determine the inverse states of properties (conplenentary) of a given
property, it is algo possible to yse.internol.ecul ar contact matrices
(symmetric) that |REHHRY Uie -9 SPEAITIC OF & RPNy of
contacts between each state. Those contact matrices are generally conputed
from 25 the determ nation of internolecular inter-residue contacts observed
i n bi ol oglidcal inteWWhepea regionsofiditeresicPeds igestified oy bidegisal/ehemical

t act tri bet .St at f R t : . Jmtyi
havi ng. 3 ot arerietts oSl Bnforalofty b PERESEIt ek s TeuBR Ay s
(cleft, cleftip sditlfidr alf thd toldctiied havilkg®nhilacteyions BOAh vt ad taastiori

matri ces between states of Froperti es can then be used to generate a
plurality of @foigseardance ¢f thejDlobal shapes fseeandasy @ndilegtiarg sitiucturegy of
observed |ikekl ssible contacts. If the contacts (cleft, knob and
cleft, fl at)qjgrbgggrgqgg%l?gmi ble, it will be possible to generate two

conpl enerpoary at tBy shebligy @iferdrengna lomolthe t basist berthe &hetgy Baore mi t
t he nunber of conplenentary generated froma region, we will th use a
51i kel i hood t(RPEBALIEA PR n@kl)défPth@ds@ré'& aaaweagpgm FGePBS %@QS% ﬁcﬁ t he

gi ven possible for instance to infer the functional aspect of the region A on the

aligned region B. Inversely, starting from a region A with an unknown
function, if we find among the similar regions Bi, a region having an already

25 characterised function (ex: bind a molecular partner), it will be possible to
infer by homology this function on A.

It then becomes possible to discover a set of molecules capable of
performing a same mutual molecular function (such as to bind a given
molecular partner, to catalyse a given chemical reaction, being

30 phosphorylatable -i.e., able to be phosphorylated-, etc.).
It is also possible to identify functionally close regions, which are the



state. Exanple 2: W want to determ ne a nol ecul ar partner
specific to a conformation 10of the target. We have previously seen
that the protein kinases exist in tw cortfeormati ons (active and inactive).
As structures of these two conformations exist, it is possible to screen
the conpl enentary of these regions, and consequently to search nol ecul ar
partners specific to one or 15 the other conformation. Mre particularly,
what ever the nol ecul e (or nmacronol ecul e) consi dered, when the structures of
its different conformations are experinentally determ ned or nodelled by

bi oi nf or mat i ceegipms dtkathesyldi share @osseiual duncticteifesormaespgeific fésidyes @n@rs to
each of the nol ecul,e conformati ons, either by screening the conplenentary
of the 20 refl gpemflc to that conformation, or by inferring a partner
from the conparisophgh, rétRdnbenhg rtﬁst%4ocm%déﬂ?§lsbbﬁé)céﬁéeséhdyt@fthe
regions is therefore particularly powerf ter understand

dynani cal r egaligntrent @‘feaqhtmtmienoﬁgom farmednby aqainhefrayregien withia/aeinbn or

deactivati n Q or_sever | ec

struct ure be QPERRPheedios deperr e arne bl hiFeno8 HenEd th&s fro
excel | ent aSSQIﬁ et poiRtss Wwedva® hutdiRatiddlg Hetehine hne Potls (ihagis, @S atomsone
genetic dlseases and in the subsequent deregul ations of the cellul ar

i nteracting n@lﬂ@\deﬁlgueﬁaﬁﬁls@tsif uYsefctiiess e fQQi@“S thaickesifmatchuand i on
on the nol ecu r WO t nd
mut at i ons Iea{ty'%ﬁs m&ggge fésheafsﬂég ésrlg%ag?%tfvlee% and Stg{a géaed%brhégaﬁé in
particular t h@d@ﬂﬁﬂl)obf thd mulregudﬂmsamdmhe especifiegsuipregione (lesthmse tatt he
nmuscl es) . reas sone mutations are buried inside the nol ecul ar
struct ur elG awa‘eafrpmoméo theotherk y of the nol ecule, other surface

mut ati ons are susceptible to locally change the properties of a binding
site. The screening of the binding site (and not of its

conpl ement ary) undExample T.common” form and under its nutated/ pat hogeni c

formallows us to detect h resp base lL.ecul ar
regions) of 10 nol BEPER" a@ti‘ﬁ?ge(’g'ﬁ‘ t'ﬁé %@u%gaﬁﬁﬁll‘?s 78 ﬁ?g}?ﬂ%
specific to tge, 9y ﬁé&d{r@@bhqgglglag,sf&rfnhct%ha(;gﬁ@gr| ng these two interacting

profiles, one can obt ai ned new know edge on the possible interferences of
the nol eclfl ar i nt eFhetrusteareeseptos familycieda twast fiarily ef eproteimiranscoptiomhe

|dent|f|cat|o these, i nter |osthat cannof be d o the
et on as hoftrs HBST AW HES RGNS e BRBleskR of o e HashriiWie SE 0 { one
i nduced by t h@aﬁﬁuam In%wédsurﬁthléenégataei@nf@rrcenr@wétagwblngs M sbie daritelrs on
and of the progression of _every genetic disease. In particular, if we

observe the rambleukasmianThistiamibt ¢ash bei dividediasneciadlysnts e subdardisse new
Cp ot o oobF S b LRIFbARIA ST G, 97,0 auidppelear
concei vi my suekeptrpputtits othel dlbwiag efordiisg uaswddimers (assembly of two
identical nuclear receptors). For each of these two sub-families, it is
possible to determine with the structures, the dimerization sites, and to
screen them on a database of molecular regions.
This screening allows for instance to distinguish among all the
25 structures of nuclear receptors, those that are capable of forming
homodimers, from those that preferentially form heterodimers. Moreover,
the geometrical and physicochemical differences between the binding sites
of each nuclear receptor can be quantified, so that we can build an
evolutionary tree of the binding sites, gathering the binding sites that are
30 functionally the closest.
For example, forming such a tree consists in comparing all the



bt ai ning the structure of the assenbly fromthe screening of conplenentary
regions and collision tests 25After the determ nation of the set of

nol ecul es having a region CR conplenentary7 to the region R of a target,

that is, a set of nolecules susceptible to interact with the region R of
the target, it is possible to add additional tests to check if the

I nteraction of the gl obal shapes of the structures having these regions do
not induce distant collisions. 30By distant collision, we nean here
collisions taking place at sonme distance of the studied regions, and that
can prevent thignmentseofacoupla.of dio®rization sites, which prdvite ant energysaoireél e t o
determ ne the_structure of the assenbly.of a nolecule A wth a Ieculée B
fromthe aligfffefRC Po‘a\plﬁe@\frﬁﬁo'@%@nﬂ?/sé%ﬂ gsPrhetricrand physicorehsmicy

nol ecul e A W bBtvieer Mhéss <iRBl oWithRanOfapbRsadiPlseeH! 8s BUPEMAeE estandéd efor
process (nethod) that generates the co enmentary CR of the region R does

not change thbnaeightedRainGreureMstaed withddeaa Animastiof on NeighbglbdoiRindon| y

Surt e ot el iR Ao gk Rfesthers 3ctss BHE Sonsinyd cBuid “an,
surface nor Wﬁév&l@ﬁ’o@écgée rsfginede Climerizdtibnf sitdsovont hiaé gt asfdinf@r-esuple

structurally aligned (but oriented in opposite sens), and as CR is aligned
with CR duri ngistances fibag bytthese ererdysseire® aligned with CR In a first
step, it is then required to apply to the nolecule B, the sane operators
(rotation, translation) than those that were applied to its region CR to
be aligned with thExampleod: CR of the nolecule A. 15 In a second step, to

obtain the structure of the no] ecul ar assenbly of the nol ecul es A and B,
and to takk into a¥ewant tpdeitigverd gt éérélct"ﬁﬁs Wtﬂgcﬁlflapc"dﬁl'@ﬁt{ﬁet'ﬁea

radi us of at ogﬁb&%@ﬁ{@ﬁ%ﬁoﬁe two nol ecules A and B that interact, one can
n and t

gi ve the regi e nol ecul e B having that region) a novenent of
transl ati on of a gSume fiinstiomal sitbsldre knownt toechamgertbeir 2ontdrmiations wnidec e

¢ bt 96, TP HaER o Shal tratng oy et v
o ooral o1, MSEIUEANY IOBYl PR THBCTRSSCLY s r5, |
15 calmodulin, a protein involved in the reé&lation of calcium signal thgt is
known for its conformational changes depending on the number of calcium
atoms that it binds and following its partners. It is thus possible to screen the
functional sites of the calmodulin in one of these environmental contexts,
thus searching for a specific conformation of the functional site. We will see
20 further in the text that it is also possible to search molecular partners
specific to one of these conformations.

A more general example is the one of kinase proteins, for which man
possesses more than 500 genes (about 2% of known human genes) and
which the functional site exists in an active conformation and in an inactive

25 conformation. It is possible to search among all the structures of protein
kinases (determined experimentally or modelled for instance by homology

modelling approaches), those that are in one or the other conformation.

Example 3:
30 We want to determine a new molecular partner by inferring this

interaction by the mean of a region already known to bind a partner.



to performan optimsation step by iteratively varying the distance and
conputing several energy scores (depending for instance on the nunber of

i nternol ecul ar contacts, and on the di std8%e between these internolecul ar
contacts). It is also possible to performan optimsation of that distance,
so 30 that the Van der Waals and Coul onb radii of the atons of the regions
R and 106 CR are the cl osest possible w thout neverthel ess intersecting.
Until this step, the structure of the assenbly of the regions R and CR of
the two nol ecules A and B are thus determ ned uniquely fromthe alignnent
of the regions. It ltis possibleeto $ireend regiory Roand threfrievaN similar viegiopsr iégi ons

are perfectly.c | e tar and therefore capable of int I n t
that a sterich rg&‘ﬁ%’{ﬁﬁ?ﬁ?ylﬁ&ﬂg@ﬁ q?ﬁ%esﬁ/\@ Wgo&su'i'%\ée 8*1%%&%@%@‘8@5&'%& to
R and CR (t hand/dr &detildr howad fithstibne Tihehs thishfufbtiors caAPSs dfagre@nor ke
constraint can destabilize or prevent the formation of this assenbly.

Starting frontedien @.dpapartieulactifiaeregion Ni of ke sabN/otieagiens siwailartonR1® t he

et woen t e« AoWERRAA! feghdl Y In 5, 6.p R85 Trief tndt RERoi K b3 00

in virtual realsothifd the regionPy| traiigiga trholecelebieslimg at regidn Rsispessabie eft o
val i date, penalize or invalidate an interactjon detected by the screening
of regions anbBinding a givendvRiackiR@Yng & ©BGIAhY, by checking if the
structures of their assenblies include or not inportant distant collisions.
It is also possible to take into account the malleability of regions

i nduci ng these col Exampfes4: | n fact, if the regions inducing the

i nternol ecul ar col]isions are.coils 20 (zones known to be highly flexible,
that are 1.91s_t abl e YYg yRBt @prggrég\{e W'@é‘?‘?ﬁ)@@'ﬁﬁpé’"ﬁcﬁ%'der tﬁat yt his
col Iision (dist a”tA.TP_r‘gﬁdgnﬁc‘S@héEFﬁPﬁoébﬁét $ igﬂsaga;]u?at 'n@a)naf usBg ASIREb! Y.

I nversely, the collisi stable zones (Ssuc el'ices) often inplied
that the two organisrhexs enerigyrsaurcet Aleaparticularlyrfitet tHeo ATPhdgripg owssrous be

fficient | [ | agi d 25 .k | t hat .t h L]isj .d ti
2 gor | thirs  aRRTBATG RS n MeRRUar SRR camBinibdlts RalsiEls BifdhgT | 1 or
onl'y on the rATevaRimi ef6h i afficrbet BiAURGNIRS draTp.cat egories A and B), and

not directly during each conparison of regions. o ]
15 It is then possible to screen at least one of these binding sites to

determine the molecules capable of binding the ATP, and thus indicating a

possible enzymatic role for the said molecule.

Example 5:

20 We want to determine the behaviour and the accuracy of the
screening of regions for compounds of small and big size.

For instance, two independent screenings have been done
respectively on the FAD and on the mannose (see figures 9 and 10
respectively), the mannose smaller than the FAC then indicating the

25 accuracy of the screening for small compounds; the FAD, bigger, indicating
the accuracy of screening for bigger compounds. In both cases, the binding
sites that have been screened are always found among the very first results.
In the case of the PDB, which is a very redundant database (that is
sometime gathering several times a same molecular structure with little

30 variations), all the close structures binding these ligands were correctly

retrieved. We also retrieve in most of cases, the different structures which



107 For any conpound, as for any nol ecule or macronolecule, it is
possible to define one or several regions, and to define for each of them
one or nore conplenentaries. A compound 99 nevertheless a nolecule with a
relatively small size, 5 which confers it two main nodes of interactions:
either it interact wth the surface of a nolecule, or it can interact in a
cavity of the nolecule (that is an internal and protected surface of the
nol ecul e), which is the case in particular with FAD (Fl avin Adenin

Di nucl eotide) and of nunmerous vitamns. Oten, in the first case of

i nteraction, wete knowarto kifd ttheses ligands (ibiwe hereed evarpknown bindingcsites t h
t he target will then be necessary ta.agenetate distinct reagions of the
conpound, corflt‘)ésapéiﬂawrg Fomcf%aﬁ@eg?ﬁs'ggg f)?h? {SETeS S a(‘f%?%ﬁ%'uo
arbitrary pl 3&%&&'tS?éﬂ%Vé%ﬂXh@@ﬁub&tré@kﬁ@WnttB‘bmd these lighAd§)re second case
of interaction, often it is all the surface of the conpound that interact

in the cavity of the avalupte:thet aceuraeeof ibeeseraeningo ansinderiei timit ef the he

o o o of RS G Beuria a8y BRpRRG BRI Be LA Shatiidh Bl ki oY

targets of cofifeprexifts that bfe indeBdNETRGS 86 Bird raspeetesly tthe tmannbsy bntiie
screenings, corresponding in a first case to the screening of all the

conpl Smant ar yFABgilp factoft isan infetionimital thegrastficly dueetaBimiamidhabifd i n g
Second case, étﬂjctt\t?ree JEEERB mghf?érgteggpﬁﬁg qgeﬂg @é%’péé#l‘(/%l‘g 98 1Ak rﬁQﬁn&é&Tpoun

The envel ope, or aregio nts eac

characteri sing dbe&ehot)fnecemﬂ{ﬁbh@ncare)mtt thes maleéeulencarirmbebind the FAD a
particul ar case of the region, where al] the poi nts of th&‘fﬁ“’el OLﬂE’S Fl ong

to the redio reggec&wgtyng'@qg@q@@se -tInj qraes Nl o) biag fayour@blht e et
conpl ement ar yy,@ etsla?éer{ugg?é 80e? tﬁe élé?f&eséf”i’e Bhd rdcﬁ’ur‘é‘%t 6F1§‘ e Adie

conpl enentary of the regrons. een| ng of conpl ementary régions of the
conpound as wek:lhnelanitﬁmcﬂunaéehamg (aé def:aedmrﬂ‘leelﬁBBl)wqreeeMQﬂ) aI |l ows to

Fegi ons. and] or to 30 DRASHEMS Btn t (o SRRITHY AdeRIRSHL daBAHERoE e
m;gcg[jst ﬁfe Sgﬁar%%?gug@rlﬁAl§t($é‘s‘?ﬁch%l? the énrd¥es vith Rispdct ﬂﬁtrféql‘mﬁﬁ@ﬂ
15 of structures, whereas the specificity 2 represent the number of regions
binding FAD (respectively the mannose) with respect to the number of
structures with a ligand.
The results indicate that both compounds (respectively representative
of the screening of small and big ligands) have a minimal specificity of about

20 80% for the ten first results, and of about 60% for the twenty first results.

Following another embodiment, it is also possible to annotate the
structure of a molecule newly determined by dividing it into regions then by
searching if those regions are found on other structures and if those similar

25 regions have a known molecular function or behaviour (it is in particular
possible to here use the database of functional regions previously described
to accelerate the search). The functions and behaviours of those similar
regions can then be reported to the regions of the said newly determined
molecule.

30 Therefore, the automatic analysis of the new molecular structure

generates new knowledge allowing better understanding the function(s) of



represents the set of nolecular targets of the conpound. Let us
remenber that the screening is perfornmed on a database and that this

dat abase can reflect a context describedl® the user: the database can for
i nstance only contain the proteins of a particular tissue, or even an
5organelle. It is therefore possible to determine in particular the

nol ecul ar targets of a conpound for different tissues. Typi cal |y,
there are biol ogi cal databases such as GenAtlas that describes the tissular
expression of genes, that is, the tissular location of 10 proteins or RNA
Theref ore, al saiduyblegufechy soleeningaall obitgeegionsvEni® @snotalientanpreach. @lse one

commerci al i zed_drugs,and cospetic co n . . npl es
where the t ar Gl BRI GRBRAO BTESE e FL AsRlo M TnR T °F e
the identified tarmghSinitifg icxdafsled of flimstionas rédiend dhatt der deserédrest and
desired action of the conpound, or also that it is the synergy of action of
several tar getelrieved bysseerntiag e Weshbindimgesitesc(whatgier el types: Rt@Bni ng
provi ded t Y i . t o] I i e of.t he
conpounds b%n dEI a@é@’ ?g(%t? gﬁﬁ%@%ﬁﬁ%ﬁ’gﬁe@% B\fob?%@s% nti g’f&%?{) ' ag’{r?% ! %‘81?3 what
is the true naef agfthaqiHosphofylationositesytick gBcosplatign tsites, theallostigie, sitesyw can
we nmake it nore efficient, nore affine and |l ess toxic; nore generally, how
nodul ate the €icacy, the side effects and the toxicity of the said
conpound. 25Let us also renenber that it is possible to detect the

nol ecul ar targets of conpounds by finding the region simlar to the known
bi ndi ng sites of t8earohoofpnaledulaFparthersiore, the nol ecul ar targets of the
pro-drugs, (and as a consequence their node of actions) cannot be detected,
unl ess wel®l ready 30 known the different transformations that the conpound
can under go duri ngyj S | i ' i h ' b
transfornmati on st e\pl)\ys‘:'t @Fﬂgh@%m%g’wcgﬁ%%&ﬁgpéﬁgg%@v%béi(%f ?sﬂpairﬁhg)%s(i%l eto
proceed with infieredeeean itbe fohctiore afosimilar aegionsyallows dre aigtection ohdww

transftormed f ggrqr?er%f aF\Q Etlhactolm)soéﬁgg ‘possible to determine the complementary of that

region.

15 Therefore, if we wish to determine the molecular partners of a target,
it is possible not to screen the regions of this target, but rather to screen the
complementary regions of the regions of that target. In fact, the
complementary regions are geometrically and physico-chemically
determined to optimise the interaction with the initial region. As a

20 consequence, every molecule retrieved having these complementary
regions, are capable of binding the target at the initial region.

The screening approaches described in these processes (methods)
are fast enough to allow the systematic screening of a macromolecule,
whatever its type, on all the known molecular structures.

25 We can for instance screen a macromolecule in less than a day with
a high degree of accuracy. By applying some filters, in particular the use of
simplified representations (ex: dual shape), and/or the use of Euclidian and
geodesic ratios, as well as the use of spheres of control points, it is possible
to reduce this screening time for all the regions of a macromolecule to less

30 than one hour (following the size of the said macromolecule and the number

of CPU on the computational grid). All of this screening process is traceable



Additionally, if structures of the target-conpound are available, it is

al so possible to identify other targets of the conpound fromthe screening
of 5its identified binding sites on thesé0ktructures. This screening
returns in fact the |ist of nolecules having these binding sites able to
bi nd the conpound. Search of macronol ecul es and regions that can be
targeted by exoqgen conpounds ("drugqgability" concept) 10 In the
previous description was described the possibility to detect the nol ecul ar
targets of conpounds. This enbodi nent consists in detern1n|ngiin a

systematic m?”%f&ﬂfoﬁﬁﬂ@blen@r\%@ ofipealyuicesirented danthse experBieialhfats ogen
d t 15
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20The corrpgrl son o?cd ﬁ? ?Igﬁ%'ter?t etg%r%nl?re celma |eze co ounss has establ i sﬁg% sone

rul es such asidentfiechddata thabicapkpt pegebt)amd byén 94/\10! nawvitrot highrthraughpot
conpounds that _can have a, bi ol ggi cal

rul es on the @PRIOAGHES n%HCuhr &% hlqulr eciép’yﬁécgfs?ﬂ%%l regﬁngﬁ?&e?;gh

when using negafhbuelﬁih e é)&‘?erhbﬂé’ idhtiHEARSh Of theSawiffing 8ite AhBedfta also |t
I's then possible that sonme nol ecul es do not have these binding sites able

to bind thosepmynqmanwgyttnaner&rm §|mplﬁemaiagﬁéle§lssﬂm¢”mﬂlﬂfér’(\(DaV%”folf $hee and

nat ur e. h nol e t A g t ogen
corrpoundss,ﬂgr e"l foi\‘ C?f j%g%n ﬁ %%%{%ﬁgg %'{Lﬁ%@ Sﬁ%vﬁdgé%%qhggp%t?cul ar
bi ndi ng si t esdastabilisstiore of lthel mmédﬁ(hrnaésdrﬁblya{ldeﬁlmalo@éd tanel previously

adm ni st erabl e (i.e., that can be adm ni stered) conpounds are said 110

"druggabl e". verified THer ddeslaRraat Pyn BICroARISEMEtYggat-ENANACREERIAIG ab! e
racromol ecul eqpRBubRFEY) o partl cularly | mor tant orts fo the targets
that have 5 the highest probability to be touched in vivo by the exogen
conpoundsl.s Example 1:

We want to determine a molecular partner of a given molecule by
using complementary regions.

Let A be a protein, and R any region of that protein. It is possible to
determine a unigue region CR, strictly complementary to the region R. This

20 complementary region corresponds to the region R for which the properties
have been inversed with respect to a neutral state (a cleft zone is
transformed into a know whereas a flat zone (neutral) remains flat; a
cationic zone is transformed into an anionic zone whereas an hydrophobic
zone (neutral) remains hydrophobic, etc.).

25 The screening of the region CR allows retrieving a set E of molecules
having this region CR. Let us remember that the region CR is defined by
making it the most complementary (geometrically and physico-chemically)
to the region R. As a consequence, the molecules of the set E having the
region CR are susceptible to interact with the region R of the protein A.

30 An alternative to this embodiment consists in starting from the same

region R of a protein A, it is also possible to generate several



According to an enbodinent, a |ist of druggabl e macronol ecul es i s obtained
during a three steps process: in a first step, a set D of macronol ecul es
known to bind exogen conpounds is constitfllZed. Such a set can be easily 10
obtai ned by confronting the structural data of the PDB (where one can find
the structures of assenblies of a macronolecule with a ligand), with the
data of the literature detailing the nature of the said ligand. It is also
possi ble to use such sets of nacronol ecul es-ligand 15 coming from public
or private sources. In several cases, the natural |igands of macronol ecul es
can be repl acedmlpieraemtafy tsgions C&a@@sh clesecto ﬂwﬁwm@tneegomnmmemtaaereglon

gencrally al coFoemier G b MellobdRedorsh f n Blrdliref LIRS R any
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sites identical or simlar to the sites Sd are then consi dere as druggabl e
mol ecul es. Fose\wahcmﬁplelneerdaqgmns by linfeadueing loeal dodtslight varatonsgeabl e

site and we checK nventi onal rrut ne I,S. experi s t he. 10bi ndi ng/ non
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playing either on the plurality of regions CR, or on the tolerances of that
energy score, it is therefore possible to take into account the intrinsic
20 variability observed in the complementarity of biological interfaces.

To determine the inverse states of properties (complementary) of a
given property, it is also possible to use intermolecular contact matrices
(symmetric) that inform on the frequency and likelihood (statistic) of contacts
between each state. Those contact matrices are generally computed from

25 the determination of intermolecular inter-residue contacts observed in
biological interfaces. It is nevertheless possible to compute the contact
matrices between any state of a given property (ex: a 3x3 matrix having 3
states: cleft, flat, knob, indicating the likelihood of contacts (cleft, cleft),
(cleft, flat), (cleft, knob), etc.).

30 Those contact matrices between states of properties can then be

used to generate a plurality of complementary regions by using at each



20 the conparison of regions are increased). Search of conpounds that can
bi nd a nol ecul ar region W have previously seen that it was possible to
screen a region Rin 25 order to determ n@3the set of simlar regions

exi sting on other nol ecul ar structures. W have al so seen that sonetines
one of the region of Sis known to interact with a nol ecul ar partner, which
allows us to infer that the region Rinteracts with this sane nol ecul ar
partner. According to a simlar enbodinent, it is also possible to search
30 anong the set S of regions simlar to the region R of a nolecule A if
one of the repbimbsthef osse@/eﬂnkﬂwﬁhoodimftpos&iblewbomaatxdﬁﬁwmntams t(bleft,

t ol erance aranete r_the .conparison, of are | ow, _t he said
compound. bi ndlPEP 2NPetletn a0\ ae atfduBaEbES gh Bk bEPERIE NS edtralsRe o
the mol ecul e fomprerRetaRgat this Pomteone Bl h kned, tﬁwatrfeeatarﬂ@tvqroauﬁm&h@f
conpounds capabl e of b|nd|n a given region of a nolecule. 5 Search of
compound scaf numgrtqfa@oraawnmniaryaggne@%em@auaanegmg|\@m will thenagserali ng
to an alt na | [ ers
for the comalieBeBlhRBLBIRY Sider K SRECBHn Ky BAE SREC T, e B
detail on a ssfat® of regions close to R but not necessarily identical. As
a consequence, the conpounds capable of binding the regions of S wll not
necessarily be able to bind the region R of the nolecule A Neverthel ess,
these conpounds arg, Fga 0 bind regions close to the region R as a
consequence, they provide a work basis for the search 15 of conpounds that
can bind R In parWe:wbat to detenmine aawolebalar pacimea spetifiodo al t¢anfermation

determ mel? i nd scaffol ds capabl e of binding R These scaffolds
must nev hePilbs t dified in order to better match the properties of R
for instance by re\mv'rme FliBEIP" seBlithit e Apfdtdint kipaRles 06RYP in 2Bvo
Search of the specifi C|ty que cy regli ons and of anchor points of a

mol ecul e or aconfbevatiens téaque Tamrd denmtupmenAsofstamthusofr i tleseonpeund
traditi |1 by 25. t he .det t f t
Lar get | 1 nen’ B9 TONGRURNS, FXihal 1o G le b, ek e edPBlereiiafholite® « ne

desired tar geﬁeg.dv%vgﬁ&éd;muehhy&o s%%@h fnh@lbear ParthBrs 8pEEIAE N drie or
eval uated at best on fam |y of mnacronol ecules (ex: the famly of ki nases,

the fami |4 ofthguetherr qogt@maim) Mote patticolarly |what§vab|t@@ulr@@e@@l@st(pt uting
a cellular en|¥| cPor?ﬂglgEule) considered, when the structures of its different

conformations are experimentally determined or modelled by bioinformatics
approaches, it is possible to determine specific partners to each of the
molecule conformations, either by screening the complementary of the
20 region specific to that conformation, or by inferring a partner from the
comparison of identical regions. The in silico screening of regions is
therefore particularly powerful to better understand the dynamical regulation
of interacting networking following the activation or deactivation of one or
several molecules. It however requires that a structure be determined
25  experimentally or modelled. It can also be an excellent asset in the study of
the effects of observed mutations in some genetic diseases and in the

subsequent deregulations of the cellular interacting networks.

Example 3:
30 Searching for the impact of a mutation on the molecular interaction

networks



30The efficacy of a conpound depends neverthel ess not only of its affinity
for its target of interest, but also of its affinities wth other targets
113 (thus creating a thernmodynam c equil i i um between the different
unbound and bound fornms of the conmpound with its targets). Until now, only
the affinity of a conpound for its target of interest could be nodul at ed
due to the incapacity to evaluate its other cellular targets. In the nethod
described in 5 the follow ng, we present a nethod allowing to take into
account the specificity of action of a conmpound with its other targets, so
t hat we can i ncr eallere tisamftWwonthbysémd nutativas deading to rgenedistdiségsdsoars i ng

its affinity for its other ecylar targets in order to both,increase its
ef fi cacy ané ﬁi%tél!%‘i "’\”fjssr}?f | '?&P@ﬁgg‘?%rc%. Ca5r 8{ 5@?%9”3?'] QVSqm'% a
conpound nor e%?@@ﬁgfdtﬁecgisé&égﬁg%{,ggeg)@r get in a given environnent, is

(equi val ent t reducing its interferences with other biological systens.
During the previ old/heredamdomernutationss aeavbunied insideathepowigddllar stouciureeen a

I ng 1 g . gt . |
Compound o 1 | SuAr” the “HGoueY, 8t Ther i €Si8nZnBS dfitdped infitiohS 3R oo
fromthe strugié;??ﬂm% tbhecARaHHHY tha propésitieaiiadihdmpisie, of the

specificity of ion of that compound (and/or of its binding site) is
consequent |y gi venTlg screeningbef ther bindingicitec{and ngt pftiés copilepeptaryk| y,

scr cont ng t netRrtingp; STRRE gl ARk Gedr IO ARs e 1
sai d 20 conpagndefeet the gét ewith yrespeeeo g duiabase ofr molculdrsrégions) bf ndi ng

sites) on a database of nol ecul ar regions specifjc to a tissue or to a
group of k4 ssmeleculiiic Ragnars spesHict iethgataesmaop] |fofeand gsRRANIG oK N or

Pl Ssues: The. {aHEdBlIUEE foim By COnRIAnG AEEESFA infbrAOMMA brdiee: dhe
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of a mol ecul QHe%éﬁrﬂéFac@iBBFgﬁ&ré‘az{noﬁfob,rcﬁinesélﬁﬁnbfé 41N tSI RPN, agWeéle Of

drugs), it is also possi to determne the nost 30 specific regions of
this tardét (astheeidentifidationnef thesxlditipmail interdctions sndusedi ytheamutation, ilem and

by determ ning, for eagh, the nunber imJlar reaigns 114 defected on

ot her nol gcul%geﬁﬁtﬁﬁﬁ’(% W@H%ﬁsﬁb??&m%\/@?gl%fﬂ?% (parssst of every

preferenti al |gedelictfiteddte 18 RRFHIdUIST, iERE Ubsehle HERferh@VdOF dyinterastimound,

al l ows, very upstreamgl.teq.a, early) in the devel opment cycle of drugs, to
&

linit the ri gk tbeniposei aoRceivd nemecomparade toperestablish ithistintaraction
bi ol ogi cal (and by doing so, the corresponding signalling or regulation pathway).

20 Approaches allowing conceiving such compounds will be later discussed.

Obtaining the structure of the assembly from the screening of

complementary regions and collision tests

25 After the determination of the set of molecules having a region CR
complementary to the region R of a target, that is, a set of molecules
susceptible to interact with the region R of the target, it is possible to add
additional tests to check if the interaction of the global shapes of the
structures having these regions do not induce distant collisions.

30 By distant collision, we mean here collisions taking place at some

distance of the studied regions, and that can prevent their interaction.



5 systens. An exanpl e of enbodi nent thus consists, for any region R of
a nolecule A of determining its specificity index, that is, to count the
nunber N of regions that are simlar, and0f§o assign this nunber N to each
of its points. The nethod is repeated in an iterative way for each region
of A and 10 for each points of these regions, the index of specificity of a
point is then equal to the sumof the specificity indexes (indices) of the
regions that contain it. W thus obtain at the sane tine, a
specificity index for each of the regions of the nolecular structure, but
al so a specificityin paeiculan, i&:asbopﬂbmtol&etefmhieethenetts.mhdxmofsMemﬂsenmlyAs we

il i t, thi he f
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conpound (and(ingludiagoihe suracsr npgaaly VCR)af themegmr‘séﬂr,i whichobegpmes the de
and/or toxic effects. According to an—alternative of this enbodinent, the
i ndex of specInNEESWfthrSékfjﬁa@ﬁ NOAMaA IR 198 thdo Fedien £6)- by t he expre55| on

| evel s of, genes (b ’n r r
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correspond to_the amount of proteins and RNA produced in an or&ﬁnl smand in

a given tissueR ﬂ%ﬁ'@olad',gn?ﬁé’f"m £Re oentirpt stem I*féséﬁ?'l‘ aeaiireshin arpindathe ar e
al so stored ip i S 1’1 fﬁ@?ﬁgfatof n(r?@a'hbh ?ﬁélaﬁ@ﬁﬂﬂﬁtho@@'tﬁa?%m
eve or I [

details the expreSS|o enes erent ssues of
or gani sm appliddtdatstregidreCRAto behﬂlgnad wethi the rbglo(ni @chfethelmoiecuiea%py) on

armleculelsaflrst data, to eva ethesemf i eqi but the
number ofl%opi es of" @ BEEORR PGP IIR OB%}%FQ%%H tHiﬁ Ph&‘ %}q&@ar&%eg@ ﬁ
coding this ”fP{seﬁ‘rHlé‘c)uléé‘ /$ B BIHHS B E%Ql@é Bhto! Qc@oddtst%eekétnﬁg %%EQd(uﬁat a

to normalize is 10specificity. Exanple e protein A have a region
R whi ch was fpanidulan duer@gimsaduis NF atdnes)ubetwesin theetwcm”nolb@ﬂas PeghdrB
simlar to R a2 ?lrﬁgra%rt]eor% ctan g|ve the region CR’ (and the molecule B having that

region) a movement of translation of a given distance following the inverse

20 of its surface normal NCR' (or to give the region R a movement of

translation of a given distance following the inverse of its surface normal

NR).
This distance can be fixed (approximately 6-8A) for the molecular
assemblies.
25 To obtain a finer structure of the assembly, it is nevertheless possible

to perform an optimisation step by iteratively varying the distance and
computing several energy scores (depending for instance on the number of
intermolecular contacts, and on the distance between these intermolecular
contacts). It is also possible to perform an optimisation of that distance, so
30 that the Van der Waals and Coulomb radii of the atoms of the regions R and



15 nol ecul es. The first index of specificity wll then sinply corresponds
to M the nunber of simlar regions retrieved in a database. The second

i ndex of specificity (normalized by the mogber of known structures per

nol ecule) will correspond to N (the nunber of nolecules having this
region). If for each Bi, an expression |evel of the gene(s) indicates the
frequency of Bi in the 20 environnent, then it is possible to re-evaluate
the index of specificity of R by weighting the representativeness of one
(or several) regions contained in the Bi nolecules by the expression |evel
of the gene(sCR g thy cldsest pdssible Without hevdriwless fntér’secmg ecules Si are {

Si, B2, 53 } and that the expressmn 2 Qd)tevels of th npl ecyl es 8
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consequence, émd irﬁwﬁgasdebhﬁeéo define a list L for each remarkabl e
property, contai ni n the states of each of the poi ntség aligned with the
poi nt Pi. Exanpl e:Faliavang pihis embedimestpd isnPessiale & 'lﬂ@t%teelaﬁ IZnPEe
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It is also possible to take into account the malleability of regions
inducing these collisions.
In fact, if the regions inducing the intermolecular collisions are coils
20 (zones known to be highly flexible, that are unstable in the space), it is
possible to consider that this collision (distant) only penalizes a little the
formation of the assembly. Inversely, the collision of stable zones (such as
helices) often implied that the two molecules couldn’t interact.
In order for this process to be efficient in a screening logic, and
25 knowing that the collision detection algorithms takes a relative amount of
time, we preferably apply this filter only on the relevant results of the
screening (ex: categories A and B), and not directly during each comparison

of regions.

30 Search of molecular targets of endogen or exogen compounds




20 behavi our of property). Therefore, for each point of a given
region R, it is possible to define the standard devi ation of the remarkabl e
properties observed with each point of thé7regions aligned with the region
R, and to assign the value of this deviation to the correspondi ng point.
25These second forns of cartography then allow to define a fine specificity
on each point of the given region. It can in particular be used to
determ ne the nost specific anchor points of the given region R the said
anchor points being defined as the points of R for which the value of the
st andard devi at i onFos agiyeaompotihdn as faredny i molecsienwiamacmolaculen it is

threshol d 30 and. re, t.heir state of property.is net included.n_t

i nterval [avepaﬁﬁg\fgetgt 'Bﬁr%eo%r\ﬁ%’teir%lr{,gg N&r ﬁégtgrd?ﬁ%%t%{r%%ﬁe%it%?"'oﬁfe
defined by thgradnt ¥6inpléthenthtiést he states of the aligned points.
Furthernore, the know edge of the anchor points inforns on the shape and

conposition that aAcampeunt isheevertheless aomplecsisewith @ relatively salbgize,

egron or ¥ or Wit Sanferst (" e Bt Ei@EHRRs Dhlen £ nupflot il

i nterpretati oguhces6f £envleculdadeit cah interadd in RasHitp lof theonmdidarearithat is an
i nteraction profiles for each region (or for all or part of the regions of

a nol ecul e) . InterdaENS Hroteried islg'_ffépagt)f dhe pnelgauis); oviven; i hegaseNit is
defined in a Lug dlTGRH @RB'(F@H Apenm)me[? ibie) 8nd ?ﬁhHe?o&Qvi‘ié‘rH[rFsse”t it
I mage. ere e an

by a col oured ore, rather etermning only the
partners of a nol eOften, inltheVfirsttases of intéaetien pamly rrepart af dloe durfgee of tinei r
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sides (according to arbitrary plans/orientations) and to screen them.

In the second case of interaction, often it is all the surface of the
compound that interact in the cavity of the target: it is then necessary to

15 consider all the envelop of the compound (which can be obtained by
generating a sufficiently big region of the compound).

During the search of the molecular targets of compounds, it is thus
necessary to proceed to two distinct screenings, corresponding in a first
case to the screening of all the complementary regions of the distinct

20 regions of the compound, and in a second case, to the screening of the
complementary envelop of the compound. The envelope, as for a region, is
defined by a set of points each characterising a set of remarkable
properties. The envelope is in fact a particular case of the region, where all
the points of the envelope belong to the region. As a consequence, it is

25 possible to determine the complementary of that region by a method similar
used to determine the complementary of the regions.

The screening of complementary regions of the compound as well as
the screening of its complementary envelop allows to retrieve a set E of
molecules having regions similar to the complementary regions and/or to

30 that complementary envelop. As a consequence, the molecules of the set E

are susceptible to be able to bind the compound, that is, the set E



20 for any point (x, y) of such a profile, it is possible to detail in

whi ch tissue the interaction takes place, and which

met abol i ¢/ regul ati on/signalisation pathwd§8is affected. This interaction
profile can in particular be used to conpare the action spectrum of
conpounds in different tissues. It can also be used to determ ne the
specific and non-specific partners of a target, for a 25 given tissue
(exanpl e: the nolecules A and B interact in the nuscular tissue, but do not
interact in the neuronal ti ssueg\m For instance, we obtain a

t wo- di mensi ontgprasentsthe apkofonelashlasdargets atine garagoundiol ecul e specific to

Cissue ana a met abart U feROMPhaiARE sERFNG I BRAPIERd SRS dRftse AN e
interaction pirekithie Hatdse @i bsfldce arpddideseribed by thengepahbvuiitabase
classified in horizontal, and the 118 nolecular famlies are classified in

vertical . Thetabfor ingianggyoriyicantain the prefeinsyeira pagtiqan tissue; of £VgBsa bl e

det ai | . . he . ey . . i
5 the ol mc praEnplt; T JERhRRIbIEPOERHICI BBt i i Aler B tho@efiat o
KEGG, GO i nf otangyets df zecompound forelifidreht tigsuegul ati on/ si gnal | i ng pat hways, as

well as their belonging to a nolecular famly. The use of these
interaction profiles eases the conparison of the affected tissues and of

th d nod '
e engaged node OTF;;Q?tE%I eﬁ“thfe?é \Air‘éyhbfﬂ?&@EHi %*até&s%%gﬁebﬁ‘daé“Géﬁ)\!A(gass that .

macr onol ecule. In | ar, ave seen previously that 1t possi bl e
to screen a sdescribescthedissularegxprassiodeof geresadhat is, fibe missblar dacatiore of or m

(for instgnce due to binding of a third partner, or due to a genetic

di sease) . 0rhePTOSIBR O of the interaction profiles of the active form and

of the inactive formrapidly informon the pathways that have been
15differentially activated, thus providing with a better understandi ng of

the cel l ul ar consetharetare, sithougisa few molgcalar targetadiavenkeen identifiedifecul ar
interaction graphs fromthe screening and the interaction profile 20
Easent al |y, SH° SorBRtdaea A BEE eg FBTRe e bRl A PR buFrodR
regi ons respognmplesaihérel Beliargetsugret héRnown, WhBkdasUicrIsophe BRh&eU s
interactions. It is therefore possible to create a graph representation of
these 235 ntiBinkcthiabhe identified targetsare indeedbwirespensiblgsdps theydescribed
representing a £ t an
| nter acti on-EahaeRTeH, Beten, B B PorPRind™6h sBeCMR b s BRI FLASHET
descri be the dfrdenienalt fapgetbthdeproduces therdesied effedth@hbwn dikicte scieenkey

(each of the ovided by the Invertion Allows to dstect Rovelomolseular fargets of tha  —o°
compounds and as a consequence to answer two essential problems:
20 1) what is the true mode of action of a compound;
2) using that knowledge, how can we make it more efficient, more
affine and less toxic; more generally, how modulate the efficacy,

the side effects and the toxicity of the said compound.

25 Let us also remember that it is possible to detect the molecular
targets of compounds by finding the region similar to the known binding
sites of that compound.

Furthermore, the molecular targets of the pro-drugs (and as a
consequence their mode of actions) cannot be detected, unless we already

30  known the different transformations that the compound can undergo during

its absorption by the organism. If the different transformation steps of the



30Alternatively, a nolecule can be described by a set of gathered and

I nt erconnected nodes, so that the nolecule is represented by a cluster of
119 points (corresponding to its regiondgd9localised in space. These
performance al gorithns of graph representations exist to achieve this
enbodi ment, in particular softwares such as GraphViz. It is then possible
to detail the interaction between nol ecules by |inking the nodes
representative at the 5 sane tine of a nol ecule and of a nol ecul ar region.
According to another enbodinment, it is also possible to create |ayers

r epr esent at i veomipoantgre kabwmpitds therr possiltiedo proceddwith the detestipn déthe | ed:

protein-protein rotein- rotel n-RNA,_ protejn-1i d, etc.). Therefore
Ol o pobst bl BeSHR Grassmder eRat oftoRss iepsBiried, Bms ot s eftmpaling.
interaction, 10 thpgdRRaang i keructred!dfaps itareticompiidiaiaavailable, BY§h

| ayers can al so represent the cellular/tissular |ocalization of nolecules.

It is then poslsomassitie éaidentifiothes tarngetsaef the aompaonnst Hiemi thascrgening of

par i cul ar® | 1S SR8 S0 3 R iR Ry “ThE M ASenbaSHER i BT ;"
| east 150ne (e kdiof sldcuTes daving thesé Biring Sitdeableablbid the cormbband.el | ul ar

and/or tissular type. It is also possible to create | ayers,
representative of one or nore netabolic/signalling/regulation pathways. It

|'s then possible t@.6a%¢ Jf N UlHAEEGRE! 30 YealdHs, LSS O EdMed b
considering only t [

mol ecul es act sxoger bempounade (‘dredgabidlite] canugbtlegul ati on pat hway. The
edges representing the interactions can al so be coloured in order for them
to corresand to categories of confidence score (described fromthe
division in interv IR i Ll 25
whi ch are the mst%@ﬁ%ﬁ*@?%@ﬁlé@ﬁ,ﬁt ea%l%)s%se t@é tais}r%"ﬁ%?éagiéz:étiggﬁé

i nt er act i ons. molecularAtargetdi afgcdropaunds. this @niboglimient kopsistsninodiéteenirdngit i s

al so possible to create. layers,. representative of cateqgories of confidence,
deter mi ned T B SHEEBHAIG YK Wigh dke e ad gl Il eodie Brrofest bve. 1
is therefore SURASHEGMBolAIS thus HnsRleRigithe coRbastbRdrugBhBHiaL in e, Bint he
category A, the nost certain, and until“the |last category that have a

rel ativel 15 | ovitropiii¢ ddvemgcal industry is often capable to determine a very specific

molecule, in vivo the compound must nevertheless answer to some criteria

allowing it to pass the different barriers of absorption in the organism, while
not modifying its active principle (or while allowing the modification of its
pro-active principle in the case of metabolised drugs).

20 The comparison of different commercialized compounds has
established some rules such as the one of Lipinsky (1997) on the size and
the nature of compounds that can have a biological effect.

The presence of such rules on the size and nature of the compound
is necessarily reflected (as when using negatives) on the binding sites of

25 molecular targets.

It is then possible that some molecules do not have these binding
sites able to bind those compounds that exhibit relatively small intervals of
size and nature. Such molecules that do not have the binding sites to bind
exogen compounds are therefore said “non druggable”; those having the

30 particular binding sites adapted to the limited natures and sizes of the

administerable (i.e., that can be administered) compounds are said



score. Eval uation and classification of a side or toxic effect of a
nol ecul e by the analysis of the interferences of biological interfaces

i nduced by the said 5 nol ecul e |11@ s here possible to evaluate a
potential side or toxic effect of a nolecule and to explain its nol ecul ar
causes. A side or toxic effect of a nolecule Ais here

consi dered as being the 10interference of one or nore biol ogical

i nterfaces. Let us first note that the toxicity is a particular case
of side effects. As a consequence, in the present description and in the
annexed cl ai mdruggéblehe i nformati on and nethod relative to the eval uation

Tnver Sely. 1 n part 1081 cgeeahfiaiBher of o MBS o Guddalecr Bd  Eiyqgble

under st ood asprickemeRcaldsNE tHegeforigartivularly impoAanDrel e bhammacetical
enbodi nent, we determ ne the conpl enentary regions of the nolecul ar regions

of the nol ecufied gosmetic indusddes,dB gsfentontinit ihﬁlégff@ﬂi% te teha @rgetsiibathaye as

well as t PRYS houl d have
to bind t% 2 ﬁ'gﬁeﬁgﬁecuﬁlhty% {Ugﬂg té'?rgré’o :B Esear g%l ng%g&&ﬁ]gga set of
regi ons, the conpl Acedrding/td agiembodimeht, aﬂlsseamchggactﬂetrhacrpmmmed; is

bi ndi ng sites (and associ ated nol ecul es) of the nolecule A. This nethod is

similar to th@ @H@%‘ﬂ'érg&?éweﬁoﬁtek)%ﬁr%‘@&?ch of nol ecul ar partners and
nol ecul ar targets. A o, dj d o] S of
. . §5 Em LGt %t#; B bﬂw%}ﬁ‘ﬁé&w&s %EM\ b Bild

regi ons susceptible o bindt ecul e en search 1f one of the
regions of S is known texdge“ndcammhadsharcqmstmn@d S/UCIarwlséf cgrhe wasiliet ai |

A and_anofhor mol ecul ¢ ARIEHIAG BY RPTTOBING i SFvptRIAIRte Rtk FIDS (heG
e o TS e bedeghh e st
the affinity (the di ssowitlata diganoiswdtht theofdatéeof fi#l literature detailing the
nature of the said ligand.
It is also possible to use such sets of macromolecules-ligand

15 coming from public or private sources. In several cases, the
natural ligands of macromolecules can be replaced by artificial
ligands, which indicates that those macromolecules as well as
their binding sites of natural ligands can generally also be
considered as druggable.

20 e In a second step, the said set D of macromolecules-ligands
assemblies is analysed in a systematic way: each type of
molecule is identified as well as each type of interaction
according to the method of the invention.

For each macromolecular-ligand assembly, it is then possible

25 to identify the binding site of the macromolecular target. This
binding site (which is a region) is also said “druggable”, in the
sense that it is the site of the druggable macromolecule
capable of binding an administerable compound. At the end of
this study, we obtain a set Sd of druggable sites.

30 e By screening each of these obtained druggable sites, we then

retrieve all the molecules having the functional sites. By



bi ol ogi cal assenbly region R-Mis decreased, which can induce a potenti al
side or toxic effect. It is in particular possible to classify the
different biological interfaces, especialllly to differentiate the

macr onol ecul ar-nol ecul e interface type (ex: 5 protein-ligand, DNA-ligand),
fromthe macronol ecul ar-macronol ecul ar interface type (protein-protein,
protein-DNA, etc.). The interference of those two great types of bi ol ogical
i nterfaces does not induce a priori, a same risk. According to a
second enbodi nent, close to the first one, we use the already identified

bi ndi ng sites of the noinceeasing\thestolerance parameterst of theeneasgy Scpker Beedn t he

step which consists in generating the conplementa i us [ ci ng
the ik of errors. ns PHNGHIY POTPABRar reonoLt AEH rORSpI b fetlifl

bi nding site of the nol grulset Afi Mdlédliéfrhdvin® nstedr sefficindy elbbertobitineli ng
sites of biological interfaces. If it is the case, this nmeans that the

nol ecul e A can i nt er act biRding sitess e(inthe seppeitbal tha sites epntiuesto refpect

i nduci ng 15i nterferepce. W i i .t ,

i nduci ng S%ssi bl e side TEe oéf:}é‘uebfoﬁgﬁﬁbg"oﬁ’ﬁﬁéEsd@ﬁfsgﬁ?gﬁn%@'ﬁegﬁ'ﬁ%gt hese

enbodi ments, we per for nThese neslecugs davidge sitesdentizal ar \simiay tontheosites t he
bi nding site) of a nolecule A on a database contajnin onl% éhe nol ecul ar
r

regions identified to bgdtﬁrﬁdhﬁg cansidered asy dpiggealn Molequlee FAc@Ch @& t hus
consi derably decrease t H[&gg f 11QRS \\0; ; :

General ly, the potentia tgm g);é)sr?%lgg"ggg’e‘é{e lo ﬁgﬁpngﬁé;‘gﬁ.fbgaglel s?lt?rr%%cgtant
if Ainterferes with (iwe. chdckrbpt spnpemtiamabesiutagerssisonexperiments the

bi ol ogical interface (ex: .proteip-protein, protein: . Jf Ainterferse
with a 2% biol ogical iﬁmﬁ\gzra%" Eﬁ'ﬁiﬂ%ﬂ ﬂh’i‘& PRI %?sn%{ onol ecul e (that
i's, macronol ecul e-nol ecul e, or nol ecul e-nol ecul e), the potential toxic or

side effect is nore difficult to determ ne (such exanples, of conmpounds in
conpetition wth AfERamptenout inducing toxicity are known). It is in

particul ar possibleg to try to estallish.a.link . between the risk of taoxic
and side effect SO?WH?C#FEW%Q eé’tf(gbear Qg'fgofs'%gphofn?%mpgp_@zs bi?grl _ogfcal
interface. ThismpRIn&ftagtegicHd efthioeRiogpibdiind®) 'sUth las Manhee, FAD, NATE
effects 122 induced by a nolecule and to detail its nolecul ar causes,

whi ch waslnot (Styids pioe bégadinamide Agenin dlinucleatide).| iINMEedstandBefolof N-

nmol ecul ar str it isyn ossihle,f 0 fi h a

nol ecul e doesﬂﬁétykiﬁﬁﬁﬂéz%mfgz? ’o%@ﬁ’or&#&gﬂ’e%%@ﬁ 8" K@@@@bﬁ&l ggés, 5[@}«% r?}&et hod
al | ows to i degétefnmiriethedreicrsoshi ctaker ndleciiles efsd bapatsle Wf birdding ithef thed by
a nmol ecule. W then can better understand the nol ecul ar causes behind this

toxicity, ancSaeserRaned,PePaundPLeqrBpauRds clogade the ssraened campaing
ffect t L Wl b
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bi ol ogi c&l0 i ntherdoneearidoavef rogions Hiedesreasbéd)d on the scientific literature.

It is therefore possible to include the predicted biological interfaces
descri bed for instance by the screening nethod according to the nethod of

the invention, or SyaiRlf#e8hifouts'thAScBRG! ARidiScular region

We have previously seen that it was possible to screen a region R in

25 order to determine the set of similar regions existing on other molecular

structures. We have also seen that sometimes one of the region of S is

known to interact with a molecular partner, which allows us to infer that the
region R interacts with this same molecular partner.

According to a similar embodiment, it is also possible to search

30 among the set S of regions similar to the region R of a molecule A, if one of

the regions of S is known to interact with a compound. If the tolerance



15Eval uation and classification of a potential toxic or side effect of a
nol ecul e by using the interaction profile of the said nolecule: the chip of
toxic and side effects W have seen that 1W& can evaluate a risk of toxic or
side effect of a 20 nol ecule according to the risk of interferences of

bi ol ogical interfaces. That is, it becones possible to detail the nol ecul ar
causes of a side effect or toxic response. We can nevert hel ess
eval uate the risks fromthe interaction profiles of the conpound, in
particular due to the Iimted know edge on biol ogi cal 25interfaces. To do
so, several sparetessfpodhescamparisar df niggiansdiare downtthe osaid eempouad

effects (belopging to toxi& classes such .as.aller sensi bl i

meur ot oxoor ¢ y BT, epd' S mil BR3rSR EaBIB BN i rEEOT kBl RblesiiBeq i »
t he ref er ence AarAdcdr@ingDioV ¢hid a6reibbdinsiaitt e emid etridveng ¥t ds- Edmpelinds
Simlarity", 30 Mnica_ Canpillos, Mchael Khun, Anne-claude Gavin, Lars
Juhl Jensen, Fepabls®fbinding pigiveriregion péasaelepkle. j ournal the 11 July 2008,
Vol . 321, 5123 no. 5886, pp.263-266, DA : 10.1126/science. 1158140) are
screened, so that we obtain for each of these conpounds, the corresponding
interaction profil geardhofisompdwnid scaffsidsithat ean bifid agiverumdtedidar negiorar i ous
properties and sizes, but known to induce no toxic response or side effects
are 5 screened. W then obtain a second set of interaction profiles
corresponding to t I G C a tan i

effects. AccJ(éi}rE%I(:)vralE:]h 36a%Pi ?g?%@g%d?%h? b{%ﬁxﬁﬁwﬁ%ﬁ’aq@éﬁ%ound
i s eval uat ed folenanices parrneteranfor the ocamparisarasof oégiohe Bre nhighect itioa

fil f the toxi d f t interacti fi T of
Poxi ¢ 10 b SRBBNaTHEN HER REEBePnoR S°bmRlolBines A8 daaRagbd Bt om
| ts resenbl anggcdsapiifiddhtitA2AL &Eoﬁé&uﬁg&@hﬁf@@édwﬁ@urﬁﬂ@é&ﬁaﬂﬂe OF birtfing

conpounds i nducing si'de effects and of E interaction profiles of the
conpounds not thentegions) of &3 Will tndteleceasdarilyf beabde torbifddhe degiordRsohitkhe i s

then conmputed fromthe,sumaof interactions 15 shared by the conpound and
the ser N (exEVI A NitEreidsh Bhéka FamPaftes AR sl i BgERe e e
sum of i nt er agf iha'YeghhRe s RYcdriveqteRBe Uney previle & wekk Dasid e thergeauall | s
t hen described as having a risk of toxicity if the distance between himand

the set N3s eheampeundsthatcantking Rdnqaiticiar, ove wilksay thaisesehtameteodet T
(I.e. 1f the S5We %‘i’emmntghﬁ{ee%ﬁﬁoﬁﬂd' Q&a‘?fo%st 'cgﬂable of binding R. These

scaffolds must nevertheless be modified in order to better match the

properties of R, for instance by removing, adding or modifying a functional
group.
20
Search of the specificity (frequency) of regions and of anchor points

of a molecule or a molecular target

The development of an industrial compound traditionally passes by
25 the determination of at least one molecular target, then by the determination
of active and “specific’ compounds of the desired target. Nevertheless, this
“specificity” of the compound is evaluated at best on family of
macromolecules (ex: the family of kinases, the family of nuclear receptors),

but not on all the molecules constituting a cellular environment.
30 The efficacy of a compound depends nevertheless not only of its

affinity for its target of interest, but also of its affinities with other targets



20 profile closer of the toxic compounds, than of those of the non-toxic
conpounds). In the sane way, the conpound is described as having side
effects is the distance between himand th® set Eis inferior to a certain
percentage of the distance to the set NE. According to a second enbodi nent,
for each toxic class studied from25 the Ninteraction profiles, we search
the interactions shared by all or part of the set N (i.e. the interactions
al ways/ frequently induced by a conmpound of that toxic class). W also
search the interactions shared by al|l or part of the set T of interactions
profiles deri (tBds fcf%ﬁﬁrtgwé tb@rre@wrmjn@feqmlmrtm|b@twemdhﬂdisffqrentaunbmnd

it e encer wahd TG, BEHEDOf e eiotu R Wit il dpradte). ) St B Be  ne
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are therefore biomarkers of one or several toxic class I n same

way, it is pol6ABRetY o pyalnale {is ntberewistar WQQtéxlrbthﬁ Hl@ib@d dgscribed \Hk have
seen it abpveeas IWlﬁg,Cg\FeH;?#?ge %Sf-'ﬁ%thgé( QﬁJWIH 0@al§éq afﬁ% ) thd N the
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ot bi t he 10 conpounds

of that class (and that do t hat "does not I nduce
si de eff ect s, sideiandetoxigoeffenty. Morelgenerallpmakingsa icothpoiung morﬁesmmin:bt of

ot her cl asses. Thi s ternative. is al so lic Iefo C
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toxicity) is ihafeRbRcss RithlotérasiofogRial gpﬁeh&t eraction profiles of a

nol ecule, 15 that is, fromthe intéractions that the nolecule can make in a

cellular/tissular Q@Wd@ﬂle prRMousIMethedse we have iIshowmehowdt wis possibjeeta t o

th f t t

oot tee. i n t HEPEl faaidh i RGC Tofike RS RIaPRetibn o el S pbBhle:
can be interfsoresh sheompouhdntot redrikve (8NAbREUIdr tardatOWThBiaToie)visdrt @  but
al so all the known 20 nol ecul ar regi ons. The sensitivity of the approach S

t her ef or d3i nctadsam ihe peeugtare 9|f|theh§om9pﬁanﬂg asfifeds appraxinatign «f| the
f f h
consequence SPoecy P8I adldh ot BEACUSHblRa S ARGl SHois B S ie e

consequence o ex phenonmena € synergy of seve
i nteractions comsequehtl;aglvehmy thteen@mben otitedetduted tavgets. tMoef preciselygdul e) .

dovel oprent dh@oBRER KL SUFUREAS SORTHEIAG RIoRd 523},4@%300“;% Shing ©
such 26 these Su hERnRaES of LE“??E%Q‘%?é’tie“?@?FEﬁ?'ﬁﬁvyé‘s pe 8 shld ¥
t he i nt e2fer compowfd @rdodirectly sereeningoarss onnmbrevaf] itsakmawn dindihg sites)
30toxicity by nt gedgta%age 0 molecuﬁaerr rae%tlénosns (recc:ll;lc to 3 tlssu§5or to a group of
tissues. Such a database then gathers all the regions of known or predicted
molecular structures, which are expressed in one or several tissues. The
screening of such a database allows to evaluate the specificity of action of a
25 compound for that or those tissues, by evaluating which are its targets in the
environment, and what is the frequency of its binding sites in the
environment.
After the identification of a molecular target of interest (first step in the
development cycle of drugs), it is also possible to determine the most
30 specific regions of this target (respectively the less specifics) by screening

each of them and by determining for each, the number of similar regions



Mol ecul ar cartography allowi ng to gather and sunmarize different know edge
produced by the previous applications froma single nolecular structure
5During the different nmethods that were dé4cri bed above, nunerous

bi ol ogi cal data was generated, in particular on the binding sites,

nol ecul ar partners, druggable regions, specific regions and risks of
toxicity. Such screening nethods (either in vivo, in vitro or in
silica) neverthel ess generate a huge anount of data that is often difficult
to treat 10 and for which, it is difficult to have an overview. W have
previ ousl y sedatected ontothes medeaiiies anddogargiven dssue (o sevarablissues).nto
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nmol ecul ar SStr%'ﬁtHﬁﬁ a value representative of a given state. For a
nol ecul ar str ure, the described screening nethods of regions allow for

instance to detect Ahhexdmplei bf embediment chus hadnsigis eforl any ragic?0 Rveffla as
t he correspondi m)l ecylar partners M. For, each bi nding site L,
t herefore posmoﬂﬁg z?géiﬁéﬁf nipg) its-sreificiy: ig £%, that i%éotc)‘f’HBt ghe ?%@E’Sf ndi ng

site. In partjcg ?égmr'\ that B85 sinflf, GRdAB! §é§| HAis ﬁﬁ&‘ﬁbgP'N‘fté 2RASYS Fté’t' ”9

this binding site (Cand therefore, the atons a d/or residues respective t
these poi nts)peiatsvd rteombmod tssnepebtecbm an utbrailvpanaynémr edch ;qmorpobﬂeamd

tide, 5 | tc. Foll thi
D bar o e Bl ot e, feior® g gy of SPRPIGRR o PRI Edheh each

regi on of thee Ie@utr% ngnp%‘ftthé' GG MARxES HRICES) oﬁm'ré?@ns that
i nteractions. anpl e: two binding'sites L1 and L2 are relrieved from

t he screeni ngcarftam it.egi on R of a nolecule A then the ability to interact

of the region R i 1 dfine he union_of t st.a

For instance, if L @%ﬁ %tﬁ%er%r?riﬁ eﬁbﬁ%’ac\%th' %f%rr%?%] ﬁgﬂh
that L2 is kﬁ@gibrisooff PemaRclfer et cturd, bt blméﬁeciﬁbw inde iheghchnpdinv | |
be defined as having the ability to interact wit rotein, and a |igand.

5Accor di g t oofaiheanplachiarisiaicre; Kisswenwill fegeinta m@nanbdhﬁag?étogtrwy efi ons

L1 and L2, s n L1,
and the partf\kg%%c‘gﬁ’ty%ﬂBWEQ?)gﬁgﬁgéh@%q crllgs&?% %H"ﬁl:e% o%gt"#]e r'ﬁa(g?%oegs L1
and L2 to bi nahehee faintsmwhivh e ethel most Yrespectiiely i the telse)lspeemd dothene

i i of the partners P1 and P2 1s al so transposed _to the

region R the |%%B$|t
10 regi on R MRAECE& BhistiR fﬁﬁt@eulsapaﬁ@f"{%b!r ipgrtandt fosrhe $eleetion &k 4 he
| ocati on of hiAey shhe h I unat MHC e bidd ties
to bind speciqlfepéﬁr?ggegéo%r%egcﬁ rerg) %wﬁ’{% a S(;Hofléb{thélebﬁ%&%%ﬁ n@rs (here
P1 and P2 ofdevedspment eyniéa:f dmgobargild;atee,saftgmtm seiboﬂomrmﬁtthedmlagmal be
appl i ed duri g t he sear p cL of nol ecul ; artner ? Lﬁ
conpl ement arg} fge rwsiqgﬁgerentlaly choose very speci c regions of that arge (o} ensure
that we develop a compound capable of binding a specific region of the
target. In fact, if the chosen region is too frequent (not specific) in a given
environment, the compound could bind to several cellular targets and these
25 interferences will not only lower the specificity of action of the compound
(and therefore its efficacy), but will also risk to induce side and/or toxic
effects.
According to an alternative of this embodiment, the index of specific
of a region can also be normalized by the expression levels of genes (by
30 using for instance data from DNA microarray, or SAGE (Serial Analysis of

Gene Expression) coding the RNA and proteins having these regions.



According to an alternative of these enbodinents, it is also possible to
cartography the specificity of regions and the specificity of anchor points
of binding sites. Let us renenber that tHéSconputation of specificity of
regi ons has been described in one of the previous nethods as being the 20
nunber of simlar regions retrieved during a screening on a specific

dat abase (reflecting a cellular/tissular/environnental context). It is

t herefore possible to cartography the specificity of regions and/or points
of the nol ecular structure fromthe conputed specificity values. The nost
speci fic poi nThes¢ expressibrcleveals of rgenas adichaoraspootata tige vamaunhef

noti on of hot spot 25d | bed,in structural. biol and in.bioc ] Stry.
Vor eover, t nePHBPBE AN FOU EogpUhe) ' 4R HoBtisBl Spd e Ao R REUBRL B 1 Lo
variations ontdiy fiRiGRBAEY Yin CHRD bRGaf Wrivivdnhitdts areedlb o dstored i Wifffaht e,
charge, density, malleability, residue conservation, surface normnal

ori ent at i ons, databaises himppartictlar \GenAtlast Thisopendetads he @xpressionoievebiof, 30
but al so pgovj t se those variations. In fact,
gi ven a Ii%t bgﬁ%§%’@?%%@tﬁ?%%aﬁﬁggg%&%ﬁh region R, for each couple (R
Li), 127 there isirrieed! tHe fagt gedtenredicn vegih éhe opaidrescoply) Bnanhdldeulgoi nt s
of Li. It is therefore possible to analyse the behavi our and devj ations of

one or sever als dfithEata tsevrluatedhe specifisity of arrgion, put the numbecel eepiest | s

possible to ¢ [ éuet?? ' Li)
in order to h?%&é?\élgf‘ﬁg\@@rg% n ten eﬁ%@é(g? %gﬁFeé%F W%@é?ﬁ?%@%%gre t) y in
t hese points. in the sorgasisnpansidn @ ta tissupuiseat secosidaddta do deornadlizenthisn t he
observed variatiaqps, of properties for any couple (R Li). Exanple: 10We
want to dEt er ReRNGNe aver age behaviour of a given property in a point P of
aregion R - Let Li, 1.2 and L3 be three regions simlar to the region
R and Pi, P2, P3 be points of L1, L2 and L3 respectively aligned with the
poi nt P. The poi ntERamake:t he points Pi, P2 and P3) is characterised by a

f f i es, (descri bed list of real yal
char act or i ng for TPREPOIRIL A WAV & (Rl & WD b, BndiaiL M BealFRaatay .

etc. molecules Bi. Let R'l be a region similar to R and on one of the Bi

15 molecules. The first index of specificity will then simply corresponds to M,
the number of similar regions retrieved in a database. The second index of
specificity (normalized by the number of known structures per molecule) will
correspond to N (the number of molecules having this region). If for each Bi,
an expression level of the gene(s) indicates the frequency of Bi in the

20 environment, then it is possible to re-evaluate the index of specificity of R by
weighting the representativeness of one (or several) regions contained in
the Bi molecules by the expression level of the gene(s) that produce it or
them.

In fact, if the molecules Bi are { B1, B2, B3 } and that the expression

25 levels of the Bi molecules are respectively 1, 5, 3 and that B2 have two
regions similar to R: the first index of specificity described above will be M,
which is 4 here since B2 have two regions similar to R, and B1, B3
respectively have only one region similar to R. The second index of
specificity described above will be N, which is 3 here. Finally, the third index

30 of specificity, normalized by the expression level of gene(s) each coding for
the molecules will be: 1 x 1 +5x 2 + 3 x 1 =14. Let us note that the number



Let us consider the property "curvature", normalized on the interval [- 1,
11 follow ng the conventions in which the curvature is close to -1 for the
cleft zones, is close to O for the flat 2bmes, and close to 1 for the knob
20 zones. |If the respective states of that property for the points Pi, P2
and P3 are respectively 0.7, 0.9 and 0.6, the average behaviour at the
point P of the region R being given by the average of the states of the
aligned points Pi, P2 and P3, we here obtain an average of 0.73. A typical
equation to conpute this average is: 25nmoyennel N E Where noyenne,, is the
aver age of th&”\n'althesoref/ioua@cmaﬂoescomnfespbed@rt@;blee facighakon twp simidlari st

Ep; and N is the nunbe t he,,l i st

t her ef ore ass/GH°TD eg&éhwbgqerﬁsn%eopumﬁgr% e%?ﬂr%ﬁp% o ihs &Céﬁﬁst 86%1

aver age val uegp§ gy@ng}@ﬁ@glanaryggioﬁgreyagture i.e. 0.73. 128 Now, we
want to determne the variations of a given property at a point P of a

regl on R By taki n@cctbrdlngart@ anetheowembsdimsans, when Wee arar béerestadedn 2 7,

: d
to the poiht SreRt TedpRE iRl it Rt RSk dhbyrefmiT & reiely aned
appl yi ng a ustid Sestushil@nor clbéd e§iofs=Startifg friony eiiseet S of allgned\/ﬁbgrcmsst d(E)
returns the standard deviation of the |ist of states of 10 the rty Ep;

and Nis the ﬁUﬁb@'ﬁooﬂ’OﬁQ{@e@ gempyi) the %ﬁnd@'ﬁdd%@ﬁﬁﬁéﬁr thes re @r age

val ue of the %%En% (-ﬂl%
cartography cg P %er &F e&ﬁﬁ?éﬁ%ﬂ%g{e&oﬁ? gkla er &h% avi our of
one or nore palﬁmmﬁ,@%aﬂh point PQchfta(reglspeS{ car:réspcbrm‘ Nappmtsa@, @m) aibbftha
nol ecul ar structure, hut i} can also informon its, variations

other S; regions of the set S. As a consequence, It is possible to define a list

L for each remarkable property, containing the states of each of the points P;

aligned with the point P;.

Example:

15 Let P4, P, and P3 be three aligned points of three distinct regions R,
Ry, and R.. Let C4, C, and C; be the respective local curvatures of the points
P;, P, and Ps. It is then possible to compute the average of these
curvatures, as well as the standard deviations of these values, by
conventional methods (see molecular cartography and average/variation

20  behaviour of property).

Therefore, for each point of a given region R, it is possible to define
the standard deviation of the remarkable properties observed with each
point of the regions aligned with the region R, and to assign the value of this
deviation to the corresponding point.

25 These second forms of cartography then allow to define a fine
specificity on each point of the given region. It can in particular be used to
determine the most specific anchor points of the given region R, the said
anchor points being defined as the points of R for which the value of the
standard deviation is greater than a predefined standard deviation threshold

30 and where their state of property is not included in the interval [average —

standard deviation, average + standard deviation] defined by the analysis of



In particular, such a nethod has inportant applications in order to
systematically determ ne and observe the change of properties in a 20

nmol ecul ar structure under different contékts (when the region is in an
unbound form that is, when it binds no partner, or when the regionis in a
bound form that is, when it binds at |east one partner of a given

nol ecul ar type). In particular, it is then possible to observe the
conformati onal changes (of shapes) of the nolecular structure in these

poi nts (respectively regions) 25 during the nol ecul ar assenbly formation.

I n the sanme wig statesicf thesdigneé@pomtsbser ve t he changes in the charge
distributions, or Ln.the |oc ensities, in the hydrati of su ce
atons and resi duesh('iﬂa%rm?r?i Ebeﬂy!qu{gﬁige ﬁoﬁlﬂ r?{'g‘HS'f mgr@g&g&seﬁﬁaﬁegn of
the nol ecul argkdgelahdd®mposition that a compbahd ishouRl hatd o hedspddifite e be
conputed as being the interaction 30 of a point of a nolecular structure
(reflecting agivanongleedpatarger the said 129 nolecule) with at |east one
wat er nmol ecule. Due to the |l ack of data on the |ocation of these water

nol ecul es I n nol ecul ar structures (both due to sonetines too-low resol ution
structures but al sQrefitientdf ihtegadtRrkprffilesofoy @ngiven segiontdrefonaasisen gt bb
resolve the location of these water 5 nolecules around the

macr onol ecul &€AIONS s therefore particularly inportant to cartography the
state of solvation of a point P (respectively of a region) fromthe average
of the hydrated and non-hydrated states of the aligned points P. In fact,

t hi s average, norelo @asettheavisoalizationr amtl detetpgretationr of screenng datajatds i bed
and to retrieve the pojnts that are geneprally in contact with 10 watef in a
G ven. corilhx posSIBIS 16 Hegerinine duerastion aualies for clof reiaR ot tos Al hRat of
regions. obt alied rédibhd o2 2> MABEUIRS ANortial BN s anEPARHRKL prfilghic et
region is found is"therefore particularly 1 nportant (description of the
unbound f or mioformatine, it is defified nea twgidimenaiotal malrixjeso thab dus possible to

consi der the t}gge of, -’[8,'6‘3“ ar 15 interaction). Indeed, the fact to

consi der a sdEPLTSEEYiRYR °p uée%m%gne'envi ronmental context allows us to

study this region phérBfcredyatAgt g%aﬁ Sterfriidihg Gnly tRe ere ofhe nidiesges of

behavi our (of properties) in different nolecular and cellular contexts.
Note: if Ist iwe siassifyitbese partases agcardingsieribeitdeelpagingre g tssuswang/ariee 20

context in i t imlar, it is also possible to consider the

cont ext of m‘gﬂﬁﬂ@%ﬂ@%\?ures havi ng these simlar regions. We will then
| ook for instance Am drBodifiett Ubfathagtinterhoticn ipsofilengbesistr of lawsifgingnégh Wi t h
other partners, as well as to the physico-chem cal conditions that allowed

to obtain thehdfizontalithe diffarent issugar and in wertical, ohelassiviea dee metpbglimas.
25Mor e gener arje\[%éIattig)ng%rfﬁgﬁgﬁgatﬁbyé@h%gg%r %%Eﬁloc%sﬁ@hcyr MRBHER Tierkh

screening allo anal yse and to sinp sunmmari se on a single
mol ecul ar0st rfocany @oirtl(k, y)hef svichlppridfitd, itistpossibdel te ddtaildn twhich sissues theof
physi co- chem cal , [ or evol utionar .or, the ability of

eonetri cal y perties, .

a region to iInteE g&n wiakesonlage: sévgré’yh'P pégg{ﬂ%oﬁﬁ}lr%%‘ﬁﬁé%@/s&na{'%'or‘.
specificity atﬁ&agggtéﬁé&te&f Thf’sgirﬁ&%\c%ntﬂ%{il’éobﬁﬁ UhapafticlldF LhE Qsebt td S
al so possible to add a cartography to warn of the too unspecific regions,
whi ch if theyconeparetthebactioh3¥pectrum of compounds in different tissues. It can also

be used to determine the specific and non-specific partners of a target, for a

25 given tissue (example: the molecules A and B interact in the muscular

tissue, but do not interact in the neuronal tissue).

For instance, we obtain a two-dimensional matrix, where each point
identifies a molecule specific to a tissue and a metabolic pathway, and each
rectangular zone detail both a tissue and a metabolic pathway.

30 According to another embodiment of the interaction profiles, the

metabolic/regulation/signalling pathways are classified in horizontal, and the



chosen to create ligands, could induce toxicities. Led rescue approach of
toxic or inefficient conpounds following the interaction profiles and the
specificities of a conmpound and of its tat§ets 5 During the

previ ous nethods, we have described how it was possible to assign functions
and bi ol ogi cal behaviours to regions of a nolecular structure. W have al so
described that it was possible to create a nol ecul ar cartography to detai
the different known binding sites of the said nolecule, 10 as well as the
correspondi ng partners. These screeni ng nmet hods descri be a nol ecul ar
structure wi t moedilayhfanulies aoy classifiedan wotical. Therekhy, fordanypoing (xhy) ekgi ons

specific to that structurg, ang the reqiopns that, en they are.targeted by

a conpound, p?‘é‘_é}bnt 43 _rqrgﬁlFs)_&o i'ﬁtelpgé?'gﬁ?/vi tﬁ’_ ot ﬁgﬁaﬂml‘@ﬁﬁﬁes.ﬁ T_hgkee

regi ons pr esepetdublibhehalatioh/sighallinge aFeeRs, aerrwahamaétth@uh@leddm Rirainpr ker s
e

of side effects and toXicity previously descri bed. Two eval uation
met hods of thaffedgédcity and of the side effects have been provided, a first

that check if the ec f d td. r A U,

bi ol ogi cal” interfa Le ﬁlékgr%edcag%tgg%/%a?&%%?gr%'ﬁéog’ kﬁ@%é@. on nZH]e
profiles of t{griciri shetdbalicrbguiation/signziing ﬂ)étht/@?/hhes iwdleag titeiobelongind es of
nol ecul es i nducing toxic or side effects (by differentiating the types of

toxicities an® amule@flaciamily. as wel | as to the interaction profiles of

non-toxic or with 4itt ; Naga] S I hal 1 zed
nol ecul es with no Jl;'lr]fl(';:)\/\L/LS%t §§(?r§elsfe§,;rﬁ&tf§?§@ ﬁgiege?é%‘df%fcgﬁ{ agfr%gﬁﬁépggéssi bl e
i nt er f er encesaffédtdd ofisseies rahd wfl the eagaged , mbtasofpactionli fog anyenwiecdaer al

nol ecul ar causes to this toxicit%@?nd/or to those sidﬁ effects. Gven a
mol ecul e 1 ha%9ABOWR O Bt MAGPRAIGRYIS; lﬂ"ep@’,'“cgf?ﬁ’p%e V2 tSeERPIEY ng

ot her gl onaE5 i WG, bEYKTBIE! B Lerdeh 3 efte Taiiiiona) Riion Bder {8 Bede ot ons,
it is possiblef inactlesfermegfariestgaoeeiueitodhe bindlimn o adbird pbartheglor diueftoraences
131 genetic disease). The comparison of the interaction profiles of the active

form and of the inactive form rapidly inform on the pathways that have been
15 differentially activated, thus providing with a better understanding of the

cellular consequences of these molecular interactions.

Molecular interaction graphs from the screening and the interaction

profiles

20
Essentially, the screening approach allows to highlight and detail the
regions responsible of molecular functions, in particular of molecular
interactions.
It is therefore possible to create a graph representation of these
25 interactions. In particular, an embodiment consist of representing a
molecule by a node, and each edge of the graph represent an interaction
between these molecules. The edge can then be labelled to describe the
interaction by detailing for each of the two nodes linked (each of the linked
molecules), the interacting regions of their interface.
30 Alternatively, a molecule can be described by a set of gathered and

interconnected nodes, so that the molecule is represented by a cluster of



between the points L and the aligned points of all the other regions R
These localised differences (which can be automatically conputed by

determ ning for instance the average andli%e standard devi ati on of one or
several properties, for all the points R aligned with a point of L) inform
on 5 the specific and non-specific anchor points of L. The figure 7
represents for instance the localised differences between the region L and
the regions RL and R2. The points circled on the region L indeed do not
have equivalents in the regions RL and R2 (because they are not present in
t hese regi onspoints keyrrdspoaditigstol its regiong)docalissy, inapdhce0 These perferrvance
specific of L., The dotted |ine descripes a case of .variabili wher.e .t he
poi nt of L ex?m'%?rﬁsF&f %@Phnﬁpf?ﬁe'ﬁﬁgmﬁi%'sgﬁf’n?c'?'é"? ﬁ@?e?@i’édm?ntsb%ci fic

of L. It is i gRAICURI sévareseshéittad [TraphYReNE 9s OthefDpEENISIeOto ekl fhe ON
the figure 7 can indicate: either the presence or the absence of an atom or

resi due on t hintemsicien|ketweenamglessiesc by Hinking the aodeatrepsgsentatiuer alythe thi s

15poi nt (fpr instan i ationic. but on RlL and R2, the
correspon ngS %8%%9@25%1?'8%{]%)‘%&&é?n(_%é&_élgﬁtﬁcgé?{gnt arity with these

speci fic anchor popsésrdtig t@nsther @mbodiment, St isheiso possible ® treatelssers ne
the "ideal" contact points to create a specific conpound. |n particular,

starting fronfenfesentativerd aitypetdfxmelenulay; ideractian t(asopravioyisly, detaile:
possi bl e to sl | [ It S r eni ot t teen the
specific anchét&%fgi %rtog@fg,f E)'}Iété'éﬁadﬁ%‘héﬁet%]r gN O?{ggﬁll%ggarg%eééle?i Eﬁ%'%?(%rﬁe'Pot her
poi nts shar edisbposdiblet toeonlygcormenitatd loes enlyl ogh ttype of fmoletulansntefadtioa,
conmpound can he done in particular hy addin renovi ng net hyl groups or

ot her funkq i offwis W@ﬂ"%\‘i%‘éﬂiqﬁﬁ'oﬁﬁghﬁﬁe ﬁﬁgf or inorganic chemstry. 25
Thi s |ed rescue apgpgﬁgg{/&fs Qe fsG0lepradent (1AE f:é'lﬂh‘ /s urdRc8liz&fnS bf

consists therefore ermning the set of nolecular targets of the toxic
mol ecul e (or mulemilesy Kiisldhef fpossi)le tohemsd the vimalisatidre ©f interagtionsely ons

ith th i L .t hat t to . ifically t t. t | |
W ihe o or Lot TS S ML apecutiea L eiacl Eram e gpLerd
properties 30p5akculdreitas Pdsaibfsl té %G\'l)pﬁé?siﬂér te Hiéfag:iit@p]@ f@loﬁlﬁidh' 8t Ieast

determ ne the subregions that are specific to L, an ose that are not. By

slightly Hodi épér(gr thestwohemaleculetiarknaywn todecavaitabiel in dhishegllulgr ardiong it
nore specific,to thte specific sub-regions of L, or by making it |ess
speci fic of t“%sué?fbyf)@gi ons shared by all the targets, it is possible to

| oner or to cancel |tgdstfI¥b Pdssiblé - crdatalaydrs € FérbbestatiVe tdfi Gnerdrosiorent
t he conpound is not toxic but 5 has a denpbnstrated activity, in particular

in vitro that mesakolickignaling/tagulation wathways. cbnisothed Pessible & reasee e
because it 13 Qhﬁﬂéﬁigngé‘r th8Tnré&lor? %ﬁéigggﬁb@hﬁﬁfgg'%g Wit 8t o3kt 2

simlar et ho\él', 0ssib propose s compound

st ruct ur 20 soohdaf thé inradtihgMiciecpes iactint the hetabolivdsigpaliing/segulafiors
target L, and less affine to its other targets Rl (Figure 7). 10By | owering
the affinity BRYWRY. conpound for its other targets, we increase its in vivo

efficacy by greatlynd 2ygus r&srebbting R RAtdrabliond tdh bR BétdBlirdd infrdBPp! € 1:

for them to correspond to categories of confidence score (described from

the division in intervals of the normalized energy sore) to visually detail

25 which are the most certain (respectively the less certain) predicted
interactions.

According to an alternative of these embodiments, it is also possible

to create layers, representative of categories of confidence, determined

from the energy score derived from the comparison of regions. It is therefore

30 possible to only display the molecular interactions of the category A, the

most certain, and until the last category that have a relatively low confidence



A nmol ecule Mhaving a site of interest L is targeted by a conmpound A 15 by
its region Lconpound. The screening of the region L and/or of the

conpl enentary of the region Lconpound al l1dfvs to detect a nol ecul e B having
a binding site R and coming froma biological interface of type

macr onol ecul e-macronol ecule. It is in particular possible to visualize the
geonetrical and physico-chem cal alignnent of the region L with the region
20 R, so that we can easily identify the points of these regions that
resenbl e the nost, and those that differ the nost (let us renenber that a
poi nt of a regcone.references one or nore atons and/or residues of the

nol ecule), as illustrate the figure 7. W can inmagine that the region R has
a localised subregion, with nore clefts or nore charges than its equival ent

sub-region on L. 2Bv3jugligh Aneh classifi€tRri &ea SRIENSUBMicTETTt D 8ahbieeuledby he
mol ecul e M and | esS speci 0 the nolfecule B, Tt s possible to s |§1htly

1 C .
change the st the:analysisfofithe intenfers

& an pterferenaes efdioles ' ngiusad By theesai
conmpound t§1at Eolggfg_la L have respectively | ess knobs and | ess charges. These
changes of“th ture of the conpound are intended to nmake it nore
conplenmentary of L, and |l ess 30 conplenentary to R (with respect to the

geonetrical and phés_i co- chem cal ggoperti es). 133 . We can_al so
i magi ne that the rHEgpdiere pessiblesios eyalupts @ polentiayside ehiexic efiest ofiar ed

by the regi onn%,?&g?%ngggﬁgtég@ggméléc@gr 8%5%!'0 le to add to the compound an

adequate group © or not an "l owi ng the associated cleft
sub-region) that cArsithe odtdxic effest of @htolecllerfefy loere donsidéred rmsdhding dhe on
whi ch pl a?/s on the di ff?rence in %sub:r?%og of L and R, prevent the

bi ndi ng o}0 t hinte! 6ROt eRem@ryore: Riplagigal f¥REA%eS - nt, whil e not
destabilizing its pLcu REROEcits i g J Sh¢ e of
interest L is tar gg%g"zé E%tgaéégtr?pagﬁnd ,&&%@ I?Sfﬁ?@gy%ﬁ%éggn%pgﬁjﬁd%cﬁ% AS
screeni ng of alenseguemcd, itk preseht dascriptiopl ankint theyarvlexet elainngi al the

L d all tg. det ect | ecul . _havi bi pdi ite R
chose ro L 1 Pibmation oedimeBOd Slae 6 thecsrauatt bhe Soehte) ettt crc
al i gnment  of kap 4180 Bl apgliedMd la RExiad¥fettagRaumveseliel® gtieaat OgRRPhy

the average behaviour of ‘properties for the regions 131, and to conpare
this averHye tefawrncede agideleffechmust be undessioed asiajso coneringcthettexisitger ve

georst 11 ool and PSRt e efio B diebhe Iy Rk ER bRy '
Ther ef or e, fOfeWoﬁt%b-méﬁzicglérhé%lbﬁg ofitiid RIcMTIASA. it is possible to treat
20 the structure of the conmpound by exanples simlar to the exanple 1. In

particul ar, one cahhesg esasaplementaiyr regionscredlgpt tegi shrpeas weldiast dhences
par o an fye Ere _ . s

behavi ours of PYEeHbRiGe praitiey et &Ml teoiod SoqBheRL I the
sub-regi o1z hgaidngostuld. Ist ethénrtdrrdey batseamshing rarheng ,a see of megionst dmelar d

deviations will detail 25 that for all the B,, the average gbserve
behavi our doeGOMBlEMERtary ragiens ?ﬁ@‘f’ M%?@?rcmfé’ﬁt%pﬁ’fﬁﬂt@%lr}?én%fsit%?%?% of

the conmpound Lo, mals dirﬁolkﬁﬁféﬁg%? 'iﬁéﬂ?d]gcﬁlﬁ A.hﬁﬁs?ﬁé’l’%@%@ﬁhﬁaﬂ RHhebnd he
Bl, by increasing the conplenentarity with L, we ensure to | ower the

specificity ofreseatezbripodineg $earchl of nheleBdlar qrartiters easd , mbleculeantargétst hem
30 Exanpl e 3:

Acég’rﬁing to this embodiment, we thus obtain a set S of regions susceptible
25 to bind the molecule A.

We then search if one of the regions of S is known to bind a

molecular partner M, and if yes, we detail its molecular type. If such a region

R is capable to bind both the molecule A and another molecule M, there will

be a thermodynamic equilibrium of reactions. This specific specify that at

30 the level of the region R, there will be a competitiveness to bind either A or

M. As a consequence, the affinity (the dissociation constant) of the



The two previous exanples can require the presence of a user to visually
check the alignnents of a binding site of interest L with the binding site
R of an interfered biological interface. 12t us remenber however that the
gl obal energy score is conputed fromthe sumof |ocal energy scores, 5

t hensel ves conputes fromthe conparison of states of properties of two
aligned points. These | ocal energy scores informas much on the simlarity
that on the difference between two regions in these points. As a
consequence, the |ocal energy score can autonmatically detect the points in
two regions t hialogicakassennlly region Rddds desteased: which:candnducst a potentialt o 10
detect the errg Lons.of an alignment of two regions, it is therefore
possible to aaF%Hqu ﬁ?& etect the sub-regions of these two aligned

regions, that diff @ristimpariRetar poseisié @ elaskify tite airréaemQﬁélbgical ierfaces,
automatlcal |y provide nodifications of the conPound to for instance on
Y

t he subr egi on@spﬁ@tallsdmfobffersaﬂa\t@ewet macFyPies ap%remlscule p&ﬁrfaqestymc(.enf we

Lo autometd cabloteidnd, | INAIGBRUNC ol 68 hedBdBlAsiunogbaRy

specific to L do ot e conpound

speci fic of trﬁteitfanIpeD(pmMrepﬁste;n @lﬂdeirElNﬁapaic)fTbe iriteifesencerofithosed
target(s). Exanple 4: 20A conpound C targets a region L of piolo |ca
macr onol ecul efvxmgrqaiévg%% BEW%"@T' 'ﬁtﬁga?’%gijgﬂs thlnFjHﬁg &R E FAHVE r§

col l ection of sim h@&ofo‘?&i}fﬁ"ﬁ sBton@&th |hbhf‘§:‘i6$%t f?)dthgrhrg’ﬂ OHE Svd uFétthés

possi bl e to superinpose t airw se alignnerits 1n order to Visualize the
matchl ng of palread;y mfermﬁeddblrfdueag sités bﬂthesnnlmiécmlle Ae@odhat wedoemt hapeitot  of

L, rTN;eref SSI bl e ( 0.Vvisuali.ze xi sts on L, and (2)
to det er e P P'Em @ s{er &P”B'ﬁiﬁag} gpaerating tb@\ﬁé’r’%ﬂ’ eqlenfay regions,
properties) t{is @d@ci g'tﬁé‘?lsk%flerrd: rOrA$ Fﬁsfh%rﬁ?rgt ePBol et %rtﬁeﬁseﬁ@cﬁﬁ” see

that four points belong exclusively to the region L. It Is therefore
possible to pﬂmobmlng)alrce iof the odeatflethis sioriiao do ®ne, orsseveat other binding

preferentiall tar t he f whi ch |1 _nmake it mor pecific
Po°30 bind- L. Sitsmof Bowd et RS mdfest te maghraatnBTiEeeleA o
woul d be to Séé(ntl?ﬂérabhe\ﬁﬁhfﬂwsep%tﬁéﬁ Hi@lbglc@halhﬂaﬁ*ﬁadé'sffmhgnﬁndlﬁiiﬂ@eﬂnL and
the 135 R in L, these points represent charges for instance anionic

whereas fbY tinterdgregaeviiothess biclogical mterfacss, and ths indusinghpessiylersign obi c
or cationic. W? H glease the specificity of the conpound C for L not
by adding (or S E gtoms, but by changing the charges in these points

so that they 5 areAstirealtomatieseotthese iemnbodiments, waperfosh 4 Bereginimg ofise
cationic charg‘(fla 136 CLAIMS 1. Met hod for. characteri zing
t hr ee- di mensi Biearomplaraertan: segipnsiar Pt the binding stte) of @ gm#%m&%.lhgoa a

three-di mensi goak, 68 CBREHAIRG At ndiddUiSSregidHRGERRRd to be binding sites
20 of biological interfaces. We thus considerably decrease the number of
regions to be compared.

Generally, the potential toxic or side effect of a molecule A is
important if A interferes with (i.e., disrupts, perturbes) a macromolecular
biological interface (ex: protein-protein, protein-DNA). If A interferse with a

25 Dbiological interface containing at most one macromolecule (that is,
macromolecule-molecule, or molecule-molecule), the potential toxic or side
effect is more difficult to determine (such examples, of compounds in
competition with ATP without inducing toxicity are known). It is in particular
possible to try to establish a link between the risk of toxic and side effect

30 with the area (or areas) of each interfered biological interface.

This method only allow to predict a “risk” of toxic or side effects



object ; ii) generating a nesh of the object, said nesh consisting of

poi nts connected in pairs by an edge; ii1) characterizing the points
and/or facets of the nesh of the object fldaccording to the respective
states of remarkable properties at these points, and iv) segnenting the
obj ect in three-di nmensional contiguous regions fromthe nesh and the
characterization of points of the object. 2. Method for characterizing
t hr ee- di nensi onal objects, wherein the three-15 di nensional object is a
nol ecul e, said nmethod conprising the steps of: i) generating a

t hr ee- di mensi mmlcede!u;oasmal&nule)randftq Hetaitoitse nolecular ):ag@eﬁar\mlmchg/vas Mt h of

t he object, said tin |nts onnect ed

iii) char act ePPﬁ?‘H& 3[‘3?94 §H8/t83 g‘ Qﬂm fie Ofn%‘gl?%b’ ar Sﬁ@%ﬂgggtﬁ

20according t@ héeEp 6@55!&@%r‘t’ﬁe picthest & aﬂiﬁﬁ&h&ﬁb' RORICORE HbéE Pofindutese

points; and iv) segnentlng t he nol ecul e in three-di nensional contiguous

r egi odef r om tOxC nessisidenceffant. d¥rmesthetessz athisnimethgsbiallowsofo t'ﬁénﬁﬁﬂ doel e.
3. Met
s R ooy Bhey O, Bl ShE S Pl W 6o

remar kabl e prppeet uRdestartl g ntdletWlabeaased dehhdathis toxXigity, emthd theréfors ame
remar kabl e properties of known regiaons, so as to determine if the known

regi ons are sPrAVidg selutigpsie sadueethys toxic o5 sidgyeHRC @eﬁethéd'ﬁﬁﬁ}%’do” thg7 4.

Met hod accordléagretseuélo?’t&@con}?@%ﬁ{ié‘ vﬂﬁb@r tQﬁe M&the'f ﬁ’cﬁrﬁlﬁg)”‘ functions

of a simlar region and eas one unC|ono simlar

region to the screEuﬂtienm@leoonlyoa limfitedeiumber afdiielogioat interaces lmeabaen

i nteractions en, obj ects frogmthe search of | east. one re

conp! enentiar yOESSTRR GBrBErRAPTEGI U Al Lo fiessiors SRR T naHEe dhe

Interactions pRdidted’ BRNYicACIEMSCs described for instance by the screening
method according to the method of the invention, or by molecular docking

experiments.

15 Evaluation and classification of a potential toxic or side effect of a

molecule by using the interaction profile of the said molecule: the chip of

toxic and side effects

We have seen that we can evaluate a risk of toxic or side effect of a

20 molecule according to the risk of interferences of biological interfaces. That

is, it becomes possible to detail the molecular causes of a side effect or
toxic response.

We can nevertheless evaluate the risks from the interaction profiles
of the compound, in particular due to the limited knowledge on biological

25 interfaces.

To do so, several sets of compounds known to induce different toxic
or side effects (belonging to toxic classes such as allergen, sensibility,
neurotoxocity. Or of side class of side effects, such as those described in
the reference article “Drug Target Identification Using Side-Effect Similarity”,

30 Monica Campillos, Michael Khun, Anne-claude Gavin, Lars Juhl Jensen,
Peer Bork, published in the Science journal the 11 July 2008, Vol.321,



5. Method according to claim3 or 4, wherein we elimnate sone of the
regions to be conpared by neans of at |east one filter anong the foll ow ng
group: 10Conparison of the global shape d23the regions; Conparison of the
rati o between the Euclidean radius and the geodesic radius of each region;
Conparison of the conposition of the regions as a function of at |east one
remar kabl e property; 15Conparison of the distribution of at | east one
remar kabl e property in the regions; Conparison of the regions by Fourier
transforns; Conparison of spherical harnonics of the regions; Use of a

sinplified repedS8hit BPi263-246,tOI:cH). é&GlacIenegﬂdﬁSéﬁ%mretmemed so that

complox, o aug: SR oh a8 eS8 PorRoBidy. o BoRleshPiuMb BBl cacn

ot her are conprafitdsdni paraide severdlhgetsrdfpeordpotihdd hﬁewgr ariq prspdreies ng
the same property are gathered in one point. . Method according to

any one of clandzssizes.obyt kppwineite, indece tngy t@F'CZ@S@@ﬁﬁ%rQrséhieoﬁ eqls P&y ons
conpri ses 4 he &ébh&ﬁ" fHeRPob tain: @E%ﬁd el {?Fi% e ‘éeﬁérgé{o?ﬁ%g ﬁoFrQélp@rﬂﬁr%
pal el"onging

al i gnnent and or eac two a
respectively toathbhmrtmlo:mmpomkis egthanslo murmbmleeleefeo'@ based on the
val ues of the states of the rerrEr kabl eogl erté%es at the e points

conputed using th 8eRTdiNGHUP ng HISt nemBe %r@xl%tb,‘ap @”&I]Siore
(S, - S2) WhgiHuafdd o iRrefbmblidicd ﬁ%r@‘ét IEQ g%ﬁ?:‘%ctlgﬂ pr%flle%e Ioca:

and 52 are tmo p0|nts respectively of I ons
energy score i ¢mnpuc@dpoﬁr$dmrand:affc(rﬁl$&é) lmteradinnl poafileenEr ofy nenotaxic
correspon% ngcompounds The side effect of a compound is also evaluated from its
resemblance at one at least of the E interaction profiles of the compounds
inducing side effects and of the NE interaction profiles of the compounds not
inducing (or little) side effects.
An Euclidian distance is then computed from the sum of interactions
15 shared by the compound and the set N (extracted from the interaction
profiles), as well as from the sum of interactions shared by the compound
and the set T. The compound is then described as having a risk of toxicity if
the distance between him and the set N is inferior to a certain percentage of
its distance to the set T (i.e. if the compound has therefore an interaction
20 profile closer of the toxic compounds, than of those of the non-toxic
compounds). In the same way, the compound is described as having side
effects is the distance between him and the set E is inferior to a certain
percentage of the distance to the set NE.
According to a second embodiment, for each toxic class studied from
25 the N interaction profiles, we search the interactions shared by all or part of
the set N (i.e. the interactions always/frequently induced by a compound of
that toxic class). We also search the interactions shared by all or part of the
set T of interactions profiles derived from the screening of non-toxic
compounds (i.e. the interactions always/frequently induced by the non-toxic
30 compounds). By difference, we then observe the interactions that are only

induced by the toxic compounds. These interactions and therefore these



alignment of points Si and 52 for the set of properties Pi, P2, ..., PN
studied; a, is a weighting factor of the score Scorei; (S1S2) of the
property PI for the points Si and 52 of d24ions R and R2, respectively;
and toRank sone or all of the possible alignments of the regions according
to their respective gl obal energy scores, and determ ne the opti mal
alignnment for the conparison of regions corresponding to the alignnment for
whi ch the gl obal energy score is optinmal, said global energy score being
defined by the followng formula: 15Score gib,/ (R ,R )= E Score loslS,, Eq
R2 (S,).1 cR bNﬁTgssitasoamrﬂ\Rrefam biomarkelrscnfdmet@r severgl tokigiclagsesgy score of

the regions R and and 1i.2(S1) corres on .o th oi S, pf R2
which is struct uram %ﬂf‘i‘%ﬁr@g’ \/‘ﬂsn %ﬂ%g%oo IOﬁ?arﬁe%o %Xn\?ef’%SaeS
according to Gdsa'a@\ﬁe helerRich ’ltlagoeeeégamé%@hﬁmfndaprre%anf kplleiniioARsdé y Pi
given for two al'i gned g0|nts in two regions, respectively, is defined on

t pe i nterval {effactsn]lnd ¢ rigllawings wel wilki oy dlgsatibe the stepsdnagiationapi: theg . 6,
s oot BEbn 5Pt Ftond LS FSPRCIRR She  IRbrERRCaRRRERY, R, L%
and S2 of regtgssoRioxRsbriBoundispectively; Ais a constant; and
Alternatively, we identify the biomarkers of each class of side effect,
by identifying the binding sites that always/frequently bind the compounds
that induce at least one side effect of that class (and that do not bind the

10 compounds that does not induce side effects, neither do they bind the
compounds inducing side effects of other classes). This alternative is also
applicable for toxic compounds.

According to these embodiments, the side effects (respectively the
toxicity) is therefore evaluated from the interaction profiles of a molecule,

15 thatis, from the interactions that the molecule can make in a cellular/tissular
context. The advantage with this method with respect to the previous
method of side effects evaluation (and therefore of toxicity), resides in the
fact that it does not have any a priori on the regions that can be interfered:
here, we not only consider the known binding sites, but also all the known

20  molecular regions. The sensitivity of the approach is therefore increased: 1)
because all the binding sites of biological interfaces are not known and 2)
because the side effects can also be the consequence of more complex
phenomena (such as the synergy of several interactions, or such as the
interference of the stability of a molecule).

25 Furthermore, the new European regulation REACH greatly
encourages the development and the use of new alternative methods (in
particular in silico) of evaluation of side effects and in particular of the
toxicity, such as these two methods (evaluation of the toxicity by the
analysis of the interferences of biological interfaces, and evaluation of the

30 toxicity by the analysis of interaction profiles).



139 Apren is the difference between the values of the states of the

remar kabl e property at points Si and S2 for which is assessed a tol erance
that defines the acceptable difference bdhween the states of the property
(P,) for two points of the regions to be conpared, with: 5A observi = !Ps(
91)- Pr( 5 2) zlI =T effecel observd - WereP(.Sl1) is the digitized and
normal i zed value of the state of the renmarkable property P, of N at the
point S1; is the digitized and normalized value of the state of the
10property P, at the point 52; TR is the toI erance for the property P1. 8.
Met hod accor di ng t Mateeiilan € 2190 ] iffere

S def{ned on

property for | i gned
the interval Fl % ' ,'?/ql?én?l, star
2) =1, (11*Phee§{ruéﬂ1re 1 Pr, effect4 15

5 During the different methods that were described above, numerous

biological data was generated, in particular on the binding sites, molecular
partners, druggable regions, specific regions and risks of toxicity.
Such screening methods (either in vivo, in vitro or in silico)
nevertheless generate a huge amount of data that is often difficult to treat
10 and for which, it is difficult to have an overview. We have previously seen
that it was possible to generate visualizations using graphs and layers, and
we have also seen that it was possible to generate interaction profiles to
ease the access of those data.
A third embodiment to ease the access and visualization of the
15 biological data produced by screening methods is to construct a molecular
cartography. Such a cartography consists in assigning to each point and/or
to each region of a molecular structure, a value representative of a given
state. For a molecular structure, the described screening methods of
regions allow for instance to detect the binding sites Li of that molecules, as
20 well as the corresponding molecular partners Mi. For each binding site L, it
is therefore possible to assign a value characterising the type of the binding
site. In particular, it is possible to detail that the points constituting this
binding site (and therefore, the atoms and/or residues respective to these
points) serve to form assemblies with a partner of type protein, peptide,
25 nucleic acid, etc. Following this embodiment, we then cartography on the
molecular surface, the ability of each point and of each region of the

molecule to participate to one or several specific interactions.

Example:
30 If two binding sites Ly and L, are retrieved from the screening of a

region R of a molecule A, then the ability to interact of the region R is



wherescorep?2) is the energy score for the remarkable property P, at the
points Si and S2 of regions R and R2, respectively;, Ais a constant; and *
p,,effe,,,f is the difference between thé2&wal ues of the states of 20 the
remar kabl e property at points Si and S2 for which is determ ned a tol erance
that defines the acceptable difference between the states of the property
(Pi) not normalized by the value of a tolerance Tp, for the property Pi for
two points of the regions to be conpared, with: A ob"rve = 25ZI* Pie-cc/if
= (4bserve-1Pi)11' Pi 140 WereP(S) is the digitized non-nornalized val ue
of the state définetbydheuids ef theoplates obL aﬂdﬂLzaFOf instayagentif ISi is lnrewn

oo o 81T R Sy ol Bl S A B WrdREbieh e
to 8, in whi chsysmbRIWIkH liganhds)ehdn tiategiGiPRewill e @eftecbad Bavmgtthéubility i di ng

this global score by the maxi num gl obal score that can be achieved, which
corresponds t ¥ teraet with aprotainesitd ailiganghe regi on to be conpared. 10.

Dot aafre s BB o, BUEIA A0uh, crbanhy FPaRg, ety ke 10

regions Ly and L,, so that we keep the identity of the partner P, of the region
L1, and the partner P, of the region L,. Besides the ability of the regions L4
and L, to bind one (or more) molecular types, ability transposed to the
region R, the identity of the partners P4 and P, is also transposed to the

10 region R. Therefore, the molecular cartography not only inform on the
location of binding sites on the molecular structures (and their abilities to
bind specific types of molecules), but also on the known partners (here P4
and Py) of these molecular binding sites. This embodiment can also be
applied during the search methods of molecular partners that use the

15 complementary of regions.

According to an alternative of these embodiments, it is also possible
to cartography the specificity of regions and the specificity of anchor points
of binding sites. Let us remember that the computation of specificity of
regions has been described in one of the previous methods as being the

20 number of similar regions retrieved during a screening on a specific
database (reflecting a cellular/tissular/environmental context). It is therefore
possible to cartography the specificity of regions and/or points of the
molecular structure from the computed specificity values. The most specific
points of the molecular structures then correlating with the notion of hot spot

25 described in structural biology and in biochemistry.

Moreover, the molecular cartography can be used to summarize the
observed variations on any property computed during the screening (ex:
curvature, charge, density, malleability, residue conservation, surface
normal orientations, local shape, etc.). It not only has a visualization role,

30 but also provides a way to compute and analyse those variations. In fact,

given a list L; of regions similar to a given region R, for each couple (R, L),



| nportance of the differences between the alignnents of the points of the
regions to be conpared, according to the followi ng sub-steps: Defining a
maxi mum error value and a m ni mum threshd2d nunber; Assigning, to
each point of at |east one of the regions, the value of its 15l ocal energy
score or the difference between the maxi numerror value and its | ocal
energy score; Cenerating at |east one error sub-region conprising the set
of points of the region for which the energy score is greater than or equal
to the maxi mumerror; 20- Defining a penalty score depending, on the one
hand, on the themdds aohatehingrscheme beiwaen thequintsaf® aad the pgingsiotk. tthain or

equal to the pinipgumthreshol d nunbger d, .on the other h nunber
of points incﬁ?&%‘g’l’!‘? R°§ﬂ§ etoeqr}qqysesﬁ@_ t?%bqv&tg;ar.medewaﬁ%sr §Qg%? ﬁgsgp?eﬁ% t he
gl obal ener gypfdpirfes b&ivaeMdhy YoHse (R EP.dInZ&ﬁdbMQF,iiﬂB paeible Rk comprite t he
alignment as a function of the new gl obal score thereby obtained, 11.

Met hod accor dth&@vesage jergancyrofiointedonany cagpleRe Laiim ofdgy tethighlight the

Came e R RLED 1 SRB]EL 8Bl rbSUALH 8808 UbiRL KR apBRERIC] 10 o
t hei r respect jo/eorapuiecttet standardt devistior® on te absarvedvatiations baprodeies OY,

(Z) Rotating at |east one of the regions around the axes of the system
coordi nate, storadyiuels B.h-different alignnents, and deternining the

Example:
10 We want to determine the average behaviour of a given property in a
point P of a region R.
Let L4, Lo and L3 be three regions similar to the region R and P4, P,
P3 be points of L4, L, and L3 respectively aligned with the point P. The point
P (as the points P4, P, and P3) is characterised by a set of states of
15 properties (described by a list of real values) characterising for instance the
curvature, the charge, the local density, etc.
Let us consider the property “curvature”, normalized on the interval [-
1, 1] following the conventions in which the curvature is close to -1 for the
cleft zones, is close to 0 for the flat zones, and close to 1 for the knob
20 zones. If the respective states of that property for the points P4, P2 and P3
are respectively 0.7, 0.9 and 0.6, the average behaviour at the point P of the
region R being given by the average of the states of the aligned points P4,
P, and P3, we here obtain an average of 0.73. A typical equation to compute

this average is:
25 moyenne g = ;—i Ep(i)
Where moyenne, is the average of the values of the states of the
p

properties defined by the list E,; and
N is the number of elements in the list Ep.
We can therefore assign to each point P of the molecular

30 cartography, the average value of the states of the curvature, i.e. 0.73.



5l ocal energy score for each alignnent and for each pair fornmed by two
aligned points belonging to the two regions that are conpared. 12. Method
according to claim 11, wherein the conpai2&on step further conprises the
followi ng steps: Defining threshold angles max, max y and nmaxz ;
Perform ng a rotation of one of the regions around the axes OX, OY, QZ, of
the system coordi nate according to angles az, ay and az, respectively, such
that az, ay and az take a set of values fromO up to max,, max), and nek, ,
respectively; For each generated alignnent of the two regions,
that is to say to each 15rotation of one of the regions according to an

I : d/ : t / . of th t
onor ot o™ onoecNlE S et P B v BtaB B oCHuBh AR L, o,
Det er m ni ng t peine Pt offeRtegibn GAament of the regions, said alignnent being the

one for which the gl obal energy score is optimal. 2013. Method according to
claim 11 or 12, whbBydakingWhersame preyiodse£xample withhthe thrgedytatesr0.7, 0.9

internedi ag e [ =0 t L G1S pAr t he
Syt em coot di RAPQS o e Prosert) ERTaClne FEE pbfil 37 FAHIFS ondt i e
and NR2 bei ngpeint fofi R, ihds paksibld to @ohipute tthe tarndarpadedatictb by esuptying vel v,
performng a rotation of the regions according to an angle (NR " NR2)
around the ved®YRl §aBLPR; ng from the vectorial product NR ANR2 so that the
surface normals NR, and NR2 of the regi@ns coincide. 14¢ 14. Method
according to claim13, furthersdQp)+siny @h,e(z‘)‘ﬂtnbmmmg,;s eps: Aligning the
regions wwth the axis OY of the systerﬁ[c‘dbrdi nate; Defi i ng threshold

angl es_maxx, maxy Wféré@f&(ﬁ,??e&%&%ﬁ@'s@adﬂia?& HERRIOABX the TR %beéjﬁﬁxn
5- Performng a rotation of "one of the regions around the axis accordi ng
to an angl® athe propertyliat ang t akes a set of values fromO up to nax;

N is the number of states defined in E,; and

moyenne, is the average value of the elements of E,.
¥4

According to this embodiment, the molecular cartography can
15 therefore inform not only on the average behaviour of one or more
properties at any point (respectively for any region) of a molecular structure,
but it can also inform on its variations.
In particular, such a method has important applications in order to
systematically determine and observe the change of properties in a
20 molecular structure under different contexts (when the region is in an
unbound form, that is, when it binds no partner, or when the region is in a
bound form, that is, when it binds at least one partner of a given molecular
type). In particular, it is then possible to observe the conformational changes
(of shapes) of the molecular structure in these points (respectively regions)
25 during the molecular assembly formation. In the same way, it is possible to
observe the changes in the charge distributions, or in the local densities, or
in the hydration of surface atoms and residues (identified by their 3D points
of the representation of the molecular structure).
In particular, the hydration can be computed as being the interaction

30 of a point of a molecular structure (reflecting an atom/residue of the said



Adj usting the alignnent of the two regions by perform ng rotations around
axes OX and OZ according to angles az and az, respectively, 10so that az
and az take a set of values fromO up tol2®x, and nmarz, respectively;

Adj usting the alignnent of the two regions by perform ng translations

ty and tz along the axes of the system coordinate reference OX, OY and OZ
respectively, so that tx, ty and G take a set of values fromO up 15to
dmaxx, dmaxy and dmex, , respectively, and Determ ning the opti nal
alignment of the regions, said alignment being the one for which the gl obal
energy score hmolegilehwith atJeast-oms waiecmoliawe.tBue lie the dack aldaianen éher t he

conpari son st urther, conpri.ses the fallow ub- st eps; fipnin

hr bahot d anglEaufie thesk Waie’ Tagetulks i Ml shlties S dle Taxy
and dmaxz; Pegbfichihitd o6t FetdldoronRruturbBeblie HISHSd@é Ot dh@nlaeki of 0172
according to an angle ay, , so that ay takes a set of values fromO up to

max; 25- Adj usenvgntions ani dheremecessity hto trgeolvegihs dopgtigierafothesey waleht i ons
around t he. ot j . .

feopect i vel v, MReUiES afbtindh il SegioRedleR? it & AR PEElR mporans
surface normato bartdgraphytthe stelel ohsdlidatisrt ofaZpadint Ph@gesiadtivelyr efsallrégiog) f rom

the vectorial product OX2 A Nl4; Adjusting the alignnment of the two regions
by per for ni ngffoPhig avewee of the hydrated and non-hydra%ed states of the ahgneéa
points P;. In fact, this average, more robust, allows to reduce the sources of
error described and to retrieve the points that are generally in contact with

10  water in a given context.

The method to classify (i.e., rank) the similar regions obtained during
a screening and following a context in which a region is found is therefore
particularly important (description of the unbound form or bound form of the
region; and if under a bound form, consider the type of molecular

15 interaction). Indeed, the fact to consider a set of regions in a given
environmental context allows us to study this region with a dynamic view,
that is, to observe the changes of behaviour (of properties) in different
molecular and cellular contexts.

Note: if it is possible to classify the screened regions following the

20 context in which they are similar, it is also possible to consider the context of
molecular structures having these similar regions. We will then look for
instance if the molecular structure is single or interacting with other partners,
as well as to the physico-chemical conditions that allowed to obtain the said
structure, in particular in the presence of ligands.

25 More generally, the concept of molecular cartography applied to the
screening allows to gather, analyse and to simply summarise on a single
molecular structure, all the biological data produced: either states of
physico-chemical, geometrical or evolutionary properties, or the ability of a
region to interact with one or several types of molecules, or the specificity of

30 points or of regions of the molecular structure. It is also possible to add a

cartography to warn of the too unspecific regions, which if they were to be



tx, ty and tz along the axes of the system coordinate reference OX2 , 5 -
0Y2 and 0Z2 , respectively, so that tk, ty and tz take a set of values from

0O up to dmaxx, dmaxy and dmax, , respectilgeély, and Determ ning the optinal
alignment of the regions, said alignnment being the one for which the gl obal
energy score is optimal. 16. Method according to any one of clainms 11

to 15, wherein we also io determ ne the matchi ng schene between the points
of each of both regions to be conpared, so as to conpute the gl obal energy
score of each alignnent, according to one of the follow ng manners: For
each pair of pbosertd aelatelligands, pould indticatdXicibes.of the two regi ons and a
point of the second region, determ ne the distance between 15 these two
poi nts, said distance being defined in consideration of at |east one

remar kabl e propertyefhabcde hbpRsachhsf fdxic br irRdfi@BnBEorhbeuR@s Rdliowing Whé ch
the conputation is " perfornmed, an ermne the parrs of points ere the
di stance is t idetaphioniprofiles @spediiaties of areprpouriteans Ot kS aig '
wherein determi ning the 20 matchi ng schene between the points of the
regions to be conpared is sinplified according to one or several of the
foll owi ng steps: Dafutinﬁrme@r@mummbdgsh@hdvéid@tsanb@d avw itriaerposaiblé he
optimal alignnment of the regions taking into account only pairs of points
havi ng a geodtaiassignsfunstions card hielagicahbehayiowsnteniegiong of A Jrelgeslaros

Adj usting th t  al@Y : i ' f
the type of 1 SHTGRLC AeeRp S elorined ot t 18X bog R ol 8 rpoteclipn ©
al i gnment ;  Seaarbyraphitte detsit trad differenttkrmwmpinding sites ofike $aidandleCdle,

successively, and/or 144 .
0~ as well as the corresponding partners.

These screening methods describe a molecular structure with a high
accuracy, and can go as far as indicating the regions specific to that
structure, and the regions that, when they are targeted by a compound,
present a risk(s) to interfere with other molecules. These regions presenting

15 risk of interferences are in particular the biomarkers of side effects and
toxicity previously described.

Two evaluation methods of the toxicity and of the side effects have
been provided, a first that check if the molecule of study does not interfere
with known biological interfaces; the second that determines the interaction

20 profiles of the said molecule and compare it to the interaction profiles of
molecules inducing toxic or side effects (by differentiating the types of
toxicities and side effects) as well as to the interaction profiles of non-toxic
or with little side effects molecules (natural or commercialized molecules
with no known toxicity).

25 The two methods inform on the possible interferences with other
molecular regions, thus providing one or several molecular causes to this
toxicity and/or to those side effects.

Given a molecule M having as target a binding site L, suppose that
the screening method following the invention indicates that it can interfere

30 with other regions R;. Starting from the alignment of L with all the R; regions,

it is possible to observe the geometrical and physico-chemical differences



- Determning the main conponents of the two regions to be conpared, so as
tolimt the search space around these axes. 18. Method according to any
one of clains 9 to 17, wherein the regioh3lto be conpared are surface
regions or internediate regions, and the conparison 5 step further
conprises the follow ng steps: Generate a plurality of circles around each
region Rl, R2, centered on the barycentre Cgi and Cg2 of each region, and
with radiuses( ) 71?,, kfl and T(R2), respectively, kfl wherel6 is a step
di stance between each circle, 10k is a constant, T(Rl) is the radius of the

regi on Rl andbetwesn the paietsrlaand healigned peigtsoefl atbthemthghregirnstRo regi ons

coor di nato: 157 om HpeaRsATe §ReRER. e 845 ¥ adiimateaR. Srub R T 7
of diameters detdhininiegddr ristarioe theoavsrage dm theastapiaiard dediasion asfcoree or

plurality of main sectors for each of these circles, and Arbitrarily align
the control dseverabprapestiesydor aljitbaPairisRidliggedovith@ peint RELL) IRfoERe?Rr s

e " TEBaTR o BT REe ey URIERLODS, 72" 0E L e

di scs. 19. Method akeofigureg 7 orephnesgntecésti mystanhee nthenhecadisedi differenbes

conprises 4 between the region L and the regions Ry and R,. The points circled on the
region L indeed do not have equivalents in the regions Ry and R; (because
they are not present in these regions or they have distinct properties), and

10 are therefore specific of L. The dotted line describes a case of variability
where the point of L exists in Ry but not in Ry; this point is therefore not
specific of L. It is important to note that the presence or absence of a point
on the figure 7 can indicate: either the presence or the absence of an atom
or residue on the molecule; or a drastic change of a state of property at this

15 point (for instance on L, the atom is cationic, but on Ry and Rz, the
corresponding atoms are anionic).

By complementarity with these specific anchor points of the region L,
it is then possible to determine the “ideal” contact points to create a specific
compound. In particular, starting from the compound with toxic or side effect

20 risks, it is possible to slightly modify its structure in order to better target the
specific anchor points of L, and therefore to be less specific of the other
points shared by all the regions R;. These slight modifications of the
compound can be done in particular by adding, removing methyl groups or
other functional groups known in organic and/or inorganic chemistry.

25 This led rescue approach of toxic molecule (or inducing side effects)
consists therefore in determining the set of molecular targets of the toxic
molecule (or inducing side effects), then to compare these target regions
with the region L that we want to specifically target. From the molecular
cartographies and the observation of behaviours and variations of properties

30 for these aligned regions, it is therefore possible to determine the sub-
regions that are specific to L, and those that are not. By slightly modifying



step during which, for each point of a sector of a first of the two regions
to be 25 conpared, we | ook for points of the second region corresponding to
it within an equival ent sector and/or inl3sector adjacent to the

equi val ent sector by conputing the |ocal energy score for each pair of

poi nts, said equivalent sector being the sector of the other region which
IS superinposed to the sector of the first region when the two regions are
aligned. 145 20. Method according to any one of clains 17 to 19, wherein

t he conparison step further conprises the follow ng steps: Defi ne
control poi nt thef strugtaed ofetiicospmpaiundc eitheb ibypaiaking Bemege dwecifiedtdm fhe he

def fning t he SeetlE sUbHEg OFFERE DY RN It]8ss $BpEfochr e S peaiBHE o °
bei ng defi nedsiaredhsy albthedtargets} it & pesyitiieto idwéhbrstorszgicena tdxicity gsle cont r ol

disc by a step equal to the angle at the center of the sectors of the disc,
and 10Conpare, forAs@&maleinativeef thiscembegdimant, thecepmperng ds Rk txic dagn

control discsg t ) Jaml. ' ' : an
oottt al5 gnhafe Fonar A8y SRYRE in Bat R vRto R dokR ARG i} VR 21|
Met hod accor dihegcdmpbined & rotesificignt bacansd it is blecked by rtos igneattahrumblelr @fi ng

| ssub-steps: Define a threshold distance; For_each coptrol point, determ ne
the set of po%@"i’ﬂ targetse g 4D gmﬁjh?‘g fthis QBﬁ%'B% %ﬁ@peé‘ﬁtgpﬁ"i s a
control point ﬁ&gh j | r i CH ; : e

val ues of sta(t:e é@?ﬁﬁ&p% g&gk&tﬁygé sté?&tt%rg ggpﬁ%’g'tg‘%ﬂ eqﬁ%rgeizgrﬁyﬁg?gﬁg?@ng to
t he sphere deamchormmintdofiitsgatdet Ly raadi less affinepto itnathendarggts RhiFgureef)age at

the contrg PEY Rwemsg e afthity OF 1 Bohpodna f0rits SiHe? IRYRH, Wh McSase its

in vivo efficacy by greatly favouring its interaction with the target L.

Example 1:
A molecule M having a site of interest L is targeted by a compound A
15 Dby its region Lcompound- The screening of the region L and/or of the
complementary of the region Lcompound allows to detect a molecule B having
a binding site R and coming from a biological interface of type
macromolecule-macromolecule. It is in particular possible to visualize the
geometrical and physico-chemical alignment of the region L with the region
20 R, so that we can easily identify the points of these regions that resemble
the most, and those that differ the most (let us remember that a point of a
region references one or more atoms and/or residues of the molecule), as
illustrate the figure 7. We can imagine that the region R has a localised sub-
region, with more clefts or more charges than its equivalent sub-region on L.
25 Therefore, to make the compound more specific to the molecule M and less
specific to the molecule B, it is possible to slightly change the structure of
the compound, so that the sub-region of the compound that binds L have
respectively less knobs and less charges. These changes of the structure of
the compound are intended to make it more complementary of L, and less
30 complementary to R (with respect to the geometrical and physico-chemical

properties).



22. Method according to any one of clains 16 to 20, in which the regions to
25 be conpared can be regions internal to the object, and for each region
to conpare : W determine a plurality of 18bntrol discs which segnment the
regions in a three-dinensional plan so as to create at | east one control
sphere, each control sphere being defined by the control points of the
plurality 30of discs that constitute the region associated and 146 - W
conpare the respective control points of each of the control spheres. 23.
Met hod according to any one of clains 3 to 22, further conprising the

fol | owi ng steps: 5Welsengiso irmaginedhat thep regiemtLapgssasges ras Clégflt suregion

di t he . ' | h i m. .
Conp! emont ar y AL BGSharRd By bp qeaioRgLi Ae eHONERAFeReel BIRMSIHR IEAd8i0  he
regi ons theregg §6ﬂnﬁ6hﬁé a'?rpagéq&é’teoé’r‘o%b”oﬂ‘%m?é gHége@rormmbﬁﬁﬁg

regions. to 24. Method according to any one of ainms 3 to 23, further
conpri si ng t hthef assanidted ceféssib-regian)dhat cae bind ée dhisscle#subgegiane gitis

ctract ure ot mediebBoRfic olaig b IHpCArRRERliE A st roali bl Tt 2P
nol ecul es havppgent teg biting of iesRBRRIOUNdOOM 1B by &géndal onktraingt wHile thot

nmol ecul e; Check, fromeach of the assenblies thereby determ ned, for the
destabilizing its binding on A.

Example 2:

10 A molecule M having a site of interest L is targeted by a compound A
by its region Lcompounds- The screening of the region L and/or of the
complementary of the region Lcompouna @llows to detect several molecules B;
having a binding site R close to L. If it is possible as in the previous
example to visualize each alignment of L with a B;, it will be advantageous

15 here to cartography the average behaviour of properties for the regions B,
and to compare this average behaviour to the one of L. Essentially, the fact
to observe the average behaviours of the B;, allows to ease the visualization
of the geometrical and physico-chemical differences between all the Bi and
L. Therefore, for each sub-region having differences, it is possible to treat

20 the structure of the compound by examples similar to the example 1. In
particular, one can interest himself in the sub-regions having differences
between all the B; (discretised by a region built from the average behaviours
of properties) and L, and to interest himself only to the sub-regions having
small standard deviations. In fact, the small standard deviations will detail

25 that for all the B, the average observed behaviour does not vary a lot.
Therefore, when we modify the structure of the compound to make it less
correspond to this average behaviour of the B; by increasing the
complementarity with L, we ensure to lower the specificity of the compound
for all the B;, or at least, for many of them.

30

Example 3:



presence of distant collisions between the studied nol ecul e and each of the
nol ecul es having a region conplenentary to the region of the 20 studied
mol ecul e, so as to invalidate, if any, tHé4interaction of the studied

nol ecul e with one of the nol ecul es having a conpl enmentary region. 25.

Met hod according to any one of clains 3 to 24, further conprising the
follow ng steps: 25- CGenerate an initial region conprising all or part of
the nesh points of the three-dinmensional object; Segnment the initial
region into a plurality of regions; Select a region to be conpared anpng
the plurality of rdhede® PraMieUs eyampies ean reguiradhet presenegiafa tusepdo
conpared has VEF 4 \ . ] Dt WeTa Js to
say, the hi gh‘e’%ﬁ a'r'?ﬁ%ﬁg(r% H% %@rﬂ.ﬁgnﬁ%ngfc%mbn%@ﬁﬁ%gﬁ%? ﬁllggli‘el’lél’t?‘ ?gﬁnrt%%i%ﬁﬂ'hg

Det er mi ne t hesite Rrofitamt interferetinoididgivd! inieefadedLeh s rregiembéohbeevanihat ed,
and 5Conpare the region to be conpared with a set of known regi ons that
have been obt High8lpbay eprigysserreds fiaspided Jremdhacim ofdocalianesay £6etasdi ng

to any oneg of ' LTS, ‘\_1;\/(}%; | o S
corr espon?ﬁ ngtﬁ%&%ﬁ?ﬁhﬁ%{c&%?ﬂﬁ}ge_ |rﬁ%%§%ngfg%?%§fgp§?%gr [ ﬁfgtv{’% t he
fol | owi ng st epbgnekDpdimtd.i Thesealolcat Eneryydscares iinfoarh asprrch emdhe sivhilaridgi on

of rel evant | Wbr Rl fom GUREIIGH Hptdan ONpelediaia ihi besegPaes. A8 & o
I'nclude in thgoRERRAZE; tHePlocBREReRSY Storé tdhCautbRfatiRaM dERER th®polrits in
two regions that differ the most. According to the method that allows to
10 detect the error regions of an alignment of two regions, it is therefore
possible to automatically detect the sub-regions of these two aligned
regions, that differ the most. Therefore, it is also possible to automatically
provide modifications of the compound to play for instance on the sub-
regions that differ between the regions R and L. For instance if we
15 automatically modify the compound so that it can bind a sub-region specific
to L and that do not exist on R, then the compound will be more specific of

its target of interest, and less specific of its non-wanted target(s).

Example 4:

20 A compound C targets a region L of biological macromolecule MB.
The screening of the region L allows to retrieve a collection of similar
regions R;, and as illustrated on figure 7, it is possible to superimpose the
pairwise alignments in order to visualize the matching of points of the
different but similar regions. For each point of L, it is therefore possible (1)

25 tovisualize if it exists on L, and (2) to determine if it has a state of properties
(or several states of properties) that are unique to L. For instance, on the
figure 7, we can see that four points belong exclusively to the region L. It is
therefore possible to propose modifications of the compound C, so that it
preferentially target these four points, which will make it more specific to

30 bind L, and less specific of the regions Ry and R,. Another example would

be to say that these four points have charges different between L and the



15region, the states of remarkable properties. 27. Method according to the
preceding claim wherein we generate several databases, each database
containing information specific to a givédStype of region, to a type of

t hr ee- di nensi onal object, to a given technical field, to one or several

gi ven remar kabl e properties, and/or to a given segnentation 20criterion.

28. Method according to any one of clains 3 to 27, wherein part or all of
the informati on obtained on the regions of the three-dinmensional object
and/ or during the conparison step of the regions are detailed in a
cartography oRitmé, tgseqointgFepesent chawesdobinstange: anianig, vheress for dhes 3

to 28, wherein.we generate .a region conpl emen udi . i for a
gi ven set of g _ BB B}Hl?eﬁ’?tbg?/aﬁfgo Eli' r%a%“gé ?"P(@%_é’?‘é’g’ic g%?@?"é’?‘ghg@%f
duplicating t{misPiichddseothd Bpesifitity o the dcMpouriy € ol hbEebgtaidingf(orach
of the remarkable properties in 148 each point of the studied region with
respect to a ieseviag) aems bulrhy ehanging dbe chargesiar ibege fainte sothaddhent t he

detor mne at  TEd0og, SMRINRRAGTYBCT Sh8f, e i HlerallIE] B0 Hitionic

gener at ed, satmmﬁégilar region then being 5 conplenentary to the studied
region. 31. Method according to any one of the preceding clainms, wherein
all or part of the nmesh is transposed into a graph conprising points and
edges defined fromthe points and edges of said nmesh, and wherein steps of
the method are inplenmented on the basis of points of the graph. ir) 32.
Met hod according to any one of the preceding clains, wherein the
segnentation of the surface into regions conprising the follow ng steps:
Define a threshold value; Assign to each point a value corresponding to
the state of at | east one remarkable property at this point; 15Assign to
each edge a |l ocal weight depending on a value assigned to two points
connected directly to each other by said edge; Choose a point A of the

t hr ee- di nensi onal object; Conpute the gl obal weight of each point, said
gl obal wei ght



corresponding to the sumof the |local weights of the edges formng the
20shortest path between point A and the point for which the gl obal weight
is conputed; Generate a region of the obfect, defined either by the set of
points for which the global weight associated with these points is |ess
than or equal to the threshold value, or by the set of points having a
cardi nal 25equal to the threshold value and having the | owest associ ated

gl obal weights. 149 points is defined as the distance between these two
poi nts, said distance being cal cul ated according to one of the follow ng
formulas: D, (S S2) - -T- 1 La 1A"P (BLAIMSS 2))2 131card (P) SD,p S 2)
=l 'Pi (SPi(SLi=LINSD" ( S2) =ailPI(S1)- Pi(S2)I 1=1

1. Method for characterizing three-dimensional objects, comprising the
steps of:
5 i) generating a three-dimensional reconstruction of a three-dimensional
object ;

i) generating a mesh of the object, said mesh consisting of points
connected in pairs by an edge;
iii) characterizing the points and/or facets of the mesh of the object
10 according to the respective states of remarkable properties at these
points, and
iv) segmenting the object in three-dimensional contiguous regions from

the mesh and the characterization of points of the object.

2. Method for characterizing three-dimensional objects, wherein the three-
15 dimensional object is a molecule, said method comprising the steps of:
i) generating a three-dimensional reconstruction of the molecule;
ii) generating a mesh of the object, said mesh consisting of points
connected in pairs by an edge;
iii) characterizing the points and/or facets of the mesh of the molecule
20 according to the respective states of remarkable properties at these
_ points; and
iv) segmenting the molecule in three-dimensional contiguous regions

from the mesh and the characterization of points of the molecule.

3. Method according to any one of the preceding claims, further
25 comprising a step of comparison in which the predetermined states of the
remarkable properties of a region to be compared are compared to the same
remarkable properties of known regions, so as to determine if the known

regions are similar or complementary to the region to be compared.



(1, S2) =limINP->> 113i (SPi (S 2)I P 1=1 \Were: 5S1 and S2 are the
two points connected by the edge for which the weight is conputed; D,
(511,s2) is the distance between S1 et S¥7 and defining the weight of the
edge between these two points ; p is an integer greater than or equal to 1;
loP is the set of the N remarkabl e properties on the basis of which the
di stance D,, (s1,s2) is conputed; Pi(S 1) is the digitized value of a
remar kabl e property P, at point S1 ; P3(S2) is the digitized value of a
remar kabl e property P, at point S2; and a, is weighting factor of the
property Pl. 415 3Method amtoadingrtdi cigint B, anyereire wf deterimime Dhet or Séveral

wh in: - T bl t t he | t f t
Obfreg![,n 150 l?nerﬁ%g%{ a@aﬁle rogs{o(q%/aqiyee@&roact elagtnoﬁe fL?nc%%nnof tl’IIS S|m|Iar

region to the screened region, or wherein we determine one or several
interactions between objects from the search of at least one region
5 complementary to the screened region and we infer the interactions or

interactions to the region screened.

5. Method according to claim 3 or 4, wherein we eliminate some of the
regions to be compared by means of at least one filter among the following
group:
10 - Comparison of the global shape of the regions;
- Comparison of the ratio between the Euclidean radius and the
geodesic radius of each region;
- Comparison of the composition of the regions as a function of at least
one remarkable property;
15 - Comparison of the distribution of at least one remarkable property in
the regions;
- Comparison of the regions by Fourier transforms;
- Comparison of spherical harmonics of the regions;
- Use of a simplified representation of the object or region among the
20 representations of the following group: alpha shape of the Delaunay
complex, or a graph in which points of the object or region resembling
each other are contracted in nodes of the graph so that several points

having the same property are gathered in one point.

6. Method according to any one of claims 3 to 5, wherein the step of
25  comparison of two regions comprises the following steps:

- Compute a local energy score for each alignment and for each pair
formed by two aligned points belonging respectively to the two
compared regions, said score being based on the values of the states
of the remarkable properties at these points and computed using the

30 following formula:



I's equal to the distance between the two points directly connected by the
edge; and The gl obal weight of a given point is equal to the geodesic

di stance between this given point and th®8chosen point A said geodesic 5
di stance corresponding to the sumof the distances of the edges form ng the
shortest path between the given point and the chosen point A 35. Method
according to claim32 or 33, wherein the segnentation of the surface into
regions is inplenmented according to a shape criterion, wherein io the | ocal
wei ght between each point of the mesh and the chosen point A is weighted
according to its directjion or it lentation Wth respect to a given
vector, according to at cﬂ’eefasi z_ga’fgﬁ"éef.kﬁ X\\: ng fornulas: sin(17,SIS,
(7,51, 52) wO( SI S2) =w( S1S2) + Ko 5|n() 2 WO(SI S2) =w( SI S2) + Kg[ _

(17, (s7.52)) whege : R+ and R; are the regions to be compared,;

S; and S; are two points respectively of regions Ry and R for
which the local energy score is computed;
5 Score,,.,(S,S,) is the local energy score corresponding to

alignment of points S; and S, for the set of properties P4, P, ..., Py studied,;

o,

{

is a weighting factor of the score Score, (S1S2) of the

property P; for the points S; and S, of regions Ry and Ry, respectively;
and
10 - Rank some or all of the possible alignments of the regions according
to their respective global energy scores, and determine the optimal
alignment for the comparison of regions corresponding to the
alignment for which the global energy score is optimal, said global
energy score being defined by the following formula:

15 Score global (Rl, R2 )= z SCOVe local lSr ’ Eq R, (Sl )J
S’.C 1

Where:  Score,,,,(R R,) corresponds to the global energy score of the
regions Rq and R, ; and

Egy (S;) corresponds to the point S; of R which is structurally

aligned with the point S; of R..

20 7. Method according to claim 6, wherein the energy score of a remarkable
property Pi given for two aligned points in two regions, respectively, is

defined on the interval [-1, 1] using the following equation:

SCO"eP’_ (SI,S2)= L(A Pi effectif )= (ITC——}%:(T;/_) B

Where: Score, (S,5,) is the energy score for the remarkable property P;

25 and corresponds to the alignment of points S1 and S; of regions Ry and R,
respectively;
A is a constant; and



15 Where : Vis the given vector; Si is a point ; 82 is a second point ;
s".52 is the edge directly connecting S1 and S2; 20Kd , Ic and IC ' are

constants ; 151 ) is the distance betWen points Si and 52 ; and
WS, S2) is the |ocal weight of edge sis, ; and wO(S1S2)wd (Si S2 ) andare
the |l ocal weights of edge s7s2 respectively weighted by the orientation

or direction of the given constraint 5vector 36. Method according to any
one of the preceding clains, wherein the segnentation of the object into
regions is performed according to the follow ng steps: Generate sone or

other region of the objgct, is the difference between the values of the states of the
remarkable property at points S and S; for which is assessed a tolerance
that defines the acceptable difference between the states of the property (Pj)

for two points of the regions to be compared, with:

5 Aobservézlf,i(Sl)_f)i(SZX
Aeﬂectif = Aobservé -T, F

Where P.(SI) is the digitized and normalized value of the state of the

1

remarkable property P; of N at the point Sy;
E(SZ) is the digitized and normalized value of the state of the

10 property P; at the point S5 ;
Tpi is the tolerance for the property P; .

8. Method according to claim 7, wherein the energy score of a given
remarkable property for two aligned points of two regions, respectively, is

defined on the interval [-1, 1] using the following equation:

= 2 1
Q +e lA‘Pi,eﬁ”ectlg

Score 5 (S .S, )=L (A*Pi,e_zfectgf )

15
where Scé}re,,i (Sx,Sz) is the energy score for the remarkable property P;
at the points Sy and S; of regions R4 and R,, respectively;
A is a constant; and
A% merr 18 the difference between the values of the states of
20 the remarkable property at points Sy and S; for which is determined a
tolerance that defines the acceptable difference between the states of the
property (P;) not normalized by the value of a tolerance Tp; for the property P;
for two points of the regions to be compared, with:
Apuers = [P (S,) = B(S,)

25 4 *Piejfeclzf = (Aobservé _]k )/ ];;



| 0Set the surface normal of the region by averaging the surface nornals of
the facets or the surface nornals of the points of the region, according to
the following fornmula: card(NS,) 3 cR Witl0e : 15R is said sone or other
region of the object ; NN? is the surface normal of the region R, Si is a
point of the region Rl; is the average of the surface normals of facets
conprising the point Si, or the surface nornmals of the points Si of the
region; 20(S752) is the local weight of the edge s,s2 directly connecting
Si and 32; Cenerate the contour of the region; Elimnate, fromthe region,

al'l points ojygfe cont gu(gé)f@gtnwu (2 n8RHoPmBRI M 9RILENSS he! §rate o @heml  Of

the region and the sur normal “of sal d point exceeds the threshold

angl e, so as rémafikiibié Prad RN at He Pdine8i;carkpme or ot her region
containing all points of 52 said sone or other regi on except for the

contour points that ha\Ié(Sp anthe digitireidedon-anemalizsdavaluegel thet states béitise f or
generating the contour and for
remarkable property P; at the point S, .

5 9. Method according to any one of claims 6 to 8, in which we normalize the
global score for each alignment by dividing this global score by the maximum
global score that can be achieved, which corresponds to a perfect alignment

with the region to be compared.

10. Method according to any one of claims 6 to 9, in which we penalize the

10 global energy score so as to take into account the distribution and

importance of the differences between the alignments of the points of the
regions to be compared, according to the following sub-steps:

- Defining a maximum error value and a minimum threshold number;

- Assigning, to each point of at least one of the regions, the value of its

15 local energy score or the difference between the maximum error value
and its local energy score;

- Generating at least one error sub-region comprising the set of points
of the region for which the energy score is greater than or equal to the
maximum error;

20 - Defining a penalty score depending, on the one hand, on the number
of error sub-regions whose cardinal is greater than or equal to the
minimum threshold number and, on the other hand, on the number of
points included in these error sub-regions;

- Introducing, into the global energy score, the penalty score and

25 adjusting the ranking of the alignment as a function of the new global

score thereby obtained.

11. Method according to any one of claims 3 to 10, wherein the step of
comparison of two regions comprises the following sub-steps:

- Determining a barycentre for each region;



elimnating the points fromthe sub-region obtained, until all the 5
surface normals of the points of the contour forman angle, wth the
surface normal of said sone or other regi4édn, which is equal to or |ess than
the threshold angle. 37. Method according to the preceding claim wherein
the contour is generated according to the follow ng steps: i0l. Choose a
point (Cl) of said sonme or other region; 2. Define a threshold angle; 3.
Determ ne the farthest point (CP) of said sone or other region, for which

t he geodesi c di stance between said point (CPlI) and the chosen point (Cl) is

the largest; 154. PRginttheeegiongirs oedert teepositiorm theih redpettive dangernitte at
adj acent to the farthest point (CP), determ ne_ the point (Paco) which is

separated fromt hma:dxugmrofpmystem@b))rdhyateh(@Xa@gew)geodem c distance; and
5. lterate step 4_a ed point to obtain a

the d
set of points ( PBogQ?j"ig at e?gggﬁopee OFB%T?&H?SI%EH?QSE%QW ﬁ’tseeﬁ Y$teM ¢ of
the 20regi on, andcé&‘d%aﬁé 56T tg;soltat'&% Gme?éﬁﬁghd(?ﬁh&ﬁts( Bﬁarﬂetérnhlﬁlrﬂj tHer ent

fromthe chosen poi nt , said set of points acfrii Padji+1 Padj i +n)
form ng the cont olmcabéneﬂgqsoe)gemreaml aligrinent arstfor ¢iach pair formeechtaetver 37,

wherein the averagg of,the, surface noryjals of .the face f the surface
normal of the poi ﬁf %’fp?'m? ?%'8{‘8',‘?9 tgat\o(gr%gfpgat@ qr%é:oﬁboc?gggl c di stance
of this surface normal of the chosen point (C/) and/or by the area of the

with facet coppMethéw édébﬁdlﬁ?rtfoa@lélmoﬁl’rwwhéi@ln eé hesmpaitesurdistep tfarthey one
of the preceding clai further conprising a step in which the regions of

an obj ect hawmgnaestfpa@dlow"we%t@pm ned percentage of points in common are
eli m nat ed. - Defining threshold angles maxy, maxy and max; ;

10 - Performing a rotation of one of the regions around the axes
OX, OY, 0Z, of the system coordinate according to angles ax, oy and
o, respectively, such that oy, oy and o, take a set of values from O up
to max,, max, and max, , respectively;
- For each generated alignment of the two regions, that is to say to each
15 rotation of one of the regions according to an angle ax, oy and/or o,
around the axes OX, oY andlor OZ of the system coordinate,
respectively, computing the corresponding global energy score;
- Determining the optimal alignment of the regions, said alignment being

the one for which the global energy score is optimal.

20 13. Method according to claim 11 or 12, wherein, when the regions are
surface regions or intermediate regions, the rotation of these regions around
the axes of the system coordinate is performed according to the following
sub-steps:

- NR, and NR, being surface normals of regions to be compared,

25 respectively, performing a rotation of the regions according to an angle

(NR, , NR,) around the vector resulting from the vectorial product
JVIEAFE so that the surface normals NR, and MR, of the regions

coincide.



153 40. Method according to any one of the preceding clains, wherein, when
the object is deformable, a set of stable conformations of the object
and/or of the regions are generated so a¥?to obtain a plurality of
secondary objects, and the nethod is applied to the set of secondary

obj ects thereby obtained. 5 41. Method according to any one of the
precedi ng clainms, wherein the remarkabl e properties are geonetric,

physi co-chem cal and/or evol utionary properties, and the characterization
step consist of determning the state of at | east one of the foll ow ng

remar kabl e prigpddthed -accordifig teiairh al3, fartairicompmisindthedllowingléteps: t he
| ocal curvature of a surface; iii) the |ocal electrostatic potential; iv)
t he functional chéligoing theoegions)wittihedmfis O lof the gystendéanrdinafe;t he | ocal

density; 15vii) the _surface nqormal of the point viii e resist.ance at
this point. 42.° N#ﬁ'&&"%@\{%ﬂﬂ%@”ﬂ@%’ﬁ@xpf"%&ﬁ%ﬁ’a& %ri‘qsnﬁ"ﬁﬁg?lgichgt?ﬁge? ocal
curvature at a poimlaxSgnk, dM@amiei-on i s obtained according to the
following steps: 1. Defin€ a threshold di stance, 202. Determine all _the
points S 5S, of Pegfoldirigora frotativhi 6h onke oflithé aregioriso ardendahataxis onf eri or
to the threshold distance; 3. Determne, for each of the POi nts Si , S2 ,Si
obtai ned at step 2ccordirg ta anapgkee, Ssq thatsytakes arsatiof yalyesifram 0 up te hei r
surface nornal NS";mySZ ,..., NS " respectively;

Vs

- Adjusting the alignment of the two regions by performing rotations

around axes OX and OZ according to angles ox and a;, respectively,
10 so that oy and o, take a set of values from O up to max, and max,,
respectively;
- Adjusting the alignment of the two regions by performing translations
t, t, and t; along the axes of the system coordinate reference OX, OY
and OZ respectively, so that t,, t, and t, take a set of values from 0 up
15 to dmax,, dmax, and dmax, , respectively, and
- Determining the optimal alignment of the regions, said alignment being

the one for which the global energy score is optimal.

15. Method according to the claim 12, wherein the comparison step further
comprises the following sub-steps:
20 - Defining threshold angles max,, max, and max, and threshold distances

dmax,, dmax, and dmax;,
- Performing a rotation of one of the regions around an axis O_Y;

according to an angle ay , so that ay takes a set of values from 0 up to
max,,

25 - Adjusting the alignment of the two regions by performing rotations

around the other axes OX, and OZ, according to angles oy and oy,
respectively, so that oy and o, take a set of values from 0 up to max,

and max,, respectively, where OX, is a vector perpendicular to the



254. Conpute the local curvature osj) at point S according to one of the
followng formulas: 1 a.\ s Jcss2, ,s, d(siT Sig') C(SJS,) 154 b. 1

0. 5+

0.
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surface normal ngr, of the region R; and —O_Z; is the vector resulting

from the vectorial product OX, A m ;
- Adjusting the alignment of the two regions by performing translations

f., t, and t, along the axes of the system coordinate reference OX,,

oY, and O_—Z2 _ respectively, so that &, t, and ; take a set of values

from 0 up to dmax,, dmax, and dmax, , respectively, and
- Determining the optimal alignment of the regions, said alignment being

the one for which the global energy score is optimal.

16. Method according to any one of claims 11 to 15, wherein we also
determine the matching scheme between the points of each of both regions
to be compared, so as to compute the global energy score of each alignment,
according to one of the following manners:

- For each pair of points including a point of a first of the two regions
and a point of the second region, determine the distance between
these two points, said distance being defined in consideration of at
least one remarkable property that defines the first region at the point
for which the computation is performed, and

- Determine the pairs of points where the distance is the lowest.

17. Method according to the preceding claim, wherein determining the
matching scheme between the points of the regions to be compared is
simplified according to one or several of the following steps:

- Defining a maximum threshold distance and determine the optimal
alignment of the regions taking into account only pairs of points having
a geodesic distance lower than the maximum threshold distance;

- Adjusting the parameters oy , oy , oz , max,, max, and max; as a function
of the type of regions compared and/or of the desired quality of the
alignment;

. Searching the best alignment along the axes OX, oY and 0Z

successively, and/or
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- Determining the main components of the two regions to be compared,

so as to limit the search space around these axes.

18. Method according to any one of claims 9 to 17, wherein the regions to be
compared are surface regions or intermediate regions, and the comparison
step further comprises the following steps:

- Generate a plurality of circles around each region Ry, Ry, centered on

the barycentre Cg; and Cg; of each region, and with radiuses 7(®)
kB

and T(®,), respectively,
KB

where B is a step distance between each circle,

k is a constant,
T(R4) is the radius of the region Ry and
T(Ry) if the radius of the region Ry;

- Align the two regions so that their surface normals coincide with one of
the axes of the system coordinate;

- From an arbitrary diameter of each circle, draw a plurality of diameters
within each circle, so as to form a control disc and a plurality of main
sectors for each of these circles, and

- Arbitrarily align the control discs of the two regions according to one of
their diameters;

- Determine an optimal alignment of the two regions from an optimal
alignment of their points located in equivalent sectors of their control

discs.

19. Method according to the preceding claim, wherein it further comprises a
step during which, for each point of a sector of a first of the two regions to be
compared, we look for points of the second region corresponding to it within
an equivalent sector and/or in a sector adjacent to the equivalent sector by
computing the local energy score for each pair of points, said equivalent
sector being the sector of the other region which is superimposed to the

sector of the first region when the two regions are aligned.
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20. Method according to any one of claims 17 to 19, wherein the comparison

step further comprises the following steps:

Define control points for each region, said control points being defined
by the intersection of the circle circumscribed to the region with the
diameters defining the sectors of said circle;

Define a control disc, said disc being defined by the set of control
points in this region;

Turn one control disc by a step equal to the angle at the center of the
sectors of the disc, and

Compare, for each rotation, the respective control points of each
control discs;

Determine an optimal alignment of the two regions from an optimal

alignment of the control points of their two control discs.

21. Method according to the preceding claim, further comprising the following

sub-steps:

Define a threshold distance;

For each control point, determine the set of points in the region
belonging to the sphere whose center is a control point and whose
radius is the threshold distance;

Average the values of state of the properties at the points of the region
belonging to the sphere determined during the previous step, and
Assign this average at the control point located at the center of the

corresponding disc.

22. Method according to any one of claims 16 to 20, in which the regions to

be compared can be regions internal to the object, and for each region to

compare :

We determine a plurality of control discs which segment the regions in
a three-dimensional plan so as to create at least one control sphere,
each control sphere being defined by the control points of the plurality

of discs that constitute the region associated and



d(SIT,Sr) si <0 d(Si,S) Where :d(sis,) is the geodesic distance
between points 4 and 4; Kand L are weighting factors. 5 43. Mthod
according to the preceding claim wherei6the | ocal curvature is adjusted
so as to return values on the interval [-1, 1] according to the follow ng
formula: C[](S, )= 2C (SE)- 1 WereOMis the local curvature at point SI1;

- We compare the respective control points of each of the control

spheres.

23. Method according to any one of claims 3 to 22, further comprising the
following steps:

5 - Among similar or complementary regions determined according to the
comparison step, select the most similar or more complementary
regions, and

- lterate again the characterizing method on the regions thereby

selected so as to obtain new similar or complementary regions.

10 24. Method according to any one of claims 3 to 23, further comprising the
following steps:

- Find all the molecules having a region complementary to a region of
the studied molecule;

- Determine the structure of the assembly of the studied molecule with

15 each of the molecules having a region complementary to the region of
the studied molecule;

- Check, from each of the assemblies thereby determined, for the
presence of distant collisions between the studied molecule and each
of the molecules having a region complementary to the region of the

20 studied molecule, so as to invalidate, if any, the interaction of the
studied molecule with one of the molecules having a complementary

region.

25. Method according to any one of claims 3 to 24, further comprising the
following steps:
25 - Generate an initial region comprising all or part of the mesh points of
the three-dimensional object;
- Segment the initial region into a plurality of regions;
- Select a region to be compared among the plurality of regions thereby

generated, so that that region to be compared has the largest overlap



10CPA) is the local curvature adjusted so as to return values on the
interval [-1, 1]. 44. Method according to any one of the preceding clains,
wherein the region includes surface pointd and/or internal points of the
object. 45. Method according to any one of the preceding clains, wherein
the three- 15 di nmensional object is nodeled by using the Del aunay conpl ex,
t he al pha conplex, the tessellation of Vonorol, the al pha shape of
Edel sbrunner, a marchi ng cube type approach or marchi ng tetrahedron type
appr oach.

with the initial region, that is to say, the highest number of points in

common with the initial region;
- Determine the segmentation method that yielded the region to be
compared, and
5 - Compare the region to be compared with a set of known regions that

have been obtained by the same segmentation method.

26. Method according to any one of the preceding claims, wherein we
generate a database corresponding to a given set of three-dimensional
objects according to the following steps:
10 - Identify each three-dimensional object and each region generated
from this object by a unique label;
- Include in a database, a set of relevant information concerning said
object and said regions;
- Include in the database, for each point and/or for each facet of the

15 region, the states of remarkable properties.

27. Method according to the preceding claim, wherein we generate several
databases, each database containing information specific to a given type of
region, to a type of three-dimensional object, to a given technical field, to one
or several given remarkable properties, and/or to a given segmentation

20 criterion.

28. Method according to any one of claims 3 to 27, wherein part or all of the
information obtained on the regions of the three-dimensional object and/or
during the comparison step of the regions are detailed in a cartography of the

object.

25  29. Method according to any one of claims 3 to 28, wherein we generate a
region complementary to a studied region for a given set of remarkable
properties according to the steps consisting of duplicating the points of the
studied region, inversing the state of each of the remarkable properties in
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each point of the studied region with respect to a neutral value, and assigning

the inversed state to each of the duplicated region.

30. Method according to claim 29, wherein we determine at least one region
similar to the complementary region generated, said similar region then being

complementary to the studied region.

31. Method according to any one of the preceding claims, wherein all or part
of the mesh is transposed into a graph comprising points and edges defined
from the points and edges of said mesh, and wherein steps of the method

are implemented on the basis of points of the graph.

32. Method according to any one of the preceding claims, wherein the
segmentation of the surface into regions comprising the following steps:

- Define a threshold value;

- Assign to each point a value corresponding to the state of at least one
remarkable property at this point;

- Assign to each edge a local weight depending on a value assigned to
two points connected directly to each other by said edge;

- Choose a point A of the three-dimensional object;

- Compute the global weight of each point, said global weight
corresponding to the sum of the local weights of the edges forming the
shortest path between point A and the point for which the global
weight is computed;

- Generate a region of the object, defined either by the set of points for
which the global weight associated with these points is less than or
equal to the threshold value, or by the set of points having a cardinal
equal to the threshold value and having the lowest associated global

weights.

33. Method according to the preceding claim, wherein the remarkable

properties can be digitized, and the weight of an edge directly connecting two



149

points is defined as the distance between these two points, said distance

being calculated according to one of the following formulas:

1 z 5
Dn SI’SZ =+ i Pz Sl _B SZ i
Zp,.( )=% card (P) Z,-:a J( ) ( ))

N
Digml,sz)=;aillz<sl>—a<82>|

=P Y AF. Ll ol F
Dipx_(Sl,Sz)—- gazlP,(Sl) P(S,)

N
Di (SI,SZ)=1im———p—_:——>i/Zai|P,.(Sl)—Pi(S2)|p
5 i=1
Where:
5 S, and S; are the two points connected by the edge for which the weight is
computed;
D, (SI,SZ) is the distance between S, et S,, and defining the weight of

5

the edge between these two points ;
p is an integer greater than or equal to 1;
10 P is the set of the N remarkable properties on the basis of which the

distance p, (s,s,) is computed;

P’.

Pi(S4) is the digitized value of a remarkable property P; at point Sy ;
Pi(S.) is the digitized value of a remarkable property P; at point S»; and
a; is weighting factor of the property P;.

15 34. Method according to any one of claims 31 to 33, wherein:

- The remarkable property is the location of a point in the object,
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- The local weight of the edge | D, (51,52) is equal to the distance

¥

between the two points directly connected by the edge; and

- The global weight of a given point is equal to the geodesic distance
between this given point and the chosen point A, said geodesic
distance corresponding to the sum of the distances of the edges
forming the shortest path between the given point and the chosen

point A.

35. Method according to claim 32 or 33, wherein the segmentation of the
surface into regions is implemented according to a shape criterion, wherein
the local weight between each point of the mesh and the chosen point A is
weighted according to its direction or its orientation with respect to a given

vector, according to at least one of the following formulas:

W, (85,5,) = w(S,S,) +K,[sin(V,$,S,)

(V,S,5,)

w,(8,5;) = w(S,8,) + K, sin( )

0, G5 =G5+ K Jo [l - 7. G50

Where :

—

V' is the given vector;

S1is a point ;

S, is a second point ;

5.s, is the edge directly connecting S; and Sz ;
K,, K and K are constants ;

|| corresponds to the modulo of 7 ;

(S_]S‘;?) is the angle, in radians, between the vector 7~ and the edge 5,5, ;
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D, (SLSZ) is the distance between points S; and S; ; and

e

i

w(ES*;) is the local weight of edge s.5, ; and

(S5 o w,(8,S,)

are the local weights of edge 55, |,
respectively weighted by the orientation or direction of the given constraint

vector 7~

36. Method according to any one of the preceding claims, wherein the
segmentation of the object into regions is performed according to the
following steps: ,
- Generate some or other region of the object;
- Set the surface normal of the region by averaging the surface
normals of the facets or the surface normals of the points of the

region, according to the following formula:

NR = NS, = S,
! ! card(NS ng

Where :
R; is said some or other region of the object ;

—_—

NR, is the surface normal of the region R;;
Si is a point of the region R;;
N:S,« is the average of the surface normals of facets comprising the point S;
or the surface normals of the points S; of the region;
w(El—é;') is the local weight of the edge s,s, directly connecting S1and S;;
- Generate the contour of the region;
- Eliminate, from the region, all points of the contour for which the
angle between the surface normal of the region and the surface

normal of said point exceeds the threshold angle, so as to obtain a
sub-region of said some or other region containing all points of
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said some or other region except for the contour points that have
been eliminated, and

- lterate again the steps for generating the contour and for
eliminating the points from the sub-region obtained, until all the
surface normals of the points of the contour form an angle, with
the surface normal of said some or other region, which is equal to

or less than the threshold angle.

37. Method according to the preceding claim, wherein the contour is
generated according to the following steps:

1. Choose a point (C;) of said some or other region;

2. Define a threshold angle;

3. Determine the farthest point (CP;) of said some or other region, for
which the geodesic distance between said point (CP;) and the
chosen point (C)) is the largest;

4. Among the points of the region which are directly adjacent to the
farthest point (CP;), determine the point (P.4) which is separated
from the chosen point (C;) by the largest geodesic distance; and

5. Iterate step 4 again. from the determined point (P,4;), so as to obtain
a set of points (Pgi, Pagi+1 » ---, Pagii+n) located at the outer limit of the
region, and this as long as the obtained point (Pagji+n) is different from
the chosen point (CPy), said set of points (Pugi, Pagii+i + .-y Padjitn)

forming the contour of the region.

38. Method according to claim 36 or 37, wherein the average of the surface
normals of the facets or of the surface normal of the points of the region is
weighted by the geodesic distance of this surface normal of the chosen point
(Ci) and/or by the area of the with facet comprising this surface normal.

39. Method according to any one of the preceding claims, further comprising
a step in which the regions of an object having at least a determined

percentage of points in common are eliminated.
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40. Method according to any one of the preceding claims, wherein, when the

object is deformable, a set of stable conformations of the object and/or of the

regions are generated so as to obtain a plurality of secondary objects, and
the method is applied to the set of secondary objects thereby obtained.

41. Method according to any one of the preceding claims, wherein the

remarkable properties are geometric, physico-chemical and/or evolutionary

properties, and the characterization step consist of determining the state of at

least one of the following remarkable properties:

i) the spatial location of the point;
i) the local curvature of a surface;
iii) the local electrostatic potential;
iv) the functional chemical group;
v) the deformability, and/or

vi) the local density;

vii) the surface normal of the point
viii) the resistance at this point.

42. Method according to the preceding claim, wherein the local curvature at a

point S; of the region is obtained according to the following steps:

1. Define a threshold distance,

2. Determine all the points S, S,, ..., S, of the region for which the
distance to the point is inferior to the threshold distance;

3. Determine, for each of the points S, S, , ..., S, obtained at step 2., the
transposes SlT, SZT, ..., §, 7 of these points, by their surface
normal NS, NS, ,..., NS, respectively;

4. Compute the local curvature ((S,) at point S; according to one of the
following formulas:

a. C(S,)= 1 ds,’s)

card(S,,S,,....S,) sjcsé,...,s,, d(Sij )



10

15

154

-

NS, NS )
b. ¢(s)= 1 0,5+<~;1— si >0
( ') card(S,,Sz,...,S”)Sjcgz,m,S” Kz d( iSj)

<

(s, s)) dls/s,")

0.5———"7—= i <0
| Kr diSiSj ’
C.
(NSt,NS)) e
05+ Fw PICHDD)
C(si) = 1 Z < Ld(Si, S)) d(si, sj)
"~ Ysjerld(SL,S)) £ (NSi,NSj)
STER10.5 — ~—p— y d(si”,sj™)
Ld(Si,S)) d(si,Sj)
Where : d(s,s,) is the geodesic distance between points §and §;

K and L are weighting factors.

43. Method according to the preceding claim, wherein the local curvature is
adjusted so as to return values on the interval [-1, 1] according to the

following formula:
Cpria(.)=2c(s,)-1

Where as,) is the local curvature at point S; ;

Crun(S) is the local curvature adjusted so as to return values on
the interval [-1, 1].

44. Method according to any one of the preceding claims, wherein the region

includes surface points and/or internal points of the object.

45. Method according to any one of the preceding claims, wherein the three-
dimensional object is modeled by using the Delaunay complex, the alpha
complex, the tessellation of Vonoroi, the alpha shape of Edelsbrunner, a

marching cube type approach or marching tetrahedron type approach.



