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CLAIMS

1. Method for characterizing at least one three-dimensional object defined by

data representing a set of points, each point being characterized by a spatial location

and a separate set of properties, the method comprising:

i) generating a mesh of the object by implementing a triangulation of the surface

and/or a tetrahedrization of the internal volume of the three-dimensional

object, said mesh consisting of points, respectively surface points and/or

internal points, said points being connected in pairs by an edge;

the method being characterized in that it comprises the following steps:

ii) selecting at least one property of a plurality of geometric, physical, chemical

and/or evolutionary properties, determined from at least one of said distinct

properties, alone or in combination with said spatial location;

iii) characterizing points and/or edges of the mesh of the object, by determining,

for each of these points and/or edges, the state of the property selected in the

previous selecting step, called remarkable property, which corresponds to the

desired characterization of the object;

iv) segmenting the mesh, based on said characterizing step, by generating,

three-dimensional contiguous regions, through iterations over the set of points

of the object, each contiguous region comprising a plurality of points which

are adjacent to each other and whose respective states of said remarkable

property differ by less than a predetermined threshold.

2. Method according to claim 1, further comprising a comparison of known

regions, stored in a database, with at least one screened region, corresponding to

and/or complementary to one of the regions obtained by said segmenting of said

object, in which at least one of the predetermined states of the geometric, physico-

chemical and/or evolutionary properties of said screened region is/are compared to

the predetermined states of the same geometric, physico-chemical and/or

evolutionary properties of said known regions, so as to determine if said known

regions are similar and/or complementary to said screened region.
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3. Method according to claim 2, further comprising determining one or several

functions of a similar region and inferring at least one function of this similar region to

the screened region.

4. Method according to claim 2 or 3, further comprising determining one or

several interactions between objects from the search of at least one region

complementary to the screened region and inferring the interaction or interactions to

the region screened.

5. Method according to any one of claims 2 to 4, further comprising eliminating

some of the regions to be compared by means of at least one filter among the

following group:

- 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

geometric, physico-chemical and/or evolutionary property;

- Comparison of the distribution of at least one geometric, physico-chemical

and/or evolutionary property in the regions;

- Comparison of the regions by Fourier transforms;

- Comparison of the regions by spherical harmonics;

- Use of a simplified representation of the object or region among the

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 2 to 5, wherein said comparison of two

regions comprises:

- 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 geometric, physico-

chemical and/or evolutionary properties at these points and computed using

the following formula:
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   
n
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where : R1 and R2 are the regions to be compared;

S1 and S2 are two points respectively of regions R1 and R2 for which the

local energy score is computed;

 21,SSScorelocal
is the local energy score corresponding to alignment of

points S1 and S2 for the set of properties P1, P2, ..., PN studied;

iα is a weighting factor of the score
iPScore (S1S2) of the property Pi for

the points S1 and S2 of regions R1 and R2, respectively;

and

- 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:

    
 1

221,

R
SEq,SScore=RRScore

iS

iRilocalglobal

Where:  21,RRScoreglobal
corresponds to the global energy score of the regions R1

and R2 ; and

 iR SEq
2

corresponds to the point Sj of R2 which is structurally aligned with

the point Si of R1..

7. Method according to claim 6, wherein the global score for each alignment is

normalized by dividing this global score by the maximum global score that can be

achieved, which corresponds to a perfect alignment of the region to be compared

with itself.

8. Method according to claim 6 or 7, further comprising weighting the 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:

- Defining a maximum error value and a minimum threshold number;
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- Assigning, to each point of at least one of the regions, the value of its 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;

- Defining a weighting 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 adjusting the

ranking of the alignment as a function of the new global score thereby

obtained.

9. Method according to any one of claims 2 to 8, wherein said comparison of two

regions comprises:

- Determining a barycentre for each region;

- Placing the regions in order to position their respective barycentre at the origin

of a system coordinate (OX, OY , OZ )

- Rotating at least one of the regions around the axes of the system coordinate

and optionally translating said at least one of the regions, so as to obtain

different alignments, and determining the local energy score for each

alignment and for each pair formed by two aligned points belonging to the two

regions that are compared.

10. Method according to claim 9, further comprising determining the matching

scheme between the points of each of both regions to be compared and for each

alignment, 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, determining the distance between these two

points, said distance being defined in consideration of at least one geometric,

physico-chemical and/or evolutionary property that defines the first region at

the point for which the computation is performed, and
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- Determining the pairs of points where the distance is the lowest.

11. Method according to any one of claims 6 to 10, wherein the regions to be

compared are surface regions or intermediate regions, and said comparison of two

regions further comprises:

- Aligning the two compared regions so that their surface normals coincide with

the normal axis OY of the system coordinate;

- Rotating of the two regions around the normal axis OY of the system coordinate;

- Adjusting the alignment along the axis OX of the system coordinate;

- Adjusting the alignment along the axis OZ of the system coordinate;

- Determining the local energy score for each alignment and for each pair formed

by two aligned points belonging to the two regions that are compared.

12. Method according to any one of claims 6 to 10, wherein the regions to be

compared are surface regions or intermediate regions, and said comparison of two

regions further comprises:

- Generate a plurality of circles around each region R1, R2, centered on the

barycentre Cg1 and Cg2 of each region, and with radiuses  
kβ

RT 1 and  
kβ

RT 2 ,

respectively,

where β is a step distance between each circle,

k is a constant,

T(R1) is the radius of the region R1 and

T(R2) if the radius of the region R2;

- 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.
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13. Method according to claim 12, wherein it further comprises, for each point of a

sector of a first of the two regions to be compared, searching 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.

14. Method according to any one of claims 12 and 13, wherein said comparison of

two regions further comprises:

- 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.

15. Method according to claim 14, further comprising:

- 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 state of the properties at the points of the region belonging to the

sphere determined during the previous determination of set of points, so as to

define a control disc and

- Assign this average to each control point of the corresponding control disc.

16. Method according to any one of claims 11 to 14, in which the regions to be

compared can be regions internal to the object, and further comprising, for each

region to compare :

- 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
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sphere being defined by the control points of the plurality of discs that

constitute the region associated and

- compare the respective control points of each of the control spheres.

17. Method according to any one of claims 2 to 16, further comprising:

- Among similar or complementary regions determined according to said

comparison of two regions, select the most similar or more complementary

regions,

- Optionally defining a maximum number of iterations, and

- Iterate again the characterizing method, optionally until the number of

iterations reaches the maximum number of iterations, on the regions thereby

selected so as to obtain new similar or complementary regions.

18. Method according to any one of claims 2 to 17, further comprising:

- Find all the objects having a region complementary to a region of the studied

object;

- Determine the structure of the assembly of the studied object with each of the

objects having a region complementary to the region of the studied object;

- Check, from each of the assemblies thereby determined, for the presence of

distant collisions between the studied object and each of the objects having a

region complementary to the region of the studied object, so as to invalidate, if

any, the interaction of the studied object with one of the objects having a

complementary region.

19. Method according to any one of claims 2 to 18, further comprising:

- Find all the objects having a region similar to a region of the studied object;

- Determine the structure of the assembly of the studied object with each of the

objects having a region similar to the region of the studied object;

- Check, from each of the assemblies thereby determined, for the presence of

distant collisions between the studied object and each of the objects having a

region similar to the region of the studied object, so as to invalidate, if any, the

interaction of the studied object with one of the objects having a similar

region.

20. Method according to any one of claims 2 to 19, further comprising:
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- 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 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

- Compare the region to be compared with a set of known regions that have

been obtained by the same segmentation method.

21. Method according to any one of the preceding claims, further comprising

generating a database corresponding to a given set of three-dimensional objects

according to the following:

- 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 region, the

states of geometric, physico-chemical and/or evolutionary properties.

22. Method according to claim 21, further comprising generating 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

geometric, physico-chemical and/or evolutionary properties, and/or to a given

segmentation criterion.

23. Method according to any one of claims 2 to 22, wherein part or all of the

information obtained on the regions of the three-dimensional object and/or during

said comparison of the regions are detailed in a cartography of the object.

24. Method according to any one of claims 2 to 23, further comprising generating a

region complementary to a studied region for a given set of geometric, physico-

chemical and/or evolutionary properties by duplicating the points of the studied
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region, inversing the state of each of the geometric, physico-chemical and/or

evolutionary properties in each point of the studied region with respect to a neutral

value, and assigning the inversed state to each of the duplicated region.

25. 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.

26. 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

geometric, physico-chemical and/or evolutionary 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.

27. Method according to any one of the preceding claims, further comprising

eliminating the regions of an object having at least a determined percentage of

points in common.

28. 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.
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29. Method according to any one of the preceding claims, wherein at least one of the

geometric, physico-chemical and/or evolutionary properties is a remarkable property

among following properties:

i) the spatial location of the point;

ii) the local curvature of a surface;

iii) the local electrostatic potential;

iv) the functional chemical group;

v) the deformability;

vi) the local density;

vii) the surface normal of the point; and/or

viii) the resistance at this point.

30. 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 Vonoroï, the alpha shape of Edelsbrunner, a marching cube type

approach, a marching tetrahedron type approach or a spherical harmonic appraoch.

31. Method according to any one of the preceding claims, wherein the three-

dimensional object is a molecule or a molecular assembly.

32. Method according to claim 31, wherein a complementary of the molecular region

to be characterized is screened in a database comprising a set of regions having

states of geometric, physico-chemical and/or evolutionary properties similar to those

of the screened region, so as to determine a region from the database having an

optimal alignment with the screened region, said method further comprising a

determination of the molecule from which was generated the region obtained.

33. Method according to claim 31, further comprising:

- Identifying, among the regions obtained, at least one region capable of

binding a compound or any other type of molecule, so as to define a scaffold of

compounds or molecules capable of binding the screened region; and

- Determining whether the screened region is also capable of binding this

compound or molecule.
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34. Method according to claim 33, wherein, when the screened region is not capable

of binding the compound or molecule, the method further comprises modifying the

scaffold of the compound or molecule, so as to obtain a new compound or new

molecule which is capable of being bound by the molecule under study.

35. Method according to claim 31, further comprising a determination of the known

molecular interactions of the molecule by one of the following methods:

- Analysis of intermolecular distances,

- Determination of intermolecular interactions between atoms and residues of

two molecules;

- Differentiation of interactions and binding sites, depending on whether the

assembly corresponds to one of the following assemblies: X-protein, X-peptide, X-

DNA, X-RNA, X-lipid, X-ion, X-solvent, or X-ligand, where X belongs to one of the

molecular types among the proteins, peptides, DNA, RNA, lipids, ions, solvents or

ligands.

36. Method according to claim 31, in which the molecule under study is a

macromolecule capable of binding compounds or any other type of molecules, said

method further comprising:

- Identifying the binding sites and the associated partners of the

macromolecule, said binding sites each defining at least one region of said

macromolecule;

- Screening the binding sites and/or associated regions thereby identified so as

to determine the set of molecules having similar binding sites;

- Infering the binding sites and associated partners of the macromolecule to all

molecules having similar binding sites.

37. Method according to claim 31, wherein the druggability of a molecule and of a

region is determined by:

- Determining a set of molecules known to bind at least one exogenous or

endogenous compound;

- Identifying the binding sites of these molecules;
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- Screening the binding sites thereby identified, so as to determine a set of

molecules having similar binding sites, capable of binding exogenous or endogenous

compounds.

38. Method according to claim 31, wherein a specificity index of a given region of the

molecule under study is determined by:

- Screening the region, or respectively the complementary to the region, on a

database of molecular regions reflecting a specific environmental context;

- Assessing the specificity index of the region, by calculating the number of

molecular regions similar to this region, or respectively similar to the complementary

to this region.

39. Method according to claim 31, wherein a specificity index of a given region of

said molecule under study is determined by calculating the number of molecules

having a similar region, said number of molecules being weighted by the number of

similar regions displayed by each of these molecules and/or by the frequency of said

molecule in a given environment.

40. Method according to claim 38 or 39, further comprising assigning, to each point

of the mesh of the molecule, a specificity index equal to the sum of the specificity

indices of the regions containing this point in the molecule.

41. Method according to claim 31, wherein specificities of the molecule are

determined by:

- Determining a set of regions similar to each generated region of the molecule

under study;

- Aligning each similar region with the corresponding region of the molecule

under study;

- Determining the average of the states of geometric, physico-chemical and/or

evolutionary properties at each point;

- At each point of the aligned regions, determining the standard deviation of the

states of geometric, physico-chemical and/or evolutionary properties and assign the

value of each standard deviation to the corresponding point in the screened region,
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so as to obtain a cartography providing information on the variability of the observed

states of properties;

- Deducting, from the cartographies thereby obtained, anchor points specific to

each region, said anchor points being defined as points of the screened region that

have states of geometric, physico-chemical and/or evolutionary properties which

differ from those of the corresponding points of the aligned regions.

42. Method according to claim 31, wherein a potential side effect of a molecule

under study is evaluated by:

- Screening at least one binding site of the molecule under study or at least one

complementary to a region of the molecule under study in a database comprising a

set of molecular regions defining a determined environmental context;

- Finding, in the database, the molecules with regions similar to the binding

sites of the molecule under study, and/or regions complementary to the molecule

under study, in order to deduce the molecules capable of binding the molecule under

study;

- Optionally, evaluating the assembly of the regions found with the molecule

under study;

- Determining whether the regions found are known or predicted to bind other

molecules and determining their molecular type to assess the potential of side

effects of the molecule under study.

43. Method according to claim 42, further comprising:

- Determining a set of compounds inducing at least one side effect, that is to

say a set of compounds belonging to at least one determined class of side effects;

- Determining a set of compounds which does not induce side effects, that is to

say a set of compounds inducing no side effects;

- Determining the interaction profile of each of said compounds and the

interaction profile of the molecule under study;

- Determining a distance between the interaction profile of the molecule under

study and each of the interaction profiles of the compounds inducing side effects and

of the compounds inducing no side effects;

- Determining whether the distance between the molecule under study and at

least one of the profiles of compounds inducing side effects is lower than or equal to
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a predefined threshold percentage of the one for the compounds inducing no side

effects, and deducing the potential of side effects induced by the molecule under

study, and

- Determining the type of side effects induced by the molecule under study by

referring to the class of the compound inducing the side effect having the closest

interaction profile to the interaction profile of the molecule under study.

44. Method according to claim 42, further comprising:

- Determining a set of compounds inducing at least one side effect, that is to

say a set of compounds belonging to at least one determined class of side effects;

- Determining a set of compounds which do not induce side effects, that is to

say a set of compounds inducing no side effects;

- Determining the interaction profile of each of said compounds and the

interaction profile of the molecule under study;

- Determining, for each class of side effects, interaction profiles which are

common to the compounds of the class of side effects;

- Optionally, for each class of side effects, eliminating, from the interaction

profiles common to the compounds of the said class of side effects, the interaction

profiles which are also common to other classes of side effects;

- Deducing therefrom the binding sites that are specific to a class of side

effects, this collection of binding sites then serving as biomarkers for this class of

side effects.

45. Method according to claim 42, further comprising:

- determining anchor points specific to a side effect, said anchor points

corresponding to the points of the binding sites common to said compounds inducing

side effects and to the molecule under study, and

- modifying the structure of the molecule under study in order to modify its

interaction with the anchor points specific to the side effects.

46. Method according to claim 1, wherein the efficacy of the molecule under study is

evaluated by:

- Screening at least one binding site of the molecule under study or the

complementary to at least one region of the molecule under study in a database
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comprising a set of molecular regions defining a determined environmental context,

so as to find targets of the molecule under study;

- Determining the number of targets, and

- Weighting the number of targets obtained by the level of expression of the

gene or genes encoding the targets that display them, the efficacy of the molecule

under study being inversely proportional to the weighted number of targets of the

molecule under study.

47. Method according to claim 46, further comprising:

- determining anchor points specific to a target, such anchor points

corresponding to the points of binding sites which are common to the targets and the

molecule under study, and

- modifying the structure of the molecule under study, in order to modify its

interaction with the anchor points specific to the target.

48. Method according to claim 31, wherein a cartography of the molecule under

study is generated by assigning, to each point and/or to each region of the molecule,

one element from the following group:

- The value of the state of a given geometric, physico-chemical and/or

evolutionary property;

- A local energy score for a given group of geometric, physico-chemical and/or

evolutionary properties;

- A value characterizing a type of binding site;

- A specificity index;

- The druggability of the molecule;

- A toxicity index;

- The presence of a binding site, and an associated partner;

- An average between the states of a geometric, physico-chemical and/or

evolutionary property at each point or at each region for different molecular contexts;

- A standard deviation between the states of a geometric, physico-chemical

and/or evolutionary property at each point or at each region for different molecular

contexts;

- The possibility that said point and/or to each region is an anchor point.
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49. Method according to claim 31, comprising:

- generating at least one stable conformation which is random and similar to a

region of the molecule under study, and

- applying the method to said conformations thereby obtained.
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