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Computing key structural configurations from ligands is a major challenges in drug
design. In the InvolvD project !, we designed a pharmacophore mining method to dis-
cover structural layouts potentially linked to a biological activity.
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1. Method overview ' By using the condensed lattice and the
Growth Rates of the pharmacophores,

one computes the Pharmacophore Acti-

3. PAD : a new quality measure

1) Defining pharmacophoric features. f::' | ;:3 vity Delta :
2) Representing molecular data-set as pharmacophore graphs. S 1) Select a node in the lattice (red node).
3) Extracting pharmacophores by mining the pharmacophore graphs [3] via Norns?. A~ AN TN 2) Identify the ancestors (red arrows).
4) Structuring pharmacophore set into a concept lattice [1]. NN\ | 3) Identify the siblings (green nodes).
5) Computing quality of each pharmacophore by applying the Pharmacophore Ac- _ | 4) Compute the family standard deviation.
tivity Delta (PAD) measure, the latter being based on the Growth Rate. R, , ,
a. https ://forge.greyc.fr/projects/norns 5) ComPUte nOde delta from ItS qua“ty and
the standard deviation.

§ '
® ® ~ PAD has been inspired by the notion of
FIGURE 4: Pharmacophore Activity Delta an Activity Cliff [2]

A @ (a) (a)
\ /‘2 3 Data-set : 1,485 ligands from CHEMBL-ABL.
@ ¥ @ g

Lattice-set : 122,363 pharmacophores extracted from the data-set.
Pharmacophores have been extracted with the following parameters :

QP
C,
1) Minimal frequency : 10.

2) Size : 1to 7 features.

ric features PAD have been computed on the condensed lattice with a minimum selecting thre-
shold of 2 times the family standard deviation.

Order 1 OrderZ_OrderS Order 6| Total
0

FIGURE 1: Molecule and its pharmacopho-

FIGURE 2: Pharmacophore inclusions

Selected 6 48 12 492
. . Discarded 0 301 1,487 28 115,061
2. From a pharmacophore lattice to a condensed lattice Total ; S0 {535 40 15553

TABLE 1: Equivalence classes and PAD selection

In order to structure the pharmacophores of interest composing our molecules, we

use a lattice structure
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Rj | H\\ |AIR}BIH| Il'illrlllf%\u’n R{R{H| %I/ ARR “_“_”\ i | JAJAIR] |'|A]AIRIHI//"Q—| w&?ﬁ@mmm
. . - . : '&Wﬂlrgﬁﬁﬂ“ Iﬂum”“mhm;w| ARG 1412151410101 \ Rw&ﬁLﬁﬁﬁ AL AR
Then, the lattice is condensed by building equivalence classes which group phar- ) 1‘1?€?| UL Aiaa | B O AR B 5 L
. . . [AA] AJAJA| RIALR IR | DL A|R| IDIAR T AAAAAR Aiin AlAIRR|D
macophores occurring in the same set of molecules as soon as they constitute a g |1fif:-::l'u'i?='~f4?' A\ AL I'flflflf.'.f.'.. |A.F:w|" <O G
A[R|DJD[H |AIA] Imﬁﬂl*ﬂ'll AJA[R|R frlaﬂtlm ||-||:1-|FI| (K] D ARy % KA JAIAAID]
connected part. Y j::::£||;|.'*'""" — 0 (MATAL e e A o '.gigﬁlﬁ%ﬁl
O e 7w Bl e N R
'IAIH'IRLW - pl” iR LI e o0 R i .'SNS'.'HHH:m
1P IAIRIR| (IR RID|  |RIK|H|[R|H[H|P| HIH| IAIRIR\ AR S RDE Ry IDIDIHIH]
IaRiRiRipL S, Ao IR[{HI RIH)H)P |AIR|D{HIP| IAIRIELN, AIR] \ IRIDL Ry [RIHHP
{My, My, M3M,} |AIR|RYHIR| AlRip]  |AIRI IRIRI - |R|p|H] IRIH}H] AIRIRIDIH] WRRN g \ AT i
1A [ R | VRN IAIR| |P |A|D|IAFP| |n|n|n| |n|n|.|-|||-|| |AIR|RIDID mriel\ AR |A|D1IA|HII IR| riopoy S
'fifu{"ifd,.::lmlgl"l IHI:IIIIIII IR[DID|H| IAIRIDIHIHIIATIIEH_'E [A@ml \ i m‘fﬂﬁimf”
INIREAIHL TAIBIPL g e |_\|\| I IRIRIID| B 1L[IRI|D|HI BB oy RiDiD]
|A|n|n||||u|lﬂlﬂ::‘::}"m| |n|i!"'hm'"' |R|D[H|H|P| |AIRIR{BID]-|A{R|D|H| ﬁggﬁlﬁﬁmmwmm
@ W ettt LU __\IRIIF?EEII:IIM IAIR[HIHiPIIAJDlHIHl AIDIHIH] '“'“'“*”'__\ANWW'H'
|A|R[DIDIH] |AIR[DIDIH]| IRIRID[H|P|
/ \ {My, My} / *;Ih\ AD[HIAIP| IAIHIHIHIPI|RIR|RIDIH| ADIIFIPL e IR[RIR[D|H|
3 f"l_"'_. Ilf___H\.
O L O-.. O-.. | B /
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FIGURE 3: Pharmacophore lattice (left) and its corresponding condensed lattice (right) AIRIRIBID] AIRIHIEL AIRIR AR
WEWE |AIR|H[H| AJR|R]|
Orange nodes from left figure have been separated because : ' | IAIRIR|D| IAIR|D
! AlR|R|H
IAIRIRIBIHL, (AIRIDIH] ARJP]
AIR[R{DIH| RIslo Jfl‘LHI"[';"l' |
. , S _
1) They are not connected by a common direct ancestor nor a common direct des- ||E|IE||:1L;L|I 5 Lﬂ”‘,‘é‘"&’ﬁ' fﬂﬁ& AIRI
R|R|D AlR|R] AIR
cendant. AIRIDIFIRES < [ARIDIA Skini AR
2) One is not the ancestor nor the descendant of the other. FIGURE 6: Path from a simple class to a complex selected class with Tulip
a. https ://tulip.labri.fr/site/
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