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Problem Solution

Can we learn more about the link between molecular structure and i Use MMPA to share fragments of molecules (SMIRKS!') and delta

ADMET properties by sharing large pharma knowledge without oroperty values, rather than full structures and data measurements
sharing confidential structures?

MMPA - a method of determining structure activity relationships (SAR's) within sets of compounds. Matched molecular pairs (MMP's)
are identified and differences in their measured ADMET datfa are used to link properties to structure.?2 The process is ‘data hungry’ and
merging multiple company data sets to create ‘big data’ ofters statistically robust results. MMPA explained in 3 steps:

1) MMP’s 2) Environment Capture 3) Knowledge Extraction
Molecules that differ only by a particular, well-  Essential for understanding the context of the transformation’ =~ Medicinal chemisiry rules are exiracted from
defined, structural fransformation3 statistical analysis of the transformation data set
« MCPairs records MMP’s as chemical transformations Statistical hod J | dat re of SMIRKS 1
« CHEMBL211026 and CHEMBL210232 are an example of an O’rrls 'CTO T\e m(') Slgfr? L;]sef r?nn Sr%e r(? d sTehs Er) - ar ©
MMP found within the ChEMBL18 database*  Transformations are encoded as SMIRKS and recorded along with SAITACT - chemicdl Iranstormaiio .U ©> That iheredse,
their delta property value/s decrease or maintain a given property:
- They both have measured binding in the Dopamine D2 | | Identify matching SMIRKS within data set
receptor assay « The SMIRKS contain the structural change along with the l
chemical environment spanning up to 4 atoms out
« Two methods exist to identity MMP’s; the maximum Calculate parametric parameters for each unique
common substructure (MCSS) method® and the fragment * There is no way to identify the parent compounds or the individual SMIRKS (n, i, o, se, median, n_up/ n_down)
and index (FI) method? pK: values from the SMIRKS and delta pK. l
« MCPairs, developed by MedChemica, allows the user to The MMP as a transformation: Is n>= 6%
specify MCSS, Fl or a combined method to find MMP's o , ¥ | /\
within very large data sefs ST EeRET 3 atom e:V'ronment: No: Not enough data - Yes:Isthe | median| =<
A MMP found by both methods: Q Q - . H tfransform removed 0.05 and the intercentile
delta pK, =-1.1093
CHEMBL210232 CHEMBL211026 >

: del =1, . ) _
N y VY H~\>_/§ elta pK. = -1 1093> H‘\B_/? range (10-90%) =< 0.3¢
(MCSS shown in green)

' ([H])[c:51([H]) [c:6]([H]) [c:JL[ONCHHD(IHD(IHD)>>[C:8]  [CI(IH])([H])([H])>>[c:41([H])[c:5]([H])[c:11([H])[c: transformation to determine the ransformation is
((HD(HDIN:Z)(C:ONHD(IHI) [c:2] 1 [c:1)([H])[c:6]([HD)[c:  2]([c:3]([H]))[N:6] i~ Aifi
N:\§,/ N@,/ D et (D 3 (1) significance of The up/ down
N =N parametric value

Q Q 2 atom environment: 1 atom environment:
FI method N 25 N H —H _H : /\
(:) l (__) ' ‘(/_ delta pK; =-1.1093 _(/_ "\ '

(N ? (N H [C:8]([HD)([HD)IN:7)([C:9)([H])([H])[c:2]L[c:3]([HD)[c:4]  [c:4)([H])[c:5)([HD)[e:2)([c:2)([e:3]([H]))[N:6])[O] No: Perform binomial test on the Yes: The
O O W |
N N

classified as ‘neutral’

iﬁ"oh\’)fndbeyf'g'rg%rfﬁ;e) @\N Y ©\N %’/N S ) delta pK;=-1.1093 . \, Transformations that fail Transformations that pass
N:}’/ Ny | H | the binomial test are the binomial test are
classified as ‘NED’'s’ (No classified as ‘increase’ or
_ _ [c:2]([H]) [c:3]([c: ADIOICIH([HI(THI)([H])>>[c:2]([H]) . . ,
PK; = 7.054 PK; = 5.9447 [c:3]([H])[c:1] [e:LONCHTHINIHI(AN>> e-11{{H]) Effect Determined) ‘decrease’ rules
The SALT Consorfium Genentech ‘ MedChemica | Problem
A Member of the Roche Group 2 A7 Data ruie Al Molecule

find
- A collaboration between MedChemica, AstraZeneca, Roche and Genentech to perform Big Data MMPA on ADMET HEEE | Database

properties by sharing SMIRKS and delta property values

Expert
: : : . , rule Roche Enumerator
- The knowledge extracted is combined info the Grand Rule Database and a copy of this is supplied back fo each company finder | | patabase Grand Rule (accessed

SURSISRS via SaltTrax®)

« Itis also made available to smaller companies and universities through an online interface called SaliTraX®

___________l}_____________

L . . : rule GNE Prop%sed
 The purpose of the consortium is to enhance the drug design process by speeding up the design-make-test-analyse cycle finder M patabase K Compounds
to generate better ideas the first fime FIREWALL FIREWALL
Case Study - MMPA on ChEMBL toxicity data Results
: : : : Recommended safety targets with >2000 ChEMBL binding measurements:
Bowes, J. et al. have analysed the targets that comprise the in vitro pharmacological —

- . . . No. of binding measurements |No. of decrease rules/No. of decrease rules
orofiling panels of 4 large pharmaceutical companies. As a result they have published a Assay (pK; or PIC50) (MCSS method) (FI method)
oanel of recommended safety fargets for in vitro profiling.2 We have used MMPA on ChEMBL Acetylcholinesterase human 2895 o8 204

. . . . Adenosine A2a receptor human 3984 128 146

data to find transformation rules that decrease binding to these targets. Cannabinoid CB1 receptor human 2782 54 86

Cannabinoid CB2 receptor human 2800 /5 209

Method Cyclooxygenase-1 human 2939 40 39

1) Data Selection 2) MMP Identification 3) Assay Analysis Cyclooxygenase-2 human 3782 26 115

. . : , : : : Dopamine D2 receptor rat 2706 /4 18
The recommended safety targets were « MCPairs was used to find MMP’s « An assay analysis python script, which :

: r ) Dopamine D2 receptor human 4532 100 193
searched in the ChEMBLI8 assay  within each ChEMBL assay data set follows the knowledge extraction 5 — o Hegy = pe
database method described above, was run RTINS HASLOTTeT T

, ) ' GABA-A receptor; anion channel rat 2008 38 100
. . o e MMP's were recor ded as on each MCPairs output Mu opioid receptor human 7888 135 63
* A data curafion fechnique, similar 1o fransformations (SMIRKS) along with Serotonin 1a (5-HT1a) receptor rat 3249 144 258
that described by Kramer, C. et al., was  their delta binding measurements - This generated a list of chemical Serotonin 1a (5-HT1a) receptor human 5408 115 1 64
used to filter the heterogeneous data” fransformation rules for each binding Serotonin fransporter rat 2655 155 104
. * Both MMP finding methods were assay Serotonin transporter human 2463 177 82
. The ~assays with > 2000 compound employed to allow comparison of the Tyrosine-protein kinase LCK human 2066 11 9
binding measurements were selected results The different methods produced different numbers of decrease rules within the same data sets. Using a
Examples of rules found within the ChEMBL fOXiC"‘Y data: combined method would capture all of the possible MMP’s and more rules would be found.

The MMP example discussed above confributed to || The following transformation was found to reduce | The following fransformation was found to have varying effects in different | This is an example of a transformation between two
the generation of the following Dopamine D2 human || binding in the Cannabinoid CB1 human receptor | assays; it decreases binding in the Cannabinoid CB2 human receptor, Mu opioid | MMP’s with opposite chirality. The fransformation
receptor transformation rule. This transformation was | assay and Cannabinoid CB2 human receptor  human receptor and Serotonin 1a (5-HT1a) rat receptor assays, but it increases | decreases binding in the Serotonin 1a (5-HT1a)

also identified as a rule for the Seretonin 1a (5-HT1a) | assay. binding in the Serotonin rat transporter and Dopamine rat fransporter assays. human receptor assay but increases binding in the
rat receptor assay. 1 T 4 Serotonin rat fransporter assay.
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> 6 7 7 Assay Ser.rat frans. | Can. CB2 hu. | Dop. rat | Mu op. hu. | Ser. Ta (5HT1Q)
Assay Dop. D2 hu.rec. |Ser. 1a (5HT1a) rat rec. Assay Can. CB1 hu.rec. | Can CB2 hu. rec. rec. frans. rec. raf rec. Assay Ser. 1a (5-HT1a) hu. rec. | Ser. raf trans
MMP finding method | MCSS Fl MCSS Fl MMP finding method | MCSS MCSS MMP finding method MCSS MCSS MCSS MCSS MCSS MMP finding method | Fl Fl
Median pK; change |[-0.828 |-0.765 -0.75 -0.755 Median pK; change |-0.37/ -0.259 Median pKi/pIC50 change | 0.455 -0.252 0.388 -0.47 -0.388 Median pK: change -0.79 0.86
No. of examples 20 16 56 51 No. of examples 13 34 No. of examples 69 33 45 13 26 No. of examples 22 22
Increase examples | | 3 3 Increase examples | 5 Increase examples 44 8 32 ] 7 Increase examples ] 21
Decrease examples | 19 15 53 48 Decrease examples | 12 29 Decrease examples 25 25 13 12 19 Decrease examples | 21 1
Binomial p value 0.00004 | 0.00052 |0 0 Binomial p value 0.00342 0.00004 Binomial p value 0.02949 0.00455 0.00661 | 0.02246 0.02896 Binomial p value 0.00001 0.00001
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