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Matched Molecular Pairs
A medicinal chemistry tool

“A Matched Molecular Pair is a pair of compounds that only differ
by a single localized structural change” (1
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Computationally efficient algorithm to identify MMPs!
Systematic generation of all MMPs in chemical data sets

J. Chem. Inf. Model. 2010, 50, 339-348 339

Computationally Efficient Algorithm to Identify Matched Molecular Pairs (MMPs) in
Large Data Sets

Jameed Hussain* and Ceara Rea

Computational & Structural Chemistry, GlaxoSmithKline, Medicines Research Centre, Gunnels Wood Road,
Stevenage, Hertfordshire, SG1 2NY, U.K.

Received November 19, 2009

[1] J. Hussain & C. Rea, J. Chem. Inf. Model. 2010, 50 (3), 339



Computationally efficient algorithm to identify MMPs
Systematic generation of all MMPs in chemical data sets
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Computationally efficient algorithm to identify MMPs
Systematic generation of all MMPs in chemical data sets
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Computationally efficient algorithm to identify MMPs
Usage and limitations of Hussain's method

Problems:

* The Hussain's algorithm
identifies many MMPs and
generates “too many”
transformations

* In the original publication, 5.3
million MMPs identified (2.5
million unique transformations)
for a dataset of 330'000
compounds generating 21.7
million fragmentations

Usage:
« Mainly identification and

prediction of activity cliffs (SAR

Maps)
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Illustration from: D. Stumpfe & J. Bajorath, RSC Adv. 2012, 2, 369



Can we use Hussain's method to help chemists designing better drugs?
Some thoughts on what I wanted to achieve

« The traditional MMP analysis approach allowed us to answer the question:
“What is the effect of the replacement of side chain X to side chain Y on various properties

(lipophilicity, membrane permealbility, ...)”
« What scientists expected to get:

Easy guidelines = a catalog of transformations so solve MedChem issues
* New paradigm: LUCID

Instead of searching for the effect of specific replacements, LUCID helps the chemists
optimizing various properties by

LUCID is based on the Hussain's method, but suggests a lower number of relevant MMPs



Using Hussain's method to extend traditional MMP analysis
Supervised multidimensional optimization of drugs

 Define the

 Define the of the core

» Select required features in the replacement (aromatic ring, ...)
e List of (physchem, safety, ...)

* Define the



LUCID
\'l0-sad\

“Very clear and easy to understand”
“Able to think clearly”
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LUCID web interface
Interactive visualization of Chemical Space and MMPs

Dataset 2=
Current set {updated }: &
Sutherland_DHFR B

The dataset contains 756 molecules

Work with one SRN / smiles [ structure:

44-10 -
# Search & display chemical space
# Search & display MMPs - —\ : R
Show only compact modules , 9 Vi |
& Use only pairs of the current dataset fr
N :
a N NH
Submit compound r Mo pictures [ % / |
0

Chemical Space (
Sort data by:

Den't sort

(=) P carinii pIC50
Rat Liver pIC50
T gondii pIC50
Matched Molecular Pairs
P carinii plC50: 4.85

Settings: Rat Liver pIC50: 6.05
Number of atoms replaced: 4SAn <4

Consicer local envirenment: off {all pairs)
Replacement contains:

any ring, () aromatic ring, (+) anything

Sort replacements by:
(®) number of results per MMP, () similarity

Desired effect: x

P carinii pIC50
8.3 < AP carinii pIC50 £ 10.4

Rat Liver plC50
8.7 < ARat Liver pIC50 < 10.9

[J T gondii piC50

@ Help {download the PowerPoint file'
LUCID is developed by Grégori Gerebtzoff




LUCID web interface
Interactive selection of the site of transformation

Dataset '
Current set (updated }: [?3
Sutherland_DHFR :

The dataset contains 756 molecules

Work with one SRN / smiles / structure:

4a-10 e
# Search & display chemical space
# Search & display MMPs H —'\ S
Show only compact modules - Aé/ l |
& Use only pars of the current dataset ir Core replacement: click to mark this bond (first cut)
Submit compound F? Mo pictures 5 Use as new seed:
Chemical Space ( Hen
2
Sort data by:
_)Den'tsort
- e i =N
(=) P carinii pIC50 °
(_JRat Liver pIC50 4 \ / ~ \
_)T gondii pIC50 s i NH2 "

Matched Molecular Pairs
P carinii plC50: 485
Settings: Rat Liver pIC50; 6.05 Show chemical space:
Mumber of atoms replaced: -4 £ An £ 4

Consider local environment: off (all pairs)
Hay

e \

a e
Replacement contains: P = Qm 1 e
(_)any ring, (_) aromatic ring, (=)anything ! ’\?LNHZ T

a

Sort replacements by: A
(=) number of results per MMP, () similarity
Desired effect: N and 18 othar compounds and & other compounds

P carinii pIC50

8.3 < AP carinii pIC50 £10.4 Matched molecular pairs:

Rat Liver pIC50
8.7 = ARat Liver pIC50 £ 10.9

Ly o R \°- -

] T gondii plc50

and 102 other combinations d ¢ ons

9 Help {download the PowerPoint file)
LUCID is developed by Grégori Gerebtzoff




LUCID web interface

Chemical space around one constant fragment, colored by the

Dataset 2=
Current set {updated }: B%
Sutherland_DHFR 3

The dataset contains 756 molecules

Work with one SRN / smiles | structure:
44-10 f
(o Search & display chemical space
(¥ Search & display MMPs

Show only compact modules
(¥ Use only pairs of the current dataset

=
r_ Mo pictures

Submit compound

Chemical Space

Sort data by:
Don't sort

(=) P carinii pIC50
Rat Liver pIC50
T gondii pIC50

Matched Molecular Pairs

Settings:
Number of atoms replaced: -4 S An < 4

Consider local envirenment: off (all pairs)

Replacement contains:
any ring, (_)aromatic ring,

) anything
Sort replacements by:
(=) number of results per MMP, () similarity

Desired effect: X

P carinii pIC50
0.5 < AP carinii pIC50 € +

Rat Liver pIC50
0.5 < ARat Liver pIC50 s +=

[ 7 gondii picso

9 Help [download the PowerPoint file’
LUCID is developed by Gréoori Gerebtzoff

_ _\D_ Q {

{

P carinii pIC50: 4.85
Rat Liver pIC50: 6.05

6-57
P carinil pIC50: 3.0

N
-1, /\

9-14e
P carinii plC50: 6.46

9-14d
P carinii plC50: 7.04

! e
QT
WY
- -

43-9
P carinii pIC50: 4.8

\ 23
s
- X
i D™
: A
o~

24-3c
P carinii plC50: 6.49

_J/
Sl N

44-10
P carinii pIC50: 4.85

24-2c
P carinii plC50: 6.5

i
- »
~O =
et
¢

21-156
P carinii pIC50: 5.26

~

q

= \f

21-16
P carinii plC50: 6.8

”
N =
Q‘\d’* -
i

156
P carinii pIC50: 5.36

.
Y

15-13
P carinii pIC50: 7.0



LUCID web interface

Transformation at the selected site, colored by the number of “good”

Dataset 2=
Current set {updated }: B%
Sutherland_DHFR 3

The dataset contains 756 molecules

Work with one SRN / smiles / structure: &

44-10 NH
(o Search & display chemical space 4
(¥ Search & display MMPs H— —\ ~n
Show only compact modules - / l
(¥ Use only pairs of the current dataset o
N
= N NH
Submit compound r_ No pictures | R / |
o }

Chemical Space (
Sort data by:

_Den't sort

(=) P carinii pIC50
Rat Liver pIC50
T gondii pIC50

Matched Molecular Pairs
P carinii pIC50: 4.85

Settings: Rat Liver plC50: 6.05

Number of atoms replaced: -4 S An < 4
Consider local envirenment: off (all pairs)

Replacement contains:
_iany ring, () aromatic ring,

) anything
Sort replacements by:
(=) number of results per MMP, () similarity

Desired effect: X
P carinii pIC50
0.5 < AP carinii pIC50 € +=

Rat Liver pIC50
0.5 < ARat Liver pIC50 s +=

[ 7 gondii picso

P carinii pIC50: & pairs
n=6, 4=0.51, SD=0.36, 1:83.33%, |:16.67%, —:0%
Rat Liver pIC50: © pairs

 Help (download the PowerPoint file)
© pelp (couniond the PowerPoint e n=6, A=0.54, SD=0.57, 1:66.67%, |116.67%. <+/16.67%

LUCID is developed by Grénori Gerebtzoff
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LUCID web interface

Pairs of compounds (MMPs) corresponding to the selected

Navigate back to the list of transformations

Dataset 2=
Current set {updated }: B%
Sutherland_DHFR 3

/ . e v
The dataset contains 756 molecules q \ B =" -
” gL e s b. W - ,Yw
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Work with one SRN / smiles | structure: \r | }@—; ‘Q—e | A Qm \ \)\\w @— S {.
> = !\ N\ L i e a "

44-10 v

-
nH
(o Search & display chemical space 4
(¥ Search & display MMPs - —\ ~n
Show only c.ompacl modules oyt 4</ | 44.10 24.9c 2340
¥ Use only pairs of the current dataset P P carinii pICS0 4.85 A:na. na. P carinii pIC50 6.5 A:0.7 7.2
- fN N NH Rat Liver pIC50  6.05 Ana. n.a. Rat Liver pIC50  6.67 A 0.B1 748
r_ Mo pictures | o ! |
o }

Chemical Space ( ~

Submit compound

Sort data by: \ .
Don't sort S
5 Wi N
(3)P carinii pIC50 e
Rat Liver pIC50
T gondil pIC50
Matched Molecular Pairs 8.14d 23-4c 2116 21-31
. P carinii plC50: 4.85 P carinii pIC50  7.04 A 096 72 P carinii pICS0 6.8 A:-0.2 6.6
Settings: Rat Liver plC50: 6.05 Rat Liver pICS0 721 8027 7.48 Rat Liver pIC50 7.8 A -0.74 7.06
Mumber of atoms replaced: -4 S An<4
Consider local environment: off (all pairs) ; .
\ N = 9 q pee 5 o
=a =y
Replacement contains: \-: % O i/ A BN i/ 3 N,
any ring, () aromatic ring, (=) anything — v’;< = V_;{
Sort replacements by: £ d e : new
(=) number of results per MMP, () similarity "\ j\
Desired effect: X
i picn P ICS0 2‘;?9 2:0.49 23-2098 P i pICS0 9-:5442 A:0.52 za-gcgs
M carinii pl E . 0. S cannii pi b : 0. .
0.5 5 AP carinli piC50 5 += Rat Liver piCS0  7.96 £:0.08 7.44 Rat Liver piC50  5.64 £:08 7.44

Rat Liver pIC50
0.5 < ARat Liver pIC50 s +=

[ 7 gondii picso /

P carinii pIC50: & pairs

n=g, A=0.51, 50=0.36, 1:63.33%, [116.67%. «0% 21-15 21-30
g Rat Liver plC50: 6 pairs P carinii pICS0  5.26 £:0.82 6.18
"Help (download the PowerPoint file) i :
Help {dawnload the PowerPoint flle n=6, 4=0.54, SD=0.57, 1:66.67%, |:16.67%, <+:16.67% Ret Liver pICS0_ 5.49 A 087 7.3

LUCID is developed by Gréoori Gerebtzoff



Excel export

Transformations (1

and MMPs of one

A B C D E
1 Local Similarity
2 Transformation Transform Size Strength N
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Median

-0.3

0.6

0.77

0.15

eft)

user_Rat_Liver_plC50

StdErr

0.2

0.51

H

StdDev

0.4

0.49

11

1.2

par

ticular transformation

[} J K L M N Q R
user_P_carinii_plC50
Increase Decrease Neutral N Median  StdErr StdDev  Increase Decrease Neutral
2 5 1 8 0.021 0.15 0.43 3 3 2
5 1 1] 6 0.69 0.2 0.5 5 1 1]
A B C D E F G H 1
a 1 1]
X
)
—_—
X
2 2 1 /O
1 user_Rat_Liver_plC50 user_P_carinii_plC50
2 Compoundl Compound2 Local Simi Valuel Value2 Delta Valuel Value2 Delta
3 |44-10 Mclnc2[nH]c(-c3coce 1 604576 n.a. n.a. 485387 n.a. n.a.
4 24-3C 9-14M 0.17 7.35655 6.85387 -0.50268 6.49485 6.82391 0.32900
: ! ! 5 |24-2C 24-5A 0.17 b.06959 7.52871 0.85912 6.50031 6.24185 -0.25846
6 21-16 21-38 0.17 7.79588 8.13608 0.3408 6.79588 7.39794 0.602006
7 15-13 15-15 0.17 7.36653 7.76935 0.40302 7 7.76935 0.76935
8 21-15 21-36 0.17 6.45485 7.39754 0.90309 5.25564 6.63827 1.37863
9 15-5 15-10 0.17 5.92082 6.72125 0.80043 5.35655 6.14267 0.73612
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