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The Broad Institute: An Experiment in Philanthropy and Organization

2003-2006: $200M “venture philanthropy” investment by Eli and Edythe Broad
to accelerate the transformation of medicine

2008: The Broads announced an endowment of $400M making the institute a
permanent nonprofit organization
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important biomedical challenges within a single laboratory



The Chemical Biology Platform

The Chemical Biology Platform empowers researchers in the Broad community to
discover small-molecule probes (used to understand disease biology and cell
processes) and small-molecule therapeutics

Screening
-Provide functionality and flexibility to perform a wide range of assays with high
accuracy and production capacity

Compound Management
-Storage, quality control analysis and retrieval of screening collections of
>500,000 compounds

Chemistry
-Diversity-oriented synthesis to prepare a unique, natural product-like collection

-MLPCN: Hit to lead and probe development

Informatics
-Manage data collection and integration from chemical synthesis through
screening and data analysis




The Platform Workflow
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CBIP: Chemical Biology Informatics Platform
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Examples where we use ChemAxon:
Pipeline Pilot

CBIP, Results database

SSAR Visualization tool



What is Diversity-Oriented Synthesis (DOS)?

DOS is a strategy for efficient Build
synthesis of collections of small
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Build-Couple-Pair to Prepare a Large Set of Diverse Structures
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Other DOS Library Cores

Skeletal, Appendage, and Stereochemical Diversity

R2 R1
! : R1
: X%

0 0
0 \CH3

Two additional sets of DOS scaffolds, cores range from 2-4 stereocenters, 2-3 diversity sites



SSAR Visualization Tool

Stereochemistry (C,C:Cg)
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Visualization using the SSAR tool v.1.0

Chou, D. FC.; et alACS Med. Chem. Lett. 2011, 2, 698702.



SSAR-2-Delivering an Advanced Data Analysis Tool to the Scientists

Scientists needed additional functionality than that provided by SSAR v.1.0
SSAR v.2.0 team was charged with designing a versatile tool that would:

« Be user friendly without the need to generate specialized files
« Access data from existing databases or files

« Visualize libraries with any number of stereocenters and 3 or more
diversity sites

Standard SAR view: Plot of biological activities of a group of molecules with
a common core and different R1 and R2 groups along the axes; provides
insight into the dependence of activity on the core substituents.

SSAR Visualizer: Need to retain the information derived from R1 and R2
groups, add a level to the plot to present the dependencies of activity on the
shape of the molecule, derived from stereochemical assignments.




Overview of Development Steps:

Requirements Analysis

End-users requested use of TIBCO Spotfire to
exploit the functionalities of that software.

|

Embed chemical intelligence in Spotfire

|

Configure and deploy in Spotfire




Structural information needed to generate SSAR plot

To prepare an SSAR plot, a data table is generated HO oy
containing the assay data and compound ID, and the \\( o
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R-group decomposition calculations

Use the R-Group Decomposition class from ChemAxon.

Blocking occurs when running this on multiple threads, increasing
computational time.

Future plans: to improve the tool include using JChemSearch class which
automatically uses multiple cores.

The R-group decomposition calculation can be run in ~10 minutes for
~96,000 compounds containing ~30 different scaffolds using a laptop with
a 2.2 GHz Intel CORE i7 vPro CPU containing 8 cores (8 calculations
running in parallel on the same chip).

Pre-calculate R-group decomposition and store in database

The R-group decomposition is run nightly to maintain up-to-date
structure information.



R-Group Decomposition on a DOS Core

Example structure
To fill the table for the SSAR analysis:

1) Input assay data which contains activity and compound ID
2) From database obtain structure by compound ID

3) Match structure to a DOS core, determine R-groups and
location of stereocenters from the database

4) Assign stereochemical configuration of original structure
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DOS Core (stored in database) Obtain R-groups and stereochemical
configurations of original compound



SSAR Viewer Using TIBCO Spotfire

@ SSAR Workflow v 3.1 dev - TIBCQ Spotfire

File  Edit  Wiew Insert  Tools  Help
B-E2OEH- & 2R 2CB | VEDNIO LW EEFhrh OB % HOBE
Cover Page Overview Assay Data Enhanced View Data Tables Appendix: List of Data Tables >
) Eoeiciy Filters X
| SnAr 9-para V| 0 CE
: | |
Core: | CC(COINTCC(C)C(CN(C)['])Oc2cec(cc2CC1=0)[] 52 - [Type ta searchin list | =
R2 N
Once loaded you mayupdate view below: Update View .
055 L
You can mark an area of the graph below and retrieve an enhanced view: [ Update Enhanced View -
=N
Color Assignment: Upper Threhold |-70 Midpoint |-75 Lower Threshold |-100 \ R3
[e]
X - — ] ¥
Response Type | Decreasing v| [_Update Colors Toggle Full Library/Screened | Full Library v =
v (_ l |Type to zearchin list |
SSAR Screened Library View: SnAr 9-para [2153-05:BROAD] 0 v v x =0 [F_AN ..
Colooo(ool )SRI=0=.
Dt table: Colnoe(CIe Ho=0. .
(B o F ¥ .5 | 0§ _F W ¥ - - - B SSAR DOS Com... et noe(C)e SNIC=0)= ..
— — — =t 1 — = . LIRSS CCOCI=01CCoC0ON...
l — — — —— o — — Marking: CHLCICCOOMI=0 5. ™
-— L | - e . - e 5 B Marking ~ "
| — e — e ] — —
| -— - = e - — Marker by: —
=] [ o -_— [ M e e N ] = | |Type to search in list
- o™ | - W g = 5 {Row Number) +|[+ -
] =l LN ol o o o = N |
E - — | — — ] Color by:
5 -_— 1 — 0§ - Tl N -
= = EmEm " L = ™ [ACTIVITY_SCORE [~
g 70 (-70.00 bl
3 - — i — .'?5 f'?s-m) Colorelool JO(=0IN1C...
% — i 1 11 - 5 :35_(0_0 o Ceteee{eclICRIEF [§... ¥
| :I - -— - I -_— — -0 ¢-100.00) CORE_SMILES
5 = EESEES B e CECOMCCOUMCT .
: — — 11 — —— C9_CONFIGURATION
o -— Bl Tl | Bl =N - LAl
"B Lo N LA . ELE - e R i 5
[ =] . 2 N - [ K]
-— - . . -— el C6_COMFIGURATION
. — —s & 2 — —
-— — [y - [ — R
5
R1 ~|| C6_CONFIGURATION ~ | C5 CONFIGURATION ~/| + + (Empty) 2
orline | A Details. .. 7285 of 7288 rows 0 marked 52 columns S54R DOS Compounds and Resulks




SSAR Viewer Using TIBCO Spotfire
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SSAR Viewer Using TIBCO Spotfire
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SSAR Viewer Using TIBCO Spotfire
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SSAR Viewer Using TIBCO Spotfire
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SSAR Viewer Enhanced View
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TIBCO Spotfire

File Edt VYiew Insert Tools Help
- - y ¥ Y ; I
B-BQ@E- &8 2220 vEOCHNIO W EFRrG e OEENE M @w HOHA
Cover Page Overview Assay Data SSAR Screened Library View Enhanced View Data Tables Appendix: List of Data Tables =
Table v ¥ x  Filters x
Core View COLLECTION_MAME CONFIBURATION FilterviaDO Data table:
a Snar 9-para CE_Configuration, 2_Configuration C5_Configuration es -
o EH SSAR Cores ~ B &~
harking: =
a W SEAR Cores (v} =
M Marking ~ -
Corporate D Selection (¥)
o
0= HC Session Mame Sele... (v)
Rie, DOS Collection by CorelD (v)
A3 > R LOrEs Selectan 1C}
I Scatter Plot Y ¥ X | =samiestompoont— 7
Drata tahle: COREID
EH SSAR DOS Com... ¥ (A1)
. [u] )
(Empty) tdarking:
B Marking ~ CHIRALCEMTERCOUNT
(Empty) hdarker by: g
{Row Humber) ~ + - CATOMCOUNT
3 3 Calar by |Type to searchin list
+ ACTIVITY_SCORE ~
5 W-70(-70.00)
3
E (Empty)
E
3 mity
= CAMOMCALTALTOMERSMILES
3 NC(=0)
Y oloooioot) (A1)
S C(FIFIF 23 [n] ]
|5_AY:R2
3 SORT_IMDEX_R3
()
[n] »
R SORT_IMDEX_R2
|Type to zearch in list |
Al 31 values Al
R 5 R 5 (Empty) R 5 R 5 (Empty) R (Empty) _ 3
R 5 (Emty) R 5 Empy) R (Empty) o
FolcoctMC=0ocet [B_avs R (Empty) 272
273
R1 ~ C6_CONFIGURATION ~ C5_CONFIGURATION ~ + 274 b W
Cnline | M Detals... 22 of 22 rows | 3 marked 50 columns 554R DOS Compounds Marked and Results




Summary

-Developed a tool to view SAR and SSAR in large datasets generated from
high-throughput screening of skeletally and stereochemically diverse
compound collections

-Used ChemAxon R-group decomposition to generate and store structural
information in the database

Challenges:

-A problem with some R-groups duplicated on the axes was fixed in an update
-Sorting/grouping of R-groups for enhanced visualization of structural trends
in the data is in progress

Wishlist:

-Structure display on axes

-Use JChemSearch class to reduce computational time
-Mobile technology (for example, display viewer on an iPad)
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