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Fragments of Life™:

A Metabolome -Based Library for
Fragment Based Drug Discovery
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Emerald BioStructures: A Collaborative Research
Organization With Gene-Structure-Lead-IND Capabiliti  es

e Located near Seattle, WA

 Formerly deCODE biostructures, now fully independent

55 Employees, 10 Ph.D. crystallographers

« Over 12 years experience in structural biology collaboration

« High throughput pipeline: >1500 crystals/month, >400 structures/ year

.
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High Throughput Crystallographic Screening

X-ray systems:

* Rigaku Ultimate Home Lab: FR-E+ SuperBright rotating anode X-ray generator
with two Saturn 944+ CCD X-ray detectors, VariMax optics and ACTOR robotic
sample mounters.

* Rigaku MicroMax-007HF rotating anode X-ray generator, Saturn 944 CCD X-ray
detector with VariMax Cu-HF optics and an R-AXIS IV image plate X-ray detector
with Osmic Blue optics.

» Under ideal conditions, full crystallographic
screening of entire fragment library possible
in less than one week.
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Fragment Crystallography
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Detect small, relatively low
\E affinity but highly efficient
-} ligands by co-crystallization in
pools of candidate compounds

 Lead identification
* Inspiration for backup compounds for drug candidate S

» Securing IP space around identified leads
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The Fragments of Life™ (FOL) Library

* Evolution produced conserved protein motifs that optimally bind small molecules
representing preferred or privileged chemical architectures

 Biological molecules expected to have good ligand efficiency, provide starting
points for structure-based inhibitor design.
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Fragments of Life: Natural Products & Derivatives
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Natural Fragments

D.R. Davies, et al. (2009). J Med Chem . 52(15):4694-715. Discovery of leukotriene A4
hydrolase inhibitors using metabolomics biased frag ment crystallography.
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Fragments of Life: Protein Structure Mimetics

e Inspiration from recent papers describing
small molecule mimics of protein

structure.

* Biros, et al. (2007) Heterocyclic alpha-helix
mimetics for targeting protein-protein
interactions. Bioorg. Med. Chem. Lett. 17,
4641.

* Robinson (2008) Beta-hairpin peptidomimetics:
design, structures and biological activities. Acc.

Chem. Res. 41, 1278.

* Biaryl compounds screened in silico for
energy-minimized conformations that
match a-, b-, and g-turns.
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FOL-Biaryl:
Protein Structure
Mimetics

D.R. Davies, et al. (2009). J Med Chem . 52(15):4694-715. Discovery of leukotriene A4
hydrolase inhibitors using metabolomics biased frag ment crystallography.
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Fragments of Life Library Physical and
Chemical Properties (1500 Compounds)
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Use of the FOL Library

* FOL now at ~1500 compounds.
» 192 cocktails of up to 8 fragments, sorted for shape diversity.
* Fragments are stored as 50 mM stocks in methanol.

* Stocks of fragment cocktails are 6.25 mM each compound in methanol.
» Storage of vials at -20 C is reasonably robust.
* QC by mass spec. shows fragments stable in methanol for >1 year.

* Methanol stocks are plated on sitting drop wells, allowed to evaporate.
 Zero residue of solvent-less interference with crystal.
* Suited for soaks or co-crystallization.
« Can adjust concentration by varying cocktail:crystallant ratio.

 Putative hits from cocktails are followed up by higher concentration soaks with
individual candidate fragments.
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FOL Publication in J. Med Chem

Journal of
4694 J. Med. Chem. 2009, 52, 46944715 M 'Edi Cinﬂl
DOIL: 10.1021/im90025%h Ch .
| emist
Article

Discovery of Leukotriene A4 Hydrolase Inhibitors Using Metabolomics Biased Fragment
Crystallography’

Douglas R. Davies,* Bjorn Mamat.® Olafur T. Magnussen]' Jeff Christensen,* Magnus H. Haraldsson.' Rama Mishra.?
Brian Pease,’ Erik Hansen,* Jasbir Singh.? David Zembower,® Hidong Kim.* Alex S. Kiselyov.® Alex B. Burgin,}
Mark E. Gurney.” and Lance J. Stewart*?

YdeCODE biostructures, Inc., 7869 NE Day Road West, Bainbridge Island, Washington 98110, SdeCODE chemistry, Inc., 2501 Davey Road,
Woodridee, Hlinois 60517, and \deCODE genetics, Inc., Sturlugata 8, 1S-101 Reykjavik, Iceland

*PDF available for free download without ACS subscription
19 PDB structures deposited, all released as of July 28, 2009.
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Leukotriene A4 Hydrolase (LTA4H): FOL Target
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Structurally conserved waters Zinc active site

Substrate binding cleft
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DG-051: Phase Il Candidate for MI/Stroke
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Helgadottir et al., Nature Genetics , 2004 vol. 36:233-239

LTA,H catalyses the final and rate-limiting step in the

DG-051 created through structure-guided drug design

Used FOL to identify alternative chemotypes.

0O

o ‘/‘ \ /Zn2+
0
JOAS
cl o/\EN)

synthesis of LTB .
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FOL Hits in LTA4H
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Fragment 110 Elaboration
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Fragment 22 Elaboration
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FOL Hits vs. LTA4H with Bestatin

196A
3FTX
2 0 ( 1
2 213 4 1 5
( ( 1 6
2 ( 7 16

=

ENMERALD

BIOSTRUCTURES




NIAID Funded Structural Genomics Project
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Seattle Biomedical
Research Institute
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deCODE . 4 ’
biostructures @t = . Bk W Methionine-R-sulfoxide reductase of
' “"  Burkholderia pseudomallei

Bl

@ National Insfitute of Allergy and Infectious Dissases  INTTT SRNNNMBRRIMORCAS  Pacific Northwest National Laboratory

‘\rjllr"r.-ﬂug H I N {:i TL—"N Operated by Battelle for the U5, Department of Energy
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Fragment Structures with  Burkholderia pseudomallei
Glutaryl-CoA dehydrogenase

Fragment 544 Fragment 239 Fragment 6421 Fragment 680
3D6B, 2.20 A 3EON, 2.55 A 3GNC, 2.15 A 3GQT, 1.99 A

Crystal form diffracts to medium-low resolution
*Many soaks damage crystals, not amenable to co-crystallization
*Four monomers (~1600 residues)/ASU (labor intensive refinement)
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Two Binding Modes of Fragments with  B. pseudomallei
Glutaryl-CoA dehydrogenase

Fragment 680 superimposes Fragments 544, 239 and 6421
with cofactor in FAD-bound induce rotomer shift of Tyr373
structure of glutaryl-CoA that would prevent FAD binding

dehydrogenase ortholog
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Exploring Enzyme Mechanism of Burkholderia pseudomallei
Phosphoglycerate Mutase Using FOL and Vanadate
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3 PG, 2,3BPG 2-Phosphoserine VO, + 3PG VO, + Glycerol
3FDZ, 2.25 A 3GP3,1.50 A 3GP5, 2.25 A 3GNC, 1.93 A

» Crystal form diffracts to high-medium resolution

Crystals are soakable, grow in direct cryo
Two monomers/ASU with slightly different active site conformations
All four structures + apo solved from crystals taken from one drop in 1°screen!

First vanadate transition state mimic for phosphoglycerate mutase
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Burkholderia pseudomallei  2C-methyl-D-erythritol
2,4-cyclodiphosphate synthase (IspF)

Cytidine, 2.10 A CMP, 2.08 A Fragment 8395, 1.69 A Merged Frag, 2.05 A
PDB ID: 3IEQ PDB ID: 3E0G PDB ID: 3JVH PDB ID: 3KE1
Natural fragment _ S
(cytidine) and biaryl S ) o
protein mimetic (fragment \{NH HO\QO
8395) merged to form J AR

potent, bifunctional lead- %
like inhibitor =N
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Fragments of Life™ Summary

« Use of metabolites is a new approach to fragmentba  sed drug
design.

* Metabolites have favorable properties such as solub ility and
possibly high intrinsic ligand efficiency.

 The Fragments of Life™ library has produced multiple hits
against LTA4H and other targets.

 For LTA4H, Fragment elaboration strategies allowed rapid
progress toward a high affinity drug candidates in two new
chemotype series.
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