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XCHEM — X-RAY GUIDED CHEMICAL SYNTHESIS SGC

Most sensitive detection technique:
Soaking and X-ray crystallography

Computational strategies  \Well-selected compounds

Rapid formulaic synthetic follow-up

 Confirm usefulness of weak binders (no assay!)
« Confirm relevance of allosteric binders (no assay!)

 Move to potency rapidly and cheaply

—

e \‘- > \» diamond






XChem: New Benchmark

Crystal

Conventionally [ge”efa“"”} Now @ Diamond
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XChem highlights

Users since October 2015

Officially opened: November 2015 (media coverage)

Users to date: 10 academic, 5 industry

Targets: >20. Crystals: >13,000. Hits: >>250
cf. Astex (industry leader since 2000) — ~4/year

PANDDA: 3D background correction

Standard maps Corrected maps
New paradigm in crystallography

)

Shifter: robot-assisted
crystal harvesting

Up to 200 crystals / per hour
Fully recorded experimentsi i0



XCHEM — X-RAY GUIDED CHEMICAL SYNTHESIS SGC

Problem: How can structural biology prime and iteratively accelerate early stage drug
discovery in a timely fashion

History: Protein crystallography and data analysis cycle times too long

Solution: Diamond 104-1 beamline & SGC’s XChem fragment-based soaking approach

100-1000’s of small / Crystals Highly sensitive biophysical detection technique: X
molecules ! Soaking and X-ray crystallography
Yy | | soaking & harvesting unattended analysis
. O — (semi)-mechanised fast datasets semi-automated
Q 67 ® D‘O 1 day for 500 <24h for 500
<> {::':j. Frank von Delft
£ Qragment library (beamline) (Diamond)
C:u’. v . b p ﬁ Synthon : ; III::> _pll ComputatIOna|
—\-—J—v—|_]— {% Synthon 1 é " analySiS
Drug . & e Well-selected
target tor sordatitl compounds

pau Il & A Synthon 2.1
Bren az]': v <‘* o II * «
(SGC] 23

. Identify Hits from 2. Deconstructinto 3. Purchase Similar 4. One-Step Chemistry|

57 ey - Poised Library Poised Synthons Synthons
d'HmGnd m Rapid formulaic synthetic follow-up
J— ‘F A




What How do |

should | fill the
make? gaps?

Hit
detection

Experimental WONKA OOMMPPAA LLOOMMPPAA



EXPERIMENTAL DATA




BIOLOGY' 15 LARGELY SOLVED!
DNA 15 THE SOURLE CODE
FOR OUR BODIES, NOW THAT
GENE. SEQUENCING IS EASY,
WE JUST HAVE. TO READ IT.

IT's NOT" JUST “SOURCE
CODE" THERES A TON
OF FEEDBRCK AND
EXTERNAL PROCESSING.

£ 3

BUT EVENF IT WERE, DNA IS THE
RESULT OF THE MOST AGERESSIVE
OPTIMIZATION PROCESS IN THE
UNVERSE, RUNNING IN PARALLEL
AT EVERY'LEVEL, IN EVERY LVING
THING, FOR FOUR BILLION YEARS.

ITS STILL JUST CODE.

§ Ferg

OK, TRY OPENING GOOGLE.COM
AND CLICKING "VIEW) SOURCEY

OK, I-... O MY GO,

THATS JUST A FEW YERRS OF

OPTIMIZATION BY GOOGLE. DEVS,
DNA 1S THOUSANDS OF TMES
LONGER AND LAY, LAY LIORSE..

LOL), BIOLOGY
1S IMPOSSIBLE.

It's Biology.

Deal with it!
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What How do |

should | fill the
make? gaps?

Hit
detection

Experimental WONKA OOMMPPAA LLOOMMPPAA



Make sense of this mess

* Automatically, objectively identify features
* Display, navigate

 Annotate, share, discussion thread

= Natural end-point for screening experiment

Anthony Bradley

http://wonka.sgc.ox.ac.uk

Annotate

Journal of Computer-Aided Molecular Design 29(10):963-973




WONKA — KEY BINDING SITES

Sites

left click: toggle display

SBEBE

Site by site
analysis




WONKA — KEY RESIDUES




WONKA — LIGAND FEATURES

WONKA

Wi [lHas [JHas not
(L 1 O {1

)



WONKA — CONSERVED WATER MOLECULES 15)SGC

Raw data WONKA

[l Has [|Has not




WONKA — SHARING OBSERVATIONS SGC

WONKA  Targets ~

Anthony: 2 Comments

Cool BRD1 structure
|

oy

Anthony Bradley
This is the electron density for this.

O Anthony Bradley
This compound lacks the "Red Star" core acceptor
=N




OOMMPPAA

Which hit What How do |
to should | fill the
develop? make? gaps?

all
detection

Experimental WONKA OOMMPPAA LLOOMMPPAA

http://oommppaa.sgc.ox.ac.uk



OOMMPPAA — 3D MMP ANALYSIS

Structure Mw @1 @5 range
uM HM (uM)
i 263.39 39 58 1-2.5
s
o 313.87 51 85 <1
5 ¢" 41052 | 28 8 125
r L
\ ; a 351.32 50 64 <1
; o 316.88 34 60 <1
-
%\ - 302.85 255
r




OOMMPPAA — EXPLORING DATA IN 3D SPACE SGC

Activity data (1) Form matched molecular pair database

Molecule A: A\ A~

Molecule B: ‘

.............................................................................................................

...............................................................................

(3) Find compound changes that alter activity

Complexed ligand structures

FaN g |
- P

[}

F
ﬁ % — B, IC50 Acovty 692 K Actvty T30 40 Actwy 5 22 1C50 Acawty 619

e A Y v
4 f )
*

Journal of Chemical Information and Modeling 54(10):2636-2646



OOMMPPAA — INTERACTIVE VISUALISATION

OOMMPPAA  Targets»  Downloadv  Help _ aneeh

Pharmacophorechanges

INCREASE in
= g B i " 00000 e

SN
i Pharmacophore change
: DECREASE in - - . ‘ Increasieg activity
¢ Improving actvity acthity
\ ¢ Reducing activity ;
c L )

Centre of mass of each pair

g

1CS0 Activity: 7.17 IC50 Activity: 5.00

Pharmacophoric changes: ™ y

F Filterdaia shom>

® O 6
Activity change:
0 i @

1CS0 Activity: 7.17 €50 Inactive: under 5.00

o .|
" White display Dark display n Max

Code licensed under the Apache License v2.0.

 Control protein display

Any problems contact me at commppaa
discussion+noreply@googlegroups.com

http://oommppaa.sgc.ox.ac.uk



Structural data

Lead — IC50 13uM

Activity data
a NHE . . .







OOMMPPAA — CONDENSING SAR

Phamacophore changes"‘.‘
Increase in activity

Hydrophobic Acceptor

1y
Y
0
v
v
[y
v
*
v

Donor Aromatic

¥ &

1SGC

Activity data — negative log scale

O~

Ki Activity: 6.60

\

Ki Inactive: under 4.70

A

1C30 Activity: 5.54

Q

ICB0 Activity: 7.74

JAN

IC30 Activity: 6.92

2

IC30 Activity: 8.52

1C30 Activity: 5.92

a

Ca0Activity: 810

!

~0

Ki Activity: 6.60

Ki Inactive: under 4.70

1C50 Activity: 6.92

¢!

|C20 Activity: 8.00

0O

Ki Activity: 6.54

Ki Inactive: under 4.70

1C50 Activity: 5.92

A

IC50 Activity: 8.70




OOMMPPAA — CONDENSING SAR

Activity data — log scale

LR
* \
IR B
. &0 NN (Activity-datd = log scale )
" :‘a - # “ \‘ — tivity: 7.74
i
L O/\ A
w‘\ﬂ N "H
¢il tivity: 8.10

tivity: 8.00

1C50 Activity: 5.92 IC50 Activity: 8.70

‘ % "] Ki Activity: 6.54 Ki Inactive: under 4.70




Which hit What How do |
to should | fill the
develop? make? gaps?

all
detection

Experimental WONKA OOMMPPAA LLOOMMPPAA



OAKLEY SAYS — HOW SHOULD | FILL THE GAPS? SGC

| could make 3,000
compounds — but | only
have time to make 307

Oakley Cox — Medicinal Chemist



WE TRIED CLONING OAKLEY... @SGC




IDEA 2: USE COMPUTERS

Chemical universe Accessible universe Efficient universe
- 10%° Compounds - What could | make? + Which thirty compounds most
- Huge inaccessible space - Hit discovery efficiently explore all the

- In silico library design potential options?

- Medicinal chemists

-




POISED FRAGMENTS

62% of med chem reactions performed in 2008 could
be classified by one of ten reactions

Core Scaffolds

(o) | H

'Q : . SN N__H
. . iii) Ester . . .
(i) Amide (ii) N-Arylation fiv; Ether (v) N-Alkylation (vi) Reductive

Coupling Amination

synthesis via Sy2

X
¥ J
Z ’IS\N/ Riar—R2ar \\N N/
7 ! Vo

(vii) Sonogashira(viii) Sulfonamide (ix) Suzuki (x) Ureas/ Thioureas
Coupling Coupling Coupling X=0orS

S. D. Roughley & A. M. Jordan, J. Med. Chem., 2011, 54, 3451-3479

(xi) Heterocycle Formation

Solivatv il pesie

Tetrahydro-

isoquinolines Tetrazoles

2-Aryl indoles Benzoxazoles

B 1

1

h 1 N ! ll
HN ’\\N E N\N @ — N 4\0
rJQNI 4 hi’ N J§ /
, ’ H , N

4

1,2,4-triazoles 1,2,3-triazoles Indoles

Oy O Ly L L

\ \
\
\ \ \

Oxadiazoles

H

Benzoimidazoles Imidazoles Imidazoles Oxazoles 1,2,4-triazoles

M. Hartenfeller, M. Eberle, P. Meier, C. Nieto-Oberhuber, K.-
H. Altmann, G. Schneider, E. Jacoby and S. Renner, J. Chem.
Inf. Model., 2012, 52, 1167-1178



OAKLEY — USING POISED FRAGMENTS

Synthon 1.1

g S}-‘nthcrn 1 é ’ "2
N

E:J//_> ; Fragment
— E}Q Analogues

Fragment Deconstruction for screening
Hit
v A Synthon 2.1
Synthon 2 * 55 T I::>
o> L l
= 2.3
1. Identify Hits from 2. Deconstructinto 3. Purchase Similar 4. One-Step Chemistry
Poised Library Poised Synthons Synthons
Goised reactions are: N

* robust and reliable;
* make drug-like products;
* be possible using commercially available starting points;

S W
N compatible with a range of substrates. J (SGCO?Dkle)I/BCOX )
. Faul brennan




DEFINING RELEVANT DIVERSITY

2D Diversity Relevance Example

ok A~
\ - Morgan fingerprint
- - MACCS

3D Shape diversity

e ‘0

3D Pharmacophore diversity USR CAT

- But are the changes relevant?

Protein-ligand interaction diversity

+ LLOOMMPPAA




LLOOMMPPAA - METHOD SGC

Complexed ligand structure Define follow ups —simple
_ reactions (amide coupling)




LLOOMMPPAA - METHOD @SGC

Define follow ups

Generate diverse conformations —
2) keep shared core static




LLOOMMPPAA - METHOD SGC

LLOOMMPPAA — Method

Complexed |Igahd structure Define follow ups

d - Generate diverse conformations




LLOOMMPPAA - METHOD

Complexed I|gahd structure ) Define follow ups

) Generate diverse conformations

Remove VdW clashes with protein

) Find protein-ligand interaction
fingerprints (PLIFS)




LLOOMMPPAA - METHOD

Find protein-ligand interaction

Complexed ligand structure fingerprints (PLIFS)

- | Aarcmatic | Hydrophobic M Aacid - base  l H-bBond | weak H-bond

FMOOA000Z032
FME0A00004 20
FMOZD0002433
FMOZD0002 70

FMOZD0002 70
FMO3D000255a
FMOZD000256a
FMOOA000Z052
FMOOA000Z052
FME0ADDLEZFa
FMOZD00029 22
FMOZD0002942
FMO3D00035 72
FMO3D000375a

Potential compounds

FMO3D000375a

ez (I

TYRGF
CYS10G
CYS10G
CYS10G
ETLOF
TYRLCE
TYRLCE
TYRLCE
TYRLCE
ASH110
ASH110
ASH110
THR114
WAl 115
PHEL1G
PHEL1G
CUSET (S

TVRGF
TYRGF

Protein receptors



PHIP(2) - THIOUREA POISED FOLLOW-UPS SGC

ID ICso (M) LE ID 1Cs0 (LM) LE
EMOOAAG3 0.45 Ten-fold XST00942 768 0.4
FMOOA365 | 128 0.45 increase in FMOOA462 791 0.31
FMOOA473 128 0.29 potency mggﬁgég 1‘2’(2)3 g-gi
ALUOIOAERS 140 0.36 FMOOA467 1291 0.34
FMOOA314 143 0.45 FMOOA363 1500 0.32
FMOOA470 194 0.35 FMOOA357 1700 0.35
FMOOA312 256 0.42 FMOOA321 1900 0.35
FMOOA476 276 0.45 FMOOA369 2100 0.29
FMOOA475 294 0.41 H FMOOA319 2100 0.27
FMOOA471 295 0.35 N NH FMOOA358 2200 0.29
FMOOA474 347 0.24 \H/ FMOOA362 2600 0.31
FMOOA316 414 0.39 FMOOA367 2600 0.26
EMOOA472 415 0.47 S FMOOA311 = 3200 0.29
EMOOA465 423 0.34 FMOOA359 3200 0.29
FMOOA310 482 0-39 Original fragment mgggg; <062279
RLAOOZIEE > ol hit FMOOA461 <0.29
FMOOA313 565 0.32 o e
FMOOA468 566 0.38 EMCACA21 <0.95
FMOOA309 747 0.36 FMOOA368 <0.25

XST00942 768 0.4 FMOOA364 <0.25
FMOOA318 <0.25

FMOOA317 <0.25

LLOOMMPPAA FMOOA366 <0.23
FMOOA320 <0.23

FMOOA469 <0.23

FMOOA464 <0.21




CCF THOUGHTS SGC

« WONKA/OOMMPPAA/LLOOMMPPAA

— In use at a number of big pharma (Novartis, Roche, Merck, GSK)

* Build interactive interface to focus on the questions that
medchemists are interested in

e Use technologies that provide beautiful and functional
interfaces that work across architectures — activel CMJS!
— Nothing else out there so feature-rich
— Means we do not need to reinvent the wheel. Again.

 BUT: release early, release often



SUPPORTING THE TOOLS SGC

 How to maintain and integrate these tools in existing
workflows?

* Impact Software Engineer now in place

— Available for consultancy

e Supports SGC tools + Prof. Charlotte Deane’s Antibody
modelling platform

* Please email brian.marsden@sgc.ox.ac.uk for more info



mailto:brian.Marsden@sgc.ox.ac.uk
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