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D3R 2016 Grand Challenge Data

¢ Industry affinity and structural data donated to
D3R organizers by Roche

* One target: farnesoid x receptor (FXR)

 |C50 data for 102 compounds in 4 chemical
series (potency range of 0.000335 — 62.37 uM for
92 compounds, and 10 having potency > 100 yM)

« 36 co-crystal structures and 1 apo (resolution 1.8

2.6 A)



The Challenge

¢ Phase 1l

* Predict poses of 36 compounds with blinded co-crystal
structures (can submit up to 5 poses/method)

 Predict or rank the potencies of all 102 ligands

« After submission deadline (Nov 21, 2016) all of the
crystal structures were released

¢ Phase 2
* Re-predict the potencies of all 102 ligands

« After competition (Feb 1, 2017) all of the affinity data was
released
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Test set data

¢+ Test set compounds: ){Q& i
- 23 sulfonamides HQ ) %
« 22 spiros O FFFFF

benzimidazole isoxazole

47 benzimidazoles (PDB crystals) OH @ S
4 isoxazoles (PDB crystals) *Q%d %
6 others (3 PDB crystals) ‘\
¢ 26 structures in the PDB in 3 sets:

* 7 benzimidazoles (references: 30OMM, 30KH)

* 9 isoxazoles (reference: 3DCU)

* 10 others (3 with similarity to the test set “others”)

777777777777
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PDB reference structures

¢ Examined the PDB structures and identified
three major conformations of the binding site
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Prediction Approaches

¢ Pose prediction

« Align-Close — Generate conformers and align
(Cresset Forge) to most similar (by fingerprint) co-
crystal ligand and minimize with Vina scoring function

« Smina docking — rigid receptor, flexible ligand (Vina)

* Induced fit docking (IFD) — flexible receptor side
chains and ligand

* Metadynamics - pose re-ranking of IFD poses

- Manual — Manually look at all of the data and choose
my top poses

Align-close wax1j

Smina docking X7jp3

IFD piwlh

MetaD gfu33
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Schrodinger’s Induced Fit Docking

C
F

¢ Docking which allows protein side
chains to move

¢ lterative sampling of the ligand
(with Glide) and the protein (with
Prime)

3/27/2017

ng IFD receptors + ligal

top scori

receptor + ligand _)
Ligand Sampling (Glide) |
20 igand poses )

‘ Protein Sampling (Prime) ‘

'

@D induced-fit recaptor ctmcture:)

yes

[ Ligand Resampling (Glide) ‘

Sherman, W.; Day, T.;
Jacobson, M. P.; Friesner, R.
A.; Farid, R., "Novel Procedure
for Modeling Ligand/Receptor
Induced Fit Effects," J. Med.
Chem., 2006, 49, 534-553
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Binding Pose Metadynamics

¢ Uses a metadynamics
simulation to determine the force
needed to displace a ligand from
a starting position (IFD pose)

¢ The more force required to
displace it, the better the pose
was

¢ Schrodinger uses a complicated
measure of the ligand RMSD
and a measure of the number of
contacts broken as the collective
variable (CV)

¢ Atthe end, you get a score of
the input pose
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Structure Prediction Methods

¢ Docking of the test set compounds to the three
reference receptors with smina
» Took the top 5 scoring poses across the three
dockings
¢ IFD + Metadynamics of test set compounds to 3
reference receptors

« Top 5 scoring IFD poses were rescored using
MetaD

¢ Submitted poses from top 5 IFD scored poses
and top 5 MetaD scored poses (not necessarily
the same poses)



My Results

¢ Number of structures (out of 35) with a pose under 2A in
the top N poses

_

Align-close

Smina 19 19 11
IFD 19 15 14
Metadynamics 23 19 16
Manual 23 23 18

Metadynamics helped over IFD alone

Smina samples just as well as IFD but is much faster
Align-Close utilized the most structural info and did the best
My manual picking also did pretty well which was nice

®* & o o

- The ligand one of the structures (FXR_33) does not match the test set smiles possibly due to oxidation during the
crystallization process so it is excluded from all analysis

- Also note that some of the crystal structures have been identified as having errors (non-planar aromatic rings) so
these may change slightly 1



Overall Results — Best Pose

g .
a 7 Align-
2 Manual IFD Close
s G
smina
MetaD
Only ¢
submitted ;
18/35
predlctlons
™ III
A T A S8 3273 3
A% BE IR R R RRRRRRRRRRYY
Method Mean RMSD Receipt 1D
of lowest
RMSD pose
MetaD 2.01
Manual 2.07
IFD 2.34
Smina 2.71
. 12
Align-Close  2.75




Broken Down by Scaffold

¢ All of my methods were successful only on the most
common scaffold (benzimidazole)

¢ They all did poorly on the other compound scaffolds

Number of compounds with pose under 2 A RMSD in the top 5 poses

________|Align Close Manual _Total

benzimidazole 2 1 1 2 2 2
Isoxazole
spiro
sulfonamides
others

P R, OOO
OO O0ORr m
P OO O N
P P, ORO
P OOPR L
A DM OODNDN
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Best RMSD for eac pound for all methods

Compound FXR_13 14 19 20 21 22 24 25 26 27 28 29 30 31 32 35 36 6 7 8 11 15 16 17
Scaffold Avg. benzimidazoles isoxazoles spiros sulfonamides
Average RMSD 3.39 1.71 150 2.23 1.89 2.81 1.85 222 263 133 161 161 278 216 2.70 186 222 174 3.15 261 2.24 3.57
touhi 0.81 0.60 0.87 235 122 070 071 068 062 041 0.67 065 056 1.12 0.58 0.80 I !

ixnzu 1.69 036 050 036 064 075 192 121 034 024 019 081 074 132 155 191 044 062 045 0.67 0.30 b 3.86 4 g ks 2 134 117 139
cfn8u 1.78 061 045 056 075 074 100 031 0.27 065 033 049 055 070 160 097 065 0.55 064 0.85 0.74 t 3.88 240 1.70
Metadynamics  2.01| 0.83 0.87 0.45 0.76 0.54 0.80 0.83 0.49 0.97 0.39 0.64 0.46 0.98 1.64 0.81 0.86 0.74 0.70 0.76[J5NgH 1.36| 1.36 WE]
7ltmc 2.06 0.27 048 057 044 065 194 114 038 0.28 044 055 061 064 159 195 071 095 061 0.87 0.38 b ! 4 4 . d 4 161 3.39

Manual 2,07 0.83 0.53 0.33 0.78 0.37 0.88 0.75 0.37 1.03 0.44 0.70 0.78 1.06 0.84 0.90 0.70 1.09 0.87 0.87 0.40

5rqrx 2.09 048 032 044 043 059 204 080 169 091 065 074 047 18 170 1.00 092 0.65 067 066 063 080 J d I J ! 131 340
mgxbc 211 064 053 069 059 058 212 123 047 063 096 059 055 039 066 202 045 088 046 061 064 061 5 i b 4 2.62 S
txyzj 2.12 098 070 089 064 090 184 113 168 123 127 104 058 176 175 052 114 054 0.88 073 049 0.96 5 d 5 4 4 d 226 158

hcig4 2.19 111 053 047 069 039 19 117 031 034 042 052 055 072 161 204 079 050 051 113 050 038 o 3 b 6 o b 170 1.51

abvvg 221 162 049 104 391 034 077 119 042 117 089 073 076 174 078 215 145 099 085 138 073 080 2 ! d 3 ! 3.74| 147
jz0em 2.27 177 091 039 069 070 218 067 072 045 088 08 039 171 173 224 080 041 035 075 O. 0.42 J I I J ! J . 1.39
oky3v 231 057 068 053 082 080 220 119 033 099 031 08 039 089 096 226 123 092 053 052 0. 0.32 d } b ! ! : 1.63
IFD 2.34 0.87 0.46 0.83 0.54 0.61 0.75 0.49 0.86 0.39 0.64 0.46 1.58 1.62 0.81 0.70 0.74 0.61

4i2mb 239 049 104 089 034 077 119 042 117 089 073 076 174 078 069 164 099 085 1 0.80) ! ] B g 74 147
wzusm 2.40 031 036 058 054 094 044 051 034 040 052 077 102 069 068 077 087 056 110 049 041 . d ] ! 2.75
yyimb 2.42 061 078 073 076 069 074 173 132 050 057 080 1.84 115 098 110 110 070 110 121 1.04 d ! . d d 2.68
gdhva 2.42 049 104 089 034 077 119 042 117 089 073 076 174 078 069 145 099 085 138 073 0.80 1.47
0lxpS 251 0.87 130 060 095 092 118 098 123 125 077 079 182 160 208 040 137 042 120 092 054 1.47
todtt 2.55 040 103 076 079 079 121 191 056 058 0.66 097 137 089 111 125 192 069 124 081 062 ! 171
tbuot 2.66 061 079 073 076 069 074 173 132 050 057 080 1.83 115 206 110 110 070 110 387 089 ] ! ] J 2.69

utpcl 079 073 0.76 050 057 0.80 1.10 070 1.10 0.89

Smina 0.69 0.58 0.84 0.58 2.12 0.49 0.69 1.06 0.92 1.04 0.89 1.58 1.58 0.90 0.51 1.26 0.72 0.93 0.70 0.70

3rfis 049 104 114 034 206 119 042 117 089 073 076 174 078 069 145 099 085 138 073 080

align-close 0.50 0.33 0.71 0.37 0.83 0.26 0.37 0.51 0.31 0.85 0.77 1.06 0.84 1.01 1.27 1.21 0.96 1.13 0.40 0.48

5cf33 069 03s[BB8 050 053 120 046 113 043 092 078 153 171 085 114 109 1ol[J8 o063 o061

mmjoe 049 104 089 034 206 119 042 117 089 073 076 174 078 215 145 099 085 138 073 0.80

qfrwa 043 052 053 044 196 123 159 033 057 086 086 134 168 200 087 123 033 104 057

elm2r 054 038 050 187 074 053 045 092 054 080 123 170 202 073 107 044 123

qt334 040 103 076 208 121 191 056 058 1.07 137 089 111 125 1.92 069

mx1v2 040 103 076 079 079 121 191 056 058 0.66 137 089 111 125 1.92 069 3

gfifa 040 1.02[JBE 049 o081 043 083 111 173 161 209 072 113 095 079 109 | 3.42
piwli 072 077 085 101 106 098 054 163 164 201 070 119 0.82 1.49
h67ea 052 092 106 0.80 090 076 056 094 1.07 229 087 302 058 ! ! . 25 2.09
6tngb 052 092 1.06 0.80 . I 091 076 056 176 1.82 229 087 3.02 058 ! ! . 25 2.09
Oxk7w 1.03 076 079 . o.5s ISIOSIASE 137 089 111 125 192 0.69

04hag J 050 0.63 0.58 ! ] 050 0.86 081 1.65 162 078 106 115 072 074

<0aar 299 00 3.0 EEEGEIEEEECE :::  :.0:

améan 132 119 124 168 1. . 42 133 182 139 247

ypz46 102 1.30 1.86 0. ! . 1.03 0.94 1.40

1835 .68 0.90 0.91 . d . I 171 0.77 0.57

byfs1 .68 0.90 1.22 . d . ! 171 0.77 0.57

02sil .68 091 111 057 . d ! 180 216 156 168 1.35

clzr .78 1.02 0.78 167 EEE 103 A o0.94 0.94

knz3v 79 3.07 3.65 273 296 374 3.18 377 376 321

a1t

axrku 27 133 3.

7rmfb 0.86 24 . .

00ulb

3rj71

mOoOonf 3]
8mocv 134 139 188 0.79

# methods <2 36 46 42 42 22 42 39 42 35 30 37
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No good poses for any of the spiros

¢ Significant differences in the
w crystals used to predict the pose
and the actual pose limited

_ Side-chain flex
\»  opens pocket

predictions

¢ The FXR_12 structure Is fairly
dissimilar to the other structures
(avg pocket RMSD 3.6 A + 1.5)

Loop shifts out
to open pocket

\

Browh/yellow: FXR_12 crystal
Blue receptor: 3DCU crystal
Blue ligand: 3DCU MetaD pose 1

Yellow: FXR_12 crystal
Green: Lowest RMSD pose
412712017 from all methods (IFD, pose 4)
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Is using an ensemble score better?

Minimum RMSD of the top 5 poses from Metadynamics

: Compound ID testset_scaffold 30KH 30MM 3DCU
¢ For the metadynamics, | &x5%"™ " seamie
k h . FXR_14 benzimidazole 1.79 1.74 5.86
FXR_19 benzimidazole 0.46 1.23 6.93
tOO t e to p 5 SCO rl n g FXR_2 benzimidazole 6.55 6.09 2.16
FXR_20 benzimidazole 0.91 1.54 5.12
poses from the I FD rU nS FXR:21 benzimidazole 1.2 1.64 6.44
FXR_22 benzimidazole 1.78 151 7.45
FXR_24 benzimidazole 1.11 1.64 6.37
to th e th re e Str u Ctu res FXR_25 benzimidazole 1.1 1.46 7.76
. . FXR_26 benzimidazole 1.19 1.64 3.96
FXR_27 benzimidazole 1.04 1.62 6.74
¢ Was this a good idea? 555 i
FXR_29 benzimidazole 0.86 1.65 2.73
FXR_30 benzimidazole 1.23 2.35 3.94
’ N Ot re al Iy, 3 D C U FXR:31 benzimidazole 1.05 2.18 4.45
f d t . b I FXR_32 benzimidazole 1.07 1.7 7.37
FXR_35 benzimidazole 0.96 1.68 1.75
pe r O rm e e rrl y FXR_36 benzimidazole 0.84 1.32 5.21
. FXR_6 benzimidazole 1.19 1.76 4.18
| d FXR_7 benzimidazole 0.84 1.48 5.31
‘ J u St u SI n g 3 O K H WO u FXR_8 benzimidazole 6.33 6.59 6.1
FXR_9 benzimidazole 1.07 7.3 5.79
have done better th an FXR 23 isoxazole 1.32 2.18 4.65

FXR 4 isoxazole 6.46 5.61 51
FXR 18 other 8.13 8.58 4.9
the ensemble method PR
FXR 34 other 3.66 5.62 2.25
(23/ 35) FXR_5 other 4.23 5.06 7.75

FXR_10 spiro 1.77 2.27 1.75
FXR_11 spiro 3.84 3.87 2.41
FXR_12 spiro 3.72 2.01 2.11
FXR_1 sulfonamides 5.98 3.53 5.41
FXR_15 sulfonamides 8.77 5.87 511
FXR_16 sulfonamides 1.78 5.23 1.92
FXR 17 sulfonamides 4.56 4.46

Total under 2 A 24 18 3
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Examining the BPMetaD Score

¢ Seems to do pretty well at determining if a pose
IS bad

* 96%-+ True negative rate . vesommcor uews sorevsmsprorsonn
* 69.6% True positive rate

Hl sulfonamides
spiro

benzimidazole | |
isoxazole

1]

Probabhility of low RMSD pose BP_MetaD_score vs RMSD for 30KH

RMSD

ve Probability
o

Cumulati
e

Scores >0 are a
good indication of
a bad pose

1]
BP_MetaD_score
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Worse structures generally give

worse predictions

¢ Calculated the heavy atom RMSD of pocket residues
between the three reference structure and the actual
crystals

¢ Generally more changes lead to worse predictions
¢ Except for 3OKH where the benzimidazoles are tolerant
of very different structures

3DCU

? 3 O M M
other
508x + 7.671 e _
onamides R"2=0.249y = 0.589x + 1.769

| ;o:ket_haRMS[B) |
3/2(1201/( 18



Large differences in the pocket

tolerated for the benzimidazoles

¢ Most of the benzimidazoles
docked well to 3OKH using
IFD + MetaD despite large
differences in pocket
residues

¢ The ligands site far enough {
back in the pocket further
from the major difference

ics pocket_ haRMSD vs RMSD for 30KH

aaaaaaaaa

L]

N sulfo
. spiro
B benzimidazole
=]

ﬂ RMSD: 1.2 A

White/yellow: FXR_21 crystal

Peach: 30KH crystal

Purple: Best predicted pose from MetaD
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Diversity of Binding Sites

Pocket Residues Heavy atom RMSD

¢ Alarge number of the
FXR compounds are
self similar

¢ Despite inferior
performance, 3S0OMM
IS more similar to the
FXR structures than
30KH

8.75

8.50
8.25
8.00
7.75
7.50
7.25
7.00
6.75
6.50
6.25
6.00
5.75
5.50
5.25
5.00
475
4.50

Scale

4.25
4.00
375

RMSD

3.50
3.25
3.00
275
2.50
225
2.00
175
1.50
1.25
1.00
0.75
0.50

0.25
0.00 !

Blue: 401V

White: FXR 21 Reference structures
B 20



Visual inspection of the models provides

accurate prediction of model quality

Min RMSD

¢ For my final Manual method, |
visually inspected the poses
generated by all of the other
models and manually chose
poses

¢ | noted my assessment of the
guality of the pose during the
selection process

¢ My evaluation of the 30OKH
Metadynamics poses compares
favorably to the actual RMSDs
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Pose Prediction

¢ This was actually a quite tough challenge which
IS a departure from previous years

 In the PL-2016-1 mini challenge, my average
RMSD was 0.7 A (N=5)

* In the 2015 challenge our average RMSD was

0.32 A (HSP90, N=6) and 1.32 A (MAP4K4,
N=30)

* In the 2014 challenge my average RMSD was 1.2
A (N=14)




Affinity Prediction

¢ Challenged to rank 102 compounds (including
the 35 crystallized compounds) in 4 chemical
series

¢ Able to submit predictions as part of Phase 1
and re-submit predictions for Phase 2 after
receiving the crystal structures from Phase 1
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My Affinity Prediction Methods

¢ Phase 1:

 Smina ensemble docking — Dock to the three reference
structures and take the top scoring pose

* Align-Close — rank the compounds by the top scoring

minimized pose (Vina)
¢ Phase 2:

« Align-Close 2 — Same as for Phase 1 but includes 35
structures from Phase 1

« Align-Close MMGBSA — Minimize poses with MMGBSA

* Lilly SVM QSAR - 2D QSAR methods | Sminaensemble gzd7a
on trained using IC50 or EC50 data of 2::3:2:222 : ::;Ef
FXR binders from ChEMBL

Align-Close MMGBSA | vovuk
Lilly SVM I1C50 hj31le
Lilly SVM EC50 naex2
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Results

-
©

IC1

ty Pred

NI

All Aff

Probably statistically equivalent

Spearman Rho of all methods

XlogP
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¢ The Autodock Vina scoring function in Smina performed quite well

¢ Strangely, the Align-Close method did worse in Phase 2 when it had

access to the additional structures from Phase 1
¢ The QSAR models were the best of the 7 ligand based methods and

compared favorable to the structure based methods
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