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Which compounds to synthesize next?
The holy grail of drug design: Prediction of binding constants

c-MET inhibitor CHEMBL3402751 (2100 nM) c-MET inhibitor CHEMBL3402754 (40 nM)
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Finding promising molecules
Opportunities for FEP in drug discovery projects

Focus on potent
molecules by
prioritizing ideas for
synthesis

Increase structural diversity
and broadly explore chemical
space with large libraries

De-risk challenging
synthesis e.g. for
scaffold hops
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Finding the right balance
Challenges for FEP in drug discovery projects

Technical:

Manage large-scale
computations on
specialized hardware

Scientific:

Achieve sufficient
prediction accuracy
(<1.4 kcal/mol)

Operational:
Communication, timing
and impact in projects




Broad application across multiple targets and series
FEP+ in drug discovery at Merck KGaA, Darmstadt, Germany

>400
>35,000 >6,000 final compounds

26 12
evaluated validated

targets targets perturbations predictions synthesized

& tested

e How does FEP perform?
« What are the learnings?
* What is the impact on projects?
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AG pred [keal /mol] AGprea [keal/mol| AG yreq [keal fmol|

AG prea [keal/mol]

Prospective data for 19 chemical series available
Prospective performance varies between targets and series

Target 1/series 1 Target 1/series 2

Target 1/series 3 Target 1/series 4

Target 2/series 1

_4 |-7 =0.28, RMSE = 1.77 keal /mol | _4 ‘-‘r = 0.18. RMSE = 1.67 keal/mol \

_i|[®7 =026, RMSE = 1.58 keal /mol | ~1|[®7 = 0.64, RMSE = 1.37 keal/mol |

—16

o7 = 056 RMSE = 1.79 keal/mol |

213 —12 -1 —10 -9 -8 -7 -6 13 —12 —11

Target 2/series 2 Target 2/series 3

10 -9 -8 -7 —6

6 | —16
-13 -12 -11 -1 -9 -8 -7 -6 -13 -12 -11 -1 -9 -8 -7 -6

Target 3/series 1 Target 4 /series 1

-13 -12 -11 -10 -9 -8 -7 -6

Target 5/series 1

_| o7 = 007 RMSE = 2.6 keal/mol | o7 = 1.0, RMSE = L8 keal/mol |
5

3

—4||®7 =050, RMSE = 1.92 keal/mol ‘ o7 =0.54, RMSFE = 1.55 keal/mol ‘
5

—4| |®7 =025, RMSE = 2.16 keal/mol |

—16
—-13 —12 -11 =10 -9 -8 -7 -6 —13 -1z -1 =10 -9 -8 =7 -6

Target 5 /series 2 Target 5/series 3

S Ih o S0 =9 =8 7 <6 -3 —12 —11 10 -9 -5 -7 o

Target 6/series 1 Target 7/series 1

—13 —12 —11 —-10 -9 -8 -7 -6

Target 8/series 1

—4||®7 =077, RMSE = 0.53 keal /mol | —4||®7 = 1.0, RMSE = 0.36 keal fmol ‘

—-16 —16

o7 = 0.67, RMSE = 1.27 keal/mol |

e i1

—4||®7 =041, RMSE = 1.37 keal/mol ‘

—~16

—4 | |®7 =023, RMSE = 1.03 keal /mol |

—13 -12 -11 =10 -9 -8 -7 -6 —13 -1z -1 =10 -9 -8 =7 -6

Target 9/series 1 Target 10/series 1

—16
—-13 —12 -11 =10 -9 -8 =7 -6 —-13 —12

Target 11/series 1 Target 12/series 1

—4| |®7 =047, RMSE = 0.86 keal /mol |

4| [#7 = 0.60, RMSE = 1.02 keal/mol | —a| [®7 = 0.3 RMSE = 1.25 keal/mol |

—16

16
-13 -12 -11 -10 -9 -8 -7 -6
Al [keal /mol]

~16 -
-13 -12 -11 -10 -9 -8 -7 -6
AG xp [keal/mol|

—16
-13 -12 -1 -10 -9 -8 -7 -6 -13 -12 -11 -10 -9 -8 -7 -6
AG ey [keal/mol| AGexp [keal fmol]

—11 -10 -9 -8 -7 -6

N =463

Average Kendall tau = 0.37
Average RMSE = 1.64 kcal/mol
Cohen’s d for R2

Glide: 0.76
Prime: 0.74

Challenges

Predictions often not possible
in certain parts of the
molecule

Transformation from short R-
group to long, flexible chains

Changes in net charge and
charge distribution
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AG pred [keal /mol] AGprea [keal/mol| AG yreq [keal fmol|

AG prea [keal/mol]

Prospective data for 19 chemical series available
Prospective performance varies between targets and series

Target 1/series 1

Target 1/series 2

Target 1/series 3

Target 1/series 4

Target 2/series 1

_4 |-7 =0.28, RMSE = 1.77 keal /mol |

—16

_i|[or =018 RMSE = 167 keal /mol |

_i|[®7 =026, RMSE = 1.58 keal /mol |

_4 |-r = 0.64, RMSE = 1.37 keal/mol ‘

o7 = 0.56. RMSE = 1.79 keal/mol |

-13 -12 -11 -1 -9 -8 -7

Target 2/series 2

Tl Sz -1 -0 -9 -8 -7

Target 2/series 3

6

6
-13 -12 -11 -10 -9 -8 -7

Target 3/series 1

T
] -13

Target 4/series 1

=12 -11 -10 -9 -8 -V

-6

13 -12 -11 -10 -9 -8 -7 -6

Target 5/series 1

_| o7 = 007 RMSE = 2.6 keal/mol |

o7 = 1.0, RMSE = L8 keal/mol |
.

1

3

—4||®7 = 0.50, RMSE = 1.92 keal /mol ‘

o7 = (.54, RMSE = 1.55 keal/mol ‘

o7 =025 RMSE = 2.16 keal/mol |

—16
—13 —-12 -11 -10 -9 -8 -7

Target 5/series 2

—13 —-12 -11 -10 -9 -8 -7

Target 5/series 3

—6

—16
—-13 -12 -11 -10 -9 -8 -7

Target 6/series 1

—6 -13 -12 -11 -10 -9 -8 -7

Target 7/series 1

—6

13 —12 —11 —-10 -9 -8 -7 -6

Target 8/series 1

_4|[o7 =077 RMSE = 053 keal/mol |

—4||®7 =10, RMSE = 0.36 keal/mol ‘

_4| |®7 = 0.67, RMSE = 1.27 keal/mol }

] -6 —6 i E
_8 -8 -8

-10 ~10 -10

—12 -12 =12

—14 —~14 -14

—16 +16 —16

—4||®7 =0.41, RMSE = 1.37 keal/mol ‘

o7 =023, RMSE = 1.03 keal/mol |

-13 -12 -1 -10 -9 -§ -7

Target 9/series 1

—6

-13 -12 -1 -10 -9 -8 -7

Target 10/series 1

—6

-13 -12 -1 -10 -9 -8 -7

Target 11/series 1

—16
—6 -13 -12 -1 -10 -9 -8 -7

Target 12/series 1

—4||®7 =047, RMSE = 0.86 keal /mol |

%

—4||®7 =0.60, RMSE = 1.02 keal/mol ‘

4| [®7 = 0.3, RMSE = 1.25 keal/mol |

—16
-13 -12 -11 -10 -9 -8 -7
AG oy [keal/mol|

—6

-13 -12 -11 -10 -9 -8 -7
Al [keal /mol]

-6

—16
—-13 -12 -11 -10 -9 -8 -T

AG ey [keal/mol|

—-16
S R PR R R e
AGexp [keal/mol]

N =463

Average Kendall tau = 0.37
Average RMSE = 1.64 kcal/mol
Cohen’s d for R2

- Glide: 0.76

- Prime: 0.74

Challenges

« Predictions often not possible
in certain parts of the
molecule

 Transformation from short R-
group to long, flexible chains

« Changes in net charge and
charge distribution
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AGprea [keal/mol]

AGppea [keal fmal]

mol]

AGpreq [keal/

rea [keal /mol]

AG,

Prospective data for 19 chemical series available
Prospective performance varies between targets and series

Target 1/series 1 Target 1/series 2 Target 1/series 3 Target 1/series 4 Target 2/series 1

o7 = 0.64, RMSE = 1.37 keal /mol |

4 |n=n.zs.RMSE=1.77 kcaJ/mn1| 4 \n:u.ls.RMSE:l.ﬁT kcal/mol‘ _4 |-7:(:.26,12;\155:1.5“;31/11101\ _4 ) ‘-r:O.Sﬁ.R}USE:l.TS] kml/mol| N — 463

! R ;.J R HJ B

. I Average Kendall tau = 0.37

' Average RMSE = 1.64 kcal/mol

6 | -13 12 11 -10 -9 -8 -7 -6 COhen’S d fOI" R2
Target 5/series 1

o7 =025 RMSE =216 kcal/n:ol| - G I ide : O L 76
| - Prime: 0.74

—16 !
-13 -12 -11 -10 -9 -8 -7 -6

Target 2/series 2

_| o7 = 007 RMSE = 2.6 keal/mol |

—-10

-6 -13 -2 -11 -10 -9 -8 -7 -6

Challenges

o7 =0.23, RMSE = 1.03 keal/mol | . . .

« Predictions often not possible
in certain parts of the
molecule

 Transformation from short R-
group to long, flexible chains

—16
—-13 -12 -11 -10 -9 -8 -7 -6

AG preq [keal/mol]

Target 5/series 2

—-11

s
|
=

_4|[o7 =077 RMSE = 053 keal/mol |

—12

| | |

|
—11 -10 -9 -8 —7

AT g g e g AC;exp [kC&l/mOl] S %5 —12 o1 -0 9 -8 7 -5

Target 9/series 1

,_1 -T:0.47.1%515,5:0.36@-1;1/".[;1| ] ° Changes |n net Charge and
! ; charge distribution

—10

-1

=12
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AGppea [keal fmal]

AGpreq [keal /mol]

mol]

ed [keal/

A

AGprea [keal/mol]

Prospective data for 19 chemical series available
Prospective performance varies between targets and series

Target 1/series 1 Target 1/series 2 Target 1/series 3 Target 1/series 4 Target 2/series 1

_4|[o7 = 028 RMSE = 1.77 keal/mol | _i|[or =018 RMSE = 167 keal /mol | _i|[®7 =026, RMSE = 1.58 keal /mol | —4|[®7 = 0.64, RMSE = 1.37 keal/mol | y o7 = 0.56. RMSE = 1.79 keal/mol | N — 463
! R ;.J R LIJ B
- I Average Kendall tau = 0.37
—6 [ ' ‘ ' ‘ Average RMSE = 1.64 kcal/mol
M ®R? =0.44, RMSE = 1.37 kcal /mol T8 ,
_lng -12 -11 -1 -9 -8 -7 -6 ’ 7 -6 -13 -12 -11 -10 -9 -8 -7 -6 COhen S d for R2
Target 2/scries 2 Target b/series 1 .

_| o7 = 007 RMSE = 2.6 keal/mol | — —8 | _4| [o7 =025, RMSE = 2.6 keal/mol | - Gllde: 0-76

@]

H it - Prime: 0.74

g —10 {

=,

g5
. UE

—13 —-12 —-11 -10 -9 -8 -7 —6 _12 T -6 -13 -12 -11 -10 -9 -8 -7 -6
Target 5/series 2 d Wt i il Cha”enges
_4|[o7 =077 RMSE = 053 keal/mol | | i [o7 = 023 RAMSE = 1.03 keal/mol | . . .
« Predictions often not possible
—l4 in certain parts of the
12 11 10 9 -8 7 molecule

AG oxp [keal/mol] - Transformation from short R-

group to long, flexible chains

Target 9/series 1

,l o7 = 0.47, RMSE = 0.86 keal /mol ] ° Changes |n net Charge and
! 5 charge distribution

—10

=12
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Prospective data for 19 chemical series available
Prospective performance varies between targets and series

Target 1/series 1 Target 1/series 2 Target 1/series 3

Target 1/series 4 Target 2/se:

o7 = 0.64, RMSE = 1.37 keal /mol |

o7 = 0.56. RMSE = 1.79 keal/mol |

=10

_4 |-7=n.zs.mus‘9=1.,r koal/mnl| 4 \.Tzu.m.n.wsszl.m kcal/mol‘ _4 |-T:ll.2h,x’?1\1’.‘;E:l.=)?€ ml/md\ _4
-6 -6 -6 -6
. B It N R :
—10
—12 —6 I
® 32 =0.17, RMSE = 1.58 kcal/mol
[ TR Ty T ——
Target 2/series 2
- = —0.07, RMSE = 2.6 keal /mol — f—
4||®T T Cil |||o| E 8
~
—
5
i
— —10
L
[}
bt
—16 o]
—13 —-12 —-11 -10 -9 -8 -7 —6 U
Target 5/series 2 4
_4|[o7 =077 RMSE = 053 keal/mol | —12

7 -6 -13 -12 -11 -10 -9 -8 -7 -6

Target 5/series 1

} _4| [o7 =025, RMSE = 2.6 keal/mol |

¥ -6 -13 -12 -11 -10 -9 -8 -7 -6
Target 8/series 1

o7 =023, RMSE = 1.03 keal/mol |

s
|

—12 —10 —8
AGexp [kcal/mol]

—16
-13 -12 -1 -10 -9 -8 -7 -6
Target 9/series 1

4| |®T =047, RMSE = 0.86 keal/mo

-8

—10

=12

—14

=16
7T -6 —-13 -12 -11 -10 -9 -8 -7 -6

16 -16 —16 16
-13 -12 -11 -10 -9 -8 -7 -6 -13 -12 -11 -10 -9 -8 =7 -6 |[=18 =128 I —J0R =0 =8 =7 6= 13 12— T —0 =886

AG oy [keal/mol| Al [keal /mol] AG ey [keal/mol|
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N =463

Average Kendall tau = 0.37
Average RMSE = 1.64 kcal/mol
Cohen’s d for R2

- Glide: 0.76

- Prime: 0.74

Challenges

« Predictions often not possible
in certain parts of the
molecule

 Transformation from short R-
group to long, flexible chains

« Changes in net charge and
charge distribution
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264 ligands for eight pharmaceutically relevant targets
New benchmark for free energy calculations created

N = 264

P

Recent ligand-target pairs collected from literature

Diverse chemical transformations representative of
modifications in (early) compound optimization

Challenging transformations to test methodological advances
in FEP+: charge changes and ring openings

Available on github:
github.com/MCompChem/fep-benchmark

AAGexp =—-0.93 kcal/mol

W AAGprea= —1.37 kcal /mol

= CDKS8 m c-MET Eg5 HIF2-alpha

" PFKFB3 = SHP2 m SYK m TNKS2
MEBRCK


http://github.com/MCompChem/fep-benchmark

Large public benchmark with eight pharmaceutically relevant targets
Good performance on challenging data set

—-13 -12

4

=

:

)

=

&)

3

g

O

<
~16
—4

_. -6

=]

E

= -8

<

2

< —10

&

S -12
~14
~16

—-13 -12

CDKS8

c-Met

|.T = 057972, RMSEpair = 209312

keal /mol | .

—10

—12

-14

—16

keal /mol |

|o 7= 073088 RMSEpqy = 14313

—-11 -10

PFKFB3

—6

-13 -12 -11

-10 -9 —6

SHP-2

o = 0.60053, RM S Epa, = 178184

keal /mol | »

—12

-14

—16

|o 7= 061074, RMS Epaiy = 1.39147 keal/mol |

-11 -10 -9 -8
AGexp [keal/mol]

-7 -6

-13 —-12 -11

-10 -9 =8
AGexp [keal /mol]

-7 -6

—10

—12

—14

—16

Egh HIF2-o
‘01' = 0.540'52, RM S Epair = 1.23]1 keal/mol | 4 |oT = 0.45) 5%, RM S Epqir = 1.60]-83 keal/mol | |
—6
—8
—10
—12
-14
-3 -12 -11 -10 -9 -8 -7 -6 _16—13 -12 -1 -10 -9 -8 -7 -6
SYK TNKS2
‘.'r = 0.25832, RM SEpair = 1.63}'82 keal/mol | _4 |.'r = 0.299:29, RM S Epair = 2.202:32 keal/mol | |

—12

—14

—16

-13 -12 -11

—12

—14

—16

-10 -9 =8
AG cyp [keal /mol]

-7 -6

-1 -10 -9 -8
AGexp [keal/mol]
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AGprea [keal/mol]

AG pred [keal/mol]

Large public benchmark with eight pharmaceutically relevant targets
Good performance on challenging data set
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|
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—14

—-16

—-13 —-12 -11 -10

\
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=]

|
—
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—14

—16

CDKS c-Met Egb

HIF2-«

|.'r = 0.57072, RM SEpair = 2.09342 keal/mol | 4 ‘.'r = 0.730-83, RM S Epair = 1.431-3} kecal/mol | 4 ‘w = 0.540-52, RM SEpair = 1.23]-1 keal/mol |

6 L

—6

-

Average Kendall tau = 0.49 [0.33:0.64]
Average RMSEpW = 1.68 [1.60:1.76] kcal/mol

4 |n = 0.453°81, RM S Epair = 1.60}89 keal/mol

_6 )

—10

—12

—14

—16

-9 -8

-7

—6

Cohen’s d for R2: !
Glide: 1.64

PFKFB3

-3 -12 -11 -10 -9 -8 -7 —6

TNKS2

® 7 =0.60059, RMSEpair = 1.78}:32 keal /mol

Prime: 0.94
MW: 1.52
logP: 2.14

_1

_4 | |®7 = 029830 RMS Epnic = 2.203:32 keal /mol

—12

—14 . —14
—16 —16 —16
-13 -12 -11 -10 -9 -8 -7 —6 -13 -12 -11 -10 -9 -8 -7 —6 -13 -12 -11 -10 -9 -8 -7 —6 -3 -12 -11 -10 -9 -8 -7 —6
AGexp [keal/mol] AGexp [keal/mol] AGexp [keal /mol] AGexp [keal/mol]
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Which compounds to synthesize next?
The holy grail of drug design: Prediction of binding constants

c-MET inhibitor CHEMBL3402751 c-MET inhibitor CHEMBL3402754
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Which compounds to synthesize next?
The holy grail of drug design: Prediction of binding constants

Exp. IC50
! Pred. IC50

c-MET inhibitor CHEMBL3402750

400 nM
232 nM

Exp. IC50 = 4200 nM
Pred. IC50 = 441 nM

Exp. IC50 = 2100 nM
Pred. IC50 = 5020 nM

Exp. IC50 =40 nM
Pred. IC50 = 60 nM

F
c-MET inhibitor CHEMBL3402754

c-MET inhibitor CHEMBL3402751
MERRCK



We can predict binding affinity with good accuracy...

.OUt houw £o best use it»

MERRUK



Use cases for FEP in projects
Prioritize synthesis proposals & focus on promising molecules

22 compounds synthesized and tested

>
=
=
&=
<C
©
()
)
O
©
()
| U
o

<100 nM

> 100 nM

Experimental Affinity

<100 nM

> 100 nM

Scenario:

Continuous evaluation of synthesis proposals and
prioritization with FEP

Benefit:

Save synthesis resources spent on inactive
molecules

Problems:

«  Number of compounds proposed often not much
larger than compounds synthesized

« Chemists don’t want to wait for FEP predictions

- After 6 months, nobody will remember the bad
molecules that were not made

- Project impact limited

MERRUK



Use cases for FEP in projects

Prioritize synthesis proposals & focus on promising molecules

22 compounds synthesized and tested

Experimental Affinity

<100 nM > 100 nM

<100 nM

>
=
=
=
<
e,

Surprise the chemist:

Use FEP to find novel active [
compounds

Scenario:

Continuous evaluation of synthesis proposals and
prioritization with FEP

Benefit:

Save synthesis resources spent on inactive
molecules

Problems:

«  Number of compounds proposed often not much
larger than compounds synthesized

« Chemists don’t want to wait for FEP predictions
After 6 months, nobody will remember the bad
molecules that were not made

- Project impact limited
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Use cases for FEP in projects
Prioritize synthesis proposals & focus on promising molecules

22 compounds synthesized and tested Scenario:

Continuous evaluation of synthesis proposals and
Experimental Affinity prioritization with FEP

<100 nM > 100 nM

Benefit:
Save synthesis resources spent on inactive
Be quick: molecules
Frontload large number of
FEP calculations Problems:

«  Number of compounds proposed often not much
larger than compounds synthesized

Chemists don’t want to wait for FEP predictions

10 « After 6 months, nobody will remember the bad
molecules that were not made

> 100 nM

- Project impact limited
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Use cases for FEP in projects
Prioritize synthesis proposals & focus on promising molecules

Scenario:

Go big:

Perform large-scale FEP
calculations with R-group
scans, core modifications
and/or combinatorial
libraries

Continuous evaluation of synthesis proposals and
prioritization with FEP

Benefit:

Save synthesis resources spent on inactive
molecules

Problems:

Number of compounds proposed often not muc
larger than compounds synthesized

Chemists don’t want to wait for FEP predictions

10 « After 6 months, nobody will remember the bad
molecules that were not made

Predicted Affinity

> 100 nM

- Project impact limited

MERRUK



Chemical space exploration with FEP

Prioritizing promising compounds from a large library

IC50 = 92 nM

MERRUK



Chemical space exploration with FEP

Prioritizing promising compounds from a large library

IC50 = 92 nM

AGpred [keal/mol]

Validation with docking pose

T T T T T

—4 | |®R% = 0.6, RMSE,, = 1.19 keal/mol

-1 -0 -9 -8 -7 -6
AGeyp [keal/mol]

AGprea [keal/mol]

Jakub Gunera

Validation with X-ray

o R? = 0.48, RM SE, = 1.31 keal/mol

|
-12 -11 -10 -9 —8 -7 —6
AG exp [keal/mol]
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Chemical space exploration with FEP
Prioritizing promising compounds from a large library

IC50 = 92 nM

vanriation of R-groups

Library constructed from
commercially available

building blocks
15,600 cpds
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Chemical space exploration with FEP

Prioritizing promising compounds from a large library

IC50 = 92 nM

vanriation of R-groups

Library constructed from

commercially available Filtering by properties and

substructures
307 cpds

building blocks
15,600 cpds
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Chemical space exploration with FEP

Prioritizing promising compounds from a large library

IC50 = 92 nM

vanriation of R-groups

Library constructed from
commercially available

FEP
20 cpds selected

Filtering by properties and
substructures

307 cpds

building blocks

15,600 cpds Synthesis on-going

MERRUK



Chemical space exploration with FEP

Jakub Gunera
Prioritizing promising compounds from a large library

Prospective

—4 I \ \
® 2 = 0.2, RMSE = 1.25 kcal /mol

H
E
=,
IC50 = 92 nM U
<
L I 10 9 8 7 6
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Library scanning with covalent FEP
Replacement for unwanted R-group needed

Known SAR FEP validation study
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Library scanning with covalent FEP
Successful replacement of unwanted R-group

Library constructed
from available building
blocks

Docking and selection
of good poses

60 ideas
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Library scanning with covalent FEP
Successful replacement of unwanted R-group

Library constructed
from available building 30 ideas by chemists

blocks

FEP
2 ideas
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Library scanning with covalent FEP
Successful replacement of unwanted R-group
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Library scanning with covalent FEP
Successful replacement of unwanted R-group
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Library scanning with covalent FEP

Successful replacement of unwanted R-group

Library constructed
from available building 30 ideas by chemists

blocks

FEP
2 ideas

Docking and selection
of good poses

60 ideas

AGpreda [keal/mol]

IC50 = 58 nM

® 2 = 0.74, RMSE = 1.07 kcal /mol
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Discovery of new chemical starting points with FEP
From fragment to hit: Proof-of-principle for in silico optimization
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Discovery of new chemical starting points with FEP

From fragment to hit: Proof-of-principle for in silico optimization
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Discovery of new chemical starting points with FEP
From fragment to hit: Proof-of-principle for in silico optimization
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Discovery of new chemical starting points with FEP
From fragment to hit: Proof-of-principle for in silico optimization
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750 ideas

Docking + MMGBSA
400 ideas

ML model: CLint
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5 out of 8 molecules
have IC50 < 100 pM
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Discovery of new chemical starting points with FEP
From fragment to hit: Proof-of-principle for in silico optimization

O
O
R N(\ Enamine RealSpace R N/j T
b S . il
5 N 903 ideas o
SPR KDss = 300 pM Top 1 in FEP
LE = 0.25 IC50 = 1.2 uM
3D ROCS overlay ITCKD = 1 uM
750 ideas LE = 0.41
OH
Docking + MMGBSA ] N@L/
400 ideas jf
IC50 = 24 pM

ML model: CLint

250 ideas
e

5 out of 8 molecules IC50 = 47 uM
have IC50 < 100 pM
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Summary

« Large-scale prospective benchmarking demonstrated that accuracy of 1.6 kcal/mol can be obtained for
diverse and challenging targets in an industry setting

« Large new public benchmark for free energy calculations created
« Accuracy on benchmark is in line with prospective results from in-house projects
« Recommended use case: large library scanning with FEP

« Successful in-silico optimization of fragment to hit

FEP has become a mainstay in computational chemistry support at Merck KGaA, Darmstadt, Germany

We've gob d:

’l‘k.y A 4 AT N R

FEP benchmark available on github:
github.com/MCompChem/fep-benchmark

T ™MeRCK


http://github.com/MCompChem/fep-benchmark

Free energy perturbation (FEP)

A physics-based method for computing binding affinity differences with molecular dynamics simulations

AGA

AG2
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264 ligands for eight pharmaceutically relevant targets
New benchmark for free energy calculations created

AAGprea= —2.36 kcal/mol

AAGexp = —0.93 kecal/mol
AAGprea= —1.37 kcal /mol
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Desired accuracy below 1 kcal/mol
Validation results vary across targets and (sub-)series

FEP validation studies
16

14

12

10

8 .

° —

- R s .
0

RMSE < 1 kcal/mol RMSE < 1.3 kcal/mol RMSE < 2 kcal/mol RMSE > 2 kcal/mol
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Pushing the technology to the edge
Observed limitations in FEP calculations (qualitative)

« Predictions often not possible in certain parts of
the molecule (indicated by validation study)

« Difficulty in predicting solvent accessible R-groups
(often overestimated)

« Transformation from short R-group to long, flexible
chains

- Transformation from aromatic to aliphatic ring >
improvement in OPLS3e

 Changes in net charge and charge distribution

« Substituted aliphatic rings - improvement with
new torsion fitting feature in release 19-3
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