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Background
• We want a force field that can describe protein-ligand binding accurately (CADD)

• Forcefield parameters are often optimized to fit QM calculations

• Recent efforts to optimize FF parameters to physical and chemical data:
• Small molecule crystals
• Liquid-state properties

• OpenFF v2.0.0 “Sage” – refitted LJ to condensed phase mixture data

This project
• Target binding data – host-guest systems as a surrogate for protein-ligand systems

• Optimize parameters of an implicit solvent model as a case study
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Tuning potential Functions
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Host-Guest Binding Data

• Host-guest systems
○ Pharmaceutical applications
○ conformational changes upon binding
○ binding affinities comparable to 

protein-ligand systems
○ predictable protonation states

• SAMPL blind challenges
○ test of force fields
○ test of methods

• Smaller system size – a good model to test and 
optimize force fields 4

Background

Why are they useful?
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Infrastructure

ForceBalance

Optimized 
FF parameters

Predicted Properties

Reference experimental data

Simon Boothroyd

Yank
FreeSolv

Small Molecule
HFE data

 

pAPRika

Taproom

Host-Guest 
Binding Data

 

NIST ThermoML

Physical and 
Chemical Data

 
  
 

https://github.com/openforcefield/openff-evaluator

https://github.com/openforcefield/openff-evaluator
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Host-Guest Binding
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ABFE Calculations

• attach-pull-release (APR) method with pAPRika integrated 
in the OpenFF-Evaluator infrastructure

• APR Phases

○ attach – 15 windows

○ pull – 18 Å over 46 windows

○ release – 15 windows

• 30 ns production per window

Calculations

https://github.com/GilsonLabUCSD/pAPRika

 

 

 

 

 

https://github.com/GilsonLabUCSD/pAPRika
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Host-Guest Binding

• Host molecules
o cyclodextrins – 𝛼CD, βCD
o cucurbiturils – CB7, CB8
o octa-acids – OA, TEMOA

• 126 host-guest complexes
o SAMPL Challenges
o amines, cyclic alcohols, carboxylates and 

drug-like molecules

• Training set – 36 complexes
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Data Set

Taproom Database

https://github.com/slochower/host-guest-benchmarks 

Cyclodextrin Cucurbituril

Octa-acid

https://github.com/slochower/host-guest-benchmarks
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Host-Guest Binding

• Open Force Field v2.0.0 “Sage”

• Partial Charges – AM1-BCC ELF10

• Generalized Born Implicit Solvent – OBC2 model (
Onufriev et. al. 2004)
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Force Field

Potential Function

• mBondi2 radii as the initial values

• Optimize all 5 relevant GB radii

Parameter Optimization

Atom Type SMIRKS GB Radius (Å)

H [#1:1] 1.20

H-N [#1:1]-[#7] 1.30

C [#6:1] 1.70

N [#7:1] 1.55

O [#8:1] 1.50 

 

 

OpenMM - RTX 3090 
o Implicit – 2.0 µs/day
o Explicit – 600 ns/day
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Host-Guest Binding Host-Guest Training Set

before optimization after optimization

ForceBalance converged after 21 iterations
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Host-Guest Binding Host-Guest Test Set

before optimization to the training set after optimization to the training set
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Host-Guest Binding GB radii

Atom Type Original 
GB Radius (Å)

HG-Optimized 
GB Radius (Å)

H 1.20 0.71

H-N 1.30 1.22

C 1.70 1.66

N 1.55 0.53

O 1.50 1.63
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Protein-Ligand 
Binding Test Systems

Alibay et. al. (2022)
 

PWWP1
12 compounds

HSP90
18 compounds

MCL-1
19 compounds

Cyclophilin D
10 compounds

OpenMM - RTX 3090 
o Implicit – 900 ns/day
o Explicit – 400 ns/day
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Protein-Ligand 
Binding
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ABFE Calculations

• Double-decoupling method – thermodynamic 
integration (TI)

○ OpenMM and OpenMMTools

• Boresch-restraint
○ anchor atoms - MDRestraintGenerator

○ pAPRika for restraint setup

○ site – 15 windows, 30 ns

○ bulk – analytical

• Electrostatics – annihilation
○ Scale partial charges and GBSA

○ site – 11 windows, 30 ns

○ bulk – 11 windows, 5 ns

• Lennard-Jones – decouple
○ softcore potential

○ site – 21 windows, 30 ns

Calculations

  

 
AMBER ff99SB-ILDN
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Protein-Ligand 
Binding Original GB radii

Implicit Solvent – before optimization to the H-G training set

Alibay et. al. (2022)

Explicit Solvent
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Protein-Ligand 
Binding Host-Guest optimized GB radii

Implicit Solvent – after optimization to the H-G training set

Alibay et. al. (2022)

Explicit Solvent
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Hydration Free 
Energy HFE Calculations

 

Calculations
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Hydration Free 
Energy Comparison with Explicit Solvent

Mobley Lab (2017)

Explicit Solvent Implicit Solvent
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Hydration Free 
Energy Implicit solvent

before optimization to the H-G training set after optimization to the H-G training set

molecules with nitrogen atoms
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HFE and H-G 
Binding Individual Optimization

 

methyl hexanoate(0)

 

βCD-hexanoate(−1)
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HFE and H-G 
Binding Optimize to both properties

 

methyl hexanoate(0)

 

βCD-hexanoate(−1)
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Conclusion
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Summary

 

What’s next?
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Thank you for listening!
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Host-Guest Binding 
Calculations
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Host conformational restraints
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Host-Guest Training Set

𝛼CD

𝛽CD

CB7

CB8

OA TEMOA
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Implicit Solvent Model

 
 

 

 

http://getyank.org/latest/algorithms.html#generalized-gbsa-model 

  

 

  

 
 

 

 

 

Alchemical Scaling of GBSA

https://github.com/choderalab/openmmtools 

http://getyank.org/latest/algorithms.html#generalized-gbsa-model
https://github.com/choderalab/openmmtools
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GB radius

 

Hydration Free Energy

The effects on electrostatic interactions

 

H-G Binding Free Energy
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Optimization – 9 
atom type Host-Guest Training Set
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Optimization – 9 
atom type Host-Guest Test Set
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Optimization – 9 
atom type GB radii comparison – 9 atom type

SMIRKS Description
Original 

GB Radius 
(Å)

HG-Optimized 
GB Radius 

(Å)

[#1:1] hydrogen 1.20 1.56

[#1:1]-[#7] hydrogen bound to nitrogen 1.30 1.33

[#1:1]-[#8] hydrogen bound to oxygen 1.30 1.18

[#6:1] carbon 1.70 1.54

[#7:1] nitrogen 1.55 1.48

[#7X3:1] amine nitrogen 1.55 0.98

[#8:1] carbonyl oxygen 1.50 1.07

[#8X2H1+0:1] alcohol oxygen 1.50 1.47

[#8X2H0+0:1] ether oxygen 1.50 1.25
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Optimization – 9 
atom type GB radii comparison – 9 atom type
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Host-Guest Stability
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Protein-Ligand 
Binding
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Protein stability

HG-optimized - 9 atom types
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Protein-Ligand 
Binding ff14SB Benchmark

Implicit Solvent – before training
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Protein-Ligand 
Binding ff14SB Benchmark

Implicit Solvent – after training


