Parameterizing Small Molecules Using:

The Force Field Toolkit (ffTK)
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MD Simulations of Biological Systems

Molecular Mechanics Force Fields
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Parameter Transferability In Biopolymers

Parameter set describes molecular behavior in varied
chemical (connectivity) and spatial (conformation) contexts
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Parameterization as an Impasse
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engineered amino acids
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General Parameterization Workflow

PSF/PDB > System Preparation

< PAR File




CGenFF Parameterization Workflow

Find Missing Parameters

PSF/PDB >

Geometry Optimization (QM)

< PAR File

Calculation

K. Vanommeslaeghe et al., J. Comput. Chem. 2010, 31, 671-690.


http://onlinelibrary.wiley.com/doi/10.1002/jcc.21367/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jcc.21367/abstract

CGenFF Parameterization Workflow

J BuildPar 1 Opt. Geometry ¥ Water Int. ¥ Opt. Charges ¥ Calc. Bonded ¥ Opt. Bonded ¥ Scan Torsions ¥ Opt. Torsions ]

P Identify Missing Parameters
P Assign Missing VDW/LJ] Parameters by Analogy

P Update Parameter File with Optimized Parameters

GUI Event Log (off)

C.G. Mayne et al., J. Comput. Chem. 2013, 34, 2757-2270.


http://onlinelibrary.wiley.com/doi/10.1002/jcc.21367/abstract
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ﬁTK Interface

l—» tasks organized under tabs

} BuildParv' Opt. Geometry Y Water Int. Y Opt. Charges ' Calc. Bonded ' Opt. Bonded ' Scan Torsions Y Opt. Torsions ‘

P Identify Missing Parameters
P Assign Missing VDW/L) Parameters by Analogy

P Update Parameter File with Optimized Parameters

GUI Event Log (off)




ﬁTK Interface

standard file dialogs « action buttons

" BuildPar YOpt. Geometry YWater Int. v Opt. Charges (Calc. Bonded YOpt. Bonded Y can Torsions YOpt Torsions |

¥ Input

PSF File: /users/mayne/fftk/PRLD/1-sysprep/prid.psf | Browse | Load PSF/PDB |

PDB File:  /users/mayne/fitk/PRLD/2-geomopt/prid-opt.pdb ' | Browse '\ Label Atoms

Residue Name: PRLD . Resname From TOP | None

Parameter Files (both pre-defined and in-progress)
fusers/mayne/fftk/PRLD/parfiles/prid-init.par

Output LOG: | /users/mayne/fitk/PRLD/3-charges/ChargeOpt.log

P Charge Constraints
» QM Target Data

P Advanced Settings a Cti O n m e n u S

P Results




Functionality Provided by ffTK

Setup & Perform
Multi-dimensional Optimizations

Core Functions Abstraction of Gaussian /O (QM)

Assess Performance of Parameters
by Visualizing Optimization Data

Support Functions

‘Auto-detect Water Interaction Sites ‘Visualize Target Data in VMD
‘Auto-detect Charge Groups ‘Create Graphic Objects in VMD
‘Auto-detect Non-redundant Torsions ‘Label Atoms in VMD

‘Build & Update Parameter Files ‘Read Input Parameters from File
‘Browse Existing Parameter Sets ‘Read/Write Data From Opt. Logs
‘Write Updated Charges to PSF ‘Export Plot Data to File

‘Reset Opt. Input from Output ‘Monitor Optimization Progress




ffTK Exemplified by Charge Optimization

! build init PAR
Find Missing Parameters ! :

PSF/PDB> E . update PDB

Geometri Oitlmlzatlon iQMi :
update PSF

— et

update PAR :

< PAR File

Calculation




Generating Charge Optimization Target Data

A\
Load QM optimized geometry

VMD main window

fTK GUI
Input/Output
PSF File: /Users/mayne/Desktop/pub_test/PRLD/rnd1/3-charges/prid-charged.psf . Browse |
PDB File: Nsers/mayne/Desktop/pub_,test/PRLDlrnd1/2-geomopt/prld-opt.pdb | . Browse |
Output Path: ./output . Browse |

Basename: PRLD .1 Basename From TOP | | Load PSF/PDB |




Generating Charge Optimization Target Data

A\
Auto-detect interaction sites

N /
S
Y | | y

y

Donor UMD e window Acceptor
FTK GUI
Hydrogen Bonding Atoms
Donor Indices (Interact with oxygen of water) . Toggle Atom Labels |
5678910111213 | . Toggle Sphere Viz.
Acceptor Indices (Interact with hydrogen of water) \ AutoDetect Indices ]

2 | Clear Lists




Generating Charge Optimization Target Data

A\
Generate Gaussian Input Files

Compute water position

Optimize
distance & rotation

L |-.__-:

fTK GUI

Gaussian Settings ﬂ

Processors: 1 | Memory (GB): 1 Charge: 0 Multiplicity: 1 ' Reset to Defaul\\ ,

Route: |# HF/6-31G" Opt=(Z-matrix, MaxCycles=100) Geom=PrintinputOrient

Load LOG Files

Write Gaussian Input Files | Load GAU Files




Generating Charge Optimization Target Data

A\
Inspect water optimization

Visually assess
QM-optimized
water position(s)

ﬁTK GUI r
Caussian Settings ﬂ A |

Processors: 1 Memory (GB):' 1 'Charge: 0 Multiplicity: 1 = | Reset to Defau.

Route: |# HF/6-31G" Opt=(Z-matrix, MaxCycles=100) Geom=PrintinputOrient

Write Gaussian Input Files Load GAU Files | Load LOCG Files




Charge Optimization

JAN

Setup Optimization

Load QM Target Data
Prepare Optimization

Optimizer:

Assign Charges
Compute Uum, dvm, Pvm \
Compute Objective Function

Return Optimized Charges

Analyze Performance

I

Write Charges to PSF

Objective Function

2 f(Uum-Ugm)

wat. int.
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+
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Assessing MM Water-Interaction Profiles
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Sampling MM Water-Interaction Profiles

Mode: Simulated Annealing
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Plotting Charge Optimization Data

LOG File: /Users/mayne/Desktop/pub_test/PRLD/rmd1/3-charges/ChargeOpt-SA.log

| Browse || Load

Energy | File 4|
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Plotting Charge Optimization Data

Energy

atom
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LOG File: /Users/mayne/Desktop/pub_ test/PRLD/md1/3-charges/ChargeOpt SA.log
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Conclusions

Geometry Optimization (QM)

| Torsonsan(QM) |
| Torsion Optimization_ |
fTK:

- Simplifies the parameterization workflow
- Offers opportunity for extensive customization
- Provides analytical tools to assess parameter performance

www.ks.uiuc.edu/Research/vmd/plugins/fftk



Future Directions

Investigate forcefield performance

Support additional force fields (e.g. AMBER)

Improve optimization speed
Expand analysis tools

Support multiple QM packages

www.ks.uiuc.edu/Research/vmd/plugins/fftk



Office: 3011 in Innovation Courtyard Il

ﬁL‘TK Mayne et al.; J. Comp. Chem. 2013, 34, pp. 2757-2770

ﬁTK Is available as a VMD Plugin (1.9.1 or newer)
http://www.ks.uiuc.edu/Research/vmd/plugins/fftk

Questions?




