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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

Peptides and Proteins Nucleic Acids
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Parameterization as an Impasse

non-standard or small molecule ligands
engineered amino acids
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General Parameterization Workflow

PSF/PDB > System Preparation

< PAR File



CGenFF Parameterization Workflow

PSF/PDB >

< PAR File

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


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

CGenFF Parameterization Workflow

E Find Missing Parameters . 1 build init PAR E

PSF/PDB ) | | .
« | Geometry Optimization (QM) | ' ' update PDB |

: | i update PSF

: . | update PAR

PAR File ] a ;

. + 1+ update PAR

Calculation . + Action :

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


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

CGenFF Parameterization Workflow

Find Missing Parameters build init PAR

PSF/PDB

Geometry Optimization (QM) update PDB

I 1 |
W Opt. Geometry I Water Int. T Opt. Charges Y Calc. Bonded T Opt. Bonded T Scan Torsions Y Opt. Torsions ]

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

P Update Parameter File with Optimized Parameters

CUI Event Log (off)

m
Torsion Scan (QM)

PAR File

Torsion Optimization

update PAR

Calculation Action

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


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

ffTK Interface
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ffTK Interface
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ffTK Interface

l—» tasks organized under tabs

' BuildPar‘ Opt. Geometry Y Water Int. Y Opt. Charges Y Calc. Bonded Y Opt. Bonded Y Scan Torsions Y Opt. Torsions \

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

P Update Parameter File with Optimized Parameters

CUI Event Log (off)




ffTK Interface

standard file dialogs

action buttons

' BuildPar Y Opt. Geometry Y Water Int. ] Opt. Charges { Calc. Bonded { Opt. Bonded f can Torsions Y OptjTorsions ‘

¥ Input
PSF File: Jusers/mayne/fitk/PRLD/1-sysprep/prid.psf
PDB File: /users/mayne/fitk/PRLD/2-geomopt/prid-opt.pdb
Residue Name: PRLD

Parameter Files (both pre-defined and in-progress)

Resname From TOP

Jusers/mayne/fftk/PRLD/parfiles/prid-init.par

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

» Charge Constraints
» QM Target Data
P Advanced Settings

P Results

Browse Load PSF/PDB
Browse Label Atoms
None —¢]
A
Delgte
Clepr
SaveAs

action menus




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
‘Auto-detect Charge Groups
-Auto-detect Non-redundant Torsions
‘Build & Update Parameter Files
‘Browse Existing Parameter Sets
‘Write Updated Charges to PSF
‘Reset Opt. Input from Output

Visualize Target Data in VMD
‘Create Graphic Objects in VMD
‘Label Atoms in VMD

‘Read Input Parameters from File
‘Read/Write Data From Opt. Logs
‘Export Plot Data to File

‘Monitor Optimization Progress




ff TK Exemplified by Charge Optimization

» + build init PAR »

: Find Missing Parameters 'y :

PSF/PDB : 't 1+ uypdate PDB |

' | Geometry Optimization (QM) | . | :

: E E update PSF E

: . | update PAR

< PAR File | } .+ update PAR
Calculation . + Action .



ff TK Exemplified by Charge Optimization

\ build init PAR »
Find Missing Parameters :

PSF/PDB> E . | update PDB

Geometri Oitlmlzatlon iQMi :

— S

update PSF

update PAR

< PAR File

Calculation , + Action



Generating Charge Optimization Target Data

A\
Load QM optimized geometry

|

pyrrolidine

VMD main window

ffTK GUI
Input/Output
PSF File: /Users/mayne/Desktop/pub_test/PRLD/rnd1/3-charges/prid-charged.psf Browse
PDB File: /Users/mayne/Desktop/pub_test/PRLD/rnd1/2-geomopt/prid-opt.pdb Browse
Output Path: .Joutput Browse
Basename: PRLD Basename From TOP Load PSF/PDB |




Generating Charge Optimization Target Data

N\
Auto-detect interaction sites

|

VMD main window

ffTK 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

N\
Auto-detect interaction sites
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Donor UMD i Wi dom Acceptor
ffTK 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 IE?Q

Optimize
distance & rotation

|

4,\ I--_-._-‘

ffTK GUI

Gaussian Settings ﬂ

Processors: 1  Memory (GB): 1 Charge: 0 Multiplicity: 1 Reset to Defaull
Route: # HF/6-31G" Opt=(Z-matrix, MaxCycles=100) Geom=PrintinputOrient

Write Gaussian Input Files Load GAU Files Load LOCG Files




Generating Charge Optimization Target Data

A\
Inspect water optimization

|

Visually assess -
QM-optimized
water position(s)

ffTK GUI r r
Caussian Settings « A

Processors: 1 Memory (GB): 1 Charge: 0 Multiplicity: 1 Reset to Defaui

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

Write Gaussian Input Files Load GAU Files Load LOCG Files




Generating Charge Optimization Target Data

A\
Inspect water optimization

|

Visually assess -
QM-optimized
water position(s)

ffTK GUI r r
Caussian Settings « A

Processors: 1 Memory (GB): 1 Charge: 0 Multiplicity: 1 Reset to Defaui

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 Umm, dum, UM |
Compute Objective Function

Return Optimized Charges

Analyze Performance

I

Write Charges to PSF

Objective Function

2. f(Uum-Ugm)

wat. int.

-4

2 f(dvm-dom)

wat. int.

+
J(Ham-Hom)



Assessing MM Water-Interaction Profiles

AUMM_QM (kcal/mol)
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AUmm-am (kcal/mol)

Sampling MM Water-Interaction Profiles
Mode: Simulated Annealing
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Plotting Charge Optimization Data



Plotting Charge Optimization Data

LOG File: ’lUsersImayneIDesktop/pub*testIPRLDImd1fa-chargelehargeOpt-SA.log

Energy
atom color
N1 black
H1 black
H21 black
H22 black
H31 black
H32 black
H41 black
H42 black
HS51 black
H52 black
Distance
atom color
N1 black
H1 black
H21 black
H22 black
H31 black
H32 black
H41 black
H42 black
H51 black
HS2 black
Objective
type color
total black
energy red
distance blue
dipole green

. Browse | Load
File =3
Selected Charge Optimization Data
w’
100w
-
delta
a —
obj
T -
D0 -
. l . l L} l L) L}
0 50 100 150 250
Meraton
x-min () - ymin ()
x-max { ) y-max °

x-min auto x-max auto y-min

‘auto y-max 150 | Set Axis |

(v Axis Autoscaling

Set Plot Color:

“ar




Plotting Charge Optimization Data

LOG File: /Users/mayne/Desktop/pub_test/PRLD/rd1/3-charges/ChargeOpt-SA.log . Browse || Load |
Energy ' File 3|
atom color
N1 black Selected Charge Optimization Data
H1 black = f
H21 black .
H22 black i
H31 black
H32 black ‘
H41l black o
H42 black o
HS1 black
H52 black
deita
or
Distance ob
atom color -
N1 black o
H1 black
H21 black 1
H22 black o
H31 black
H32 black ]
H41 black o
H42 black 5 .
H51 black o
HS52 black
Objective x-min ( > y-min ( J
type color x-max -« Q y-max ° Q
total black
energy red x-min auto x-max auto y-min auto y-max 150 Set Axis (¥ Axis Autoscaling
distance blue

dipole green Set Plot Color: | v




Plotting Charge Optimization Data

LOG File: r/Users/maynelDesktop/pub, test/PRLD/rmd1/3-charges/ChargeOpt-SA.log ‘} Browse || Load
Energy File 3
atom color
N1 blue Seilected Charge Optimization Data
H1 red
N1-En
H21 black
H1-En
H22 black
H31 black
H32 black
H41 black
H42 black .
HS51 black
H52 black
delta
or
Distance ooy
atom color
N1 black |
H1 black t |
H21 black ) | |
il YL WO 1Ty RYY
H22 black 0 A k\ ) ‘ | i/} i1 1) d ¥ig i, W f\.
| . ) ] v, ! TR'1% J
H31 black w VI| A\ ’\l VI 1’* 'l
H32 black ’ {
H41 black
H42 black l l . l . l . l . l . l
HSl bIaCk 0 5 100 150 200 250 %0
Objective x-min  » > y-min ()
type color x-max \'A/') y-max ¢ ,'\A
total black - -
energy red X-min auto x-max auto y-min -2 ymax 8 [ Set Axis @ Axis Autoscaling
distance blue

Set Plot Color: | red

“a»

dipole green




Plotting Charge Optimization Data

LOG File: /Users/mayne/Desktop/pub_test/PRLD/md1/3-charges/ChargeOpt-SA.log

Energy
atom color
N1 blue
H1 red
H21 black
H22 black
H31 black
H32 black
H41 black
H42 black
HS51 black
H52 black
Distance
atom color
N1 black
H1 black
H21 black
H22 black
H31 black
H32 black
H41 black
H42 black
HS51 black
H52 black
Objective
type color
total black
energy red
distance blue
dipole green

export

data

N1-En

H1-En

AE from Target (kcal/mol)

deta
or
0bj i
5 : | I ! : ! : ! : ! : !
\ 0 50 100 150 200 250 300
Optimization Iteration
0 - -
| | ' | ' | ' I ' |
0 50 100 150 200 250 300
lteranon

Xx-min « > y-min {
x-max ° { ) y-max © )
x-min auto x-max auto y-min -2 ymax 8 - Set Axis | ™ Axis Autoscaling

Set Plot Color: | red




Parameterization of Erythromycin

macrolides - antibiotics that
prevent peptide synthesis in
bacterial ribosomes

nascent peptide

macrolide

Divided into four parts
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Fitting of Partial Charges

CHARMM partial charges are derived from interactions with water
Calculated for each atom that is fitted



Fitting of Partial Charges

CHARMM partial charges are derived from interactions with water
Calculated for each atom that is fitted

13 Force Fleld Toolkit (ffTK) GUI - 0 X
BulloPar Opl Geomelry Waterint  Opt Charges Calc. Bonded Opt Bonded Scan Torsions  Opt Torsions  Calc ESP

P input

P> Charge Constraings

V GM Target Data

Single Point Energy Data

Crpd LOG (HF) Nocaldata/apaviovalTeltheo/WatAmyTEL-sp-HF log Browse
Crpd LOG (MP2): Nocakdata/apavioval/Teltheo/WatAmyTEL-sp-MFPZ log Browse
Waber LOG Nocaddata/apavioval/Teltheo/WatAmiwat-3p log Browss
Waber Interaction Energy Data
LOG File Atom Name  Weight
Necaldala‘apaviovad/Telimwo/WRAMTEL-ACC-CE2 log cez 1.0 = Add
Necaldala/apaviovad/Telmwo/WRAMTEL-ACC-CE3 log CE3 1.0
Aecaldata/apavioval/Telmro/WaAMTEL-ACC-N31 log N31 1.0 Delste
Aecaldata/apaviovad/Telmro/WaAmMITEL-ACC-N41 log N4 1.0 Cleas
Aocaldata/apavioval/TelmrorWaAmyTEL-ACC-NSZ log N32 1.0
Nocaldata‘apavioval/Telmro/WalAmyTEL-DON-C40 log C40 1.0
Nocaldata‘apavioval/Telmnro/WatAmyTEL-DON-C43 log c43 1.0
Aocaldata/apavioval/Telmno/WalAmyTEL-DON-H log H 1.0
Nocaldata/anavioval/Telmo/WRAMTEL-DON-H17 loc H17 1.0 -
Edt Enry
Browse WZT13| w2715
P Advanced Setings
P Results
Status: IDLE
Run Optimizaton

GUN Event Log (on)

004 Dihedrad optimization data read from file 11/03/2014 - 06:05:52 PM |=

003 Dihedrad optimization dada read from file 110372014 - 06:05.06 PM

002 Dihedrad optimization data read from file 11032014 -- 060423 PM [

To cite ffTK please use: CG Mayne, J Saam, K. Schulen, E Tajkhorshid, JC. Gunbart o Commd Chemn 2013, 34, 2757-2770



Fitting of Partial Charges

CHARMM partial charges are derived from interactions with water
Calculated for each atom that is fitted

™ Force Fleld Toolkit (ffTK) GUI — =l b
BulldPar Opl Geometry Waterint  Opt Charges Calc. Bonded Opt Bonded Scan Torsions  Opt Torsions Calc ESP

Loaded into FFTK .0

Singe Point Energy Data

Crpd LOG (HFy Nocadata/apavioval/Teltheo/WatAmyTEL-5p-HF log Browse
Crpd LOG (MP2): Nocakdata/apaviovalTeltheo/WatAmyTEL-5p-MPZ log Browse
Water LOG Nocadata/apaviovad/Teltheo/WatAmiwat-3p 10g Browse

Waber |
LOG File

gaction Energy Data
Atom Name  Weight

Necaldala‘apaviovad/Telimwo/WRAMTEL-ACC-CE2 log cez 1.0 = Add
Nocaldata‘apaviovad/Telmro/WAMTEL-ACC-CE3 log CE3 1.0 -
Necaldata‘apaviovad/Telmro/WaAmMTEL-ACC-N31 log N3 1.0 Delete
Necaldata‘apavioval/Telmro/WaAMTEL-ACC-N41 log N4 1.0 Cleas
Aocaldata/apavioval/TelmrorWaAmyTEL-ACC-NSZ log o2 1.0
Nocaldata‘apavioval/Telmro/WalAmyTEL-DON-C40 log C40 1.0
Nocaldata‘apavioval/Telmnro/WatAmyTEL-DON-C43 log c43 1.0
Nocaldata‘apavioval/Telmnro/WatAm/TEL-DON-H log H 1.0
Nocaldata/anaviovadTelmo/WaHAMTEL-DON-H17 log H17 1.0 =
Edt Entry
Browse WZT13| w2715
P Advanced Setings
P Results
Status: IDLE
Run Optimizaton
GUN Event Log (on)
004 Dihedrad optimization data read from file 11/03/72014 - 06:05.52 PM |=
003 Dihedrad optimization dada read from file 11032014 -« 06:05.06 PM
002 Dihedrad optimization data read from file 11/03/2014 -- 060423 PM [Q

To cite ffTK please use: CG Mayne, J Saam, K. Schulen, E Tajkhorshid, JC. Gunbart o Commd Chemn 2013, 34, 2757-2770



Accuracy of Fitting: Charges

Desosamine
charges fitted for red atoms
Q
CH >
3 S
CS\\Cé/ O< S
H! C3 o1
® __caT TTTC2T
\N/C N_© CiH,

'/ \C'Hs (|33

HA1
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Partial charges for polar atoms

FFTK can be used to get better agreement with QM data

B CGenFF
B FFTK



Accuracy of Fitting: Charges

Interaction energies with water for polar atoms

O -
Desosamine I
charges fitted for red atoms s
C*Hg
C5\Cé/ 02 B CGenFF
\®/C4 N\ C2 ~N M Que
N C1 H3
~ O3
/ CH, |
H4C'
H1
H1 H'

E (kcal/mol)

-13.5 -

-18

01 02 03

FFTK can be used to get better agreement with QM data



Fitting of Partial Charges

Optimization of water interactions can be difficult for sterically hindered groups

Our self consistent iterative charge optimization scheme

Desosamine Simplified Desosamine

CHj3
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Fitting of Partial Charges

Optimization of water interactions can be difficult for sterically hindered groups

Our self consistent iterative charge optimization scheme

Desosamine Simplified Desosamine

CHj3




An Alternative to Water Interactions
for Charges

RESP fitting of charges
Based electrostatic potential

Much easier to implement
Tests on compatibility with
CHARMM in progress



An Alternative to Water Interactions
for Charges

=] Force Field Toolkit (ffTK) GUI - 0 X
BulldPar Opt Geometry Waterint Opt Charges Calc. Bonded Opt Bonded Scan Torsions Opt Torsions Calc. ESP
Gaussian Seftings
Checkpoint File: || | Browse
Gaussian Log File Browse
R u u Processors: 1 |Memory(GB):| 1 Charge: 0 Multiplicity: 1
E P Ittl n g O C h a rg e S Route: ?P HF/5-31G" SCF=Tigh Geom=Checkpoird Pop=MK 1Op(6/33=2 6/41=10 6/42=17)
. . Write Data File
Based electrostatic potential |,
PSF Fite: Browse
PDB File Browse
Net Charge 0
Load PSF/PDB Resname From TOP
Much easier to implement
. _— . Charge Group Intial Charge  Restraint Type
[ests on compatibility with S aae || e
. Delete move T
CHARMM in progress | = e
Edit Entry
v w2713 W27is
Input File Settings
ihfree; 1 |qwt | 00005 |igopt:
Write Input Flles
GUI Event Log (on)
006 Guessing Bond/Angle nitial Values--Finish 11/04/2014 - 030041 PM |=
005 Guessing Bond/Angle Initial Values--Start 11/04/2014 - 03:0040 PM
004 Dihedral optimizaton data read from file 11/03/2014 — 05:0552 PM [
To cite fTK please use: C.G Mayne, J. Saam, K. Schulten, E. Tajkhorshid, J.C. Gumbart. 4 Compul. Chern, 2013, 34, 2757-2770.




Fitting of Bonds and Angles

BuldPar  Opt Geomaty

Force Fleld Toolkit (fTK) GUI
Wasrint  Opt Chieges  Coic Bonted Ot Bonded

Scen Torsioss  Opt Torsions  Calc ESP

¥ npu
PSF File NocaldataapaviovaNTelthro/TelArm Opt pst Browse
PDE File MocaldataapaviovadTelthro/TelAm MP2 pdd Browse
Hess LOG Flle: Mocaldata‘apaviovadTelthroyTelArmHess log Browse
in-Progress PAR File: Nocaldata/apaviovaTelthro/TelAm pime Erowse
Azdnonal Assocsaled Parameder Fles
F A
| Dedete
Clew
-
NAMD Bin nama2 Browse
Output LOG: BondeaOptiog Saveas
V Parameters 1o Opmize
Bead/Angle Atom Type Def Force Constat  By®
vond CIREIM CZREIM 467 7373 14050 |~ Gisoss ]
2ond CCIZIM MCALZ 61829 110286 i I's
rond CZR5IM N2RSOM s1e0r 13314 Ingont
tond CIRGIM CZREIM 401 5120 14126 Aad
2ond MCAJ CCIMM 99612 11026
zond NZRSIM C2RSIM 4828518 13735 Dedete
rond C2RSIM HGRS2 5 301 2354 10003 Closr
vaond CIREIM N23tOMm 4928398 1.3407 -
Edt Entry
- W2T13 W2TE

¥ Asvanced Setings

Toleeance
Mode

0007 Geom Weight 10

sowntell -

Enargy Weighe' 10
e 500

Agv. Paramiter Selings

Bongs - Eq Deviadon 025 Klower Bouns: 00 X Uppés Bouns 10000

Angles - Eq Deviason 100 KLowse Bound 00 K Upper Bouns 3000

Run Setings
Wrts detuggng kg Buid run scrigt

P Resuts
Stades. IDLE
Run Opamization

GUI Evest Log (on)
009 Guesting Bon@/Angle Intial Values—Finish 11/0472014 — 030041 PM 1=
05 Guassing Bond/Angw Intial Vues-—-San 110472014 - 030040 PM
04 Oihedral optisszation data read from fle 190072094 -« DEOSS5Z PM [

To cte 7K please use: C.G. Mayne, J Saam, K Schutten, E. Tajkhorshid, J.C. Gumbart J Cowynd Chem 2013, M, 2757-2770.

1<



Fitting of Bonds and Angles

input Hessian file

[ Force Fleld Toolkit (fTK) GUI =
BuldPar  Opt Geomeky Wadirimt  Opt Chieges Calc Bonted  Ogt Bonded  Scan Torsioss  Opt Torsons Calc ESP
¥V nput
PSF Flle Mocaldata/apaviovaNTelthro/TelArm Opt pst Browse,
PDE File MocaldataapaviovadTelthroTelAm MP2 pdd e
Hess LOG Flle Mocaldata/apaviovadTelthro/TelArmHess log Browse
in-Progress PAR File: Mocaldata/apaviovadTelthro/TelArm prme Browse
AZdnonal Assockaled Parameder Files
= Ass
Decwte
Clew
.'
NAMD Bin nama2 Browse
Output LOG BondeaOptiog SaveAs
V Parameters 1o Opmize
Bead/Angle Atom Type Def Force Constant By
vond CZREIM CZREIM 467 7373 14050 = Gusoss
ond CCIZIMMCAL 61829 11028
vond CZR5IM NZRSOM S11.8103 13314 Ingont
vond CIREIM CZREIM 4015120 14126 And
2ond MCAJ CCITM Ma9612 11026
2ond NIRSIM C2RS3M 482 8518 13735 Dedate
rond C2A5IM HGRS2 3 301 2354 10083 Closr
taond CIREIM NZ3tOM 492 8398 1.3a07 -
Edt Entry
- 713 W2THE
V Asvanced Setings
Toleeance: 000 Geom Waight 10 Energy Weight 10
Mode oowntell v e 300
Agv. Parameter Senings
Bongt - Eq Deviadon 025 Klowee Bouns: 00 X Upper Bouns 10000
Angles - Eq Deviason 100 KLowse Bound 00 K Upper Bouns 3000
Aun Setings
Writs detuggng kg Buid run scrigt
P Resuts
Stades. IDLE
Run Opamization
GUI Evest Log (o)
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Fitting of Bonds and Angles
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Fitting of Dihedrals

Select multiplicity and phase settings
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Fitting of Dihedrals

Select multiplicity and phase settings

Force Fleld Toolkit (ffTK) GuUI
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Fitting of Dihedrals

First fit is not great QM PES: black
but better than the starting fit First fit: blue
Starting fit: red
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Fitting of Dihedrals

After 7 iterations the fit is much better
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Two Approaches to Fitting the Dihedrals

Several multiplicities One multiplicity and
and free phase locked phase
Pro: very good fit of QM PES Pros: limits incorrect behavior,
Cons: possible incorrect behavior sets of force constants
multiple sets of force constants Con: fit to QM PES not always
possible

In practice a tradeoff is needed!



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

Fagas



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

3 multiplicities, free phase
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Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

Fagas



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin
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Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

o

Using too many dihedral multiplicities
can leads to distortion of a planar molecule!



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

Fagas



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

planar dihedrals have multiplicity 2 and phase 180




Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

planar dihedrals have multiplicity 2 and phase 180
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Configuration

The fit looks even better!



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

planar dihedrals have multiplicity 2 and phase 180




Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

planar dihedrals have multiplicity 2 and phase 180

Planarity is maintained!



Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

Problems persist
eclipsed conformation of the alkane part

(P




Example of Overfitting

imidazole-pyrridine moiety of antibiotic telithromycin

Problems persist
eclipsed contformation of the alkane part

Restraining phase of CH dihedrals to O prevents
eclipsed confirmations



How to know what terms to include?

Back t nFF main

CGenFF Frequently Asked Questions

Contents
o Technical questions
o How do | compile CHARMM with CGenFF support?
What should | do if | get "LEVEL -4 WARNING FROM <RTFRDR> - LIMIT EXCEEDED"?
What should | do if | get "LEVEL -3 WARNING FROM <PARRDR> - Maximum no. of dihedrals reached"?
. in nFF

How can dihedral contributions cancel out?

Why does a wind turbine or a propeller with 2 or 3 blades not wobble?

here are a number of common cases in which dihedral contributions cancel out:

« If a dihedral involves an sp? center as one of the inner atoms, and both substituents on this center are identical or have identical dihedrals, all
terms with an odd multiplicity will cancel out.

If a dihedral involves an sp® center as one of the inner atoms, and all three substituents on this center are identical or have identical dihedrals, all

terms with a multiplicity that is not a multiple of 3 (ie. all terms other than 3-fold and 6-fold) will cancel out.

Consequence 1: if both of the above conditions are satisfied (example: methyl rotation in toluele), only the 6-fold term will not cancel out.
Consequence 2: if the substituents are not identical but some of their dihedral terms have the same phase and multiplicity, there may be partial
cancellation and some of the terms can be omitted. (In practice, one would typically choose to omit H-X-X-H terms because these are more prone
to transferability problems.)

All these observations follow from the expression for the dihedral energy:

http://mackerell.umaryland.edu/~kenno/cgentff/fag.html



Conclusions

Find Missing Parameters : |

Geometry Optimization (QM) IR

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


http://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


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

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

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

Questions?



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

