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General Amber Force Field (GAFF)

� Developed for general ligands

� Compatible with the AMBER force field 

� Function form:

� Bond/Angle/Dihedral Parameterizations

– Experimental Data and high level ab initio calculations 

Atom types: 

– lower case, covers the organic chemical space

� Charge approach: RESP or AM1-BCC
Wang, J., Wolf, R.M., Caldwell, J. W., Kollman, P.A., Case, D.A., J Comput Chem, 25(9), 2004.



What can Antechamber do?  

� Needed for non-standard residues

� Assign atom types from GAFF

� Generate empirical/semiempirical charges
– AM1-BCC, Mulliken, Gasteiger…

� Extract QM charges from output
– Gaussian and Jaguar outputs

� Prepare input mol2 file for leap
– Convert different file formats to mol2 file  



What can Antechamber do?

� File Conversions



Build your own residue library

For simple molecules:

� Define a topology

Use Antechamber to:

� Choose atom types

� Calculate a set of partial charges

� Generate forcefield parameters

Use Leap to:

� Create a new residue library



Define a topology

� Extract it from an existing pdb

– Search for topology from www.rcsb.org

– Add hydrogens using “reduce”. 

� Build it from any molecular builder

xleap, chimera, maestro, etc. 

� Save as pdb and visualize

Example: Sustiva (Efavirenz )



Choose atom types from GAFF

Atom Names GAFF Atom Types

$AMBERHOME/exe/antechamber -i sustiva.pdb -fi pdb -o sustiva.mol2 \
-fo mol2 -c bcc -s 2



Assign partial charges 

Atomic charges

Charge: -0.073100

Charge Type



Determine Partial Charges

� RESP Charges

– Generate electrostatic potential

– Fit point charges to potential 

– Equal charges for topologically equivalent atoms

– Requires QM programs (Gaussian, Gamess, Jaguar, etc)

� AM1-BCC Charges

– Fast, empirical generation

– Emulate RESP charges

– Can be directly generated from antechamber 

Bayly, C.I., Cieplak, P., Cornell, W., Kollman, P.A., J Phys Chem B., 97, 10269, 1993. 

Jakalian, A., Bush, B.L, Jack, D.B., Bayly, C.I., J Comput Chem, 21, 132, 2000. 



Check forcefield parameters

� Check if there are missing parameters:
Use the “check” command in leap

� Missing parameters can be:

a) Generated using “parmchk” utility                              

(Problematic parameters generates warnings:
“Attn, need revision.” )

b) Derived by “similarity” to existing parameters

c) Determined from QM calculations



Generate force field parameters

Angle Parameters generated from PARMCHK

Torsion Parameters generated from PARMCHK



Build a library file

…

� Completely defines a molecule in AMBER terms

� Includes information on atom names, types, charges and topology

=
Sustiva



Use your new residue

� Combine the new molecule 

description with starting 

geometries, parameters to 

build the AMBER input files

source leaprc.ff99SB
source leaprc.gaff
loadamberparams sustiva.frcmod
loadoff sus.lib
complex = loadpdb 1FKO_sus.pdb
saveamberparm complex 
1FKO_sus.prmtop\
1FKO_sus.crd\





When running Antechamber, 
Make Sure that …

� Your pdb file has the correct geometry and connectivity. 

� The atom names in your molecule are unique. 

� Your molecule does not have open valence.

� The correct net charge of your molecule is specified.

� Your molecule does not contain multiple fragments

� The atom names and residue name of the coordinates. 

match the created library file.



Mark Williamson, Ph.D Thesis, Imperial College, London.

Use Antechamber with caution: 
Malachite Green 

� Reassign trivalent central carbon 

� Describe elongated aromatic ring

Hand-Assigned Antechamber



Where to find predefined libraries:
The contributed parameter database

� Check here first:

http://www.pharmacy.manchester.ac.uk/bryce/amber

� Cofactors:GDP, GTP, ADP, ATP, FADH, 

NADH, NADPH

� Lipids: DMPC, DOPC

� Ions, organic molecules, modified AAs…



How to derive RESP charges:                                     
Use of R.E.D

� RESP ESP Charge Derive
– Check this: http://q4md-forcefieldtools.org/RED

� Database with RESP-charged mol2 files:
– http://q4md-forcefieldtools.org/REDDB

– Organic solvent: acetonitrile, benzene, toluene, etc. 

– New AA/RNA/DNA fragments…

� Server for deriving new RESP/ESP charges.

� Automated procedure for RESP fitting.


