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ABSTRACT: The similarity of the AMBER force ﬁeld’s energy functional form with
that of the CHARMM force ﬁeld, gives the potential for direct translation of common
bonding and nonbonding terms, along with their parameters, present in CHARMM
topology and parameter ﬁles, with the intent of evaluation within the AMBER software;
speciﬁcally the SANDER and PMEMD dynamics engines. To this extent, we have
created a tool, CHAMBER, which can take a CHARMM protein structure ﬁle (PSF),
coordinate ﬁle (COR) and associated forceﬁeld ﬁles, and convert these to an AMBER
topology ﬁle (prmtop) and associated coordinate ﬁle (inpcrd). CHAMBER opens a
conversion route which enables the simulation of CHARMM parameterized models
using AMBER’s PMEMD engine; thus providing improved serial efﬁciency as well as
parallel efﬁciency over large numbers of CPUs. Signiﬁcant effort has been expended in
ensuring a true representation of the CHARMM force ﬁeld in AMBER providing
energies and forces that are the same to the limits of machine precision. This software
will be released in the upcoming version 1.3 of the free AMBERTools suite.1 © 2009
Wiley Periodicals, Inc. Int J Quantum Chem 109: 3767–3772, 2009
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1. Introduction

A

MBER [1, 2] and CHARMM [3–5] are two approaches to the parameterization of classical
force ﬁelds that ﬁnd extensive use in the modeling of
biological systems. The high similarity in the functional form of the two potential energy functions used
by these force ﬁelds, Eqs. (1) and (2), gives rise to the
possible use of one force ﬁeld within the other force
ﬁeld’s dynamics engine. In the case of the CHARMM
force ﬁeld, its dynamics engine is also called
CHARMM [6], whereas for AMBER, the main two
dynamic engines available are SANDER and
PMEMD, with the latter engine possessing a subset of
the functionality of SANDER but having been heavily
optimized for parallel performance.
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For the implementation of the CHARMM force
ﬁeld within an AMBER dynamics engine, parameters that are of the same energy term can be directly
translated. However, there are differences in the
two functional forms, with CHARMM having three
additional bonded terms. Additionally, the force
ﬁelds scale 1– 4 interactions in different manners.
The ﬁrst additional term is CHARMM’s two body
Urey–Bradley term, which extends over all 1–3 bonds,
the second is a four body quadratic improper term
and the ﬁnal additional term is a cross term, CMAP
[7, 8], which is a function of two sequential carbon
back bone dihedrals. This term originates from differences observed between classically calculated two-

dimensional / peptide free energy surfaces using
the CHARMM22 force ﬁeld and that of experiment.
CMAP is a numerical energy correction which essentially transforms the 2D / classical energy map to
match that of a QM calculated map.
Support for these extra terms have required the
development of extensible sections to AMBER’s prmtop format to accommodate this new information. In
concert with these prmtop additions, the appropriate
modiﬁcations have been made within SANDER’s and
PMEMD’s code to enable the calculation of the energy
and derivatives corresponding to these new terms.
Additionally, because of the modular nature of these
additions, backwards compatibility within the prmtop ﬁle has been maintained. MPI support for the
parallel evaluation of these three extra terms is also
provided within SANDER and PMEMD.
Additional checks are carried out within the
SANDER code at runtime when using a CHARMM
force ﬁeld; for instance the 1– 4 nonbond electrostatic
scaling factor (SCEE) is checked to be 1.0 and not 1.2.
The same is true with the van der Waal’s terms scaling factor (SCNB); this is checked to be 1.0 and not 2.0
as per the AMBER default; deviations from this will
raise an error. The intention behind the approach of
creating a CHARMM enabled prmtop ﬁle is that the
use of this prmtop ﬁle should be transparent to the
user. Once a CHARMM prmtop ﬁle is produced by
CHAMBER the SANDER and PMEMD dynamics engines automatically detect the presence of CHARMM
parameters in the prmtop ﬁle and automatically select
the correct parameters and code paths.
CHAMBER and the corresponding modiﬁcations
to SANDER and PMEMD have been implemented in
a development version of AMBER and will be present
in the release version of AMBER 11. Additionally, it is
anticipated that patches to enable CHARMM support
will soon be made available for AMBER 10.
1.1. SUPPORT FOR CHARMM IN OTHER MD
PACKAGES
A number of packages claim to support the
CHARMM force ﬁeld. These include Gromacs [9],
LAMMPS [10, 11], Desmond [12], and NAMD [13] to
name a few. Although all of these packages claim to
provide support it is not clear how extensive such
support is and how comprehensively it has been validated. LAMMPS for example does not support
CMAP, while Gromacs relies on a number of third
party, poorly documented scripts, for conversion
which do not appear to be actively maintained and
could not be made to work as part of this project.
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TABLE I ______________________________________
Timings to complete the Joint AMBER CHARMM
(JAC) benchmark on a dual quad core Intel(R)
Xeon(R) CPU 2.66 GHz desktop machine using 8
processors.
MD program
PMEMD
SANDER
CHARMM

Time (s)

Throughput (ns/day)

32.83
57.73
99.00

2.63
1.50
0.87

All programs were compiled with their default settings using
the same version of the Intel Fortran compiler (v. 10.1.008)
and linked against the same MPI implementation (MPICH2
v1.0.7). Version c35b1 of CHARMM was used and a development version of AMBER; these speciﬁc binaries are used
for all evaluations in this article.

Desmond provides extensive support for the
CHARMM force ﬁeld including CMAP terms, however, the different approach used for dealing with
ﬂoating point arithmetic along with alternative approaches for the treatment of periodic boundaries
means that it does not necessarily offer a direct replacement for carrying out a simulation with
CHARMM.
NAMD supports the CHARMM force ﬁeld, if the
PSF is written in X-PLOR format. Internal testing
showed it had good correspondence to CHARMM’s
output across all energy terms, however, different
electrostatic energies are seen since NAMD uses an
inverse Coulomb constant value of 332.0636, whereas
CHARMM historically uses 332.0716. This is a subtle
point, but if one wants a faithful implementation of
the CHARMM force ﬁeld, then one needs to be using
the same value as CHARMM.

2. Motivations
The motivations behind the creation of CHAMBER
are numerous, however, the overriding motivation is
one of being able to make use of AMBER’s highly
scalable and efﬁcient PMEMD code to run CHARMM
force ﬁeld simulations within a validated framework
that provides a faithful reproduction of the
CHARMM force ﬁeld to machine precision.
A trivial and nonexhaustive example of the respective parallel scaling of PMEMD, SANDER, and
CHARMM, can be demonstrated with the Joint AMBER CHARMM (JAC) benchmark2 as shown in Table
2

http://ambermd.org/jac1000.tar.gz.
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FIGURE 1. CHARMM generated monosaccharide,
glucose.

I. The motivation lies within this trend; CHARMM is
already falling behind performance wise on 8 processors. Since the additional CHARMM terms being incorporated into SANDER and PMEMD are valence in
nature so the impact on the performance of the AMBER codes by calculating these additional terms is
minimal.
3. VALIDATION
In addition to preserving the high performance of
the AMBER PMEMD software when running the
CHARMM force ﬁeld extensive work has been un-

TABLE II ______________________________________
Single point energy comparisons of a PSF and
associated COR ﬁle evaluated in CHARMM c35bl
and the corresponding CHAMBER produced prmtop
and inpcrd evaluated in SANDER for the “Glucose”
test case.
Energy

SANDER

CHARMM

Difference

BOND
ANGLE
DIHED
ELEC
VDW

1.2531
3.1015
⫺24.8158
83.8506
3.1707

1.2531
3.1015
⫺24.8158
83.8506
3.1707

0.0000
0.0000
⫺0.0000
⫺0.0000
⫺0.0000

The AMBER and CHARMM columns show the respective
energy terms from the SANDER and CHARMM outputs. The
CHARMM angle and Urey–Bradley term energies have been
summed into one angle value, and the CHARMM dihedral,
improper, and CMAP energies have been summed into one
dihedral value. The normal and 1– 4 contributions for AMBER’s electrostatic and van der Waal energies have been
combined respectively. Decompositions of all of these are
shown in Table III. All energy values are in Kcal/Mol.
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TABLE III _____________________________________________________________________________________________
Energy decompositions for Table II.
Energy

Decompositions

ANGLE
DIHED
ELEC
VDW

chm ang, ub
chm dhih, impr, cmap
amb elec, ee14
amb vdw, 14vdw

3.1015
⫺24.8158
⫺84.0824
⫺1.0273

0.0000
0.0000
167.9330
4.1980

0.0000

All energy values are in Kcal/Mol.

dertaken to ensure that the CHARMM force ﬁeld is
faithfully reproduced in the AMBER software. This
includes ensuring that results always match to machine precision.
The ﬁrst stage of this validation is to ensure that
the results for a given PSF (topology) and COR
(coordinate) evaluated within the CHARMM engine, match that of the translated prmtop (topology) and inpcrd (coordinate) ﬁles evaluated within
AMBER’s respective engine. The validation protocol consists of the following sequence:
1. Construction of an arbitrary system within
CHARMM.
2. Generation of the system’s corresponding PSF
and COR ﬁles.
3. Rereading of these two ﬁles and evaluation of
the system’s potential energy.
4. Conversion of the PSF and COR ﬁles, using
the associated CHARMM parameter and topology ﬁles, with CHAMBER, to produce a
prmtop and inpcrd output.
5. Evaluation of the system’s potential energy
within SANDER.
6. Comparison of CHARMM and SANDER’s energy outputs; the differences being zero or close
to, indicate that the CHARMM force ﬁeld is
being faithfully reproduced within SANDER.

Carbohydrate Solution Force Field (CSFF/
CHARMM) [14]. Table II shows the result of applying
the validation protocol while Table III shows the explicit decompositions of these energy terms.
This test highlights the fact that any CHARMM
like parameters can be used; it is not conﬁned to the
standard CHARMM [3, 4] parameter set.
3.2. ALA ALA ALA
In the second test, a tripeptide consisting of three
Alanine residues was generated (see Fig. 2) within
CHARMM. With parameters from the CHARMM22
force ﬁeld with CMAP applied there are ﬁve improper terms with three unique types and one cross
term with one cross term type within this 33 atom gas
phase system. Table IV is the result of applying the
validation protocol while Table V shows the explicit
decompositions of these energy terms.
3.3. DHFR
A third, larger, test system represents a complete
protein system and was built from an X-ray crystal
structure of dihydrofolate reductase (DHFR). Tables
VI and VII show the result of applying this process to
the 2,489 atoms of a gas phase DHFR structure. There
are 418 improper terms with 19 unique types and 157
cross terms with four unique types; overall a much

The aforementioned protocol was applied to a
series of test cases.
3.1. GLUCOSE
In the ﬁrst test, the monosaccharide, glucose (see
Fig. 1), was constructed and minimized within
CHARMM. This initial test case is very simple consisting of just 24 atoms with no CHARMM speciﬁc
extra energy terms being utilized. The CHARMM
force ﬁeld parameters used for this test were from the

FIGURE 2. CHARMM generated tripeptide structure
“ALA ALA ALA.”
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TABLE IV _____________________________________

TABLE VI _____________________________________

Single point energy comparsions of a PSF and
associated COR ﬁle evaluated in CHARMM c35b1
and the corresponding CHAMBER produced prmtop
and inpcrd evaluated in SANDER for the “Ala Ala
Ala” testcase.

Single point energy comparisons of a PSF and
associated COR ﬁle evaluated in CHARMM c35b1
and the corresponding CHAMBER produced prmtop
and inpcrd evaluated in SANDER for the “DHFR”
test case.

Energy

SANDER

CHARMM

Difference

Energy

SANDER

CHARMM

Difference

BOND
ANGLE
DIHED
ELEC
VDW

1.3460
14.4829
14.0846
8.4477
0.7644

1.3460
14.4829
14.0846
8.4477
0.7645

⫺0.0000
0.0000
⫺0.0000
⫺0.0000
⫺0.0001

BOND
ANGLE
DIHED
ELEC
VDW

145.1972
465.2794
582.4940
⫺3515.0773
⫺634.5064

145.1972
465.2794
582.4940
⫺3515.0771
⫺634.5064

⫺0.0000
⫺0.0000
⫺0.0000
⫺0.0002
0.0000

Term amalgamations are as per Table II and decom-positions
of all these are shown in Table V. All energy values are in
Kcal/Mol.

larger test case than the previous two. As can be seen
from the tables, agreement between SANDER and
CHARMM is very good.
It is important to note that for a faithful reproduction of a force ﬁeld, correct energies alone are
not sufﬁcient: the associated analytical gradients
must be correct as well. SANDER has an internal
gradient checking method which calculates the gradient on a given atom numerically and then compares this to the analytical result. Five atoms within
the “ALA ALA ALA” test case’s peptide backbone
(atom numbers 11, 13, 15, 21, 23) were selected for
this analysis, with the criterion here being that these
atoms were encompassed by the new energy terms;
in this case these were covered by the one CMAP
term and multiple improper terms. The result was
the same analytical and numerical answers within a
maximum RMS value of 0.264 ⫻ 10⫺7 Kcal/Mol/Å.

Term amalgamations are as per Table II and decompositions
of all these are shown in Table VII. All energy values are in
Kcal/Mol.

psf and cor, pdb or restart ﬁles into prmtop and
inpcrd ﬁles that can be read by the AMBER MD
engines. Modiﬁed versions of AMBER’s SANDER
and PMEMD MD engines can use the information
in such ﬁles to enable faithful CHARMM force
ﬁeld simulations that can reproduce CHARMM
c35b1 simulations to machine precision. Both
CHAMBER and the associated modiﬁed
SANDER and PMEMD software have been extensively validated. The CHAMBER software will be
made available as part of the next release of the
AMBER tools package with support for
CHARMM prmtop ﬁles being made available in
the next version (v11) of the AMBER software.
Additionally, it is anticipated that patches to enable such support in AMBER v10 will be made
available shortly on the AMBER website.3

4. Conclusions
In conclusion, an open source tool has been
produced that will convert CHARMM force ﬁeld,

3

http://ambermd.org.

TABLE V ______________________________________________________________________________________________
Energy decompositions for Table IV.
Energy

Decompositions

ANGLE
DIHED
ELEC
VDW

chm ang, ub
chm dhih, impr, cmap
amb elec, ee14
amb vdw, 14vdw

14.1159
14.2720
⫺269.6955
⫺1.3299

0.3669
0.3357
278.1432
2.0943

⫺0.5220

All energy values are in Kcal/Mol.
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TABLE VII ____________________________________________________________________________________________
Energy decompositions for Table VI.
Energy

Decompositions

ANGLE
DIHED
ELEC
VDW

chm ang, ub
chm dhih, impr, cmap
amb elec, ee14
amb vdw, 14vdw

433.6936
776.0660
⫺10023.0276
⫺1004.9337

31.5858
22.4542
6507.9503
370.4273

⫺216.0261

All energy values are in Kcal/Mol.
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