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1       Introduction

What is DelPhi?
DelPhi is a software package that calculates the electrostatic potential in and around
macromolecules, using a finite difference solution to the nonlinear Poisson-Boltzmann equation
(see for a review Honig et al. 1993). The program allows specification of ionic strength as well
as dielectric constants of both the solvent and the molecule of interest. In addition, periodic
boundary conditions can be included for use with molecules such as nucleic acids. A flexible
charge assignment scheme allows you to charge the whole molecule, or examine the effects of
specific charges on the electrostatic potential of the rest of the molecule. 

The output generated includes a dielectric map based on the solvent accessible surface and a
potential grid in units of kT/e or in terms of net ion concentration in mole/liter. This grid can be
displayed as three-dimensional contours or plotted as a two-dimensional contour slice. In
addition, an output file can be created containing the electrostatic potential and field values at
any given atomic coordinates and the electrostatic energy for the molecule.

Typical uses for DelPhi include:

� Calculating electrostatic potential in and around a protein and displaying contours to gain
qualitative information on protein-substrate interactions. 

� Determining the electrostatic potential and mobile ion charge density distribution around
nucleic acids using periodic boundary conditions along the nucleic acid axis. 

� Determining the effects of site-directed mutagenesis on the pKa of important residues in
the active site, on binding energies, and on catalytic rates. 

� Calculating the electrostatic contribution to the solvation energy of a molecule. 

The total solvation energy may be calculated using the Solvation module, which provides a
DelPhi-based solvation model among other models.
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Hardware
The DelPhi application module in the Insight® program runs on Silicon Graphics IRIS, Linux,
and IBM RS6000 Series workstations. 

Installation
If you have purchased DelPhi with the Insight package, DelPhi-Insight (DelPhi used via the
Insight II graphical interface program) and Solvation are installed as part of the Insight
installation procedure. Refer to the System Guide for installation instructions. If you have
purchased DelPhi separately, see Installation for installation instructions for DelPhi-Standalone.

About This Manual
DelPhi is available as a module accessible via the Insight graphical interface program (referred to
hereafter as DelPhi-Insight), Accelrys's core molecular modeling program, or as a standalone
product (referred to hereafter as DelPhi-Standalone). The Solvation module is also available
from within the Insight program. This manual is organized to emphasize differences between
DelPhi-Insight and DelPhi-Standalone. After theory, the next 3 chapters relate exclusively to
DelPhi-Insight, and the following three and Installation relate exclusively to the DelPhi-
Standalone version. The first two chapters and the rest of the appendices relate to both programs. 

Starting DelPhi-Insight
Select DelPhi from the Module pulldown on the upper left of the top menu bar to start the
DelPhi module. When the module is activated, a new series of DelPhi-specific pulldowns
appears on the lower menu bar. Commands in these pulldowns can be used whenever the
pulldowns are displayed; core commands in the pulldowns on the top menu bar can be used with
all modules. 

All rules and conventions for the Insight program apply when you are working with DelPhi. For
example, commands in DelPhi can be typed in or executed from the pulldowns and parameter
blocks, just like Insight commands.

Note: For more information on the basic operations, procedures, and functionality of the Insight
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program, please refer to the Insight User Guide. For detailed information on how to use Insight
commands, see the Insight Reference Guide.

The DelPhi Calculation
The DelPhi calculation program is a separate executable image from the Insight software. The
DelPhi module creates the necessary input files for this program, as well as a C shell script which
runs the program. This command script may be submitted automatically as a background
process, which returns to the Insight environment upon completion, or you may choose to leave
the script for submission at a later time.

The Solvation Calculation
The Solvation module is activated and used as explained in the DelPhi-Insight section.

The Solvation module has been implemented in order to simplify and speed up calculating the
solvation energy using DelPhi. It involves one or two DelPhi runs (based on the parameter set--
CFF91 or PARSE--used), a run of the Discover® program for calculating the intramolecular
energy, and a calculation of the total solvent accessible surface area. In addition, this module
provides several other simple solvation models. Finally, a separate option to calculate the total
solvent accessible surface area, using current Insight II atomic radii, is also provided.

Starting DelPhi - Standalone
DelPhi - Standalone has a menu-driven user interface that allows you to interactively specify the
parameters and the input and output files to be used in the potential calculation. The output of
this interface is a command file that runs the calculation program in the background or as a batch
job. The interface provides you with the choice of submitting the job immediately or leaving the
command file for you to submit later.

To invoke the standalone interface, type delphi at the UNIX or VMS command level. DelPhi's
user interface is made up of many different menus. Please refer to User Interface, which
provides a complete explanation of these menus and how to use them. 
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Figure 1 .  DelPhi-Standalone User Interface 
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2       Theory and
Application

To understand the applications and parameters for which DelPhi is appropriate, it is useful to
have a basic knowledge of the method used in the calculation. A brief description of the theory
and algorithm is presented here. 

DelPhi is a software package that calculates electrostatic properties for charged molecules. Some
of the properties of interest are:

� (r), the electrostatic potential at any point in space 

� d /dr, the electrostatic field 

� q · (r), the electrostatic energy of a charge q 

From these basic properties, other quantities can be calculated, such as:

� pK value at any point in space 

� solvation energy (electrostatic contribution) 

� binding energy (electrostatic contribution) 

All of these quantities are derived from the electrostatic potential (r), so it is this property on
which we will focus.

Models
In classical electrostatic theory, materials are considered to be homogeneous dielectric media,
which can be polarized by electrical charges. Therefore, a dielectric constant is used as a bulk
measure of the polarizability of the media, rather than explicitly accounting for the polarization
of each atom. This is therefore a continuum model.

The simplest model is described by Coulomb's law, where the electrostatic energy G between
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two charges i and j is given by:

Eq. 1             

and the potential at atom i due to a charge at atom j is:

Eq. 2             

where: qj = charge on atom j; = dielectric constant rij = distance between atoms i and j.

This model, and variations such as using a distance-dependent dielectric, are currently used in
modeling software because of their logical and computational simplicity. However, this model is
valid only for an infinite medium of a uniform dielectric, which is not the case for most
molecular modeling applications.

Poisson-Boltzmann equation 
A molecule such as a protein has a low dielectric constant since its dipolar groups are frozen into
a hydrogen bonded lattice and cannot reorient in an external electrostatic field. A value near 2
measures its electronic polarization response while a value near 4 includes some contributions
from dipole reorientation. Water, on the other hand, has a very high dielectric constant (80) since
its dipoles reorient freely. Therefore, a molecule in aqueous solution yields a system with two
very different dielectric media. The effects of this large difference can be considerable, and
should be accounted for by the electrostatic model. The Poisson-Boltzmann equation, described
in this section, is such a model and appears to be a good model for describing molecules in water
solutions.

The electrostatic field (E) and electrostatic displacement (D) as functions of r are defined as:

Eq. 3             

where: (r) = electrostatic potential; (r) = dielectric function; r = position vector (x, y, z); =
vector differential operator.

In a system with charges and inhomogeneous dielectric media, Poisson's equation relates the
electric displacement to the charge density (r):
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Eq. 4             

substituting for D(r) from above,

Eq. 5             

The charge density (r) can be separated into two components:

Eq. 6             

where int is an interior charge distribution of the fixed positions of all charges in the molecule
and ext is an exterior charge density, which accounts for the redistribution of ions in solution in
response to the electric potential in solution. 

This charge density can be modeled by a Boltzmann distribution, giving:

Eq. 7             

where: 

= dielectric constant of the solvent
= electrostatic potential (in units of kT/e)

e = electronic charge
NA = Avagadro's number
I = ionic strength (moles/liter)
k = Boltzmann's constant
T = temperature

= Debye-Huckel inverse length 

If the charge density of the molecule and the ionic strength of the solution are low, this term can
be approximated by the linear term.

Eq. 8             

Substituting these expressions for the charge density into the Poisson equation (Eq.  5) gives the
linear and nonlinear forms of the Poisson-Boltzmann equation:

Eq. 9             

Eq. 10             

where o equals 0 inside the molecule and equals in the solvent.
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The Poisson-Boltzmann equation appears to be a good model, because it accounts for both the
effect of dielectrics and ionic strength. Unfortunately, this equation can be solved analytically
only for systems with simple dielectric boundary shapes, such as spheres and planes. In
particular, the linear Poisson-Boltzmann solution for a single point charge qi placed in the origin
of the coordinate system has the Debye-Huckel form

Eq. 11             

Most molecules of interest have complex shapes, and their conformations may have a significant
effect on the resulting electrostatic properties.

The alternative to analytical solutions is to use numerical techniques to find an approximate
solution.

Finite Difference Approximation
DelPhi uses the finite difference method (Klapper et al. 1986, Gilson and Honig 1987, Nicholls
and Honig, 1991), which involves mapping the molecule onto a three-dimensional cubical grid,
with spacing between grid points of size h (as shown in Figure 2-1 in two dimensions). Note that
the interior of the solvent-accessible surface is assigned one dielectric, and the exterior is
assigned another.

Figure 2 . Two-dimensional mapping of molecule on delphi grid. 
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The Poisson-Boltzmann equation must be satisfied everywhere in the grid, and in particular, at
each grid point. If the cube of side h surrounding a grid point is considered, as shown in Figure
2-2, the derivatives in the equation can be replaced by finite differences over this cube, and the
continuous functions , , and can be replaced by their values at the grid points (Klapper et al.
1986).

Figure 3 . Cube of side h surrounding grid point. 

The black circles are the six surrounding grid points. Note that associated with each grid point i
is a charge qi, a Debye-Huckel inverse length o, and a potential i. The dielectric values,
however, are associated with the midpoints of the lines between the grid points.   
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Using this strategy, a finite difference formula can be obtained in which the potential at any grid
point depends on the charge at the grid point, the value o at the grid point, the grid spacing h,
and the potential and dielectric values of the six neighboring grid points (Klapper et al. 1986).

Eq. 12             

where: 

N = 1 for linear equation (Eq.  9)
N = (1 + 0

2/3! + 0
4/5! +...) for nonlinear equation (Eq.  10) 

Eq.  12 is equivalent to the model with charge density o obtained by the uniform smearing of
the charge qo within the cube:

Eq. 13             

The potential at each grid point can therefore be calculated and will change as its neighbors'
potentials change. If this calculation is repeated iteratively, the potentials will be more accurate
with each iteration, until they meet the convergence criteria.
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Electrostatic Potential 
As discussed earlier, the basic electrostatic property calculated by DelPhi is the electrostatic
potential. To examine the factors that contribute to the electrostatic potential of a charged
molecule in solvent, consider a simple example. Figure  4 shows two charges in a low dielectric
medium s surrounded by a solvent with a high dielectric o.

Figure 4 . Contributions to electrostatic potential 

The solvent molecules and ions respond to the field generated by each charge in the solute. This
response, which consists of both dipolar reorientation and electronic polarization, in turn sets up
a field at the position of the original charges which is called their reaction field (Bottcher 1973).
The strength of this field is determined by the magnitude of the charge, its distance from the
dielectric boundary, the shape of that boundary and the interior and exterior dielectric constants.
The reaction field is felt by all charges in the system, including the source charge itself.
Therefore, the external (ext) electrostatic potential at a charge location is the sum of the
interaction of each charge with its self reaction field, the reaction fields of the other charges
(cross), and direct coulombic (coul) interaction with the other charges.
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Eq. 14             

Each point charge in addition generates its own Coulombic potential that acquires an infinite
value in its location according to Eq.  2. Then the total electrostatic potential equals

Eq. 15             

The solution to the Poisson-Boltzmann equation is total. The finite difference technique leads to
the charge smeared onto the grid (see Eq.  13 for the value of charge density), which eliminates
infinities but provides computational artifacts which depend on the grid resolution and molecule
mapping.

Total Electrostatic Energy
An important property that can be calculated from the potential is the total electrostatic energy of
the system:

Eq. 16             

Since the finite difference Poisson-Boltzmann solution yields total it is difficult to obtain a value
of GE using Eq.  16. However, the closely related quantity

Eq. 17             

is easily calculated. The superscript "t+g" refers to "total plus grid", which is a reminder that

has not been subtracted to yield GE as per Eq.  16. The value of GE can easily be determined
for the processes where the "grid energy" is cancelled out. In particular, the electrostatic
component to the solvation energy can be computed using two calculations with identical grid
mappings and the same interior dielectric. In the first calculation the exterior dielectric is set to
the value of the solvent (e.g. 80.0 for water). In the second calculation it is set to 1.0 (vacuum).
The difference in the total electrostatic energies for these two calculations is the change in the
electrostatic energy of transfer from vacuum to solvent which is the electrostatic component of
the solvation energy. 

Eq. 18             

where GE( s, ) is the electrostatic energy of a solute with a dielectric constant s in a solvent
with constant .



Insight II 20003.L DelPhi

Page 21 of 166

Since the same grid mapping is used, and all the charged grid points are in the same (interior)

dielectric region, is the same for both calculations and is therefore cancelled out as desired.
Hence

Eq. 19             

An example of an electrostatic solvation energy calculation is provided in the DelPhi Pilot online
tutorial Lesson 4: Solvation Energy of Acetate Ion.

Note that in addition to cancelling out the , the technique described above also cancels out
the direct Coulombic potentials between the charges in the molecule. If, however, you are
interested in the total electrostatic energy of a system (e.g., to compare conformations in a
solution) you must add the direct Coulombic energy back in (see below). 

Reaction Field Energy
As described previously, the reaction field of a molecule refers to the electrostatic field resulting
from the polarization in the surroundings of the molecule at the position of that molecule. The
energy of interaction of the molecule with its reaction field can be computed using DelPhi as the
molecule's energy of transfer to a medium of external dielectric constant from a medium whose
dielectric constant is equal to that of the molecule.

Eq. 20             

From this definition GR( s, s) = 0, i.e., the reaction field appears only for a molecule whose
internal dielectric constant is different from that of its surroundings. 

The reaction field energy can be computed using the representation of the solution to the
Poisson-Boltzmann equation which replaces the discontinuity between the molecular interior and
the solvent exterior with a set of polarization charges on the molecular surface (Bottcher 1973).
In terms of these surface polarization charges, the reaction field is given by

Eq. 21             

where: 

n = number of surface charges
m = number of real charges

i = ith surface charge
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qj = jth real charge
s = solute dielectric

rij = distance between i and qj (angstroms) 

DelPhi maintains a list of all the points that are on the dielectric boundary surface. When the
calculation finishes, the effective surface charge at each of these points can be calculated from
the potential at that point. These surface charges are then used in Eq.  21 to obtain the reaction
field energy. 

Note that because the dielectric boundary points are mapped onto a fixed grid, they do not, in
general, lie exactly on the surface. This would introduce an error both in the potential calculated
there and in the distance from the point to the charges in the molecule. To overcome this
problem, DelPhi scales the dielectric boundary points to their "correct" positions. This is done by
associating each boundary point with the atom used to create that part of the surface. Because the
radius of each atom is known, the boundary point can be moved along the radius to that distance
from the atom. This scaling of the surface point locations greatly improves the accuracy and
stability of the results for this calculation method (Nicholls and Honig, in preparation). 

Note that some of the dielectric boundary points cannot be unambiguously assigned to a single
atom. For example, the points on the re-entrant surfaces created by the solvent molecules in the
interstitial regions between atoms do not properly correspond to any atom. Therefore, these
points are not scaled and are left in their actual positions. The number of unassigned boundary
points is reported in the DelPhi log file when the reaction field energy is calculated. Typically,
this number is a small percentage of the total number of points on the dielectric boundary.
However, at coarse grid scales this percentage may increase so that the advantage of scaling is
diminished. 

The electrostatic solvation energy can be computed from the reaction field using the equation

Eq. 22             

The method of using Eq.  18 and 22 to compute the electrostatic solvation energy is significantly
more accurate than using Eq.  19. It is the method recommended when two different molecules
or two different conformations are to be compared.

Note: The current implementation of DelPhi will correctly compute the reaction field energy
only at zero ionic strength.

Total Solvation Energy
The free energy transfer of a molecule from vacuum to water is called its solvation free energy 
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Gsol. Most discussions break Gsol into three components:

Eq. 23             

where GvdW is the energy of the van der Waals interactions between a solvent and a solute; 
Gcav is a term which is comprised of the entropy penalty for reorganizing the solvent molecules
around a solute and the work done against solvent pressure to create a cavity in the solvent to
immerse a solute ( Gcav is positive). The work of cavity creation is negligible for molecular
cavity sizes. Solvent molecules most affected by a solute are those in the first solvation shell.
The reorganizational entropy should therefore correlate with the number of water molecules in
the first shell. This number is in turn proportional to the solvent accessible surface area of the
solute defined as a locus of the center of a water molecule rolled over the solute's surface (Lee
and Richards, 1971).

The van der Waals interaction energy is negative (favorable for solvation), partially
compensating for the entropic cost. Since the van der Waals interactions fall quickly with
distance (1/r6), most of GvdW is contributed by the first solvation shell. This leads again to a
rough proportionality to the solvent accessible surface area S. Thus the nonpolar solvation
energy, GN = GvdW + Gcav, can be approximated by the linear dependency

Eq. 24             

The value of S can be calculated using a variety of methods including the Shrake-Rupley
algorithm (1973). The coefficients a and b in Eq.  24 can be extracted from experimental data for
alkanes whose electrostatic energy is small in comparison with the nonpolar component (Sharp
et al. 1991).

For polar and charged solutes, the solvent polarization results in a negative (favorable)
contribution, GE, to the total solvation energy. Electrostatic interactions are long range and
depend critically on the boundary shape between a solute and solvent. GE is therefore not
simply proportional to the solvent accessible area of a solute. 

Simple Solvation Models
Several solvation models have been developed using the linear equation similar to Eq.  25:

Eq. 25             

where Si is the solvent-accessible surface area of atom i, summation is performed over all atoms
of a solute, the values of bi depend on atomic species and are extracted from experimental data
on vacuum to water transfer (Ooi et al. 1987; Vila et al. 1991; Wesson and Eisenberg 1992). It
should be noted that Vila et al. (1991) have developed several solvation models. The JRF model
(fixed-radii) was selected by the authors as superior among them. 
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All these models notably oversimplify the electrostatic effects, since they neglect buried charges,
and GE is not proportional to the solvent-accessible area in the general case. Furthermore,
transferability of these models remains questionable (Vila et al. 1991). They do, however, allow
rapid estimates of Gsol and are implemented within the Solvation module. 

Atomic radii and solvation parameter values for various solvation models are listed in Table  1
and Table  2. 

Table 1. Atomic radii and solvation parameters for Ooi model1 and Vila JRF model2 

radius (Å) b (kcal/mol.Å2) 

atom type Ooi Vila JRF Ooi Vila JRF 

aliphatic carbon   2.0   2.0   0.008   0.216   

aromatic carbon   1.75   1.75   -0.008   -0.678   

carbonyl carbon   1.55   1.55   0.427   -0.732   

amine and amide nitrogen   1.55   1.55   -0.132   -0.312   

hydroxyl oxygen   1.4   1.4   -0.172   -0.91   

carbonyl oxygen   1.4   1.4   -0.038   -0.262   

sulfur --S-- and thiol --SH   2.0   2.0   -0.021   -0.281   

1 Ooi et al. 1987
2 Vila et al. 1991

Generalized Born Model
Table 2. Van der Waals radii and solvation parameters for the Wesson and
Eisenberg model1 with Kyte and Doolittle parameters and Sharp et al. parameters;
and the Eisenberg and McLachlan model2 

radius (Å) b (kcal/mol.Å2) 
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Wesson and
Eisenberg 

Wesson and
Eisenberg 

atom and
formal
charge 

Kyte
and

Doolittle 
Shar
p et
al.

Eisenberg
and

McLachlan Kyte
and

Doolittle 
Shar
p et
al.

Eisenberg
and

McLachlan 

C   1.9   1.9   2.0   0.004   0.012
  0.016   

N   1.7   1.7   1.5   -0.113   
-
0.116
  

-0.006   

N+   1.7   1.7   1.5   -0.169   
-
0.186
  

-0.050   

O   1.4   1.4   1.4   -0.113   
-
0.116
  

-0.006   

O-   1.4   1.4   1.4   -0.166   
-
0.175
  

-0.024   

S-   1.8   1.8   1.85   -0.017   
-
0.018
  

0.021   

1 Wesson and Eisenberg 1992
2 Eisenberg and McLachlan 1986
Another class of models describes the nonpolar solvation energy using Eq.  24 while the
electrostatic energy is approximated by the generalized Born equation (Still et al. 1990; Cramer
and Truhlar 1992). The Born equation provides an analytical solution to the linear Poisson-
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Boltzmann equation for a spherical ion with a point charge in its center, while the generalized
Born model is an approximation to account for the shape of the molecule. These models have
advantages over the models described by Eq.  25 since they account more accurately for
electrostatic interactions. However, applicability of the generalized Born model depends on the
molecular geometry and charge distribution. These models have been developed for the solute
dielectric constant s = 1 and should be rescaled to account for the solute polarizability. The
generalized Born model (Still et al., 1990) is also available in the Solvation module.

DelPhi-Based Model
The DelPhi-based model also describes the nonpolar solvation energy using Eq.  24 while
calculating the electrostatic energy using the finite difference solution of the Poisson-Boltzmann
equation. This offers a more rigorous way of incorporating the electrostatic effects. The accuracy
of this model depends on the self-consistency of the input parameter set. Such a set includes
atomic radii and charges, solute and solvent dielectric constants, and the solvent molecular probe
radius. Recently, Sitkoff et al. (1993) developed a PARSE set that allows reproduction of the
experimental data for a wide range of small organic molecules and ions. This set, however, is
based on specific atomic charges that are not compatible with the current force fields. Besides
the PARSE set, the Solvation module contains the CFF91-based set which employs the atomic
partial charges provided with the CFF91 force field available in the Insight II package. Refer to
appendix D for literature references regarding various parameter sets; and appendix E for the
atomic radii and the coefficient values a and b (see Eq.  21). Solvation free energies of the
molecules representing the side chains of neutral amino acids are listed in Table  3.

Table 3. Solvation energies of molecules representing side chains of neutral amino acids,
kcal/mol 

Amin
o

Acid

Molecule Solvation energy

        
 

Theory Exp.1

                                            CFF91-based set   PARSE set

GN

GE

  
Total

  GN   GE

  Total   
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Ala   methane   1.8   -0.1      1.7
  

     1.9
  

     0        1.9
  

     1.9
  

Asn   acetamide   2.2 -12.3 -10.1        2.0
  

-11.8
     -9.8      -9.7

  

Cys   methylthiol   2.0   -3.1    -1.1
  

     1.9
  

   -3.3
     -1.2      -1.2

  

Gln   propion-amide   2.4 -12.0    -9.6
  

     2.2
  

-11.6
     -9.4      -9.4

  

His   methylimi-dazole   2.5
  

-12.4
  

   -9.9
  

     2.2
  

-12.4
  -10.2   -10.3   

Ile   butane   2.4
  

   -0.2
  

     2.2
  

     2.2
  

     0        2.2        2.2
  

Leu   2-methylpropane   2.4
  

   -0.2
  

     2.2
       --        --

       --        2.3
  

Met   methylethyl sulfide   2.4
  

   -1.3
  

     1.1
  

     2.2
  

   -3.7
     -1.5      -1.5

  

Phe   toluene   2.7
  

   -3.0
  

   -0.3
  

     2.3
  

   -3.1
     -0.8      -0.8

  

Ser   methanol   1.9
  

   -7.5
  

   -5.6
  

     1.8
  

   -7.2
     -5.4      -5.1

  

Thr   ethanol   2.1
  

   -7.2
  

   -4.9
  

     2.0
  

   -7.0
     -5.0      -5.0

  

Trp   methylindole   
3.0

   -9.5
  

   -6.5
  

     2.6
  

   -8.4
     -5.8      -5.9
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Tyr   p-cresole   2.8
  

   -9.3
  

   -6.5
  

     2.4
  

   -8.5
     -6.1      -6.1

  

Val   propane   2.2
  

   -0.2
  

     2.0
  

     2.0
  

     0        2.0        2.0
  

1 Data from Radzicka and Wolfenden (1988).

Free Energy of a Transfer From Water to Octanol
Octanol is often used as an approximation to the environment felt by an amino acid or a small
molecule in a protein interior. The partition coefficients of small molecules between water and
octanol are frequently used as a way of characterizing the behavior of drug candidates in drug
design.

A free energy scale for the amino acids based on the partition between water and octanol was
derived by Eisenberg and McLachlin (1986). This scale is used to characterize the effects of
solvation on proteins or peptide conformations. While the scale is useful in comparing
conformations, it is not additive to the force field energies to produce a total conformational
energy for the peptide or protein. This is because specific interactions such as hydrogen bonds
are treated explicitly in the force field description of the protein interior, while those same
hydrogen bonds are treated implicitly in the Eisenberg and McLachlan scale by modeling the
protein interior as octanol. The Eisenberg and McLachlan model has been implemented in the
Solvation module.

Conformational Energies in Vacuum and Solution
The energetic description of molecules often involves a comparison between different
conformations. If molecules are in solution rather than in vacuum, this description must include
appropriate electrostatic contributions which can be computed using DelPhi. The general case
with an arbitrary solute dielectric constant is illustrated in Fig. 2-4. The electrostatic energy
corresponding to the change from conformation A to conformation B is labeled " Gconf". It is
given as the difference between the electrostatic conformational energy
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Eq. 26             

in the final state VI and the initial state V:

Eq. 27             

where, as usual, s and are the dielectric constants of the solute and solvent, respectively, and 

Eq. 28             

is the Coulomb energy of the solute. Since GR( s, ) is the electrostatic energy of the solute
transfer from a uniform dielectric of s to solvent of dielectric constant , Eq.  27 corresponds to
the thermodynamic pathway in Figure  6 traversing initially from states V to III, from III to IV,
and finally from IV to VI. the first and last legs of this pathway correspond to Gtrans (V ) =
-GR

A( s, ) and Gtrans(IV V ) = GR
B( s, ), respectively. The second leg (III IV) simply

changes the charge configuration in a uniform dielectric which yields the difference in the
Coulomb energies GC

B( s)-GC
A( s). Note that we have not used the electrostatic solvation

energies Gsol to define this pathway. Solvation energies correspond to the transfer from
vacuum (I V and II VI in Figure  6). While these energies are useful for comparison with
experiment as discussed earlier, they cannot be employed to define a pathway V I II VI in
the general case. This is because the leg I II for a molecule whose dielectric constant differs
from that of vacuum is not computable as the difference in Coulomb energies. To compare states
I and II (i.e., any two conformations in vacuum) one requires the pathway I III IV II:
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Eq. 29             

Figure 5 . Comparing Molecular Conformations in Solution: electrostatics for an arbitrary
solute dielectric. 

To use the thermodynamic pathways discussed above one requires solute-atom charges and radii
appropriate to the selected internal dielectric constant s. Atomic charges are available from
several sources including quantum mechanics and force fields. Charges from either source have
not to date been well-optimized for comparison of conformations in solution including atomic
polarizability effects. Current force fields furthermore require an assignment of a solute
dielectric constant of 1 to properly describe intramolecular forces. If this value is used for
consistency with the current force fields, then states I and III, and II and IV in Figure  6 become
identical and 
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Eq. 30             

In this case, the difference in the solvation conformational energies can be expressed using the
solvation free energies Gsol(1, ) = GR(1, ) + GN (see Eq.  23). In terms of Figure  6,

Eq. 31             

The total solvated conformational energy of the solute is defined as 

Eq. 32             

Here, GFF is the force field intramolecular energy which includes the Coulombic term GC(1).
Force fields typically exclude 1-2 and 1-3 Coulomb interactions in computing the electrostatic
energies, absorbing their contributions into the description of the bond-stretch and angle-bending
parameters (Lifson 1983). In this terminology, 1-2 pairs are atoms bonded one to another while
1-3 pairs are bonded to a single intermediate atom. The difference in the total conformational
energies is therefore given by

Eq. 33             

with terms defined above. 
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Figure 6 . Comparing Molecular Conformations in Solution: DelPhi-based model with
solute dielectric of 1. 

DelPhi Implementation
The finite difference solution of the Poisson-Boltzmann equation implemented in DelPhi can be
divided into five basic steps.

1.   Map molecule onto grid 

DelPhi allows you to specify the size and location of the grid with respect to the molecule. 

You must specify the Grid Center, Grid Size, Grid Resolution, and the parts of the
molecule(s) to be included in the grid. DelPhi then maps the molecule onto the grid to satisfy
these conditions. 

2.   Distribute point charges onto grid 

The finite difference formulas include the charge at each grid point. Since the atomic charges
do not, in general, fall on grid points, each charge must be distributed to the eight
surrounding grid points. This is done using a tri-linear function that assigns a fraction f of the
point charge to each surrounding grid point using the formula f = (1-a)(1-b)(1-c). The
quantities a, b, and c are the distances (in grid units) of the charge from the grid points in the
x, y, and z directions, respectively. 

3.   Define dielectric map and ion exclusion map 

This is accomplished by creating a solvent accessible surface using the atomic radii and a
probe radius which you define. 

The midpoint of each grid line is then assigned either the interior or exterior dielectric
constant, depending on whether it is inside or outside the solvent accessible surface. Note
that this yields three times as many dielectric points as grid points, which allows a more
detailed representation of the solvent-accessible surface. A grid line is the line connecting
two adjacent grid points. 

You may also specify an ion exclusion radius which should be equal to the average radius of
the solvent ions. Since DelPhi uses point charges that reside at the center of atoms, no charge
due to solvent ions should be allowed to approach closer to the solvent-accessible surface
than the radius of the ions. This creates a Stern layer around the solvent-accessible surface,
which has the exterior dielectric constant and an ionic strength of 0.0. 

4.   Set boundary conditions 
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The grid points at the boundary of the grid represent a special case, because they have no
outside neighbors. These points are assigned values at the beginning of the calculation and
are held fixed throughout. The accuracy of these boundary values affects the accuracy of the
rest of the potential map. 

In DelPhi there are currently four choices for boundary conditions.

All boundary points assigned potential of 0.0 

This option produces a good approximation if the boundaries are far from the molecule.

Full coulombic 

This option calculates the potential at each boundary point using the Debye-Huckel term (Eq.
11) with each charge in the system.

coulombic (dipole) approximation 

This option finds the center and magnitude of the positive and negative charges, and calculates
the Debye-Huckel potential at each boundary point based on its distance from these centers of
charge.

Focussing 

In this option, one DelPhi calculation is done with the molecule far from the boundary to obtain a
coarse potential map. The focussed calculation is then done with the molecule occupying a larger
percentage of the grid volume, so that all of the boundary points of the new grid were internal
grid points of the more coarse grid (see Figure  7). The potential values from the coarse grid are
therefore good estimates of the boundary values of the focussed grid.

Focussing is the most accurate boundary condition, but it requires one run for each focussing
step.

Periodic 

A periodic boundary condition means that the potential values at one edge of the grid are the
same as those at the opposite edge in the given direction. This is useful if the molecule has a
repeated portion, such as with nucleic acids, so that the whole molecule need not be included in
the grid.
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Figure 7 . Boundary Grid Points of Focussed Calculation 

5.   Iteratively calculate potential at each grid point 

DelPhi uses the finite difference formulas, shown in Eq.  12, to calculate the potential n at
each grid point, which constitutes one iteration. This process is repeated, using the updated
potentials from the previous iteration, until convergence criteria are fulfilled (Nichols and
Honig 1991). 

Limitations of the Model
Although the finite difference solution to the Poisson-Boltzmann equation described above
yields accurate results in most cases (Klapper et al. 1986, Gilson and Honig 1987), note that it is
a numerical method which approximates the analytical solution. Consequently, there are
conditions in which the approximation breaks down. In particular, errors are largest close to
charges (within 1Å), and close to the dielectric boundary (Gilson and Honig 1987). The accuracy
at these points can be improved by using focussing, but you should be aware of the limitations.

Solvation Implementation
1. DelPhi-based calculation
For Delphi-based calculation, using CFF91 parameter set, only one DelPhi run is necessary (see
discussion of Eq.  20) to calculate GE and one Discover run to obtain the intramolecular
potential energy Eopt for the given molecular conformation; the computation of the total solvent
accessible surface area for GN is also performed (see discussion of Eq.  24).
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Several combinations of DelPhi input parameters are chosen by default in order to simplify and
speed up Setup (see chapter 9). An option to calculate separately the total solvent-accessible
surface area is provided for those users who employ their own input parameter sets. 

Note: DelPhi-based model is currently implemented only for vacuum to water transfer.

2. Other solvation models
For other solvation models, which do not require DelPhi runs, atomic solvent-accessible surface
areas are calculated in order to estimate the solvation energy using Eq.  25. Yet, for the model of
Still et al. (1990), the generalized Born solution is obtained during the Solvation run, using the
Discover program. 
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3       DelPhi-Insight
command summary

This chapter briefly describes the functionality of each pulldown and its associated commands.
As with Insight commands, DelPhi commands are organized in a hierarchy. At the top of the
organization are the modules, next are the pulldowns, and at the bottom of the hierarchy are the
commands. The five DelPhi module pulldowns are Setup, Run_DelPhi, Potential, Templates,
and Grid. The commands in each pulldown are described below. 

Setup Pulldown
The Setup pulldown contains commands which define the DelPhi calculation parameters and
input/output files. A typical DelPhi calculation begins by using one or more of these commands
to set up the desired calculation conditions.

Boundary command 

The Setup/Boundary command defines the treatment of the grid points at the boundary of the
DelPhi calculation grid. This includes the method used to assign values to the boundary points,
as well as setting periodic bounds.

Grid command 

The Setup/Grid command defines and displays the 3-dimensional grid used in the DelPhi
calculation. Three basic parameters must be specified to define the grid: the Grid Center, Solute
Extent, Number of Points, and Grid Resolution.

Solute command 

The Setup/Solute command defines the characteristics of the solute region, which consists of all
points inside the solvent-accessible surface of the molecule.

The characteristics that may be defined are libraries from which the atomic charges and radii are
assigned and the solute dielectric constant.
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Solvent command 

The Setup/Solvent command defines the characteristics of the solvent region, which consists of
all points outside the solvent-accessible surface of the molecule.

The characteristics that can be defined are the solvent dielectric constant; the solvent radius,
which is used for calculation of the solvent-accessible surface; the ionic strength of the solvent;
and the ionic radius, which is used to create a Stern layer around the solvent surface. Note that if
you have a non-zero ionic strength, it is strongly recommended that you also set the ionic radius
to a non-zero value.

Iterations command 

The Setup/Iterations command defines the form of the Poisson-Boltzmann equation used (linear
or nonlinear), the number of iterations of each type, and the convergence criteria used to halt the
calculation.

Energies command 

The Setup/Energies command specifies the electrostatic energy values which DelPhi calculates.
DelPhi is capable of calculating the total electrostatic energy, the reaction field energy, and
Coulombic energies of the molecule.

Files command 

The Setup/Files command specifies the output files created by a DelPhi calculation, as well as
the characteristics of the output data.

Initialize command 

The Setup/Initialize command allows you to perform a calculation using a user-defined
parameter file containing some previously defined set of calculation parameters. The command
reads a DelPhi parameter file (.prm) and sets all the associated Setup parameters.

List_Setup command 

The Setup/List_Setup command gives a brief list of the current DelPhi calculation parameter
values.

Run_DelPhi Pulldown
The Run_DelPhi pulldown contains commands that are used to run a DelPhi calculation.

Host command 
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The Run_DelPhi/Host command is used to select the host computer on which the DelPhi job is
run.

Run command 

The Run_DelPhi/Run command creates the input files needed for the DelPhi calculation, and
then runs the calculation as a background process or stores the command script for you to submit
later. In addition, you may specify specific frames from an archive file as input coordinates, and
an identical DelPhi calculation is performed on each frame.

Potential Pulldown
The Potential pulldown contains commands that are used to compare and extract information
from potential grids. These grids may be existing grid objects or they may be read from grid
files.

Difference command 

The Potential/Difference command allows you to add or subtract two potential grids, to obtain a
third grid. The resulting grid can be used to determine regions where potentials are more or less
positive in one grid than in the other.

List command 

The Potential/List command lists the potentials and electrostatic field values for a specified set
of coordinates and total electrostatic energy. The list can be sent to the textport or to a file.

Templates Pulldown
The Templates pulldown contains commands to create new, or modify existing, charge or radius
template files. Such a file contains a series of templates (or rules) that specify the charge or
radius value to assign to all atoms matching the template. 

Charge_Edit command 

The Templates/Charge_Edit command allows you to create or modify a charge template file. A
charge template file can be specified using the Solute command of the Setup pulldown to assign
atomic charges for a DelPhi calculation.

Radius_Edit command 



Insight II 20003.L DelPhi

Page 39 of 166

The Templates/Radius_Edit command allows you to create or modify a radius template file. A
radius template file can be specified using the Solute command of the Setup pulldown to assign
atomic radii for a DelPhi calculation.

Grid Pulldown
The Grid pulldown is used to create and manipulate a potential grid for a given molecule. You
may create and compute the potential grid, display and hide this grid, and write this grid to an
output file that is readable by the Contour utility.

Get command 

The Grid/Get command retrieves grids from grid files.

Get also assigns grid objects a default name based on the grid file name. If you specify an
explicit grid name with the Grid Name parameter, the Get command names the grid object
according to the value you specified.

Put command 

The Grid/Put command allows you to write the grid data to a disk file. The output file name is
specified in the File Name parameter. If no file extension is explicitly given, a default extension
of .grd is added.

The File Format option is used to specify the format of data written out. Binary, Ascii, and
Voxel_View are the available choices.

Display command 

The Grid/Display command is used to control the display of grid objects. The Grid Attribute
parameter controls which attribute of the grid to operate upon. The Point Set parameter specifies
which points are set. The Alternate Space parameter specifies which axes to use.

Color command 

The Grid/Color command is used to control the color of grid objects. The Grid Attribute
parameter controls which attribute of the grid to operate upon. The Point Set parameter specifies
which points are set.

Histogram command 

The Grid/Histogram command plots a histogram of the scalar values of the grid points. The
computation of histogram can be restricted to points with values which fall within a specified
range. The coarseness of the histogram can be controlled by specifying the number of bins. The
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histogram can be plotted with linear or logarithmic scale heights.

The histogram is normally scaled so that the largest bin fills the full width of the display. An
exception to this rule occurs when the number of grid data points is small. When the number of
datapoints in the largest bin is less than the maximum bar length, the histogram is unscaled. In
other words, the number of asterisks ("*") plotted is equal to the actual integer number of points
in each bin or (when the logarithm option is selected) the logarithm of the integer values.

The number of points lying outside the lower and upper limits (i.e., the "tails" of the distribution)
are demarked by the symbols [<<<] and [>>>], respectively.

Contour command 

The Grid/Contour command creates a set of contours from a specified Insight grid. One contour
is created for each of the contour levels you specify. A contour level is a curve (or surface)
connecting all of the points in the given grid which have the same value. These contours may be
automatically displayed or left undisplayed. 

The Molecule Name parameter is the name of the molecule for which the grid to be contoured is
defined.

Slice command 

The Slice command allows you to analyze grid data by positioning a two-dimensional slicing
plane inside the grid, to visualize the grid values interpolated to that plane either as a
continuously colored mapplane, or as a number of two-dimensional iso-value contours. The
mapping from data value to color is controlled via a spectrum. The color blending is performed
by the graphics hardware in the workstation.

Label command 

The Label command is used to create and position or to remove labels for grid objects. The
object name of the grid becomes the contents of the label. The LABEL COORDINATES
parameter controls the positioning of the label.

CharSize command 

The CharSize command modifies the size of the specified grid object's label.

Difference command 

The Difference command allows you to Add or Subtract two grids. The grids being
manipulated may come from either the current working grid or from a grid file.

List command 

The List command displays information pertaining to the structure and display of a grid object.
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The DETAIL LEVEL parameter controls the amount of information provided. Use the
OUTPUT_FILE parameter to direct the display of the command output to either the textport or a
file.
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4       DelPhi-Insight
Methodology

This chapter discusses the commands provided in the DelPhi module in the order in which they
are used in a typical calculation. It also includes hints about when certain parameter values
should or should not be used.

The second section presents specific strategies used to solve some typical electrostatic problems
using DelPhi. Much of this information is background material for the  DelPhi-Insight tutorials,
so you should read this section before starting the tutorial lessons.

Basic Steps for a DelPhi Calculation
The five basic steps involved in a DelPhi calculation are:

1.   Create and modify the input molecule. 

2.   Create charge and radius template files (if desired). 

3.   Set up calculation parameters. 

4.   Run the calculation. 

5.   Analyze the results. 

Step 1: Defining the Molecule
A DelPhi calculation can be performed on any molecule or assembly of molecules that exists in
the Insight program. Molecules may be read from files using the Molecule/Get command or
created using the Builder module; alternatively, they may be the result of work performed in
another product such as the Discover program. Note that DelPhi does not modify the molecule in
any way. Therefore, any desired modifications, such as adding hydrogens and/or partial charges
to a molecule read from a PDB file, must be done prior to starting the DelPhi calculation. In the
sections below, the molecule or assembly upon which the calculation is performed is referred to
as the input molecule.
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Step 2: Creating Charge and Radius Template Files
The charge and radius of each atom are important quantities in a DelPhi calculation. Although
default files can be used to assign these quantities, you may want to use special values for
charges or radii. To do this, you must create a template file to handle the assignment, using
commands in the Templates pulldown.

Charge Templates

The Charge_Edit command allows you to create charge template files. Such a file contains a
series of templates (or rules) that specify the charge to place on all atoms matching the template.
A template has five fields: the atom name, residue name, residue number, chain id, and the
charge value. If all of the first four fields are specified, the template refers to exactly one atom.
For example, the template:

 atom__res_num_c_charge__
NZ    LYS    1Y     1.00
 
 

assigns a charge of 1.0 to the NZ atom in LYS residue #1 of chain Y. Wildcards (*) can be used
in the residue name, residue number, and chain id fields to create more general templates. For
instance, the template:

 atom__res_num_c_charge__
NZ    LYS *   *     0.50
 
 

assigns the charge of 0.5 to the NZ atom on any LYS residue in any molecule. Note that, if two
or more templates match a particular atom, the most specific one is used. Therefore, if the two
templates above were both in the same file, the NZ atom on LYS residue #1 on chain Y would be
assigned a charge of 1.0, and all other NZ atoms on LYS residues would be assigned a charge of
0.50. The atom name may never be a wildcard. If an atom matches no template, it is assigned a
charge of 0.0.

Through repeated use of the Charge_Edit command you create and modify a list of charge
templates. The Edit Mode parameter provides options to Add, Delete, Change, Get, Put, List,
and Clear these templates. 

When the template list contains the desired set of templates, they must be written to a file with
the Put option. Remember that templates are always read from files during charge assignment.
Therefore, until you write the templates using the Put option, they cannot be used. Also note that
the specified file name becomes the default Charge File Name in the Setup menu.
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Radius Templates

The Radius_Edit command is used to create radius template files. Radius templates specify the
radius assigned to all atoms matching the template. Radius templates are similar in structure to
charge templates, but they have fewer fields to identify atoms. The wildcard (*) may be used for
Res_Name to match all residues having that name. Wildcards are not allowed in the
Atom_Name, but if the Res_Name is a wildcard you may choose to specify just the first
character of the Atom_Name, to match all atoms beginning with that character.

The Edit Mode options work exactly as described above for the Charge_Edit command.

Step 3: Setting up the Calculation Parameters
When the molecule is ready and you have created a charge or radius file (if desired), the next
step is to set the desired input parameters. The Setup pulldown contains commands that define
these parameters as well as the input/output files. Because all of the Setup parameters have
default values, you need only set those parameters for which you want a value which is different
from the default. Therefore, while all of the Setup commands are discussed in this section, a
typical DelPhi calculation might require only a few of them. Note that each time you execute a
Setup command, the parameter values that you enter become the new defaults and are used in all
subsequent calculations.

Defining the Solute

DelPhi considers the system to consist of two separate dielectric regions. The solvent-accessible
surface of the molecule defines the boundary between these two regions. The interior of this
surface is defined as the solute; the exterior is defined as the solvent. Note that all atoms in the
input molecule are considered to be solute. For example, if water molecules are included in the
calculation, they are treated as part of the solute rather than the solvent.

In a DelPhi calculation each atom of the input molecule has two properties of interest: the atomic
charge and the atomic radius. The atomic charges define the charge distribution of the system,
while the radii help define the dielectric boundary. Since these are the two main factors involved
in the solution of the Poisson-Boltzmann equation, it is important that you understand how to
assign the charges and radii to produce the model you want. The choice of an appropriate charge
and radius assignment varies depending on the molecule involved and the electrostatic effect you
are trying to model. 

The Solute command allows you to choose the source of the atomic charges and radii. If the
input molecule was created using Insight's Builder or Biopolymer modules, or was the output of
another application such as the Discover program, it might already have atomic charges
associated with it. The default charge option uses these charges. However, if the molecule was
read from a PDB file and charges were not assigned by the Insight program or if you wish to use
your own charges, you must specify them.
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A charge set is a group of templates (or rules), each of which defines the charge to be assigned to
all atoms matching the template. Each atom is compared to all of the templates until it matches
one. If no match is found, the atom is assigned a charge of 0.0.

Two basic charge schemes may be used: formal charges and partial charges. The formal charge
scheme assigns charges only to monomers/residues of a molecule that have a net charge, and this
charge is placed on only one or two of the atoms of the monomer/residue. A partial charge
scheme assigns a charge to every atom, so that the sum of the atomic charges of each
monomer/residue adds up to its formal charge. Keep in mind that PDB files do not contain
hydrogen atoms. However, most partial charge schemes include charges on hydrogens.
Therefore, if you wish to use a partial charge scheme you must add hydrogens to the molecule.
Otherwise, the sum of the atomic charges will not add up to the formal charge on the
monomers/residues of the molecule.

If you do not want to use the current partial charges on the molecule you may choose from a list
of general purpose charge sets designed for use with proteins or nucleic acids, or you may
specify a user-defined charge set. 

To create the solvent-accessible surface for the input molecule, the atomic radius of each atom
must be defined. The default option uses the Insight van der Waals radii. Alternatively, you can
specify a radius set.

A radius set is similar to a charge set with only a slight difference in the templates. Any atom
that does not match a template in the radius set is assigned a radius of 0.0.

If you do not want to use the Insight van der Waals radii, you can choose the general purpose
radius set DelPhi_Defaults, one of the CHARMm radius sets, or a user-defined radius set. Note
that the DelPhi_Defaults radius set is a united atom scheme where hydrogens are assigned a
radius of 0.0 and the radii of carbon, nitrogen, and oxygen are slightly larger than normal to
account for the hydrogen atoms. This is an appropriate radius set for use with molecules read
from PDB files to which hydrogens have not been added.

The last characteristic left to define for the solute is the Solute Dielectric. This value is used for
all points inside the solvent-accessible surface. Common values for this parameter range from
2.0 to 5.0 to account for electronic polarizability.

Defining the Solvent

The characteristics of the solvent region are defined using the Solvent command. In many cases,
the default values for the Solvent parameters are appropriate, so you do not need to use the
Solvent command. However, you should know how this command affects the calculation so that
you can use it when necessary.

The first parameter is the Solvent Dielectric, which is applied to all points outside the solvent-
accessible surface.
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The solvent-accessible surface is the van der Waals surface of the input molecule plus any
interstitial regions that cannot be reached by solvent molecules. This is approximated by rolling a
probe sphere over the van der Waals surface. The radius of this sphere is given by the Solvent
Radius parameter, which is half the longest dimension of a typical solvent molecule.

The Ionic Strength parameter lets you simulate a solution containing charged ions. The units are
moles/liter, and the default value of 0.1450 is the ionic strength at physiological pH.

You can also specify an Ionic Radius, which is the average radius of the solvent ions. Since
DelPhi uses point charges that reside at the center of atoms, no charge due to solvent ions may
approach closer to the solvent-accessible surface than the radius of the ions. This creates a Stern
layer around the solvent-accessible surface, which has the solvent's dielectric and an ionic
strength of 0.0.

Defining the Calculation Grid

An important part of the DelPhi calculation involves mapping the molecule onto a three-
dimensional grid. The Setup/Grid command defines and displays this grid. Three basic
quantities must be specified: the Grid Center, Solute Extent, and Grid Resolution. The
parameters used to define these quantities are shown in two dimensions in Figure 8.

The most common method used to define the grid involves specifying the Molecule Region to
be placed in the center of the grid, along with a Solute Extent to surround this region as shown
in Figure 8. Alternatively the Grid Center may be specified as any arbitrary coordinate value,
and the solute extent of the grid in the longest grid dimension may be specified.

Figure 8 . Grid definition parameters 
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The Solute Extent is an important factor in the DelPhi calculation. The solute extent is the
percent of the cubic box edge occupied by the solute's greatest Cartesian dimension. If focussing
is not used, the potential values at the grid boundary points are estimated using one of the
approximations described in the next section. The accuracy of these approximations decreases as
the solute extent approaches 100. Therefore, the border should be large enough that the boundary
approximations are reasonable. A default value of 80% is used with an exterior dielectric of 80.0. 

The only quantity left to specify is the Grid Resolution. To allow flexibility, you may
alternatively specify the resolution directly with the Angstroms/Grid Pt parameter or indirectly
by specifying the number of grid points along the box edge (Number of Points). 

For example, in Figure  8, the Solute Extent is 70.0% corresponding to a box size of 20Å and a
14Å long molecule. With 5 as the number of points to a side, the Grid Resolution 20.0/(5-1) =
5.0Å per point. Because the accuracy of the finite difference method increases as the resolution
increases, you should set the Grid Resolution parameter to at least 65 in the longest dimension
whenever possible, especially for energy calculations.

By default the Grid command displays the outer edges of the grid to aid in visualizing the
enclosed region. The Display parameter controls this display.
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You may adjust the grid center so that the real space origin (0,0,0) would lie exactly on a grid
point if the grid were extended in the appropriate direction. The Origin_On_Grid_Pt parameter
controls this option, which is included for compatibility with other graphics display programs,
such as Frodo.

Setting Iterations 

The Setup/Iterations command has options for linear or nonlinear solutions of the Poisson-
Boltzmann equation. If Non_Linear is toggled on, first the linear solution of the equation is
computed and then refined with non-linear solutions. 

The Non_Linear Iter parameter is give an arbitrarily high default value of 500, to assure
convergence in most all cases. You may find it expedient to specify a lower value.

The default Linear Iterations value is 0. However, it is recommended that, rather than setting a
certain number of linear iterations, you specify (while Auto Iterations is toggle on) a
convergence criterion. Convergence criteria are specified by the Energy Convergence
parameter, the value of which is the ratio of the difference between the current iteration energy
and the last iteration energy over the current iteration energy. 

Default value: 10-6. 

Spectral Radius is a critically important parameter in the algorithm that solves for the potential.
The rate of convergence is sharply peaked at the optimal value for a given calculation. If the
spectral radius is changed from the listed value, that new radius is employed. Otherwise, DelPhi
computes the theoretically optimal spectral radius and employs that value for the iterations. This
latter, automated selection is recommended as it guarantees convergence. 

Setting Boundary Conditions

As mentioned in the previous section, the grid boundary points receive special treatment. Since
these points have no outside neighbors, they cannot be calculated like the interior grid points.
Instead, they are assigned values at the beginning of the calculation and held fixed throughout.
The accuracy of these boundary values affects the accuracy of the rest of the potential map. The
Setup/Boundary command defines the treatment of these points. 

The available Boundary Condition options are:

The Zero option assigns a potential of 0.0 for all boundary points. This is a good approximation
if the outer edge of the molecule is far from the boundary.

The Full_Coulombic option calculates the potential at each boundary point due to every charge
in the system using the Debye-Huckel approximation with the exterior dielectric. 

The Approx_Coulombic option finds the center and magnitude of the positive and negative
charges, and calculates the potential at each boundary point based on its distance from these
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charge centers. This option might be a poor approximation in many cases and should be used
with care. If you doubt its validity, use the Full_Coulombic option.

Of the three approximations described above, the Full_Coulombic option is the most accurate
and is recommended in most cases where focussing is not used. Note, however, that since square
roots are used to calculate distances, if the number of charges in the molecule is large, the run
time may increase significantly with this option.

The Focussing option is the most accurate of all boundary conditions but it requires two DelPhi
calculations. In the first calculation, the molecule is far from the boundaries so that one of the
approximations previously mentioned can be used. The
focussing calculation uses a grid that encloses a smaller portion of the molecule than the initial
calculation. The boundary points of the focussed grid may then be obtained from the potential
map of the initial calculation by interpolation. Note that the focussed grid does not have to
enclose the whole molecule, but it must lie entirely within the initial grid.

DelPhi is also capable of using periodic boundary conditions. A periodic boundary condition
means that the potential values at one edge of the grid are the same as those at the opposite edge
in the given direction. This is useful if the molecule has a repeated portion, such as with nucleic
acids, so that the whole molecule need not be included in the grid. Periodic bounds in the x, y,
and z direction can be set using the Boundary command.

Output File Specification

The results of the DelPhi calculation are written to a set of files that includes the potential map
(*.grd), the dielectric map (*.eps), the log file (*.log), the modified coordinate file (*.atm), and
surface data files (*.srf, *.sch).

The Setup/Files command allows you to control the output of the dielectric map and the
potential map, as well as create an Insight contour file.

The dielectric map specifies whether the midpoint of each grid line is inside or outside of the
solvent surface. This information is used to determine the value of the dielectric constant at each
point. This map can be converted to an Insight grid file using the epstogrd utility. This grid file
may then be contoured to show the shape of the solvent-accessible surface. Because it is a large
file, its output is suppressed by default, although you can specify that you want it to be created. 

The potential map is the most important DelPhi output file. It contains the value of the
electrostatic potential at every grid point. The potential map values can be expressed in potential
units (kT/e or kcal/mole/e) or in terms of concentration (mole/liter). When displaying the
potential map, you might often be interested only in the potential values outside of the molecule.
If the Spherical Charges parameter is on, a spherical rather than a point distribution of charges
for each solute fixed charge is applied.

The log file contains information about the DelPhi calculation, such as the names of input and
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output files, the calculation parameters, the CPU time used, and the convergence history of the
calculation. Also, any errors that occurred during the calculation are reported in the log file.

The modified coordinate file is a PDB format file for the input molecule with the occupancy and
temperature factor fields replaced by the radius and charge on each atom. Note that if the input
molecule is an assembly, the coordinates of all molecules are transformed into the coordinate
space of the molecule for which the DelPhi grid is defined. Therefore, if any molecule is moved
independently of the assembly, the coordinates reflect the molecule's new position. A modified
coordinate file is written automatically when the Run command is executed, using the charges
and radii defined in the Solute command.

Calculating Energy Values

DelPhi can calculate three electrostatic energy values in addition to the electrostatic potentials.
Calculation of these energies is specified using the Energies command. The resulting energy
values are reported in the log file in units of kT and kcal/mole. Note that standard DelPhi output
is in units of kT. The values in kcal are obtained using the conversion kcal/mole = kT X 0.592,
which corresponds to a temperature of 25C.

The Total_Plus_Grid energy is the total electrostatic energy of the charged molecule including
the grid energy. It is calculated as half the sum of the charge on each atom times the total
potential at the atom position. The potential is determined by linear interpolation of the values at
the surrounding grid points. Note that this value depends on the particular mapping of the
molecule onto the grid. However, the difference between the energies for two calculations with
identical mappings may cancel mapping artifacts. An example is the electrostatic contribution to
the solvation energy of a molecule, which is calculated by subtracting the total energy of the
molecule with an exterior dielectric of 1 from the total energy with an exterior dielectric of 80. 

The Reaction_Field energy can also be calculated directly in one DelPhi calculation. The
induced surface charge at each surface point within the grid is calculated, then these charges are
used to calculate the potential at every charge of the molecule. If the molecule lies entirely
within the grid, and no salt is present, this corresponds to the energy of moving the molecule
from a solvent with the interior dielectric to that of the exterior. 

The Coulombic_Energy is calculated using Coulomb's Law, and is the energy to bring the
charges of the molecule from infinity to their final resting place using the interior dielectric. It is
important to remember that DelPhi Coulombic_Energy includes 1-2 and 1-3 interactions.
Coulombic Energy with excluded 1-2 and 1-3 interactions (see discussion of Eq.  17) can be
calculated using the Discover run in the Solvation module.

Note that the Reaction_Field and Coulombic_Energy calculations require square roots. If the
number of charges is large (e.g., if you are using a partial charge set), the calculation time might
increase significantly.
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Initializing Parameters

Often, you might wish to perform a calculation using some previously defined set of calculation
parameters. For example, you might want to repeat a calculation, but change only one parameter. 

Rather than manually reset each parameter, you can use the Initialize command to set all the
parameters at once. This command reads a DelPhi parameter file (*.prm), which is automatically
created each time the Run command is executed, and sets all the associated Setup parameters.
You can choose the system defaults, or another existing parameter file. Since the charge and
radius assignment sets are not present in the parameter file, DelPhi looks for a modified
coordinate file (*.atm) with the same file name root as the specified parameter file. If one exists,
the charge and radius sets used in this file are used as the new defaults. It is important to note
that the focussing file name is not included in the parameter file or the modified coordinate file,
so this parameter must still be set manually.

After the parameters are set they are listed to the textport so you can check their new values.

Listing the Current Setup Parameters

After you finish setting the calculation parameters, you should list them to make sure they are all
set as you intended before running the calculation.

The Setup/List command gives a brief listing of the current parameter values for each command,
along with any warnings about invalid or inconsistent values.

Step 4: Performing the DelPhi Calculation
After all the Setup parameters are specified, you are ready to run the DelPhi calculation using
the commands in the Run_DelPhi pulldown.

If DelPhi is installed on one or more remote hosts that are connected to the local host, you can
use the Host command to specify the machine on which the calculation should be run.

The Run command writes out the necessary input files and starts the calculation. You must first
specify the set of atoms to be used in the calculation. This may be any part of a molecule or
assembly of molecules, and it does not have to be the same set that you used to define the DelPhi
grid. As discussed previously, a modified coordinate file (*.atm) is written that includes all the
atoms in the specified molecule, and the Setup parameters are written to a parameter file
(*.prm). The Job Name parameter is a name that is used as the root of all output files (as well as
the .atm and .prm files). 

The Run command also creates a shell script file (*.csh) that runs the DelPhi calculation. You
may choose to automatically submit this job to the background or store it for manual submission.
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Step 5: Analyzing the Results
The Potential pulldown contains commands used to compare and extract information from
potential maps.

Site Potential Output (.frc)

One of the common methods of analysis is to examine the potentials, electrostatic field values for
a set of coordinates, and total electrostatic energy. The Potential/List command is used to show
this information. You must specify the coordinates of interest, which can range from a single
atom to an assembly of molecules, as well as the potential map from which to extract the
potential values. In addition, charges can be assigned to the atoms. In most cases, you use the
same set of charges as in the original calculation, but you may use any set that you want.
Remember that the charges used in a particular calculation are listed in both the *.atm and *.log
file, so you can refer to these files if you are uncertain of the charge set to use. The site potential
information can be written to a file (*.frc) or to the textport.

The information listed includes the atom name, residue name, residue number, coordinates,
charge, potential value, and x, y, z components of the electrostatic field for each of the specified
atoms. The total electrostatic energy of the entire set of atoms is also reported at the end of the
list. Note that if all of the charges are included in the grid, this total energy is the same as the
Total_Plus_Grid energy described in the Energies command of the Setup menu. Therefore, if
you only want the final energy value, and not a listing for each atom, you can use the
Total_Plus_Grid parameter rather than the Potential/List command.

Note that a DelPhi grid is always associated with the molecule used to define it. If a grid is
defined around an assembly, it is associated with the first molecule in the assembly. When the
DelPhi calculation is run, the coordinates of all molecules are transformed to the space of the
molecule associated with the grid. In a similar way, the Potential/List command uses the
molecule associated with the current DelPhi grid as the source of transformation for the other
molecules. If no DelPhi grid is currently defined, and the specified molecule is in an assembly, it
is transformed to the space of the first molecule in the assembly. If no grid is defined and the
molecule is not part of an assembly, no transformation is done. You should, therefore, make sure
that when you use the Potential/List command, the DelPhi grid is associated with the same
molecule as it was for the calculation, so that all atoms are transformed correctly. 

Difference Grids

The Potential/Difference command allows you to add or subtract two potential grids to obtain a
third grid. If the grids are subtracted, the resulting grid can be used to determine regions where
potentials are more or less positive in one grid than in the other. Note that this command merely
adds the values at each grid point of one grid to the values at the same grid point of the other
grid. Therefore, the grids should have the same scale with the same orientation of the molecules
for the result to make sense.
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Displaying Potential Grids

Another useful method of analysis is to display the potential grids as three-dimensional contours.
You can create contour files by using the Insight program's Contour/Create command with any
previously calculated potential grid file (*.grd) as input. Contours can be colored using the
Contour/Color command. It is often interesting to look at several positive and negative low
level contours such as -2, -1, -0.5, 0.5, 1, and 2. Please refer to the Insight II documentation for
more information about the Contour pulldown.

DelPhi Calculation Strategies
The preceding section described how to setup and run a DelPhi calculation without regard to the
specific problem being solved. This section describes several common types of electrostatic
calculations for which DelPhi is appropriate and the strategies used to obtain the desired results.
This is not intended as an exhaustive list of the uses of DelPhi, but rather as an introduction to
some underlying principles that can be extended to many other types of applications.

Examination of Potential Contours around a Molecule
One of the most common uses of DelPhi is to calculate the potentials for a molecule in solvent
and display the result as three-dimensional contours. This provides qualitative information that
may be used to explain the interaction of the molecule with other charged molecules.

Electrostatic Solvation Energy
As discussed in Theory and Application, DelPhi can calculate the electrostatic contribution to the
solvation energy of a molecule. Such a calculation actually requires two DelPhi runs. The
Solvent Dielectric is 1.0 (vacuum) in the first run, and it is the dielectric of the solvent (80.0 for
water) in the second. The electrostatic solvation energy is then the DelPhi total energy in solvent
minus the DelPhi total energy in vacuum. For zero ionic strength, the electrostatic solvation
energy is also equal to the reaction field in the solvent minus the reaction field in the vacuum.

The DelPhi total energy is listed in the log file (*.log) if the Total_Plus_Grid parameter is on in
the Energies command. This energy is also printed at the end of the listing produced by the List
Potential command. In this case, however, you must be sure to use the same input molecule and
charge set that was used in the original calculation.

The total solvation energy can be calculated using the Solvation module.

Examples of the electrostatic and total solvation energy calculations are given in DelPhi and
Solvation Tutorials, respectively.
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Reaction Field Energy
A quantity closely related to the electrostatic solvation energy is the reaction field energy. As
discussed in Theory and Application, the reaction field energy is the energy due to the interaction
of the reaction field of the solvent with the charges in the molecule. This turns out to be the
DelPhi total energy of the system in the solvent minus the DelPhi total energy of the system with
the Solvent Dielectric equal to the Solute Dielectric. Note that this differs from the electrostatic
solvation energy; rather than going from vacuum to solvent, the molecule is going from solute
dielectric to solvent.

The reaction field energy can be calculated using two DelPhi runs. However, this energy can be
calculated in one run by setting the Reaction_Field parameter on in the Energies command, and
setting the Solvent Dielectric to that of the solvent.

Site-Directed Mutations and Change in pK
Another type of electrostatic problem for which DelPhi is well suited is the effect of site-directed
mutations on the electrostatic properties of a molecule. If a charge at a particular location in a
molecule is changed to a different charge, the electrostatic potential everywhere in the molecule
is affected. In addition, any change in the dielectric boundary arising from the mutation also
affects the potential.

One quantity that is often important is the change in pK at some location due to a site-directed
mutation at another location. For example, in Lesson 3, the change in pK at the active site
histidine in the subtilisin molecule is calculated for two separate mutations, both about 12.0Å
from the histidine (Gilson and Honig 1987). 

The change in pK of a group due to the change in electrostatic potential arising from a mutation
of another group is the change in work that is necessary to bring a proton from solution to that
group. 

When potential is expressed in units of kT/e, as it is in DelPhi, the change in pK at site i is
(Honig et al. 1993)

Eq. 34             

where: 

o is the potential at site i due to the original group
m is the potential at site i due to the mutated group
i = -1 or 1 for an acidic or basic group, respectively. 

To solve this type of problem, two DelPhi calculations are done, one for the original molecule to
find o, and one to find m. In both calculations the only charges present in the molecule are
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those on the group involved in the mutation. Since all of the other charges in the molecule are the
same in both cases, the contribution to the potential at the site of interest due to these charges is
also the same and therefore, does not have to be included. 

In certain instances, shortcuts exist for charge mutation calculations. For example, if the group
involved in the mutation in either the original molecule or the mutation is neutral, the
contribution to the potential for this group is 0. Therefore, only one DelPhi calculation is needed
to determine the potential due to the group which is not neutral.

Also, note that the potential between two points due to a charge at one of them is the same
regardless of which point has the charge (reciprocity). Therefore, in some cases, such as in the
subtilisin tutorial lesson, this means fewer calculations are needed. In that lesson, two separate
mutations are examined, one in which Asp 99 is changed to a Ser, and another in which Glu 156
is changed to an Ser. A naive approach would require a total of four runs (two for each mutation)
to find the change in pK for each mutation. However, because Ser is neutral, the number of
calculations could be reduced to two using the first shortcut above. Furthermore, since both the
Asp and Glu have the same charge (-1.0), this charge can be placed on the site of interest (His
64) and the potential measured at both mutation positions in one DelPhi run. By reciprocity, this
is equivalent to placing the charge at the mutations separately and measuring the potential at His
64. Therefore the change in pK for both mutations can be calculated in a single DelPhi run.
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5       Tutorials

Pilot Online Tutorials
To access the online tutorials for DelPhi, click the mortarboard icon in the Insight interface.

Then, from the Open Tutorial window, select DelPhi  tutorials (and, if necessary, the module)
and choose from the list of available lessons:

Lesson 1 Calculation and Display of Potential Maps
Lesson 2 Coloring a Solvent-Accessible Surface Using a DelPhi Grid
Lesson 3 pk shift in Subtilisin
Lesson 4 Solvation Energy of Acetate Ion
Lesson 5 Use of Focussing (obsolete)
Lesson 6 Non-Linear Poisson-Boltzmann Equation
Lesson 7 DelPhi Calculations With Archive Files
Lesson 8 Using DelPhi Grids for Docking

You can access the Open Tutorial window at any time by clicking the Open File button in the
lower left corner of the Pilot window. 

For a more complete description of Pilot and its use, click the on-screen help button in the Pilot
interface or refer to the Introduction in the Insight II manual.
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6       DelPhi-Standalone
Command Summary

DelPhi Calculation Parameters
This section contains a description of the calculation parameters used by DelPhi as they appear
in the Parameter Menu, which is shown below.
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Grid Definition 
Menu Entries 1-3

An important part of the DelPhi calculation involves mapping the molecule onto a three-
dimensional grid. Three basic quantities must be specified: the Grid Center, Grid Resolution,
and Grid Size. The parameters used to define these quantities are depicted in two dimensions in
Figure  9. Note that each of these three quantities is defined by choosing one of several
parameters. In the menu display, parameters which are not chosen are enclosed in parentheses to
indicate that their values are calculated using the active parameter values.

Figure 9 . Grid definition parameters 

Grid Center -- Menu Entry 1

This parameter defines the real space coordinate of the center of the grid. To set this definition,
you specify a Molec Region, which consists of some set of atoms from the input coordinate file.
The grid center is then defined to be the center of this region, which is the average of the highest
and lowest x, y, z coordinates of the set of atoms. The available options for defining the center
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are:

All atom coordinates 

The Molec Region includes all the atoms in the input coordinate file. Therefore, the grid center
is the same as the center of the molecules in the file.

Coordinates of part of molecule 

The Molec Region is a subset of the atoms in the input coordinate file. You specify this subset
by entering a series of molecule specifications of the form C:RES#:ATOM, where C is the chain
ID, RES is the residue number, and ATOM is the atom name. Using this option, you may center
the grid on one of a group of molecules, or on a particular residue, etc.

Specific Coordinates 

This option defines the Molec Region as a single arbitrary point in space. This point need not
correspond to the position of an atom.

Real Space origin on grid point 

If this option is used, the center of the grid is adjusted slightly so that the real space origin (0, 0,
0) would lie exactly on a grid point if the grid were extended in the appropriate direction. This
option is included only for compatibility with graphics display programs such as Frodo, and can
be ignored if you are using the Insight program to display the potential maps. 

Default value: All atoms in molecule.

Grid Resolution -- Menu Entry 2

The only quantity left to specify is the Grid Resolution. Since you have already specified the
size of the grid (in angstroms), the grid resolution (Å/Grid Pt) depends on the number of grid
points on each side of the cubical grid. The available options are:

Point Spacing 

This option allows you to directly specify the resolution (Å/grid point), which is the distance
between neighboring grid points. This point spacing is used to calculate the number of grid
points in each direction needed to surround the solute. Note that the number of grid points must
be an odd integer.

Grid Size -- Menu Entry 3

Once you have defined the position of the grid with the Grid Center parameter, you must
specify the Grid Size, which refers to the total distance (in angstroms) spanned by the grid. The
available options are:
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Filled 

This option allows you to directly specify the size of the grid in the longest grid dimension
without using the Molecule Region. It is the percent of the cubic box edge length occupied by
the solute's greatest Cartesian dimension.

Default value: Border Space = 10.0Å.

Points per side 

This option allows you to directly specify the number of grid points along each axis (x, y, z). The
point spacing is calculated using the total extent and the number of points in the longest grid
dimension. The box is cubic and so the Points Per Side is the same along all three Cartesian
axes. 

Default value: Points Per Side = 65 in longest dimension.

Interior Dielectric --Menu Entry 4

This is the dielectric constant of the interior of the solvent-accessible surface of the molecule.
Typical values range from 2 to 5 to account for electronic polarizability.

Default value: 2.0.

Exterior Dielectric -- Menu Entry 5

This is the dielectric constant of the exterior of the solvent-accessible surface of the molecule. A
value of 80 is used if the solvent is water.

Default value: 80.0.

Ionic Strength -- Menu Entry 6

This is the ionic strength of the solvent in moles/liter. This parameter lets you simulate a solution
containing charged ions.

Default value: 0.0 (physiological conditions).

Ion Exclusion Radius -- Menu Entry 7

This is the average radius (in angstroms) of the solvent ions. Since DelPhi uses point charges
which reside at the center of atoms, no charge due to solvent ions may approach closer to the
solvent-accessible surface than the radius of the ions. This creates a Stern layer around the
surface which has the solvent dielectric and an ionic strength of 0.0. It is not recommended to
use an ion exclusion radius of 0.0 with a non-zero ionic strength.

Default value: 2.0 Å.
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Probe Radius -- Menu Entry 8

This is the radius in angstroms of the solvent (probe) molecule. The solvent-accessible surface is
calculated by rolling a sphere with this radius over the van der Waals surface, to eliminate any
interstitial regions which cannot be reached by solvent molecules.

Default value: 1.40 Å.

Boundary Condition -- Menu Entry 9

The Boundary Condition parameter allows you to choose the method used to assign values to
the grid points at the grid boundary. The available options are:

Zero 

All boundary points are assigned a potential of 0.0. This is a good approximation if the outer
edge of the molecule is far from the boundary.

Full Coulomb 

Eq.  11 is used to calculate the potential at each boundary point due to every charge in the
system. The exterior dielectric is used in this calculation, which means that the molecule should
not be too close to the boundary for this approximation to be accurate. Note that square roots are
used to obtain the distance between the boundary points and the charges. Therefore, if there are
many charges in your system (e.g., using partial charges for a large protein), the increase in
calculation time may be significant. This is the default boundary option.

Approximate Coulombic (dipolar) 

This is an approximation which is faster but less accurate than Full Coulombic and should be
used with care. This method finds the center and magnitude of positive and negative charge for
the whole molecule. The molecule is viewed as a giant dipole, and Eq.  11 is used to calculate the
potential at each boundary point using its distance from these charge centers and the exterior
dielectric constant. Since there are now only two charges to consider, the boundary calculation is
much faster. This approximation is reasonable if the net charge on the molecule is not too high,
the molecule is far from the boundary, and periodic boundary conditions are not used. Note,
however, that this approximation may be bad in many cases. For example, DNA usually has a
high net negative charge which is distributed over the length of the molecule. Coalescing this
charge to a single point is a poor representation of the charge distribution. You should therefore
use the Full Coulombic option if there is any doubt as to the validity of the Approximate
Coulombic option.

Focussing 

The boundary potentials are read from a potential map created in a previous calculation. The grid
for the current calculation must be completely enclosed by the grid for the previous calculation.



Insight II 20003.L DelPhi

Page 62 of 166

The coordinates of each boundary point in the current grid are calculated and the potential for
this point is obtained from the focussing map by interpolation. A typical focussing protocol
requires two calculations. The first starts with the molecule far from the boundaries (e.g., 10 Å
Border Space for a high exterior dielectric). In the second calculation the Border Space is
reduced so that the grid is completely enclosed by the first grid (e.g., 5 Å Border Space).

Default value: Full Coulombic.

Periodic Bounds (X,Y,Z) -- Menu Entry 10

This parameter consists of three logical flags (0 = false, 1 = true) which indicate the use of
periodic bounds in the x, y, and z directions respectively.

A periodic boundary condition means that the potential values at one edge of the grid are the
same as those at the opposite edge in the given direction. If a molecule has a segment which is
repeated regularly, periodic boundary conditions may be used to simulate the whole molecule by
only including the repeated portion in the grid.

Default values: 0, 0, 0.

Linear P-B Iterations -- Menu Entry 11

This parameter specifies the number of iterations to be done with the linear form of the Poisson-
Boltzmann equation. If a is entered for this parameter, DelPhi automatically estimates the
number of iterations required for reliable convergence. Otherwise, the exact number of iterations
specified are performed regardless of the level of convergence. It is recommended that "a" be
selected to guarantee convergence to the criterion specified by Energy convergence. 

Default value: a.

Energy Convergence 

The fractional change in energy in executing the next iteration. Refinement is complete upon
achieving the specified value. 

Default value: 10-6.

Non-linear Iterations -- Menu Entry 12

The number of nonlinear iterations to be applied after the specified number of linear iterations.
Non-linear iterations are recommended for high salt concentrations.

Default value: 0.

Concentration Flag -- Menu Entry 13

This is a logical flag which indicates the units used in the potential map output. A value of 0 uses
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standard potential units (kT/e at 25 ºC). A value of 1 converts the output to net ion
concentrations (moles/liter), where for every grid point inside the molecule the concentration is
0.0, and the outside concentration is calculated using the formula:

concentration = ionic strength X sinh(potential).

Default value: 0.

Spherical Charges -- Menu Entry 14

This applies a spherical rather than a point distribution of charges for each solute fixed charge.

Files: GRD,FRC,ATM,EPS, SRF, SCH-- Menu Entry 15

This parameter allows you to specify which output files are created by DelPhi. A value of 1
indicates that the file is created, and 0 means it is not. The available output files are:

(GRD) Potential Map file 

This file contains the value of the electrostatic potential at every grid point and thus is the most
important DelPhi output file. It is very rare that you would not want to output this file.

(FRC) Site Potential file 

This file lists the electrostatic potential and field values at all coordinates included in the Site
Potential file. The total electrostatic energy of this set of atoms is output at the end of the Site
Potential file.

(ATM) Modified Coordinates 

The modified coordinate file is a PBD format file for the input molecule with the occupancy and
temperature factor fields replaced by the radius and charge assigned to each atom. This file may
be used to check the radius and charge assignments; it is also required as input for the contour2d
utility.

(EPS) Dielectric Map file 

The dielectric map specifies whether the mid-point of each grid line is inside or outside of the
solvent surface. This information is used to determine the value of the dielectric constant at that
point. 

Default value: 1, 0, 0, 0.

(SRF) Surface data output 

Provides surface data output that is readable by GRASP for visualization purposes.

(SCH) Surface charge magnitudes 



Insight II 20003.L DelPhi

Page 64 of 166

Lists surface charge magnitudes and their Cartesian coordinates.

Energies (total,react,coul) -- Menu Entry 16 

These three logical flags specify whether or not the energies described below are calculated in
the DelPhi job. The resulting energy values are reported in the log file in units of kT and
kcal/mole. Note that standard DelPhi output is in units of kT. The values in kcal are obtained
using the conversion kcal/mole = kT X 0.592. The energies are:

Total 

This is the total electrostatic energy of the charged molecule. It is calculated as half the sum of
the charge on each atom times the potential at the atom position. The potential is determined by
linear interpolation of the values at the surrounding grid points. If all the charged atoms are
completely within the grid, this value is the same as the total electrostatic energy in the Site
Potential file (*.frc). Note that this value depends on the particular mapping of the molecule
onto the grid. However, the difference between the total energies for two calculations that have
identical mappings may cancel mapping artifacts. An example is the electrostatic contribution to
the solvation energy of a molecule, which is calculated by subtracting the total energy of the
molecule with an exterior dielectric of 1 from the total energy with an exterior dielectric of 80.

Reaction Field energy 

This energy is obtained by calculating the induced surface charge at each surface point within the
grid and then using these charges to calculate the potential at every charge of the molecule. If the
molecule lies entirely within the grid, and there is no salt present, this corresponds to the energy
of moving the molecule from a solvent with the interior dielectric, to that of the exterior. Note
that this energy calculation requires square roots. If the number of charges is large (e.g., if you
are using a partial charge set), the calculation time may increase significantly. 

Coulombic Energy 

This energy is calculated using Coulomb's Law, and is the energy to bring the charges present
from infinity to their final resting place using the interior dielectric.

Default values: 1, 0, 0.

Spectral Radius and Convergence Params -- Menu Entry 17

These parameters define the convergence output included in the DelPhi log file. The parameters
are:

Spectral Radius 

A critically important parameter in the algorithm that solves for the potential. The rate of
convergence is sharply peaked at the optimal value for a given calculation. If the spectral radius
is changed from the listed value, that new radius is employed. Otherwise, DelPhi computes the
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theoretically optimal spectral radius and employs that value for the iterations. This latter,
automated selection is recommended as it guarantees convergence.

Include convergence graph in log file 

If this flag is set to 1, a simple graph of rms and maximum change between iterations versus
number of iterations is included in the log file. 

List a subset of potentials in log file 

A value of 1 for this parameter causes a listing of the potential values at all grid points in a few
planes of the grid.

# of iterations between convergence checks 

This parameter specifies how often the convergence is checked. At each check the RMS and
maximum change is reported.

Fraction of grid points to use in check 

The total number of grid points is divided by this parameter to determine the number of grid
points involved in each convergence check. For example, if the value is 1 then all grid points are
checked. If the value is 2, then every other grid point is checked, etc.

Default values: 0, 0, 10, 1.

File Header -- Menu Entry 19

This is an 80-character string which is written as a header to the potential map file. This can be
used to include comments or notes on special conditions used in the calculation.

Default value: Default parameters for potential calculation.

User Interface
DelPhi has a menu-driven user interface that allows you to interactively specify the input and
output files for your potential calculation. The output of this interface is a command file that runs
the calculation program as a batch job. You can choose to submit your job immediately as an
interactive session or as a background job.

This section explains how to use the interface. In all of the boxed examples below, bold type
indicates commands or data that you must enter, and italic indicates variables for which you
must substitute actual values.

To invoke the interface, type delphi at the command level. The DelPhi welcome banner appears
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and prompts you for the name of the molecular coordinate file.

Parameter Menu
After DelPhi reads the molecular coordinate file the Parameter menu appears. All parameters are
initially set to their default values, as shown below. 
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The Grid Resolution (entry 2) should be selected before the Grid Size (entry 3), as it is the key
determinant of the accuracy of the results.

To change any of the parameters, enter the corresponding number at the prompt. To copy
parameters from another file enter g, and enter the file name at the prompt.

Note that when a parameter file is read in, the Grid Center is always set to the Coord option,
and Grid Size is set to Total Extent. When all the parameters are set to desired values, enter c to
continue and save the parameter values. Note that you must enter c in order to save the new
parameter values. To exit the Parameter menu without saving changes, enter r. When you
submit your DelPhi job, the last saved parameter values are written to a parameter file (.prm).

Input File Menu
The Current Input Files menu appears after you set the calculation parameters. DelPhi requires
three input files (2-4 below). The two remaining files are optional (5 and 6 below). The main
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input menu (shown below) allows you to specify the names of the files to use for the calculation.
In addition, using selections 3 and 4, you can create new charge files and atomic radii files
respectively.

When this menu appears, the job name is set to the root of the molecular coordinate file. This
name, which you can change, is used as the root of the parameter file and all output files. If
charge or radius files exist with the same roots as the job name or the molecular coordinate file,
these file names are used as the initial defaults. If not, the initial charge file name is ****, and
the radius file is the DelPhi default radius file. If Site Potential output is specified, the site
potential coordinates file is initially set to the same name as the molecular coordinate file. 

You can return to the Parameter Menu to change the parameter values at any time by entering
r. When you have specified all the files, enter C or c to continue to the Job Submission menu.
You can not continue while any **** files exist. To quit the interface completely without saving
any of the current input, enter q. 

Selecting a Charge File
If you choose option 3 from the Input File menu the Charge File menu, shown below, appears.
Options 1-6 of the Charge File menu allow you to use one of the DelPhi library charge files for
your calculation. Option 7 allows you to specify some other existing charge file. If you wish to
create a new file, choose option 8 to enter the Charge File Editor. Selection 9 only appears in
the menu if the input molecular coordinate file has either a .atm or .car extension. Both of these
file types already contain atomic charges, which can be used in place of a charge file.
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Charge File Editor
The Charge File Editor allows you to create a new charge file.

This editor allows you to create a set of charges known as the rule base. When you enter the
Charge File Editor the rule base is empty, as shown in the following example. 

You can choose to: 

L)ist the rules
A)dd a rule
C)hange a rule
D)elete rules
G)et all rules from another charge file
P)ut the rules to a file
Q)uit editor

Enter p at any time to write the current set of rules to a file. If you continue to modify the rule
base, you can write additional files. When you finish creating the charge files, enter q to quit the
editor. Note that the current rule base is not automatically saved, so you must make sure you
have written any rules you want to keep to a file before you quit.
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Use selection g in the charge file editor to copy all of the rules from another file. For example, if
you want to assign charges to the whole molecule, you usually include the rules from one of the
DelPhi library charge files to assign default charges to atoms. You can then add any special
charge rules, unique to the current calculation, to the file.

Enter 1 to display the default rule base for the full charges for proteins in the PDB format.
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Use selection a to add a rule to the rule base. Enter a wildcard (*) for any unspecified field. If
you make a mistake, press <Return> to return to the Charge File Editor menu.
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Use selection c to change a rule in the rule base. Enter the number associated with the rule that
you want to edit at the prompt. To edit the rule, simply enter the new values at the prompts. To
leave the rule unchanged, press <Return> in any field.
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Use selection d to delete a rule or group of rules. You are prompted for the rule number or range
of rule numbers to delete. These rules are displayed and you must verify that they are the correct
rules before deleting them.
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Enter p to write all the rules in the current rule base to a specified file, e.g., test.crg. After the file
is written, select q to quit the editor. Notice that the new charge file name, test.crg, now appears
in the Input File Menu as shown on the next page.
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Radius File Menu
If you select 4 from the Input File Menu, the Radius File Menu appears. As with the Charge
File Menu, you can select a DelPhi library radius file, some other existing radius file, or create
and/or edit a radius file. Selection 4, shown below, appears in the menu only if the input
molecular coordinate file has a .atm extension, since the radii are already present.
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Leaving the Input File Menu
When you have specified all of the input files, enter c at the prompt to continue to the Job
Submission Menu. The program does not continue if any files are listed as "****" (i.e., have not
been specified), or if any of the parameters are inconsistent.

Job Submission Menu
The DelPhi interface creates two files that are needed to run the DelPhi job. These are the
parameter file (*.prm), and a command file that executes the DelPhi calculation program. The
Job Submission Menu, shown below, allows you to submit the command file to the background
or a batch queue, or to simply write the files without submitting the job.

If you choose to submit the job to a batch queue, you are prompted for the batch queue name. If
the job is run in the background you are allowed to enter a "nice" level to set the job priority.
Enter <Return> to use the default nice level of 0.

When the job submission option is chosen, the calculation parameters are written to a parameter
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file (*.prm) and a command file is created to run the calculation. If you choose to run the
calculation automatically, this command file is submitted to the background or specified batch
queue. Otherwise, you may submit the command file yourself as shown below.

 > job_name.csh &
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7       DelPhi-Standalone
Methodology

The five basic steps involved in a DelPhi calculation are:

1.   Create and modify the input molecule. 

2.   Create charge and radius template files (if desired). 

3.   Set up calculation parameters. 

4.   Run the calculation. 

5.   Analyze the results. 

The DelPhi Calculation
The basic steps to run a DelPhi-Standalone calculation are:

1.   Modify the molecular coordinate file as necessary. This may include deleting atoms
not necessary for the calculation (e.g. water molecules), as well as adding hydrogens with
a modeling program if a partial charge scheme is to be used. 

2.   If you want a site potential output file for a set of coordinates smaller than the file
above, you should create a second molecular coordinate file containing only the desired
coordinates. 

3.   Run the DelPhi user interface by typing delphi at the command level. The interface
allows you to: 

a.   Set the desired calculation parameters. 

b.   Specify the names of all the input and output files. 

c.   Create new atomic charge and radius files. Alternatively, these files can be
created before entering the interface by using the DelPhi editor utilities crgedt
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and radedt. 

d.   Submit the DelPhi calculation to a specified batch queue (or to the
background), or write out a command file to be submitted later. 

Analyzing the Results
Two types of commonly desired analyses are to read out and display the potentials. There are
four ways to do this.

1.   The site potential output file (file .frc) contains the potential and field components for
selected atomic coordinates, which can be used to read the potentials. 

2.   The contour 2D utility can be used to produce a two-dimensional plot or graphic
display of an arbitrary slice through a molecule's potential surface or solvent accessible
surface. This requires a graphics device - Tektronix 4014 or emulator, or an HP75 series
plotter (see appendix B, Utilities). 

3.   Three-dimensional potential contours can be displayed with the Insight three-
dimensional graphics program. The Contour utility included in the Insight package can
take the *.grd output file of DelPhi and create a file of three-dimensional contours at
specified potential levels (contour levels between -4.0 and 4.0 kT/e are usually the most
meaningful). This contour file can then be displayed by the Insight program. 

4.   The contour3D program in the DelPhi package can be used to produce plot files of
three-dimensional potential contours suitable for display on a Tektronix 4014 or
emulator, or an HP75 series plotter. To run this utility, type contour3d at the command
level. 

Utility Programs
A brief description of some of the utility programs is given below. All of these programs can be
run by entering the name of the program at the command level (e.g. format_phi).

crgedt, radedt 

These utilities allow you to create and/or edit charge files, and atomic radius files respectively,
without entering the User Interface. They are exactly the same as the editors in the interface, but
you can run them from the command level.

format_phi 
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This utility takes an Insight format potential map (*.grd) and converts it to a formatted ASCII
file (*.grdformatted). Whenever it is necessary to copy the *.grd file to a foreign machine, this
program should be used, and the resulting formatted file should be copied to the new machine.
Once on the new machine the unformat_phi utility below should be used to convert the file back
to an unformatted file.

unformat_phi 

This utility takes a formatted version of the Insight potential map (extension must end with
formatted - e.g. *.grdformatted), and produces an unformatted file (*.grd) which can be read by
the Contour utility in the Insight program. An executable version of this utility must exist on the
machine where the unformatting is being done.

addmap 

This utility creates a difference map (*.grd) by adding (or subtracting) two input *.grd maps.

epstogrd 

This utility converts a DelPhi dielectric map file (*.eps) to an Insight grid file. The dielectric map
is used by DelPhi to model the solvent-accessible surface of the input molecule.
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8       DelPhi-Standalone
Tutorials

Introduction
This tutorial introduces you to the standalone interface of the electrostatics calculation program
DelPhi. It includes a brief description of the methods involved, as well as step-by-step examples
of typical calculations. The tutorial has three lessons:

� In Lesson 1, Calculation and Display of Potential Maps, you set up and run a DelPhi
calculation for superoxide dismutase (SOD). As part of the setup, a DelPhi charge file is
created. A file of potential contours, which you may view with the Insight program, is
generated by DelPhi. 

� Lesson 2, pK Shift in Subtilisin, describes how to calculate the pK shift at one location of
a molecule, due to a charge mutation at another location. In the first part of the lesson, the
pK shift at the active site histidine in the subtilisin molecule is calculated due to the
mutation of Asp 99 to Ser. In the second part, it is calculated due to the mutation of Glu
156 to Ser. An ionic strength of 0.1 M is used in this lesson, and the results at 0.01 M are
also included. This technique can be used to calculate the effect of charge mutations on
other electrostatic properties derived from the potential as well, such as electrostatic
fields and energy. 

� Lesson 3, Solvation Energy of Acetate Ion, describes how to calculate solvation energies
with DelPhi. The calculation is performed on the acetate ion, but the discussion includes
the important parameters and files required for this technique in general. 

Before You Start...
Before you begin this tutorial:

� Make sure that DelPhi is properly installed on your system. 

� You should know how to use your operating system (VMS or UNIX). 
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LESSON 1: Calculation and Display of Potential Maps
Objective
In this lesson you learn how to create a potential map for a molecule, and display the map as
three-dimensional contours showing the potential distribution in and around the molecule. The
molecule studied here is a dimer of Cu-Zn superoxide dismutase (SOD). SOD catalyzes the
dismutation of the O

radical, which is bound in an active site containing a copper ion. The interesting feature of this
molecule is that it has a total charge of -4.0, yet it still accelerates the association of the negative
Superoxide radical with the enzyme using electrostatics by a large factor over the rate expected
from pure collision theory. The DelPhi calculation shows that the collection of charges
surrounding and including the Cu and Zn ions at the base of the active-site cleft creates a positive
potential which balloons out into the solvent, and may be responsible for attracting the
superoxide radical (Klapper et al. 1986). This is a prime example of how DelPhi can be used to
understand complex electrostatic interactions. 

Setting Up the DelPhi Calculation
1.   Go to the tutorial directory

At the system prompt, type delphi_tutorial. 

This command changes your current directory to the subdirectory where the files needed for this
tutorial reside. 

2.   Invoke the DelPhi Interface 

DelPhi has a menu-driven interface, which allows you to interactively specify the input and
output files to be used in the potential calculation. The output of this interface is a command file
which makes the appropriate logical assignments and runs the calculation program as a batch
job or in the background.

To invoke the DelPhi interface, type delphi at the system prompt. 
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The DelPhi welcome banner appears and you are prompted for the name of the molecular
coordinate file. 

Enter sod.pdb. 

The molecule is read in and the information is stored for use in the Parameter Menu. 

3.   Look at the Parameter Menu 

You should now be in the Parameter Menu with the system defaults listed. This menu allows you
to set up the desired calculation parameters, which are written to a file (*.prm) when the job is
submitted. 

In this lesson only a few parameters are changed from their default values. Please refer to
DelPhi Calculation Parameters for detailed information on all of the parameters. 

4.   The Grid Center
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Enter 1 to choose the Grid Center option. Now enter 1 again to choose All atom
coordinates. 

This specifies that the grid is centered on the molecule. 

5.   The Grid Resolution

Enter 2 to change the Grid Resolution. Then enter 1 (or <Return>) and give 1.25 at the
prompt. 

6.   The Grid Size 

It is recommended that you accept the default value of 80% (80.0000), which is optimal for most
calculations. 

This calculation uses a grid that encloses the whole SOD molecule and the longest Cartesian
dimension of the molecule occupies 79% of the width of the cubic box, near the recommended
value of 80% which is acceptable for most calculations. 

7.   Points Per Side 

Note that because this tutorial is only intended to demonstrate the display of potential contours,
a coarse grid is acceptable. A value of 65 grid points is used. When accuracy is important, such
as in energy calculations, it is recommended that you use at least 65 grid points whenever
possible for better resolution. 

Note that the 3 dimensions are automatically filled. Since the grid defined is a cube, only one
dimension need be specified. 

8.   Enter a header to identify the calculation

Enter 19 to enter a descriptive header for the lesson1 calculation. When the >> prompt
appears, enter Tutorial lesson 1 - SOD with full charges, no salt. 
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9.   Save the parameter values and advance to the Input File Menu

Enter c to save the new parameter values and continue. 

The Input File Menu, shown below, should appear. Note that you may enter r at any time to
return to the Parameter Menu and change parameter values. 

10.   Change the name of the job to lesson1 

Note that the Job Name is initially set to the root of the input coordinate file, possibly with a
digit appended on the end. DelPhi uses this job name as the root name for all output files. 
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First, enter 1 then type lesson1 as the new Job Name. 

11.   Enter the Charge File Menu to create a charge assignment file 

This lesson requires creation of a charge assignment file. This file should contain all of the
charge rules from one of the DelPhi library files, plus special assignments for the HIS 41 and
HIS 61 nitrogens in SOD. Refer to the Files section of this manual for more information on the
content and function of DelPhi charge files. 

First enter 3 to display the Charge File Menu shown below. 

Enter 8 to create the new charge file. 

12.   Enter the Charge File Editor and build a list of charge rules 

You are then placed in the Charge File Editor with an empty rule list. This editor allows you to
build the desired list of charge rules and then write these rules to a file. The resulting file is used
by the Delphi calculation to assign charges to the input molecule. 

Enter option g to get the rules from the DelPhi library file. 

A list of the default files which can be copied will be displayed. The contents of these files are
listed in Utilities. You should become familiar with these files in order to use them appropriately. 
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For this lesson choose 1. 

The charge assignment rules from the default file are copied to the new file and listed. Take a
moment to look at these rules. Note that no rule exists to assign a charge to the N-terminal
residue, since this is a different residue for each molecule. In the SOD example, this is not
important since the N-terminus is not charged due to the presence of blocking groups. However,
if the N-terminus is charged, you must add a specific rule to do so. 

Next, add the assignment rules for the Nitrogen on HIS 41 and HIS 61. 

Change rule 8 for HIS 41 by entering the following (pressing <Return> after each one): c; 8;
nd1; his; 41; *; 0.5. 

Change rule 9 for HIS 41 by entering the following (pressing <Return> after each one): c; 9;
ne2; his; 41; *; 0.5. 

Add the first rule for HIS 61 by entering the following (pressing <Return> after each one): a;
nd1; his; 61; *; -0.5. 
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Add the second rule for HIS 61 by entering the following (pressing <Return> after each one):
a; ne2; his; 61; *; -0.5. 

The HIS 41 has a net charge of +1.0 which will be divided equally between the two Nitrogens.
The HIS 61 has a charge of -1.0, which is also divided between the Nitrogens 

13.   Write the set of rules to a file and return to the Input File Menu

The charge file should now have the correct set of rules, so enter p to write the rules to a
file. 

At the prompt for file name, enter lesson1.crg; at the prompt for a descriptive header,
enter Full charges for SOD. 

Now enter q to quit the editor and return to the Input File Menu. 
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14.   Begin the DelPhi calculation 

The charge file name should be listed as lesson1.crg under CURRENT INPUT
INFORMATION. 

Enter c to continue to the Job Submission Menu. 

Depending on the hardware platform on which DelPhi is running, the calculation may be run in
a batch queue, or as a background process. If you submit the job to a batch queue, you are
prompted for the batch queue name, and if you run in the background you may enter a nice level. 

Choose option 2 from the Job Submission Menu to run the job. 

Now answer the prompt for the desired batch queue, or the nice level, to start the calculation.
(You may just press <Return> to accept the default level of 0 if you like.) 

This choice determines the priority of this process in relationship to other current processes.
Higher nice levels mean lower process priorities and thus longer processing times; lower nice
levels mean higher priorities and shorter times. 
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LESSON 2: pK Shift in Subtilisin
Objective
This lesson demonstrates how to calculate the change in some electrostatic property at one
location in a molecule, due to a charge mutation at another location. This example calculates the
change in pK of the active site histidine in subtilisin due to site directed mutagenesis of asp99-
>ser in one case and glu156->ser in another, at two ionic strengths (Gilson and Honig 1987;
Sternberg et al. 1987).

DelPhi actually calculates the electrostatic potential at one location, due to the charge at the
other. The pK change is derived from this potential. Therefore, this technique is not limited to
pK shifts, but can be used to calculate other quantities derived from the electrostatic potential,
such as the electric field, or electrostatic energy. It is useful when you are interested in the effect
of a certain charge, or group of charges, on the rest of the molecule.

Notes
The change in pK of a group due to the electrostatic potential of another group is the change in
work necessary to bring a proton from solution to that group. When potential is expressed in
units of kT/e, as it is in DelPhi, the change in pK is, dpK = phi/2.303, where phi is the potential
at one group due to the other.

A naive strategy is to calculate the potential at the HIS Nitrogen due to the ASP residue, and then
calculate the HIS potential that would arise if an SER were used in place of the ASP. The
difference in these potentials is then used in the equation above to give dpK. The dpK calculation
for the glu156->ser mutation is similar.

The strategy above requires two DelPhi runs for each mutation, and for each ionic strength.
However, in this particular case the number of runs can be reduced by taking advantage of some
of the properties of the system. First, since SER is neutral, it has no full charge, and thus the
potential at the HIS due to this residue is 0.0. Therefore the potential change for the mutations is
simply the potential due to the charged residue (ASP or GLU). Secondly, the potential between
two points due to a charge at one of them is the same regardless of which point has the charge
(reciprocity). Therefore, placing a charge at the HIS and calculating the potential at the ASP is
equivalent to charging the ASP and finding the potential at the HIS. The same holds for the GLU
mutation. Since the ASP and GLU residues have the same charge (-1.0), placing this -1.0 charge
on the HIS allows calculation of the potentials at both the ASP and the GLU in one run. Since
reciprocity holds, these are the potentials required for the dpK calculation.

Note that in this example, neither the ASP nor the GLU residues are actually changed to SER.
Instead, the charge on these residues is simply set to 0.0. However, the change in bulk of the side
chain involved in the mutation may have an effect at the titrating group. Therefore, to be more
accurate, runs should be done with both side chains present, and the difference in potential taken.
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Also this procedure only yields changes in pK, since the intrinsic pK of the group is not known
(unless measured or calculated independently). The intrinsic pK is the pK of the group with all
the other titratable groups neutral. In other words, the difference in intrinsic pK of an isolated
side chain and one in a folded protein depends on the difference in solvation energy of the
charged specie when incorporated into the protein.

The Brookhaven data bank file for subtilisin contains oxygen coordinates for several water
oxygens. In this example these waters are included as part of the molecule (i.e., with dielectric
2). What the dielectric behavior of crystallographically bound waters is, and whether they should
be included as part of the molecule is an open question.

1.   Go to the tutorial directory 

At the system prompt, type delphi_tutorial. 

You are now in the subdirectory where the files needed for this tutorial reside. 

2.   Invoke DelPhi standalone 

Type delphi at the system prompt. 

The DelPhi welcome banner is displayed and you are prompted for the name of the molecular
coordinate file. 

Type sbt.pdb. 

The file is read and you are placed in the Parameter Menu with the system defaults listed. 

3.   The Grid Center
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Enter 1 to choose the Grid Center option. Now enter 1 again to choose All atom
coordinates. 

This specifies that the grid is centered on the molecule. 

4.   The Grid Resolution

Enter 2 to change the Grid Resolution. Then enter 1 (or <Return>) and give 0.825 at the
prompt. 

5.   The Grid Size

Enter 3 followed by 2 to change the number of points. Enter 71 to specify 71 points. 

The center coordinates should be (29.335, 26.600, 24.450) and the grid is filled 80% by the
solute -- an optimal value for most calculations. 

6.   Set the ionic strength value

Enter 6 to go to the ionic strength parameter. Enter 0.1 for this parameter. 

7.   Set the Exterior dielectric 



Insight II 20003.L DelPhi

Page 93 of 166

Enter 5 to reach the dielectric constant parameter. Enter 78.6 for this parameter. 

This choice makes the Exterior dielectric (the dielectric constant outside the protein) consistent
with the conditions used by Gilson and Honig. 

8.   Set the Site Potential output flag 

This step creates a file (*.frc) which contains a listing of the potential values at a specified set of
coordinates. 

Enter 15 to reach the parameter for changing the flag. Enter 2 for this parameter. Press
<Return> again. 

The Site Potential output file, flagged as file 2, is changed from 0 to 1. 

9.   Save the parameter values and enter the Input File Menu 

The parameters should all be set correctly now, so continue and save the parameter values. 

Enter c. 

You should now be placed in the Input File Menu, which should appear as shown below. 
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This calculation uses a charge file which already exists, sbt.crg. This file has only one rule,
which assigns a charge of 1.0 to the ne2 atom of histidine residue # 64. 

10.   Change the Job Name for this lesson 

Enter 1 to reach the calculation job name parameter. Enter lesson2 for this parameter. 

11.   Specify the site potential coordinates 

The pk shift is determined by averaging the potential values at the ASP 99 and GLU 156
carboxyl oxygens. Since these are the only potentials needed, a file exists (sbt_99_156.pdb)
which contains only the coordinates of these four atoms. 

Enter option 5. Enter sbt_99_156.pdb as the site potential coordinates input file.
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12.   Submit the job 

The input files and parameters should all be set correctly so you may now continue to the Job
Submission Menu with option c. 

Enter menu selection c. Then enter option 2 from the Job Submission menu. Now answer the
prompt for the desired batch queue, or the nice level.

The calculation is started. 

13.   View the potentials in the output file 

When the Delphi calculation finishes, the file lesson2.frc should contain the desired potentials
which are listed below. 

Table 4. Atoms' Desired Potentials 

Atom Re
s

Res# potential (kT/e)

OD1 ASP 99 0.4183

OD2 ASP 99 0.3418

OE1 GL
U

156 0.4527

OE2 GL
U

156 0.7057
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As discussed earlier, the pK shift for each mutation is given by dpK = phi/2.303 where phi is the
average of the potentials at the two carboxyl oxygens. 

The pK shifts for the two mutations are thus: ASP -> SER: dpK = ((0.4183 + 0.3418)/2)/2.303 =
0.16; GLU -> SER: dpK = ((0.4527 + 0.7057)/2)/2.303 = 0.25. 

The results for the same calculations, as well as experimental results, and results presented by
Gilson and Honig (1987) are shown below.

Table 5. pK Change 

Case Concentration Experiment Calculated Present

Sternberg et al. Gilson & Honig 

Asp 99   (0.1M)   0.23-0.29   0.18   0.16   

  (0.01M)   0.42   0.29   0.25   

Glu 156   (0.1M)   0.25   0.20   0.25   

  (0.01M)   0.42   0.37   0.34   

LESSON 3: Solvation Energy of Acetate Ion
Objective
This lesson demonstrates how DelPhi is used to calculate the electrostatic contribution to the
solvation energy of a molecule. The molecule studied here is the acetate ion, which is assumed to
have a dielectric of 2, accounting for electronic polarizability, and the water is assumed to have
dielectric 80 (actually 78.6).

Notes
As discussed earlier, the electrostatic energy of a group of charges is the sum of
(charge*potential)/2 for each of the charged atoms. In the case with solvent present (two
dielectrics, D= i/ o=2/80), this energy contains four terms: the energy of interaction of each
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charge with all the others, the interaction of each charge with the reaction field induced by its
own field, the interaction with the reaction field of other charges, and the artifactual grid energy.
If the solvent is replaced by a vacuum (D=2/1), only the grid energy and the direct charge
interaction contribute.

When the energy in the D=2/1 run is subtracted from the energy in the D=2/80 run, only the
charge/solvent interaction energy, or solvent energy is left (Gilson and Honig 1988).

1.   Go to the tutorial directory

At the system prompt, enter delphi_tutorial. 

You are now in the subdirectory where the files needed for this tutorial reside. 

2.   Invoke the DelPhi interface 

Enter delphi at the system prompt. 

The DelPhi welcome banner is displayed and you are prompted for the name of the molecular
coordinate file. 

3.   Read in the molecular coordinate file 

At the prompt, type ace.pdb.

The file is read and you are placed in the Parameter Menu with the system defaults listed. 

4.   The Grid Center
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Enter 1 to choose the Grid Center option. Now enter 1 again to choose All atom
coordinates. 

This specifies that the grid is centered on the molecule. 

5.   The Grid Resolution

Enter 2 to change the Grid Resolution. Then enter 1 (or <Return>) and give 0.386 at the
prompt. 

6.   The Grid Size

Enter 3 followed by 2 to change the number of points. Enter 65 to specify 65 points. 

The center coordinates should be (0.000, 0.235, 0.706) and the grid is filled 10% by the solute. 

7.   Set the interior dielectric value

Enter menu selection 4. Then enter 2.0 for the interior dielectric.

The calculation with the solvent (water) present is done first. The ionic strength is set to 0.0
because no salt is included. 

8.   Set the Site Potential Output flag
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Enter menu selection 15. Enter 2 for number of flag to change. Set the Site Potential
output flag to 1 so that a (*.frc) file is created. Press <Return>.

This file contains the total energy (molecule + grid) for the molecule. 

9.   Specify that the Reaction Field energy should be calculated

Enter menu selection 16. Enter 2 for type of energy to change. Set Reaction Field energy
to 1. Press <Return>.

10.   Save the parameter values and enter the Input File Menu 

The parameters should all be set correctly now, so continue and save the parameter values. 

Enter menu selection c.

The Input File Menu appears, as shown below. 
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11.   Change the Job Name for this lesson 

Enter menu selection 1. Enter lesson3_280 as the job name for this DelPhi calculation.

This calculation uses a charge file which already exists, ace.crg. The Site Potential Coordinate
file is ace.pdb, which means that the total energy includes all the atoms of the acetate molecule
as desired. 

12.   Submit the job 

The input files and parameters should all be set correctly so you may now continue to the
Job Submission File Menu. 

Enter menu selection c. Select option 2.
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Now answer the prompt for the desired batch queue, or the nice level, and the calculation is
started. 

When the solvent calculation finishes set up the vacuum calculation. Note that it is recommended
that you only run one DelPhi job at a time, so make sure that the calculation above is finished
before continuing to the steps below. 

13.   Invoke DelPhi 

Enter delphi at the system prompt. 

The DelPhi welcome banner is displayed and you are prompted for the name of the molecular
coordinate file. 

14.   Read in the molecule coordinate file 

At the prompt, type ace.pdb.

The file is read and you are placed in the Parameter Menu. 

15.   Set the Grid parameters 

The vacuum calculation uses the same parameters as the solvent calculation with the exception
of the solvent dielectric. 

16.   The Grid Center

Enter 1 to choose the Grid Center option. Now enter 1 again to choose All atom
coordinates. 
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This specifies that the grid is centered on the molecule. 

17.   The Grid Resolution

Enter 2 to change the Grid Resolution. Then enter 1 (or <Return>) and give 0.386 at the
prompt. 

18.   The Grid Size

Enter 3 followed by 2 to change the number of points. Enter 65 to specify 65 points. 

The center coordinates should be (0.000, 0.235, 0.706) and the grid is filled 10% by the solute. 

19.   Set the interior dielectric value

Enter menu selection 4. Then enter 2.0 for the interior dielectric.

The calculation with the solvent (water) present is done first. The ionic strength is set to 0.0
because no salt is included. 

20.   Set the exterior dielectric

Enter menu selection 5. Set the dielectric constant outside the protein to 1.0 (vacuum).
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21.   Set the Site Potential Output flag

Enter menu selection 15. Enter 2 for number of flag to change. Set the Site Potential
output flag to 1 so that a (*.frc) file is created. Press <Return>.

This file contains the total energy (molecule + grid) for the molecule. 

22.   Specify that the Reaction Field energy should be calculated

Enter menu selection 16. Enter 2 for type of energy to change. Set Reaction Field energy
to 1. Press <Return>.

23.   Save the parameters and enter the Input File Menu 

The parameters are now all set correctly, so continue and save the parameter values. 

Enter menu selection c.

You should now be placed in the Input File Menu, which should appear as shown below. 
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24.   Change the Job Name 

Enter menu selection 1. Enter lesson3_21 as the job name for this calculation.

25.   Submit the job 

The input files and parameters should all be set correctly so you may now continue to the Job
Submission Menu. 

Enter menu selection c. Select option 2 to submit the calculation to a batch or the background.
Answer the prompt for the desired batch queue, or the nice level.

The calculation is started. 
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Discussion

When the vacuum calculation finishes, find the relevant energies for both calculations. Look in
the log files lesson3_280.log and lesson3_21.log for the total energy (molecule + grid), and the
reaction field energy. These values appear near the end of the file, after the convergence
information. The table below contains the values you should find.

Table 6. Energy by Region 

Region Total Energy
(kT)

Reaction Field
Energy (kT)

Solvent 735.93 -61.18 

Vacuum 858.68 60.88

The solvation energy can now be calculated either by taking the difference in the total energy for
the solvent and vacuum or by taking the difference in the reaction field energy for the solvent
and vacuum.

It is important to note that if the grid point spacing is greater than ~1.0 angstroms/grid, the
reaction field energies may not be accurate. However, when you are below 1.0 angstroms/grid,
the solvation energy obtained using reaction field energy is reliable.



Insight II 20003.L DelPhi

Page 106 of 166

9       Solvation Command
Summary

Solvation is accessed in the Insight II environment by choosing Solvation from the Module
pulldown. Solvation contains four pulldowns: Setup, Solvation_Run, Background_Job, and
Forcefield. Each pulldown contains several commands that are described in this chapter. 

Setup Pulldown
The Setup pulldown contains commands to set various control parameters for a solvation
calculation.

System Command 

The System command allows you to specify the molecule under study. You can also specify an
archive file and choose frames from it; in which case, solvation energy and/or solvent accessible
surface area is computed for the appropriate frames using appropriate solvation models.

Parameters Command 

The Parameters command provides the capability to select various parameters for the solvation
calculation: specify multiple solvation models, or simply compute solvent accessible surface
area; change the accuracy of the solvation calculation; select the output detail level.

You can quite easily calculate and compare the solvation energy and solvent accessible surface
area for the same molecule using different solvation models: simply select the appropriate
solvation models and the output results are tabulated after performing the solvation calculation
via Solvation_Run command.

Computing the solvent accessible surface areas and solvation energies is performed using a
program named hydroscopy.

List Command 

The List command is used to list the current status of all the options available for all the



Insight II 20003.L DelPhi

Page 107 of 166

commands in the Setup pulldown. 

Solvation_Run Pulldown
The Solvation_Run pulldown contains the command to perform a solvation calculation.

Run Command 

The Run command is used to run the solvation calculation. Based on the parameters selected in
Setup pulldown, the appropriate calculations are performed; the final results (solvent accessible
surface area and solvation energy based on different solvation models) are automatically
tabulated.

Background_Job Pulldown
The Background_Job pulldown contains commands that allow you to set up background jobs to
run on specific hosts, monitor their completion status, or stop execution by killing the
process(es).

Forcefield Pulldown
The Forcefield pulldown contains commands to fix, check, or accept the potential atom types
and partial charges of a molecule. It also contains the commands to perform charge group
validity checks, and to select which forcefield is used for a specified calculation.
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10       Solvation
Methodology

This chapter is a general description of how to use the Solvation module of the Insight II
program. Much of this information is background material for the Solvation tutorial lessons
presented in Chapter 11, so you should read this section before starting the tutorial lessons.

Several different solvation models have been implemented: DelPhi-based; Generalized Born
(Still et al., 1991); Ooi et al. (1987); Vila et al. (1991); Wesson and Eisenberg (1992); and
Eisenberg and McLachlan (1986). The Wesson and Eisenberg model provides two types of
parameterization, Kyte & Doolittle and Sharp et al.

The DelPhi-based solvation model calculates a total solvation energy comprised of two main
components: the electrostatic energy (computed using DelPhi); and the non-polar energy, which
is assumed to be proportional to the solvent accessible surface area of the solute. Two parameter
sets, CFF91 (Schmidt and Fine, 1994) and PARSE (Sitkoff et al., 1994), are provided for DelPhi-
based. The calculation based on the CFF91 parameter set, in addition to the solvation energy,
also provides the intramolecular potential energy (calculated using Discover) which allows you
to perform conformational analysis. PARSE parameter set solvation calculation is not consistent
with Discover; and, consequently, the intramolecular potential energy is not calculated.

The Generalized Born model calculation also provides the solvation energy and the
intramolecular potential energy, both of which are calculated using Discover. The
AMBER/OPLS force field (Jorgensen and Tirado-Rives, 1988) is employed in this model.

All the other solvation models (Ooi et al., Vila et al, Wesson and Eisenberg, and Eisenberg and
McLachlan) only compute the solvation energy; the intramolecular potential energy is not
computed. These solvation models employ solvation parameters which correspond to CFF91
force field atom types only; consequently, the current force field must be CFF91 in order to
perform a valid solvation calculation. The solvation parameters for these models are
parameterized based on the united-atom approach and exist for a small set of atoms: C, N, O and
S. The specific solvation model is parameterized for a specific class of compounds; and,
therefore, while analyzing the results, the careful study of appropriate published literature is
highly recommended.

The following figure (Figure  10) illustrates the data flow and various programs used during a
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Solvation calculation; based on the solvation model and various calculation parameters, some
programs may not be run and corresponding input/output files won't be generated.

Figure 10 . Data Flow for Solvation Calculation   

Step 1: Defining the Molecule:
A solvation calculation can be performed on any molecule or assembly of molecules that exist in
the Insight II environment. Molecules may be read from files using the Molecule/Get command
or created using the Builder module; alternatively, they may be the result of work performed in
another product such as the Discover program. Note that Solvation does not modify the
molecule. Therefore, any desired modifications, such as adding hydrogens to a molecule or
adjusting its configuration, must be done prior to starting the Solvation calculation. After you
start Solvation by selecting Solvation from the Module pulldown, you then tell it what system
you want to work on with the Setup/System command. That is, enter a name in the
Assembly/Molecule parameter box by picking the molecule in the display area of the screen,
choosing its name from the Assembly/Molecule value-aid, or typing in the parameter box. In
addition, you may choose specific frames from an archive file if Use_Archive_File is On. Then
the Solvation calculation is performed on each frame.
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Step 2: Choosing the Model and Setting up the Input
Parameters
This step is performed using the Setup/Parameters command. 

Defining the Model
You may choose one or several solvation models related to the vacuum to water transfer:
DelPhi_based, Generalized_Born, Ooi_et_al, Vila_et_al, Wesson_Eisenberg. The
Eisenberg_McLachlan model may be chosen for the octanol to water transfer. 

Two parameterization types can be chosen for the Wesson_Eisenberg model: Kyte_Doolittle
(1982) or Sharp_et_al. (1991).

Currently two self-consistent parameter sets are provided for the DelPhi-based calculations:
CFF91 and PARSE (see Appendix E for details). The default parameter set is CFF91.

CFF91.frc should be selected using the Forcefield/Select command and fixed to the molecule by
using the Forcefield/Potential command while you employ DelPhi_based/CFF91 and/or
Ooi_et_al, Vila_et_al, Wesson_Eisenberg, and Eisenberg_McLachlan.

PARSE.frc should be selected and fixed if you employ DelPhi_based/PARSE.

AMBER/OPLS should be selected and fixed if you employ Generalized_Born. Then, since this
model is based on the united atom approach, all hydrocarbon hydrogens which have zero charges
should be deleted using the Atom/Delete command in the Builder module. Finally, the
OPLS_AMBER force field potentials and charges should be accepted using the
Forcefield/Potential command.

Choosing the Accuracy Level
Three accuracy levels are available: Low, Regular, and High. These levels correspond to
specific DelPhi grid and boundary condition parameters, and the number of dots, specified via
angle spacing, determining the accuracy of the Shrake-Rupley algorithm for the solvent-
accessible surface (see Table 7).

Note that the grid resolution and border space define the total number of grid points (see Chapter
4). 

Table 7.  Calculation parameters defining the accuracy levels 

Apprx. = Approximate coulombic; Full = Full coulombic.
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Accuracy
Level 

Angle Spacing
(degrees) 

Grid Density,
Å/Grid Pt 

Border Space, Å
net charge 

Boundary Condition
net charge 

zero non-
zero zero non-zero 

Low   20 0.8   5   10   Zero   Apprx.   

Regular   10 0.4   5   10   Apprx.   Full   

High   5 0.2   5   10   Full   Full   

Step 3: Performing the Solvation Calculation
After all the input parameters are specified, you may run the Solvation calculation using the
commands in the Background_Job and Solvation_Run pulldowns. The Background_Job is
used to alter the parameters which control the background job. The Solvation_Run/Run
command writes out the input file and also allows you to specify a name which is used as the
root for generating the names of all other files. 

You may choose to automatically start the job in the background or start it manually using the
shell script, bkgd_job_<run_name#>.csh, which is generated upon selecting the Cmd_File_Only
option in the Background_Job/Setup_Bkgd_Job command.

Setting Up the Background Job
Use of the Background_Job pulldown is optional. If it is not used, the default is to run all jobs
on the local host in Cont_Insight mode. If you prefer this mode, you do not need to read the
remainder of this subsection.

When the Background_Job/Setup_Bkgd_Job command is used, the background job list shows
only those background jobs that are run from the current module and that can be run on a remote
host. If the module contains only one job, the parameter is automatically filled in. The list of
hosts shows only those hosts that are associated with that background job in the
background_job_hosts file at your site. It is possible for you to specify a remote host that is
unavailable (off line, for instance) or for which you have no login account.



Insight II 20003.L DelPhi

Page 112 of 166

Every background job submitted via the generic background utility is assigned a job number.
This number is displayed in the information area when the job is submitted (e.g., Starting
Solvation background job on iris5 as job 1). You should note the job number when the
job is submitted, since it can be used later to check on the job's completion status or to kill the
job.

The Setup_Bkgd_Job command does not actually run the command; it simply records your
host, Execution_Mode, and other preferences. The default host is Local. Your selected host and
Execution_Mode are used for any subsequent background jobs for the duration of the Insight
session. When you start up a new session, all background job parameters are set to their default
values.

The Execution_Mode parameter allows you to choose to run a given background job
concurrently (Cont_Insight), run the job interactively (Wait_For_Job), or simply create the
necessary command files to submit the job, but not actually execute them (Cmd_File_Only).

The Send_Mail parameter allows you to have the system send you an electronic mail message
upon completion of the background job. This parameter is not active if Execution_Mode is set
to Wait_For_Job. You may find this option useful when running long jobs, where you exit the
Insight program before the job completes.

The Save_Cmd_Files parameter allows you to save the command file used to submit the
background job (bkgd_job_<run_name#>.csh). Otherwise this file is deleted when the job
completes. This parameter is not active when Execution_Mode is set to Cmd_File_Only.

All background jobs return a completion status. The completion status is an integer code that
indicates success, failure, and/or reason for failure of the job. The status code is always displayed
when you are notified that the job has completed.

If you consistently want to send background jobs to another host, you can modify your personal
Insight startup file to invoke Setup_Bkgd_Job for each module/background job(s) that you want
to automatically assign. Note that you must first change to the module in which the background
job's interface is found before using Setup_Bkgd_Job to set a preference for that background
job.

The Completion_Window parameter can be used to prevent the notification window from
appearing when the background job completes. The default value is on.

Starting the Job
Use the Solvation_Run/Run command to assign a name to and initiate your Solvation job. The
run name is used to identify the input and output files associated with the job.

Monitoring a Background Job
The Background_Job/Completion_Status command has three modes of operation. The
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Report_Mode parameter is used to indicate what information you would like the command to
return: status of one job, status of all jobs, or the meaning of a return status code from a
particular job. The One_Job option displays a brief message indicating whether a specific job
has completed. The message is displayed in the information area near the bottom of the screen.
Certain background jobs generate a status file containing additional information while they are
running. If this additional status information is available, it is displayed in the textport. If
All_Jobs is chosen, the job number, job name, run name, status code, and job status are
displayed in the textport for every job submitted during the current Insight II session. The
Look_Up_Status option is used to find the meaning of a return status code. 

The Job_Number parameter becomes active when One_Job is selected. It is used to specify a
specific background job that you want to monitor.

The Background_Job and Status parameters become active when Look_Up_Status is chosen.
They are used to specify a status code that you would like to look up.

You can also terminate a background job that was started during the current Insight session. The
Background_Job/Kill_Bkgd_Job command is used to stop execution of a background job by
killing the process in which it is running and, optionally, deleting its output files. The
Job_Number parameter is used to specify which background job to kill. A value-aid containing
a list of all currently running background jobs is provided. If the Save_Output parameter is
toggled on, then all output files generated by the background job are saved when the job is
killed. The default value of this parameter is off, in which case all output files are deleted.

Step 4: Analyzing the Results:
The <run_name>.solv_log file contains the final results of your Solvation calculation; for
detailed information of the calculation, refer to <run_name>.hydro_log, <run_name>.disco_log
and <run_name>.delphi_log files. The final results (solvent accessible surface areas and
solvation energy based on different solvation models) are also reported as a table format file,
<run_name>.tab, which can be read into the Insight II program quite easily (It is done
automatically as long as the program is still running).
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11       Tutorial

Pilot Online Tutorial
As of this release, most tutorials are now available online for use with the Pilot interface. To
access the online tutorials for Solvation, click the mortarboard icon in the Insight interface.

Then, from the Open Tutorial window, select Solvation  tutorials (and, if necessary, the
module) and choose from the list of available lessons:

Lesson Solvation Energy of the Alanine Dipeptide

You can access the Open Tutorial window at any time by clicking the Open File button in the
lower left corner of the Pilot window.

For a more complete description of Pilot and its use, click the on-screen help button in the Pilot
interface or refer to the Introduction in the Insight II manual.
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A       Installation

The following installation instructions apply to the standalone version of DelPhi only. For an
explanation of how to install the Insight version, see the Accelrys Products System Guide.

Silicon Graphics Installation
This section describes the installation of DelPhi on Silicon Graphics 4D series workstations. If
possible, we recommend repartitioning your swap space to 100 megabytes.

To transfer the contents of the tape to the hard disk, load the tape into the tape drive unit on the
workstation and log in as root. 

1.   Create a directory for the program and change to that directory. 

 % cd /usr
 
 
 % mkdir -p msi/200
 
 
 % ck msi/200
 
 

2.   Read the contents of the tape with the tar command. 

 % tar xvo
 
 

3.   After the files are copied from the tape, enter the following command from the same
directory that you copied the tape, and answer the prompts. 

 % ./install
 
 

4.   Add the following line to the .cshrc file in each user's login directory to correctly set
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up the operating environment. 

 source /usr/accelrys/cshrc
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B       Utilities

The following utilities are available with both the DelPhi-Insight and DelPhi-standalone:

� contour2d 

� epstogrd 

� format_phi 

� unformat_phi 

The following utilities are only available with the standalone version of DelPhi:

� addmap 

� crgedt 

� radedt 

contour2d
Purpose 

contour2d is used to display two-dimensional slices through a potential contour surface and/or a
solvent accessible surface, in the form of color plots on an HP75 plotter, or terminal graphics on
an AED512, or a Tektronix 4014 emulator. For the HP, the plotter commands are output to a file
that should be sent to the plotter (e.g., type or copy the file to the device).

The program can also be used to read out the potential value at any point in grid coordinates, or
real space coordinates.

Input 

file.grd - This is a DelPhi output potential map. 

file.atm - This is the DelPhi output atomic coordinate file, which has the atomic radii and charges
assigned. This is only used for the solvent accessible surface plot calculation.
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file.kt - This is a file containing the contour levels desired in the display. This file is only needed
to display a potential slice, and it consists of one contour level per line. e.g.:

Table B¯1 . Examples of Contour Levels per Line

Line Contour

1   3.0   

2   1.0   

3   0.5   

4   0.0   

5   -0.5   

6   -1.0   

7   -3.0   

Upon entering the program, you are prompted for the grid file name and the type of device. The
molecule name is usually the root name of the output files of the DelPhi calculation (e.g.,
my_mol.grd -> my_mol is the molecule name). The input files above are initially set to have this
root name, with the appropriate extensions added (e.g., my_mol.grd, my_mol.atm, my_mol.kt).
These files are not read in until they are needed.

The program then enters the main menu (see next page).
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Main Menu

The input file names as well as the default parameters can be displayed and/or changed by
selecting option a. The program will enter the parameter menu.

To plot a potential slice, select option 1. The current potential map and the current slice plane are
read in and used to calculate the contours in the slice. If either the potential map or the slice are
not specified, you are prompted for a new one. The potential menu is then entered.

To find the potential at a given point, use option 2. 

To plot the solvent accessible surface, use option 3. The the current atomic coordinate file and
slice plane is read and used to calculate the atoms in the slice. The surface menu is then entered.

To get a new slice plane, use option 4. The slice can be specified in two ways:

1.   As a grid point and the direction cosines of a normal to the plane. 

2.   As three real coordinate points that lie in the desired slice plane. 
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Parameter Menu

Options 1-3 allow you to change the names of the input files.

Option 4 allows the probe radius to be changed. This is used to generate the solvent accessible
surface and is initially set to 1.80. It should be set to the value used in the DelPhi calculation.

Option 5 is used to change the upper limit of the plot range. The lower limit is always 0.0. If the
plot range is decreased, the resulting plot will be expanded. A plot range equal to the number of
grid points in the longest dimension usually fills the page without clipping the molecule.

Note that the current slice parameters, scale, old center, and device type are also listed in this
menu. The slice parameters and device type can be changed outside of the menu, and the scale
and old center will change whenever a new *.grd file is read in.
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Potential Menu

Option 1 starts a new plot for the current slice. If using the HP plotter, a new plot file will be
opened.

Option 2 puts the current plot on top of old plots. This can be used to include both the potential
contours, and the solvent accessible surface on the same plot.

Option 4 is identical to option 2 in the main menu.

The remaining options are used to change the current default data.

Surface Menu

The surface menu is similar to the potential menu described above using solvent accessible data.

Output 

Color plots on HP75, monochrome on Tektronix 4014 emulators such as the VT241, or the
Visual 550. Output to HP75 is written to a plot file for subsequent transfer to a plotter.
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epstogrd
Purpose 

This utility converts a DelPhi dielectric map file (*.eps) to an Insight grid file (*.grd). The
dielectric map is used by DelPhi to model the solvent accessible surface of the input molecule(s).
This map indicates whether the midpoint of every line between two neighboring grid points is
inside or outside the solvent accessible surface. Each grid point (except those on the grid
boundary) is therefore surrounded by six such dielectric points, one for each of the grid lines
emanating from the grid point. The epstogrd utility calculates, for each grid point, the sum of the
six surrounding dielectric points. Since the valid values of the dielectric points are 0 (outside)
and 1 (inside), each grid point is therefore assigned a value between 0 (completely outside) and 6
(completely inside).

The resulting grid file can be contoured and displayed in the Insight program to give a graphical
representation of the surface used in the DelPhi calculation (see DelPhi tutorial Lesson 5). For
example, a contour level of 2 represents the surface consisting of all grid points which have two
neighbors inside the solvent accessible surface, and 4 neighbors outside the surface. Thus
depending on the definition of a surface point used (e.g., points with at least 1 neighbor inside
the surface, or points with 3 neighbors inside, etc.) any of the contour levels between 1 and 5 can
be considered surface representations, with 1 being the least restrictive and 5 the most restrictive.
Experience shows that a level of 2 or 3 usually gives a reasonable surface.

Input 

file.eps - This file is only created by DelPhi if the Dielectric Map flag (EPS) is set in the
parameter file. This flag is set using the Files entry in the Parameter Menu of the DelPhi
interface.

Note that the .eps file is stored in a compressed binary format to conserve disk space.

Output 

file_eps.grd - This is an Insight format grid file with the same dimensions and orientation as the
corresponding DelPhi potential map, with each grid point having a value between 0 and 6.

format_phi
Purpose 

Converts an unformatted potential map in Insight format to a formatted ASCII file that can be
transferred across machines.
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Input 

file.grd

Output 

file.grdformatted

unformat_phi
Purpose 

Converts a formatted potential map to an unformatted Insight grid file that can be read by the
Contour utility in the Insight program.

Input 

file.grdformatted

Output 

file.grd

addmap
Purpose 

Creates an Insight format potential map (.grd), which is obtained by taking the difference (or
addition) of two existing .grd files.

Input 

Two Insight format potential maps. The two maps may have different grid sizes.

Output 

.grd file, which is the difference or addition of the input files.
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crgedt
Purpose 

Allows you to create a DelPhi charge file. A set of charge rules is created by selecting menu
entries which get rules from another file, and add, delete, or change rules. This set of rules may
then be written to a file for use by DelPhi.

Input 

none

Output 

file.crg

radedt
Purpose 

Same as crgedt except for radius rule format.

Input 

none

Output 

file.siz
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E       File Formats

This appendix contains four sections related to DelPhi input and output files: Input Files, Output
Files, File Formats, and DelPhi Library Files.

� Input Files describes the use and content of the DelPhi input files. 

� Output Files describes the use and content of the output files created by DelPhi. 

� File Formats provides the internal format of each of the DelPhi input and output files. 

� DelPhi Library Files lists the contents of the default parameter, charge, and radius files
that can be used in DelPhi. 

Input Files
The input files used by DelPhi are described below.

Molecular Coordinate File (default file extension *atm)
When a DelPhi calculation is run from the DelPhi module in the Insight program, a modified
coordinate file (*.atm) is written to be used as input to the calculation program. This file is in
Protein Data Bank format, with the temperature factor and occupancy fields replaced with the
atomic radius and charge. Note that DelPhi treats all atoms in this file as part of the interior
dielectric region. Therefore, when you specify the molecule(s) to be included in the DelPhi
calculation with the Run command, do not include any atoms or molecules that are not relevant,
such as extra water molecules. Furthermore, DelPhi does not add hydrogens, so if you are
working with a molecule read from a PDB file and you want to use partial charges, you should
add hydrogens with the Insight program before running the DelPhi calculation. 

Potential Parameter File (default file extension *.prm)
This file contains the parameters to be used by the potential calculation. A new potential
parameter file is written for each calculation when the job is submitted, using the values set using
the commands in the Setup pulldown. The filename is the same as the job name with the
extension .prm appended on the end. Note that the DelPhi user interface always writes the Total
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Grid Extent and the center coordinates to the parameter file, even if the grid is defined using a
Border Space around the molecule. In this way, if the parameter file is read in by the Parameter
Menu, the same exact grid is used. If you want to use the same Border Space in several
calculations, rather than the grid extent, you can edit the parameter file using a text editor.
Change the Border Space parameter from f to the desired value, and then change the Total Grid
Extent value to f. When the parameter file is read, the grid is defined using the specified border
around the molecule.

Charge File (default file extension *.crg)
In most cases, the molecules you are working with in the Insight program have partial charges
associated with them. These charges may be used in the DelPhi calculation. However, if you
wish to use a different set of charges, a charge file must be used. Note that use of a charge file
does not modify the Insight partial charges. Rather, the charges assigned by the charge file are
written to a modified coordinate file (*.atm) for use in the DelPhi calculation.

Charge files consist of a series of charge template as shown below.

 atom__res_num_c_charge__
ca pro 1 y -0.20
ca pro 1 * -0.21
ca pro * * -0.22
ca * * * -0.23
 
 

Each line defines one rule and contains fields for the atom name, the residue name, the residue #,
the molecule (or chain) identifier, and a charge value. If the first four fields are all specified for a
rule, then it refers to a single atom, and that atom is assigned the indicated charge. For example,
the first rule above says that the ca atom on proline residue # 1 on molecule y is assigned charge
-0.20. 

Wildcards (*) may be used in the residue name, residue number, and chain id fields to make the
rules more general. Note that leaving any of these fields blank is equivalent to using a wildcard
for that field. For example, the second rule shown above assigns a charge of -0.21 to the ca atom
on proline residue #1 in all chains. Wildcards may not be used in the atom name field. In the
other fields, they must be used alone, not in strings. For example, the first rule shown below is
valid, and the second rule is not.

 atom__res_num_c_charge__
ca * * y -0.20
ca pr* * y -0.21
 
 

The charge value must be present, and any atom that does not find a match is assigned a charge
of 0.0. If more than one rule can refer to an atom then the most specific one is used, regardless of
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their order in the charge file.

Therefore, the four rules above say the following:

atom or group of atoms charge 

ca atom on proline residue # 1 on molecule y -0.20
ca atom on proline residue # 1 on all other molecules -0.21
ca atom on all other prolines in all other molecules -0.22
ca atom on all other residues in all other molecules -0.23 

Important Notes

� The default libraries described below do not contain rules for the N-terminal residues
since these will be different for each molecule. Therefore, if the N-terminus is to be
charged, a rule should be added to the charge file for each N-terminal residue. 

� The residue name field contains four characters. Therefore ASP is different than ASP-. In
addition, the fourth position is case sensitive, so ASPN and ASPn are different. However,
the first three characters are not case sensitive, so aspN and ASPN are identical. This is
important for Accelrys format files, which may have several names for the same residue
that differ only in the fourth position (e.g. AR+N, AR+C, AR+n) 

� Beware of ambiguities like Calcium and Carbon alpha, which have the same atom name
(CA). 

A number of DelPhi library charge files are provided for use alone or as the basis of a user
defined charge file. For a complete description and listing, see Section B.4, DelPhi Library Files.
It is recommended that you become familiar with the actual contents of these files so you can use
them appropriately.

Atomic Radius File (default file extension *.siz)
This file is used to assign atomic radii to the atoms in the molecular coordinate file. If the input
molecular coordinate file is a DelPhi .atm file, it contains atomic radii values assigned in a
previous calculation. In this case, an atomic radius file is not required, but may be used.

Radius assignment rules are similar to those described in the charge file section above. Here each
rule has a six character field for the atom name, a four character field for the residue name and a
field for the radius in angstroms, as shown below.

atom__res_radius__
c * 1.8
ca * 1.7
ca pro 1.6
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As in the charge file, a wildcard may be used for the residue name, causing a match with the
given atom type of any residue. In addition, the last five characters of the atom name may be
blank, in which case all atom types beginning with the letter in column 1 are matched. Once
again, more specific rules override less specific ones. 

In the above example, all proline ca atoms have a radius of 1.6 angstroms while all other ca
atoms have a radius of 1.7 angstroms, and all other types of carbon atoms (as well as any atoms
which begin with c and do not match any other rule) get a radius of 1.8 angstroms. Again,
beware of ambiguities like calcium (ca).

The file DELPHIDATA/default.siz is a DelPhi library file which contains default atomic radii.
You should become familiar with the contents of this file to make certain that all the required
radius assignments are made for each specific application.

Potential Map For Focussing (optional file: default file extension *.grd)
This file is only needed if focussing is used. The file should be a DelPhi format potential map
(*.grd) from a previous calculation using the same molecule. 

Output Files
The DelPhi output files are described below. The *.log file is always created, whereas creation of
the other files is specified through Potential Parameter flags. For details on the formats of the
output files refer to Section - File Formats.

Log file (default file extension *.log)
This is the log file from the DelPhi calculation program. The information includes energy values,
a list of the parameters used, the number of atoms read and charged, the coordinates of the
molecule center, the grid scale, a plot of the average and mean change in potential between
iterations, some calculated potential values, and the CPU time used. 

Dielectric Map (optional file: default file extension *.eps)
This is a bit map that indicates whether each grid point is inside or outside of the solvent
accessible surface. It is used to assign dielectrics to the grid points, and also as input to some of
the utility programs, such as lookeps. It is only created of the Dielectric Map flag is set to 1 in
the Potential Parameter file.

Potential Map (default file extension *.grd)
This file contains the potential values for every grid point in units of kT (or moles/liter if the
concentration flag in the Potential Parameters file is set to 1). This file can be read by the
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Contour Potential command in the DelPhi module to create a file of isopotential contours. This
is also the input file for the contour2d and contour3d utilities in DelPhi.

Note that this is an unformatted binary file and thus cannot be typed out or printed.

Site Potential Output file (optional file: default file extension *.frc)
This file is created by the List Potential command in the DelPhi module. The information in this
file includes the coordinates, charge, potential, and field components for a specified set of atoms.
This is a formatted ASCII file and can therefore be typed out or printed.

File Formats
Most file types have default extensions. Use of these extensions is not required, but is
recommended for consistency.

file.pdb: Atomic coordinates, input to qdiffx.
file.atm: Atomic coordinates with radii and charges
output of qdiffx input to contour2d.
file.car: Atomic coordinates in Biosym format.
file.prm: Parameters for qdiffx.
file.crg: Atomic charges, input to qdiffx.
file.siz: Atomic radii, input to qdiffx.
file.frc: Potentials and forces, output form qdiffx.
file.grd: Potential map, output of qdiffx, input to contour2d,
contour3d, Insight's contour program.
file.eps: Dielectric bit map, output of qdiffx, input of contour2d,
lookeps.
file.kt: contour levels in kt, input to contour2d.
file.log: Logfile from qdiffx. 

Description of File Formats
file.pdb

(6A1,I5,1X,A4,A1,A4,A1,I4,A1,3X,3F8.3,2F6.2,1X,I3) for atom record, where fields contain
`atom' or `hetatm' atom serial number, atom name, alternate location indicator, residue name,
chain identifier, residue sequence number, residue insertion code, x, y, z coordinates, occupancy,
temperature factor, footnote number.

file.atm

Same as .pdb except the occupancy and temperature factor fields (positions 55-67) are replaced
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with atomic radius (format (f6.2) in 55-60) and charge (format (f7.3) in 61-67).

file.car

1.   Two lines of header information 

2.   A record for each atom of the form (A4,1X,315.9,1X,A4,A5,1X,A4,F9.4,A5) for
atom name, x, y, z coordinates, residue name, residue sequence number, potential
function atom type, partial charge, absolute atomic sequence number. 

3.   Molecules are separated with end lines. Two consecutive end lines signals the end of
file. 

file.prm

This file contains the parameters used in the DelPhi calculation. The parameters are listed below
as they appear in the parameter file.

The default DelPhi parameter file, which is found in the DelPhi data directory, is shown below.

 ! DELPHI version 2.30 parameter file
65 0 0 f ! Grid points/side, Point spacing (A/grid)
10.00000 f ! Border Space (Ang.), Grid Extent (Ang)
0.0000000 0.0000000 0.0000000 ! Coordinates of grid center
2.000000   80.00000 ! interior and exterior dielectric constants
0.1450 ! ionic strength (M/l)
2.0000   1.8000 ! Ion exclusion radius, and probe radius
4 ! Boundary cond: 1=Zero,4=Coulomb,3=Focussing
0 0 0 ! x,y,z periodic boundary flags (t/f)
A ! # linear P-B iterations
0 ! # non-linear P-B iterations
0 1 0 ! Concentration flag, PHI file, zero interior
0 0 ! FRC, EPS files: 0=none, 1=formatted
0 ! ATM file: 0=none, 1=formatted
Default parameters for potential calculation
1 0 0 ! Energy flags (Total,Reaction Field,Coulomb)
0 0 10 1 1.0E-06 1.0E-05 ! Converge: Graph,List,Intrvl,Fractn, RMS, Max
0 ! Contour info
0 ! Membrane info
0 ! Archive frames (0=all)
 
 

file.crg: Charges to be assigned to each atom/residue/#/chain type.

1.   Any number of lines with ! are ignored as comments. 

2.   A single line of ASCII information that doesn't have ! in the first column which
marks the positions of the various fields for human readability and indicates the start of
the charge records, but is otherwise not used. 
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An indefinite number of lines each containing an atom label record, a residue label record, a
residue number record, a chain label record and a charge in the format (A6,A4,A4,A1,F8)
For example: 

 !example of matching
atom__res_num_c_charge__
ca * * * -0.
ca pro * * -0.23
ca pro l * -0.25
ca pro l y -0.20
<EOF>
 
 

Atoms that do not find a match in the *.crg file will be neutral.

file.siz: van der Waals radii to be assigned to each atom/residue type

1.   Any number of lines with ! in the first position are treated as comments. 

2.   A single line of ASCII information that doesn't have ! in the first column, which
marks the positions of the various fields for human readability and indicates the start of
the radius records, but otherwise is not used. 

An indefinite number of lines each containing an atom label record a residue label record and
a radius in angstroms in the format (A6,A4,F8.3). For example: 

 !example of matching
atom__res_radius__
c * 1.8
ca * 1.7
ca pro 1.6
<EOF>
 
 

file.frc: list of potentials and fields at coordinates in *.pdb file 

ASCII header information, followed by a variable number of records written as:

 230 format(A5,A4,IX,A1,A4,F10.4,4F13.4)
write(16,230)atm,res,chn,rnum,chrgv,phiv,fx,fy,fz
 
 

where:
chrgv is the charge value
phiv is the potential at that point
fx,fy,fz are the field components
atm is atom name
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res is residue name
rnum is residue #
chn is chain id 

file.grd: potential map in Insight format

         write(14) title
        write(14) scale,oldmid
        write(14) ivary,nbyte,intdat,extent,extent
        write(14) extent,xang,yang,zang,xstart
        write(14) xend,ystart,yend,zstart,zend
        write(14) intx,inty,intz

        do 100 i = 1,intz+1
            do 100 j = 1,inty+1
100            write(14)(phimap(k,j,i),k=1,intx+1)
 
 

where: scale is the inverse grid spacing,
oldmid are x,y,z coordinates of the grid center,
intx,inty,intz = grid points per side - 1
ivary = 0
nbyte = 4
intdat = 0
xang,yang,zang = 90
extent is the absolute value of the x,y, or z coordinate of the grid
corners with the largest absolute value
xstart,xend,ystart, yend,zstart,zend are the fractional limits (-1 to 1)
of the molecule in each direction.
title is a descriptive header for the molecule 

file.eps: dielectric map

 unformatted file
real version
real scale
real oldmid(3)
integer igrid (3)
integer*2 eps(nx,ny,nz,3)

write (10) version, scale, oldmid, igrid
do 100 i=1,3

            do 100 j=1,nz
100 write(10) ((eps(l,k,j,i),l=1,nx),k=1,ny)
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where eps is the dielectric map
nx = (# grid points along x axis of grid)/16+1
ny = # grid points along y axis of grid
nz = # grid points along z axis of grid
scale,oldmid relate grid coords. to real space coords
version = DelPhi version number (e.g. 2.2)
igrid(i) = # grid points along the x,y,z axes, for i=1,2,3 respectively

file.kt: file of contour levels used by contour2d and contour3d

Free format, one value per line, any number of lines where values are desired contour levels.

DelPhi Library Files
The DelPhi Library Files are listed below. Note that these files all reside in the DelPhi data
directory pointed to by the environmental variable DELPHIDATA. Each of the following section
headings gives the filename, followed by the DelPhi module parameter in parentheses.

default.prm (Default_Params)
This file contains default values for potential calculation parameters.

! DELPHI version 2.30 parameter file 

 65 0 0 f ! Grid points/side, Point spacing (A/grid)
10.00000 f ! Border Space (Ang.), Grid Extent (Ang)
0.0000000 0.0000000 0.0000000   ! Coordinates of grid center
2.000000 80.00000   ! interior and exterior dielectric constants
0.1450 ! ionic strength (M/l)
2.0000   1.8000 ! Ion exclusion radius, and probe radius
4 ! Boundary cond: 1=Zero,4=Coulomb,3=Focussing
0 0 0 ! x,y,z periodic boundary flags (t/f)
A ! # linear P-B iterations
0 ! # non-linear P-B iterations
0 1 0 ! Concentration flag, PHI file, zero interior
0 0 ! FRC, EPS files: 0=none, 1=formatted
0 ! ATM file: 0=none, 1=formatted
Default parameters for potential calculation
1 0 0 ! Energy flags (Total,Reaction Field,Coulomb)
0 0 10 1 1.0E-06 1.0E-05 ! Converge: Graph,List,Intrvl,Fractn,RMS,Max
0 ! Contour info
 0 ! Archive frames (0=all)
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default.siz (DelPhi_Defaults)
This is the default atomic radius file.

 ! default extended atom radii based loosely
! on mike connolly's MS program- note H's are 0
atom__res_radius__
c             1.90
a             1.75
o             1.60
n             1.65
h             0.00
p             1.90
s             1.90
mg            1.86
m5            1.90
ca            1.86
cu            1.25
zn            1.34
fe            1.30 
 
 

insight.siz (VDW_Radii)
This file contains the default Van der Waals radii used by insight, taken from the file
elements.dat.

 ! Default VDW radii found in Biosym file elements.dat.
 
 
 atom__res_radius_
 
 
 H           1.10
L           1.10
D           1.00
He          2.20
Li          1.22
Be          0.63
B           1.55
C           1.55
N           1.40
O           1.35
F           1.30
Ne          2.02
Na          2.20
Mg          1.50
Al          1.50
Si          2.20
P           1.88
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S           1.81
Cl          1.75
Ar          2.77
K           2.39
Ca          1.95
Sc          1.32
Ti          1.95
V           1.06
Cr          1.13
Mn          1.19
Fe          1.95
Co          1.13
Ni          1.24
Cu          1.15
Zn          1.15
Ga          1.55
Ge          4.90
As          0.83
Se          0.90
Br          1.75
Kr          1.90
Rb          2.65
Sr          2.02
Y           1.61
Zr          1.42
Nb          1.33
Mo          1.75
Tc          1.80
Ru          1.20
Rh          1.22
Pd          1.44
Ag          1.55
Cd          1.75
In          1.46
Sn          1.67
Sb          1.12
Te          1.26
I           1.75
Xe          2.10
Cs          3.01
Ba          2.41
La          1.83
Hf          1.40
Ta          1.22
W           1.26
Re          1.30
Os          1.58
Ir          1.22
Pt          1.55
Au          1.45
Hg          1.98
Tl          1.71
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Pb          2.16

Bi          1.73
Po          1.21
At          1.12
Rn          2.30
Fr          3.24
Ra          2.57
Ac          2.12
Ce          1.86
Pr          1.62
Nd          1.79
Pm          1.76
Sm          1.74
Eu          1.96
Gd          1.69
Tb          1.66
Dy          1.63
Ho          1.61
Er          1.59
Tm          1.57
Yb          1.54
Lu          1.53
Th          1.84
Pa          1.60
U           1.75
Np          1.71
Pu          1.67
Am          1.66
Cm          1.65
Bk          1.64
Cf          1.63
Es          1.62
Fm          1.61
Md          1.60
No          1.59
Lw          1.58
 
 

prot_full.crg (Protein_Formal)
This file assigns charges only to atoms on charged residues (arg +1, lys +1, asp- 1, glu -1, his
+0.5, C terminus -1). Each full charge is distributed over one or two of the atoms in the residue.
This charge scheme is useful because it is simple and yet produces good results. Also, it does not
require the presence of explicit hydrogens as many partial charge schemes do. Note that the C
terminus is given a charge of -1.0 (on the OXT atom) but there is no charge on the N terminus,
since this is a different residue for each molecule. Therefore, if the N terminus is positive, a rule
should be added to this charge file to cover the N terminus. Also note that Histidine residues are
assigned a charge of +0.50 in this scheme, which may not be the desired charge for all cases.
This file is listed below. 
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 ! full charges on side chains and termini only
atom__res_num_c_charge__
nz lys 1.0
nh1 arg 0.5
nh2 arg 0.5
oe1 glu -0.5
oe2 glu -0.5
od1 asp -0.5
od2 asp -0.5
nd1 his 0.25
ne2 his 0.25
oxt -1.00
cu 2.0
zn 2.0
 
 

biosym_full.crg (CVFF_Formal)
This charge file assigns charges to one or two atoms on charged residues only for Biosym format
coordinated files (file.car).

 ! Full charges for BIOSYM files on charged residues only
atom__res_num_c_charge__
n alaN 1.0
n ar+N 1.0 !ar+N will have net charge of

2.0,nh1=.5,nh2=.5
nh1 ar+N 0.5
nh2 ar+N 0.5
nh1 arg+ 0.5
nh2 arg+ 0.5
nh1 ar+C 0.5 ! ar+C has net charge= 0.0,since oxt = -1.0
nh2 ar+C 0.5
nh1 ar+n 0.5
nh2 ar+n 0.5
n asnN 1.0
n aspN 1.0
n ap-N 1.0 ! ap-N has net charge = 0.0,od1=-0.5,od2=-0.5
od1 ap-N -0.5
od2 ap-N -0.5
od1 asp- -0.5
od2 asp- -0.5
od1 ap-C -0.5 ! ap-C has net charge = -2.0,since oxt= -1.0
od2 ap-C -0.5
od1 ap-n -0.5
od2 ap-n -0.5
n cyhN 1.0
n cysN 1.0
oe1 glu- -0.5
oe2 glu- -0.5
n gl-N 1.0 ! gl-N has net charge = 0.0
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oe1 gl-N -0.5
oe2 gl-N -0.5
oe1 gl-C -0.5 ! gl-C has net charge = -2.0,oxt = -1.0
oe2 gl-C -0.5
oe1 gl-n -0.5
oe2 gl-n -0.5
n gluN 1.0
n glnn 1.0
n glyn 1.0
n hisn 1.0
n hi+n 1.0 ! hi+N has net charge = 2.0, nd1=0.5,ne2=0.5
nd1 hi+n 0.5
ne2 hi+n 0.5
nd1 his+ 0.5
ne2 his+ 0.5
nd1 hi+C 0.5 ! hi+C has net charge = 0.0, oxt = -1.0
ne2 hi+C 0.5
nd1 hi+n 0.5
ne2 hi+n 0.5
n hidn 1.0
n ilen 1.0
n leun 1.0
n ly+n 1.0 ! ly+N has net charge = 2.0, nz = 1.0
nz ly+n 1.0
nz lys+ 1.0
nz ly+C 1.0 ! ly+C has net charge = 0.0, oxt = -1.0
nz ly+n 1.0
n lysn 1.0
n metn 1.0
n phen 1.0
n pron 1.0
n sern 1.0
n thrn 1.0
n trpn 1.0
n tyrn 1.0
n valn 1.0
oxt -1.0
cu 2.0
zn 2.0
 
 

prot_back.crg (Protein_Backbone)
This charge file assigns Amber partial charges on backbone atoms only.

 ! amber charges on backbone only
atom__res_num_c_charge__
ht1 0.416
ht2 0.416
ht3 0.416
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n -0.520
ca 0.246
c 0.526
o -0.500
h 0.248
n pro -0.257
ca pro 0.231
c pro 0.526
o pro -0.500
nz lys 1.0
nh1 arg 0.5
nh2 arg 0.5
oe1 glu -0.5
oe2 glu -0.5
od1 asp -0.5
od2 asp -0.5
nd1 his 0.25
ne2 his 0.25
oxt -1.00
oct1 -0.75
oct2 -0.75
cu  2.0
zn  2.0
 
 

prot_amb.crg (Protein_Amber)
This charge file assigns Amber partial charges on all residues. Note that these charges are based
on the united atom model described in Weiner et al., J. Am. Chem. Soc., Vol. 106, p. 765 (1984).

 ! Amber charges, united atom model, based on
! weiner et al., J. Am. Chem. Soc., vol. 106, p. 765 (1984)
atom__res_num_c_charge__
n ala -0.520 ALANINE nonpolar
CA ala 0.215
C ala 0.526
O ala -0.500
H ala 0.248
CB ala 0.031
n arg -0.520 ARGININE basic
C arg 0.526
O arg -0.500
CA arg 0.237
CB arg 0.049
CG arg 0.058
CD arg 0.111
NE arg -0.493
CZ arg 0.813
NH1 arg -0.635
NH2 arg -0.634
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H arg 0.248
HE arg 0.294
HH11 arg 0.361
HH12 arg 0.362
HH21 arg 0.361
HH22 arg 0.362
n asn -0.520 ASPARAGINE polar neutral
CA asn 0.217
C asn 0.526
O asn -0.500
CB asn 0.003
ND2 asn -0.867
AD2 asn -0.867
CG asn 0.675
OD1 asn -0.470
AD1 asn -0.470
H asn 0.248
HD21 asn 0.344
HD22 asn 0.344
OD1 asp -0.706 ASPARTIC ACID acidic
OD2 asp -0.706
CA asp 0.246
CB asp -0.208
CG asp 0.620
n asp -0.520
C asp 0.526
O asp -0.500
H asp 0.248
n cys -0.520 CYSTINE polar neutral
C cys 0.526
O cys -0.500
CA cys 0.146
CB cys 0.100
SG cys -0.135
H cys 0.248
HS cys 0.135
n cyx -0.520 CYSTEINE polar neutral
C cyx 0.526
O cyx -0.500
CA cyx 0.088
CB cyx 0.143
SG cyx 0.015
H cyx 0.248
n gln -0.520 GLUTAMINE polar neutral
CA gln 0.210
C gln 0.526
O gln -0.500
CB gln 0.053
CG gln -0.043
NE2 gln -0.867
AE2 gln -0.867
CD gln 0.675
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OE1 gln -0.470

AE1 gln -0.470
H gln 0.248
HE21 gln 0.344
HE22 gln 0.344
OE1 glu -0.706 GLUTAMIC ACID acidic
OE2 glu -0.706
CD glu 0.620
n glu -0.520
C glu 0.526
O glu -0.500
CA glu 0.246
CB glu 0.000
CG glu -0.208
H glu 0.248
n gly -0.520 GLYCINE nonpolar
CA gly 0.246
C gly 0.526
O gly -0.500
H gly 0.248
n hid -0.520 HISTIDINE +0.25 on each N
C hid 0.526
O hid -0.500
CA hid 0.219
CB hid 0.060
CG hid 0.089
CD2 hid 0.145
AD2 hid 0.145
CE1 hid 0.384
AE1 hid 0.384
ND1 hid -0.194
AD1 hid -0.194
NE2 hid -0.277
AE2 hid -0.277
H hid 0.248
HD1 hid 0.320
n hie -0.520 histidine 1.00
C hie 0.526
O hie -0.500
CA hie 0.219
CB hie 0.060
CG hie 0.112
CD2 hie 0.122
AD2 hie 0.122
CE1 hie 0.384
AE1 hie 0.384
ND1 hie -0.277
AD1 hie -0.277
NE2 hie -0.194
AE2 hie -0.194
H hie 0.248
HE2 hie 0.320
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n his -0.520 histidine +0.5
C his 0.526

O his -0.500
CA his 0.219
CB his 0.060
CG his 0.112
CD2 his 0.122
AD2 his 0.122
CE1 his 0.384
AE1 his 0.384
ND1 his -0.277
AD1 his -0.277
NE2 his -0.194
AE2 his -0.194
H his 0.248
HD1 his 0.320
n hip -0.520 histidine basic +1.0
C hip 0.526
O hip -0.500
CA hip 0.195
CB hip 0.211
CG hip 0.103
CD2 hip 0.353
AD2 hip 0.353
CE1 hip 0.719
AE1 hip 0.719
ND1 hip -0.613
AD1 hip -0.613
NE2 hip -0.686
AE2 hip -0.686
H hip 0.248
HD1 hip 0.478
HE2 hip 0.486
n ile -0.520 isoleucine nonpolar
C ile 0.526
O ile -0.500
CA ile 0.199
CB ile 0.030
CG1 ile 0.017
CG2 ile 0.001
CD1 ile -0.001
H ile 0.248
n leu -0.520 LEUCINE nonpolar
C leu 0.526
O leu -0.500
CA leu 0.204
CB leu 0.016
CG leu 0.054
CD1 leu -0.014
CD2 leu -0.014
H leu 0.248
n lys -0.520 LYSINE basic
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C lys 0.526
O lys -0.500
CA lys 0.227

CB lys 0.039
CG lys 0.053
CD lys 0.048
CE lys 0.218
NZ lys -0.272
H lys 0.248
HZ1 lys 0.3110
HZ2 lys 0.311
HZ3 lys 0.3110
n met -0.520 METHIONINE nonpolar
C met 0.526
O met -0.500
CA met 0.137
CB met 0.037
CG met 0.090
SD met -0.025
CE met 0.007
H met 0.248
n phe -0.520 PHENYLALANINE nonpolar
C phe 0.526
O phe -0.500
CA phe 0.214
CB phe 0.038
CG phe 0.011
CD1 phe -0.011
CD2 phe -0.011
CE1 phe 0.004
CE2 phe 0.004
CZ phe -0.003
H phe 0.248
n pro -0.257 PROLINE nonpolar
CA pro 0.112
C pro 0.526
O pro -0.500
CB pro -0.001
CG pro 0.036
CD pro 0.084
n ser -0.520 SERINE polar neutral
C ser 0.526
O ser -0.500
CA ser 0.292
CB ser 0.194
OG ser -0.550
H ser 0.248
HG ser 0.310
n thr -0.520 THREONINE polar neutral
C thr 0.526
O thr -0.500
OG1 thr -0.550
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CA thr 0.268
CB thr 0.211
CG2 thr 0.007
H thr 0.248

HG1 thr 0.310
n trp -0.520 TRYPTOPHAN nonpolar
C trp 0.526
O trp -0.500
CA trp 0.248
CB trp 0.020
CG trp 0.046
CD1 trp 0.117
CD2 trp -0.275
NE1 trp -0.330
CE2 trp 0.000
CE3 trp 0.145
CZ2 trp 0.029
CZ3 trp -0.082
CH2 trp 0.034
H trp 0.248
HE trp 0.294
n tyr -0.520 TYROSINE neutral/acidic
C tyr 0.526
O tyr -0.500
OH tyr -0.368
CA tyr 0.245
CB tyr 0.022
CG tyr -0.001
CD1 tyr -0.035
CD2 tyr -0.035
CE1 tyr 0.100
CE2 tyr 0.100
CZ tyr -0.121
H tyr 0.248
HH tyr 0.339
n val -0.520 VALINE nonpolar
C val 0.526
O val -0.500
CA val 0.201
CB val 0.033
CG1 val 0.006
CG2 val 0.006
H val 0.248
OH2 tip -0.82 TIP3WATER OF CHARMM
H1 tip 0.41
H2 tip 0.41
oxt  -1.00
oct1  -0.75
oct2  -0.75
ht1  0.416
ht2  0.416
ht3  0.416
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cu  2.0
zn  2.0
fe  2.0
 
 

nuca_full.crg (DNA_RNA_Formal)
This charge file assigns full charges on nucleic acids.

 ! full charges only on nucleic acids
! charge of -0.5 on each P oxygen, type o#p
atom__res_num_c_charge__
p  0.0
o1p  -0.5
o2p  -0.5
 
 

nuca_amb.crg (DNA_RNA_Amber)
This charge file assigns Amber-like partial charges for nucleic acids.

 ! partial charges are `amber like', taken from
!tung, harvey and mccammon, biopolymers vol
! 23,pp2173-2193, 1984
atom__res_num_c_charge__
O1P a -0.89 adenine of tRNA
O2P a -0.89
P a  1.81
O5' a  -0.68
C5' a  0.24
C4' a  0.21
O4' a  -0.48
C3' a  0.26
O3' a  -0.76
oxt a  -0.76
C2' a  0.17
O2' a  -0.17
C1' a  0.33
N1 a  -0.37
C2 a  0.25
N3 a  -0.29
C4 a  0.22
C5 a  -0.15
C6 a  0.33
N6 a  -0.03
N7 a  -0.20
C8 a  0.19
N9 a  -0.10
O1P 1ma  -0.89 1-METHYL ADENINE of tRNA
O2P 1ma  -0.89



Insight II 20003.L DelPhi

Page 156 of 166

P 1ma  1.81
O5' 1ma  -0.68
C5' 1ma  0.24
C4' 1ma  0.21
O4' 1ma  -0.48
C3' 1ma  0.26
O3' 1ma  -0.76
oxt 1ma  -0.76
C2' 1ma  0.17
O2' 1ma  -0.17
C1' 1ma  0.33
N1 1ma  -0.37
C1 1ma  0.17
C2 1ma  0.25
N3 1ma  -0.29
C4 1ma  0.22
C5 1ma  -0.15
C6 1ma  0.33
N6 1ma  -0.20
N7 1ma  -0.20
C8 1ma  0.19
N9 1ma -0.10
O1P g  -0.89 GUANINE of tRNA
O2P g  -0.89
P g  1.81
O5' g  -0.68
C5' g  0.24
C4' g  0.21
O4' g  -0.48
C3' g  0.26
O3' g  -0.76
oxt g  -0.76
C2' g  0.17
O2' g  -0.17
C1' g  0.33
N1 g  -0.17
C2 g  0.39
N2 g  -0.01
N3 g  -0.34
C4 g  0.22
C5 g  -0.24
C6 g  0.64
O6 g  -0.61
N7 g  -0.12
C8 g  0.17
N9 g  -0.08
O1P 2mg  -0.89 2-METHYL GUANINE of tRNA
O2P 2mg  -0.89
P 2mg  1.81
O5' 2mg  -0.68
C5' 2mg  0.24
C4' 2mg  0.21
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O4' 2mg  -0.48

C3' 2mg  0.26
O3' 2mg  -0.76
oxt 2mg  -0.76
C2' 2mg  0.17
O2' 2mg  -0.17
C1' 2mg  0.33
N1 2mg  -0.17
C2 2mg  0.39
N2 2mg  -0.11
C2A 2mg  0.10
N3 2mg  -0.34
C4 2mg  0.22
C5 2mg  -0.24
C6 2mg  0.64
O6 2mg  -0.61
N7 2mg  -0.12
C8 2mg  0.17
N9 2mg  -0.08
O1P 1mg  -0.89 1-methyl GUANINE of tRNA
O2P 1mg  -0.89
P 1mg  1.81
O5' 1mg  -0.68
C5' 1mg  0.24
C4' 1mg  0.21
O4' 1mg  -0.48
C3' 1mg  0.26
O3' 1mg  -0.76
oxt 1mg  -0.76
C2' 1mg 0.17
O2' 1mg -0.17
C1' 1mg 0.33
N1 1mg -0.17
C1A 1mg 0.00
C2 1mg 0.39
N2 1mg -0.01
N3 1mg -0.34
C4 1mg 0.22
C5 1mg -0.24
C6 1mg 0.64
O6 1mg -0.61
N7 1mg -0.12
C8 1mg 0.17
N9 1mg -0.08
O1P m2g -0.89 2-DiMETHYL GUANINE of tRNA
O2P m2g -0.89
P m2g 1.81
O5' m2g -0.68
C5' m2g 0.24
C4' m2g 0.21
O4' m2g -0.48
C3' m2g 0.26
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O3' m2g -0.76
oxt m2g -0.76

C2' m2g 0.17
O2' m2g -0.17
C1' m2g 0.33
N1 m2g -0.17
C2 m2g 0.39
N2 m2g -0.21
C2A m2g 0.10
C2B m2g 0.10
N3 m2g -0.34
C4 m2g 0.22
C5 m2g -0.24
C6 m2g 0.64
O6 m2g -0.61
N7 m2g -0.12
C8 m2g 0.17
N9 m2g -0.08
O1P 7mg -0.89 7-METHYL GUANINE of tRNA
O2P 7mg -0.89
P 7mg 1.81
O5' 7mg -0.68
C5' 7mg 0.24
C4' 7mg 0.21
O4' 7mg -0.48
C3' 7mg 0.26
O3' 7mg -0.76
oxt 7mg -0.76
C2' 7mg 0.17
O2' 7mg -0.17
C1' 7mg 0.33
N1 7mg -0.40
C2 7mg 0.30
N2 7mg -0.01
N3 7mg -0.40
C4 7mg 0.20
C5 7mg -0.20
C6 7mg 0.60
O6 7mg -0.9
N7 7mg -0.10
C7 7mg 0.10
C8 7mg 0.45
N9 7mg -0.10
O1P omg -0.89 2-O METHYL RIBOSE GUANINE of tRNA
O2P omg -0.89
P omg 1.81
O5' omg -0.68
C5' omg 0.24
C4' omg 0.21
O4' omg -0.48
C3' omg 0.26
O3' omg -0.76
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oxt omg -0.76
C2' omg 0.22
O2' omg -0.40

C2A omg 0.18
C1' omg 0.33
N1 omg -0.17
C2 omg 0.39
N2 omg -0.01
N3 omg -0.34
C4 omg 0.22
C5 omg -0.24
C6 omg 0.64
O6 omg -0.61
N7 omg -0.12
C8 omg 0.17
N9 omg -0.08
O1P c -0.89 CYTOSINE of tRNA
O2P c -0.89
P c 1.81
O5' c -0.68
C5' c 0.24
C4' c 0.21
O4' c -0.48
C3' c 0.26
O3' c -0.76
oxt c -0.76
C2' c 0.17
O2' c -0.17
C1' c 0.33
N1 c -0.18
C2 c 0.68
O2 c -0.63
N3 c -0.45
C4 c 0.39
N4 c 0.05
C5 c -0.27
C6 c 0.26
O1P 5mc -0.89 5-METHYL CYTOSINE of tRNA
O2P 5mc -0.89
P 5mc 1.81
O5' 5mc -0.68
C5' 5mc 0.24
C4' 5mc 0.21
O4' 5mc -0.48
C3' 5mc 0.26
O3' 5mc -0.76
oxt 5mc -0.76
C2' 5mc 0.17
O2' 5mc -0.17
C1' 5mc 0.33
N1 5mc -0.18
C2 5mc 0.68
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O2 5mc -0.63
N3 5mc -0.45
C4 5mc 0.39
N4 5mc 0.05

C5 5mc -0.30
C5A 5mc 0.03
C6 5mc 0.26
O1P omc -0.89 2-O METHYL RIBOSE CYTOSINE of tRNA
O2P omc -0.89
P omc 1.81
O5' omc -0.68
C5' omc 0.24
C4' omc 0.21
O4' omc -0.48
C3' omc 0.26
O3' omc -0.76
oxt omc -0.76
C2' omc 0.22
O2' omc -0.40
C2A omc 0.18
C1' omc 0.33
N1 omc -0.18
C2 omc 0.68
O2 omc -0.63
N3 omc -0.45
C4 omc 0.39
N4 omc 0.05
C5 omc -0.27
C6 omc 0.26
O1P u -0.89 URACIL of tRNA
O2P u -0.89
P u 1.81
O5' u -0.68
C5' u 0.24
C4' u 0.21
O4' u -0.48
C3' u 0.26
O3' u -0.76
oxt u -0.76
C2' u 0.17
O2' u -0.17
C1' u 0.33
N1 u -0.19
C2 u 0.67
O2 u -0.58
N3 u -0.16
C4 u 0.64
O4 u -0.58
C5 u -0.18
C6 u 0.23
O1P h2u -0.89 HYDROXY-2-URACIL of tRNA
O2P h2u -0.89
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P h2u 1.81
O5' h2u -0.68
C5' h2u 0.24
C4' h2u 0.21
O4' h2u -0.48

C3' h2u 0.26
O3' h2u -0.76
oxt h2u -0.76
C2' h2u 0.17
O2' h2u -0.17
C1' h2u 0.33
N1 h2u -0.19
C2 h2u 0.67
O2 h2u -0.58
N3 h2u -0.16
C4 h2u 0.64
O4 h2u -0.58
C5 h2u -0.18
C6 h2u 0.23
O1P 5mu -0.89 5-METHYL URACIL of tRNA
O2P 5mu -0.89
P 5mu 1.81
O5' 5mu -0.68
C5' 5mu 0.24
C4' 5mu 0.21
O4' 5mu -0.48
C3' 5mu 0.26
O3' 5mu -0.76
oxt 5mu -0.76
C2' 5mu 0.17
O2' 5mu -0.17
C1' 5mu 0.33
N1 5mu -0.19
C2 5mu 0.67
O2 5mu -0.58
N3 5mu -0.16
C4 5mu 0.64
O4 5mu -0.58
C5 5mu -0.25
C5A 5mu 0.07
C6 5mu 0.23
O1P psu -0.89 URACIL of tRNA
O2P psu -0.89
P psu 1.81
O5' psu -0.68
C5' psu 0.24
C4' psu 0.21
O4' psu -0.48
C3' psu 0.26
O3' psu -0.76
oxt psu -0.76
C2' psu 0.17
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O2' psu -0.17
C1' psu 0.33
N1 psu -0.19
C2 psu 0.67
O2 psu -0.58
N3 psu -0.16

C4 psu 0.64
O4 psu -0.58
C5 psu -0.18
C6 psu 0.23
O1P yg -0.89 Y BASE:GUANINE of tRNA
O2P yg -0.89
P yg 1.81
O5' yg -0.68
C5' yg 0.24
C4' yg 0.21
O4' yg -0.48
C3' yg 0.26
O3' yg -0.76
oxt yg -0.76
C2' yg 0.17
O2' yg -0.17
C1' yg 0.33
N1 yg -0.20
C2 yg 0.40
N2 yg -0.20
N3 yg -0.40
C3 yg 0.10
C4 yg 0.20
C5 yg -0.20
C6 yg 0.60
O6 yg -0.60
N7 yg -0.10
C8 yg 0.15
N9 yg -0.10
C10 yg 0.00
C11 yg 0.10
C12 yg 0.10
C13 yg 0.00
C14 yg 0.00
C15 yg 0.10
C16 yg 0.30
O17 yg -0.40
O18 yg -0.10
C19 yg 0.10
N20 yg 0.10
C21 yg 0.40
O22 yg -0.40
O23 yg -0.20
C24 yg 0.10
O1P ade -0.85 ADENINE of DNA
O2P ade -0.85
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P ade 1.429
O5' ade -0.535
C5' ade 0.153
C4' ade 0.185
C3' ade 0.172
O3' ade -0.535
oxt ade -0.535

C2' ade -0.047
o4' ade -0.386
C1' ade 0.50
N1 ade -0.76
C2 ade 0.571
N3 ade -0.717
C4 ade 0.695
C5 ade -0.151
C6 ade 0.813
N6 ade -0.793
N7 ade -0.599
C8 ade 0.488
N9 ade -0.457
HN6 ade 0.335
HN6a ade 0.335
HN6b ade 0.335
O1P gua -0.85 GUANINE of DNA
O2P gua -0.85
P gua 1.429
O5' gua -0.535
C5' gua 0.153
C4' gua 0.185
C3' gua 0.172
O3' gua -0.535
oxt gua -0.535
C2' gua -0.047
o4' gua -0.386
C1' gua 0.50
N1 gua -0.746
C2 gua 0.842
N2 gua -0.758
N3 gua -0.702
C4 gua 0.49
C5 gua -0.088
C6 gua 0.714
O6 gua -0.459
N7 gua -0.575
C8 gua 0.428
N9 gua -0.379
HN1 gua 0.340
HN2 gua 0.324
HN2a gua 0.324
HN2b gua 0.324
O1P cyt -0.85 CYTOSINE of DNA
O2P cyt -0.85



Insight II 20003.L DelPhi

Page 164 of 166

P cyt 1.429
O5' cyt -0.535
C5' cyt 0.153
C4' cyt 0.185
C3' cyt 0.172
O3' cyt -0.535
oxt cyt -0.535
C2' cyt -0.047

o4' cyt -0.386
C1' cyt 0.50
N1 cyt -0.572
C2 cyt 0.938
O2 cyt -0.518
N3 cyt -0.791
C4 cyt 0.630
N4 cyt -0.743
C5 cyt -0.230
C6 cyt 0.377
HN4 cyt 0.335
HN4a cyt 0.335
HN4b cyt 0.335
O1P thy -0.85 THYMIDINE of DNA
O2P thy -0.85
P thy 1.429
O5' thy -0.535
C5' thy 0.153
C4' thy 0.185
C3' thy 0.172
O3' thy -0.535
oxt thy -0.535
C2' thy -0.047
o4' thy -0.386
C1' thy 0.50
N1 thy -0.739
C2 thy 1.113
O2 thy -0.529
N3 thy -1.012
C4 thy 0.98
O4 thy -0.47
C5 thy -0.595
CM thy 0.097
m5 thy 0.097
C6 thy 0.551
HN3 thy 0.370
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Solvation Input Files
cff91.siz
This file contains atomic radii fitted to the CFF91 atomic partial charges while the solute
dielectric constant equals 1, and coefficients of the nonpolar free solvation energy equal: a =
0.800 kcal/mol, b = 6.82 cal mol-1 Å-2. These radii are included in the CFF91 parameter set of the
Solvation module.

 !Atomic radii included in CFF1 parameter set of Solvation module
atom_res_radius_
C  2.0
H  1.0
O  1.5
N  1.6
S  1.4
P  1.8
 
 

parse.siz
This file contains the atomic radii fitted to PARSE partial atomic charges. The coefficients of the
non-polar free solvation energy are: a = 0.86 kcal/mol, and b = 5 cal mol-1 A-2.

 !Atomic radii included in PARSE parameter set of Solvation module.
atom__res_radius_
 
 
 C 1.7
H 1.0
O 1.4
N 1.5
S 1.85
 
 

Note: The original PARSE parameter set is based on the united atom approach for CHn groups to
which the radius of 2Å is assigned, while the radius of 1.7Å is assigned to other carbons (Sitkoff
et al., 1994). In the current implementation, all carbons have radius of 1.7Å while hydrogens
always are treated explicitly and have radius of 1.0Å.

The other files related to PARSE parameter set are parse.lib, parse.frc, and parse_templates.dat;
these are used to correctly assign atom types and charges to the molecule.
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