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Conventions 
 
The following syntactical conventions are used throughout this document for clarity: 
 
 Sample text   Uses   
 
 EXAMPLE     • programs documented elsewhere in this manual 
     • specific manual sections 
 
 example   • UNIX commands 
     • user input 
     • keyword values 
     • parameter file names 
     • parameter file data 
     • FORTRAN formats 
 
 [example]   • an optional parameter, step, or procedure 
 
 
 

Installation 
 
 Installation of DOCK is straightforward.  Create a directory for DOCK 3.5 in the desired 
installation location and cd to it.   Use tar xv to extract the contents of the tape into this 
directory.  A file in this directory called 00README outlines the directory hierarchy.  The 
following subdirectories should exist within your DOCK 3.5 directory: 
  bin   executables for all programs referred to in this document 
  examples  docking examples 
  parms   parameter files for docking and related programs 
  source  source code for all programs referred to in this document 
If necessary, change to the source directory and type make clean followed by make 
install for complete compilation and installation of all programs and utilities.   
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DOCK Schematic.  Generalized procedure for using DOCK, including other programs that may be 
involved.  MS (Connolly, 1983a, 1983b) and DELPHI (Klapper et al., 1986; Gilson, Sharp, and 
Honig, 1987) are distributed independently. 
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Overview of the DOCK program suite 
C.M. Oshiro 

General Concepts 
 
 This document is intended to give an overview of the ideas which form the basis of the 
DOCK suite of programs.  It is not intended to be a reference manual or a user’s guide for the 
programs, nor a substitute for all the papers writtten on DOCK.   Rather, it gives a synopsis of 
the structure of the programs and concepts underlying the programs. 
 The DOCK suite of programs is designed to find favorable orientations of a ligand in a 
“receptor.”   It can be subdivided into (i) those programs related directly to docking of 
ligands and (ii) accessory programs.  We limit the discussion here to only those programs 
and methods related to docking a ligand in a receptor.  A typical receptor might be an 
enzyme with a well-defined active site, though any macromolecule may be used (e.g. a 
structural protein, a nucleic acid strand, a “true” receptor).  We’ll use an enzyme as an 
example in the rest of this discussion.  
 The starting point of all docking calculations is generally the crystal structure of an 
enzyme from an enzyme-ligand complex.  The ligand structure may be taken from the crystal 
structure of the enzyme-ligand complex or from a database of compounds, such as the 
Cambridge Crystallographic Database [1] or the Concord-generated [2] set of coordinates 
from the Available Chemicals Directory (from Molecular Design, Ltd., San Leandro, CA).  
The primary consideration in the design of our docking programs has been to develop 
methods which are both rapid and reasonably accurate.  These programs can be separated 
functionally into roughly two parts, each somewhat independent of the other: 
 (i)  routines which determine the orientation of a ligand relative to the receptor, and 
 (ii) routines which evaluate (score) a ligand orientation. 
There is a lot of flexibility.  You can generate orientations outside of DOCK and score them 
with the DOCK evaluation functions.  Alternatively, you can develop your own scoring 
routines to replace the functions supplied with DOCK.  
 The ligand orientation in a receptor site is broken down into a series of steps, in different 
programs.  First, a potential site of interest on the receptor is identified. (Oftentimes, the 
active site is the site of interest and is known a priori.) Within this site, points are identified 
where ligand atoms may be located.  A routine from the DOCK suite of programs identifies 
these points, called sphere centers, by generating a set of overlapping spheres which fill the 
site.  Rather than using DOCK to generate these sphere centers, important positions within the 
active site may be identified by some other mechanism and used by DOCK as sphere centers.  
For example, the positions of atoms from the bound ligand may be used as these sphere 
centers.  Or, a grid may be generated within the site and each grid point may be considered as 
a sphere center.  Our sphere centers, however, attempt to capture shape characteristics of the  
active site (or site of interest) with a minimum number of points and without the bias of 
previously known ligand binding modes. 
 To orient a ligand within the active site, some of the sphere centers are “matched” with 
ligand atoms.  That is, a sphere center is “paired” with an ligand atom.  Many sets of these 
atom-sphere pairs are generated, each set containing only a small number of sphere-atom 
pairs.  In order to limit the number of possible sets of atom-sphere pairs, a longest distance 
heuristic is used; (long) inter-sphere distances are roughly equal to the corresponding (long) 
inter-atomic ligand distances.  A set of atom-sphere pairs is used to calculate an orientation 
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of the ligand within the site of interest.  The set of sphere-atom pairs which are used to 
generate an orientation is often referred to as a match.  The translation vector and rotation 
matrix which minimizes the rmsd of (transformed) ligand atoms and matching sphere centers 
of the sphere-atom set are calculated and used to orient the entire ligand within the active 
site.  
 The orientation of the ligand is evaluated with a shape scoring function and/or a function 
approximating the ligand-enzyme binding energy.  All evaluations are done on (scoring) 
grids in order to minimize the overall computational time.  At each grid point, the enzyme 
contributions to the score is calculated and stored.  That is, receptor contributions to the 
score, potentially repetitive and time consuming, are calculated only once; the appropriate 
terms are then simply fetched from memory.  
 The shape scoring function is an empirical function resembling the van der Waal 
attractive energy. To generate the shape score, the receptor terms from the grid point nearest 
to each non-hydrogen ligand atom are summed together. That is, the shape score is 
determined simply by the position of each ligand atom on the shape scoring grid. 
 The ligand-enzyme binding energy is taken to be approximately the sum of the van der 
Waal attractive, van der Waal dispersive, and Coulombic electrostatic energies.  
Approximations are made to the usual molecular mechanics attractive and dispersive terms 
for use on a grid.  To generate the energy score, the ligand atom terms are combined with the 
receptor terms from the nearest grid point, or combined with receptor terms from a “virtual” 
grid point with interpolated receptor values.  The score is the sum of over all ligand atoms for 
these combined terms. In this case, the energy score is determined by both ligand atom types 
and ligand atom positions on the energy grids.  
 As a final step, in the energy scoring scheme, the orientation of the ligand may be varied 
slightly to minimize the energy score.  That is, after the initial orientation and evaluation 
(scoring) of the ligand, a grid-based  rigid body simplex minimization is used to locate the 
nearest local energy minimum.   The sphere centers themselves are simply approximations to 
possible atom locations; the orientations generated by the sphere-atom pairing, although 
reasonable, may not be minimal in energy. 
 

Specific Concepts - mechanisms to limit CPU time 
 
Sphere Centers  
 From an unknown source:  “...what’s good about DOCK is that it uses spheres; what’s bad 
about DOCK is that it uses spheres...” 
 Spheres are generated to fill the target site. The sphere centers are putative ligand atom 
positions.  Their use is an attempt to limit the enormous number of possible orientations 
within the active site.  Like ligand atoms, these spheres touch the surface of the molecule at 
two points and do not intersect the molecule.  The spheres are allowed to intersect other 
spheres; i.e. they have volumes which overlap.  Each sphere is represented by the coordinates 
of its center and its radius.  Only the coordinates of the sphere centers are used to orient 
ligands within the active site (see above). 
 The number of orientations of the ligand in free space is vast. The number of orientations 
possible from all sets of sphere-atom pairings is smaller but still large and cannot be 
generated and evaluated (scored) in a reasonable length of time.  Consequently, various 
filters can be (and are) used to eliminate from consideration, before evaluation, sets of 
sphere-atoms pairs, which will generate poorly scoring orientations.  That is, only a small 
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subset of the number of possible ligand orientations are actually generated and scored. The 
longest-distance heuristic is one filter.  Sphere “coloring” and identification of “critical” 
spheres are other filters. 
 In the longest-distance heuristic, sphere-sphere distances are compared to atom-atom 
distances.  Sets of sphere-atom pairs are generated in the following manner:  sphere i is 
paired with atom I if and only if for every sphere k in the set and for every atom K in the set,  
    dik - dIK   <  ε 
where dik is the distance between sphere i and sphere k, dIK is the distance between atom I 
and atom K, and ε is a somewhat small user-defined value.   
 Longest inter-atomic distances are considered first.  When the atom-sphere pair set 
contains four or more pairs, and when primarily the longest distances are considered, the 
ligand orientation which is generated will likely fit in the active site, since the rmsd of 
transformed coordinates of the (matching) atoms and coordinates of the spheres will likely be 
small. This can be seen by examining the simple (extreme) case:  if dik = dIK for every sphere 
i and k and every atom I and K, and there are the same number of atoms as spheres, then the 
transformed coordinates of the spheres and the coordinates of atoms will be the identical, 
provided that the chirality of the spheres is the same as that of the matching ligand atoms.* 
 

*Note:  since DOCK matches spheres with ligand atoms by comparing distances 
between sphere pairs and ligand atom pairs, the mirror image of the ligand 
atoms (used in the match) may be a better fit, in the rmsd sense, to the spheres, 
than the atoms of the real, non-mirror-reflected  ligand.  Consider, for example, 
the distances between the four atoms bonded to a chiral carbon center and the 
distances between the four atoms bonded to the mirror-image of that chiral 
carbon center:  the distances are the same, but the two sets of four atoms 
cannot be superimposed upon one another, unless the chirality of one is 
reversed.  In a similar manner, the chirality of the ligand atoms used in the 
match may be opposite to that of the matching spheres. 

 
Chemical Matching 
 DOCK spheres are generated without regard to the chemical properties of the nearby 
receptor atoms.  Sphere “chemical matching” or “coloring” associates a chemical property to 
spheres and a sphere of one “color” can only be matched with a ligand atom of 
complementary color.  These chemical properties may be things such as “hydrogen-bond 
donor,” “hydrogen-bond acceptor,” “hydrophobe,” “electro-positive,” “electro-negative,” 
“neutral,” etc.   Neither the colors themselves, nor the complementarity of the colors, are 
determined by the DOCK suite of programs; DOCK simply uses these labels. With the 
inclusion of coloring, only ligand atoms with the appropriate chemical properties are 
matched to the complementarily colored spheres.  It is probably more likely, then, that the 
orientation generated will produce a favorable score.  Conversely, by excluding colored 
spheres from pairing with certain ligand atoms, the number of (probably) unfavorable 
orientations which are generated and evaluated can be reduced. Note that requiring 
complementarity in matching does not mean that all ligand atoms will lie in chemically 
complementary regions of the enzyme.  Rather, only those ligand atoms, when paired with a 
colored sphere which is part of the sphere-atom match, will be guaranteed to be in the 
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chemically complementary region of the enzyme (provided chirality of the spheres is the 
same as that of the matching ligand atoms). 
 
Critical Spheres 
 The “critical sphere” filter requires that critical spheres be part of the set of sphere-atom 
pairs used to orient the ligand. Designating spheres as critical spheres forces the ligand to 
have at least one atom in that area of the enzyme, where that sphere is located.  This filter 
may be useful, for example, when  it is known that a ligand must occupy a particular area of 
an active site. This filter removes from consideration any orientation that does not guarantee 
at least one ligand atom in critical areas of the enzyme (provided chirality of the spheres is 
the same as that of the matching ligand atom). 
 
Scoring Filters 
 After a ligand is oriented within the active site, the orientation is evaluated.  In an attempt 
to reduce the total computational time, after the ligand is oriented in the site, ligand atoms are 
first checked to determine whether or not they occupy space already occupied by the 
receptor. This is often referred to as “bump checking.”  If too many of such “bumps” are 
found, then the ligand probably intersects the receptor; consequently, the ligand orientation is 
discarded before evaluation. 
 

Caveat 
 
 In the attempt to balance computational processing time and accuracy, approximations 
and  simplifications were made to the scoring functions. The interaction energy function, for 
example, lacks explicit hydrogen-bonding terms, solvation/desolvation terms, or 
hydrophobicity terms.  More accurate methods do exist for evaluating ligand docking, but at 
the expense of additional computational time.  DOCK will do no better than the accuracy of 
its scoring function.  That is, its ability to predict a novel ligand binding orientation and 
reproduce a crystal orientation is limited by the accuracy of its scoring function. 

Programs and references 
 
 The routines which actually perform the steps described above can be found in different 
programs and details can be found in various papers.  We list a small subset of papers.  
Review articles on the method can be found in Kuntz [3] and Kuntz, Meng and Shoichet [4]. 
 Program SPHGEN identifies the active site, and other sites of interest, and generates the 
sphere centers which fill the site.  It has been described in the original paper:  Kuntz, et al. 
[5].  Program DISTMAP generates the grid-based  shape scoring function; details can be found 
in Shoichet, Bodian and Kuntz [6].   Program CHEMGRID generates the energy based scoring 
function; details can be found in Meng, Shoichet and Kuntz [7].  Within the DOCK suite of 
programs, the program DOCK matches spheres (generated by SPHGEN) with ligand atoms and 
uses scoring grids (from DISTMAP and CHEMGRID) to evaluate ligand orientations; 
descriptions can be found in Kuntz, et al. [5]) and Shoichet, Bodian and Kuntz [6].  Program 
DOCK also minimizes energy based scores; description of minimization can be found in 
Meng, Gschwend, Blaney and Kuntz [8]. 
 Several “stand alone” docking-related programs exist. Program CLUSTER generates 
alternative clusters of sphere centers within the active site. It uses as input, files from 
program SPHGEN. Program SCOREOPT scores a ligand orientation with the DOCK scoring 
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functions; scoring grids are needed; for energy scoring, ligand atom van der Waal attractive 
and dispersive factors  and partial charges are also required.  Program DOCKMIN_SIM alters a 
ligand orientation to minimize its energy score; an energy scoring grid is needed as well as 
ligand van der Waal attractive and dispersive factors (types) and partial charges. 
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What's New in DOCK 3.5  
 
New Features 

 DOCK 3.5 introduces several new features which increase the power of DOCK’s existing 
algorithms.  These are described in brief here and in greater detail in the corresponding 
manual sections. 

 
• Chemical Matching 
   The ligand atoms and receptor spheres can be assigned chemical labels so that in 

the matching step, a match can be rejected if one of its atom-sphere pairs does not 
have complementary labels. Since this rejection can occur when only a partial match 
has been built, much of the search tree can be pruned. This speeds DOCK up 
considerably in some cases. 

   Chemical matching, also called “labeling” or “coloring,” was introduced in DOCK 
2.3 (Shoichet and Kuntz, 1993).  In DOCK 2.3 (never distributed), five labels were 
hardwired into DOCK: neutral, positive, negative, electron-donor and electron-
acceptor. The matching rules were also hardwired: neutral-neutral, positive-negative, 
donor-acceptor. The integration of the DOCK 2.3 labeling code into DOCK 3.0 
presented some difficulties, because the bin arrays, focusing, and ligand database 
format had diverged between 2.3 and 3.0. Also, the labeling of receptor spheres had 
been done in an ad hoc way in DOCK 2.3. Additionally, it was desired to make the 
chemical labeling more flexible, to allow the user to choose the number of labels and 
the matching rules. Accordingly, the labeling in DOCK 3.5 has been implemented in a 
more flexible way, where the user chooses the names of the labels and the matching 
rules.   

 
• Force-field Score Optimization 
   DOCK 3.5 now has the ability to refine each orientation generated prior to scoring 

it.  The refinement takes the form of a rigid-body minimization of force-field score.  
The minimizer optimizes the non-bonded interactions between ligand and receptor; 
torsions, bond lengths, and bond angles are not modified.  The refinement of ligand 
interactions is crucial for retrieving orientations which would otherwise be thrown 
out due to short-range steric clashes.  Known crystal complexes can be salvaged with 
very minimal sampling when minimization while docking is employed.  Furthermore, 
more representative interaction scores are obtained without the need for post-docking 
refinement.   

 
• Degeneracy Checking 
   Given the large number of spatially distributed spheres and atoms involved in 

docking, it is not surprising that there are many ways of pairing them which give rise 
to similar geometric orientations.  This is obviously the result of over-sampling in 
certain regions, but without which some binding modes would be under-sampled or 
even overlooked.  In the absence of refinement, this over-sampling provides a sort of 
rigid body minimization itself.  A better way to optimize local interactions is to find 
only one orientation per “family” (i.e. mode of binding) and energy-minimize that 
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orientation and never again pay close attention to further orientations generated in 
that family.  Code to this end has been implemented in the form of what is hereafter 
termed “degeneracy checking.”  Hence, only the first orientation found in a family is 
actually minimized.  Subsequent orientations that fall into the same family are not 
scored.  This not only judiciously reduces the number of orientations that are 
minimized, but also the number of orientations written out and viewed by the user on 
completion of the DOCK run (in the case of SINGLE mode). 

 
• Critical Clusters 
   The facility to define crucial binding regions within a receptor active site has been 

added to DOCK 3.5.  These interesting receptor regions are described by subsets of the 
standard receptor site point description and are therefore termed critical clusters.  
When critical clusters are defined, the user forces DOCK to include at least one 
member of each cluster within a valid match.  Use of critical clusters can thus 
dramatically decrease the number of possible ligand receptor matches, resulting in 
increased program speed and forcing DOCK to focus on active site regions of 
particular interest.  

 
• Ligand Mirroring 
   Since DOCK matches spheres with ligand atoms by comparing distances between 

sphere pairs and ligand atom pairs, the mirror image of the ligand atoms used in the 
match may generate a better fit to the spheres than the atoms of real, non-mirror-
reflected ligand.  DOCK now can orient and score not only the input ligand, but also 
the mirror-reflected image of the ligand.  Previously, DOCK calculated the best fit 
orientation in real space to make the spheres and ligand atoms coincident.  Now, in 
addition to this mode of operation, two other possibilities exist:  (1) the mirror-
reflected orientations of the ligand can be generated to check for improved fit or (2) 
the match can be discarded if the mirror-image should fit better than the real image.  
The default mode of operation is to find the best fit orientation in real space, as it was 
in previous versions of DOCK.  

 
 
File Format Changes 

 All of the new file formats begin with a header line that begins with DOCK as the first 
four characters, the version number (3.5) and a file type keyword.  This expands as follows: 
 
 

header line file type 
DOCK 3.5 ligand_atoms DOCK 3.5 ligand database  
DOCK 3.5 receptor_spheres receptor sphere clusters/site points 
DOCK 3.5 parameter INDOCK 
DOCK 3.5 option DOCKOPT 

 
This first line is of variable length and free format, with spaces separating the fields. The 
sphere cluster file now contains integer labels assigned to each sphere. The new format is 
described under SPHGEN. The new format file contains a list of all of the spheres generated at 
the end of the file as cluster 0. This obviates the need for the TOSPH program, which is now 
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no longer distributed. The ligand database file also contains atom labels; see the MOL2DB 
section for a description of the new format. Both sphere and ligand files now contain color 
tables, which are simply lists of the colors (labels), near the beginning of the file, and in the 
same format for both spheres and ligands. If the user decides not to do atom or sphere 
coloring, the color table is empty, and the atom and sphere colors are set to 0, which means 
uncolored. No provision has been made for coloring ligand spheres, since there is no obvious 
way to do it. New formats for the INDOCK and DOCKOPT files are described in the DOCK 
section.  The new format uses keywords, rather than position in the file, to identify input 
variables. 

 
 
Usage 

• SPHGEN 
  This program is run in the same manner as in DOCK 3.0, since it does no labeling. The 

output file contains an empty color table. The output format will be larger than 
before, because of the all-sphere cluster “0” at the end.  

 
• CHEMGRID  
  The format of the INCHEM file has changed somewhat. The lines previously defining 

the grid center, grid dimensions, and output grid box file name have been replaced by 
the name of the input grid box. The box file is in the format created by SHOWBOX. 
The center and dimensions are read from the REMARK lines of the box file; the rest of 
the box file is ignored.  In the OUTPARM file the program now reports all residues 
calculated to have a net charge. A non-integer charge probably indicates a 
parameterization error for that residue. The lines in OUTPARM reporting charged 
residues each contain the string “CHARGED RESIDUE.” 

 
• DOCK  
  The rationale behind a special chemical_matching command, rather than just 

allowing the presence of one or more match commands to implicitly turn on chemical 
(colored) matching is that if one desires to toggle back and forth between steric and 
chemical matching, it is easier to comment out or uncomment just one line, 
chemical_matching, than to do so for several match lines.  In addition to the 
chemical_matching command, one must have one or more match ligand_color 
receptor_color commands to specify the labeled matching rules. The 
case_sensitive command determines whether color names must have the same case 
in order to be regarded as being the same color. A yes (default) means that polar and 
POLAR are different colors; a no means that they are regarded as being the same color. 

 
• MOL2DB 
  Each entry in a SYBYL MOL2 file may contain not only a primary molecule, the 

ligand, but also other molecules, such as counter ions. The program has always 
endeavored to identify which atoms belong to the primary molecule so that only it, 
and not the counter ions, is written to the DOCK database output file. The program 
now uses the bond records rather than the substructure number to determine which 
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atoms make up the primary molecule. This avoids possible problems such as a protein 
which has a different substructure number for each amino acid residue.  

 
• Accessory Programs 
  Several new utilities have been included with the DOCK 3.5 release.  These are 

programs we have found to be useful with various aspects of the docking process.  
Please note that some older programs have been superseded.  What follows is an 
overview of utilities new to the DOCK 3.5 distribution.  For further documentation on 
each of these programs, see the ACCESSORIES section in this manual. 

 
addprh add hydrogens to proteins using either PDB or AMBER names 
charge provide residue composition, including total charge 
colsph color sphere clusters according to scoring grid properties 
condense generate compact MS -i files 
db3todb35 convert DOCK 3.0 ligand databases to DOCK 3.5 ligand 

databases 
dockmin_dfp perform a rigid-body optimization on DOCK output by 

minimizing force-field score (quasi-Newton method) 
dockmin_sim perform a rigid-body optimization on DOCK output by 

minimizing force-field score (simplex method) 
fixDOCKout fix defects in DOCK output for multi-residue ligands 
formatINDOCK neatly format keyword INDOCK files 
get_near_res identify receptor atoms near to ligand atoms 
hbdata automate running GRID with multiple probes for SYBYL usage 
mol2sph convert MOL2 files into sphere cluster format, allowing 

automatic receptor coloring 
pdbrenum a versatile residue and atom renumbering utility 
pdbtosph convert PDB files into sphere cluster format 
rebump recreate CHEMGRID bump maps with altered contact distances 
rmsd compute RMS deviation between two coordinate sets 
sortDOCKout sort DOCK output of any kind by scores, RMSD, registry number 
splitmol a versatile structure file splitting utility 
tonew convert 3.0 format INDOCK files to the new keyword format 
x2db3 convert extended PDB DOCK output into a DOCK 3.0 database 
x2pdb convert extended PDB DOCK output into standard PDB 

 
• DELPHI 
  DOCK and DELPHI have diverged in recent years with respect to input/output formats.  

We are no longer actively supporting an interface to DELPHI.  Version 3.0 is the last 
version of DELPHI known to function correctly with DOCK, although more recent 
releases have not been examined. 

 
 

Backward Compatibility 
 An effort has been made to make DOCK as backward compatible as possible. DOCK 3.5 
can read any combination of old (3.0) and new (3.5) format ligand database, sphere cluster, 
INDOCK and DOCKOPT files. Of course, labeled matching can take place only if the first three 



dock3.5 6  

 

of these files are in the new format. The new versions of SPHGEN, CLUSTER, SHOWSPHERE, 
and SHOWBOX read and write both new and old format sphere cluster files.  MKDB and 
CONVSYB write only earlier format ligand database files (i.e., without labeled atoms).  
 
 

Internal Changes Invisible to the User 
 The .com compilation shell scripts have been replaced by a Makefile for the main 
directory and each subdirectory. The UNIX make command will recompile only those source 
files that have changed since the last compilation. Each Makefile contains rules regarding 
what source files an object file depends upon, and which object files an executable file 
depends upon. The programmer must keep the Makefile up to date, taking into account new 
files and new dependencies as they occur. If there is an error in the Makefile, the compiled 
program will have a bug in it. For example, if two source files share a common block in an 
include file, and one of the source files does not have this include file listed in its dependency 
list, it will not be recompiled when the include file changes, and the two .o object files will 
have incompatible common blocks.  
 Many DOCK arrays and variables that were previously passed as subroutine arguments are 
now located in new common blocks in new include (.h) files. Matching code that was 
located in four source files (single.f, search.f, fractm.f, and sfract.f) is now 
coalesced into one source file: match.f. Scoring code from these four files has similarly 
been coalesced into a single file: mscore.f.  The keyword parameter reading code is in 
keyword.f.  
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sphgen 
 
Author: Irwin D. Kuntz 
Modified by: Renee DesJarlais, Brian Shoichet 

 
Overview 

 SPHGEN generates sets of overlapping spheres to describe the shape of a molecule or 
molecular surface (Kuntz et al., 1982; DesJarlais et al.,1988). For receptors, a negative 
image of the surface invaginations is created; for a ligand, the program creates a positive 
image of the entire molecule. Spheres are constructed using the molecular surface described 
by Richards (1977) calculated with the program MS (Connolly, 1983a, 1983b). Each sphere 
touches the molecular surface at two points and has its radius along the surface normal of one 
of the points.  For the receptor, each sphere center is “outside” the surface, and lies in the 
direction of a surface normal vector.  For a ligand, each sphere center is “inside” the surface, 
and lies in the direction of a reversed surface normal vector. Spheres are calculated over the 
entire surface, producing approximately one sphere per surface point.  This very dense 
representation is then filtered to keep only the largest sphere associated with each receptor 
surface atom.  The filtered set is then clustered on the basis of radial overlap between the 
spheres using a single linkage algorithm.  This creates a negative image of the receptor 
surface, where each invagination is characterized by a set of overlapping spheres.  These 
sets, or “clusters,” are sorted according to numbers of constituent spheres, and written out in 
order of descending size.  The largest cluster is typically the ligand binding site of the 
receptor molecule.  The program SHOWSPHERE writes out sphere center coordinates in PDB 
format and may be helpful for visualizing the clusters. 
 

Input 
 The input file names and parameters are read from a file called INSPH, which should not 
contain any blank lines: 
 
variable name FORTRAN format example 
msfil  A80 2ptc.ms 
srftp  A1 R 
dentag A1 X 
dotlim  F 0.0 
radmax F 4.0 
radmin F 1.4 
outfil  A80  2ptc.clus 
 
 
 
msfil is the name of the file containing the molecular surface calculated using the program 

MS and must include surface normals. SPHGEN expects the FORTRAN format 
 (A3, I5, X, A4, X, 2F8.3, F9.3, X, A3, 7X, 3F7.3). 

 This format is quite different from the QCPE molecular surface file format. For more 
details, see the documentation for REFORMATMS. 
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surftp  indicates whether the spheres should lie “outside” the surface, as for a receptor (R or 
r), or “inside” the surface, as for a ligand (L or l). 

dentag allows the user to specify that a subset of the surface points are to be used in 
calculating the spheres.  This “density tag” may be set to the values 1, 4, 9, or 0, 
indicating that only points having 1, 4, 9, or 0, respectively, in column 42 of the 
molecular surface file will be used; alternatively, the value X or x indicates that all 
points will be used. It is recommended that X be used unless the system is 
particularly large (>75,000 surface points).  It is most efficient to use a partial 
molecular surface (if it is known in advance which region is of interest) as the 
calculation time scales approximately with the square of the number of points. 

dotlim is used to prevent the generation of large spheres whose points of surface contact are 
quite close together.  Each pair of points i and j are examined as potential sphere-
defining points.  dotlim is the lower limit on the dot product of the vector from i to j 
and the vector from the sphere center to j for points defining a sphere. dotlim is 
typically set to 0.0, although possible values range from –1.0 to 1.0; negative 
values, however, may be useful for flat sites such as the major groove of B-form 
DNA. 

radmax is the maximum sphere radius in Ångstroms. Spheres with radii larger than radmax 
are discarded. This is important for the clustering done within SPHGEN, where 
clusters are defined as sets of overlapping spheres.  Decreasing radmax decreases 
the cluster sizes by eliminating large “connector” spheres. In general, values from 
4.0 to 5.0 Ångstroms are used; values of 0.0 or less default to 5.0 Ångstroms. 

radmin is the minimum sphere radius in Ångstroms. Spheres with radii smaller than radmin 
are discarded.  This should be unnecessary because the molecular surface should 
not produce spheres of radius less than the probe radius. However, some versions of 
MS occasionally place surface points very close together.  This can result in SPHGEN 
generating very small spheres which are not useful in characterizing the shape of 
the active site. It is generally advisable to keep spheres with radii equal to the probe 
radius (typically 1.4 or 1.5 Ångstroms).  Note that radmin can be set to 0.0 to allow 
the use of the “extra radius” surface developed by David Barry (unpublished 
results). 

outfil is the name of the file to which the clustered spheres will be written. 
 
 
 
 
 

Output 
 Some informative messages are written to a file called OUTSPH.  This includes the 
parameters and files used in the calculation.  The spheres themselves are written to outfil. 
They are arranged in clusters with the cluster having the largest number of spheres appearing 
first.  The sphere cluster file consists of a header followed by a series of sphere clusters.  The 
header is the line  

DOCK 3.5 receptor_spheres  
followed by a color table.  The color table contains color names (format A30) each on a 
separate line.  As SPHGEN produces no colors, the color table is simply absent.  The sphere 
clusters themselves follow, each of which starts with the line 

cluster     n   number of spheres in cluster     i 
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where n is the cluster number for that sphere cluster, and i is the number of spheres in that 
cluster.  Next, all spheres in that cluster are listed in the format 

(I5, 3F10.5, F8.3, I5, I2, I3) 
where the values correspond to, respectively, 

- The number of the atom with which surface point i (used to generate the sphere) is 
associated. 

- The  x, y, and z coordinates of the sphere center. 
- The sphere radius. 
- The number of the atom with which surface point j (second point used to generate 

the sphere) is associated. 
- The critical cluster to which this sphere belongs. 
- The sphere color.  The color is simply an index into the color table that was 

specified in the header.  So 1 corresponds to the first color in the header, 2 
for the second,  etc.  0 corresponds to unlabeled.  

 The clusters are listed in numerical order from largest cluster found to the smallest.  At 
the end of the clusters is cluster number 0.  This is not an actual sphere cluster, but a list of 
all of the spheres generated whose radii were larger than the minimum radius, before the 
filtering heuristics (i.e. allowing only one sphere per atom and using a maximum radius  
cutoff) and clustering were performed.  Cluster 0 may be useful as a starting point for users 
who want to explore a wider range of possible clusters than is provided by the standard 
SPHGEN clustering routine.  The program CLUSTER takes the full sphere description as input, 
and allows the user to explore different sphere descriptions of the site.  This is particularly 
useful for macromolecule macromolecule docking; it is often inefficient to use spheres that 
fill the entire volume of the “ligand” macromolecule.  In addition, only a portion of a cavity 
in the “receptor” macromolecule may be of interest for docking purposes. If the standard 
clustered output from SPHGEN provides a satisfactory description of the ligand molecule or 
receptor site, running CLUSTER is not necessary.  
 The program creates three temporary files: temp1.ms, temp2.sph, and temp3.atc. These 
are used internally by SPHGEN. In DOCK 3.0 these files were not removed after the program 
finished, so that they could be processed by TOSPH to produce input for CLUSTER, but cluster 
0 now satisfies the need for CLUSTER input, and these files are removed when the program 
finishes (unless it terminates abnormally).  The TOSPH program is no longer part of DOCK.  
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distmap 
 
Authors: Brian Shoichet, Dale Bodian, Elaine Meng 

 
Overview 

 DISTMAP creates the grid file necessary for contact scoring.  Contact scoring using a grid 
is much faster than the contact scoring implemented in earlier versions of DOCK, in which 
pairwise ligand-atom/receptor-atom distances are evaluated for all ligand orientations. 
DISTMAP produces a file of precalculated “scores” for points in a cubic grid. Each point is 
evaluated in terms of its distance to each of the receptor atoms included in the calculation. 
Negative scores occur when a point is too close to a receptor atom, as defined by the limits 
ccon and polcon (for receptor nonpolar and polar atoms, respectively). If there are no “bad 
contacts,” the score for a given point is the total number of receptor atoms within discut 
Ångstroms of that point. Only nonhydrogen atoms are considered. During docking, each 
ligand atom receives the score of the nearest point, and the total contact score for the 
orientation is the sum of the scores of the ligand atoms.  We caution that the grid-based 
contact scores and the original contact scores are not identical.  The original scoring scheme 
is available (see OLDSCORE manual page). 
 

Input 
 The input file names and parameters are read from a file called INDIST, which should not 
contain any blank lines: 
 
variable name FORTRAN format example 
pdbnam A80 2ptc.pdb 
scoren A80 2ptc.map 
polcon F 2.3 
ccon  F 2.8 
discut  F 4.5 
perang I 3 
[boxlin] A80  box.pdb 
 
pdbnam is the name of the PDB-format file containing the receptor atoms which will be used 

for calculating the contact scores.  All or a portion of the receptor may be included.  
Currently, any hydrogen or deuterium atoms are ignored. The advantage in using 
only a portion of the receptor is that greater resolution may be attained without 
increasing the number of grid points. The grid is automatically constructed to 
enclose all of the nonhydrogen receptor atoms in the file, unless a limiting box is 
specified (see boxlin below). 

scoren is the name of the output grid file. 
polcon is the close contact limit, in Ångstroms, for receptor polar atoms. Grid points within 

polcon Ångstroms of any receptor nitrogen or oxygen are given a negative score. 
ccon is the close contact limit, in Ångstroms, for receptor nonpolar atoms. Grid points within 

ccon Ångstroms of any receptor atom that is not a nitrogen, oxygen, hydrogen, or 
deuterium are given a negative score. 
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discut is the cutoff distance, in Ångstroms, for “good” contacts. As long as a grid point does 
not violate any close contact limits, its score equals the total number of receptor 
atoms within a radius of discut Ångstroms. 

perang is the number of grid points per Ångstrom.  Values from 1 to 10 are accepted, as long 
as the total number of grid points is not too large. The total number is controlled by 
the spacing of the points and the volume enclosed by the grid as a whole.  The 
volume is controlled by the atoms in pdbnam unless a limiting box is used. If the 
total number of grid points exceeds array bounds, one can decrease the volume of 
the grid, decrease the points per Ångstrom, or recompile with larger array 
dimensions.  Caution is warranted in increasing array dimensions, since exceeding 
physical memory will result in page faulting and slow DOCK runs. 

boxlin is the name of the PDB-format limiting box, created using SHOWBOX.  This is optional.  
If boxlin is specified, only receptor atoms enclosed in the box will be used in the 
calculation.  This option allows the volume of the grid to be less than that needed to 
completely enclose the atoms in the file pdbnam.  
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chemgrid 
 
Author: Elaine Meng 

 
Overview 

 CHEMGRID creates the grid files necessary for force field scoring (Meng, Shoichet, and 
Kuntz, 1992). Force field scores are approximate molecular mechanics interaction energies, 
consisting of van der Waals and electrostatic components: 

  E =
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where each term is a double sum over ligand atoms i and receptor atoms j, Aij and Bij are van 
der Waals repulsion and attraction parameters, rij is the distance between atoms i and j, qi 
and qj are the point charges on atoms i and j, D is the dielectric function, and 332.0 is a 
factor that converts the electrostatic energy into kilocalories per mole. 
 An efficient grid calculation requires the use of a geometric mean approximation for the 
van der Waals parameters: 
  Aij = Aii Ajj  and Bij = Bii Bjj       (2) 
where the single-atom-type parameters are calculated from van der Waals radius, R, and well 
depth, ε, according to: 
  A = ε 2R[ ]12    and    B = 2ε 2R[ ]6        (3) 
Using this approximation, eq. 1 can be rewritten: 
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Three values are stored for every grid point k, each a sum over receptor atoms that are within 
a user-defined cutoff distance of the point: 
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These values, with or without interpolation, are multiplied by the appropriate ligand values to 
give the interaction energy. CHEMGRID calculates the grid values and stores them in files.  
The values will be read in during a DOCK run and used for force field scoring. Substituting 
eq. 5 into eq. 4, the interaction energy is: 

  E = Aii aval( )− Bii bval( )+ qi esval( )[ ]
i =1

lig

∑      (6) 

Atoms that fall outside the grid, if any, are given interaction energies of zero. 
 The user determines the location and dimensions of the grid box. It is not necessary for 
the whole receptor to be enclosed; only the regions where ligand atoms may be placed need 
to be included.  The box merely delimits the space where grid points are located, and does 
not cause receptor atoms to be excluded from the calculation.  Besides a direct specification 
of coordinates, there is an option to center the grid at a sphere cluster center of mass.  Any 
combination of spacing and x, y, and z extents may be used as long as the total number of 
points does not exceed the array size, maxgrd. The PDB box file from the program SHOWBOX 
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is used for setting up the grid location.  The programs SHOWESP and SHOWPROBE may be 
helpful for examining the output grid files. These programs are described in the 
ACCESSORIES section of the manual.  
 

Input 
 The input file names and parameters are read from a file called INCHEM, which should not 
contain any blank lines: 
 
variable name FORTRAN format example 
recfil  A80 4dfr_model.pdb 
table  A80 prot.table.ambcrg.ambH 
vdwfil  A80 vdw.parms.amb 
inbox  A80 4dfr.box 
grddiv  F 0.30 
estype  I 1 
esfact  F  4 
cutoff  F 10.0 
pcon ccon 2F 2.3 2.8 
grdfil  A80 4dfr_chem 
 
recfil is the name of the PDB-format file containing the receptor atom coordinates. The entire 

receptor, including all hydrogens on nitrogen, oxygen, or sulfur atoms should be 
included. 

table is the name of the receptor parameter file to be used.  Three tables are supplied in the 
parms subdirectory:  prot.table.ambcrg.ambH (protein, AMBER united-atom 
charges, AMBER hydrogen names), prot.table.ambcrg.pdbH (protein, AMBER 
united-atom charges, PDB hydrogen names), and na.table.ambcrg (nucleic acid, 
AMBER united-atom charges). The united-atom parameters are from the 1984 
AMBER reference (Weiner et al., 1984).  Each table consists of comment lines and 
atom parameter lines:   

!  receptor parameter file sample 
!  '!' at the beginning of a line indicates a comment 
! 
!aaaxxxrrrnnnncqqqqqqqqxtt   format (A4, 3X, A3, A4, A1, F8.3, X, I2)  
! atom name, residue name, residue number (read as characters), chain 
! indicator, charge, van der Waals type 
! 
N      ALA       -0.520  8         ALANINE 
CA     ALA        0.215  4 
C      ALA        0.526  1        
O      ALA       -0.500 11 
H      ALA        0.248  6 
CB     ALA        0.031  2 

 
 Receptor atom parameterization is done by hashing and typically takes only a few 

seconds.  In the table, the atom name is mandatory, as well as the charge and van 
der Waals type.  The residue name, residue number, and chain indicator are 
optional.  A receptor atom will be parameterized according to most specific match 
that can be found.  The order of lines in the table is immaterial.  The user may add 
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to the table to accommodate nonstandard residues, or may create a table with 
completely different parameters.   

vdwfil is the van der Waals parameters file.  The file vdw.parms.amb (APPENDIX 2) is 
located in the parms subdirectory and contains AMBER all-atom and united-atom 
parameters (Weiner et al., 1984; Weiner et al., 1986).  This table consists of 
comment lines and lines containing A  and B  for each van der Waals type. The 
lines must be in order of type, without any skipped integers. The types are referred 
to by number in the receptor parameter file, table. 

inbox is the name of the input file, created with SHOWBOX, defining the grid location.  Due to 
upwards rounding when the grid is set up, the volume of the grid may be slightly 
larger than that of the box.  The center and dimensions are read from the REMARK 
lines of this PDB-format file; the remaining lines are ignored.  The dimensions are 
aligned along the x, y, and z axes. 

grddiv is the spacing of the grid points, in Ångstroms.  Values of 0.2 to 0.5 Ångstroms are 
recommended for most purposes. 

estype indicates whether a constant or distance-dependent dielectric function will be used.  0: 
constant, 1: distance-dependent.  Any other values default to 1. 

esfact is the dielectric multiplicative factor.  To get D = 2, for example, estype should be 0 
and esfact should be 2.0; to get D = 4.5r, estype should be 1 and esfact should be 
4.5. 

cutoff is the cutoff in Ångstroms for nonbonded interactions.  Values of 8.0 or greater are 
generally appropriate. 

pcon is the close contact limit, in Ångstroms, for receptor polar atoms. Values of 2.0 to 2.5 
Ångstroms are reasonable for most purposes.  This variable affects docking when 
force field scoring only is being done.  If contact scoring alone or in combination 
with any other kind of score is being performed, the limits set in DISTMAP define 
the number of bad contacts an orientation is making. 

ccon is the close contact limit, in Ångstroms, for receptor carbon atoms. Values of 2.5 to 3.0 
Ångstroms are reasonable for most purposes.  This variable affects docking when 
force field scoring only is being done.  If contact scoring alone or in combination 
with any other kind of score is being performed, the limits set in DISTMAP define 
the number of bad contacts an orientation is making. 

grdfil is the prefix name for the output files containing the grid values. Three files are 
created.  For example, if grdfil is foo, the files will be named foo.bmp, foo.esp, 
and foo.vdw. The file with the .bmp extension is an ASCII file; it contains the grid 
parameters and a single character for each grid point indicating whether or not a 
ligand atom placed at that location would be violating any close contact limits, 
according to the values of ccon and pcon. The file with the .esp extension is binary 
and contains the electrostatic values.  The file with the .vdw extension is binary and 
contains the van der Waals attraction and repulsion values. 

 
Output 

 Three output files are generated in addition to the grid files and the PDB box file:  
OUTCHEM, OUTPARM, and PDBPARM.  OUTCHEM lists the parameters specified in INCHEM, so that 
one can verify whether the intended values have been read in.  PDBPARM explicitly lists the 
parameters along with the coordinates of each receptor atom. Whenever parameters are not 
found for a given receptor atom, they are set to zero (no volume and no charge), and a 
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message is written to OUTPARM.  OUTPARM ends with the calculated net charge on the receptor 
molecule.  It is a good idea to check the net charge and make sure that it is correct (it should 
be an integer!) and agrees with that value from the accessory program CHARGE.  For 
convenience in error detection, a line is written for each residue calculated to have a net 
charge; while +1 and –1 are normal, a noninteger charge probably indicates a 
parameterization error for that residue.  The lines in OUTPARM reporting charged residues each 
contain the string “CHARGED RESIDUE.” 
 

Sample Output 
 

 receptor pdb file: 
 4dfr_model.pdb 
 receptor parameters will be read from: 
 /usr/einstein/dock/parms/prot.table.ambcrg.ambH 
  van der Waals parameter file: 
 /usr/einstein/dock/parms/vdw.parms.amb 
 input box file defining grid location: 
4dfr30.box 
 box center coordinates [x y z]: 
    25.00000       68.00000       46.00000     
 box x-dimension =    25.00000     
 box y-dimension =    15.00000     
 box z-dimension =    25.00000     
 grid spacing in Ångstroms 
   0.3000000     
 grid points per side [x y z]: 
           85          51          85 
 total number of grid points =       368475 
 a distance-dependent dielectric will be used 
the dielectric function will be multiplied by   4.00 
 cutoff distance for energy calculations: 
    10.00000     
 distances defining bumps with receptor atoms: 
receptor polar atoms  2.30 
receptor carbon atoms  2.80 
 output grid prefix name: 
test 
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dock3.5 
 
Version 1.0/1.1 Robert Sheridan, Renee DesJarlais, Irwin Kuntz 
Version 2.0 Brian Shoichet, Dale Bodian, Irwin Kuntz 
Version 3.0 Elaine Meng, Brian Shoichet, Irwin Kuntz 
Version 3.5 Mike Connolly, Daniel Gschwend, Andy Good, Connie Oshiro, Irwin 

Kuntz 
 
Overview 

 The program DOCK is an automatic procedure for docking a molecule into a receptor site 
(Kuntz et al.,1982; DesJarlais et al.,1988; Shoichet and Kuntz, 1991; Shoichet, Bodian, and 
Kuntz, 1992; Meng, Shoichet, and Kuntz, 1992; Kuntz, 1992; Shoichet, Stroud, Santi, Kuntz 
and Perry, 1993; Shoichet and Kuntz, 1993; Meng, Gschwend, Blaney and Kuntz, 1993). The 
receptor site is characterized by spheres calculated in SPHGEN.  The molecule being docked 
may be characterized either by spheres calculated in SPHGEN or by its atom centers.  In the 
following discussion, “ligand centers” refers either to ligand atom centers or to ligand sphere 
centers. The ligand centers and receptor centers are matched based on comparison of ligand-
center/ligand-center and receptor-center/receptor-center distances.  Sets of ligand centers 
match sets of receptor centers if all the internal distances match, within a tolerance value 
distance_limit. Ligand-receptor pairs are added to the set until at least nodes_minimum pairs 
have been found.  At least four pairs must be found to uniquely determine a 
rotation/translation matrix that will orient the ligand in the receptor site.  A least-squares 
fitting procedure is used (Ferro and Hermans, 1977). Once an orientation has been found, it 
is scored by mapping the ligand onto the contact grid created by DISTMAP. 
 DOCK operates in two modes:  SINGLE ligand and SEARCH.  In SINGLE ligand mode, one 
ligand molecule is input and all orientations meeting user-defined criteria concerning score 
and number of bad contacts are output.  In SEARCH mode, a database of ligands is input.  The 
top-scoring ligands are output in their highest-scoring orientations. 
 DOCK version 2.0 was written to give the user greater control over the thoroughness of 
the matching procedure, and thus over the number of orientations found and the CPU time 
required (Shoichet, Bodian, and Kuntz, 1992). In addition, certain algorithmic shortcomings 
of earlier versions were overcome. Versions 2.0 and higher are particularly useful for 
macromolecular docking (Shoichet and Kuntz, 1991) and applications which demand 
detailed exploration of ligand binding modes. In these cases, users are encouraged to run 
CLUSTER in conjunction with SPHGEN and DOCK. 
 To allow for greater control over searches of orientation space, the ligand and receptor 
centers are preorganized according to their internal distances.  Starting with any given center, 
all the other centers are presorted into “bins” based on their distance to the first center. All 
centers are tried in turn as “first” positions, and all the points in a bin which has been chosen 
for matching are tried sequentially.  Ligand and receptor bins are chosen for matching when 
they have the same distance limits from their respective “first” points.  The number of 
centers in each bin determines how many sets of points in the receptor and the ligand will 
ultimately be compared.  In general, the wider the bins, the greater the number of orientations 
generated.  Thus, the thoroughness of the search is under user control. 
 Another feature allows investigation of particular regions of orientation space in greater 
detail if high-scoring dockings are found to occupy them. This is done by expanding the bins 
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which define the regions.  We refer to this as “focusing” or “zooming” since it automatically 
magnifies the importance of certain regions during the docking procedure.  Please note that 
this functionality, although it remains available, is no longer supported and has not been 
tested for compatibility with new features. 
 Version 3.0 retained the matching features of version 2.0, and introduced options for 
scoring (Meng, Shoichet, and Kuntz, 1992). Besides the simple contact scores mentioned 
above, one can obtain electrostatic interaction energies using potential maps calculated with 
the DELPHI program (Klapper et al., 1986; Gilson, Sharp, and Honig, 1987) and molecular 
mechanics interaction energies using grid files calculated by CHEMGRID. More information 
about the ligand and receptor molecules is required to perform these higher-level kinds of 
scoring.  Point charges on the receptor and ligand atoms are needed for electrostatic scoring, 
and atom-type information is needed for the van der Waals portion of the force field score. 
Input formats (some of them new in version 3.5) are discussed in various parts of the 
documentation; one example of a “complete format” (including point charges and atom type 
information) is SYBYL ASCII (MOL2) format (Tripos Associates, Inc., St. Louis, MO 63117). 
Parameterization of the receptor is discussed in the documentation for CHEMGRID. In DOCK, 
ligand parameters are read in along with the coordinates; input formats are described below. 
Currently, the options are: contact scoring only, contact scoring plus DELPHI electrostatic 
scoring, and contact scoring plus force field scoring. Atom-type information and point 
charges are not required for contact scoring only. 
 Version 3.5 adds several features, which are previewed in the WHAT’S NEW section.  The 
chemical matching functionality required a change in the formats of the ligand database and 
sphere cluster files - these changes are described in the CHEMICAL MATCHING section.  
Another major addition to version 3.5 is the development of a keyword format input for the 
INDOCK and DOCKOPT files, described below.  The original format for these files is also 
accepted.  
 

Input 
 The input file names and parameters are read from a file called INDOCK. The INDOCK file 
has undergone extensive changes in version 3.5. It is now based upon keywords. Although 
the old (3.0) format INDOCK and DOCKOPT files can be read by DOCK 3.5, it is strongly 
recommended that these files be updated to the new keyword format with the TONEW utility. 
The following guidelines apply to the 3.5 keyword format input files: 
 
 
 
 
 •  the first line must be 
   DOCK 3.5 parameter  for an INDOCK file 
  or, DOCK 3.5 option   for a DOCKOPT file 
  otherwise the old 3.0 format is assumed and read accordingly. 
 •  all lines except the header line are free format 
 •  the order of parameters is irrelevant 
 •  blank lines are allowed 
 •  anything following a # is treated as a comment 
 •  tab characters are not permitted 
 •  keywords which have defaults (see below) may be omitted entirely 
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 •  logical keywords (yes/no choices) assume the affirmative when the keyword is  
  specified in the input file but no value is provided 
 •  extraneous parameters, i.e. those that do not apply for the particular DOCK run, are  
 disregarded (e.g. specifying force-field scoring related keywords when using the  
 “contact scoring only” option) 
 
The following table presents all keywords available for interacting with DOCK.  The allowed 
values that may accompany a given keyword is given, along with a default should the 
keyword be omitted.   
 
keyword  variable name allowed values default  
 
# 
#  INPUT PARAMETERS 
# 
mode  mode single single 
    search 
    database 
receptor_sphere_file clufil filename none 

cluster_numbers nclus c1 c2 c3 none 

ligand_type  ligtyp c, coordinates c 
    s, spheres s 
ligand_atom_file ligfil filename none 
# (if ligand_type = s) 
 ligand_sphere_file lgsfil filename none 
# 
# 
#  OUTPUT PARAMETERS 
# 
output_file_prefix outfil filename none 

output_hydrogens inchyd yes, no yes 
# 
# 
 
 
keyword  variable name allowed values default  
 
#  MATCHING PARAMETERS 
# 
distance_tolerance dislim real 1.5 

nodes_maximum nodlim 4 - 8 4 

nodes_minimum lownod 4 - 8 4 

ligand_binsize lbinsz real 1.0 

ligand_overlap lovlap real 0.0 

receptor_binsize sbinsz real 1.0 

receptor_overlap sovlap real 0.0 

bump_maximum ictbmp integer 0 

focus_cycles expmax 0 - 3 0 

focus_bump  fctbmp integer ictbmp 
critical_clusters critdck yes, no no 

mirror_ligands mirror yes, no, discard no 
# 
# 
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#  CHEMICAL MATCHING 
# 
chemical_matching cmatch yes, no no 

case_sensitive casen yes, no yes 
match        ligand_color receptor_color none 
# 
# 
#  SINGLE MODE PARAMETERS (if mode = single) 
# 
contact_minimum minscr real 0.0 

energy_maximum maxscr real 100.0 

rmsd_override usrdev real 0.0 
# 
# 
# 
#  SEARCH MODE PARAMETERS (if mode = search) 
# 
ratio_minimum ratiom 0.0 - 1.0 0.0 

atom_minimum natmin integer 1 

atom_maximum natmax integer 80 

restart  restr yes, no no 

number_save  nsav integer 100 

normalize_save nnsav integer 0 

molecules_maximum moltot integer 10000 

restart_interval molsav integer 100 

initial_skip molskp integer 0 
# 
keyword  variable name allowed values default  
 
# 
#  SCORING PARAMETERS 
# 
scoring_option versn 1, contact contact 
    2, contact+delphi 
    3, contact+forcefield 
    4, forcefield 
# (if scoring_option = 1,2,3) 
 distmap_file mapnam filename none 
# (if scoring_option = 2) 
 delphi_file phifil filename none 
# (if scoring_option = 3,4) 
 chemgrid_file_prefix prefix filename none 

 interpolate interp yes, no yes 

 vdw_parameter_file vdwfil filename none 

 vdw_maximum vdwmax real 1.0e+10 

 electrostatic_scale escale real 1.0 

 vdw_scale vscale real 1.0 
# 
# 
#  MINIMIZATION PARAMETERS 
# 
minimize  minimize yes, no no 

simplex_iterations sim_itmax integer 500 

simplex_convergence sim_cnvrgE real 0.2 
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simplex_restart sim_need_to_restart real 1.0 

simplex_initial_translation sim_trnstep real 1.0 

simplex_initial_rotation sim_rotstep real 0.5 
# 
# 
#  DEGENERACY PARAMETERS 
# 
check_degeneracy check_degeneracy yes, no no 

degeneracy_wobble wobble 0 - 2 0 

degenerate_save_interval keepmult integer 0 

check_degenerate_children checkmult yes, no no 
 
 
Note that the scoring option can be either a number or a word. That is, you can have 
scoring_option 3 or scoring_option contact+forcefield. For logical parameters, 
specify yes or no, which may be abbreviated y or n, and which may be in upper or lower 
case. For the sake of backward compatibility, if 1 and 0 were used for a logical parameter 
previously, then they are still acceptable.  The match keyword is peculiar, because it may be 
repeated (up to 60 times). 
 
Input Parameters 
mode indicates the type of run to be performed.  It has three acceptable values, single, 

search, or database, where the latter two are equivalent.  Uppercase letters are 
also acceptable, but not a mixture of upper and lower cases. SINGLE ligand mode 
will produce multiple orientations of a single ligand molecule, and SEARCH mode 
will produce the single best orientation of each of the top-scoring molecules from 
the input database. 

receptor_sphere_file is followed by the file containing the receptor sphere center coordinates 
organized into clusters of overlapping spheres.  This file is created by SPHGEN or 
CLUSTER. 

cluster_numbers should be followed by one or more integers, giving the numbers of the 
receptor sphere clusters of interest. More than one cluster can be listed here, 
allowing for docking to a series of clusters in a single run.  The clusters are used 
sequentially and independently. The number of clusters is determined automatically 
and equals the number of integers found in the 80-character line. 

ligand_type indicates whether ligand atomic coordinates or ligand sphere centers will be used 
for matching.  If ligand_type does not equal s or S, coordinates will be used. 

ligand_atom_file gives the name of the input file containing ligand coordinates. In SINGLE 
mode, the file should contain one molecule, whereas in SEARCH it should contain 
the database to be examined.  In SINGLE mode, any of the following formats is 
currently acceptable:  standard PDB format, “extended PDB” format, SYBYL ASCII 
(MOL2) format, and any of the DOCK database formats. Please see APPENDIX 1 for 
further descriptions of these formats.  In SEARCH mode, only DOCK database format 
can be used.  DOCK database format has existed in different versions: with or 
without charges, with atomic numbers, with van der Waals types instead of atomic 
numbers, with or without atom labeling (coloring) information.  The DOCK database 
version is automatically determined, and is accepted whenever it is compatible with 
the scoring option (i.e. charges must be present if electrostatic or force-field scoring 
is selected, and van der Waals types rather than atomic numbers must be present if 
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force-field scoring is selected). The “extended PDB” format, SYBYL ASCII format, 
and DOCK database format from MOL2DB are all compatible with any scoring 
option.  Even when ligand sphere centers are used for matching (SINGLE mode), the 
atomic coordinates are necessary because the rotation/translation is applied to them 
(not the sphere center coordinates) in generating output.  If the data supplied is 
inconsistent with the scoring option selected, an error message is written to 
OUTDOCK. Database files (see APPENDIX 1) are created using MKDB, which converts 
Cambridge Structural Database format (for contact scoring only), or MOL2DB, 
which converts SYBYL ASCII format. 

ligand_sphere_file gives the name of the file containing ligand sphere center coordinates, 
created by SPHGEN or CLUSTER. 

Output Parameters 
output_file_prefix gives the basic name for the output file or files containing ligand 

orientations. In SINGLE mode, there is one output file of ligand orientations for each 
sphere cluster that is used for docking.  In SEARCH mode, the number of ligand 
output files per sphere cluster used for docking equals the number of types of 
scoring to be done (twice this number if molecules are also to be saved according to 
their normalized scores, that is, if normalize_save is greater than 0). Each of the 
top-scoring molecules is output in its best-scoring orientation. The string norm is 
appended to indicate the file containing the top normalized score ligands, the string 
eel indicates the top electrostatic score ligands, and the string ff indicates the top 
force field score ligands.  In all cases the final suffix to the name is the number of 
the cluster used in docking.  For example, the suffix eelnorm1 indicates that the file 
contains the ligands with the top normalized electrostatic scores generated by 
docking to cluster number 1.  The output is in “extended PDB” format, which is 
standard PDB format up through the coordinates columns, but has additional 
information in subsequent columns (APPENDIX 1). Extended PDB format may be 
converted to standard PDB format with the X2PDB utility.  Depending on the input, 
not all of this information may be available; whenever it is not available, zeroes are 
output.  REMARK cards are used for reporting scores and (if available) molecule 
names. 

output_hydrogens specifies whether or not ligand hydrogens should be included in the 
output, if present in the database.  If output_hydrogens is yes, hydrogens will be 
included in the output. In any case, ligand hydrogens are not used for matching, 
orientation, or contact scoring. 

 
Matching Parameters 
distance_tolerance is the tolerance in Ångstroms for matching ligand-center/ligand-center 

distances with receptor-center/receptor-center distances.  If a negative value is 
entered, the default value of 1.5 Ångstroms is used.  Values smaller or larger than 
1.5 are acceptable and should be chosen based on the quality of the structures and 
the particular application. 

nodes_maximum is the number of ligand-center/receptor-center pairs that DOCK will try to 
find in generating an orientation.  It must be at least 4 so that a unique 
rotation/translation matrix for orientation can be generated, and must be greater 
than or equal to nodes_minimum.  nodes_maximum defaults to 4 if a smaller value 
is entered. 
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nodes_minimum is the number of ligand-center/receptor-center pairs that DOCK must find in 
generating an orientation.  It must be at least 4 so that a unique rotation/translation 
matrix for orientation can be generated, and must be less than or equal to 
nodes_maximum. Values ranging from 4 to 8 are recommended; values greater than 
8 may be too restrictive. nodes_minimum defaults to 4 if a smaller value is entered, 
and defaults to the value of nodes_maximum if a value larger than nodes_maximum 
is entered. 

ligand_binsize gives the width of the bins containing ligand centers, based on their distance 
to a “first” center.  If the bin width is 1.0 Ångstroms, for example, all centers within 
1.0 Ångstroms of the first center are in a bin, all other centers within 2.0 Ångstroms 
from the first center are in the second bin, and so on.  The wider the bins, the more 
centers in each bin, and the greater the number of matches that will be found. Care 
should be exercised in setting bin width, since large values may result in excessive 
output in the case of a SINGLE mode run, and unnecessary slowness in the case of a 
SEARCH mode run. The number of centers per bin affects time requirements 
combinatorially, so that performance can degrade rapidly with only a small change 
in bin width. 

ligand_overlap sets the overlap between ligand bins.  Increasing the overlap increases the 
number of centers per bin, and again the number of matches. 

receptor_binsize is exactly like ligand_binsize, except that the relevant internal distances are 
now between receptor centers (sphere centers). 

receptor_overlap is exactly like ligand_overlap, except that the relevant internal distances 
are now between receptor centers (sphere centers). 

bump_maximum gives the maximum number of bad contacts, that is, violations of the close 
contact limits ccon and polcon, allowed for an orientation to be written out. This is 
generally set to 0; however, crystal structure complexes occasionally contain atom-
atom distances less than those expected based on van der Waals radii.  Rather than 
using larger values for ccon and/or polcon when running DISTMAP, one can increase 
bump_maximum.  Please also see the documentation for REBUMP. 

focus_cycles specifies the number of nested cycles of “zooming” that can be performed. A 
value of 0 means that zooming will not be done.  When zooming is allowed and 
DOCK finds an orientation with focus_bump or fewer bad contacts, the widths of the 
ligand and receptor bins being used are expanded.  This increases the fraction of 
orientations which receive high scores.  Again, care must be exercised so that 
SINGLE mode output does not become excessive.  Values of 0 to 2 are 
recommended. 

focus_bump specifies the maximum number of bad contacts an orientation may have and still 
induce zooming.  Values greater than or equal to bump_maximum are acceptable.  
Smaller values are automatically set to equal bump_maximum. 

critical_clusters indicates whether to force the usage of particular spheres in generating 
matches.  These spheres are organized into subclusters within standard clusters.  
One sphere from each defined critical (sub)cluster must be used in creating each 
valid match.  This functionality is further described in the CRITICAL CLUSTERS 
section.  When using critical_clusters it is advisable to set mirror_ligands to 
discard. 

mirror_ligands dictates how ligand mirror images should be treated.  Specifying no means 
DOCK will not generate ligand mirror images - this is the standard behavior.  
Specifying yes instructs DOCK to score both real and mirror images of the ligand 
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(note that this option considers ligands not actually in the input file).  When 
mirror_ligands is set to discard, if the mirror image should fit better to receptor 
spheres than the real image, the ligand orientation is discarded. 

 
Chemical Matching Parameters 
chemical_matching turns on the chemical matching functionality.  How this works is more 

fully described in the CHEMICAL MATCHING section in this document. 
case_sensitive determines whether color names will be case sensitive (i.e. whether  labels 

such as neutral and NEUTRAL are the same color). 
 match specifies the rules for matching ligand colors which receptor colors.  Its format is 

match  ligand_color receptor_color.  It can be repeated for each desired 
ligand/receptor color combination.     

 
Single Mode Parameters - applicable when the input parameter mode is set to SINGLE 
 contact_minimum provides the minimum contact score a ligand orientation must have in 

order to be written out during a SINGLE mode run. This variable is useful for 
reducing the number of low-scoring (and often uninteresting) orientations that are 
written out. The appropriate value for this variable will depend on the system and 
how extensive receptor ligand contacts are.  A rough rule of thumb is to use four 
times the number of ligand heavy atoms. A value of 0 indicates that no orientation 
will be thrown out unless it has more than bump_maximum bad contacts (or does 
not meet the energy_maximum criterion). 

energy_maximum specifies the maximum DELPHI electrostatic score (if scoring_option is 2) 
or force-field score (if scoring_option is 3 or 4) a ligand orientation can have and 
still be written out during a SINGLE mode run. Again, the purpose is to exclude the 
least interesting output; energy_maximum can be set very high (1.0e+6, for 
example) if one does not wish to constrain the results. The contact_minimum and 
energy_maximum constraints are applied independently.  Only orientations meeting 
both constraints will be output if scoring_option is 2 or 3. 

rmsd_override is an override RMS deviation for SINGLE mode runs. All orientations having 
RMSD’s(relative to the coordinates in the ligand input file ligand_atom_file, not 
including hydrogens) less than or equal to rmsd_override are written to output, 
regardless of score (of any type).  If the user does not wish to increase the output 
over that subject to the constraints of contact_minimum and energy_maximum, but 
wishes to have RMSD’s calculated, a value of 0.0 should be used.  A negative value 
indicates that RMSD calculations will not be done. RMSD’s are useful for comparing 
docked orientations to a crystallographically observed orientation. 

 
Search Mode Parameters - applicable when the input parameter mode is set to SEARCH 
 ratio_minimum gives the minimum value of the ratio of the longest ligand internal distance 

to the longest receptor internal distance.  The purpose of this variable is to filter out 
molecules that are not capable of filling the site very well. Ligands whose longest 
internal distances are too short according to this criterion are skipped.  Allowed 
values range from 0.0 to 1.0; any value outside this range is set to 0.0.  A value of 
0.0 means that no ligands are removed from consideration based on their longest 
internal distances.  A value of 1.0 means that a ligand must be capable of at least 
spanning the two farthest-apart spheres in the cluster being used for docking. 



dock3.5 24  

 

atom_minimum specifies the minimum number of heavy (nonhydrogen) atoms a molecule 
must have in order to be examined during a SEARCH run.  Molecules having fewer 
heavy atoms are skipped.  Values less than or equal to 0 default to 1. 

atom_maximum specifies the maximum number of heavy (nonhydrogen) atoms a molecule 
can have and still be examined during a SEARCH run.  Molecules having more 
heavy atoms are skipped.  Values less than or equal to 0 default to 80. 

restart specifies whether or not the SEARCH run will be a restart.  During a restart run, 
information is read from the ligand output files specified in output_file_prefix.  The 
restart feature is useful because runs can pick up where they were stopped by a 
system crash, or by being killed. The information stored for restarts includes:  the 
number of molecules examined so far, the number the user wishes to save for each 
type of score, pointers to the molecules that have the top scores so far, and the 
corresponding rotation/translation matrices.  Do not be alarmed to see non-PDB-
format output during a run or after a run is terminated abnormally; it is merely the 
restart information.  In the present implementation, the profile listed in OUTDOCK 
describing the number of ligands in a particular contact score range only includes 
the molecules examined in the current run. The minimum, mean, and maximum 
contact scores are for the entire database (both pre- and post-restart), as is the total 
number of molecules examined. Before restarting, one should give the original 
OUTDOCK a different file name, as the program will try to create another OUTDOCK. 

number_save specifies the number of ligands that will be saved for each kind of score, during 
a SEARCH run.  The number_save top-scoring molecules will be written out in their 
best-scoring orientations. Values less than 0 default to 100. 

normalize_save specifies the number of ligands that will be saved for each type of score, 
after normalization by dividing by the number of heavy atoms, during a SEARCH 
run.  The normalize_save top-scoring (after normalization) molecules will be 
written out in their best-scoring orientations.  The output file name is derived from 
output_file_prefix by appending the string norm.  If normalize_save is not specified 
or is set to a negative number, it defaults to 0. 

molecules_maximum specifies the total number of molecules to be examined in the SEARCH 
run. If the database has fewer than molecules_maximum molecules, all of the 
molecules will be examined (except for those skipped at the beginning of the 
database, if any - see initial_skip below).  If the database has more than 
molecules_maximum molecules, then PDB output will be generated after 
molecules_maximum molecules have been examined. 

restart_interval indicates how often restart information will be saved during a SEARCH run. 
Restart information will be saved every restart_interval molecules.  An exception is 
when molecules_maximum molecules have been examined, in which case the final 
PDB output is generated. 

initial_skip specifies the number of molecules at the beginning of the database that will be 
skipped.  If initial_skip is not specified, it is set to 0. 

 
Scoring Parameters 
scoring_option may be given either traditionally, as an integer, or as a character string: 1: 

contact scoring only, 2: contact scoring plus DELPHI electrostatic scoring, 3: contact 
scoring plus force field scoring, 4: force field scoring only. Any other values are 
reset to the default value, 1 (contact scoring only). 
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distmap_file specifies the grid for contact scoring, created by  DISTMAP.  This file is 
necessary for scoring options 1, 2, and 3. 

delphi_file specifies the name of the map of the receptor electrostatic potential, calculated 
with the DELPHI program (Klapper et al., 1986; Gilson, Sharp, and Honig, 1987).  
This file is only necessary for DELPHI electrostatic scoring. 

chemgrid_file_prefix states the prefix name for the force-field grid files created using 
CHEMGRID. For example, if the files are named foo.bmp, foo.esp, and foo.vdw, 
chemgrid_file_prefix is foo.  The value of chemgrid_file_prefix should be the same 
as the value of grdfil used for running CHEMGRID. 

interpolate indicates whether or not trilinear interpolation will be used for calculating force-
field scores.  no: the values for the nearest grid point will be used; yes: the values 
will be obtained by trilinear interpolation of the values for the eight surrounding 
grid points. 

vdw_parameter_file gives the van der Waals parameters file name.  The file vdw.parms.amb 
and related parameter files (APPENDIX 2) are located in the parms subdirectory and 
contains AMBER all-atom and united-atom parameters (Weiner et al., 1984; Weiner, 
et al., 1986).  This table consists of comment lines and lines containing A  and 

B  for each van der Waals type. The lines must be in order of type, without any 
skipped integers. 

vdw_maximum specifies the maximum van der Waals interaction energy a ligand atom can 
receive. If a ligand atom receives a higher (less favorable) VDW interaction energy, 
the energy will be reset to this value.  Any resetting represents a departure from the 
standard molecular mechanics interaction energy. If resetting is not desired, 
vdw_maximum should be set very high; the default value is 1.0E+10 kcal/mol. 
Lower values allow orientations that make fairly close contacts to receive better 
force-field scores;  in effect, the sensitivity of the 6-12 potential to small changes in 
interatomic distances can be counteracted by limiting the magnitude of steric 
penalties. 

electrostatic_scale is a scaling factor for the electrostatic component of the force field score.  
The default is 1.0 (no scaling); other values represent a departure from the standard 
molecular mechanics interaction energy. This feature allows the user to adjust the 
relative weights of the electrostatic and VDW terms. The electrostatic component 
can also be scaled by varying esfact when running CHEMGRID. Only through 
electrostatic_scale, however, can the electrostatic component be scaled to 0.0.  
Either electrostatic_scale or esfact may be used to change the sign of the 
electrostatic term. 

vdw_scale is a scaling factor for the VDW component of the force field score. The default is 
1.0 (no scaling); other values represent a departure from the standard molecular 
mechanics interaction energy.  This feature allows the user to adjust the relative 
weights of the electrostatic and VDW terms.  vdw_scale may be positive, negative, 
or equal to 0.0. 

 
Minimization Parameters - applicable only to force-field scoring 
minimize indicates whether to perform force-field score optimization.  This functionality is 

further described in the FORCE-FIELD SCORE OPTIMIZATION section. 
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simplex_iterations specifies the maximum number of iterations of simplex minimization to 
perform.  Values on the order of 10 to 25 offer a crude optimization, while values 
on the order of 500 provide complete convergence. 

simplex_convergence provides a low-level stringency for the minimization.  The upper and 
lower bound of the simplex must converge to within simplex_convergence kcal/mol 
to assess completion (see simplex_restart). 

simplex_restart provides a high-level stringency for the minimization.  The convergence of 
each simplex (see simplex_convergence) prompts the initiation of another simplex.  
If the force-field score resulting from one simplex is less than that of the previous 
simplex by no more than simplex_restart kcal/mol, the minimization is deemed 
complete. 

simplex_initial_translation is the maximum step size the simplex may take (in Ångstroms) in 
choosing an initial direction for the translational degrees of freedom in the 
minimization. 

simplex_initial_rotation is the maximum step size the simplex may take (in degrees) in 
choosing an initial direction for the rotational degrees of freedom in the 
minimization. 

 
Degeneracy Parameters - usually only used in conjunction with minimization 
check_degeneracy indicates whether to discard geometrically similar orientations. This 

functionality is further described in the DEGENERACY CHECKING section. 
degeneracy_wobble dictates how stringent degeneracy checking will be.  This parameter is 

inversely related to run-time.  Higher degeneracy_wobble values permit looser 
degeneracy checking, resulting in more degenerate orientations and fewer 
orientations minimized.  degeneracy_wobble of 0 is usually too stringent and run-
times can become inflated.  degeneracy_wobble of 2 often provides fast results of 
good quality. 

degenerate_save_interval specifies the number of times an orientation must be found in any 
given family before minimizing and attempting to save another member of the same 
family.  So, if a particular binding mode is found 100 times and 
degenerate_save_interval is 25, DOCK will minimize and evaluate four additional 
members of this family in hopes of finding a better scoring representative.  This 
parameter provides a method for retaining additional members of popular families 
and smoothing the bias of sphere locations.  Recommended values are in the range 
10 to 25. 

check_degenerate_children indicates whether to check for degeneracy against orientations 
which were saved as multiples of a family due to the degenerate_save_interval 
parameter.  Recommended value is no. 

 
Output 

 In addition to the ligand files, a file called OUTDOCK is created. OUTDOCK lists the 
parameters and files used for the calculation, and information on each molecule examined 
during a SEARCH run.  The ligand output, as described above and shown in APPENDIX 1, is 
based on PDB format.  TER cards separate the orientations, and REMARK cards are used for 
scores and other information.  In SEARCH mode, the molecules are given unique three-letter 
residue names based on their order in the database, starting with AAA.  In SINGLE mode, all 
orientations retain the residue name given in the input file. 
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Sample INDOCK #1 
 
DOCK 3.5 parameter 
# 
# INPUT PARAMETERS 
# 
mode  single 
receptor_sphere_file  4dfr.sph 
cluster_numbers  1 
ligand_type  c 
ligand_atom_file pter.sto.db 
# 
# OUTPUT PARAMETERS 
# 
output_file_prefix pter10.sto.nowrt 
# 
# MATCHING PARAMETERS 
# 
distance_tolerance  1.5 
nodes_maximum  4 
nodes_minimum  4 
ratio_minimum  0.0 
ligand_binsize  1.0 
ligand_overlap  0.2 
receptor_binsize 1.0 
receptor_overlap 0.2 
bump_maximum  0 
focus_cycles  0 
# 
# SCORING PARAMETERS 
# 
scoring_option  contact+forcefield 
distmap_file  4dfr.map 
chemgrid_file_prefix 4dfr3010 
#  
# SINGLE MODE PARAMETERS 
# 
contact_minimum 60.0 
energy_maximum  0.0 
rmsd_override  0.5 
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Sample INDOCK #2 
 
DOCK 3.5 parameter 
# 
# INPUT PARAMETERS 
# 
mode  single 
receptor_sphere_file  2gbp.rec12.sph 
cluster_numbers  1 
ligand_type  coordinates 
ligand_atom_file glc.gh.db 
# 
# OUTPUT PARAMETERS 
# 
output_file_prefix glc.test 
# 
# MATCHING PARAMETERS 
# 
distance_tolerance  0.4 
nodes_maximum  4 
nodes_minimum  4 
ratio_minimum  0.0 
ligand_binsize  0.3 
ligand_overlap  0.1 
receptor_binsize 0.3 
receptor_overlap 0.1 
bump_maximum  2 
focus_cycles  0 
#  
# SINGLE MODE PARAMETERS 
# 
energy_maximum  -13.0 
rmsd_override  0.0 
# 
# SCORING PARAMETERS 
# 
scoring_option  forcefield 
vdw_parameter_file vdw.parms.amb.mindock 
chemgrid_file_prefix 2gbp3010 
interpolate  yes 
minimize  yes 
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Sample INDOCK #3 
 
DOCK 3.5 parameter 
# 
# INPUT PARAMETERS 
# 
mode  search 
receptor_sphere_file  4dfr.sph 
cluster_numbers  1 
ligand_type  c 
ligand_atom_file /giga/db/dock3db/cmcall.db3 
# 
# OUTPUT PARAMETERS 
# 
output_file_prefix cmcall 
output_hydrogens y 
# 
# MATCHING PARAMETERS 
# 
distance_tolerance  1.5 
nodes_maximum  4 
nodes_minimum  4 
ratio_minimum  0.0 
ligand_binsize  0.4 
ligand_overlap  0.1 
receptor_binsize 0.8 
receptor_overlap 0.2 
bump_maximum  0 
focus_cycles  0 
# 
# SCORING PARAMETERS 
# 
scoring_option  contact+delphi 
distmap_file  4dfr.map 
vdw_parameter_file vdw.parms.amb 
chemgrid_file_prefix 4dfr3010 
interpolate 
#  
# SEARCH MODE PARAMETERS 
# 
atom_minimum  5 
atom_maximum  100 
number_save  100 
normalize_save  100 
molecules_maximum 1000 
initial_skip  250 
restart_interval 50 
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Sample INDOCK #4 
 
DOCK 3.5 parameter 
# 
# INPUT PARAMETERS 
# 
mode  search 
receptor_sphere_file  4dfr.sph 
cluster_numbers  1 
ligand_atom_file 4dfr.db 
# 
# OUTPUT PARAMETERS 
# 
output_file_prefix 4dfr.dock 
output_hydrogens y 
# 
# MATCHING PARAMETERS 
# 
distance_tolerance  1.0 
nodes_maximum  5 
nodes_minimum  4 
ratio_minimum  0.0 
ligand_binsize  0.2 
ligand_overlap  0.1 
receptor_binsize 0.5 
receptor_overlap 0.2 
bump_maximum  0 
focus_cycles  0 
critical_clusters 
mirror_ligands  discard 
# 
# SCORING PARAMETERS 
# 
scoring_option  contact 
distmap_file  4dfr.map 
#  
# SEARCH MODE PARAMETERS 
# 
atom_minimum  6 
atom_maximum  35 
number_save  50 
normalize_save  0 
molecules_maximum 10000 
restart_interval 50 
#  
# CHEMICAL MATCHING PARAMETERS 
# 
chemical_matching 
case_sensitive  no 
match  hydrophobe hydrophobe 
match  acceptor acceptor 
match   donor donor 
match  hydroxyl donor 
match  hydroxyl acceptor 
match  minus acceptor 
match  plus donor 
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Additional options:  the DOCKOPT file 
 One can further control DOCK by creating a DOCKOPT file.  This file is completely 
optional; defaults are used if the file is not present.  If the file is present, any parameter may 
be omitted.  The aforementioned guidelines on the new keyword format also apply to the 
DOCKOPT file.  To use the new format, the file must begin with DOCK 3.5 option.  Although 
the old (3.0) format INDOCK and DOCKOPT files can be read by DOCK 3.5, it is strongly 
recommended that these files be updated to the new keyword format with the TONEW utility.  
The following table present the keywords available for interacting with DOCK via the 
DOCKOPT file.  The allowed values that may accompany a given keyword is given, along with 
a default should the keyword be omitted. 
 
keyword  variable name allowed values default  
 
write_coordinates wrt yes, no yes 

standard_pdb stdpdb yes, no no 

normalization type nrmtyp n, sqrt(n) n 

focus_ratio  fratio real 1.0 

vdw_minimum  vdwmin real -1.0e+10 

electrostatic_limit eslim real 1.0e+10 

 
write_coordinates is used to save disk space when it is anticipated that a large number of 

orientations will result from a SINGLE run.  no: coordinates will not be output for 
the orientations; only the REMARK lines, which contain the scores, will be written; 
yes: coordinates and REMARK lines will be written. write_coordinates does not 
affect SEARCH runs. 

standard_pdb allows the user to specify standard PDB format output, with charges in the 
temperature factor field.  no: output will be in “extended PDB” format (APPENDIX 
1); yes: output will be in standard PDB format.  This option affects both SINGLE and 
SEARCH mode runs. The advantage of “extended PDB” format is that it allows the 
output to be rescored with different contact, DELPHI, and/or force-field maps.  The 
advantage of standard PDB format with charges in the temperature factor column is 
that it should be displayable by virtually all modeling packages, and that the atoms 
may often be colored according to the values in the temperature factor column. 

normalization_type controls the normalization factor to be used during a SEARCH run. n or 0 
(default): normalize by the number of heavy atoms; sqrt(n) or 1: normalize by the 
square root of the number of heavy atoms. 

focus_ratio is the minimum ratio of number of orientations found in a zooming cycle to 
number of orientations found previously (either without zooming or in the previous 
cycle) needed to trigger a further cycle of zooming. focus_ratio cannot override 
focus_cycles, which ultimately controls the number of nested zooming cycles that 
may be performed.  Only runs with zooming are affected by focus_ratio. The 
default value is 1.0. 

vdw_minimum is the minimum VDW interaction energy a ligand atom can receive.  If a ligand 
atom receives a lower VDW interaction energy, the energy will be reset to this value.  
Any resetting represents a departure from the standard molecular mechanics 
interaction energy.  However, this variable is mainly useful for similarity docking, 
in which only the attractive part of the VDW potential is being used 
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(vdw.parms.norepuls in the subdirectory parms is the vdw_parameter_file being 
used).  In such cases, the scores do not have physical meaning, at least as energies. 

electrostatic_limit is the maximum absolute value of electrostatic interaction energy that a 
ligand atom can receive.  If the absolute magnitude of a ligand atom’s electrostatic 
interaction energy exceeds electrostatic_limit, it will be set to this value (but the 
sign will not be changed). Again, any resetting represents a departure from the 
standard molecular mechanics interaction energy.  However, this variable is 
generally useful only for similarity docking, in which the “electrostatic interaction 
energy” is scaled by –1.0 (see electrostatic_scale) so that charge similarity rather 
than complementarity is favored; the scores do not have physical meaning, at least 
as energies. electrostatic_limit must be positive; if a negative value is specified, its 
sign is changed.  

 



 

NEW FEATURES 
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CHEMICAL MATCHING 
 
Author: Mike Connolly 
 

Overview 
 Chemical matching is a way to add chemical information at the matching stage of DOCK.  
Chemical labels are added to ligand atoms and receptor spheres so that a match can be 
rejected if one of its atom-sphere pairs does not have complementary labels.   This can speed 
up DOCK by eliminating matches which are not chemically sensible before the time-
consuming orientation and scoring steps.  This feature, also called labeling and coloring, was 
introduced in DOCK 2.3 (Shoichet and Kuntz, 1993).  It has been expanded from the original 
application and is implemented in DOCK 3.5 as follows: 
 
• label names 
 - the user chooses the number of labels and the name of each label 
 - the label (color) name can be up to 30 characters in length 
 - there can be up to 100 labels (colors) 
 - each atom or sphere can be left unlabeled, or assigned one color, but not more than one 

color 
 
• label implementation on ligand atoms 
 - the ligand-atom labels are assigned according to rules given as input to MOL2DB 
 - these rules specify the SYBYL atom type (and optionally a second atom type at a user-

specified number of bonds away from the labeled atom) 
 
• label implementation on receptor atoms 
 - the receptor sphere labels are added to the sphere cluster file either by the program 

COLSPH,  or by hand 
 - COLSPH evaluates either the DELPHI map or the CHEMGRID force-field map at  each 

sphere center, and the label is determined by which user-specified range this value 
lies in 

 
• matching ligand to receptor labels 
 - the user explicitly specifies the matching rules in the INDOCK file as pairs of matching 

colors 
 - the case_sensitive parameter in the INDOCK file determines whether label names will 

be case sensitive, (i.e. whether  labels such as neutral and NEUTRAL are the same 
color) 

 - chemical matching is performed only if it is explicitly requested by the user in the 
INDOCK file, and if the sphere cluster and ligand database files both contain labels 

 - if chemical matching is requested, a match is rejected if it includes a ligand-receptor 
pair in which both atom and sphere are labeled and their labels do not obey the user-
specified matching rules 
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Usage 
The following steps serve as a guide to using chemical matching: 
1.  Run MOL2DB on a MOL2 file, giving it the rules to assign labels to atoms. 
2.  Run SPHGEN to create a sphere cluster file. 
3a. Run COLSPH on this sphere cluster file to create an output sphere cluster file with sphere 

labels, providing the rules necessary to assign labels to spheres. 
 or, 
3b. Edit the sphere file by hand to add the labels.  To do this, list the allowed colors, one per 

line, beneath the header line in the sphere cluster file.  Next, change the last column 
of each sphere to an integer corresponding to the desired color.  For example, 1 
corresponds to the first color listed, 2 corresponds to the second, and so on.  0 
corresponds to no color, and is considered unlabeled.   

4.  Run DOCK 3.5 with a keyword-format INDOCK file with the keyword 
chemical_matching specified and the match rules explicitly stated. 
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FORCE-FIELD SCORE OPTIMIZATION 
 
Author: Daniel Gschwend 
 

Overview 
 DOCK 3.5 now has the ability to refine each orientation generated prior to scoring it 
(Gschwend, manuscript in preparation).  The refinement takes the form of a rigid-body 
minimization of force-field score.  Note that the minimizer is optimizing the non-bonded 
interactions between ligand and receptor; torsions, bond lengths, and bond angles are not 
modified.  The refinement of ligand interactions is crucial for retrieving orientations which 
would otherwise be thrown out due to short-range steric clashes.  Known crystal complexes 
can be salvaged with very minimal sampling when minimization while docking is employed.  
Furthermore, more representative interaction scores are obtained without the need for post-
docking refinement. 
 A grid-based simplex minimizer is used to achieve a speed of one to five minimizations 
per second (SGI Indigo R3000).  The simplex supplants a quasi-Newton DFP minimizer 
because it is more than twice as fast and produces results of improved quality.  The quasi-
Newton is very sensitive to local curvature and can easily get stuck on the very jagged grid-
based potential surface.  The simplex also requires no derivatives.  One change has been 
made to the van der Waals parameter file:  polar hydrogens are no longer volumeless.  Polar 
hydrogens were originally treated as being volumeless to allow for closer heteroatom 
contacts in the form of pseudo-hydrogen-bonds.  The minimizer is clever enough to realize 
that nothing prevents the approach of one charged atom to the nucleus of a polar hydrogen, 
resulting in skyrocketing electrostatic interactions.  Hence, polar hydrogens have been given 
a small (0.6Å) but non-zero van der Waals radius.  This change is reflected in 
vdw.parms.amb.mindock, the parameter file which should be used for all DOCK runs 
employing minimization. 
 

Usage 
1. Because optimization is currently supported only for force-field scores and not contact 

scores, it is recommended that the “force-field scoring only” scoring option (4) be 
used.  This will require the use of CHEMGRID for generation of scoring grids. 

   When force-field scoring and contact scoring are used in conjunction (scoring 
option 3), the contact score determines whether the orientation should be minimized, 
not the number of bumps.  Beware that when both a contact score and force-field 
score are given in the output, the force-field score corresponds to the minimized 
energy for an orientation, whereas the contact score corresponds to the unminimized 
orientation, as contact scores are not re-evaluated after optimization. 

2. Add the minimize keyword to your INDOCK parameter file. 
3. Change the name of the van der Waals parameter file to vdw.parms.amb.mindock.   
4. Increase the number of bumps allowed in docking.  The number of allowed bumps 

(parameter bump_maximum) should be non-zero, since minimization will resolve 
steric clashes.  Start with at least 2 bumps and allow more for larger ligands.  (A more 
powerful method is to increase the active site volume, but run-times will increase.  
Please consult the documentation for REBUMP.) 
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5. Decrease the sampling level by reducing bin sizes.  Sampling may be greatly reduced 
when using minimization because of the effectiveness of the matching algorithm.  It 
is recommended that non-zero overlaps be used.  Run-times can become severely 
inflated with larger bin sizes when minimization is performed.   

For information on speeding up the process of minimization by judiciously selecting which 
orientations to minimize, please see the section entitled DEGENERACY CHECKING. 
 

Cautions 
Minimizer randomness. 
 The first step in each minimization is of random magnitude in each of the six dimensions.  
Random numbers are generated based on a “seed” value which dictates a particular sequence 
of random numbers.  Each time a random number is requested, the next number off this list is 
taken.  Currently, the seed value remains a constant, so that identical DOCK runs performed 
sequentially will in fact produce identical results.  However, should the order of the ligands 
and/or orientations be shuffled, different results will be obtained due to the altered sequence 
in which random numbers are obtained for each ligand.  Furthermore, if one performs two 
sequential DOCK runs with altered parameters such that the number of orientations 
minimized changes (e.g. increasing the number of bumps), the random number 
corresponding orientations receive will differ.  Again, different, perhaps unexpected, results 
are obtained, as the results of the first DOCK run will no longer be a subset of the second set 
of results (in the example if increasing the number of allowed bumps). 
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DEGENERACY CHECKING 
 
Author: Daniel Gschwend 
 

Overview 
 Given the large number of spatially distributed spheres and atoms involved in docking, it 
is not surprising that there are many ways of pairing them which give rise to similar 
geometric orientations.  This is obviously the result of over-sampling in certain regions, but 
without which some binding modes would be under-sampled or even overlooked.  In the 
absence of refinement, this over-sampling provides a sort of rigid body minimization itself.  
A better way to optimize local interactions is to find only one orientation per “family” (i.e. 
mode of binding) and energy-minimize that orientation and never again pay close attention to 
further orientations generated in that family.  Code to this end has been implemented in the 
form of what is hereafter termed “degeneracy checking” (Gschwend, manuscript in 
preparation).  Hence, only the first orientation found in a family is actually minimized.  
Subsequent orientations that fall into the same family are not scored.  This not only 
judiciously reduces the number of orientations that are minimized, but also the number of 
orientations written out and viewed by the user on completion of the DOCK run (in the case of 
SINGLE mode). 
 Analogous to the reasoning behind saving one member of productive (“interesting”) 
families to prevent excessive minimization within a binding mode, it is desirable to do the 
same for non-productive (bumping) families.  Any orientation found to exceed the number of 
allowed bumps constitutes a family within which no other orientations will be permitted 
(subject to the degenerate_save_interval parameter, see below), thus saving precious 
minimization time in uninteresting binding modes. 
 Caution:  Degeneracy checking is still an experimental feature.  It is designed to be 
used as a tool in speeding up DOCK runs involving force-field score minimization, but it 
can often be equally effective to use minimization without degeneracy checking with 
greatly reduced bin sizes. 
 

Theory 
 Problem description.  The tricky part of the problem is that we have to know where in the 
active site an orientation lies based solely on the sphere-atom pairings involved in the match; 
at this stage in the program we have no information of atom coordinates as the ligand has not 
yet been placed into the context of the receptor.  Furthermore, we have to know when the 
same geometry has been produced with different pairings.  Consider the simple model 
depicted below, with E being the “receptor,” F the “ligand,” and circled points are spheres.  
Using a three-node match, we can superimpose F onto E by the pairings b3, c4, d5.  
However, the matching of a2, e6, d5 produces the identical geometric orientation.  Given the 
latter pairing, we must be able to recognize that this will generate an orientation degenerate 
with the former. 
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 Degeneracy check.  When a unique orientation is found (e.g. the very first match), the 
program saves the nearest sphere to every atom in the ligand – this information is, of course, 
dependent on the orientation relative to the receptor.  Every subsequent orientation must be 
checked for degeneracy, i.e. has this geometry been seen before?  We may only use the four 
sphere-atom pairings used to generate the match, otherwise we waste the time required to 
orient the orientation in the site and transform the coordinates (for sake of discussion, we 
will assume four nodes are required for a match).  A simple check to see if all four pairings 
occurred simultaneously in a previous unique match tells us the answer.  Note that we must 
save the nearest sphere to every atom in the ligand for unique matches to allow detection of 
similar geometries produced by different pairings. 
 Information storage.  Saving a list of all matches for each possible sphere-atom pairing 
(maxlig (500) by maxpts (120) by at least 10,000 unique matches at 4 bytes per integer = 
2.4Gb array with current dimensions) requires a tremendous amount of memory, since 
FORTRAN does not support dynamic memory allocation. Moreover, much of this array would 
be empty, so this is a problem that lends itself to hashing.  We employ open addressing with 
double hashing, as per Knuth.  The hash table allows us to store only non-zero elements of 
the 3-dimensional array mentioned earlier, with clever methods of retrieving information 
given a hash code.  The hash code is a function of one sphere-atom pairing and dictates 
where in the table matches containing this pair have be found.  Thus, given one sphere-atom 
pairing, one can quickly retrieve all other orientations which contained this pairing. 
 Sensitivity reduction.  All that is required for differentiating orientations is a small set of 
way points in the active site.  Here, a way point is merely a geometric descriptor which 
signals the occupancy by the ligand of a particular portion of the active site volume.  A 
typical active site will be represented by on the order of 50-100 spheres, usually overkill for 
such a simple task.  Each way point describes a particular volume within the site, this volume 
inversely proportional to the number of way points.  A ligand orientation is described by the 
way points its atoms “see.”  The more way points one uses, the more discerning the program 
will be in differentiating active site volume.  Rephrased, fewer degenerate orientations will 
be removed because more matches will be considered unique.  The goal here is the opposite:  
to reduce the number of orientations passed through to the minimizer.  We can easily reduce 
the number of way points by clustering the sphere set (“true spheres”) to generate a reduced 
set of virtual spheres.  All neighboring true spheres are jointly averaged into one virtual 
sphere.  This creates an even distribution of way points throughout docking space.   
 Degeneracy stringency.  Another method for removing more degenerate orientations is to 
allow some slop in comparing the sphere-atom pairings with those in unique matches.  This 
feature is termed “wobble,” as we may permit a non-zero number of “mistakes” in the 
degeneracy check.  The predictable effect of introducing wobble is to increase the number of 
degenerate orientations because binding modes are smeared out over a larger volume. 
 Safety net.  Because the first orientation in a family is deemed the representative of a 
particular binding mode, our depiction of this binding mode is highly dependent on the 
quality of the orientation.  All future orientations in this family will be considered degenerate 
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to the initial member.  If the quality (e.g. force-field score) is very poor, then we unfairly 
represent this binding mode.  It would be beneficial to afford popular binding modes renewed 
chances at locating an optimal representative.  The parameter degenerate_save_interval 
dictates how often we must find a degenerate orientation in a family before orienting and 
minimizing another member.  The degenerate_save_interval parameter has the desirable 
effect of smoothing our sampling over all binding modes. 
 
 

Usage 
 Virtual spheres are a reduced set of averaged spheres derived from your SPHGEN sphere 
center output used in determining orientation degeneracy.  These spheres act as way points 
within the active site for defining the geometry of an orientation.  The following program 
works by clustering all spheres which have any neighbor within a specified radius and 
computing an average position for a so-called “virtual sphere.”  The fewer virtual spheres 
used the more orientations will be considered degenerate and run time will be shorter; but 
beware, too few virtual spheres results in overlooked binding modes. 
 Create virtual spheres as follows.  Reduce the actual SPHGEN sphere cluster to virtual 
spheres by running the interactive program VIRTUAL_SPHERES on your SPHGEN sphere 
center file.  For the intersphere cutoff distance (parameter vsph), use a value of 2.0 Å.  
Smaller cutoff distances have less of a reducing effect on the original sphere set than do 
larger cutoff distances.  Having more virtual spheres (smaller cutoff distance) provides fewer 
degenerate orientations.  Consequently, runtime will be longer but accuracy improved.  Note 
that a file called merge.lst was created - this file lists which true SPHGEN spheres were 
averaged (merged) into which virtual sphere.  View the virtual sphere PDB file on a graphics 
terminal to verify that they are evenly spaced at a sufficient density for your application. 

 An aside on the creation of virtual spheres:  The vsph parameter is 
inversely related to the number of virtual spheres produced.  The virtual 
spheres are used as way points within the active site for describing an 
orientation's location.  The fewer virtual spheres, the less discriminating the 
algorithm can be for telling orientations apart.  The extreme is having one 
virtual sphere, which would consider all orientations as identical and only the 
first match found would be minimized.  Consequently, at this extreme the run-
time would be the shortest as the fewest possible orientations are minimized 
and the results would be essentially useless.  So, the trend is as follows:  
decreasing vsph increases the number of virtual spheres which increases the 
number of orientations minimized.  This results in longer run-times with 
improved, though redundant, results.  I have examined the vsph parameter 
over a range from 1.0 to 3.0 Å and have found that 1.5 Å and 2.0 Å provide 
the best results in the shortest time.   

 
 Removing degenerate orientations requires a knowledge of which virtual sphere is closest 
to any atom of an orientation.  This is easily accomplished by creating a grid with this 
information which can merely be looked up, rather than calculated on-the-fly.  Run the 
interactive program SPHGRID.  You will need to supply the following information: 
  – the name of the virtual sphere file created in the previous step 
  – the PDB box file enclosing the active site, used with CHEMGRID 
  – the resolution of the grid (use the same as used in CHEMGRID) 
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  – the prefix for CHEMGRID grid files 
A grid file with a .sph extension will be written. 
 
 Add the check_degeneracy keyword to your INDOCK parameter file.  Other parameters 
should be customized by using the appropriate keyword, as described below: 
 
bin sizes should be increased relative to a minimization with no degeneracy checking run 

because degeneracy checking circumvents many minimizations. 
bump_maximum should be taken under consideration.  In contrast with minimization without 

degeneracy checking, increasing the number of bumps does not necessarily increase 
result quality.  A bell-shaped curve is observed for “result quality” vs. number of 
bumps.  At too few bumps, it is often the case that an orientation near the true 
binding mode can never be found because too few steric clashes are being allowed 
for minimization to resolve – the minimizer is not used to its fullest potential.  At 
the other end of the spectrum, too many bumps allows storage of potentially terrible 
orientations to which other orientations will be considered degenerate - the best 
orientations in this binding mode will probably be thrown out.  

degeneracy_wobble dictates how stringent degeneracy checking will be.  This parameter is 
inversely related to run-time.  Higher degeneracy_wobble values permit looser 
degeneracy checking, resulting in more degenerate orientations and fewer 
orientations minimized.  degeneracy_wobble of 0 is usually too stringent and run-
times can become inflated.  degeneracy_wobble of 2 often provides fast results of 
good quality. 

degenerate_save_interval specifies the number of times an orientation must be found in any 
given family before minimizing and attempting to save another member of the same 
family.  So, if a particular binding mode is found 100 times and 
degenerate_save_interval is 25, DOCK will minimize and evaluate four additional 
members of this family in hopes of finding a better scoring representative.  This 
parameter provides a method for retaining additional members of popular families 
and smoothing the bias of sphere locations.  Recommended values are in the range 
10 to 25. 

check_degenerate_children indicates whether to check for degeneracy against orientations 
which were saved as multiples of a family due to the degenerate_save_interval 
parameter.  Recommended value is off. 

 
Output 

 Check the OUTDOCK file to insure that the run is proceeding or has completed 
successfully.  Confirmation that minimization and degeneracy checking have taken effect 
should be reported.  A number of statistics concerning degeneracy and minimization are 
given at the end of the OUTDOCK file.   
 SINGLE runs:  For each center for which matching has been completed, statistics on the 
number of matches attempted, number of unique orientations found, and number and percent 
of degenerate orientations are given.   A file called family.log is also written which 
contains an orientation degeneracy histogram, providing the energy, starting energy, and RMS 
deviation of each unique orientation, as well as how many times it was seen.  Also included 
are the parent orientation for any children saved due to the degenerate_save_interval 
parameter. 
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 SEARCH runs:  For each compound, the number of matches attempted, number of unique 
matches, and number of degenerate orientations are reported.   
  
 An interesting feature:  the family.log statistics (energy, starting energy, and RMS 
deviation) may actually be compiled while still minimizing every orientation generated.  This 
can be accomplished by setting degenerate_save_interval to 1 (thus saving every multiple in 
a family) and turning check_degenerate_children off (degeneracy_wobble may assume any 
value).  This method does, of course, require the creation of all files required for degeneracy 
checking. 
 

Cautions 
 Memory requirements.  Degeneracy checking can be very memory intensive because of 
all the information that must be stored.  Should memory problems be encountered, the easiest 
work-around is to reduce the dimensions of the arrays in the header file degeneracy.h.  
Specifically, maxfamily may be reduced to the maximum number of expected unique 
matches - I’d recommend going no lower than 5,000.  Also, several alternative prime number 
pairs are given in this header file for dimensioning the hash table with the maxhash and 
hash2 parameters. 
 
 Filling of hash table.  The hash table used in degeneracy checking is an effective tool for 
circumventing the immense memory requirements for the task at hand.  With standard DOCK 
runs, using a hash table can be just as rapid as storing all the required information in 
memory, were that much memory available.  However, when the hash table becomes full, 
performance can degrade very rapidly.  It is therefore imperative that the hash table be 
dimensioned sufficiently large.  Degeneracy checking is not meant to be used for long single 
mode dock runs which generate upwards of hundreds of thousands of matches.  The OUTDOCK 
file reports the percentage of the hash table used in single mode runs - this number should 
probably be less than 50% for efficient runs.  Also, an “average number of search steps per 
match” (supplied at the end of the OUTDOCK file) greater than 5 can indicate performance 
degradation due to a full hash table. 
 
 Focusing.  It has not yet been established if degeneracy checking is compatible with 
focusing.  Bear in mind that focusing is a form of discrete optimization, while minimization 
is a continuous optimization.  It may not be efficient, nor desirable, to use both concurrently. 
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CRITICAL CLUSTERS 
 
Author: Andy Good 
 

Overview 
 The facility to define crucial binding regions within a receptor active site has been added 
to DOCK 3.5.  These interesting receptor regions are described by subsets of the standard 
receptor site point description and are therefore termed critical clusters.  When critical 
clusters are defined, the user forces DOCK to include at least one member of each cluster 
within a valid match.  Use of critical clusters can thus dramatically decrease the number of 
possible ligand receptor matches, resulting in increased program speed and forcing DOCK to 
focus on active site regions of particular interest.  
 

Usage 
 This feature is enabled through the addition of the keyword critical_clusters to the 
INDOCK file.  Critical centers are defined within the receptor site point (SPHGEN) file. The 7th 
field of each center is reserved for critical cluster definitions. Clusters must be defined 
starting from cluster number 1, with each additional cluster incrementing the number by 1. 
Each cluster can be comprised of more than one center, but each center may belong to only 
one cluster (or none at all).  The order in which the cluster numbers are used is not vital. A 
maximum of 10 clusters may be defined. The example below shows a receptor site point file 
containing 3 critical clusters (highlighted in bold). 
 
 
DOCK 3.5 receptor_spheres 
hydrophobe 
acceptor 
donor 
cluster     1   number of spheres in cluster   13 
    1    -1.516    -2.442    -5.002    1.00  100 1  3 
    3    -3.432    -2.547    -3.589    1.00  100 1  3  
    6     0.283    -0.246    -1.971    1.00  100 0  3 
   16     1.462     2.426    -9.798    1.00  100 3  1 
   17     2.506     1.668   -10.364    1.00  100 0  1 
   18     3.294     0.965    -9.504    1.00  100 2  1  
   20     1.928     1.764    -7.628    1.00  100 0  1 
   21     1.182     2.556    -8.408    1.00  100 0  1 
   22     0.726     3.234   -10.769    1.00  100 3  2 
   23     1.229     3.476   -11.857    1.00  100 3  2 
   26    -1.843     5.405   -10.298    1.00  100 0  2            
   27    -2.038     5.083    -8.996    1.00  100 0  2 
   28    -2.374     6.568   -10.497    1.00  100 0  2 
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LIGAND MIRRORING 
 
Author: Connie Oshiro 
 

Overview 
 DOCK matches spheres with ligand atoms by comparing distances between sphere pairs 
and ligand atom pairs.  However, the mirror image of the ligand atoms used in the match may 
be a better fit to the spheres, in an r.m.s. sense, than the atoms of the real, non-mirror-
reflected ligand.  The mirror image will in most cases not be a ligand in the input database, 
but may nonetheless be purchasable or synthesizable.  DOCK’s traditional behavior was to 
make the best fit it could without reflecting the matched ligand atoms, often resulting in a 
poor fit to the desired spheres.  The ligand mirroring functionality empowers the user to 
make explicit decisions concerning the treatment of mirror reflected ligands. 
 

Usage 
 The mirror_ligands keyword indicates whether or not mirror images of input ligands will 
be docked.  There are three possible values:  no, yes, and discard (or their abbreviations n, 
y, and d, respectively).  If mirror_ligands is set to no, mirror images of the ligand will not be 
generated.  This is the manner in which DOCK has operated in the past.  If mirror_ligands is 
set to yes, then a mirror image of the ligand will be generated.  In SEARCH mode, when 
mirror_ligands is on, both chiralities are stored.  Consequently, in the top nsave ligands, the 
same ligand may appear twice, once for each handedness.  The different chiralities are 
indicated by det_rot = 1 (real image) and det_rot = -1 (mirror image) in the ligand 
output file.  Finally, if the mirror image of the ligand is a better fit and if mirror_ligands is 
set to discard, then this orientation of the ligand is discarded before it is scored.  This last 
mode may be useful when using the CRITICAL CLUSTER feature.  
 Note that when mirror_ligands is off, DOCK uses the Ferro-Hermans (1977) orient 
algorithm, the algorithm used in previous versions of DOCK.  With all other values of 
mirror_ligands, the Golub-Kabsch algorithm is used (Golub, personal communication; 
Kabsch, 1978; Kabsch, 1976).  Consequently, there can be differences in the orientation (and 
scores) of ligands of the same chirality from a DOCK run with mirror_ligands off versus a 
DOCK run with mirror_ligands on. 
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3dfr 
 
Overview 

 Only one receptor-ligand complex is provided as an example of DOCK input, output, and 
results.  However, several features are explored within the context of this system.  These 
dockings explore the interaction of methotrexate with dihydrofolate reductase (PDB entry 
3dfr). 
 The DOCK runs presented in the subdirectories of the 3dfr directory of the examples 
directory serve two functions:  a check to see that locally obtained results agree with the 
expected results; and examples of how to implement certain new features.  In each 
subdirectory exists an INDOCK, OUTDOCK, and results file for one or more docking runs 
utilitizing various features.  These are provided for sake of instruction and comparison.  To 
re-run any particular example, copy the desired prefixed INDOCK to INDOCK.  Make sure no 
OUTDOCK or other output files exist and re-run DOCK3.5. 
 The 00README file in each directory provides further assistance and descriptions of 
directory contents.  In the main 3dfr directory, please read the 00README file for the 
procedures used to create each file in this directory. 

 
mindeg directory 

 This directory gives examples of the usage of FORCE FIELD SCORE OPTIMIZATION and 
DEGENERACY CHECKING in SINGLE mode.  Please consult these sections in the 
documentation for further implementation details.  
 

search directory 
 This directory gives examples of SEARCH mode DOCK runs using either force-field 
scoring or contact scoring.  A small, roughly 100-compound section of the Cambridge 
Structural Database is used. 
  

colcrit directory 
 This directory gives examples of the usage of CHEMICAL MATCHING and CRITICAL 
CLUSTERS in SINGLE mode.  Please consult these sections in the documentation for further 
implementation details.  This section gives an extensive example of how these features are 
employed and the power they provide: 
 
 
 
 
 

Application of Chemical Matching and Critical Clusters  
A.C.Good 

 
 Using DOCK to search for receptor ligand binding modes can prove to be a 
computationally expensive exercise.  To help alleviate this problem and direct DOCK 
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searches, two new functions have been devised to restrict the number of potential node 
matches that can occur between ligand and receptor.  
 The first of these functions is called chemical matching (coloring).  This technique allows 
the user to define atom and receptor centers as being of a specific property type e.g. 
hydrophobic.  If chemical matching is utilized, only centers with complementary chemistry 
are allowed to match, which reduces the number of orientations being tested, and emphasizes 
chemical complementarity between ligand and receptor.  
 The second technique is known as critical clustering.  This function allows the user to 
define regions thought to be crucial to the binding process.  When critical clusters are 
defined, the user forces DOCK to include at least one member of each cluster within a valid 
match.  This can dramatically reduce the number of permitted matches, and hence speed up 
the DOCK run. 
 
 Ligand Chemical Matching 
 The methotrexate structure chemistry was defined using the file keymtx as input to the 
MOL2DB program in the bin directory (mol2db < keymtx).  This file provides a useful 
example of how to configure your ligand chemical matching definitions for DOCK databases.  
Note that the chemistry definitions used are not gospel, and can be altered to suit user 
requirements.  Note also the use of the property boring.  This is used to define centers with 
no particular property, and is used because if centers have no defined chemistry, they may be 
used to match center of any chemistry.  Assigning a specific property type to these centers 
prevents this from happening.  
 
Receptor Chemical Matching 
 The receptor center file (generally referred to as the SPHGEN output) was created using 
both the GRID program of Peter Goodford (1985) and SPHGEN.  GRID was used to map 3dfr 
using both  carboxyl oxygen anion and sp3 nitrogen cation probes.  The resulting maps were 
searched in the following manner.  Determine the point with the most favorable interaction 
energy.  Exclude all points within 1Å of this point, and find the next best interaction energy.  
Repeat until no points with an interaction energy better than -7 kcal mol-1 remain.  The 
resulting points were used to define hydrogen bond donor and acceptor sites.  GRID execution 
and data extraction was accomplished using the HBDATA program.  Only points within 4Å of 
a SPHGEN sphere were retained. The SPHGEN centers determined for 3dfr found to be further 
than 2Å from the donor and acceptor points were defined as hydrophobic centers.  All other 
SPHGEN centers were removed.  The choice of points was undertaken within the SYBYL 
modeling package, and the results were written out as a MOL2 file.  The script MOL2SPH was 
then used to create the resulting SPHGEN format file.   GRID was used in place of SPHGEN to 
define the hydrogen bond regions, since SPHGEN does not use hydrogen bonding properties 
when defining its centers, so it is unlikely that the resulting site points will best describe 
hydrogen bonding regions.  Centers can be defined as the user sees fit e.g. using LUDI, HINT 
or other such programs.  As long as the final center file is in SPHGEN format, DOCK will not 
complain. 
 
Files and Results 
 Four sets of files have been created, all prefixed with a descriptive tag indicative of what 
features were employed: 
   chemical critical search 
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 prefix minimization matchinga clustersb timec 
 dock_min yes no no 1203 sec. 
 dock_crit yes yes no 161 
 dock_col yes no yes 7 
 dock_colcrit yes yes yes 3 
 

a chemical matching constraints applied 
b centers around the known binding positions of the methotrexate pteridine ring 

amines defined as separate critical clusters 
c time spent in docking stage (overhead of reading grids not included), executed 

on an SGI 50MHz R4000 
This data comes from the OUTDOCK files with corresponding prefixes.  Note that the RMS 
values given in the OUTDOCK file are meaningless, since when the mtx.db file is created, all 
the methotrexate coordinates are shifted to the positive coordinate octant. 
 The relative times required for this search show the potential value of chemical matching 
and critical clusters.  All four runs generated the crystallographically observed orientation as 
the highest scoring receptor ligand interaction, but applying constraints produces a 7 to 400 
fold speed increase in DOCK search speed.  To run DOCK using one of the above examples, 
copy the relevant input file to a file with the name INDOCK. Remove the file OUTDOCK if it 
exists, and then run DOCK. 
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mkdb 
 
Author: George Seibel 
 
 The interactive program MKDB converts Cambridge Structural Database (CSD) formatted 
coordinate files to the database format used by DOCK (SEARCH mode; contact scoring only).  
Only the largest molecule in each CSD record is written out, thus removing counterions and 
solvent, and handling instances of multiple molecules per unit cell. The CSD-formatted 
coordinates can be taken from the formatted file distributed by Cambridge, or obtained by 
running the Cambridge program RETRIEVE. The user is asked for the input and output file 
names, and whether or not hydrogen atoms should be included in the output if present in the 
input. While hydrogens are not presently used in generating orientations or contact scores, is 
often convenient to include them anyway so that they will appear in the final ligand output 
from DOCK. 
 The database format produced by MKDB contains the following information:  the first line 
contains the CSD reference code, the number of heavy (nonhydrogen) atoms, and the number 
of hydrogens (format A8,2I3); the next lines list the atomic numbers of the heavy atoms 
(reusable format 40I2); finally, the coordinates of the heavy atoms are given (reusable 
format 16I5).  The coordinates represent translation to the positive quadrant, multiplication 
by 1000, and rounding to the nearest integer. The first three numbers are the coordinates for 
the first heavy atom, the next three are for the second heavy atom, and so on.  The hydrogen 
coordinates, if any, are listed after the heavy atom coordinates. 
 
 

mol2db 
 
Authors: Brian Shoichet, Elaine Meng 
 
 The interactive program MOL2DB converts SYBYL ASCII (MOL2) formatted coordinate 
files to the database format used by DOCK (SEARCH mode).  Only the largest fragment in 
each molecule record is written out.  Hydrogens and charges should be present if they are 
required by the scoring option to be used. The user is asked for the input and output file 
names.  MOL2DB asks for atom flagging information before the atom coloring (labeling) 
information. You should enter none for the flagging, since atom flagging is only partially 
implemented. For the coloring, you must enter the color name (whatever you want, up to 30 
characters) followed by one or more spaces and then the SYBYL atom type. Optionally, you 
can follow this, on the same line, by an integer and another SYBYL atom type. The second 
atom type refers to a nearby atom, and the integer is the number of intervening bonds. If 
negative, it means that the first atom must not be this many bonds away from the second 
atom. Enter none or a blank line to terminate. The same color may be entered more than 
once, but there can be a maximum of 100 colors, and a maximum of 200 coloring statements.  
Following the atom coloring information one is asked whether one wishes to adjust charges, 
as described in the next paragraph. Answer yes or no. 
 Besides performing a reformatting function, MOL2DB equalizes charges on oxygens that 
are equivalent by resonance (in carboxylate, phosphate, sulfate, and nitro groups) and adds a 
net positive charge to amidinium and guanidinium groups.  Atoms belonging to functional 
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groups of interest may be flagged.  The largest covalent structure per @<TRIPOS>MOLECULE 
record is identified and written out. 
 
 

DOCK 3.5 ligand database format 
 In DOCK 3.5 the ligand database format has changed. This new format incorporates 
chemical labels. The new ligand database format (a) handles a variable number of colors, (b) 
incorporates fields for conformational entropy and solvation correction, although they are not 
currently used by DOCK, (c) includes all the fields of the version 3.0 database, and (d) has 
been reorganized so that all the information pertaining to a particular atom is grouped 
together. This new format takes a little more space than the 3.0 format (which omitted fields 
that were 0), but it is easier to understand. 
 After the header line (DOCK 3.5 ligand_atoms) comes the color (label) table - a list of 
color names, one per line (format A30). Next come the ligands, in the format below. The 
label (color) for each ligand atom is simply an index into the color table (i.e. 1 for the first 
color listed, 2 for the second color listed, etc.). 
 

{
molecule name 

A51
reference code 

A9

# atoms 
I3

# heavy 
I3

# hydrogen 
I3

solvation 
correction 

F12.4

conformational 
entropy 

I6

atomic coordinates 
3I5

van der 
Waals 
type 
I2

charge 
I5

critical 
cluster 

I2

label 
(color) 

I3

repeated 
for each 

atom

repeated 
for each 
molecule

 
 
 

DOCK 3.0 ligand database format 
 Because DOCK 3.5 can still read 3.0-format ligand database files, and because CONVSYB 
still writes that format, that format will now be described. (Version 2.1 database format is 
described under the MKDB program). The first line contains the molecule's name, 
immediately following N which signifies that the database is in version 3.0 format; the next 
line contains the reference code, the number of heavy (nonhydrogen) atoms, the number of 
hydrogens, the number of charges (currently assumed to equal the total number of atoms), 
and the number of flagged atoms (format A9,4I3); next are the VDW types of the atoms 
(reusable format 40I2); next are the integerized charges (reusable format 16I5); next are the 
flagged atom listings, if any (reusable format 20I4); finally, the integerized coordinates of 
the atoms are given (reusable format 16I5).  The coordinates are generated by translation to 
the positive quadrant, multiplication by 1000, and rounding to the nearest integer. The first 
three numbers are the coordinates for the first heavy atom, the next three are for the second 
heavy atom, and so on.  The hydrogen coordinates are listed after the heavy atom 
coordinates. 
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addprh 
 
Author: Andrew Leach 

 
 ADDPRH is used to add hydrogens atoms to proteins.  Either PDB or AMBER atom names 
can be specified.  Hydrogens are added in “favorable” geometries, but this does not take into 
account intramolecular hydrogen bonding.  Hydrogens are also added to waters; to add some 
variety into the orientation of these hydrogens, a random orientation about the three euler 
angles is performed before adding the hydrogens.  Although we find this program extremely 
useful, no claim is made as regards the accuracy or completeness of this program. 
 
 

charge 
 
Author: Daniel Gschwend 

 
 CHARGE is a simple nawk script which provides residue composition for a protein, 
including number of charged residues and total charge.  CHEMGRID’s OUTPARM should agree 
with the value generated from this program.   
Usage:  charge pdbfile 
 
 

chemprop 
 
Author: Renee DesJarlais 

 
Overview 

 The interactive program CHEMPROP is designed to aid the user in examining the 
properties of a receptor in the vicinity of a small molecule that has been oriented using 
DOCK. The program takes as input a receptor coordinate file, a file containing the coordinates 
of one or more ligands, and several parameters, described below, depending on the option 
chosen.  There are two options:  electrostatics and hydrogen bonding. 
 In the electrostatic option, the electrostatic potential from the receptor is calculated at 
each ligand molecule atom center.  The electrostatic potential at the position of ligand atom j, 
ej, is calculated using equation 1, where qi is the partial charge on the receptor atom i, D is 
the dielectric constant, and rij is the distance between atoms i and j:  

  ej = iq
Driji =1

atoms

∑          (1) 

Only the receptor atoms contribute to the value of the electrostatic potential.  The partial 
atomic charges used are those from the AMBER united-atom force field (Weiner, et al., 1984).  
Only standard amino acid residues can be accommodated by this program.  The receptor file 
must include the hydrogen atoms attached to nitrogens, hydroxyl oxygens, and sulfurs, and 
the lone pairs on the sulfurs.  A new PDB-format coordinate file is written out for the ligand 
molecules, where the electrostatic potential is printed in the temperature factor column.  The 
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molecules can then be displayed using a molecular graphics package and colored according 
to electrostatic potential. 
 Note: an alternative is to use the program SCOREOPT2, which uses the grid calculated in 
CHEMGRID,  which in turn requires hydrogens on receptor nitrogens, oxygens, and sulfurs, 
but not sulfur lone pairs.  In addition, the  DELPHI  package (Klapper et al., 1986; Gilson, 
Sharp, and Honig, 1987) includes a similar program called PHITOPDB for writing out values 
of the electrostatic potential at atomic positions. 
 The hydrogen bond option helps the user identify places on the ligands where it might be 
appropriate to design in a group capable of hydrogen bonding to the receptor.  Potential 
hydrogen bond positions are identified as any ligand atom within a user-specified distance of 
a receptor nitrogen or oxygen atom.  This option was intended mainly for use with ligand 
heavy atom (nonhydrogen) coordinates only.  Two files are output: a coordinate file, and a 
file listing the potential hydrogen bonds for each ligand in the input file.  In the coordinate 
file, each potential hydrogen bond is written in PDB format as a residue with two atoms.  One 
atom is located at the receptor nitrogen or oxygen and the other is located at the ligand atom.  
The residues are separated by TER cards.  The residue and atom names depend on the protein 
atom.  The residue is named ACC if the protein atom is a carbonyl oxygen, DNR if the protein 
atom is an amide or amine nitrogen, and DOA if the protein atom is a hydroxyl oxygen or a 
histidine side chain nitrogen.  The receptor and ligand atoms in an ACC residue are named A 
and D, respectively; in a DNR residue they are named D and A, respectively; and in a DOA 
residue they are named E1 and E2, respectively. Viewing these possible hydrogen bonds with 
the receptor and ligand is useful for design purposes and assessing whether the angles are 
consistent with strong hydrogen bonding. 
 

Usage 
 The input file names and parameters can be entered interactively. Interactive use is 
reasonable when fewer than about 30 ligands are to be examined.  The user is prompted for 
the names of the receptor and ligand files and the type of calculation (electrostatic potential 
or hydrogen bond). If an electrostatic potential calculation is being performed, the user must 
select a constant or distance-dependent dielectric, a cutoff distance, and a name for the output 
file. If a hydrogen bond calculation is being performed, the user must enter a cutoff distance 
for hydrogen bonds and names for the output files. Finally, after performing one calculation, 
the user is given the option of performing another without exiting from the program. 
 
 
 

cluster 
 
Authors: Brian Shoichet, Irwin D. Kuntz 

 
Overview 

 CLUSTER allows greater flexibility in creating a sphere description of a site or molecule.  
It is particularly useful in macromolecular docking, and in general, when the original cluster 
file from  SPHGEN does not adequately describe the site or molecule of interest. 
 The CLUSTER program is a more elaborate version of the cluster subroutine in SPHGEN 
(Kuntz et al., 1982).  A single-linkage clustering algorithm is applied, based on the radial 
overlap between spheres.  Unlike SPHGEN, CLUSTER does not heuristically remove spheres; it 
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can operate on the total set of possible spheres rather than just the largest sphere per surface 
atom. This complete description is contained in the cluster 0 from SPHGEN. User-defined 
criteria control the clustering process; clusters can be tailored to a certain size (number of 
spheres), a certain range of sphere radii, or a certain region of space.  The program allows 
one to try different clustering parameters without rerunning SPHGEN. 
 

Input 
 The program can be run either interactively or from a command file. The following is an 
explanation of a sample command file.  These command files should not contain any blank 
lines. 
 
variable name FORTRAN format example 
clufil  A80 2ptc.all 
nclus  I 1 
maxrad F 5.0 
m2xrad F 5.0 
povlap F 10.0 
clusiz  I 60 
minsiz  I 20 
minflg  I 1 
outfil  A80 2ptc.all.rcl 
yn  A1  y 
   (if yn is y or Y): 
 minrad F 1.3 
 rincr F 0.2 
 nearnb F 0.5 
 nearad F 0.25 
 
 
 
clufil  is the file containing the input spheres from SPHGEN. 
nclus  is the number of the cluster to recluster (there is generally more than one in the 

original SPHGEN cluster file). When the full set of spheres is being used, there is 
only one “cluster” and nclus should be set to 1. 

maxrad is the primary maximum sphere radius for clustering, in Ångstroms. Only spheres 
with radii less than or equal to maxrad can be used as linkers between groups of 
spheres, making them into a single larger cluster. Values from 2.5 to 5.0 Ångstroms 
are generally most useful.  maxrad also defines the end point for analytical 
clustering (see below); it is the final value of rcut. 

m2xrad is the secondary maximum sphere radius for clustering, in Ångstroms. This variable 
allows spheres with radii larger than maxrad to be included in clusters, but does not 
allow them to act as linkers. m2xrad must be equal to or greater than maxrad; 
smaller values default to maxrad. All spheres exceeding the m2xrad criterion will 
be discarded. m2xrad is typically set to maxrad for analytical clustering and 5.0 
Ångstroms otherwise. 

povlap is the percent radial overlap between two spheres necessary to define a pair.  If this 
variable is set to 0.0, spheres will be defined as overlapping when they intersect to 
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any degree.  The larger the value of povlap, the greater the overlap necessary to 
define the spheres as a pair for cluster purposes.  Typical values range from 0.0 to 
20.0. 

clusiz is the maximum number of spheres allowed to be in a cluster.  Growth of a cluster is 
frozen when this limit is reached; spheres that would otherwise be added are 
discarded.  Limiting the cluster size leads to decreased coalescence and therefore 
greater numbers of clusters.  Values of 50 to 75 are suggested. 

minsiz is the minimum number of spheres a cluster must have to be included in the output. 
minsiz must be less than clusiz; values of 20 to 30 are suggested.  

minflg is the minimum number of flagged spheres a cluster must have to be included in the 
output.  Flagging is done by placing any non-blank characters following the 
information for the sphere(s) of interest in clufil. The flagging feature is no longer 
supported. 

yn indicates whether analytical clustering will be done.  Analytical clustering refers to 
iteratively increasing the value of the primary maximum sphere radius. It is 
especially useful when the input sphere set is large (>1000, as when the full sphere 
description is being used).  If yn equals N or n, analytical clustering will not be 
done, and no further input is read.  Analytical clustering replaces maxrad with the 
variable rcut, which increases from minrad to maxrad in step sizes of rincr.  Each 
value of rcut corresponds to a cycle of clustering.  In this way, the user can quickly 
determine which parameters will yield a cluster of the desired size. For a set of 
1000 spheres, a typical analytical run with averaging takes about 20 seconds on a 
Silicon Graphics Iris 4D/25 workstation.  Most of the CPU time is spent in 
averaging the spheres; for this reason, run time scales approximately with the 
square of the number of spheres. 

minrad is the starting value for rcut in analytical clustering. 
rincr is the incremental increase in rcut per iteration in analytical clustering. 
nearnb is the maximum distance between the centers of spheres that may be averaged into a 

composite sphere, for analytical clustering. This variable is used to simplify very 
large sets of spheres.  When clusters are written out, only the sphere closest to the 
composite will be included.  A value of 0.5 Ångstroms is reasonable for sets of 
approximately 1000 spheres. 

nearad is the maximum difference in magnitude between the radii of spheres that may be 
averaged into a composite sphere, for analytical clustering. A value of 0.25 
Ångstroms is reasonable for sets of approximately 1000 spheres. 

 
Output 

 For analytical clustering, the output sphere cluster file consists of several sphere cluster 
files concatenated together. Each group begins with its own header (DOCK 3.5 

receptor_spheres, etc.). The user must hand-edit this file to select the best group of 
clusters.  
 
 

colsph 
 
Author: Mike Connolly 
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 This program reads and writes a sphere cluster file, adding a color (label) table and 
sphere labels. The color is determined by evaluating either a DELPHI map or a force-field grid 
at the sphere center, and comparing that value to the ranges specified in a user-defined range 
file, which defines ranges for a series of colors.  The program prompts for the information it 
needs: 
 • scoring map type (2 = DELPHI, 3 = force-field) 
 • the DELPHI map file name or the force-field grid prefix 
 • range file name 
 • input sphere cluster file name 
 • output sphere cluster file name 
The range file is the only one that needs explanation. Its format is as follows: 
 color_name range_min range_max 
The spacing between the values does not matter.  The color_name can be up to 30 characters 
in length.  The range_min and range_max must be real numbers, and specify the lower and 
upper ends of the range respectively.  There may be up to 100 colors and 200 range 
statements.  
 
 
 
 
 

condense 
 
Author: Daniel Gschwend 

 
 CONDENSE takes as input a residue list generated by GET_NEAR_RES and compacts it into 
a format suitable for an MS -i file.  This functionality comes in handy when attempting to 
generate an MS surface for a portion of a receptor.  The program GET_NEAR_RES can be used 
to obtain a listing of all receptor atoms within a specified distance of a small molecule, e.g. a 
crystallographically observed ligand.  CONDENSE will then reformat and compact the listing 
to less than 100 entries for compatibility with MS.  This program supports command-line 
operation:  type condense -h for details.  
 
 

conect 
 
Author: Elaine Meng 

 
 CONECT is an interactive program that appends CONECT records to a PDB file containing 
the coordinates of a single molecule. The user is prompted for the names of the input and 
output files. The presence of a bond is determined as follows:  two atoms are bonded if the 
distance between them is less than or equal to the sum of their covalent bond radii plus a 
tolerance of 0.4 Ångstroms. 
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convsyb 
 
Author: Elaine Meng 

 
 The interactive program CONVSYB converts SYBYL ASCII (MOL2) files into a number of 
other formats useful for DOCK and some of the accessory programs.  Output options include 
“extended PDB format,” DOCK 3.0 database format, and standard PDB format.  (Please see 
documentation on MOL2DB and APPENDIX 1 for details on ligand database formats.)  Unlike 
MOL2DB, CONVSYB assumes that each @<TRIPOS>MOLECULE record type indicator 
corresponds to a single covalently bonded structure, and uses the first 9 characters of the line 
following this record as the refcode for the structure.  Multi-MOL2 files are handled correctly, 
except that CHEMGRID parm file generation (option 7) only works when a single molecule is 
input. 
 
 

db3todb35 
 
Author: Daniel Gschwend 

 
 DB3TODB35 is a simple reformatting program that takes as input the old DOCK 3.0 ligand 
database format and writes a new 3.5 format database (see documentation on MOL2DB and 
APPENDIX 1 for more details on database formats).  This tool finds use in the conversion of a 
3.0 database, which does not support coloring, to a new database for purposes of coloring 
ligand atoms and utilizing CHEMICAL MATCHING features.   
Usage:  db3todb35 input_database output_database 
 
 

delphiscore 
 
Author: Elaine Meng 

 
 DELPHISCORE is an interactive program that does stand-alone electrostatic scoring of 
DOCK output (from version 2.1, 3.0, or 3.5, containing charges) using an electrostatic 
potential map from  DELPHI (Klapper et al., 1986; Gilson, Sharp, and Honig, 1987). The 
names of the potential map, the ligand file, and an output file, plus the version of DOCK that 
produced the ligand file are requested. There may be many ligands in the input file, as long 
as each ends with a TER card. Electrostatic scores are reported in both kT and kcal/mol. 
 
 

dockmin_dfp, dockmin_sim 
 
Author: Daniel Gschwend 
  

Overview 
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 Optimization of ligand-receptor interactions as a post-docking technique presents an 
efficient means of improving both scores and RMS deviation to known crystal complexes 
(Meng, Gschwend, Blaney and Kuntz, 1993).  These refinements take the form of a rigid-
body minimization of force-field score.  Only non-bonded interactions are optimized, so no 
torsions, bond lengths or bond angles are modified.  The minimizer uses the same scoring 
function and as DOCK, so minimized force-field scores are directly comparable with those 
obtained from DOCK output.   
 Two modes of energy calculation are available:  continuum or grid-based.  Continuum 
energies are the more accurate of the two, as they are calculated on-the-fly based on exact 
distance calculations to nearby atoms.  Grid-based energies are less accurate as they are 
computed by simple summation of terms from precalculated grids, most commonly 
employing linear interpolation.  The energies obtained via both methods are consistent with 
each other.  As one might expect, grid-based computation is very rapid, typically 50 times 
faster than the analogous continuum calculation. 
 Two different minimization techniques are also available:  quasi-Newton 
(DOCKMIN_DFP) and simplex (DOCKMIN_SIM).  The quasi-Newton minimizer is based on 
that written by Jeff Blaney (1982) and uses numerical derivatives within a modified 
Davidon-Fletcher-Powell routine (Fletcher, 1960).  The simplex minimizer is that of Nelder 
and Mead (1965).  On grid calculations, simplex is at least twice as fast:  quasi-Newton 
optimization is very sensitive to local curvature and can easily get stuck on the very jagged 
grid-based potential surface.  The quasi-Newton is slightly more accurate when performing 
continuum calculations, however.   

 
Usage 

• First choose to do either continuum or grid-based minimizations.  Grid-based is much 
faster, but continuum is more accurate.  Grid-based also requires the use of 
CHEMGRID scoring grids, just as DOCK does when using force-field scoring.  Next 
choose which minimizer to use:  the quasi-Newton is recommended for continuum 
minimizations and the simplex is recommended for grid-based minimizations.   

• Ligand files must be in extended PDB format.  This is the standard output format for 
DOCK.  For continuum minimizations, the receptor must also be in extended PDB 
format.  To get your receptor into extended PDB format from standard PDB format, 
run the program 

    get_parm pdbfile [PDBPARM_file] 
  where pdbfile is the name of receptor pdb file (with hydrogens added!) that was 

used as input to CHEMGRID, and PDBPARM_file is the name of the PDBPARM file 
written by CHEMGRID.  PDBPARM_file defaults to PDBPARM if omitted. 

• Make sure to use the van der Waals parameter file vdw.parms.amb.dockmin from the 
parms directory. 

 
Output 

• A record of input values and parameters is output for confirmation. 
• REMARK records for each ligand are provided if so specified at run-time. 
• Initial and final energies, broken down into vdw and electrostatic components, are given 

for each ligand.  RMS deviation from starting structure as well as the terminal 
convergence criterion is shown. Intermediate energies are also provided to monitor 
progress.  
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• Data is often not reported for each step - this is normal. 
• Energies are consistent with DOCK force-field scoring energies and should compare 

favorably with energies obtained from running SCOREOPT on the output.  If they don't 
agree within a few kcal/mol on the average, something may be amiss (there will be a 
few outliers). 

 
Customization 

 There are defaults for all parameters, so this step need not be performed unless you are 
interested in changing particular aspects of the minimization.  Should you wish to change 
parameters, copy the appropriate parameter file from the parms directory based on the 
minimizer and mode of operation: 
   minimizer  mode  parameter file to use 
   dockmin_sim  continuum min.cont.sim 
   dockmin_sim  grid-based min.grid.sim 
   dockmin_dfp  continuum min.cont.dfp 
   dockmin_dfp  grid-based min.grid.dfp 
Each of the parameters in these files is explained in more detail below.  Please note that if the 
appropriate parameter file exists in the run-time directory, it will be read, so make sure to 
rename or delete parameter files if you want to revert back to the defaults. 
 
iminm For DOCKMIN_DFP in continuum mode: Set to 1 to perform minimization (default), 

set to 0 to perform only single point energies. 
idiel For continuum minimizations:  set to 1 if a distance-dependent dielectric is desired 

(default), otherwise set to 0. 
esfact Constant to multiply dielectric by.  If doing continuum minimizations, set it to the 

same value used in CHEMGRID in generating force-field grids.  If doing grid 
minimizations, set it to 1.0, as a dielectric is already embedded in the grids being 
used. (default = 4.0 for continuum, 1.0 for grid) 

nbcut Non-bonded interactions cutoff.  Again, set this to the same value used in 
CHEMGRID, probably around 8 to 10 Å. 

incut  Cutoff radius for accepting receptor coordinates (Å).  This should be set to be 
greater than nbcut by at least 2 Å. 

interp Choice of interpolation for grid minimizations:  set to 1 for trilinear interpolation 
(default), set to 0 for no interpolation (nearest grid point algorithm). 

mstep Maximum number of minimization steps.  Set to 0 to perform only single point 
calculations. 

itmax Same as mstep. 
iexpon For DOCKMIN_DFP with grid minimizations:  Set to 5 if using interpolation, 2 for 

nearest grid point method.  This parameter was introduced to allow some user 
control over speed/accuracy of grid minimizations using the quasi-Newton 
DOCKMIN_DFP.  The minimum step size in minimization is dictated by: 

     grid_spacing * 10–iexpon. 
 Smaller iexpon values hence increase the step-size and permit greater ligand 

movement - results tend to provide greater accuracy (as compared with continuum 
minimization results).  Larger iexpon values, however, will increase speed of 
minimization by limiting amount of movement.  Optimal values for iexpon seem to 
be in the range of 5 to 10 when using the trilinear interpolation energy function.  
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Results may not be exactly consistent with these trends upon small changes in 
iexpon, due once again to the jagged potential surface. 

cnvrgnc Convergence criterion.   For DOCKMIN_DFP, set to a value of 0 to 2.  2 will provide 
accurate results (good for general minimizing), 1 and 0 will provide greater speed 
(about 45% faster with 0 than with 2).  For DOCKMIN_SIM, this is an energy 
difference for convergence of a simplex.   

restart For DOCKMIN_SIM in continuum made:  minimum energy change between restarts 
to signal another restart. 

buffer Buffer zone for ligand to move in.  Keep at 0.5 Å. 
trnstp Maximum stepsize in Å for x, y, z translation. 
rotstp Maximum stepsize in degrees for alpha, beta, gamma euler angles. 
 
 

fixDOCKout 
 
Author: Daniel Gschwend 

 
 For multiple-residue ligands (e.g. peptides and proteins) which have been docked, DOCK 
unfortunately 1) moves hydrogens and lone pairs from all residues to the end of the molecule 
(thus losing residue association) and 2) loses all residue numbers.  These defects make 
viewing output difficult if not impossible.  FIXDOCKOUT corrects these problems for DOCK 
output, and also offers to split input into multiple output files containing a user-specified 
number of molecules.  This program supports command-line operation:  type fixDOCKout -
h for details. 
 
 

formatINDOCK 
 
Author: Daniel Gschwend 

 
 A simple shell script to format the new keyword INDOCK files so that parameter values all 
appear neatly aligned.  This is useful after running TONEW, for example.  An effort is made 
to leave comment lines untouched, except for keywords preceded immediately by a # so that 
temporarily inactivated keywords are still formatted.  
 

 
 
 
 
 
 
 
 

get_near_res 
 
Author: Daniel Gschwend 
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Given a ligand PDB file and a receptor PDB file, performs either of two functions: 
1.  writes a PDB file containing all atoms of all residues in the receptor which have their 

Cα atoms within a specified distance of the ligand.  A list file is also written 
which gives the closest Cα-to-ligand distance for each residue written. 

2.  writes a PDB file containing all atoms of all residues in the receptor which have any 
atom within a specified distance of the ligand.  A list file is also written which 
gives the closest receptor-ligand distance for each residue written. 

The list file output may be converted to an MS -i file with the CONDENSE program. 
 
 

hbdata 
 
Author: Andy Good 

 
 This program automatically runs Goodford’s GRID program (distributed independently; 
Goodford, 1985) for a variety of probes, creating SYBYL contour files and files containing 
centers of favorable interaction energy for SPHGEN file creation. The program requires an 
input file called hbin which should follow this example: 
 

3dfr name of parent protein (PDB file name - used for file naming) 
-12.0 minimum x coordinate 
26.0 minimum y coordinate 
4.0 minimum z coordinate 
9.0 maximum x coordinate 
48.0 maximum y coordinate 
33.0 maximum z coordinate 
1.0 grid density - # of planes per Ångstrom of GRID map 
-7.0 highest permitted interaction energy included in site point creation 
1.0 exclusion sphere to remove local low energy pts. near each local minimum 
2 # of probes in probe list that will be used - first two are N3+, O:: 

 
 The FORTRAN code will need to be changed in order to create the correct input data for 
GRID - needs to point to the GRID home directory etc...  Setting this up is a bit of a pain, but 
the program is great for automating GRID if you stick with it. 
 
 Notes for use in conjunction with MOL2SPH:  The GRID energy of each point is assigned 
to the charge field for reference purposes and atom types are set to dummy.  Both of these 
fields must be corrected, the SPHGEN file converted into PDB format using SHOWSPHERE, the 
resulting atomtypes modified and combined within SYBYL before they can be written to 
MOL2 format in preparation for MOL2SPH conversion.  
 
 

mol2sph 
 
Author: Andy Good 
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 Takes MOL2 format files and converts them into SPHGEN format files, allowing automatic 
coloring of the receptor.  Currently, N.3 atoms are classed as H-bond donors, O.3 as H-bond 
acceptors, and S.3 as hydrophobes, but these color setting can be changed to user 
preferences by simply hacking the file.  The charge value can also be used to assign critical 
clusters, with the critical cluster number equal to the truncated value of the charge.   
 
 

oldscore 
 
Author: Elaine Meng 

 
 OLDSCORE  is an interactive program that allows scoring of DOCK output according to the 
“old,” exponential algorithm (as in version 1.1; DesJarlais  et al., 1988).  The user is 
interactively asked for the names of the receptor file, the ligand file, and a file for output, 
plus the values of concut, dmin, and discut.  There may be many ligands in the ligand file, as 
long as each ends with a TER card.  Bad contacts are counted.  There are slight differences in 
the scores directly from DOCK 1.1 and the scores reported by this program, because the 
coordinates of ligand orientations are rounded to three decimal places when written out. 
 
 

pdbrenum 
 
Author: Daniel Gschwend 

 
 PDBRENUM is a versatile residue and atom renumbering utility.  It provides many features 
with respect to where to start numbering, how to treat separate molecules, and also supports 
individual treatment of water molecules, including their separation by TER cards for easier 
visualization.  PDBRENUM also attempts to update CONECT records when atoms are 
renumbered.  This program supports command-line operation:  type pdbrenum -h for details. 
 
 

pdbtosph 
 
Author: Elaine Meng 

 
 PDBTOSPH makes a sphere cluster file out of the non-hydrogen atoms in a PDB file. 
 
 

rebump 
 
Author: Daniel Gschwend 

 
Overview 
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 In difficult or fussy systems, improved results can be obtained by allowing orientations to 
get closer to the receptor with the aim that minimization will salvage them.  Normally, 
orientations with such close contacts would be thrown out, but by decreasing the allowable 
contact distance to atoms comprising the active site we permit minimization to attempt to 
recover them.  This is easily achieved by recreating the bump grid generated by CHEMGRID 
with reduced polar and non-polar contact distances for active site surface atoms only (a 
“Swiss-cheese” effect is observed when all atoms are given reduced contacts, so the ligand 
atoms may fill holes created in the interior of the receptor resulting in energetically 
unsalvagable orientations).  This is also referred to as “softening” the active site.  Note that 
the reduced distances apply only in determining which orientations will be minimized, not in 
the actual energy calculation.  Many more orientations will pass the bump filter, so run-times 
will increase, often significantly.  However, result quality can be dramatically improved.  A 
particular positive aspect of this method is that the dependence of result quality on the 
number of bumps is reduced. 
 

Usage 
 Create a file called INBUMP by following this annotated template: 
 
variable FORTRAN format description 
msfil  A80 surface file used as input to SPHGEN 
boxfil  A80 box file used as input to CHEMGRID 
prefix  A80 prefix for CHEMGRID files, used for output 
resol  F grid resolution - same as in CHEMGRID 
pcon ccon 2F contact distances for non-surface atoms 
spcon sccon 2F contact distances for surface atoms 
 
 Be sure to use the same grid resolution as used in the original CHEMGRID run.  The 
second to last line contains the polar and non-polar contact distances to be applied to non-
surface atoms.  Generally these are values such as 2.3 and 2.8.  The last line contains the 
polar and non-polar contact distances to be applied to active site surface atoms.  The 
reduction in contact distances for surface atoms permits closer ligand contacts with the 
receptor and relies upon the minimizer to salvage the bad contacts.  Often a reduction to 1.5 
2.0 is sufficient (polar, non-polar, respectively).  Further reduction to, say, 1.0 1.5 can 
provide even better results, but at the expense of CPU time.  The best results are obtained 
when surface atoms are disappeared completely (i.e. 0.0 0.0), but here run-times can be 
prohibitive.   
 REBUMP will create a new bump map with the extension .bmp appended to the prefix 
specified on the third line of INBUMP.  (To avoid overwriting an existing .bmp file, make sure 
to rename it before running REBUMP.)  To utilize the newly created .bmp file with softer 
contacts when running DOCK, make sure it has the same prefix as the .vdw and .esp grid 
files created by CHEMGRID. 
 
 

reformatms 
 
Author: Renee DesJarlais 



accessories 66  

 

 
 REFORMATMS converts an MS file of QCPE format to an MS file of the format read by 
SPHGEN.  REFORMATMS requires a Brookhaven Protein Data Bank coordinate file as well as 
the QCPE MS file as input.  The program is interactive.  
 
The QCPE MS file must be in the long format:  The FORTRAN format for this file and the 
information contained in it are listed below: 
 
  (3I5, I2, 3F9.3, 4F7.3, I2) 
 
  n1, n2, n3, shape, x, y, z, area, xn, yn, zn, buried 
 
  n1  atom number of atom that surface point is on or closest to 
  n2  other atom that probe touches (0 for convex) 
  n3  third atom that probe touches, n3>n2 (0 for convex and saddle) 
  shape  1: convex, 2: saddle, 3: concave 
  x, y, z  coordinates of surface point 
  area  solvent-accessible area 
  xn, yn, zn components of the unit vector normal 
  buried  0: exposed, 1: buried, blank: not determined 
 
  The lines must be sorted by n1. 
 
 
The MS format that SPHGEN reads and the information that it contains are listed below: 
 
  (A3, I5, 2X, A3, X, 2F8.3, F9.3, X, A3, 4F7.3) 
 
  resnm, nres, atnm, x, y, z, srftag, area, xn, yn, zn 
 
  resnm  residue name of the closest atom, or the atom itself (if srftag = A) 
  nres  residue number of the closest atom, or the atom itself (if srftag = A) 
  atnm  name of the closest atom, or the atom itself (if srftag = A) 
  x, y, z  coordinates of the point or atom 
  srftag  A: atom, SR0: reentrant point, SS0: saddle point, SC0: convex point 
  area  solvent-accessible area (blank if srftag = A) 
  xn, yn, zn components of the unit vector normal (blank if srftag = A) 
 
 

rmsd 
 
Author: Daniel Gschwend 

 
 Calculates root mean squared deviation in Ångstroms per atom for two PDB files.  
Treatment of hydrogens is optional.  Also, one may compare two files side by side, or use the 
first molecule in the first file as a reference for all molecules in the second file.  All atoms 
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must be in identical order and have the same atom names for both input files.  This program 
supports command-line operation:  type rmsd -h for details. 
 
 

scoreopt 
 
Authors: Elaine Meng, Brian Shoichet 

 
 SCOREOPT is an interactive program for stand-alone scoring of DOCK output.  There are 
three options. 
OPTION 1:  calculates contact scores for single or search mode output, given that the output 

is in standard PDB format up through the coordinates columns.  Output from all 
versions fulfills this criterion.  A grid for contact scoring, from DISTMAP, is 
required. 

OPTION 2:  calculates electrostatic interaction energies for single or search mode output, 
given that the output is in standard PDB format up through the coordinates columns, 
then has atomic charges in another F8.3 field right after the coordinates.  Extended 
PDB format fulfills this criterion (see below).  A DELPHI (Klapper et al.,  1986; 
Gilson, Sharp, and Honig, 1987) electrostatic potential map must be supplied. 

OPTION 3:  calculates force field scores for single or search mode output, given that the 
output is in extended PDB format (includes charges and integer vdw type indicators) 
and given the grids from CHEMGRID and a vdw parameter file.  Extended PDB 
format is produced when the database for searching is in version 3.x format, or 
when the ligand input for single mode is in a format that includes charges and atom 
type information (SYBYL MOL2 or extended PDB).  The extended format is 
standard up through the coordinates columns, and then:  F8.3 (atomic charges), 
F8.3 (electrostatic potential OR contact score per atom; not necessary for this 
program), and I3 (van der Waals type indicators). (Standard PDB format, which 
cannot be used for direct rescoring, can be obtained from DOCK by setting 
standard_pdb in the DOCKOPT file.)  Option 3 is useful for getting the components of 
the force field scores of ligands found in search mode, rescoring using different 
grids (for instance, using a different dielectric function), or counting the number of 
atoms, if any, that fall outside the grid. 

The names of necessary input files and an output file are requested. There may be many 
ligands in the input file, as long as each ends with a TER card. Electrostatic and force field 
scores are reported in kcal/mol. 
 
 

scoreopt2 
 
Authors: Elaine Meng, Brian Shoichet 

 
 SCOREOPT2 is an interactive program for stand-alone scoring of DOCK output.  It is 
exactly like SCOREOPT except that the coordinates as well as scores are written out. Scores 
and other information are included in REMARK lines; as in SCOREOPT, all original REMARK 
lines are retained in the final output. If option 1 is selected, the contact score per atom is 
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written in the temperature factor column.  If option 2 or 3 is selected, the point charge is 
written in the occupancy column and the electrostatic potential due to the receptor is written 
in the temperature factor column.  It is useful to have quantities of interest in the temperature 
factor column because some molecular graphics packages can color atoms according to these 
values. 
 
 
 
 
 
 
 
 
 
 

shapescore 
 
Authors: Brian Shoichet, Elaine Meng 

 
 SHAPESCORE is an interactive program that does stand-alone shape scoring of DOCK 
output (from any version). The names of the ligand file, an output file, and the contact grid 
from DISTMAP are requested. There may be many ligands in the input file, as long as each 
ends with a TER card. Bad contacts are counted. 
 
 

showbox 
 
Author: Elaine Meng 

 
 SHOWBOX is an interactive program that allows visualization of the location and size of 
the grids that will be calculated by the program CHEMGRID, using any graphics program that 
can display PDB format. The user is asked whether the box should be automatically 
constructed to enclose all of the spheres in a cluster.  If so, the user must also enter a value 
for how closely the box faces may approach a sphere center (how large a “cushion” of space 
is desired) and the sphere cluster filename and number.  If not, the user is asked whether the 
box will be centered on manually entered coordinates or a sphere cluster center of mass.  
Depending on the response, the coordinates of the center or the sphere cluster filename and 
number are requested.  Finally, the user must enter the desired box dimensions (if not 
automatic) and a name for the output PDB-format box file. 
 
 

showesp 
 
Author: Elaine Meng 

 
 SHOWESP is an interactive program that allows visualization of the electrostatic potential 
grid calculated by the program CHEMGRID, using any graphics program that can display PDB 
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format and color atoms asked for the prefix name of the grid, the desired spacing of points in 
the output file, and the name of the output file.  Both the chemgrid_file_prefix.bmp and 
chemgrid_file_prefix.esp files are used, so that points that “bump” with receptor atoms are 
not written out. The output is in PDB format with electrostatic potential written in the 
temperature factor column, and TER cards separating the points. 
 
 

showprobe 
 
Author: Elaine Meng 

 
 SHOWPROBE is an interactive program that allows visualization of the interaction energy 
of a probe according to the grid calculated in CHEMGRID, using any graphics program that 
can display PDB format and color atoms according to their temperature factors.  The user is 
interactively asked for the prefix name of the grid, the van der Waals type of the probe atom 
(an integer; see vdw.parms.amb in the parms subdirectory), the van der Waals parameter file 
(e.g., vdw.parms.amb), the point charge on the probe atom, the maximum (least favorable) 
energy for a point to be written out, the desired spacing of points in the output file, and the 
name of the output file.  All of the grid files (chemgrid_file_prefix.bmp, 
chemgrid_file_prefix.esp, and chemgrid_file_prefix.vdw) are used; points that “bump” with 
receptor atoms or that have an interaction energy above the maximum specified are not 
written out. The output is in PDB format with interaction energies written in the temperature 
factor column, and TER cards separating the points. 
 

showsphere 
 
Authors: Stuart Oatley, Elaine Meng, Daniel Gschwend 

 
 SHOWSPHERE is an interactive program; it produces a PDB-format file of sphere centers 
and an MS-like file of sphere surfaces, given the sphere cluster file and cluster number. The 
surface file is not in QCPE MS format (see the documentation on REFORMATMS for further 
details); generation is optional. The user may specify one cluster or “all,” and multiple output 
files will be generated, with the cluster number appended to the end of the name of each file. 
The input cluster file is created using SPHGEN.  SHOWSPHERE requests the name of the sphere 
cluster file, the number of the cluster of interest, and names for the output files. Information 
is sent to the screen while the spheres are being read in, and while the surface points are 
being calculated. 
 

sortDOCKout 
 
Author: Daniel Gschwend 

 
 Sorts DOCK output of any kind (either SINGLE or SEARCH from any scoring option) by 
contact score, force-field score, RMS deviation, or compound registry number, depending on 
what’s in the input.  Either a specified number of structures may be sorted and extracted, or a 
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window around a particular parameter (e.g. 5 kcal/mol above lowest force-field score, 2.0 Å 
above lowest RMS deviation, 50 below the best contact score, etc.).   

splitmol 
 
Author: Daniel Gschwend 

 
 A full-featured structure file splitting utility which accepts either PDB or SYBYL MOL2 
format files.  A range of molecules can be extracted from the input, and a user-specifiable 
number of molecules is put into each file created.  This program supports command-line 
operation:  type splitmol -h for details.  SPLITMOL supplants SPLITRES and SPLITTER, 
formerly distributed with DOCK 3.0.   
 
 

tonew 
 
Author: Mike Connolly 

 
 The purpose of the TONEW program is to convert the old (3.0) position format INDOCK 
and DOCKOPT files to the new (3.5) keyword format.  The user is prompted for which type of 
file to convert, followed by desired input and output file names.  The new files must be 
renamed INDOCK and DOCKOPT before DOCK will recognize them. 
 
 

x2db3 
 
Author: Daniel Gschwend 

 
 X2DB3 converts DOCK force-field scored output into dock 3.0 database format to allow 
re-docking of output. 
Usage:  x2db3 xpdb_input db3_output 
 
 

x2pdb 
 
Author: Daniel Gschwend 

 
 This program converts DOCK extended PDB output into standard PDB format, viewable by 
virtually all graphics packages.  This program supplants the formerly distributed BLOTTO. 
Usage:  x2pdb dock_output 
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APPENDIX 1:  LIGAND FILE FORMATS 
 
Extended PDB format 

 
REMARK  AZASERINE                                          REFCODE#1 
ATOM      1  O1  UNK     1       0.551  -0.151   0.382  -0.303   0.000 12 
ATOM      2  C2  UNK     1      -0.815   0.040   0.003   0.106   0.000  5 
ATOM      3  C3  UNK     1       1.470   0.512  -0.274   0.351   0.000  1 
ATOM      4  C4  UNK     1      -1.714  -0.821   0.889   0.044   0.000  5 
ATOM      5  C5  UNK     1       2.878   0.350   0.077   0.389   0.000  5 
ATOM      6  O6  UNK     1       1.150   1.266  -1.178  -0.256   0.000 11 
ATOM      7  C7  UNK     1      -3.156  -0.619   0.489   0.104   0.000  1 
ATOM      8  N8  UNK     1      -1.354  -2.236   0.725   0.227   0.000  9 
ATOM      9  N9  UNK     1       3.860   1.059  -0.625   0.132   0.000  8 
ATOM     10  O10 UNK     1      -4.019  -0.158   1.360  -0.796   0.000 12 
ATOM     11  O11 UNK     1      -3.517  -0.885  -0.646  -0.309   0.000 11 
ATOM     12  N12 UNK     1       4.667   1.642  -1.201   0.215   0.000  8 
ATOM     13  H13 UNK     1      -1.583  -0.531   1.929   0.094   0.000  7 
ATOM     14  H14 UNK     1      -0.947  -0.252  -1.049   0.063   0.000  7 
ATOM     15  H15 UNK     1      -1.084   1.099   0.126   0.063   0.000  7 
ATOM     16  H16 UNK     1       3.056  -0.730  -0.033   0.139   0.000  7 
ATOM     17  H17 UNK     1       2.920   0.622   1.142   0.139   0.000  7 
ATOM     18  H18 UNK     1      -1.947  -2.804   1.309   0.200   0.000  6 
ATOM     19  H19 UNK     1      -0.391  -2.371   0.992   0.200   0.000  6 
ATOM     20  H20 UNK     1      -1.476  -2.504  -0.239   0.200   0.000  6 
TER 
REMARK  MECRYLATE                                          REFCODE#2 
ATOM      1  C1  UNK     2       0.881  -0.199  -0.189   0.116   0.000  1 
ATOM      2  C2  UNK     2      -0.138   0.559   0.532   0.303   0.000  1 
ATOM      3  C3  UNK     2       0.487  -1.210  -1.151   0.105   0.000  1 
ATOM      4  C4  UNK     2       2.180   0.040   0.038  -0.075   0.000  1 
ATOM      5  O5  UNK     2      -1.407   0.326   0.310  -0.314   0.000 12 
ATOM      6  O6  UNK     2       0.194   1.410   1.341  -0.259   0.000 11 
ATOM      7  N7  UNK     2       0.171  -2.019  -1.920  -0.191   0.000  8 
ATOM      8  C8  UNK     2      -2.368   1.093   1.040   0.046   0.000  5 
ATOM      9  H9  UNK     2       2.939  -0.526  -0.500   0.055   0.000  7 
ATOM     10  H10 UNK     2       2.476   0.799   0.760   0.055   0.000  7 
ATOM     11  H11 UNK     2      -3.383   0.785   0.747   0.053   0.000  7 
ATOM     12  H12 UNK     2      -2.231   2.161   0.817   0.053   0.000  7 
ATOM     13  H13 UNK     2      -2.231   0.923   2.118   0.053   0.000  7 
TER 

 
 DOCK version 3.5 output is in this format (although completely standard PDB format may 
be selected via the DOCKOPT file).  The extra columns allow rapid rescoring of the 
orientations using different contact, DELPHI, and/or force field grid files. For ATOM records, 
the FORTRAN format is 
  ('ATOM', 2X, I5, X, A4, X, A3, 2X, I4, 4X, 5F8.3, I3) 
where the fields contain atom number (I5), atom name (A4), residue name (A3), residue 
number (I4), coordinates (3F8.3), point charge (F8.3), electrostatic potential OR atomic 
contact score (F8.3), if known, and van der Waals type (I3).  This is the same as standard 
PDB format up through the coordinates fields. The ATOM records for a molecule can be 
preceded by any number of REMARK records, and are followed by a TER card. 
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SYBYL ASCII (MOL2) format 
 
@<TRIPOS>MOLECULE 
AZASERINE                                          REFCODE#1 
   20    19     1     0     0 
SMALL 
GASTEIGER 
 
@<TRIPOS>ATOM 
      1 O1        0.5509 -0.1511  0.3824 O.3      1 <1>      -0.3033 
      2 C2       -0.8146  0.0401  0.0033 C.3      1 <1>      0.1056 
      3 C3        1.4701  0.5125 -0.2741 C.2      1 <1>      0.3512 
      4 C4       -1.7143 -0.8207  0.8889 C.3      1 <1>      0.0442 
      5 C5        2.8780  0.3502  0.0766 C.3      1 <1>      0.3895 
      6 O6        1.1496  1.2661 -1.1784 O.2      1 <1>      -0.2563 
      7 C7       -3.1563 -0.6188  0.4887 C.2      1 <1>      0.1043 
      8 N8       -1.3538 -2.2363  0.7246 N.4      1 <1>      0.2269 
      9 N9        3.8604  1.0594 -0.6249 N.1      1 <1>      0.1316 
     10 O10      -4.0193 -0.1576  1.3596 O.3      1 <1>      -0.7964 
     11 O11      -3.5175 -0.8852 -0.6458 O.2      1 <1>      -0.3094 
     12 N12       4.6673  1.6419 -1.2012 N.1      1 <1>      0.2147 
     13 H13      -1.5829 -0.5314  1.9295 H        1 <1>      0.0942 
     14 H14      -0.9475 -0.2525 -1.0487 H        1 <1>      0.0627 
     15 H15      -1.0844  1.0994  0.1262 H        1 <1>      0.0627 
     16 H16       3.0565 -0.7296 -0.0334 H        1 <1>      0.1388 
     17 H17       2.9197  0.6222  1.1416 H        1 <1>      0.1388 
     18 H18      -1.9473 -2.8041  1.3088 H        1 <1>      0.2001 
     19 H19      -0.3913 -2.3711  0.9918 H        1 <1>      0.2001 
     20 H20      -1.4757 -2.5044 -0.2394 H        1 <1>      0.2001 
@<TRIPOS>BOND 
     1    1    2 1 
     2    1    3 1 
     3    2    4 1 
     4    3    5 1 
     5    3    6 2 
     6    4    7 1 
     7    4    8 1 
     8    5    9 1 
     9    7   10 1 
    10    7   11 2 
    11    9   12 3 
    12    4   13 1 
    13    2   14 1 
    14    2   15 1 
    15    5   16 1 
    16    5   17 1 
    17    8   18 1 
    18    8   19 1 
    19    8   20 1 
@<TRIPOS>SUBSTRUCTURE 
     1 ****        1 TEMP              0 ****  ****    0 ROOT 
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@<TRIPOS>MOLECULE 
MECRYLATE                                          REFCODE#2 
   13    12     1     0     0 
SMALL 
GASTEIGER 
  
@<TRIPOS>ATOM 
      1 C1        0.8809 -0.1989 -0.1892 C.2      1 <1>      0.1160 
      2 C2       -0.1375  0.5591  0.5319 C.2      1 <1>      0.3033 
      3 C3        0.4867 -1.2099 -1.1510 C.1      1 <1>      0.1046 
      4 C4        2.1798  0.0397  0.0378 C.2      1 <1>      -0.0754 
      5 O5       -1.4073  0.3258  0.3100 O.3      1 <1>      -0.3143 
      6 O6        0.1941  1.4097  1.3412 O.2      1 <1>      -0.2585 
      7 N7        0.1714 -2.0187 -1.9204 N.1      1 <1>      -0.1907 
      8 C8       -2.3684  1.0930  1.0399 C.3      1 <1>      0.0462 
      9 H9        2.9394 -0.5257 -0.5001 H        1 <1>      0.0549 
     10 H10       2.4758  0.7990  0.7601 H        1 <1>      0.0549 
     11 H11      -3.3828  0.7847  0.7466 H        1 <1>      0.0530 
     12 H12      -2.2309  2.1613  0.8165 H        1 <1>      0.0530 
     13 H13      -2.2309  0.9231  2.1180 H        1 <1>      0.0530 
@<TRIPOS>BOND 
     1    1    2 1 
     2    1    3 1 
     3    1    4 2 
     4    2    5 1 
     5    2    6 2 
     6    3    7 3 
     7    5    8 1 
     8    4    9 1 
     9    4   10 1 
    10    8   11 1 
    11    8   12 1 
    12    8   13 1 
@<TRIPOS>SUBSTRUCTURE 
     1 ****        1 TEMP              0 ****  ****    0 ROOT 

 
 This format is taken as input to MOL2DB and, for a single molecule, SINGLE mode DOCK.  
For these programs, the essential features are:  the @<TRIPOS>MOLECULE line; the following 
line with a name for the molecule in positions 1 to 51 (this can be all spaces) and a 9-
character refcode in positions 52 to 60; the first two integers in the next line which specify 
the number of atoms and the number of bonds, respectively; the @<TRIPOS>ATOM line, 
followed by the correct number of atom lines; and the @<TRIPOS>BOND line, followed by 
the correct number of bond lines. Blank or nonblank lines between these three sections are 
ignored, but blank lines should not occur within the sections.  Output directly from SYBYL 
(molecular modeling package SYBYL, Tripos Associates, Inc., St. Louis, MO 63117) is 
naturally also acceptable. Each @<TRIPOS> must start in position 1 of a line, and the atom 
lines must contain the same number of alphanumeric fields as are shown, although not all the 
fields must have meaningful content. This is to allow variable spacing between the fields, as 
can result from an unformatted write, or manual file creation. 
 From the point of view of SINGLE mode DOCK, an atom line contains: an uninteresting 
alphanumeric field, the atom name (character), the x, y, and z coordinates (real), the atom 
type (character), another uninteresting alphanumeric field, the substructure name (character), 
and the partial charge (real). The substructure name is relatively unimportant. If it is three or 
more characters long and does not start with “<“, it is included in the output as the residue 
name; otherwise, the residue name UNK (for unknown) is assigned. Bond lines are interpreted 
as:  an uninteresting integer, the number of the first atom in the bond, and the number of the 
second atom in the bond.  Any remaining fields are ignored. 
 From the point of view of MOL2DB, an atom line contains: an uninteresting alphanumeric 
field, another uninteresting alphanumeric field, the coordinates (real), the atom type 
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(character), the substructure identifier (integer), another uninteresting alphanumeric field, 
and the partial charge (real). The atom and substructure names are not read since atom and 
residue names for SEARCH mode output are generated later on, by DOCK. Again, bond lines 
are interpreted as:  an uninteresting integer, the number of the first atom in the bond, and the 
number of the second atom in the bond.  Any remaining fields are ignored. 

 
 
 
DOCK database format:  from MKDB 

 
REFCODE1 12  8 
 8 6 6 6 6 8 6 7 7 8 8 7 
 4570 2653 1583 3204 2844 1204 5489 3317  927 2305 1983 2090 6897 3154 1278 5169 
 4070   23  863 2185 1690 2665  568 1926 7879 3863  576    0 2646 2561  501 1919 
  555 8686 4446    0 2436 2273 3131 3071 2551  152 2935 3903 1327 7076 2074 1168 
 6939 3426 2343 2072    0 2510 3628  433 2193 2543  300  962 
REFCODE2  8  5 
 6 6 6 6 8 8 7 6 
 4264 1820 1731 3245 2578 2452 3870  809  769 5563 2059 1958 1976 2345 2230 3577 
 3429 3261 3554    0    0 1015 3112 2960 6322 1493 1420 5859 2818 2680    0 2804 
 2667 1152 4180 2737 1152 2942 4038 

 
This format is described further in the documentation for MKDB and MOL2DB. 

 
 
 
 
 
 
 
 
 
 
 
DOCK database format, version 3.0:  from CONVSYB 

 
N AZASERINE                                           
REFCODE#1 12  8 20  0 
12 5 1 5 511 1 9 81211 8 7 7 7 7 7 6 6 6 
 -303  106  351   44  390 -256  104  227  132 -552 -552  215   94   63   63  139 
  139  200  200  200 
 4570 2653 1583 3204 2844 1204 5489 3317  927 2305 1983 2090 6897 3154 1278 5169 
 4070   23  863 2185 1690 2665  568 1926 7879 3863  576    0 2646 2561  501 1919 
  555 8686 4446    0 2436 2273 3131 3071 2551  152 2935 3903 1327 7076 2074 1168 
 6939 3426 2343 2072    0 2510 3628  433 2193 2543  300  962 
N MECRYLATE                                           
REFCODE#2  8  5 13  0 
 1 1 1 11211 8 5 7 7 7 7 7 
  116  303  105  -75 -314 -259 -191   46   55   55   53   53   53 
 4264 1820 1731 3245 2578 2452 3870  809  769 5563 2059 1958 1976 2345 2230 3577 
 3429 3261 3554    0    0 1015 3112 2960 6322 1493 1420 5859 2818 2680    0 2804 
 2667 1152 4180 2737 1152 2942 4038 

 
This format is described further in the documentation for MKDB and MOL2DB. 
 



appendices 79  

 

DOCK database format, version 3.5:  from MOL2DB 
 
DOCK 3.5 ligand_atoms 
nc                             
cn                             
AZASERINE                                          CMC   614 
 20 12  8      0.0000     0 
 4570 2653 158312 -3030  0 
 3204 2844 1204 5  1060  0 
 5489 3317  927 1  3510  0 
 2305 1983 2090 5   440  0 
 6897 3154 1278 5  3900  2 
 5169 4070   2311 -2560  0 
  863 2185 1690 1  1040  0 
 2665  568 1926 9  2270  0 
 7879 3863  576 8  1320  1 
    0 2646 256112 -5520  0 
  501 1919  55511 -5520  0 
 8686 4446    0 8  2150  0 
 2436 2273 3131 7   940  0 
 3071 2551  152 7   630  0 
 2935 3903 1327 7   630  0 
 7076 2074 1168 7  1390  0 
 6939 3426 2343 7  1390  0 
 2072    0 2510 6  2000  0 
 3628  433 2193 6  2000  0 
 2543  300  962 6  2000  0 
MECRYLATE                                          CMC   734 
 13  8  5      0.0000     0 
 4264 1820 1731 1  1160  0 
 3245 2578 2452 1  3030  0 
 3870  809  769 1  1050  0 
 5563 2059 1958 1  -750  0 
 1976 2345 223012 -3140  0 
 3577 3429 326111 -2590  0 
 3554    0    0 8 -1910  0 
 1015 3112 2960 5   460  0 
 6322 1493 1420 7   550  0 
 5859 2818 2680 7   550  0 
    0 2804 2667 7   530  0 
 1152 4180 2737 7   530  0 
 1152 2942 4038 7   530  0 

 
This format is described further in the documentation for MKDB and MOL2DB. 
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APPENDIX 2:  PARAMETER FILES 
 

vdw.parms.amb  
Use this parameter file with force-field scoring dock runs. 
 
!  AMBER-based van der Waals parameters (see vdwinfo) 
!type      sqrt(A)      sqrt(B) 
   1        888.79        24.81    sp2 and sp C 
   2       1586.37        35.05    CH3 (united atom) 
   3       1128.12        27.96    CH2 (united atom) 
   4        769.72        21.49    CH (united atom) 
   5        533.20        16.16    sp3 C 
   6          0.00         0.00    H on polar atom 
   7         85.37         4.13    H on C 
   8        735.31        24.25    sp2 and sp N 
   9        725.70        20.26    quaternary sp3 N 
  10        888.79        24.81    sp3 N 
  11        480.19        20.72    sp2 O 
  12        500.18        19.68    sp3 O 
  13       2454.77        46.86    P 
  14       1831.79        40.48    S 
  15        251.02        11.92    F 
  16       2194.13        46.37    Cl 
  17       3885.92        66.31    Br 
  18       6817.37        92.86    I 
  19        235.24        10.15    Na+ (unhydrated), K+ 
  20         51.92         5.73    Mg++, Li+, Al+++, M++ (except Ca++) 
  21        339.55        14.65    Ca++ 
  22       1971.47        37.63    Cl- (unhydrated) 
  23        762.07        24.38    Lennard-Jones water particle 
  24       3885.92        66.31    Si (same numbers as Br) 
  25          0.00         0.00    Du/LP (same numbers as H on polar atom) 
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vdw.parms.amb.mindock 
Use this parameter file with force-field scoring dock runs when employing minimization. 
 
!  Use this vdw parameter file when using minimization within dock 
! 
!  AMBER-based van der Waals parameters (see vdwinfo) 
!  polar H has been made non-volumeless for energy minimization 
!type      sqrt(A)      sqrt(B) 
   1        888.79        24.81    sp2 and sp C 
   2       1586.37        35.05    CH3 (united atom) 
   3       1128.12        27.96    CH2 (united atom) 
   4        769.72        21.49    CH (united atom) 
   5        533.20        16.16    sp3 C 
   6          0.37         0.31    H on polar atom 
   7         85.37         4.13    H on C 
   8        735.31        24.25    sp2 and sp N 
   9        725.70        20.26    quaternary sp3 N 
  10        888.79        24.81    sp3 N 
  11        480.19        20.72    sp2 O 
  12        500.18        19.68    sp3 O 
  13       2454.77        46.86    P 
  14       1831.79        40.48    S 
  15        251.02        11.92    F 
  16       2194.13        46.37    Cl 
  17       3885.92        66.31    Br 
  18       6817.37        92.86    I 
  19        235.24        10.15    Na+ (unhydrated), K+ 
  20         51.92         5.73    Mg++, Li+, Al+++, M++ (except Ca++) 
  21        339.55        14.65    Ca++ 
  22       1971.47        37.63    Cl- (unhydrated) 
  23        762.07        24.38    Lennard-Jones water particle 
  24       3885.92        66.31    Si (same numbers as Br) 
  25          0.00         0.00    Du/LP (same numbers as H on polar atom) 
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vdw.parms.amb.dockmin 
Use this parameter file when minimizing after docking with the standalone minimizers, 
DOCKMIN_SIM or DOCKMIN_DFP. 
 
! Use this vdw parameter file when using standalone minimizers (post-DOCK). 
! 
!  AMBER-based van der Waals parameters (see vdwinfo) 
!  Parameters are read formatted  (5X,2F9.2,X,2F7.3) 
!  HW parameter taken from new amber force-field H-on-N parameter (93) 
! 
!                          (A) (kcal/mol) 
!type  sqrt(A)  sqrt(B)  radius  well  type  description 
   1    888.79    24.81   1.850  0.120 C   sp2 and sp C 
   2   1586.37    35.05   2.000  0.150 C3  CH3 (united atom) 
   3   1128.12    27.96   1.925  0.120 C2  CH2 (united atom) 
   4    769.72    21.49   1.850  0.090 CH  CH (united atom) 
   5    533.20    16.16   1.800  0.060 CT  sp3 C 
   6      0.37     0.31   0.600  0.016 HW  H on polar atom 
!                         1.000  0.020 H   non-volumeless H 
   7     85.37     4.13   1.375  0.038 HC  H on C 
   8    735.31    24.25   1.750  0.160 N   sp2 and sp N 
   9    725.70    20.26   1.850  0.080 N3  quaternary sp3 N 
  10    888.79    24.81   1.850  0.120 NT  sp3 N 
  11    480.19    20.72   1.600  0.200 O   sp2 O 
  12    500.18    19.68   1.650  0.150 OH  sp3 O 
  13   2454.77    46.86   2.100  0.200 P   phosphorous 
  14   1831.79    40.48   2.000  0.200 S   sp3 sulfur 
  15    251.02    11.92   1.550  0.080 F   F 
  16   2194.13    46.37   2.030  0.240 CL  Cl 
  17   3885.92    66.31   2.180  0.320 BR  Br 
  18   6817.37    92.86   2.350  0.400 I   I 
  19    235.24    10.15   1.600  0.048 SO  Na+ (unhydrated), K+ 
  20     51.92     5.73   1.170  0.100 MG  Mg++, Li+, Al+++, M++ (except Ca++) 
  21    339.55    14.65   1.600  0.100 C0  Ca++ 
  22   1971.47    37.63   2.100  0.129 IC  Cl- (unhydrated) 
  23    762.07    24.38   1.768  0.152 LJ  Lennard-Jones water particle 
  24   3885.92    66.31   2.180  0.320 SI  Si (same numbers as Br) 
  25      0.37     0.31   0.600  0.016 LP  Du/LP (same #'s as H on polar atom) 

 
 


