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Abstract

The DOCK program constructs possible binding modes of a small molecule within

a macromolecular site. It can be used to screen a database of molecules and identify the

candidates most likely to bind. Success depends on the thoroughness of the search algo

rithm and the accuracy of the scoring function.

This work focuses on the development and validation of efficient search algorithms

for incorporation into DOCK. A rigid-body orientation search is developed to dock rigid

molecules. The rigid-body search is coupled with a highly pruned conformation search to

dock flexible molecules. An assessment protocol is developed to monitor the performance

of the new search algorithms in comparison with reasonable control algorithms. The pro

tocol is based on reliably screening a test database.

Using the assessment protocol, the new search algorithms perform significantly

better than the control algorithms. The rigid molecule docking method converges in 8 sec

onds per molecule, which is 60 fold faster than random and 3 fold faster than existing

methods. The flexible molecule docking method converges in 100 seconds per molecule,

whereas the control methods do not converge.

The new search algorithms have been incorporated into version 4.0 of the DOCK

Software package. As of the date of this publication, DOCK 4.0 has been distributed to

approximately 12-24 industrial sites and 50-75 academic sites.
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Chapter 1: Introduction

With the advent of high resolution x-ray crystallography and NMR, structural

chemists and biologists can study bio-macromolecular interactions in atomic detail. This

information, combined with computational and visualization tools, has helped spawn the

field of structure-based ligand design. A common step in the design cycle is the process of

molecular docking, in which possible binding geometries of a molecule with a macromol

ecule are studied.

The docking process can be divided into two parts: a search algorithm and a scor

ing algorithm. The search algorithm should sample the degrees of freedom of the

ligand:macromolecule system sufficiently to include the true binding mode(s). The scor

ing algorithm should represent the thermodynamics of interaction sufficiently to distin

guish the true binding mode(s) from all others explored.

Because of the computationally expensive nature of the search problem, many dif

ferent solutions have been proposed. Docking with molecular dynamics and Monte Carlo

algorithms has been explored (Caflisch, Niederer, & Anliker, 1992; Di Nola, Roccatano, &

Berendsen, 1994), including simulated annealing (Abagyan, Totrov, & Kuznetsov, 1994;

Goodsell & Olson, 1990; Moon & Howe, 1991) and MCSS (Miranker & Karplus, 1991)

methods. Other docking protocols consider molecular flexibility, including rotamer search

(Leach, 1994; Leach & Kuntz, 1992; Mizutani, Tomioka, & Itai, 1994), distance geometry

(Smellie, Crippen, & Richards, 1991), and genetic algorithm (Jones, Willett, & Glen,

1995; Judson, Jaeger, & Treasurywala, 1994; Oshiro, Kuntz, & Dixon, 1995) methods. To

make the search tractable for processing a large set of molecules, the molecular compo

nents are often treated as rigid objects. With this approximation, researchers have used



systematic searching (Pang & Kozikowski, 1994), pattern recognition (Fischer, Lin, Wolf

son, & Nussinov, 1995; Katchalski-Katzir, et al., 1992; Rarey, Wefing, & Lenguauer,

1996), graph theoretical (Kuhl, Crippen, & Friesen, 1984; Kuntz, Blaney, Oatley, Lan

gridge, & Ferrin, 1982; Lawrence & Davis, 1992; Miller, Kearsley, Underwood, & Sheri

dan, 1994), and other superposition (Bohm, 1994) techniques to dock molecules.

The UCSF DOCK program belongs to the group of methods employing the rigid

body assumption and uses graph theoretical techniques. Because of its speed, the program

is often used to screen a large database of molecules, selecting potential ligands of a recep

tor target (Kuntz, 1992). In this paper, the term “ligand” is used loosely; it refers to any

small molecule whose binding is under study. The term “receptor” refers to the macro

molecule whose binding pocket is being explored.

In Chapter 1, the orientation search portion of the docking problem is studied. A

new matching algorithm is used to superimpose a rigid ligand within a receptor site. To

address the relative performance of matching algorithms, new testing protocols are also

developed. The testing protocols are based on the processing of a database of molecules.

Performance is measured by the time convergence of scores and rankings of the docked

molecules.

In Chapter 2, the conformation search portion of the docking problem is studied,

extending consideration to flexible ligands. The rigid-body orientation search developed

in Chapter 1 is used to dock a rigid portion of each molecule. A heavily pruned conforma

tion search is used while reattaching the flexible portions. The accuracy of the method

will be verified by reconstructing known binding complexes. The feasibility of applying

the method to database processing will be assessed.
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Chapter 2: Search Methods for Rigid Molecule Docking

SUMMARY

The DOCK program explores possible orientations of a molecule within a macro

molecular active site by superimposing atoms onto pre-computed site points. Here we

compare a number of different search methods, including an exhaustive matching algo

rithm based on a single docking graph. We evaluate the performance of each method by

screening a small database of molecules to a variety of macromolecular targets. By vary

ing the amount of sampling, we can monitor the time convergence of scores and rankings.

We not only show that the site point-directed search is tenfold faster than a random search,

but that the single graph matching algorithm boosts the speed of database screening up to

sixty-fold. The new algorithm, in fact, outperforms the bipartite graph matching algorithm

currently used in DOCK. The results indicate that a critical issue for rapid database

screening is the extent to which a search method biases run time toward the highest-rank

ing molecules. The single docking graph matching algorithm will be incorporated into

DOCK version 4.0.

INTRODUCTION

The core of the DOCK search algorithm is the superimposition of ligand atoms

onto predefined site points (Ferro & Hermans, 1977) that map out the negative image of

the binding site. A matching process is used to determine which ligand atoms and site

points are to be superimposed (Shoichet, Bodian, & Kuntz, 1992). Multiple orientations

are generated this way, with each receiving a score assessing the intermolecular interac

.
:



tions. This score is based on the intermolecular terms of a molecular mechanics force field

(Meng, Shoichet, & Kuntz). Recently, an optimization procedure has been added that

adjusts each orientation to improve the intermolecular interactions (Gschwend & Kuntz,

1996; Meng, Gschwend, Blaney, & Kuntz, 1993).

In this work, we critically evaluate several matching algorithms for the docking

process, including an exhaustive matching algorithm. The exhaustive algorithm was pre

sented by Bron and Kerbosch as a method to detect cliques in an undirected graph (Bron

& Kerbosch, 1973). It was later incorporated into a docking algorithm by Crippen and

coworkers (Kuhl et al., 1984; Smellie et al., 1991). It has many attractive features, so we

wish to evaluate it in the context of rigid molecular docking, score optimization, and data

base screening. As an exhaustive search, it avoids some of the artifacts encountered by the

current matching method. For came with a non-exhaustive algorithm, adjusting param

eters to increase the total amount of sampling can reduce the amount of sampling of cer

tain binding modes (Meng et al., 1993). Increased sampling, with the new algorithm, will

always retain binding orientations found with less sampling, leading to a proper superset

of binding modes. An exhaustive algorithm also does not require the additional parame

ters controlling the heuristics of the non-exhaustive search (Shoichet et al., 1992).

Though the matching algorithms formally treat the ligand and receptor as rigid

objects, they can readily be incorporated into a flexible docking schemes (Bohm, 1992;

DesJarlais, Sheridan, Dixon, Kuntz, & Venkataraghaven, 1986; Eisen, Wiley, Karplus, &

Hubbard, 1994; Miller et al., 1994; Smellie et al., 1991). In future work, we will investi

gate how best to divide a flexible docking problem up into smaller rigid parts.

To evaluate the performance of the new matching algorithm, we propose a new



assessment protocol based on screening a small database of molecules. Since we specifi

cally wish to minimize any artifacts due to the quality of the scoring function in this work,

we will not use experimental measurements as the standard, but instead, the global mini

mum of our current scoring function. We will also evaluate random, and partially random,

search algorithms as controls with which to put the current DOCK performance in per

spective. These control algorithms let us investigate fundamental issues of orientational

sampling, such as the effects of using site points to guide the search.

METHODS

Bipartite Docking Graph

Since the first release of DOCK, the search process has been driven by a matching

procedure in which subsets of ligand atoms and receptor site points are identified that have

equivalent internal distances (Kuntz et al., 1982). Matching is formulated as a graph theo

retical problem in which the ligand atoms and receptor site points are separate sets of

nodes in a bipartite graph (Shoichet et al., 1992). A match is defined as a set of compatible

edges which connect a subset of ligand nodes with an equal number of receptor nodes.

For the edges to be compatible, the distances among ligand nodes must map to equivalent

distances among receptor nodes. An example of match formation is depicted in Figure 1.

As this figure illustrates, to extend a match, all possible edges (including bad edges) must

be considered; distance comparisons are used to identify and discard bad edges. Matches

are extended until there are a sufficient number of nodes in the match to define a unique

orientation of the ligand.

Since version 2.0, DOCK avoided considering some bad edges with a pruning



10

I. First Edge II. Second Edge

B
A 1 A

Q

C C

D 4 D
E

III. Third Edge IV. Complete Match

B B
A . A 1

C Yºs, C : ** .

D ...' D 3. \4
E E

----

Figure 1. Bipartite Graph Matching Algorithm. The receptor site points (A-E) and
ligand atoms (1-4) are separate sets of nodes in a bipartite graph. I. A first (seed) edge
is considered. Of the 20 seed edges to be tried (5 points * 4 atoms), we first consider
A4 for this example. In three dimensions, such a match would superimpose atom 4
onto site point A. This match would fix three out of six orientational degrees of free
dom. II. Second edges are considered. Of the 12 edges to be tried (4 points left *3
atoms left), we consider E3. Since AE > 43, we discard E3 as a second edge. Then we
consider E1. Since AE = 41, we retain E1 as a second edge. In three dimensions, this
match would superimpose atoms 4 and 1 onto points A and E, respectively. This
match would fix two more orientational degrees of freedom. III. Third edges are con
sidered. Of the six edges to be tried (3 points left *2 atoms left), we consider C3.
Though AC = 43, EC < 13 so we must discard C3 as a third edge. Then we consider
B3. Since AB = 43 and EB = 13, we retain B3 as a third edge. This match fixes the
last of six orientational degrees of freedom. IV. The match is large enough to define a
unique orientation which superimposes atoms 4, 1 and 3 onto site points A, E and B,
respectively.



11

method involving distance binning (Shoichet et al., 1992). Nodes were pre-organized in

distance bins, such that for each seed node, sets of nodes in discrete distance intervals

from the seed were identified. These bins guide match extension from a seed edge (con

necting seed nodes), ensuring that candidate edges are compatible with the seed edge.

They do not, however, ensure compatibility with other non-seed edges already included in

the match. For example, the binning algorithm would avoid considering the bad edge in

step II of Figure 1, but not the bad edge in step III. The storage requirements for this algo

rithm grow as NaNº Nay, s N. , where N, is the number of nodes (ligand atoms or recep

tor site points). Nº is the number of distance bins and grows with the longest distance and

the inverse of the bin width. Nay, is the number of nodes in each distance bin which

grows with N, and the bin width.

Single Docking Graph

Kuhl et al. (1984) proposed merging the bipartite docking graphs into a single

docking graph, which is then amenable to clique detection techniques developed by Bron

and Kerbosch (1973). In a single docking graph, each node represents a pairing of an

atom with a site point. Each edge identifies adjacent nodes, or two nodes for which both

atom components and site point components are separated by equivalent distances. The

docking graph is represented by an adjacency matrix in which each nonzero element iden

tifies adjacent nodes. An adjacency matrix for the example depicted in Figure 1 is pre

sented in Figure 2. The chief advantage with this representation is that all necessary

distance comparisons are made during the construction of the adjacency matrix. Conse

quently, during matching the adjacency matrix is used as a rapid filter to ensure that no bad

edges are ever considered. This type of matching is presented in Figure 3. Though the

i
:
.

--

=
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1

1

Figure 2. Adjacency Matrix for Single Docking Graph Algorithm. This matrix identi
fies all adjacent nodes for the example given in Figure 1. Each node is defined as a site
point-ligand atom pair, e.g. A4. For two nodes to be adjacent, the intra-atom distance
must be equal to the intra-site point distance. For example, matrix element (A4,E1) is
turned on because AE = 4T. The matrix is symmetric.

single docking graph is one step removed from the intuitive appeal of the bipartite docking

graph, it enables a more efficient solution to the docking problem.

The single docking graph representation has also been implemented in the FLOG

docking program (Miller et al., 1994). This program heavily prunes the matching search
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Mo = {}
A0 = {A1 “E5}

bi -

*,
A = Aon A, = {B2B3 C2 C3 E1}

|

b2 = º, º, e, cº, º,
M2 = Mi U by = {A4 B2} {A4 B3} {A4 C2} {A4 C3} {A4 E1}

A2 = At n A, = {} {E1} {E1} {} {}

b3 = E1 E1

M3 = M2 U by = {A4 B3 E1}{A4 C2 E1}

A3 = A2 nA, - {} {}

Key:

Ma - nodes in current match
An = nodes adjacent to current match

A b. = nodes adjacent to current branch (adjacency matrix)
b, = node in current branch (extension)

Figure 3. Single Docking Graph Matching Algorithm. This figure depicts the entire
search path starting from the same seed used in Figure 1. Matching begins with the
match set, Mo, empty and the adjacency set, Ao, maximally filled. A match is
extended by finding the union of the previous match, Ma-1, and a branch node, b, ,
which is selected from An-1. The new adjacency set, An, is the intersection of An
with the set of all nodes adjacent to b, , which is Ap, and is taken from the adjacency
matrix presented in Figure 2. Match extension continues until A n is empty. Matches
with three or more nodes define a unique ligand orientation (see text and Figure 4).
The match set, {A4 B3 E1}, corresponds to the solution presented in Figure 1.
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tree using a minimum-residual search heuristic. Though it examines all possible nodes at

each branch point, it only pursues the node with the smallest difference in ligand and

receptor distances with respect to the most recently added node in the match. Backtrack

ing is only allowed at the seed level, where all possible nodes are pursued to initiate

matching. As a result, the total number of matches can never exceed the number of nodes.

Here we propose implementing the single docking graph representation combined

with a variation of the exhaustive clique detection method discussed by Bron and Ker

bosch (1973). A clique is defined as a set of fully adjacent nodes (i.e. a completely con

nected subgraph) which cannot be further enlarged without adding a nonadjacent node.

Much attention is given to the intractable nature of the maximum clique problem. It is

classified as NP-complete because the solution time grows faster than any polynomial

expression of the problem size (Kuhl et al., 1984). For the application of molecular dock

ing, however, we are not trying to find the single, largest clique. The process of matching

is in fact a process of finding completely connected subgraphs within an undirected graph:

a less restrictive, and therefore more tractable problem than finding cliques and maximum

cliques. Although Bron and Kerbosch actually present two methods and recommend a

bounding technique for clique detection, we find their original, brute-force method suffi

cient for finding fully connected subgraphs in a manner efficient for molecular docking.

Matching Parameters

In our molecular docking implementation, we use two parameters to determine

node adjacency: a distance tolerance and a distance minimum. The distance tolerance

parameter addresses experimental uncertainty in the ligand and target structures. The dis

tance minimum parameter enables the search to focus on the longer, more relevant internal
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distances. If adjacency information is stored in a matrix, then, for most docking situa

tions, the matrix can be very large. The matrix size grows as (Nº. gNre ..)” , where N lig is

the number of non-hydrogen ligand atoms and N.ce is the number of receptor site points.

Since these matrices are sparse (ca. 1% elements typically occupied), we store only the

nonzero elements of each row of the matrix as an integer list of nodes. The probability,

pon, of an element being nonzero is a function of the distance tolerance and distance min

imum. The memory requirement for the adjacency lists is p,(Ni, N. ..)”. We presort

each adjacency list so that the process of finding the common elements of two lists (the

An = An – 1 O A b. steps in Figure 3) can be performed on a once-through basis at a speed

comparable to the use of the complete matrix.

The advantage of an exhaustive algorithm is that when sampling is increased, the

search is guaranteed to include the search space explored at the lower sampling level. This

property helps to avoid sampling artifacts encountered with the bipartite matching algo

rithm (Meng et al., 1993). Despite its exhaustive nature, it does not undergo a combinato

rial explosion for larger systems because of user control over the sampling parameters.

Typical sampling parameters for a docking scenario having fewer than 30 ligand non

hydrogen atoms and fewer than 50 target site points are: four nodes minimum for a match,

0.5 Å distance tolerance and 2.0 Å distance minimum for node adjacency. Since the

search never explores invalid branches, search time grows as a function of the number of

distance-constrained solutions rather than the number of possible unconstrained solutions.

Therefore, docking larger molecules into larger sites can be made nearly as rapid if a

smaller distance tolerance or larger distance minimum are chosen. Since memory

reserved for the adjacency lists is dynamically allocated, the memory burden can be
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adjusted as well.

Minimum Match Size

Some confusion exists in the literature over how many atoms and site points must

be in a match to define a unique orientation. The orientation is generated by a ligand

transformation which has a translation and a rotation component. The translation vector

has three degrees of freedom. The rotation matrix has four degrees of freedom. Three of

them are represented by the Euler angles. The fourth is represented by the sign of the

determinant. A rotation with a positive determinant retains the handedness of the object it

transforms, while one with a negative determinant will reverse the handedness of the

object. If one knows in advance whether to reverse the handedness of the object, then only

the three euler angles need to be determined. For example when docking a chiral ligand

where only one stereoisomer is relevant (e.g. protein or peptide ligands), only the positive

determinant rotation matrix would be of interest. When docking a ligand available as a

racemate, then both transformations would be of interest. The FLOG program (Miller et

al., 1994), for instance, routinely samples both mirror images a ligand, even when the

ligand is achiral. When the sign of the determinant is known in advance, the six degrees of

freedom of the rotation and translation are uniquely determined by a match set containing

three nonlinear atoms and site points.

Processing a larger match set causes only one transformation to be allowed. As

illustrated in Figure 4, when a one-to-one mapping has been made between two sets of

four non-planar points, then each set can be assigned a relative chirality. This is true even

if the points come from an achiral molecule or from a set of site points where chirality is

ambiguous. If the relative chiralities are the same, then the ligand can be oriented nor
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Figure 4. Relative Chirality of Match Points. A. Distance matching might identify a
set of atoms {1 2 3 4} to match with a set of site points {A B C D}, such that A is with
1, B is with 2, and so on. Though the internal distances within the atoms are equiva
lent to those within the site points, the handedness is opposite. B. We define the rela
tive chirality, C, according to the sign of the triple product. For any given four-point
match, the probability that the relative chiralities are the same is 50%. C. If the
chirally opposed sets are superimposed without inverting the chirality of the ligand set,
then the resulting least squares fit is poor.

mally. If the relative chiralities are opposite, then either the ligand is inverted when ori

ented, or if that is not desired, then the match is discarded. In fact, all larger matches that

are supersets of the discarded match are also discarded, because they too yield inconsistent

matches. If these steps are not taken, then the resulting orientations will poorly superim

pose the ligand atoms and receptor site points in the match set, even though all the dis

tance tolerances are met (Figure 4C).

Additional Search Constraints

The systematic design of the matching algorithm makes it well suited to incorpo
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rate specialized search constraints. Some examples, though not assessed in this study, are

mentioned because they have been shown to be useful elsewhere. To avoid oversampling

particular binding modes, orientational degeneracy checking has been studied (Gschwend

& Kuntz, 1996; Rarey et al., 1996). In the new matching algorithm, a degenerate orienta

tion is detected as a degenerate match whose nodes are a subset of nodes in a larger match.

In other words, only subgraphs that are true cliques need be processed. As another exam

ple, chemical information can be used to guide the matching process using labeled atoms

and site points. Only nodes composed of a chemically compatible atom and site point are

used to seed or extend a match. Much like the repellent node implementation of Kuhl et

al. (1984), matches adjacent to chemically incompatible nodes are discarded. In addition,

sampling can be focused on particular regions of the active site by defining critical site

point clusters. This technique is similar to the approach used in targeted-DOCK (DesJar

lais & Dixon, 1994) and FLOG (Miller et al., 1994), except that clusters can be of arbi

trary size and number. The matching process automatically restricts itself to make sure all

matches include members from each cluster. The new matching algorithm lends itself so

well to these constraints that when activated, they contribute a negligible computational

overhead, and can lead to considerable speed improvements for database searches (Des

Jarlais & Dixon, 1994; Miller et al., 1994).

Control Methods

We will test a total of five methods (Table 1) to isolate specific aspects of the

search process. These methods range in complexity from a completely random search to

the bipartite and single graph procedures described above. We begin with the Uniform

Random Transformation (URT) method which explores a predefined rectangular volume
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Table 1: Search Methods

Abbr Method Description Hypothesis Tested

Construct rectangular volume Random method used as refer
enclosing site. ence.

Uniform Randomly move molecule center Rectangular enclosure is suffi

URT tº: of mass within volume. cient. Site point description isranSIOrma

tion Randomly rotate. unnecessary.

Each molecule in database sam

pled uniformly.

Match random subsets of atoms An irregular volume to describe
with random subsets of site the site is more efficient.
points.

Uniform
-Superimpose match atoms onto

URM Random match site points with a least
Matching squares fit.

Each molecule in database sam

pled uniformly.

Match randomly (like URM). An irregular volume is more effi
Biased SGM controls amount of sam- Clent.

BRM Random pling for each molecule in data- Spending more time on molecules
Matching base. which match better is more effi

cient.

Single Using single graph, exhaustively Fitting some atoms precisely onto
SGM G . h match subsets of atoms with sub- some site points is more efficient.Miº sets of site points with equivalent

g internal distances (DOCK 4.0).

Bipartite Using bipartite graph, non- Fitting some atoms precisely onto
BGM Graph exhaustively match using binning some site points is more efficient.

Matching algorithm (DOCK 3.5). Binning algorithm more efficient.

enclosing the active site. It is the most simple and “hypothesis free” of the methods tested

here. URT will indicate the minimum level of performance that we expect from any dock

ing algorithm. The Uniform Random Matching (URM) method explores the irregularly

shaped volume described by the collection of site points. It will show the performance

gains, if any, of using a “negative image” approach to map out the binding site. The

Biased Random Matching (BRM) method is identical to URM, except it uses the new

matching algorithm to determine the number of random matches to try for each molecule.
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Once the number of matches has been determined, BRM uses completely random selec

tions of nodes to form the actual matches used to generate molecule orientations. Since

BRM is a hybrid approach, it is meant to help isolate the source of any differences

between URM and the new matching algorithm. The Single Graph Matching (SGM)

algorithm uses the new matching algorithm to determine both the number of matches and

the actual orientations to try for each molecule. SGM will reveal the performance gains, if

any, of using site points to not only map out the most interesting binding site volume, but

to also direct the positioning of individual ligand atoms. The Bipartite Graph Matching

(BGM) method is the existing DOCK 3.5 matching algorithm. It will reveal the advan

tage, if any, of using a non-exhaustive search method with a longest distance first heuristic.

BGM is described last because within the spectrum of different search methods, its algo

rithm is the most elaborate.

Test System

We assess the performance of the search methods in the following way. We dock a

set of 100 molecules, chosen randomly from the set of uncharged, medium-sized and gen

erally rigid molecules in the Available Chemicals Database (ACD, distributed by Molecu

lar Design Ltd., San Leandro, CA). In our study, a medium-sized molecule is one with 15

to 35 non-hydrogen atoms. A generally rigid molecule is one with no single bonds except

those attaching hydrogen atoms, attaching terminal non-hydrogens (i.e. methyl or

hydroxyl groups) or participating in ring structures. Molecules meeting these three crite

ria compose 40% of the ACD. For each molecule in the test set, a single CONCORD-gen

erated conformation is used (Rusinko, Sheridan, Nilikantan, & Haraki, 1989).

We see several advantages to using such a data set of molecules to test the search
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methods. First, the docking conditions represent a close approximation to the typical

application of DOCK to database screening (DesJarlais et al., 1988). Not only can we

study the convergence of score for each molecule, we can study the convergence of rela

tive scores, or rankings, of the set of molecules. Second, the docking conditions allow us

to explore a multitude of diverse molecular shapes so that our results are less subject to

potential artifacts of a particular ligand:receptor system. Though some may argue that

studying a set of known, potent ligands would be more relevant, we counter that the data

bases DOCK searches often do not contain potent binders, and that DOCK frequently

finds micromolar inhibitors to serve as lead compounds (Kuntz, 1992). By choosing a ran

dom subset of molecules, we, in fact, will arrive at a set that best represents the typical

array of molecules tested. By biasing the subset to include medium-sized, generally rigid

molecules, we also focus on that portion of the database which is best treated by rigid

molecular docking.

For each search method, we perform multiple docking runs, and vary the amount

of sampling from zero to a value at which the docking results converge. The key sampling

parameters for each method are listed in Table 2. Scoring and optimization parameters are

Table 2: Sampling Parameters

URT

total orientations 0 - 900,000°

URM

total orientations 0 - 100,000°

nodes min/max 3/3b

BRM

distance tolerance 0 - 0.9 Å”

distance minimum 2.0 Åº

nodes min/max 3/3b
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Table 2: Sampling Parameters (Continued)

SGM

distance tolerance 0 - 0.6 Å”

distance minimum 2.0 Åº

nodes min/max 4/100

BGM

distance tolerance 1.5 Åº

ligand bin width 0.1 - 0.9 Åaf

receptor bin width 0.1 - 0.9 Åºf

ligand bin overlap 0.1 - 0.5 Åºf

receptor bin overlap 0.1 - 0.5 Åaf

nodes min/max 4/4°

a. For some test systems, the upper
limit was not reached if docking
results converged early.

b. Set to three, because as the size of
a random match increases, the
least-squares superposition proce
dure increasingly biases the orien
tation toward the centroid of the

site points.
c. Set large enough to exclude atoms

sharing a covalent bond.
d. Minimum of four chosen so that

chirality could be used to filter
matches. Maximum of ten is
somewhat inconsistent with value
chosen for BGM, but we presume
any effects of this would be small.

e. Chosen as historical default.
f. Minimum value not zero because

of a numerical instability of the
algorithm.

listed in Table 3. The range of values in these tables correspond to timings of less than 0.1

seconds/molecule to more than 100 seconds/molecule on a modern workstation (see

below).

For each docking run, several properties are computed which compare the results

from any specific run to the best results from all runs combined (assumed to contain the



23

Table 3: Scoring and Optimization Parameters

type force field

bump maximum 3a

dielectric 4r

grid spacing 0.3 Å

interpolation trilinear

convergence criteria 0.1 kcal/mol"

maximum iterations 500°

a. Non-zero maximum allows some
orientations with limited Van der
Waals clashes with the receptor to
be recovered by the minimizer.

b. A relatively tight convergence cri
teria was selected to reduce noise
in the score evaluation, so that dif
ferences between methods were

more directly attributable to differ
ences in sampling. The rank cor
relation would be especially
vulnerable to such noise.

c. A large iteration limit was also
selected to reduce noise in the

score evaluation by preventing the
minimizer from terminating pre
maturely.

global minimum). These properties are summarized in Table 4. When these values are

plotted versus time, the convergence of each property can be monitored. We assume that a

better search algorithm will lead to more rapid convergence.

When considering the average behavior of each property, we compute both the

usual mean and also a rank-weighted mean. The rank-weighted mean is more sensitive to

the behavior of the top scoring molecules, which are of most interest in database screening

runs. Though many kinds of weighting functions could be chosen for this purpose, we

chose to use the reciprocal of the rank for convenience.

To make sure that our conclusions are generalizable, we analyzed the methods

using five different receptor sites listed in Table 5. These sites were chosen from the list of
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Table 4: Comparison Methods

- - - -
Rank Weighted

Method Definition Equation g RangeEquation

• For each molecule in the dock
- - - N

-
N S /smin

ing run, normalize its score by X. Sys” X. i’ ‘’ijº. the best score it ever received --- - [0,1];* in the site. N * unitless
• Then compute the average over X. i

the molecules in the set. i = 1

• Assign a rank, y, , to each mol
ecule based on its best score in N N 1

Rank the docking run. X (x,-3)(y-y) X. ;(x-x)(y-y) [-1,1]
Correla. • Then correlate y, with the rank i = 1 N i = 1 N 2 unities

tion of each molecule based the best X. (x,- x)” X. !( x -x)
score it ever received in the i = 1 -
site, x, .

• For each molecule in the dock

ing run, compute the RMS N N

error of its predicted orienta- X. R, X. R.
Average tion compared to that which i = 1 t i = 1 i [0, co );

RMS received the best score for that N N Å
Error site. X. li

• Then, compute the average
over the molecules in the set

complexes of high resolution, well-refined structure with a ligand having a well-defined

binding position. They were also chosen to have very different-shaped binding sites. The

chief features of each site are discussed in Table 5.

RESULTS AND DISCUSSION

Docking conditions

The test cases were prepared for docking in the standard way. Site points were

constructed using the sphere generation accessory program of DOCK with default param

eters (Kuntz et al., 1982). We selected the cluster of site points which occupied the bind

ing site of the actual ligand in the crystal complex. Within this cluster, we merged the
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Table 5: Receptor Structures from PDB' Used for Test Systems

Resolut R
- - - -

Code Structure
-

Site Description
1On factor

Site is broad, presenting two continuous
121D ºº:: 2.2 Å 0.198 binding sites in the major and minor grooves

p of the DNA dodecamer. Highly polar.

Purine nucleoside Site has two pockets; one is broad and cen
1ULB phosphorylase 2.75 Å 0.204 trally located, other where actual ligand

with Guanine binds is peripheral and solvent-excluded.

Dihydrofolate
reductase with Site has a deep, centrally-located binding

3DFR NADPH and 1.7 Å. 0.152 pocket. Mixed polar and non-polar regions.
Methotrexate"

-
Site is shallow with three pockets formed by

4FAB Fab fragment with 2.7 Å. 0.215 the six hypervariable loops. Generally nonFluorescein
polar.

Site is a long, narrow tube which completelyHIV-1 protease
- -

9HVP with A-74704° 2.8 Å 0.182 penetrates protein. Mixed polar and non
polar regions.

1. Abola, Bernstein, Bryant, Koetzle, & Weng, 1987; Bernstein et al., 1977
2. Tabernero et al., 1993
3. Ealick et al., 1991
4. Bolin, Filman, Matthews, Hamlin, & Kraut, 1982
5. Herron, He, Mason, Voss, & Edmundson, 1989
6. Erikson et al., 1990

positions of tightly grouped site points using a 2A cutoff. The final number of site points

used for each receptor ranged from 30 to 60.

Resource Usage

All docking calculations were performed on Silicon Graphics Indigo2 worksta

tions equipped with 200 MHz R4400 processors and 128Mb RAM, so timings are consis

tent among the different methods. Several weeks of computer time were required to

complete all runs. All methods required approximately 13 Mb of RAM to store the scor

ing grids. The URT and URM methods required negligible additional memory for match

ing and orienting. BRM and SGM required up to 0.1 Mb of RAM for matching arrays.
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BGM required 1 Mb of RAM for matching arrays.

Test Systems

Selected results for the 3DFR test system are presented in Figures 5, 6 and 7 to

illustrate the type of data we collected. As shown in Figure 5, the weighted average score
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–
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Figure 5. Weighted Average Score for Molecules Docked to 3DFR using SPHGEN
site points. Each curve represents a search algorithm in Table 1. Each data point is a
weighted average of the score for all molecules in a particular run using the equation in
Table 4.

generally converges asymptotically to an optimum as sampling increases. The scores

from all matching methods converge to within 90% of the optimum in about 10 seconds

per molecule, whereas the URT method requires about 100 seconds per molecule. The

weighted rank correlation in Figure 6 also shows convergent behavior, but with some

interesting differences. It goes through much wider fluctuations, indicating that small
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Figure 6. Weighted Rank Correlation for Molecules Docked to 3DFR using SPHGEN
site points. Each data point is an average of the rank correlation for all molecules in a
particular run using the equations in Table 4.

changes in score have large effects on the rankings of the top scoring molecules. It

appears to discriminate among the different methods, selecting BRM and SGM as supe

rior, BGM and URM as next best and URT as worst again. In particular, BRM and SGM

both show a rapid initial rise, indicating that with very little sampling, these methods come

closest to predicting the rankings of the top scoring molecules. The convergence of

weighted RMSD in Figure 7 indicates how long it takes the different methods to reproduc

ibly predict the same binding mode of the top scoring molecules. Though the two top per

forming methods converge in predicted score and ranking in about 10 seconds, they

require about 500 seconds before they consistently predict the same binding mode. This

result indicates that for these molecules in this site, several good scoring orientations must
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Figure 7. Weighted Average RMSD for Molecules Docked to 3DFR using SPHGEN
site points. Only the two best search algorithms from Table 1 are presented. Each
data point is an average of the RMSD for all molecules in a particular run using the
equations in Table 4.

exist that are close in score but far in space. We found similar results for the other sites as

well.

We found the weighted and unweighted forms of the average score and rank corre

lation to be the most relevant in assessing database screening performance. This gives us

four measurements of five methods over five sites. Instead of presenting 100 different

curves, we have condensed each curve into a single value: the convergence time, which

represents the time at which the 90% threshold value is passed (and not recrossed). In

Table 6, we present the convergence times along with the speed improvement factor of

each method compared to the URT method.



29

Table 6: Convergence Properties of Search Methods.
For each sampling method and receptor site, we find the amount of sampling beyond

which all values are within 90% of the maximum. With the time of URT as the
reference, the relative speed factor of each method is reported in parenthesis. The

geometric mean over all receptor site values is reported at bottom. Because of the large
uncertainty in these values, all values are rounded to one significant digit.

6A. Unweighted Average Score

-
Search Methods

Site URT URM BRM SGM BGM

121D 200 (1x) 10 (20x) 20 (10x) 10 (20x) 8 (30x)

1ULB 200 (1x) 10 (20x) 20 (8x) 20 (10x) 8 (20x)

3DFR 100 (1x) 9 (10x) 10 (10x) 10 (10x) 20 (6x)

4FAB 30 (1x) 7 (4x) 8 (4x) 7 (5x) 7 (4x)

9HVP 200 (1x) 7 (30x) 5 (40x) 5 (40x) 6 (30x)

Mean 100 (1x) 9 (10x) 10 (10x) 9 (10x) 9 (10x)

6B. Rank-weighted Average Score

-
Search Methods

Site URT URM BRM SGM BGM

121D 400 (1x) 10 (40x) 6 (80x) 3 (100x) 8 (50x)

1ULB 1000 (1x) 60 (20x) 30 (40x) 20 (70x) 30 (40x)

3DFR 200 (1x) 20 (9x) 10 (20x) 8 (30x) 20 (10x)

4FAB 90 (1x) 7 (10x) 4 (20x) 4 (20x) 7 (10x)

9HVP 200 (1x) 7 (30x) 2 (100x) 4 (40x) 5 (40x)

Mean 300 (1x) 20 (20x) 7 (40x) 6 (50x) 10 (30x)

Score Convergence

With respect to the unweighted average score in Table 6A, all matching methods

show roughly equivalent convergence, and outperform URT by a factor of ten. Therefore,

on average, site points provide a much more succinct description of the active site than the

smallest enclosing box, especially when searching a site that is large or difficult to define a
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6C. Unweighted Rank Correlation

-
Search Methods

Site URT URM BRM SGM BGM

121D 400 (1x) 20 (20x) 10 (30x) 7 (60x) 10 (40x)

1ULB 1000 (1x) 60 (20x) 40 (20x) 30 (30x) 80 (10x)

3DFR 400 (1x) 50 (9x) 20 (20x) 10 (30x) 40 (10x)

4FAB 200 (1x) 30 (7x) 10 (20x) 20 (7x) 50 (3x)

9HVP 700 (1x) 20 (40x) 8 (90x) 10 (60x) 20 (50x)

Mean 500 (1x) 30 (10x) 20 (30x) 20 (30x) 30 (20x)

6D. Rank-weighted Rank Correlation

Search Methods
Site

URT URM BRM SGM BGM

121D 400 (1x) 20 (30x) 10 (40x) 7 (60x) 20 (30x)

1ULB 1000 (1x) 60 (20x) 20 (60x) 20 (70x) 80 (20x)

3DFR 600 (1x) 100 (6x) 10 (40x) 10 (40x) 20 (30x)

4FAB 400 (1x) 10 (30x) 3 (100x) 4 (90x) 10 (30x)

9HVP 300 (1x) 7 (40x) 2 (100x) 4 (60x) 3 (80x)

Mean 500 (1x) 20 (20x) 7 (70x) 8 (60x) 20 (30x)

priori. Since the site points were generated based on general considerations of shape, this

result should be generalizable to other “negative image” techniques, like the shape-based

critical point methods of Lin, Nussinov, Fischer, and Wolfsen (1994), and the energetic

probe methods of Reynolds, Wade, and Goodford (1989). The rank-weighted average

score in Table 6B shows more discrimination among the matching methods. While the

two uniform random methods (URT and URM) had more difficulty converging with the

top-scoring molecules, BRM and SGM actually converged more quickly. This implies

that trying a uniform number of orientations for the molecules in the database is inefficient

with respect to processing the top-scoring molecules. BGM performed better than URM,
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but not as well as either BRM or SGM.

Rank Convergence

The convergence of the rank correlation further confirms the differences between

methods. The unweighted rank correlations in Table 6C again show a general 10 to 30

fold advantage of using site points to dock the molecules. Interestingly, the time required

to get the rank correct is 2 to five fold greater than the time to get the average score

(Table 6A) correct. The weighted rank correlations in Table 6D also further discriminate

among the methods. URM and BGM still show the 20 to 30 fold advantage over URT.

BRM and SGM again outperform by 60 to 70 fold over URT. Of all measures, this last

one is arguably the most relevant to database screening, since absolute scores are generally

not used as strict cutoffs, but instead the rankings are used to select some subgroup of mol

ecules whose number is amenable to further processing. Most often, it is the top-scoring

subgroup of most interest, so using a rank-weighted correlation should focus our attention

on how the methods are treating this particular subgroup of molecules. Therefore, it

appears that of the methods investigated here, BRM and SGM are the best suited for data

base screening.

BGM versus SGM

The single graph matching method clearly outperforms the existing bipartite graph

matching method by up to two-fold in speed. This result may appear counter-intuitive,

because SGM is exhaustive whereas BGM uses heuristics to speed the search. However,

the precomputing of the adjacency matrix and the rapid processing of the adjacency lists

show that reformulating the problem into an efficient form can be just as effective as using

heuristics. SGM has the additional advantage of requiring fewer fundamental matching
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parameters than BGM (Table 2).

BRM versus SGM

Why does a simplistic random matching algorithm, BRM, perform so competi

tively with the distance matching algorithm, SGM, and even outperform BGM'? Does this

suggest that distance matching is an unnecessarily complicated solution to docking? We

seek to resolve this question by breaking the problem into three parts.

7. What is the disadvantage of sampling each molecule uniformly?
8. Why does distance matching sample molecules non-uniformly?
9. Is an orientation from random matching just as good as one from distance matching?

First, spending the same time on each molecule may result in spending too little

time on the better scoring molecules. One feature of the force field scoring function is that

it tends to favor larger molecules (Miller et al., 1994). For the set of molecules we used in

this study, we have plotted the best score for each molecule against its size in Figure 8.

Though there is some trend, the correlation coefficient is not large. A stronger trend exists

in Figure 9, relating molecule size to bump filtering. Large molecules have a greater pro

pensity to bump into receptor atoms when oriented in the site. Since we use a bump filter

in DOCK to discard poor orientations before the more computationally expensive scoring

and optimization steps, we are more likely to discard an orientation of a large molecule

than that of a small molecule. Forcing a uniform number of matches per molecule would

then result in a size-biased attrition through the bump filter and, over-all, spending less

time on the potentially better scoring, larger molecules.

Second, nonuniform sampling arises in distance matching because the number of

matches is related to the number of internal distances that the ligand has in common with

the site points. Larger molecules have more internal distances, and so will tend to have

more in common. Therefore, larger molecules tend to generate more matches than smaller
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Figure 8. How Molecule Size affects Force Field Score. The best force field score for
each molecule is plotted versus the number of non-hydrogen atoms in the molecule.
The plots for each receptor are pooled into this single plot to show the overall trend.
Fitting a line to these data yields an R* value of 0.24.

molecules. However, a molecule which is not larger, but is more similar in shape to the

binding site will also have more internal distances in common. Therefore, distance match

ing will spend more time on molecules that are complementary in shape to the receptor.

Thus, the BRM method benefits from using distance matching to determine the number of

orientations to try simply because it will bias its efforts toward the larger and/or more

complementary molecules.

Third, an orientation from random matching is on average not as good as one from

distance matching. We can check the quality of these orientations by examining how they

survive the bump filter as depicted in Figure 9. The orientations from distance matching

are at least ten times more likely to make it past this filter, so they are indeed superior. To

understand why this superiority does not translate directly into faster docking, we must
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Figure 9. How Molecule Size Affects Bump Filtering. In a given docking run, we
compute the fraction of orientations that pass the bump filter for each molecule, then
plot this value against the size of the molecule. (Top) BRM method. Average filter
rate is 0.031. (Bottom) SGM method. Average filter fate is 0.36.

consider the computational bottle-neck of the current implementation of DOCK. If the

early docking steps -- matching, orienting and bump filtering -- were to consume a domi

nant portion of the total cpu time, then SGM would be up to ten times faster than BRM.

On the other hand, if the later docking steps -- scoring and optimization -- were to con

sume a dominant portion of the total cpu time, then BRM would be equivalent in speed to
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SGM. With the current implementation of the minimizer, the scoring and optimization

steps indeed consume an overwhelming portion of cpu time (>90%), so the ability of dis

tance matching to form high quality orientations is for now unrewarded. BRM is kept

competitive because, in concert with heavy pruning by the bump filter, it forms orienta

tions that are suitable starting points for optimization.

BRM versus BGM

The fact that BRM outperforms BGM by up to a factor of two, points out the criti

cal importance of how processing time is allocated among the different molecules in the

database. For maximum efficiency, a search algorithm must bias its efforts toward the

most highly-ranked molecules. BGM indeed has such a bias built in, but the heuristics

have the effect of reducing the magnitude of bias inherent to the unrestrained matching

found in SGM and BRM.

Future Directions

It appears sensible to incorporate the single graph matching technique into version

4.0 of DOCK since its results are of high quality and its potential for speed improvement

is high. The speed gains might arise from additional orientation filtering or by fundamen

tal improvements in the optimization technique. The new matching algorithm will provide

a solid algorithmic foundation on which to base further development of molecular dock

ing, including the addition of sophisticated search constraints like chemical labels and crit

ical clusters, as well as the explicit treatment of ligand flexibility.

Until a faster scoring and optimization method is implemented, it may be useful to

preprocess the set of orientations generated by matching. For instance, an implementation

of degeneracy checking has been tried in which similar orientations are removed at the
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matching stage (Gschwend & Kuntz, 1996). Since orienting is also relatively facile, it

implies that the degeneracy checking could instead be performed as an RMS deviation cal

culation between real orientations. Rarey, et. al. present a rapid RMSD evaluation tech

nique based directly on the rotation matrices (Rarey et al., 1996) which would be

applicable. It might also be possible identify a unique property of orientations that lead to

the best scores upon minimization (e.g. degree of surface overlap with receptor). We

intend to further study the nature of orientations generated by BRM that pass the bump fil

ter, to see why they manage to score so well upon minimization. Based upon this knowl

edge, a filter could be constructed that enriches the set of orientations generated by regular

matching prior to minimization.

An additional avenue for improvement would be to try alternative methods to gen

erate site points. The current shape-based site points may not be entirely consistent with a

force-field-based scoring function (Miller et all., 1994). Including force field consider

ations during site point construction, might make the site points more relevant as points on

which to position ligand atoms, thereby increasing the quality of docked orientations.

We are working to extend the current docking protocol to include ligand and recep

tor flexibility. Ligand flexibility can be incorporated in several ways. The most straight

forward approach is to dock multiple conformations of the ligand separately (Miller et al.,

1994). A potentially more efficient method is to use distance geometry to build a ligand

conformation that fits a subset of receptor site points (Smellie et al., 1991). Another viable

option is the “divide and conquer” strategy, in which a flexible molecule is broken into

rigid fragments, the fragments are docked independently and the molecule is rebuilt from

adjacent fragment orientations (Bohm, 1992; DesJarlais et al., 1986; Eisen et al., 1994).
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Limited receptor flexibility is being investigated during the step of score evaluation by

superimposing multiple receptor conformers on a single score potential grid (Knegtel,

Kuntz, & Oshiro, 1997).

CONCLUSION

We evaluated various search algorithms for automated molecular docking that

range in complexity from purely random to site point-directed, graph-theoretical matching

methods. Our basis of comparison was how quickly each docking method could correctly

score and rank a database of molecules. Over a broad range of active site environments, it

is at least tenfold more efficient to use a collection of site points to describe the active site

search volume than to use the smallest enclosing box. Using graph theoretical matching

techniques boosts this relative efficiency higher. The bipartite graph matching used in the

current DOCK version 3.5 improves efficiency up to 30-fold. The single graph matching

proposed for DOCK version 4.0 improves efficiency up to 60-fold. Since single graph

matching is not only faster, but also less complicated than the bipartite graph matching

used in version 3.5, we feel it will be an important advance in the docking technology.
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Chapter 3: Search Methods for Flexible Molecule
Docking

SUMMARY

We present an extension of the docking algorithm to accommodate flexible mole

cules. A rigid portion of the molecule is docked using the orientation search presented in

Chapter 1. Flexible portions are reattached incrementally with a simultaneous torsion

search and relaxation. The partial configurations are pruned at each cycle of reattachment

according to diversity and affinity. The method successfully reconstructs the binding

modes of X-ray crystal complexes. It is accurate (docked positions < 2 Angstroms from

X-ray position) and fast (computation times <=180 seconds). The method is practical for

database processing. It can accurately rank a random set of molecules for binding to dihy

drofolate reductase within 100 seconds per molecule. It is more effective than rigid dock

ing alone, or in combination with a random conformation search.

INTRODUCTION

The binding of a small molecule to a macromolecule can involve many degrees of

freedom. The rigid body degrees of freedom -- rotation and translation -- are fundamental

to the docking process. Searching rigid body space is described in Chapter 1. The confor

mation space of a small molecule can also play an important in the docking of flexible

ligands. Searching ligand conformation space is described in this chapter.

A similarly difficult problem is the consideration of the conformation space of the

macromolecule as it accommodates the incoming ligand. Methods have been developed

to allow discrete residues to move. A highly pruned systematic search of these limited
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receptor conformations uses the A* and Dead End Elimination heuristic (Leach, 1994).

As well, multiple receptor conformations can be treated in a "first pass" manner using

ensemble grids (Knegtel, Kuntz, & Oshiro, 1997).

Many techniques have been used to search ligand conformation space. The most

promising techniques are based on simulated annealing (Morris, Goodsell, Huey, & Olson,

1996), genetic algorithm (Clark & Ajay, 1995; Judson, Jaeger, & Treasurywala, 1994;

Oshiro, Kuntz, & Dixon, 1995) and incremental construction. The incremental construc

tion methods are based on docking a rigid portion of the molecule first, and reconstructing

the flexible parts in fashion complementary to the local receptor environment. Leach and

Kuntz (1992) were seminal in presenting this technique. Other workers have elaborated

upon this method (Makino & Kuntz, 1997; Mizutani, Tomioka, & Itai, 1994; Rarey,

Kramer, Lengauer, & Klebe, 1996; Welch, Ruppert, & Jain, 1996).

In the method of Leach and Kuntz (1992), the set of shape-based site points is sup

plemented with hydrogen-bond based site points. The site points are used to drive the ori

entation search and also to guide the flexible search. The flexible portions are reattached

one torsion at a time in a depth-first fashion. The torsion positions are assigned from a rot

amer library and are tweaked to allow ligand atoms to interact with nearby complementary

site points. Relatively few constraints are placed on the conformation search, so it can

grow in a combinatorial fashion.

Mizutani, et al. (1994) describe a flexible docking routine, ADAM, which uses

hydrogen bonding patterns to form docking models. The smallest subset of the ligand

which contains all hydrogen bonding groups is processed first. A systematic conformation

search is performed. All conformers are assessed for compatibility with every docking

---,
sº
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model. A systematic search combined with energy evaluation is used to fit the remaining

portion of the molecule. Because systematic searches are used, the user has little control

over the amount of sampling.

Welch, et al. (1996) recently describe a flexible docking routine, Hammerhead, in

which the conformation search is more tightly linked to site point positions. The mole

cules are divided into three-torsion segments. Terminal segments are somewhat arbitrarily

chosen as the starting positions. They are initially placed by matching ligand and receptor

surface points. A breadth-first, N-best search is used for the remaining segments, which

are placed by matching additional ligand and receptor surface points. The N best configu

rations are used to seed each additional cycle of construction. This method was shown to

redock crystal complexes accurately and to screen a database of ligands efficiently. It uses

multiple levels of pruning in order to reduce computation time. Each type of pruning has

user-adjustable parameters which might become difficult to set for a variety of docking

sites.

Rarey, et al. (1996) recently present a flexible docking routine, FlexX, which is

guided directly by precomputed site points. The site points are constructed based on

receptor hydrophobic patches and hydrogen-bonding patterns. The starting segment of the

ligand must be selected by the user and can include rotatable torsions. It is docked to the

site based on site point positions. A breadth-first, N best search is used to reattach adja

cent segments, which are attached and pruned based on interactions with nearby site

points, and further filtered by RMSD clustering. This method requires not only the begin

ning segment, but also each added segment, must interact with complementary site points.

This can be a problem when such well-defined interactions are missing from the original
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binding mode. In addition, the beginning segment must be chosen manually by the user.

No general rules are presented by the authors for the user to follow to accomplish this task.

This method was shown to successfully dock a selected set of crystal complexes.

We have developed a more distinctly two-step algorithm for flexible docking for

use in DOCK version 4.0. A flowchart of the algorithm is presented in Figure 10. The

Molecule

1. Segmentation y
Anchor +
Peripheral
Segments

2. Anchor Docking +

Minimization 3
-No Anchor . Pruning N,N. Partial

Orientations Configurations

N. Partial
- - -Configurations 4. Segment Addition +

Torsion Sampling +
Minimization

Complete?

5. Minimization

N. Docked
Configurations

Figure 10. Flowchart of Flexible Docking Algorithm.

molecule is divided into rigid segments. The beginning segment may be selected manu

ally, or automatically based on size -- multiple segments can be tried in this way. The

beginning, or anchor, segment is docked as a rigid unit, using the regular matching algo



47

rithm to precomputed site points. The remaining segments are reattached in a breadth-first

manner and pruned according to score, rather than site point interaction. The breadth of

the search is directly controlled by selecting the number of seed configurations to carry

over to the next cycle. A wide variety of seed configurations is selected by clustering the

partially built configurations. Score optimization helps resolve minor clashes and enrich

the torsion angle search. Since the score alone is used during the conformation search,

areas of low complementarity can be easily traversed where lack of site points might crip

ple the other algorithms. The amount of sampling is easily controlled by specifying the

number of orientations in the orientation search and the number of conformations in the

conformation search.

The incorporation of scoring function evaluation as part of the search procedure

raises the importance of scoring function accuracy. In previous efforts, the rigid body

search was considered sufficient to generate many binding orientations, including nearly

correct binding modes. As an independent effort, a scoring function would be used to fish

out the correct modes. With the use of very high sampling, the possibility of including the

correct binding mode in the incremental construction strategy still exists, but an inaccurate

scoring function will make this very unlikely. The work presented here must therefore be

considered in the context of such hazards. The importance of continued development of

more accurate scoring functions cannot be emphasized enough. The incremental con

struction strategy places a constraint on the nature of scoring functions that can be applied.

Since the strategy must evaluate the interactions of partially-built molecules, the scoring

function must be atom pairwise decomposable.

The flexible docking method described here will be evaluated in several ways. A
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test set of high resolution X-ray crystal complexes will be used to test docking accuracy

and speed. Accuracy will be measured by the RMS distance of the nearest docked posi

tion for a dock run using a high level of sampling. Speed will be measured by how much

time or sampling is required to generate a docked position within 2 Angstroms of the X

ray position.

The method will also be evaluated as a tool for database processing. A small ran

domly selected database of molecules will be docked to dihydrofolate reductase. Over a

range of sampling conditions, the accuracy of the predicted rankings will be measured.

Several benchmark algorithms will be used for reference.

METHODS

Molecule Segmentation

The flexible docking algorithm involves a significant amount of molecule prepro

cessing before actual docking, which is presented in Table 7. Since it not computationally

intensive, ligand segmentation can be performed at run time and requires no modification

of the ligand database.

The ring detection step is necessary to isolate ring bonds. Ring flexibility will not

be considered directly in the algorithm presented here. For molecules in which ring flexi

bility plays an important role, different ring conformations can be generated by other mod

eling programs and treated as independent instances in an input molecule database by

DOCK. Rings are detected using a depth-first algorithm which recursively traverses atom

connectivity starting from any seed atom. During the expansion of the recursion tree,

atoms are identified according to the numeric level of recursion at which they are encoun
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Table 7: Ligand Segmentation Algorithm

Step Description Sample processing of Methotrexate

Ring
Detection

Rotatable
Bond

Detection

Rigid
Segment

Identification

Anchor

Segment
Identification

Segment
Repartitioning
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formed to detect rings.
Ring bonds are

excluded from rota
tion.
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Set of bonds, rotatable
bonds are identified
according to defini
tions contained in

user-editable text files.

The location of each
rotatable bond is used

to partition the mole
cule into rigid seg

mentS.

The anchor segment
is selected either man

ually or automati
cally. The anchor

defines the molecule

center. All other seg
ments are arranged

into concentric layers.
Each rotatable bond is

assigned to the seg
ment of the outer

atom. The outer atom
is transferred to the
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rotation.
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intervening bond is identified as a ring bond. The lowest recursion identifier encountered

is stored. During contraction of the recursion tree, if the lowest recursion identifier

encountered from traversal of a particular bond is lower than the current level of recursion,

then the bond is identified as a ring bond. This method grows linearly with molecule size

and any size or number of rings is detected.

Once ring bonds have been isolated, all other bonds are compared to a library of

flexible bond definitions stored in an editable text file. Each rotatable bond is assigned its

allowed torsion positions which are also contained in an editable text file. The molecule is

then divided into rigid segments, which can include ring systems or be as small as a meth

ylene group. The anchor segment can be selected manually or automatically based on seg

ment size. In automatic mode, either the largest segment is used, or all segments which

have a required number of heavy atoms.

The last step in preprocessing is repartitioning of the segments based on the loca

tion of the anchor segment. This process is repeated if multiple anchor segments are used.

Each rotatable bond is assigned to a segment. Atoms are transferred among adjacent seg

ments so for each rotatable bond, the associated segment includes all atoms that are

directly rotated. Careful inspection of the color figure for this step in Table 7 will reveal

how atoms and bonds are grouped after repartitioning. As a final step, segments are orga

nized into concentric layers about the anchor.

Docking Algorithm

ANCHOR DOCKING

The docking process illustrated in Figure 10 is divided cleanly into two steps: the

rigid anchor orientation search (step 2) and the peripheral segment conformation search
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(steps 3 and 4). The orientation search of the anchor segment provides a rapid, prelimi

nary search of binding modes. The matching algorithm has been modified slightly from

what was presented in Chapter 1. In the original matching algorithm, the user specifies

geometric parameters, and the algorithm exhaustively enumerate all orientations which fit

the parameters. Now the user can specify the number of orientations, N., in Figure 10, and

the algorithm will perform a series of matching operations in which the distance tolerance

is steadily increased until No matches have been formed. Since matching is completely

exhaustive within the bounds of the distance tolerance, the matches produced by a preced

ing cycle of matching are a complete subset of the matches in the current cycle, and are

removed after matching but before generating molecule orientation orientations. This

change was made because for a given distance tolerance, the number of matches is

strongly dependent on the number of molecule atoms included in matching. Since anchor

segments can vary greatly in size, the updated matching method ensures that smaller

anchor segments sample orientation space sufficiently. The computational demand of

anchor docking depends linearly on No.

PRUNING

The peripheral segment conformation search (steps 3 and 4 in Figure 10) is seeded

by the anchor orientations generated in the rigid docking step. The orientations are pruned

down to a number that is under user control (N. in step 3). Pruning is also performed on

the partially built configurations for every cycle of flexible segment addition.

SEGMENT ADDITION

The next step is segment addition (step 4). Segments are added to the pruned par

tial configuration in an orderly fashion, which starts with the innermost layer and proceeds
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outward. A single segment is added multiple times, forming a new partial configuration

for each torsion position allowed by the adjoining bond. If the bond can adopt N, torsion

positions, then N, N, new configurations will be built in a cycle. Each new configuration is

minimized. If the newly added bond is flagged in the definition file as minimizable (bonds

with double bond character are excluded), then the torsion position is adjusted to minimize

the score. Additional bonds may be included from inner layers of segments to help pre

vent partial configurations from getting trapped in dead-end constructions. The position

of the anchor may also be adjusted to relieve strain during the construction process. These

minimization options are under user control. The cycles of segment addition and pruning

continue until all configurations are complete molecules. The computational time

required by segment addition grows linearly with Nº, N, and N, (the number of peripheral

segments).

MINIMIZATION

After all cycles of segment addition are complete, the pruned set of complete con

figurations is minimized (step 5) to relieve any strain developed during the construction

process. All minimizable torsions are minimized along with the anchor position using the

minimization protocol discussed below.

PRUNING METHOD

The pruning performed at each cycle of segment addition plays an important role

in overall performance. Several methods of pruning were explored. The most straightfor

ward protocol tested was the selection of the top N. scoring configurations as seeds for the

next cycle of addition. A second protocol tested was the selection of the most diverse con

figurations. This method involves complete-linkage, hierarchical clustering based on the
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RMS distance between configurations. When two configurations are clustered, the better

scoring one is retained to represent the cluster. Clustering proceeds until N. clusters have

been formed. The third protocol tested was the selection of the best scoring and the most

diverse configurations. This clustering method is based on the RMS distance between

configurations divided by the rank of the poorer scoring configuration. The computational

demand of cluster-based pruning depends on the square of N., and linearly on the differ

ence of N., and No.

Scoring

INTERMOLECULAR TERMS

The intermolecular interaction of the small molecule with the macromolecule is

described with the non-bonded terms of the AMBER molecular mechanic potential (Pearl

man, et al., 1995) precomputed on a three-dimensional grid (Meng, Shoichet, & Kuntz,

1992). In the current version of DOCK, the user can select the following options: whether

a united atom or all atom model is used, the exponents of the attractive and repulsive Len

nard-Jones terms, and the dielectric constant. During the construction of flexible mole

cules, the interactions of the partially built portions is modeled to a first level of

approximation by leaving the VDW terms and partial charges unperturbed. Since func

tional groups are often split into different segments, this approximation may cause short

term inaccuracies in the modeling of the interactions with these partially-built functional

groups. Some further study in how to treat these interactions is warranted.

INTRAMOLECULAR TERMS

Because of the conformational freedom given to flexible molecules during con

struction, some treatment of intramolecular energy is necessary. The chief concern is to
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prevent such gross violations of chemical modeling as internal clashes. To this end, the

non-bonded Lennard-Jones and Coulombic terms are computed for atoms in different

rigid segments. Atoms within a segment can be excluded, since their contribution is a con

stant. Since only torsional degrees of freedom are explored, no bond length or angle terms

are included. The molecular geometry is assumed to accurate in the input. For reasons of

expediency, torsion terms are also excluded. As a first level of approximation to treat

rotatable bonds with some double bond character, such bonds are excluded from free rota

tion during minimization. Speed is enhanced by maintaining a record of the interactions

of each segment with all internal segments to avoid recalculation when no relative move

ment has occurred.

OPTIMIZATION

The thoroughness of sampling is enhanced with on-the-fly score optimization

(Gschwend & Kuntz, 1996). The optimization technique used in DOCK is simplex mini

mization (Nelder & Mead, 1965; Press & Vetterling, 1989). During rigid docking, rigid

body minimization is applied to each generated orientation. Six simplex variables are

used for rotation and translation. The quaternion is used to represent the rotation angles

because of enhanced numerical stability (Allen & Tildesley, 1987). Additional simplex

variables are used to represent rotatable bonds. When torsions are included from multiple

layers, movement of the inner torsions causes greater perturbation than movement of outer

torsions. To compensate for this distortion, the step size of an inner torsion is scaled by

the number of layers it is away from the last segment added.

An important part of minimization is deciding when to stop. The progress of min

imization is monitored by checking the difference in score of the best scoring and worst

:
* |
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.
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Scoring simplex vertex. When the variation is within some tolerance, minimization termi

nates. Simplex minimization can be vulnerable to premature convergence. As a conse

quence, additional cycles of minimization are launched if the current minimization has

moved a specified distance in simplex space, which is measured as the vector distance

which is normalized with respect to the step sizes of each simplex variable.

An important consequence of using a simplex minimizer is that the results of each

run are dependent on how the random number generator was seeded. In this work, multi

ple runs are performed in which different random number seeds are used. Results are

averaged over the set of runs. Standard deviations are computed to assess stability.

Evaluation Techniques

REBUILD X-RAY COMPLEXES

The flexible docking algorithm will be tested in several ways. A set of high and

medium resolution X-ray crystal complexes will be used to verify the accuracy and gauge

the speed of the algorithm. The complexes included in the study are presented in Table 8.

Table 8: X-ray Crystal Complexes used to Evaluate Docking Algorithm

Ligand Resol | Refin
Name Receptor (Anchor segment highlighted by box) ution ement

o To o o
2–

* *

. . . . .
OH 1.54 || 0.195

Guanosine-5'-[B,G-Methylene] Triphos
phate

121p' H-Ras P21
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Table 8: X-ray Crystal Complexes used to Evaluate Docking Algorithm (Continued)

Name Receptor Ligand Resol | Refin
p (Anchor segment highlighted by box) ution ement

H.N
+

HAN

1ppc" | Trypsin 2 1.8 || 0.181

Ribonu
1rnt? | clease T1 1.9 || 0.191

Isozyme

1stp" | Streptavidin 2.6 || 0.22

Biotin

1tmn? | Thermolysin HN 2. º NH, co,- 1.9 || 0.171
co,- 0

N-(1-Carboxy-3-Phenylpropyl)-L-Leucyl
L-Tryptophan

C02–

Carboxypep- O
2

6
2cte tidase A OH 1.4 || 0.161

L-Phenyl Lactate
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Table 8: X-ray Crystal Complexes used to Evaluate Docking Algorithm (Continued)

Name Receptor Ligand Resol | Refin
p (Anchor segment highlighted by box) ution ement

NH
t

Carboxypep- ~"i■ NH, In O7

3cpa tidase A HO CO2-0 2.0 *
Glycyl-L-Tyrosine

O co,
-

NH >~ co,-
Dihydro-

*-

3dfr” | folate Reduc- N 1.7 || 0.152
taSe

Methotrexate

1. Krengel, 1991.
2. Bode, Turk, & Stuerzebecher, 1990.
3. Arni, Heinemann, Maslowska, Tokuoka, & Saenger, 1987.
4. Weber, Ohlendorf, Wendoloski, & Salemme, 1989.
5. Monzingo & Matthews, 1984.
6. Teplyakov, Wilson, Orioli, & Mangani, 1993.
7. Christianson & Lipscomb, 1986.
8. Bolin, Filman, Matthews, Hamlin, & Kraut, 1982.

These testcases have been used to verify other flexible docking methods (Rarey et al.,

1996; Welch et al., 1996). The portions of the ligands selected as the anchor segment may

not seem intuitive, but are consistent with the protocol presented in the validation of

FlexX. The ligands in the set span a range of sizes and flexibility, possessing from 2 to 12

rotatable bonds.

The testcases were prepared for docking in a uniform fashion. The ligand and

macromolecules were prepared in SYBYL by removing all crystallographic waters, add

ing hydrogens, and loading partial charges (SYBYL Molecular Modeling System, Version

6.2, Tripos Associates, Inc., St. Louis, MO). As described in Meng et al. (1992), AMBER

united atom charges were used for the macromolecule and Gasteiger-Marsili charges were
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used for the ligand. A molecular surface of the binding site was prepared using MS from

the MIDAS package (Ferrin, Huang, Jarvis, & Langridge, 1988), by including only sur

face residues within 8 Angstroms of the ligand position. The DOCK utility, SPHGEN,

was used to compute site points. The first cluster which overlapped the ligand was used.

SPHGEN can be used as a de novo tool to identify binding sites based on shape alone, but

the quality of such a prediction was not assessed here. A scoring grid was then con

structed to enclose all the site points plus an extra 8 Angstrom margin along each axis.

These calculations took less than an hour for each testcase.

The accuracy of docking was measured to check the scoring function and show

that the conformation search is of sufficient quality. A high level of sampling was used --

900 anchor orientations and 90 pruned configurations. Each run was repeated 10 times

with a different random number seed to avoid any artifacts from the random number gen

erator. The benchmark score and position was determined by using DOCK to perform a

full minimization of the X-ray position. The goal was to reconstruct the true binding

mode or find reasonable alternatives.

The speed of docking was measured to verify that typical molecules could be

docked in a feasible amount of computer time. A range of sampling was used -- 50-900

anchor orientations and 5-90 pruned configurations. Each run was repeated 10 times with

a different random number seed to compute an average and standard deviation for each

level of sampling. The minimum level of sampling is identified by the sampling condition

in which at least one of the ten runs generates a configuration within two Angstroms from

the X-ray position. The time taken for minimum sampling can be compared with the

reported timings of other algorithms. The converged level of sampling is identified by the
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sampling condition in which all ten runs meet the 2 Angstrom target. The point at which

sampling converges is an important measure of stability.

DATABASE SCREENING

An important and historic application of DOCK is the screening of a molecule

database for members with likely binding activity. For a flexible docking algorithm to be

appropriate to screen a large database, the time spent processing each molecule must be

small and on the order of tens of seconds. Of course the amount of sampling is under

direct user control, so the algorithm can be applied using any arbitrary amount of sam

pling. The real issue is how much sampling is required to get "good" results. The tools to

address this issue were presented in Chapter 1 in the context of rigid molecule docking.

The most relevant measure to assess "screening accuracy" was the convergence of the

weighted rank correlation.

In this work, we will use dihydrofolate reductase (3dfr) as the test site to which a

set of 50 randomly selected molecule from the CMC molecular database (MDL Informa

tion Systems, San Leandro, CA) will be screened. The test database will be seeded with

methotrexate to include at least one tight binding molecule.

In order to put the performance of our flexible docking algorithm in context, it

would be important to compare the results with reported values for the other docking pro

grams. Unfortunately, none have attempted to determine screening accuracy. Conse

quently, we will use two reasonable alternative algorithms for comparison. An alternative

flexible docking algorithm is based on the "flexibase" approach, or multiple conformer

rigid docking (Miller, Kearsley, Underwood, & Sheridan, 1994). In this method the data

base is seeded with multiple instances of each molecule, which represent different confor
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mations. Each conformation is docked independently as a rigid molecule. DOCK can

accommodate this technique as a default if Anchor-First docking is not requested. Multi

ple random conformations of each molecule are constructed and docked sequentially.

Sampling is controlled by specifying the number of conformations and the number of ori

entations sampled for each conformation.

The other alternative algorithm is to simply use rigid docking of the single mole

cule conformation present in the database. The conformations are generated by CON

CORD (Rusinko, Sheridan, Nilakantan, Haraki, Bauman, & Venkataraghavan, 1989).

To calculate the screening accuracy of each method at a given level of sampling,

the molecule rankings must be compared with an ideal or best possible ranking. Since we

want to isolate the performance of the sampling algorithm from any errors in scoring, we

cannot base the target rankings on actual binding data. Instead, the target ranking will be

based on the best possible score for each molecule at a very high level of sampling. In

practise, the best score or each molecule is determined from all the runs combined. In

order to compare the scores among different molecules, only the intermolecular term will

be used. This is based on the assumption that the intramolecular terms for the docked con

figuration after minimization are equivalent to the same terms in the uncomplexed ensem

ble of configurations. In addition, a 0.5 kcal/mol penalty is applied per heavy atom to

approximate the desolvation terms that are neglected in the current scoring function. As

described in Chapter 1, the absence of desolvation terms causes the current scoring func

tion to consistently favor larger molecules. Given the rankings, the screening accuracy is

computed based on the weighted rank correlation described in Chapter 1. This quantity

varies from negative one for perfect anti-correlation to positive one for perfect correlation.
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By weighting the correlation with the rank, then the relative rankings of the top scoring

molecules is emphasized. This bias is consistent with the notion that database screening is

used primarily to identify the top scoring molecules, and any inaccuracies of molecules

lower on the list are of diminishing importance.

RESULTS AND DISCUSSION

Pruning Methods

Three different methods were evaluated to prune the partially-built molecule con

figurations during each cycle of segment addition. The results of the study are presented

in Figure 11. The pruning based on rank alone shows a remarkable amount of focusing

about a few binding modes. The closest docked position to the X-ray position is 2.5 Ang

stroms away. This binding mode corresponds to withdrawing methotrexate outwards

along its binding channel by about an Angstrom, and swapping the interactions of the car

boxylate groups of the glutamate portion of the inhibitor. This behavior is strongly remi

niscent of the local minimum problem, suggesting that rank alone focuses the search on

good scoring partial configurations that are ultimately non-optimal. The RMSD only

pruning on the other hand appears to be unable to focus on any particular binding mode,

placing only a handful of configurations within five Angstroms of the X-ray position. The

nearly uniform distribution of configurations at around ten Angstroms from the X-ray

position suggests that diversity alone is counterproductive in an optimization algorithm.

The last method using both rank and RMSD to prune the configurations manages to recon

struct configurations within an Angstrom of the X-ray position. Interestingly it also con

structs a large number of configurations at 2.5 Angstroms from the X-ray position,

:
*—-
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Figure 11. Pruning Methods for Incremental Construction. Methotrexate was
redocked to 3dfr using 500 orientations of the anchor and 100 configurations per
step during construction while holding the anchor positions fixed. Data is col
lected over 10 runs using a different random number seed for each run. The results
of each plot differ based on the method used to prune the configurations in each
stage of construction down to 100 configurations. In A, the 100 best ranking con
figurations were retained. In B, the 100 most diverse configurations were retained.
The diverse set is selected based on complete-linkage hierarchical clustering of the
RMSD distance between each configuration. In C, the 100 best ranking and most
diverse configurations were retained. Complete linkage hierarchical clustering
was performed using the RMSD distance divided by the lower rank (larger value)
of the two configurations.

consistent with the rank only pruning, confirming the importance that this binding mode

plays early in configuration construction. The ability to overcome the local minimum
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inherent in that binding mode is encouraging. Based on these results, rank-weighted

RMSD clustering was selected as the method of pruning partial configurations during seg

ment addition.

Rebuild X-ray Complexes

DOCKING ACCURACY

The results of testing the accuracy of the docking algorithm is presented in Table 9.

Table 9: Accuracy of Dockings
Summary of predicted binding modes from 10 high sampling runs

X-ray position after Nearest docked Top scoring docked

Complex minimization position position
RMSD Score RMSD Score RMSD Score

121p 0.49 - 136 0.84 -129 0.96 -131

1 ppc 0.29 –56 0.76 –53 10.07 –56

1rnt 0.67 –52 0.60 –51 1.32 –52

1stp 0.73 –37 0.63 –34 1.22 –38

1tmn 0.56 –72 0.49 –64 2.69 –68

2ctc 0.76 –39 0.65 –39 1.15 –41

3cpa 1.48 –43 1.25 –38 3.90 –50

3dfr 0.52 –65 0.58 –68 1.03 –69

The first two columns of data contain the results of the minimization of the X-ray com

plexes. A total of 10 minimization runs were performed with different random number

seeds. The best scoring results are presented for each testcase. The scores range from -37

kcal/mol (1stp) to -136 kcal/mol (121p). The large, negative score of 121p results from

the presence of four negative formal charges on the triphosphate ligand. The interaction

energy of biotin with streptavidin (1stp) is less favorable by comparison to the other com
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plexes. This result is inconsistent with the renowned affinity of this interaction. The

inconsistency of the energy score with the binding constant is expected since it only esti

mates the enthalpy of the interaction rather than actual free energy terms. The purpose of

this work is not to predict binding constants, but to show that with a satisfactory scoring

function, the docking search algorithm succeeds in finding the most likely or at least rea

sonable binding modes.

The RMSD data reveal that in most systems the ligand moves more than 0.5 Ang

stroms. This deviation may be a result from fundamental errors in missing free energy

terms, or mere differences with the energy function used during crystallographic refine

ment. The most deviations occur in the 3cpa testcase. Two factors may be at work. The

interaction of the peptide ligand with a doubly charged metal ion in the binding site may

be incorrectly modeled by a simple Coulombic electrostatic term. In addition, the quality

of the crystal structure may be questionable, because the ligand and nearby protein side

chains were modeled based on the electron density, but not refined.

The next two columns of data correspond to the nearest docked position found in

any of the ten high sampling runs (900 anchor orientations and 90 pruned configurations).

The RMSD and score values are the same order of magnitude as the corresponding mini

mization values. In five out of eight testcases, the docked position is closer than the mini

mized position. This phenomenon probably arises from premature convergence of the

minimizer during docking, since all positions near the X-ray position should collapse to

the same position after minimization. Fortunately, the differences in RMSD are within

about a tenth of an Angstrom, which is certainly on the order of the uncertainty of the 0.3

Angstrom energy potential grid. In a single testcase (3dfr), the score of the nearest docked
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position is better than the minimized score. This indicates the presence of unavoidable

local minima that prevent the X-ray position from minimizing to the nearby global mini

Inul III.

The last two columns of data correspond to the top scoring docked position found

over all of the ten runs. For a docking algorithm employing exhaustive sampling and a

perfect scoring function, these positions would coincide with the X-ray positions. Indeed,

in five out of eight cases, these positions are within two Angstroms RMSD of the X-ray

position. Interestingly, in four out of eight cases, the scores of these positions are better

than the minimized X-ray scores, indicating some inconsistency in the scoring function.

The distribution of binding modes of one of the successfully docked molecules

(1stp) is presented in Figure 12. The top scoring binding mode is represented by a cluster

of positions from 0.5 to 1.5 Angstroms from the X-ray position. This mode is clearly the

most populated binding mode constructed by the algorithm. For this testcase, the docking

score was better than the minimized X-ray position.

The top scoring position of biotin within the binding pocket of streptavidin is

graphically depicted in Figure 13. The position of the hydantoin portion of biotin overlaps

well. The alkyl chain shows some deviation in atom position, but it lies within the correct

binding groove.

The 1tmn testcase could not be reconstructed accurately by the flexible docking

algorithm. The best scoring binding mode is just under three Angstroms from the X-ray

position. Since its score is worse than that of the minimized X-ray position, the source of

the problem cannot lie in the scoring function. The inability to reconstruct this testcase

instead points to a deficiency in the sampling. In future work, this testcase may prove use

:
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Figure 12. Scatter Plot of Docked Positions of Biotin with Streptavidin (1stp).
Biotin was docked to streptavidin using a high level of sampling (900 anchor ori
entations, 90 configurations/construction step). The top 90 configurations for each
of 10 runs is displayed as points. The X-ray position was also minimized in 10
independent runs. The minimized positions are displayed as circles.

ful in helping guide algorithm development.

The 3cpa testcase is another situation in which the best scoring position deviated

significantly from the X-ray position. However, the score of this position was better than

that of the minimized X-ray position, so the deviation may be isolated to problems with

the scoring function. The distribution of binding modes is presented in Figure 14. Four

dominant binding modes are visible up to nine Angstroms away from the X-ray position.

Intriguingly, all of them are lower in energy than the minimized X-ray energy. The mini

mized X-ray positions appear to move considerably from the original position. It is clear

that the scoring function does not prefer the X-ray position. This situation could indicate

errors with the scoring function, or problems with the unrefined crystal structure. The
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Figure 13. Top-scoring binding mode of biotin with streptavidin. Rendering of
top-scoring configuration from data presented in Scatter Plot of Docked Positions
of Biotin with Streptavidin (1stp) Streptavidin is depicted as gray ribbon. SPH
GEN site points are shown as green spheres. X-ray biotin position is in red. Top
scoring biotin position is in yellow. Figure generated with UCSF MidasPlus (Fer
rin et al., 1988).

binding modes are depicted graphically in Figure 15. All the docked binding modes

occupy approximately the same volume as the X-ray position. They share the common

feature of having the carboxy group on the ligand tyrosine interacting with the doubly

charged zinc ion. The position nearest to the X-ray position has the carboxy group pulled

closer to the zinc ion, which pulls the tyrosine out of its binding pocket. The second mode

pulls the tyrosine farther. The third and fourth mode have tyrosine flipped end for end

with respect to the crystal position.

The 1ppc testcase has the most distant top scoring position at 10 Angstroms from

the X-ray position. This binding mode has the same score as the minimized X-ray posi

.
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Figure 14. Scatter Plot of Docked Positions of Glycyl-L-Tyrosine with Carbox
ypeptidase A (3cpa). Glycyl-L-Tyrosine was redocked with a high level of sam
pling (same as Figure 12). Docked positions are shown as dots. Minimized X-ray
positions are shown as circles. The four dominant binding modes are identified
numerically.

tion, so the scoring function is unable to distinguish the two modes.

DOCKING SPEED

The results of the evaluation of docking speed are presented in Table 10. All tim

ings are based on using a 200 Mhz R4400 Indy2 processor from Silicon Graphics.

Although some of the calculation were performed on a 150 Mhz R10000 Octane processor

which is threefold faster for these calculations. In this table, successful docking is based

on a particular run generating a configuration within two Angstroms of the X-ray position,

although the configuration does not need to be a top scoring configuration.

Minimum sampling has been defined as the level of sampling for which at least

one out of ten runs is successful. It provides a lower bound on the search time. This quan
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Figure 15. Top-scoring binding modes of glycyl-l-tyrosine with carboxypeptidase
A. Rendering of the top-scoring configurations identified in Figure 14. Carbox
ypeptidase A is depicted as gray ribbon. The catalytic Zn-H ion is shown as a yel
low sphere. The X-ray glycyl-l-tyrosine position is in red. The top scoring glycyl
l-tyrosine positions are in separate colors (1=green, 2=cyan, 3=purple, 4=orange).
Figure generated with UCSF MidasPlus (Ferrin et al., 1988).

tity is presented for each testcase in the first two columns of Table 10. Minimum sampling

varies from 10 seconds (2Ctc testcase) to 320 seconds (3.cpa testcase). If the molecules for

which the top scoring binding mode is outside the two Angstrom cutoff (see Docking

Accuracy section in Results and Discussion above), then the upper limit on minimum

sampling is 180 seconds (3dfr testcase). These timings are very competitive with previ

ously reported algorithms which for similar testcases required up to 180 seconds (Rarey et

al., 1996) and 400 seconds (Welch et al., 1996).

Converged sampling has been defined as the level of sampling at which all runs are

successful. It represents the point at which the algorithm is completely stable. This quan
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Table 10: Speed of Dockings
Sampling required to get within 2 Angstroms of X-ray Position

Minimum Sampling Converged Sampling
At least one run succeeds All 10 runs succeed

complex
orientations/ time (sec) orientations/ time (sec)configurations configurations

121p 50/5 88 500/50 890

1 ppc 50/5 150 no convergence

1rnt 50/5 42 300/30 250

1stp 50/5 20 50/5 22

1tmn 50/5 160 700/70 2800

2ctc 50/5 10 100/10 21

3cpa 500/50 320 no convergence

3dfr 100/10 180 700/70 1200

Docking was performed over a range of sampling levels by adjusting the
number of anchor orientations (50-900) and partial construction con
figurations (5-90). At each level of sampling, 10 runs were performed
which differed by the value used to seed the random number generator.

tity is presented for each testcase in the last two columns of Table 10. The lowest value is

21 seconds (2Ctc). The upper value cannot be determined for the entire set because two of

the systems did not converge. Since these testcases prefer a distant binding mode, they

can never attain successful convergence with increasing sampling. If these testcases are

excluded, then the upper limit is 1200 seconds (3dfr).

Database Screening

The time convergence of screening accuracy for each of the docking methods is

presented in Figure 16. The anchor first method clearly outperforms the benchmark algo

rithms. It converges to an accuracy of 0.9 by about 100 seconds/molecule. The uncer

tainty in the accuracy is relatively narrow -- about 0.25 units. The multiple conformer
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Figure 16. Accuracy versus time of database processing. A testset of 51 mole
cules was docked to dihydrofolate reductase (3dfr) using three docking techniques
over a range of sampling conditions. Each data point represents the average accu
racy (+ deviation) of the rankings of 10 docking runs at a particular level of sam
pling. The ranking accuracy is computed as the weighted correlation of the single
run rankings compared to the overall rankings. The timings are based on a
200Mhz R4400 SGI Indigo2 processor.

method is sluggish by comparison. It converges to an accuracy of 0.8 after about 150 sec

onds/molecule. The uncertainty in the accuracy is considerably higher -- about 0.5 units.

The single conformer method does surprisingly well considering the lack of conforma

tional sampling. It converges to an accuracy of about 0.73 in about 20 seconds/molecule.

The uncertainty is relatively narrow -- 0.25 units.

The implications of this experiment are that if very little time is allowed for calcu

lation (< 20 seconds/molecule), both single conformer and anchor first docking are com
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petitive. If more time is available (> 50 seconds/molecule), then the anchor first method is

superior. The current generation of processors (SGI R10000) reduce these times by a fac

tor of three, which makes flexible docking feasible for database screening.

CONCLUSION

The flexible docking algorithm presented here is moderately accurate in its ability

to reconstruct a majority of X-ray crystal complexes to within two Angstroms RMS error.

Some failures can be attributed to inaccuracies in the scoring function, which are being

addressed in independent research projects. The algorithm is fairly rapid for flexible

ligands. Most testcases can be reconstructed within 10 to 100 seconds.

When screening a database of flexible molecules, the method is more accurate than

related docking methods. It can achieve a 90 percent accuracy in predicted ranking within

100 seconds on late model processors (SGI R4400), or about 30 seconds on current pro

cessors (SGI R10000).

This flexible docking algorithm represents a considerable advance in technology.

It will enable new docking applications to be addressed. By utilizing intuitive sampling

parameters, the user will have full and predictable control over the docking process. By

emphasizing rapid algorithms at a small cost to accuracy, the algorithm will be useful for

screening large databases of molecules.

REFERENCES

Allen, M. P. & Tildesley, D. J. (1987). Computer simulation of liquids. New



73

York: Clarendon Press.

Arni, R., Heinemann, U., Maslowska, M., Tokuoka, R., & Saenger, W. (1987)

Restrained least-squares refinement of the crystal structure of the Ribonuclease T1-Gua

nylic acid complex at 1.9 angstroms resolution. Acta Crystallographer, B43, 549.

Bode, W., Turk, D., & Stuerzebecher, J. (1990). Geometry of binding of benzami

dine- and arginine-based inhibitors ... to human alpha-thrombin: X-ray crystallographic

determination of the NAPAP-Trypsin complex and modeling of NAPAP-Thrombin and

MQPA-Thrombin. European Journal of Biochemistry, 193, 175.

Bolin, J. T., Filman, D. J., Matthews, D. A., Hamlin, R. C., & Kraut, J. (1982).

Crystal structures of Escherichia Coli and Lactobacillus Casei Dihydrofolate Reductase

refined at 1.7 angstroms resolution. I. General freatures and binding of methotrexate.

Journal of Biological Chemistry, 257, 13650.

-

Christianson, D. W. & Lipscomb, W. N. (1986). X-ray crystallographic investiga

tion of Substrate binding to Carboxypeptidase A at Subzero temperature. Proceedings of

the National Academy of Sciences, USA, 83, 7568.

Clark, K. P. & Ajay. (1995). Flexible ligand docking without parameter adjust

ment across four ligand-receptor complexes. Journal of Computational Chemistry, 16

(10), 1210-1226.



74

Ferrin, T. E., Huang, C. C., Jarvis, L. E., & Langridge, R. (1988). The MIDAS

display system. Journal of Molecular Graphics, 6, 13-27.

Gschwend, D. A. & Kuntz, I. D. (1996). Orientational sampling and rigid-body

minimization in molecular docking revisited - on-the-fly optimization and degeneracy

removal. Journal of Computer-Aided Molecular Design, 10(2), 123-132.

Judson, R. S., Jaeger, E. P., & Treasurywala, A. M. (1994). A genetic algorithm

based method for docking flexible molecules. Theochem-Journal of Molecular Structure,

114, 191-206.

Knegtel, R. M. A., Kuntz, I. D., & Oshiro, C. M. (1997). Molecular docking to

ensembles of protein structures. Journal of Molecular Biology, 266 (2), 424-440.

Krengel, U. (1991). PhD. Thesis. Heidelberg University.

Leach, A. R. (1994). Ligand docking to proteins with discrete side-chain flexibil

ity. Journal of Molecular Biology, 235 (1), 345-356.

Leach, A.R., and Kuntz, I.D., Conformational Analysis of Flexible Ligands in

Macromolecular Receptor Sites. Journal of Computational Chemistry. (1992) 13 no. 6,

730–748.

|-



75

Makino, S., & Kuntz, I.D. (1997). Journal of Computational Chemistry. In press.

Meng, E. C., Shoichet, B. K., & Kuntz, I. D. (1992). Automated docking with

grid-based energy evaluation. Journal of Computational Chemistry, 13(4), 505-524.

Miller, M. D., Kearsley, S. K., Underwood, D.J., & Sheridan, R. P. (1994). Flog -

a system to select quasi-flexible ligands complementary to a receptor of known three

dimensional structure. Journal of Computer-Aided Molecular Design, 8(2), 153-174.

Mizutani, M. Y., Tomioka, N., & Itai, A. (1994). Rational Automatic Search

Method for Stable Docking Models of Protein and Ligand. Journal of Molecular Biology,

243, 310-326.

Monzingo, A. F. & Matthews, B. W. (1984). Binding of N-Carboxymethyl dipep

-

ºtide inhibitors to thermolysin determined by X-ray crystallography. A novel class of tran

sition-state analogues for zinc peptidases. Biochemistry, 23, 5724.

Morris, G. M., Goodsell, D. S., Huey, R., & Olson A. J. (1996). Distributed auto

mated docking of flexible ligands to proteins - Parallel applications of AutoDock 2.4.

Journal of Computer-Aided Molecular Design, 10 (4), 293–304.

Nelder, J. A., & Mead, R. (1965). Computer Journal, 77, 308.



76

Oshiro, C. M., Kuntz, I. D., & Dixon, J. S. (1995). Flexible ligand docking using

a genetic algorithm. Journal of Computer-Aided Molecular Design, 9(2), 113-130.

Pearlman, D. A., Case, D.A., Caldwell, J. W., ROSS, W. S., Cheatham, T. E.,

DeBolt, S., Ferguson, D., Seibel, G., & Kollman, P. (1995). AMBER, A package of com

puter programs for applying molecular mechanics, normal mode analysis, molecular

dynamics and free energy calculations to simulate the structural and energetic properties

of molecules. Computer Physics Communications, 91 (1-3), 1-41.

Press, W. H. & Vetterling, W. T. (1989). Numerical recipes: the art of scientific

computing. New York: University Press.

Rarey, M., Kramer, B., Lengauer, T., & Klebe, G. (1996). A Fast Flexible Dock

ing Method using an Incremental Construction Algorithm. Journal of Molecular Biology,

261, 470-489.

Rusinko, A., Sheridan, R. P., Nilakantan, R., Haraki, K. S., Bauman, N., & Venka

taraghavan, R. (1989). Using concord to construct a large database of 3-dimensional

coordinates from connection tables. Journal of Chemical Information and Computer Sci

es, 29(4), 251-255.

Teplyakov, A., Wilson, K. S., Orioli, P., & Mangani, S. (1993). High-resolution



77

structure of the complex between Carboxypeptidase A and L-Phenyl Lactate. Acta Crys

tallographica, D49, 534–540.

Weber, P. C., Ohlendorf, D. H., Wendoloski, J. J., & Salemme, F.R. (1989). Struc

tural origins of high-affinity Biotin binding to Streptavidin. Science, 243, 85.

Welch, W., Ruppert, J., & Jain, A. N. (1996). Hammerhead: Fast, Fully Auto

mated Docking of Flexible Ligand to Protein Binding Sites. Chemistry and Biology, 3,

449-462. i
i



78

Chapter 4: Conclusion

RECAP

The primary focus of this thesis project has been the development of search algo

rithms for molecular docking. Since an important application of this technique is the pro

cessing of large molecule databases, the consideration of computation performance has

taken utmost importance. Consequently, the proposed algorithms have struck delicate bal

ance between accuracy and speed.

In Chapter 1, we developed a new orientation search algorithm for rigid molecule

docking which was a significant improvement over previous algorithms. In addition, we

developed protocols to measure the performance of docking search algorithms. These

protocols effectively isolate the influences of the uncertainty in the scoring function, so

that the relative differences in search methods can be measured directly. In Chapter 2, we

extended the docking algorithm to treat flexible molecules. The flexible molecule docking

algorithm was shown to be as accurate and fast as other reported methods at rebuilding

known X-ray complexes. It was also sufficiently fast for database processing.

FUTURE DIRECTIONS

The docking algorithms presented in this work could be extended on three fronts:

enhanced sampling, optimization and scoring.

Sampling can be improved by explicit consideration of ring flexibility. The most

straightforward way to treat ring flexibility is through the use of templates which represent

highly populated conformations for each type of flexible ring system. Alternatively, a

more general -- but expensive -- approach is to use a partial systematic conformation

:
:
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search on some of the ring bonds followed by ring closure calculations. To include ring

relaxation in the score optimization step, a torsion term will need to be added to the

intramolecular scoring function in order to keep the torsions in preferred positions. These

potentials would also be useful in the treatment of the relaxation of bonds with partial dou

ble bond character, which are currently excluded from optimization.

Enhanced optimization is another area in which the docking algorithm can be

extended. Although attempts were made to incorporate optimization steps directly into the

search algorithm, the docked positions produced by this algorithm should be considered

initial placements. Further steps of refinement would be warranted if a high quality dock

ing model is needed. Since output from DOCK is now compatible with the SYBYL mod

eling package, it would be straightforward to use SYBYL to perform molecular dynamics

on the docked complex to increase local optimization. Extensive local optimization could

also be incorporated into the docking program using the genetic algorithm.

Improved scoring functions would also be a useful area of development. Since the

scoring function provides the connection between the computer model and the real world

experiment, improvements in it are critical. To better model binding affinity, the scoring

function will need to include terms to represent free energy quantities. The most impor

tant phenomenon is the modeling of ligand and receptor desolvation. An ideal treatment

of desolvation would correct several deficiencies in the current scoring function. First,

correcting for the desolvation of charged groups would penalize highly charged ligands

interacting with weakly charged sites as well as uncharged ligands interacting with

charged receptor side chains. To a lesser extent, placing nonpolar ligands groups next to

hydrogen bonding receptor side chains -- and vice versa -- would also be penalized.

::
:
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Finally, the burial of nonpolar ligand groups within nonpolar receptor pockets would be

aptly rewarded. Since desolvation calculations often involve surface area terms and/or

many body terms, they can be expensive to calculate. Therefore, multiple levels of treat

ment may be necessary depending on the balance of quality versus speed needed for a par

ticular calculation.

CLOSING

The focus of this work has been algorithm development and validation. The orien

tation and conformation search algorithms represent an important step forward in docking

technology. Since these search algorithms do not rely on any particular aspects of the

scoring function, they would be compatible with any future developed scoring functions.

The validation protocols are also sufficiently general, and should help direct the future

development of search algorithms.
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Scope of This Guide
This section is intended as a supplement to the DOCK appendix 2: reference manual. It de
scribes the steps a user would typically take to apply the programs to a macromolecule and po
tential ligands of interest. While the reference manual describes in detail the various input and
output files, this guide is meant to convey the process in informal terms. Some of the difficulties
we have encountered as well as approaches we have found useful are discussed.

What DOCK Can DO for You
DOCK is a program for locating feasible binding orientations, given the structures of a "ligand"
molecule and a "receptor" molecule. What is considered feasible depends on how the orienta
tions are evaluated. Current options are a contact (shape-fitting) score,a force field interaction
energy and a new user-defined scoring scheme. DOCK generates many orientations of one
ligand. The best-scoring orientation of each molecule is saved, and the best-scoring molecules
are written out. Some of the molecules in the list of best-scoring compounds, perhaps with
modifications, may be interesting as potential new ligands for the receptor.

.



Getting Started

Getting Started
written by Cindy Corwin and Todd Ewing

Figure 17. Docking Task Flowchart
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Getting Started

Overview
The basic requirement for docking is a structure of the macromolecule of interest. The docking
procedure can be divided into four general stages: ligand preparation, site characterization,
scoring grid calculation, and docking itself. Please refer to Figure 17 while reading this guide.
Site characterization is the process of deciding what areas of the receptor site to study. This is
done by constructing site points to map out the negative image of the active site. These site
points are used by DOCK to construct orientations of the ligand.
Scoring grid calculations are necessary so that DOCK can evaluate ligand orientations rapidly.
The final stage of the process is running DOCK and viewing the results. DOCK uses the site
points to generate ligand orientations, then uses the precomputed grids to evaluate the orien
tations. The best-scoring molecules or orientations may be viewed using a molecular graphics
program.

There are multiple tasks involved in the docking process, and each task can require many de
cisions over input parameters. We hope this beginner's guide will make it easier to navigate
through the tasks and to select sensible parameters.

Organizing Your Workspace
It is a good idea to make a make a new UNIX directory for each docking project using the UNIX
mkdir command. Within this project directory make a sub-directory for each of the main tasks.
Make a struc/ sub-directory to hold the ligand and receptor coordinates and molecular sur
faces. Make a site/ sub-directory to hold the site point files. Make a grid/ sub-directory to
hold the scoring grid files. Make a dock/ sub-directory to hold the dock files.

A Caution Concerning Disk Space
The output from some of the programs associated with DOCK, particularly MS, SPHGEN, and
DOCK itself, may require substantial amounts of disk storage. Check before starting your job to
make sure there is space available. It is a good idea to be cautious at first: use restrictive pa
rameters choices with only a handful of ligands, to make sure that you are getting the results
you desire. While DOCK jobs are running, check to be sure they are not creating overly large
files.

Ligand Preparation
Single Ligand

Before you can dock a ligand, you will need atom types and charges for every atom in the
ligand. It is recommended that you use SYBYL MOL2 format for the ligand file since it contains
fields for atom types and charges. For a single ligand (or several ligands), you can use SYBYL
to prepare a MOL2 file for the ligand.

Ligand Database
Check if a database of ligands has already been prepared at your site. Again, we recommend
that this database be in SYBYL MOL2 format. If the MOL2 database does not exist, then you
will need to construct it. Typically, the Available Chemicals Directory (ACD) is used as a ligand
database. This database is distributed by Molecular Design Ltd. (San Leandro, CA) for use with
the ISIS database package. The ACD Can be output from ISIs in an SD-format file. Use
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SDF2MOL2 & SYBDB to generate a MOL2 file from the SD file. This conversion requires syBYL
(from Tripos) to assign atom types and charges.

Site Characterization

Working With Macromolecular Models and Generating
the Molecular Surface

Removing Ligands and Crystallographic Waters
The macromolecular structure you are working with may include a ligand, and crystal structures
usually contain water molecules and sometimes ions which were found on the surface of the
protein. These molecules are usually not included as input to Ms. To prepare for molecular sur
face generation, make a copy of the protein coordinate file. If there is a ligand present, remove
it by deleting all of its records (they often start with HETATM in Brookhaven Protein Data Bank
format files) from your copy of the file. (Note - sometimes, as in the case of a cofactor or cata
lytic metal ion, it may make chemical sense to keep a ligand in the PDB file.) Whether or not
Crystallographic waters and ions should be preserved when generating surfaces for use by SPH
GEN is a matter of some debate. In structures of complexes, water molecules and ions are often
found in the protein binding pocket along with the ligand(s). However, ligands can displace wa
ters and ions, and the volume of a receptor site will be explored more completely if the waters
and ions are removed, so if you don't have particular reasons for preserving any of the water
molecules or ions in the crystal, it is probably best to remove all of them. Waters are usually
located near the end of the PDB file and are often HETATM records with HoH or wa■ residue types.
lons are often near the waters in the PDB file.

Please note that the PDB file used for generating the molecular surface should not include hy
drogen atoms. NMR structures will include hydrogens; delete the hydrogens from a copy of
each structure and use that copy in MS.

Creating the Molecular Surface
The dot surface which will be used to produce spheres is generated by the program MS, avail
able from Quantum Chemistry Program Exchange (QCPE). When setting up for docking, it is
acceptable just to generate surface for the site of interest and adjacent regions (see documen
tation for GET_NEAR_REs and AUTOMS); this will also reduce the computer time used by SPHGEN.
Note: SPHGEN requires that the surface points must have associated normals.
If you use the QCPE version of MS, you must run REFORMATMs to convert the surface to the for
mat used by SPHGEN (both formats are described in the reference manual section on REFOR
MATMs). REFORMATMs is interactive and requires the surface and the PDB file used to generate
the surface.

Users of the UCSF MidasPlus package may use the output from the DMs program directly as
input for SPHGEN.

Representing the Site With Spheres
We typically use SPHGEN to construct shape-based site points, but you may use any other pro
gram to construct site points. With the use of other programs you may include considerations
of chemical complementarity in your site points. A common alternative to SPHGEN is the Good
ford's GRID program (Peter Goodford).

|
S
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SPHGEN

SPHGEN uses the points of the molecular surface and their associated normals to determine
spheres to fill the site. It then reduces the number of spheres to one per atom and groups them
into Clusters. You can inspect these clusters and regroup the spheres if necessary.

Creating INSPh
The parameters which tell SPHGEN exactly how to create the surface are placed in a file called
INSPH, which must be present when SPHGEN is run. The contents of this file are described in
the reference manual. To create it, make a file with each variable on a separate line. Most of
the parameter values given in the reference manual should work fine. You will need to replace
msfil with the name of your surface file and outfil with the desired name of your output file.

Running sphqEN
SPHGEN must use the directory containing INSPH as its working directory; this means that it
should be started while you are in that directory. The SPHGEN output file contains clusters of
Spheres which have been selected and grouped by SPHGEN; the clusters are listed in order of
decreasing size. The last cluster, numbered 0, contains all the spheres produced. It may be
used with the program clustER to make new sphere clusters if the original clustered output
doesn't describe the site well.

Looking at the Output
Once you've generated spheres, you should look at the sphere clusters using a molecule dis
play program. SHOWSPHERE may be used to generate a PDB-like file of sphere centers for dis
play. It can also generate a surface for the sphere cluster (in the MS format used by SPHGEN).
SHOWSPHERE is interactive. You will be prompted for the name of the cluster file (that is, the SPH
GEN output), the number of the cluster, and names for the desired output file. In the PDB-like file
of sphere center coordinates, each sphere is a separate residue and the spheres are separated
by TER cards.

Getting a Good Sphere Cluster
Displaying the protein and sphere centers together should tell you how each sphere cluster is
related to the site you are trying to represent. Examine sphere clusters until you find one that
occupies the region into which you want to dock ligands. Clusters of 50 or fewer spheres are
best; larger numbers of spheres will cause DOCK to use more computer time. It is generally un
wise to try docking with more than 100 spheres, although you may be able to use more if your
database is small or you are using chemical matching. Initial sphere clusters are sometimes
spider-like structures which include the area of interest but also branch into other regions. If
your cluster has too many spheres, branches out, or is unsatisfactory for some other reason,
you can correct the problem.
The easiest way to fix a sphere cluster is to use graphics to identify spheres that you don't really
need, then remove them. When you've found the unnecessary ones, go back to the original
sphere cluster file (i.e. the one from SPHGEN) and delete the corresponding lines - the residue
number in the PDB-like file of centers is the first number in the line in the sphere file. Remember
to change the number of spheres listed on the line with the cluster number to reflect the dele
tions.

If your cluster is large — more than about 100 spheres — and deleting spheres by hand looks
too tedious, you can use CLUSTER to break it into smaller clusters. CLUSTER is described in the
reference manual; read the documentation completely before you try it. Start with the param
eters given and experiment with the values; small changes can make a big difference in the re
sult. Be aware that if the best cluster found is the same as the original input cluster, the program
will appear not to have done anything.
The two methods just described may be combined if the best CLUSTER output is not quite right.
More spheres can be deleted from the new cluster, or, if the new cluster is too small, additional
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spheres may be added graphically. A cluster containing all the desired spheres may then be
created by editing the SPHGEN output. –2
If nothing else works, it is possible to run CLUSTER on all possible spheres rather than a prese
lected group. Use the analytical clustering algorithm in cluster on cluster 0, and experiment
until you get what you want. Flagging spheres in important regions of the site may help. *

Creating the Scoring Grids º,
GRID

GRID saves information about the steric and electrostatic environment at each point on a grid,
so that ligand orientations can be scored rapidly during a DOCK run.

Positioning the Grid
You determine the location and dimensions of the region to be gridded by using the program
SHOWBOX to create a box which contains the desired region. For GRID, the box should enclose
the volume that the ligand orientations are likely to occupy. An easy way to accomplish this is
to generate a box which encloses the spheres to be used for docking along with an extra mar
gin. The box generated should be viewed along with the receptor and possibly regenerated
until it looks good.

Preparing the Receptor File
First read the receptor PDB file into a text editor. Remove all waters and complexed ligands.
Special attention should be given to the names of atoms at the termini and the residue names
for histidine and cysteine. You will need to rename each histidine residue depending on the
protonation state you want to assign it: HIP for positively charged (hydrogens on both nitrogens),
HID for neutral with the delta nitrogen protonated, and HIE for neutral with the epsilon nitrogen
protonated. CYS refers to a cysteine with a free sulfhydryl group; CYX refers to a cysteine in
volved in a disulfide bond (a half-cystine). Note that some structures in the PDB use CYS in dis
ulfides; these should be edited to CYX.
Second the user must construct a SYBYL MOL2 format of the receptor which includes sybyl
atom type and partial charge assignments. We routinely use SYBYL for this task, but other mod
eling packages can be used provided you have a way to convert the resulting receptor file into
MOL2 format. The following instructions will apply to the use of SYBYL for this task.
In SYBYL, activate the BIOPOLYMER menu from the OPTIONS menu. From the BIOPOLYMER /

menu, select BROOKHAVEN READ to read in the receptor PDB file. A dialogue box will ask if -"

you want to center the molecule. If you need to retain the reference frame of the receptor (e.g. !". L.for consistency with other collaborators) then don't center the coordinates. Instead, you will ºf - L.

need to manually find the receptor since it will probably not appear on the screen. Hit the lower A R.
button on the left side of you syBYL window which looks like a molecule surrounded by arrows. - *

In the small window that appears, hit the button called "reset extents." Now you should see the U
receptor from a distance. Use the far right mouse button to rotate the receptor to its highest …
point on the screen. Use the middle mouse button to translate it to the center of the screen. sº
Then use the combination of mouse buttons to zoom in on the receptor. You may need to rotate 2.
it up and translate back to the middle a few times to keep it from escaping the window. You will º,
need to repeat this exercise every time you read in any molecule that is in the unperturbed º:
frame of reference of the receptor (i.e. bound ligands). T
Check if all of the atoms were identified properly by SYBYL. You can label problem atoms by *

selecting LABEL ATOMS. In the atom selection window, press the SET button. If you see a M &
set type called "Unknown Atoms" then select it. Any atoms that were not recognized by SYBYL

º

will now be labelled. This most often occurs with oxygen atoms at the C-terminus, with unusual 1/ .
amino acids, or if cofactors or ligands were not removed. If the terminal carboxyl oxygens are
the problem, then rename them with the text editor and reread the receptor. For other problem 7 !-
atoms you will need to consult the SYBYL manual. -

º

A. *
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Next, you should model in any incomplete residues. Check the original PDB file for a list of res
idues whose density was to weak to model completely. If no list exists, then check the total
Charge on each residue as reported by GRID when you run it later; if some residues have non
integer charges, then you may need to come back to syBYL and model them in. To do this, iden
tify the residue to fix. From the BIOPOLYMER menu, select MODIFY, then MUTATE RESl
DUE. Click on the residue you want to modify, then select which type of residue you want to
mutate it to (use the same type of residue).
Add hydrogens by using the BIOPOLYMER menu option. It is important to add ALL atoms, not
just POLAR atoms, since GRID needs them to identify VDW atom types. Load charges from the
BIOPOLYMER menu. You may use ALL atom or UNITED atom KOLLMAN charges. Write out
the receptor to a MOL2 file by using the write option in the FILE menu.

Running GRID
Input to GRID is interactive. Just type grid -i grid. in to launch it. All input parameters will
be saved in the file called grid.in. After all parameters have been input, hit CTRL-C to kill the
job. Relaunch it in background mode by typing grid -i grid. in -o grid. out&.
All recommended parameter values will be suggested by GRID when run interactively, but here
are a few suggestions. grid_spacing values between 0.2 and 0.5 are recommended; fine
grids are preferred if there is sufficient memory in the computer. Any combination of grid point
spacing and box size can be used, but it is recommended that about a million total grid points
be used. Of course this value depends on memory resources.
A dielectric function of 4.0r or 4.5r and a cutoff of 10.0 Angstroms or more are appropriate in
most cases. (This dielectric corresponds to specifying distance dielectric yes,
dielectric_factor 4 or 4.5, and energy cutoff distance 10.) If a constant dielec
tric is selected, an “infinite" cutoff (one large enough to include the whole receptor) should be
used.

It is important to check the residue charges that are output by GRID. If any non-integer charges
are reported, then some residues may have improper charges assigned to them, or they are
not completely modeled in the input file. If no charged residues are reported, then check to
make sure that charges were properly loaded in the input file.
Four output files, named grid. bmp, grid.cnt, grid. chm, and grid. nrg, will be produced
which hold the bump grid, contact grid, chemical grid and force-field grid, respectively.

Running DOCK
Starting a DOCK Run
You are now ready to run DOCK. Since DOCK can use a substantial amount of CPU time, it is a
good idea to check whether there are other jobs running on the same machine. Consider any
other users sharing your computers when deciding whether to start more than one run at a time.
Be aware of any policies your site has regarding submitting background jobs.
The easiest way to select dock parameters is to run DOCK interactively. Do this by typing dock
—i dock. in. You will be prompted for a value for each parameter. Any value you enter will
be stored in the file dock. in. This file does not need to exist beforehand. If it does exist, then
Dock will extract all the relevant parameters it can find from the file. For each parameter, DOCK
will supply a default value. If you want to use the default value, just hit return. The following
tables list recommended values for running Dock in two different ways: first to dock a single
ligand, and second to dock a database of ligands. If you are viewing this manual on-line, then
click on any of the keywords to view the reference entry for it.
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Table 11. Recommended Dock parameters for a new user.
11A: General

Keyword Suggestions

chemical_screen no

flexible_ligand no; try later

orient_ligand yes; searches ligand orientations

multiple ligands In O

score_ligand yes; scores each ligand orientation

minimize ligand no; try later

parallel jobs no; try later

11B: Orientation Search

Keyword Suggestions

match_receptor sites yes; matches ligand to site points

match_ligand_centers In O

random search no

uniform sampling yes; otherwise need to enter
geometric match parameters

total orientations 500; number of orientations to try

write_orientations yes; to write out multiple
orientations for single molecule

rank orientations yes; to save the top scoring
orientations

rank orientation_total 10; to save the top 10 orientations

11C: Matching

Keyword Suggestions

critical points no; try later

chemical_match no; try later

:
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11D: Scoring

intermolecular score yes

gridded score yes

grid_version 4

bump_filter yes

bump_maximum 3

contact score no

chemical_score In O

energy score yes

atom model u; for united atom model

vdw_scale 1

electrostatic_scale 1.

11E: Input

Keyword Suggestions

ligand_atom_file

receptor site_file

score grid prefix

vdw_definition_file

Enter the ligand MOL2 file name
here (including the directory path if
this file is not in the current
directory).

Enter the SPHGEN site point file
name here.

Enter the GRID file name prefix here.

/dock/parm/vdw. defn

Keyword

ligand_energy file

11F: Output

Suggestions

dock_nrg. mol2

:
º



Getting Started !
Table 12. Recommended beginner's Dock parameters for a da

tabase search run

12A: Parameters to Modify from Database Run

Keyword Previous Suggestions

multiple ligands yes; to consider multiple molecules

write orientations no; to write only the bestorientation
for each molecule

12B: Multiple Ligands

Keyword Suggestions

ligands_maximum first try 10 to make sure everything is
working, then set it to a number
larger than the number of molecules
in input file

initial_skip 0; n-0 will skip the first n molecules
in input file

interval_skip 0; n-0 will skip n molecules for each
molecule processed

heavy atoms minimum 4; to discard small molecules

heavy atoms maximum 50; to discard large molecules

rank_ligands yes; to save a top score list

rank_ligand_total 50; to save the top 50 molecules

restart_interval 100; to save restart info every 100th
molecule processed

12C: Additional Input and Output

Keyword Suggestions

quit_file dock. Quit

dump_file dock. dump

info file dock. info

restart_file dock. rst

If you happen to enter the wrong value for any parameter and wish to change it, then you may
edit the dock. in file directly and modify the parameter value. Once all parameters have been

º

º
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entered, DOCK should begin the calculation and the dock. in file is complete. You may kill the
process with a CTRL-C and relaunch the process in background by typing "dock -i dock. in
–o dock. out&". If you would like to run DOCK multiple times from the same directory, then
you may use a different name for dock. in and dock. out. Just be sure to change the names
of the output files inside the new dock. in file so that two processes don't end up overwriting
each other's output files.
Check a few minutes after you start the run to be sure that it is still going; if it has stopped, look
for mistakes in the input. Beginners should check disk usage occasionally while the job is run
ning, just in case the program is creating incredibly large files which might overflow the avail
able space.
During a database search run (which can take anywhere from hours to days to weeks to finish),
you can follow DOCK's progress through the database by inspecting the *.info file.

Restarting a Search Run
In database search mode of DOCK (when multiple ligands, orient_ligand, and
rank_ligands are selected), DOCK periodically saves information necessary to restart the
search from its current location in the database in a *. rst file. If there is a power failure or the
system crashes, you can set up a new run to start where the last one was stopped. First, make
a copy of dock. out so that status of the previous run are saved. Then relaunch the job using
the -r flag at the command line. (Do not change the remaining files, since Dock needs them
to restart successfully.) When the restarted run finishes, the sorted list of ligands in the output
file will include the top scorers from the entire database.

Looking at the Results
DOCK puts the resulting molecule orientations in a file for each type of scoring function used.
The scores are given in the comment records at the beginning of each molecule record. If you
have selected MOL2 format for your output files and your graphical viewer does not read this
format, then convert the file to PDB by typing dock -i dock_nrg. mol2 –o dock_nrg.pdb.

Other Post-Docking Tasks
Depending on your particular project, you might be interesting in any one or several of the fol
lowing post-docking techniques:
• Rescoring of hits with alternative scoring function;
• Redocking of hits with increased orientation sampling and/or conformational sampling;
• Similarity searching based on hits; or
• Further molecular modeling/molecular dynamics/FEP of hits;

93 FI
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Advanced Techniques
written by Todd Ewing

Introduction
This section of the manual provides a discussion of many of the advanced features available in
DOCK. It is intended for users who already have some familiarity with using Dock.
These features include:

• Orientation Search

• Conformation Search

• Scoring
• Database Processing
• Chemical Screening
• Macromolecular Docking

Orientation Search
DOCK version 4.0 has a new orientation search algorithm, or matching algorithm, which is more
robust than before (see Ewing and Kuntz [6]). An orientation search is requested with the
orient_ligand parameter. The amount of orientation sampling can be controlled in two
ways:
• Uniform Sampling —Specify the number of orientations, and dock will generate matches

until enough orientations passing the bump filter have been formed. Matches are formed
best first, with respect to the difference in the ligand and site point internal distances.

• Matching –Specify the distance and node parameters, and DOCK will generate all the
matches which satisfy them. The number of orientations scored is equal to the total match
es minus the orientations discarded by the bump filter.

There are a number of sophisticated options available to tailor the orientation search. These
options include:
• Random Search

• Degeneracy Checking
• Ligand Mirroring
• Chemical Matching
• Critical Points

Multiple orientations may be written out for each molecule using the write_orientations
parameter, otherwise only the bestorientation is recorded. A ranked list of the orientations may
be written using the rank orientations parameter. Otherwise, all orientations passing a
score cutoff are written out. The score cutoff is specified with the contact maximum param
eter and so on for each type of scoring. If write_orientations is requested without scor
ing, then all orientations are written.
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Uniform Sampling
With uniform sampling, DOCK performs the same amount of orientation searching on each
molecule. If the match_receptor sites parameter is set, then matching is used as a black
box engine for the orientation search (otherwise a random search is performed). The only sam
pling parameter needed is the total orientations parameter, which is the number of de
sired orientations which survive the bump filter. Matches are formed in order of the smallest
distance error first, so that the highest quality orientations are guaranteed to come sooner rath
er than later. This method of control is incredibly easy. It is useful for most applications of dock
ing, particularly when docking a single molecule. It is also useful for flexible docking using the
anchor_search option, since otherwise it is difficult to find match parameters that provide
good sampling for a range of anchor fragment sizes.

Matching
If the match_receptor sites parameter is set but not the uniform_sampling parameter,
then matching is performed and controlled by the match parameters listed in Table 13. The
matching parameters provide an intuitive way to control sampling. When multiple molecules
are docked, matching will bias sampling towards molecules with more internal distance similar
ity with the receptor site points. The additional chemical and critical matching constraints pro
vide a way to prune matching and further bias sampling towards more interesting molecules.

Table 13. Description of Matching Parameters

distance_tolerance The distance tolerance can be viewed as the uncertainty in the
distance comparisons or site point positions. The more generous
the uncertainty in the distance comparisons, the more sampling will
be performed. This parameter should be the first parameter to
adjust if you need to change the amount of sampling.

distance minimum The distance minimum allows matching to focus on the longer
distances which convey more information about molecule or site
shape. This value can be conveniently set large enough to discard
atoms directly bonded to each other. When docking large
molecules, this value can be set higher.

nodes_minimum The minimum number of nodes must be at least three to specify a
unique rigid transformation. A value of four or more will allowevery
match to include information about chirality. Match chirality can be
used to explore the mirror image of a molecule for docking. The
higher this parameter, the better the ligand atoms in the match
represent the entire molecule.

nodes_maximum This value may be set arbitrarily high to prevent it from influencing
matching. It may be set equal to the nodes minimum when
performing pharmacophore-style matching if only a few specific
site interactions are of interest.

Random Search
The random search option is intended for advanced users. If match_receptor sites is
also set then random matching is performed, in which ligand centers and receptor sites are ran
domly matched regardless of internal distances. Otherwise, a random transformation search
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is performed, in which ligands are randomly rotated and translated within the rectangular box
enclosing all the site points.

Site Point Construction

The random search option is useful for exploring issues relating to site point construction. As
discussed in Ewing and Kuntz [6], both random matching and random transformation were use
ful control algorithms to test the effectiveness of distance-based matching. The relative perfor
mance of random matching with respect to random transformation indicates how well the site
points map out the relevant volume of the active site. The relative performance of distance
based matching with respect to random matching indicates how well individual positions of
each site point correspond to good ligand atom positions. By using both of these search meth
ods, an advanced user may quantify the quality of site points constructed by alternative meth
Ods to SPHGEN.

The random transformation search may in fact be used to construct site points to supplement
those from SPHGEN. Using this search, the user may probe a site with different molecular
probes much like the atomic probes used in Goodford's GRID program. The best-scoring posi
tions may then be used to position site points.

Degeneracy Checking
Degeneracy checking is a method implemented during matching to increase the diversity of the
resulting orientations. It is selected with the check_degeneracy parameter. It is not an avail
able feature if uniform_sampling has been selected. The method of Gschwend and Kuntz
[11] implemented in dock version 3.5 has been updated to be easier to use and more robust.
Degenerate matches are now defined as matches which are a subset of a larger match. In the
nomenclature of graph theory, the surviving matches are maximally connected and are true
cliques.
For degeneracy checking to work, nodes_maximum must be greater than nodes_minimum so
that subsets can occur. In general, just set nodes_maximum arbitrarily high (15 or so). At most
a two-fold reduction in matches is achieved using this feature.

Ligand Mirroring
When a match contains four or more nodes, the chirality of the ligand and receptor points in
volved in the match is checked. Half of the time, the ligand and receptor points have opposite
chirality. See Ewing and Kuntz [6] for more discussion. Normally these improper matches are
discarded, but they can be rescued with the reflect_ligand option, which allows the chiral
ity of the ligand to be reversed by using its mirror image. This is useful for molecules which are
either achiral or are available as a racemate.

Chemical Matching
The chemical_match feature is used to incorporate information about the chemical comple
mentarity of a ligand orientation into the matching process. As in Kuhlet. al [15], chemical la
bels are assigned to site points and ligand atoms. The site point labels are based on the local
receptor environment. The ligand atom labels are based on user-adjustable chemical function
ality rules. These labeling rules are identified with the chemical definition_file param
eter and reside in an editable file (see chem.defn on page 168). A node in a match will produce
an unfavorable interaction if the atom and site point components have labels which violate a
chemical match rule. The chemical matching rules are identified with the
chemical_match_file parameter and reside in an editable file (see chem_match.tbl on
page 169). If a match will produce unfavorable interactions, then the match is discarded. The
speed-up from this technique depends how extensively site points have been labeled and the
stringency of the match rules, but an improvement of two-fold or more can be expected.
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The process of labeling site points must currently be done by hand. The user should load the
site points and the receptor coordinates into a graphic program and study the local environment
of each point. Developing an automated method to perform this task is still an active area of
research. Labeled site points may be input as either a SPH format or SYBYL MOL2 format co
ordinate file. Check SPHGEN on page 147 for file format specifications. An example is shown
in Table 14. To store labeled site points in a MOL2 file, select an atom type for each label of
interest. Then edit the chem.defn file to include the selected atom types. Site point definitions
can be distinguished from ligand atom definitions by explicitly requiring that no bonded atoms
can be attached. The example chem.defn on page 168 includes a site point definition as the
last definition for each label. Using the convention in that example file, site points should be
labeled as follows: hydrophobic, "c. 3"; donor, "N. 4"; acceptor, "o. 2"; polar, "F".

Table 14. Example of chemical labels in SPH format

DOCK 3.5 receptor spheres
color hydrophobic 1
color acceptor 2
color donor 3

cluster 1 number of spheres in cluster 49
7 2. 34500 36.49 000 16 . 93500 1.500 0 0 1
8 – 0 . 0.5200 42. 29.900 14. 18800 1 .. 500 0 0 1
9 – 0.67 000 41. 20600 11. 59.800 1.500 0 0 1

17 – 6. 00000 34.00000 17.00 000 1.500 0 0 3
18 – 5.000 00 29 . 00000 22.00000 1.500 0 1 3

Caveats

It can take a significant amount of effort to chemically label a large site and to ver■ iy that the
docking results are what were expected. If you use this chemical matching, plan to spend some
time in preparation and validation BEFORE running an entire database of molecules.
In concert with degeneracy checking, chemical matching is able to discard matches that not
only contain bad interactions but that can be expanded to include other bad interactions. Al
though this helps reduce the bad interactions in an orientation, it can only do so within the con
straints of the distance tolerance, which can be rather tight. In addition, the number of
interactions monitored in a match is usually small (3-5) compared to the total number of ligand
atoms, so the preponderance of atoms may be in less than favorable environments. Therefore,
chemical matching does not guarantee that all resulting orientations are chemically comple
mentary, but instead that the resulting orientations are enriched in complementarity.
It must be pointed out that the ultimate arbiter of which orientations of a ligand are saved is ac
tually the scoring function. If the scoring function is unable to discriminate what the user feels
are bad chemical interactions, then any improvement with chemical matching will probably be
obscured. In addition, if score optimization is used, then the orientation will be perturbed from
the original chemically-matched position to a new score-preferred positions.

Critical Points
The critical points feature is used to focus the orientation search into a subsite of the
receptor active site [4, 23]. For example, identifying molecules that interact with the catalytic
residues might be of chief interest. Any number of points may be identified as critical, and any
number of groupings of these points may be identified. Consequently, several receptor sub
sites may be targeted simultaneously. If a particular cluster of critical points is big enough to
interact with more than one ligand atom, then use the multiple points parameter. An al
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ternative to using critical points is to discard all site points that are some distance away from
the subsite of interest, while retaining enough site points to define unique ligand orientations.
This feature can be highly effective at reducing matching by five-fold or more. It is particularly
useful to also assign chemical labels to the critical points to further focus sampling.
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Conformation Search
The conformation of a flexible molecule may be searched or relaxed using the
flexible ligand option. Only the torsion angles are modified, not the bond lengths or an
gles. Therefore, the input geometry of the molecule needs to be of good quality. A structure
generated by CONCORD is sufficient.
A flexible molecule is
treated as a Collection of
rigid segments. The first
step in segmentation is
ring identification, and is
illustrated in Figure 18.
All bonds within molecu
lar rings are treated as
rigid. This classification
Scheme is a first-Order
approximation of molecu
lar flexibilty, since some | H.N
amount of flexibility can

Figure 18. Ring Identification

exist in non-aromatic
rings. To treat such phenomenon as
the user will need to supply each ring

sugar puckering and chair-boat hexane conformations,
conformation as a separate input molecule. Later ver

sions of dock may treat these phenonmenon in an automated fashion.
Additional bonds may be specified as rigid by the user. This is used to isolate a portion of the
molecule from the conformation search. These bonds are identified in the SYBYL MOL2 format
file containing the molecule. The bonds are designated as members of a STATIC BOND SET
named RIGID. Please see SYBYL MOL2 format on page 161 for an example of such an iden
tification.

H.N

Figure 19. Flexible Bond Identification
The second step is flexi
ble bond identification,
and is illustrated in Fig
ure 19. Each flexible
bond is associated with a

page 172). The parame
ter file is identified with
the
flex_definition_fi
le parameter. Each la
bel in the file contains a

O ÇO. f dlabel defined in an edit

NH
-º

able file (see flex.defn on
2 2

2 H
N º

|

definition based on the
atom types (and chemical environment) of the bonded atoms. Each label is also flagged as
minimizable. Typically, bonds with some degree of double bond character are excluded from
minimization so that planarity is preserved. Each label is also associated with a set of preferred
torsion positions.
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Figure 20. Molecule Segmentation º:
step in

CO, seg
O menta

tion is

20.
The lo
cation
of each

flexible bond is used to partition the molecule into rigid segments. A segment is the largest local
set of atoms that contains only non-flexible bonds.
Two types of flexible search are available. If scoring has also been requested, then an anchor
first search may be performed, in which torsions are treated individually in a systematic order.
Otherwise, the default method is a simultaneous search, in which all torsions are treated col
lectively. Each of these methods is discussed in detail below.
In addition, the user may request a conformation search using the torsion drive parameter
and/or torsion minimization using the torsion minimize parameter. The torsion angle po
sitions reside in an editable file (see flex_drive.tbl on page 173) which is identified with the
flex_drive_file parameter. Internal clashes are detected during the torsion drive search
based on the clash_overlap parameter, which is independent of scoring function.
If multiple ligands are being processed, then the flexible bond maximum cutoff is
used to discard overly flexible molecules.
When scoring is requested, the user has the option of computing intramolecular terms using the
intramolecular_score parameter. For the sake of speed, only the interactions between
segments is considered. If a segment has not moved, then the contribution of its interaction
with the receptor to the intermolecular score is not recalculated. If any two segments have not
moved, then the contribution of their interaction to the intramolecular score is not recalculated.

CH CH illus

NH, CH N CH 2 trated
2 2 in Fig" ":

H.N

Anchor-First Search
The anchor-first search is an efficient divide-and-conquer algorithm based on the method of
Leach and Kuntz [19] and the Greedy algorithm. It is specified using the anchor_search pa
rameter. An anchor segment is selected from the rigid segments either manually or automati
cally. Manual selection of the anchor is performed by identifying the anchor atom using a
STATIC ATOM SET named ANCHOR in the molecule input file. For an example, please see
SYBYL MOL2 format on page 161. If such a set was not designated in the input file, then au
tomatic selection is performed by default. If the multiple anchors parameter is set, then
all segments which pass the anchor_size cutoff are tried separately as anchors. Otherwise,
only the largest rigid segment is used as an anchor. When an anchor has been selected, then
all other segments are partitioned into layers arranged concentrically about the anchor seg
ment.

The anchor is processed separately (either oriented, score, and/or minimized). The remaining
segments are subsequently re-attached if the peripheral_search parameter is set. This
step may be left out to perform a preliminary analysis of how a flexible ligand might dock. The
minimization of the anchor is selected with the minimize anchor parameter. The peripheral
segments are re-attached one at a time, in the order of nearest layer first, and within a layer,
largest segment first. If torsion drive has been selected, then the torsion positions of the
intervening bond are searched. If torsion minimize has been selected, then the interven
ing torsion may be relaxed. Minimization of the bond is performed in isolation, or in concert with
inner torsions if the reminimize layer_number parameter is set to a non-zero value. Re
laxing multiple layers helps prevent the search from getting stuck in dead-ends. Although com
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putationally expensive, the position of the anchor may be simultaneously optimized with the
reminimize anchor parameter. When all segments have been added, the entire molecule
may be relaxed if the reminimize ligand parameter is set.
The extent of the peripheral search is under full user control. After each stage of growth, the
best, most diverse conformations and orientations are retained to seed the next stage. The
number of seeds retained is set by the peripheral_seeds parameter. The best, most di
verse configurations are found using a multiple-linkage, hierarchical clustering algorithm based
on a rank-weighted RMSD comparison of the configurations. The best scorer of each cluster
becomes a seed.

As the number of seeds is increased, the anchor-first method approaches an exhaustive
search. The time demand grows linearly with the number of peripheral seeds, the number of
flexible bonds and the number of torsion positions per bond. This search technique is particu
larly useful for docking, but it also may be used for conformation analysis and stand-alone min
imization.

Simultaneous Search
If an anchor-first search is not selected, then a simultaneous search is performed by default.
All torsions are searched and/or minimized in concert. The conformation search is performed
prior to the orientation search, so each conformation is docked independently. The extent of
the search is controlled with the maximum_conformations parameter. If the total conforma
tions for a molecule is below this cutoff, an exhaustive search is performed. Otherwise, a ran
dom search of the maximum conformations is performed, in which torsion positions are
selected randomly from the allowed positions. The time demand grows exponentially with the
number of flexible bonds up to the maximum conformations. This search technique is useful
for conformation analysis and for constructing a chemical screen database (see Chemical
Screening on page 108).

Torsion Minimization
The torsion angles of rotatable bonds may be included in the score optimization. This provides
for a much more efficient conformation search since fewer torsion positions need to be sam
pled. Each torsion flagged for movement is assigned a simplex vertex along with the six rigid
body degrees of freedom. Only non-bonded interatomic terms are included in the scoring eval
uation; no explicit torsion terms are included. Therefore, only torsions flagged as minimizable
in the flex.defn file are included (e.g. double bonds are excluded by default). When an anchor
first search is performed with segments from multiple layers being minimized, then inner tor
sions are assigned smaller initial torsion step values since perturbations in these torsions have
a greater impact on conformation.
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Scoring
DOCK uses several types of scoring functions to discriminate among orientations and mole
cules. Scoring is requested using the score ligand parameter. Each scoring function is
treated independently during the calculation and results are written to separate output files. In
order to combine the results of two or more scoring functions, apply the additional functions in
separate post-docking scoring calculations.
DOCK will score the interactions of a ligand with the receptor if the intermolecular_score , -
parameter is set. If flexible_ligand is set, then DOCK will score the interactions between
rigid segments within a molecule if the intramolecular_score parameter is set. The total
score is the sum of the intramolecular score and the intermolecular score, EXCEPT when dif
ferent molecules are being compared for a rank_ligands list. After a flexible molecule has
been docked, and it is being considered for the ranked ligand list, then the total score is set
equal to only the intermolecular score plus whatever size penalty the user has specified with -

the contact size penalty parameter and so on for each type of scoring. | ---

To enable rapid score evaluation during docking, the score potentials are precalculated on a sº
three-dimensial grid using GRID. However, continuum scoring may be performed by turning off *

the gridded score flag. Continuum scoring may be used to evaluate a ligand:receptor com- 2.
plex without the investment of a grid calculation, or to perform a more detailed calculation with- º
out the numerical approximation of the grid. Continuum scoring is also triggered when an º

intramolecular_score is requested, but is only used for intramolecular score terms. When l
continuum scoring is requested, then score parameters normally supplied to GRID, must also be

-

supplied to DOCK. It is left to the user to make sure consistent values are supplied to both pro- g
grams. Older grids calculated by CHEMGRID may also be read by specifying a value of 3.5 for ■ lthe grid_version parameter. * * *

The score is used to identify interesting orientations and molecules. If a top-scoring list is re- )
quested, like rank_orientations or rank_ligands, then DOCK will maintain a sorted list
of a user-defined length for output. But if sorted lists are not requested, then DOCK will need to
know what score cutoff to use to write out orientations or molecules. This cutoff is supplied by
the user with the contact maximum parameter and so on for each scoring function. This
score cutoff may be overridden for orientations near the input orientation using the
rmsd_override parameter.

Bump Filter
Orientations may be filtered prior to scoring to discard those in which the molecule significantly *

overlaps receptor atoms. This feature is enabled with the bump_filter flag, but is only avail- *1 º'able if the gridded score flag is also set. At the time of construction of the bump filter, the tº
amount of atom VDW overlap is defined with the bump_overlap parameter. At the time of
bump evaluation the number of allowed bumps is defined with the bump_maximum parameter. A ■ º.

If Score optimization is being performed, then a few number of bumps should be allowed, since Jthe minimizer can recover from such clashes. In addition, a few bumps often indicate an orien- w

tation that interacts intimately with the site and often leads to a strongly favorable orientation º
after minimization. S

%.
º

Contact Score |
The contact score function is enabled with the contact score flag. The contact score is a

º

simple summation of the number of heavy atom contacts between the ligand and receptor. At Q |
the time of construction of the contact scoring grid, the distance threshold defining a contact is .”

set with the contact cutoff distance. Atom VDW overlaps are penalized by checking * *
the bump filter grid, or with the contact clash_overlap parameter for the intramolecular nScore. The amount of penalty is specified with the contact clash penalty parameter. *—
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The contact score provides a simple assessment of shape complementarity. It can be useful
for evaluating primarily non-polar interactions.

Energy Score
The energy score is activated with the energy score parameter. It is based on the non-bond
ed terms of the molecular mechanic force field (please refer to Equation 4 on page 140 for more
background). During grid construction (and continuum scoring) every term in the function may
be tailored by the user. The distance dependence of the Coulombic function is set with the
distance_dielectric parameter. The dielectric constant is adjusted with the
dielectric_factor parameter. The distance dependence of the Lennard-Jones function is
set with the attractive exponent and repulsive exponent parameters. Typically a 6
12 potential is used, but it can be softened up by using a 6-8 or 6-9 potential. Regardless of
the exponent values selected, the same radii and well-depths are used. The VDW well-depths
and radii are stored in an editable file (see vow.defn on page 167) which is identified with the
vdw_definition_file parameter. In addition, the model for non-polar hydrogens may be
selected with the atom model parameter. With a united-atom model, the non-polar hydrogens
are given zero VDW potentials and any partial charge residing on them is transferred to the ad
jacent carbon. The united atom model provides a smoother intermolecular potential which re
quires fewer steps of minimization. However, the all-atom model is more accurate, and
perhaps captures some aromatic interaction coulombic terms otherwise missing.

Chemical Score
Chemical scoring allows the energy scoring function to be further tailored to enhance recogni
tion of chemical complementarity. The attractive portion of the VDW term can often dominate
the energy for uncharged molecules. With chemical scoring this term is scaled depending on
the chemical labels assigned to the interacting atoms. It is activated by the chemical_score
parameter. The chemical labels and definitions are the same as those for chemical matching
(see chem.defn on page 168). The chemical interaction table resides in an editable file (see
chem_score..tbl on page 170) and is identified with the chemical_score file parameter.
Chemical scoring can be used to incorporate qualitative aspects of solvation. For instance hy
drophobic-polar interactions can be made non-attractive or even repulsive. Further, it can be
used to screen for molecules that contain a particular functional group (in concert with chemical
matching) for presentation to a receptor active site. The interaction table could also be derived
using statistical techniques from binding and structure data to improve the modeling of a par
ticular site or class of sites.

Chemical scoring is used for intermolecular scoring only. If intramolecular score is requested,
then the regular energy score is computed for internal energy.
This type of scoring should be considered experimental. Parameterization is left to the user. It
should be used at your own risk.

RMSD Score
The RMSD score evaluates of the difference in conformation and orientation of two identical
molecules. It is available when gridded score is not requested and is activated by the
rmsd_score parameter. The reference molecule is supplied with the
receptor atom_file, and the molecule to check is supplied with the ligand_atom_file,
which may contain multiple molecules.
Since the RMSD is treated as a score, it may in fact be minimized. This procedure is useful for
evaluating the difference of a CONCORD conformation from crystal conformation.
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Score Optimization
Score optimization allows the conformation and orientation of a molecule to be adjusted to im
prove the score. Although the calculation is expensive, it makes the conformation and orienta
tion search more efficient because less sampling becomes necessary. Optimization is
activated with the minimize ligand parameter. The optimizer currently uses the simplex al
gorithm which does not require evaluation of derivatives. It does however depend on a random
number generator which makes it not only sensitive to the initial seed provided with º
random seed parameter, but also to the order of evaluation. So results will vary if molecules ~~
are supplied in a different order. The amount of variance should be small, though. For detailed

-

calculations, it is recommended that the optimization be repeated with different random number
seeds to check convergence.
The initial step size of the minimizer is specified with the initial_translation,
initial_rotation, and initial_torsion parameters. The length of minimization may
be controlled with the maximum_iterations parameter.
Even if several scoring functions have been requested, not all need to be minimized. Specifi
cation of which functions are to be minimized is done with contact minimize and so forth |for each scoring function. The termination criteria of minimization is specified with º
contact convergence and so forth.
Since minimization may converge prematurely, each call to the minimizer is actually composed
of multiple cycles. The number of cycles is controlled with the maximum_cycles parameter.
Additional cycles of minimization are spawned if the previous simplex has made a significant
difference in the conformation or orientation AND if the score has passed below a threshold set
by the user. The difference in configuration is measured by the vector magnitude of the final
simplex vertex array. The difference must exceed the cycle_convergence parameter to be
significant. A value of 1.0 for this parameter would correspond to at least one of the simplex
vertices moving a distance equal to the initial step size. The score threshold prevents repeated
cycles of minimization of a configuration that is really of no interest. The score threshold is set
with contact termination an so forth for each scoring function.
The performance of the minimizer can be monitored using the -p flag (see Command-line Ar
guments on page 117 and Performance on page 139).

*N
sº

4.
º
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Database Processing
The most common application of DOCK is to process a database of molecules to find potential
inhibitors or ligands of a target macromolecule. However, with the new separation of compo
nents in version 4.0, the database processing tools can be combined with other tasks, like
stand-alone scoring, score optimization, or chemical screening.
Database processing is signalled with the multiple ligands parameter. A subset of the da
tabase may be processed using the ligands_maximum, initial_skip, and
interval_skip reading parameters and the heavy atoms minimum and
heavy atoms maximum size-selection parameters. If scoring has been selected, then mole
cules can be output as a ranked list using the rank_ligands parameter. When comparing
molecules, the score of large molecules may be penalized using the
contact size penalty parameter and so on for each scoring function. If ligands are not
ranked, then all orientations recorded for each molecule are written (see Orientation Search on
page 94 for how multiple orientations are recorded). When no orientation search is performed
(i.e. stand-alone scoring), then molecules are written if they pass a score cutoff set by the
contact maximum parameter and so on for each scoring function.
Database jobs produce two output files in addition to the molecule output files. The
restart_file parameter specifies the file which stores the current rank_ligands list. If
the job is terminated prematurely, then it may be restarted with the -r flag (see Command-line
Arguments on page 117) and the run is initialized with information in the existing restart file.
The frequency at which the restart file is updated is specified with the restart_interval pa
rameter. In addition, the info file parameter specifies the file which stores information
about the current progress of the run.
Database jobs may also be interacted with during execution via the presence of two input files.
The dump_file parameter specifies a file whose presence will trigger the job to write out the
current results to the info file, the restart file and the molecule output files. The user may create
this file at any time to inspect the current results. The dock job will automatically delete the
dump file after a dump has taken place. In addition, the quit_file parameter specifies a file
whose presence will trigger the job to write out results (like a dump request) and also terminate
execution. This parameter is useful for gently terminating a job without loss of information for
restart at a later time. The presence of either of these files is only checked in between process
ing molecules, so it may take up to a minute for such a file to be noticed.

Preliminary Docking
Docking an entire database can take a considerable amount of time. The length of time de
pends primarily on the sampling parameters for the orientation and conformation search and
the minimization parameters. Even when docking is distributed over multiple workstations, the
calculation can take several days or weeks. Since the optimal search parameters are site de
pendent, it is important to do some preliminary docking calculations with subset of the database
to identify good parameters.
As sampling parameters are increased, the results will initially improve but will eventually con
verge. The optimal parameters correspond to where the results have just converged. Multiple
short docking jobs can be submitted using UNIX shell scripts. The results that should be moni
tored are presented in Ewing and Kuntz [6]. The most important is the weighted rank correla
tion, which reports how well the rankings of the top-scoring molecules have been predicted.
The following is a discussion of different ways to construct a subset of the molecule database.

Extracting specific molecules
Since the PTR format database file contains the molecule name and description, entries can
be retrieved based on these fields. Use UNIX fgrep to select the molecule, or molecules.
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fgrep " BENZENE " database. ptr > benzene. ptr
fgrep – f subset. list database. ptr > subset. ptr

The file molecules. list would contain a list of the names you would like to extract. The sub
set molecules can be readily converted to a format for viewing with the following command.

dock -i subset. ptr -o subset. pab

Extracting a random subset
A random subset of a molecular database can be used to help identify appropriate docking pa
rameters, before docking an entire database. Selecting a random subset is easy using a PTR
format database file. Use the following UNIX nawk command to select an average of one out
every 1000 entries in the database.

nawk ' (if (rand < 0.001) print) database. ptr > subset. ptr

Extracting an interval subset
Alternatively, if you literally want one molecule for every 1000 molecules without any random
ness, then use a different call to UNIX nawk.

nawk ' (if ((++n $ 1000) == 0) print) ' database. ptr > subset. ptr
This can also be achieved by using the interval_skip multiple ligand parameter in dock.
This latter method is much slower, however, because the coordinates of all the skipped mole
Cules must be read.

Parallel Jobs
Since a database docking calculation is ideal for parallelization over multiple computers, the
parallel jobs feature was added to ease the organizational burden of this task. This feature is
activated with the parallel jobs parameter. With this feature, a dock job can be launched
on every workstation or cpu at a user's disposal. These jobs process a single database, each
at its own pace. To prevent each job from duplicating each other's work unnecessarily, a server
job is used to parse the database and hand out molecules, one at a time, to each client job.
Each client job and the server job requires its own input file and output files. When all process
ing is complete, the user must coalesce the results from each client job.
Client or server behavior is designated using the parallel server parameter. Setting it to
"yes" causes server behavior, "no" causes client behavior. The client name is defined with the
server name parameter. Any number of client jobs can be delegated to the server using the
client_total parameter. Each client name must be supplied with the client_name_1 and
subsequent parameters. It is recommended that the server job be executed on the computer
which stores the molecule database. Then in the event of any network difficulties, the server
job is never disconnected from the database.
The client jobs need to the have the parallel jobs parameter activated, but not the
parallel server parameter. The server name parameter must be consistent with that
supplied to the server job. The name of the client job is specified with the client_name pa
rameter, which must one of the client names supplied to the server. The client jobs need to be
launched from the same directory as the server job since they communicate via local temporary
files. This requires that client jobs can only be launched on machines that cross-mount the
working directory. Clients may be taken off-line (via the quit_file) and restarted without dis
rupting the server or other client jobs. If the server job is given a quit signal, then it automatically
signals all client jobs to quit as well.
Client jobs may be instructed to either store a ranked list or to write out all results to file. Since
the PTR format files take up so little disk space, an entire database can be written out without
taken up more space than the top few thousand molecules written in SYBYL MOL2 format
(about 25 megabytes of disk space). If the clients store ranked lists, then make sure that the
list length for each client is equal to the total length of interest (a few hundred at least). This
rule helps avoid artifacts from the parallelization when the results are coalesced.
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When all jobs are complete, then the results must be combined. This process can be done
seamlessly by using the UNIX cat command on the output molecule files. If PTR format is used,
then molecules can be reranked using the UNIX sort command on the score field. If SYBYL
MOL2 format is used, then perform stand-alone scoring on the catenated file and output the
molecules in a ranked list.
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Chemical Screening
The chemical screening option enables rapid screening of molecules either prior to or following
docking. It is requested with the chemical_screen parameter. It can be used to perform a
pharmacophore screen or a similarity screen. It is based on the same chemical labels and def
initions as chemical matching and the chemical score (see chem.defn on page 168). These
tools should be viewed as rudimentary in functionality compared to what is available in com
mercial small-molecule software packages. However, considering their ease of use and com
patibility with DOCK, they should be of interest to the DOCK user.
The chemical search key encodes information about the number of distances between chemi
cal groups in a molecule and the magnitudes of the distances. The number of distances be

tween two different chemical groups, nj, records information about the composition of the

molecule. The distances themselves are stored in a binary fingerprint, f ij' which records in
formation about the spatial distribution of properties in the molecule. Since the binary finger
print may lose information about the frequency of occurrence of certain distances, particularly
for flexible molecules, the number of distances record is necessary.
Keying a database is performed with the construct_screen parameter. The fingerprint ar
chitecture is specified with the distance begin, distance end, and
distance interval parameters. When keying the database, a simultaneous search of Con
formations should be performed to generate an ensemble of conformers. For each conformer,
the distances between chemical groups is computed and stored in the binary fingerprint. The
keyed database is actually a PTR format database file with the additional fields for chemical
keys. Once the database has been keyed, it may then be searched using the
screen_ligands parameter.

Pharmacophore Screen
A pharmacophore search is a useful way to prescreen a database to identify molecules that
might interact favorably with a small number of receptor atoms with well-defined geometry. It
is requested with the pharmacophore_screen parameter. The pharmacophore is actually a
set of points with associated chemical labels serving as a three dimensional hypothesis for a
binding model. The pharmacophore could be constructed from a set of active ligands, or ex
tracted from a receptor structure. This feature is useful when only a few interactions with the
receptor are of interest and can be used to construct a pharmacophore. The chemical screen
would then be able to discard all molecules that would never be able to make the desired inter
actions.

Given a molecule a and a pharmacophore b, the rules for determining whether the molecule
might satisfy the pharmacophore are for all i and j not equal to i:

b
nº sº in

l■ ; Equation 1
b a b

-

where n; andf i■ are defined in the Chemical Screening section, above.
In order to account for uncertainty in the distances, a distance_tolerance is used to blur
the distance key of the molecule.
After the chemical screen run has discarded molecules that could never satisfy the pharma
cophore, then a regular dock run can be performed to find the molecules that do satisfy it. In
the follow-up run, use a simultaneous search of conformations along with chemical matching to
the pharmacophore site points.
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Similarity Screen
A similarity search is useful to identify all molecules in a database which might be similar in
chemical property distribution to a particular molecule of interest. Such a search is useful after º
docking, once a set of active molecules has been identified. It is activated with the sº
similarity screen parameter. The cutoff for writing out hits is specified with the *

dissimilarity maximum parameter. Dissimilarity is used to be consistent with the other
scoring functions in which smaller values represent favorable values.

º

Since the chemical key contains both a binary fingerprint and an integer count of distances, a º,
modified Tanamoto index is used as shown in Equation 3. This similarity metric maintains the

connection between the fingerprint and the count of chemical distances. y A

N N b b
-- a aX. X. min(n), n) count(■ ) of)

- - - - - 1
- - 1

-Similarity = H Equation 3
a b a b

X. X. max(n), n) count(fju fº s
i = 1 j = 1 º

For flexible molecules, the distance fingerprints can become saturated. The similarity can still
be discerned by the distance count element of the key. *.

*Some chemical groups may be treated as equivalent to other groups (e.g. hydroxyls and hydro
gen bond donors). Such chemical equivalency can be supplied in an editable file (see
chem screen.tbl on page 171) and identified with the chemical_screen_file parameter.
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Macromolecular Docking
Though DOCK is typically used to process small molecules, it can be used to study the interac
tions of macromolecular ligands. The chief difference in protocol is that to use the
match_receptor sites procedure for the orientation search, then special ligand centers
must be used to represent the ligand. This is signalled by setting the
match_ligand_centers parameter. The ligand centers must reside in a file identified with
the ligand_center_file parameter.
The ligand centers may be constructed with SPHGEN, using spheres to describe the positive im
age of the macromolecule. See Shoichet and Kuntz (26), for examples and discussion of mac
romolecular docking.
If multiple orientations are written to PDB formatted file, then the residue numbers are not dis
turbed. Normally, dock gives each orientation in the output PDB file a sequential residue num
ber. However, if multiple substructures (residues) are present in the molecule input file, then
this procedure is precluded.
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DOCK

Overview

Version 1.0/1.1
Robert Sheridan, Renee DesJarlais, Irwin Kuntz
The program DOCK is an automatic procedure for docking a molecule into a receptor site. The
receptor site is characterized by centers, which may come from SPHGEN or any other source.
The molecule being docked is characterized ligand centers, which may be its non-hydrogen at
oms or volume-filling spheres calculated in SPHGEN. 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 dis
tances match, within a value of distance_tolerance. Ligand-receptor pairs are added to
the set until at least nodes_minimum pairs have been found. At least three 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 evaluated by any of several scoring functions. DOCK may be used to ex
plore the binding modes of an individual molecule, or be used to screen a database of mole
cules to identify potential ligands.

Version 2.0

Brian Shoichet, Dale Bodian, Irwin Kuntz
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 match
ing 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 thor
oughness of the search is under user control.

Version 3.0

Elaine Meng, Brian Shoichet, Irwin Kuntz
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 also obtain molecular mechanics interaction energies using grid files calculated by CHEM
GRID (which is now superseded by GRID in version 4.0). 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
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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 dis
cussed 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 scor
ing. Atom-type information and point charges are not required for contact scoring only.

Version 3.5

Mike Connolly, Daniel Gschwend, Andy Good, Connie Oshiro, Irwin Kuntz
Version 3.5 added several features: score optimization, degeneracy checking, chemical match
ing and critical clustering.

Version 4.0

Todd Ewing, Irwin Kuntz
Version 4.0 was a major rewrite and update of DOCK. A new matching engine was developed
which is more robust, efficient, and easier to use. Orientational sampling can now be controlled
directly by specifying the number of desired orientations. Additional features include chemical
scoring, chemical screening, and ligand flexibility.
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Command-line Arguments

Table 15. DOCK command-line arguments
flag optional argument behavior

—i input file INPUT FILE — Parameters are extracted from input file, or
dock. in if not specified.

- O output file OUTPUT FILE – Results are written to output file, or
dock. out if not specified. If a -o flag is present then DOCK runs
in batch mode, otherwise it runs interactively (see below).

-S STANDARD INPUT — Parameters are entered interactively
without the construction of an input file. This option is generally
not recommended.

—r RESTART – Run is initialized with information from a restart file.
This option is used to restart a rank_ligands docking run that
was terminated prematurely.

-p PROFILE – Time spent in docking routines and minimizer
statistics are profiled. This option helps the user to identify the
bottleneck of a particular calculation and to choose optimal
minimizer parameters. See Performance on page 139.

—t TERSE – Reduced output level. This option helps reduce the
size of the output file when docking a large number of molecules.

—V VERBOSE — Increased output level. This option allows
additional data to be included in the output. Recommended for
single molecule runs.

DOCK may be executed in either interactive or batch mode, depending on whether output is writ
ten to a file. In interactive mode, the user is requested only for parameters relevant to the par
ticular run and default values are provided. This mode is recommended for the initial
construction of the input file and for short calculations. In batch mode, input parameters are
read in from the input file and all output is written to the output file. This mode is recommended
for long calculations once an input file has been generated interactively.

Interactive mode
• dock – i dock. in

When launched this way, Dock will extract all relevant parameters from dock. in (or any file
supplied by the user). If additional parameters are needed (or if the dock. in file is non-exis
tent or empty), DOCK will request them one at a time from the user. Reasonable default values
are presented. Any parameters supplied by the user will be automatically appended to the
dock. in file. If the user would like to change any previously entered values, the user can edit
in the dock. in file using a text editor.

• dock -i

DOCK will behave as above, but will assume the input file to be dock. in.

117



DOCK

dock —s

DOCK will run interactively, but will not check any input file for parameters and will not append
any entered parameters to a file.

Batch mode
dock – i dock. in -o dock. out

Dock will run in batch mode, extracting all relevant parameters from dock. in (or any file sup
plied by the user) and will write out all output to dock. out (or any file supplied by the user). If
any parameters are missing or incorrect, then execution will halt and an appropriate error mes
sage will be reported in dock. out.
dock -i –o

DOCK will behave as above, but will assume the i■ o files to be dock. in and dock. out.
dock

If a file called INDOCK is present in the current working directory, then DOCK will use it as an
input file. Output will be written to a file called OUTDOCK. This mode is present for reverse com
patibility with previous versions of DOCK.

Molecule File Conversion
dock -i old. mol2 -o new.pdb
If the input and output file have recognized coordinate file extensions (*. mol2, *.pdb,
*.xpdb, *. sph, *.ptr), then Dock will automatically construct its own parameter input file
to perform a file conversion operation.
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Input Parameters
File Format

Input parameters may be supplied in a text file. There are few simple format rules for this file.

Table 16. Format of Input File

Rule a Consequence

Parameter names must be the first word on a Any character or word preceding a parameter
line to be recognized. effectively comments it out.

The word following a recognized parameter Comments can appear on the same line, after
name is interpreted as the parameter value. a parameter and value.

Blank lines are allowed. Comments can appear on separate lines.

Empty files are allowed. Missing parameters will be flagged (batch
mode) or requested (interactive mode).

The order of parameters is irrelevant.

Parameters
DOCK has a large number of input parameters because of its wide array of functionality. Param
eters are read in hierarchically, with the most general parameters first. They are also ordered
according to broad classes of functionality in order to make the process of selection more intu
itive. For instance all scoring-related parameters are requested together. Since only the rele
vant parameters are requested based on preceding selections, it is recommended that initial
parameter selection be done interactively to generate a sensible input file as painlessly as pos
sible.

The following list of parameters are grouped according to the order they are requested at run
time. Again, many parameters are listed here that will not be requested during your particular
run.

The default values listed here may be different from those provided during a particular run, be
cause DOCK tries to recommend sensible parameter values based on preceding selections.

119



DOCK

Table 17. Dock input Parameters
17A: General

Parameters in this category determine the general behavior of the dock run. Each option can
be used in isolation and many in combination to allow Dock to perform a diverse repertoire of
tasks. If none of these flags are selected, then Dock simply reads in a single molecule and
writes it out, which is useful for file format conversion.

Parameter Type De■ aut Description
chemical_screen boolean no Flag to perform chemical

screening.

flexible_ligand boolean no Flag to allow ligand flexibility.

orient_ligand boolean no Flag to perform an orientation
search.

multiple ligands boolean no Flag to consider multiple ligands.

score ligand boolean no Flag to perform scoring of
orientations or conformations.

minimize ligand boolean no Flag to perform local score
minimization of orientations or
conformations.

parallel jobs boolean no Flag to perform docking as parallel
jobs orchestrated by a server dock
job.

random seed integer 0 Integerto seed the random number
generator.
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17B: Chemical Screening

Chemical screening allows for rapid filtering of a database based on chemical and 3D distance
descriptors. Before any screening can be done, the database must be keyed using the
construct_screen parameter at which time ligand flexibility should be considered. Then
screen_ligands can be activated to do pharmacophore screening or similarity screening.
Make sure to use the same distance bin dimensions. Folding the keys will be done
automatically for similarity screening. Folding can also be done manually to process an
unfolded database and convert it into a folded one. See Chemical Screening on page 108 for
more discussion.

Parameter Type De■ aut Description
construct_screen boolean no Flag to construct distance chemical

keys for each input molecule.

screen_ligands boolean no Flag to screen input molecules
based on distance chemical keys.

pharmacophore_screen boolean no Flag to screen based on whether
molecule keys include
pharmacophore pattern. With
unfolded keys, matching is
performed.

similarity_screen boolean no Flag to screen based on similarity
of molecule keys to target keys.

dissimilarity_maximum float 0.25 Maximum dissimilarity with target
to write out molecule.

distance begin float 2 Smallest distance of interest in
fingerprint.

distance end float 17 Largest distance of interest in
fingerprint.

distance interval float 0.5 Distance resolution offingerprint.
The total number of distance keys
cannot exceed 30, since a 32-bit
key is currently used with the
terminal bits being reserved for
out-of-range values.
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17C: Ligand Flexibility (Part 1 of 3)

Ligand flexibility parameters can be used in various combinations to relax an input
conformation, to perform a conformational search of a molecule, or to perform a completely
flexible docking of a molecule. See Conformation Search on page 99 for more discussion.

Parameter |Type Default |Description
anchor_search boolean no Flag to organize rigid segments

into concentric layers around an
anchor. Only the anchor is
included in initial scoring/orienting.
The outer segments should be
regrown with a
peripheral_search.
• yes = Anchor-First Search is

performed.
• no = Simultaneous Search of

all torsions is performed prior
to other processing.

multiple anchors boolean no Flag to select several anchors for a
molecule.

• yes = All rigid segments
meeting anchor_size criteria
will be tried independently as
anchors.

• no = The largest segment is
used.

anchor_size integer 10 Minimum number of heavy atoms
for an anchor if
multiple anchors requested.
If no segment satisfies this value,
then the largest segment is used.

peripheral_search boolean no Flag to identify the conformations
of outer segments after an
anchor_search. To eliminate
the combinatorial problem, a single
segment is added at a time.
• yes = Molecule is regrown

from the anchor.

• no = Only the anchor is
processed, which is useful for a
preliminary analysis of flexible
docking.

peripheral_seeds integer 25 Number of conformations/
orientations to seed the next level
of the peripheral_search.

torsion_drive boolean no Flag to perform systematic search
of torsions.
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17C: Ligand Flexibility (Part 2 of 3)

Parameter

clash_overlap

maximum_conformations

torsion_minimize

reminimize layer_number

minimize anchor

real

integer

boolean

integer

boolean

0. 5

1000

In O

In O

(Repeat) Ligand flexibility parameters can be used in various combinations to relax an input
conformation, to perform a conformational search of a molecule, or to perform a completely
flexible docking of a molecule. See Conformation Search on page 99 for more discussion.

A mount of atom VDW overlap
allowed duringatorsion drive.
If two ligandatoms approach closer
than this fraction of sum of the
VDW radii, then the conformation is
discarded. Similar to
bump_overlap in GRID.
• 0 = Complete overlap allowed.
• 1 = No overlap allowed.

Maximum conformations to sample
per molecule for a
torsion_drive without an
anchor_search.

• If the total possible
Conformations is 3–
maximum_conformations
then an exhaustive systematic
search is performed.

• Otherwise, a random search of
maximum_conformations is
performed, with torsion values
selected randomly from the
flex_drive_file.

Flag to perform torsion relaxation
based On
intramolecular score and/or
intermolecular_score.

Number of previous layers to
minimize while minimizing the
current segment. Only neighboring
segments in inner layers (and their
neighbors in outer layers) are
minimized. This feature helps
rescue conformations from dead
ends during a
peripheral_search.

This flag is present during a
peripheral_search. It
specifies whether the anchor is
minimized during the initial anchor
docking. In general this flag should
be turned on.

i
-

:
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17C: Ligand Flexibility (Part 3 of 3)

(Repeat) Ligand flexibility parameters can be used in various combinations to relax an input
conformation, to perform a conformational search of a molecule, or to perform a completely
flexible docking of a molecule. See Conformation Search on page 99 for more discussion.

reminimize anchor boolean no If a partially-built molecule is
minimized during a
peripheral_search, but no
minimizable bonds are active, then
a rigid-body minimization is
performed. This flag will force such
a rigid-body reminimization
throughout the search. This
method is a more expensive (but
effective) way to rescue
conformations.

reminimize ligand boolean no Flag to reminimize the molecule
after a peripheral_search,
letting all torsions and the anchor
position relax simultaneously. This
process resolves any accumulated
strain built up during the search.

flexible_bond maximum integer 10 The maximum number of flexible
bonds allowed in a molecule, when
multiple ligands are
processed.

1.
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17D: Orientation Search

Orienting the ligand is fundamental to the docking process. Orienting is traditionally done by
matching. Alternative orienting procedures are also available, particularly the random search,
which can optionally be run without any site points. For typical uses, the traditional matching
process is still recommended. Please refer to Orientation Search on page 94 for more
discussion.

Ermº-E: ERI Dº
match_receptor sites boolean no Flag to perform traditional site

point-directed matching.

match_ligand_centers boolean no Flag to use ligand centers read in
from a separate file for matching
instead of ligand heavy atoms.
Please refer to Macromolecular
Docking on page 110 for more
discussion.

random search boolean no Flag to randomly search ligand
orientations.

• With
match receptor sites,
all matches are constructed
randomly rather than based on
distance comparisons.

• Otherwise, orientations are
randomly constructed inside
the smallest rectangular
volume that encloses all points
read in as site points.

See Random Search on page 95
for more discussion.

uniform_sampling boolean yes Flag to generate the same number
of orientations for every ligand.
This feature provides extremely
easy control over orientation
sampling. It is recommended for
most dock runs, when match
geometry is not critical.

total orientations integer 500, or With uniform sampling, this
100 if sets number of orientations to
> 1 generate for each molecule.
ligand

write_orientations boolean no Flag to write out more than the best
orientation per molecule.

rank orientations boolean no Flag to rank molecule orientations
by score.

rank orientation_total integer 100 Number of ranked orientations to
Store.
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17E: Matching

Matching is the traditional procedure driving the orientation search in Dock. If
uniform_sampling was not selected, then the amount of sampling is controlled by the node
and distance parameters. Other constraints on sampling are available based on chemical
labeling or critical clusters. See Matching on page 95 for further discussion.

Parameter Type || Default Description
nodes_minimum integer 3 Smallest number of atom-site point

interactions needed to construct an
orientation.

nodes_maximum integer 10 Largest number of atom-site point
interactions considered to
construct an orientation

distance_tolerance real 0.25 Maximum difference between all
intra-ligand and intra-receptor
distances in a match. This is the
chief sampling parameter for
matching.

distance minimum real 2.0 Minimum intra-ligand or intra
receptor distance allowed in a
match. This parameter biases
matching toward longer distances
which convey more information
about ligand or site shape.

check_degeneracy boolean no Flag to discard matches that are
subsets of larger matches.

reflect_ligand boolean no Flag to dock the mirror image of a
ligand to rescue an improper
match. Half of all matches with 4 or
more nodes require reflection,
otherwise they are discarded. Use
of this parameter is not generally
recommended.

critical points boolean no Flag to force matching to include
members from a particular group
(or groups) of site points in every
match. This parameter is useful to
focus docking around a few key
residues in an active site.

multiple points boolean no Flag used in combination with
critical points to allow
multiple points from the same
critical cluster to appear in a match.

chemical_match boolean no Flag to use chemical labeling to
identify bad interactions within a
match.
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17F: Multiple Ligands

The parameters in this category control the processing of a database of ligands. See Database
Processing on page 105 for more discussion.

ligands_maximum integer 1000 The maximum number of ligands to
read in from the input file. This
INCLUDES skipped ligands.

initial_skip integer 0 The initial number of ligands to
skip. This is useful to position the
reading stream to a particular point
in the input file.

interval_skip integer 0 The number of ligands to skip for
every ligand processed. This is
useful to perform a preliminary
scan a database for timing
purposes, or to coordinate the
processing of a database over
multiple machines.

heavy atoms minimum integer 0 Minimum number of heavy atoms.
In general, set this to at least three
(or nodes minimum) when an
orientation search is performed.

heavy atoms maximum integer 100 Maximum number of heavy atoms.

rank_ligands boolean no Flag to rank best molecules.
• yes = Only top scorers written.
• no =For each molecule, the

best orientation (or set of
orientations with
write orientations) is
written.

rank_ligand_total integer 100 Number of ranked ligands.

restart_interval integer 100 Number of ligands to process
between each time restart
information is saved.
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17G: Scoring (Part 1 of 4)

Each orientation is scored according to the options selected in this section. Several scoring
functions exist and are treated independently of each other. To filter molecules based on more
than one function simultaneously, you will need to rescore in a subsequent step. Most scoring
is speeded up by precalculating a potential on a 3D grid, but continuum scoring is available.

Parameter |type || De■ aut |Description
intramolecular_score boolean no Flag to compute score

between rigid segments.
This feature is available if
flexible ligand is
selected.

intermolecular_score boolean no Flag to compute score
between ligand and receptor.

gridded score boolean yes Flag to use precomputed
grids to evaluate the score,
otherwise a continuous
evaluation is made.

grid_version real 4 Option to select grids
computed by current version
of GRID or by version 3.5
CHEMGRID.

grid points integer 1000000 If a version preceding 4 is
selected, then this parameter
specifies how many grid
points are contained in the
grids.

bump_filter boolean no Flag to screen each
orientation for clashes with
receptor prior to scoring and
minimizing.

bump_maximum integer 0 Maximum number of allowed
bumps.

contact score boolean no Flag to perform contact
scoring.

contact_cutoff distance real 4 Interaction distance for
contact scoring. Please refer
to
contact cutoff distan
ce in GRID.
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17G: Scoring (Part 2 of 4)

(Repeat) Each orientation is scored according to the options selected in this section. Several
scoring functions exist and are treated independently of each other. To filter molecules based
on more than one function simultaneously, you will need to rescore in a subsequent step. Most
scoring is speeded up by precalculating a potential on a 3D grid, but continuum scoring is

contact clash_overlap real 0.75 Amount of VDW overlap
allowed. If two atoms
approach closer than this
fraction of the sum of their
VDW radii, then the contact
score is penalized.
• 0 = Complete overlap

allowed.

• 1 = No overlap allowed.

contact clash penalty real 50 Amount that contact score is
penalized for each clash.

chemical_score boolean no Flag to perform chemical
scoring. This feature is
included for experimental
purposes only.
Parameterization is left to the
user. Use at your own risk.

energy score boolean no Flag to perform energy
scoring.

energy cutoff distance real 10 Maximum distance between
two atoms for their
contribution to the energy
score to be computed.

distance dielectric boolean yes Flag to make the dielectric
depend linearly on the
distance.

dielectric_factor real 4 Coefficient of the dielectric.
See Equation 4 on page 140
for context.

attractive_exponent integer 6 Exponent of attractive
Lennard-Jones term for
VDW potential.

repulsive exponent integer 12 Exponent of repulsive
Lennard-Jones term for
VDW potential.
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17G: Scoring (Part 3 of 4)

(Repeat) Each orientation is scored according to the options selected in this section. Several
scoring functions exist and are treated independently of each other. To filter molecules based
on more than one function simultaneously, you will need to rescore in a subsequent step. Most
scoring is speeded up by precalculating a potential on a 3D grid, but continuum scoring is

Parameter |Type De■ ault |Description
atom model string u Flag for how to model non

polar hydrogens.
• u = United atom model.

Hydrogens attached to
carbons are assigned a
zero VDW well-depth
and the partial charge is
transferred to the
carbon.

• a = All atom model.
Hydrogens attached to
carbons have regular
VDW well-depth and
partial charge is not
modified.

vdw_scale real 1 Scaling factor of vow
component of energy score.

electrostatic_scale real 1 Scaling factor of electrostatic
component of energy score.

rmsd_score boolean no Flag to perform rmsd
scoring, which is the rmsd of
the molecules in the
ligand_atom file with
respect to the molecule in the
receptor atom file.
Both molecules must have
identical atoms.
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17G: Scoring (Part 4 of 4)

(Repeat) Each orientation is scored according to the options selected in this section. Several
scoring functions exist and are treated independently of each other. To filter molecules based
on more than one function simultaneously, you will need to rescore in a subsequent step. Most
scoring is speeded up by precalculating a potential on a 3D grid, but continuum scoring is

Parameter |type De■ ault |Description
contact maximum real O If orientations or ligands to
chemical_maximum be written, but not ranked,
energy maximum then they must pass this
rmsd_maximum score cutoff to be written to

file.

contact_size penalty real 0 If ligands to be ranked, then
chemical_size penalty they may be penalized by
energy size penalty this value for each heavy

atom. This helps correct for
the uncomplexed score and
reduce the size bias.

rmsd_override real O If orientations to be written,
but not ranked, then
orientations with an RMSD
(with respect to the input
orientation) less than this
value are written to file
regardless of score.
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17H: Minimization (Part 1 of 2)

contact minimize
chemical_minimize
energy minimize
rmsd_minimize

initial_translation

initial_rotation

initial_torsion

maximum_iterations

contact_convergence
chemical convergence
energy convergence
rmsd convergence

boolean n

real

real

real

integer

real

10

100

Minimization allows on-the-fly adjustment of a molecule's orientation and/or conformation to
improve its score. Though this calculation is CPU intensive, it improves the efficiency of the
orientation or conformation search. The simplex algorithm uses random displacements to seed
the search. Consequently, minimization results vary depending on the random seed selected
by the user and the order of input molecules and site points. If high-quality results are required,
then repeat the run several times with different random seeds.

Parameter | type || Default | Description
Flags to perform minimization with
respect to each scoring function.

The maximum initial step size (in
Angstroms) of the simplex in each
cartesian dimension. The actual
step size is a random value
between zero and this value.

The maximum initial step size
(unitless) for each axis of rotation.
The quaternion representation is
used. A value of one corresponds
to a 180 degree rotation.

The maximum initial step size (in
degrees) for each torsion when
flexible ligand set. When
several layers are minimized
together, the outermost layer gets a
full step and the step for each inner
layer is divided by 2, 3, etc.

Maximum number of simplex
iterations for each cycle of
minimization.

Convergence criteria with respect
to each scoring function. At any
iteration, if all vertices of the
simplex have a score within this
value of the best score, then
minimization terminates.

i
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17H: Minimization (Part 2 of 2)

(Repeat) Minimization allows on-the-fly adjustment of a molecule's orientation and/or
conformation to improve its score. Though this calculation is CPU intensive, it improves the
efficiency of the orientation or conformation search. The simplex algorithm uses random
displacements to seed the search. Consequently, minimization results vary depending on the
random seed selected by the user and the order of input molecules and site points. If high
quality results are required, then repeat the run several times with different random seeds.

Emº -E-E-E-
maximum cycles integer 1 Maximum number of minimization

cycles. After the first cycle, the
initial step sizes are divided by 2, 3,
etc.

cycle_convergence real 1 The distance a minimization cycle
must travel to trigger another cycle.
The vector distance of the final
simplex vertices is used, which is
normalized with respect to the
initial step size.

contact termination real 1. If the score is greater than this
chemical_termination value after a cycle of minimization,
energy termination then no more cycles are attempted.
rmsd_termination This parameter is useful to avoid

prolonged minimization of
unrecoverable orientations or
conformations.

17I: Parallel Jobs (Part 1 of 2)

The parallel job parameters provide a convenient way to process a large database of molecules
and distribute the workload over many computers. One dock job must be configured as a server
job. Any number of other jobs running on separate machines are configured as client jobs. The
server job reads the entire database and parses molecules out to the client jobs for processing.
It is recommended that the server job be executed on the computer which stores the database.
See Database Processing on page 105 for more discussion.

Pºmº EP Dº Dºn
parallel server boolean no Flag to identify this job as the

server job.

server name string server The name used by the server job to
communicate with client jobs.
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17I: Parallel Jobs (Part 2 of 2)

(Repeat) The parallel job parameters provide a convenient way to process a large database of
molecules and distribute the workload over many computers. One dock job must be configured
as a server job. Any number of other jobs running on separate machines are configured as
client jobs. The server job reads the entire database and parses molecules out to the client jobs
for processing. It is recommended that the server job be executed on the computer which
stores the database. See Database Processing on page 105 for more discussion.

Emº E. E. E.
client_total integer 5 The number of client jobs at the

disposal of this server job.

client_name_1 string clientN If parallel server set, then
client_name_2 this list of names of client jobs is
client_name_3 . . . requested.

client_name string client If parallel server not set, then
the name of this particular client job
is requested. To be recognized by
the server, this name must be
included in the client_name_N
list supplied to the server job.

17J: Input (Part 1 of 2)

The user must supply several kinds of input files.
• Coordinate Contains molecules/site points (*.mol2, *.pdb, *.xpdb, *.ptr, "...sph).
• Grid Contains precalculated score potentials.
• Parameter Contains VDW, chemical and flexibility parameters (*.defn, “..tbl).
• Control Empty. Used to interact with a running job (“.guit, *.dump).

Pºmº Dºm Dºn
ligand_atom_file ligand. mol2 File containing ligand atom

coordinates.

ligand_center_file ligand_center. sph File containing ligand site points
(see Macromolecular Docking
on page 110).

receptor site_file receptor site. sph File containing receptor site
points.

score grid prefix score_grid Prefix for files containing
precalculated score grids.

receptor atom_file receptor. mol2 File containing receptor atom
coordinates. Used for
continuum (no grids) scoring
when gridded score not set.

vdw_definition_file SPATH/vdw. defn File containing VDW labels and
parameters.

i
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17J: Input (Part 2 of 2)

(Repeat) The user must supply several kinds of input files.
• Coordinate

• Parameter

• Control

chemical_match_file

chemical_score_file

chemical_screen_file

flex_definition_file

flex_drive_file

quit_file

dump_file

SPATH/chem. defn

SPATH/
chem match. thi

SPATH/
chem score...thl

SPATH/
chem_screen. thi

SPATH/flex. defn

SPATH/
flex_drive.thl

* . quit

* . dump

Contains molecules/site points (*.mol2, *.pdb, *.xpdb, *.ptr, "...sph).
• Grid Contains precalculated score potentials.

Contains VDW, chemical and flexibility parameters (*.defn, "...tbl).
Empty. Used to interact with a running job (*.guit, *.dump).

Parameter | Default |Description
chemical definition_file File containing chemical labels

and definitions.

File containing chemical
interaction table for use when
chemical match Set.

File containing chemical
interaction table for use when
chemical score Set.

File containing chemical
interaction table for use when
similarity screen set.

File containing flexible bond
labels and definitions for use
when flexible ligand set.

File containing torsion
parameters for a
torsion drive search.

When multiple ligands is
set, this file may be created by
the user at anytime to signal the
dockjob to terminate execution.
If rank_ligands is set, the
best molecules are writtentofile
and an up-to-date restart file is
generated.

If rank_ligands is set, this file
may be created by the user at
anytime to signal the dock job to
write the best molecules to file
and resume execution.
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17K: Output

DOCK writes up to three kinds of output files.
• Coordinate Contains docked molecules (*.mol2, *.pdb, *.xpdb, *.ptr, "...sph).
• Info Contains current ligand rankings.
• Restart Contains restart information.

Parameter Deat Description
ligand_out_file ligand_out. mol2 Files containing docked,
ligand contact file ligand cnt. mol2 minimized, rescored, or
ligand chemical_file ligand_chm. mol2 reformatted molecules for each
ligand energy file ligand_nrg. mol2 type of scoring.
ligand_rmsd_file ligand_rms. mol2

info file *... info File containing summary
information about the current
rank_ligands list.

restart_file * ... rst File containing detailed
information about current
rank_ligands list which is
sufficient for restarting if the
current job is prematurely
terminated. See Command-line
Arguments on page 117 for
restart instructions.

3
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Output
DOCK reports several kinds of information as output which is either written to screen in interac
tive mode or written to file in batch mode. Each section of the output is discussed below.

Heading

UUUUUUUUU CCCCCCC SSSSSSS FF/ FFF/

UU/ UU/
UU/ UU/

UUUUUUUUU/

CC/ CC/
CC/ CC/
CCCCCCC/

UU/ UU/ CC/ CC/ SS/
UU/ UU/ CC/ CC/ SS/

SS/
SS/ SS/
SSSSSSS/

SS/ FF/ FFF/
FFFFF/

FF/ FF\
FF/

FF/

University of California at San Francisco,

Job Information

FF\
FF \

DOCK 4.0

launch_time Wed Mar 19 12 : 05: 0 1 1997
host_name mycomputer
memory limit 1260.62592
working_directory /usr/people/user
user_name user

i
The heading lists general information about the current job. The launch_time, host_name
and working_directory fields are useful to help the user archive the run conditions. The
memory limit field refers to the amount of RAM in bytes available to the job. This is can at
most be equal to the physical memory of the computer, but may be less if limits have been im
posed on the users shell. If the job requires more RAM than is available, then execution is
stopped and an error message is reported. 3
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Parameters

General_Parameters
chemical_screen no

flexible_ligand no

orient_ligand no

multiple ligands yes
score ligand no

parallel jobs In O

Multiple Ligand_Parameters
ligands_maximum <infinity
initial_skip O
interval_skip 0

File_Input
ligand_atom file old. mol2

File_Output
ligand_none file new.pdb

All input parameters are echoed into the output. In fact, the output file may be used as an input
file for another run. This is a useful technique to clean up an old, cluttered input file and make
a tidy, well-organized input file.
This particular parameter list is nearly the shortest possible since most general parameters
have been turned off. It is constructed automatically when DOCK is used to convert a molecule
file format (see Molecule File Conversion on page 118).
If a parameter is not needed it is not reported in the output. The user can override this feature
and force all parameters to be written out by using the -v flag (see Command-line Arguments
on page 117).

Results

Docking_Results
Name : ligand1
Description : * * * *
Orientations tried . 616
Orientations scored : 500

Best energy score : –59. 02
Intramolecular energy score : 12. 18
Intermolecular energy score : –71. 20

RMSD of best energy scorer (A) : 2 - 39

Elapsed cpu time (sec) : 492.87

The docking results of each molecule are output as above. In terse mode (–t flag) all results
are printed on a single line.
This particular output is from the flexible docking of a molecule.

s
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Performance

Docking_Performance

Procedure timings time (s) percent
Read 0.11 O
Screen 0.00 0
Orientation Search 0.48 0
Orientation Score 49. 90 10
Conformation Anchor 0.05 O
Conformation Peripheral 442. 38 90
Other 0.02 O
Total 492.94 100

Minimizer usage minimum average maximum
Calls per molecule 4200 4200 4200
Score improvement per call 0 2 . Te-H 10 8.7 e-H 13
Vertices per call 1 3 6
Cycles per call 1 2 5
Iterations per cycle 1 15 100

This section of the output is generated if the user used the -p command-line flag (see Com
mand-line Arguments on page 117). It is intended to help the user to understand the perfor
mance bottlenecks of a particular run and to make informed parameter choices. Since
minimization can consume significant portions of cpu time, it is profiled in more detail.
This particular output is from a flexible docking run in which a majority of the cpu time is spent
during the peripheral conformation search.

i
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GRID

Author: Elaine Meng

Overview
GRID 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:

19 ■ ee [A, B,
- - - - -

E = X. X. |##-sºft Equation 4i = 1 j = 1 ■ ij rij IJ

where each term is a double sum over ligand atoms iand receptor atoms j Ajand Bjare van
der Waals repulsion and attraction parameters, rijis the distance between atoms iand j, qi and
qj are the point charges on atoms i and j, D is the dielectric function, and 332 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:

Aft - JAi; |Aff and By - JBH.JB; Equation 5
where the single-atom-type parameters are calculated from van der Waals radius, R, and well
depth, e, according to:

A = e[2R]” and B = 28 [2 R]” Equation 6
Using this approximation, Equation 4 can be rewritten:

lig rec A. rec B rec q
-

■ A. ll ■ R. jj j
-

i = 1 i = 1 ■ ij j = 1 ■ ij j = 1 II
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:

rec JAf ■ ee ■ e. rec Q;
Arec = X. ++, , Brec = X. ++! , and Qrec = 332 X. B; Equation 8

j = 1 ■ i■ j = 1 ■ ij j = 1 II
These values, with interpolation, are multiplied by the appropriate ligand values to give the in
teraction 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 Equation 8 into Equa
tion 7, the interaction energy is:

lig

E = X. [JAiiArec T AW BijBrec + GiQrecl Equation 9
i = 1

Atoms that fall outside the grid, if any, are given interaction energies of zero.

i
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The user determines the location and dimensions of the grid box using the program SHOWBOx.
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.

Command-line Arguments

Table 18. GRID command-line argument summary
flag optional argument behavior

—i input file INPUT FILE-Input parameters extracted from input file, or
grid. in if not specified

—O output file OUTPUT FILE-Output written to output file, or grid. out
if not specified

–s STANDARD INPUT – Input parameters entered interactively

—t TERSE – Reduced output level

—V VERBOSE — Increased output level

GRID may be executed in either interactive or batch mode, depending on whether output is writ
ten to a file. In interactive mode, the user is requested only for parameters relevant to the par
ticular run and default values are provided. This mode is recommended for the initial
construction of the input file. In batch mode, input parameters are read in from the input file and
all output is written to the output file. This mode is recommended once an input file has been
generated interactively.

Interactive mode
• grid -i grid. in

When launched this way, GRID will extract all relevant parameters from grid. in (or any file
supplied by the user). If additional parameters are needed (or if the grid. in file is non-exis
tent or empty), GRID will request them one at a time from the user. Reasonable default values
are presented. Any parameters supplied by the user will be automatically appended to the
grid. in file. If the user would like to change any previously entered values, the user can edit
in the grid. in file using a text editor.

• grid -i
GRID will behave as above, but will assume the input file to be grid. in.

• grid –s

GRID will run interactively, but will not check any input file for parameters and will not append
any entered parameters to a file.

Batch mode
• grid -i grid. in -o grid. out

i
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GRID will run in batch mode, extracting all relevant parameters from grid. in (or any file sup
plied by the user) and will write out all output to grid. out (or any file supplied by the user). If
any parameters are missing or incorrect, then execution will halt and an appropriate error mes
Sage will be reported in grid.out.

• grid -i -o
GRID will behave as above, but will assume the i■ o files to be grid. in and grid.out.

Input Parameters
File Format

See Table 16. on page 119 for file format specifications.

Parameters
Like DOCK, GRID should be executed in interactive mode to construct an input file since not all
parameters need to be specified for most runs. After all parameters have been entered, use
CTRL-C to kill the process and resubmit it in batch mode using the same input file.

Table 19. GRID input parameters
19A: General Parameters

These parameters control the overall behavior of GRID execution.

Parameter Type De■ aut Description
compute grids boolean no Flag to compute scoring

grids.

grid_spacing real 0.3 The distance between grid
points along each axis.

output molecule boolean no Flag to write out the
coordinates of the receptor
into a new, cleaned-up file.
Atoms are resorted to put all
residue atoms together.
Terminal SYBYL capping
groups are merged with the
terminal residues.

i
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19B: Scoring Parameters (Part 1 of 2)

These parameters determine which grids are made and how they will be computed.

Emº -E. E. Eº
contact_score boolean no Flag to construct contact

grid.

contact cutoff distance real 4 Maximum distance between
heavy atoms for the
interaction to be counted as
a contact.

chemical_score boolean no Flag to construct chemical
grid.

energy score boolean no Flag to perform energy
scoring.

energy cutoff distance real 10 Maximum distance between
two atoms for their
contribution to the energy
score to be computed.

atom model string Ul Flag for how to model of non
polar hydrogens.
• u = United atom model.

Hydrogens attached to
carbons are assigned a
zero VDW well-depth
and the partial charge is
transferred to the
carbon.

• a = All atom model.
Hydrogens attached to
carbons have regular
VDW well-depth and
partial charge is not
modified.

attractive_exponent integer 6 Exponent of attractive
Lennard-Jones term for
VDW potential. See
Equation 4 on page 140 for
COntext.

repulsive exponent integer 12 Exponent of repulsive
Lennard-Jones term for
VDW potential.

distance_dielectric boolean yes Flag to make the dielectric
depend linearly on the
distance.

i
:



GFID

19B: Scoring Parameters (Part 2 of 2)

(Repeat) These parameters determine which grids are made and how they will be computed.

Emº -E-E-E-
dielectric_factor real 4 Coefficient of the dielectric.

bump_filter boolean no Flag to screen each
orientation for clashes with
receptor prior to scoring and
minimizing.

bump_overlap real 0.75 Amount of VDW overlap
allowed. If the probe atom
and the receptor heavy atom
approach closer than this
fraction of the sum of their
VDW radii, then the position
is flagged as a bump.
• 0 = Complete overlap

allowed.

• 1 = No overlap allowed.

19C: File Input

Input file parameters.

Parameter | Default |Description
receptor file receptor. mol2 Receptor coordinate file. Partial

charges and atom types need to
be present.

box_file site_box.pdb File containing SHOWBox output
file which specifies boundaries
of grid.

vdw_definition_file SPATH/vdw. defn VDW parameter file.

chemical definition_file SPATH/chem. defn Chemical label definition file for
use when chemical_score
Set.
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19D: File Output

Output file parameters.

score_grid prefix grid Core file name of grids (file
extension will be appended
automatically).

receptor out_file receptor out. mol2 File for cleaned-up receptor
when output molecule set.

Output
The output of GRID contains several types of information. Like DOCK, it outputs general infor
mation about the current job and echoes the parameters selected from the input file. In addi
tion, it reports information about the receptor and the grids.

Receptor information

Reading in coordinates of receptor.
Merging AMN 163 cap residue with THR1 1 residue.
Merging CXL 164 cap residue with ALA162 162 residue.
CHARGED RESIDUE THR1 : 1.000
CHARGED RESIDUE ARG9 : 1.000
CHARGED RESIDUE LYS51 1. 000
CHARGED RESIDUE ARG52 1. 000
CHARGED RESIDUE GLU56 —1.000
CHARGED RESIDUE ARG57 1. 000
CHARGED RESIDUE HIP77 1.000
CHARGED RESIDUE ASP78 —1.000
CHARGED RESIDUE LYS127 1.000
CHARGED RESIDUE ASP.146 —1.000
CHARGED RESIDUE HIP153 1.000
CHARGED RESIDUE GLU156 —1.000
CHARGED RESIDUE LYS161 1.000
CHARGED RESIDUE ALA162 —1.000

Total charge on UNNAMED 4.000

This portion of the output lists any merged cap residues. The cap residues are introduced by
SYBYL. Charged residues are also listed. If any residues have a non-integer charge, then either
the charges were not properly loaded into the receptor input file, or some atoms are missing
from the input file. These problems should be resolved before continuing with the grid calcula
tion.

To display more information about parameters that GRID assigns to the receptor, use the -v op
tion (see Command-line Arguments on page 141).

;
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Grid Information

Reading in grid box information.
Box center of mass : — 1. 3 15 36. 145 21. 153
Box dimensions : 27. 525 26. 519 26. 6.86
Number of grid points per side [x y z ) : 93 90 90
Total number of grid points : 753.300

Generating scoring grids.
Percent of protein atoms processed : 0
Percent of protein atoms processed : 10
Percent of protein atoms processed : 20
. . . etc. . .

Information about the grid geometry is reported. The total number of grid points can be adjust
ed by changing the input box dimensions or changing the grid spacing. Generally a value under
1 million is appropriate, but this depends on system resources.
The progress of the calculation is reported as the percent of protein atoms processed. This cal
culation usually takes up to 30 minutes depending on the grid geometry and the receptor size. i
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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 molecu
lar 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 nor
mal 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 ap
proximately 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 algo
rithm. This creates a negative image of the receptor surface, where each invagination is char
acterized 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 con
tain any blank lines:

parameter format example
mSfil A80 2.ptc. ms

srfip A1 R

dentag A1 X

dotlin F 0.0

radmax F 4.0

radmin F 1.4

outfl A80 2.ptc. 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, 15, 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 and AUTOMS.

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).

2
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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 calcula
tion 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 ito j and the vector from
the sphere center to jfor 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 Angstroms. Spheres with radii larger than radmaxare
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 Angstroms are used; values of 0.0
or less default to 5.0 Angstroms.
radmin is the minimum sphere radius in Angstroms. 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 Angstroms). 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 ar
ranged 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 sepa
rate 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
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
(15, 3F10.5, F8.3, 15, 12, 13)
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. O corresponds
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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 heu
ristics (i.e. allowing only one sphere per atom and using a maximum radius cutoff) and cluster
ing 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 macromolecular 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 dock
ing 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, and are deleted upon completion of the computation.
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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.

AUTOMS
Author: Andy Good, Daniel Gschwend
AUTOMS is an extremely useful tool for setting up for SPHGEN. This script converts PDB files to
QCPE MS input format, runs a QCPE Ms surface calculation, converts the resulting surface to
UCSF MS format with REFORMATMs, creates a SYBYL dot file of the surface (if MS2DOT is avail
able), and prepares an INSPH file for running SPHGEN. The requirements are only two files: a
receptor PDB file, and an exclude.pdb file. The exclude. pab file is a subset of the receptor
and contains the residues which should not be surfaced in the MS calculation. This file can be
created in several ways. The easiest, if SYBYL is available, is to select all residues in the recep
tor within some radius of a known ligand, invert the selection, and write out the file in
Brookhaven format as exclude.pdb. One alternative that does not require SYBYL is to use
GET_NEAR_RES to locate all receptor atoms or residues within a specified radius of a known
ligand and invert the resulting pob file using INVERTPDB.
Usage: autoMS receptor PDB_file [surface_density] (probe radius]
where surface_density and probe radius are optional, defaulting to 3.0 dots/A2 and
1.4A, respectively. Note: before using the first time, the directory specification for the Dock
hierarchy must be updated inside the AUTOMS script.

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. GRID's output should agree with the value gen
erated from this program.
Usage: charge pdbfile

CHEMPROP
Author: Renee DesJarlais

.
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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 di
electric constant, and ■ ij is the distance between atoms i and j.

lig Q;
6 : = X. —— Equation 10

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 molecules can
then be displayed using a molecular graphics package and colored according to electrostatic
potential.
The hydrogen bond option helps the user identify places on the ligands where it might be ap
propriate 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 (non
hydrogen) 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 ni
trogen, 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, respec
tively. 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 con
stant or distance-dependent dielectric, a cutoff distance, and a name for the output file. If a hy
drogen 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
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Overview
CLUSTER allows greater flexibility in creating a sphere description of a site or molecule. It is par
ticularly 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 be
tween spheres. Unlike SPHGEN, CLUSTER does not heuristically remove spheres; it 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 clus
tering parameters without rerunning SPHGEN.

Input
The program can be run either interactively or from a command file. The following is an expla
nation of a sample command file. These command files should not contain any blank lines.
parameter format example
clufil A80 2.ptc. all
nclus I 1

maxrad F 5. O

m2xrad F 5. 0

powlap F 10. 0

clusiz I 60

minsiz I 20

minflg I 1

outfil A80 2.ptc. all. rol

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 0.

maxrad is the primary maximum sphere radius for clustering, in Angstroms. 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 Angstroms are generally most useful.
maxrad also defines the end point for analytical clustering (see below); it is the final value of
rCUt.

m2xradis the secondary maximum sphere radius for clustering, in Angstroms. This variable al
lows 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. m2xradis typically set to
maxrad for analytical clustering and 5.0 Angstroms otherwise.
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powlap is the percent radial overlap between two spheres necessary to define a pair. If this vari
able is set to 0.0, spheres will be defined as overlapping when they intersect to any degree.
The larger the value of powlap, the greater the overlap necessary to define the spheres as a
pair for cluster purposes. Typical values range from 0.0 to 20.0.
clusizis the maximum number of spheres allowed to be in a cluster. Growth of a cluster is fro
zen 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.
minsizis the minimum number of spheres a cluster must have to be included in the output. min
siz 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 out
put. 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 in
put 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 rout, which increases from minrad to maxradin step sizes of
rincr. Each value of rout 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.
rincris 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 includ
ed. A value of 0.5 Angstroms is reasonable for sets of approximately 1000 spheres.
nearad is the maximum difference in magnitude between the radii of spheres that may be av
eraged into a composite sphere, for analytical clustering. A value of 0.25 Angstroms is reason
able 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 clus
ters.

COLSPH

Author: Mike Connolly
COLSPH reads and writes a sphere cluster file, adding a color (label) table and sphere labels.
The color is determined by evaluating either a Delphimap or a force-field grid at the sphere Cen
ter, 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
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• 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 state
ments.

CONDENSE
Author: Daniel Gschwend

CONDENSE takes as input a residue list generated by GET_NEAR_RES and compacts it into a for
mat suitable for an MS –i file (for the UCSF version of Ms - for the QCPE Ms version, see AU
TOMS). 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 com
patibility with UCSF 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 co
ordinates 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 be
tween them is less than or equal to the sum of their covalent bond radii plus a tolerance of 0.4
Angstroms.

CONVSYB

Author: Elaine Meng
The interactive program convsyB converts SYBYL MOL2 format files into a number of other
formats useful for DOCK and some of the accessory programs. Output options include “extend
ed PDB format," DOCK 3.0 database format, and standard PDB format. CONVSYB assumes that
each Q-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.

FDAT2PDB
Author: Daniel Gschwend

Converts a Cambridge Crystallographic Database FDAT file (as from a search with QUEST) to
PDB format. Multiple structures in the same FDAT file are handled correctly.
Usage: faat 2pdb cambridge prefix (an input file called cambridge prefix. faat is
expected, and output file called cambridge prefix.pdb will be created).
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GET_NEAR_RES
Author: Daniel Gschwend

Given a ligand PDB file and a receptor PDB file, performs either of two functions:
• Writes a PDB file containing all atoms of all residues in the receptor which have their Co. atoms

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

• 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 UCSF Ms -i file with the conDENSE program. This
utility can also be used with the AUTOMS program using QCPE Ms surfaces: to generate an
exclude.pdb file from GET_NEAR_RES output, see INVERTPDB.

HBDATA

Author: Andy Good
This program automatically runs Goodford's grid program (version 11.01, distributed indepen
dently; Goodford, 1985) for a variety of probes, creating SYBYL contour files and files containing
centers of favorable interaction energy for SPHGEN file creation. It also runs GRIN and will stop
if GRIN encounters a problem with the PDB file. 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)
/bert/grid11.01 root directory for GRID
-12. 0 minimum X Coordinate

26. 0 minimum yooordinate
4.0 minimum z coordinate

9. 0 maximum x coordinate

48.0 maximum yooordinate
33 . 0 maximum z coordinate

1.0 grid density - # of planes per Angstrom 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::

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 atom
types modified and combined within syBYL before they can be written to MOL2 format in prep
aration for MOL2SPH conversion.

INVERTPDB
Author: Daniel Gschwend

.
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A shell script to extract all atoms in a larger PDB file which are not in a smaller PDB file, where
the latter is a subset of the former. For example, after acquiring a PDB file of all protein atoms
or residues within a specified radius of a known ligand with GET_NEAR_RES, the inverse atoms
(i.e. those far away from the ligand) may be selected to generate an exclude. pab file for use
with PDB2MS or AUTOMS.

Usage: invertPDB larger PDB_file smaller_PDB_file > inverted PDB_file

IDTOSYB
Author:Elaine Meng
This program is designed to convert PDB files into SYBYL MOL2 format files. SYBYL does a less
than satisfactory job of assigning atom types and bonds when reading in small molecule PDB
files. IDTOSYB uses bond length data from the Cambridge Structural Database to assign atom
types in a far superior fashion, although still not perfect. Hydrogens need not be present in the
input, and multiple ligands in the same file are processed if separated by TER cards.
Usage: see PDB2SYB, a front-end to IDTOSYB.

MOL2SPH
Author: Andy Good
Takes SYBYL MOL2 format files and converts them into SPHGEN format files, allowing automat
ic 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 preferenc
es 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.

MS2DOT
Author: Andy Good
MS2DOT converts UCSF MS surface files into SYBYL dot files. This allows visualization in SYBYL
of the surface created for use with SPHGEN. Note: this program is not installed by default, as it
requires SYBYL programming libraries for compilation. To install this program you must explicitly
compile it with make ms.2dot in the accessories source directory, provided you have SYBYL
libraries installed. Please read the Makefile in the accessories directory for further details.

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 ori
entations are rounded to three decimal places when written out.
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PDB2MS
Author: Andy Good
This program is used to create input files for QCPE Ms from standard PDB files. The receptor
file must be called fort. 1; the residues of the receptor which should be included in the surface
calculation but not have a surface drawn should be placed in a file called fort. 2; output is writ
ten to fort. 3. This program is part of the automated process of AUTOMS.

PDB2SYB
Author: Daniel Gschwend

This program is a front-end to IDTOSYB.
Usage: pdb2syb PDB_file
Note: before using the first time, update the pathnames inside the script for location of IDTOSYB.

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 indi
vidual treatment of water molecules, including their separation by TER cards for easier visual
ization. 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 ATOM records (not HETATM) in a
PDB file.

PTRENTRY

Author: Todd Ewing
PTRENTRY is a self-running nawk script which extracts selected molecule entries from a PTR for
mat file and displays the data for each molecule in a readable format. A single molecule, or a
range of molecules, may be selected.
• To extract the first molecule, type: ptrentry file. ptr 1
• To extract the first 10 molecules, type: ptrentry file. ptr 1 10

PTRFIELD

Author: Todd Ewing
PTRFIELD is a self-running nawk script which extracts selected fields from a PTR format file. It
is useful to shuffle the field order in a file to make sorting sorting easy. This would be accom
plished as follows:

.
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• ptrfield file.ptr NRG FILE FPOS END sort +1n > file_sort.ptr

QCPE_MS
Author: Mike Connolly
SPHGEN requires that a molecular surface be calculated and that it be converted to the UCSF
MS format using REFORMATMs. OCPE_MS is distributed only as a tool for the AUTOMS script. You
should contact QCPE directly for obtaining the complete software package for MS (#429) - see
Sources on page 174 for contact information.

REFORMATMS
Author: Renee DesJarlais

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 QCPEMs file must be in the long format: The Fortranformat for this file and the information
contained in it are listed below:

(3I5, I2, 3F9.3, 4F7.3, I2)

n1, m2, 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)
n& 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, 15, 2X, A3, 3(F8.3, X), X, A3, 4F7.3)

resnm, nres, atnm, x, y, z, srftag, area, xn, yn, zn

resnn 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 sr■ tag= A)
atnm name of the closest atom, or the atom itself (if srftag = A)
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X, y, Z coordinates of the point or atom

-
sr■ tag A: atom, SR0: reentrant point, SSO: saddle point, SCO: convex

point
area solvent-accessible area (blank if sr■ tag= A)
xn, yn, zn components of the unit vector normal (blank if srftag = A)

RMSD
Author: Daniel Gschwend

Calculates root mean squared deviation in Angstroms 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 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.

SDF2MOL2 & SYBDB
Author: Daniel Gschwend

As an interface to the commonly used databases from Molecular Design Limited, we are pro
viding two conversion schemes to convert SD files (such as from ISIS) to SYBYL MOL2 format
files.

The conversion scheme described here was developed to be easy to use and accurate in its
atom-typing and partial charge computation. Although still an area of active development, it has
to date been tested visually on several thousand compounds.
This scheme consists of two programs run sequentially, SDF2MOL2 is written in Fortran and SYB
DB in SYBYL's programming language, SPL. Taken together, one can convert an MDL SDF-for
mat database into a SYBYL MOL2 format database which has appropriate SYBYL atom types
assigned, hydrogens added, and partial charges computed. To find out more about the Con
version process, including how to use it, please consult the OOREADME file in the directory . /
source/database/sdf2mol2 under the DOCK root.

Note: The second phase conversion requires SYBYL for hydrogen addition and charge compu
tation. The former program, SDF2MOL2, may still be of some use to users who do not have
SYBYL but have molecular modeling packages than can read MOL2 format (e.g. INSIGHT). Hy
drogen addition, substructure removal, and charge computation must then be performed within
the context of your own modeling package.

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 GRID, 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 clus
ter 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 coor
dinates 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.
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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 on page 158 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.

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 mole
cules is put into each file created. This program supports command-line operation: type
splitmol –h for details.

:
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Molecule File Formats

Dock programs read and write in several coordinate formats.
• SYBYL MOL2 format

• PDB format

• PTR format

• SPH format

SYBYL MOL2 format
This format is used for general molecule input and output of DOCK. Although previous versions
of Dock supported an extended PDB format to store molecule information, the current version
now uses MOL2 as the primary molecule format. This format has the advantage of storing all
the necessary information for atom features, position, and connectivity. It is also a standardized
format that other modeling programs can read.

Specification
Please refer to sybyl documentation for format specifications.
Of the many record types in a MOL2 file, Dock recognizes the following: MOLECULE, ATOM,
BOND, SUBSTRUCTURE and SET. In the MOLECULE record, DOCK utilizes information
about the molecule name and number of atoms, bonds, substructures and sets. In the ATOM
record DOCK utilizes information about the atom names, types, coordinates, and partial charges.
In the BOND record, DOCK utilizes the atom identifiers for the bond. In the SUBSTRUCTURE
record, Dock records the fields, but does not utilize them. The SET records are entirely option
al. They are used only in special circumstances, like when ligand flexibility is considered..

Example
This example file illustrates all the elements of the MOL2 file read and written by dock. It in
cludes optional SET records which are used by the ligand flexibility routines.

(3-3 TRIPOS-MOLECULE
Histidine

20 20 1 O 2
SMALL
GASTEIGER
+ + ºr ºr

Histidine with Main Chain as Rigid Anchor

:
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G-:TRIPOS-ATOM
1 N1 —1.09.47
2 C2 –0.9885
3 C3 –0. 2043
4 C4 –2.3725
5 O5 –2.75.46
6 C6 1.1797
7 N7 2. 27.91
8 C8 1. 5387
9 C9 3.32.56

10 N10 2.90.39
11 H11 —1.6259
12 O12 –3. 1452
13, H13 –0. 1461
14 H14 –0. 4726
15 H.15 –0. 7202
16, H16 –0.1270
17 H17 2. 3126
18 H18 0.8943
19 H19 4.3357
20 H20 —1.5855

G-TRIPOS-BOND
1 1. 2 1
2 2 3 1
3 2 4 1
4 3 6 1
5 4 5 ar
6 6 7 1
7 6 8 2
8 7 9 1
9 8 10 1

10 9 10 2
11 1. 11 1
12 4 12 ar
13 1. 13 1.
14 2 14 1
15 3 15, 1
16 3 16 1
17 7 17 1
18 8 18 1
19 9 19 1
20 1 20 1

G-:TRIPOS-SUBSTRUCTURE
1 * * * * 1 TEMP

(3-3TRIPOS-SET
ANCHOR STATIC
1 2
RIGID STATIC
2. 1 3

0. 53.71
0.9170

–0.1565
1.0376
2. 1336

–0.2771
0.4215

—1.0911
0.0285

–0. 8872
1.2643

0.0423
0.45.45
1. 8710

-1.11.05
0.1200
1. 1114

-1.7774
0.4040

–0.3703

ATOMS

BONDS

1. T 186 N. 4 1 <1- 0.2252
0.2765 C. 3 1 <1-> 0.02.13

–0. 4766. C. 3 1 <1-> 0.0354
–0.3154 C.2 1 <1- 0.0897
–0.8057. O. co2 1 <1- –0. 54.42

0.1153 C.2 1 <1- 0.0328
–0.2757 N.pl? 1 <1-> –0. 3074

1. 1173 C.2 1 <1-> 0.0462
0.4990 C. 2 1 <1-> 0.0853
1. 3511 N. 2 1 <1- –0. 2465
2. 22.87 H 1 <1-> 0.2001

–0. 31.88 O. coz 1 <1-> –0. 54.42
2. 1242 H 1 <1-> 0.2001
0.1898 H 1 <1-> 0.0918

–0. 3899 H. 1 <1- 0.0385
—1.5261 H 1 <1- 0.0385
—1.0125 H 1 <1- 0.1528
1.6466 H 1 <1-> 0.0845
0.4286 H 1 <1-> 0.1000
1. 8010 H 1 <1-> 0.2001

O ------ -------- O ROOT

<user- **** Anchor Atom Set

<user- **** Rigid Bond Set

:
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PDB format
This format should be used only for display purposes. Since it does not contain fields for atom
types or partial charges, vital information will be lost if dock output is routinely stored in this for
mat. It is recommended that all dock output be stored in either SYBYL MOL2 format or PTR
format. If you site does not have access to a method to view MOL2 format, just convert files to
PDB when vewing is necessary. See Molecule File Conversion on page 118 for instructions.

PTR format

Specification
PTR (or pointer) format is a compact representation for molecules which does not actually con
tain coordinates. Instead, it contains the transformations to the coordinates and "points" back
to a source file where the untransformed coordinates reside.

All information about a molecule is packed into one line. Each item of data is identified by a
field name. Some fields are required, like the molecule source information. Some are optional,
like the coordinate transformation information. All others are considered comments and are ig
nored, like the molecule name and score information.

Table 20. PTR Format Data Fields

20A: Required PTR Fields

These fields must be present in every PTR record.

E. E. Eºn
<FILE- String Directory path and name of file which contains molecule.

<FPOS:- Integer Byte position in file of molecule.

<END:- End of record flag.

20B: Optional PTR Fields(Part 1 of 2)

If these fields are present, they will be read and used to update the molecule. The
transformation fields will modify the position or conformation of the molecule.

<TRANS:- Real [3] XYZ translation vector in Angstroms.

<ROT- Real [3] Quaternion rotation vector (unitless, range 0-1).

<TORS- Integer Number of rotatable torsions.

<REFL- Integer Flag for chiral reflection (0 or 1).

i
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20B: Optional PTR Fields(Part 2 of 2)

If these fields are present, they will be read and used to update the molecule. The
transformation fields will modify the position or conformation of the molecule.

<T1-, *T22*, . . . Integer, Bond identifier and torsion angle.
Real

<KEYS." Integer Number of chemical keys.

<KFOLD-" Integer Flag for folded chemical keys.

<KI1->, <KI2>, Integer Chemical key label and distance fingerprint
u

u. This field is only read during a chemical screening run.

2002: Comment PTR Fields

These fields are generated for output only. They are completely ignored during input.

<ID- Integer Line position in ptr file.

<SRC_ID- Integer Line position in input ptrfile.

<NAME- String Molecule name.

<DESCR- String Molecule description.

<BMP- Integer Number of bumps.

<CNT- Real Contact score.

<CHM:- Real Chemical score.

<NRG- Real Total energy score.

<INTRA- Real Intramolecular component of score.

<INTER- Real Intermolecular component of score.

<VDW-> Real VDW component of score.

<ELE× Real Electrostatic component of score.

<RMSD- Real RMS deviation of current orientation from input.

i
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Example
Database Entry

<ID: 10 <NAME: CAMYLOFIN_C00000105 ×DESCR- * * * * <FILE- /marco/db/
mol2.95. 1/cmC / Cmc. 2. mol2 < FPOSS 462 0.4 × END

Flexible Docking Output

<ID> 5 &SRCID: 5 ×NAME- DANAZOL_C00002993 ×DESCR- * * * * <FILE: db/
db3. mol2 < FPOS- 14144 ×TRANSX 5.00991. 29.9.234 16. 2096 ×ROT- 0.270.641
1. 053 37 0.01585.67 &TORS- 2 <TANCHOR- 1 <T1 - 20 153. 624 ×T2× 2.1 – 28 . 0.673
<REFL-> 0 < BMP- 2 <NRG- -32.43 - INTRAX -0.48 ×INTER:- — 31.95 ×VDW> – 32.53
<ELECTROP 0.09 &RMSDS 34.95 & END:-

Chemical Screen Database Entry

<ID> 1 <NAME- DAZOQUINAST_C00005118 & DESCR- **** <FILE- /marco/db/
mol2.95. 1/cmc/cmc. 1 . mol2 <FPOS: 96.89688 & KEY: 5 & KFOLD- 1 <KI1> 0 <KJ1->
10 2d 7 & KJ2× 35 3 fff & KJ3> 0 0 <KJ4× 20 f{35 «KJ5> 0 0 <KI2> 1 <KJ2× 2.1
fo KKJ3> 0 0 <KJ4× 28 ab'7e & KJ5> 0 0 <KI3> 2 <KJ3> 0 0 <KJ4× 0 0 <KJ5>
0 0 <KI4× 3 × KJ4× 6 c1a : KJ5> 0 0 <KI5> 4 ×KJ5> 0 0 <END

Usage
Check out the PTRENTRY and PTRFIELD utilities to help manipulate PTR files.
The «FILE-field can contain the relative path or absolute path of a filename. If you use the
absolute path, then the ptr file can be used in any other directory. Otherwise, the ptr file is only
useful in the idrectory in which it was originally made.

SPH format
Please refer to SPHGEN on page 147 for a description of the file format.

:
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Parameter Files

Parameter Files

Introduction
The parameter files contain atom and bond data needed during Dock calculations. The defini
tion (*.defn) files contain atom and bond labeling data. The table (*.tbl) files contain additional
data for chemical interactions and flexible bond torsion positions. They may be edited by the
USer.

Atom definition rules
The definition files use a consistent atom labeling convention for which an atom in virtually any
chemical environment can be identified. The specification of adjacent atoms is nested using
the elements listed in Table 21. Some sample definitions are provided in Table 22.
• Each element must be separated by a space.
• If more than one adjacent atom is specified, then ALL must be present (i.e. a boolean AND

for rules within a line).
• If a label can have multiple definition lines, then any ONE of them must be satisfied for in

clusion (i.e. a boolean OR for rules on different lines).

Table 21. Atom definition elements

element function

atom type Specifies partial or complete atom type. A partial
specification is more general (i.e. "C" versus "C.3"). An
asterisk (*) specifies ANY atom type.

( ) Specifies atoms that must be bonded to parent atom.

[ ] Specifies atoms that must NOT be bonded to parent atom.

integer Specifies the number of an atom that must be bonded.

Table 22. Example definitions

example explanation

C. 2 ( 2 O. co2 ) A carboxylate carbon.

. 3 [ 3 H ) Any spº hybridized atom that is not attached to
three hydrogens.

C. [ O. l I N. [ 2 O.2 ) [ 2 C. J J Any carbon not attached to an oxygen or a
nitrogen (unless the nitrogen is a nitro or tertiary
nitrogen).

.
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Vdw.defn
This file contains atom labels and definitions for van der Waals atom typing.

The following data types are associated with each atom: VDW radius, VDW well-depth, flag
for heavy atom, number of attached atoms.
Some labels are used only for the united-atom model, some for only the all-atom model,
and some for either.

A label may have multiple definitions.

Table 23. Sample entries from vaw.defn

name Carbon sp/sp2
atom model either
radius 1.850
well_depth 0.120
heavy flag 1.
valence 4

definition C

name Carbon All_sp3
atom model all
radius 1. 800
well_depth 0.060
heavy flag 1.
valence 4

definition C. 3

name Carbon United CH3
atom model united
radius 2.000
well_depth 0.150
heavy flag 1.
valence 4

definition C. ( 3 H )

:
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chem.defn
This file contains labels and definitions for chemical labeling.
• Nothing in addition to a label is assigned to an atom.
• A label may have multiple definition lines.

Table 24. Entries from chem.defn

name hydrophobic

definition C. [ O. J. [ N. [ 2 O.2 ) +

definition N.pl? ( 3 C.
definition Cl ( C. )
definition Br ( C. )
definition I ( C. )
definition C. 3. [ s ]

name donor

definition N. ( H. )
definition N. 4 ( " )

name acceptor

definition O. [ H J [ N. J. ( * )
definition O. 3 ( 1 * ) [ N. J
definition O. coz ( C. 2 ( O.co.2 ) )
definition N. [ H J L N. J. [ O. J. [.. 3 } ( * )
definition O.2 [ . ]

Ilame polar

definition O. 3 ( H. )
definition F [ s ]

:
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chem_match.tbl
This file contains the interaction matrix for which chemical labels can form an interaction in
matching.
• The labels must be identical to labels in chem.defn.

• The table flag indicates the beginning of the interaction table.
• Compatible labels are identified with a one, otherwise a zero.

Table 25. Example of chem_match.tbl

label null

label hydrophobic
label donor

label acceptor
label polar

table
1
1 1.
1 0 1
1 0 0 1
1 0 1 1 1

.
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chem screen.tbl
This file contains the interaction matrix for how to scale the contribution of each chemical key
when computing the overall similarity.
• The labels must be identical to labels in chem.defn.

• The table flag indicates the beginning of the interaction table.
• Each element is a scaling factor.

Table 27. Example of chem_screen.tbl

label null
label hydrophobic
label donor

label acceptor
label polar

table
O
0 1
O 1 1.
O 1 1. 1.
O 1 1. 1. 1.

:
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flex.defn
This file contains labels and definitions for flexible bond identification.

The drive_id field corresponds to a torsion type in the flex_drive.tbl file.
The minimize field is a flag for whether the bond may be minimized.
Two definition lines must be present. Each definition corresponds to an atom at either end
of the bond.

Table 28. Selected entries from flex.defn

name sp3-sp3
drive_id 3
minimize 1.

definition .3 [ 3 H J [ 3 O. co2 )
definition 3 [ 3 H J [ 3 O.co.2 )

name sp3-sp2
drive_id 4
minimize 1.

definition .3 [ 3 H | [ 3 O. co2 )
definition .2 [ 2 H J [ 2 O. co2 )

name sp2-sp2
drive_id 2
minimize O

definition .2 [ 2 H J [ 2 O. coz )
definition .2 [ 2 H J [ 2 O. coz ) :
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flex_drive.tbl
This file contains torsion positions assigned to each rotatable bond when the torsion_drive
parameter is used in DOCK.
• The drive_id field corresponds to each torsion type.
• The positions field specifies the number of torsion angles to sample.
• The torsions field specifies the angles that are sampled.

Table 29. Selected entries from flex_drive.defn

drive_id 2
positions 2
torsions 0 180

drive_id 3
positions 3
torsions –60 60 180

drive_id 4
positions 4
torsions –90 0 90 180

drive_id 6
positions 6
torsions – 150 – 90 – 30 30 90 150

.



Parameter Files

flex_drive.tbl
This file contains torsion positions assigned to each rotatable bond when the torsion_drive
parameter is used in DOCK.
• The drive_id field corresponds to each torsion type.
• The positions field specifies the number of torsion angles to sample.
• The torsions field specifies the angles that are sampled.

Table 29. Selected entries from flex_drive.defn

drive_id 2
positions 2
torsions 0 180

drive_id 3
positions 3
torsions –60 60 180

drive_id 4
positions 4
torsions –90 0 90 180

drive_id 6
positions 6
torsions – 150 – 90 – 30 30 90 150

.
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Sources

compiled by C.Corwin

Available Chemicals Directory
MDL Information Systems, Inc.
14600 Catalina Street

San Leandro, CA 94577
phone (510) 895-1313
fax (510) 352-2870

Brookhaven Protein Data Bank
Protein Data Bank

Chemistry Department, Building 555
Brookhaven National Laboratory
Upton, NY 11973
phone (516) 282-3629
fax (516) 282-5751
e-mail pob Gºbnl.gov
gopher://pdb.pdb.bnl.gov/11

Cambridge Crystallographic Database
For industrial users:

The Cambridge Crystallographic Data Centre
12 Union Road

Cambridge
CB2 1 EZ

U.K.

phone +44 223 336408
fax +44 223 336033

For US academic users:
Dr. William L. Duax

Medical Foundation of Buffalo

Research Laboratories

73 High Street
Buffalo, NY 14203-1196
phone (716) 856-9600

:
º



Sources

SYBYL

Tripos Associates
1699 S. Hanley Road, Suite 303
St. Louis, MO 63144-2913
phone (800) 323-2960

The UCSF MIDASPLUS molecular display program
MIDAS Software Distribution

Computer Graphics Laboratory
School of Pharmacy
University of California
San Francisco, CA 94143-0446

More resources
The NIH Molecular Modeling Home Page
http://www.nih.gov/molecular_modeling/mmhome.html
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Sources

SYBYL

Tripos Associates
1699 S. Hanley Road, Suite 303
St. Louis, MO 63144-2913
phone (800) 323-2960

The UCSF MIDASPLUS molecular display program
MIDAS Software Distribution

Computer Graphics Laboratory
School of Pharmacy
University of California
San Francisco, CA 94143-0446

More resources
The NIH Molecular Modeling Home Page
http://www.nih.gov/molecular modeling/mmhome.html
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lig_total.
lig_proc,
lig_skip.
elapsed_time trfull.)

1)
fprintf (global outfile,

*war.NING main: Unable to write restart information. An” ) a

tprintf falobal. outfile, "writing top scoring molecules to disk. An” ) ;

write_topscorers
t

*dock,
*score

&best–liganda,
*mol_ref,
*sol_out

* close ligand output fil
* 6/95 te
•/

else
for ti = 0; i < score_total; i +-)

if t score. type ■ 11 flag)
fe lose (score. type■ i , . file) :

**
* close ligand input files
• ºf 97 te
•/

felose taock. ligand_file) :

if t check._file_extension (dock. ligand_file_name, FALSE) == Ptry
read_solecule triull. Mui-L. dock. ligand_file_name. hui-L, or ;

molecule structures
* 5/97 te
•/

(amol-ref) :
(*mol_init) ;
tºmol-conf);
tºmol ori) :
(amol score) :
(knol-out) ,

* *

* free top score lists
• 5/57 te
•/

free_lists tº score, &best-anchors):
free lists tº score, i.best-orients
free_lists tº score, ºbes t_ligands) :

y -
* free all other arrays
• */97 te
•/

if t label. chemical - screen. flag)
free screen (&orient. match, &label) :

if torient. flag)
free_orients (& label, korient) ;

free scor (*label. A scor

free-labels (ºlabel) :

* -

* Report performance
• 1/97 te
•,

dock, total_time •= elapsed_time (hull.) :

if tdock, performance flag)
report performance tº dock. A score. lig_proc):

fºrintf f global outfile,
* \nfinished processing moleculets in º. 6 g seconds. An”,
lig_total * 1 » "s" a "", dock. total-time

felose to lobal - outfile) :

return (ExIT_success) i

f / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Evaluate how much time has elapsed twith checking for wrap-around)
6 fºes t

// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

float elapsed_time t float "reset_value)

static long clock_previous * 0:
static long clock_current = 0:
static float time;

if (reset_value)
time * *reset_value;

clock previous = clock_current:
clock_current a clock ( )

if (clock_current - clock_previous)

time * *
t t t loat) tºlong Max - clock_previous) )
f it float) clocks_PER_sec) ;

time *s
t (float) (clock_current - Loric MIN) )
a t t float) clocks_PER_sec) :

y

else
time *r

t t float) (clock_current - clock_previous) ;
a t t float; clocks_PER_sec) ;

return time

** / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/

void write_program header (void)

r

w

if (global. outfile t = staout)
fprintf (global - outfile. * \n"

- UUUUUUUUU coccocc ºsºscºs fra Frf/ An
- uu/ uu/ co-f ce/ ss/ ssa fra Frf/ wn
- uu/ uur ce/ co/ ss/ FFFFF/ wn
- tru/ uu/ co-f co/ ss/ FF/ frv \ wn"
• tru/ uu/ co-f cc/ ss/ ss/ prº frviv wn”
• uuuuuuuuu/ cocco.cc/ sssssss/ fr/ frviv wnwnwn");

else
fprintf (global. outfile. **n\n"

uuu? [4muuuu? ■ omuu cr (4m coccº ■ omcc s? (4msssst idrass FFF a vin
- uu/ uum ce/ cºa sca ssa fra Frry wn"
- tru/ uu/ co, co/ ssa FFFFF/ wn”
- uu/ uuz cof cc/ ssp. FF, PFM A wn"
• Uu/ tru/ co-f cc/ ss/ se/ Fff frºw wn”

• ? (4suuuuuuuuu? tomy 7 (4scoccoccº ■ om/ * 14 misssssssf ioma 7 (4s frº tomf
[4mfrv\? Iona \nvnvn" };

fprintt to lobal. outfile,
*University of California at San Francisco, Dock wn", Dock_VERsion) ;

f flush (global. outfile) :

* / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "/

void initialize performance trock "dock, score "score)

dock-> total_time a 0:
dock->read_time = 0;
dock->screen_time = 0:
dock->conform_time = 0;
dock->periph_time = 0:
dock->orient_time = 0:
dock->score_time = 0:

>time = 0;
minimize. call_total a 0:
minimiz
minimize. call_min = Inft_MAx:
minimize. call_max = IHT-MIN:

minimize. vertex total a 0:
minimize. vertex min = Int_HAx:
minimize. vertex_max = Int_MIN:

minimiz
minimiz

>minimiz

... iteration_total * 0:
iteration_min = Int_MAx:

... iteration_max = Int_Miri;

cycle_total = 0:
cycle_min = irrt_MAx:
cycle_max = In■ t_Min;

delta_total = 0;
delta_min in Flt. MAx:
delta_max = flt MIN:

** */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void report-performance trock “dock. score "score, int mol-total)

ferintt (global. outfile.
* \n. Docking_per wn”) ;

dock->other_time = dock->total_time - dock->read_time:
dock->read_time -- dock->screen_time + dock->conform_time:
dock->conform_time -- dock-> orient_time:
dock->orient–time -- dock->score_time:

fprintf
■

global - outfile
* \n--45s ags w8swn",
* Procedure timings".
*time (s)",
*percent"

} :

fprintf
t

global. outfile.
**-45s as .2f -8. of wri",
“read”
dock->read_time.
dock->read_time / dock-> total_time * 100.0

} :

fprintf
t

lobal. outfile
45s as .2f ta. of \n",

"screen",
dock-> screen_time.
dock->screen_time / dock-> total_tise * 100.0

} :

fprintt
t

global - outfile
- 5 a -8.2 t + 8. of An”.
*orientation search",
dock-> orient_time,
dock-> orient_time f dock-> total_time * 100.0

fprintf
t

global - outfile
• *-45s w8.2f as. of win*,
•orientation score",
dock->score time.
dock->score_time f dock-> total_time * 100.0

fprintf
t

global. outfile
• *-45s w8.2 t as . of an”,
“conformation Anchor",
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imolecule->coordtail. molecule->coordia: , , ;

it tº scor-->near. flag tail tail )
t

reference - label->flex. clash_overlap *
tlabel->vdw.member (molecule->atos ■ ail.wdw-id, radius -
label->vdw.member (molecule--atomi aj , , vºw_id, . fadiu

if (distance - sºr (reference) ;
return false:

j
) /* End of as 3 loop - a

, a - End of si j loop - a
1 /* End of 13 loop */

* r * End of asi loop - a

return true;

crid. H. --

y - •,

* - copyright ucsf. 1997 •,
y- •/

written by Todd Ewing
9/96
•,

typedef struct grid_struct
t

int output molecule: ** Flag for whether to write receptor */

int visualize; /* write out grids in MIDAs format "f

xyz box_com: ** conter of mass of box enclosing grids "a
xyz box_dimension: /* Dimensions of box enclosing grids "f

FILE_NAME in fil
File_NAME out_f 11

/* Input receptor file name * *
** ºutput receptor file name */

file * in file ** Input receptor file pointer “f
FILE * out_fil ** output receptor file pointer ºf

file_NAME box_file_name: ** Grid-enclosing box file */

grid;

--- ºr Ilo. c. -

z - •,
* - copyright ucsf., 1997 •,
a • • *

z -

written by Todd Ewing
9/96
• *
- include <time.h>
-include "define. h"
*include "utility. h"
is include "mol , h"
- include “global h"
- include "label. h"
- include "score. h"
*include “io.h"
*include - io receptor. h."
*include “io_grid. h"
- include "grid. h"
sinclude score_grid. h"
-include “para_grid. h"

GLOBAL global - (0):

main tint argc. char "argv ( , )
t

• General variables tsee header tiles for globally defined variables
• 1 of 95 tº
•,

int i ;
GRID grid = tox i
score_drid score_grid = (0):
scorr Buntp score bump = {0} :
score_coºrpact score contact = to):
score_chemical score_chemical m (0) =
scor E_Engray score energy = to):
LABEL label = (0);
Molecule receptor;

* -
• functions used in the main routine
* 10/95 te
• *

void write program header (void? .
void set_memory_limit twoid) :

* -
• Process command line arguments
• 1949.5 te
•/

commands targc, argv) ;

z
• output program header and user information
• lo te
•/

write_program header tº

* *
• set ceiling on how memory can be dynamically allocated for this run
• 11/95 tº
• *

set_memory_limit ( ) -

* -
• Read in parameters from input file
• 10/95 te
•/

if t + get_parameters

kgrid.
& score_grid.
a score_bump.
*score_contact.

*score_chemical.
*score_energy,
k label

) }

fºrintf f stdout. "Error reading control parameters. An-1 :
exit (Exit-FAILure) :

z -
* Read in vdw definitions
* 10/95 t
• *

if f label. v.dw. flag)
get_wdw-labels tº label...vdw) ;

y
* read in label definitions
* 10/95 te
•/

if t label. chemical. flag)
get_chemical_labels tº label-chemical) ;

z
* Read in receptor coordinates
• 10/95 to
•/

fprintf talobal, outfile, "wnreading in coordinates of receptor. \n");
f flush (global. outfile)
grid. in file = efopen tº rid. in-file_name. * * , global. outfile) :

if tread_receptor
tº score_energy. A label, kreceptor, grid. in-file_name. grid. in file.
label.wdw. flag ki. label. chemical - flag,
label - chemical. flag, label.wdw. flag)
t = true)

fprintf (global. out file, "Error reading in receptor. \n"):
exit (Exit parluRE) :

y

felone tº rid. in-file) :

/*
* write aut receptor coordinate
• 10/95 te
• *

if tº rid-output solecule)
t

fprintf tº lobal. outfile, "wnwriting out processed receptor. \n");

grid. out_file = efopen (grid. out_file_name. * global. outfile) ;

write_aolecule
t

* receptor,
grid. in file_name,
grid. out_file_name.
grid, out_file

J:

follose to rid. out_file) ;

if t score_grid. flag)
t

f*

• read in box coordinates which define the boundaries of the grid
* 10/95 te
• *

fºr intf f global - outfile, "wnReading in grid box information. \n" };
if t t read_box

tgrid. box_file_name, grid. box_com, grid-box_dimension) .
t

tprintf iglobal. outfile, "Error reading box file *s. An".
grid. box_file_name) i

exit tºxiT_FAILURE) :
)

a •
* calculate grid variables
- 10/95 tº
• *

for ti = 0, score_grid. size m 1 : i < *; i --)
t

score_grid. origin■ in a
grid. box_com ( i ! - grid. box_dimension (i) / 2.0,

score-grid. span ( i) =
tint) (grid-box_dimension■ in a score_grid. ºpacing + 1.0) * 1:

score_grid. size "a score_grid. span ti ) +
}

fprintf iglobal. outfile, "--40s : * 84 -8d w8dwin",
*rtumber of grid points per side [x y : ) ".
score_grid. span (ol. score_grid. ºpant 11, score-grid-span 12

fprintf iglobal. outfile. 40s ºadwm",
"total number of grid points". score_grid. size) .

f flush (global. outfile) :

y
* Allocate memory for grids
• 10/95 te

if t score_bump. flag)
t

eral lo-c
t

{void "*} Escore_bump. grid,
score_grid. size " sizeof (char),
“cheagrid arrays".
global. outfile

) i
metaset (score_bump.grid, -t (char) on score_grid. siz

}

if (score_contact, flag)
ecalloc
t

tvoid "") is scor
score_grid. size.
sizeof (short).
"chemºgrid arrays".
global. outfile

contact.grid.

if t score_chemical. flag)
t

-

*" º

Q
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ecalloc
■

(void " ") score_chemical. grid.
label. chemical. total.
size of t float “y.
“chemgrid arrays",
global... outfile

} :

for t i = 0: i < label. chemical. total. i --
ecalloc

■
(void - - )

_grid. size,
size of t float),
“changrid arra
global - outfile

hemical-grid [i].

y

if (score
t

ecal loc
t

energy, flag)

tvold **) k score_energy. avdw.
score_grid. size
sizeof (float),
"chemgrid arrays".
global - outfile

} :

ecal loc
t

twoid " " ) is core_energy-bvdw.
score_grid size.
sizeof (float).
“chemºgrid arrays",
global - outfile

ecal loc
■

(void "") - score_energy.
score_grid. size
sizeof (float),
"chemºgrid arrays",
global. outfile

* calculate score grids
* 10/95 te
• *

fprintf talobal - outfile. wrºenerating scoring grids. An” ) :
f flush iglobal. outfile) :

make grids
t

grid,

contact,
chemical,
energy,

&receptor
! :

a •
* write out grids
• 10/9s te

write_grids

grid,

y

fprintf iglobal - outfile, "wnfinished calculation. \n");

return exit success;

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void write_program header ( )
t

extern GLOBAL. global:

if iglobal - outfile i = stdout)
fprintf iglobal outfile. * \nwn."

- uuuuuuu ccoccocc sssssssf FFFFFFFFF win."
- tru/ uu/ co, cc/ sº a Fry fr/. An
- uu/ cocco.ccc./ scº FF, FFA wri

- uu, utºru, cc, cov sºr rff rf/ ºn."
• uu/ uu/ co, cow ss/ pr; Fry wn”
• ut■ uuuuu/ cc/ ccº sessss, fry frrrrry \nºnvin") ,

else
fprintf tº lobal outfile. **n\n"

- ur (4mutrºuz tomuu ccº (4mccocº tomcc * (4mss? (Orasss? (4=ss? (Omr
FFF (4mffry? (omff \n"

- uu/ uu/ crº cc./ se/ FF/ Fry an
- tru/ cocco.ccc./ se/ fr/ fr/ \n"

- uu, º f 4mur tomt■ uur co, cow \ ss/ rff fr/ \n-
• uu/ tru/ co, cow \ sº a FF/ FF/ wn”

• ? (4muuuuuuu? (0m/ ? (4mccº ■ om/ * (4 scºv v 7 (Om 7 [4m5ssssst ■ ºm/
? (4mpffff:fffff ioma \nwnwn.") ;

fºrintf f global outfile,
• University of california at san Francisco, Dock as \n", pock—version):

f flush talobal - outfile

Io, h

y- • *
* - copyright ucsf. 1997 •/
* - •,

* -
written by Todd Ewing

10/95
•/

** Routines used to read and write molecule data “f

enum FILE_FORMAt funknown. Molz. Pib, xpdb. Ptr. sph):

enum file_ForMAT check_file_extension trille_NAME file_name, int report-error)

int read_aclecule
t

Molecule “mol_orig.
McLEcuit *mol_init.
file_NAME in file_name.
FIle * in file.
int read_source

int write_molecule
t

Mºlecule "molecule,
fi LE_NAME in-file_name,
FILE_NAME out_file_name,
FILE "out_file

* - •f

* * copyright ucsf. 1997 •r
* - •/

* -
written by todd Ewing
10/99
• *

*include "define.h"
*include "utility. h"
tº include "so1.h"
*include “global.h"
- include “io. h"
*include “io_mol2.h"
*include “io_pdb.h.”
*include “io_ptr.h"
*include “io_sph.h"
- include “transform.h"
- include "rotrans. h."

* * * * * */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

enum FILE_forxat check._file_extension
t

file_name file_name,
int report_error

h

t
enum FILE_forMAt format,
char "extension;

format - Unknown;

if t strchr (file_name. " . ")
t

extension a strºchr (file_name, '.' ) • 1:

if t t stromp (extension, "mol.2" | }
tormat a mol2:

else if t is troºp (extension, "pdb”) ;
format = pºib;

else if it strºmp textension. “rpdb" ) )
format = xpdb;

else if t t strcºp (extension. “ptr. ) ,
format a ptr;

else if t t stromp textension, "sph") .
format a sph:

y

if t t format an unknown) tº report-error)
t

fprintf f global, outfile
“warning check_file_extension: \n"
- coordinate files must have a recognized file extension. \n"
- Recognized tile extensions are: mol2, pdb. xpdb. ptr. sphvn") :

}

return format;

** * * * * * * *//// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int read_molecule
t

Motectile *mol_ref,
Molecule “sol-init.
file_NAME in-file_name,
FILE * in file.
irit read_source

enum FILE_Fokkat format:
int return value;

f :
* Determine format of input file
• 2 #96 tº
•/

format a check-file_extension (in-file_name. TRUE) :

switch t format)
t

case Mol.2:
return_value =

read_ºol.2
■

mol-ref.
in-file_name.
in file

} :

break;

case pºdb:
case xpdb.
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return_value =
--

■

mol-ref,
in-file_name.
in-file

} :

break;

case Ptr
return_value =

read_ptr
t

mol ref.
mol-init,
in-fils—name,
in file,
read_source

}:

break:

case sph
return value =

read_sph
t

mol_ref,
in-file_name,
in file

} :

break;

default:
return false;

y
* Initialize accessory molecule information
* 10/26 te

if t t return value == TRUE) kº (format tº Ptri) kº tºol_ret t = null) ;
t

atom_neighbors tºol_ref);

center_of_mass
t

mol-ref->co-ord.
mol ref->total. atoms.
mol-ref->transform.com

} ,

if trºol_init is NULL)
copy_molecule inol-init, mol-ref) :

return return_value;

** f/f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int write_molecule
{

Molecule "molecule,
FILE_NAME in file_name.
FILE_NAME out_file_name,
File “out_file

enum filr_format format:

* *
* Determine format of output file
• 2/96 te
•/

format a check_file_extension tout_file_name, true);

switch (format}
t

Mol.2 :
return

write_mol2
t

molecul

out_file
} :

c

--

pab:
xpabi

return

write_pdb
t

molecule,
out_file_name.
out_file

} :

case Ptr
return

write_ptr
t

molecule,
in-file_name.
out_file

} :

case sph:
return

write_sph
t

molecule
out_file

) i

default:
return false;

/*
written by Todd Ewing
10/95
•,

void read_grids
t

score_Bump “.
score_corrract •
scokE_cHEMICAL *,
score_ENERGY ".
LABEL_cHEMIcal *

} :

void write_grids
t

score_arid ".
score_bump -.
score contact -
scºre_cHEMIcal *.
score_Eurray -,
LABEL_chemical *

score_crip *,
score_Eurip - .
score_corract -
score_chemical *.
score_ENERGY -,
LABEL_CHEMICAL *

};

int read_box
■

FILE_NAME file_name,
zYz center_of_mass,
xyz dimension

} :

Io GRID.c

* * •/
/* copyright Ucsf. 1997 •/
# - •/

/*

written by Todd Ewing
10/35
• *
*include "define-h"
- include "utility-h”
- include "sol. h."
*include "global. h"
*include "search, h"
*include " label - h"
- include * score. h"
- include “io_grid.h"
- include “io_pdb.h."

void read_grids
t

score_a RID •grid.
score BUMP -

score_contact • contact,
score_chen ICAL *chemical,
scor E_ENERGY *energy.
LABEL_chEMical, "label_chemical

y

Io_GRID. H --

* * •/

** copyright ucsf., 1997 •/
* - •/

STRING100 grid_file_name:
FILE *grid_file = NULL;
int i, j. jj. grid_size-check:
int input-var;
strinº.20 *name a NULL;
int gridmum;
int *grid21abel = NULL;

void readgrid_ (char *. int *. float “... int t , , float ( 1.
float i ), float ( ), float I j, char [ ] };

grid->init_flag = TRUE:

y
* check if old grids requ
* 3/96 tº
• *

if tº rid->version « 3.99)

emal loc
t

tvoid " " ) kbump->grid.
grid-> size “ sizeof (char),
"bump array".
global... outfile

emal loc
t

twoid "" ) i.energy->avdw.
grid-x size " siz (float),
* energy grid array".
global. outfile

}:

emal loc
t

(void "" ) i.energy->bvdw.
grid-> size - sizeof (t loat).
* energy grid array".
global... outfile

ji

emal loc
t

(void -*) = energy->
grid->size - size of t float),
“energy grid array".
global. outfile

} :

if t strlen (grid->file prefix) < sizeof (FIte_name))
grid->file prefixt strlen tº rid->file fix} 1 - . . .

els
exit (fprint f (global. outfile,
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energy->atos_model as ‘a’ ” "an all " : "a united' , ;

amal loc
t

(void "" ; *energy->avdw.
grid-x size " size of t float),
*energy grid array".
global. outfile

emal loc
t

twoid "** *energy->bvdw.
grid-> size " size of t float).
"energy grid array",
global - outfile

} :

eaal loc
t

tvoid "" ; , energy->es.
grid--size - size of t float).
*energy grid array",
global. outfile

fºrintf talobal - outfile. - Reading attractive vºw energy grid. An-1 :
f flush (global outfile) i
efread
t

energy->bvdw.
size of t float).
grid--size.
grid_file

} :

fprintf (global - outfile, " reading repulsive widºw energy grid. An”) ;
f flush iglobal - outfile) ;
efread
t

energy->avdw.
sizeof (float).
grid-> size.
grid_file

* ,

fºr intf f global outfi.l
f flush (global. outfil
efread
{

energy->
size of t float),
grid-> size,
grid_file

* Reading electrostatic energy grid. An-1 :

tgrid_file) :

else
t

energy->atom_mºdel -
energy-> attractive_ºxponent a 6:
energy->repulsive–exponent - 12;

y

/* * * * * */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void write_grids
■

score_CRit grid.
score Bºrºp -

scope corrract *contart,
score_chritical *chemical,
score ENERGY *energy,
1-arºl chºir cal. * label_chemical

}
t

int i ;
starrialoo grid_file_name:
r1LE *grid_files

* -

* write out busp grid
• 6/95 te
•/

streat is tropy tº rid_file_name, grid->file prefix). “...be p" :
fprint f (global. cut file. ‘writing general grid info to as \n", grid_file_name):
grid_file = efopen (grid_file_name. global - outfile) ;

efwrite tº grid--size, sizeof (int). 1. grid_file) :
efwrite tº grid--spacing, size of float? . . . grid_file) ;
• furite (grid->origin, sizeof (float? . . grid_file) :
efwrite tarid->apan, size of tint). 3, grid_file) ;

if thump->flag || contact->flag || chemical->flag)
t

fºr intf (global. outfile. ‘writing bump grid to ºsºn’. grid_file_name) ;
f flush (global. outfile?

efwrite
t

bump->grid.
sizeof (char),
grid-> size.
grid_file

}
y

felose (grid_file) ;

a •
• write out contact grid
• 6/95 te
• *

it icontact->flag)
t

streat tstrºpy to rid_file_name. grid->file prefix). “... cnt") +
tºrint■ (global out file, 'writing contact grid to as \n", grid_file_name) :
grid_file a efopen (grid_file_name. “w”. Global outfile) :
f flush to lobal. outfile) :

efwrite tº grid--size, size of tint). l. grid_file) ;
efwrite
t

contact->grid,
size of tshort),

grid->size.
grid_file

};

follose tº rid_file) ;

* *
* Write cut chemical grids
* 12/96 te
•/

if tohemical->flag)
t

streat is tropy (grid_file_name, grid->file prefix), "...chm") :
fprintf talobal outfile. ‘writing chemical grids to as wri", grid_file_name):
grid_file tº efopen (grid_file_name, "w", global. outfile) :
f flush iglobal. outfile, a

efwrite (Agrid-> size, sizeof (int). 1, grid_file) ;
efwrite tº label_chemical-> total. sizeof (int). 1. grid_file) ;

for ti a 0; i < label_chemical->total: i--)
efwrite flabel_chemical->member■ in . name, size of tº TRING20). 1. grid_file) ;

for ti = 0; i < label_chemical-> total: i--)
t

fprintf iglobal - outfile. " writing *s chemical grid\n".
label_chemical->member [i]. name):

f flush (global. outfile) :

efwrite
t

chemical->gridii ),
sizeof (float),
grid->size,
grid_file

y

felose to rid_file) :
y

* -
* write out energy grids
• 6/95 te
• *

if tenergy->flag)
t

streat tstrºpy tº rid_file_name. grid->file prefix). “... nrg”) ;
fprintf to lobal outfile. "writing arºergy grids to *s an”, grid_file_name) ;
grid_file s efopen (grid_file_name, "w", global. outfile) ;
f flush iglobal. outfile) ;

efwrite tº grid->size, sizeof (int), l, grid_file) ;
efwrite (i.energy->atom_model. sizeof tint). 1. grid_file) :
efwrite (i.energy-> attractive_exponent, size of tint), l. grid_file
efwrite tº energy-> repulsive–exponent, sizeof (inth. 1. grid_fil

fprintf tºlobal. outfile. " writing attractive vºw energy grid\n");
f flush (global. outfil
efwrite
t

energy->bvdw.
sizedf (float),
grid->uiz
grid_file

} n

fprintf talobal. outfile. " writing repulsive vºw energy grid\n");
f flush tºglobal... outt Al
efwrite
t

energy->avdw.
sizeof t float),
grid->size.
grid_file

} :

fprintf iglobal. outfile. writing electrostatic energy grid.wn") ,
f flush (global. outfil
efwrite
t

energy->es,
sizeof (float),
grid-> size.
grid_file

} :

felose tº rid_file) :

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int read_box tehar *filename,
xyz cote,
xyz dimension)

t
stringgo line;
file • file.

* -

* open file
* 6/95 te

file + etopen (filename. *rb", global. outfil

* *
* Read in data
* 6/95 tº

fgets fline. 80, file) :
fgeta t line. 80, file) :

if (sscant tº line (25). ** f ºf ºf *, * costol, ºcca■ 11, scom [2] , t = 3)

frn intf fulobal. outfile, "error reading center of mass from box file. \n");
return Fa-s:

fºr intf tº lobal. outfile. **-40s: -8.3 f * 8.3 f **, 3 tºwn",
*Box center of ºa , com (0), com■ 1), com (2) ;

fgets (line, fil

if tº scant tº line (29), "ºf ºf ºf “.
*dimension [01. k.dimension■ 11, ºdimension [2] , t = 2)

fprintf tº lobal... outfile. "Error reading disensions from box file. \n");
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int read_source -

} : -

int write_ptr
t

MoLecule "molecule,
fi Le_riaxe in file_name,
file *out_file

}:

Io_PTR. c

/* • *
/* copyright ucsf. 1997 •/ /*
* - •/ -

** • *
written by todd Ewing
10/25

tº include
- include
- include
- include
*include
- include
- include
-include
-include

"define.h"
“utility. h"
*mol. h."
“global. h."
*io.h"
- io ptr. h."
"vector. h."
"transform.h"
"rotrans.h"

int read_ptr
t

Molecule “mol_ref,
Molecule “mol_init.
FILE_NAME in-file_name.
FILE * in file,
int read_source

int i. 1;
int read_flag m FALSE:
char * line a null;
char *token;
string 20 field:
FILE * source_file - null:
static FILE_NAME previous_file_name:
static FILE *previous_file = NULL;
Molecule temporary = {0} :

reset_molecule tº temporary, a

* -
* check if termination requested
* 5/97 te
• *

if t (mol_ref -- null) tº
t

if iprevious_file tº null.)
efclose tº previous_file) :

(mol-init as null.) )

return eo

/-
* Read in line of data from file
* 6/96 te
• *

if t w fºets
return e

tº line. in-file) ;

each data item in line, one at a time
- 10/96 te
• *

for t token = strtok twhite_line tiine). " " ) toke
token a strº-ox thºut.L, * * }}

t
**

* Read in file name containing source molecule
• 10/96 te
•/

if tº stromp tºtoken. --FILE-- ) ,

if (token a strtok trull. * * } }
vstropy tºmol ref->info.source_file. token) ;

else
exit t fºr intf (global outfile.

• ERror read_ptr; Missing ºr Ilex data in ºsvn", in-file_name) ) ;
y

y -

- Get file position
10/96 te

• *
else if t t stromp (token. *-FPos-" ºr
t

if t token a strºok thrull, * * } }
sol ref->info, source_position = atol (token):

* -
else -

exit (fprintf iglobal - outfi le. -

*ERRoR read_ptr. Missing ºf Pos data in “sºn”, in-file_name) : • *
y

* *
* if the source file is not to be read [chemical screen run) , * -
* then be sure to read in the molecule name, description and screen keys
• 11/96 te

if t t read_source)

* *

- read in file name containing source molecule
- 11/96 tº
•/

if t is troºp itoken. "-name> *) )
t

if t token a strºok invli... * *) )
vstropy (amol ref->info.name, token) ;

else
exit t fºrintf fulobal. outfile.

* ERP or read_ptrº Missing -NAME- data in -sun". in-file_name}} :

Read in file name containing source molecule
11 fºg te

else if
t

tº strcmp (token. --DEscrº-" , ,

if (token a strtok (null, * * } }
vstrºpy tºmol_ref->info.comment, token):

else
exit ºf printf (global outfile,

*ERRoR read_ptri Missing “Descrx data in sºn".
in-file_name}} :

check if chemical key information is present
10/96 tº

if t t stromp (token. --xEY-*

if t token a strºok (NULL, * *) )
mol-ref->total. keys = atoi (token):

else

exit (fprintf iglobal - outfile.
* * * * Missing -rryx data in pointer file. \n") , ;

real locate_keys (mol-ref) :

if it (token a strtok (null, " " ), *~xfold»”) ;
exit t fºrintf (global outfile.

* ERRoR read_ptrº Missing ºxfold» field in vsºn*,
in file_name}} :

I streap tºtoken.

if (token = strº-ok (null, " ") ,
mol-ref->transform. fold-flag. = atoi (token) ;

else

exit ºf printf (global. outfile,
• ERRCR read_ptr; Missing ºxfold» data in wavn",
in-file_name));

if inol_ref->transform. fold-flag tº TRUE)
t

mol-ref->total. atoms -
mol ref->transtorm. heavy-total =
sol_ref-> total. keys

eal locate_atoms (mol-ref} :
y

for ti = 0: i < mol-ref->total. keys; i--)

sprintf f field, *-x1-d-. i - 1) :

if t , (token a strtok (NULL. " "), I stremp (token, field) )
exit ºf printf (global outfile

*ERRoR read_ptr.: Missing as field in ºswn",
field, in-file_name) ) :

if (token a strºok trull. • *) )

if tºol_ref->transform. fold flag is True)
mol ref->atom■ in , chem—id = atoi ttoken) :

}

els
exit (fprintf talobal... outfile.

“ERROR read_ptr. Missing as data in wavn".
field, in-file_name) i

for ti = i ;
t

j < mol_ref->total. keys: j--

sprintf f field, *-x Jºd-*. 3 - 1) :

if t t t token = strtok (NULL, * *) ) || strcmp (token, field) )
exit (fprintf tºglobal outfile,

• ERRoR read_ptrº Missing as field in as wn".
field, in-fi le_name}} :

if (token a strºok trull. • *) )
mol ref->key■ i , [j]. count = atoi ttoken):

else
exit t fºrintf (global... outfile.

• ERRoR read_ptr.: Missing *s data in -swin".
field. in file_name));

if (token a strºok (null, " " ) )
mol ref->keyi i ! I j . . distance a strtoul (token, null., 16) i

else
exit (fprintf tº lobal.. outfile,

• ERRoR read_ptr; Missing *s data in º
field, in-file_name) ) :

continue;

ged to hold itskip other initialization into if no data structure was p
10/96 te

if (sol_init as null)
continue;

check if rota trans information is pr
10/96 tº

else if f l strcmp (token,
t

**Trans» : ) )

temporary. transform. flag • True:
temporary. transform. trans_flag a TRUE:

for (i = 0: i < 3; i--)

if t token a strtok intºll., " " , )
temporary. transform. translate lil - at of ttoken) ;

els

exit (fprintf f global. outfile.
• ERP or read_ptrº Missing “TRAns” data in as an”.
in-file_name}} :
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if tº strcmp (token. --Rot--,

temporary. transform. flag - TRUE:
temporary. transform. rot—flag a TRUE:

for ti = 0; i < *; i--)

if t token a strtok (null. * *) )
temporary. transform. rotate■ i 1 m atof (token) ;

el
exit t fºrintf (global. outfile,

*ERror read_ptrº Missing “Rotº data in
in-file_name) l ;

* check if torsion information is pr
- 10/96 te
•/

if t strcmp tºtoken. --Tors-- ) ,

temporary. transform. flag a true

if t token a strtok (null, * *) )
temporary, total .torsions in atoi (token) :

else
exit (fprintf tº lobal outfile.

* ERRop read_ptrº Missing ºtors, data in -sun".
in-file_name), ,

if t t (token = strtok (NULL, ' ' ' ) || strcmp (token. --TANCHOR-'),
exit (fprintf (global. outfile,

* ERRoR read_ptrº Missing -TAnchorx field in vswin".
in-ti le—name} . .

if t token a strºok trull, " " ? )
temporary. transform. anchor_atom - atoi (token) - 1:

else
exit ºf printf tº lobal. outfile

*ERFor read_ptr.: Missing ºtarºchoro data in -swn".
in-file_name) y :

if t temporary, transform, anchor_atom - 0)
temporary. total. torsions = or

if (temporary. total. torsions » 0)
■

temporary. transform. tors_flag = TRUE.
real locate_torsions (*temporary) i

for ti = 0: i < temporary- total. torsions: i--)

sprintf t field. *-ttax *. 1 - 1) :

if t t t token a strtok trull. " " ), stremp (token, field);
exit t fron intf tº lobal outfile.

• ERRoR read_ptrº Missing vs field in as an”.
field, in-file_name) .

if t token a strºok (NULL, * *) )
temporary. torsion■ i J. bond_id = atoi (token) - 1 :

else
exit if printf iglobal. outfile.

*ERFor read_ptr; Missing ºs data in wavn",
field, in-file_name) y :

if t token a strtok (null. • * } }
temporary. torsion■ i ! ... target_angle = atof (token) * PI # 180.0:

else
exit (fprintf (global. outfile.

"Error read_ptrº Missing as data in -swin",
field, in-file_name}} :

)
y

y

y
* check if reflection information is pr
- 10/96 te

else if t t strcºp (token. --REFL-- )

if (token a strº-ok (null., " " ),
temporary. transform. refl_flag. = atoi (token; a

else

exit (fprintf fulobal - outfile.
* EPROR read_ptr; Missing “Reflix data in -swn",
in-file_name) 1 a

if t temporary. transform. refl_flag. == True)
temporary-transform. flag • TRUE;

efree ( (void "*) aline) -

/*
* check if molecule file and position were read
* 10/96 te
•/

if tº stre+p tºol_ref->info. source_file, “’ [|
(mol ref->info. source position < 0).)
exit tº printf to lobal outfile

*ERROR read_ptr.: Missing ºf Ile-> and/or ºf Posº field in -sºn".
in-file_name) i

if tread_source)

f
- check to if the current file is still open
• 6/96 te

if t t strcrºp (mol_ref->info. source_file, previous-file_name) )
source_file * previous_file;

source_file * of open traol-ref->info. source_file, "r". global. outfile) i
strºpy (previous_file_name, mol-ref->info. source_file) :

if torevious_file tº null)
efclose (4-previous_file) :

previous-file * source_file:
h

* Read in molecule
* 10/96 te

fseek isource_file. mol-ref->info.source_position, seek_set) ;

read_flag a read_molecule
imol_ref, mol-init, mol—ref->info. aource_file, source_file, false)

if t fread_flag = TRUE) I (mol_init == truly 1
return read_flag;

if (temporary. transform. flag == TRUE)
■

copy—transform taol-init. *temporary):

if (temporary. total. torsions » 0)
t

copy—torsions (mol-init, ktemporary) ,
revise_atom_neighbors (mol_init) ;
get_torsion_neighbors (sol-init} .

)

center_of_ma

mol init->coord,
mol_init->total. atoms,
mol-init->transform.com

- Generate initial coordinates based on transformation specified in input
- 7/96 te

transform molecule isol_init, mol_ref) -

else if (mol-init tº NULL)
copy—molecule (mol—init. sol—refix -

free_molecule tº temporary);
return true;

* * */////f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int write_ptr
■

Molecule "molecule,
FILE_NAME in-file_name,
FILE *out_file

int i, j :
char *word - null:

/*
* output molecule identifiers
* 10/96 te
•/

fprintf tout_file. --rox *d", molecule->info.output-id)

if trºolecule->info. input id i = NEITHER)
fprintf tout_file. * *sºcio- ºd", molecule->info. input-idx i

fprintf tout_file. * *name> *s-,
subst_char (vstrºpy tº word, molecule->info.name). ' '. '-' ) l ;

fprintf tout_file. * *DEsch
subst_char (vs trºpy tº word, molecule->info.comment). * *, *-*) )*

efree i (void "") tºword);

* *

• Cºutput source file name and position
• 6/95 te
• *

if timolecule->info... source_file)
t

molecule->info.source_file) :
molecule->info. source_position):

fprintf tout_file. * *prle
fprintf tout_file. * *FPos>

else

t
fprintf tout_file. * * FILEx *s", in file_name) :
fprintf tout_file, " - FPos- ºd", molecule->info. file_position):

y
* output chemical keys
* 1/97 te
• *

if timolecule->total. keys > 0)
t

fprintf tout_file, " ºr EY war, molecule->total. keys) :
fprintf tout_file, " <xfolpx *d", molecule->transform. fold-flag)

* Write out each chemical key
* 1 1/96 tº

for ti = 0; i < molecule->total. keys: i - - )
t

fron intf tout_file, " <riºd-". i - 1) :

if taolecule->transform. fold flag == True!
fprintf tout_file. * *d", i.) :

els
fprintf tout_file. * *d", molecule->atomi i ! ... cheta_id} :

for ti = i, j < molecule->total - keys, j--)

fprintf tout_file, " ºr Jºd-", 5 - 1
fprintf tout_file. * *d", molecule->keyti i ■ 51. county .
fprintf tout_file. * *lr”. molecule->keyti i ij , , distance) ;

frnintf tout_file. * *END-wn") :
return true:
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flex_file = efopen t label_flex->file_name. “r”. Global. outfile) :

* -

* count up the number of flex label declarations and definitions,
* then allocate semory
* 6/95 te
• *

for t label_flex->total a definition_count in or fgets (line, 100. flex_file) ; )
t

if it strincimp t line, "name*, 4) )
label_flex-> total * * *

if (! strincmp (line. “definition", 10} )
definition-count + -:

y

rewind (flex_file) ;

definition_total a definition_count;

ecal loc
t

tvoid "“” tº label_flex->membe
label_flex->total - 1,
sizeof (flex_MEMBER),
“flexible bond labels",
global. outfile

} :

ecal loc

t
twoid " ") a label_flex->definition.
definition_total,
sizeof (not E) ,
* flexible bond label definitions",
global. outfile

} :

strºpy tºlabel_flex->member 10, name, “null" . .

z -
* read in the atom label definitions
* 6/95 te
•,

for t label_flex-> total = 1. definition_count a definition_total a 0:
fgets { line, 100, flex_file) ; )

y
• Proc flexible label declaration
• 6/9s te
•/

if t is trncrºp i line. "name*, 4) .

if t label_flex-> total - 1)
t

if t label_flex->member■ label_flex->total - 1 1. drive_id == Neither)
exit (fprintf (global outfi le.

* EPRør get_flex_labels: Missing drive_id parameter in -sºn",
label_flex->file_name, , ,

else if t label_flex->member■ label_flex->total - 1). minimize-flag ==
nEITHEry
exit fprintf talobal - outfile,

• ERRoR get_flex_labels: Missing minimize parameter in as wn",
label_flex->file_name}} :

else if tdefinition_total tº 2)
exit (fprintf f global. outfile,

*ERRoR get_flex_labels Incorrect number of definitions in *.svn".
label_flex->f 11 e_name}} :

}

label_flex->membert label_flex-> total - 11. definition_total =
definition_total :

label_flex->membert label_flex-> total 1. definition =
* label_flex->definition (definition_count] .

definition_total = 0:

if isscant
tline. ***s ... label_flex->membert label_flex-> total j . name) - 1)

t
frn intf iglobal - outfile.

• Incomplete label_flex->member declaration. \n" };
exit (Exit FAILUre) :

)

* -

- convert flex label name to lower
- 6/95 tº
•/

for ( i + c, i < strlen t label_flex->member (label_flex-> total j . name) ; 1--)
label_flex->member■ label_flex-> total name (i) =

■ char) to lower label_flax->member■ label-flex-> totall. name 11

label_flex->total ** :

label_flex->member■ label_flex-> total - 1) . drive_id = heit HER:
label_flex->membert label_flex-> total - 11...minimize–flag • NEITHER:

y

y
• Process label_flex->member search identifier
- 10/9's t
-/

else it strnemp (line, “drive_id". 6) )
sacant

tline, a *d", l. label_flex->membert label_flex-> total - 1 J-drive_id) :

/*
• process flex label minimize flag
* 10/95 te
•/

else if t strncrºp line, "minimize”. 8) ;
as cant

tline. *** a vid”,
a label_flex->membert label-flex-> total - 1 1-minimize—flag) :

* -

- flex label definition

•/
else it tº strnemp trine. "definition". 10}}
t

strºok twhite_line (line), * * * *

if tº assign_node
tº label_flex->definition (definition—count). TRUE) ,

t
tprint■ (global. outfile, "Error assigning tiex label definitions. \n");
exit tex IT_FAILURE) :

definition_count---
definition_total

y
y

/*

* Update last flex label info also
• 6/95 to
•/

label_flex->member■ label_flex->total - 1 1. definition_total a
definition_total:

et close tº flex_file) :

w
* Assign search torsion parameters if requested
* 10/96 t
•/

if t label_flex->drive_flag)
get_flex_search i label_flex):

**
* Print out the flex label and their definitions
• 6/95 te

if iglobal. output-volume * * 'w')
t

fprintf (global. outfile, "wn flexible_Bond_Label—Definitions \nvn") ,
for ti in or i < label_flex-> total i i - - )

fprintf (global outfile. **n") ;
fprintf (global. out file. **-20s as wri", "name",

label_flex->member■ in - name) :
fprintf tº lobal outfile, 20 seawn”, “drive_id".

label_flex->member■ i 1. drive_id} :
wdwr.", "minimize",

label_flex->member■ i J. minimize–flag):

fprintf tºlobal - outfile, 20s-dvn". "positions".
label_flex->member [i]. torsion_total) :

fºr intf iglobal. outfile.
for tº * 0: j < label_flex

fprintf fulobal - outfile,

20s". "torsions" ºr
member i ij . torsion total : ;--)
*g "... label_flex->member i i ! ... torsion■ j 1, 1

frr intf iglobal. outfile. *wn" : :
for j = 0: j < label_flex->member ■ il. definition_total, j--)
t

fprintf fulobal. outfile, 20s". "definition” ) a
print_node (* label_flex->member [i]. definition■ j} . 01:
fprintf (global. outfile, * \n");

)

fprintf talobal. outfile, "wn") ;
y

fprintf talobal. outfile. **n\n");
}

• *

return true:

* * * * * * *//// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void free_flex_labels (LABEL_FLEx * label_flex)
t

int i, j :

for ti = 0, i < label_flex->total i i--)

efree t (void "") is label_flex->membertil... torsion) ;

for ti = 0: j < label_flex->membert 1) . definition_total : ;-)
free_node tº label_flex->member (i) . definition■ 3 l ; ;

}

efree t tvoid -** *label_flex->member) :
efree t (void "** *label_flex->definition) ;

f* f * * * *//ff/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Program to read in torsion. defn
11 fºº Yax sun
10, 96 edited by Todd Ewing

f / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / fºr ºf f// / / / / / / / / / / / / / / / / / "f

int get_flex_search (LAREL_PLEx *label_flex)
t

int i, j : ** counter variables */
5TRrnºloo line; ** string used to compose output "a
char *token:
FILE *search_file;

int drive_id:
int torsion_total;
float "torsion a null: ** temporarily hold the torsion values "a

search_file = efopen t label_flex->search_file_name, "r", global. outfile) :

while if gets (line, 100, search_file) )
■

token = strºok (white_line t line), * *)

if tº strºmp tºoken. “drive_id" )
t

if t token a strtok in JLL, * * , )
drive_id = atoi (token) ;

exit (fprintf (global outfile.
*ERRoR get_flex_search: search_id value not specified in -swin",
label_fle rch_file_name) ) :

if fgets (line, 100, search_file) ||
! (token a strtok (white_line thine), * *) ) ||
streap (token, "positions") ,
exit (fprintf to lobal. outfile,

*ERRoR get_flex_search: Positions field doesn't follow Id in
label_flex->search_file_name} ).

if f token a strºok inull, " " , )
torsion-total * atoi (token) ;

-
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molecule->atos (molecule->torsion (i). origin). name.
molecule-> atom (molecule->torsion■ i ! ... target name,
molecule->atom (molecule->torsion | 1 , , target_neighborh.name,
molecule->torsion■ i 1. current_angle / PI "

-

label_flex->member■ molecule->bond (bond_id, flex_idu. torsion_total.
molecule->bond bond_id]. flex_id 7

label_flex->member (molecule->bond (bond_id]. flex_id, - name :
* Inflexibl.

);
)

if (label_flex->drive_flag)
tprintf f global. outfile, "wn total conformations for *s advin",

molecule->info.name, conf total

** * * * * *////// / / / / / / / / / / / º // / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

subroutine to identify all bonds in rings.

11/96 te

f / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "/

void detect_rings tºolecule "molecule)
t

int i. 3:

int next_atom-level tint. int, int. Molecule *):

* *

* Reset atom flags and bond ring flags
* 4/97 te
•/

for ( i u or i < molecule-> total. atoms: 1+-)
molecule-> atomi i ! ... flag = 0;

for t i = 0: i < molecule->total .bonds; i - - )
molecule->bond■ in . ring-flag = 0;

y
* Identify ring bonds
* 4/97 te
•,

next_atom-level (1, 0, 0. molecule):

**
* Also identify bonds specified in Rigid set, if present
* 4/97 te
•/

for ti = 0; i < molecule->total. sets: i - - )
t

if t imolecule->set [1]. name t = NULL) as
t strcmp trºolecule->set [i]. name, “RIGID"))

t
if t timolecule->set i ij - type t = NULL) +4.

t strcrºp imolecule->set i ij . type. static" )

if t (molecul tº i ! .obj_type tº null} &=
+ stromp tºolecule->set (11. obj_type. "Bonds")

t
if isolecule->set i i ! ... member_total - 0)
t

for ti = 0, j < molecule
t

t{i} , member_total :

if t (molecule->setti . . member j] x = 0) **
(molecule t [i] member 15) « molecule->total .bonds) :
molecule->bond (molecule->setti ).sember (31) - ring flag • True:

else
exit (fprintf (global. outfi le.

* ERRoR detect_rings: RIGID set contains invalid bonds an”) ; ;

j

else
exit t frr intf to lobal. out file.

*ERRoR detect_rings: RIGID set emptywn") , ;
y

else
exit t frr intf falobal - outfile

"Error detect_rings: RICID set must be bonds sub_type \n") , ;
}

else
exit t fron intf to lobal. outfile

*ERRoR detect_rings: RIGID set must be static typewri" . . ;

**
for ti = 0; i < molecule->total -bonds; i--)

if (molecule->bond■ il. ring-flag)
fprintf fulobal. outfile, “Ring bond -d as -swn", i < 1.

molecule-> atom (molecule->bond■ i , , origin). name
molecule-> atom (molecule->bondt i ! ... target). Iname):

** / 1 / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Recursive subroutine that traverses all atom linkage paths in a molecule.
The level of recursion is recorded for each atom as it is traversed
The recursion level is reported back. unless an atom is re-encountered
during a higher level of recursion: then, the level of the previously
atoms is reported.

A ring bond is identified when an atom is linked to an atom previously

4/97 tº

a far f// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int next_atom_level
t

int level.
int current_atom,
int previous atom,
Molecule *molecule

int is
int bond id: /* Bond id linking current neighbor */
int neighbor_flag, f* flag of neighbor atom */

/*
* If the current atom hasn't been flagged, then check the flags
* of its neighbors
• 4/97 te
•/

if tºmolecule->atomicurrent_atom) - flag as on
t

molecule->atom■ current_atom). t1aq = level;

for ti = 0; i < molecule->atom■ current_atom, .neighbor_total: i--)

if (mol i rent_atom). ti 1. id is ious_atom)

neighbor flag =
next_atom_level
t

level - 1.
molecule->atos (current_atom). neighbor■ in - id.
current_atom,
molecule

} ,

if (neighbor_flag «a level )
t

bond_id = molecule-> atom■ current_atom, -neighbor ■ il-bond_id:
molecule->bond■ bond_id]. - ring-flag a TRUE,

}

if (neighbor_flag « molecule->atom■ current_atom) - flag)
molecule->atoat current_atom). flag = neighbor_flag:

y

return molecule->atom■ current_atom) . flag:

a • **** * * * * * * * *//// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/

int check_peripheral_torsion
t

Molecule *molecule,
int torsion_id

}
t

int atom_id;

atom_id = molecule->torsion■ torsion_id). origin_neighbor:
if (molecule-> atom■ atcm_id! . heavy-flag. == FALSE)

return True;

atom_id = molecule->torsion ■ torsion_id). target_neighbors
if (molecule-> atomi atom_id. . heavy flag FALSE)

return tru

return false;

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f
/*
Routine to assign torsions to segments and segments to layers.
It also loops through all anchor fragments.

Return valu
True successful identification of anchor segment
Eof unable to identify any more anchor segments

12/96 te

•/
* * * * * far w/r/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int get_anchor

Label_Flºx * label_f 1
Molecule *mol_init,
Molecule **ol_anch,
int anchor

}
t
* -
* Initialize variabl
• 12/96 te
- *

if t anchor ºn 0}
t

* Assign flexible labels
- 12496 te
•/

if t label_flex->flag)
t

mol init->transform. tors_flag • False:
assign_flex_labels (label_flex, mol-init) :

if taol-init->total. torsions - label_flex->max_torsions)
t

if ■ olobal. output volume 1 = tº
fºr intf f global. cºutfile, “skipped -s tºd rotatable bonds). \n".

mol-init->info.name, mol_init-> total. torsions) i

return tor;
}

}

get_segments (sol-init} :
copy_molecule tºol—anch, mol-init} .

)

* -
* Exit if return visit, but multiple anchors not requested
* 12/96 te
• *

else if tº label_flex->sultiple-anchors)
return EJF';

else
copy_segments (mol_anch, mol-init} :

* -
* Find next anchor
• 12/36 tº
• *

if (get_anchor_segment (label_flex, mol_anch, anchor) + = True)
return eor;

initialize_segmenta (label_flex, sol_anch):
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initialize—anchor_layer (label-flex, mol-anch) :

return true:

** ***** *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * r */////, // / / / / / / / / / / / / / / / / / / / / /

Routine to divide a molecule into rigid segments.

11 fºº te

// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / - ?

void get_negments (molecule “mol_inity
t

int i, j :
int atom_id: * - Atom id -/
int bored id: * * Bond id -/
int torsion_id: ** torsion id “f
int origin: ** origin atom id “f
int target; f* target atom id "f
int segment: /* current segment id “f
int neighbor: f* Neighboring segment id “r
int neighbor_id: /* current position in neighbor list -/

static search search - to):

* -

* Allocate more than enough space for segments
* 1 1/96 tº
• *

mol init->total. segmenta = mol-init->total. torsions + 1,
real locate_segments (mol-init) ;

for ti = 0: i < mol-init->total. segments; i-->
t

mol-init->segment | 1 , , atom_total = mol-init-> total. atoms;
mol-init->segment [i]. neighbor_total * mol-init->total. torsions;

real locate_segment_atoms tºmol_init->segsent ( i I :
reallocate_segment_neighbors (amol_init->segment (i) ) :

reset_segment (amol-init->segment■ i J J

a
* Identify rigid segments separated by rotatable bonds
* 1 1/96 te
• *

for
t

i = mol_init-> total. segments = 0,
breadth search
t

rch,
mol init->atos,
mol init-> total. atoms,
get_atom_neighbor.
null,
ai. 1, neither, i.

} t = rºof;
i --

earch_origin tº search. NEITHER, NEITHER. NEITHER) :
earch_target tº search, nEITHER. NEITHER, nEITHER)

origin a get_
target n get_

* If this is the first atom, then initialize segment list only
- 11/96 te
•,

if t i == 0.)
t

mol-init->atom■ target 1. segment_id = 0:
mol init->segment (0) . atotº [0] = target:
mol init->segment (0) . atom_total = 1:
mol init-> total. segments - 11
continue;

}

* -
• check if this linkage is a rotatable bond
• 11, 96 te
• *

for
t

j = 0, torsion id - NEITHER:
t1 … mol_init-> total, torsiona) is (torsion_id as NEITHER} :
j--

)
if (mol-init->torsion (3) - flex_id 2 0}
{

bond_id = mol-init->torsion i: ) . bond_id:

if t t tºol_init->bond thorid_id). origin -s origin) ki.
(mol init--bond■ bond_id]... target == target, ||
t (mol init->bond■ bond idl - origin -- target) ki.
tºol init->bond■ bond_id, target == origin) ))
torsion_id = j :

y

/*
• If the link is flexible, then increment the segment total.
• update the segment neighbor lists and atom list, and atom segment id
• 11 fºg te

if ■ torsion_id i = NEITHER,
t

segment a mol init-> total. segments • * :
neighbor = mol init->atom■ origin) segment_id:

neighbor_id - mol_init->segment (segment 1. neighbor-total :
mol init->segment taegment neighbor (neighbor-id! - id – neighbor:
mol init->segment segment j . neighbor-total * * :

neighbor id a mol init->segment (neighbor) neighbor-total;
mol in it->segment■ neighbor, neighbor (neighbor-id! . id a segment:
mol init->segment (neighbor). neighbor_total **t

atom_id a mol init->segment (segment . . atom_total
mel init->segment (segment, atont atom_id) = target:
mol init->segment tsegment) - atos_total **

mol-init-> atomi target) - segment_id = segment:

mol init->segment (segment) . periph_flag =
moi-init->torsion■ torsion-idl - periph_flag:

* otherwi
* 1 1/96 te

, update the segment atom list and atom segment id

•,
else
t

segment * mol_init->atomiorigin). segment_id:

atom_id a mol-init->segment segment). atom_total :
mol init->segment (segment) - atom■ atom_id! - target:
mol-init->segment is sqment! ... atom_total * * *

sol-init->atom■ target] ... segment_id a segments
)

}

y
* Determine the size of each segment
* 1 fºr te
•/

for ti = 0; i < mol_init->total. segments: i--)

t mol-init->segment til. heavy—total = or

for ti = 0, j < mol_init->segment (11. atom_total a j--!

t atom_id a mol-init->segment ii.). atom■ 3.1 :

if inol-init->atost atom_id! . heavy-flag ºn TRUE)
sol-init->segment til . heavy-total ***

}

if tº lobal - output—volume ** "v",

t fprintf (global. outfile, "wninitial segments\n");

for ti u or i < mol-init->total
t

fprintf talobal. outfile. " segment *dºn", i + 1} :
fprintt (global. outfile. " neighbors : " ):

egments, i-º-)

for tº * 0: j < mol_init->segment (i.1, neighbor_total : j+-)
fprintf iglobal outfile. * *d".

mol-init->segment■ in . neighbor lil. id - 1) :

fprintf tºlobal. outfile. *wn atoms : * * :

for tº - or i < *ol_init->segment til. atom_total: j--)
fprintf iglobal - outfile

-

mol-init->atom Imol-init->segment til . atom■ 311. name):

fprintf iglobal... outfile, "\n");

** f f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

routine to identify segments to use as anchors.

Return valu
TRur next anchor found
Eof: unable to find any more anchors

12/96 te

// f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "a

int get_anchor_segment
t -

LABEL_FLEx * label_f 1
Molecule *molecule,
int anchor_count

int i ;
int size:
int anchor_found = False; /* Flag for whether anchor found */

if t t anchor_count - or
i label_flex->multiple-anchors == FALSE) )
return top;

y -
* check if an anchor was specified in input
* 1 #97 te
•/

for i = 0; 1 ºr molecule->total, gets: 1 - +}
if it strcrºp tamolecule->set i ij . name, "anchor" , )
t

if
t

tanchor_count an 0) * *
tsolecule->set■ i ! ... member 101 x = 0} + k
isolecule->setti . . member i o) • molecule->total

molecule->transform. anchor_atom a molecule->set [i]. member [0]
anchor_found = TRUE;

}

else
return rºof;

* -
* If multiple anchors allowed. then find the next segment
* that satisfies the anchor size cutoff
* 1/97 te
• *

if ■ (anchor_found == FALSE) as
i label_flex->multiple anchora as TRUE) )

for
t

anchor_found = false.
i = t anchor_count - or *

molecule->atom (molecul
tanchor_found -- false) . .

i i < molecule-> total. segments) i
i--

>transform. anchor_atoml. segment_id - 1 - 0:

if t tºolecule->segment til . heavy total -
molecule->segment■ i ! ... neighbor_total} > *
label_flex->anchor_size)
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clique *pta,
clic ºr “ptb

return tipta->residual == ptb->residual) 0 :
tipta->residual - ptb->residuals f 1 ; -1.1 :

f* frazzazza ºf a fºr fºr a yazz//www.zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

routine to generate ligand orientations by finding subsets of
ligand atoms to superimpose on receptor site points.

1. at start, no nodes are in clique. and all nodes are available
in clique adjacency list.

2. Successive nodes are taken from the initial clique adjacency list
to seed the clique.

3. A new adjacency list is formed by the intersection of the previous
adjacency list and the new node adjacency list.

4. The clique is grown in a depth-first fashion until no more nodes
are available in the adjacency list. If the clique is large enough.
it is returned as a match.

5. Backtracking is implemented by successively removing nodes from
the clique to try alternative nodes from the previous adjacency list.

6. when backtracking has exhausted all nodes in the clique and all
nodes in the initial clique adjacency list, then matching terminates.

return values :
True; suitable match found
ecri no more matches can be formeed

11/96 te

*** * */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int match_distance (Match "match)
t

int i, j : /* counter wariable */
Erxle edge: ** Edge under consideration "/
Etx-E iºdge. 3 edge: ** Edge comparisons */
int valid_clique; ** flag for whether an valid_clique found */

int match_chirality tºtatoh "... int) ;

f*

* If a prior clique existed, then era
* decresent the clique size
* 11/94 tº
•,

if taatch->clique-edge_total - 0,
t

match->clique. edge_total.-->
match->clique. edge (match->clique. edge_total j . node = 0;
match-> clique-edge (match->clique. edge_total j . residual = or

y

* -
* Perform clique detection until valid clique is found
* 1 1/96 tº
•,

for tvalid_clique = FALSE, ºvalid_clique: )
■

**

* can we expand the current clique? check if :
1. The clique is smaller than the maximum size
2. There are unused nodes in the clique adjacency list

- 11/96 te
• *

if
t

(match->clique. edge_total & match->clique_size sax) .4
(satch->adjacent (match->c lique, edge_total 1 -

match->clique_adjacency total imatch-> clique. edge_total)
)
t

* -

- Identify the next adj nt node and increment the adjacency list
- 11/96 te
• *

edge in match-> clique_adjacency-list
(match->clique. edge_totall
imatch->adjacent (match-> clique. edge_total 1 - “I

/*

- stage 1: The node is geometrically feasible. if
- 1. The node pa a the critical cluster filtern
- a. The filter is not requested, or
- b. The filter indicates valid node, AND
- 2. The clique has proper chirality:

-

- c. The chirality of the new clique is correct, or
- d. The ligand is allowed to be reflected
- 11/96 te
•/

it.
t

t
* match-> critical_flag ||
it (match-> clique. edge_total == 0) **

match->critical_filter [o] (edge. model) ||
( imatch-> clique, edge_total * 0) & 4

match->critical_tilter
imatch->receptor site. atom

[match->c lique. edge [match->clique. edge_total - 1 1. node /
match->ligand-center. total. atcas) . subst_id - 11 ■ edge. node! ) )

} &
t

tmatch->chiral_flag
(match->clique. edge_total t = 3) ||
1 (match-> clique. reflect_flag is match_chirality tºmatch, edge. node) ;
match->reflect_flag

}
}
t

**

- STAGE 2: The node is worth adding. if :
- 1. The current node isn't forming a redundant clique:
- a. we don't care, or
- b. It the first in the clique, or
- c. The node is numerically above the previously added node. and
- 2. The current node pa the chemical tilter
- a. The filter is not requested, or

-

f

* -

•/

y -

a. The filter indicates a valid node
11/96 to

it.
t

taatch->degeneracy flag
timatch->clique. edge_total
tºdge-node - match->clique. edget match->clique. edge_total - 11. node)

! sk

! match->chemical_flag ||
match->chemical_filter ■ edge. node)

Record the node in the clique and increment the clique size.
Also, document the finding of a clique of this size.
and er the record of the next larger one.
11/96 tº

match->clique. edge (match->clique-edge_total **) = edge:

if tºmatch->degeneracy-flag)
t

match->degenerate (match->c lique. edge_total - 11 = true
match->degenerate imatch-> clique-edge_total j = False:

construct an adjacency list for the new clique
11 *36 te

tor
■

i = j = match->adjacent (match->clique. edge_total} =
match->clique_adjacency total [match->clique - edge_total = 0:

ti < match->clique_adjacency total Iratch-> clique. edge_total - 111 ki.
tj < match->adjacency total ledge. nºdel 1 :

ledge - match->clique_adjacency list
I match->clique. edge_total - 1) [i] :

jedge a match->adjacency list I edge. node) [3] :

if tiedge-node - i.edge. node)
3--.

else if tiedge. node < jedge. node)
1--,

el
t

match->clique_adjacency-list
imatch->c lique. edge_total)
tºmatch->clique_adjacency total (match-> clique, edge_totall -- 1 =

residual j : i.edge - jedge

If this node fails stage 2 check. then for the sake of degeneracy
checking, record that this clique "could" have existed
11/96 te

if (match->degeneracy-flag)
match->degenerate imatch->clique-edge_total 1 = true:

If we cannot expand the current clique, then process it.
10/96 te

else if taatch->clique-edge_total x 0,
■

compute residual of clique and check its validity
1/97 te

for ti = match->clique. residual = 0; i < match-> clique. edge_total i i - -]
match->clique, residual =

MAx (match-> clique. residual. match-> clique. edge [i] - residual) :

This clique is sufficient for generating an orientation. if :
1. The clique is large enough.
2. The clique pas the degeneracy filter

a. The filter is not requested, or
b. The filter indicates the cliqe is not degenerate

11/96 te

if
t

tmatch->clique, edge_total -- match->clique_size-min) k
tº match->degeneracy flag ||

* match->degenerate (match->clique. edge_totally ki.
(*atch->clique. residual -

t (match->cycle - 1) * match->distance_tolerance; )

valid_clique - TRUE:

otherwise, erase the last node and decrement the clique size
11; 96 tº

else
t

match-> clique. edge_total.-->
match->clique, edge (match->clique. edge_total 1. node * 0:
match->clique. edge imatch->clique. edge_total j . residual = 0:

}

else
return Eor:

tºpdate match statistics
11/96 te

match->histogram (match->clique, edge_total - 1) +*:
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void reset_atom (aroº "atom)
t

efree t tvoid -*) satoºn->name) :
•free ( (void “I watom->type);

atom->number a 0;
atom->subst_id = 0:
atom->chem_id a 0
atom->vdw_id = 0:
atom->heavy flag = false:
atom-> centrality = neither.
atom->segment_id a neither:
atom->f lag a 0;
atom->charge a 0:

reset_atom_neighbors (atoa) i
}

f* f f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

void reset_atom_neighbors (atom "atom)
t

int is

for ti = 0; i < atom->neighbor_max; i--)
t

atom->neighbor■ in , id ºr neither:
atom->neighbori i 1 - bond_id = NEITHER:
atom->neighbor■ i ! ... out_flag a false:

}

atom->neighbor_total = or
}

/* / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void free_atoms (Molecule "molecule)
t

int is

for ti = 0: i < molecule->max. atoms: i--)
free_atom (amolecule->atom■ i , );

t tvoid "" ) amolecule->atom);
| tvoid "" ) isolecule->coord) i

molecule->max. atoms = 0;
y

** * * * * * * * * * * */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void free_atom tatom "atos)
t

efree t ivoid "*) -atom->name);
efree t (void "*) katos->type);

free_atom_neighbors tatom) :
y

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void free-atom_neighbors (aton "atom)
t

efree ( (void "" ) katom->neighbor) ;
atom->neighbor_max = 0;

y

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void real locate_atoms intolecule *molecule)

it trºolecule-> total. atoms » molecule->max. atoms)
t

tree_atoms (molecule) ;
>max. atoms = molecule-> total
atoms (molecule) ;

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void real locate_atom_neighbors (Atom "atom)
t

if t atom->neighbor_total - atom->neighbor_max}
t

free-atom_neighbors t atom) :
atom->neighbor max = atom->neighbor-total :
allocate_atom neighbors (atom) :

}
y

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /* * *

void copy atoms (Molecule “copy. Molecule “original)
t

int 1;

copy-> total. atoms = original-> total. atoms,
real locate_atoms (copy):

for ti - or i < original-> total. atoms i-,
■

copy atom (*copy-> atom ■ il, koriginal-> atom (11) :
copy coord (copy->coord (i). original->coord ■ il) .

)
j

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /*** * * * * * * * * * * * * * *

void copy atom tarow "copy. Atom * original)
[.

copy->number = original->number:
copy-> subst_id = original->subst-id:
copy-> chem_id = original->cheta_id:
copy->vdw_id = original --vdw_id:
copy->heavy flag = original->heavy flag:
copy->centrality = original->centrality:
copy->segment_id = original-> segment_id:
copy->f lag s original-> flag:
copy->charge = original->charge;

wat rcpy tº copy->name. original- >name
vstrepy tº copy->type. original->type);

copy-atom_neighbors (copy, original
l

* - / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void copy atom_neighbors (Atom “copy. Atom “original)

copy->neighbor_total = original->neighbor_total;
reallocate_atom_neighbors to opy) ;

mererpy
to opy->neighbor, original->neighbor,
original->neighbor_total * sizeof (LIrir) ) :

copy->neighbor-total = original->neighbor_total;

* * * * *// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/

void copy_ccords (Molecule “copy. MoLEcule “original)
t

int i :

if icopy->info. input id tº original->info. input-id.)
exit (fprintf tº lobal. outfile.

• Error copy coorda: •
"Error copying coordinates to out-of-date molecule structure. \n") , ;

for ti = 0; i < original->total. atoºs: i--)
copy—ccord to opy->coord til. original->coordii) ) :

y

f* f f///// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void copy-coord (xyz copy, xyz original)
■

copy for r original to 1:
copy [1] = original■ l l ;
copy (21 = original [2] :

h

f* f fraz warf f/////ff////z ºr ºf ºf f f// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "a

void save atoms (Molecule "molecule. FILE *file)
{

int in

if theolecule->max. atoms » 0)
t

for ti = 0: i < molecule->max. atoms; i--)
save atom (amolecule->atom■ in , file) ;

y
y

** // / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void save atom tatom "atom, file "file)
■

efwrite tatoa, size of taton), 1, file) ;

save string (katom->name, file) ;
save_string tº atom->type, file) ;

save atom_neighbors (atom, file) :
y

/* / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "a

void save_atom_neighbors tarow "atom. File *file)
t

efwrite tº atom->neighbor_total. size of tint). 1. file) :
efwrite tº atom->reighbor-max, size of tint). 1, file) :
efwrite tatom->neighbor, size of tilink) ... atos->neighbor_total, file) :

)

a • */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

void load_atoms (Molecule "molecule, FILE *file)
t

int is

if (molecule->max.atoms » 0)
t

for ti = 0: i < molecule->max. atoms: i--)
load_atom (kmolecule-> atom■ i ! ... file) :

efread
t

molecule->coord,
sizeof txyz),
molecule->max. atoms,
file

}

/* * * * * * * * * * * * * * * */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "/

void load_atom (atom "atom, FILE *file)

t efread tatom, sizeof (Atom). 1, file) :

atoº->name a NULL;
atom->type = NULL;
atom->neighbor = nulli

load_string (katom->name, file) :
load_string (katom->type, file) :

load_ators—neighbors (atom. tile) :
}

** * * * * * * * * * * * * * * * * * * * * * * r */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void load_atom_neighbors (aton "atom, file "file)
■

ef read taatca->neighbor_total. sizeof (int), 1, file) :
efread (katom->nelghbor_nax, sizeof (int), 1... file) ;

allocate_atom neighbors tatom) :

efread tatom->neighbor, size of tilink). atom->neighbor_total. filey i
}

* * * * * * * * * * * * * * * * * * * * * * *// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "a

int get_atom_neighbor
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return

molecule-> atom■ atos_id]. centrality =
earch_radius tº search, nEITHER, neither) ;

** fºr fºr a fºr ºff ºf z// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

subroutine that determines the neighboring atoms to the origin and target
atoms for each torsion.

11/96 t

*** ***, * * * * * * * * * * * * * */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

void get_torsion_neighbors (Molecule “molecule)
t

int i, j. ki
int bond id:
int origin:
int target:
int neighbor:
int central_neighbor;
int central :
static search search a (0);

for (i = 0; i < molecule->total. torsions: i +-)
t

bond_id a molecule->torsion■ i J. bond_id:
origin - molecule->torsion I 1 J. origin - molecule->bond (bond_id? ... origin:
target a molecule->torsion■ i ! ... target a molecule->bond■ bond_id, target:

- Determine which neighbor of the origin atom is most central
* 11/96 te

if trºolecule->atom■ origin). neighbor_total - 1)
t

for
i

3 = central_neighbor a 0. central in Irrt M.Int
(neighbor = get_atom neighbor (molecule-> atom, origin. j. j := Eof:
j--

)
t

if trieighbor i = target)

as earch,
molecule->atom.
molecule-> total. atoms.
get_atom_neighbor.

if t search. radius > central )
t

central = search. radius;
central_neighb-or a neighbor;

j

molecule->torsion■ i ! ... origin_neighbor = central_neighbori
}

else
molecule->torsion ti I. origin neighbor a neither;

• determine which neighbor of the target atom is most central
• 11, 96 te

it imolecule->atomi target) - neighbor-total - 1)
t

for
t

3 = central_neighbor = 0, central = Int_MIN:
in eighbor a get_atom_neighbor (molecule-> atom, target. 3) = Eof.
j--

if theighbor is origin)
■

for
t

k = 0;
breadth search

■

&search.
molecule->aton,
molecule-> total , atoms,
get_atom_neighbor,
null,
kneighbor. 1,
target.
k

) is Eof:
k--

} :

it is earch. radius > central )
{

central z rch. radius:
central_neighbor = neighbor:

}

y

molecule->torsion■ il. target_neighbor - central_neighbor:
l

else
molecule->torsion■ i ! ... target_neighbor - NEITHER:

/* * * *// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

subroutine that switches the origin and target atones in a torsion,

11/96 te

///f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

void reverse_torsion itorsion *torsion)

int atom;

atom a torsion-> origin:
torsion-> origin a torsion--target:
torsion->target - atom;

atom a torsion-> origin—neighbor;
torsion-> origin_neighbor = torsion->target_neighbor:
torsion->target_neighbor = atom;

* * * * * * * * */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Recursive subroutine that counts up the number of atoms directly
and indirectly bonded to a given atom.

10; 95 tº

fa ºff f// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/

int bonded_atoms
t

Molecule "molecule,
int current_atom

int i ;
int total: w" number of atoms seen on linkage path */

if (molecule-> atomi current_atom). flag)
return 0;

-

■

molecule-> atomicurrent_atom). flag = true:
total = 1;

for (i = 0: i < molecule-> atom■ current_atom) - neighbor_total : i--)
total **

bonded_atoms
t

molecule,
molecule->atom■ current_atom). neighbor (i) - id.

} :

return total n

* * * * * * * * * * * * * * * *//www.fr///afra wazz fºr a ya fraz, a razza wazz///// / / / /

Routine to construct a distance matrix.
3/97 te

// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

float calculate_distances tºolecule "molecule, float -
t

int i, j :
float distance_maxi

distances, int. *aize)

**
* Either allocate space for distance matrix, or reset previous space
• 3/97 tº
•,

if t "size - molecule->total. atoms)

free_distances taistances, size):

"size = molecule->total. atoms:

ecalloc
t

(void “”) distances,
* size,
sizeof (float " . .
"distance matrix",
global outfile

} :

for ti = 0; i < *.size: i--)
ecal loc
t

(void "" ) k-t-distances) [i.
* size,
size of trloat).
"distance matrix",
global. outfile

}

else
t

for (i = 0; i < *.size; i.e. s )
semset t t "distances) [i.J. O. "size " sizeof (float) ) :

y

* cospute the distance between all pairs of atoms
• */97 to
• /

for ti = distance_max = 0: i < molecule-> total. atoms: i--)
t

for ti = i < 1: j < molecule-> total. atoms: j -->
t

tº distances) til t + 1 =
("distances) (j i ■ i i =

dist3 (molecule->ccord■ in. molecule->coordiji y :

if i (“distances 1 til t j : * distance_maxy
distance_max a t-distances) i ij (j , i.

}
)

return distance_max:
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/* * * *///// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

routine to free distance matrix.
*** 7 te

//// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

void free-distances (float “” “distances, int - size)
t

int is

for ti = 0; i < * size: i - - )
efree t (void "" ; , (“distances, i ij ) :

efree ( (void " ") distance
* size = 0;

MoL_PREp.h

y- •/
y- copyright ucsf. 1997 •/
* - •/

* *

written by Todd Ewing
2 fºg
• *

** Routines used to read and write molecule data "f

int prepare_molecule

Molecule *molecule.
r1LE_name molecule_file_name.
friz *molecule_file.
LABEL * label,
int atom_model.
int need_bonds,
int assign_chemical,
int

void deduce_bonds tlanel. vºw "... int. Molecule • , ,

Mol_prep.c

** • ,

* - copyright Ucsf. 1997 •,
* - •/

* -
written by Todd Ewing
1 of 95
• *
- include "define. h"
- include "utility. h"
- include "mºol. h"
- include “global -h"
- include
- include " label h"
- include “mol_prep.h."

typedef struct link_bond
t

bond bond:
struct link_brond *previous. *next;

j LINK_Bond;

int prepare_molecule
t

Molecule *molecule,
frtle_name molecule_file_name.
FILE *molecule_file.
LABEL * label
int atom_model,
int need_bonds.
int assign_chemical.
int assign_vdw

int return valu

y -
- if bonds are needed, but were not read in, then deduce them
* 10/95 te
• *

if ºne ed_bonds ... imolecule->total -bonds == 0) )
deduce bonds tº label->vdw, atom_model, molecule) :

* -

* Update atom neighbor information
* 9/95 te
• *

if tamolecule->total .bonds x 0)
atom_neighbors (molecule,

/*
fprintt (global. outfile. “Breadth searchvn");
for
t

i = 0:
tatom id = breadth search

get_ators_neighbor.
hull. i. 1, 1.
neither.
i.

}} + = eor;
1.--

rch_origin (a search. NEITHER, neirº.E.R. werTHER,
rch_target tº search. NEITHER. NEITHER, NEITHER) :
reh_thread (4 search. NEITHER, neither) :

origin a get_

fprintf (global. outfile, “d “d ºs ºd vs. ºd vs "dºn’,
(4 search, nEITHER... neither).
>atom■ atom_id! . name

origin. (origin >= 0) * molecule-> atom to rigin! : name : *trix
target. tºtarget -- or 7 molecule->atom t target name : "unr".
thread) ;

• *

* -

fºrintf tolobal. outfile. "Depth searchwri" . ;
for
t

i = 0:
(atom_id a depth

t
as earch,
molecule-> atom,
molecule-> total. atoms,
get_atom_neighbor.
0,
ner THER.
i

} , t = top:
i--

y
t

origin ºr get_ rch_origin tº search. MEITHER. Herritºr, nrith ER) :
target = get_ rch_target tº search, NEITHER, neither, nEITHER, i.

fprintf (global. outfile. **d ºd vs. ºd ºn ad vs wri",
get_search_radius tº search. NEITHER, nrither),
atom_id, molecule->atom (atom_id) - name.
origin. (origin >= 0) * molecule->atom (origin). name : "UNK."
target, tºtarget >= 0) * molecule-> atomi target) - name : "unk-ji

}
•/

y
* Assign new chemical labels. If the input file was not sph format
* 10/95 te
•/

if tassign_chemical)

if tstromp is trrohr (molecule_file_name, “... " ), *. sph") .

if t t return_value =
assign_chesical-labels tº label->chemical, molecule) ; 1 = true,
return return_value:

y

else
read_chemical_labels

(klabel->chemical, molecule, molecule_file_name, molecule_file) :
}

* -
* Assign vºw label types to atoms
* 10/95 te
• ?

if tassign vdw)
if t (return_value =

assign vdw_labels (&label->vdw, atom_model, molecule) ; t = TRUE)
return return_valu

return true:

/* * * * */ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / “f

void deduce_bonds
t

LABEL_vtºw "label_vdºw,
int atom_model.
MoLECULE *molecule

int i, j :
LINK_Bond *first_bond = NULL;
Linx_Bond "previous band a NULL;
LINK_Bond "current_bond = NULL;
float cutoff

float square_distance tryº, xyz} :

a -

* Make preliminary vºw type
* 10/95 te
•/

if ( ; assign_vdw_labels (label_vdw, atom_model, molecule; )
exit texit failure) :

ignments

* -
* Loop through all possible pairs of atoms. checking interatomic distance.
* If the distance is below some cutoff, then assume the two atoms are bonded.
* 10/95 te
•,

molecule-> total. bonds a 0;

for ti = 0; i < molecule->total. atoms: i
for ti = i < 1, j < molecule->total.
t

cutoff = 0.53 *
t label_vdw->member tºolecule-> atom■ in . vºw_id]. radius -
label_vdw->member (solecule-> atom■ j . . vºw_id). radius) :

)
toms: j +-)

if (square_distance (molecule->coordi i , , molecule->coord (31 y <
sºr icutoff ) ,

t
* *

- Allocate memory for this Bond link
- 6/95 te
• *

previous bord = current_bond;
current_bond a null:

ecal loc
t

(void -*) a current_bond,
1.
size of turnx_Bond),
* linked bond list",
global. out tile

} :

* -
- Update pointers between Bond links. initialize first link
- 6/95 te
• *

current_bond->previous = previous bond:

if tºr-vious bond)
previous_bond->next = current_bond;

else
first_bond = current_bond;
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tvoid - a scor-->intra-flag.
*parm. Boolean, "intramolecular_score".
lab-1->flex. flag 44 score--flag f - YEs no" - "wo yes-,
lab-1->flex. flag -- scor-->flag

g-t_param-t-r
t

(void “I kscor-->inter_flag.
*parm. Boolean, "intermolecular_score".

YEs no" - "wo yes".

1 :

if t score->tlag -- score--intra-flag + i + score--inter_flag,
exit tºtprintf to lobal outfile.

"*RPok get_param-t-r-■ No scoring options selected ºn") , ,

get_parameter
t

tvoid "º karor-->grid. flag,
kp-arm. Boolean, "gridd-d-score".

>inter_flag 2 “Yes no’ - “no yes".
scor-->int-r-flag

) i

get_parameter
t

(void - ) --cor

scor-->grid-flag

if t t score--grid. version - 3-0) || score--grid. version > 4.0),
exit (fprintt tº lobal - outfile.

*ERRoR get_parameters: grid_version selection not supportedwin") , ;

get_parameter
t

(void "1 + scor-->grid. -ize.
*parm, Integer, "grid points",
(scor-->grid, version - 4) r * 1000000 - ? -o-,
score->grid. version - 4

} :

get_parameter
t

tvoid "1 + scor-->grid. sparing.
*parm. Real. “receptor-atom grid_spacing".
score--inter_flag -- scor-->grid. flag 7 - 2.0" "0.0".
false

if (scor-->inter_flag -- scor-->grid. flag ++ tscor-->grid. spacing -- 0-0) )
exit (fprintf to lobal - outf11-.

*E*RoR get_para-et-r-, Innappropriate grid_spacing value-wn") , ;

get par-ter
t

tvoid "1 + scor-->bump. flag,
*para. Bool-an, "bump-tilt-r",

ye
orient->flag 44 score--grid. flag

} :

get_param-t-r
t

twoid "1 + scor-->bump.maximum,
*parm. Integer, "bump_maximum".
-o-,
scor-->bump-flag

} :

scor-->type inoruel. flag - score--flag:
strºpy score--typ-thronel name. “none"
strºpy (scor-->typ-imonel - abbrev, "out"

g-t-parameter
t

(void - ) --cor-->contact. flag.
*parm, Bool-an, "contact-score".

score--flag --
tº scor-->grid. flag II (scor-->grid. version >=

)

scor-->type (corrtact. . flag a scor-->contact. flag;
strºpy (scor-->type■ contact) - name, "contact") ;
stropy is core->type contact. abbrev. “crit",

get_param-t-r
t

(void -, -scor-->contact, distance.
-parm. R-al. “contact-cutoff—distance".
score->contact. flag -- tº score--grid-flag II sco

o- + -o-o-.
scor-->contact. flag -- tº score--grid. flag II scor-->intra-flag)

>intr-flag) º

get_param-t-r
t

tvoid - ) k-scor-->contact-clash-overlap.
*parm. R-al. “contact-clash-overlap".
score->contact. flag -- is cor-->intra-flag scor-->grid. flag”

7 - 0.75- - -o-o-,
score--contact. flag -- (scor-->intra-flag scor-->grid-flag)

get_parameter
t

(void "1 + scor-->contact-clash penalty.
*parm. Real, "contact-clash penalty".
score-contact. flag -50 - "o".
scor-->contact. flag

g-t-par-t-r
t

tvoid -, -scor-->ch-mical. flag.
*parm. Boolean, "chemical-scor-".

--or

tº score--grid. flag || (score->grid. version >= 4.0))
1 :

label --chemical. flag -
label--chemical. flag || score->chemical. flag:

score->type ■ chºtical. flag - scor-->chemical. flag:
strºpy incore->typº- (cHEMICAL) - name, “chemical") :
strºpy (acor-->type ■ che MIcall. abbrev. "chra’ j :

get_parameter
t

(void "1 + scor-->energy. flag.
-parm, Boolean. *en-rgy_score."

score->type (ENERGY! ... flag - scor-->energy. flag:
stropy (scor-->type truERGY).nam-, -energy" ) :
stropy (scor-->type tºurnay. . abbrev. “nrg"):

get_paramet-r
t

tº score->grid. flag || score--intra-flag) ki.
(score--energy. flag || score->chemical. flag, z -10. 0- 1 -0.0",

tº score--grid. flag || scor-->intra flag) ki.
(score->energy. t1ag || score->chemical. flag)

get_para-t-r
t

tvoid "1 +-core---nergy.distance_dielectric.
*para. Bool-an, "distance_dielectric".
tº score--grid-flag || score--intra flag) is

tscor-->en-rgy. flag || scor-->chemical. flag, r "Yes no" - "no".
tº scor-->grid-flag 11 scor-->intra flag, L.

tscor-->-n-rgy-flag II scor-->chemical-flag)

get_param-t-r
t

tvoid "1 + scor-->-nergy.dielectric_factor,
*parm, real. "dielectric_factor".
tº scor-->grid. flag || scor-->intra-flag) ki.

(score->energy. flag || score-> chemical. flag) 7 °4.0° tº *q-0".
tº score--grid. flag || score--intra-flag, ki.

(score->energy. flag || scor--> chemical - flag)

get_paramet-r
t

ivoid "1 + scor-->energy. attractive_exponent.
*parm, Integer, "attractiv-_exponent".
tº scor-->grid-flag II score--intra flag) as

(score---nergy. flag || scor-->chemical. flag) f
tº scor-->grid. flag || scor-->intra-flag) as

tacor-->energy. flag II scor-->chemical. flag)

get_param-t-r
t

(void "1 + scor-->-n-rºry-repulsive_exponent,
*parm. Integer, "r-pulsive exponent".
tº scor-->grid. flag II score--intra flag) --

(scor-->-nergy. flag || scor-->chemical flag) f "12" - "0".
tº scor-->grid. flag || score->intra-flag) sk

(scor-->energy. flag || scor-->chemical. flag)
):

get_param-t-r
t

tvoid -) --cor energy, atom_model.
-parm, character, "atom_model".
scor----n-rgy. flag score--chemical. flag "unwrted all - 4 -o-,
scor-->energy. t1ag score->chemical. flag

get_parameter

tvoid "1 + scor-->energy, scal-_vdw,
*parm, R-1, "wdºw_scale",
score--en-rgy. flag II scor-->chemical. flag f -1.- : *o-.
scor-->-n-rgy. flag II scor-->chemical. flag

} :

get_param-t-r
t

twoid "1 + scor-->-nergy. scale electro.
*parm, k-al. "electrostatic_scale".
score->energy, flag || score->chemical. flag f * -o-,
scor •nergy, flag || score->chemical. flag

get_param-t-r
t

tvoid "1 +-cor-->energy.decomp_flag.
*parm, Boolean, "output-atom_score
*No yea’,
false

get_param-t-r
t

twoid -1 - scor-->rmsd-flag,
*parm. Boolean. “rmsd_score",
*no yes."
score->inter_flag -- score->intra flag 44.

1 scor-->grid. flag - torient->flag

score->typ-tRMsd) - flag - scor-->rmad. flag:
strºpy (score->type (PMspI name. “rmad" . .
strºpy (acor-->type trºpl. abbrev. “rmsdº

if

scor-->int-r-flag k
cor-->contact. flag +4
cor-->chemical. flag --

---or- •rgy, flag --
score--rmed. flag

•xit ºf printf iglobal. outfile.
"Error Q-t-parameters: no intermolecular scoring options selected. \n") , ;

for ti - 1: 1 - score_Total. i --
t

sprint■ (param-t-r_nam-, *-*_maximum", score->type■ 11-nam-)

get_param
t

tvoid -1 - score->type 111, maximum.
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*parm. Real. parameter_name.
•o.,
score->type■ i ! ... flag ak

( (dock->write_orients is dock->rank_orients) ||
( : dock->multiple orients i.i.

dock->multiple-liganda kº tºlock->rank_ligands) ,

sprintf trarameter_name. **

get_parameter
t

tvoid " score->type t in size pena
*parm, Real, parameter_name,
-o-,
scor

}:

get_parameter
t

(void "h &acore->rmsd overrids,
kparm, real, ‘rmad_override",

score

ize penalty", score->type lil. name) ;

lty,

>type■ i ! ... flag 44 dock->rank_ligands kº ti tº ºxºston

> flag as tdock->rank_ligands tº
dock->write_orients ki. dock->rank_orients

if is core->minimize. flag | I talobal. output—volume * * * v- )
fprint t (global - outfile,

* \n Minimization_Parameter wn"

for ti = 1. j = 0: i < score_Total: i--
t

sprintf (paramet

get_parameter
t

id score->type I in minimize.

if (score->type■ i■ , minimize an TRuel

if
t

(score->minimize. flag as True) tº
t ti -- or ||
it score--inter_flag. == False) as

i label ->f lex.

exit (fprintf (global - outfile

_name, **s minimize", score->type■ il. name) a

j*- :

inimize flag == False) )

*ERRoR get_parameters; no minimization selected win* } };

get_parameter
t

twoid " ) kscore->minimize. translation,
*parm, Real, * initial_translation".
score->inter_flag k + score->minimize
score->inter_flag ka score->minimize

J. :

get_parameter
t

twoid “y Ascore->minimize. rotation,
Real, * initial_rotation".

>inter_flag ki. score->minimi
>inter_flag ka score->minimize

get_parameter
t

(void “h a score->minimize. torsion,
sparm. Real, * initial_torsion".
label - flex. minimize flag r * 10.0"
label->f lex. minimize flag

} :

get_parameter
{

tvoid - ) “score->minimize. iteration.

flag 1.0" '0.0",
... flag

flag '0.1' '0.0",
- flag

*parm. Integer, "maximum_iterations".
score->minimize. t lag ºr “100 * : * 0",

>minimize. flagscore

if t is core->minimize. flag true) k
exit (fprintt talobal - outfile,

tscore->+-iniaize. iteration - 1) .

• ERRoR get_parameters : maximum_iterations - i \n") ) -

for ti = 1; i < score_total: i--)
■

sprintf trarameter_name. **s-convergence”. score->type■ i ! - name

get_parameter
t

(void - ) i.score->type ( i ! ... convergenre.
*parm. Real. parameter_name.
scor >type I i minimize +4 (score->minimize. iteration > 1) r * 0.1 * : * 0°.
score->type ■ i l-minimize +4 tscore->minimize. iteration > 1 .

get_parameter
t

tvoid - ) kscore->minimize-cycle.
maximum_cycle

flag ’ ; : 0.
score->minimize. flag

} :

if it score->minimize. flag true) ki.
exit t fºr intf f global out file.

* ERP or get_parameters : maximus cyc

get_parameter
t

tscore->minisize. cycle - 1) )

les - 1 \n") , ;

tvoid - ) a score->minimize. cycle_converge,
*parm. Real, "cycle_convergence
tscore->minimize. cycle - 1) # * 1 - 0°
score->minimize. cycle - 1

} :

if t t score->minimize. cycle - 1) & 4 (sc
exit tºtprintf iglobal - outfile.

ore->minimize. cycle_converge -- or )

*ERRoR get_parameters : cycle_convergence <= own", , ,

for i i = 1 ; i < score_total: i - - )
■

sprintf (parameter_name. **n_termination", score->type■ in , name):

get_parameter
t

twoid "J &ncore->type■ i J. termination,
*parm, Real, paraseter_nase,
score->type (11. ninimize k.k. i scor
score->type [i]. minimize 44 (scor

} :

>minimize. cycle - 1) f -1.0° "o".
>minimize, cycle × 11

if (dock->parallel. flag | | talobal. output—volume == 'w')
tprintf (global - outfil

* An Parallel-Job Parame wn" , ;

get_parameter

tvoid - ºdock->parallel
*parm, Boolean, "parallel
"no y
dock->parallel. flag

/*
* Make sure only a single type of scoring has been requested
• 10/96 te

f
if tdock->parallel r)
t

for ti = j = 0: i < score_TortAL: i--
if (score->type■ i J. flag) is . .

if (3 : * 1)
exit (fprintf fulobal - cutfile,

• ERRoR get parameters: -
* Parallel job server must perform single type of scoring. \n") ) :

get_parameter
t

(void “I kdock->parallel. server name.
*parm, string. *server—name",
dock->parallel. server 7 global. job name : "server".
dock->parallel. flag

} :

get_parameter
t

tvoid “h 4 dock->parallel. client_total.
*parm. Integer. ‘client_total *.
dock->parallel. server ? "5* r idock->parallel. flag ºf "1" "o").
dock->parallel. server

1 :

if tdock->parallel. flag)
t

if tdock->parallel. client_total - 1)
exit (fprintf (global - outfile,

• ERRoR get_parameters: Inappropriate value for client_total. \n") ; ;

ecal loc
t

(void "" ) adock->parallel - client_name,
dock->parallel. client_total,
size of string20) ,
"parallel client name
global. outfile

} :

for ti = 0; i < dock->parallel - client_total: i--)

rver)if tdock->parallel
I

sprintf trarameter_name. * client_name_*d". i - 1) :
sprintf trarameter_value, ‘client-d", i + 1) :

)

else
[.

strºpy (parameter_name, ‘client_name."
strºpy trarameter_value, global. job name) ;

get_parameter
t

(void “h kdock->parallel. client_name■ il,
*p-arm, string. parameter_name,
parameter_value.
True

} :

fprintf to lobal. outfile.
* \n file_input \n");

get_parameter
t

twoid "I adock->ligand_file_name,
sparm, string, “ligand_atom_fil
* ligand. mol2",
tdock->parallel - flag i ! dock->parallel

} :

format - check_file_extension tacºck->ligand_file_name. True);

if t format -- unknown)
exit (fprint f (global. outfile,

*E*Rof get_parameters: -
*Unrecognized file extension of ligand_atom-filevn") , ;

el flag ak (format t = Ptry .if t label->chemical. screen. proc
exit (fprint f (global. outfil

*EPRor get parameters: -
* Prº tile required to chemical screen ligands. Wn" )

get parameter
■

Ivoid " ) korient->match. ligand_fil
*parm, string, “ligand-center-tile
* ligand_center. sph",
orient->match. centers_flag



if (check-fil---xt-nsion (orient->match-ligand_file_name. True -- Unknown)
exit (fprintf tº lobal. outfil

"Error get_parameters: -
"unrecognized file extension of ligand_center_filevn-) 1:

get_parameter
t

tvoid "1 + orient->match. receptor file_name.
*parm, string. *r-ceptor-site_file".
"rec-ptor-a-t-. sph".
ori-nt->flag || label->chemical-screen-process_flag

):

it tehºck-tile—extension torient->match. receptor-file_name, TRUE) == unknown)
exit ºf printf tº lobal - outti le.

error get parameters: -
"unrecognized file extension of receptor site_filevn") , ;

get_param-t-r
t

(void - a scor-->grid. file prefix.
*parm, string, "score_urid prefix".
"scor-_grid"
score--inter_flag ka score--grid. flag

get_param-ter
t

(void "I -scor-->grid. receptor-fil
-p-r-, string. “receptor-atom_file".
* receptor, mol2",
scor-->inter_flag -- scor-->grid. flag

} .

if tº check-fil---xtension tacore--grid. receptor-file_nam-. TRUE) ,
exit ºf printf fulobal. outfile,

"Error get_parameters: -
"unrecognized tile extension of receptor-atom_filevn" , ;

Q-t-para-ter
(

(void "J 4 lab-1->vdºw. file_name,
*parm, string, “wdºw definition_file",
parameter_path - vºw.defra-.
label->vdw. flag

) ;

get_param-t-r
t

(void -1 - lab-1->chemical. file_name.
*parm, string, “chemical_definition_file".
Panamrter-part -che-d-tn-.
label-ch-mical. flag

get_param-ter
t

tvoid -) - lab-1->chemical. match_file_name,
*parm, string, “chemical_match_fil
PAPAMETER_path “chem_match. thi",
orient->match.ch-mical_flag

!

get_param-t-r
■

(void - ) - label--chemical. score_file_nase,
*par-, string, “chemica
Panamrter path “chem_score...thl".
scor-->chemical. flag

g-t-p-r-t-r
t

(void -1 -label->chemical. screen_file_name.
+parm, string. "ch-ica
parameter_path “chem ser
label->chemical-acreen. similar_flag

-t_para-et-r
t

tvoid -, -lab-1->flex. file_name.
*parm, string. “fl-x_definition_file".
parameter-path “flex. defn".
label->flex. flag

get_param-t-r
t

tvoid -) - lab-1->flex. search_file_name,
aparm, string. “f 1-x_drive_file".
PaRAMETER_PATH "flex_drive.thl “.
lab-1->flex-drive_flag

1 :

strcat is trºpy trarameter_value, global. Job-nam-1. "...ºruit

g-t_para-t-r
t

(void -, -dock->quit_fil
-parm, string. "quit_fil
param-t-r-valu-,
dock->rank_ligands || (dock->multiple-ligands -- dock->parallel. flag)

streat tatrºpy trarameter_value. global - job name). "... dump") :

Q-t-param
■

r

(void - ) -dock--dump_file_name.
*-par-, string. "dump_fil
parameter_value.

fºr intf to lobal. outfile.
-- il-_output wn-)

for t i = 0, i < score total; i.-)
t

*Printf ■ parameter_name. “ligand_*s-file’. i - scor-->type■ 11, name : “out 1:
**** rat f (parameter_value. - global-job-nam

***r-->type ( i I. abbrev.
*~<=x->parallel. flag ‘ptr. : “mol2

-*—---meter
t

(void "J - score->type (11. file_name,
*par-, string, parameter_name
parameter_value,
scor-->type 11 J. flag -- dock->parallel. server

} n

if tacor-->type 111. flag)
t

if tdock->parall-l. flag ak triock->parallel.
t

er)

if (check-fil---xtension (score->type 111. fil-_name. True) -- Ptr
•xit (fprintt tº lobal. outfile,

*ERRoR get paramet- -

"Parallel client must write in PTR formatvn") , ,

if tiabel->chemical. screen.construct_flag)

if (check-fil-_extension (acore->type (1) . fil-_name. Tºur) - Ptry
-xit (fprintf (global. outfile.

• Error get_paramete -

"constructed screen must be written in PTR form-twin-1 ) :
y

•lse
t

if (check-file_extension (score->type ■ il-fil-_name. TRUE) = - Unknown)
-xit (fprintt (global. outfile.

"Error get_paramete -

*Unrecognized file extension of ligand output filevn-, 1.
1

streat is trºpy (par-et-r-value, global. job-name). "...info");

get_paramet-r
t

(void -1 -dock->info-file_name,
-parm, string, “info-file",
paramater_value.
scor-->flag 44 dock->-ultiple-ligands

} :

streat is tropy (parameter_value, global. job name), "...rst") :

get_parameter
t

(void -) -dock->r
*parm, string, "r
parameter_value.
dock->rank_ligands

1 :

z
* Flush output and clean up memory
- 11/94 t
• *

fprintf tºlobal-cutti 1-, **n\n");
f flush (global... outfile) :

if tulobal. infil- tº stain)
t

fellose (global. inf 11-);
• free t (void "*) -parm. line) :

** / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/
int process_commands
t

tock -dock,
int argc.
char - argvi)

int i = 1, 3:
int molecul-_io - Falls
FILE_NAME infil-name * * outfile_name a

y
* Extract name of global. executable fros command line.
* ignoring any path d-scription if present
* 6/95, t
-/

strºpy tº lobal. •xecutable.
strºchr targv tol. a 7 stri-chr targv tol. f : ) - 1 argv toll i

stropy tº lobal - job name. * dock" , ;

* -

* step through each command line argument
• 6/95, t

whil- ti - argc]
t

*-
* Look for co-and flag prefix t-)
- ****, t
• *

if targv[1] [0] -- *-*)
■

z

- for "-i" flag read in next field as the input file nam
- 6/95, t
•/

if targv[i]. [1] -- " i " )

if t (i − 1 + argc] as targv ti - 11 to , t = '-' ) )
■

strincipy (infile_name, argv[1 - 11, 80):
i-->

* -
- set the job name to the root name of the the --. in" file
- 10/95, t
•/

if (strichr (infil-_name. *.*, **
! strºmp is trrehr tinfile_name. . . --in-1 )

for ti - or 3 - strlen (infile_name), j-,
■

it tº strcºp (-infile_name i+1. "...in-1
■

global. job-namel j : * or
brea
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else
global. job name Ij) = infile_name■ j j :

stropy tº lobal. job name. infile_name);
}

else
sprintf f infile_name, in", global -job name):

* -

- for "-ol" flag read in next field as the output file name.
- If the next field does not exist or is another flag. then
- use default output file name.
- 6/95 tº
*/

else if targv til 11) == o' )
t

if t t i + 1 - argc, as targv ti - 11 to a - 1)
t

strncry toutfile_name, argv ti - 11. 89) :
i - - 1

)

else
sprintf ■ outfile_name, ... out", global. job name):

if it strcrºp t infile_name. * * * *

}

y

- For *-p" flag. set performance flag
- 1/97 te
•,

else if (aruv ( i ! [1] ºn 'p' )
dock->performance_flag a True:

* -

- for *-r" flag. turn on flag to perform restart run
- 6/95 te
• *

else if targv tilti i == i r )
t

if t stroºp t infile_name, **) )
dock->restart = true;

else
breakt

}

/*
- allow all input and output through standard streams
- 4/95 t
• *

else if targv[i] (1) == "s'
t

if its tremp (infile_name. **) ) || (stremp toutfile_name, ‘‘, )
breaki

)

* -
- for *-t" flag, set output volume to terse
- 6/95 tº
• *

else if targv ti ) (1 m = * 't')
global. output volume * 't' i

* *

- for "-w" flag, set output volume to verbose
- 6/95 te
• *

else if (argv i ij (11 ºr 'v' )
global. output volume * 'w':

el
break;

i -->
y

als
break;

g

* -
* check if no arguments were given. to conform to old style input/output
• 10/95 t
• *

if targc = - 1)

f*
* if intock file exists, then assume user wants output directed to outpock
* 10/95 tº
• *

if tulobal. infile = fopen tº Indocr", "r" | 1
t

fo lose to lobal. infil-) a

if (global. infile = topen ("our■ tock”. “r”)
t

to lose tº lobal - infile
frn intf f stderr.

* ERRoR get_parameters : \n"
presence of Innock file implies carrixº~r to receive cutput. *n."

- but cºnttock file already exists. For reverse compatibilitywn"
- reasons, this process will utop. Wn" };

exit (Exit FAILURE; ,
}

stropy (infile_name, 'INDory"
stropy (outfile_name, ‘cºrrtocr")

1.

it f it doesn’t, then trigger an error condition
1 oz 9s tº

* * *ry error was made in the command line, then quit
* * > *s t

if ti < argc)
t

fprintf istoierr,
• *n."
* 7 (33musage i wa (-i I input file, -o output file] ] . . . win*
* [-restart] [-standard_i/o) [-terse) [-verbose) ºf Gmwn"
• An
* -i i read from - a. in or input-file, a tandard in otherwise \n"

-or write to *s. out or output file t-1 required). \n"
- standard_out otherwise \n"

-pi monitor performance an”
* -r a restart run (-i required; win*

read from and write to standard streams (-i and for -o illegal) \n"
* - tº terse program output \n"
* -vi verbose program output \n"
• An-.
global. executable, global. executable, global - executable) ;

exit (Exit-FAILURE) ,

**
• open the input file
• 6/95 te
•/

if t stromp tinfile_name. **) )
t

if t strcmp toutfile_name. * * * *
t

/*
- check to see if user has supplied molecule files as input/output
- 6/95 te
• *

if t (check_file_extension tinfile_name. FALSE) : - Unknown) ki.
(check._file_extension tout file_name, FALse) is Unknown)

t
molecule_io = True:

* *
- open up scratch file and write necessary parameters to it
- 4/95 te
• *

global. infile = tºp file t is

fprintf (global. infil “chemical_screen nown" };
fprintf (global. infile. “orient–ligand nown”) ;
fprintf (global. infil * flexible_ligand nown") ,
fprintf tº lobal. in file. *multiple-ligands yeavn" , ;
fprintf (global. infile, "score_ligand nown") i
fprintf iglobal. infile. *parallel-jobs nown") ;
fprintf iglobal. infile. “ligands_maximum < infinity-wn");
fprintf (global. infile. * initial-skip own" j :
fprintf tº lobal. infil own”) ;
fprintf (global. infil < infinity-wn");
fprintf to lobal. infil own" . ,
fprintf f global. infil <infinity-wn”) ;
fprintf (global. infile, “ligand_atom file *swn", infile_name):
fºr intf to lobal, infile. “vdw-definition_file *svn".

Papameter_PATH “viv. defin") :
fºr intf talobal. infile, ligand_out_file *sºn", outfile_name):

rewind tºglobal. infile) ;
}

global. infile = efopen (infile_name. *r", utdout) ;
}

else
global. infile - efop ºn tintile—name. *... staout) ;

}

el e

global. infile a stain:

* -
* open the output file
• 6/95 tº
• *

if it strºmp toutfile_name. **) ) ki. tº molecule_io) |
t

if (dock->restart)
global. outfile - efopen toutfile_name. *a*, stdout) ;

else

global - outfile - efopen toutfile_name. “w”. stacut) :
}

else
global... outfile n stdout:

return true:

Park_GRID. H.

* * • *
/* copyright ucsp, 1997 •/
* - • *

* -
written by Todd Ewing
10/25
• *

int get parameters

cRID -,
score_drrb •,
score_nuºp *.
score_contact
scope chemical
score_Erik Ray “.
LABEL *

(int argc, char * argv i , ) :

Parm-drid.c

/* •,
a • copyright ucsf. 1997 • /
/* •/

* -

written by Todd Ewing
10, 95
•,
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grid--output-molecule
} :

if t t check_file_extension igrid->out_file_name. TRUE) ,
return false:

if tº lobal. infile tº stain)
felose tºglobal - infiller

fprintf tº lobal - outfile, "wnwn");
return true;

* * * * * * * * * *// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f

int process_commands
t

int argc.
char "argv ( ,

int i = 1 . . ;
FILE_name infile_name * * *... outfile_name = ** :
FILE *tmptile tº

* -

* extract name of global executable from command line.
* ignoring any path description it present
* */95 t
• *

strºpy tºglobal-executable
strrchr targv to . . . . . . . strºchr tarºv (or , ºf - 1 - argv to 1 :

stropy tº lobal - job name, global - executable

y -

* step through each command line argument
* 6/95 te
• *

while ti - argc,

/-
* Look for command flag prefix i-,
- 6/95 te
• *

if targv[i] [0, sº *-* }
t

y

- for "-i" flag read in next field as the input file name
- 6/95 te
•/

if targv til 11 == i : )
t

if t ti - 1 - argch 44 targv ti - 11 ton tº *-* } }
t

strincipy tinfile_name. argv[i - 1), 80):
i-- i.

* -

- set the job name to the root name of the the **-in" file
- 10/95 te
•/

if t strn chr finfile_name. “... " ) +4.
t stromp is trrehr i infile_name, " . " ), *. in" }}

for tº * or 3 - strlen tinfile_nase, 3--)

it tº strºmp tº infile_name t jJ. "... in )
t

global. Job name■ ji = 0;
break;

)

else
global. job name (31 s infile_name I j] :

}
y

else
strºpy tº lobal. job name, infile_name):

}

el
sprintf f infile_name. - in", global -job-name) ;

)

/-
- For *-o" flag read in next field as the output file name
- If the next field does not exist or As and ther flag, then
- use default output file name.
- 6/95 tº
•/

else if targv i ij (11 == o'
t

if t ti - 1 - argc, *.* targv ti - 11 for t = *-* }}
t

strincipy (outfile_name, argv ti - 11, a0 =
i---

}

el
sprintf toutfile_name. **s. out “... global. 3 ob-name

if t t stromp tinfile_name. * * * *
break:

}

* -

- For *-** flag, allow all input and output through stardard streams
- 6/95 te
• *

else if targv[i]. [1] )
t

if t (stremp (infile_name. * * : * I (strºmp toutfile_name, "" ; } }
break■

}

a •

- for "-t" flag. set output volume to terse
- 6/95, t
• *

else if targvi i ! t 11 as 't')
global - output volume = * tº a

*-

- for "-w" flag. set output volume to verbose
- 6/95 t

else it targv tilt 1? -- *w-
global - output—volume * *w-

else

else
break:

* *

* check if no arguments were given. to conform to old style inputaoutput
* 10 fºº te
• ?

if targc == 1)
t

strºpy tinfile_name, * inchex" 1 ;

z
* If INCREM file exists, then assume user wants output directed to oºchrºM
* 10/95 te
• *

if iglobal - infile = foren tinfile_name. *r-21
t

follos- tº lobal - infile) ;
stropy toutfile_name. “outcº-º:

l

* -
* If it doesn’t, then trigger an error condition
• 10/95 tº
•/

else
i = 0:

y

**
* If any error was made in the command line, then quit
• 6/95 te
•/

if ti - argc,

frn intf istderr.
n

** 133 ºusage; ºs I-i I input file] . [-o (output-file] . . . . \n"
* - sº tomtandard_i for 13.3m) t-triomerse? 13.3m) t-wf ■ omerbose?t 33m, r tomvn"
• An

read from - a. in or input file, standard_in otherwisewn"
-o- write to *s. out or output file t-i required). An”

- standard_out otherwisewn."
read from and write to standard streas a t-i and/or -o illegal) \n"
terse program output \n"
verbose program output \n"

• An”.
global executable, global. executable. global. executable?:

exit texit failure) :

* -
• open the input file
* 6/95 tº
•/

if t strcºp (infile_name, **) )
global. infile m efopen (infile_name. ****, staout} .

else
global. infile * stains

* -

• open the output file
• 6/95 te
•/

if t streep toutfile_name. * * * *
gicbal - out tile * stop ºn toutfile_name. *w". staout? -

else

global... outfile * staout:

return true:

/* •/
/* copyright ucsf. 1997 •/
/* •/

/*
written by todd Ewing
10/95
•/

int write_info
t

Dock • dock,
scope “score,
List " list.
int ligand_read_num.
int ligand_dock_num,
int ligand_skip_num.
float time

} :

int write_topscorers
t

Dock "dock,
score * score,
LIST * list,
MoLECULE *mol_ref,
Molecule “mol_ori

rock “dcºck,
score * score,
List "list,
int ligand_read_num,
int ligand_dock_num.
int ligand_skip_num.
float clock_elapsed

} :

int read_restartinfo
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score_ENERGY -.
score_chemical *.
Label ".
MoLEcule *,
int,

score_PArt -
} :

void calc-inter-chemical_grid
t

scopr_GRID -
score_ENERGY -
score_cHEMIcal *.

void calc_inter_chemical_cont
t

score_GRID -,
score_ENERGY “.
LABEL *,
Molecule -,
int,
int,
score_PART *

};

void calc_inter_rmsd
t

score_CRID ",
Molecule -.
int,
score_PART •

)

float calc_rmsd
■

MoLEcule "mol ori.
Molecule *mol_ref

}:

float calc_layer_rmsd

Molecule *mol_ori,
MOLECULE *mol_ref

} :

float calc_segment_rmsd
t

Molecule "mol ori,
Molecule *sºol_ref,
int segment

} :

void calc_intra-contact
{

score_corracºr -contact.
Label. *1 abel.
McLectule "molecule,
int atomi.
int. atomy.
score_PART * intra

):

void calc_intra-energy

score_ENERGY “energy.
LAREL * label,
Molecule *molecule,
int atomi,
int atomj.
score_Part * intra

) ;

void calc_intra-chemical
■

score_ENERGY “energy.
LABEL * label,
Molecule "molecule,
int atomi.
int atomi,
score_PArt "intra

} :

void sum_contact
{

score_Parr *gum,
score_PART *increment

) ;

void sum_energy

score_PART * sum,
score_PART * increment

void sum_chemical
■

score_PART *sum,
score_PART *increment

} :

void sum_rmsd
t

score part • sum,
score_PART *increment

} :

score.c

* * • *

* * copyright ucsf., 1997 • *
* * • *

y -
written by Todd Ewing
10/98
• *

- include "define.h"
winclude "utility. h"
*include "mol. h"
*include “global. h"

*include "label.h"
*include "score.h"
*include “io_grid, h"
*include “io_receptor.h"
- include “vector.h"

** far/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Routine to read in receptor atosa arid partition them into a
3-D grid for rapid evaluation of continuous scores.

2/97 te

f / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/

void make receptor—grid
t

score_GRID *grid,
score_ENERGY *energy,
LABEL, * label

}
t

frtle "receptor-file;
XYZ span:
int i, j, index, grid_ccord (31;
SLINT **grid_current a null:
sLINT **grid previous = NULL;

grid->init_flag = TRUE:

* *
* Open and read receptor atos file
* 9/36 te
• *

receptor file = efopen igrid->receptor-file_name, "r", global. outfile) :

read_receptor

energy,
label.
i.grid->receptor.
grid->receptor-file_name,
receptor file,
label->vdw, flag || label->chemical. flag,
label->chesical. flag,
label->vdw. flag

} :

**
* Determine size of box enclosing receptor
* 9/96 tº
• *

for ti = 0: j < 3; 3++)
t

grid-> origin■ 31 = grid->receptor. coordiol (11:
span■ j 1 m grid->receptor. coord (01 til :

)

for ti = 1 = i < grid->receptor. total. atoms; i--)
for (j = 0: j < 3, j-, }
t

if to rid->receptor-coord [i] (j - grid->origin■ 31
grid-> origin Ij } = grid->receptor. coordii ) ( ; ; ;

if igrid--receptor. coord til til x spani: , )
spani ji = grid->receptor. coord■ in ti i ;

grid->size = 1;

for ti - 0: j < 3: 3++)

grid->spant j : * nint t t span■ j : - grid-> origin■ : 1) a grid-2 spacing) - 1:
grid->size “s grid->span■ j : ;

y

ecalloc
t

twoid - - ) igrid--atom,
grid--size,
sizeof (sLIrrt "y.
“receptor atom grid".
global - outfile

} :

ecalloc
t

(void "** *grid_current,
grid->size,
sizeof (gLINT * }.
“receptor atom ptr grid”,
global. outfile

} :

ecal loc
t

(void "" ) kgrid_previous,
grid--size.
sizeof (sLINT * },
* receptor atom ptr grid”,
global. outfile

} :

for ti = 0; i < grid->receptor. total. atoms; it - 1
■

for t j = 0: j < 3; 3 * * *
grid_coord tj i = NInt t to rid-> receptor. coordii ) (j) - grid-> origin■ j : )

f grid->spacing):

index =

grid->span (or * grid->span [1] * grid_ccord (21 -
grid->span■ or " grid_coordi 1.1 -
grid_coord [0] :

ecal loc
t

(void " ") ºgrid_current (index1,
1,
sizeof (strnt).
*next atom in receptor atom grid”,
global outfile

} :

grid_current [index) ->value = i ;

if (grid-> atom■ irºdox]]
grid previous I index 1 ->next = grid_current■ index):

else
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grid-> atom■ index, a grid_current■ index) = score_GRID “grid,
void * G core

grid previous [index.] a grid_current (index, i. float distance_cutoff.
grid_current (index) = null: void calc_inter_score

y iscoRE_GRID “, void “. Laarl, -, Molecule •.
int, int, score_Part "j.

efree ( (void " " ) &grid_current): LABEL * label,
efree ( (void "*) Agrid_previous) : Molecule *molecule,

} int atº

score_PART “int
}

* * * * * * * * * / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / t
int i, j, k,

routine to free receptor grid int i lo, j lo, kilo:
int ini, jhi, khi:

5/97 te int grid_cutoff:
int grid_coord [3] :

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f int index;
int rec_atomi

void free receptor grid tscore_crip "grid) slin’■ “ptr;
t

int i ; get_grid_ccordinate (grid, molecule-> coord■ atom), grid_coord);
slint “previous a Null: grid_cutoff a tint) (distance_cutoff a grid-x-spacing) - 1,
slin't "current a null:

ilo = MAX (0, tºgrid_coord (0) - grid_cutoff ) , ;
free_molecule tº grid->receptor) ; jlo a MAX to, tºgrid_co-ord [1] - grid_cutoff j : ;

klo = Max to, tºgrid_coord [2]. - grid_cutoff) ;
if tº rid->atom) ihi = MIN tº rid->span tol, (grid_coord [o] grid_cutoff - 1) :
t jhi = MIN (grid->span [1], igrid_coord (1) + grid_cutoff - 1));

for ti - or i < grid--size: i-- khi = Min (grid->span[2] , igrid_coord (2) + grid_cutoff + 1} };
t

for for ti = i lo: i < ihi; i--
t for ti = j lo: j < jhi: j--)

previous = grid-> atom■ in a for tº a klo; k < khi: k+-)
previous is Ntill: t
previous = current index =

) grid->span [0] * grid->span[1] * k +
t grid->span (or * j + i ;

current a previous->next:
efree twoid "*) =previous) ; for trºtr = grid-> atom■ index, a ptr; ptr = ptr->next?

}
} rec_atom + ptr->value:

efree t (void " " ) igrid->atom) : calc_inter_score
}

j grid.
score,
label,

A * * *////// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / molecule,
atom.

Routine to compute the 1D array index given 3D coordinates. rec_atom,
inter

Return valu ) i
positive InTEGER grid index )
nEITHER t-1) coordinates outside grid y

}
2/97 te

// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "f ** f * */// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

int get_grid_index
Routine to evaluate the number of intermolecular busps between

score_GRID “grid. a ligand and receptor
xyz coord

] 2/97 to
t

int grid_coordt 31 : * / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / “f

if (get_grid_coordinate tº rid, coord, grid_coord) , int check_bump
r-turn t

grid->span to , " grid--spani i 1 - grid_coord (2) • score_GRID “grid.
grid->span [0] * grid_coord [1] - score_BUMP burp,
grid_coord [C] ; LABEL * label,

MøLecule "molecule
else y

return neither: t
y int atom:

int segment;
int irºdex:

** / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
if (bump->grid + = NULL)

Routine to compute the 3d integer grid co-ordinates given exit t frºn intf f global. outfile. "ERROR check-bump: no bump grid loadedvn") , ;
3D real coordina

for tators = molecule->score... buspecunt - 0:
return values: (molecule->score...burºpcount + = bump->maximum) &t.

THUg coordinates inside grid (atom - molecule-> total. atoms); atom-- )
False coordinates outside grid t

if
2/97 te {

{{segment a molecule->atosi atom) - segment_id) * = NEITHER} ºf
a fºr ºf far fraz, ºf w/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / "a tsegment < molecule->total. segments) &k

(molecule->segment■ segment) . active_flag i = TRUE)
int get_grid_coordinate y
{ continue;

score_cºrd “grid,
xyz coord, if (molecule->atom■ atom). heavy flag == True)
int grid_coord [3] t

} index = get_grid_index (grid, molecule-> coord [atoml ) :
t

int is if (index t = neither)
int inside_flag a TRUE;

if to rid->version ~ 3 - 99)
for ti º or i < 3. i--)
t if (bump->gridt index) ºr. }

grid_coord ( i) = nint t t coordii ) - grid-> origin [i] } / grid->spacing): molecule->score... bump-count--.
}

if
t else

(grid_coordii ) + or | ■
(grid_coordt i ! - grid->span■ i 1 - 1) if (label->vdw.member (molecule->atotal atom). v.dw_id].. bump_id x=

) bump->grid■ index.] I
inside_flag a false, molecule->score-bump-count-= i

} y
j

return inside_flag: }
y )

return molecule->score, bumpcount:
** / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / )

Routine to identify all receptor atoms near the ligand atom
and compute a continuous intermolecular score. ** / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

* f f////f/f/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
2/97 te

Routine to compºute the intermolecular contact score between
a far f// / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / -/ a ligand atom and the receptor

void cal
(

c_inter_score_cont 2/97 tº
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