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CHAPTER I
INTRODUCTION

1.1 Drug Development Process

There is an increasing rate of emerging infectious diseases nowadays. Most of
them are caused by some kind of microorganisms, including both new born virus and
bacteria, as well as those evolve themselves reisistant to conventional antimicrobial
drugs. These living organisms have biological activities to produce biochemical
compounds, such as enzymes or some types of RNA, for serving their pathway of life.
These compounds, especially enazymes, are the main targets of designed drugs in
order to kill the infectious microorganisms efficiently. Thus, development of a drug
that can bind specifically to the target enzyme, or named as “receptor”, to inhibit its
biological function is necessary for a treatment of the disease. However, in general,
research and development for a single drug is extremely cost- and time-consuming. In
average, it takes around 10-15 years and costs about $1.8 billion to take a new
compound to market!™.

A drug development process usually starts with finding lead compounds,
which can be done in several ways. A simple method is to screen biological activities
(in vitro) of all available compounds in hand, which can be as much as hundred
thousands compounds. This is a kind of “trial and error” method and is not effective at
all. Then, the obtained lead compouds must be studied carefully in animal (in vivo) to
investigate their pharmacodynamics and pharmokinetics as well as toxicity. Most of
lead compounds fail in this step. Therefore, only few numbers of lead compounds can
pass to the next step, which is testing in human or clinical research. This step is by far

the logest protion of the drug development process and can takes from 2 to 10 years™.

Considering the drug development process, it can be seen that finding
appropriate lead compounds is very important since it can cut down both time and
budget. With a remarkable progress of computer technology, many computational
techniques have been invented to facilitate the finding of appropriate lead compounds,

for example, quantitative structure-activity relationship (QSAR)®? both classical and



three dimensional (3D) QSARE“, molecular docking™, pharmacophore searching®,

and virtual screening!’.

1.2 Molecular Docking

Molecular docking is a computational technique to predict a binding between
two molecules; in general a larger molecule is called receptor while a smaller
molecule is called ligand. Nowadays, it is widely accepted and has been using
worldwide as a structure-based drug design tool to study enzyme-ligand interaction®
W The name docking comes from the word “dock”. Dock is a place in a port where
ships are loaded, unloaded, or repaired. In molecular docking, ligand is analogous to a
ship and receptor is analogous to a dock. The main goal of molecular docking is to get
the binding conformation regardless of any method, as long as that method is a
legitimate scientific method. Molecular docking has been used in several applications
in drug design and discovery processt*?, for example, structure-activity studies, lead
optimization (by providing guideline how to modify chemical structure to maximize
binding interaction), virtual screening to find potential leads, X-ray crystallography to
assist a fitting of substrates and inhibitors to electron density, chemical mechanism

studies, and combinatorial library design.

The inputs of molecular docking are a 3D structure of receptor; enzyme or
protein, and a 3D structure of ligand, usually a small chemical compound. The 3D
structure of receptor can be obtained by either experiment, e.g. the Protein Data Bank
database™, or theory, i.e. using molecular modeling technique to build a model
structure. Similarly, 3D structure of ligand can either be taken directly from
experimental data or be designed by chemist, using any molecular modelling software

capable to create 3D structure.

The aim of docking calculation is to find the best configuration (in terms of
both position and orientation) of ligand within receptor structure. In principle,
docking calculation is comprised of two interrelated steps; first by searching or
sampling configurations of the ligand in the active site of the protein (which is usually
referred to as pose); then ranking these conformations via a scoring function. Ideally,

configurations generated from the searching or sampling algorithm must include the



experimental binding mode and the scoring function should be able to pick it out by
ranking it with the highest score. Several excellent reviews of molecular docking
methods™ %! as well as publications comparing the performance of various

molecular docking tools™"?? are available.

1.2.1 Searching Algorithm

There are many searching methodologies applied to molecular docking™**!,

for example, matching algorithm®! incremental construction method®, and
stochastic methods?>™, in which the latter methods belong to artificial intelligence
(Al) techniques. Usually, searching problem in Al can be depicted as an agent or
agents working in an environment. The agent can have perception in the environment
and take some set of actions based on defined set of algorithms inside itself. A goal of
action is to make the agent change its state in order to achieve the desired goal. In
rigid docking, the desired goal is easily describe as a position in receptor and the
orientation of ligand binding with each other in order to get the higest fitness score.
The agent can be replaced by ligand and the environment is all possible binding sites
in the protein (search space). According to this idea, three searching methodologies in
Al known as Monte Carlo simulated annealing, genetic algorithm (GA) and
Lamarckian genetic algorithm, are applied in molecular docking calculations?>27.
The next paragraph will explain two of these searching methodologies in brief.

Monte Carlo simulated annealing: this methodology come from the name
Monte Carlo and simulated annealing combined together. Monte Carlo is widely
known for its casino, and its gambling. So this methodology is based upon
randomness. Simulated annealing term came from engineering field. Anneal means to
heat metal or glass and allow it to cool slowly, in order to make it harder. This
algorithm uses the idea of thermodynamic in order to escape from local minima point
and give more probability to achieve global minima point. Nevertheless, Monte Carlo
simulated annealing is considered an obsolete algorithm because it is very slow and

always stuck in local minima.

Genetic algorithm: this methodology is trying to mimic the natural
reproduction way. The basic idea of genetic is to get some set of genes from both



parents and inherit them to their children. Gene is a set of string that encoding the
orientation and position of ligand in receptor space. Start with generating a lot of
ligand’s position and orientation randomly. Then match all of them in couple in
random manner. The children from each couple will receive a new position and
orientation based on parent’s gene. The children that have lower energy are going to
be accepted, leave out most of the higher energy children. After that, doing the cross
over again until it reaches a number of setting iteration (or usually known as
generation), However, sometime all parents might have a set of bad gene. This will
lead to the local minima problem, where children have no way to achieve a lower
energy even if there is. To escape from local minima problem, genetic algorithm use
the idea of mutation, again mimic from the nature. Mutation is a set of instruction that
randomly change some bit, or string in chromosome. Since the orientation and
position in receptor space are encoded into a set of string in chromosome, then the
change in this string can let the children escape to the new position and orientation.
Genetic algorithm can change to evolution algorithm, if the crossover rate is set to be
zero, meaning to have only mutation in the system. According to this, the number of
mutation should be considered and adjusted by user, even though the software might
already set the rate of mutation randomly. Genetic algorithm can give a better result
based on the number of parents and the number of iterations and it does not guarantee
whether the output will be the same or not.

1.2.2 Scoring Function

Apart from the difficulty in searching algorithm, a scoring function is another
significant trouble. The purpose of the scoring function is to identify the correct poses
from ensemble of poses generated by searching/sampling algorithm. There are various
scoring functions which employ different formulars depending on the theory or
concept of that scoring. Scoring function can be divided into force-field based,
empirical and knowledge-basee scoring functions’®. Each function has its own
advantage and disadvantage. There is no common clue which scoring function is the
best for a given system. Therefore, development of new scoring function is an active
research area in molecular docking field although it is quite difficult and time-

consuming task.



Currently, there are several molecular docking softwares available both
freeware, e.g. AutoDock®®, DOCK®", zDOCK™! and commercial software, for
example, GOLD™, Glidel®”, FlexX[?. Among these, the AutoDock is a very popular
and widely used program due to its efficiency and free availability, which includes a

source code of the program. Therefore, the AutoDock is choosen for our research.

1.3 Objective

Although the AutoDock is very efficient, it has some drawbacks. The
searching/sampling algorithm implemented in the AutoDock is genetic algorithm,
which is a stochastic technique. It is well known that a major drawback of the
stochastic technique is repeatability since it is based on statistics and randomness.
Another drawback of the AutoDock is a huge search space, i.e. it includes all 3D
space within a user defined box covering a binding site of receptor. Combining these
two drawbacks, considerable calculation time is probably devoted to generation of
enormous unsuitable configurations randomly from a huge search space, which results
in a long computational time. In order to solve the problems in both repeatability and
efficiency in computational time, it is, therefore, the goal of this research work to
develop a new search algorithm to reduce search space for molecular docking
calculation using divide-and-conquer approach together with computer graphic
algorithm. In addition, our program will be developed using JAVA language, which is
independent of the computer platform, thus it can be run natively on a computer with

any operating system.



CHAPTER Il
METHODOLOGY

2.1 Docking procedure in AutoDock

The purpose of this research is to develop new searching algorithm to reduce
search space which results in shorter computational time and ensure repeatability of
the docking. However, the scoring function is still based on that of the AutoDock.
Therefore, information about a docking procedure in the AutoDock is beneficial and
facilitative for the understanding of our new algorithm. But first, it has to clarify that
the AutoDock is actually a suite of programs consisting of autotor, autogrid, and
autodock sub-programs, in which each sub-program has its own function. Here are

steps for performing docking calculation using the AutoDock™.

1. Coordinate file preparation. Three dimensional structures of receptor and
ligand are required. If the structure is obtained from X-ray crystallography,
hydrogen atoms must be added. This process can be done using any molecular
modeling software but it is very convenience with a use of the
AutoDockTools®?, a separate graphical user interface designed for the
AutoDock. Then, the AutoDockTools assigns atomic charges and atom types
for all atoms and the molecule is saved in an extended PDB format, termed
PDBQT.

2. Grid map calculations. Since the fitness score must be calculated for every
configuration generated during the searching/sampling algorithm, in this case
a genetic algorithm, the AutoDock employs a rapid grid-based evaluation
technique to accelerate this process. The scoring function in the AutoDock is
an extension of force-field-based scoring functions considering four terms:
dispersion/repulsion interaction (or van der Waals intereaction using Lennard-
Jones pair potential), electrostatic energy (using Coulomb potential), hydrogen

(33]

bonding energy, and desolvation energy For the van der Waals

intereaction, a grid map for each atom type found in the ligand is generated.



For example, if the ligand is methanol, CH3OH, there are 3 atom types and
grid maps for carbon, hydrogen, and oxygen atoms will be created. Details of

this step, using carbon atom type as example, are explained below.

a. A three dimensional lattice of regularly spaced points (usually called
grid box) is built and is placed on the receptor in such a way that it

covers all of the binding site area as shown in Figure 1.

grid spacing /A

grid point

n}.-l- 1

probe atom —

Figure 2.1 Grid map used for calculation in Autogrid®®*!,

b. A probe atom, in this case is a carbon atom, is placed at one grid point.
The interaction energy between this carbon atom and the receptor is
calculated and is assigned to the grid point. Then, the probe atom is
moved to the next grid point and intereaction energy is calculated. This
step is repeated until all the grid points are visited. Finally, a carbon

grid map is obtained.



Van der Waals grid map for each atom types of ligand is prepared in the same
way as above (step 2A and 2B). In addition, grid maps for electrostatic energy
as well as desolvation energy are created using also the same procedure but a
probe atom is just a point charge with +1 value for the electrostatic map and is

a probe point with solvation parameter for the desolvation map.

3. Docking simulation. Docking calculation is carried out with Autodock
program using the chosen search/sampling algorithm, typically the
Lamarckian genetic algorithm (LGA). During the search, the fitness score is
evaluated by reading van der Waals interaction, electrostatic energy, hydrogen
bonding energy, and desolvation energy for each atom of ligand from the
corresponding grid map, and then summing all energy terms of all atoms
together. Since the LGA is based on statistics and random, the Autodock is run
several times to give several docked conformations, and analysis of the
predicted energy and the consistency of results is combined to identify the best
solution. According to this procedure, the search space is enormous because
every grid points of all grip maps are included. It is impossible to search for
every possibility thus the obtained docked structure may not match the

experiemental data.

4. Analysis step. The AutoDockTools can be used to analyse the results, in which
interactions between ligand and receptor is usually visualized. Hydrogen

intereaction is also another important property for analysis.

2.2 Concept of our algorithm

Binding between enzyme and ligand is very specific. It means binding site of
enzyme is not a huge area as compare to the size of ligand. When ligand binds to the
enzyme, ligand has to stay at the right position and orientation. The right position can
be determined by using the knowledge of physical chemistry, for example, charge-
charge interaction. Since most of the enzymes are protein, all forces that can hold
ligand in the right position have to come from protein structure (see Tablel).



Table 1.1 Chemical interaction that stabilizes polypeptides.

Interaction Example Distance Typical distance  Free energy (bond dislocation
dependence enthalpies for the covalent bond)
Covalent bond - 1.5A 356 kl/mole
’ ~Cu-C-

(610 kJ/mole for a C=C bond)

Disulfide bond . 22A 167 kJ/mole
~Cys-5-5-Cys-
Salt bridge - A Donor (N) 28A 12.5-17 kJ/mole; may be as high as
-6l - 14 and Acceptor (O) 30 kJ/mole for fully or partially
SO atoms < 3.5 A buried salt bridges. Less if salt

bridge is external.

. ’ Donor (N) 30A 2-6 kl/mole in water; 12.5-21 kl/mole
SH—0C and Acceptor (O) if either donor or acceptor is charged.
atoms < 3.5 A

Hydrogen bond

Long-range electrostatic . Depends on Variable Depends on distance and environment.
0 I+ dielectiric constant Can be very strong in nonpolar region
-¢f- " of medium. but very weak in water,
&
0 Screened by water.

1/r dependence

Van der Waals H H Short range. 35A 4 klJ/mole (4-17 in protein interior)
_é_H H_é_ Fall off rapidly depending on the size of group
A H‘ beyond 4 A (for comparison, the average thermal
separation. energy of molecules at room
1/r° dependence temperature 1s 2.5 kl/mole)

In Table 1, molecular docking considers only weak forces which are van der
Waals interaction, long-range electrostatic interaction, hydrogen bond, and salt
bridge. Even though some enzyme-ligand complexes are binding with covalent bond,
molecular docking will not count them in. In molecular docking, all these weak forces
will add up together for holding ligand. Since energy is the integration of all forces
through the distance. The lowest energy point or area is the most favorite place of
ligand to stay. As stated in the previous section that considering all grid points of
every grid map in GA search algorithm as in the AutoDock results in a tremendous
search space, it is thus our goal to develop a new algorithm that can significantly
reduce a search space in molecular docking. Comparing the free energy among these
interaction types (see Table 1), it is possible to use only the van der Waals interaction
to screen out some part of the search space (grid points) that have higher energy than
a defined threshold, thus, shorten calculation time. Therefore, this hypothesis is used
to develop our new algorithm using a divide-and-conquer approach together with a

computer graphic algorithm. Here are details of steps in our algorithm.

1. Coordinate file preparation.

2. Grid map calculations.
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Step 1 and 2 are exactly the same as those in the AutoDock procedure because

the scoring function of AutoDock is used. Only searching algorithm is modified from

the genetic algorithm to our new algorithm.

3.

Define the threshold for van der Waals interaction energy. Grid point with
energy higher than this threshold is defined as high energy and will not be
considered (exclude from the search space).

Find the lowest redundant atom founded in ligand. This atom is called “rst”.
The lowest redundant atom refers to an atom type of ligand with the minimum
number of atom. For example, if a ligand is hydroquinone, C¢HsO,, oxygen
atom type has the minimum number of atom and is defined as the “rst” atom.
Sort energy in the “rst” grid map type, e.g. oxygen grid map.

Start from the first “rst” in ligand, put it at the lowest energy grid point of the
“rst” grid map.

Find the longest intramolecular distance between “rst” and atom inside the

ligand, and then create a vector connecting the two atoms (see Figure 2).

Figure 2.2 Defining a vector connecting between a central atom and the farthest atom.
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8. Rotate the vector spherically by varying zeta (6) and phi (¢) with a step size of
1 degree; see Figure 3 for the definition of zeta and phi angles. This step

generates a large number of configurations.

Figure 2.3 Spherical and Cartesian coordinates.

9. For each configuration generated in step 8, if the energy of the farthest atom is
lower than the defined threshold, it is stored in the buffer of the program,
otherwise, it is omitted.

10. Move the “rst” atom to the next lower energy grid point, repeat step 7 to 9.

11. Repeat step 10 for every grid points with energy lower than the threshold.

12. Change to the next “rst” atom of ligand. Repeat step 6 to 11 for all “rst” atoms.

13. Generate the output for visualization.

Interestingly, our algorithm uses computer graphic method in order to generate
ligand at the grid position and orientation. The advantage of using computer graphic

method is it can run in parallel very efficiently. In computer graphic, translation
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object in 3 dimension space has to deal with a lot of matrix multiplication. Row by
Row matrix multiplication with buffer each row in the buffer array can reduce cache
miss of the system. This yields to a very fast computing and searching the system.
Rotation along ligand arbitrary matrix can be optimize by computing all rotational
matrix first before multiple every ligand coordinate, represented in Cartesian
coordinate. Gaussian elimination is used for doing the matrix inversion in order to
reduce the time complexity of computing matrix transformation. These matrix codes

can be implemented in java program.

For achieving the repeatability and hopefully to get as close as global minima
in acceptable time. In this research work, the searching paradigm is changing from
statistical based to rational search paradigm. Despite of random walk, the entire map
should be sorted first before searching of grid points and angles begin. Sorting data in
computer can be done in a very short period of time. To retrieve data with array index
can be done in real time, regardless of the size of data. These two methods, sorting
and indexing, combine together will enormously reduce the space and time that
required when compared to brute force search. The chance of finding global minima

should increase when compare to statistical based search as well.

Finally, all of the low energy point on sphere surface will be choose as a
rotational point again but this time ligand will adjust its orientation vector to the
minimum energy grid point of the farthest atom. This searching method will do
iteratively until it reaches all possible grid points which have its energy under the
threshold of its system. The ligands position, orientation and their energy will be kept
in array until it reaches the maximum array index. Then the array will be sorted by
heap sort algorithm. The next ligand position, orientation will compare its energy with
the highest energy in array. If its energy is lower, then the array will keep the new
ligand position, orientation and its energy by replacing the highest energy in array.
After that, the array will be sorted again. Using this algorithm can guarantee that
almost all possible ligand positions and orientations which have its own grid point

energy under the threshold will be searched completely and optimally.



CHAPTER Il

RESULTS AND DISCUSSION

3.1 Development of the new searching algorithm

According to the concept of our algorithm explained in Chapter 2, the JAVA

program with a new searching algorithm for docking calculation were developed. The

program consists of 8 classes, which are listed below.

1.

MapMaker.java (source code is given in Appendix A). This class loads grid
map generated from the AutoDock, keep them in the array and then sorts the

energy from minimum to maximum values.

LSphereData.java (source code is given in Appendix B). This class finds the
longest intramolecular distance between the “rst” atom and atoms inside the
ligand. Create a vector and rotate it spherically. Then, position of the furthest

atom of all points is obtained.

RetriveEnergy.java (source code is given in Appendix C). This is the core of
our algorithm. It is used to put the “rst” atom into the lowest energy grid point
and then to calculate the energy of the furthest atom for all configurations in
the sphere. Determine whether the energy is higher than the threshold. Keep

the acceptable point in the buffer.

Ligand.java (source code is given in Appendix D). This is used to store
information about ligand.

EnCo.java (source code is given in Appendix E). This class encapsulates

energy and coordinates together for the use of sorting purpose.

CUDockUtil.java (source code is given in Appendix F). It is a utility to read

and write a pdb file.

MapConstant.java (source code is given in Appendix G). All the constants
from the grid map are stored using this class.
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8. MatrixUtil.java (source code is given in Appendix H). All operation of matrix
is done with this class.

3.2 Efficiency of our new searching algorithm

In order to examine an efficiency of our new searching algorithm, the Astex
diverse set® was choosen. The Astex diverse set is a standard test set for the
validation of protein-ligand docking performance. It contains 85 high-quality X-ray
complex structures taken from the Protein Data Bank. In this study, 15 ligand-enzyme
complex structures were randomly selected from the Astex diver set. Details of these
15 complexes are given in Table 3.1. For each complex, a ligand is split up from an
enzyme and then our new searching algorithm is used to dock it back. By comparing
configuration of the ligand between the docked and the X-ray structure, efficiency of

our new searching algorithm can be evaluated.

In addition to the concept described in Chapter 2, an extension of our
algorithm was also implemented. Originally, after definding the vector connecting
between the “rst” atom and the farthest atom inside ligand, it is rotated spherically and
if the energy of the farthest atom is higher than the defined threshold, the whole
sphere is omitted (step 9 in section 2.2, Chapter 2). This procedure is now called
“truncate” search algorithm. However, in an extension version, all the shere is
incluced even some of the energys of the farthest atom are higher than the defined
threshold. Therefore, this is called “full” search algorithm. Both algorithms were
applied to all 15 compounds in the test set. A comparison of computational time used
for docking calculation of each compound between the AutoDock and our two
algorithms were given in Table 3.2. Note that the AutoDock calculations used all
default setting parameters except the GA run, which was changed to 100 to increase a

probability of finding the right configuration.



Table 3.1 List of X-ray complex structures used as testing set.

15

PDB code Enzyme No. of Resolution | Ref.
residue
1GPK Acetylcholinesterase 537 2.10 [35]
1HVY Thymidylate Synthase 288 1.90 [36]
11G3 Thiamin pyrophosphokinase 263 1.90 [37]
1JLA HIV-1 Reverse Transcriptase 560 2.50 [38]
1L.2S beta-lactamase 358 1.94 [39]
1M2Z Glucocorticoid receptor 257 2.50 [40]
INAV Hormone receptor alpha 1 263 2.50 [41]
10Q5 Carbonic anhydrase 11 259 1.50 [42]
1P62 Deoxycytidine kinase 263 1.90 [43]
1T46 C-kit tyrosine kinase 313 1.60 [44]
1TZ8 Transthyretin 127 1.85 [45]
1UNL Cyclin-dependent Kinase 5 292 2.20 [46]
1X8X Tyrosyl-tRNA synthetase 322 2.00 [47]
1Y6B VEGFR2 Kinase 366 2.10 [48]
2BR1 CHK1 Kinase 297 2.00 [49]
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Table 3.2 Comparison of computational docking time between the AutoDock and our

new search algorithm.

Computional Time (min:sec)
System No. of
residue AutoDock Truncate search Full search
algorithm algorithm
1GPK 537 171:25 0:44 6:37
1IHVY 288 130:08 0:13 7:31
11G3 263 152:10 0:05 31:32
LA 560 395:34 0:08 32:40
1L.2S 358 150:55 0:21 30:00
1M2Z 257 199:13 0:20 34:20
INAV 263 215:37 0:05 31:15
10Q5 259 252:18 0:10 30:40
1P62 263 123:24 0:09 26:38
1T46 313 386:46 0:09 66:19
1TZ8 127 53:22 1:50 34:49
1UNL 292 421:11 0:09 24:59
1X8X 322 100:26 0:12 21:43
1Y6B 366 353:19 0:06 24:56
2BR1 297 253:31 0:11 24:15
Average - 223:57 0:19 28:33

From the Table 3.2, it is clearly seen that our new algorithms run much faster

than the AutoDock, especially the truncate search algorithm. Average computational

time of AutoDock, Truncate search algorithm, and Full search algorithm is 223:57,

0:19, and 28:33 minutes, respectively, which correspond to a speed up ratio of 690
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and 8 for truncate and full search algorithms. Although the computer used for
AutoDock and our search algorithms are somewhat slightly different in specifications,
i.e. CPU, RAM, operating system, this average computational time can give a clue
about performance of our algorithms. Moreover, our algorithms are feasible for
parallel computation, which will dramatically decrease the calculation time; while the

AutoDock is not capable for parallel running.

Apart from the speed (calculation time), accuracy of the algorithm is another
important factor. The accuracy of docking algorithm is generally evaluated by
comparing the docked configuration to the corresponding X-ray structure. Therefore,
the docked configurations predicted from our two search algorithms for all 15
compounds in the test set were compared with the X-ray structures. Results are

displayed in Figure 3.1 to 3.15.

Figure 3.1 Comparison of ligand configurations in 1GPK between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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Figure 3.2 Comparison of ligand configurations in 1HVY between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.3 Comparison of ligand configurations in 11G3 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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Figure 3.4 Comparison of ligand configurations in 1JLA between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.5 Comparison of ligand configurations in 1L2S between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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Figure 3.6 Comparison of ligand configurations in 1M2Z between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.7 Comparison of ligand configurations in INAV between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink
color) and truncate search (color by elements).
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Figure 3.8 Comparison of ligand configurations in 10Q5 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink
color) and truncate search (color by elements).

Figure 3.9 Comparison of ligand configurations in 1P62 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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Figure 3.10 Comparison of ligand configurations in 1T46 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.11 Comparison of ligand configurations in 1TZ8 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink
color) and truncate search (color by elements).
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Figure 3.12 Comparison of ligand configurations in LUNL between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.13 Comparison of ligand configurations in 1X8X between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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Figure 3.14 Comparison of ligand configurations in 1Y6B between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).

Figure 3.15 Comparison of ligand configurations in 2BR1 between X-ray structure
(green color) and docked structures, using our new algorithm with full search (pink

color) and truncate search (color by elements).
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From all the figures, our new search algorithms can predict the conformations
of ligand (pink and atom-type-based color) quite close to the experimental data (green
color), at least within the same area except 1TZ8. In general, the full search algorithm
is better than the truncate one, for example, 1HVY and 1Y6B systems. The two
algorithms are differenct in the accepting/rejecting the generated spheres. The full
search explores all search space witin the gird box, thus increase a probability to find
the correct answer, compared to the truncate search algorithm. Theoritically, the
performance of our search algorithm can be greatly enhanced if a rotation of the
vector around its own axis is incluced during the search. And this can be done for

further study.



CHAPTER IV
CONCLUSION

By using devide-and-conquer methodology together with computer graphic
approach, our new search algorithm for the docking calculation can run really fast (for
the truncate search algorithm) and explore all search space within the grid map (for
the full search algorithm) as compared to the AutoDock. Moreover, the algorithm can
solve the problem of repeatability in the software that use genetic algorithm as search
method. The docked configurations of all 15 compounds in the test set obtained from
our algorithm are quite close to the experimental data, indicating the high
performance of our algorithm. This software can guarantee optimum and complete

search of the starting van der Waals grid map space.
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Appendix A

Source Code of MapMaker.java

public class MapMaker implements MapConstant {

private int numberOfCoXYZ =0;  // number of Atom in ligand

private int endOfCo = 0; /l end of Co-ordinate

private String inmap =", /I String that contain Map

private String[] elemSymbol; I String Array for Element Symbol

private int[] elemSymbolls; Il Integer Array that encoding Element Symbol
private float[] charge; /l Floating point Array that contain Charge

private Ligand oriLgCo; // Ligand that contain original ligand co-ordinate

private Ligand allLgAtmAtOrgArray[];// Ligand Array that contain all Ligand
Atom at Origin ()

private float rMaximum[]; I Parallel Array to keep r at Maximum length

private int longestindex[]; /I Parallel Array to keep index of the longest
distance

public LSphereData[] Isd; /I Array of LSphereData which all point different
at 1 degree.

/I Constructor for MapMaker.
Il This will set the state of oriLgCo (original Ligand Co-ordinate)
/l and set all Ligand Atom to the Co-ordinate (0, 0, 0)
public MapMaker(String inmapFileLocation) {
System.out.printIn("MapMaker Constructor");
this.inmap = new String(this.prepareMap(inmapFileLocation));
endOfCo = this.inmap.indexOf("END");
this.oriLgCo = initLigand(this.inmap);
this.rMaximum = new float[this.numberOfCoXYZ];
this.longestindex = new int[this.numberOfCoXYZ]; // keeping index of Atom which
stays at the fastest of this index.
this.Isd = new LSphereData[this.numberOfCoXYZ]; // keeping data of ligand sphere
this.setAllLgAtmToOrigin(this.oriLgCo);



/I This loop is for finding maximum radius in ligand and initiating Isd.
for (int i =0; i < this.numberOfCoXYZ; i++) {
this.findRMax(this.allLgAtmAtOrgArray[i], i);
this.Isd[i] = new LSphereData(i, longestindex[i], rMaximum[i]);

}
System.out.printin("End MapMaker Constructor");

//[Show inmap
public void showInMap() {
System.out.printIn("This is and inmap.\n" + this.inmap);

/I get Element Symbol
public String[] getElemSymbol() {

return this.elemSymbol;

/ get Original Ligand Co-ordinate
public Ligand getOriLg() {

return this.oriLgCo;

Il This method will instantiate and return "Original Ligand.pdbqt" file.
public String getLigandPDBQT() {
String tinmap = new String(this.inmap);

return tinmap;

/I get String of Element Symbol. rowl start from index 0.
/I Element Symbol is the last Column of PDB or PDBQT File

35
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public String getElementType(int rowl) {
return this.elemSymbol[rowl];

I get String Array of Element Symbol Array
public String[] getElementTypeArray() {
return this.elemSymbol,

I get Integer Array of Element Symbol Array
public int[] getElemTypels() {
return this.elemSymbolls;

/I This method will Change Element Symbol to integer form (encoding Ex. OA = 1)
private void changeESsToEIs() {
this.elemSymbolls = new int[this.elemSymbol.length];
for (int i = 0; i < this.elemSymbol.length; i++) {
if (this.elemSymbol[i].equalsignoreCase("OA")) {
this.elemSymbollis[i] = 1;
} else if (this.elemSymbol[i].equalsignoreCase("C™)) {
this.elemSymbolls[i] = 2;
} else if (this.elemSymbol[i].equalsignoreCase("A")) {
this.elemSymbolls[i] = 3;
} else if (this.elemSymbol[i].equalsignoreCase("HD")) {
this.elemSymbolls[i] = 4;
} else if (this.elemSymbol[i].equalsignoreCase("H")) {
this.elemSymbolls[i] = 5;
} else if (this.elemSymbol[i].equalsignoreCase("NA")) {
this.elemSymbolls[i] = 6;
} else if (this.elemSymbol[i].equalsignoreCase("N")) {
this.elemSymbolls[i] = 7;
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} else if (this.elemSymbol[i].equalsignoreCase("SA™)) {
this.elemSymbollis[i] = 8;

} else if (this.elemSymbol[i].equalsignoreCase("S")) {
this.elemSymbolls[i] = 9;

/I This method prepares Map from input Map location in to String type
/[ then attachs with String "END" at the end of file
public String prepareMap(String mapLocation) {

String tempMap;

String inputPDBQT = CUDockUtil.loadFile(mapLocation);

int indexH = 0;

int indexA = 0;

int indexEOLA = 0;

int indexEOLH = 0;

indexH = inputPDBQT.indexOf("HETATM", indexH);
indexA = inputPDBQT.indexOf("ATOM", indexA);
indexEOLA = inputPDBQT.indexOf("\n", indexA);
indexEOLH = inputPDBQT.indexOf("\n", indexH);
while (indexA !'=-1 || indexH !=-1) {

if ((indexA < indexH || indexH == -1) && indexA !'=-1) {
sbMapL.ine.append(inputPDBQT, indexA, indexEOLA + 1);
indexA +=4;
indexA = inputPDBQT.indexOf("ATOM", indexA);
indexEOLA = inputPDBQT.indexOf("\n", indexA);

} else if ((indexH < indexA || indexA == -1) && indexH !'=-1) {
sbMapL.ine.append(inputPDBQT, indexH, indexEOLH + 1);
indexH += 6;
indexH = inputPDBQT.indexOf("HETATM", indexH);



indexEOLH = inputPDBQT.indexOf("\n", indexH);

}
this.numberOfCoXYZ++;

}
sbMapLine.append("END");

tempMap = sbMapL.ine.toString();
return tempMap;

I get the number of atoms in Ligand
public int getNumOfAtominLigand() {
return this.numberOfCoXYZ;

/I get Charge Array
public float[] getChargeArray() {
return this.charge;

/I Initialize Ligand from Map String
I/ output: ligand (keep coordinate X, y, z in array), elemSymbol[],
elementSymbolls, charge[],
public Ligand initLigand(String map) {
StringBuffer x = new StringBuffer("01234567");
StringBuffer y = new StringBuffer("yyyyyyyy");
StringBuffer z = new StringBuffer("'zzzzzzzz");
StringBuffer ¢ = new StringBuffer("01234567");

float[] xCoArray = new float[numberOfCoXYZ];
float[] yCoArray = new float[numberOfCoXYZ];
float[] zCoArray = new float[numberOfCoXYZ];



this.elemSymbol = new String[this.numberOfCoXYZ];
this.charge = new float[numberOfCoXYZ];

int indexH = 0;
int indexA = 0;
int indexEOLA = 0;
int indexEOLH = 0;
StringBuffer sbMapLine = new StringBuffer("");
indexH = map.indexOf("HETATM", indexH);
indexA = map.indexOf("ATOM", indexA);
indexEOLA = map.indexOf(*"\n", indexA);
indexEOLH = map.indexOf("\n", indexH);
intj=0;
while (indexA !'=-1 || indexH !=-1) {
if ((indexA < indexH || indexH == -1) && indexA !'=-1) {
xCoArray[j] = Float.parseFloat(x.replace(0, 8, map.substring(indexA +
pdbXCoS, indexA + pdbXCoE)).toString());
yCoAurray[j] = Float.parseFloat(y.replace(0, 8, map.substring(indexA +
pdbYCoS, indexA + pdbYCoE)).toString());
zCoArray[j] = Float.parseFloat(z.replace(0, 8, map.substring(indexA +
pdbZCoS, indexA + pdbZCoE)).toString());
charge[j] = Float.parseFloat(c.replace(0, 8, map.substring(indexA +
chargeS, indexA + chargeE)).toString());
this.elemSymbol[j++] = map.substring(indexA + elemSymS, indexA +
elemSymeE).trim(); //77 , 79
indexA +=4;
indexA = map.indexOf("ATOM", indexA);
indexEOLA = map.indexOf("\n", indexA);
} else if ((indexH < indexA || indexA == -1) && indexH !'=-1) {
xCoArray[j] = Float.parseFloat(x.replace(0, 8, map.substring(indexH +
pdbXCoS, indexH + pdbXCoE)).toString());



yCoArray[j] = Float.parseFloat(y.replace(0, 8, map.substring(indexH +
pdbYCoS, indexH + pdbYCoE)).toString());

zCoArray[j] = Float.parseFloat(z.replace(0, 8, map.substring(indexH +
pdbZCoS, indexH + pdbZCoE)).toString());

charge[j] = Float.parseFloat(c.replace(0, 8, map.substring(indexH +
chargeS, indexH + chargeE)).toString()); //7

this.elemSymbol[j++] = map.substring(indexH + elemSymS, indexH +
elemSymE).trim();

indexH += 6;

indexH = map.indexOf("HETATM", indexH);

indexEOLH = map.indexOf("\n", indexH);

}
this.changeESsToEIs();

Ligand Ig = new Ligand(xCoArray, yCoArray, zCoArray);

return Ig;

/[This method for generating PDBQT Map file
public void genPDBQTMap(Ligand Ig, String outFile)// throws IOException
{

try {
PrintStream out = new PrintStream(new File(outFile));

StringBuffer aBuffer = new StringBuffer();
aBuffer.append(this.inmap);

int pxs = pdbXCoS - 1;

int pys = pdbYCoS - 1;

int pzs = pdbZCoS - 1;

int pxe = pdbXCoE;

int pye = pdbYCoE;

int pze = pdbZCoE;

int eolindex = 0;
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int neollndex = 0;

for (inti =0; i < Ig.numAtom(); i++) {
aBuffer.replace(pxs, pxe, CUDockUTtil.eightDigit(lg.coAtom('x’, )));
aBuffer.replace(pys, pye, CUDockUTtil.eightDigit(lg.coAtom('y', i)));
aBuffer.replace(pzs, pze, CUDockUtil.eightDigit(lg.coAtom('z', 1)));
neollndex = aBuffer.indexOf("\n", eolindex);

if (neolindex - eolindex == 78) {
pxs += nextCo;
pys += nextCo;
pzs += nextCo;
pxe += nextCo;
pye += nextCo;
pze += nextCo;
eollndex = neolindex + 1;
} else if (neolindex - eolindex == 79) {
pxs += nextCo + 1;
pys += nextCo + 1,
pzs += nextCo + 1;
pxe += nextCo + 1,
pye += nextCo + 1,
pze += nextCo + 1;

eollndex = neollndex + 1;

}
out.printin(aBuffer.toString());

out.close();

} catch (IOException e) {
System.out.printin("Error opening output file ");
System.exit(0);
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/[This method for generating PDB Map file
public void genPDBMap(Ligand Ig, String outFile)// throws IOException
{
try {
PrintStream out = new PrintStream(new File(outFile));
StringBuffer aBuffer = new StringBuffer();
aBuffer.append(this.inmap);
int pxs = pdbXCoS - 1;
int pys = pdbYCoS - 1;
int pzs = pdbZCoS - 1;
int pxe = pdbXCoE;
int pye = pdbYCoE;
int pze = pdbZCoE;

for (inti=0; i < lg.numAtom(); i++) {
aBuffer.replace(pxs, pxe, CUDockUTtil.eightDigit(lg.coAtom('x’, 1)));
aBuffer.replace(pys, pye, CUDockUTtil.eightDigit(lg.coAtom('y', i)));
aBuffer.replace(pzs, pze, CUDockUtil.eightDigit(lg.coAtom('z', i)));
pxs += nextCo;
pys += nextCo;
pzs += nextCo;
pxe += nextCo;
pye += nextCo;
pze += nextCo;

}

out.printin(aBuffer.toString());

out.close();

} catch (IOException e) {
System.out.printin("Error opening output file ™);
System.exit(0);
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Il This method will set all Atom in Ligand to the Co-ordinate (0, 0, 0)
public void setAllLgAtmToOrigin(Ligand Ig) {
this.allLgAtmAtOrgArray = new Ligand[lg.numAtom()];
Ligand tempLg;
for (inti=0; i < lg.numAtom(); i++) {
tempLg = this.setToOrigin(lg, i);
this.allLgAtmAtOrgArray[i] = tempLg;

Il This getter method returns Ligand which input index Atom of this method
// will translat to the Co-ordinate (0, 0, 0). Index start from O.
public Ligand getEachLgAtmALtOrigin(int i) {

return this.allLgAtmAtOrgArray[i];

/I This Setter Method receives "Ligand, and the order of Atom in Ligand"
/l and translates to the Co-ordinate (0, 0, 0)
public Ligand setToOrigin(Ligand lg, int orderOfAtom) {

Ligand atOrigin;

float newXCo[] = new float[lg.numAtom()];

float newYCo[] = new float[lg.numAtom()];

float newZCo[] = new float[lg.numAtom()];
float xToOrigin = Ig.coAtom('x', orderOfAtom);
float yToOrigin = Ig.coAtom('y', orderOfAtom);

float zToOrigin = lIg.coAtom('z', orderOfAtom);

for (inti = 0; i < lg.numAtom(); i++) {
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newXCol[i] = Ig.coAtom('x', i) - xToOrigin;
newY Coli] = Ig.coAtom('y', i) - yToOrigin;
newZCol[i] = lg.coAtom('z', i) - zToOrigin;

atOrigin = new Ligand(newXCo, newY Co, newZCo);

return atOrigin;

Il This method uses for finding Maximum radius of ligand atom from original co-
ordinate.
/' 1t will initialize rMaximum([] and longestindex][] as well.
public void findRMax(Ligand 10rigin, int atindex) {
float rMax = 0.f;
float rTemp = 0.f;

int farthestindex = 0O;

for (int i = 0; i < this.getNumOfAtomInLigand(); i++) {
rTemp = (float) Math.sqrt(Math.pow((IOrigin.coAtom('x’, atindex) -
IOrigin.coAtom('x', 1)), 2)
+ Math.pow((IOrigin.coAtom('y’, atindex) - 10rigin.coAtom('y', 1)), 2)
+ Math.pow((IOrigin.coAtom('z', atindex) - IOrigin.coAtom('z', i)), 2));
if (rTemp >=rMax) {
farthestindex = i;
rMax = rTemp;

¥

this.rMaximum[atindex] = rMax;

this.longestindex[atindex] = farthestindex;
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Appendix B

Source Code of LSphereData.java
public class LSphereData implements MapConstant {

private float[] XA, // array of coordinated ligand about x axial.

private float[] yA; // array of coordinated ligand about y axial.

private float[] zA, // array of coordinated ligand about z axial.

private int originAtomIndex = 0; // Index of origin atom which is the starting point.

private int longestAtomindex = 0;// Index of the longest atom which is the starting
point.

private float rSphere = 0.f; //radius, distance from originAtomIndex to
longestAtomIndex.

private float theraSphere[]; //Array contains each thera angle.

private float phiSphere[]; //Array contains each phi angle.

private static final int numPointOfOneDegree = 64442; /[number of point in sphere
when rotate by 1 degree difference.

private int count =0;  // This "count index™ will keep track of x,y,x, thera and phi

Il This constructor get 3 parameter which is an origin atom index,
/l a longest atom index, length of maximum radius from origin atom to longest
atom in ligand.
public LSphereData(int originAtoml, int longestAtoml, float rS) {
this.originAtomIndex = originAtoml;
this.longestAtomIndex = longestAtoml;
this.rSphere =rS;
this.sphereCo(rS);

I/l This method generates xA,yA,zA Coordinate on Sphere surface with radius r



/I 1t will return all array of theraSphere and phiSphere as well.
public void sphereCo(float r)//, double thera, double phi)

{

this.xA = new float[numPointOfOneDegree];
this.yA = new float[numPointOfOneDegree];
this.zA = new float[numPointOfOneDegree];
this.theraSphere = new float[this.numPointOfOneDegree];

this.phiSphere = new float[this.numPointOfOneDegree];

xA[count] = (float) (r * Math.sin(Math.toRadians(0)) *
Math.cos(Math.toRadians(0)));

yA[count] = (float) (r * Math.sin(Math.toRadians(0)) *
Math.sin(Math.toRadians(0)));

zA[count] = (float) (r * Math.cos(Math.toRadians(0)));

this.theraSphere[count] = 0.f;

this.phiSphere[count] = 0.f;

count++;

for (int thera = 1; thera < 180; thera++) {
for (int phi = 0; phi < 360; phi++) {

if (thera == 90 && phi ==90) {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * cos90);
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * sin90);
zA[count] = (float) (r * cos90);
this.theraSphere[count] = 90;
this.phiSphere[count] = 90;
count++;

} else if (thera == 90 && phi == 180) {

xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * cos180);

yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * sin180);
zA[count] = (float) (r * cos90);
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this.theraSphere[count] = 90;
this.phiSphere[count] = 180;
count++;

} else if (thera == 90 && phi == 270) {

xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * cos270);
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * sin270);

zA[count] = (float) (r * c0s90);
this.theraSphere[count] = 90;
this.phiSphere[count] = 270;
count++;
} else if (thera == 90) {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.cos(Math.toRadians(phi)));
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.sin(Math.toRadians(phi)));
zA[count] = (float) (r * cos90);
this.theraSphere[count] = 90;
this.phiSphere[count] = phi;
count++;
}else if (phi == 90) {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * cos90);
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.sin(Math.toRadians(phi)));
zA[count] = (float) (r * Math.cos(Math.toRadians(thera)));
this.theraSphere[count] = thera;
this.phiSphere[count] = 90;
count++;
} else if (phi == 180) {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.cos(Math.toRadians(phi)));
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * sin180);
zA[count] = (float) (r * Math.cos(Math.toRadians(thera)));
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this.theraSphere[count] = thera;
this.phiSphere[count] = 180;
count++;
} else if (phi == 270) {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) * cos270);
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.sin(Math.toRadians(phi)));
zA[count] = (float) (r * Math.cos(Math.toRadians(thera)));
this.theraSphere[count] = thera;
this.phiSphere[count] = 270;
count++;
} else {
xA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.cos(Math.toRadians(phi)));
yA[count] = (float) (r * Math.sin(Math.toRadians(thera)) *
Math.sin(Math.toRadians(phi)));
zA[count] = (float) (r * Math.cos(Math.toRadians(thera)));
this.theraSphere[count] = thera;
this.phiSphere[count] = phi;

count++;

xA[count] = (float) (r * Math.sin(Math.toRadians(180)) *
Math.cos(Math.toRadians(0)));

yA[count] = (float) (r * Math.sin(Math.toRadians(180)) *
Math.sin(Math.toRadians(0)));

zA[count] = (float) (r * Math.cos(Math.toRadians(180)));

this.theraSphere[count] = 180;

this.phiSphere[count] = 0;



/I This methode returns xA at the index i.
public float getX(int i) {

return xA[i];

I/l This methode returns yA at the index i.
public float getY (int i) {
return yA[i];

/I This methode returns zA at the index i.
public float getZ(int i) {
return zA[i];

/I This methode returns originAtomindex,
/[ which is the index of origin atom.
public int getOriginAtomIndex() {

return originAtomindex;

/I This method returns longestAtomindex,
/I which is the index of longest atom from originAtomIndex.
public int getLongestAtomIndex() {

return longestAtomIndex;

/[This method returns rSphere.
public float getrSphere() {
return rSphere;
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/[This method returns theraSphere at index i.
public float getTheraSphere(int i) {

return theraSphere[i];

/[This method returns phiSphere at index i.
public float getPhiSphere(int i) {
return phiSphere[i];

/[This method sets x to the private data XA at index i.
public void setX(float x, int') {
this.xA[i] = x;

/[This method sets y to the private data yA at index i.
public void setY (float y, int i) {
this.yA[i] = y;

/[This method sets z to the private data zA at index i.
public void setZ(float z, int i) {
this.zA[i] = z;

/[This method sets originAtomIndex to the private data originAtomIndex.
public void setOriginAtomindex(int originAtomIndex) {

this.originAtomIndex = originAtomIndex;

/[This method sets longestAtomindex to the private data longestAtomindex.
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public void setLongestAtomIndex(int longestAtomindex) {

this.longestAtomIndex = longestAtomIndex;

/[This method sets rSphere to the private data rSphere.
public void setrSphere(float rSphere) {
this.rSphere = rSphere;

/[This method sets theraSphere to the private data theraSphere array at index i.
public void setTheraSphere(float theraSphere, int i) {
this.theraSphere[i] = theraSphere;

/[This method sets phiSphere to the private phiSphere array at index i.
public void setPhiSphere(float phiSphere, int i) {
this.phiSphere[i] = phiSphere;

/[This method generates the ligand orientation, the final answer,

/[from ligand input and countIn, which is an encrypted angle position.
/[Algorithm is to keep the longest co-ordinate ligand atom from input Ig,

/land decrypt countlIn in to thera and phi angle.

/[Finally the ligand will generate final answer according to thera and phi angle.
public Ligand generateLgOrient(Ligand Ig, int countin) {

int numLgAtom = Ig.numAtom();
int thera = (int) this.getTheraSphere(countin);
int phi = (int) this.getPhiSphere(countin);

float Cx = lg.coAtom(’x', this.longestAtomIndex);
float Cy = lIg.coAtom('y', this.longestAtomIndex);
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float Cz = Ig.coAtom('z', this.longestAtomIndex);
float d = (float) Math.sqrt((double) Cy * Cy + (double) Cz * Cz);

/I Making the longest vector of ligand align with z axials by rotating about x axial,

/[ then rotating again over y axial.

/IrotateOverX
Ligand roxLg = null;
float newXO0Co[] = new float[numLgAtom];
float newYOQCo[] = new float[numLgAtom];
float newZ0Co[] = new float[numLgAtom];
for (inti =0; i < numLgAtom; i++) {
newYO0Co[i] = Ig.coAtom('y', i) * (lg.coAtom('z', this.longestAtomIndex) / d) -
lg.coAtom('z', i) * (Cy / d);
newZ0Coli] = Ig.coAtom('y', i) * (Cy / d) + Ig.coAtom('z', i) * (Ig.coAtom('z’,
this.longestAtomIndex) / d);
newXO0Co[i] = Ig.coAtom('X’, i);
}
roxLg = new Ligand(newX0Co, newY0Co, newZ0Co);
/IrotateOverY
Ligand royLg = null;
float newXCo[] = new float[numLgAtom];
float newYCo[] = new float[numLgAtom];
float newZCo[] = new floatfnumLgAtom];
for (inti =0; i < numLgAtom; i++) {
newXCol[i] = roxLg.coAtom('z', i) * roxLg.coAtom('x’,
this.longestAtomIndex) / this.rSphere + lg.coAtom('x’, i) * roxLg.coAtom('z',
this.longestAtomIndex) / this.rSphere;
newY Co[i] = roxLg.coAtom('y', i); //
newZCol[i] = roxLg.coAtom('z', i) * roxLg.coAtom('z',
this.longestAtomIndex) / this.rSphere - Ig.coAtom('x', 1) * roxLg.coAtom('x’,
this.longestAtomIndex) / this.rSphere;



53

}
royLg = new Ligand(newXCo, newY Co, newZCo);

/l Finally, adjust the angle by rotating about x axial, thera degree,
// and then rotating about y axial, phi degree.
/IrotateX thera
Ligand roxLgl = null;
float newX1Co[] = new float[numLgAtom];
float newY1Co[] = new float[numLgAtom];
float newZ1Co[] = new float[numLgAtom];
for (int i = 0; i < numLgAtom; i++) {
newY1Coli] = royLg.coAtom('y', i) * (float)
(Math.cos(Math.toRadians(thera))) - royLg.coAtom('z', i) * (float)
(Math.sin(Math.toRadians(thera)));
newZ1Co[i] = royLg.coAtom('y’, i) * (float)
(Math.sin(Math.toRadians(thera))) + royLg.coAtom('z', i) * (float)
(Math.cos(Math.toRadians(thera)));
newX1Coli] = royLg.coAtom('x', i);

¥
roxLgl = new Ligand(newX1Co, newY1Co, newZ1Co);

/IrotateY phi
Ligand royLg2 = null;
float newX2Co[] = new floatfnumLgAtom];
float newY2Co[] = new float[numLgAtom];
float newZ2Co[] = new float[numLgAtom];
for (int i = 0; i < numLgAtom; i++) {
newX2Co[i] = roxLgl.coAtom('z', i) * (float)
(Math.sin(Math.toRadians(phi))) + roxLgl.coAtom('x', i) * (float)
(Math.cos(Math.toRadians(phi)));
newY?2Co[i] = roxLgl.coAtom(y', i); //



newZ2Co[i] = roxLgl.coAtom('z', i) * (float)
(Math.cos(Math.toRadians(phi))) - roxLgl.coAtom('x', i) * (float)
(Math.sin(Math.toRadians(phi)));
}
royLg2 = new Ligand(newX2Co, newY2Co, newZ2Co);
return royLg2;
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Appendix C

Source Code of RetriveEnergy.java
public class RetriveEnergy {

static Runtime r = Runtime.getRuntime();
static long tr = r.freeMemory();

private String gpfinfo = "";

private String lgMapArray[];

private String mapFileArray[];

private float spacing;

private String receptorFile = "";

private String receptorName ="";

private int nptXl = 0;

private int nptYl = 0;

private int nptZl = 0;

private float gridCenterX;

public float real GXMinD;

private float gridCenterY;

public float realGYMIinD;

private float gridCenterZ;

public float realGZMIinD;

private int numGridPoint;

[H*

* ** assigned receptor types: oxygen->0A, carbon->C, arom_carbon->A,
* hydrogen->HD, nonHB_hydrogen->H, nitrogen->NA, nonHB_nitrogen->N,
* sulphur->SA, nonHB_sulphur->S"

*/

private float OAMapArray[];

private float OAMapArray3D[][][];
private EnCo OAMapArrayEnCo[];



private float AMapArray[];

private float AMapArray3D[][1I;
private EnCo AMapArrayEnCol[];
private float CMapArray[];

private float CMapArray3D[][][];
private EnCo CMapArrayEnCo[];
private float HDMapArray/[];
private float HDMapArray3D[][][];
private EnCo HDMapArrayEnCo[];
private float HMapArray[];

private float HMapArray3DI[][][];
private EnCo HMapArrayEnCol[];
private float NAMapArray[];
private float NAMapArray3DI[][1[];
private EnCo NAMapArrayEnCol[];
private float NMapArray[];

private float NMapArray3D[][1[];
private EnCo NMapArrayEnCol];
private float SAMapArray[];
private float SAMapArray3D[][1[;
private EnCo SAMapArrayEnCol];
private float SMapArray([];

private float SMapArray3D[][][];
private EnCo SMapArrayEnCol[];
private float eMapArray[];

private float eMapArray3D[][]];
private EnCo eMapArrayEnCol[];
private float dMapArray[];

private float dMapArray3D[][1[I;
private EnCo dMapArrayEnCo[];
private boolean lInGrid = false;
private boolean sedGrid3DB[][](I;
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private int inGrid = 0;
private long outGrid = 0;
private long IgInGrid = 0;

private void constructFromString(String gpfLocate) {

System.out.printIin("Start RetriveEnergy Constructor.");

int iR4;

String tR4Locate;

iR4 = gpfLocate.indexOf("DockFile™); //All recepters, .pdbqt, .gpf should be in
this directory. i stand for index.

int rcNameLength = 0;

rcNameLength = gpfLocate.indexOf(".") - (IR4 + 9);

tR4Locate = gpfLocate.substring(0, iR4 + 9); // 9 means 9 charactor of
("DockFile/™).

String rcName = gpfLocate.substring(iR4 + 9, iR4 + 9 + rcNameLength);
/[rcName is Recepter Name

intiLT, iSp, iGC, iR; //index of "ligand_types"+13, "spacing"+8,
"gridcenter"+11, "receptor ".

inteLT, eSp, eGC, eR, eN;

String IgAtomType ="";

this.gpfInfo = CUDockUTtil.loadFile(gpfLocate);

this.gpfinfo.trim();

iGC = this.gpfinfo.indexOf("gridcenter™) + 11; // 11 is the length of "gridcenter "

eGC = this.gpfinfo.indexOf("#", iGC);

String tGC[] = this.gpfinfo.substring(iGC, eGC).split(" *);

this.gridCenterX = Float.parseFloat(tGC[0]);

this.gridCenterY = Float.parseFloat(tGC[1]);

this.gridCenterZ = Float.parseFloat(tGC[2]);

eN = this.gpfinfo.indexOf("#", 5); // 5 is the length of "npts "

String tnpts[] = this.gpfinfo.substring(5, eN).split(" *');

this.nptXI = Integer.parselnt(tnpts[0]) + 1;

this.nptY1 = Integer.parselnt(tnpts[1]) + 1;
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this.nptZI = Integer.parselnt(tnpts[2]) - 1;

this.numGridPoint = this.nptX1 * this.nptY1 * this.nptZI;

ILT = this.gpfinfo.indexOf("ligand_types") + 13; I/ 13 is the length of
"ligand_types "

eLT = this.gpfInfo.indexOf("#", IiLT);

IgAtomType = this.gpfinfo.substring(iLT, eLT).trim();

iISp = this.gpfinfo.indexOf("spacing”) + 8; // 8 is the length of "spacing "

eSp = this.gpfinfo.indexOf("#", iSp);

this.spacing = Float.parseFloat(this.gpfinfo.substring(iSp, eSp).trim());

this.IlgMapArray = IgAtomType.split(" ");

iR = this.gpfinfo.indexOf("receptor ", eLT) + 9;

eR = eLT = this.gpfinfo.indexOf("#", IR);

this.receptorFile = this.gpfinfo.substring(iR, eR).trim();

this.receptorName = this.receptorFile.substring(0,
this.receptorFile.indexOf(*".pdb™));

this.mapFileArray = new String[this.IgMapArray.length + 2]; // 2 #s € map ru d

map
for (inti = 0; i < this.lgMapArray.length; i++) {
this.mapFileArray[i] = this.receptorName + "." + this.IgMapArray[i] + ".map";
}
this.mapFileArray[this.IgMapArray.length] = this.receptorName + ".e.map";
this.mapFileArray[this.IgMapArray.length + 1] = this.receptorName + ".d.map";

String tR4LocateA[] = new String[this.mapFileArray.length];
for (int i = 0; i < this.mapFileArray.length; i++) {
tR4LocateA[i] = tR4Locate + this.mapFileArray[i];
if (tR4LocateA[i].contains(".C.map")) {
System.out.printin(tR4LocateA[i]);
this.CMapArray = this.makeArMap(CUDockUtil.loadFile(tR4LocateA[i]));
this.CMapArray3D = this.oneDTo3DMatrix(CMapArray, nptZl, nptYl,
nptXl1);
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this.CMapArrayEnCo = this.makeEnCos(this.CMapArray3D, nptZI, nptY],
nptXl);
} else if (tR4LocateA[i].contains(".HD.map")) {
System.out.printin(tR4LocateA[i]);
this.HDMapArray =
this.makeArMap(CUDockUtil.loadFile(tR4LocateAli]));
this.HDMapArray3D = this.oneDTo3DMatrix(HDMapArray, nptZl, nptYl,
nptXl);
this. HDMapArrayEnCo = this.makeEnCos(this. HDMapArray3D, nptZI,
nptYl, nptXl);
} else if (tR4LocateA[i].contains(".N.map")) {
System.out.printin(tR4LocateA[i]);
this.NMapArray = this.makeArMap(CUDockUtil.loadFile(tR4LocateA[i]));
this.NMapArray3D = this.oneDTo3DMatrix(NMapArray, nptZl, nptYl,
nptXl1);
this.NMapArrayEnCo = this.makeEnCos(this.NMapArray3D, nptZl, nptY]1,
nptXl);
} else if (tR4LocateA[i].contains(".A.map™)) {
System.out.printin(tR4LocateA[i]);
this.AMapArray = this.makeArMap(CUDockUTtil.loadFile(tR4LocateA[i]));
this. AMapArray3D = this.oneDTo3DMatrix(AMapArray, nptZI, nptY]l,
nptXl);
this. AMapArrayEnCo = this.makeEnCos(this.AMapArray3D, nptZl, nptY]1,
nptXl);
} else if (tR4LocateA[i].contains(".NA.map")) {
System.out.printin(tR4LocateA[i]);
this.NAMapArray =
this.makeArMap(CUDockUtil.loadFile(tR4LocateAli]));
this.NAMapArray3D = this.oneDTo3DMatrix(NAMapArray, nptZl, nptYl,
nptXl);
this.NAMapArrayEnCo = this.makeEnCos(this.NAMapArray3D, nptZl,
nptYl, nptXl);
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} else if (tR4LocateA[i].contains(".OA.map")) {
System.out.printin(tR4LocateAl[i]);
this.OAMapArray =
this.makeArMap(CUDockUtil.loadFile(tR4LocateAli]));
this. OAMapArray3D = this.oneDTo3DMatrix(OAMapArray, nptZl, nptYl,
nptXl);
this.OAMapArrayEnCo = this.makeEnCos(this. OAMapArray3D, nptZI,
nptYl, nptXI);
} else if (tR4LocateA[i].contains(".H.map™)) {
System.out.printin(tR4LocateA[i]);
this.HMapArray = this.makeArMap(CUDockUtil.loadFile(tR4LocateA[i]));
this.HMapArray3D = this.oneDTo3DMatrix(HMapArray, nptZI, nptY],
nptXl);
this.HMapArrayEnCo = this.makeEnCos(this.HMapArray3D, nptZI, nptY1,
nptXl);
} else if (tR4LocateA[i].contains(*.S.map")) {
System.out.printin(tR4LocateA[i]);
this.SMapArray = this.makeArMap(CUDaockUTtil.loadFile(tR4LocateA[i]));
this.SMapArray3D = this.oneDTo3DMatrix(SMapArray, nptZl, nptYl,
nptXl);
this.SMapArrayEnCo = this.makeEnCos(this.SMapArray3D, nptZI, nptYl,
nptXl);
} else if (tR4LocateA[i].contains(".SA.map")) {
System.out.printin(tR4LocateA[i]);
this.SAMapArray =
this.makeArMap(CUDockUtil.loadFile(tR4LocateAli]));
this.SAMapArray3D = this.oneDTo3DMatrix(SAMapArray, nptZI, nptY],
nptXl);
this.SAMapArrayEnCo = this.makeEnCos(this.SAMapArray3D, nptZl,
nptYl, nptXl);
} else if (tR4LocateA[i].contains(*.e.map")) {
System.out.printin(tR4LocateA[i]);
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this.eMapArray = this.makeArMap(CUDockUtil.loadFile(tR4LocateAli]));
this.eMapArray3D = this.oneDTo3DMatrix(eMapArray, nptZI, nptYl,
nptXl);
this.eMapArrayEnCo = this.makeEnCos(this.eMapArray3D, nptZl, nptY],
nptXl);
} else if (tR4LocateA[i].contains(".d.map™)) {
System.out.printin(tR4LocateA[i]);
this.dMapAurray = this.makeArMap(CUDockUtil.loadFile(tR4LocateA[i]));
this.dMapArray3D = this.oneDTo3DMatrix(dMapArray, nptZI, nptY],
nptXl);
this.dMapArrayEnCo = this.makeEnCos(this.dMapArray3D, nptZl, nptY1,
nptXI);
}

}
this.realGXMinD = this.gridCenterX - Math.abs((this.nptXI / 2) * this.spacing);

this.realGYMinD = this.gridCenterY - Math.abs((this.nptY1/ 2) * this.spacing);
this.realGZMinD = this.gridCenterZ - Math.abs((this.nptZI / 2) * this.spacing);
System.out.printIn("End RetriveEnergy Constr.");

public RetriveEnergy(String gpfLocate)

{
this.constructFromsString(gpfLocate);

public float getRealGXMinD() {
return realGXMinD;

public float getRealGYMinD() {
return real GYMInD;
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public float getReal GZMinD() {
return realGZMinD;

public float getSpacingD() {

return spacing;

/Imake EnCo Array, Energy Co-ordinate array, each array contain energy at that
grid point

public EnCo[] makeEnCos(float[][][] map3D, int maxZl, int maxYl, int maxXI) {

EnCo[] enCos = new EnCo[this.numGridPoint];

inti=0;

for (int zI = 0; zI < maxZl; zl++) {

for (intyl = 0; yl < maxYl; yl++) {
for (int xI = 0; xI < maxXl; xl++) {

enCos[i] = new EnCo(map3D[zl][yl][xl], zl, yI, x1);

return enCos;

/[convert one dimension matrix into 3 dimension matrix which type is float
public float[][][] oneDTo3DMatrix(float[] linDs, int maxZlI, int maxY|, int maxXI)

float[][]1[] r3DMatrix = new float[maxZI][maxY I][maxXl];
inti=0;
for (int zI = 0; zI < maxZl; zl++) {

for (intyl = 0; yl < maxYl; yl++) {
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for (int xI = 0; xI < maxXl; xI++) {
r3DMatrix[zI][yl][xI] = linDs[i++];

}

return r3DMatrix;

/I make 3 dimension matric which type is boolean and set all of them to "false™
public boolean[][][] make3DBMatrix(int maxZI, int maxYl, int maxXI) {
boolean[][][] r3ADMatrix = new boolean[maxZI][maxY I][maxXl];
inti=0;
for (int zI = 0; zI < maxZl; zl++) {
for (intyl = 0; yl < maxYl; yl++) {
for (int xI = 0; xI < maxXl; xI++) {
r3DMatrix[zI][yl][x]] = false;

ks

return r3DMatrix;

/Imake one dimension array map from input Map
public float[] makeArMap(String inMap) {

float[] da = new float[this.numGridPoint]; //[10];

int tcut;

int start = 0;

intend =0;

String tMap =",

inMap.trim();

tcut = inMap.indexOf("CENTER");

tcut = inMap.indexOf("\n", tcut) + 1;
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tMap = inMap.substring(tcut);

end = tMap.indexOf("\n", start) + 1,

for (inti=0; i <da.length; i++) {
end = tMap.indexOf(*\n", start) + 1;
da[i] = Float.parseFloat(tMap.substring(start, end));
start = end;

¥

return da;

/Imove Ligand to the input Co-ordinate X, y, z

public Ligand moveToCo(Ligand lg, float x, float y, float z) {
Ligand atCo;
float newXCo[] = new float[lg.numAtom()];
float newYCo[] = new float[lg.numAtom()];

float newZCo[] = new float[lg.numAtom()];

for (inti = 0; i < Ig.numAtom(); i++) {
newXColi] = lg.coAtom('x’, i) + X;
newY Coli] = lg.coAtom(y', i) +V;

newZCol[i] = lg.coAtom('z', i) + z;

atCo = new Ligand(newXCo, newYCo, newZCo);
return atCo;

public LEGResult[] docking2(MapMaker IlgMap, int numResultl) {
LEGResult[] legR = new LEGResult[numResultl];
int[] atomType = IgMap.getElemTypels();
float chargePDBQT(] = IlgMap.getChargeArray();
int numLgAtom = IgMap.getNumOfAtomInLigand();
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intrst=0; //element that was chosen to be rotated
String mapTypeS = null;

int numOA = 0;
int numC =0;
int numA =0;
int numHD = 0;
int numH = 0;
int numNA = 0;
int numN = 0;
int numSA =0;
int numsS =0;

// Find the minimum atom type that occure in ligand
int minAt = numLgAtom;
int[] t = new int[9];
boolean[] se = new boolean[numLgAtom];
for (int i = 0; i < IgMap.getNumOfAtomInLigand(); i++) {
if (IgMap.getElementType(i).equalsignoreCase("OA")) {
NUMOA++;
t[0]++;
} else if (IgMap.getElementType(i).equalsignoreCase("C")) {
nuMC++;
t[1]++;
} else if (IgMap.getElementType(i).equalsignoreCase("A")) {
NUMA++;
t[2]++;
} else if (IgMap.getElementType(i).equalsignoreCase("HD™)) {
NUMHD++,
t[3]++;
} else if (IgMap.getElementType(i).equalsignoreCase("H")) {
numH-++;

t[4]++;
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} else if (IgMap.getElementType(i).equalsignoreCase("NA™)) {
NuMNA++;
t[5]++;

} else if (IgMap.getElementType(i).equalsignoreCase("N™)) {
NUMN++;
t[6]++;

} else if (IgMap.getElementType(i).equalsignoreCase("SA")) {
NUMSA++;
t[7]++;

} else if (IgMap.getElementType(i).equalsignoreCase(*'S")) {
nuMS++;
t[8]++;

}
Arrays.sort(t);

for (inti=0; i< tlength; i++) {
if (t[i]>0) {
minAt = t[i];
break;

¥

System.out.printin("Redundant Atom Type occure: " + minAt + "times");
System.out.printin(numA +" " + numC +" "+ numH +" " + numHD +" " +
numN + " " + numNA
+""+numOA +" "+ numS +" " + numSA);

if (numN > 0 && numN == minAt) {

mapTypeS = "NMap";

System.out.printin("NMap Start");
} else if (numNA > 0 && numNA == minAt) {

mapTypeS = "NAMap";

System.out.printin("NAMap Start");
} else if (numOA > 0 && numOA == minAt) {



mapTypeS = "OAMap";
System.out.printin("OAMap Start");

}else if (numS > 0 && numS == minAt) {
mapTypeS = "SMap";
System.out.printin("SMap Start");

} else if (numSA > 0 && numSA == minAt) {
mapTypeS = "SAMap";
System.out.printin("SAMap Start");

} else if (numA > 0 && numA == minAt) {
mapTypeS = "AMap";
System.out.printin("AMap Start");

} else if (numC > 0 && numC == minAt) {
mapTypeS = "CMap";
System.out.printin("CMap Start");

} else if (numH > 0 && numH == minAt) {
mapTypeS = "HMap";
System.out.printin("HMap Start");

} else if (numHD > 0 && numHD == minAt) {
mapTypeS = "HDMap";
System.out.printin("HDMap Start™);

for (inti = 0; i < numLgAtom; i++) {

if (mapTypeS.equalsignoreCase(lgMap.getElementType(i) + "Map")) {

se[i] = true;

}else {

se[i] = false;

/**
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* ** assigned receptor types: oxygen->OA, carbon->C, arom_carbon->A,
* hydrogen->HD, nonHB_hydrogen->H, nitrogen->NA, nonHB_nitrogen->N,
* sulphur->SA, nonHB_sulphur->S"
*/

float OAMINENgQ;

float CMinEng;

float AMInEng;

float HDMinEng;

float HMinEng;

float NAMInENg;

float NMinEng;

float SAMInENg;

float SMinEng;

float thOA = 0.0f;

float thC = 0.0f;

float thA = 0.0f;

float thHD = 0.0f;

float thH = 0.0f;

float thNA = 0.0f;

float thN = 0.0f;

float thSA = 0.0f;

float thS = 0.0f;

EnCo[] OAMapENnCos = null,
EnCo[] CMapEnCos = null;
EnCo[] AMapEnCos = null;
EnCo[] HDMapEnCos = null,
EnCo[] HMapEnCos = null;
EnCo[] NAMapEnCos = null,
EnCo[] NMapEnCos = null;
EnCo[] SAMapEnCos = null;
EnCo[] SMapEnCos = null;

68
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EnCol] startMapEnCos = new EnCo[this.numGridPoint];
float startMapArray3D[][][];
if (numOA >0) {

OAMapENnCos = new EnCo[this.numGridPoint];

for (int id = 0; id < this.numGridPoint; id++) {

OAMapENnCos[id] = new EnCo(this.OAMapArrayEnColid].getEnergyF(),
this.OAMapArrayEnColid].getZI(), this.OAMapArrayEnCol[id].getY(),
this.OAMapArrayEnColid].getXI());

}
Arrays.sort(OAMapEnCos);
OAMIinEng = OAMapEnCos[0].getEnergyF();
thOA = numOA * OAMInENg;

}

if (numC > 0) {
CMapEnCos = new EnCo[this.numGridPoint];
for (int id = 0; id < this.numGridPoint; id++) {

CMapEnCos[id] = new EnCo(this.CMapArrayEnColid].getEnergyF(),
this.CMapArrayEnCol[id].getZI(), this.CMapArrayEnCol[id].getY(),
this.CMapArrayEnCol[id].getXI());

}
Arrays.sort(CMapEnCos);
CMinEng = CMapEnCos[0].getEnergyF();
thC = numC * CMinEng;

}

if (numA > 0) {
AMapEnCos = new EnCo[this.numGridPoint];
for (int id = 0; id < this.numGridPoint; id++) {

AMapEnCos[id] = new EnCo(this.AMapArrayEnCo[id].getEnergyF(),
this. AMapArrayEnColid].getZI(), this. AMapArrayEnCo[id].getY(),
this. AMapArrayEnCo[id].getXI());

¥
Arrays.sort(AMapEnCos);
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AMInEng = AMapEnCos[0].getEnergyF();
thA = numA * AMiInEng;
}
if (numHD > 0) {
HDMapEnCos = new EnCo[this.numGridPoint];
for (intid = 0; id < this.numGridPoint; id++) {

HDMapEnCos[id] = new EnCo(this.HDMapArrayEnCo[id].getEnergyF(),
this.HDMapArrayEnColid].getZI(), this.HDMapArrayEnCo[id].getY(),
this. HDMapArrayEnCo[id].getXI());

}
Arrays.sort(HDMapEnCos);
HDMinEng = HDMapEnCos[0].getEnergyF();
thHD = numHD * HDMInEng;

}

if (numH > 0) {
HMapEnCos = new EnCo[this.numGridPoint];
for (int id = 0; id < this.numGridPoint; id++) {

HMapEnCos[id] = new EnCo(this.HMapArrayEnCo[id].getEnergyF(),
this.HMapArrayEnColid].getZI(), this.HMapArrayEnCo[id].getY (),
this.HMapArrayEnCo[id].getXI());

}
Arrays.sort(HMapEnCos);
HMinEng = HMapEnCos[0].getEnergyF();
thH = numH * HMinEng;
}
if (numNA >0) {
NAMapEnCos = new EnCo[this.numGridPoint];
for (int id = 0; id < this.numGridPoint; id++) {

NAMapEnCos[id] = new EnCo(this.NAMapArrayEnCo[id].getEnergyF(),
this.NAMapArrayEnCo[id].getZI(), this.NAMapArrayEnCol[id].getY(),
this.NAMapArrayEnCo[id].getXI());

¥
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Arrays.sort(NAMapEnCos);
NAMinEng = NAMapEnCos[0].getEnergyF();
thNA = numNA * NAMInEnNg;

}

if (numN > 0) {
NMapEnCos = new EnCo[this.numGridPoint];
for (intid = 0; id < this.numGridPoint; id++) {

NMapEnCos[id] = new EnCo(this.NMapArrayEnCo[id].getEnergyF(),
this.NMapArrayEnColid].getZI(), this.NMapArrayEnCo[id].getY (),
this.NMapArrayEnColid].getXI());

}
Arrays.sort(NMapEnCos);
NMinEng = NMapEnCos[0].getEnergyF();
thN = numN * NMinEng;
}
if (numSA >0) {
SAMapEnCos = new EnCo[this.numGridPoint];
for (int id = 0; id < this.numGridPoint; id++) {

SAMapENnCosl[id] = new EnCo(this.SAMapArrayEnColid].getEnergyF(),
this.SAMapArrayEnColid].getZI(), this.SAMapArrayEnCo[id].getY (),
this. SAMapArrayEnColid].getXI());

}
Arrays.sort(SAMapEnCos);
SAMInEng = SAMapEnCos[0].getEnergyF();
thSA = numSA * SAMInENg;

}

if (numS >0) {
SMapEnCos = new EnCo[this.numGridPoint];
for (intid = 0; id < this.numGridPoint; id++) {

SMapEnCos[id] = new EnCo(this.SMapArrayEnColid].getEnergyF(),
this.SMapArrayEnCol[id].getZI(), this.SMapArrayEnCol[id].getY (),
this.SMapArrayEnColid].getXI());



72

k
Arrays.sort(SMapEnCos);

SMinEng = SMapEnCos[0].getEnergyF();
thS = numS * SMinEng;
}
int threshold = (int) (Math.abs(thOA + thC + thA + thHD + thH + thNA + thN +
thSA + thS));
System.out.printIn("Threshold is: " + threshold);

threshold = 0O;

// Find out which one of map shoud be a start map. The start map should be the least
occurring atom type in ligand.
/l Then initiate the startMapEnCos to that atom type.

if (mapTypeS.equalsignoreCase("OAMap")) {
startMapEnCos = OAMapENnCaos;
startMapArray3D = OAMapArray3D,;
rst=1; //rstis for telling which element should be a starting element

} else if (mapTypeS.equalsignoreCase("CMap")) {
startMapEnCos = CMapEnCos;
startMapArray3D = CMapArray3D,;
rst =2,

} else if (mapTypeS.equalsignoreCase("AMap™)) {
startMapEnCos = AMapEnCaos;
startMapArray3D = AMapArray3D,;
rst =3;

} else if (mapTypeS.equalsignoreCase("HDMap™)) {
startMapEnCos = HDMapEnCaos;
startMapArray3D = HDMapArray3D;
rst =4,

} else if (mapTypeS.equalsignoreCase("HMap™)) {
startMapEnCos = HMapEnCos;
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startMapArray3D = HMapArray3D,;
rst =5;

} else if (mapTypeS.equalsignoreCase("NAMap™)) {
startMapEnCos = NAMapENnCaos;
startMapArray3D = NAMapArray3D,;
rst = 6;

} else if (mapTypeS.equalsignoreCase("NMap")) {
startMapEnCos = NMapEnCaos;
startMapArray3D = NMapArray3D,;
rst=7,

} else if (mapTypeS.equalsignoreCase("SAMap™)) {
startMapEnCos = SAMapEnCos;
startMapArray3D = SAMapArray3D,;
rst =8,

} else if (mapTypeS.equalsignoreCase("'SMap™)) {
startMapEnCos = SMapEnCaos;
startMapArray3D = SMapArray3D,;
rst=9;

// Find the first index which contain energy over threshold.
int startMapOverThMaxInd = 0;
for (startMapOverThMaxInd = 0; startMapOverThMaxInd <
startMapEnCos.length; startMapOverThMaxInd++) {
if (startMapEnCos[startMapOverThMaxInd].getEnergyF() > threshold) {
System.out.printin("First index over Threshold is: " +
startMapOverThMaxlInd);
break;
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int bufferEnCo = 6000;

int countFirstFill = 0;

boolean firstFill = true;

EnCo[] tEnCo = new EnCo[bufferEnCo];
float energy = 0.0f;

EnCo btEnCo = null;

int orientPos = 14;

int tLegrSize = orientPos * 72;

Ligand[] tempLgsl = new Ligand[9];
LEGResult[] tLegr = new LEGResult[tLegrSize];
System.out.printin(tLegr.length);

int posl = 64442;

for (int elementindex = 0; elementindex < numLgAtom; elementindex++) {
if (atomType[elementindex] == rst)
{
System.out.printin("Atom in Ligand at index: " + elementindex + " " +
atomType[elementindex]);
for (int i = 0; i < startMapOverThMaxInd; i++) {
for (int spIndex = 0; spIndex < posl; spindex++) {
int migX = (int) (Math.round(IgMap.Isd[elementindex].getX(spIndex)
/ spacing)) +
startMapEnCos[i].getXI();//(Math.round(IlgMap.lsd[elementIindex].getX(spIndex)));
int migY = (int) (Math.round(lgMap.Isd[elementindex].getY (spIndex)
/ spacing)) +
startMapEnCos|i].getYI();//(Math.round(lgMap.lsd[elementindex].getY (spIndex)));
int migZ = (int) (Math.round(lgMap.lsd[elementindex].getZ(spIndex) /
spacing)) +
startMapEnCos[i].getZI();//(Math.round(IlgMap.lIsd[elementIndex].getZ(spIndex)));
if (migX <0 || migY <0 || migZ <0 || migX >= nptXI || migY >=
nptYl || migZ >= nptZl) {
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this.outGrid++;
this.lInGrid = false;
break;

}
IINGrid = true;

if (firstFill && (countFirstFill < bufferEnCo)) {
if (rst==1) {
tEnCo[spIndex] = new
EnCo(OAMapArray3D[migZ][migY][migX], spindex, elementindex);
}elseif (rst==2) {
tEnCo[spIndex] = new
EnCo(CMapArray3D[migZ][migY][migX], spindex, elementindex);
}elseif (rst==3) {
tEnCo[spIndex] = new
EnCo(AMapArray3D[migZ][migY][migX], spIndex, elementindex);
}elseif (rst==14) {
tEnCo[splndex] = new
EnCo(HDMapArray3D[migZ][migY][migX], spindex, elementindex);
}elseif (rst==5) {
tEnCo[spIndex] = new
EnCo(HMapArray3D[migZ][migY][migX], spIndex, elementindex);
}else if (rst ==6) {
tEnCo[spIndex] = new
EnCo(NAMapArray3D[migZ][migY][migX], spIndex, elementindex);
Yelseif (rst==7) {
tEnCo[spIndex] = new
EnCo(NMapArray3D[migZ][migY][migX], spIndex, elementindex);
}elseif (rst==18) {
tEnCo[spIndex] = new
EnCo(SAMapArray3D[migZ][migY][migX], spIndex, elementindex);
}elseif (rst==9) {
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tEnCo[spIndex] = new
EnCo(SMapArray3D[migZ][migY][migX], spIndex, elementindex);
}
countFirstFill++;
} else if (firstFill && (countFirstFill == bufferEnCo)) {
firstFill = false;
countFirstFill++;
Arrays.sort(tEnCo);
if (rst==1){
btEnCo = new EnCo(OAMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==2) {
btEnCo = new EnCo(CMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==3) {
btEnCo = new EnCo(AMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==14) {
btEnCo = new EnCo(HDMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst ==5) {
btEnCo = new EnCo(HMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst ==16) {
btEnCo = new EnCo(NAMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==7) {
btEnCo = new EnCo(NMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==18) {
btEnCo = new EnCo(SAMapArray3D[migZ][migY][migX],

spindex, elementindex);
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}elseif (rst==9) {
btEnCo = new EnCo(SMapArray3D[migZ][migY][migX],
spindex, elementindex);
}
if (EnCo[tEnCo.length - 1].getEnergyF() > btEnCo.getEnergyF()) {
tEnCo[tEnCo.length - 1] = btEnCo;
Arrays.sort(tEnCo);

}
}
else if (MfirstFill) {

if (rst==1){

energy = OAMapArray3D[migZ][migY][migX];
}elseif (rst==2) {

energy = CMapArray3D[migZ][migY][migX];
}elseif (rst==3) {

energy = AMapArray3D[migZ][migY][migX];
}elseif (rst==14) {

energy = HDMapArray3D[migZ][migY][migX];
}elseif (rst==5) {

energy = HMapArray3D[migZ][migY][migX];
}else if (rst ==6) {

energy = NAMapArray3D[migZ][migY][migX];
}elseif (rst==7) {

energy = NMapArray3D[migZ][migY][migX];
}elseif (rst==28) {

energy = SAMapArray3D[migZ][migY][migX];
}elseif (rst==9) {

energy = SMapArray3D[migZ][migY][migX];

if ((EnCo[tEnCo.length - 1].getEnergyF() > energy && energy <
threshold) {
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if (rst==1) {
btEnCo = new EnCo(OAMapArray3D[migZ][migY][migX],
spindex, elementindex); //
}elseif (rst==2) {
btEnCo = new EnCo(CMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==13) {
btEnCo = new EnCo(AMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==14) {
btEnCo = new EnCo(HDMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst ==5) {
btEnCo = new EnCo(HMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}else if (rst ==6) {
btEnCo = new EnCo(NAMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==7) {
btEnCo = new EnCo(NMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst ==8) {
btEnCo = new EnCo(SAMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}elseif (rst==9) {
btEnCo = new EnCo(SMapArray3D[migZ][migY][migX],
spIndex, elementindex);
}
tEnCo[tEnCo.length - 1] = btEnCo;
Arrays.sort(tEnCo);
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}
Arrays.sort(tEnCo);

System.out.printin("tEnCo[0]: " + tEnCo][0]);
System.out.printin("tEnCo[lastindex]: " + tEnCo[tEnCo.length - 1]);
System.out.printin("Buffer is: " + tEnCo.length);

tempLgs1[0] =
IgMap.Isd[tEnCo[0].getElementindex()].generateLgOrient(lgMap.getEachLgAtmAtO
rigin(tEnCo[0].getElementindex()), tEnCo[0].getSpindex());

tempLgsi[1] =
IgMap.Isd[tEnCo[2].getElementindex()].generateLgOrient(lgMap.getEachLgAtmALtO
rigin(tEnCo[2].getElementindex()), tEnCo[2].getSpIndex());

tempLgsl[2] =
IgMap.Isd[tEnCo[4].getElementindex()].generateLgOrient(lgMap.getEachLgAtmAtO
rigin(tEnCol[4].getElementindex()), tEnCo[4].getSpindex());

tempLgsl[3] =
IgMap.Isd[tEnCo[8].getElementindex()].generateLgOrient(lgMap.getEachLgAtmAtO
rigin(tEnCol[8].getElementindex()), tEnCo[8].getSpindex());

tempLgsl[4] =
IgMap.Isd[tEnCo[16].getElementindex()].generateLgOrient(lgMap.getEachLgAtmALt
Origin(tEnCo[16].getElementindex()), tEnCo[16].getSpindex());

tempLgsl[5] =
IgMap.Isd[tEnCo[32].getElementindex()].generateLgOrient(lgMap.getEachLgAtmALt
Origin(tEnCo[32].getElementindex()), tEnCo[32].getSpIndex());

tempLgsl1[6] =
IgMap.Isd[tEnCo[64].getElementindex()].generateLgOrient(lgMap.getEachLgAtmALt
Origin(tEnCo[64].getElementindex()), tEnCo[64].getSpindex());

tempLgsl[7] =
IgMap.Isd[tEnCo[128].getElementindex()].generateLgOrient(IgMap.getEachLgAtmA
tOrigin(tEnCo[128].getElementindex()), tEnCo[128].getSpindex());
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tempLgsl1[8] =
IgMap.Isd[tEnCo[256].getElementindex()].generateLgOrient(IgMap.getEachLgAtmA
tOrigin(tEnCo[256].getElementindex()), tEnCo[256].getSpindex());

IgMap.genPDBQTMap(tempLgs1[0],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[0].pdbgt™);

IgMap.genPDBQTMap(tempLgsl[1],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[1].pdbgt™);

IgMap.genPDBQTMap(tempLgsi[2],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[2].pdbgt");

IgMap.genPDBQTMap(tempLgsl[3],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[3].pdbgt™);

IgMap.genPDBQTMap(templLgsli[4],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[4].pdbgt");

IgMap.genPDBQTMap(tempLgsl[5],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[5].pdbgt™);

IgMap.genPDBQTMap(tempLgs1[6],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[6].pdbgt™);

IgMap.genPDBQTMap(tempLgs1[7],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[7].pdbgt™);

IgMap.genPDBQTMap(tempLgs1[8],
"C:/Users/Aof/Documents/NetBeansProjects/RetriveEngV2/src/DockFile/Filter/temp
Lgs1[8].pdbgt™);

}



return legR;
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Appendix D

Source Code of Ligand.java
public class Ligand {

private float[] xCoF; // This is an array of x coordinate of each atom in ligand.
private float[] yCoF; // This is an array of y coordinate of each atom in ligand
private float[] zCoF; // This is an array of z coordinate of each atom in ligand

private int coSizel; // This is a number of atoms in ligand

/[Constructor for Ligand Class
/[PreCondition: input: X, y, z Co-ordinate in floating point type
/[PostCondition: output: Parallel Array of x, y, z Co-ordinate of Ligand
public Ligand(float[] xCoin, float[] yCoin, float[] zCoin) {
coSizel = xCoin.length;
XCoF = new float[coSizel];
yCoF = new float[coSizel];
zCoF = new float[coSizel];
for (inti=0; i <coSizel; i++) {
this.xCoFJi] = xCoin[i];
this.yCoFJi] = yCoin[i];
this.zCoF[i] = zCoin[i];
I System.out.printin(xCo[i] + " " + yCo[i] + " " + zCo[i]);

/ICopy-Constructor for Ligand Class
/[PreCondition: input: ligand
/[PostCondition: output: new ligand with Co-ordinate
public Ligand(final Ligand Ig) {
this.coSizel = Ig.coSizel,
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XCoF = new float[coSizel];
yCoF = new float[coSizel];
zCoF = new float[coSizel];
for (inti=0; i < coSizel; i++) {
this.xCoF[i] = lg.xCoFi];
this.yCoF[i] = Ig.yCoF[i];
this.zCoF[i] = 19.zCoF[i];
Il System.out.printin(xCo[i] + " " + yCo[i] + " " + zCo[i]);

/[This method returns the Number of Atoms in Ligand.
public int numAtom() {

return coSizel;

/[This method returns Co-ordinate of Atom according to axis (x,y,z) and
/Iposition in array
public float coAtom(char axis, int order) {
if (axis =='X') {
return this.xCoF[order];
} else if (axis =='y") {
return this.yCoF[order];
} else if (axis =="2") {
return this.zCoF[order];
}else {
System.out.printin("Wrong Atom Type!!");
return -0.0f;

/[Override println of Ligand Class



public String toString() {

DecimalFormat dF = new DecimalFormat("###0.000");

String s = new String();

StringBuffer sbf = new StringBuffer();

for (intj = 0; j < coSizel; j++) {

sbf = sbf.append("CoPos[" + (j + 1) + "]: \t" + dF.format(xCoF[j])

+ "\t\t" + dF.format(yCoF[j]) + "\t\t" + dF.format(zCoF[j])
+\n);

}

s = sbf.toString();

return s;
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Appendix E

Source Code of EnCo.java
public class EnCo implements Comparable {

private float energyF = 0.0f;

private int xI = 0;

private intyl = 0;

private int zI = 0;

private int spherelndex = 0;

private int elementindex = 0;

/IConstructor for EnCo:

/linput: energy and X, y, z Co-ordinate

public EnCo(float enF, int zcol, int ycol, int xcol) {

this.energyF = enF;

this.zl = zcol;
this.yl = ycol,
this.xl = xcol;

/IConstructor for EnCo:
/linput: energy and Sphericle angle position which encrypt in spherelndex
public EnCo(float enF, int spi)
{
this.energyF = enF;

this.spherelndex = spi;

/[Constructor for EnCo:
/linput: energy and Sphericle angle which encrypt in spherelndex and Element

index



public EnCo(float enF, int spi, int elmi)

{
this.energyF = enF;

this.spherelndex = spi;

this.elementindex = elmi;

[lreturn spherelndex
public int getSpindex()
{

return this.spherelndex;

[Ireturn Elementindex
public int getElementindex()
{

return this.elementindex;

/lreturn Energy
public float getEnergyF() {

return this.energyF;

[/Ireturn x Co-ordinate
public int getXI() {

return this.xl;

[Ireturn y Co-ordinate
public int getYI() {

return this.yl;

86



{/Ireturn z Co-ordinate
public int getZI() {

return this.zl;

/[Override println of EnCo class
public String toString() {
String coEnString;
COENString = this.energyF + " " + this.zl + " " + this.yl + " " + this.xl + " " +
this.spherelndex + " " + this.elementindex;

return coEnString;

//Overide Comparable Class
public int compareTo(Object 0) {
if (o instanceof EnCo) {
EnCo x = (EnCo) o;
return (int) (this.energyF * 1000) - (int) (x.energyF * 1000);
}

throw new RuntimeException();
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Appendix F

Source Code of CUDockUtil.java
public class CUDockUtil implements MapConstant {

//Static Method for Loading File from File Location
/linput: file location

/lout: String in which that file contains.

Ilexception: I0Exception when that file can not open
public static String loadFile(String fl)  //fl is file location

{
StringBuffer sfmap = new StringBuffer("");

try {
Scanner in = new Scanner(new File(fl)); // for example

""C:/Users/admin/Desktop/JEclipseWorkSpace/MapMaker/src/hsgl_rigid.C.map"

while (in.hasNext()) {
String line = in.nextLine();
line = line.trim();
if (line.length() > 0) {

sfmap = sfmap.append(line + "\n");

¥

in.close();

} catch (IOException e) {
System.out.printin("Error opening input file **);//+fl
System.exit(0);

}

return sfmap.toString();
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//Static Method for Generating File from String

/linput: String that need to print out in File and

/[The location of the output File

/loutput: File that contains input String in output file location
/[Exception: IOException when the output file can not create
public static void genFileFromString(String sp, String outFile)

{

try {
PrintStream out = new PrintStream(new File(outFile));

StringBuffer aBuffer = new StringBuffer();
aBuffer.append(sp);
out.printin(aBuffer.toString());

out.close();

} catch (IOException e) {
System.out.printin("Error opening output file ");//+fl
System.exit(0);

//Static Method for generating PDB Map

/linput: Ligand, Template Map, Location of output file

/loutput: PDB Map File with new co-ordinate at the output file location
/[Exception: IOException when the output file can not create.

public static void genPDBMap(Ligand lg, String tempMap, String outFile)

{

try {
PrintStream out = new PrintStream(new File(outFile));

StringBuffer aBuffer = new StringBuffer();
aBuffer.append(tempMap);



int pxs = pdbXCoS - 1,
int pys = pdbYCoS - 1,
int pzs = pdbZCoS - 1;
int pxe = pdbXCoE;
int pye = pdbYCoE;
int pze = pdbZCoE;

for (inti=0; i < lg.numAtom(); i++) {
aBuffer.replace(pxs, pxe, eightDigit(lg.coAtom('X', i)));
aBuffer.replace(pys, pye, eightDigit(lg.coAtom('y', i)));
aBuffer.replace(pzs, pze, eightDigit(lg.coAtom('z', i)));
pxs += nextCo;
pys += nextCo;
pzs += nextCo;
pxe += nextCo;
pye += nextCo;
pze += nextCo;

}

out.printIn(aBuffer.toString());

out.close();

} catch (IOException e) {
System.out.printIn("Error opening output file ");//+fl
System.exit(0);

}
//Static Method for Formating input(type double) into #### ### form
/linput: Number in type double
/loutput: String of formated Number in form #### . ##H
public static String eightDigit(double d) {
DecimalFormat dF = new DecimalFormat("###0.000");
Strings =" " + dF.format(d);
return s.substring(s.length() - 8, s.length());
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//sin method

/linput: degree

/loutput: The value of sin of that degree

public static double sin(double degree) {
return Math.sin(Math.toRadians(degree));

}

/lcos method

/linput: degree

/loutput: The value of cos of that degree

public static double cos(double degree) {
return Math.cos(Math.toRadians(degree));

//Method for read integer from message
/linput: Scanner and integer number in String type
[loutput: integer of that String in integer type
public static int readInt(Scanner sc, String msg) {
intv=0;
boolean success = false;
do {
try {
if (I"".equals(msg)) {
System.out.print(msg);
}
v = sc.nextInt();
success = true;
} catch (InputMismatchException e) {
if (I"".equals(msg)) {

System.out.printIn("To be corrected, please input INTEGER");

ks

sc.next();
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} while (!success);

return v,

//Method for read Double from message
/linput: Scanner and double number in String type
/loutput: integer of that String in double type
public static double readDouble(Scanner sc, String msg) {
double v =0;
boolean success = false;
do {
try {
if (I"".equals(msg)) {
System.out.print(msg);
}
v = sc.nextDouble();
success = true;
} catch (InputMismatchException e) {
if (I"".equals(msg)) {
System.out.printIn("To be corrected, please input DOUBLE");
}

sc.next();

¥
} while (!success);

return v;
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Appendix G

Source Code of MapConstant.java
public interface MapConstant {

public static final int nextCo =79;

public static final int pdbXCoS = 31,
public static final int pdbXCoE = 38;
public static final int pdbYCoS = 39;
public static final int pdbYCoE = 46;
public static final int pdbZCoS = 47;
public static final int pdbZCoE = 54;
public static final int elemSymS = 77;
public static final int elemSymE = 79;
public static final int chargeS = 70;

public static final int chargeE = 76;

public static final float sin0 = 0.0f;

public static final float cosO = 1.0f;

public static final float sin45 = (float)Math.sin(Math.toRadians(45));
public static final float cos45 = (float)Math.cos(Math.toRadians(45));
public static final float sin90 = 1.0f;

public static final float cos90 = 0.0f;

public static final float sin135 = (float)Math.sin(Math.toRadians(135));
public static final float cos135 = (float)Math.cos(Math.toRadians(135));
public static final float sin180 = 0.0f;

public static final float cos180 = -1.0f;

public static final float sin225 = (float)Math.sin(Math.toRadians(225));
public static final float cos225 = (float)Math.cos(Math.toRadians(225));
public static final float sin270 = -1.0f;

public static final float cos270 = 0.0f;
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public static final float sin315 = (float)Math.sin(Math.toRadians(315));
public static final float cos315 = (float)Math.cos(Math.toRadians(315));
public static final float sin360 = 0.0f;

public static final float cos360 = (float)Math.cos(Math.toRadians(360));
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Appendix H

Source Code of MatrixUtil.java

/[ transpose Matrix
/[ input: A
Il keep output in: AT
public static void transpose(final float[][] A, float[][] AT) {
for (inti=0; i <matDim; i++) {
for (int j = 0; j < matDim; j++) {
ATIM] = ALIGL
}

¥
/I multiply Matrix

/[ input: A*B
Il keep output in: C
public static void multiply(final float[][] A, final float[][] B, float[][] R) {
for (inti=0; i <matDim; i++) {
float[] aRowi = A[i];
float[] rRowi = R[i];
for (int k = 0; k < matDim; k++) {
float[] bRowk = B[K];
float aik = aRowi[k];
for (int j = 0; j < matDim; j++) {
rRowi[j] += aik * bRowk[j];

¥

/I inverse Matrix
/[ input: A
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Il keep output in: R
public static void inverse(final float[][] A, float[][] R) {
int n = A.length;
float X[][] = R;//new double[n][n];
float b[][] = new float[n][n];
int index[] = new int[n];
/I Initiate the matrix identity
for (inti=0;i<n;i++) {
for (intj=0; j<n; j++) {
if(i==)){
b[il[i] = 1;
} I*else {  //deleting this part because default is 0
b[i][i] = 0;
}*

}
I float[][] tempA = A;

/[ Transform the matrix into an upper triangle
gaussian(A, index);
I/l Update the matrix b[i][j] with the ratios stored
for (inti=0;i<n-1;++i){
for(intj=i+1;j<n;++){
for (intk =0; k<n; ++k) {
blindex[j]1[K] -= A[index[j]]1[i] * b[index[i1][K];

¥

/I Perform backward substitutions
for (inti=0;i<n;++i){
X[n - 1][i] = b[index[n - 1]][i] / A[index[n - 1]][n - 1];
for(intj=n-2;j>=0;-) {
x[1[i] = blindex[j11i];
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for (intk =)+ 1; k<n; ++k) {
X0 -= Alindex[11[k] * x[K][i];

}

x[i1[i] /= Alindex[]1L0T;

¥

/l Method to carry out the partial-pivoting Gaussian elimination.
// Here index[] stores pivoting order.
private static void gaussian(float a[][], int index][]) {
int n = index.length;
float c[] = new float[n];
/I Initialize the index
for (inti=0;i<n;++i){
index[i] =1;
}
/I Find the rescaling factors, one from each row
for (inti=0;i<n;++i) {
float c1 = 0;
for (intj=0; j <n; ++j) {
float cO = Math.abs(a[i][j]);
if (c0>cl){
cl =c0;

}
cli] = c1;
}
Il Search the pivoting element from each column
intk =0;
for(intj=0;j<n-1;++)){
float pil = 0;

for (inti=j;i<n; ++i){
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float pi0 = Math.abs(a[index[i]][j]);
pi0 /= c[index]i]];

if (pi0 > pil) {
pil = pi0;
k=1i;

}

¥

/I Interchange rows according to the pivoting order
int itmp = index[j];
index[j] = index[K];
index[K] = itmp;
for(inti=j+1;i<n;++i){
float pj = a[index[i]][j] / a[index[j]11[j];
// Record pivoting ratios below the diagonal
afindex[i]I[i] = pj;
/I Modify other elements accordingly
for(intl=j+1;1<n;++D){
a[index[i]][l] -= pj * a[index[j]][1];

}
Il X, 'y, z is the starting point of ligand that need to Rotate.

Il Cx, Cy, Cz is the end point of ligand part that rotate.
/I R is 3 dimensions Array: [0-71][4][4] 0-72 is angle, and 4*4 is transfermatrix
public static void turnAroundBy5AtOriginV1(float Cx, float Cy, float Cz,
float[][1[1 R) {

float phi = 0.f;

float templ1[][] = new float[4][4];

float temp2[][] = new float[4][4];

float templnverse[][] = new float[4][4];

float temp3[][] = new float[4][4];



float d = (float) Math.sqrt((double) Cy * Cy + (double) Cz * Cz);
if (d==0){
System.out.printin("No length™);
return;
}
float d1 = (float) Math.sgrt((double) Cx * Cx + (double) Cz * Cz);
if (d1==0){
System.out.printin("No length™);
return;
}
float[][] Rx = {{1.f, 0.f, O.f, 0.},
{0.f,Cz/d, -(Cy/d), 0.f},
{0.f,Cy/d, Cz/d,0.f},
{0.f, 0.f, 0.f, 1.f}
b
float[][] Ry = {{Cz/d1, 0.f, Cx/d1, 0.f},
{0.f, 1.f, 0.f, 0.f},
{-Cx/d1, 0.f, Cz/d1, O.f},
{0.f, 0.f, 0.f, 1.f}
jo
MatrixUtil. multiply(Rx, Ry, temp2);
float tempR[][] = new float[4][4];
for(inti=0;i<4;i++){
for(intj=0;j<4;j++){
tempR[i][j] = temp2[i][j];

¥

MatrixUtil.inverse(tempR, templnverse);
for (inti=0;i<72;i++) {
float[][] Rz = new float[4][4];
if (phi==0.1) {
float[][] Rzz = {{cos0, -sin0, 0, 0},
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{sin0, cos0, 0, 0},
{0, 0, 1, 0},
{0,0,0, 1}
b
Rz = Rzz,
} else if (phi == 90.f) {
float[][] Rzz = {{c0s90, -sin90, 0, 0},
{sin90, cos90, 0, 0},
{0,0, 1, 0},
{0,0,0, 1}
3
Rz = Rzz;
} else if (phi == 180.f) {
float[][] Rzz = {{cos180, -sin180, 0, 0},
{sin180, cos180, 0, 0},
{0,0, 1, 0},
{0,0,0, 1}
2
Rz = Rzz;
} else if (phi == 270.) {
float[][] Rzz = {{c0s270, -sin270, 0, 0},
{sin270, cos270, 0, 0},
{0,0, 1, 0},
{0,0,0, 1}
b
Rz = Rzz;
} else if (phi == 360.f) {
float[][] Rzz = {{c0s360, -sin360, 0, 0},
{sin360, cos360, 0, 0},
{0, 0, 1, 0},
{0,0,0, 1}
o
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Rz = Rzz;
}else {
float[][] Rzz = {{(float) Math.cos((double) phi), (float) -Math.sin((double)
phi), 0, 0},
{(float) Math.sin((double) phi), (float) Math.cos((double) phi), 0, 0},
{0, 0, 1, 0},
{0,0,0, 1}
jo
Rz = Rzz,
}
MatrixUtil. multiply(temp2, Rz, temp3);
MatrixUtil.multiply(temp3, templnverse, R[i]);
temp3 = new float[4][4];
phi +=5.f;
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