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V. System Development and Implementation.
vi. Documentation.

The Gantt chart shown on next page depicts the project schedule of each phase.



The project schedule is shown below:

Figure 1.1 Gantt chart of Project Schedule









limitations. Lastly, it discussed on future enhancements of this system before it came

to a conclusion.

1.7 Summary

Overall, this chapter gives a broad overview of the project. It elaborates on the
importance and feasibility of the project. Finally, it concluded with a project
development schedule and report layout which is provided for further depiction of the

project development.
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CHAPTER 2

LITERATURE REVIEW

This chapter explains on the research and analyzes on the studies done about the
research. This consists of possible techniques and reviews on the existing system

besides elaborates on the project domain.

2.0 Overview

2.1 Visualization

v
2.2 Types of Molecular Data File Format

2.3 Segmentation

Y
2.4 Rendering

y

2.5 Reviews on Existing Visualization Tools

:

2.6 Software Review: Amira 3.1

:

2.7 Summary
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. The ball & stick model
The molecule is represented with small spheres defining the atoms and with cylinders

for the bonds (simple, double, triple).

O’

-
:¢—=.’

ball-and-stick

Figure 2.4: Ball-and-stick model

° The space-filling model
Each atom of the molecule is represented by a colored sphere of Van der Waals radius.
Each sphere is rendered with Gouraud shading,

sphere (CPK)
Figure 2.5: Space filling model
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Figure 2.7: Molecular Visualization in Virtual Reality Environment

2.2 Types of Molecular Data File Format

The following file formats are types of molecular data input:

- PDB

o MDL

. Tripos

» UniChem

o PSF/DCD (CHARMM, trajectories)

. amira's native file format ZibMolFile (trajectories)

® Z-matrix format
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view changes, the data slice positions need to be recomputed and the texture
transformation matrix need to be updated.

Figure 2.9: Slicing a 3-D texture
iii. Sphere Rendering
Used to render CPK (sphere) model. This method is used to render spheres in TexMol,

It is the base used for the cylinder and helix rendering.

iv. Cylinder Rendering
Umdmmnderhﬂandzﬁekmndd-i’ﬁecyﬁndermnfinglemndrﬂmﬁﬂw
mdmlyhggeomeﬁcwhniﬁvethﬁtwmmtemmap&écyﬁm,homvmism
rotation invariant, so its corresponding quadrilateral in clip space reflects the
orientation the true cylinder had it been transformed to clip space.

v. Helix Rendering

Used to render secondary structures. Efficiently render per pixel lit helices and
cylinders with minimal number of vertices. Helix rendering is composed of two
quadrilateral primitives and are an extension of the cylinder rendering.
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Figure 2.15: Drawing contour lines by placing in the texture at certain contour

thresholds distinct color.

Isocontour lines can be drawn from this technique. The scaling between the lines can be

adjusted in real-time in the texture ramp.

1D textures allow a much better rendering in the case of transparent surfaces.

Figure 2.16: Texture with Gouraud shading

Figure 2.17: Texture with 1D texture mapping

1D texture mapping allows clipping a surface in the texture space (scalar property) and

not in the coordinates of the molecule.
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to a Phong-shaded picture with infinitely distant light-sources. As no shading before the
texture-mapping step is necessary, this method is a very fast implementation of Phong-
shading, even more now that texture handling is hardware implemented on high quality

graphics workstations.

Figure 2.22: Biomolecular surface with Gouraud shading artifact



These close-ups show clearly the difference between Gouraud shading and texture-

mapping implementation of the Phong shading.

Figure 2.23(a): Gouraud Figure2.23(b): Phong
Figure 2.23 Difference between Gouraud shading and Phong shading

il 3D texture mapping

The relationship between 3D textures and volumes seems Guite obvious, although the
need for high-quality graphical hardware architecture is mandatory. A simple
application of 3D texture mapping is to display an arbitrary plane cutting through a

given volume,

Figure 2.24: Arbitrary plane cutting through a given volume
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® User-defined animation of visualization parameters.

- Amvjra Viewnr

1 MolscueView [2]
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Figure 2.25: Amira 3.1 User Interface

27  Summary

In conclusion, molecules appeared in hierarchy form in which the residue and atom
level can be represented in various structural models, such as stick-and-balls,
wireframe, etc. Meanwhile, in molecular data file format, though some format stores
information that is not listed in other format, however, mostly they includes core
information of the molecules such as its topology and coordinate. Meanwhile, there are

various types of rendering techniques in which problem occurs in some techniques
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would be of performance as some are quite time consuming if large molecule data are
to be rendered. Thus, it is important to take into account prior knowledge while
determining methods that are specialized to particular types of molecule that yield best
performance. Regarding existing tools, there is no clear point on which is the best tool
in providing analysis on molecules as each tool has its own strong features with

different approaches in providing a dynamic visualization on molecular data.
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CHAPTER 3

METHODOLOGY

This chapter is about the general steps taken in the overall molecular visualization
research. Explains on functional and non-functional requirements, development tools

which includes both software and hardware solutions.

3.0 Overview

v

3.1 Project Development Methodology

.

3.2 Rationale of Methodology Approach

h

3.3 Functional Requirements

!

3.4 Non-functional Requirements

.

3.5 Selection of Development Tool

v

3.6 Hardware Requirements

.

3.7 Summary
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3.5 Selection of Development Tool
This research will be implemented in the 3D visualization and 3D image analysis

system AmiraMol 3.1.
The supported platforms that enable this software to operate are as follow:

* Microsoft Windows 98/ ME/ NT4/ 2000 XP
¢ SGIIrix 6.5.x

¢ HP-UX110

® Sun Solaris 8

* Linux Redhat 8.0

However, in this project it will be running on Windows XP Professional Edition.

3.6  Hardware Requirement

The hardware requirements are as follow:

° Intel Pentium 4 Processor.

' 128 MB RAM.

. 16 MB graphics card.

* SVGA monitor with 1280x1024 screen resolution.

. Mouse and keyboard.
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3.7 Summary

Overall, this chapter explained the methodology used in this project development which
is the waterfall life-cycle model. It also describes the rationale of this approach. Apart
from that, functional and non-functional requirements of the system are also included.
Next, it listed out the software requirements such as the development tools,
programming languages and operating environment that are to be used. Lastly, the
hardware requirements such as machines and devices that are necessary for the system

1o run are stated.
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Molecular Visualization System

Load
Molecule

Rendering

Segmenting

Alignment of
Molecules

Molecular
Surface

Display

Figure 4.1: System Hierarchy of Molecular Visualization System
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Figure 4.2: Load Molecule module

Load Molecule
Display Information of Molecule: Once the molecule is loaded into the system, this
function will display information regarding that particular molecule such as number of

atoms, atom radius, and bond radius.

Figure 4.3: Display Molecule module
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Figure 4.4: Selection and Labeling module

S i
Selection: User can select atoms, residue, secondary structured and chains as desired for
further analysis.

Label: 1t is necessary to label the molecule in the viewer to easily keep track of certain
groups that are interested in.

Browser: Enable user to combine different viewing modules into one viewer.
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Figure 4.6: Molecular Surface module

Molecular Surface
Compute Molecular Surface, Compute Molecular Surface for a Restricted Atom and

Compute Partial Surface: This allows user to perform computation on surface

contribution for visualization purposes.

i’

Figure 4.7: Display module

Display
Display Result: A function to view result from various computation, measurement and
analysis.



4.2 Flow Chart of the System

Display
Molecule as 3D

Rendering

|

Segmenting (to select
atoms/residues of interest for
visualization)

|

Aligning Molecules,
Computation, Measurement

Y

Visualized with Isosurface
or Voltex modules

|

Display Result

O

Figure 4.8: Flow chart of Molecular Visualization System









CHAPTER 5

SYSTEM IMPLEMENTATION

This chapter reviews the different techniques in segmenting, rendering and various
methods in molecule visualization. These are shown as step-by-step manual besides

explaining the modules that are used in AmiraMol.

5.0 Introduction

v

5.1 Description on Data Used

5.2 Description on Modules Involved

b 4

5.3 Rendering, Segmenting and Visualization Methods Manual
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' Transform Tab
The transform tab is divided into four different sections. Each section can be used to
adjust certain coordinates of the currently selected atoms. The different coordinate
types are:
L. Position is the Cartesian coordinate of an atom. If several atoms are selected, only
relative changes are allowed.
il. Bond Length is the distance between two selected atoms.
iii. Bond Angle is the planar angle between three selected atoms.

IV. Bond Torsion is the dihedral angle between four atoms,

. Tool Tab
Tirsfom | Took
~ Changs cpolzay

al 2l =5

Sl %9 %

Copv. Sk Cut Ak
&mdsm&dﬂtn: -
cha il

138 ol o of |l
m %Io & & I |
Cuwet Mode: Distancs Cutolf Add !

Madinel Atcr Distarce: -} Im |
Figure 5.2: Tool tab

The tools tab is subdivided into two sections:

i. Change Topology
The cut button will cut the currently selected groups out of the molecule.
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. Amira Vim-u:sr
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Figure 5.4: Balls rendering, balls represent the atoms
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Figure 5.6: Sticks and balls rendering
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3.3.3 Segmenting
Molecule data that are used in this task: methyl methacrylate.pdb
In segmenting, 2 tasks are to be performed:
L Selecting atom/residues of interest.
2. Change color, remove the selected part or restore back, labeling.
Selecting molecules can be done in 4 ways:
L Through Color Scheme
Click on Legend-> click on any options below Name. This will highlights the atoms of

the selected color in the viewer.

2JEL.pdb level:atoms atiribute:atomic_... [_. |ﬁﬂ|§|

S -
7

Figure 5.7: Color Legend

ii. Through Selection Browser
This enables a more precise selection.
Click on the green icon-> on Selection Browser, click Show-> select any residue or

atom -> click on the atom/residue name.
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Figure 5.8: Selection Browser. A click on any attribute below “type” will select
atoms of the same type. A click on residues will display list of atoms below the
selected residue.

iii. Using Draw Tool
Click back to the yellow icon-> on Highlighting, click Draw-> go to viewer and keep
pressing left button while moving the mouse on selected parts of the molecule.
& Highlighting: Box | Drew | Clear |
Figure 5.9: Draw Tool

iv. Interactive Selection

This enable user to select molecule directly from the viewer.
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Change the viewer into interaction mode-> click on any atoms-> hold on Shift button

and click on another atom in order to select the next atom.

B Change to
» interactive
mode

AR ¢ R
SISIAE )

Figure 5.10: Interactive Button in the Viewer

After selection, one can define color on the selected part, to do so,

Go to Define Color-> Click Set-> Color Dialog box will pop up-> Select appropriate
color scheme (RGB/HSV), RGB represents Red/ Green/ Blue, meanwhile HSV, also
known as HSL, stands for Hue/ Saturation/ Lightness-> click Apply.

To restore the original color, click Clear.

To remove the selected molecule, there are four function buttons that perform different
actions:

Go to Buffer, click on

1. remove- will remove the selected parts

2. replace- will remove all other parts other than the selected parts

g

display- will display/restore the whole molecule

4. clear- will clear the whole molecule
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To remove the highlighting box, go to Highlighting->click Clear.
In labeling, right click on the green icon-> Display-> MoleculeLabel-> in working area,

select appropriate options in labeling. To label the atom of interest, go to Labels-> click

Add Highlighted Groups. Click Clear to unlabel.

2]

5 Amsibutes: | soee_rusber v | name |
5 Lavel Optionc ¥ isvadle
S Labule: Al| Add Wehighed poigs | Oss | Updats |

Bramone i 2 »fid
5 Coler |

gﬂﬁﬂ:.vhnﬁdnh o roplece stivbxtes

Figure 5.11: Atoms of interest that have been labeled. The first column shows the
atom number and the second column shows atom name.
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Amira Viewer

Figures.u Usmg Selection Browser, molecules of type Oxide has been selected
and labeled using MoleculeLabel, the first attribute shows the atom name,
meanwhile the second attribute shows atom type.
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Figure 5.13: The atoms of type Oxide have been removed from the molecule, with
the highlighting box still appears
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Figure 5.14: The atoms of type Oxide that have been colored according to the
selected color as specified by user in the Color Dialog

5.3.4 Visualization

Molecules can be visualized with the Molecule View, Bond Angle View,
SecStructureView and TubeView. A combination of different views is allowed in
Amira. Besides, user can also select which atom/residues of interest to be visualized in

different views. This can be done through Selection Browser.
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igure 5.15: Bond Angle View

Figure 5.16: Secondary Structure View

igure 5.17: Tube View
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Selection Hrowser  1aay. pdb
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Figure 5.18: User can combine different type of views in any residues of a molecule
by checking (tick) at boxes below MV (molecule view), BAV (bond angle view), TV
(tube view) or SV (secondary structure view)

Figure 5.19: The combination of different views for 1aay.pdb molecule
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On Object Pool, right click on MoleculeView->click Measurement-> On the viewer,

click on Interactive Mode->select 2, 3 or 4 atoms. Information will be displayed at the

working area.

: Amira

<
L)
ha
&
[
-

=

. e
LT

i
L3
-‘ siart = - 2 S o] SHAPTES Moo ] X _ﬁ . >

Figure 5.21: The distance between two atoms will be displayed at the working area
of Amira if two atoms are selected at the viewer
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Amiira Yiewer

thure 5.22: The angle between three atoms will be displayed at the worhng area
of Amira if three atoms are selected at the viewer

Amira Viewer - 182 = - lll'lll_l_'l

) CaPTER 1 - i = . »

Figure 5.23: The dihedral angle between four atoms wlll be dlsplayed at the
working area of Amira if four atoms are selected at the viewer
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2, Comparing two Molecules
Purpose: To view the same molecule in different time-steps. This task applies only to
molecules with series of time steps, such as alkane molecules with suffix .zmf.

Molecule data that are used in this task: alkane.zmf

Load the .zmf data into Object Pool-> Select MolTrajectory-> Select Molecule-> Open
MoleculeView -> select Mode to Balls and Sticks.
Back to MolTrajectory-> Select Molecule. This will create an entry Molecule2-> Open

MoleculeView2-> select Mode to Balls and Sticks. The same molecule will appear at

A |
the viewer-> at Time, click the arrow P The time-step will increase to 2. At viewer,

noticed that the second molecule will slightly displace. This new position shows the

molecule at TimeStep 2.

Mumber of bonds =13
MHumber of 1esiduses = |

AL E 1L e—— |

& Tiomsformation: (rore ¥

Figure 5.24: The position of the same molecule shown on different time-step
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Figure 5.25: The allmn olece rcompution o n moll

4. Computing and Visualizing a Configuration Density

Purpose: The Configuration Density module gives an impression of the fuzziness of the
conformation by computing a probability density for the positions of atoms and bonds
within a molecular trajectory. This density can be visualized with the Isosurface and
Voltex modules.

Molecule data that are used in this task: alkane. zmf, but_cluster_3_1.idx

Remove the MeanMolecule icon-> Back to but cluster 3 lidx-> left click->
Compute-> ConfigurationDensity-> connect AlignMaster to but_cluster 3 1.mean->
click on ConfigurationDensity icon, at the working area, press All button from Select

port-> press Field button of Compute port to compute Density-> to visualize, select
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Display-> Isosurface/Voltex-> set Threshold value for Isosurface module-> press Do It

at Action port.

. Amira Viewor

Vouel Size: 0.1 x07 %01

& oty -.“_j-v-::-n. I amEa. e o M ISREL P VDT M
Figure 5.26: The information will displayed at working area after the computation
of configuration density. The molecule has been visualized using Voltex module in
2D texture mode

5. Compute Molecular Surface

Purpose: To compute molecular surfaces with different resolutions.

Molecule data that are used in this task: 1aay.pdb

Load data-> right click on green icon-> Compute-> CompMolSurface-> click on
CompMolSurface icon-> Press Do It at Action port-> Attach MolSurfaceView to the
newly created green icon, XXX-surf-> for a better resolution, increase the number of

points per A*2-> press Do It.
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Figure 5.27: The laay.pdb molecule after the computation of molecular surface
and visualized using molecule surface view with resolution value 20 and set
according to atom number color. The details of surface computation are shown on
the working area

6. Compute Partial Surface

Purpose: To compute surface contribution for selected atoms.

Molecule data that are used in this task: laay.pdb

Open selection browser-> type within (residues/XXX) in the browser’s Expression
command line-> press Replace button-> At CompMolSurface-> Quality port-> select

correct-> Option port-> select partial surface-> press Do It.
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Selaction Browser - 1aay.pdb

+-rewdues/A103 ARG
+-rosidusa/AT04  PRO =
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- residuss/A109 VAL
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-residuss/A111  SER
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i+~ residues/AT1S ARG ]

+-residues/A116  PHE /]

- tesiduss/AT17  SER [/}

- residues/A118 ARG /]

4 residues/A119  SER /]
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0 ek e BAYYD TUD

Figure 5.28: The atoms at the residues/A114 have been selected to calculate its
surface contribution
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Figure 5.29: The surface contributions of atoms in residues/A114 that have been
calculated are shown in the working area. At the viewer, the selected residue has
been highlighted automatically

y Molecular Surface of a Restricted Sets of Atoms

Purpose: In most cases, some molecules contain water molecules, which in most cases
not desired when computing the molecular surface. Here, it eliminates the water
molecules.

Molecule data that are used in this task: laay.pdb
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Go to selection browser-> on Type column, click HOH-> all HOH will be selected-> at
browser, right click on heading CMS(CompMolSurface)-> select Remove-> at

CompMolSurface-> deselect Partial surface-> press Do It button.

For the new surface, only those residues that have a check marked in the Selection

Browser were considered.

Selection Hrowser - 1aay. pdb

}-m c ]
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T—mm c v
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4+ tesiduss HE T 208 HOH
4 residues/HE T203HOH
+- esiduos HE 1210 HOH
i+ residues/HE T211 HOH
i romicues/ME TZ12HOH
- rasiduesHET21 3HOH
I-.-mmme TZ14HOH

- tasidues/HE TZ15HOH
4+~ rotiduss/HE T 216 HOH

= residues/MET 17 HOM
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JIKKKRKE
4

Highhghting & ==
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Figure 5.30: The water molecules, H2O have been selected (highlighted in red) at
the selection browser to eliminate them from the computation of new surface
contribution
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Figure 5.31: The result of the computation of the new molecule surface (without
H20) are shown at the working area, meanwhile in the viewer, the water molecule
that have been excluded in the computation are highlighted in red boxes and are

not displayed in surface view

8. Exploring MolSurfaceView

Purpose: To explore the functions of each port in MolSurfaceView, particularly on
Color Mode port, Pick Action port (molecule, clipping and surface option) and to
familiarize with Highlighting and Buffer Port.

Molecule data that are used in this task: 1aay.pdb

Compute the whole molecular surface with a resolution of 2 points per-> click on the

MolSurfaceView icon to see its user interface in the working area-> select molecule for
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the Color Mode port-> change the Color port's first menu entry to residues-> select an
appropriate color map for the Discrete CM port by right-clicking on the color bar->
switch to interaction mode-> clicking on the surface with the middle mouse button.
This will displays information about the atom that user has clicked on in the upper left
corner of the viewing window as long as the user keep the mouse button pressed. If user
Ctrl-click, the information will remain displayed even after releasing the mouse button

until the next mouse click on the surface.

molecule = 1aay.pdb
atoms/AST0
residues/A169

atoms/AS570

Figure 5.32: DNA molecule that has been visualized in surface view with
resolution value 2. The selected atom, residues in which it belongs and the
molecule’s details are displayed when user Ctrl-click on the molecule
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= Amira Viewer
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Figure 5.34: In Pick Action port, the “molecule” has been selected. Any picking
action will highlight the residues in red lines while the surface view still remains
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Flgure 5.35: In Pick Action port, the “surface Ilas been selected When user chck
using the middle mouse button at any part of the molecule, the viewer will display
the surface details of the selected part of the molecule

9. Sequence Alignment

Purpose: To align sequences of two molecules. It facilitates the comparison of two
sequences. This task applied to both proteins and nucleic acid except for t-rna
molecules containing modified bases.

Molecule data that are used in this task: 1IGM.pdb, 2JEL.pdb

Right click on XXX pdb icon-> select Compute-> select AlignSequences-> right click
on the rectangle at the AlignSequences icon-> a pop up menu will appear displaying all

connection ports opens-> select MoleculeB-> connect the port to another XXX.pdb file
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icon by clicking on it-> on AlignSequence icon, Align Type port, choose semiglobal

from the second menu-> press AlignSequences button-> press AlignSequence port.

& Options: |~ show sigrment
2 Input: & molecules AvE ( mold/motl 1 molB/motl
§ Mign Type: |poton v | [semiglobll |

5 indet <~ — Ao

£ Dot ¥ Algn Sequances |

Figure 5.36: In sequence alignment, the first molecule (1IGM.pdb) is aligned with
second molecule (2JEL.pdb) through Align Master. After aligned, a blue line will
be connected between Align Sequence icon and the second molecule
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Load data-> To invoke Molecule Editor, click on the green icon-> At working pool

click on M> a window will appear as shown below.

# Molecule Editor - 1aay.pdb

Connection of Selected Atoms
Mode Action
; SPl 4 3| P ,0 r O > 2]
|A 0-‘ ‘O'o o G’ ﬂ“k ﬂ'@
Distance Cutoff Add Cut
Maximal Atom Distance: } .70

# Molecule Editor - 1aay.pdb

I ... I_;-gjle

Figure 5.39: The pop-up window (Transform tab)

129



Among the task that can be performed in molecule editor are:
Adding bonds to a part of molecule
Purpose: To add bonds to inhibitor that is currently without bonds.
To add bonds, open selection browser-> select residue that is currently without bond->

at Molecule Editor-> switch to Tool tab-> In Mode, click on Bond Length table button-

> In Action click on Add.

Amira Viewer

Figure 5.40: The atoms that are without bonds are shown in the highlighted box

130
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Number of atoms = 1830

| Wmbor o bonds =572
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Figure 5.41: The number of bonds (before adding bonds) is shown clearly at the
working area

= Amira Yiewer

B
s
B
5

Figure 5.42: The atoms after adding bonds. Noticed the sticks (bonds) are
connected to each balls (atoms) that are highlighted earlier
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& Selection Browser: sm]
8 Transform: ﬁeprﬂ' Liru:‘nl .'-f.'r:-'-r:'.'.l

Figure 5.43: The number of bonds has increased after adding bonds

ii.  Splitting the molecule
Purpose: To split a molecule into inhibitor and protein (called receptors).

In selection browser, select the residue XXX-> in Molecule Editor, go to Tool tab->

Topology-> Split.
The atoms of the inhibitor are no longer displayed by the MoleculeView and that a new

object, XXX2.pdb has appeared in the object pool. This object contains the previously

selected atoms of the ligand.
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Selection Browser - THYRm.pdb

g
|
F
;

infitlad - Fan RSN p |

Figure 5.44: The part of molecules that are to be splitted. In the selection browser
the residues/A12 are highlighted as in the viewer
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Amira Viewer

Figure 5.45: To distinguish the atoms that are to be splitted from the molecule,
they can be colored according to user’s preferences
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' Number of atoms = 9
Number of bonds = 8
Mumber of residues = 1
Humber of secandary structure elements = 1

' & Transtormation: | none -]

& Selootion Browser: Show |
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Figure 5.46: The molecule after splitting process. A new icon has appeared at the
Object Pool (1IHVRm2.pdb)

e | AEESH A
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Figure 5.47: At working area, the details regarding 1HVRm2.pdb are shown. This
icon represents the residues/A12 that has been splitted from the molecule
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Selection Browser - 1THVRm2. pidb

Masterlvel Options Info Modules Highlighting Help
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— atomsAA1200
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Figure 5.48: The selection browser of IHVRm2.pdb shows the list of atoms under
residues/A12 that have been taken out from the molecule
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Figure 5.50: Load 1HVRm.pdb and H20 molecule into Object Pool, meanwhile at
Molecule Editor, click on Add, a window will pop up showing other molecules in
the Object Pool (h20.pdb)
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button in the Position section.-> left click on the dragger, and hold on the mouse button
down-> move the water molecule between the two amino acids. To re-orientate the
water molecule, click on the green knobs of the dragger. The dragger will rotate in
different planes.

Amira Viewer

i (1o

D Cipiiasiy

Figure 5.52: Moving dragger to its desired location
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CHAPTER 6

DISCUSSION AND CONCLUSION

This chapter discussed on problems encountered and recommended solutions. It also

reviews on the system strength and limitations. Lastly, it discussed on future

enhancements of this system before it came to a conclusion.

6.0 Introduction

v

6.1 Problems Encountered and Recommended Solutions

6.2 System Strength

4

6.3 System Limitations

4

6.4 Future Enhancements

r

6.5 Conclusion
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manage my time well as much time is needed to acquire skills in a field that is totally
new for me. Having juggling with sudden scope changes and the limited time to deeply
understand and explore each module in AmiraMol has been a challenge in this project.

But, finally after all the obstacles, I've realized that the learning outcomes and the

experiences gathered have proven enriching,
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