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molecular proteins are in constant change due to folding or interaction.
Furthermore, the number of known proteins through X-ray crystallography
or Nuclear Magnetic Resonance (NMR) imaging is increasing at an

exponential rate.

Patent US4812128 describes a modular way to simulate molecules with
plastic modules representing atoms and the bond connections among

atoms.

Patent US5884230 presents a computer sysiem that models three-
dimensional structures of proteins based on the rotation of amino acid planes.
It is a trend using multimedia and computer software fools in bio-molecular

education.

‘Patent US6211868 describes a system to synchronize the educational

multimedia for different purposes of training and education_.
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Typically, multimedia or software based bi o-nol ecul ar
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features including repeatability of the |Iearning
| essons and | abs, mass availability of the tools to
users, and 5 capability for structural visualization.
However, conventional nultinmedia and educationa
software often | ead to passive |earning. Therefore,
little or no direct participation by the |learners is
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20 blology research. Surely, it may never being able to replace fotally the wet
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lab experiments. However, it has been increasingly recognized that
software simulation can pléy not only a complement but also value-added

role to the lab work. For instances, with data sets generated through wet lab
experiment, software simulation can look into various possible solutions for

25 problems such as protein secondary structure prediction and drug screening.
| In fact, a wide range of bio-informatics sofiware is available in the market
nowadays. Examples include Insight™ from Accelrys and MolCAD™ from
Tripos. Patent US6208942 describes a computer program called molecular
hologram QSAR for discovering structure-activity relationships utilizing

30 'weighted 2D fingerprints in conjunction with statistical methodology. Patent
US6188965 illustrates an apparatus and method for automated protein




Tri pos. Patent US6208942 describes a conputer prdgagm2007
cal l ed nol ecul ar hol ogram QSAR for di scovering
structure-activity relationships utilizing 30 wei ghted
2D fingerprints in conjunction with statistical

nmet hodol ogy. Patent US6188965 illustrates an

apparatus and nmethod for automated protein 7 March

oexign.  Howlesirgnostigd ks, eoftwaie gre designed fepbipvirdustriad er research

&’&%‘ tﬁl]@qlmafliﬂp Iﬁtlé’cd)r\'t‘é%?dr' @er—ﬁfenﬂ@slﬁt%ﬁ'ﬁ@es Ha® hukdHSomputer
ittl'e concern ien I nterfaces and

'%E% Hieeﬁ’urp?sr?t‘greéﬂe?ﬁ‘t@ﬁ ?F*@rb'?ﬂ‘é"%%&@”‘@ goe.
educatl ng of the bio-nolecular know edge. Therefore a
Heasefoesca esd fewistsafos alsalution ta hetpreblematilaiowing esllitatian rig bio-

[ | geU
B Ao e o, B oo SR T a0 4F ibrchliy 3efing
PHIraHNenis1995000513488 il lustrates an exanpl e of using
VR technol ogy such as inmage processing, 3D graphics
Rateintd iLS19890005013488  Meslitatesk ,anarectampizy eofensingntiR  technology

SRR} b O PRcostil, 30 Sfioe? B bfBlay P 1BE M Beck, and

are seve
mayasee mérmswﬁamgtfewmlaﬂgn @éla rmpgicalcrrosesiyse. j Athough there

£EUGREP BatehidSHT %&&aimé&fonbp%ﬁm&}ical R¥pfititioRe #H 6&id3don

bi o- ol ecul ar research

I f and
@@?@Wg L ipsitnes. netant TeEGHings Ehews "Rnghrfaton for bio-

rpolesulgages@arsiohnd edutabiyn Besihgnnéf. a Mol ecul ar Studio to
_serve the use in Virtual Protein Lab with vari ous

\ﬁﬁ%‘?gn n%o d?llobﬁegﬁ'sg[utl dégigﬁf%t al!\fl)Jle tuc{u%% serve
th% g8 1 \dgyahitipteln Wlﬁbw@w R@Va@tﬁﬂﬁé OVﬁféﬁhﬁlpﬂﬁfe@ﬁ

problem As a high-level interactive conputer
graphi cs/visualization technol ogy, VR enphasizes the

Q%,Q}P fhE&nt Rt egration by enpl oying vari ous
nat ur Wter gm ng techniques. Wth VR users can
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VR- enabl ed bi o-nol ecul ar education will be very
different from conventional nultinmedia or.
Asofa viiglerlaygk dateraciive egmputer fasaphiesfvisualization technology, VR

emphasizes the  human-computer integration by employing various natural
interfacing techniques. With VR, users can have a few different feelings of
participations such as immersion, reach-in, hands-on, walkthrough, and flyover,
etc., with the virtual environment VR-enabled bio-molecular education will be very
different from conventional multimedia or software-based learning. As for bio-
molecular simulation, VR will offer a new channel for active participation _and

interactive communication during the process of bio-molecular education and
research. Mulli-sensorial VR advantageously make it feasible for knowledge

-exploring and creative learning of bio-molecular structure.
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movement or replacement of molecule amino acids, and peptide atoms;

~ wherein the protein structure is selected from the group consisting of secondary,
tertiary and quaternary protein structure.

In a third aspect, there is provided a method providing learning the protein amino
acids and peptide atoms by grasping and then modifying them using a sensor
glove after reach-in riding with a virtual carrier closer to them.

In a fourth aspect, there is provided a method providing learning the protein
conformation by reach-in riding of the protein peptide plane with a virtual carrier.
Also disclosed herein is a method of providing virtual interaction with a protein
molecular structure comprising: _‘

modeling a protein molecular structure in three dimensions;

'displaying the protein molecular structure in a VR environment; and

providing for the virtual reality viewpoint to follow the path of the molecule.
Preferably the virtual environment allows six degrees of freedom. Preferably the

molecule is a bic-molecule or a protein molecule.
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peptide atons; wherein the protein structure is

sel ected fromthe group consisting of- secondary,

tertiary and quaternary protein structure. In a third
aspect, there is provided a mgthod providing |earning
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dat abank. and' the displayed protein structure is
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Preferably the nolecule structure is represented in
the formof NURBS (Non-uniform Rational B-spline
Surface) or tessellation of quadril ateral and
triangul ar nmeshes for display..Preferably the nolecule
structure is visualized in the formof protein
pol ypepti de atons, protein surfaces, protein No
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Preferably the nolecule structure is visualized with
mul tiple protein features ansl properties by actively
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displaying the molecule in a stereo VR environment, and interacting
with the molecule by virtual movement, modification, or replacement
of protein stmctures and molecule atoms.

Also dIsc{osed herein is a method of providing' virtual interaction

with a molecule comprising modeling a molecule in three dimensions,
displayiné the molecule in a VR environment, and providing for the virfual

reality viewpoint and navigation fo follow or not follow the path of the'
protein secondary structure.

" These and ‘various other features as well as advantages which
_ - characterize the present invenfien will be apparent upon reading of the
~ Tollowing detailed description and review of the associated drawings.
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Fig.6 shows methods of learning the multiple protein features by actively
15 cross-sectioning to allow users to see the relation between different protein
structures or properties in an integrated and 3D protein view.

Detailed Desqription

As shown in Fig. 1 the major components of the current inventive Molecular
Studio for the use in a virtual protein lab includes a stereo display unit 101, an

20  interactive control unit 103, and a computational engine 104 communicating
with a database 105. The data on the molecule to be displayed is stored in

the database, having been derived using standard techniques such as X-

- ray crystallography and NMR. The data is then displayed using known

_ display techniques, for instance, that described by J Priestle in the Journal
25 of Applied Crystallography 21 (1988) at 572-576 as "Ribbon: a stereo
cartoon drawing program for proteins”. Improvements with molecular
visualization are mainly made in terms of compatible support for various
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Stereo display unit

This unit as described in Fig. 2 consists of a screen 202, one or more
projector 201 to emit the separate views of a stereo pair, and one or more
goggles 203 to view the stereo images. OpenGL sofiware library is used to
25  support the graphic rendering and stereo viewing. In active stereo case, the
goggle is a pair of shutter glasses in which the pair of stereo views are
alternately shown by the projector, controlled by the emiiter, and viewed
alternately by left and right eyes as the synchronized shutters in the glasses
alternate. Different options may be available depending on the projection
30 = type (rear or front), channel number (single or multiple), and screen type
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A set of Molecular Studios can be network connected to form a virtual
protein lab. In this case or any time specially requested, all student screens
can use CRT or LCD displays. An additional large size projection system

such as a projection screen {rear or fronf, single channel or multiple
25 channels), a projection TV, a high-definition plasma, a video wall, and so on
can be used by an instructor.

- However, the virtual protein lab can have all the possible settings with the
stereo display pending on the budget available, and the preference and

requirement from the customer.
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20 -coaster, skiing, driving, skating and so on with a bio-molecular structure requires

more visual, audio and speed control. Based on the protein polype_ptide

structure, the navigation idea is implemented with the consideration for the
purpose of leaming molecular structure such as protein conformation and
protein-ligand interaction in the current inventive system. Users can see and

25  grasp all the protein information such as protein suifaces, electrostatic clouds,
amino acids, ligands during navigation along the backbone track or path of
the proteins.

Computational engine

The computational unit is responsible for several tasks including (1) bio-
30 molecular model representation: (2) bio-molecular graphic visualization: (3)
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20  both geometric and topologlca! information of the relevant bio-molecular

entities. At the biological level, information can be ‘very comprehensive .
pending on the applications such as protein secondary struciure prediction
and active site binding identification.

The graphic visualization with the inventive system implements most of the
25 common graphics display modes for bio-molecules and proteins. These
include stick mode dispiay, ball mode display, stick-ball mode display,
space-filling mode display, wire-frame mode display, surface mode display,
skin mode display, and ribbon mode display. For visualization of bio-
molecular properties, elecirostatics mode display'and polarity mode display
30 may also be used with the current system. The graphic visualization with the
cuirent inventive system emphasizes real time response and interactive
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detsahtﬁl%g,d tljle&l)lig-lonroiletcn@ entities in this case. The requests are accepted or
rejected by the interactive devices through various sensorial channels and then
transiated digitally to actions for the virdual world fo update. These -
modifications are then carried out by the computational engine by activating
relevant functions or methods for corresponding update. In the current
inventive system, the human-computer interaction is carefully designed with
special concern for the interactive devices. For instance, in the roller-coaster
ride requires that the graphic view change rapidly upon receiving commands
from the front end devices such as a steering wheel in the low cost
implementation.

Where the user requires a ride or navigation through the molecule the
viewpoint may be associated with the main path of the molecule and steering of
the user viewpoint set to follow the path. Since the computational engine
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Proteins). Other information may come from signal transduction pathway
databases, and meiabolism pathway databases, and phammaceutical
databases, etc. The unit may be able to communicate with online biological
database directly through an Intemet connection.

Interactive Hands-on Leaming of Protein Structure

Fig. 4 shows methods of hands-on learning the protein amino acids 401 or
peptide atoms 402 by touching of the virtual amino acid balloons with a
virtual hand in a VR sensor glove 403. Similar methods are used fo leamn
other protein atoms such as carbon alpha using- the hands-on glove
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and ligands with a cross-section plane 601 cuiting them. The cross section

20 plane can be translated along a given direction 602. This is further

enhanced by ;lpplying a real fime rotation 603 of the protein and ligand
structure or properties to help the dynamic display of the relational

information.

Industrial applicability

25
The invention has potential applications in several sectors including
pharmaceutical and Life Science industry for virtual drug screening and
-interactive drug design. It can also assist in searches for surface features of
molecules which may indicate pockets or cavities within the protein surface
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‘the protein-ligand interaction, the protein surface
and ligand structure should be displayed. Because the
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cutting them. The cross section 20 plane can be
translated along a given direction 602. This is
further enhanced by applying a real tine rotation 603
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hel p the dynam c display of the rel ationa
information. Industrial applicability 25
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to interact with said protein no structure 1n
virtu 'B&FQW?“(VR) envi ronment, wherein the VR
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5. A system as daimed in claim 3 wherem the major path is a profein

backbone of the secondary structure,

. 6. A system as claimed in claim 3 wherein the VR environment models virtual
‘moving effects by riding on a virtual catrier while following the path of the profein
molecular sﬁycture. .

7. A system as claimed in claim 2 wherein the VR environment associates a
viewer's viewpoint with the surface of the protein molecular structure without being
constrained by the major path of the protein.

8. A system as claimed in claim 6 wherein the VR environment models virtual

‘moving effeds by free ‘navigating .inside or outside the protem molecular

stiface,
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quaternary structure. 4. A system according to ol Marh3007
wherein said viewers viewpoint is constrained to

follow the major path of the protein nolecul ar
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modeling a protein molecular structure in three dimensions;
displaying the protein molecular structure in a VR environment; and
providing for the virtual reality viewpoint to follow the path of the molecule.




of the protein nolecular structure. 14. A systefMarch 2007
claimed in claiml1 wherein said neans of interacting
conprises a reach-in notion control by use of a
steering wheel and foot pedal. 15. A system as cl ai ned
in claiml wherein the rrean% i nteracting conprises
hands-on graspi ng control 7use of a sensor gl ove.
16. A nmethod of providing virtual interaction with a
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20. A net hod according to claim1, wherein said nethod
conPFIROEES he step of providing | earning the nultiple
protein features and properties by active cross-
sectioning to see the relation between different

protein structures or properties.




