WD 2005/ 024756 PCT/ SG004/ 000285 Ml ecul ar Studi o for

Virtual Protein Lab Background of the Invention . Wth
WO b@sloeeskt hr ough advance in hunman genone pr oj BCT/SG2004/000285

(HGP), Life 5 Science research and education have

becone ever nore crucial. Bio- nolecular study is nore

chal | enging than sone other fields due to its

conpl exity of bio-nol ecul ar concepts (especially in

terms of structure), its very small scale and high

di mensi onal Molecular Studie for AfirtugldRraeteiadab api d

technol ogi cal growh of in the bio-nolecular field. 10

Traditionally, bio-nolecular education is conducted

t hrough cl assroom teaching and wet |ab experinent.

Vi sual aids of color photos or enlarged nodels wth

mgg&iﬁgﬁ%t 8 Ralionp! astics, etc, are used to help

th erstanding of the structural concepts. Wile
WORGRNthe bpdakeriroughmadetsce @ dhunzangigbhemeanprojest 4HGR3 Yife

cheaper, they denopstrate typical shor 1 NQS 2 Of e
5 ot SEPEOSPIRATER B LHETOR TRtF BSRITGxP Tpie: o Bio
CORHoletBilar %th@y ﬁ@g'horbi él%]lcllbrgingnmbﬂcgzdmé gthert filds dweetd its
constant_change due to folding or jpteraction. .
Furemplewibr ef bioraoleawiak FoRgeRks g%?eﬁ‘iaEY syt Siryfture). its
X- {,% Shsdcald A5 Bigh imérsiohibyearbidawiesular oBRee) and eapid
(N-MR) inmaging is 1 ncreasing at an  exponential rate.
20terhnelngicalgargwity ofgn &&@PT‘B&@C‘&"‘%@I ar way to
simul ate nol ecules with plastic nodul es representing

10 @t GERiEANY,NBiRRBRCGRRNEIcatNs BMBEKHucRIdO rougiat emsroom
US5884230 presents a conputer gl)f/stem

) t hat nodel s
t hieashingi anshwieblah exparimant Kisugk aigs of _&Pﬁ% RROSLroNIETHEd
rof’r?)tde%nw% rﬁaieﬁgl 8GdtH aR! \REESE - pldstics! et dtelusediouRelpGhe
mul t1 nmedia and conputer software tools in .
bl onderistandingr of bertaichusal. cagepis: Wils2vaedR® HeRlaslinBedg!s

Y 3tS Bngbie ¥RE LB chddper AHEF deRitittrate typical shortcomings
15 of static structures with limited complexity. In contrast, the real life bio-
molecular proteins are in constant change due to folding or interaction.
Furthermore, the number of known proteins through X-ray crystaliography

or Nuclear Magnetic Resonance (NMR) imaging is increasing at an

exponential rate.

20 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 system that models three-
dimensional structures of proteins based on the rotation of amino acid planes.
25 |t is a trend using multimedia and computer software tools 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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wi de range of bio-informatics software is available in

t heC(ﬂﬁﬁlh‘tgﬁonal bio-molecular simulation is increasingly used in molecular
20 biology research. Surely, it may never being able to replace totally the wet
lab experiments. However, it has been increasingly recognized that
software simulation can play 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 software 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
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Summary of the Invention

The present invention relates to virtual reality (VR) technology which solves

the above mentioned problem.

20 As a high-level interactive computer graphics/visualization 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, walk-through, and fly-

~ over, etc., with the virtual environment. VR-enabled bio-molecular education

25  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. Multi-sensorial VR will make it feasible for

knowledge exploring and creative learning of bio-molecular structure.
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Preferably the protein structure is derived from data held from protein

crystallographic and NMR imaging investigations.

Preferably the data is held in a databank and the displayed protein structure
is derived from algorithms acting against the data.

20 Preferably the molecule structure is represented in the form of NURBS
(Non-uniform Rational B-spline Surface) or tessellation of quadrilateral and

triangular meshes for display.

Preferably the molecule structure is visualized in the form of protein
polypeptide atoms, protein surfaces, protein bio properties (electrostatic,
25 hydrophobic and hydrophilic), protein-ligand interactions, protein

conformations, or a combination of the above.
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15an chrmai pfteragtic @Atk a molecule comprising modeling a molecule in three
dimensions, displaying the molecule in a stereo VR environment, and
interacting with the molecule by virtual movement, modification, or

. replacement of protein structures and molecule atoms.

In a further alternative aspect the invention consists in a method of

20 providing virtual interaction with a molecule comprising modeling a
molecule in three dimensions, displaying the molecule in a VR environment,
and providing for the virtual reality viewpoint and navigation to follow or not
follow the path of the protein secondary structure.

These and various other features as well as advantages which
25 characterize the present invention will be apparent upon reading of the

following 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 Description

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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system can also attach to a projection screen 108 to allow many audiences

20 to view the same molecular structure.

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 software 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 emitter, 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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20 and 214 is needed with an individual viewer.

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 front, 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 polypeptide
structure, the navigation idea is implemented with the consideration for the
purpose of learning 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 surfaces, 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 topological information of the relevant bio-molecular
entities. At the biological level, information can be very comprehensive
pending on the applications such as protein secondary structure 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 display, 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, electrostatics mode display and polarity mode display
30 may also be used with the current system. The graphic visualization with the

current inventive system emphasizes real time response and interactive
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cur rent

graphic visualizatio |nv ntive
sy seEAaloRALY e Il prhuoTBy SIS Hea Py and
ré&l%éﬁh%f%ﬁse%ﬁéﬁ@ml regeeS to prrfdtrﬁ pip@patlohﬂbn virtual
techni que is incorporated in_ visual Lrﬁatl on
optentities dhe b@p’npl@cular entities in this case. The requests are accepted or
20 rejected by the interactive devices through various sensorial channels and then
translated digitally to actions for the virtual world to 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
25  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
30 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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rejected by the interactive devices through various
sé;ﬁﬁlérs e instalierbif seesfanh &ls {application ewomngninglintgrface) of
a b O, v : S .
o SRS ond Mot Ui B P PlDS cf RESiofiaaliBiS the device
c dupehoasitiyiengh ergraeming with DirectiXrar COMIteshmologiesnct i ons
or nethods for correspondi ng update. In the current

i nventive system the human-conputer interaction is

C psthphse designed with 25 special concern for the

i nteractive devices. For instance, in the

r dhoamatiomawithin the dalebasegsistarad trhastanbardgoaytj and, tlassified

. oS} e . ¢
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nao\{)i,[aqgéé c%rnontn hortﬁ)éjrg thxrggs rgalcﬁcausl %Ct(ﬁ": (Standard Classification of
Proteins). Other information may come from signal transduction pathway
databases, and metabolism pathway databases, and pharmaceutical
databases, etc. The unit may be able to communicate with online biological
database directly through an Internet connection.

Interactive Hands-on Learning 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 to learn
other protein atoms such as carbon alpha using the hands-on glove



30 viewpoint may be associated with the main path of
the nol ecul e and steering of the user viewpoint set to
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sectioning allows the visualization of the internal structure 604 of the protein

and ligands with a cross-section plane 601 cutting them. The cross section

20 plane can be translated along a given direction 602. This is further
enhanced by applying a real time 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



Fig. 4 shows nethods of hands-on | earning the protein
am no acids 401 or peptide atons 402 by touchi ng of

W b@see47saal ami no acid balloons with a virtuedT/bard4/000285
in a VR sensor glove 403. $iml|ar nethods are used to
| earn other protein atons such as carbon al pha using
t he hands-on gl ove WD 2005/ 024756 PCT/ SG2004/ 000285
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so, concept of Ramachandran pl ot can be easier
understood. Fig.6 shows nethods of |earning the
mul tiple protein features by active cross-sectioning.
This is to allow users to see the relation between
different 15 protein structures or properties. To see
the protein-ligand interaction, the protein surface
and ligand structure should be displayed. Because the
mul tiple structures or protein properties can be very
conplicated, an active sectioning allows the
visual i zation of the internal structure 604 of the
protein and ligands with a cross-section plane 601
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
of the protein and ligand structure or properties to
hel p the dynam c display of the relationa
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means for visualizing nodelled nol ecular structure in
a stBWEYPFw, and 5 neans for- interacting virtually
with the nodelled nolecule structure to allowan |
i 2. e eystémesudaimet in clained adterein the VRenyiroupentallows i
VR (gévi rﬁg&qentd 2. A systemas clained in claiml
wherSOFERSHY "WARU8Mvi ronnent al l ows six degrees of
freedom 10 3. A systemas clainmed in claim1 wherein
10 t & Areystemlas dlaimadin dainpll eherein dhe molasuls is arkip-migclle or

4. A systemas, clainmed in claim2 wherein the VR
enviﬂ’Be‘/ﬂ‘beg]%&?'
4. A system as claimed in claim 2 wherein the VR environment may

associate the viewer’s viewpoint with the major path of the protein

molecule and be constrained to follow this path.

1’5 5. A system as claimed in claim 4 wherein the major path is a protein

backbone of the secondary structure.

6. A system as claimed in claim 4 wherein the VR environment may model
virtual moving effects by riding on virtual carrier while following the path

of the molecule.

20 7. A system as claimed in claim 2 wherein the VR environment may
associate the viewer's viewpoint with the surface of the protein molecule

without being constrained by the major path of the protein.

8. A system as claimed in claim 7 wherein the VR environment may model
virtual moving effects by free navigating inside or outside the protein

25 surface.



associate the viewer's viewpoint wwth the major path
of the protein nolecule and be constrained to fol |l ow

wao koos/opaash. 15 5. A system as cl ai ned i n cl ai nP@1/SG2004/000285

wherein the major path is daéprotein backbone of the
secondary structure. 6. A systemas clainmed in claim4
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systemas clained in claim3 wherein the nol ecul e
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tessel l"ation o rilatera tria

for 8epliselanesy ol peplide\atorsaohtheoheleould niay b mpdified,
wher gj ' [ i no acids, peptide

pl ang*sf),nlegI&%%&%Q?Qﬁ%%ﬁgpuﬁ]e nol ecul e may be

modi fied, noved or replaced by the virtual user. 13.
A B Arysieasag tlaimestinidainml awheneindhe resaah-in meotiopacohtrokis by

Mot i Q8erG ALY stbetin¥vheel and foot pedal.

14. A system as claimed in claim 1 wherein the hands-on grasping control
is by user use of a sensor glove.

15. A method of providing virtual interaction with a molecule comprising
modeling a molecule in three dimenéions, displaying the molecule in a
VR environment, and interacting with the molecule by virtual
modification, movement or replacement of molecule amino acids, and
peptide atoms.

16.A method of providing virtual interaction with a molecule comprising
modeling a molecule in three dimensions, displaying the molecule in a
VR environment, and providing for the virtual reality viewpoint to follow
or not follow the path of the molecule.

17.A method providing moving effects wherein following the molecule path
is associated with of riding on a carrier.
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systemas clained in claim1l wherein the hands-on
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15. A net hod of providing vilftual interaction with a

nol ecul e conprising nodeling a nolecule in three

di mensi ons, displaying the nolecule in a VR
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