1 METHOD AND SYSTEM FOR FAST PROTEI N VI SUALI ZATI ON USI NG PRE CALCULATED

| MAGE SIM LARITY | NDEX AND ATOM DEPTH Fiel d of the Invention [0001] The
present invention generally relates to nmethods and systens for
visualization of protein three-dinensiopn structures, and nore particularly
to a method and systemfor fast proteih visualization using inmage
simlari téﬂi ndex and atom depth. Background of the Invention [0002] Many
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drug design, and analysis of protein-protein interactions. This is because
the 3D structure of a protein determnes its _ interaction with other

mol ecul es, hence its functions. Higld ofthednventiomenogl obin, being in a cup
shape has the ability to carry oxygen nolecules in the blood stream [0003]
The utilization of protein 3D structures, however, requires fast

vi sual i zgodoan. CurThenptegentt heention eemerylywsdlhtee b afkibolde indayysterhs for
visualizin },he, 3Dfprot ein structyres. For exanple, Cap et al .ﬁgiicl se a
fast protefRiAHORAt D AeIndAresFimgnsiar straghisepAndimere ppeicularlyig érmetho 6@&1 by

modi fyi ngytBs S£ERESDIAP a : | - a E . t Protein
Vi sual i za?] % on Usﬁngplgaevatﬁg%%l{'zgﬁ%ﬁﬁﬁgo%eisﬁl,th%,Hﬂi X%d Eﬁjﬁl %éé?}t?a and van
Liere disclose a fast visualization of protein surfaces using a zonal map.

See, Huitema and van Liere, Tinme critical conputing and rendering of
nol ecul ar surfaces using a zonal map, in : Proceedings of the EG Wrkshop

on Virtual Environments, 2000g,;0&rodddPofd mvARilst hel ess, the grow ng
nunber of new structure data in the Protein Data Bank nmeans that

researchers studying the interaction between protein nol ecul es need new
tools th e capabl e of .| gadi and dj spl ayi ng thi.s huge.anount dat a
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Currently, there are many well-established ways of visualizing the 3D protein structures.
For example, Can et al. disclose a fast protein visualization using Java 3D that improves
rendering speed by modifying the scene-graph structure. See, Can et al., “FPV: Fast
Protein Visualization Using Java 3D,” Bioinformatics, 19, 0-10. Huitema and van Liere
disclose a fast visualization of protein surfaces using a zonal map. See, Huitema and van
Liere, Time critical computing and rendering of molecular surfaces using a zonal map, in :
Proceedings of the EG Workshop on Virtual Environments, 2000, pp. 115-124.
Nonetheless, the growing number of new structure data in the Protein Data Bank means
that researchers studying the interaction between protein molecules need new tools that are
capable of loading and displaying this huge amount of data rapidly.
[0004] Atom depth has been used as a geometric descriptor of the interior of a
protein 3D structure. While its definition may vary according to different practicing group,

the atom depth has been shown its usefulness in many aspects. For example, atom depth




structures. Sunmary of the Invention [0005] Therefore, one of the

obj ectives of the present invention is to provide a nethod and system for
rendering fast visualization of protein 3D structures. The nethod and
system of the present invention inprov%g t he speed of visualization using
pre- calculated image simlarity index @nd atom depth. [0006] In one
aspect, the present invention provides a nmethod for rendering fast
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a user. lIdisclosuty inhte peiobaditianhe abni deptivitdebatd totthe viuslpation of ataieihaD ng
atom depth, calculating inage simlarity indexes, and generating a
render i ng™&HI% can be done prior to visualization so that the rendering
table is part of the file of the three dinension structure of a protein.
In yet another further enbodinment of the nmethod, the rendering table is
generated by foll ow ng pseudo-Swmmaryof thé Ineémticron angl e = princi pal

view ng angles(eg. 0, 90,-90) do For X rotation_angle = principal view ng
angles (eg. 0,90,180,270) do For atomdepth threshold = 0 to max do

Cener at e [goosjiege f OfheRlfbreloAERWhE BoREGRSAGRHE Jrétat IRRHSDE tof Pro§RIRA) d
val ue Conpare generated inmage with original 1nage to get inage simlarity

i ndex Endnédthed arghsysfeor f@ rEmderingrfa§tod9a]izationanfqrotein 33 paottuns. (The ntkaknt
i nvention, ,there i rovi ded.a dat abase of rotejn.three dinension
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conpr i sesaRulaRAdsipAsintiRbkeinibalnEabMRlcpies i mage sinilarity indexes and
atom depths; thereby the protein three dinmension structure files enable

fast vi sU@0Bkat i on lupoa asedchcthe gresent ingentiarapreviiesial method fonpadering fagi ewi ng
g ?/0\6/1i gzgrvés%gg Ougc%% %)fg Pyo%inatrﬁ%ehgirme%gR)%Cétru%];urgg °R ro%%eenr%lb(i)cﬁr\ﬁ%rq{,itﬁg ’mé[tﬁ'(? eis
comprises the steps of providing a file of the three dimension structure of a protein,
calculating atom depth of each atom within the three dimension structure using a solvent
accessible surface area, calculating image similarity indexes of images with different atom
numbers in comparison with the original image, generating a rendering table that correlates
the image similarity indexes with the atom depths, and displaying the three dimension
structure with an accuracy that is input by a user. In a further embodiment of the method,
the steps of calculating atom depth, calculating image similarity indexes, and generating a
rendering table can be done prior to visualization so that the rendering table is part of the
file of the three dimension structure of a protein. In yet another further embodiment of the

method, the rendering table is generated by following pseudo-code:

For Y_rotation_angle = principal viewing angles(eg. 0, 90,-90) do
For X_rotation_angle = principal viewing angles (eg. 0,90,180,270) do
For atom depth threshold = 0 to max do
Generate a image for all atoms with atom depth less than the
threshold value
Compare generated image with original image to get image
similarity index
End for
End for




fast visualization of protein three dinmension structures. In one

enbodi nent, the system conprises a conputer readable nmedium a conputer
program enbedded within the conputer readable nedium wherein the conputer
program enabl es fast visualization of Pr otein three di nension structures;
wherein the conputer program conprises:” neans for providing a file of the
three dinension _structure of a protein; nmeans for calculating atom depth
of each atom wi ER¢#rt he t hree di mension structure usi ng a sol vent

accessi bl rface , S l.cul af i | sl ari i.ndexes of
i mages wi[flqr?ﬂéi ffer élrl\t% Bgtﬁgrmg%gﬁn%ge@é p?%eﬁtolﬁgéét@bkﬂg\?ﬁgﬁﬁ? ﬁge%ra i &galyarl\)g{é ‘?B(rrage;
and neangrgeinghrtidigemsiorendeturd dildsatvhereird &rh pesteiheht diméldéon smgaire file
simlarity indexes wjth the atom depths; and a di splay nmeans for

di spl ayi R§MPREey A rerdegingdalle dhatseqrirdates amage pimilerisy énfexes) andh gtom gepiput by
a user. ltlﬂarébcy {h’é r&#&@fﬂ R QG BRI Quchiie fﬁé’sséngme AR ﬁ?ﬁioﬁfuggﬁlsgl%tﬁ}d ng
atom depth, calcualating tnage simlarity 1 ndexes, and generating a

r ender i ngf habhagecsamiliréty dindes fpr viewirtgdbyvd sweal i zati on so that the rendering
table is _part of t file of the three dinensian siructure of a protein.

[ 0009] Tlﬁ@f’%j ect | syeaﬁwﬂafa&awa&&ile BreSEHam S gh IR 1WrPV1dS@€6}ﬁ§er8§?far ent
from the, QkéuQM&a%nQ)?tﬁbtleﬁldthﬁj@eS&Eﬂeﬂgigﬁ @trﬁgtuférs.eflﬁrorng%nﬁmaﬂgér{{?fﬂess %t@ﬁzLeOf
in connection wth the  acconpanying draw ngs. Brief Description of the
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with on I of ...t-h resent invention. [0013] .FlI G 3 shows agne
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the different images rendered using different atomdepth. [0015] FIG 5
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similarity indexes, and generating a rendering table can be done prior to visualization so

that the rendering table is part of the file of the three dimension structure of a protein.
[0009] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0010] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0011] FIG 1 shows a flowchart of the method of rending fast visualization of
protein three-dimension structures in accordance with one embodiment of the present

invention.



Det ai |l ed Description of the Invention [0017] The present invention may be
understood nore readily by reference to the follow ng detailed description
of certain enbodiments of the invention. [0018] Throughout this
application, where publications are ref4er enced, the disclosures of these
publ i cations are hereby incorporated by'reference, in their entireties,
into this application in order to nore fully describe the state of art to
whi ch t hil@012hvent i dHG pelraves aguncliond dflodkndingrent of thewiysigmde taa¢drdance with
descri ptign, ifi etails .are.set forth in order to provide a thorough
under st ant Fr?gl%gﬁﬁ’%%é& Sé’ﬁ?sf%tr%?v‘i%%\/er, it wll be understood by those
skill ed ijposhe rel @Uans sivs éritaéxchiplarpagfcdiion 6 8 PDBflldWwith Béndpfiag tdbted

wi t hout these specific details. In other instances, well-known nethods,
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i nproves the speed of visualization of protein three-dinension structures
by di spl égfpﬁﬁlt}’f@‘ﬁéﬁ%@@ﬁg?h@ﬁﬁ% met hod is based on the realization that

atons bufpdigy deep WG thdwd/ B8 il Qﬁﬂﬁzﬁaﬁoﬁ&rlﬁﬁ%% &&%-B}o@éig?m&%é@oﬁ o the
surface configuration of one protein than do the ones exposed OR the
sur f aces.pokitiont hetweom tlbsDetigve X Wiruis Fhuélopa poftein rienairodn(¢dotetién sighf grag)

configuratiqn of_.one oteinis related to its posjtio ithin the

{hr eeodi ABASTEH Bipfie et (olprrdsin daricera ysine 21w dset of db(GR o s bl e
surface a&RRr&f coltirddtb@todl SEML ARy ucture of one protein, then

cal cul ates the atom depth of each atom of the protein fromthe nearest

sol vent - accessi ble atom and then provides a rendering table that
correlates the atomdepth threshold. with e.simjarity index threshold,
t hereby, according to the Pﬁ%b‘g‘?&eﬁ‘irﬂﬁlﬂnﬂitmm&?qﬂﬁr eshol d supplied by a
user, the inmages of protein three-dinension structures can be output with

constant inmage accuracies regardless of view angle. [0021] As discussed
earlier, [ t er ns TdF pressht/mventincmey bb uadersiobd meora reagtily dyyoreferercerto dlept h"

can be def; i tly. ile the,pr,esent invention is not limted to
any par t? {)lzlzu 1glig (aé%;li&{n&%%ﬁ%onw cteﬁgl eenfbg’fifpﬁ?ntﬁ ?ltletﬂ? S8 thg definitions are
gi ven fonodBe convtpbeitemt Ghis hpplidatidhl Rehedé pgubgicRlibmCiaRd @sfepincbde iy esent

i nvention, LOgOZZ] For a protein's three-dinmension structure, o
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within @ogaips.otein's three-dinension structure to its nearest surface atom
of the s?éo%glnt ) acc?r? %ﬂebtjoﬁowing detailed description, specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by
those skilled in the relevant art that the present invention may be practiced without these
specific details. In other instances, well-known methods, procedures, components, and
materials have not been described in detail so as not to obscure the present invention.
[0020] In one aspect of the present invention; there is provided a method of
rendering fast visualization of protein three-dimension structures. Briefly, the method
improves the speed of visualization of protein three-dimension structures by displaying
fewer atoms. The method is based on the realization that atoms buried deep within three-
dimension structures contribute less to the surface configuration of one protein than do the

ones exposed on the surfaces. In other words, the contribution of one atom to the surface

configuration of one protein is related to its position within the three-dimension structure.




surface area. [0024] "Simlarity index" as used herein denotes a
nmeasurenment of the simlarity of the new imge generated by an atom depth
threshold in conparison with the original imge. [0025] Now referring to
FIG1, there is provided a flowhart of.the nethod of rending fast
visual i zation of protein three-dinensié% structures in accordance with one
enbodi nent of the present invention. The nethod 10 obtains files of

t hr ee- di neW&i themethod definesea salyenimaseassihle sunfacerarea of the shreerdimnsionssuges f r om
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such as tshiveatawessitibatom, ahd thehypevidésesictdieringadble tha Sotiated uhdgidom depthom ¢
coordi nat es, uﬁﬁncy, tenperature factor etc. For each file, the nethod

c
then ca Iﬂ&rﬁﬁléﬁ‘i dithnibe syl deelesshpld; Siprebye aceprdingiintbe fnagemsimilarihe
ublicly; [ : : : : .
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For any non-surface atom e distance to the nearest surface atomrs
denot ed @ertidudaradefimitiops of (B8R 6ETHethet fodlomangatbfmidensdes: @iveandar iheg

table for_each prot.ei 4. e renderi tabl e.correl ates the atom depth
with si mc?%vreln{ef}g? ﬂ%@?‘%%ﬁajﬁgg Ogirt}fefrgf'n& emfg&? %rﬁﬁqnggl.vem% image sinilarity
i ndexes gfo2gne pr oFg; A Ff&éiﬁ%@eﬂi&eﬁﬁ@@%@&&@ref Yol@ni-ho@ekibl FRFhceOrea Vi €W
angl es known as the reference view angles. The nunber of reference view

angl es AdBEdheaipsefass torthe eantigheysesusface Hat pambeieached! bycthe esnteirol chgtasbul ar
protein B?L?&Vérﬁ?nolgc%l view angl es are generally sufficient. From each of
the reference view angl'e, inmages are generated using different atom depth

t hreshol gw23]The nethjongdepthatedséd'Bgem BIRIIWEERs tHeMah&doMid fofitRini 9i nal
image to calculate the image simlarity index which neasures the

per cent a§@e Botein’s drse-dimensionestygipee foritsaisaiestsurface atempfithaspventaetassibleg t he
backgr ouggdRixgl s- The data for the image simlarity index is stored into
a rendering tabl'e as shown in Table 3. For view ng angle not belonging to
the ref efoerale vi ew Singlaeity intiex’i avaged kérsinl ddhbley a measiesmuht If thesimilagifyral at ed
fromthe data of the 2 clogsest reference view angle. Experinmental result
shows t hiFF R9Y% “’inﬁgf‘egﬁt&ﬂf%ffg Yooft atons dgpthJBeesheld Irgomnsrisem avitic thea0rigingla .
[0027] Cigalee the Rendering Table according to the pseudo code bel ow For
Y rotation angle = principal view ng angles(eg. 0, 90,-90) do For X

rot ati onl082&j| e = pNowciefatingiteViiltgl athgieess frovided a0 8rR230}hed@ethod of

rending fast visualization of protein three-dimension structures in accordance with one
embodiment of the present invention. The method 10 obtains files of three-dimension
structures of proteins 11. The files can be obtained from locally stored folders or public or
private database via web, e.g., http://www.rcsb.org/pdb. Each file usually includes
structural information such as the atom number, atom type, residue name, residue number,
atomic coordinates, occupancy, temperature factor etc. For each file, the method then
calculates the solvent-accessible surface area through any of the publicly available
software (e.g., POPS [http://mathbio.nimr.mrc.ac.uk/~ffranca/POPS/], GETAREALI.1
[http://www.scsb.utmb.edu/cgi-bin/get a form.tcl]) 12. Then the method calculates the
atom depth for each atom 13. A predefined threshold for the solvent accessible surface

area is used to decide which of the atoms are surface atoms. Surface atoms will be




For atom depth threshold = 0 to max do Generate a imge for all atonms with
atom depth |l ess than the threshold value Conpare generated i mage with
original inmage to get inage simlarity index End for End for End for
[0028] Then the rendering table allows displaying a three-dinension
structure of one protein with a pre-defined accuracy according to a user's
i nput 15. Wen the user supplies an image simlarity index, a

cor r esporidsigaedithe mmgcmht\’h‘%eﬂﬁ@l dF et anly riga-sudfees atbing the digterverio theeneatastier i ng

table. For exanple, if . .the viewn ngle is 90 degrees and the simlarity
index is Sgg.gﬁ,a_nhlés fl?ﬁoéesdr:%ltge 3t8{rhcgep§}. 6.0 will be chosen according to Table
3. I'f tieo26] ewl ng EHal BeirBethod GREVIEES a feh@erinR GBS Fo¥ éhi prvteii@tia. f Dhe Vi ew

angl e 45 degrees will be generated using a _sinple interpolation of the
dat a for renderiagdebleegirelates the atpmedepihvithsimijarity vadexes 8t diffent vigw anglesshol d

¢ Lo . . . ) C
£ the at ik A8} firiferRERIERES dt%nd plo @ (AORARC fe deMRieiod f el bR B °The
atom depftidw iasgle® kaowhan thdeefélenastielvtangldse Eieomunbdrlofieferdnee i afigles '

[0029] In anat her aspect of the present invention, there is provided a
system f d&eed%dé{}a%wfsrfgl tflaéhanﬁ of he protein Brelesplesr Hreglebular moten mofrsulss, 12
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accordance W th one the present I nvention.
conpr i segeneratedmusingrédidfeser? atdm rdepthathtdshglda. (Bernewndy igamethted iimbgesn@meithen such

as protein ID and simlarity index, a_display neans 26 for displaying the
t hr ee- di (FRRPRSH Veith H&%}%@é@%&@%ﬁte Qfﬁdﬂ%@gﬁﬁeﬁ@fpﬂ% ovhioh megsures i ng

i nstruct ilRNSercddtAP diHxd1ORith (AR &R in?@ﬁ@ﬁ&’iﬂ g e E?éﬁchﬁdiﬁ% eibzaeigé.rgﬁ'nd

prograns, and outputting the three- dinension I nages. The croprocessor 21
further oo i skhs datafioMiRAMage siorilaritynindent & sR2ed tito 8 temderigg fabletasishown ines  and

i nt er nedi a, .a_program ule 2 or . supporting,the.m craprocessor
to obtai rﬁb%of ZIIS(H VF?‘T“B% agglﬁ WOEF%?%’P% %aﬁflfa f%felfeag V%Wﬁlglen&e\}{“é%%?lﬁﬂgflfyon
program 2ddemiaerded imiekpiiBieiNBom ERORBACSFSAL -2 UlssekNReterdRBNSciRYn e, any

el ectronic itemthat is suitable for inputting information to the
mi cr opr o&gpepmentrhigsultishopisalattep inteapalated flateés aggodegstiotatenfithe aqteahdataat i s
able to di ay a ree-di si.on tructure he m.croprpocessor may be a
PC, PDA, %oors"wno%/ebotﬁ?ﬁf %ﬁﬁFﬂn%g?ﬁgﬁ%cto Aé?g foshs Pseugp Cf’ﬁ%&g?‘@;sent g
invention, there is Rurovire@tdond afglk ahasRipadlichigy figlestdp 890lionpasi on
structure files, whererpr Raghatfohl fhels=3NAAPALE W lalglRs [2N0190/186,270) do
For atom depth threshold = 0 to max do
Generate a image for all atoms with atom depth less than the
threshold value
Compare generated image with original image to get image
similarity index
End for

End for
End for

[0028] Then the rendering table allows displaying a three-dimension structure of
one protein with a pre-defined accuracy according to a user’s input 15. When the user
supplies an image similarity index, a corresponding atom depth threshold will be identified
within the rendering table. For example, if the viewing angle is 90 degrees and the
similarity index is 95.0, the threshold value of 6.0 will be chosen according to Table 3. If
the viewing angle is 45 degrees, the image similarity data for view angle 45 degrees will be
generated using a simple interpolation of the data for 0 and 90 degrees. If the similarity

index is 95.0, the threshold for viewing angle 45 degrees is 6.5 as shown in Table 1. For




table. In order for the new PDB files with atom depths and rendering table
to be conpatible with conventional PDB viewer, the PDB "USER' record is
used as explained in Couch et al., "Annotating PDB Files with Scene
Information,” J. Mol. Gaph. (1995) 13, 153-158. In one enbodi nent, four
new annotation records are enployed to inplement the fast rendering.

[0031] USER ATOMDEPTH at om nunber atom depth: The atom nunber and the atom
dept h ar eagleslordélithhetam dppibdg Jesu8ERhxROTAThON QN iwilibsaknddredy Hril atom The

i nci pal , vj f tating t i s;, [0033] USER YROTATI ON
B;: 22: Bglde\/{lhglamg)gg{hgi Fheﬁh%gfb(glﬁhtﬁf !B{é?“ WQEW)%Q%S?I’%?&F rom ]rot ating the Y axis;
and [ 00349020fSER RDAM Anatheimséirpt bf thersdeat chvehtidd, ahdrk s itpfuied@d, a Syserh dod t Yy

index2...... : The rendering data are recorded here, atom dgéth t hreshol d
i s gi ven rerdgaingefast wisuplizations phiprefein (hreerdémersion stigetueesnbifhat 2 shows & he

[o0ae) " el Hpe dnt e bty AR AL AR DR BBty B ety ”

pur pose GhventionstTiat byrgerh I c@nprisdspirepat nidags REefe rRhablieats@nto ihpgy are
by no neans intended to limt the scope of the, E][ryesent i nvention. [0038]
Dat a [ 0039Proppiionsyyish asprptein lbsand similargty dndexnd display aseans 26 Tobdisplawag theom t he

PDB  dat ahasQimbididh striipirel %g %r&%ﬂlsp%ﬂ a g&i&%ﬁ?&ce@%?:#eltjf%[stglgﬁé]in%ﬁl?ignss hows

the different 1 nmages rendered using atom _ / Image
simlari tfyom ﬁnbeinpﬂtnnewa,sceceputatg)md@mtvisuhlmmtieﬁmrmﬁs,tﬂnﬂldmg)uwmgomegme-l lrr:alges
at highet rendering ti and vice versa, The image simlarity index allows
t he user %ﬂrBe‘W%fHéma %gﬁ%é‘&&”r"@&‘}f’eﬁw s Buthepcopmpmiget pidOM/ B@LyM]mW@YS

shows theydRsdibd @f sf&l}%efnio@élnffﬂ@s dhfl fiRl-ERLdidleCthda 1 M&ﬂgle 3 for
simlarity index of 50.0 1s chosen. Different atom depths for different

vi ew anglsepporiihg the miswipeatcesbrito aitsia protege fdéesriviaaimtéryietyfanBCa Gast [pgﬁéfr:h]
Tabl e 1 sho he inter ated data_for Y rotation = degrees and the
act ual dé’fsg\.é\ﬁzfaﬁloaé’ﬁogf@n%eﬂ?%%gﬂ”ﬁ@nf Hteéplﬁmpé?@awaaﬁwdp NSNS B RS es
the act ughy drbBos ifehthalMuidBleof HpuREl\RERmal6n kO IR RRkENEsed Bft ual
data is only 2% The mninumerror rates denonstrated that” we coul d

accur at edisplaying pehnst may fhe dnyegjectsimg litami thgt israbdx td displayya three-dimension
structure. The microprocessor may be a PC, PDA, or notebook.
[0030] In yet another aspect of the present invention, there is provided a database
of protein three-dimension structure files, wherein each file is annotated with a rendering
table. In order for the new PDB files with atom depths and rendering table to be
compatible with conventional PDB viewer, the PDB “USER” record is used as explained
in Couch et al., “Annotating PDB Files with Scene Information,” J. Mol. Graph. (1995)
13,153-158. In one embodiment, four new annotation records are employed to implement

the fast rendering.

[0031] USER ATOMDEPTH atom_number atom depth: The atom number and
the atom depth are recorded here;

[0032] USER XROTATION principal view angles: The principal view angles
from rotating the X axis; .

[0033] USER YROTATION principal view angles: The principal view angles
from rotating the Y axis; and

[0034] - USER RDATA atom_depth_threshold similarity index1, similarity
index2,.....: The rendering data are recorded here, atom depth threshold is given together

with the similarity index for each combination of the principal view angles.
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ew angl e and obtain constant image accuracy. [0044] Table 1. Conparison
interpolated data with actual data 9 Interpolate Error rot = 0 rot = 90

Actual data between tom DepthdegdegData for Y for Y rot = interpol ated

t =45 deg45 degand actual data 14.50100.00100. 001001000

00100. 00100. 0099. 997831000. 002166 137 5099. 98100. 0099. 989171000. 010828

0099. 95100. 0099. 9761899. 985820. 009643

5099. 40085D. 0099. @BOGYPlYB AW BALY shown in FIG 3.

0099. . 0099. 9. 965970. 04462
5099. g%gg 0099.@@8@%9. 914910. 047014
0099. GddaP. 0099. b F8N&Rind BxamPled ABIBTbvided for the sole purpose of illustrating the

5099. 4899, 9899. 7316899, 77310. 041522
0099 Frooipesey teprosentingentivme Ty @perby no means intended to limit the scope of the

.5099.0 6999. 58450. 12432 9. 0098. 7599. 8199. 2766599. 493740. 218194
‘3008, 3785 Bue )
. 0097. 798138p198. 64:iH98. 865520 218235

. 5096. 9399, 2098. 06705 47920. 28558
. 0095. 90989497 17@?7@(3) ﬁ

. 5094. 4(3@17&{,3&9@ Q#%&Q%@%%P/SSSQOS

. 0091. 7695. 329998

. 5088. 85@309790 o054le. 38341. 598619

- 0084. 8?(?0%1]7287 2%684? s%ogv?sgtge?’ c?hfge(gegn% fi\)namatges rendered using different atom depths. As

5299. 214370. 171195

@ggeln molecules were obtained from the PDB

the image similarity index increases, atom depth increases resulting in better images at
higher rendering time and vice versa. The image similarity index allows the user to trade
image accuracy for speed of rendering.

[0042] FIG 5 shows the result of rendering for different viewing angles when a
similarity index of 50.0 is chosen. Different atom depths for different view angles will be
selected to give image similarity of 50.0.

[0043] Table 1 shows the interpolated data for Y rotation =45 degrees and the
actual data. It can be seen that the interpolated data closely resembles the actual data as the
maximum error between the interpolated and actual data is only 2%. The minimum error
rates demonstrated that we could accurately interpolate the image similarity index for any
view angle and obtain constant image accuracy.

[0044] Table 1. Comparison of interpolated data with actual data




4,5078.7084. 1281.4110982. 924681. 825267
4,0073.2979. 1876. 2321477.974112. 234026
3.5066. 3073. 2469. 7699571. 32892. 185578
3. 0060. 2467. 5063. 8707565. 219732. 068366 9
2.5053. 3760. 4756. 9220157. 562011. 111834
2.0045. 0251. 0348. 0266848. 677621. 33725
1.5039. 7945. 4742. 6336948. 249151 423057 Error
1. 0031. 8337.2534.5432734. 838410. 847148 |Interpolate between
0. 531. 8337. 2534.|5432734 8\{38;118. 3;1;%43%[ 80&2 mTﬁgwfgtas;mﬁ% p_oéentjtﬁl
ro erenvatagyrm (|'ar =i C nsi der e

Trewi ng angl o arAeTLEE ; oo ol e co el 4508 ncAed | QIARLHY b, o
simlarity index ot4%5 0 $$9.00 | ea@00 An #%m dedOh of 6.9 From Table 2,
an atom depth of B.® W | 100A0vey_o10P&HdePD.A%regai n 160 abow@02166! i mes over
the original imigel3.58 | pst9998 |59%60000i Magesyadl i ttpowi j1o.giogesrise to a 1.4
times inprovenent 4i3vor endepiong |sp@edo Fooors18ddgnsds2 t heodkam gai n i s seen
to be a good est|i mpigp of fgbheotiMepgah N| 0¥ 88ukNOYeBenE Bl |have
different radii . TOQHCEI| Tagks 2. HGHET 99521%0"%9%9&7 SPB 443 n_atd 10
different siml AT LYo rue>§gr79r X &dbd 0006754 S uot | TRLARIPT =0 deg
Simlarity |IndexA Hrb'ﬁ) a T "%ﬁ,‘qéj %13 él:}l_c%g 5535 e %001. Dept h
10014. 511521186 3 6—999—5p-164951411 -B37+4H
98895701551, 203866220/ 9992891/049%981 HBATY168 4580534 w?0-041522
06787731441, 3132349.0901569980 166 998 5R899.620374 1 WB50eR 1 BHBEHRS. 80
905. 569451121. 6588234 . 66099.4%6.|0 7998562 0346089 .| 89 FAB1| 702243272. 22
804. 55319882. 16600920 113638614 1.|36997H44 5847685 4 3023744 7 I6BB4%4 7|3
7044631762. 48782. 4458868144838 G535A87R6684437 3402441 81824835 §1
6033308563. 48276938 82 14P983729 14 99.51 | 9864976 | 98.86552 | 0.218235

7.50 96.93 99.20 | 98.06705 | 98.34792 | 0.28558

7.00 95.90 98.44 | 97.17177 | 97.42899 | 0.264009

6.50 94.40 97.24 | 95.81943 | 96.67882 | 0.888908

6.00 91.76 95.20 | 93.47743 | 94.73744 | 1.329998

5.50 88.85 92.97 | 90.90654 | 92.3834 | 1.598619

5.00 84.86 89.72 | 87.28948 | 89.07923 | 2.009168

4.50 78.70 84.12 | 81.41109 | 82.92468 | 1.825267

4.00 73.29 79.18 | 76.23214 | 77.97411 | 2.234026

3.50 66.30 73.24 | 69.76995 | 71.3289 | 2.185578

3.00 60.24 67.50 | 63.87075 | 65.21973 | 2.068366

2.50 53.37 60.47 | 56.92201 | 57.56201 | 1.111834

2.00 45,02 51.03 | 48.02668 | 48.67762 | 1.33725

1.50 39.79 4547 | 42.63369 | 43.24915 | 1.423057

1.00 31.83 37.25 | 34.54327 | 34.83841 | 0.847148

0.5 31.83 37.25 | 34.54327 | 34.83841 | 0.847148

[0045]

Table 2 shows the potential gain in

similarity index.

rendering speed at the different

Consider the viewing angle at X rotation = 0 degree & Y rotation = 0

degree, a similarity index of 95.0 will lead to an atom depth of 6.5. From Table 2, an atom

depth of 6.5 will give a rendering gain of about 1.4 times over the original image. A lost of

5% in image quality will give rise to a 1.4 times improvement in rendering speed. From

Table 2, the atom gain is seen to be a good estimate of the time gain even though the atoms

have different radii.

[0046]

Table 2. Number of atoms and speed gain at different similarity index for X

rotation = 0 deg, Y rotation =0 deg



552.52703454. 2623014. 133333313. 33 502. 52703454. 2623014. 133333313. 33
4521895326. 0796835. 8125481. 25 401. 51450237. 9455178. 086957708. 69
3519671711.9141710. 94118994. 11 3019671711.9141710.94118994. 11 [0047] Ti ne
gain is defined to be the ratio for tLg% taken to render all the atons
over the tine taken to render the atons“satisfying the simlarity index
threshold. Atom gain is defined to be the ratio for the total nunber of
atons over the nunber of atonms satisfying the simlarity index threshold.
[0048] Table 3. Rendering Table for 1 ova.pdb 11

...................... JAtom L
____________ Similarity Index| - Depth | No atoms | Time (s) |Atom gain|Time gain| Time gam (%)
e LA0Q ., .. .145 ) 11521 L L 18a L L Ll L 0....
............ .99 ..., 9.5 10495 171 1.09776111.087719 8.77
............ ..98....]...8..1.9570 155 . .[1.203866} - -1-2 - -|- - - - 20 -
------------ 97 - - |- -75--1-9194- -|- - 147 - |- 12531 |1.265306 |  26.53
.X. rot at | on 3 90 96 [ ee g gﬁgt ati o =0 9{3&52 291667 - 29166 - | -

Y5 T 65 8217 434 1.402093 | 1.38806 38.80
d 9 b LS5 1 6945 | 112 1468889 1A60414 | 9068 eds Atom
Depth Y rot- |- @5y _rof = 590 yr@403 .| 18081vy 1.85732D /729232t -7222 Y rlot= 90 Y
rot = 180 Yrpt_=89701Y[rod5- (M8t =880 Y2.16H00% 219@63%|ot H136 14. 50
100. .00 100,P0 1.780 00]10@ 00| 1443100 106. 00 24378 0(2.46@868J0 1139.760 1 100. 00
100. 00 100.0Dp 14000 100.@01 1045300 [1008 OD.2.4878.|m47368.| 1.14@,780 | 100. 00
100.00 .....|.. 65_100]: 085 .| .3872. |10@6. 002 975465 [2.818182 1- Of@sA00 |. .. ;
T00700 100 0P -t po g e - oA e a4, SNy 8 1 00- 00

. ; .0 9 7 97 =, 9 ¢
13.00 99. 95 [T J.U%SUU b ﬁglob%?’” 9Q§99 gq; g} jgg%g 4_93593’3% 4. 50.
99. 90 100. 00 ....439. 95 932':;9 99 99 5 '9)6"“’“' 099699929992 99. 92
99.92 12.00—99-35——160 °gq 52 93583 88! 482289 g3 99.93
09.84 99.03 g_g_gé_g_g_]rég 1.5 1450 23 79455171 8.0ﬂﬁ957 70%69_ _99, 74.
100. 00. . . . .. 35 qolgat 967 17 99117417 1 10.941189. 9P94.11
..... . 99.9.1 30 .1 1,. 19996™1 |. . 17. .| mM.91417|10.9891891. .994.1199.]: 80. 1
99.80. - 99 80. . ....... 99 79
[0047] Time gain is defined to be the ratio for time taken to render all the atoms

over the time taken to render the atoms satisfying the similarity index threshold. Atom

gain is defined to be the ratio for the total number of atoms over the number of atoms
satisfying the similarity index threshold.
Table 3. Rendering Table for lova.pdb

[0048]
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............. ... 00g................. 0.:00.... 1....... 0:00.........;
............ 0.00_ 0.00 0.00 0.00 [004%% The visualization rendered with
fewer atons was applied to study protei‘'A- protein interactions and found
that it was applicable in such studies. For exanple, FIG 6 shows real tine
visualization for different protein-protein interaction positions between
the Dengue 2 Virus Envel ope protei ggﬂg‘mﬁ 3 (colored in light gray) and
Sugar Binding Protein (colored in rK-gray) using atomdepth of 6.0. (696
atons were rendered conpared to a total of 1822 atons). [0050] Wile the
present invention has been described with reference to particul ar

enbodi nentat is elajpqd ishe under st ood that the enmbodi ments are illustrative
and that the invention scope is not so limted. Alternative enbodi nents of
the present invention wll becone apparent to those having ordinary skill
in the arlt to Avhiedodtfberepdasgnfasti vistalizdtion of panéiaitise dinugRioalstractams Said
enbodi ments, afe consi dered to_be enconpassed within the spirit and scope
of the priahof CAmprisHE BR stepeelr dingly, the scope of the present invention
is described i i I .by the foregoing
descri ption. fg(yvé&f%g@%ﬁ%g@%%&%?gﬁﬁlﬁg’ﬂggh&%&%%éﬁgh for rendering fast
vi sual i zat i on cefculatiog @iam thptheofdianke atoino withirr the tthiree slimemsich stawtthivedising a

conprisin thte Stef?}? of . grov_i ding a file of the three di nension structure
of a protEVANt ACEFSSINERURGE &€ Bm depth of each atomwithin the three

di mensi on st r yalcHla@ingShidge ?imﬁﬁlit‘;(feiﬂﬁ_e)é%(&siﬁ{a LE Wi didefert86m dulveld A1 1 Ng

image simlarity indéexes of inagés wth différent atom nunbers I n

conpar i seampatisontwigh Beiogigimal imagege; generating a rendering tabl e that
correlates the inage simlarity . indexes wth, the at.om depths; an

di spl ayi ng thege?‘ﬁF‘@%g g EP%&X@FF tCGFrSi%ﬁSBhe Hﬁa%Fc%m‘nféE‘?P{DHai‘esi ‘51%? thsut by
a user. 3Jtond epthEth@d of claim 1, wherein the steps of calculating atom
depth, calculating image simlarity indexes, and generating a rendering
tabl e can be disptaypg the three diglessiah istrugtingrwighoan degtragy) tha isripwtibyg usebl e i s
part of the file of the three dinmension structure of a protein. 3. The
met hod of claim1, wherein the rendering table is generated by follow ng

pseudo- c@de: Hbe n¥ethed af tlatmanglirrein Ahd BepPat culbE@wding arag Hgﬁﬁ,e&lc@atir%(), -90)
do For X,rotation_angle = principal view ng angles ieg. 0, 90, 180, 270) do
image similarity” indexes, and generating a rendering table can be done prior to

visualization so that the rendering table is part of the file of the three dimension structure of

a protein.

3. The method of claim 1, wherein the rendering table is generated by following

pseudo-code:

For Y_rotation_angle = principal viewing angles(eg. 0, 90,-90) do
For X_rotation_angle = principal viewing angles (eg. 0,90,180,270) do
For atom depth threshold = 0 to max do
Generate a image for all atoms with atom depth less than the
threshold value
Compare generated image with original image to get image
similarity index
End for
End for
End for

4. A database of protein three dimension structure files, wherein each protein three

dimension structure file comprises a rendering table that correlates image similarity



For atomdepth threshold = 0 to max do Generate a image for all atoms with

atom depth | ess than the threshold value Conpare generated image wth

original inmage to get inmage simlarity index End for End for End for 4.

A dat abase of protein three dinension zgructure files, wherein each protein

three dinmension structure file conpris&s a renderlbng Lable Ehat fﬁ;;gl ates
e simlarity 13 indexes and atom depths; thereby the protein

hlmi mgn5| orTn‘éﬁi"teﬁlé‘?@l atonp ideptls;cheishe th%mtotem|thmaldlmamsmnstamﬂres”dbsaemabdmfasf an

A er The.dat abase of cl aim 4,
:I\:hrrgl’ggl ?\I trvrlléelﬂlke&n%eru?g%?l&g{og Qlfgmrﬂg%r a e%‘y % index fPB\AﬁeangatHsaeWB code: For
Y rotation angle = principal view ng angl es(eg 0, 90,-90) do For

X rotatiqgn-angle = principal view ng angles (eg. 0,90, 180,270) do For atom
depth th eshol%“ aéaqﬂﬁée ﬁ&a “eavhsraingha rﬁrré@gl@gftahleaai genaratad byi foHowingm

hle he threshold value Conpare generated image with original
?ﬁg;e to%%l{def’drégge simlarity index End for End for End for 6. A system
for fast visualizatilom Yofotptiat ehglet=hpraiml nensnOahgdds(egc0,00890) &ai d syst em
conprising: a conput er FoeXd@bition a@@idapriacipaNRlias aRged(:an o0n8gdees iy t hin
the conputer readabl e mpdi attin dWpRY Bidihdlae- 0 (PRRUEST Program enabies fast

visualization of protein thr@;@ngla[ﬁhﬁa%g f&e{lféa‘%%tﬁg gﬁth aWd@t@lés?%£WUt er

program conprises: neans for; t e Ofl rerggﬁl g?om
structure of a protein; aln om de
within the three di mensi on st rggf[ylﬁ nﬁplﬁj’gei aﬁgé’gh\/‘gﬁlnﬂd’%&%ﬁ"lﬂ%l@%ﬁq ace
area; neans for cal cul ahl ¥arity indexes of images with
di fferent

Endfor

End for

6. A system for fast visualization of protein three dimension structures, said system
comprising:
a computer readable medium;
a computer program embedded within the computer readable medium, wherein the
computer program enables fast visualization of protein three dimension structures;
wherein the computer program comprises:
means for providing a file of the three dimension structure of a protein;
means for calculating atom depth of each atom within the three dimension
structure using a solvent accessible surface area;
means for calculating image similarity indexes of images with different
atom numbers in comparison with the original image; and
means generating a rendering table that correlates the image similarity

indexes with the atom depths; and

a display means for displaying the three dimension structure with an accuracy that

is input by a user.

7. The system of claim 6, wherein the steps of calculating atom depth, calculating
image similarity indexes, and generating a rendering table can be done prior to

visualization so that the rendering table is part of the file of the three dimension structure of

a protein.



atom nunbers in conparison with the original inmage; and nmeans generating a
rendering table that correlates the inage simlarity indexes with the atom
depths; and a display nmeans for displaying the three dinmension structure
with an accuracy that is input by a usgr. 7. The system of claim 6,

wherein the steps of cal cul ating at om dé th, calculating image simlarity

i ndexes, and generating a rendering table can be done prior to
visual i zation so that the rendering table is part of the file of the three

di mensi ongstru I in. 14 8 The .system.of clajm./ erein the
rendering&tabIiﬁ%gﬁgéﬁé?a?g%gggVagﬁ%%fﬁ%émxgggéﬁg& &aé?“?BFHV§?8$§?W8%
angl e = ppdendo-pade: vi ewi ng angl es(eg. 0, 90,-90) do For X rotation_angle =
princi pal view ng angles (eg. 0,90, 180,270) do For atomdepth threshold =
0 to max do Generatef@r Yuﬁloquingéﬁ T PHROIRR! WigWing anglas(@eph A0FWslot han t he
t hreshol d val ue Conpar &'ajenéetatien anglagepriicipal viewingarglasreg®,2001 89eX70) dage
simlarity index End forForfaten depth thashold+ 0 to max do

Generate a image for all atoms with atom depth less than the

threshold value

Compare generated image with original image to get image

similarity index

End for
End for
End for




