1 METHOD AND SYSTEM FOR FAST PROTEI N VI SUALI ZATI ON
USI NG PRE CALCULATED | MAGE SIM LARITY | NDEX AND ATOM
DEPTH Field of the Invention [0001] The present

i nvention generally relates to nethods and systens for
visualization of protein three-dinmension structures,
and nore particularly to a nethod and system for fast
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It is predictable that nore and nore protein
t hree-di nensi on structures will be elucidated. The
ever- increasingly avajl abl ructures facilitate
protei n nodel i ng, drughﬂ€§f§W§&§WH“Hhalysis of
protein-protein interactions. This is because the 3D

structure of a protein determnes its interaction
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however, requires fast visualization.” Currently,

there are many wel | -established ways of visualizing

the 3D protein structures. For exanple, Can et al.

di scl ose a fast protein visualization using Java 3D

that inproves rendRckiduwmdeddhdinvenebhyi ng the

scene-graph structure. See, Can et al., "FPV: Fast

Protein Visualization Using Java 3D," Bioinformatics,
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used as a geonetric descriptor of the intertor of a
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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. Ior example, atom depth



Funcati on, TRENDS in Bi ochem cal Sciences, 28: 593-597
(2003). However, there is no disclosure in the prior
art that the atomdepth is related to the

vi sual i zation of protein 3D structures. Sunmary of
the I nvention [0005] Thereforﬁ, one of the objectives
of the present invention is t provide a nethod and

S¥)St em for rendering fast visualization of protein 3D
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structure using a solvent accessible surface area,

SUNCIHIESI ating i mage sinilarity i ndexes of inmages with
di fferent atom nunbers in conparison with the
original inmage, generating a rendering table that
correlates the i nadmusmaiy 6f theYnvadfwes with the atom
dept hs, and di splaying the three dinension structure
with an accuracy that is input by a user. In a further
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atom dept h, calculating image simlarity indexes,
megfodeamgtsysigmator remigeng dapt vasbhkzatian of ereteineIpsiranuea The method

i | ion so that the.renderi tabl e is part, of

and’ 5388 FEIE Preignt 1P eaiclt HaRGIvEn 167 ShetLPS viwERzation using pre-
calpilate@iifagd mylefityaR@HNRI ahdth iBsth, enbodi ment of the

met hod, the rendering table i's generated by foll ow ng
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. eg- . -90). do .For_ X rotation angl.e =

visHI BB A RrRis” el e PR GurBEts: 14D om0 GJpgimesy the method
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h di nension structure files, erein each protein three
the Jgge Singiterdy indexse vifh 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



conprises a rendering table that correl ates i nmage
simlarity indexes and atom depths; thereby the
protein three dinension structure files enable fast
vi sual i zati on upon selection of an imge simlarity
index for viewi ng by a user. §0008] In yet another
aspect of the present invention, there is provided a

syst eE f%r fast visualization of protein three
di men Ing 'structures. In one enbodinent, the system
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d¥EGAVEESa PDB file with rendering table
informati on in accordance with one enbodi nent of the
present invention. [0014] FIG 4 shows the different

i mages rendered BsicABestiriftiymesttthaDaawiiagt h.

[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.



[0015] FIG5 shows the results of rendering for

different viewing angles when a simlarity index of

50.0 is chosen. [0015] FIG 6 shows real tine

visualization for different protein-protein

interaction positions betweep the Dengue 2 Virus

Envel ope protein domain 3 (colored in light gray) and
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not to obscure the present invention. [0020] In one
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net hod of rendé@éﬁg“%Q§?WU¥?EéFﬁé%ﬁPGH“8P protein
t hree-di nensi on structures. Briefly, the nethod
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pertAings, t he net hod defines a sol vent-accessi bl e surface
structure. of one protein,
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[0020h021] AB Mesatpsseaf dhe present uventiemntheus is provided a method of
renclile?f?llgvﬁﬁt Vi@l‘fﬁ%a&p lo? p?gt'é{na&l?ee%i%a;nsf?)ﬂdstructures. 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.



"atom dept h" can be defined differently. Wiile the
present invention is not limted to any particul ar
definitions of these ternms, the foll owi ng definitions
are given for the convenience of illustrating of the
principles of the present inwgntion. [0022] For a
protein's three-di nension structure,

as used herein
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on 9{3 acc ssi bl e surface area through any of the
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{http.//www.scsb.utmb.edu/cg,z-bm/get_a_fmm.tcl]) 12. Then the method calculates the
atom depth for each atom 13. A predefined threshold for the solvent accessible surface

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



generated using different atom depth threshol ds. The

new y generated i mages are then conpared with the

original imge to calculate the image simlarity index

whi ch neasures the percentage of pixels with the sane

intensity in the 2 inmages excéudi ng the background

pi xel s. The data for the image simlarity index is
into a renderlng tabl e as shown in Table 3.
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the sim naex i's
vi ewi ng afigt ¥ mﬁatmagmeg,ee ipsinBiph! ﬁ@wﬁ’lﬁ 1egaagT@i@oegé) do
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i nvention, there | FOVI stem, renderin
qrﬁte@ H%@ge Wi ggr@}, image to %et image

fast visualizati o Qg
structures. né g Y4n9%xynct i onal bl ock di agram of
the systemi 6rdance with one enbodi nent of the

pr esent i nF@EttPon. The system 20 conprises an input
means 25 tof fethabling a user to input

[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 similazity 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



information such as protein ID and simlarity index, a
di spl ay neans 26 for displaying the three-dinension
structures of proteins, and a m croprocessor 21 for
taking instructions fromthe input means, executing

the fast visualization progr aﬂs and outputting the
t hree- dinension i mages. The I croprocessor 21 further
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PLHE 1St VIRt UL PE Prefein Hygewdimgnsion otveuren 3Gt Aeshows a
fudtohABlegesiafam JiNe sfitaRliRY] TRY. 08,1
el ectronic tem that Sggégéﬁéé%d%?‘gglﬁtgyoné etttbodient of the present

inyemtien- dTheefgiton 20s tomptisasean Tipat MR RS0 $BQBliNEAY WB& to input
In yet anot her aspect

; . PDA__or nat ehook. .[ 0030]. . : ,
mfg?ﬁ'ighoé’ Sb@é%% H’E‘“ﬁ"ﬂ@ﬁrﬁ"h&f{g’i YHE edexs 2 grsplay daerna 26 fomdiaplaying the
threé-dph@ts@imsthvi@es dF ingn ' LdogS LD -
each file i's annot a M %ﬁag rlﬁglhig{ ??Jﬁégo‘?tsz albfég%l%ﬂg Instructions
frogy therinpumaane axeoutiPRBhE fise siswklizatiah progiens, hed ichutting the three-

: ' b i bl ith ' |
Airf RN Liheh 2 hE esBBracBROT B Bifher sompsirens LB BN anemory
moidnleC2chr eforiak. proief ﬁﬂé@hh@gn@%cﬁ%ﬂee&tw 4 %r%%ﬂerinﬁdule 23 for

Information," J. Mdl. Gaph. (1995) 13,15
SURPQEH TREAPIOCEHAF thabtainmov&in ftesr eiointtsnetr @nd a fast protein
sIBLE | gl the. fast rendering. [0031] USER
isGIBARIE 0 T GEco AG SLERoC g, (LO0R) URER
anyt ¢lectatingeritehepthit iarsaitilee G50RBuHRAL 8 fol Q3R] toL{ﬁE%lichprocessor. The
Vi ew

di QROTATI ON principal view angles: The principa

ISRIAYE SCFS 3Py 8% 2BV hipctneaicxdiemithat is [a@Baa@»] dis/SER a three-dimension
YIREN. Pa) AW afol I £ g : Th rinci pal view

Struaﬁggﬂﬂﬂiogégr?gétsgﬁ ) 68 PO bBR or iQlePaoknza]  USER

[003RDATA atlorsietiepdthert dspesthulthle piegtdtanvdnyioh\deve! is provided a database
The rendering data are

mlarity. index2..... :
of sy Gisie- Hmesion s sl HiagRoneh il isionsntatedgeitine rendering
tablei t th bRRr o ' pRA&Ksf Qi1 & | nation, of t
: princi p_alI Vi éﬂ\}v@glﬁgv%/glsjﬁ g&s[\gggﬁq Sﬂie%gi%eﬁ%s 4fydering 881c to be
compaible arittoeoriveniédrab Dibh viehd, 3he PDBOIBS X et € 10937 kxplained

. f QWi xa .are provided for the sole
in R sCal o by TR B3 Rtk S¥siicngretion. unblopr Gerpht (1999
13, 158748t iln0ne Eﬂl@ﬁdi@{c@n,%u%matidﬁgg%?gfﬁfeg]lﬂlggctd 18 plement

cope. of the resent invention.
thei%strg i P

ndering.
[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 indexl, 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.



[0039] The pdb data fil eé for protein nol ecul es were

obtained fromthe PDB database,
[Yttp://ww.i,csb.oi-)z )db//. [0040] Results [0041]
FIG 4 shows the different inmages rendered using
different atom depths. As t image simlarity index

i ncreases, atomdepth increases resulting in better

[.mpges at.. hi he[ rendering tinme and vice versa. The
[0435Ege Si I}eaﬁ"i%’fny Fhasetgqrgashawieindder3.t o trade i mage
p@efur acy fampReed of rendering. [0042] FIG 5 shows

the result 01P rendering for different view ng angl es
[004Fen a  Slihwifblewing cxmedples afe mOvided Sorahosa puldold 6f i@bétrating the

atomdepths for. differegt view angles will be
P”SS‘PE&%@@%%“@PV@V?% eierealy pqmegnsgutended todipg] the scope of the
prekail igvdntishows the interpol ated data for Y rotation =45

degrees and the actual data. It can be seen that the
[003Bk er pol &tad data cl osely resenbl es the actual data as

e maxipumerrar hetween the interpolated and actual

0089 5 115 T P AR A HEER R B molect Paiss abiimed framohe PDB
databak, W 2ouhdeacsuwrahel y i nterpol ate the imge

simlarity index for any view angle and obtain
[004@nst ant Restlige accuracy. [0044] Table I|. Conparison of

Lfit er pol W t.n. actual data 9 Error._,
04t} oy pot SHESEORE AN diffeRt irecZirertrsigol eiat vomgierhs. As
thesinthg¥ siroilarity 90ddain@rda@és, YtdR depth iQbreTsed '?gsufl’tﬁlﬁjing globetétr Qffages at

. th deg deg rot =45 deg 45 deg data (%
higgg‘gteeéerm?% andyiceonrs. e inogd simileityl 00e0allo8s BRARSr to trade

100 8 100.00 99.98917 100 0. 010828

"n%%.8%”%%%%gg¥8é§6395%853618 99. 98582 0. 009643 12.50

[0048. 90 1OGHODSQﬁmaﬁﬁﬁéﬁ&ﬂtBﬁﬂﬁﬂgﬁﬂ§ﬂﬁzﬁﬁ&%npok§@%%§nles“hala
96597 0. 04462 - 11.50 99. 74 100 GO

. 100, 00 .99. 6 99. _
S’“’é@‘f‘%‘?@% @%‘i@%oé%@éﬁ%emﬁ%@ems & differco0view angles will be

sl B8 Tk 19985538, 1 10.50 99.48 99.98 99. 73168
99. 7731 d.O%ngg t 08%%9@9_30 99. 94 99. 62027 99. 65398

[0049] 033827T'abd¢ 80st@sOthe ARteBIDIAOI 46RA6Rr 99 .r6GAEN C-452432ees 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



9.00 98.75 99.81 99. 27665 99, 49374 0.218194 8.50
98.37 99.71 99.04452 99. 21437 0.171195 8.00 97.79
99. 51 98.64976 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 94.4
0.888908 6.00 91.76 95.20 9

97.24 95. 81943 96. 67882
47743 94. 73744 1. 329998

5.50 88.85 92.97 90.90654 92.3834 1.598619 5.00 84.86
89. 72 187.28948 89. 07923 2.009168 4.50 78.70 8B4&d?2
81.41109 82.92468 1.825267 4nt@@oiFe.[29 79. 18 Bewaa21p
77.97411 2.234026 .50 66. 30 734 24 |60tuFI6iI9Q5 inftp BRSO
2.185578 3. g B Je7ob0 98 3 Detrdr Y |69 Y2r0b7 8 apd 088d 66
2 50 F3OPPEH 22088 57 |8l5dndleq phrisns | data(fh)
45. 02 151458 4 8148089962 11083725 19050/ 39, 29
45. 47 | 471468360 1933094015%0@,2 9599783./00 181. 83 BT2256
34. 543271334, 83849.99. 84710480 D959RM7d3 3T0 25| o WEA2 7
34. 8384 1130084[71489$ 0045po.Fab| €9.876380ve dsbse> POd. Gidba Al
gai n in 1eeoder i bgogpeedo@bo t Ng Gighh 81 §98544S ﬂbb§whly
i ndex] Gomgl der o8 B& Vi awh B PBFLS 3T 9@9%9557?‘ ' §44p2" ¢
degre¢ &Hgoro asd P T Yoo BFY] 5886784 1 d0'0 1901 0115&4{35 4‘20
an at it Q2pch- gEeE b EP LT g Lo spbisg |
about 19}3?, o B ar Y, fioldn 9T S0 ies | el T3 &:@41532 5%
- imggo. uaJ,LLgﬁ_ag LI 994 ¢ | 9962087 4 99,6396 |1es033627
i npr ojren®htt _iln $0fel i .88 peledh. 40669 M 9TERE €| 20.12402
at om gaitfd s [se®h7d o | be?9&1googh. 27865 b eosrh [t e 1Bigae
gai n eveisd hquos ithe | atoorrs  heveiast | ogpent r adizhigs
[0046] Teadul e 2. gAMgTber ools1at|osee49nd| 38865529al0b 18335
di fferentsosi M gydst y] I RGSY T[0fs oB70d POFRIRT = Podiel. | Y
rotaty ory gl jeggsl.éé QBT oA Y | %0 1 BoRacia,
at orre| TIHeS A O AaT [T by U 93, i1 886452 |1 0§850989
s 59 R SCYR S A T 9;5‘45’?4;35 94.73744 | 1.329998
8.77 9 9571785 583854 9.

5.50 86.85 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 7918 | 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 80.47 | 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 | 1423057

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 rendering speed at the different

similarity index.
degree, a similarity index of 95.0 will lead 1o 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.

10046]

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

rotation = 0 deg, Y rotation =0 deg

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



97 7.‘5 9194 147 1.2531 1.265306 26.53 96 7 8773 144
1.313234 1.291667 29.166 95 6.5 8217 134 1.402093
1.38806 38.80 90 5.5 6945 112 1.658891 1.660714 66.07

85

2.166009 2.113636 111.36 75
144.73 70 4 4631 76 2.4878

5

50

6203 108 1.857327 1.722222 72.22 80 4.5 5319 88

4631 76 2.4878 2.447368

~447368 144.73 65 3.5

3872 66 2.975465 2.818182 181.81 60 3 3308 56
3.482769 3.321429 232.14 55 2.5 2703 45 4.262301
133333 313.33 50 2.5 2703 45 4. 262301 4.133333
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over the time taken to render the atoms satisfying the similarity index threshold. Atom

0 99 80 99 79
e gain is degf?neg to %e tﬁe rat?o Z)r time taken to render all the atoms

gain is defined to be the ratio for the total number of atoms over the number of atoms
satisfying the similarity index threshold.

[0048] Table 3. Rendering Table for lova.pdb
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n%; Irgcptroedn tﬁ %%ﬁtgro e| n interaction positions

ween 5)Vi rus Envel ope protein domain 3

[Ooqog:ol or ed\Mhﬂe lthegpe st %Wenﬁﬂﬁ‘ hlBah Biaben GNit}Pfe@ér@f(l& to particular

ored,in_dar 8 a usi ng atom dept h of
dgw&nﬂﬁertew'eh@@p GO

invention scope is not so limited. Alternative embodiments of the present invention will

ood that the embodiments are illustrative and that the

become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



conpared to a total of 1822 atons). [0050] While the
present invention has been described with reference to
particul ar enbodinents, it wll be understood that
t he enbodi nents are illustratfve and that the
I nvention scope is not so limted. Alternative
enbodi nents of the present invention will becone
apparent to those having o&ﬁﬂi\ skill in the art to
whi ch the present inventio E@lrsi/ai ns. Such alternate
enbodi nents are considered to be enconpassed wi thin
the spirit and scope of the present invention.
Whet doeldineglisi, the scope of the present invention is
descri bed by the appended clainms and is supported by
the foregoing description. 12 CLAIMS Wat is clained
L. i s: Ameihodebhenddring fheRiRbliRgtoh 38 brovdis Uaké 2dtdnSan Qfructures, said
rotein three dinmension structures, said nethod
me myyispeithesiereds of: providing a file of the three
di 1 ej.n: ein.when the -
e S BT R e 08 SRS yhen the sl
is firsscoted svitdealedoms obthiegiroin, itragensideredcanpiginias @age for comparison;
cal C%I a}t L. ng at 0‘31 depELJh ﬁf each. atomw thin the three )
i SRRl font Pf S paigm wihiadhe thige dimensian structure using a
solsett haskSsiBle@asfa@enef;ating a plurality of imges with
different atom depth thresholds for a predetern ned
nunBaeraiingy p elueatisy ed; invpes ewith t diffeatnf fagomendepaii ahresholds for a
{ r ol d determ ne the.nupber of atons fhat
eI, B BhEleRy it Yo cifFenbatom depl throsholas
detemtioeith@tiufbet OPGOmS i by shbWni NIRRT 1R plLIRGESE i%%;&‘ﬁe n
each of the plurality of 1images with dlljfferent atom
deptHcHHHgs g ssimiarityhmdexds e niaragesnbgevest ealeof ghe pheality of
; r44 e f sview: andl £s: generat.ing a
im BRI Eertl, e GO Toe RERELiia i gpen of the
predeidexesd mimbertdfieievatmgiesiept hs; and di spl ayi ng the
three di.nension stru kgre W th an accuracy that is '
i nPRRCHVNG %@85?1‘1% aplrethapetraddates the image SImilpiéty dhdexepevith the
ato@tq%gg,spjndcal cul ati ng atom depth, calculating inage
simlarity indexes, and generating a rendering table
candipdaydog giepghieordimension suehire adthan asquridyathattibéhput by a user,
rendering table is part of the file of the three
di mension structure of a protein. 3. The nethod of
2. cl aie hethobestadifint e wheRHe iHeNGedsal &1di3atI8NELAL @é?)t]ﬁycaiculating
. followng pseudo-code: For Y rotation angle =
image j Heylgaly Jidaxengaethgeasiadge ©, readerin@Oyabdo 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



For X rotation_angle = principal view ng angles (eg.
0, 90, 180, 270) do For atom depth threshold = 0 to max
do Generate a i mage for all %orrs with atomdepth |ess
than the threshold value 13~ Conpare generated inage
with original image to get image simlarity index End
for End for End fompare ndatcabaszzcofitpodgiealintahe eeget image
di nensi on struct ur einfilargsindaker ei n each protein three
di mensi on stréatdse file conprises a rendering table
that correl aggsfgrmage similarity indexes and atom
dept hs; thepehy the protein three dinension structure
files enable fast visualization upon selection of an
image simlarity index for viewing by a user; wherein

4. t he Al deglmss iofripr@eint rdendiexesoareuabieafilogdwhtein cach protein three

TR hiRteR Plset Fapishs i senckoni b Wariserrcatesyigge Similaity
indad! 8 atoMh@ipish oyl SoRN ﬂﬁlé@mn%@%oﬁo%%ﬁ;?% %gégi%mble fast

. determ ne the nunber "of atoms that are shown
visgHlizatien wamrsglection of ar imxage simifaiy velex toratitwipgibyageer;

i nj ' [ f . bet h of th .
; : umrwg' ie{n;}ﬁqg:c Eqaﬁg[)é[:sglgglawﬂmf{%g%sf %ﬁé‘ﬁﬁ%g?zﬁ%dgﬁﬂﬁtgg a plurality of

imdghs esthalidereanatoat Heith AhretlivbOeloath BadderfinddBumber of view angles;
ned nunber of view angles. 5. The database

redet erm
whegping 1%1@&4'?“'3\/%%’@ erpihthresholdrototormgng tpingmber glertematied are shown
in davh beh ] - e: For Y_rotation angle =
‘“%r?ﬁfgi’%wr@%ﬁ?ﬁg %’g es(eg. 0, 90,-90) do For
X_r ofatitng_angk esimilpityniodgeats ofi igwiBg banges %able8f the plurality of

e Tk gt e B et . o of the

preddi@ihdiBnudi bt 88 DRMWDag@dsue Conpare generated inmage with
original inmage to get  image simlarity index End for

End for End for
5. The database of claim 4, 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

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:
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8. The system of claim 7, wherein the rendering table is generated by following
pseudo-code:

For Y_rotation_angle = principal viewing angies(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
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