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
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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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[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



structures. Summary of the Invention [0005] Therefore,
one of the objectives of the present invention is to
provide a nethod and system for rendering fast
vi sual i zation of protein 3D structures. The net hod
and system of the present invention inproves the speed
of visualization using pre- | cul ated i mage
SI mlarity index and atom depth. [0006] In one aspect,
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diselosbeeria the pdompatha o sbinhddphieisatia@id@! thé WRERlzation of protein 3D
generatl ng a rendering table that correlates the
& simlarity indexes with the atom depths, and
di splaying the three dinension structure with an
accuracy that is input by a user. In a further
enbodi ment of the neuneelary 6hehedheqsionl cal cul ating
atom depth, calculating inage simlarity indexes, and
generating a rendering table can be done prior to
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[0007] .1 n anot her aspect of the present invention,
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depths; . thereby the protein three dinension structure
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' Cn yeti anot her. %s gggs%gétogty yh&%s“%%@“%@é | glﬁlg ?H %hg method,
the sigpppbedlendating siyst daptl, @alculatmg 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 Viewmg 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
conmput er readabl e nedium a conputer program enbedded
within the conputer readable nedium wherein the
conmput er program enabl es fast, visualization of

protein three dinension structures; wherein the
conpukﬁé rogram conprises: neans for providing a
file f e three dinension structure of a protein;
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Sugar Bi nding Pr Brief De{aiptivnest the Ddawkngdr ay) using
atom depth of 6.0. (696 atons were rendered conpared
to a total of 1822 atons).

[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 | ed Description of the Invention [0017] The
present invention nmay be understood nore readily by
reference to the follow ng detailed description of
certain enbodi ments of the invention. [0018]

Thr oughout this application,‘%Mere publications are
referenced, the disclosures bf these publications are

hereby incaorporated by reference, in their entireties, .
9%l o thid Igvpﬁ Fhuat # dwictiandrderk disgiay ef thelsystenianacidydance with
LRE, A wol.ch this invention pertains.
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rendeRUicaaiphea t&b@étaqursaz*awrﬁsg.d deep within three-
di mensi on structures contribute |less to the surface
configuration of one protein than do the ones exposed
on the surfaces.nl.n.,of Rer rds.. the contribution of
one atomto the %%};l#%%@escgﬁﬁppdﬁf& f’ﬁ’ﬁ“ﬂf’none protein
is related to its position within the three-di nension
structure, 5 Thus, the nethod defines a
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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 neasurenent of the simlarity of the new

i mge generated by an atom depth threshold in
conparison with the original inmage. [0025] Now
referring to FIG 1, there is provided a flowhart of
the nmethod of rending fast visualization of protein
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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



For atom depth threshold = 0 to max do Cenerate a

image for all atonms with atomdepth | ess than the

t hreshol d val ue Conpare generated i mage with origi na

image to get image simlarity index End for End for

End for [0028] Then the rende éing tabl e all ows

dlsplaylng a three-dinension structure of one protein
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the atom w | be rendere
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cox%l Qr%g]w@ anot he ect present invention,
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p1x|e}§ adb® deﬁarﬁ@i‘ethwmhgm@ﬂewoddmnsmm‘d ltlfd)el lm:héaﬁrgt table as shown in
20

Ta 1%‘;562‘828{.% gé‘&;%g g{n rgoqg}{gzgtp R %p%&xg agg,]@ht%némage similarity

indgrotvéll rbel Ditepdlded el thé Hﬂgeéf tie 9 SRJsa F@@ﬂ:ﬁf@@lew angle

for displayi the three-dinension structures o

Exlﬁﬁrlslﬁf‘éﬁtai é’esuﬁﬁho‘as Fhaéﬂ@pn@a@é%@ﬂ da@a_lsfacgooﬁaakmmgte of the actual data.
struct ans, .execu f ast

[Ooj\z/ﬁsual | ngé:a%nthé ?{gﬂééarpr@ 'fabP te aceon br&;ttp tlh $ehdo g%}eetg: ow:

di nensi onFon'rﬁgﬂﬁatxo'ﬁhﬁngﬁ erpelﬁm@@leﬁ@@rn %iliglfebﬂ' fh@@o -90) do

conprises a oW RoMioREREY = pRd a@v?e £nog‘% sC{H;rtQ%o 80,270) do

protein {11 eSranoh dbahMRAURAE=RAh o moaul €

23 for support | ngoaﬁeatma%agé lg)?s&g v?rlljclg?ttg?l}]depth less than the

protein files via WS
visual i zation pro am edded V\/lthnthe
i Cr opr ocessor. g{% aorﬁtge%%\tﬁ hage B’étlh oxigynad iraggerte gEidmage

itemthat is udft? 'f“élamé’rm‘ii%puttl ng information to the
m cr opr ocess he displaying neans may be any

el ectronic iFMEdPthat is able to di splay a

t hree- di nEAdifoh structure. The microprocessor may be
a PC, PDA, or notebook. [0030] In yet another aspect

t he S venti qn, here IS provided a dat abase
[°°2§I pr ot i %ﬂ? é"é{éﬂpﬁ’é rﬁé?quﬁ laws displayner s these-dighensisimstructure of
one @a6winf WiR a Srealtfiabdbesiily focdrdifDULh 1WAG 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



table. In order for the new PDB files with afomdepths

and rendering table to be conpatible with
conventi onal PDB vi ewer, the PDB "USER' record is used

as explained in Couch et aI "Annotating PDB Fil es

wi th Scene I nformation, l\pl G aph. (1995)

13, 153-158. In one errbodl ment four new annotati on
oyed to errent the fast rendering.
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13,186 eld8atiglofie embedPenatBut Ry hifRIQioh AL AL bxreyerﬁﬁgfc)a to Inplement

the ﬁsty 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 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.



vi ew angl e and obtain constant inmage accuracy. [0044]
Tabl e |I. Conparison of interpolated data with actual
data 9 Error |Interpolate between d Actual data
interpolated Y rot = 0 Yrot = 90 Data for Y for Y rot
= and actual Atom Depth deg geg rot =45 deg 45 deg
data (% 14.50 100.00 100.00 100 100 O 14.00 100.00
.00 99,99783 100 0.002166 _ 13.50 99.98 100. 00
OGS 95917 Uiser*6mp e protaipnOe slypyiom FIOE. 00 99. 97618

od3g; 98582 M, QRRe43 12. 50 99.90 100. 00 99. 95024 99. 9844
0.103417 12. 00 99. 85 100. 00 99.92136 99. 96597 0.04462

[00871 50 99.Th¢ faDOVIDG cQIMPET Ak BBviddd &k (B QT Qllrgvgs%%f iggstrating the

3254 390,900,299, 81741 99, 88535 0. 038001 10,50 99
PIGGPGE 009 A5T68 9ycrirsy ey anesppno meanyantondeggodimigthe scope of the

prédBn@ahfioR9. 65398 0. 033827 9.50 99.05 99.88 99. 46069
99. 5845 0.12432 9.00 98.75 99.81 99. 27665 99, 49374
[00381218194 Dagy 50 98. 37 99. 71 99. 04452 99. 21437 0.171195

00 97.79 99.5] .98.64976 98.86552 0.218235 7.50
[003%1. 93 99.@6 ) %@é%%é% '9’3&%@“0?9@5‘5‘88 werg@bmngh from the PDB

daiQBas@ bt/ A Wb DdroAZB29 0. 264009 6.50 94.40 97. 24
95.81943 96. 67 . 888908 6.00 91.76 95.20 93.47743

[0040). 73744Res18390008 5.50 88.85 92. 97 90. 90654 92. 3834
2.009168

598619 . 4.86,89. 72.87. 28948 89. 079
100120 75, DI 44195 H 46 iseish s daipmighiiomsnpgom depths. As
the7ita® s7Bildily 16d A3 dtfeadds, Ahi Jele%t-hziﬁ@rgggés rg’su'i_’t%e)g?ﬁ%g&ter images at

. 73.24 69.76995 71 3289 2.185578 3.00 60.24
higher igndermegane and gico vereaddie iMagOsifalagyy Bded 11166s 8R2AB%r to trade

el S0y r o5 2”2 63360 43, 24918 1. 423087

[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



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
simlarity index. Consider the viewing angle at X
rotation = 0 degree & Y rotation = 0 degree, a
simlarity index of 95.0 will”lead to an atom depth of
6.5. From Table 2. an atom depth of 6.5 V\All_g!ve a
renderiing gai nh of abqut 1.4 tinmes over the ori @rbal
i mage.] A lost|of 5%lin i mgéntgeabktetly w || @i vewederse
toal4 ti nmes rovement in reqhderlAn algiplae thierpatate
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1. 253 yﬂé@debaéﬂngnjaaodmnéé‘ BT,éZ*f {?b;r?gdgégob%d@?gélu :
5945 b7 P onpatid_godoag epsLeiih] & ugsial Lpect
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4.60 78.70 84.12 81.41109 | 82.92468 | 1.825267
4.00 73.28 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 | 6521973 | 2.068366
2.50 93.37 60.47 $6.92201 | 57.56201 1.111834
2,00 45.02 51.03 48.02668 ; 48.67762 1.33725
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[0045] Table 2 shows the potential gain in rendering speed at the different

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

[0046] Table 2. Number of atoms and speed gain at different similarity index for X
rotation = 0 deg, Y rotation =0 deg



gain is defined to be the ratio for the total nunber

of atons over the nunber of atons
simlarity index threshold.
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predet erm ned nunber of view angles; generating a
rendering table that correlates the image simlarity
i ndexes with the atom dept hﬁ' and di spl ayi ng the
three di mension structure with an accuracy that is
i nput by a user. 2. The nmethod of claim1, wherein the
steps of calculating atomdepth, calculating image
simlarity indexes, and gﬁgﬁ ng a rendering table
can be done prior to vis A8 on so that the
rendering table is part of the file of the three
di nensj on structure of a protein. 3. The nethod of
What 45 ¢pimedvifier ei n the renderi ng table is generated by
followi ng pseudo-code: For Y rotation angle =
princi pal view ng angles(eg. 0, 90,-90) do For
1. X_r ¢t mtihod fanghdermg it Redupladativh %%ﬂﬁe}@ﬂﬁk@&n(&lgmn structures, said
, 90, 180, 270) do For atom depth threshold = 0 to max
idonwrising the sl for al | atoms with atom depth | ess

t ha 1otv§kﬁn I?{l@ﬁpﬂlle%r\é@ldﬂﬁef‘n]s%n s%%% gf 8?0 {16“ \?ﬁ@dgl% \%H:& the file

orig sim
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Si,on Sstructurge eﬁgs wherei n each protein three

di nﬁﬂ%‘flwgs?%’c i Of R WempPittiesthy ﬂaléﬁdi@mwm gpicaire using a

soltdidticseodibRlsates drpRge simlarity indexes and atom
dept hs; thereby the protein three dimension structure
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pre RS TG o, S KR S S0 Ly R Epton " s
detgratiae aicintghbar pf Atbmk ithay aff sholviBE 8 hWirth: ﬂ'uf A8y @ﬂﬁnagésom
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ato@r&gﬁge&[ﬂ@ ned nunber of view angles. 5. The dat abase

of claim4, wherein the rendering table is generated
by dlﬁzﬂﬂ}ong th}y thyvs elirdenstoderuckoe withrataadurasy thagk éhpat by a user,
princi pal view ng angles(eg. 0, 90,-90) do
2. The method of claim 1, 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.

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 ons with atom depth | ess
than the threshold value Conpare generated i mage with
original inmage to get image simlarity index End for

End for End for 6CoApsystmeratar ichastwivh stigihalzabpon @f image
protein three di nessuibtmitgtrdact ures, said system

conpri sing: aEadfmut er readabl e nedium a conputer
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VisgHzadeiorRis Slsetion pf adienage winnibdity indor forofiewingwyangtes;
wher ein.: t i fferent .atom depth .thresholds determ pe .
the{’\ﬂrij%l_r%wlélep{%o?ﬁé_I co{%?rhlaﬂ t”ﬁl%ess?f&/\?#t?‘ﬁe‘gz?é’ heBFIHRE 2 plurclity of
imggesimathi dijfe@ht afofRgash tiReHIs’ QF aGRtLdiBHindOniABIRf view angles;
S|mtiiar| y indexes of images between each of the
Whese iy Fidtfgf’l Bt afora gerth\mephald s desqravine the andlepeiatoms that are shown

in dabtf GEMEL AR AN hfig.r k@i nal Tmage at each of the

predete?n1ne nu r of view angles; and neans

gensladiting mage reileiliy indbtes dfhiatageobe®leah @8ch BE théBHERality of
.siml ria%% i ndexes mﬁ%h th Oikon1depths; and a
1ma§F%p‘l‘”2’(} FrOt £ g idepihg hfﬁgl e 3 @agiflamagopt cach of the
me&ﬁ@uﬁﬁafﬁum%éﬂaf@Q“@%@ﬁgacy that is input by a user.

7. The system of claim 6, wherein the steps of

cal culating atomdepth, calculating inage simlarity

ener at,i abl e, can be done

i ndgxe and ing a.rendering t
5 ori G Set0F BaRFaCH le@y! FRekn e Bhlrcis wovisl B fgloving
psefdr-todef the file of the three dinmension structure of
a protein. 8 The systemof claim7, wherein the
render i ngF@tahlretation gangdr avrutcibyl viovingwhglgs(cg. 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:



pseudo-code: For Y rotation angle = principal view ng
angl es(eg. 0, 90,-90) do For X rotation_angle =
princi pal view ng angles (eg.  0,90,180,270) do For
atom depth threshold = 0 to x do Generate a inmage
for all atons with atom depth [ ess than the threshold

val ue Companefgenevidinga fileradthewhich dofidr@ionatrub RS 4 Stotein;
get inage _si llg%ﬁi .index End for End for End for )
METHOD Aﬁfﬁaé‘%(gf C}*—*&%é“ﬁ&é‘ﬁm rﬁﬁéﬁ%élfm’aw 89 ki thy thyseMinension
strRREreGALEUL A TRR: hdiGEEbISLMARILY | NDEX AND ATOM DEPTH
ABSTRACT The present invention provides a nethod and
syst em f srcanedoegengafiaste plusaldy | dfatrayes okvithrdiffeient 3Rm depth
st ugt The nmethod and system of the presen
hrEoNE 9L 8 e R R B G S A P hers Bt £8 igemigtom depth

thrpshetdsadlaterhahedhd Wag®erS biMaldiid that IaRd8Xown dn aeN JFERE gjflurality of
. I'n one enbodinent, the nethod conprises the steps
IMyOviding a file of the three dinension structure of

a protei ' ept h.of each atomwthin
the thr egreaﬁ;%%ga%hlaﬁgg ?ﬁgg@ U ?Igg{?élityn &dgx%so?@gmge%etween each of
thegdembyi dfl images #ith diffgre, at@aldepthahiesigl dBAEhS iofilg] Al irhke at each
fti nde(gigfc,.of i mages wi.th different atom nunbers in
of (b5 preefcuBmediniMOeRel ViFY gnelss: dmge, generating a
render i ngheh@dbbend-dt e | Sredmlarity . ..
i ndexes vvietlh k} he a?{gmﬁgxggt ri';h’g gdr?gqﬁ](ﬁ smgﬂglf?éﬁgq ht‘3 hlé]l‘ag’g similarity

indexpsedtidihaptosi deptbt mudt ure with an accuracy that is
t,. the system

I npyt,. a_user.. lL.n.one enbodi nen '
con%?fsgpeég AR r@%‘u%@?lawgﬁaléao%e oeOsiPn AtredPgsuyidh an accuracy that
is ipn @ aserebedded wi thin the conputer readabl e medi um

wherei n the conputer program enables fast
visual i zation of protein three di nension structures;

whergel 0 ter _proaram .co i ses:. means for .
.7' pr og/ll?édlgln%é?lg 0? iclrl.%}ﬁog’ Yvﬁ%re ﬁ‘geﬁ%‘s%%?%ia@lgrﬂ@’{nu‘il%’ﬂbfcaécmatmg
image osiaiilarityreadeses,f and cadnerthial i Adreal@Medeptd ©h %@g@one prior to

'@EjmethEn- the three dinension structure using
Visuabp iy sodaddasiopfering fablgdepait ebthe fbapfsthe ree dinpubiat ismgeture of
aplotdge sinmlarity indexes of images wth different

atom nunbers in conparison with the original inmage;

and nmeans generating a rendering table that
8 cor,{el ates t eli.ma e simlarity jndexes with the atom )
© deptis SYSKRy o4 claig ré@mﬁf‘é%ﬁ ¢ frigdedng ppblyiipgenpratednpe dollowing
psewor®@dei on structure with an accuracy that is input by

a user. FIG5 )
For Y_rotation_angle = principal viewing angles(eg. 0, 90,-90) do

For X_rotation_angle = principal viewing angles (eg. 0,90, 80,270) 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



