1 PROCESS AND SYSTEM FOR ANALYZI NG THREE- DI MENSI ONAL STRUCTURE

SI M LARI TI ES OF PROTEI NS AND | DENTI FYI NG THREE- DI MENSI ONAL STRUCTURE
MOTI FS OF PROTEINS AND THEI R APPLI CATIONS Field of the Invention [0001]
The present invention generally relatesjto bioinformatics, and nore
particularly to a process and system for anal yzing three-di mensi onal (3D)

structure sSipg idd i i [ Ve notifs of
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Proteins shari im/lar nctions usua ave hi omol ogy_of their

am no acid sehﬂ?mgﬂ)lgéh éEBPqW%EdHQT%%FPMfEIWE @Iﬁequences;
it is assumed that simlar anm noypsj flecxgjoRices woul d have simlar 3D
structures, enabling different proteins to performsimlar functions. A
group of am no acid sequences with high honology is wusually defined as a
notif. For exanple, tyrosine Ki S,aejss rhav a conserved notif for their

ki nase activity, even though di fid@fthelnvention i nases have different
specificities in terms of substrates. Many am no acid sequence notifs are
wel | known and very useful for predicting the functions of newy
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3D structure; ;thus a 3D structure simlarity between protej | d be
nore rel 83%1r%llairf§’ fqngi RIO&YSH ?ngr nge"aft%]f L?H&ityizégs&’rfeog@ﬁls*ﬂ%i g%)i\t%ﬁﬂ‘étflfﬁ es of
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of the 3D structures of two proteins is nore difficult than the alignnment
of the aAPRlisatiensingladingriberrediction af the aPpigsnicite of aavasy pedeinused f or
conparison of proteins' 3D structures. For exanple, D stance Matrix
constructs a matrix of inter- atomc distance to represent the 3D structure
of proteins; then the matrix is used for searching simlarities between
proteins. Furthernore, attenmpts have been nade to reduce the conplexity of
proteins for conparison w t hdtRckerustefthadnyndior errors. For exanple, 2
one known nethod utilizes the coordinates of all Ca atonms to represent a
protein's 3D structure, resulting in reduced conplexity of proteins' 3D
st ruct ur @902]per f or Beottime sharing similar functions usually have high homology of their

amino acid sequences, at least in a portion of their amino acid sequences; it is assumed that
similar amino acid sequences would have similar 3D structures, enabling different proteins
to perform similar functions. A group of amino acid sequences with high homology is
usually defined as a motif. For example, tyrosine kinases have a conserved motif for their
kinase activity, even though different tyrosine kinases have different specificities in terms
of substrates. Many amino acid sequence motifs are well known and very useful for
predicting the functions of newly identified proteins. However, every functional protein
has its own unique 3D structure; thus a 3D structure similarity between proteins would be
more relevant to their similarity of functions.

[0003] The 3D structures of proteins are large, complex and constantly evolving;
thus the comparison of the 3D structures of two proteins is more difficult than the
alignment of the amino acid sequences. Certain approaches have been used for comparison
of proteins’ 3D structures. For example, Distance Matrix constructs a matrix of inter-
atomic distance to represent the 3D structure of proteins; then the matrix is used for
searching similarities between proteins. Furthermore, attempts have been made to reduce

the complexity of proteins for comparison without introducing gross errors. For example,



conparison of proteins' 3D structures using a set of linear Ca atons for
each protein, resulting in less requirenents of conputer power for
perform ng the conparison of proteins' 3D structures. Nonethel ess, al
current approaches still require conplex operations and high conputer
powers. Therefore, there is a need for a new schene of searching 3D
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proteins. The method conprises the steps of providing 3D structure data of
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sol vent accessi bl!t\ff (}s}%‘ref ace area value less than_a predeterm ned threshold;
reori ent iOR§FAFIARS apg higheconpuicn powkerss Tdeaforss dicas is dineed fora pew sehangrghsi on
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conparabl e; and calculating t bet ween two proteins; thereby
the 3D structure simlarities between proteins are classified on the basis
- of the SCaD val ue. [0005] In ot her egti{% i ment of the process for

anal yzing 3D structure sinil| atyRmALy oLEhednVeMIOn oy of reorienting, the
process further conprises storing the reoriented proteins into a protein
dat abase for further use. [0006] |In another enbodi nent of the process for
anal yzi ng008] st r uctQneeembyidainkrirafithe presentgnwansion girovides a processgdoramlyzmdt ei n

in a three-dimension ce ¢ rises..translating t.he protein.so that.the
ret suriss Ot PRD TmeRer Sindifiet PRO%GR alftelroiroleby R P
protei n abeytises B k@pabipdvaling 3DGtiubaite H48 of GROpIHrafity dPFOtchd; dilowhaiisg at
the x- axis; and rotating the protein about the x-axis such that the third

surface calvarioeeessibie surfacadres for eHatorys pf eard prateirf; GaB7tingrd A potitiens data
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are cal cehelt prbtencoreprognt is DO tuBSCaBerein Me slirfice Ca atoms have a solvent
accessible surface area value less than a predetermined threshold; reorienting the surface
Ca atoms of each protein within a three dimension space so that all proteins share the same
origin point to make them comparable; and calculating the SCaD value between two
proteins; thereby the 3D structure similarities between proteins are classified on the basis
of the SCaD value.
[0005] In another embodiment of the process for analyzing 3D structure
similarities, after the step of reorienting, the process further comprises storing the
reoriented proteins into a protein database for further use.
[0006] In another embodiment of the process for analyzing 3D structure
similarities, the step of reorienting each protein in a three-dimension space comprises
translating the protein so that the first surface Ca atom is positioned at the origin point;
rotating the protein about y-axis and z-axis so that the second surface Ca atom is at the x-
axis; and rotating the protein about the x-axis such that the third surface Ca atom is situated

in the xy plane.



[ 0009] where N is the nunber of the amno acid in each protein and dist; is
the euclidean distance between the ith Ca atomof the two proteins and is
cal cul ated according to: [0010] dist; = (xI - x2)2 + (yl - y2)2 + (zl -

z2)2 [0011] where (xI,yl,zl) and (x2,y2 z2) are the position coordinates of
the Ca atonms. [0012] Another enbodi nent of the present invention provides

a process,f generat i a three-dinepsional (3D). structure tif froma
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posi t i on¥alyas arefcelculatasragca@dingitom of each protein; extracting 3D positions
data for surface Ca atong,of each protein to represent its 3D structure;
wher ei n {988kur f aceS@aPat gpsdiave a sol vent accessi bl e surface area val ue
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reori ent atogns.t he process further conprises storing the reoriented DSPs
into a DSP dat abase for fur{)&gr use.stgm0014] | n anot her en@odi ment of_the
process 1992gener att0Ehes $RPRAMEN L Sthe RpeSent Jpyention proyides ng precess for he
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anot her ersest amnprissk théeteps of esaviding 2 nencttirendata of e pludalite ndipwotains; (3D)
structure nmoti.f, ip the st of generating,a set of DSPs f.or each of the
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[0016] | Bodnehd\@dta ESHRLITER atddh of BRIhAIrBRBS extrattindeN® hsitifgs data for surface

t hree-di nensional (3D) structure notif, the step of reorienting each

pepti de Ga atomheleachiprateigite rppgq;;a@teits 3D structure; wherein the surface Ca atoms have a

solvent accessible surface area value less than a predetermined threshold; generating a set
of discontinuous surface peptides (DSP) for each of the plurality of proteins, wherein the
set of DSP have the same number of amino acids; reorienting each DSP within a three
dimension space so that all DSPs share the same origin point to make them comparable;
calculating the SCaD values between two DSPs; and classifying at least two DSPs into a
3D structure motif if their SCaD values are lower than a predetermined threshold; thereby
the 3D structure motif families are generated.

[0013] In another embodiment of the process for generating a three-dimensional
(3D) structure motif, after the step of reorienting, the process further comprises storing the
reoriented DSPs into a DSP database for further use.

[0014] In another embodiment of the process for generating a three-dimensional
(3D) structure motif, in the step of generating a set of DSPs for each of the plurality of
proteins, each DSP has 6-40 amino acids, and preferably 15-25 amino acids.

[0015] In another embodiment of the process for generating a three-dimensional
(3D) structure motif, in the step of generating a set of DSPs for each of the plurality of

proteins, each DSP is generated by nearest neighbor method.



conprises translating the DSP so that the first surface Ca atomis
positioned at the origin point; rotating the DSP about y-axis and z-axis
so that the second surface Ca atomis at the x-axis; rotating the DSP
about the x-axis such that the third sy face Ca atomis situated in the xy
plane. [0017] In another emnbodi rrent of the process for generati ng a
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query prot ein.. The process conprises the steps of providing 3D structure
dat a of l?FeXYpﬂ’ %l ity of known allergens; calculating solvent accessible
surface for a ' By ata
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t he surf%g:e Ca, at onrs atl]cm\f (i\ soI /ent accessi ble surface area val ue |ess
than a pPeAB @lYes aEcalelatedagegr ﬁ%ﬁ)eratl ng a set of discontinuous surface

pepti des each o wrality of known all ergens, wherein the set of
DSPs havéJoqé]e sane %ﬁ%er%déh no acids; reori enti ng each DSP within a

t hree S|on space . t al share t h rigin 0| nt to nmake
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bet ween one nenber and the rest fall below a predeterm ned threshol d; and
mani pul afq03e] thedzquer%xpr.m)éw(ybyyaﬁe,u@-lpoyg)?reI evant steps to get a set of
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t he DSPs affins. one pr ot e| n wilil become the protein SCaD val ue; thereby t he
query protein is predicted as 5 an allergen if its protein SCaD value with
al | nmenmb&032lof t he ASDtharr grabedimenpiof fthe nrpsept fimyqntion provides a process for

predicting the allergenicity of a query protein. The process comprises the steps of

providing 3D structure data of the plurality of known allergens; calculating solvent
accessible surface area for all atoms of each allergen; extracting 3D positions data for
every Ca atom of each allergen; extracting 3D positions data for surface Ca atoms of each
allergen to represent its 3D structure; wherein the surface Ca atoms have a solvent
accessible surface area value less than a predetermined threshold; generating a set of
discontinuous surface peptides for each of the plurality of known allergens, wherein the set
of DSPs have the same number of amino acids; reorienting each DSP within a three
dimension space so that all DSPs share the same origin point to make them comparable;
calculating the SCaD value between two DSPs; clustering the DSPs into a 3D structure
motif family if the minimum distance value between one member and the rest fall below a
predetermined threshold; and manipulating the query protein by the above relevant steps to
get a set of DSPs, so that each DSP of the query protein is measured against each member
of the 3D structure motif family; wherein the lowest SCaD value among all the DSPs of

one protein will become the protein SCaD value; thereby the query protein is predicted as



bel ow a predeterm ned threshold. [0023] In another enbodi ment of the
process for predicting the allergenicity, after the step of reorienting,
the process further conprises storing the reoriented DSPs into a DSP
database for further use. [0024] In ang her enbodi ment of the process for
predicting the allergenicity, in the step of generating a set of DSPs,

each DSP _has 6-40..am no. ag) ref.er abl 5-25 amno_acids. . [0025 n
oot her ERBDEERBA OroRib S el St Apmbambeis g Ha SertbraRaERryy bt ne
step of GeRerapicdseAnined tRéshbfPs, the DSPs are generated by nearest

nei ghbor net hod. 0026] In another enbodi mrent of the process for
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t- axi s PSHdwibakdorFedirdséa atomis at the x-axis; and rotating the DSP
about the x-axis such that the third Ca atomis situated in the xy plane.
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[0029] whaeide N is the nunber of the am no acid in each peptide and dist; is
the euclidean distance between the ith Ca atom of, the t DSPs.and j s

cal cul at 8923k cor di k@ apefher f[%mm&i afithe progggs for proglisting tlsﬁwlsrgmcéyﬂm(t ¢ -
z2)2 [ 003 &k KPp , t ROSS4H di nat es of
the Ca at'ge%))r(r)sw.@ [eg%tg aﬁgfﬁerggﬂn%%?ﬁexﬁtg%%mt ﬁg)ypﬂr%grseent E%Hr?gggl%lﬂ%ﬁ provi des
an articll@e926f mandhaoetheeembodinent pfile wroogssifeepredicting dlst albargericityy uber

usabl e nmedi um havi ng co . readabl e program code ans enbodi t herein
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article of manufacture conprising conputer readable program code neans for

causi ng &xissmpatdhe esont 6 ptpm BRI thewexigy anddatasing the RSP pbentahd x-ypxisfsuch
pr ot ei ns that Hfr?rCa ali&gqsaﬁiugte rigglreaxrg) pclggee means for causing a conputer to
cal cul at e 'sol'vent accessible '

[0027] In another embodiment of the process for predicting the allergenicity, in the

step of calculating the SCaD value between two DSPs, the SCaD values are calculated

according to:
[0028] SCaD = ENI dist,

[0029] where N is the number of the amino acid in each peptide and dist; is the

euclidean distance between the ith Ca atom of the two DSPs and is calculated according to:

00301 gist, = JGI—x2)7 + (V1= y2)" + (21 - 22)°

[0031] . where (x1,yl,z1) and (x2,y2,z2) are the position coordinates of the Ca
atoms.
[0032] Another embodiment of the present invention provides an article of

manufacture. The article comprises at least one computer usable medium having computer
readable program code means embodied therein for analyzing three-dimensional (3D)
structure similarities between a plurality of proteins, the computer readable program code
means in said article of manufacture comprising computer readable program code means
for causing a computer to provide 3D structure data of the plurality of proteins; computer

readable program code means for causing a computer to calculate solvent accessible



surface area for all atons of each protein; conputer readabl e program code
means for causing a conputer to extract 3D positions data for every Ca
atom of each protein; conputer readable program code neans for causing a
conputer to extract 3D positions datafor surface Ca atons of each protein
to represent its 3D structure; wherein the surface Ca atons have a sol vent

accessi bl e surface area valuge | ess than a predeterm ned threshol d;
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proteins; thereby the 3D structure simlarities between proteins are
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[0034] The objectives and advantages of the invention w || becone apparent
from  t hEaysing BPRpUtratiairPeiért Saeh Ppptidswhing diree dimensitsoenase s Shatiall eof
in conne ] i C e

Or avi ngs PTROSS] e el REP AR 19 @AY TorhlRle; SR onhh eS|
wi | | nowpberadesde inxeads fbt bausefges enmputeo td kelcHaguthes§Calh vahiedietWwedoetwo

reference nunerals denoje like elenments. [0036] FIG 1 shows the 3D .
St uct ur STORTS BFSPEEH 11 iU Bia JIIAHE e MoSRF IHNEeLeaks B ent
[0037] FL&R sstheyeqigd! of the forty Ca atons that have been extracted from

the sane protein of FIG 1. [0038] FIGS 3(a)-(d) show the sequential steps
of reori 983k i on i Pngcefordiantagesiiof ihe presertnnyditienis tiat nheprpradigement of

:c g\r/egglngg'g][ixi?% a&%%?égll?r}?eﬁs ﬁe(q%lr_e&.c )Inl ellcid'ilt?(gnr, %ee e}ct?aectgda ?’faeaﬁ})mgelr'lg(%b&llgtagget hod
computation simple. Finally, the short peptides make wide range of proteins comparable.
[0034] 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

[0035] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0036] FIG 1 shows the 3D structure of a protein with forty amino acids with all
the atoms present.

[0037] FIG 2 shows all of the forty Ca atoms that have been extracted from the
same protein of FIG 1.

[0038] FIGS 3(a)-(d) show the sequential steps of reorientation in accordance with

one embodiment of the present invention.



accordance with one enbodi nent of the present invention. [0040] FIG 5 shows
an exenpl ary process of obtaining 3D structure notifs from the training
data in accordance with one enbodi nent of the present invention. [0041] FIG
6 shows an exenplary process of prediction of allergenicity in accordance
wi th one enbodi nent of the present invention. [0042] FIG 7 shows the plot

of sensitivity & s ,ficity.vs threshol d val ue. tall ed Descrjption of
the I nvefi%gh [004%F5$ﬁé5p¢cigbﬁﬁ?atﬁ ReRtarsHh nﬁlﬁﬁb%én??ﬁe@@gtgseﬂém ‘é’gﬁ’%aai ly
by ref er go&Rddee With onk QW deiRipr&dniBs&iaatl i on of certain enbodi ments
of the invention. [0044] Throughout "'this application, where publications

are ref el®eled, thd&IGd shuivessan excnyflanyeeesp i lobtainting 3P strusture mediifs from
incorporated.by reference, in their entiretie into this. application in
or dor "t o e R 88GFraneC il e sPbodienes B ths RIFREBHITINS hyent i on
pertai nsyoosP045] | FIGhe dhelwsomm Reekiplay | Brdcelfser pRIdi@bn sPatlefdenidigt &l | S
are set forth in order to provide a thorough understanding of the

i nvent i oAcCorARSe avith qne epjhiofdipent gf themsesspiinpsntionhose skilled in the rel evant

art that prese [ ' Prachi it ho specific
details. [ 0Hﬁot her ?ﬁ\g’t%éggé f‘*?e\?%gf‘-yfﬁgg%%% hs%%%ﬁ@f&? gscteaﬁﬁbgg,svg%:ug‘rrponent S,
and materials have not been described in detail so as not to obscure the
present invention. [0046] In one_enbodiment of the present invention, there
i s provided a process for Defalled Pessyintionsef the dnyentionni| arities of proteins.
The term "protein” throughout this docunent refers to any substance having
a linear am no acid sequence, including polypeptide and proteins in their
or di nar y [00d3Ini ngs ilihe presehemivertion. may baddil¢rstond niae redidytby refdryypept ithke,
pepti de he seﬂ. (‘{he. rocess wll bg. descrjibed in detail herein. [0047]
The 3D stfting detgteddeseripfion o cruaismbogimaents QPRIVEREPL sour ces. For

exanpl e, ggagy Publ iMpr&dlthoRf |HAL SpARARAS Qvittire REuMIRLASHs Ak FEfHGIAE (R ©
avai | abl e, en one protein only has its amno acid sequence avail abl e,
current distloganes of st publisntivns arsthesghy incerpeftest byiafencace, Ev dhreitt ¢ndirefiest he 3D
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Ref erri ngetaiMs.to FIG 1, there is provided the 3D structure of a protein

with forty am no acids (DDG-CYEGTNCGKVGKYCCSPI GKYCVCYDSKAI CNKNCT)
[0045] In the following 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.

[0046] In one embodiment of the present invention, there is provided a process for
analyzing 3D structure similarities of proteins. The term “protein” throughout this
document refers to any substance having a linear amino acid sequence, including
polypeptide and proteins in their ordinary meanings in biochemistry. In addition, for short
polypeptide, peptide may be used. The process will be described in detail herein.

[0047] The 3D structure data of proteins may come from multiple sources. For
example, many public and private database of proteins’ 3D structure are available. When
one protein only has its amino acid sequence available, current software enables us to
obtain its 3D structure. Even though the 3D structure created by software alone is not

verified by actual experiments, it is good enough for the process of the present invention.



where all of the atons are displayed. As shown in FIG 1, it is apparent
that when all atons are considered in conparing the 3D structures of two
proteins, the conparison would be extrenely conplex and require high
conput er power. [0049] For each 3D fil t he sol vent accessible surface
area for all the atons is calculated according to any of the known

nmet hods. For. exanple, the Nacc sof tware cgn, be used to cal cul.ate the
sol vent H9%¥ssi pl e%iﬁ@%@o‘é{ﬁ%ﬁa[l@ ) 1592@?@3?4 WG%PoStﬁC%‘r? P%?Pr%‘?lés}’@m s all

of the f @iy GAnslRNE IDBAGIEYEGIRRIGKRGK §¢i&P16KONT V0% SSURICNRINGTY) Of
FIG 1. The ‘extraction conprises obtaining the data of the 3D positions of
t he Ca awdwes allfdfghe atolms asxdispleyestl Asishovof inthl6& B ipepparénd mlsat gthenlall aans at ons

[0051] © THE R et B R ERRE fhe FD T CER AL v Bl IR o Binas Wauieibe " o
ol Vet o B T o adet or i niod val e, For -
exanpl e, [9048 pr edeFer aichedD ey thef solvanh acesssiblensurfage eeensfosladl Baraterse isr ea
is 1.0. i r.atj;on W hani fi cant r [ ons to
be i nol ubaiirREFREARR by P hbhgfhades SRR Bl iq i Bl
process. bt USRiAb chiRubi@E sél0etoRAEBld siefabxae@act ed Ca atonms fromdifferent
proteins, they nust be reoriented first. In_one enbodinment, the first

three Cal®¥ms at SefapgdadlONG it ererenigselbef the Brn Gugjoret thehdays be& n are
subj ect e@x&é&tﬁféﬂ?‘ﬁ%& @A&é’gﬁ&éﬁ 'o??%ﬁfl‘? rTﬁkge)&B%goﬂ EShDERS %Ha‘?ﬂn% g{é $heof

conparison, t ree tons 0O | conpared proteins nust
sane t er themi3 pofibey of thg Gaoatbin€S Ten,) the @xtradték dste @ifi gt 31 lposiiensidf theCaof t he

first three .Ca atons %re il lustrated vviéh Si X, ga tgms. As will be seen
her ei naf f19fS 1t fRyCfl dptgHIIBAnd 158 1P FaYeicht LR sttic %ﬁf} BPPYSits sinplicity
for i11ugdosfyt i N9 t HBeRrih B6mBIGRoR (vithABe BIIGSR B cestiPNRNEAQ atd HbthREd frohhe
process of t'he present invention is applicable to all proteins, regardless

of thei r eqrbinyedieulatieh, zrirad the setfaseriposionisahat. hgve BB Entaccessihin sunfade| BB ( a) ,

it is highl nlikely, that .any of.the Ca,atons qf, one rotein.is | ocated
Lt the oA SR ed Rt o S U Brefeig st BhRE Tofpg SolveEP
reori ent aédesdibletsaffade Méatis A0S i BPerbtién GAll AlgRMfcagfly PedicO kIR AuriiBertdfata t he
first Ca atomis |located at the origin as shown in FIG 3(b). Then, the

prot ei n awmsitegbeinajudediin therdP similerity anadysig, sorpldying thempelytiseressond Ca at om

Is at th 5aXi S a in E b h t @i | . bout

the x- axP8%acn "t pa STRE T P i Bt 6 B o PR Frdebfpisfifi ey
must be reoriented first. In one embodiment, the first three Ca atoms at either end (N-

terminus or C-terminus) of one protein are subjected to sequential operations during the
reorientation. In one comparison, the three Ca atoms of all compared proteins must be
from the same terminus. Referring to FIGS 3(a)-(d), the sequential operations of the first
three Ca atoms are illustrated with six Ca atoms. As will be seen hereinafter, the length of
the protein shown is chosen for its simplicity for illustrating the principles of the present
invention. In fact, the process of the present invention is applicable to all proteins,
regardless of their lengths and amino acid compositions.

[0053] ~ As shown in FIG 3(a), it is highly unlikely that any of the Ca atoms of one
protein is located at the origin, making it impossible to compare two proteins. The
reorientation starts by translating the Ca atoms of a protein so that the first Ca atom is
located at the origin as shown in FIG 3(b). Then, the protein undergoes y-axis and z-axis
rotation such that the second Ca atom is at the x-axis as shown in FIG 3(b). Then, the

protein is rotated about the x-axis such that the third Ca atom is situated in the xy plane as



shown in FIG 3(c). Wen the reorientation is done, the protein as shown in
FIG 3(d) is stored in the protein database. [0054] The 3D structure
simlarities anong reoriented proteins can be analyzed in any suitable
ways. I n one enbodi nent of the present g nvention, the 3D structure
simlarity between two proteins is based on the SCaD val ue. A brief

description of | at | the SCaD.value is_provided herein._ [0055] The
SCaD val §&°WRt @Sf% heh e fsorieniaien i n&stthPéOtS’Bi‘n“PSoﬁ’Tq‘Of"’Fi‘e‘n R %;L*ondi ng
Ca at ons s@pal ihdeepoldisiamMGRS. between the two proteins (SCaD). The

eucl i dean di stance between the ith Ca atomof the two proteins is given by
the fol | 0864y equdhedP gtuicturg EBGIBritits mtnong r¢orientedx@pRins qaplbe-anglyyed in (z| -
z2)2 (1) [0057].where . dist; is.the distance between the jith Ca atons;

(il 2yt T A SRfpbiep sy 38 955 erab ke o B BRSRnt B RbE D eitRe iy,
Then t he b&iGabh b Peotbidk WeBiked tonaht WTaDr V184, NA trief @R GIptidh o cBiulafifig the

fol | ow ng eguatl on (2): [0058] SCab = JN, dist; (2) 0059] where is the
nunber oPCeRevalueiipproatded hierrimach protein. [0060] By cal cul ating the SCaD
values bgjiugen oneqtef gk o5ce br SLRID ARG A8 oM A A3 sthCo PR
structure Si'mlaritiées between the teference prolﬁeln Snd ot e? protei ns
can be ckasspbhdidg i stofisffueliésin Dateged basveb@ siedtwd pkdieinSE8CaMRpl UEFhe For
example, in line with the tree structures of the amng acid sequence
honol ogi 8¥cligieaydistaare betweenthy jth Ca atoraofithe tvapprateipe fsygizen by thepllpwing |

[ 0061] ng&ﬁ'iio i)I: known that proteins have different |engths of am no acid
sequences. |In order to use the SCaD value to evaluate the 3D structure
simlarifdose of different proteins, there are two concerns if the data of
surface Ca atonms representin ifferen roteins are not pre-processed.
One is that differentdisshfxb-e2) arfiyhe yayi«gl + n2)’t wo prot ei ns wih! obviate
the SCaD val ue; the other 1s that the simlarity may be m ssed. "For

exanpl e, two proteins can performone simlar function (e.g.,
phosphor #057i on) buwhetee difti issthehdistang0 betwesn theiiths Canatomise (s bat) @60

fhe 1 roPepreiliont By SR phihe < e e TR IRBGD SAEHEES ©

the two proteins is calculated by the following equation (2):

N
[0058] SCaD = Y'" dist,
2 @
[0059] where N is the number of the amino acid in each protein.
[0060] By calculating the SCaD values between one reference protein and any

other proteins, the 3D structure similarities between the reference protein and other
proteins can be classified into different categories based on the SCaD values. For example,
in line with the tree structures of the amino acid sequence homologies of proteins, a similar
tree for 3D structures can be built.

[0061] It is well known that proteins have different lengths of amino acid
sequences. In order to use the SCaD value to evaluate the 3D structure similarities of
different proteins, there are two concerns if the data of surface Ca atoms representing
different proteins are not pre-processed. One is that different numbers of amino acids in
two proteins will obviate the SCaD value; the other is that the similarity may be missed.
For example, two proteins can perform one similar function (e.g., phosphoralation) but the
first has 100 amino acids and the second 200 amino acids, and the function requires the

whole amino acid sequence of the first protein but only the C-terminus of the second



10 protein; if the conparison is done with the N-term nus 100 am no acids
of the second protein, their apparent simlarity will be m ssed. Thus,
after the surface Ca atons of each protein have been extracted, the

smal | est nunber of surface Ca atons caw,be used as the reference nunber;
whereby the proteins with bigger nunbers of surface Ca atons wll be
processed into set of disconti nuotgs syrface peptides haying.the reference

number oPrOtEl falbe cemPaFigR; Is QY-4BmRYSh %mgm%se%@ﬁ segRrd wi t h
the same gEB{@iHe{heﬁfa pédéﬁtf s’?ﬁl‘ﬁaﬁ@ @«ﬂ%@m%@d berGOURS B sBI5QY & MmOl
processes descri bed above. addition, the proteins wth different

nunber s @fotsmrhaacée@aemamtml dimriydlesbmpab@dafwsrfag: C3Bteny caut her esedws nlﬁes as
descri bed ereinafter. g r?d{ ther tﬁﬁjpec of e(g.prets {,, Fvent: isto
or ovi de. &ISBELRENbS: WHBTERY b Groteips uf 45 QOBTAL A GAPRUTVIN Bt e ns.
[0063] Aprdcesse!ihtokNQ¥of SO Rinduy §-ﬁﬁfadenpép|ﬁﬁb§ h&ViAE She kef@renc@ﬁﬁl'ﬂbé&f gtein
has different nunber of am no acids, making it conplicated to analyze the
3D st r ucsuifecesCariatamms. t |Télsn theshspoptioeaisrairfne phptidrsswish @he stm@nvmb@egf | t
is still en. Sy face Ca ato g Iepres

structurégrf%(fe }3}’“ coafl e, CORBARH reBorging HQ s Brosers mvé"rt‘u onabooYu scoVer ed
that by ke&gbAdht bﬁ)taﬁs A differsmt aimdagbfSurfh@ca Gnat @M Kf compatddl winy  a
set of discontinuous surface peptides (DSPs) can be created for each

pr ot ei n, 3%%@@@%@°D§Wdemdlhé@§la§fﬂfface Ca atoms than any protein in the
anal ysi s t: an be
represem[ g by a sgt;n%'g%%B@gwop#l%%ﬁ?%ﬂé%@ﬁ%%ér& ¥1ﬁé’5&; g?:sgf%&ggtg{ﬁgn , and
it is easp stmcteomotifitfreachri@BRrarihscal cul at e the SCaD val ue bet ween DSPs

foll owi ng the process descri bed abgve. [0064] As di scussed ab he use
of surf ag@ 68a at omeSW Wﬁg‘GPW@nPrO‘aﬁ‘é‘Ese‘é%YB} eir ${fF%.d e CATRBIOIAR aSt‘H fregt

predet er gpgd: ¥RhMEd Aids nsitiflh '195615%!11@&@&1 ?«‘.’Z rﬁly%enﬂﬂls'j[) 8Rudtlife sitPARAEd SON

process, but the disconti’nuous”nature of surface Ca atons creates a
pr obl em famong eneteias ionghe fasis of SGIAIDSRIcS. oit lestllibtueS\Nhengsﬁfacnﬁa dtomaaid y;

this is bec th t bl
| ose t halSsl i BaLSEr RaD STidareail Potinss TSP eBooEREtamph e, 2
order todsebvled Mt BY RQérﬁ‘ﬁ% %lmgoQMoﬁshﬁ” etau& Gfce THOMSm oYt M’bfén@fa setlof ace
Ca atons, one enbodi nent o [@{fr esent invention provides near est

nei ghbor dissemtiniofs surg?wamtldq:ﬁg( B oan ibeursented (nrfeach ppetpin, cr\ehefer the PHRs

surface nt accessi bl sur f.ace ea | ess than
pr edet er ?Ti‘]g\ﬁ ef SS su[rface aﬁ % jan any pro gehno nthe analysis. ?"flus, proetems with Hifferent

numbers of surface Ca atoms can be represented by a set of DSPs with the same number of

surface Ca atoms, and it is easy to reorient each DSP and calculate the SCaD value
between DSPs following the process described above.

[0064] As discussed above, the use of surface Ca atoms with solvent accessible
surface area less than a predetermined value for 3D similarity analysis simplifies the
comparison process, but the discontinuous nature of the surface Ca atoms creates a
problem for generating the set of DSPs for establishing 3D motif family; this is because the
surface Ca atoms with solvent accessible surface area less than a predetermined value are
not a linear sequence anymore. In order to solve the problem caused by the discontinuous
nature of surface Ca atoms, one embodiment of the present invention provides a nearest
neighbor method for generating discontinuous surface peptide from the surface Ca atoms
with solvent accessible surface area less than a predetermined value. The nearest neighbor

method will be described in detail hereinafter.



method will be described in detail hereinafter. 11 [0065] Now referring to
FIGS 4(a)-(c), the nearest neighbor nethod is illustrated. First, choose
one Ca atomto represent the first Ca atom of one discontinuous surface
peptide (DSP); this can be done accordygyg to one's specification. It is
noted that no surface Ca atomcan be the first Ca atomin rmre t han one

DSP. [00 Then, t ar omto the first

near est 2t om wi | oW Feéh gﬂrﬁéﬁ ﬂ@éﬂ@e@ﬁmﬁf JIFiEPOf e Ijs ql%“ff&fﬁtedf i nd
t he near @gist, GhoascObhd @atd’d&nst@%ﬁl‘is&ﬁ thetfRsd Ch RBOMRALAS tdifednBhRis Wutthce

repr esent the third Ca atom of the DSP. The process is repeated until the

desired Pepiégfter{SP)1this e denarasrordingto ene’s spepidicatipr: Hais notedthatanoowrfoen
appear t aa(??ﬁlr&agggtﬂg%ﬁst éfb%g@mF cg]re?h rot él) with n surface Ca atons, it

is possib 0 generate n dtomas the first Ca atom for

each DSPoogsich DSP Then/faal the at&dst<a attdsmtto &Hbeﬁ/rsfc@m atoBg tidd ne@nsdCaadncaitpar ed
easily with other DSPs. The reorientation can be done according to the

process dENETNbHEE sarwmdLa gtpm of dag PRt ddbemndiyl the pearest Hapte tatrsecoqddoss]
The | fs t
Ihe | enobiehlyEaEiRcHET. Sifh BENSERLA MREuR RSEHT hP U BYPL B bRL i

big 3D st¢peatctiumél] thet ddsired labgdi ofethe DR iDBRicvad. beis eM&Id thangeC€a atdm can

preferabl e that. the g%h of the DSP is about 15-25 amno acids. O
course, taﬂ%ea%‘f’lc’éfn@@g an be generated in any other possible ways that

suites 0'f(ﬁ)6$ need. Pﬂ)pgg%telﬁ%ﬂﬁn RRB A&t ARGRE it fs?)%ss’ﬂ')l@ kdBRerie P DU P!

each DSP agai nst all other DSPs is cal cul a each reference DSP
in the Dsfchiga atvases thelflrstotdhatonDPsath BSP. diagh Mifibhid rwrtdmtetdrw t8@atbey adrue

cFasst 1o Bg ftgietl Qriode S E BB AR, 8 rlatied DR spd bt BOpeseolaidl "

st ruct ur ¢ fRetprécedd ddschbed ébbﬂ@dAllfreéﬁ@ﬁ&l DSP&form@ALP aigbRther DSP besi des
the reference DSP. I|f no is found, the DSP is di scarded and

wi Il not [9988k| assi fThédengihd)fawK@ﬁP wnmw@mm@d byfsaesifip sifuptiony  The 3D
struct ur %xélﬂgg{atﬂéat%n of é%rcﬁ‘ﬁﬁﬁ ay2 PP kL n%ﬁo%”% to 40 b %BI%S%CL{H] i atﬂ?gtgtn

one unknown can e ¢l ass s a ne of “one ructur
fam |y asguctiiRen@i¥ is tegietl the DSPtdah beaweh Yonas TaisGrefsnbld thaahé ngih dfeld ur e,

the unkn(]))\/\snf) 15)?15011“81 5I éSkaerlnglo ;cglsh%/fecowsee t%g rsreet (;cfl]l)rg‘:l;sl c%g%le g]:eggr;‘g[iem any other
possible ways that suites one’s need.
[0069] For a DSP database, the minimum SCaD value of each DSP against all the
other DSPs is calculated. For each reference DSP in the DSP database, all other DSPs that
are found with the SCaD value less than 120.0a (in the case when the DSP is 24 amino
acids long) are classified to belong to the 3D motif family of the reference DSP. A 3D
structure motif will be formed if there is at least one other DSP besides the reference DSP.
If no family member is found, the DSP is discarded and will not be classified into any 3D
structure motif family.
[0070] The 3D structure motif has many practical applications. It is assuming that
if one unknown DSP can be classified as a member of one 3D structure motif family and
the 3D structure motif family has a common functional feature, the unknown DSP is likely
to have the same functional feature.
[0071] The following examples are provided to illustrate the applications of the
principles of the present invention. They are by no means intended to limit the scope of the

present invention.



[0071] The follow ng exanples are provided to illustrate the applications
of the principles of the present invention. They are by no neans intended
tolimt the scope of the present invention. 12 [0072] EXAMPLES [0073]
All'ergens induce allergic responses inghuding elicitation of inmunoglobulin
E (I1gE) antibodies and causation of synptons of allergy wthin an affected

i ndi vi du Al l ergi ct approximately one-third of the human

popul ati i‘hﬁ?ﬁ]nd ar e%t)m&s comon cause of chronic illness in devel oped

countri egpozde cur p8Rkgdnk GRfuE Qﬂérg&fres@nhéériﬁ?lﬁ&ng %ﬁbi‘tklﬁi%ntdf"fmﬁﬁﬁbglbﬁﬁl[@t ion
as

into an infected individual of pharmaceutical chemicals such as
ant i hi st &laB} antdhmdidscansh eausitiin of symptoms af allergyewithinmjre affedied inslyvidedhr i ne.

rovever Al o5 oS AOMAR o ORGP SO T SS",

prevent abineid@ycdube Jfl @ge0 iHvedsdmngSeldfed Soun@¥&N MRE *uekheatitienwhen t he
all ergens_are proteins in our food. If any protein in the food is known as

a pot ent aHergigs irglydethe administrasiog yntp aa infeefed individuad jof phaymeacentiselethgmicals be
t g} A ! | . el g

Penti 11 SuasHhhlBinde CofOORUBR O Qvellindt Infllfe BARIRIRC hERLHe, T

nowaday s itiie ealisenomay thatpallbrgios eard bapeganed ifpnailetden ib&uewh e ind MNdidedused

into our food .chains. Current]y, there are three main aspects in the
assessmeAR 29FTgif bidaly Jocthg SRICELVEBRE i Prgvent; alsisTolgehletgen pvoidance. 1t 1s

Cross-reggdd MotdeffReve Wnbh g alI%Y%QﬂE %m#e%g‘lﬂ Q4Uf Edé)?lie Y ahy profEa EgtrhE gﬁod mmune

response to a particular allergen, Int orm-of elt
i mmunogl abkhown Bs(d gBlential albergyn,oanyTaldaly indsednise thaMilérgiapiateih enublk es of

i mmune responses pr.qvi the ult.imfe validation of an allergen, they are
t 00 expeﬁgqvgléteaﬁyﬁgma%gﬁ? EWseredep ﬁ’ﬁlagf’@ilcrfm%r efore, a reliable
predicti ggozaf POt emhi dderMificR@ERSd validatiGRT Prot¥d dIREgRk [REGhé B0k & D NeY
to study the real potential allergens, rather than all proteins. [0075]

At t enpt s nRwedaylsdepause drore eng medé Grnsgehigmyelsingihaye beenpintrodugedpntotaair fodsly it s

am no aci f_.seq A |l e of the sequence simlarity .appyoach to
all er gencgza?ai 'eﬁ?%ﬁﬁy’stgéges%gatggeetIH%“‘%P%%? 1%1 en%ssgscsfr}fnhgf gﬁa{‘(‘]ﬁé genie
appr oachpotehtisl: Gbiu@bEeniti®E croseattiatSaddEliniegndynigtemt] dhninogedieity il

al l ergens include the use of FASTA or. BLAST searches for any eight or nore
cont i guoieaBhihsomapinesrespensedp e pydRwlpt allenggn.grprmally in the form of either an

immunoglobulin E (IgE) antibody or T-cell response. While animal studies of immune
responses provide the ultimate validation of an allergen; they are too expensive to be
applied to every protein. Therefore, a reliable prediction of potential allergens is
imperative for allocating the money to study the real potential allergens, rather than all
proteins.

[0075] Attempts have been made to predict allergenicity of a query protein by its
amino acid sequences. One example of the sequence similarity approach to allergen
detection is based on the “eight amino acid match (EAAM) approach.” The current
recommendations for identification of potential allergens include the use of FASTA or
BLAST searches for any eight or more contiguous amino acids that are identical to any
segment of a known allergen (food, inhalant or contact allergen). Because the identity of
eight amino acids between two proteins rarely occurs by chance, such an occurrence is
considered to be a good indicator of potential allergenicity. In addition, according to the
FAO/WHO guidelines for allergenicity evaluation of foods derived from biotechnology, a

query protein is potentially allergenic if it either has an identity of at least six contiguous



segnent of a known allergen (food, inhalant or contact allergen). Because
the identity of eight am no acids between two proteins rarely occurs by
chance, such an occurrence is considered to be a good indicator of
potential allergenicity. In addition, Sgcording to the FAQ WHO gui delines
for allergenicity evaluation of foods derived from bi otechnol ogy, a query
protein i

s.potentially allergenic if it either has an identity of at |east
Six cont gt (ideyiy Fogth 50 oF aants FHUER am?%%y‘f%rra wmdoaE e
sim | ari t¢ideVllen doM &@g%igfmep%én&aci ds when conpared w th known
allergens. [0076] It is well known that IgE and T-cell responses are

epi t ope- deq7€hdent . Ivistwell kimovrathetilall adi Drelbfeshomrds extsepitbpgdencaders. A¥ithknown
al I ergen it is.reasonable to assune that a.potential allergenic protein
Shares. S HHERHETT e R PT TR R aset G rsorbiC Spffpé

pot ent i althalal Rtaenl Aickyerd prdteh YhaéO3I® sictErR¥iARarRiRQ it ®6 kRywe 3Bz
their 3D_structure simlarities with known allergens. [0077] 575 known

al | er genshupabe ppigatiall dlisrgsairigafapennprotin orhermtdipied byicremining diri A2

dat a) WS@BQ‘?%S%‘%‘%‘J‘&F%%%W ?l,iﬁr &Qm Bjorklund et al. (Bioinformatics 201

(1): 39- he i npu S Wwere pdb data. For each protein in the

posi tive [e07d] negat | ¥85 knesin sledrgersf (pobigive tdlledanr €ath)s aiid B8P Wantrbl pidteihs be
created by Fugue honol ogi cal nodeling. . They are used in the Jackknife test
to show {heaHVednrtal Were oRtained dsprpthelist frapyBioarklypd ef alo ipinfprmatise 281 (b
provi ded (120 t i.D1 ] | £ " e.to
perform g?l er gg(r)]ﬁzr Zg% g?’lugﬁﬁ:gy ggit(ﬁ{]?egét I;é&t%aégg}ﬁfuésliégﬁ%%@gﬁv%ﬂ ?ﬁ%ﬁl@e

ef f ecti vaest set, of thehséruature igerknpmadiitcwilbbe cfe@@dHy Fugukhlomalsgicalvmoddlirer gen

data was .di vi ded i nt ts, each.containing 115 allergen seqguences.
[0080] 2 1hearerfspd i edadiknfth eSpHHEPLS IodbTigR Accriey GG HeBaL ¢ he
posi tive segf dat aNdW'til@retiE‘%ré\ﬁH@d B ASred 341 M@s&ﬁpﬁ&’%f med jdcRKchiPE Mgt he

train data. fI'he negative data were used as the negative test data. [0081]
3. Obt ai wrergdsre $e rpesforme ahergehspredistionhe Jagkkinifedtest Wa308%id Refverify e now

to FIG 5, ere is provided an.exenplary process of obtaining 3D structure
notifs fregtﬁlcr}f‘ﬁgeﬁsrog?l?ﬁ% r%eéltpe{e(illﬁl%cordance w th one enbodi nent of the

present ifgorent i on. 1THReRPodkies Slléfeh tdatd WwadMifvideadiaty 5 s&d, éachlcahfaidigg das a set
11; then calculating the solvent accessible surface area for all atons 12;

t hen ext aHetgen §equanegsons |
[0080] 2. The first set of the positive allergen data was used as the positive test data

while the remaining 4 sets were combined to form the train data. The negative data were
used as the negative test data.

[0081] 3. Obtaining 3D structure motifs from the train data

[0082] Referring now to FIG 5, there is provided an exemplary process of
obtaining 3D structure motifs from the training data in accordance with one embodiment of
the present invention. The process 10 starts with acquiring a training data set 11; then
calculating the solvent accessible surface area for all atoms 12; then extracting Ca atoms
13; then further extracting surface Ca atoms 14 where the surface Ca atoms have a solvent
accessible surface area less than a predetermined value; then finding discontinuous surface
peptides (DSPs) 15; then reorienting the DSPs 16 where all the reoriented DSPs form a
DSP database; then calculating ScaD values between any two DSPs 17; and finally finding
3D motif families 18. For example, all DSPs in one 3D motif family have a SCaD value
less than 120a (in the case when the DSP is 24 amino acids long).

[0083] 4. Testing positive and negative test data



13; then further extracting surface Ca atons 14 where the surface Ca atons
have a sol vent accessible surface area | ess than a predeterm ned val ue;
then finding discontinuous surface peptides (DSPs) 15; then reorienting
the DSPs 16 where all the reoriented DgRs forma DSP database; then

cal cul ati ng ScaD val ues bet ween any two DSPs 17; and finall y fi nding 3D

notif fa es 18. r exa | e, SPs in one . 3D notif f have SCaD
val ue &054} han 12¥2°({%& ]P t@agtémﬁewef%és Bﬁp’lg"s‘i g aré(c HEe$% g)

[ 0083] 4préEeatdnn& ARSENiNE ANEtcORIAL Vﬁtht(ﬁl%ten%dﬁnéiﬁ of[tﬁ%f'dseﬂ%eéﬂﬂoﬂg now
to FIG 6, there is &row ded an exenplary process of prediction of

al | er geniTdiet grocessa2¢ statsnwih wrovidore adaoditanset 2 bf theh e ajnudasingt the reelient on.

The proc starts W|t oV di t est t 21 n cal cul.ating
The SotvanesARICHBLS alla of L Qhiy 28 B Effactifl B Chotohis s’ B QEE ol
Ca at ons sdacet O Bto@¥$t 242 ehenBndisy Bisas@ifudusa bigiiee PptiddI3; ticndeddenting the
di sconti nuous _surface peptides 25, then reorienting the DSPs 26; then

findi ng prYisel® beadinding groieiai $seD 3plveagdingt 3B mestf familiend7s anhfinglly
di | |
Pr e ot Bkl MBI BB JCIB PARUEID, FEAR Mkt B, | o5

di f f er enfoossy of dat Steias am woe x‘s‘zpee&ed $ tihesposing a\deff@lellnesregeﬂdatatfﬁma&letﬂﬂe
positive test data. set of pegative data is reused. [0086] .6. The
protein SESOT\PesINE a Fr@ﬁfl 2 hibeRosiiveest st nebnfane setefnegative 142 it he
earlier stgpg were conbined and used to obtain an optinmumthreshold val ue
that could give best sensitivity and specificity results. If a protein's
SCaD val 986k beI oW. The prattineSPad) cralnab fiem alﬂlﬁleppasitejemddsrlaghﬁeeste[si dada s an

al | ergen The speci lCIt and, sensi.tivit ured according to
Fhe t o S Shgher signa SuR Siabing d SRS Ohbiat ot SHEeehaT A Ao
posi ti ve gRRNBést isehdiMvity RRd F%jsE&‘ihclt Presulfku rfnea RbteitPd SEaPPFhNELYS h%N)W th nber

fal se negative Specificity =TAl/ % = "nunber true negative [0088]
Resul t s threshold value, the protein is classified as an allergen

[0087] The specificity and sensitivity were measured according to the following:
IDisease
-+ -
Test Results |+ TP FP
— EN TN

TP = number of true positive  Sensitivity =TPATP+FN)
FP = number of false positive
FN = number of false negafive  Specificity =TNA{TN+FP)
TN = number of true negetive

[0088] Results

Threshold | Sensitivity | Specificity
0 0 100

0.1 ] 11.13043 | 99.75422

0.2 | 21.21739 | 99.38556

0.3 | 22.08696 | 99.38556

0.4 24 | 99.35484

0.5 | 26.95652 | 99.35484

0.6 | 28.69565 | 99.35484

0.7 | 31.82609 | 99.35484

0.8 | 33.73913 | 99.35484




Threshold Sensitivity Specificity 0 0 100 0.1 11.13043 99.75422 0.2
99. 38556 0.3 22.08696 99.38556 0.4 24 99.35484 0.5 26.95652
0.6 28.69565 99.35484 0.7 31.82609 99.35484 0.8 33.73913
99.35484 15 0.9 35.30435 99.35484 1 3753913 99.35484 1.1 38.78261

21.21739
99. 35484

99.35484 1.2 41.04348 99.35484 1.3 42726087 99.35484 1.4 44.17391
99.23195 1.5 45.91304 99. 1p966—16-46-78261-99-07834 1.7 47.65217
98.92473 1.8 49.73913 98. 8p184— 2P 0 &295089-85843318 2 52. 69565 98. 43318
2.1 53.91304 98.06452 2.2 5547826 978831g99.948456 86957 97.51152 2.4
57.56522 96.89708 2.5 58. 78261 g5 0P848261y R9BHBA4783 95 54531 2.7
62. 43478 93.76344 2.8 64.52174 d£ 14184348 | 99.35484
1.3 | 42.26087 | 99.35484
14| 44.17391 | 99.23195
1.5 ] 4591304 | 99.10906
1.6 | 46.78261 | 99.07834
1.7 | 47.65217 | 98.92473
1.8 | 49.73913 | 98.80184
1.9 | 51.82609 | 98.43318
2 | 52.69565 | 98.43318
2.1 | 53.91304 | 98.06452
22| 5547826 | 97.88018
23| 56.86957 | 97.51152
24 | 57.56522 | 96.89708
2.5 | 58.78261 | 95.97542
2.6 | 60.34783 | 95.54531
2.7 | 62.43478 | 93.76344
2.8 | 64.52174 | 91.12135
2.9 | 6521739 | 88.90937
3| 66.95652 | 86.91244
3.1 69.3913 | 84.20891
3.2 | 71.30435 | 82.45776
33| 72.86957 | 78.77112
3.4 76 | 75.02304
3.5 | 76.17391 | 70.69124
3.6 | 78.26087 66.5745
3.7 | 80.17391 | 62.54992
3.8 | 82.26087 56.9278
3.9 | 84.86957 | 54.07066
4 | 85.56522 | 49.80031
4.1 ] 86.95652 | 45.99078
4.2 | 88.69565 | 43.01075
4.3 | 89.56522 | 40.18433
44 | 89.91304 | 37.57296
4.5 90.6087 | 34.50077
4.6 | 90.78261 | 32.68817
4.7 | 91.47826 | 31.09063
4.8 | 91.82609 | 29.61598
4.9 | 92.34783 | 28.63287
5| 92.86957 | 27.64977
5.1 93.04348 | 26.91244
5.2 | 93.21739 | 26.14439
5.3 93.3913 | 25.5914
5.4 | 93.56522 | 25.16129
5.5 | 93.56522 | 24.88479
5.6 | 93.56522 | 24.79263
5.7 | 93.56522 | 24.23963
5.8 | 93.56522 | 24.23963




2.9 65.21739 88.90937 3 66.95652 86.91244 3.1 69.3913 84.20891 3.2
71.30435 82.45776 3.3 72.86957 78.77112 3.4 76 75.02304 3.5 76.17391
70.69124 3.6 78.26087 66.5745 3.7 80.17391 62.54992 3.8 82.26087 56.9278

3.9 84.86957 54.07066 4 85.56522 49. 80
88. 69565 43. 01075 4.3 89.56522 40. 184

1 4.1 86.95652 45.99078 4.2
4 4 89.91304 37.57296 4.5
Q1

90. 6087 34.50077 4.6 90. 782613268817 79147826 31.09063 4.8
91. 82609 29. 61598 4.9 92. 34783 38 935391@’ 93388487 27 64977 5.1 93.04348
26.91244 5.2 93.21739 26. 14439 % 12 9343%812256589414 5 4 93. 56522 25. 16129
5.5 93.56522 24.88479 5.6 93 56892 S2978G3 2%502343 56522 24. 23963 5. 8
93. 56522 24.23963 16 6.2 | 94.08696 | 2334869

6.3 | 94.08696 | 23.19508

6.4 | 9408696 | 23.01075

6.5 94.08696 | 22.85714

6.6 | 94.26087 | 22.64209

6.7 | 94.26087 | 22.27343

6.8 | 94.26087 | 21.84332

6.9 | 9426087 | 21.41321

[0089] Table 1 shows the threshold values, sensitivity and specificity. FIG 7 shows

the plot of sensitivity & specificity vs threshold value.

[0090] Another embodiment of the present invention provides a system for

analyzing 3D structure similarities of proteins, generating 3D structure motif families and
predicting allergenicity of proteins. The system comprises a computer usable medium
embedded with computer readable program coded means for performing the processes and
storing programs and intermediate and final data.

[0091] The system may be any electronic device that has a computer readable
medium embedded with computer programs. The electronic devices include PC, notebook,
or the like. ‘

[0092] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
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.



5.9 93.73913 23.96313 6 93.73913 23.65591 6.1 93.91304 23.5023 6.2

94. 08696 23.34869 6.3 94.08696 23.19508 6.4 94.08696 23.01075 6.5

94. 08696 22.85714 6.6 94.26087 22.64209 6.7 94.26087 22.27343 6.8
94.26087 21.84332 6.9 94.26087 21.41323 [0089] Table 1 shows the threshold
val ues, sensitivity and specificity. FIG 7 shows the plot of sensitivity &
specificity vs threshold val ue. [0090] Another enbodi nent of the present

i nvention provides a systemfor analyzing 3D structure simlarities of
proteins, generating 3D structure mogf kA !ies and predicting
allergenicity of proteins. The system conprises a conputer usable nmedi um
enbedded with conputer readabl e program coded neans for performng the
processewagd stori.ng prograns and internediate and final data. [0091] The
syst em may &S UAYPdit¥ct roni ¢ device that has a conputer readable medi um
enbedded with conputer prograns. The el ectroni c devices include PC

not ebook, or the like. [0092] Wile the present invention has been

descri bed- wi t B pefcesselos analkyzpigr threeodimensiopplo@Diestrusture sinplgritie dbetwredrast ood
that the i re il.l at.Lve and that the invention scope is not
SO Iinitéﬁggﬁgpgﬁﬁgnggggllggggg%%?xﬁggthe present invention will becone

apparent to thesedihgeDngructuid dah wi tieigllirality dfipeotéins; t o whi ch the present
invention pertains. Such alternate enbodinents are considered to be
enconpassed wictlsigtinggoleent acgessiblesusfaerrzey for pl atomepalesseh projeint i on.

cocorl oLy, SBRTEERD ki SRl CUSMBILE plgner 0ol DY (N
What i s cl ai mesltracging 3D positions data for surface Ca atoms of each protein to represent its 3D
structure; wherein the surface Ca atoms have a solvent accessible surface area value less
than a predetermined threshold;
reorienting the surface Ca atoms of each protein within a three dimension space so
that all proteins share the same origin point to make them comparable; and
calc_:ulating the SCaD value between two proteins;

thereby the 3D structure similarities between proteins are classified on the basis of

the SCaD value.

2. The process of claim 1, after the step of reorienting, further comprising:

storing the reoriented proteins into a protein database for further use.

3. The process of claim 1, wherein the step of reorienting each protein in a three-
dimension space comprises:

translating the protein so that the first surface Ca atom is positioned at the origin
point;

rotating the protein about y-axis and z-axis so that the second Ca atom is at the x-
axis; and

rotating the protein about the x-axis such that the third Ca atom is situated in the xy

plane.



1. A process for analyzing three-dinensional (3D) structure simlarities
between a plurality of proteins, conprising the steps of: providing 3D
structure data of the plurality of proteins; calculating solvent accessible
surface area for all atons of each protgin; extracting 3D positions data
for every Ca atom of each protein; extracting 3D positions data for surface

Ca atons of each proteip to represent jts 3D_ structure; wherein the
surface ¢a at %H‘i‘é??és QP%W’/éng’E’%H’e’é‘é & 5ip ofirplaniating thy %%@P%E%‘WGFIHan a

predet er myeehitins RRISCHD VahRE bRl il s coififoe Ca atoms of each protein
within a three di'nension space so that all proteins share the same origin

poi nt to nake them conparabl e; angcgpl-c¥"agishg t he SCaD val ue between two
proteins; thereby the 3D structure sinmf4tities between proteins are

cl assi fi gehePONLIE ehedRhiser OF thd AinoGRld Kb nBrogein 1h& dRE 9CE 2ulidesh aistinde

after the step of reorienting, further conprising: storing the reoriented
pr ot ei ns betwesndheitloCeiatong af tiedwe pfatein and Iserlcubted Bcorfflivg tor ocess of claim

1, wherein the step of reorienting each protein in a three- dinension space
conprises: translating the protein so that the first surface Ca atomis

positioned at the,o LWW protein about y-axis and
z-axis so that th%lséé Al &2 4@l 74 st (A R&%k- axis; and rotating the
protein about the x-axis such that the third Ca atomis situated in the xy
pl ane. 1 lLaim 1. wherein. in t en of cal cul ating
Phe Sca Wit @l AR AREERT D ol Mk dositRE Sl Ba Pl G loB ol at e

according to: SCaD = XN dist, where Nis the nunber of the amno acid in
each protein and dist; is the euclidean di stance between the ith Ca atom
of the twWe prd} BIa98SSAQH epreratinect thiecdimensiopal RY) stuctyresmotitfrom a plugahiyy +

(yl' - ¥Y2) @ oot iﬁé, combiiLi "éﬂﬂt@ps(&ﬁ ,yl,zl) and (x2,y2,z2) are the position
coor di nat 68 o% t heméa atoms.
providing 3D structure data of the plurality of proteins;
calculating solvent accessible surface area for all atoms of each protein;
extracting 3D positions data for every Ca atom of each protein;
extracting 3D positions data for surface Ca atoms of each protein to represent its 3D
structure; wherein the surface Ca atoms have a solvent accessible surface area value less
than a predetermined threshold;
generating a set of discontinuous surface peptides (DSP) for each of the plurality of
proteins, wherein the set of DSP have the same number of amino acids;
reorienting each DSP within a three dimension space so that all DSPs share the
same origin point to make them comparable;
calculating the SCaD values between two DSPs; and
classifying at least two DSPs into a 3D structure motif if their SCaD values are

lower than a predetermined threshold;

thereby the 3D structure motif families are generated.

6. The process of claim 5, after the step of reorienting, further comprising:

storing the reoriented DSPs into a DSP database for further use.

7. The process of claim 5, wherein in the step of generating a set of DSPs for each of

the plurality of proteins, each DSP has 6-40 amino acids.



5. A process for generating a three-dinensional (3D) structure notif froma
plurality of proteins, conprising the steps of: providing 3D structure
data of the plurality of proteins; calculating solvent accessible surface
area for all atons of each protein; exigracting 3D positions data for every
Ca atom of each protein; extracting 3D positions data for surface Ca atons
of each protein to represent its 3D structure; wherein the surface Ca
atonms have a sol vent accessible surface area value less than a

pr edet er 8. ned Therpesdess of clgjien@rwidreig cacts BSPhifis t15-26 amfincnacddss sur f ace pepti des

DSP) for, each.,of the rality,of. protejins, wherein the f DS ave
'E he )same unberCdFOs ﬁt)&a‘@? és%’h?rgﬂ‘rgletﬁ? Fi5P oL gRIFTHIEE Wettﬁfri)esgsgw@é of
di mensi onh&prRERitS 6f $roRinsAbdchBFEIS isSRAE RIS nedRMEneMHbEE MelRUNt to make them

conpar abl e;” cal cul ati ng the SCaD val ues bétween two DSPs; and cl assifying
at least two DSPs into a 3D structure notif if their SCaD val ues are | ower

than a predet ined threshold; there he 3D structure notif .famlies are
gener at edljﬁ 6. efh? rB(r:eoSEeogs&a ¥ g’l ‘gfwfﬁegl, fsﬁeélro frarighig S?C%r%eé’&lfiﬁﬁ? ia%fee'
further clwpsiai spgce cabidetg the reoriented DSPs into a DSP dat abase for
further use. 7. The process of claimy5, wherein in the step of generating a
set of DSPs f dranglgtipg ghe DSResopthat the figst sprfpgeoCeiatam iepesitipse atade ®righn ani no
aci ds. 15%0"1‘% The process of claim7, wherein each DSP has 15-25 am no
acids. 9. e process of claimb5, wherein in the step of generating a set

of DSPs for eactating thetD&P ghaut glaixtsyandfz-gxioscethiisthe stohd REfade CoRMA IS4G by
near est nei ghbor nethod. 10. The process of claim5, wherein the step of
reorient ixr'@g%é‘l?ﬂ peptide in a three- dinension space conprises: translating

the DSP so thabptifetHd DS Bt RS 8-aCR s%t:% Mat hePBRH ts{lﬁ%gegciﬁhtohhﬁ sﬂ[x%tg& th

point; rotating the DSP about y-axis and z-axis SO t e second surface
Ca at om ithe gt plabe x-axis; and rotating the DSP about the x-axis such that
the third surface Ca atomis situated in

11.  The process of claim 5, wherein in the step of calculating the SCaD value between

two DSPs, the SCaD values are calculated according to:
SCaD = " dist,

where N is the number of the amino acid in each DSP and dist; is the euclidean distance

between the ith Ca atom of the two DSPs and is calculated according to:

dist, = \J(x1 - x2)* + (y1 - p2)” +(z1 - 22’
where (x1,y1,z1) and (x2,y2,72) are the position coordinates of the Ca atoms.

12. A process for predicting the allergenicity of a query protein; comprising the steps
of:

providing 3D structure data of the plurality of known allergens;

calculating solvent accessible surface area for all atoms of each allergen;

extracting 3D positions data for every Ca atom of each allergen;

extracting 3D positions data for surface Ca atoms of each allergen to represent its
3D structure; wherein the surface Ca atoms have a solvent accessible surface area value

less than a predetermined threshold;



the xy plane. 11. The process of claim5, wherein in the step of

cal cul ating the SCaD val ue between two DSPs, the SCaD val ues are

cal cul ated according to: SCaD = YN dist; where Nis the nunber of the
amno acid in each DSP and dist; is th? eucl i dean di stance between the ith
Ca atom of the two DSPs and is cal cula ed according to: dist; (xI - x2)2

+ | - y2)2 + - z2)2 . where, 03|t|on
CO(()?’/dI na%/e)s ofe® ‘T{%t"@aa Bﬁrglsc%ﬁmgl eﬂt{;‘f’ fiqréa&b?ﬁz‘ﬁépﬁfﬁgl%f) Yhicity

of a quehLMeREM, Wh@relﬁﬂﬁﬁéﬂﬁ‘mstﬁh%%eeﬁ&e rﬁﬁnbepb%ﬁhb%ld@ structure data
of the plurality of known allergens; calculating solvent accessible

surface area ftegrieating gaehmbSE wid mhaéhrleeldgemsmremar:a@o ithey 2BODBBs shareee dat a
for every Ca atom of .ea | | er xtracting 3D positions data for
surface ém%%%lpgfnté%gﬁﬂgﬁ}eg}%%ﬂpe{r%ﬁ Pepresent its 3D structure; wherein
- the surface C@alahﬁﬂﬁgﬂ@\s{:a@sghysawea;m@spge surface area value |ess
than a predeterm ned threshold; 20 generating a set of discontinuous

surface pepti bisterige theyPRPyinte héDp‘}th&’JP mptid famibo ifrbaminimyandistapereyadia t he
set of %E’ﬁv %ﬁ‘ég e WM AR Y ?&?E—mf’tﬁ 16 31? &@5&@&&%&1&&8}}%@9 each DSP
within athre I Mensi on space so Ph ? sane origin

point to make nizhépulatighe g pro@inchit tieiabgvd i‘lﬁevﬁﬁh@ep&&b \get HedtwEDBRsywo DSPs;
clusteri ea@mBgPS into a 3D structure notif famly if the mnimum
I

di st ancet &%é % ABEE DEeiePels na%mteﬁeagm& eacme%@rd\i,ﬂa@ PP SHEEWFS ned
threshol %otﬁ’rfgm[ﬂ%g' Whirdid fg 1bRest D fl%]E ﬁ{lﬂ‘lgjéﬂl HIEDIPOVE oh€ Pyt will eps

to get a set so that eac query protein i's nmeasured
agai nst bammer@mpecrtemfsedﬁwﬂﬁb structure notif famly; wherein the | owest

SCaD val t he DSP t | RLSi g, SCaP
Sarue. 't her ool theahEraRalts eteRd 3 o AlSTsen KRBTGS RERES D ot o n
SCaD val yp n’Mntlﬁkrs &f the TR R&rOinotiNami3 Bl 'Uélbt“ué BredBikirhinb@Aréshofdal | beI ow a

predeterm ned threshold. 13. The process of claim12, after the step of
reorienting, further conprising:

13.  The process of claim 12, after the step of reorienting, further comprising:

storing the reoriented DSPs into a DSP database for further use.

14.  The process of claim 12, wherein in the step of generating a set of DSPs, each DSP

has 6-40 amino acids.

15. The process of claim 14, wherein each DSP has 15-25 amino acids.

16.  The process of claim 12, wherein in the step of generating a set of DSPs, the DSPs

are generated by nearest neighbor method.

17.  The process of claim 12, wherein the step of reorienting each DSP in a three-
dimension space comprises:

translating the DSP so that one end Ca atom is positioned at the origin point;

rotating the DSP about y-axis and z-axis so that the second Ca atom is at the x-axis;
and

rotating the DSP about the x-axis such that the third Ca atom is situated in the xy

plane.



storing the reoriented DSPs into a DSP database for further use. 14. The
process of claim 12, wherein in the step of generating a set of DSPs, each
DSP has 6-40 am no acids. 15. The process of claim 14, wherein each DSP
has 15-25 amino acids. 16. The process-gf claim 12, wherein in the step of
generating a set of DSPs, the DSPs are generated by nearest nei ghbor

met hod. 17. The process of claim 12, wherein the step of reorienting each
DSP in a three- dinension space conprises: translating the DSP so that one
end Ca at@n i STIRGbéds§BLHamh 10 NPh&EinGh PP cal iRk IRISCAS vEIRE bakeeh
y-axis and z-axis so that the second Ca atomis at the x-axis; and

rot at i ng ted>$isPthetideaD valuesaragilsulgigdacedidingtdie third Ca atomis situated
inthe xy plane. 21 18. The process of,¢laim12, wherein in the step of
cal cul ating the SCaD val ue betmeeﬁcapwoib§ﬂ§ﬁ the SCaD val ues are

cal cul ated according to: SCaD = YNI dist; where Nis the nunber of the

am no acivghere Neig dhe mepbérdd thmamiosicid ingachpeptideland disti islthsteaplidean distansen t he

ith Ca fth DSPs and is.cal cul di. ;dist; = (x| -
2)2 5 (yr Ol R s IRl SHeThPS SR8 12) "ar e 1 he

position coordinates of the Ca atons. 19. An article of manufacture,
conprising: at |east one conputer usable nmedium havi ng conputer readable
program code mead&st,.erﬂé(odﬂi—eﬁ)zt#‘(gﬂeiyi)zfdo(zlarza)zyzi ng t hree-di nensional (3D)
structure simlarities between a plurality of proteins, the conputer
readabl e program code neans in said article of manufacture conprising:
conput er wieae a6l , o) agd &xa,¢hed) arethepokitivon castdinagsaf denPaistemst o provi de 3D
structure data of the plurality of proteins; conputer readable program code
means for causing a conputer to calculate solvent accessible surface area
for all afoms Of @RENLMEMHEIRIre COMPHsRg:  €adabl e program code means for
causing a conputer to extract

at least one computer usable medium having computer readable program code

means embodied therein for analyzing three-dimensional (3D) structure similarities
between a plurality of proteins, the computer readable program code means in said article
of manufacture comprising:

computer readable program code means for causing a computer to provide
3D structure data of the plurality of proteins;

computer readable program code means for causing a computer to calculate
solvent accessible surface area for all atoms of each protein;

computer readable program code means for causing a computer to extract
3D positions data for every Ca atom of each protein;

computer readable program code means for causing a computer to extract
3D positions data for surface Ca atoms of each protein to represent its 3D structure;
wherein the surface Ca atdms have a solvent accessible surface area value less than a
predetermined threshold;

computer readable program code means for causing a computer to reorient
the surface Ca atoms of each protein within a three dimension space so that all proteins
share the same origin point to make them comparable; and

computer readable program code means for causing a computer to reorient
each peptide within a three dimension space so that all peptides share the same origin point

to make them comparable; and



3D positions data for every Ca atom of each protein; conputer readable
program code neans for causing a conputer to extract 3D positions data for
surface Ca atons of each protein to represent its 3D structure; wherein
the surface Ca atons have a sol vent aceessible surface area val ue |ess than
a predeterm ned threshold; conputer readabl e program code neans for

causi ng a conputer rien the surf.ace Ca.atons of each otein wWthin
a three dinension s‘%gl é%gééat%ﬁ%]te pé?gra%lr%) giygns £%§F%SI?%%C213%&§{°|C ?cﬁlrpaﬁ%i nt
to make ttheSCsb vphie dbivesenawd pesagipstt er readabl e program code neans for
causing a conputer to reqgrient each _peptide within a three dinension space
so that all pepti déerehyathe 3hatractme shnilgiitiesdeativeen proterascaretctaspificd wpdbanbl e;
and 22 gi@,ﬂ? program code nmeans for causing a conmputer to

cal cul at (ebgﬁ'tgﬁgﬁ{géc% va Jﬁ% bet ween two proteins; thereby the 3D structure
simlarities between proteins are classified on the basis of the SCaD

val ue.



