1 PROCESS AND SYSTEM FOR PREDI CTI ON OF PROTEI N
ALLERGENI CI TY USI NG DI SCONTI NUQUS SURFACE PEPTIDE
SEQUENCE AND VI RTUAL AM NO ACILD Field of the Invention
[ 0001] The present invention generally relates to

QLSi@QCﬁﬁ%Mﬁ%YQ’L‘EM SRR gI0R FIRGTEIN
SEDERCERIG Y by ﬁﬁggt@ﬁﬁs%%ﬁ‘s‘iétﬁx AGE PEPTIDE
et o PPN AR LRAATR AN A TRy

common cause of chronic illness in devel oped _
countries. The current treatment of allergies relies
chiefly on synptomati cFichkefathe #svdhih i ncl ude
anti hi stam nes, corticosteroids or I n severe cases,
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the food is known as a potential allergen, any
all'ergy induced by the allergic protein can be .
prevented by avoiding the consunption of the allergic

protein. [0003] Th%@?ﬁﬁ?mth%ggm%ﬁt her a protein is

al l ergenic includes t
I munogeni city, cross-reactivity and cllnlca
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aspects: immunogenicity, cross-reactivity and clinical symptoms. It is well known that
allergenic reactions are immune responses in nature; thus, immunogenicity of an allergenic
protein refers to the likelihood of an immune response to the allergenic protein, normally in
the form of either an immunoglobulin E (IgE) antibody or T-cell response. Because B-cell
and T-cell epitopes are defined recognition sites on allergens, it is possible to evaluate the
potential allergenicity of proteins by examining a protein or its gene source so as to
determine its sequence similarity to known allergens.

[0004] One example of the sequence similarity approach to allergen detection is

based on the “ eight amino acids match (EAAM) approach”. The current recommendations



any eight or nore contiguous am no acids that are
identical to any segnent of a known allergen (food,
i nhal ant or contact allergen). Because the identity of
ei ght am no acids between 22proteins rarely occurs by
chance, such an occurrence is thought to be a good
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the I nvention [0006] One enbodi nent of the present
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urality of known allergens to represent its 3D .
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represent its 3D structure; wherein the surface Co_atoms have a solvent accessible surface
area value less than a predetermined threshold, generating a set of discontinuous surface
peptides (DSPs) for each of the plurality of known allergens, wherein the set of DSPs have
the same number of amino acids, calculating for each DSP the distance between two

neighboring Co atoms and inserting one or more virtual amino acids if the distance is larger



than a predeterm ned threshold, translating all DSPs
into linear am no acid sequences including any
inserted virtual am no acids, finally cutting all DSPs
into a predeterm ned |[|ength3and storing all the
processed DSPs into the discontinuous surface peptide
dat abase (DSPD), mani pul ating the query protein by
t he above relevant steps to get a set of DSPs,
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performed according to:
[0014] Similarity Score = Z;’:i s(X,7)

[0015] where s(X; Y;) is the substitution score between amino acid i in peptide X and
the amino acid i in peptide Y , according to the substitution matrix employed. 1 is the length
of the peptides.

[00186] In another embodiment of the process, in the step of predicting the query

protein as an allergen if the maximum similarity score of the query protein is bigger than a



4 threshold value, the threshold value is an optinum
threshold value fromall maximum simlarity scores
fromall positive and negative test data that could
gi ve best sensitivity and spgecificity results. [0017]
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manigplaiq the; qugry protein by the above relevant steps to get a set of DSPs, computer
readable program code means for causing a computer to calculate the similarity scores of the
DSPs of the query protein with all the DSPs in the DSPD and store the maximum similarity
score as the query protein’s similarity score, and computer readable program code means for
causing a computer to predict the query protein as an allergen if the maximum similarity

score of the query protein is bigger than a threshold value.



score as the query protein's simlarity score, and
conput er readabl e program code neans for causing a
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accqudiaditet i ng the query protein as an allergen if the

maxi mum simlarity score of the query protein is
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[0027] In another embodiment of the article, when predicting the query protein as an
allergen if the maximum similarity score of the query protein is bigger than a threshold
value, the threshold value is an optimum threshold value from all maximum similarity
scores from all positive and negative test data that could give best sensitivity and specificity
results.

[0028] One of advantages of the present invention is that no pre-alignment of amino
acid sequences is required. In addition, the extracted Co atoms make distance computation
simple. Furthermore, the short peptides make wide range of proteins comparable. Finally,
the employment of the DSPs with inserted virtual amino acids maintains structural
information and at the same time requires less memory during the process than that of 3D

data, thus making the process faster.



acid sequences is required. In addition, the extracted
Ca atons nake di stance conputation sinple.
Furthernore, the short peptides nmake w de range of
proteins conparable. Finallyg the enploynent of the
DSPs with inserted virtual am no acids maintains
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reference to the Figures, in which Iike reference
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protein of FIG 1. [0033] FIGS 3(a)-(c) illustrate the
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( accordance with one enbodi nent of the present
AOSRIEH T on. [0034] FIG 4 shows the exenplary addition
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presegmsichiivaty & specificity vs threshold val ue. [0038]

FIG 8 s n exenpl ary bl osunBO chart used for
10039 i | ar F%\BSS%”@ At ST Ak IRCESs afpbtainiag dhe discontinuous surface

pepti'd@\éﬁfhﬁah&n(-DSPD) from the training data in accordance with one embodiment of the
present invention.

[0036] FIG 6 shows an exemplary process of testing positive and negative test data
in accordance with one embodiment of the present invention.

[0037] FIG 7 shows the plot of sensitivity & specificity vs threshold value.

[0038] FIG 8 shows an exemplary blosum80 chart used for similarity score

calculation in the present invention.

Detailed Description of the Invention



Det ai | ed Description of the Invention 7 [0039] The
present invention nmay be understood nore readily by
reference to the follow ng detailed description of
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3D structure. Even though the 3D structure crea
exagple, vigany rabtinend privge daméasequqnotbyxsaanmlmwaemmrmm;e When

d en h.for .the process. t he present
one Bl B nET B0 Bhin Rarit TR oL 1 QR ppgiise spables us 1o
obtgin dusi KEthrhht@reﬁ DEStr tedudh 8h@ B DAstRICArE i dReaMd By sb@WAX alone is not
m no aci ds ( DDGLCYEGT GKYCCSPI GKYCVCYDSKAI CNKI
verified by actual experlments it is good enough for the process of the present invention.
[0044] Referring now to FIG 1, there is provided the 3D structure of a protein with
forty amino acids (DDGLCYEGTNCGKVGKYCCSPIGKYCVCYDSKAICNKNCT)
where all of the atoms are displayed. As shown in FIG 1, it is apparent that when all atoms
are considered in comparing the 3D structures of two proteins, the comparison would be

extremely complex and require high computer power,



where all of the atonms are di splayed. As shown in FIG
1, it is apparent that when all atons are considered
in conparing the 3D structures of two proteins, the
conpari son woul d be extrenmeBy conplex and require

gh co ut er 045] For, .each 3D fil e, h ,
[°°45L| vent é’éce@%'ép-"g?mgl%dﬁ? aS% frenty %%%S&}le &P a({%%reétf%é ljte atoms is

calctiBk@Ud b Qi5h 2OCHY difke Rﬁbvﬂ{‘%e@lfodé h?m@‘aﬁﬁl)lmg‘ﬂg&es FQ¥fttware can
exanpl e, the NaCcess software can used

be used wulabauéate e stevéﬂwe&&daé%ssfam areaur f ace ar ea [ 00461

ferri to F presents,al.l of th
10048 e ¢ MG S e 2> LRI P Y (MY Singlogiiolal flave been
extr@dtedfiomlihe KaetbleRCH PIG ¢OMeikBECtRAR @iprRgs bhRinflal e data of
of the 3D positions of the Ca atons. Then, the

the gRtnoaitioetofitiea Corateme Bippka extwaisd gpta ¢feheaD pasiowsiof the Cu

atonf NS Prilcleh 80 UBFELRANE BRRER TR el g BHELE! 1

rocess ronwith

[0o4rhe sol \ﬂé}ﬁh mcxmaﬂ:ﬁmsbﬂoﬁ with fhacelvdat fccedldibd nathckrdam obtained from
earlier .cal cuI ation, extract the surface Ca atons that

carlign Gl culaline i iraeiciBe shHfpee Sur dtawe tartdwve pelert acrgssibie surface area
owﬁrtﬁgﬁ?taeﬁx%é?Qﬂnﬂ YQue. F@hr &% Lﬁe‘chetsda R %de{rmé“ﬁ% t&e solvent

val ue for the solvent accessible r ace area I's
acceFhbleesxthacired isUPf dte eQaaatdamiaot | Co biemsseidl Beoused to generate the

r at as described in detail bel ow
DSP% g@ﬁc”‘ﬁﬁ‘s %?F)?g%‘a@m ve the probl em caused by the
[004@] Scont iYL tHBEINE hLhroBIAT &k8ed bR (1R @8BontiARus nature of surface
enbodi ment of the present invention provides a nearest

Co atemgHinsrenthedhnentfofithe presvet aventipndirseidet # nevess nsighbacmethod for

DSPs f omth at o
eon AR AP REGR utaChep e SISO R S B R G B S sovent
accevdblesurfifeard &dse sliannehigbefmifgl hade Wirhk an@stQQﬁ%ibbpﬁ@thod will
in detail hereinafter. [0049] Now referring to

be deegiped eydet%fh@rﬁ@aﬁ@st nei ghbor nethod is illustrated.
[DM@):]' rst, Pferltiy t%l%tsog?ai ?cl) r ﬁ‘}@rn%&%n{ ?et,lgl%o(l ﬁéiloﬁsh illustrated.

tom of one I sc6nti nuous face
Fustc; ahodze den€aaioar di ngrésentothe’ sttSr[aﬁhﬂ‘olrrC af oad didcbntiguous surface

peptgileéﬁ)]%l’ﬁy ﬁ%rcggtbzu fl%%%mbggg ?c{ %&%?pneq:}?@ﬁttl&}e i {qzﬂsr ﬁqthtgd that no surface
Co, KRB be (R BEOM @k REmbld Bhn &k BEPM the nearest Ca

atom w il represent the second Ca atom of the DSP.
[00500hen, f iTheh,tihel theacasit Ca abnmtnttbe fie CsemandhCacaexymCo, atom
..the nearest Ca, atomwl | third Ca om
will S aP feteostin, “Uf At of hEBISEDclhest Moy eweSudet Flen to the
secoh@ O Rtcih; thoaeheR s a@&rﬁ'vﬁﬂquieéént he hRledotddh JIELBSP. The

at om can appear twice in one
process is repeated until the desired length of the DSP 1s achieved. It is noted that no Ca

atom can appear twice in one DSP,

[0051] For a protein with n surface Cuo atoms, it is possible to generate n DSPs with
cach Ca atom as the first Co atom for each DSP.  All DSPs form a DSP database.

[0052] Prior to the comparison of DSPs between allergens and query proteins, all
DSPs are processed for possible addition of virtual amino acids. For each DSP, the distance

between every two neighboring Ca atoms are calculated according the equation (1) below:

distance = \/(xl —=x2) + (y1 - y2)% + (21 - 22)? (1



[0051] For a protein with n surface Ca atons, it is

possible to generate n DSPs with each Ca atom as the

first Ca atomfor each DSP. Al DSPs form a DSP

dat abase. [0052] Prior to the conparison of DSPs

bet ween al |l ergens and query proteins, all DSPs are
[00§¥]ocessed for possible addition of virtual am no

acids. For each DSP, the distance between every two
[006di ghbor whereGlistatiomss dlie disadnculmtmnadﬁorvdi ngighbéring Co atoms;

1) EO‘SQ%}}z 95 9% (g Do (opjaigeees oty Crovemy. dpiedlistance is

largh SRANGE Pr &i&&ﬁlll@é(ﬁ{%ﬁ@dbgﬁ%ﬁ Fhoﬁ“@ @ﬂu‘ﬁp aﬁﬁlogw&)é' ‘Nﬂg be inserted
Ca atonms; (xl,yl,zl) and’ (x2,y2,z2) are the positio

betwewr @F He églgbbomrh;ear@ao acidasAs siﬁowmm G4, ame eirtum] amino amd (B)is

than the. predet erm ned .t e o
inserRUSE D Rl NS BREATE R Rt SRR Ko, SlbEn 1 B! Giances are
calaugitghhal AIDgoRB1OOiraRI Q@mo&%mﬁ hewhskfedtHe BSPORA! be translated into
virtual amno acid (B) i nserted between two

in%flf@ﬁl@@nqdr@qa@ﬁcmnfaérn@@n( R and IC). Wen all the

st anc ssibl rtua
o 2% SR B, 90 LT L SR g
insdritpond dneare Artisiengiad deide ubnded Bf PIORET Bfom hOAB&Ren data set,
ol ¢ L8 F e CHrGErGHa D of Rédhy an%S%at;ﬁ’Sreo@al%@t@d according to
equﬂﬂldﬁ 8! dREHRR AES tHe tﬂ@#@dﬁed\/a‘?& EELJI M5 r(?glﬁxn distances is

| ergen data set, a nel ghboring
Choéﬁﬂstpéﬂdbtsthr%hald Iofthct tenpdbbélowethcanalic afhluu[sal BIA. Other values

cnBGEORELTE S Shems ) o] S v Hhen 1y T
amih® abids che bb hibas h h@'aﬁ;r] sn!ufhb'lé"@af‘sx appy %a%l@% tﬂeﬂﬁstﬁ?‘?&' @chween two

value is 757A. O her values can al so be used
neighfpaag o C6- C(Aﬂ@ &ass thee 2 W@%ﬁdhd thireshobt, ab vedyal améno aCId is inserted,;

IR T THOE T S
acidt fsdnserted ;g blﬁ):f dl@@n&arsqﬁoﬂeﬁhiarﬁ§ $intdRaut Zest RS ek '8? thﬁa threshold,

threshold, no virtual amno acid is inserted; if
two yirgel ARing acidrpre sEEe- 2 ti nes but less than 3 tines of

{OOSESEe thr %@Q’u‘{iuai QBfimd !1((1{1] ld?tl %@%@ %gcd % 1y ﬁiilnhérlé Sl égux’lng similarity

e distance I's nore ess han
scorei qaﬁlsla(brbntdwemﬂh‘rgeshaxh}d spectﬁADSIMIaflbmal In e N@ntaclilentagfethe present

56] The virt am no, acjd can be
‘“"eEE%‘i‘d ?ﬂ““‘él 65 w%é*ﬂdclépe 5 622 8t iHlpssighed withpyronglaraap penalty
of - @ﬁh@ryﬂh@tﬂi&ﬂn@@%ﬂﬁg 'a@ ehdvih APIGSPEGsEd for Bild %ﬁﬂhx‘?@.scéa@ cFlculatlon.
one enbodi ment of the present Invention, virtua
(0053 no adiid wedl knosat thet rastemsdape duﬂﬁtléaﬁhangﬂmcbf\anmm &id sequences,

o SRR BB B S T 5B Pt
are 8@l GelpBdde@Rd. One is that different numbers of amino acids in two proteins will
obviate the comparison; 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 protein; if the comparison

is done with the N-terminus 100 amino acids of the second protein, their apparent similarity



[0057] It is well known that proteins have different
| engths of ami no acid sequences, thus there are two
concerns if the data of surface Ca atons representing
different proteins are not fre-processed. One is that
di fferent nunbers of amno acids in two proteins wll
obvi ate the conparison; the other is that the
simlarity may be m ssed. For exanple, two proteins
.can performone simlar function (e.qg., .

will RGuBReh ol s ofg: hatuitise. Firsenat Skdraisinisve derrgnacted, the

smaflBfl rfufifbes OF QRHaR00: ABMO caf bl Bse AR tHehRidHRE thuBlber; whereby the
requires the whole amno acid sequence of the first

protgingt with Yagerontmberh cofCsuréacni fasatofst wdl decprdessedtieiona set of

conb ko ri IS ne with the N-termnus 100
dischunhl ERFRD b5 04ts neBud R s b PR Flpe Pacforms. Toen, e
discontifidods biryacd @eptidek vith@h&bEseBumIGWT suddde@ra 4th@s SMT hd&fnpared.

Ca atons_of each protein have been extracted, the
[0058hm| | estIhguliREh of castir PABecamabatdsimmingd e spesélée siuativas. For
f ] ; e ej i.th .bi [ o
e o DY AERERY bR BLL Sl O referablc thar
the sapthodf thai BEBNE iabuuss-2hirdhdiae doep! | O8solsyithg séthef DSPs can be
reference nunber, of surface Ca atons. Then, the
gen‘?ﬂ?@&&h‘ir}yrﬂfgﬁéméﬁ?lﬁmsﬂ@éts'i“éﬁe%“evﬁ 194t he same number of
rface c c T g ,
O TBaR o e Ao oo P TR, PBhfons of the
prinfiples o€ tmnpbent tnventicendtlivyafc brob nRSR migndbe td limintadbaebe of the

6 .to 49 amno acid. It is preferable that the Iength
PresgRUIBYRAUAEP | s about 15-25 anmino acids. O course, the
[cos6et of BSPevieapsbe generated in any other possible

ways that suits one's need. [0059] The follow ng '
[0088ix anpl es”arkmopmowllergans dpositives eHetgen tdue) appl 664t ¢antiol proteins
9 ringipl Qf the. present |nventi T re .
(negffivd D) BERRER a8 BUTEERE Blok T of il MM E 201
39-50r(2SENY. Thy @pLi Biks weBORM dFEXANRLERh [ppR6ik]in By dsiBMAnd negative
al | ,efr %ens (positive allergen data) and 654 control _
test setotlel ﬁssﬂ'u(:'ﬂéwt pRkEoyAs &) Wilbbe Getted hedugrohpmatogiqak modeling.
r.am B et 1Al Bi.@l:nf t . : -
Thel 3308 " b B erp S UMAL TP RObrockiion Rty of e
algopthot.ein in the positive and negative test set, if the
tructure i unknown, it will be created by Fugue
19068 0rrp) 0g\G4 ﬁ’i‘?&iéﬂ Privgyided h a3pra Aetaiied dlepgiipting Fithedreald cross:
validaios Procallirdad bt aBieM e\}%@ioﬁﬁﬁ.d PRl RN QGG AN was used to
the "algorithm [0062] Now there is provided a nore
verifyyéheat¢ et vaese of he abergof ptetitibive- fol d cross-
[006 iallleij? g:lg?)&ﬁrggﬁg_e %lr S%stét?ﬁ/eg%ﬁ%éérm I%engtgeg s%trs,e%laccﬁ Icggfaining 115

allergen sequences, where 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, and the negative
data were used as the negative test data.

[0064] 2. Obtaining discontinuous surface peptides (DSPs) from the train data

[0065] Referring now to FIG 5, there is provided an exemplary process of obtaining
discontinuous surface peptide database (DSPD) 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



verify the effectiveness of the allergen prediction.

[0063] 1. Dividing the positive allergen data into 5

sets, each containing 115 allergen sequences, where

the first set of the positivel all ergen data was used

as the positive test data while the remaining 4 sets

onbi ned_t rmthe train data, and the negative

@xtra%ﬂ% raE’r%F‘sg%l *g"sn ?"Iﬁ@%%’&j’é@@ 10%%‘% %“aﬁfé’ms[‘doﬁh?fe ghe surface Co,
ator@h@x!'ené 391vEhSARBs I Al B cf U £k 8 HfaHtsﬂ ﬁ%aetémﬁé& vz‘.meree-g <1.0);

the train data [0065] Referring now t her
therp fingingd eliscantimxanplidace pptides O9Fs) AiSt @i msngbed edrher then for each

o RSB B BB SRR SR oL L n

insebtg; PAESLMork WM i:8ino hBRs Af AL aBtahle ¢ ﬁfr;%o? thd B predetermined
I ]HEU|r|ng atrainin data set 11; then calcul ating
tn‘e@

d dé1 Vet trenstsiog iabll BSBuifta dénear @@imfcnamélsqulgq:ﬁs 112and finally
f
cutt efﬁi ﬂ)ﬁPrs_] gr)ftélrj? Itglgtgtgl g c%n’ﬁ]1¢> qulhOUBCId fng%uéllr&)any inserted

vutml @mdmas)a afOktoang alaﬁ;eqﬁSd:d@b@i ]SSJPS‘ aeethaDEsPD £&6S t han
predetern1ned value (e.g., <1.0); then finding
{00631 scont iPniEHYIENGFNE andasriteles{BPs) 15 as descri bed

[006?]3‘rI i er ’Retfé}ﬁﬂglngcv B3I 6D§1ere SY1aRd ag%ﬁcfg@glggy g}q%gscs of testing

tween two n&i ghboring Ca at o as de
posmmd and neeattvendpto me actordmice witlr bualemaoilineenaot dse pfeséidnvention.
stanc |s | arger than a pred tern1ned threshol.d 16;
Thet PRACSE r Ahsiast wgfd?lp"%@@s 2 [0 d11R ik 2 La fhofo caleygting the solvent

accRAALENERSe hiva GNgll BioRA! 2y th@ﬁ*’%kﬂuﬂﬁn@ldll gpaféolhé?g Fhen extracting
predeterm ned length (e.g., 24 am n6 acids inc

surfageyCe agams @4 then findinle disdontnewisduspye aadidss 355 thgn a‘bzt each DSP,

calo i G TG el v Fasto Bl EobE7IORBY by Arseg PR arer and

mseitﬁkg,':élﬁ 65 nioheratiad aRiRY hel@d iR MhceHSREALY 2RI GRAS a Predetermined
sting positive and negative data in accordance wth

thr eﬂwéd il wrewlatiog atl RS Bsrietledinear m@map@rsequenh@s %Vr Guiisg all DSPs
1ntozaolp§etd@1re%rﬁm\%t E%é% Fi%gln al%ulioe%ldg qtt’tgu(? %{g an 1g§eé§ego¥1rtual amino

cul a accessi bl'e sur

acidéd)) Z&tcemalaﬂﬁg tltd‘t&ﬂﬁllaxﬁyrsa@ﬁeb oo thel H)SI&aoiﬁQOS fr@d; the FNprotein with
cting _surface Ca atons 24; then finding

all tﬁﬁ’(@gﬁmq hadRP i ay ﬂ%ﬁ&@bfgsielzﬁlwég ol storiag theghagmem smparity score
as tlfé%s‘fﬂl‘c@&h Girh & tgé%r@@ e between two nei ghboring Ca

atons as descri ear ier and inserting one or nore
[0068]i r t ual Tamismoilatly dsoief bittveerditsd dSles verd defged dchaddimg to below
reg termned threshold 26; then translating all DSPs
eqwﬁwp Pnear ami no acid sequences 27; cutting all DSPs

1008 ﬁrgﬂiﬁwyﬁﬁg%?? SO A no acid(s)) 28

[067 ?lo?nmt ﬁte\,{/l?eg% t@(}g éﬁ h%\rﬁ:u Itut%)nr secsmé) Lettwrg:gn Qr%?r?o amgl 1 m peptlde X
and the amino acid i in peptide Y , according to the substitution matrix employed. 1 is the
length of the peptides.

[0071] As the similarity score, any suitable scoring matrices can be employed in
the present invention. For example, both PAM and BLLOSUM scoring matrices can be
used (e.g., BLOSUM 80 or PAM 30 etc). For example, BLOSUM: 30, 35, 40, 45, 50, 55,
60, 62, 65, 70, 75, 80, 85, 90, 100; PAM: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150,160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,



all the DSPs in the DSPD as descri bed bel ow 29; and

storing the maximumsimlarity score as the test

protein's simlarity score 30, [0068] The simlarity

score between tvvo DSPs were d&%ined accor di ng to bel ow
equati on gé %0069 Simlarity Score = s(XY)

3{(@@?@ 33hed 355(0)(3 §&; 3700 389,905 A% t4i1 0142004805 68,6450, 460, 470, 480,

d
R A S, COh R R s owBREFIG S Fon et 11 x
[oenpl oyed 4Stess 1-Bewerk eﬂ@bfédojnﬁmbﬁ Rt derent 89 GHdafSrom the 5
sim,| arl ty score, any suitable scoring matrices

Sc&';a?lf PeSaRRlisyesn fata ap e Pestiventesi damnilhosamEaet of negative data is
bot h PAM and BLOSUM scoring matrices can be

ref¥ANP! €,
used (e.g., BLOSUM 80 or PAM 30 etc). For exanple,
[OBI3DSUM 3D, TIRSmaditund 5imidddity 3bores GOm ﬁﬁ,th@gosxﬁ'&h arld negatlve test
30, 40, 50 0, 70,

0, .100; PAM 10,
dagébfn tﬁ%ﬁm% s e combpied g, usetkig oisen aqvmlmmgohreilgﬂd value that
odl0give 0, 290, 300
C uX giglé!sﬁsts%%@mg@ Qnd %g&x ég’preglélgs’. Ef%g 'n%g:gu%lg%mﬁzaﬁ score of a
prate ia bizgenen tlxmtbresldrﬁé valthe $it@ein 486 assifedQs anRtlepON. '

exe ar chart is shown i.n FI G 8. 72
ﬁ&%ﬁ% S&P@ﬁ‘”@* Wewgeasa@ﬁﬁ@wagf;@gfw %lnging:

St eps
set of data fromthe 5 sets of p03|t|ve aIIergen dat a

noac.at

as the positive-test—data—Tire—sane Regatve
data is reused. [0073] 5. The nmaxi !ﬁ)lﬁ&aﬁel arity
scores fromall the positive and neEtlve tgst data
in the earli gr—steps—v onbi ned fand used jt o obtain
an optimm t t%§t§*)@3k‘§gj that _ co gi ve |bédt
sensitivity and speC|f|C|ty resultsFNf the I mum
sirrilarity s tore—of—~a puumcnn:

threshol d value, the protein is classified as an
al l ergen. [0GfAL 1 ; an ensi tiyi
nmeasur ed accgriﬁl ngn?gﬁgﬁé %%‘%‘I{)% ng dSe @%‘&fs 1[#’%;3\/\?&?

Results J+ PFﬁInFNbE‘I\IofﬁEFBe:pmmeer of true positive

0 Lraet IR BN S

FN = nunber
= nurnber of true negstive
[0075] Results
[0076] Table 1. The threshold values, sensitivity and specificity
Threshold | Sensitivity | Specificity
0 90.82609 | 0.614439
10 99.30435 | 3.533026
20 98.08696 | 9.953917
30 97.21739 | 14.65438
40 96.69565 | 19.7235
50 93.56522 | 31.95084
60 §3.30435 [ 66.14439
61 81.73813 | 69.0937
62 79.82600 | 73.33333
63 78.26087 | 76.52842
64 76.86957 | 79.84639
65 75.13043 | 825192
66 73.81304 | 83.96313
67 73.3913 1 87.46544
68 72.86957 | 88.90037




TN = nunber of true negative [0075] Results [0076]
Table 1. The threshold val ues, sensitivity and
specificity Threshold Sensitjyvity Specificity O

99. 82609 0.614439 10 99. 30435 3,533026 20 98. 08696
9.953917 30 97.21739 14 65438..40 96.69565 19. 7235

50 93.56522 31.95084 6%0 §3136285| 61480430 61

81. 73913 69,0937 |62 7, 8260267, 3338% 1863 78. 26087
76.52842 64 76.869578079. 3463930465 9785008043 82. 5192

66 73.91304 83.96313 967 7333043 8846344 68 72.86957
88.90937 13 69 71.65207 9GoBEEW/| 9§805548. 26087
91.58218 80 65.91304187. 45008 909685530435 98. 4639
100 59. 82609 98. 9554520110 55@78%. D861bos120 51. 47826
99. 10906 130 47. 8260909947 67Zshe [1464A%F386957 99. 50845
150 38.95652 99.5084340 | 44.86957 | 99.50845
150 38.95652 | 99.50845
160 33.73913 | 99.50845
170 27.47826 | 99.50845
180 25.21739 | 99.63134
190 21.56522 | 99.63134
200 15.82609 | 99.75422
210 9.913043 100

[0077] Table 1 shows the threshold values, sensitivity and specificity. FIG 7 shows
the plot of sensitivity & specificity vs threshold value.

[0078] Another embodiment of the present invention provides a system for
predicting allergenicity of proteins using the process described above. 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.
[0079} 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.

[0080] 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.



160 33.73913 99.50845 170 27.47826 99.50845 180
25.21739 99.63134 190 21.56522 99.63134 200 15.82609
99. 75422 210 9.913043 100 [0077] Table 1 shows the
t hreshol d val ues, sensitivitiy and specificity. FIG7
shows the plot of sensitivity & specificity vs
t hreshol d val ue. [0078] Another enbodi nent of the
present invention providegayzgystemfor predicting
allergenicity of proteins using the process descri bed
above. The system conprises a conputer usable nedi um
ded, wi th conputer readabl e program coded neans
VVh%g?ggg??%?hing t he processes and storing prograns and
internedi ate and final data. [0079] The system may be
any el ectronic device that has a conputer readable o
L nedh gracessdetpsdiciing Fhecdlepspsity of 8 graiysrotFine saifl @eqaesiagmprising
the@ﬁ%*ﬁes i nclude PC, notebook, or the like. [0080]
e the present invention has been described with
r efpeodding throedanddstub B3 D) etrbadicdans ¢ a pliratityl df B@wn allergens;
unde{shgod that the ggbodinents ?re illustrative_ and )
t h&RIPIRENE sRlYEH: dspsstdo putace angst fos gl teang @f cach of the plurality of
kno®htgERRRd Ve enbodi nents of the present invention will
becone apparent to those having ordinary skill in the
ar textractinigi Ih pobigopy éaterfor eviveid am pedchi ofsthe Phahlity of known
i al ternate enbodi nents are considered to be enconpassed
NG ®hin the spirit and scope of the present invention.
Ac Q:Qi’rfa"étﬁ%' A pbdifoRCRRLIRTuRR O 888N ofl AA¥EBE RISty of known
descri bed by the appended clainms and is supported by
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inserting one or more virtual amino acids if the distance is larger than a predetermined
threshold;

translating all DSPs into linear amino acid sequences including any inserted virtual
amino acids;

finally cutting all DSPs into a predetermined length and storing all the processed
DSPs into the discontinuous surface peptide database (DSPD);

manipulating the query protein by the above relevant steps to get a set of DSPs;

calculating the similarity scores of the DSPs of the query protein with all the DSPs in
the DSPD and storing the maximum similarity score as the query protein’s similarity score;
and

predicting the query protein as an allergen if the maximum similarity score of the

query protein is bigger than a threshold value.



extracting 3D positions data for every Ca atom of each
of the plurality of known allergens; extracting 3D
positions data for surface Co, atonms of each of the
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7. The process of claim 1, wherein in the step of calculating the similarity scores of the
DSPs of the query protein with afl the DSPs in the DSPD, the calculation is performed

according to:
Similarity Score = Zj:l s{(X,Y)

where s(X; Y;) is the substitution score between amino acid i in peptide X and the amino
acid 1 in peptide Y , according to the substitution matrix employed. I is the length of the

peptides.

8. The process of claim 1, wherein in the step of predicting the query protein as an
allergen if the maximum similarity score of the query protein is bigger than a threshold

value, the threshold value is an optimum threshold value from all maximum similarity



where distance is the distance between the two

nei ghboring Ca atons; (xl,yl,zl1l) and (x2,y2,z2) are

the position coordinates of the Ca atons. 6. The

process of claim1l, wherein 4 the step of inserting

one or re.virtual amno  acids, the threshold is o
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atom of each of the plurality of known allergens;
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for aaelpDEPahe distance between two neighboring Ca. atoms and insert one or more virtual
amino acids if the distance is larger than a predetermined threshold;

computer readable program code means for causing a computer to translate
all DSPs into linear amino acid sequences including any inserted virtual amino acids;

computer readable program code means for causing a computer to finally cut
all DSPs into a predetermined length and store all the processed DSPs into the discontinuous
surface peptide database (DSPD);

computer readable program code means for causing a computer to manipulate
the query protein by the above relevant steps to get a set of DSPs;

computer readable program code means for causing a computer to calculate

the similarity scores of the DSPs of the query protein with all the DSPs in the DSPD and

store the maximum similarity score as the query protein’s similarity score; and



its 3D structure; wherein the surface Ca atons have a
sol vent accessi ble surface area value less than a
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per fornmed according to:
threshold is determined by obtaining the median value of all Ca-Co. distances in all pdb

files.

15.  The article of claim 9, wherein when calculating the similarity scores of the DSPs of

the query protein with all the DSPs in the DSPD, the calculation is performed according to:

Similarity Score = Z{; s{(X.Y)



dis tan ce = (xI - x2)2 + (yl - y2)2 + (zl - z2)2
where distance is the distance between the two

nei ghboring Ca atons; (xI,yl,zl) and (x2,y2,z2) are
the position coordinates of t Ca atonms. 14. The
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