I  PROCESS AND SYSTEM FOR PREDI CTI ON OF PROTEI N ALLERGENI CI TY USI NG

DI SCONTI NUOUS SURFACE PEPTI DE SEQUENCE AND VI RTUAL AM NO ACID Field of the
| nvention [0001] The present invention generally relates to bioinformatics,
and nore particularly to a process and1system for prediction of the
allergenicity of a query protein using discontinuous surface peptide
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current treatnment of allergies relies chiefly on synptonmatic therapies

that include antihi stSEQEENCHRANDOVIRTUAL, AMINOSAHTE cases,
i nj ect abl e epi nephrine. However, it is well known that allergies can be

~prevented if an allergen is known to and avoi ded by an allergic individual,
so the effective way to prevent ﬂlhgrg i.s al | ergen avoidance. It is even
more effective when the allergeh¥'GP Mﬁﬂﬁ?@ﬂﬂg‘in our food. If any protein
in the food is known as a potential allergen, any allergy induced by the
allergic protein can be prevented by avoiding the consunption of the
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| i kel i hood of an i mmune response to the allergenic protein, normally in

the formof either an i nmunoglobulin E (1gE) anti body 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 exam ning a prot eiBackground cfehehsventiof SO as to determne its
sequence simlarity to known allergens. [0004] One exanple of the sequence
simlarity approach to allergen detection is based on the " eight am no
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sear ches thgmost common cause of chronic illness in developed countries. The current treatment of
allergies relies chiefly on symptomatic therapies that include antihistamines,
corticosteroids or, in severe cases, injectable epinephrine. However, it is well known that
allergies can be prevented if an allergen is known to and avoided by an allergic individual,
so the effective way to prevent allergy is allergen avoidance. It is even more effective
when the allergens are proteins in our food. If any protein in the food is known as a
potential allergen, any allergy induced by the allergic protein can be prevented by avoiding
the consumption of the allergic protein.
[0003] The assessment of whether a protein is allergenic includes three main
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 amno acids that are identical to any segnent
of a known allergen (food, inhalant or contact allergen). Because the
identity of eight ami no acids between 2 proteins rarely occurs by chance,
such an occurrence is thought to be a g@od indicator of potenti al
allergenicity. O her nethods for sequence search include: a mninmmof 35%
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two 3 processes and systems for prediction of allergens using discontinuous surface peptide

sequence and virtual amino acid.

Summary of the Invention

[0006] One embodiment of the present invention provides a process for predicting
the allergenicity of a query protein. The process comprises the steps of providing three-
dimensional (3D) structure data of a plurality of known allergens, calculating solvent
accessible surface area for all atoms of each of the plurality of known allergens, extracting
3D positions data for every Ca atom of each of the plurality of known allergens, extracting
3D positions data for surface Ca atoms of each of the plurality of known allergens 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 (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



nei ghboring Ca atons and inserting one or nore virtual amno acids if the
distance is larger than a predeterm ned threshold, translating all DSPs
into |inear am no acid sequences including any inserted virtual am no
acids, finally cutting all DSPs into a predetermined |ength and storing
all the processed DSPs into the discontinuous surface peptide database
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files. [Ogiﬁhpgqb £99% hgknedpdi ment of the process, in the step of
calculating the simlarity scores of the DSPs of t he query protein with
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DSP the distance between two neighboring Ca atoms, the calculation is performed
according to:
[0010]  distance = 4/(x1- x2)* + (y1 — ¥2)* + (21 - 22)?

[0011] where distance is the distance between the two neighboring Ca atoms;

(x1,y1,z1) and (x2,y2,22) are the position coordinates of the Ca atoms.

[0012] In another embodiment of the process, in the step of inserting one or more
virtual amino acids, the threshold is determined by obtaining the median value of all Ca-Ca
distances in all pdb files.

[0013] In another embodiment of the process, in the step of calculating the
similarity scores of the DSPs of the query protein with all the DSPs in the DSPD, the

calculation is performed according to:
[0014] Similarity Score = E;I s(X.Y,)

[0015] where s(X; Yj) 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.

[0016] 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



[0016] In anot her enbodi nent of the process, in the step of predicting the
query protein as an allergen if the maximumsimlarity score of the query
protein is bigger than a 4 threshold value, the threshold value is an
optimum threshold value fromall maxinmugpn simlarity scores fromall
positive and negative test data that could give best sensitivity and
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wherein the set of DSPs have the same number of amino acids, computer readable program
code means for causing a computer to calculate for each DSP the 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 compﬁter 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



set of DSPs, conputer readable program code nmeans for causing a conmputer to
calculate the simlarity scores of the DSPs of the query protein wth all
the DSPs in the DSPD and store the maximumsimlarity score as the query
protein's simlarity score, and conputep readable program code neans for
causing a conputer to predict the query protein as an 5 allergen if the
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[0024] In another embodiment of the article, 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:
[0025] Similarity Score = 2;1 s(X.Y,)

[0026] 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.

[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 Ca 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



scores fromall 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-alignnent of amno acid sequences is
required. In addition, the extracted Cagatons nake di stance conputation
sinple. Furthernore, the short peptides nmake w de range of proteins
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process faster. [0029] The, objectives and advantages of the invention wl|
become apl8%®Rnt frohie ehiectivss radadantages of the igeadiop pyill fiscome gpearet fepm
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present iacempamymmgmMdatvingsw be described with reference to the Figures, in
which |ike reference nunerals denote |like elenments. [0031] FIG 1 shows the
3D structure of a protein with forty amino acids with all the atons

present. [0032] F1G 2 shovs mdr Isedifiiod 9 ik Srayahgys that have been
extracted fromthe same protein of FIG 1. [0033] FIGS 3(a)-(c) illustrate

t he nearest nei ghbor nethod for generating DSPs in accordance with one

enmbodi nen t he esent, i nvention. [0034] . FI.G 4 shows the ex | ar .
S0 et on et LN, PEERFR MSTCRR arORTH (b h Brrl R bt TR Bhuous
surface pégtdistdl (bRkfdréhcaCeothdarigredl i vk BRDSRBed n@ferdld et Jikot

i nvention. [0035] FIG shows an exenpl ary process of obtaining the

di scont i neleentsur f ace pepti de database (DSPD) fromthe training data in
scoor o onerensSubUE i 8 4L LRSI NANLIR bR S |,
accor danctheatdnts graenenbodi nent of the present invention.
[0032] FIG 2 shows all of the forty Ca atoms that have been extracted from the
same protein of FIG 1.
[0033] FIGS 3(a)-(c) illustrate the nearest neighbor method for generating DSPs in
accordance with one embodiment of the present invention.
[0034] FIG 4 shows the exemplary addition of one virtual amino acid (B) between
R and K in a discontinuous surface peptide (DSP) in accordance with one embodiment of
the present invention.
[0035] FIG 5 shows an exemplary process of obtaining the discontinuous surface
peptide database (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



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

val ue. [0038] FIG 8 shows an exenplary bl osunB0 chart used for simlarity
score calculation in the present invention. Detail ed Description of the

I nvention 7 [0039] The present inventipn may be understood nore readily by
reference to the followi ng detailed description of certain enbodi nents of
the i nvenihhan. [ 00 . I i i ¥ i i are
ref erenc e@Pﬂ? he d flg%: g%l%ér}lg gﬁkge?‘h? {!l E&llsagf %3@4’4%%&9‘%%8 re\gitr%gﬁ]ﬁ'e f&z g%/&%ﬁ%éogg% Fat ed
by ref er efotlewingdetdikid rdesmniptiogloff e&tain embeoditehs offily) in¢aitioan i n order to nore
fully describe the state of art to which this invention pertains. [0041]
In the fol®P¥hing de’f]gp}l%l%?"&legﬂ? i fpligptions ywhene; publieations e o Ted@rengedy t i n
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i nvent i onintmthibapphicatetn inestder tbhoot fulle describs fhecitdte of dettaiwhich this intdngion

i nst ances | I -known net hods, procedures, conponents, and materials have
not been 2% bed in detail so as not to obscure the present invention.
[0042] | nioparg embodin BB FolRfwih EetRl &P @bribiE BhdcAtb ddidiR £e b& P siadk 8
process for prediction of protein allergenicity using discontinuous
surface penevidgdesthenehghi wndgestandingnof thecindentioBr | Hbwgyert iewil be esderstonbbyses

the st tjna _DSP di i 1t ual i i.d(s) .intq, th
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between an al |l ergen and a query protein is done on the basis of |inear

ami no aci aEglsdarerot been desgribed inglelahtd asaiof fp ehsawredke pent ByyeRtiehent  of
conmput er BEX@ r. The[[ﬁ ShOEmBO AL ot ¢ nge%&gqﬂ%tnﬁgﬁ,' 1%39 ﬁmfﬁepraéﬁ {eﬁs kg any
subst ance having a [ near am no aci equence, Pnct udi g pol'ypeptide and
protei ns pmdictien of prodéinallgrgeniity ngig disdontinlvelisaifhse pépidasidid vietal arhino

short pol tide, peptide may be used. The process will be descrihed .in
detail hetai. Brichpatie FReesssosuKiser ?heesta_%ﬁ of geneprtigePRSs 78 8die iRt
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proteins' 3D structure are avail able. Wien e protein only has 1ts am no
aci d sequgarsearaViaigenitha pradeteamnined ohtesbold. ehnlthiesways the cooiphesom bf HIB
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so that it dramatically reduces the requirement of computer power. 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.
[0043] 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 fhe 3D structure created by software alone is not
verified by actual experiments, 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.



verified by actual experinments, it is good enough for the process of the
present invention. [0044] Referring nowto FIG 1, there is provided the 3D
structure of a protein with forty am no acids

( DDGLCYEGTNCGKVGKYCCSPI GKYCVCYDSKAI CNKNg'T)  where all of the atons are

di spl ayed. As shown in FIG 1, it is apparent that when all atons are

consi dered.if) conpagin structures of .two otein t conpar.. son
woul d be B%é( renel yﬁ%ro%%wﬁj gﬁ% § %&valggt ﬂ?cﬁ?ﬁl%eé £ rafﬁ%i%fr E.ﬂpghe f%gjﬁg]s For
each 3D f¢dl@latedaccoedivg i arBcsrabskidven SdtHods. eF & &ambl, eI Nactée saft@am® dah

cal cul ated according to any of the known nethods. For exanple, the Naccess
sof t war e Peased e caledaterthe solyentipeessiblpsudeneisst accessi bl e surface area.

[ 0046] Re ing t . i r |10 r have
been ext gézé ed fr g%giteﬁg?gs?rrglcgrzg? gp Itrﬁg(?)rﬂé E}lé fl&lg%ltet?edx%/?tgfg’f ia%ér)][n}gagte rrpqr?e:eges
obt ai ni ngextiaeteddtam dlfie sainfreprdiipoSFIG dnThefextrhgtionacoaippizes obthiaing thédata of

extracted, data of .the 3 ositions of the Ca atons_is saved.intq file
and used %%ﬁ?es?%%mofttﬁ%%ar%m-nsfm ﬂflwetﬁ?&ed;fia&e%@? %wﬂonﬂ%ﬁﬁe A
conbi nat i ghmid HvEddits QlRYEMd REE BSRbRIsEntTHE %@fﬁ%ﬁﬁtﬁt&?bﬁdc@%q from earlier

cal cul ation, extract the surface Ca atons t ave sol vent accessi bl e
surface alioe47] | ower Thérain eompbieatéinewith tedsolhantiaccessihle suréarpldeta dbkened from

determ ned val ye. for th | vent i bl r.f i .0. Th
Pt r act et Lt uliione PRt Ui TR Gadtions R MBS Fu ETce bl SurHesEN bed
i n detailiohet @in 4 pRABkrhe@NERE. For 2RhvMBlel IR REQUBITMGRHISH RS Blvent

di sconti nuous_nature of surface Ca atons, one enbodi nent of the present

i nvent i onagsessiilelserfacernaen is dt0. nBhaytuikaetedsutfaet €oatomyanidrhstused tagensesie theuous
surface pﬁgﬂ?se&s&lt%ﬁgdsi)ndfe{aﬂrgﬂw surface Ca atoms with solvent accessible
surface area ['ess an a pr edet érm ned val ue. The nearest nei ghbor net hod

will be gessiri bed Imordet ®&idolveethe brobldre cauded®¢Ihe MNovvntiaheus iange tod shrif4sd
3(a)-(c), .the nearest_ neighbor method is illustrated. First, choose one Ca
atomto rEpre@sneng sibediment eftheprssrninvspeompLovisiss p Reues nsighbercaethad fri de

DSP) ; thj 2 ' : ' jf j i S t hat
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will represent, the ecoﬁld . atom of the DSP. Then, find the nearest Ca
atomto t Serby tail hereinatter.
[0049] Now referring to FIGS 3(a)-(c), the nearest neighbor method is illustrated.

First, choose one Ca atom to represent the first Ca atom of one discontinuous surface
peptide (DSP); this can be done according to one’s specification. It is noted that no surface
Ca atom can be the first Ca atom in more than one DSP.

[0050] Then, find the nearest Ca atom to the first Ca atom; the nearest Ca atom will
represent the second Ca atom of the DSP. Then, find the nearest Ca atom to the second Ca
atom; the nearest Ca atom will represent the third Ca atom of the DSP. The process is
repeated until the desired length of the DSP is achieved. It is noted that no Ca atom can
appear twice in one DSP.

[0051] For a protein with n surface Ca atoms, it is possible to generate n DSPs with
each Ca atom as the first Ca 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 = J(xl - x2)* + (¥1 - ¥2)?* + (21 - 22)* (D




atom the nearest Ca atomw ||l represent the third Ca atomof the DSP. The
process is repeated until the desired Iength of the DSP is achieved. It is
noted that no Ca atomcan appear twice in one DSP. [0051] For a protein
with n surface Ca atons, it is possiblegto generate n DSPs with each Ca
atomas the first Ca atomfor each DSP. Al DSPs form a DSP dat abase.

[ 0052] Prf % to the conparison of DSPs between allergens and query
proteins, a3|] DSPs are processed for possible addition of virtual am no

aci ds. quomch DSRyhdrbedistdhct anae b@taweerbemeewhé Worh@élgwmh' n@a G&m&?d, oms
are cal cul at ed accordi}znzg the equation (1) below. distance = 2)2

(yl - y2)&Lylzl) and byl 20)yarg thq pesn ¢qpodinatesyploibe (o atomscdf F}§3 c{lﬁgnqg, 18t ance
bet ween tj{ ' ( , he
posi 1 on At é‘?%&?%%ﬁbéﬁ?{e?ﬁ%e@h%%%ﬁéa o o il Mint i i e ifetel 17
pr edet er nbateeert the éwb abighbatie amninoacisy iAd dhalvnaniFio 4aohd sirteal eim1lne acid(@)t ed

bet ween the two_ nei ghboring. no aci.ds. As sho i | G 4, e virtual
ami no aciid Ipgsyted; bg“’?eﬁEéWPéW@@P%% RN, acids ghissd gmﬂéﬂé@? Hgstwesa%a K) .
Wen al | éaﬁ'&ﬂé{é@hﬁﬂﬁgﬁoéﬁe vighCathiabediad et 1ﬁéérte80t'ﬁ§ iDYPR Will'deahsiail igoaci ds

are inserted, the be translated into 1inear amno acid sequence
I nfor matllmear ppd®5icid sq:qmweemﬂbudatmnt of the present i nvent | on, the

predetern threshold f r no .acids is
obt ai ned ”fg@&rﬁol | ons ™ BESH é’ﬂ“’é‘?r} é’if i)}ben‘gﬁsﬁ’%mggltmn Ipr%ﬁe ﬂﬁ%ﬂd

Ca- Ca di singéi6ifs ohdlohbredfirthdl AP aditld RObMIR IR S, qctoﬁpﬁpcﬂmg& dafh set,
equation (1) described above; then the nedi an value of all of the Ca- Ca

di st ancesall 8f ﬁmﬁ%&h ofigg ea- € dlistances iropl of Ithe pdte filex anp celoweted accerdingriedi a
value is gqugégx'g‘ 13 Efbe %{)(y&e i the g‘leﬁ%nl%fglut"ejso??lll aF thek@a-bh rdgsﬁ}l%sdls cﬁ‘£§ Gr ot he

t hr eshol d nsertron o am no S can be done in

any suit afol & maylsreslﬁxw &x depdampld bélbw, dieshedis ealluetly\@emmvmthaewghézoafanng
Ca-Ca is Iesg n 2 tlmag of the threshold no virtual amng acid is
e

i nsert ed: al59 agithe thrrsholds Afisr dhe thegsholdyis %gm%ttm @@%mpnézﬁ vistua] o
the thresm&sdcm%@ Kkt aanﬁ@hfaéble thh ﬂ@,%e&ﬁl He &id@ncH PLRRER thd Nore

than 3 tinmes but esst an 4 tines thre two virtual am no

aci ds ar endiglseringCa-Ca is less than 2 times of the threshold, no V1rtua1 amino acid is inserted; if
the distance is more than 2 times but less than 3 times of the threshold, one virtual amino
acid is inserted; if the distance is more than 3 times but less than 4 times of the threshold,
two virtual amino acids are inserted.
[0056] The virtual amino acid can be assigned any numerical value during
similarity score calculation according to any specific situation. In one embodiment of the
present invention, the virtual amino acid is treated as a gap and assigned with a constant
gap penalty of -8 when the blosum80 chart as shown in FIG 8 is used for the similarity
score calculation.
[0057] It is well known that proteins have different lengths of amino acid
sequences, thus 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 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



[ 0056] The virtual am no acid can be assigned any nunerical value during
simlarity score calculation according to any specific situation. In one
enbodi ment of the present invention, the virtual amno acid is treated as
a gap and assigned with a constant gapigpenalty of -8 when the bl osunB0
chart as shown in FIG 8 is used for the simlarity score calculation.
[0057] It joseidehl; t LI e Al ff ' aci d
sequences]? Oﬁ%u’s £ léﬂe artesmtqif/l\o gﬁgebreﬁtslﬂl ’t'ﬂ{erﬁgfgegq% é@%rg% g‘ég%&?g{%ﬁ%

r epr esent protein dintd beeantxtiacted,etha smatlest muinber of purfire CeesiomEeean bs ukdthis the
different_nunbers of amno agids in t) roteins wlLl qbviate the,

conpar i solf?,?erF’ﬁC@ IB’t‘ﬁéerr %efﬁmﬁletm@eg}sm\{gﬁ)&gsr RRpOHE O%rﬁlggéﬂ. a gtgpps il b e
two prot epRgesad iR6d SEtMOMEcortiThbiR sulrRE (eBRddsehdling MAORRAGIR! AnhiR)ofbut
the fi rs% has 100 am no acicds 1and tshe secdgﬁg %OO énr% no aciﬂg, and thoe
functi on suwtpge riess atoims.  hherl, shaudiseontiiods sede@npeptides whith the rssme pruter rofbut
only the C-%%r@'%gos of tbhe second protein; if the conparison is done with
the N termHUS TP BRSPSt the second 10 protein, their apparent

sinmilaritgosd)l | be Thesafhth biwsch AIreCard e &KhAcR B sHSH® sRlatRAEN For
protei n have been extracted, the smallest nunber of surface Ca atons can be

used as t&@mefthe dneth plieashDSRumey disyfret ebputot &1 #& aminotackd. glids praferbbles of
surface (| k iknto a _set of. discoptinu urface
ept | dos. e et of dReDSPIERERETE S Obing by D cuBE IR SR G B

di scont i ngosatalinfayetine pbssitds wal$ that igtsoas® needrber of surface Ca atons
can be corrBared. [0%‘-‘;8] he | ength of each DSP can be deterni ned by

speci fi c BPPati onsThede!

. : y
ovang Fsh@ples ree PEqiadad tor Llkisteate Mupaprlicaiens phcabout
6 to 40 apg i b 3 er a t 1k ' out
15- 25 am ha 2R et heptess IRURHERZPh, arct¥msitins SR B LRI ZRREpk OL B
ot her posplekdng imapton.hat suits one's need. [0059] The followi ng exanpl es

o esent | HO8: Pon.  IRAMEFESDY M6 means i ntended to [imt Che scope of the
present ipgention. EPOBALWEXAMLES (R0 AbBrdiNaNE) ahd sASBSntidOSblcine
all ergen data) and 654 control proteins (negative data) were obtained from
the |ist (messRjdatdl werd obtaingd. frémithé H§toromiBjoklaaiet al.)(Bioinformatics 201 (1):
39-50 (2005)). The input files were pdb data. For each protein in the positive and negative
test set, if the structure is unknown, it will be created by Fugue homological modeling.
They are used in the five-fold cross-validation to show the prediction accuracy of the
algorithm.
[0062] Now there is provided a more detailed description of the five-fold cross-
validation procedure to perform allergen prediction. Five-fold cross-validation was used to
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 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



39-50 (2005)). The input files were pdb data. For each protein in the
positive and negative test set, if the structure is unknown, it will be
~created by Fugue honol ogi cal nodeling. They are used in the five-fold
cross-validation to show the predictionqaccuracy of the algorithm [0062]
Now there is provided a nore detailed description of the five-fold cross-

validatio rqsequre t o perform allerge redi ction. FEive-fold
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contai ning 115 allergen sequences, where the first set of the positive
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enbodi menj7;0hd HAGHPERBRE bl DVRThio reag?équn&cl@§§th§9 SbabhSndhdidy inélﬁgi‘d'g” ng
a training data set 11; then calculating the sofv nF accessli bl e surface
area for aiy indetted avirtuad atho adid(s)) @rd stacing alj tiespratesssl NDIPs intethe NEPTHES.

extractin rface at.ons 14 where the surface Ca atons have a sol vent
apcessiblgoéﬂrface:gﬁgﬁa?%E@ﬂ?ﬂ%ﬂ%awﬁwgﬁﬂ?%%ﬁ?ned value (e.g., <1.0); then
finding djogegnt i nUOREfeRH AGR 16 PG 6l Aseré BSFIRNidd® adexE8plly BRRRATI thfing

then for each DSP, calculating the distance between two nei ghboring Ca
atons as Pepiverandepgatiye delp inrpgcordanset ity oneembedimeng of ithet prgenh ivestiesi ds

transtati 1o dceal S, iR Rl RORAE il OB AANAE" Syt ' Ry

cutting ahdcedstiPs sufice @edbEeBtRsmE RRAtHeR RYtrhctng. 41 CaZAorAMBOthes ieflfacting
i ncl udi ng ny inserted virtual amino acid(s)) and storing all the

processed’ Garfttems Bd: thspriindgng diseuispows, surlase perfidse St fige fanerchddeli ve
test dat g?e{laﬁﬁﬂg BRF 8istnPg vaRMEdOtld %e&\i;b&@rg @al StolsO¥d A8 BB .%%ﬁﬂf@?l Ay

process testing positive and negative a in accordance w one
enbodi meninsating hee pr asamwet vitttalearhino racids Tifi ehgp disaases is2Mirgdr athirs avirédetgpmineddi ng
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DSPs into a predetermined length (e.g., 24 amino acids including any inserted virtual

amino acid(s)) 28; calculating the similarity scores of the DSPs obtained from the test
protein with all the DSPs in the DSPD as described below 29; and storing the maximum
similarity score as the test protein’s similarity score 30.

[0068] The similarity score between two DSPs were defined according to below
equation (2) as:

[0069] Similarity Score = EL} s(X.Y) (2)

[0070] where s(X; Yj) 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.

[0071] As the similarity score, any suitable scoring matrices can be employed in
the present invention. For example, both PAM and BLOSUM 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,



surface Ca atonms 24; then finding discontinuous surface peptides 25; then
for each DSP, calculating the distance between two nei ghboring Ca atons as
described earlier and inserting one or nore virtual amno acids if the
distance is larger than a predeterm nedi2 threshold 26; then translating all
DSPs into linear am no acid sequences 27; cutting all DSPs into a

pr edet er m 1 i i NGl udi | 43S vj gt ual
i o aci Gy oz dboitpof o Bhabs B 4o {1520 £ 8 BRGFeLied o
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and storing_ the maxi mum simlarity score as the test protein's simlarity
score 30. IOBZPJGS] The ¥FR§ 1-3rverg repegted HEmge asingpdifisrent geirad dates frop dhe S
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peptide Xreusad the amino acid i in peptide Y, according to the

substitution matrix_enployed. 1 is.the length Oail he %egtid 8'6%0071 As
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present i gue fheRarlfe stefX FERY &mm@dmnﬁfﬂye@ﬂﬂo@&iﬁwgﬁﬁm fhgesHBILVaRRShAAN be
used (e.g., BLOSUM 80 or PAM 30 etc). For exanple, BLOSUM 30, 35, 40, 45,
50, 55, eoildgive 851 saBitivity, andOspedbicity Bgsult®O If PreMnatigyun? Simikeity 4@®re 562 60,
70, 80, 90,.100,,.110,. 1 130,, 140, .150, 160, 17Q_. 180 0, 200, 210,

220, 230, POK lsﬁ%%er%%gé%?é’%’o‘fﬁ%&e Pipfsm lifk‘s%*%‘? a%%’oa,]‘%é%ﬁ; 340, 350,
360, 370, [088), 390, THOShecHiledy4al serfsitfity4dde nftafired 8 ordidDio tHSEbllowdRH, and
500. One exenpl ary bl osunB0O chart is shown in FIG 8. [0072] 4. Steps 1-3
were repeated 5 tinmes, using a different set of data fromthe 5 sets of
positive allergen data jas the positive test daks he.sanme set of | negative
data is reused. [0073]] 5. The maxi mum sim | ayse;acg;?'o +omati+] t he
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[0074] The specificity and sensitivity were neasured according to the
fol | ow ng:

TP = number of rue positive  Sensitivity =TPATP+FN)
FP = number of false positive
FN = number of false negative  Specificity =TN/{TN+FP)
TN = number of true negative

[0075] Results
[0076] Table 1. The threshold values, sensitivity and specificity

Threshold | Sensitivity | Specificity
0 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 |
60 83.30435 | 66.14439
61 81.73913 | 69.0937
62 79.82609 | 73.33333
63 78.26087 | 76.52842
64 76.86957 | 79.84639
65 75.13043 | 82.5192
66 73.91304 | 83.96313
67 73.3913 | 87.46544
68 72.86957 | 88.90937




Di sease Test Results L + P FP FN TN TP = nunber of tarepositive
Sensitivity =TP TP+FN) FP = nunber of fal se positive FN = nunber of false
negative Specificity =TNI TAI+FP) TN = nunber of true negative [0075]
Results [0076] Table 1. The threshold v ues, sensitivity and specificity
Threshol d Sensitivity Specificity 0 99.82609 0.614439 10 99. 30435 3.533026
20 98. 08696 9.953917 30 97.;121739 14.’%&’2% %81%3269565 19. 7235 50

93. 56522 31.95084 60 83.30 514 0250 1 3’{5 ngl?) 69. 0937 62 79.82609
73.33333 63 78.26087 76.528 54— g 3();47 L)-}"- s 39 65 75.13043 82.5192
66 73.91304 83.96313 67 73. . 353 2% g "'tzg 957 88.90937 13 69
71.65217 90.16897 70 70. 26( 9158218 43| 8489944 97 45008 90 63. 30435
98. 4639 100 59.82609 | 98.95545
110 56 98.98618
120 51.47826 | 99.10906
130 47.82609 | 99.47773
140 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
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[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.



100 59. 82609 98.95545 110 56 98.98618 120 51.47826 99.10906 130 47.82609
99.47773 140 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 9.443043 100 [0077] Table 1 shows the
t hreshol d val ues, sensitivity and specificity. FIG 7 shows the plot of
sensitivity & specificity vs threshold value. [0078] Another enbodi nent of
the present invention provides a systemfor predicting allergenicity of
proteins using the process descri bed GIlwIMS The system conprises a
conput er usabl e nmedi um enbedded wi th conputer readabl e program coded neans
for perform ng the processes and storing prograns and internedi ate and
final datqﬂmikQ$ﬁ§&d£Qe system may be any el ectronic device that has a
conput er readable nmedi um enbedded with conputer progranms. The el ectronic
devi ces include PC, notebook, or the Iike. [0080] Wiile the present

i nvention,has heen described,.with reference.to particul ar .enbadi nents, it
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inventioncéﬁ@ﬂ%mgﬁe@@¥5§9 limted. Alternative enbodi nrents of the present
invention will econe apparent to those having ordinary skill in the art
to which the ppreyiing threediticosiongddBDastnecturSdata ofi b phurality of ndonl pheraens; ar e

Civent  on. AccBIIRGTE DA siatiBlegpHir i dre APRodhcranor ¢ HaBliSieq by
t he appeng@sivichldgdrgensand is supported by the foregoing description. 14
CLAIVG extracting 3D positions data for every Ca atom of each of the plurality of known
allergens;
extracting 3D positions data for surface Ca atoms of each of the plurality of known
allergens 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 (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 Ca atoms and
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.



VWhat is claimed is: 1. A process for predicting the allergenicity of a
query protein, said process conprising the steps of. providing

t hree-di nensional (3D) structure data of a plurality of known allergens;
cal cul ating sol vent accessible surface ggea for all atons of each of the
plurality of known allergens; extracting 3D positions data for every Ca
atom of each ofpd P& cBWralaih), h ﬂéﬁlfot% ré@ete%%%ﬁ?éngﬁ?&fraﬁ%ﬂsbgis DiPPRinb! ONS
data for surface atons o eacﬁ of the plurality~of known allergens to
representadids 3D structure; wherein the surface Ca atons have a sol vent
accessi ble surface area value | ess than a predeterm ned threshol d;
generating a set of discontinuous surface peptides (DSPs) for each of the
pluralitys of kROWHRE 6f BRAS 2, WiRt&h hd BReRimiled D&ish havg bEps sams.ounber
of amno acids;_ calculating for each DSP the distance between two

nei ghbor i #gingacwisoms and i nserting one or nmore virtual amno acids if the
distance is larger than a predetermned threshold; translating all DSPs
into |inear am no acid sequences including any inserted virtual am no
acids; fiaallyTheiptdcbg ofl dlaildSESvidéif iR 1Ry feebeEscRffle£ROLNDIPE, the SMY al |
t he processed DSPs into the discontinuous surface peptide database (DSPD);
nmani pul at R gensiated bz ayneprest nsighbeymethodabove rel evant steps to get a set of
DSPs; <calculating the simlarity scores of the. DSPs of the query protein
with all the DSPs in the DSPD and storing the maximumsimlarity score as
t he quer y5.pr ot Ehépocedsriflcuimtly wheedt &, thasdp prf eslewlhtinggfol B&hdDSP yhepliatugden as
an allergen if the inumsimlarjity score of the _query protein is bigger
than a t%?f‘é?ﬁ?ﬂ W%%qq%wils agton, dheycaleudationgs penf%mﬁif,ccvﬁ@géwn t he
predeterm ned |l ength of all-DSPs-is 6-40 amino acids. 3. The process of
claim2, wherein t#istprasdederlm xR +(ghgtB)of (A4 z2055Ps is 15-25

where distance is the distance between the two neighboring Ca atoms; (x1,y1,z1) and

(x2,y2,72) are the position coordinates of the Ca atoms.

6. The process of claim 1, wherein in the step of inserting one or more virtual amino
acids, the threshold is determined by obtaining the median value of all Ca-Ca distances in
all pdb files.

7. The process of claim 1, wherein in the step of calculating the similarity scores of
the DSPs of the query protein with all the DSPs in the DSPD, the calculation is performed

according to:
. . i
Similarity Score = EH s(X,Y))

where s(X; Yj) 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.

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



am no acids. 4. The process of claim1, wherein in the step of generating a
set of DSPs, the DSPs are generated by a nearest nei ghbor nethod. 5. The
process of claim1, wherein in the step of calculating for each DSP the

di stance between two nei ghboring Ca at1gs, the calculation is perforned
according to: dis tan ce = (xlI - x2)2 + (yl - y2)2 + (zl - z2)2 where

di stance krdsheofl 2113 i@em%gﬁt@\% gé@? 436 di?od’oiuﬂg éa% BLe n&h%{iéi%yhyahdﬂ )

and (x2,y2,z2) are the position-coordi nates t he at ons. e
process ospegifigitprrdsultwherein in the step of inserting one or nore virtual
amno acids, the threshold is determ ned by obtaining the nedian val ue of
all Ca-Ca distances in all pdb files. 7. The process of claim1, wherein

in the step of Agatedidt 6f mBGuIh&BreSEothpdihd:y Scores of the DSPs of the query
protein with all the DSPs in the DSPD, the calculation is perforned

according to: %ilepstagnet gorgpeer usabl¢ ntediynxvying) conhprter wpiably:programt ¢rele

substitut] S . ne.amnqg.acid i 4n peptide X and the am no cid i
T rept | RS ERRIREINESE BThRAARE e el R AR PR, B Pl

| engt h of realigble p@ptdnt esde Beant g sdid afRiSofthartifainife tomphsingi N i n the step of
predicting the query protein as an allergen if the maxinumsimlarit

score of the query FBRWPITrepdably giparam lade means fos kawsing & apmpyter Heprorideshol d
val ue is aﬂee%&de%&%Qﬁﬁ;&?&&%&ﬁ%@@% 'ofﬁzﬁéh{lgﬁ%@eﬁ@' arity 16 scores

fromall positive and negative test ta that co veé’best sensitivity
and specificity resuhmser @adahie progian eods mems fdraedusihg a waifuter 36 bgculate

Rt A e SN RN T
the conputer readafdByREORLaIBIE gﬂfgrﬁﬁ‘w e taf@bdt Albihg aSd gplﬁ@rwfe%ﬁ%&r e
b ovi do.  SApesiahméns ket (GOtostateothiokbdabemlas ofkmar alggnept Khown
provi de (pesitigi ry(GDy alugaly ofikyud gonsp
al | ergens; computer readable program code means for causing a computer to extract
3D positions data for surface Ca atoms of each of the plurality of known allergens to
represent its 3D structure; wherein the surface Ca atoms have a solvent accessible surface
area value less than a predetermined threshold;
computer readable program code means for causing a computer to generate
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;
computer readable program code means for causing a computer to calculate
for each DSP the 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;



conput er readabl e program code nmeans for causing a conputer to cal cul ate
sol vent accessible surface area for all atons of each of the plurality of
known al | ergens; conputer readabl e program code neans for causing a
conputer to extract 3D positions data ftf every Ca atom of each of the
plurality of known allergens; conputer readabl e program code neans for
causing a conputer g@mgitbd @edablSRopRM LR RedRBr ERking W doRffiterRo B110MEOf
each of the plurality of known allérgens to represent its 3D structure;
wher ei n t e ssmilariiyescorss af dresDRBy ef thesplenepoteaic sethsilbthe BSfsfindlee DSPPaandal ue
| ess t han rm.ned..t hreshol d;; conputer.r,eadabl. rogram code means
for causi ﬁtgregthggl%ﬁ?% S{‘%ﬂ‘ﬁg%é?"é? as thg QUL Byptefy SUBH fﬁ't%ﬂ%eg face peptides
(DSPs) for each of ¢digpuériireadidtley pRigrdil @ole Mdaf§ 8RNGusinAIoBigitdr 6 pr&dictof
DSPs have the same nunmber of am no acids; conputer readabl e program code
means f or heaSHhgrodein i dlergen i€ she magteumisymilasity sc@sPfithe querstRIpisE is

bet ween t ! i ons and insert one or nore virtual am no
acids if pﬁgéﬁg?g%gﬁgls ellgéger than a predeterm ned threshol d; conputer
readabl e program code neans for causing a conputer to translate all DSPs

into line am_no acid guences including any inserted virtual am no

aci ds; cgérpugt e P’é’&kfa‘?ﬁsﬁalﬁ’r dgvhereia b riedatsEmingd lengthsofall RSRowHHGaming
finally cptigal!l DSPs into a predeterm ned |ength and store all the
processed DSPs into the discontinuous surface peptide database (DSPD);
conput er readabl e program code nmeans for causing a conputer to manipul ate
the query,protein by.th bove rel evant steps to get a set .0 SPs; _17
conput er }gadaﬁ‘% aﬁcéﬁpgﬁfaé%dgo’r?@éﬁﬁgnft f PECfisiarmgne ]G%BLH%&H {)§ g ds clészét e

t he si m | ghidoyacidgor es of the DSPs of the query protein with all the DSPs in

the DSPD and store the maximumsimlarity score as the query protein's
simlarity score; and conputer readable program code neans for causing a

conput er predi ct.. er raotein.as an allergen i e Lam
simlari t?/f'sco(rﬁe;é gahuil%}e&?chéei@y)ép%%reeﬂlh when einﬁbaélpgtﬁﬁé’lf gpﬁ?%sﬁ%ﬁé%?ﬁe.

10. The agérecdtal bf a ab@tsnBighbbemethodt he predeterm ned | ength of all DSPs is
6-40 am no acids.

13. The article of claim 9, wherein when calculating for each DSP the distance between

two neighboring Ca atoms, the calculation is performed according to:

distan ce = yJ(x1 - x2)* + (y1 - y2)? + (2l - 22)?

where distance is the distance between the two neighboring Ca atoms; (x1,y1,z1) and

(x2,y2,22) are the position coordinates of the Ca atoms.

14. The article of claim 9, wherein when inserting one or more virtual amino acids, the
threshold is determined by obtaining the median value of all Ca-Ca 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 = 2;1 s(X.Y,)



11. The article of claim 10, wherein the predeterm ned |l ength of all DSPs
is 15-25 amno acids. 12. The article of claim9, wherein when generating
a set of DSPs, the DSPs are generated by a nearest nei ghbor nethod. 13.
The article of claim9, wherein when cal&ul ating for each DSP the distance
between two neighboring Ca atons, the calculation is perforned according
to: distapgeresXX¥)-i ; o : i s t he
di stance bet v.ve_én?(t Besf}v%)b&r?éiiltgﬁ%%?idr%bé egt ozakrrr%slr;10 %%??;%%tge%ﬁhg?%ﬁ@?ﬂ)
are the peddiiippepiads i, rmecerdingftotthe sdstiattomesmattia emffeyedr t iscthe lofgtic bhihm 9,
wher ein mﬁgg-i serting one or nore virtual amno acids, the threshold is
det er m ne y Obtaining the nmedian value of all Ca-Ca distances in all pdb
files. 15. The article of claim9, wherein when calculating the simlarity
scores of the DSPs of the query protein with all the DSPs in the DSPD, the
cal cul ati & i sThepttisinelclaisr 8 whergin when miedicting theyquetoprotein as-ang aligrgenyif) 18
where s XY ), :0 SUDSt I Lyt | e ween am.po acid . kn_pephide X
and the ?%e}g&%@g%@?mﬁ@%éﬁr? gc@e ?lﬁgljéc%rgﬁlgnnbs 1%getrht§arg f)t © IEOLW iv(%ﬁle’n{a Cri x
enpl oyed. thtesheldt vaud ieagiobtimbni theeshgld paludeEom i makhurd kinhildrity 6dored @brinal,
wherei n when, re%i cting the query protein as an allergen if the maxi num
si m | ari t POSULS et tgtidaty thatsorlideivebest sppsitivitn apd specificéiy metulisval ue, the
threshold value is an optimumthreshold value fromall maximumsimlarity
scores fromall positive and negative test data that could give best
sensitivity and specificity results.



