WO 2011/ 037538PCT/ SG2010/ 000352 1 A Method and System for Evaluating a
Potenti al Ligand-Receptor Interaction Field of the invention The present
i nventi orwpebHtsss3Bo a net hod and system for eval uat i ngPaT[SGREN100ES52
interaction between a ligand and a receptor. The nethod and system can be
used to predict |ligand-receptor interacti,on patterns or the activity of a
test protein. Background of the Invention 10 The association of two

nol ecules i's a _ |
initiation am f FYSIEMAOIEVR ’ 193 RCEPOR ANIREAGIoN: he
term "nol ecul e” refers to (but |s not Irnlted t o) nuclerc aci ds, proteins,
car bohydr at es, ids, chem cals or macronol ecul es. 15 Wen a Irgand bi nds
to a receptoFK¥®OP3Khm&gm&uplex, the conplex initiates a cascade of

reactions th i nduces .a change ,in the stat f a,tar ceII The new
State of i helbe PePEll RS Faipts, B e Bofloade. Sstin fr g

activation opotéeaal inericlion BeMiEEM £YighheSasd Prrekepor.s ki hreméd Qarhd

rel ease of hornones or transmtters, activation of inmmune cascades, anong
others. A 20Systganganshe pisegntonpeedic figanshrenepiominteadtion patterps ey te

| i gands i ncl ronones, neurotransmtters, peptides, drugs,

i nhibitors, éﬁ@lggﬁF?QQFnggﬁes Understandrng t he structural principles
involved in ligand-receptor interaction 25 is inportant for the anal ysis of

bi ol ogi cal responses, hen]' cal responses, and rel ated processes. A receptor
may bi nd mﬂEMS, or the sane ligand may be recogni zed by
mul ti pl e}éyp?ﬁeOéssb%%?i%%fst\/vd:%él@&ﬁlg?rr&aﬂr rfeimental bfck %ﬁeéérne\r&m

copies of a particular type of receptor € sane recep or may
be present |assbrftiaerfenttheerhltlatrohnaraxdidregutallpnsofrrbrcrlegrept mespdmsleel dngthiso

famli i t I nb f bi ndi t
on = pr ot 6| nOPGHTERE g 108" amilesiii e toeBubl it lieritgh nyodiseetse. ~and
a smal |l diffgiRams, eérbbh?d@rempaﬁ:r Shemide'6F nifcrémBlRuRiei N is sufficient

to alter the function of the protein. Thus, even if two proteins share
simlar structures, they may have different functions. 5 Screeni ng a famly

exper | okt at MUY A L S 6P e SO HB s e s o
structural acasggenshtcactivhi dhahirRfueesahaRgé iih the Eeesf 4 'Yb@eté@'déﬂ ul es

bi nd and present antigens 10 as short peptide fragnents to T cell receptors
(TCR) on t heTB@rtex statgrofithe cell results in a biological response, such as enzyme

activation or deactivation, protein synthesis, protein stabilization, release of
“hormones or transmitters, activation of immune cascades, among others. A
© 20 . ligand may be an atom,fan ion or a molecule. Examples of ligands include
hormones, phe’romones,: neurotransmitters, peptides, drugs, inhibitors, and

small molecules.

Understanding the structural principles involved in ligand-receptor interaction
25 s important for the analysis of biological responses, chemical responses, and
related processes. A receptor may bind multiple types of ligands, or the same
ligand may be recognized by multiple types of receptors. Furthermore, a cell
may contain multiple copies of a particular type of receptor, or the same type
of receptor may be present in different cells. In addition, some receptors

30 Dbelong to families with a large number of variants.



cells. These sane proteins process the antigens in vaccines, triggering
resi stance. Two cl asses of IHC nol ecul es are responsi ble for antigen
pr esent atworz011/03739BIC cl ass | nol ecul es, which present eRdBFSAOUNHIPESHL | des

to CD8+ T cytotoxic (Tc) cells, and ii) MHC class Il nol ecul es, which
present 15 exogenous peptides to CD4+ T kel per (Th) cells. Tc cells rel ease
cytot oxi ns which are responsible for cell lysis, and granzynes which

i nd ' . d ' g | . t [
Factor i ( riaoiay-Jf tRng 0GR SR pothE G mAv Il B b el oy
reactions. ByreaighlyspecifibZamehl small agferenddireinedifiino lacidtrediduds of thel0 and
I L-13, which are 20 , responsihble for strong anti body responses, including

the activati eretaindis seffigianteat altgr theefunsticpoely the eaeteingl B gven ifnia

cells, eosin s, . t 4.nhi bt of % o) f ions. In
general , all B@Q"%msi‘%g? egﬁg'lé;rigwg;é:{rl{?gls’n tggiuﬁéyr a%a@ggg%rti zlfr}i%é,sowtghat
are 25 crjti Saredring alfamilyraflrecéptorsefor ititkeir tigandsayr woe-veeszothnotgho welb yabl
cells. T cell recognition of antjgens is said to be IVHC restricted af t he
TCRs of a T E¥PrmMENiatign)is imPractical dua donthe darge niHPbefAkPestiple Stpictura
associ at ed WothRepdined s of a particular type of MHC nol ecul e. Each MHC
nol ecul e contai ns an extracel l ul ar peptide-binding cleft which is conposed
of paired a -helices 30resting on a floor consisting of an ei ght-stranded

S B A S s A Bt S L
wi th thepgl spkastimt peplidélea ts 18 TlellG@eefiors TFCHrimh& sUitages Ber am no

acid residues |ocated in and around the peptide-binding cleft of the MHC
mol ecul e ar ecallghThepe | same pprioteinsdoracess dopoariigans lprvacswese griggering ndi ng

specificities_among different N I n- pol M term nant on
t he MHC nol eﬁ%ﬁ'gtgﬁg?‘s féféo t(ﬁ%ssﬁglrjgf ﬂ‘é“g ?‘i"'?@f'gg h%PeT r%%ﬁrps%l_grg) e%ﬁ@é}?

nol ecul es CDgredeht4lidh: iTMHE@RfbssDBmalstufed) Wi oie presert ishidogehossi pephidésit i ons
of mature T cells and together with the antigen receptors, participate in

the recogni t foRDS+ Amytefexis.(Tebeells, aadl ibdYlidE: ¢lass Y| meleguless whigh-eresent
oL LT Sl peule: 6l ors.Lt iterTRbRC teseyd Rigtdetyisgs, DO

CD4+ T cel | swhictpgre esspontiplefptaetidgsipr ase gtatrymescivhish indudédsCapaptesis! es.
g’gStT ﬁg?;e'rl'- g'BHcfe_llfsupr}géﬁgg inatlgrfg otno;t/ 8[§N9y{a%§|thrsnoarlr}%c%; faI:tgre lﬂl E]’ I\flly-n/? S 'on

and are involved in delayed-type hypersensitivity (DTH) reactions. By

| contrast, Th2 cells produce interleukin IL-4, IL-5, IL-10 and IL-13, which are

20 - responsible for strong antibody responses, including the activation and

- recruitment of IgE antibbdy-producing B-cells, mast cells, eosinophils, and

the inhibition of several macrophage functions.

In genéral, all MHC molecules share certain structural characteristics that are
25 critical for their role in peptide display and recognition by T cells. T cell
recognition of antigens is said to be MHC restricted, as the TCRs of a T cell
will only bind to fragments of antigens that are associated with products of a
particular type of MHC molecule. Each MHC molecule contains an
extracellular peptide-binding cleft which is- composed of paired o -helices

30 resting on a floor consisting of an eight-stranded anti-parallel §-sheet. This

portion of the MHC molecule binds antigenic peptides for display to T cells,



15T cell epitopes are short peptides displayed on the surface of cells, in
conjunction with IVHC nol ecul es that are recogni zed by T-cells. T cel
epi t ope MEPEPNE37338cl udi ng VHC- pepti de binding, is curr@GTISG2090e52t he
nost intensively researched areas of nolecular and cellul ar inmunol ogy. Two
mai n categories of specialized bioinformatics tools are available for
prediction 20 of NHC-binding peptides - (1) methods based on identifying

atterns in seunc ndi ept.i de nmet hods .that eppl o
Fhr ee- di mensPd &1 265) gf)mﬁ;ﬂﬂggﬁs tﬁ)'btemfge\?’ﬂbgﬁé %@'W|W@P8§tﬁfﬁgﬂ‘? ¥ong
et al., 2007}1enaéseofflth§tmaaere\éu(efsatﬁ@raxm.hb)éc.@nﬁaswfespw&@éwruﬁ%rhﬁsed
on bi ndi ng mtlfr;tt(herl k et al., 1991), binding matrices (Schafer et al.

1998), deci siaEu eeptideseigdingeglefijof the iHG meleaderarreiglly ndMEO@WG-IM\/p

Mam k
T o e B YaF R ndtER b Yebire GRS ribng uiterROBHC e
second cas eg@neleécat ﬂgﬁrgoljmoap)wuem@temﬁnémcmltﬁeaﬂl-mz nibldtiei acts as the
theoretical |lineage and includes the use of honol ogy nodeling (Mchielin et
al ., 2000), &inding site fardhgd %@lkwwgcmp{ﬁwipﬁepgtawgwp%m lysis

(Doyt chi nova ?@@xﬁ 39E4: (olgg gﬁr)ict dilb gbggiénbhé %?%%g d ’?"%ﬁé'aﬁm%g@ ther v%l%%)

and docki ng techni ques ner an unmar

i nvention Thiee pnigemtreceptorsy, i pamticipate inother maogaltmmfaadtlgem‘ D8 binds
conputerized s or . eva In otentl raction betwee

li gand and aS Pé@g}ﬁé@rf F!?rsseLgﬁ%' 9“@@ énaé | OIRY tepﬁlaéﬁ\é\ﬁaﬂ#@% 5
I n gener g t?r'idTEculéQQantﬁéreﬂbrdsnYﬁmﬂP'&eWé &eeé(lﬂk th?s BRIy

i nteracti ons bet ween gan s and recep tors SI ng '
| i gand-r ecepclassi htMHé?ctmfdasuIBSt Whler&am GIp4" e§t icets er@cagmzal anys peptides so

| i gand-recept or |nt ractions ed fromth t

| nter act | ons PTSENRE o, o8 dE SVt clediebn e, CHE T £RE) flct)’{)Ct'%nf?sfst
aspect’ of th@Wﬁ@Mcdll@WCDﬂ TscellsfahétRmh 49T w@ré&nsng a predictive
model for evaluating.ligand interactions with a receptor. The predictive

nmodel is generated based on a database indicating the affinity 15 between

the receptor 1andy BldHR! biey et baBAAls, SANPLALe bl WA Bhedcenat e U ce

fi gand eract eptor uraltyo

| i gands may bengan&mtwm bYIH® chéblgcalgst treatsate ¢ec¢grg2éw(m) Ttellocdt telhs on
t he source |i and(s wher e int_erac |on &ih the receptor occurz 20 The
model may t h&RItGRE ing, "&CHQ'PH(M ertide Bindig. is sremtly ane phiha mest on

betveen a_spegbhdiogly! IARBRRRL oS rofr%e Glar 24nd "Wl A nbiBBy PSR ot 1 ve

nodel data describing the specitied Iigand and recep
main categories of specialized bioinformatics tools are avallable for prediction

- 20. of MHC-binding peptides - (i) methods based on identifying patterns in
sequences of binding peptides, and (ii) methods that employ three-
dimensional (3-D) structures to model peptide/MHC interactions (Tong et al.,
2007). The first categoryb(category (i)) employs procedures based on binding
motifs (Falk et al., 1991), binding matrices (Schafer et al., 1998), decision

25 trees (Segal et alj, 2001), hidden Markov models (HMM) (Mamitsuka, 1989),
support vector machines (SVM) (Zhao et al., 2003) and artificial neural
networks (ANN) (Nielsen et al., 2003). In contrast, the second category
(category (ii)). employs techniques with distinct theoretical lineage and
includes the use of hom:ology modeling (Michielin et al., 2000), quantitative

30 structure-activity relationship (QSAR) analysis. (Doytchinova and Flower,
2001), protein threading (Altuvia et al., 1995) and docking' techniques
(Bordner and Abagyan, 2006).



The invention may alternatively be expressed as a conputer systemfor 25
perform ng such a nmethod. This conputer systemmay be integrated with a
devi ce fowoesiwmesssng properties of test |igands and teprrrecenioosss:2from
for exanple, online databanks. The invention nmay al so be expressed as a
conput er program product, such as one regorded on a tangi bl e conputer

medi um containing programinstructions operable by a conputer systemto 30

performthe Et eﬁs of iEe.mat hod. 5 Brief Description of the Figures An
enbodi ment o atyq i 1 now be illustrated for the sake of exanple
only w th refraegiesertanidiftionAdilaVio Mo ke WMeWgand udeiflicefiputérzedldydtems

illustrates a method for training a predictive nodel according 5 to an
enmbodi nent ofortgvalysatingempotemlishinteractionibetwgen a ligand aodta receptas, f@t hod f or

eval uating a._potential i r i on. bet n i gand and a receptor using
t he trained 5?%@5&4@«5‘"%%%?%%“ %P'éoqel%ﬁ‘??ﬁ;h' ‘Fig. 2 illustrates an
exanple roptaner library constructed in the nethod of Fig. 1(a); 10Fig. 3

illustrates an exanple process for obtaining a part of a reP_resent ation for
a | i gand- r ecHpt@enerat deEpsi dhei presant ninvieptionf PraRpses( gyaluating pptepdial 4( a)

- (b) respect i L e ' f 18!

I nteraction ‘sdti\_’('glcﬁ?h‘ié blrégkééeé;ﬁ g?%’gg&lrlégéiﬁgfsrg%g%{ngpﬁ?tn@ﬂ}( 2%??@%&3%? Fi g.
4(c) illustr gitesactiohsrwith knowabbe dstimatedi aifindtidshebutr atdoc figanrd-reckitor n t he

15met hod of Fig. 1(a)., Detai]ed scrjption of the Enbodi ments, Referring

to Fig. 1(a) !"ttg'i?&t'éi‘%&ef%(ﬁa %"P’I“u ersﬁt(éfgaftﬁ?f%?eﬁ’é?fhmerfﬁgov\ﬁi% Kgowp or

embodi megg o%aﬁ,lﬂgtéy Billesi Nvention, and which trains a predictive nodel.
2,

20, In step east one training ligand and a training receptor are
identified and.using these training |ligands and receptor, a database

rnagerTent SXEEERLRL 4 e 32pbes S SRR e S WP
| i gand- r ecephoprddiitReafiddel for evaluating ligand interactions with a receptor. The
| predictive model is generated based on a database indicating fhe affinity

15 between the receptor and a plurality of ligands generated from at least one

- source 'Iigand which is known to interact with the receptor. The plurality of

| ligands may be generated by modifying the source ligand(s) at locations on

the source ligand(s) where interaction with the receptor occurs.

20. The model may then be used in a method of evaluating a potential interaction
between a specified ligand and the receptor, by inputting to the predictive

model data describing the specified ligand and receptor.

The invention may alternatively be expressed as a computer system for
25  performing such a method. This computer system may be integrated with a
device for extracting properties of test ligands and test receptors from, for
example, online databanks. The invention may also be expressed as a
computer program product, such as one recorded on a tangible computer
medium, containing program instructions operable by a computer system to

30 perform the steps of the method.



25in the rotamer library is forned. In step 106, a predictive nodel is
trained using the representations of the |igand-receptor interactions.

Ref erri ngWOa@0H/0g7538(b), the steps are illustrated of a RETISGA01DO803AI ch
eval uates a potential - interaction between a Iigand and a receptor using the
30 trained predictive nodel fromstep 10 of nmethod 100. 6 The input to
step ,110 of nmethod 108 conprises properties of a test |igand and a test

recept or, ang E@ %E !ned @ edi.ctive nodel fromstep 106. In step 110, the

potential in iial L‘-ﬁ—t—'ﬂ%@?est ligand and the test receptor is

eval uat ed usjaRGerhBédifrictit B¢ thedinRehtidn Wil ROWde illUsttated Yol thatdake gray provide 5
I nformati on on whether the test ligand binds with the test receptor and if

so, how st rof¥ample enlyavitiyreferense toithe follewing draviaasidn avhich:nvol ved in the

i by Dosi gn 1 nrich SRR UYSareB R o Ry a8 BRI RRIde oIS
library c®nmpto aprserbodisrst obtiee passent iention errPFigl 1(b)tikusteitesa mbtﬁmi)vm or

estimated affini and at | east one |jgand-receptor interaction derived
from the basfor ?‘@i%lr}geééiﬂt%'ﬂt'aﬂm@f@ thoey P%W(eﬁ‘ a I"SaBﬁ@’@(QrfﬁP@p Of MSiNDbt amer

library may olgra) receptor interactions for a
receptor of Int e%ltlggta ﬁ%ﬁlcg\géeﬁ{é)@g%fl:@aq?ae}p 102 conprises the foll ow ng
sub-steps for a rEige[ﬁ ilustodtek raneexarhple20tdragr Wbraoucemstiuaechth ther maethod
scaf f ol d) knogﬁ g%end to the receptor of interest is first identified.
The i nt er act Pbhi%d{3een this source | igand and the receptor of interest is

referredigo as a pppesl jMeRdtdse G RampM eprRebESNoPT obBitfg 34 T paitt ¥F a

representation for a ligand-receptor interaction in the method of Fig. 1(a);

Figs. 4(a) — (b) _réspeétively illustrate example representations for a
peptide interaction site of a receptor and a ligand-receptor interaction, and
Fig. 4(c) iIIUstrates} a format suitable for training the predictive model in the
15 method of Fig. 1(a).

Detailéd Description of the Embodiments

Referring to Fig. 1(a), the steps ‘are illustrated of a method 100 which is an
“embodiment of the present invention, and which trains a predictive model.
20, |
In step 102, at least one training ligand and a training receptor are identified
and using these training ligands and receptor, a database management
system (or in short, a database) in the form of a rotamer library is
constructed. In step 104, a representation of each ligand-receptor interaction
25 in the rotamer library is formed. In step 106, a predictive model is trained

using the representations of the ligand-receptor interactions.

Referring to Fig. 1(b), the steps are illustrated of a method 108 which
evaluates a potential interaction between a ligand and a receptor using the

30 trained predictive model from step 106 of method 100.



25 (b) Next, a 3-D structure of the |ligand-receptor conplex resulting from
the base ligand-receptor interaction is obtained. The 3-D structure nmay

ei t her bevanosxszsssnental |y sol ved 3-D protein structur @CT&GeQI900342 | onal
nodel or a theoretical nodel. The conputational nodel or theoretical nodel
may 30be derived with honol ogy nodelling, nol ecul ar docking and/or protein
threading techniques. 7 (c) Next, a port| on of the source ligand is

nodified to oduce ast ~0 i igand with characteristics

Subst anti ai | 8 PHLE st Rap BrmPled off corfttiascbropaBies.st porst hod

nodi fied may ahé éﬂ‘té’é?rrébémokWtHé)traln%@ prelittivB enb8EISRb A step 108t ¢hatdp S I N
one exanpl e, the portion to be nodified conprises the side chain

coor di nat es (1P@, thezpotentigiNptesaction hetweenathiedtestigand and thedestoeceptoriigjand

' erost.  Thexdivaad PR, % HEIRE Biecifen R Ps, dVaugplon. M BREAR 0 0

coor di nates (ffdriatiorPbh whdthet fie ﬁesdﬁgéﬁ@lbrhdmwrtﬁltn@ttéﬁ relcepiop randoif kel
possi bl e am no acid residue. In other words, if possi bl e am no acid

resi due has §P¥Westaag rihéobmm%ﬂ%@"@SWhaSZChem'C@NPOHW are nyplyedt in & wi t h
Si. An am nobﬁﬁ%% gsidue refers to an organic conpound containing an am no
group (NH2) oxylic acid group (COOH), and any of various side
groups, especially 15 any of the 20 conpounds that have the basic fornula

NH2 CHRCOCH, gﬂd two or re mdn ah%éj resid es can be |linked together by
pepti de bond ?Eeisﬁﬁﬂﬁ‘ﬁﬂ' A1 RS deRA{INRC HENPre §F%\'ues can function as

chem cal jgressengers or as .internediates in metabolism pathways. 20(d) Next,
receptor residues that interact with the position-specific residue of the

sour ce | i ganiRetaineetébtany Desigmes that interact with the
p05| tion-specific residue of each nodified |i gl_and are identified. A

'posi ti on- spétEieipc102, estiotareentibranyispransiructacridietiotameelibranecompesepati fi c

(SEQ 1D NG bt G AP Ao BRI iRt BERRG oF SBUREAES Ay *°
residues M aadldasomamgahdneee;btbamtéraduoh Rierivegtfiche tﬁ@@usemgandﬂ\v@&ﬁbm
(SEQ ID NGO 1) and ALAKVRVAI (SEQ ID NO 2) respectively). In this step,

the posi 19 onidpeactions)y Eb?@ﬁu@@ﬁ‘ﬂ%é@d@?&!@eq liRjanamays earapkige el Posaibley aci d
res! dye whosg ?Mi?e&égﬂb ?Eﬁ&alto‘?%r% I%Qb‘f’uﬁ%re%i‘bs“ t uted whereas the
c? esl ue 0 e nodi |e I'i'gan

posi tion-spe icr refers to the amno acid
resi due whose side chain coordinates W) 2011/-037538PCT/ SG2010/ 000352
In one example, step 102 comprises the following sub-steps for a receptor of
| interest: |
20 - ‘

(a) A source ligand (or a scaffold) known to bind to the receptor of interest is
first identified. The interaction between this source ligand and the
receptor of interest is referred to as a base ligand-receptor interaction of
known affinity.

25

(b) Next, a 3-D structure of the ligand-receptor complex resulting from the
base ligand-receptor interaction is obtained. The 3-D structure may either
be an experimentally .solved 3-D protein structure, a computational model
or a theoretical modei. The computatiovnal model or theoretical model may

30 be derived with homo|»ogy modelling, molecular docking and/or protein

threading techniques.



8 have been substituted. The information obtained fromthis step is used

for training the predictive nodel in a later step. (e) The base

| i gand- r e¥ORDOVO37F3Ber acti on and the interactions betweeRCESCGR1Of00852 he

nodi fied |igands from (c) and the receptor (i.e. the |igand-receptor

interactions derived fromthe base ligand-receptor interaction) are then

stored in the rotaner library. In one exanple, each stored |igand-receptor
e rota | i brar t he cont act

interaction i h r is defined..b l,i gan

el enent s and(OHieFecpBTBn ghine, SR Mt S mEfigeH oarash At 167EL 8%
contact el ementgogifedagad atHl chardledsticehsabstahfifgt sinfifar! {0 @iet- bR et or

I nteraction (either directly or indirect I%ﬂ_. - 15The I'i gand-receptor contact

el ements for theousaedigangdahioe pedian torbe magifies may bmg Asstioreknowd te ind t he
| i gand and rece IIﬂ?EBe( P?Sdﬁ%g?qﬁ‘gﬁi'qﬂ%ggﬂl n step (d) and fromthe 3-D structure

obtained in ste 5, they may be 3-D structure-derived. In
one exanpse, these contact elenents are derived using a cut-off distance

between the |igand and the 20receptor. The contact elements for the

i nt er act i ons bR axamplendher padion; ke madifiede crapases theapidse dain ved
in the sane eplece r M, [ - P§-Ok Ctil I n
t he rot aner E?@{bgrﬁaQ:enH@ 1bepqu'r'b\?>ig"'zec§ %mﬁﬁ]mgbvgélagrﬁ%@%i%nhogh er%ﬁ'(r)(%ppgvi de a
degree of 25wherebyathese. sifeichaimacgordinatdseark khawne do hiridvavith theaeceptbaof

el ements of the ligand and the receptor_in each |ligand-receptor, interaction
Ty be st or elBrestnd N BREICAIGH oy PALOHMPAGY BHOSHVIRG RS i) G
single vahueg, i rept amer | igon agi f IR |
differen:t%crgg?gﬂ%tg?u(ﬁhﬁs"?»gﬁzylt g@é%ptcg?hggégy Ilgtgfdr?g |r?190etpgflt“
sets of cont possiblecaminasaéidurdidusi hyothier wardst if arpassitila apino lacis redidise - 9

Pl e & B A B e SUP B, Lk Bl S e =t
:—IE:[A eract io(in abrd&e@fdmér@% Gin-srg¥hitl.cdnvbbundPedkiaintig &R HARBI FEUi(NFL),he
a carboxylic acid group (COOH), and any of various side groups, especially
15 any of the 20 compounds that have the basic formula NH,CHRCOOH, and
- two or more amino acid residues can be linked together by peptide bonds to
form proteins. Amino acid residues can function as chemical messengers or

as intermediates in metabolism pathways.

2. (d) Next, receptor residues that interact with the position-specific residue of
| the source ligand and receptor residues that interact with the position-
specific residue of each modified ligand are identified. A “position-
specific” residue of a peptide refers to a residue at a specific location
within the peptide sequence (using peptide sequences VMAPRTLVL

25 (SEQ ID NO: 1) and ALAKVRMAI (SEQ ID NO: 2) as examples, the
amino acid residues M and L occur at position 2 of the peptide sequences
VMAPRTLVL (SEQ ID NO: 1) and ALAKVRMAI (SEQ ID NO: 2)
respectively). In this step, the position-specific residue of the source
ligand refers to the amino acid residue whose side chain coordinates are

30 to be substituted whereas the position-specific residue of the modified

ligand refers to the amino acid residue whose side chain coordinates



5nol ecul e. The positional binding environnents of nonaneric peptide

G LGFVFTL (SEQ ID NO 3) of influenza A virus matrix protein 1 antigen

bi ndi ng tWORDK/BTBB01 nol ecul e have been resol ved by X- PaF/SE2¢t0addsvgr aphy
(PDB ID: 10GA; 10 Steward-Jones GB, MM chael AJ, Bell JI, Stuart DI, Jones
EY. A structural basis for imunodom nantg human T cell receptor

recogni tion. Nat |nmunol 2003;4:657 - 663). Substituting the side chain

di nat t P)...6, of ~th ti.d LGFVETL ((SEQ | D _NO b
ool ogy. madel i 114 brftbsybstadelt xhaGaRERRLER oBtavty bl 4% SlerlraSandh
by iterative al ﬂrgn?,n?}hsze&fggi@{ive{ﬁmmg krflg meagﬁl;pnndel assessnment. Nucl eic

Aci ds Res 2003; 31: 2), and putting together the side chain
coordi nates of every other possible amno acid and its relevant atons in

contact with A- A% ' ] (A I N ste
102 above . (Qofiie DA TRt EREHGS inforaPod 639 g FlatRSHP pEMGER BAci br 20
2, NBOND sind HBGSDmoglifieds igdndsy floapeband ahd rexdpreanebdnsliligandsetestos
respectively. P, V, L, I, M C F, D W H K Q N E S TandY are
respectivel y reipteragiiong dsrved fromithe basedligand-tgreeptorpintenagtion), arq faen

| euci ne, i sol eugj ; J : tei ne, phenyl al ani ne, aspartic acid,
trypt ophan, Zg&h@ llncriiﬁ%rgb y%ﬁ'r?éngl utam ne, asparagi ne, glutamc acid,

serine, threonine and tyrosine. If a given amno acid residue is shown as

only having an "NBOND' elenent in.the |ibrary, it ans..t hat po hydrogen
bondi na. ( FBOD) M EVS RerAle, Posh et leRnd Pdentr o REtan 10 hesRlIBe The

sane appkgpes f | 1 Cit i : } ~HBOND'
i% 0 1gfbrr§?/i§ﬁ§\éféﬁn%6‘ BYPthRCFhndeSo itHt él%ﬁ%’éht@%na th¥ r@é%/fbtfag fait?tﬁg{" ,

el ement . ‘due whose side chalin coordi nates are use

substitution i relemeptg of thisoveractibomi hesehoastacheelpments @re oaminte agid no
acid resi due whose, si de, chai p coqrdinates have been substifuted in the

| i gand. Col umm rgsgyg\ﬁswpwg 388% l9gp 'ziﬁc%?tBFn'?Wr?‘ﬁl?nahg'h@ra%f%&lryegf due
in colum 1. Thhgjreéthp is 5 part of the substituted side chain coordinates
inthe nodified ligand and is listed in the formof CEl, CD2, CG etc.
Colum 4 shows the amno acid residue in the receptor in contact with the

atom i n £9 | “”“nﬁn%_cf?g]%Hmng%@ib?‘“% Ehectc férﬁ%ﬁfs tfgre tﬁgi s s@Ciligaﬁﬁ-ﬂag&ﬂo{ n 10

colum 4.7 Col un position O e amno aci d resrdue rncolum 4

i n the recept orintdeattivmmaysiwderivdt: framothienigandodndireceipton residues faohdiin aci d
residue in colum-4. This receptor atom conéglzts the |i asnd atomlisted in

col um 3. For e%&ﬁﬂﬂé?”dlf&méhé&%@%uﬁo '.‘%d. yystemiflc Qg'fﬁrﬁ’éﬂ?rdﬁhe
at om CD2 whi ch Jh\%xf)gf]aty ¥e 309 §lr98tg?5'-%'eﬁv88°rlﬁ! Bﬁéegxﬁlﬁgfehe r%@bngoﬁ@gg 15

resi due Leu an i'S now part the substitute e 'chain coordi nat es
of the am no acéldmests dreedetivgzbesingancet-off disiencsbetwesh thegligaind and the

i nt >t N ith th CEl f th t f id id -
LTS 09 SRSl SR S, 58 o 5 8 W e
between the | i gt the reBLMBR miayAhs! dbfifed REMRIHMEhMRreR. col um 7.

Where necessary, each ligand-receptor interaction in the rotamer library
may be provided with a variance in order to provide a degree of
25 relaxation. For example, the distance between the contact elements of the
ligand and the receptor in each ligand-receptor interaction may be stored

in the rotamer library as a range of values instead of as a single value.

The rotamer library may be further expanded using different crystal structures
30 of the receptor or by listing different sets of contact elements found using

different criteria or thresholds.



20 The nunber of entries for each amno acid residue in colum 1 represents
t he nunber of atons in the side chain coordinates of the am no acid residue
whi ch corweaapitydsgssBecept or. For exanple, only one at om @CTH&R20180@352l ) i s
in contact with the receptor whereas a total of six atons of Leucine (Leu)
are in 25 contact with the receptor. These atom c contacts nmay be derived
fromcrystal structures or conputational nodeling. The atons in the side
chain coordigig IQH each am no acid residue in colum 1 can interact with
nore than one receptor am no acid residue. For exanple, the atons in the

si de chain cbiy. d ilkistrates’ aheaxamaplei rotarnec libriry ltoastroetedt inestepi 102. adork
residue H'S 30 a§ position 70 in El]he receptor or the amno acid residue ALA
at position 8eesiticallye Figcgpshpws the ntaraet figrary; ¢f the ke intersctiam silfe; Ak
amno acid regsi ' | . Who i ' okgliangak reto
be. subet | tut EaP e QEGFVTE IR (0, ICEE ool Ik, S EEAGA G e

rot amer 13 br evoJecule.Codi ng Procedure In step 104, a representation is forned
for each Iigand-receptor interaction in the rotamer l|ibrary using a coding
procedure and the representation is converted to a format suitable for

training a pradigisitthalBiRing dRvildHméRRIFTRMaMdrR pdRIdECILEFPETPR ($864

describes the characteristics of the ligand-receptor interaction. These
char act eri st IR NGE3) ofdnfiuenza AiviguadnatoKipaeteire ! @ntiges binding ée ElbPeA @2 act

el ements of the. i raction. The al,so co .se the 1 ¢l S

i nvol ved in h?ie(ftﬂé gr??avce[ ib%ﬁna %7%\?3[%%% kgrr‘?é't B%Fa"?)%aqr}m g‘?@?tl ( hﬁ?ﬁ(g& n one
exanpl e, 10 heSt‘éWar_ﬂngHé%C@Bl,J Mchch&bBAJ,lgéll QlewﬂubﬁeD!,tMeE(EYPN diflictural

sub- st eps: ga.) First, the ligand-receptor interactions (defined by the. -

| i gand cont abasisdor dnawsnedominant: iemapck sell rreseptos cecegnitimt Nabimmiaol
i nteractions Q.€rd I f r.of: i - -
extracted |i ggﬁ%ar%p'?%r%??sr#%éﬁgﬁﬁw ,e %‘ﬁg%[] ?t‘e@ogémghésg’%tcg |tbo§ﬂg£) 6 of
cont ri but i ngtheopéptiie GileGRVFTLNSEHE IDMNO: Bilbyphbhdaiogy Aiodeting \Bitio, J,fSdili each
extracted |i ang-rece%tor i nteraction, a representation for the Iﬁi}ﬂg gg
nd a

contact el emEnt'sOMRAFA{YE BENEHEY SHHCIUE? MRESHRG Ot derattye alenaeehe
oD cooni S| SEMR e RN SBLeAR, NN RS st
| i gand- r eceptand puttirgy together.thé sidenehair aoprdinates e @evegpothee poasibEnamino
- acid and its relevant atoms in contact with_the HLA-A*0201 molecule (as
described in sub-step (b) of step 102 above), results in the rotamer library as
- shown in Fig. 2. »
- 20, - .
In Fig. 2, NBOND and HBOND represent hydrophobic and hydrogen bonding
contacts respectively. P, V,L, |, M,C,F,D,W,H, K, Q, N, E, S, Tand Y are
respectively representations of amino acid residues: proline, valine, leucine,
isoleucine, methionine, cysteine, phenylalanine, aspartic acid, tryptophan,
25 histidine, lysine, glutamine, asparagine, glutamic acid, serine, threonine and
tyrosine. If a given amino acid residue is shown as only having an “NBOND”
element in the library, it means that no hydrogen bonding (HBOND) is
observed for the atoms in-that amino acid‘ residue. The same applies for a
given amino acid residue shown as only having an “HBOND” element.
30
Fig. 2 shows the rotamer library in the form of a table split into two sides,

each side having a total of 8 columns. Column 1 shows the amino acid



WO 2011/ 037538PCT/ SG2010/ 000352 12 are concatenated to forma |inear
representation for the ligand-receptor interaction. Note that the contact
el enent s WARPUABSTE3BN the representation may 5 excl ude POEE/SGEMOONBS2

resi dues. Furthernore, the representation of the chem cal bonds nay.be
omtted when formng the representation ¢ the |ligand-receptor interaction.
(d) Aformat suitable for use with (in particular, for training) a

dictive 10, is Lhen, sel . Th t ation. of
1 gand: r eceprerdiniled o endR Ghdaiaraie i RE M bubHuMiet A 3epdeli ni ng
the predicti wbov@dEblunixx 2nshewns tHe pBeiiohdsf the\amiddEdcidSiegidue Whbsd)sidd t he
nyosi n-9 (248-256) antigen (Uni'Prot accession: P35579, SEQ |ID NO 5) binds
HLA- A* 0201 nﬁh@l@&f@ré@iagﬁfeyaw? breRssbshituted im e ligandeColimn B2aimays theune

Epi t ope Dat ah, rﬁdm% ' i Suhm S s8R . L
http://ww. i %{@uﬁeepi ?g%l.n)cl)?ﬂg reﬁf?ﬁ#%ﬁﬁ%%gidq%%e [ n'féér)ﬁaac d gthfstaetoo Y he 20
pepti de wt hpatteofcihef sulndtitated ditié\-chali?@dordinasteslin the mbdifial digandeayd s of

t he peptide. The position i ndi envi ronnments of the peptide have been
resol ved by Bﬁtﬁﬁyﬁmiqral %o%gép&}ﬁ? ef® 10GA; Stewart-Jones GB, MM chael
AJ, Bell JI, Stuart DI, Jones EY. 2003, A structural basis for

i mrunodoni nant human T cell receptor recognition. Nat |munol 4, 657-
25663) . Fi g. Celwhowk showextheminpr acid gesidiiedbtthiemesgptar parcontdct twith the

tation faor the i ti 1 [ . YI VGANI ET (SEQ | D. . .4
et ae (1l o2t T rphmn L D5 SRS TR GheinLa NG, GO SN,k | o
bet ween {he YoM EEoRAM BAROWSHRE RSN dDthaBnihbadd AL dENARY © ar e

extracted fromthe rotamer library. Next in sub-step 304, position-specific
| i gand cont atit thel resentos. Gplimniéshowsdbe atemsname of gn3dem inlthe amino acid

PO 1 on Pefidige BB 2 5% BLPER o Syeg, 8L, SRSt o
of the put at tylamn gaFdr exaaple) ‘Lict @GD2 iHIB AiTECE1 3.39” indicates that the
afom CD2 which is part of the side chain coordinates of the amino acid
15 re_si_due Leu and which is now part of the substituted side chain coordinates
“of the amino acid residue at position 6 of the modified ligand is interacting
“with the atom CE1 from the receptor amino acid residue Histidine (His) at
position 70 of the receptor. Column 8 shows the distance between the ligand
" atom in column 3 and thé receptor atom in column 7.
20 | |
The number of entries for each amino acid residue in column 1 represents
the number of atoms in the side chain coordinates of the amino acid residue
which contact the rebeptor. For example, only one atom of Valine (Val) is in
contact with the receptor whereas a total of six atoms of Leucine (Leu) are in
25 contact with the receptor. These atomic contacts may be derived from crystal
structures or computational modeling. The atoms in the side chain
coordinates of each amino acid residue in column 1 can interact with more
than one receptor amino acid residue. For exéfnple, the atoms in the side
chain coordinates of Leu can interact with either the amino acid residue HIS
30 at position 70 in the receptor or the amino acid residue ALA at position 69 in

the receptor.



HLA- A*0201 has 18 ami no acids on the surface of the binding groove (Y171
R170 Y159 W67 Y59 K66 E63 V67 Y7 Y99 H/0 A69 T73 W47 V76 K146 10 1143
Y84) thatwanel/a37s8nt act with the said peptide. These aRCHEGACI0#8035dr m t he
receptor interaction site. Putting together the interactions nedi ated by
hydrogen bonds and by hydrophobic contac{s (in this exanple, the whole 9-
nmer peptide (i.e. the ligand contact el enments) and the receptor interaction

VI VoAN ET peBAEaSEs Prsidgs nah S thRGRne, R sBads b R SOULsH loand ©
Preparation WOS@MJ&@QHM&R?EH&JS%@Qé%ﬁmsﬂfht@a. Rolvbdér) ¢his FSIRb Ycid

Interaction formed in step 104 may be expressed as LIS: TP-RI S-BA, where LIS

represents | regidde owy be incholed iortharetamarilibsaryci d resi due or aton) of the
i nteraction, TP represents chem cal bonds involved in the interaction, RIS
represents receptor contact elenents (amno acid residue or atom of the

I nteractipn, . BA resents a neasured strength of the interaction (Le.

t he bi ndiﬁg g&?’ﬁaﬁsgﬁﬁi’@t hat BA is optional in the representation and

t hat the bingi § Nd e i Yot to
mlgzgalpﬂ%%t%)r t ntfiorf & forine fo?éa&ﬁﬁgérﬁ%@&%ﬁQPﬁté@Etlgﬁl .

the receptor. e am no acid residue represented in
t he format atheshrotamem libedrly euding a4coding opraceduiiee ands éhe atpraseAtatiomés (A) |

10000000000000000000, 1 Sl 18P RI099920995000000, Appar tat e (D
10 The represéntatioh forméd in step 104 describes the characteristics of the

| ligand-receptor interactioh. These characteristics may comprise ligand

contact elements and receptor contact elements of the interaction. They may

also comprise the chemical bonds involved in the interaction and/or a

. strength of the interaction.

15

_In one example, the coding procedure of step 104 comprises the following
sub-steps:
(a) First, the ligand-receptor interactions (defined by the ligand contact
20° elements and the receptor contact elements of the interactions) are
extracted from the rotamer library.
(b) For each extracted ligand-receptor interaction, the types of chemical
bonds contributing to the interaction are then identified.
25

(c) Next, for each extracted ligand-receptor interaction, a representation for
the ligand contact eleménts, a representation for the receptor contact
elements and a representation for the cherﬁical bonds are constructed.
These representations are then combined to form the representation for

30 the ligand-receptor interaction. In one example, these representations



d utamate (E) 00010000000000000000 Phenyl al ani ne (F) 00001000000000000000
d yci ne(G 00000100000000000000 Hi stidine (H 0000001 0000000000000

| sol euci OEN1/BEBE0001000000000000 Lysine (K) 00000000 POTGOR0000BE2 Leuci ne
(L) 00000000010000000000 Met hi oni ne (M 00000000001000000000 Aspar agi ne (N
00000000000100000000 1

are concatenated to: form a linear representation for the ligand-receptor

interaction.

Note that the contact elements included in the representation may
5 exclude the conserved residues. Furthermore, the representation of the
chemical bonds may be omitted when forming the representation of the

ligand-receptor interaction.

(d) A format suitable for use with (in particular, for training) a predictive
10 "~ model is then selected. The representation of each ligand-receptor
interaction is then converted into this format for training the predictive

model.

Example 2
15 Peptide YIVGANIET (SEQ ID NO: 4) of the myosin-9 (248-256) antigen
~(UniProt accessioh: P35579, SEQ ID NO: 5) binds HLA-A*0201 molecule
| (Sidney J, Rawson P, Barnaba V, Sette A (2006) Immune Epitope Database
and Analysis Resource Online Submission;
http://www.immuneepitope.org/refld/1000396). The interaction site of the
20. peptide with the cleft of the HLA-A*0201 molecule is the whole length of the
peptide. The positional binding environments of the peptide have been
resolved by X-ray crystallography (PDB ID 10GA; Stewart-Jones GB,
McMichael AJ, Bell JI, Stuart DI, Jones EY. 2003, A structural basis for
immunodominant human T cell receptor recognition. Nat Immunol 4, 657-

25 663).

Fig. 3 shows an examplé proéess of obtaining a part of the representation for
the interaction between the YIVGANIET (SEQ ID NO: 4) peptide (ligand) and
the HLA-A*0201 molecule (receptor).

30
As shown in Fig. 3, the example process comprises sub-steps 302 — 306. In

sub-step 302, the ligand contact elements (Contact 1 ... Contact n) for the



Proline (P) 00000000000010000000 G utani ne (Q 00000000000001000000

Argi nine (R) 00000000000000100000 Serine (S) 00000000000000010000 Thr eoni ne
(1) 0000080Q00GBEBR01000 Val i ne (V) 0000000000000000010@CTISER00PhEss2 ( VY
00000000000000000010 Tyrosi ne (Y) 00000000000000000001 Tabl e 1 |

13

interaction between the YIVGANIET peptide (SEQ ID NO: 4) and the HLA-
A*0201 molecule are extracted from the rotamer library. Next in sub-step 304,
position-specific ligand contact elements are identified. In sub-step 306, all
the position-specific ligand contact elements are then merged. These
5 Successfully merged ligand confact elements are part of the representation of

- the putative ligand-receptor interaction site.

HLA-A*0201 has 18 amino acids on the surface of the binding groove (Y171

R1 70 Y1 59 W167 Y59 K66 E63 V67 Y7 Y99 H70 A69 T73 W147 V76 .K1 46
10 T143 Y84) that are in cointact with the said peptide. These amino acids form

the receptor interaction site. Putting together the interactions mediated by

hydrogen bonds and by hydrophobic contacts (in this example, the whole 9-

mer’peptide (i.e. the ligand contact elements) and the receptor interaction

site) results in the full representation of the interaction between the
15 YIVGANIET peptide (SEQ ID NO: 4) and the HLA-A*0201 molecule.

~ Data Preparation for SVM Training
The representation of a :Iigand-réceptor interaction formed in ‘step 104 may
be expressed as LIS:TP-RIS-BA, where LIS represents ligand contact
20 - elements (amino acid residue or atom) of the interaction, TP represents
chemical bonds involved in the interaction, RIS represents receptor contact
elements (amino acid residue or atom) of the interaction, and BA represents
‘a measured strength of the interaction (i.e. the binding affinity). Note that BA
is optional in the representation and that the binding affinity may be zero i.e.
25 the ligand does not bind to the receptor. Furthermore, the amino acid

residues may be represented in the format as shown in Table 1.

30
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To convert the information in Fig. 4(a)
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taa\%gnaof the ligand-receptor interaction may be in

other forms. An alternative representation of the ligand-receptor interaction is

illustrated in Figs. 4(a) and 4(b) which will be elaborated below.

The binding affinities of a number of peptides (for example, the RVMAPRALL

peptidé, SEQ ID NO: 6) to the HLA class | molecule HLA-B*2705 have been

The 3-D structure of the B*2705 molecule has also been

determined using X-ray crystallography. (Ruckert C, Fiorillo MT, Loll B,

Moretti R, Biesiadka J, Saenger W, Ziegler A, Sorrentino R, Uchanska-

Ziegler B. Conformational dimorphism of self-peptides and molecular mimicry

5
Example 3

10
measured.

15

2316).

in a disease-associated HLA-B27 subtype. J Biol Chem 2006;281:2306-



bi nary val ue. The unique identifier is assigned based on the sequence of
the 30 entries A-B as listed in Fig. 4(a). For exanple, HHB: Y171 is

assi gned wo 200ie3t3ski er of 1 whereas HHB: Y7 is assigned aorisdentoiobéssz of 2.
The binary value is assigned based on whether the entry A:B represents a
contact 16 elenent involved in the Ilgagg receptor interaction shown in
Fig. 4(b). For exanple If an entry A B does not - represent a cont act

elenment int receptor interaction, e bi nar al ue of
0. “On'the ot R HARGTWE e resrpRenATins o the e elag st bt Y6 e
l'i gand- r ecepipaptii@tiftepsdtiodNsitedof thd B*2F08 fHiftskwe %H@éBY‘l\mBQn&Ea%s thae
overall representation of each entry ABis in a form mbi ning t

uni que i dent the é@nfaﬁﬂreﬂl@ﬁ)lmwdmﬂmelc F@ndlegmptaﬁt and HHBrindigatas feh!atml que

el amont 1 n ¢ WS 150N ESRER: B o Prchedeh bt olfd oSt T indl 4P B Gue

identifies ofpeatmjé domaEs AsidibsASit 2hd péptide irBFRAIOAL Sitél sHPP® HsAebnicement
in the ligand-receptor interaction. Ili)pnglyenent ation The representations

formed in st &fpmenas(iinethe hﬁ“?'aﬁ'@@e ehstheseB 270 rmoleauie pRddithe i ve
nodel ) chara ﬁ%a&t g&ﬁt @% eceptor interaction of 15 known
bi ndi ng affi ﬁ%\@\{l/ or Lé e e base *’i gand-receptor interaction in
Exanple 1. In step 106, the representations of the |igand- receptor
i nteractions for n step 104 are used to.train pred i ve The
predictive g&ﬁ s'B%""?rg" r?é@"ﬂ@?n@%?%ﬁﬁ?'?“ i %ﬁMM%éD rrg gﬁ%—bl lity
density nc u L]

iy 'idt@{(@a:tloﬁ Fnzltl B§ Pi prQ f—:g StsMWe as’eA?%%?M:% %leu-r Al

Bayesi an” net wor e I 'eal ni ng a ns suc I ci al
Net wor k (ANNRVM%AEI’MLUVBJGMMeM()SEQ (IBIVMODr6)Sm|dortlne ViemsiduesVHalidwieg ( BIVM) .

In Exanple 1, the base receptor f kpown affinity. 25
Howver | i1 FRPEReEndie b, SRR cvitth B0 santacline nhearring Y 2
avai | abl e (f%sueef@rml the Jpeéptide pobiiek Pf. Fzspeéxdmﬂbalthaarr@s)idu@ dapa of

| i gandreceptor interaction of an estimated affinity may be used instead.

For exanpl e, RYMARBALL{SERY IR ANQ:\B)tiy adigand ¢apdact-¢lement contasting sesidues i s
unknown ut r e eV i.0 iyt
resul ti nglggjf rm'}ﬁh?feg?’?égnﬁb?e%ﬂﬁﬁr f!ﬁfzrex}%;cﬁ{hg% rlggﬁé%gongﬁ VJ’es‘?(’ﬂ% e of
the binding ®62 ahd Y7 e BRLbCOBE TBRET HUSHASAISOSIARY, HHB indicates that

the bond between the contact elements is a hydrogen bond whereas NNB

indicates that the bond between the contact elements is a hydrophobic bond.

20 . Fig. 4(c) shows a format suitable for trainihg a predictive model, for example,
a machine learning model such as a SVM model. This format can be used to
represent the RVMAPRALL-B*2705 interaction in Figs. 4(a) and 4(b).
However, note that the entries in Fig. 4(c) merely illustrate a suitable format
for training the predictive model and do not reflect the RVMAPRALL-B*2705

25 interaction shown in Fig. 4(b).

To convert the information in Fig. 4(a) and Fig. 4(b) to the format shown in
Fig. 4(c), each entry A:B in Fig. 4(a) is assigned a unique identifier and a
binary value. The unique identifier is assigned based on the sequence of the
30 entries A:B as listed in Fig. 4(a). For example, HHB:Y171 is assigned an
identifier of 1 whereas HHB:Y7 is assigned an identifier of 2. The binary

value is assigned based on whether the entry A:B represents a contact



between the |ligand and the receptor can be deduced and used for training
the predictive nodel. The trained predictive nodel is then used in step
110 of neEWBed1113838This 5 trai ned predictive nodel may [PETHS2G0{06038Yal uat e
a ligand-receptor interaction of unknown binding affinity. In one exanple,
properties of a test ligand and a test r@geptor whose interaction is of
unknown binding affinity are input into step 110. Based on 10 these

properties (e, g. the peptide seguences), .a 3-D structure of a c | ex
Porned by« neapeh vt Ponec b ftnd EeRiotandhd i s cHEL For
estimated 3- BxaphstitlaR enB9SRBOHSeS ABE ASire SRR BbAtdER BIdMRekiahi tHedigahBe
potential interaction between the test ligand and the test receptor is then

represent ed recapher intgraction.nhis assighed acbinanevalae &l @orthe other karg o4

conver tad role PFRATBTePRAE SRR omRR lnnblcRrbTRERREP 1RbR okt
(for exanpl eijt ishassignetht binaryi galud(af) ). Tingl overdihespresastativ e &f teachhentty ai ned

predi ctive npdel.. Subsequently, the potential |igand-receptor interaction

i s eval uat edABiifdn enformap cetiniagithe unaue identifigr aed theddnaty vauaober so
as to predic ; i ol W r; - Se14Cs - t he

| i gand bi ndsb%( (5)}?1? hgéoarde%%ﬁ g‘;ﬁh 5398&’1“? |§(§)ﬁﬁ[ r?fghénﬁgggﬁs%gér?ééggf%ﬁ% (lgsndi ng
and how st r ongt tdprebentcd ogntast elementiin thalligdrei-receptdrantdractisedheeasrad yze a

test protein (which may be a 25 Ligapd or a receptor). In this exanple, the
oy odi ot Lve kY Weh molnBessETIEenebe [ SEaRRd. A %5 Tt PasaIR A es. of
the test|@rogshiact &ldnfertin the Roarf-REepisr ihttRadtigict i onal ity and reactivi .t y

of the test protein. In one exanple, representations of a series of ,
descriptors defining different characteristics of the test protein nay be
extracted fromthe rofgner library and may be 30 conbi ned. The conbi nati on
of these rep?@ﬁﬁmm ©Oay then be presented to the previously trained

predi ct 1 ve el S WAL HEIRPLER | 6 V20T BaUSARRETL SR010) P03

18 interactions ween es oneé nore re i'gands or

rel ated recefiepeedittivemodel chafhetehza dit dgastfdrienligaresrerfeptormintdraction of
pepti des: have been neasured for seven HLA class | nol ecul es A*0101, A*0202,
A*0203, M 03kmowWR-binding affiniy. fos Rramplgp the Rasenligandrieseptar;iptesactign 0101,
A*0202, A*02 3Q1, | A* 1,40A% 2 RE6nar Iy

t heoreti cal §§Bnﬁ%%elqs Icgf %t%gsgOréécg%lo@gg%sr%erﬁgenefaﬁegﬂ%s?ﬁghﬂggrr%ﬁagl
nodel i ng ( Bi indedhctiGas iforned 0CstpprHi4 aee prseteiontrainr acpredectivedmbdel The

Ve 2 bABTENe rLF m& b kA G bR Methis (45! Sicbablity’® 7o
density function), fuzzy means, multiple regression means, matrices,
- 20 - Bayesian networks, or machine-learning algorithms such as Atrtificial Neural
Network (ANN), Hidden Markov Model (HMM) or Support Vector Machine
(SVM). |

In Exémple 1, the base ligand-receptor interaction is of known affinity.
25 However, if no ligand-receptor interaction of known binding affinity is
available (for example, due to a lack of éxperimental data), a base ligand-
receptor interaction of an estimated affinity may be used instead. For
example, if the binding activity of a ligand-receptor interaction is unknown,
but there is experimental evidence of biological activity resulting from the

30 ligand-receptor interaction, a reasonable estimate of the binding affinity



In this exanple, the interaction sites for the seven HLA class | nol ecul es
are represented in the sane format as in Exanple 3 - Fig. 4(a). The

i nt er act ivwO2LP3EBBWeen t hese HLA cl ass | nol ecul es and PEESGRe880033dWn t O
bind to these nolecules are also represented in the sanme format as in
Exanple 3 - Fig. 4(b). The training data;gonprises binding and non-bi ndi ng
9-nmer peptides for each HLA class | nolecule. This training data was

bt ai ned f Epi t b | EDB; , http:// bj ndi dicti :
o0 mencen: BEBAT e Eenf e a88eky 228 oldeel el DAY Baid
Buus S, Doh fhe pieffidtive/méaginenberg M Kubo R, Lund 0, Nenmazee D,

Ponomarenko JV, Sathiamurthy M S choenberger S, Stewart S, Surko P, Way S,
Wlson S, Sette A The i mmune epitope database and anal ysis resource: from

vision to bl rd P i ol 0 ; ). e : 251 epr n | ons
of the Ii ganiﬁgett%b?grplegﬁlPEY%é??%%sfg&ﬁ%ﬁ tu%gﬁ 'Eoﬁééﬂﬂy&g{ meéﬁgd ﬁ@ghﬁﬁs
(simlar 30 trhmedorgratictive Exvtiel emaiy- He dusel ab) valudté aaniiggnd-ré&détotsi ng
t he above converted representations, a SYMwas trained for each HLA cl ass |
mol ecul e wi t interastioyof ugkrowabinging affinichi ms T, Making | arge-scale 30 SVM
| earni ng practical. Advances in kernel nethods - support vector |earning,
Schol kopf B, Burges C, Snola A (eds.), MT-Press, 1999). The third-degree
pol ynoni al kévrorle fexantpl@n prapertisedft 8 st didandeandi pttess ré€eptor Mheseanpl e,

representati ons of the peptide contact residues at, fhe peptide_interaction
e of o pr SteiaRtias Kb RnRwe: Gnccn s i ae danst BNy SHRP 1D aRERCH G ary.

non-bi ndigs [1oE ProieRfos (o e beidy SendicEsiqrD (n@liiglor PLomplex | es)

5respect i vel farmBichby the péteptipt intaraction maycheiestimategiiand frandiod egtimated
52705 (see BRrpTeAtasE osshiP ctoniabl SITRRTS R 108 50N e TEnBO SRRt or

each interaction between the test ligand and the test receptor is then represented
o in the same format as the representations formed in step 104 using these
15 possible contact elements. Next, this representation is converted to a format
” .'suitable for use with theftrained predictive model (for example, the format in
' Fig. 4(c)) and is then presented to the trained predictive model.
Subsequently, the potential ligand-receptor interaction is evaluated using the
representation and the trained predictive model so as to predict the
20 . interaction- characteristics for example, whether the ligand binds to the
receptor, and if so, the chemical bonds of the binding and how strong the

binding is etc.

Method 108 may also be used to analyze a test protein (which may be a
25 ligand or a receptor). In this example, the predictive model of method 100 is
used to pfedict the bindihg activities of the test protein. This in turn, predicts
the functionality and reactivity of the test protein. In one example,
representations of a series of descriptors defining different characteristics of
the test protein may be extracted from the rotamer library and may be
30 combined. The combination of these representations may then be presented

to the previously trained predictive model to evaluate the potential



10 nol ecul e) trained according to the enbodi nents of the present invention.
The results of the predictions using the enbodi nents of the present

i nvent i ortwer2e11gl3owa in Table 2. As shown in Table 2, th@CTESA0H0&HDW t hat
the predictive power of nethod 108 is conparable, if not better than those
of existing algorithns. In fact, with hi g?er quality 3-D structures, the
predictive 15 povver of net hod 108 may be further irrproved Al |l el es Tenpl ate

%ggl Dgtzg ?33‘%5 %%\%?_35{ ﬁhgyte i %Qn SAhd '(I;%gt or %ore re a]’togl I-|rghaen0 seI‘m" cal

related receptors.

Example 4

5  The binding affinities of a number of peptides have been measured for seven
HLA cless | molecules A*0101, A*0202, A*0203, A*0301, A*1101, A*2301
end A*2601. As the 3-D structures of A*0101, A*0202, A*0203, A*0301,
A*.1101, A*2301 and A*2601 are not available, theoretical 3-D models of
these receptors are geherated using homology modeling (Bino J, Sali A.

10 Comparative protein structure modeling by iterative alignment, model building
and model assessment. Nucleic Acids Res 2003;31:3982-3992).

I'n this example, the interaction sites for the seven HLA class | molecules are
represented in the same format as in Example 3 — Fig. 4(a). The interactions

15 between these HLA class | molecules and peptides known to bind to these
~ molecules are also represented in the same format as in Example 3 — Fig.
4(b). The training data comprises binding and non-binding 9-mer peptides for

each HLA class | molecule. This training data was obtained from Immune

| Epitope - Database (IEDB; http://mhcbindingpredictions.

20. immuneepitope.org/dataset.htmi; Peters B, Sidney J, Bourne P, Bui HH,
Buus S, Doh G, Fleri W, Kronenberg M, Kubo R, Lund O, Nemazee D,
Ponomarenko JV, Sathiamurthy M, S choenberger S, Stewart S, Surko P,

Way S, Wilson S, Sette A. The immune epitope database and analysis
resource: from vision to blueprint. PLoS Biol. 2005 Mar;3(3):€91). The

25 representations of the Iigand;receptor interactions are then converted into a

format (similar to the format in Example 3 - Fig. 4(c)) for training a SVM.

Using the above converted representations, a SVM was trained for each HLA
class | molecule with the SVMLight software (Joachims T, Making large-scale
30 SVM learning practical. Advances in kernel methods - support vector
learning, Sch(")lkepf B, Burges C, Smola A (eds.), MIT-Press, 1999). The

third-degree polynomial kernel function was used to encode descriptors (for



(PDB I D 10GA, 1.40A res.) 2471 618 88.51 A*0202 Theoretical nodel 1157 290
86.55 A*0203 Theoretical nodel 1154 289 81.60 A*0301 Theoretical nopdel
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example, represe'ntations of the peptide contact residues at the peptide
interaction site of a protein as shown in Fig. 4(a)) derived from the rotamer
library. The binding scores used for SVM training were set as 0 and 1 for

non-binders (i.e. non-binding peptides) and binders (i.e. binding peptides)

respectively.
Bihding of peptides to rﬁolchIes A*0101, A*0201 (seé Examples 1 and 2),
A*0202, A*0203, A*0301, A*1101, A*2301, A*2601 and B*2705 (see
Example 3) were predicted using individual SVMs (one SVM for each
molecule) trained according to the embodiments of the present invention.
The results of the predictions using the embodiments of the present invention
are shown in Table 2. As shown in Table 2, the results show that the
predictive power of method 108 is comparable, if not better than those of
existing algorithms. In fact, with higher quality 3-D structures, the predictive
power of method 108 may be further improved.
Alleles | Template type _ Data size Accuracy
(%)
Training sef| Test set

. | A*0101 | Theoretical model 925 233 92.67

A*0201 | X-ray crystal 2471 618 88.51
(PDB ID 10GA, 1.40A res.)
A*0202 | Theoretical model - | 1157 290 86.55
A*0203 | Theoretical model 1154 289 81.60
A*0301 | Theoretical model 1675 - 419 85.92
A*1101 | Theoretical model 1588 397 94.27
A*2301 | Theoretical model 83 21 76.19
A*2601 | Theoretical model 128 32 93.33
B*2705 | X-ray crystal 775 194 94.33
(PDB ID 2A83, 1.40A res.)

Table 2

1675



85.92 A*1101 Theoretical nodel 1588 397 94.27 A*2301 Theoretical nodel
21 76.19 A*2601 Theoretical nodel 128 32 93.33 B*2705 X-ray crystal
WO 2011/037538 PCT/SG2010/000352
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In summary, the embodiments of the present invention serve to evaluate

potential binding of peptide-like ligands (ligands) to peptide-like receptors :

(receptors) by using predictive models trained using non-linear statistical

techniques (such as probability density function, multiple regression system,

~ ANN, HMM, SVM, matrices, among others), 3-D structural data of ligand-

receptor complexes, and known or estimated ligand-receptor binding

affinities.

The advahtages Qf the embodiments of the present invention are as follows.
These advantages allow the embodiments of the present invention to achieve
more accurate results (as validated using data on peptide binding to major

histocompatibility complex molecules (MHC)).

Use of an expansive rotamer library

| Unlike existing techniques, the embodiments of the present invention utilize a -

- rotamer library comprising not only a base ligand-receptor interaction of

known or estimated affinity but also Iigand-reAceptor interactions derived from

- this base ligand-receptor interaction. In this way, the rotamer library may

comprise a_II possible ligand-receptor interactions for the receptor of interest.

By utilizing such an expansive rotamer library, the predictive model can be
trained with a Iargér amount of data and thus will be more accurate in
evaluating potential ligand-receptor interactions.l Furthermore, the use of
such a rotamer library can reduce the computational time required for

predicting the ligand-receptor interactions.

Use of a predictive model trained using non-linear statistical means
In the embodiments of the present invention, a non-linear statistical predictive
model is built and applied for evaluating potential ligand-receptor interactions.

This involves several stages:

83



(PDB I D 2A83, 1.40A res.) 775 194 94.33 20 In sumary, the enbodi nents of
the present invention serve to evaluate potential binding of peptide-Ilike

| i gands (WDgandsys3Bo peptide-li ke receptors (receptors) POF/SG201@oEsadi ctive
nodel s trai ned using non-linear statistical 5 techniques (such as
probability density function, nmultiple rggressi on system ANN, HW SVM
matrices, anong others), 3-D structural data of |igandreceptor conplexes,

and known or _estimated. |igand-recepto l,nding.affinities. 10 The .
Stvant ages 0Pt REMEIAIaB RN BF Seinated UER TG ecantotid Iersfippad,
These advant ages feHh2\Uskhif fePAfingRtRe predictie miydkgent invention to achi eve
nore accurate results (as validated using data on peptide binding to najor

hi st oconpat i )| traipingdhplpsgdietivemadse, (MHC)). 15 Use of an expansi ve rotamer

library Unli XLsting t ' . b he e di nents . e present
nventon ut & i eresariia & VHREBER (63 ERERRS SRR JRle AR g e same
| i gand- r esept orformbeag i (a)ﬂaﬁ(ﬂ known or estimated affinity but al so
| i gand-receptor interactions derived fromthis base |igand-receptor
i nteracti on. d) nPrericdingdhe bingding affinityof the pakgowR ligaed-tesantacinigRCisi bl e
| i gand-receptor interactions for the receptor of ‘interest. By utilizing
such an expansive rotaner library, the predictive nodel can be trained with
a | arger anoimthetnmtaidiments ohihe piesenbimventien atheupretictive modélattraiged

[ i nteractions.. Fur t he use of 25 such a

Pot aner 1 1 br ey dariveh peut KB dhb IeRissAtanSkE T AGIENERd: BISICER 8 ng
the |igang-r gg8R4-PEcdptbe iftetadfhs with known 3D structures or with theoretical
models. In other words, the embodiments of the present invention facilitate
: the use of machine-learning on 3-D structures or theoretical models for
brediction of binding activities between ligands and receptors. Furthermore,
the.predictive model is trained using non-linear statistical means such as
15 - probabilistic function, ANN, HMM, SVM, multiple regression or Bayesian

o netwo_rk;

As new experimental data becomes available, the predictive model can be
re-trained with this new data to improve its accuracy. This achieves cyclical
20 . refinement of the embodiments of the present invention and hence, provides

a way to constantly improve the accuracy of these embodiments.

Training of predictive model using representations based on contact
elements derived from 3-D Structures _

25  In the embodiments of the present invention, representations of the ligand-
receptor interactions (formed in step 104) for each single data training point
combine both experimental and structural information. Furthermore, these
representations are not derived from the ligand, receptor or ligand-receptor
primary sequences. Rather, they are based on the actual ligand-receptor

30 contact elements derived from 3-D structures (which may be experimentally
solved 3-D protein structures or theoretical models such as those derived

. from homology modeling, molecular docking and/or protein threading



Use of a predictive nodel trained using non-linear statistical nmeans In the
enbodi nents of the present invention, a non-linear statistical predictive
30nodel iwWoORa1Ww78Ad applied for evaluating potential | PGEASG20OOFDr

i nteractions. This involves several stages: 21 a) representing known or
estimated (training) receptor-I|igand intgﬁactions in a format useful for
training the predictive nodel; b) training the predictive nodel;

c)
representing,an unkn est) ligand-receptor interaction in the sa
S ormat s PGy AT otEF waree A5 TeRBror o ROLTTP HAt SRR 2 B Roun
l'i gand-r ?Cepfa%cbﬁfo?'i@@hé%ierlz‘édtih&eﬁﬁ?@ﬁ' pBPAThEteP$ wHich i1 8&F0t theigaRkL on,
the predictive nodel is trained using derived input data (or

repr esent at i oeggptehadnteraetianz i deyivieds frome e8-Idf bionwlecujan dstrustwesoand the

i nteractions_wt.h.kn truct ures W th theoretical., nodgls. l.n other
wor ds.t he. o RESHFNENEsE PieRlices Bldid afiliAnd SRl pEQy Th et S e?
machi ne- | gar thig geiprotalrelatiorshis.es or theoretical nodels for prediction of
bi ndi ng activities between |igands. and receptors. Furthernore, the

predictive nodel is trained using non- | i near statistical neans such as
netvor k. As 1o Sb8Ee: B ediphtegBlh ST (S Lkkih? hEpRERLRESHE, B B O
can be re-tr @iteesttiont br tindingewvdat aft the muotaale cohtachcelomarys wWhich aedhi eves
cyelical ir'nrportant»rather than the sequence of the ligand alone or in combination with
10 the sequence of the entire receptor binding site. Thus, by using the actual
contact elements derived from 3-D structures to train the predictive model,
the behavior of multiple related ligands towards a single receptor, or a single

ligand towards multiple related receptors, may be assessed more accurately.

15 Single representation |
“In the embodiments of the present invention, each ligand-receptor interaction
| is represented by a single representation. In.one example, this is formed by
combining representations of different characteristics of the interaction (for
| example, receptor contact elements and ligand contact elements).
- 20.
Using only a single representation allows the embodiments of the present

invention to be less. computationally intensive.

Multiple Applications

25 The embodiments of the present invention are applicable in the fields of
computational biology, computational chemistry, protein engineering, vaccine
discovery and drug diécovery. They concern the identification and prediction
of ligand-receptor activities which may in turn be used to identify biologically
active compounds and ligands to families of related receptors.

30
The embodiments of the}p,resent ihvention can be used for predicting ligand-

" receptor interaction patterns or binding activities. For example, they allow



20 refinenent of the enbodi nents of the present invention and hence,
provides a way to constantly inprove the accuracy of these enbodi nents.

Tr ai ni ng WO 2p11837BBi ve nodel usi ng representati ons base®#ChsGeoO0aE3HS2

el ements derived from 3-D structures 25In the enbodi nents of the present
invention, representations of the |igandy;receptor interactions (formed in
step 104) for each single data tralnlng p0|nt conbi ne both experinental and

structural rmation. Furt er n e.representation e t derived
rom the | i glisl Sreirall sredriets B fonb EthS 1o TRERhRL uffiecBle WRke i

they are basggpé}r}néh@ aata'Rr sltwdiiting keiabk) contact el ements der| ved
from 3-D structures (which may be experinmentally solved 3-D protein

structures of hetrrabediments pbdke presatt inventionsearn alsovlee usedntpHdadlifygnd

nodel i ng, of, e n. h

ot her words, L&%ﬁ& lé%lgrl?%égaﬁ(iddét 8%% é‘%‘é’bg\kg%ﬂg ﬁf gang%ﬁ @é@}éﬁ%{gp or is
char act er§ zeghd thriceLdifepkidnal HMicaurse mhln@dmened)fataehgmd hﬂedepg:&ndf digapdor

i nteraction derived . from 3-D bionol ecul ar structures and the predictive

model pr edi cfecaptorarargpliexwith kpown dingding affinity Faeexample. dhe anebagiest %f
t hi I T
S nort 2t 06ah ook RYSean I BdTRP UandiapR iR ARRAIS Rbeplor'r Ui

cont act el emaot expérimbntal edattapcmt #neerditieasionbnsttucturec gsieacalable.t Adid | gand
al one or in combipation with 10 BIPXS uence of the entire receptor,.binding

Site. Thus. BYeRBINGMAYDEimamved S 96 flew BEpeaNtal Sfata by refine
structurgs th fs b?édbtrve%ea@nd FuHth¥fmORghe th?od@fﬁBﬁté erthefpragéﬁﬂ |Hl/§nt"c§H ated

| i gands t owar a single receptor, or a single ligand towards nmultiple
rel ated recepaonrbg uaay toqarad@ta:tb@dactmtyaoﬁcmleamlesjor wahich mgl expenmental

representatl n.ln the t he present invention  each

| i gand-recep 8P |sn?@'le§§[m0ﬂ“§ ?’?@Bﬁ%’%@?ﬁyeg‘rSBf%"EP%ﬁ g t?)émcélé%%?é’tflnt?ﬁv

one exanpl e, ekBéfmbhtdl AEIEED fa¥ing N® brédigiveambagent at i ons of different
characteristics of the interaction (for exanple, receptor contact elenents

and |igand contact elenents).
15 The embodiments of the present invention also enable large-scale, high-

throughput screening of receptor-binding ligands and have the ability to be

| adaptéd or generalized for the prediction of receptor-ligand interactions for
various receptor families. The embodiments of the present invention can also

be generalized for the prediction of all types of ligand-receptor interactions for

20 . various receptor families including, but not limited to, MHC molecules, T cell
receptors, immunoglobulins, ion channel blockers and protein cleavage.
Furthermore, the embodiments of the present invention are generally

applicable to data sets bésed on any type of ligand-receptor interaction.

25 The following are some example applications of the embodiments of the
present invention:
1. Identifying novel ligand-receptor interactions
2. ldentifying unknown binding counterparts of a receptor or Iigand
3. Identifying unknown and secondary therapeutic targets of drugs, drug
30 leads, drug candidates, natural products, etc
4. Identifying novel receptor or ligand molecules with similar functional sites

as the source or target molecules



20 r Using only a single representation allows the enbodi nents of the
present invention to be | ess conputationally intensive. Miltiple

Appl i cat iwo022037338 enbodi nents of the present inventiorcaseeppbizsabl e in
the fields of computational biology, conputational chem stry, protein

engi neering, vaccine discovery and drug ?Ascovery. They concern the
identification and prediction of |igand-Teceptor activities which may in

turn be used_to.identify. piologically actiyve coppounds and || gands

a1 es.of - Bel RieOItNG. Sife <ifotis and, Fsitis, dales "t iige (80 Rty and
binding to recqgﬁﬂpa(gﬂ ecul es when no experinental data for such binding is
avai l able. The e oJinénts-of the present invention can also be used to

i dentify and6prkuidigtingntangels bf glangl ADMEe{Apsanptiant iDistributiensi Metabdlisrat i on
derived from5 the_thr e-ane si onal stﬁucturiﬁfr.nndel of a ligand,
receptor or |1 GRIFETEHOBH G NP HMARPRISNEPrg af i nity. - For
exanpl e, the enbodinments can be used to screen a binding candidate to a
particul ar receptor for which no experinental data or three-di nensional
structure is available. This screening may be inproved by inclusion of new
experinmental data to refine 10 the predictive nodel. Furthernore, the
enbodi nents of the present invention can be used to predict the activity of
nol ecul es for which no experinental data is available. This prediction may
al so be inmproved by inclusion of new experinental data to refine the
predictive nodel. 15 The enbodi nents of the present invention also enable

| ar ge- scal e, hi gh-throughput screening of receptor-binding |Iigands and have
the ability to be adapted or generalized for the prediction of
receptor-ligand interactions for various receptor famlies. The enbodi nents
of the present invention can al so be generalized for the prediction of al
types of ligand-receptor interactions for 20 various receptor famlies

i ncluding, but not limted to, MHC nol ecules, T cell receptors,

i mrunogl obul i ns, ion channel bl ockers and protein cl eavage. Furthernore,

t he enbodi nents of the present invention are generally applicable to data
sets based on any type of ligand-receptor interaction. 25 The follow ng are
sonme exanpl e applications of the enbodiments of the present invention:

1. Identifying novel |igand-receptor interactions 2. ldentifying unknown

bi ndi ng counterparts of a receptor or |igand 3. ldentifying unknown
and secondary therapeutic targets of drugs, drug 30l eads, drug candi dates,
nat ural products, etc



4. ldentifying novel receptor or ligand nolecules with simlar functional
sites as the source or target nolecules 24 5. Predicting side effects and
toxi citi egorel1aBewsst o drugs (drug safety eval uati on) 6. PRISEREN0NES2 ar get s
of drug ADME (Absorption, Distribution, Metabolismand Excretion), in other
words, pharmacokinetics. 25 REFERENCES 4. Altuvia Y, Schueler 0, Margalit
H. Ranking potential binding peptides to R/HC nol ecul es by a conput ati onal

t hreadi ng ap MI Bi ol 1995; 249: 244-250. 2. Bino J, Sali A
Conmparative cture nodeling by iterative alignnment, nodel

bui | di ng and nodel assessnent. Nucl eic Acids Res 2003; 31: 3982- 3992 3.
Bordner. AJ, Abagyan R Ab initio prediction of peptide-VHC bindin
10geonetry fdr /giluma Yo Tchusien OMNE)Brgali'oHy;R%\.kiﬂQ potentisl bgds1wsBeptides® 4.

Doyt chi nova | A, Toward th | tativ redi cti,on,o -cel |
epi t opes: coNFA"'EQ"*@%‘@E&RSSWd?egéfgﬁu%gﬁﬁ%héﬁ}%dfﬁﬁf%% 'I"o&logh%'%lcl ass
| MHC nol £cul e 1495: 248204250 Med Chem 2001; 44: 3572-3581. 5. Joachins T,
Maki ng | arge-scal e SVM | earni ng practical. Advances in 15kernel methods -
support vect 8r BiBar di ngali dehéiareparative ppioleis struclypg amadeling by itarative ess,
1999 6. N el se ndHid O, G i O T [ - predh ety of
T-cell epi topeghliébl ng _’neuraI %lgld\}\%*léydcmg%%e%g%/seﬁ%ggrggﬁgnggkﬁggr@tg%%t%%]ons.
Protein Sci 20@03231:608248492 20 7. Mamitsuka H. Predicting peptides that

bind to VMHC | ecul es i ng superyi sed. |l ear ni .of hj dden v. nodel s.
Pr ot el ns. 1688; SHEET 45, ABaOwR\r AD) NS RIBACHEM hRePle MG PSinG of
al . A styyct ur glehrsinpf r%rivérmqrmn@éudigs%ﬂﬁ%é 266688126,

recognition. Nat | munol 2003; 4:657-663 25 chielin 0, Luescher 1,
Karplus M MddDoytghiobvaHé, FirverDRyefoward thenpuantitativeviprediciion 20docell
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5(i) using at |east one source ligand which is known to interact with the
receptor, to generate a plurality of additional |igands; (i)

gener at i yoaodaaisase descri bing, for each of the pl uralPCrigGaétondessz i onal

| i gands, a known or estinmated affinity of the corresponding ligand with the
receptor; 10(iii) training a predictive2 del using the database. 2. A

nmet hod for predicting the interaction bétween at | east one specified |igand
and a receptor conprising presenting the specified ligand to a predictive
nodel gene for the receptor by a nethod according to claiml1. 15 3. A
met hod according to claim1 or claim2, wherein the plurality of additional
| i gands are generated by: identifying at | east one base

| i gand- r ecdpt or A mathed forngenenaliogra pradictivel masiel foreprediatiog ligagdnaffinityl t he

receptor; and 20nodifyin ortion .of the corresponding source |igand
sel ected aé’ﬂg}%ﬁcgeqt%')’/lﬂh%"%ég d F?@Qﬁ'ﬁ'—nlgetggﬁg%ﬂs ?f\t eraction, to produce at
| east ope nodi figdidingandeast one sdurcé RINACWhRECR! khdlin O iflepadd With \ther ei n

the sel ected portion of the source 25ligand is known to bind with the

receptor. receptorde gsnerate & pRILrAlity of addifignal ligands; wherein t he sel ect ed

portion of the ur I C LSesqsdde. chaj di S 1 No
aci d residue of ?ﬁ))h g‘gh‘%’—tg@]% gaz;ér;[ggb %r%iéér?q"tgh@sr e%%ﬁéi hpgﬁagr &ﬂ!]rgﬁtgs%g}e _
known t o biaaditignahligdrels3@riameat or estind@edQffinifsabheRoN SSpdRHNOIRBRIANVES 6.
A met hod according to claim5, wherein the sub-step of nodifying a portion
of the sourfR@res d further conprises the sub-step of replacing the side

chai n ggordi nat ini ! i b defasifiHen ource ligand with the
side chain coorgﬁ%g}t&les@?%gé?}?? elr'rfg)rc]j{a g%ﬂﬁg gf((:jlai ress%i'due. 7. A net hod
according to any of the preceding clains, wherein the database conprises a

plurality @f ligand-re tor i.nteracti.ons d ch |i d-receptor ..
Pnteracti of-in eheveaodnaseredcad fhe i BladRg.flwasm 4Flast irenpaeclfir
receptor coghas landl £ F&EYptorEompbAsihh $HaSehtRPMHCSpddM& AGANPD a predictive
_ modelgeneréted for the receptor by a method according to claim 1.
15

3.A method according to claim 1 or claim 2, wherein the plurality of additional
ligands are generéted by:
identifying at least one base ligand-receptor interaction between the at
least one source ligand and the receptor; and
20 modifying a portion of the corresponding source ligand selected

according to the base Iigand-receptor interaction, to produce at least one

modified ligand.

4. A method according to claim 3, wherein the selected portion of the source

25 ligand is known to bind with the receptor.

5. A method according to claim 3 or 4, wherein the selected portion of the
source ligand comprises side chain coordinates of an amino acid residue of the
source ligand wherein the side chain coordinates are known to bind with the

- 30 réceptor.



10 8. A nethod according to claim7, wherein the contact el enents of the
at | east one source ligand are derived froma 3-D structure of a

sour ce- | iganrdivszspt or conpl ex i ncluding the source | i gRAW/S&R0I10LNESS2
receptor. 15 9. A nethod according to claim8, wherein the 3-D structure of
t he sourceligand-receptor conplex is a ?erput ational nodel or a theoretical
nodel derived using one or nore of honology nodel ling, nolecular docking

and pr ot ei hreadi ng. 20.°1Q. A.netfhod accqrdi 0 £ .clainms,7 -9,
wher o1 n t he- PriEgiad eeoianto it WaerSht B sHingtePoTedrife Badron of
sub-steps: the sourcd AgahdJFuRhé€BHRPFBESthE8NsULR5tePash réplSGRE -the C&8é Xhain
interaction in the database, the representation descri bi ngrt he

char act er i soptdingtestafethpiayaingr acid gesiduprmfdhacdusee ligaad 2eth thensidg chain
predictive ( i . represen i of the ligand- receptor
interacti or?ggfjcﬁ}‘?%g Qg%téﬁie@?%m'ﬁ%f%%tﬁfe k}ﬁ‘ﬁod according to claim10,

wher ei nst he sub-step of forming a representation for each |igand-receptor

interaction in the database further 30 conprises the sub-st eRs of :
const ruct i fg A meiped Ascerdingorany ehihe errgesting claimsc whereindhe driabase ept or

oy boont aonitRes 1 ikl 5 Rfnd-loceBOr HidRRiphs Zhd. each 1BARELBEAR! 1°

t o form t héinterutiencinttheidatatbase ishdefineghby-iganddontadtrélemants and red&ptoA
met hod accordjn o claim10 or 11, wherein the characteristics of the
Iigand-recé‘Bf‘tﬂchiﬁ"@:‘?”aIétqq] EWr%ménwam% of the following: |igand
contactpel enents of the interaction, receptor contact el enents of the
interaction, chem cal bonds involved in the interaction and a strength of
t he i nt er a& Pomethdd3 aceondirtghtedclaine o, dtwheyetrothel eontad2elements of thehat least

representation for each,ligand- 1Q receptor . interaction is.in the form
LTS The R S8R SiEre TRE0Y o dsrived diclt eha 7 SR e 2t et e dGBREoarophe
i nt eract i oombfex RIRIRREE tHe so\aceigahd andiRBdscéptye!l ved in the interaction,
RIS represents the receptor contact elenments of the interaction and BA

represents the strength of the interaction. 1514. A nethod according to

claim 12 or : ej e 149 cont el 1 e gce )

cont ac# geI egﬁe%rgltrrs'g@gél %%é)}@'g'ﬁsf& \%@ﬂnr%’s‘l’vgggﬁ RE°SD S%gt‘}rg o fe*Boditce
ligand-receptor complex is a computational model or a theoretical model
derived using one or more of homology modelling, molecular docking and

protein threading.

20 10. A method according to any of claims 7 — 9, wherein the predictivé model is
trained according to the following sub-steps:
forming a representation for each Iigand;receptor interaction in the
database, the representation describing the characteristics of the ligand-
receptor interaction; and
25 training the predictive model using the representations of the ligand-

receptor interactions in the database.

11. A method according to claim 10, wherein the sub-step of forming a
representation for each |igand-receptor interaction in the database further

30 comprises the sub-steps of: |
| constructing a representation for each characteristic of the ligand-

receptor interaction; and



15. A method according to any of 'clainms 10 - 14, further conprising the
sub-step of converting the representation for each |igand-receptor

i nteract WO 200/@788 format suitable for use with the pr@drsGeye/opesdzl prior
to training the predictive nodel. 16. A nethod according to any of the
preceding clains, wherein the affinity ¢f the at |east one source |igand
and the receptor is estimted using knova edge 25of biological activity

resultingfrom | gast rce ligang t he

receptor. 17 ROREITG 86 SpheRER TR Slon B rafo S o SR TR L,
dependent ﬁébetit@'h méiacmhﬁfo?ﬁolﬁmtth@ rébﬁéseﬁfathefdr did hgaridifedept® infraction.

I nteraction between the at 30 | east one specified |1 gand and the receptor

conpri ses the sub-steps of: form ng a representation for the
pot enti al t r o i a o
P ent o (PL A RRHNGS AREHNRRS 16 Maifd 1051511 ReRfT thé! cHaradtBALtbs"6F d!

2011/ 035753B§>£ﬁ'd -fesptor |aﬁ§}85ﬁbr860mptlee aokiarmor oittherfolowingntigdrad pentags t he
representatlon of e nd-receptor interacti n in thfotg]atabase and

present | ng® Sfeie PEdBR! HTGBAPG, TBHEPth CHtadh SlTpentss 0 et gpretion
pr edi Gt | Ve crBiRlol bbfds VERGHOR (A6 LI dhoc irth m of tHB fiBFackADY | 5 N9

sub-step of converting the representation for the potential Interaction

bet ween t he speC|f|ed ligand and the receptor to a format suitable for use

with the tr dICtI e nod pr4 or, to. esenti ng, the ntation to

thet 1 o ned 3gh diplbf Acchistle 1 HimDE. WodrBirf e TEBtashnianth 157 Brch debfit,

pr ecedi®g ﬁécﬁdm intevacebm id e the 8k tLISETPORISLBA SwifereVLI® ¢ebresents the20 A

conput er system having a processor arranged_to performa nethod 15

accordi ng @a%yoataqtﬂeé@rngnt_s of ﬂ'@ interaction, TP represents the chemical bonds
involved in the interaction, RIS represents the receptor contact elements of the

mteractlon and BA represents the strength of the interaction.

15 14. A method according to claim 12 or 13, wherein the ligand contact elements

“and the receptor contact elements exclude conserved residues.

15. A method according to any of claims 10 — 14, further comprising the sub-
step of converting the representation for each ligand-receptor interaction to a
20 format suitable for use with the predictive model prior to training the predictive

model.

16. A method according to any of the preceding claims, wherein the affinity
of the at least one source ligand and the receptor is estimated using knowledge
25 of biological activity resulting from interaction between the at least one source

ligand and the receptor.

17. A method according to claim 2, or any of claims 3 — 16 when dependent
on claim 2, Wherein the stép :of predicting the level of interaction between the at

30 least one specified ligand and the receptor comprises the sub-steps of:
forming a representation for the potential interaction between the at least

one specified ligand and the receptor, the representation for the potential



21. A conputer program product such as a tangi bl e data storage devi ce,
readabl e by a conputer and containing instructions operable by a processor
of a conpPlDep11gB3I38mM t 0 cause the processor to perform RCEEGROW/08&6dr di ng
to 20 any of clains 1 -19. _

30

interaction being in a'same format as the representation of each ligand-receptor
interaction in the database ‘and

presenting the representatlon for the potential interaction to the predlctlve

model.
5 .
18. A method according to claim 17, further comprising a sub-step of converting
the representation for fhe potential interaction between the specified ligand and
the receptor to a format suitable for use with the trained bredictive model prior
_ to prasenting fhe representation to the trained predictive model.
10

-19. A method according to any of the preceding claims, wherein the predictive

model is a SVM model

20. A computer system having a processor arranged to perform a method

15 according to any of claims 1 —19.

21. A computer program product such as a tangible data storage device,
readable by a computer and containing instructions operable by a processor of
a computer system to cause the processor to perform a method according to

20  any of claims.1 —19.



