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prioritizing one gene over anot heiNTRODUQTIONr | nvestigations. [0003] In a
typi cal scenario, a pharmaceutical conpany beconmes aware of a newy
sequenced gene_ o{ _uBknown function. This gene shares sequence honology with
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I nplication, the protein of the newy sequenced gene nay be in the sane
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i ndividuals with the di sease may show a SNP or hi gher (haplotype)

pol ynor phi é%: E #t&e gene relative to healthy individuals. The conpany then
per cei ves gene, or nore specifically the protein(s) for which the
gene codes as a potential drug target or as a "disease gene" wth
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[0003] In a typical scenario, a pharmaceutical company becomes aware of a newly
sequenced gene of unknown function. This gene shares sequence homology with known

15 genes whose protein fanctions are, to some extent, understood. By implication, the protein
of the newly sequenced gene may be in the same class as the known genes, and therefore
some similar functionality may be inferred. The pharmaceutical company becomes
particularly interested in this gene as there is circumstantial evidence associating this gene
with a particular disease. This evidence may come in several forms: samples from diseased

20 tissue demonstrating a significantly higher (or lower) level of expression of the novel gene
relative to samples from normal tissue, individuals with the disease may show a SNP or
higher (haplotype) polymorphism in the gene relative to healthy individuals. The company
then perceives that the gene, or more specifically the protein(s) for which the gene codes as
a potential drug target or as a "disease gene" with diagnostic applications for disease

25 predisposition or drug response. In addition to this gene, the company has knowledge of

many other genes that may be associated with the same disease.

[0004] As drug development entails extremely time consuming and expensive laboratory
experiments, animal experiments, and clinical trials, the company has to select a few genes

on which to spend their resources. However, the pharmaceutical companies do not have a
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on which to spend their resources. However, the pharmaceutical conpanies do
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plurality of individual biological processes associated with said

bi ol ogi cal state, at | east one of said plurality of individual biologi-cal
processes being a process nodified by said one function of set FO, said
conput er nivd®02/98650g configured to eval uate the effect of PEATUSOAH461

bi ol ogi cal processes on said_biol ogical state; executing said conmputer
model with said added one fSHMMARYQFJHE INVE +oduce value S, for said
bi ol ogi cal state in the presence of said added one function of set Fo; (d)
repeating gf(}?ﬁ’ﬁf)ﬁpasp@a%f ﬁa‘é)m\feﬂﬁo@ﬁ)é rﬁ’étﬁtﬁffof‘ Hilﬁfchﬁé‘ﬁotéﬁtlal Bi%logl:éal adti%ity of
conpari ng sald val ues for functions of Set an So val ue,
said So vahodluldsgonsgitysnofonaecting adialegical ntgtes%mnnr@m{aérasmmawt fonoluit any

of the fun F r - del ;
o (1 1 QEp o baif Rt e REE ade IGEIAR 2o bBG 2 BRSRGAIP & ealf

val ue sr el apnessiologicBipraceshefisaitibiolopicajiseate $;c(b)m1dun'g 1nfurmhtarg1 ﬁ:abneafnnctwntqf of
said cellular, constituent for.affecgti.n aid |ca tateat

i dentii fyi n&t%h@q‘iﬂ‘i‘&q ?fﬁ%"dieﬁOng@tb‘é %\ﬂsal‘f'gsg pep @“’r?&esa‘? e ence in

S. val ue rghafiky6f lh@ivﬁilaﬁﬁolb%%hl'}ﬁo&sd&%%13@@%%111@'&6%9&&@&?&@& legtone ty
for affecting said biological state. 20 [0029] Another aspect of the

i nvent i on psaid Piﬂtahbtpffl mé@aldmlomgal arosegsecheing a process modified bysaidone t uent s
having a p ate S
froma cet TnEHod fse Bihodel boing Cln BT bl ?‘ng’é‘?%ﬁ?aﬁ% a set Fo
of fulcti ohmldgmaémbessesl dnwhmlrbnologm&itstatm@)wxcﬁutlagsalioqmplamtbdﬁ witheaidbei ng a

nodi ficatio ast o b|o i C roces tate
&% by  auahitsdon Bgrdfs Vi & BEERT visloicAfila By BitheiRs of ' 51 ©
sai d cell ug@d a&déﬂ%hé ﬁuﬁﬂ%rs?met sgtd)Zepehmgastqﬁlt(p}mﬁr(c)rmd?iy mherfmdddobsm ogi cal
state, sal uter nodel representing a ur of I ndl vi
bi ol ogi cal S%F@d&%@aﬁgﬁpﬁﬁ wyalyes for t‘BP?)?gﬁ} t‘gfp agls&tvg“e’é?‘"dagéé@]ﬂmone
of said pl U&ﬂ%ﬁ?ﬁ W’Qb&ﬂtlﬂ%@in? Qbrﬂtuﬂgx‘ hiédel Witﬁﬁﬁ%ﬁ?%f ﬁh@'fﬁ&ﬂ:tlﬁns arseﬂ%ss

y S one

nodified b ctio , said conputer nodel bein
conf il§ur edbeing ineorporatedaintorsaidefompyter olodelnand (ﬁ)mdmnfma thefupgtions et Br ocesses

on sai d bi | calState; ai d
added one m@q ?glffe{)?msents"lyg i 83%?%8 léf’le ce %ﬂuéﬁ&@%&g ‘?{Eﬁég%lc%ngét%gl

I ncor por at eflsaidéedlutah eonsﬁftipnlttfer affisetieg sdidbiptogihat stata andiidentifgingftinr fugetichs in

bi ol ogi cal Sé: e.in esen of sa'gl_ qne )#ncglé)n f set Fo of said one
cel I ular c8fi&epevinmu S‘&“ YO/ BOYEE BHexyED °a(sg‘pr§5é?§fﬁrng st eps
(b) and (C);otEﬂt'ial%fb‘fogi’édﬂﬁénvit?"F@ﬁdfﬁ&%lg)s‘auﬁﬁélogl@alsﬁa%é repeating steps (b), (C
and (d) for any other cellular constltuents of set Zo; (f) corrparl ng all of

said Sx values for_  cellular constituents set Zo to.a said So
val ueei niPOIPbauether %%céﬁébﬁi'}vﬁﬁn‘g‘dﬁﬁme &‘i%ﬁecﬂ%‘éfﬂ\ﬁf@gdﬁ E‘\%’ of said

functions 9$nsﬁﬂ13énﬁfhaﬁﬁ d p6ehtidl |bﬁﬂo§&'l‘%tiﬁt?%ﬁa?febﬁ&i%}ﬂoﬁgicﬁ%t@s fRhPAlsdt Nt 0
t he conputer nodel; (g) establishing a selection racteristic for
Z, of cellular constituents, comprising: (a) assigning a set F; of functions to each cellular

constituent of set Zy, each function being a modification of at least one biological process of
said biological state S; (b) adding information for one of said functions of set Fy for one of

25 said cellular constituents of set Zo to a computer model of said biological state, said
computer model representing a plurality of individual biological processes associated with
said biological state, at least one of said plurality of individual biological processes being a
process modified by said one function of set Fo, said computer model being configured to
evaluate the effect of said individual biological processes on said biological state; (c)

30 executing said computer model with said added one function of set Fy of said one cellular
constituent being incorporated into the computer model to produce a value S for said
biological state in the presence of said one function of set Fo of said one cellular constituent;
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potential menbers of said subset Z1, said selection characteristic being a
range of differences between S., values for cellular constituents in set
Zo to So; and (h) assignhing to said subset Zt cellular constituents having
sai d sel ecwmoe/bedsacteristic, the difference in S, val REIUSH/BE6N al ue

being correlated to the potential biological acti v&g of said c&l ular 10
const i t uenid) repeatinerstaps (Mgnd £6)dorany|other inctiensaf set Fo eapng SRS iMe) aspect

of the inventi ' o SAY ' ' i

bt ocesses SR QPkrafy BndFenaf: {GubeRPbecel g0 BoHEHre! SN valles for

conpri si ngeellihay casttngnis igset Zo foumS vatue, $aid Savaluedwing preduced hy exacutng said ai d
function being,a nodjfication of. l.east .one . bi.g |.C r of said
bi ol ogi cal c%?pg?eé;m !w LAY ?ﬁﬁagflﬁ.}gﬁogﬁof%}yogg?lg c{?]ﬁ%ﬁ%ésﬁ&tleg&?ei% conput er
nmodel 50f  s@abetpbia@liqetiotid comipuite? mddial; () eatEblishirg asaltetion charaereistid fog a

plurality of |ndividual biological processes associated wth said
bi ol ogi cal Pelentabmempers of said mekﬁh%‘ﬁoﬁf?"cb?’h?@f'qcﬁ‘%‘f g‘?‘%? [A"EYSY  bi ol ogi cal

pr ocesses &%&ﬂ%& HRAAERSS vATRE %f E‘éilfug)‘ caitithehtd e det 25'to Sihusl (b EPakRTto MOdel
bei ng configured to evaltate the effect of said biological processes on
said bi ol saifl subketh aeliylarcopstinentahaving ssidiselectinnnharacterisfive theslifferenge imSyi r t ual
stimulus in.th resence 20 of .sal d f q | S: by uce a
response v‘éﬁl%%?{g" Y%Fe %?%C%Teiﬁ‘%“g‘f’g‘éﬁ p%gfnté fem?fr?acglea%ﬁ%rwe?ejsﬁ%&e)cegglﬁgai d

f unctiigon; {dhstitaembiffgting Siidbioigizal statei mul us to a biol ogi cal assay system
to produce a biological response value BR,, for said biological assay

systemin esence of said.biologlcal .stiJsul i e Xale]

sti nul us b@gﬁg}p{'ﬁé‘“ﬁtﬁﬁﬁ BRFL 3&*‘8(’4’“6 PRSIy Qtdrfgy\‘}lglﬁ{fﬁglg pg%ep%ilbﬁcgbéﬁ% sai d

bi ol ogi cal prasessss Ty biclogibaistag: mbduldedbpgte mlar eonstinghtsompoisinghi@) asigling?5

bi ol ogi cal state; (f) establishi ngz a@iﬁ@em i.on chaéf? teri si.i j for

i dent i fyi ngfusstiemiojsaid gsilplapepnstifuent,sa ction bgingainedificatiop of #pastkong o

nodul at ed ' 1 G | t ' ; '

characteri gi%s}o??ébag?r%gésgu{;%El%glgg%kg%éftl?ée}r(_g)nyc&eag{ggg{bv\ngg%&tfﬁﬁéa?!e:fsdngtﬁgne_to\?aI ue R,

and tlise beammyéranddet efpisHnelogishlsataraid computer ypdeal aepresenting rplurality of

bi ol ogi cal ., process. havi ' | : k.St 1 tial

bi ol ogi cal "B 3eEL tiofcal ratRd es BBl W IBRELEIARS ol o BEERO 7

const i t uenplurdli®paflirditiduniidelogisgecdcesses béing a proeessinmdifies by saist fondionosaid
redictin otentia .ol ogical . activity o el.lul ar.constituent fo

D Fect | ng smgraneeh beide Sehifeired S fyaa g 8o oF Sud g RS PESUE M o

PCT/ US02/ 16bfobical §ifte; (cpebutingaid @ffputed moakidotiedt b wirfial stimmsid inukaipresenee h

function of set Fo being a npdification of at |east grtl)e bi.ol ogi cal, process

of s&0d bi of wif fuastioniapeesated 9produas wEpsPSE V#Ee Rofor s binlegical S@EM K of set
o St TSRS RSl Ib RS e hcopaiate i
sai d bi ol opfodade a biological response value BR, for said biological assay system in the presence of
said biological stimulus, said biological stimulus being the biological equivalent of the
virtual stimulus and said biological assay system being the biological equivalent of the said
25 biological state; (f) establishing a selection characteristic for identifying potential biological
processes of said biological state modulated by said cellular constituent, wherein said
selection characteristic being a range of differences between the response value Ry and the
biological response value BR,; and (g) identifying said biological process having said
selection characteristic as a potential biological process of said biological state modulated

30 by said cellular constituent.

[0031] Another aspect of the invention is a method for predicting potential biological

activity of a cellular constituent for affecting a biological state S, comprising: (a) assigning
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5 state, at |east one of said plurality of individual biological processes
being a process nodified by said one function of set Fo, said conputer
nodel being configured to evaluate the effect of said biological processes
on said bi Wae/wwsds4st ate; (c) executing said conputer nod®€EM/UMYIS46H0I d
added one function of set Fo to produce val ue Sx for sal d .biologjcal state
in the prassieef fnctiensdo saideellulan sonstitient, sachdpnctign ofspt Fp bsing éﬂl@gt fications ¢ eps
(b) and (C%fit(l) @&eébalrﬁogsmbcfewb%alaraﬁﬂ ca??t%te%o(b)(a@)lmg%fgﬁﬁdtﬁﬂ & dneof said
Sx val ues unctlons of 'set Fo to an val ue,” said So val ue being
produced bfunetxcamftseh@ te aicdmpotepmbdsl OﬁMébmhgldabmte,amsd aoiputee mofelnct i ons of

Fo b d f
el coti on FAaPRRARGEry of iR BRI bibert @ Spcisteg y b RARE, °

sai d gel ecétate)atdnsr cﬁﬁtdflsmatphﬁaht?ef mgwadulablﬁgbgmﬁl lodebses beinga phaesseen  Sx
val ues for functlons in

' b
F, functi oRgduigd by éalgéﬂlﬁ P‘é‘b?‘ltsﬁhr's%ﬁ?é‘? %r&q@?ﬁqlpé oé’gi%@?git‘ls)g‘l’a uate' >
characteri @fe'effeé&ffs@efbf‘d%gxé’dl PfB%@é@@sroil Qfd Bib'lBgi%&l shate; Q@'c‘i@ctﬁnﬂ? ksl abmgutbo the

potentlal i ca actT vi sai d cel l'ar constituent for a fecting
sai d bi ol ogmdellwxm s,udeaddﬁd pug ﬁ:netronsxf setdto tcmroclnce vialne Sk ferrsgiddriolegical stags Iny| ar

constituen} from gaxﬁé@é toneflld’l% {Fﬂ%[i;é) tm s[%; }ﬁﬁ( )s%i,gnjbcreatl ng

a subset F e(?fesfunc I on sal frrom sai set F,
of fulcti oother Rfictions df ﬁat@at(emntphﬂngsalbsﬁald& uafueﬁ fumfmnounss ofsenifytoan 8g: (a)

perturbing said | 1 ul ar .const.t in _a hiolo (b)
executing YV 5§ %’PB@*“E ping prodyc é’teéﬁ“r"iuﬂgtsﬂgc &é‘grﬂ}% iw%gglaﬁyﬁgb?urbed
cel lul ar camstibdsWFRst HyBeing Mbograediato @aid donipater aidbdeia(fy esablishiap alseteetionon
value FVx of said set of function val ues_bejng_rel atejd to one function of

subset F1i Cl(aé‘iﬂ%ﬁﬁ)&flmﬁfm@ld%ﬂnbefﬁﬁﬁai sypset 1 ofeseiEpx saidyselectign chargiierslif ue Fvo,
the functiglnyalbitse GYQiffafinBés bWk h‘Se ﬁﬁes%PﬂM&%ﬁs% &JBF{;% sz,em@at ion of

said cellular-con tltuent I'n sal bi ol ogi cal assay sys
est abllsi shi asgigningab eaidisubsethichadions h@ungﬁafdmelepmmharaﬁtenﬁmsgle@hom ai d

b F2 | h
P son ey isbE ol b AR o il f SOSN8 outhhl hERREE
functions hamitR@fsad delﬁﬂdr@:ﬁﬁdtﬁﬁbncfba affedtap ssit bivlogidabstatee IAeﬁn'rthan;ubset F, of

characteristic for, paotential nenb s of . supse being cqrrelated.to the
potenti al WCB?’WI%Q?‘QQFH‘H%&W?‘WF“B °§‘a§f’“¢5‘ suRse tl%f%“ g?‘i"ﬁ’& a? r S8 f ect i ng

sai d bi ol oglegd@lg SiBE& F, aﬁ%ztlox@%f)&ii'&&emwesﬁsuafentmnIsﬂaeﬁﬂsbm dfFurtti®y, hod

for predicting pot ential biological activi té a cel lular constituent for
af f el ng seidrrshting the subsetdiocf Sinctions, eAIRATISING )ngmabmeéwﬂaﬁlélrlarrﬁs»a@ltu%at

represents di ' with 6
W0 02/ 09564 @%ﬁ%ﬂ)%?%&éf& g’é g&ﬁ m? %38‘.* ol °%fs_kthlzfﬁgfB ysehin uféeeﬁéeﬁgdel

bei ng conf sajdipertirbal eellalanednstitentdé preducast set af fdnctlomdllame_dua@h fuhcﬁqmgwabm
processes py 3Pl &k O RALESH vatled béing dtsied BN FurktBBR b b8 7, (@) comparing

each function value FV, to a function value FV,, the function value FV, being a value

25 produced without perturbation of said cellular constituent in said biological assay system;
(d) establishing a selection characteristic for potential members of said subset F, said
selection characteristic being a range of differences between FV, values and FV, values;
and (e) assigning to said subset F, functions having said selection characteristic, the
selection characteristic for potential members of subset F; being correlated to the potential

30 biological activity of said cellular constituent for affecting said biological state.

[0032] Another aspect of the invention is a method for predicting potential biological

activity of a cellular constituent for affecting a biological state S, the method using a

computer model that represents a plurality of individual biological processes associated with
6



assigning a set FO of functions to said cellular constituent, each function
of set FO being a nodification of at |east one biological process of said
bi ol ogi cal state S; (b) performng the 5 followi ng for each function from
the set FoWQ 0209565 ng information for one function of sePCRISPHIASYersion

f th del wi thout added th th funce
of sot Fo. VA BoIARRS! B B B RBEIAp rOBNe O blReBR A Bgchae
processes hﬂm&a@biﬁldg?&ﬁﬁrocm@d‘nlsﬁﬂ bbmogiaaldtaeeddednm ouﬁﬁsin?n(apf set FQ,

and (ii) executing said conputer nodel with, said atdqned one unctlon of set
FO to prodassigningaset &@ﬂfemct@as@smdcqeaglwsts%tté% Rlaonofssthpeing® of sai d

Funct i one. DPaEica®Sh &Yar Bk o biodptesf OREL oF QibibjlcaP e s o) b bifng e
executs ng ﬁa;lod/n:gc))fmgeﬁoahrfgmonmdﬁltﬁgn thieetFo: (Hraddiog infoenation dori ansful:r«:]los ef SGFE) lgﬁisng
i set Fo b eonofbe rapatEumpde v G2 inmeddp it ek peplag e P

havi ng a hppder,, Roletst bhébf RidpleaiieAf indivitidl bjoldgicas plodesses Bemgeerpmcmst i tuent
for affectlng sai d 15 bi ol ogi cal state_and |I%ent|f i ng.the func%‘i??ns in set

FO havi ng 8@ gﬁﬁwlsaﬂl*‘?dqﬂc?%mffé‘%ﬁﬁ@‘ fh andy(i1),eXequtt géﬂ“éf"?‘%“tfrd“ Withpavi ng
a | esser

tare. bR SE MchonBBRERt 5 Balodile Wite SRRl BGlcpRasub e plebalce |

for preedi cbf said piied noé functivnodfsgt Bralc) amnpanngyll@f said Sevalugsder fupgianspEsatt uent
for affectl I.oj ogi ¢ at

I nventi on. i:f %Oa;?éé) ﬁ* a‘fé"n&@% b§ nﬁmﬁ@ﬁgﬁy Q&Cﬁt&gﬁggﬁg 118 uigpglﬁgglg{“@,maof

cel lul ar ceampéf thefmctorsaf sétd, beinp dricertiorardd 1htocﬂaml§ponmhteantoideli,myd®br af fecting
bi ol ogi cal .state S froma set of. celJ ul ar nst i ordln to an
enbod: ment T i GERTSTS T sot G0 B8Ying+ erteice i BeoriiapLEFgRive s

i dentifyi nas ﬁm@”ﬁ higher PoRhBAIHiAbgibAl AEDSHRT salll célluldr con<inRpt fo2 hffsdtingSaid

nodul at ed a cellular constituent, accordi ngato an enbodi nedélllf?j@}?et he

i nvents on. b qlnxw} stete@nd ifegtifying the funetionsin pet Fe having subgantally 0

chal | enge. %@{# 1 1 s\l aSPAftdcRhe (e al | ergen
chal | enge. ggw%ﬁgg?e%ﬁ %éd%%é’?%ﬁﬁ[ 0 fdlgl G‘myG depi ctgs FEV 1 and
| evel s of bigbogicalrstaeat ors i n response to an antigen challenge. [0039] FIG
7 depicts the effect of blocking lipid nediators on FEV1I. [0040] FIG 8

depicts the responses forBﬁﬂ%“Dﬁ@é‘ ) THRDRAGANRY er nodel of an
obese 5 diabetic patient .

[0033] FIG. 1 shows a flowchart for predicting potential biological activity of a cellular

20 constituent for affecting a biological state S, according to an embodiment of the invention.

[0034] FIG. 2 shows a flowchart for selecting a subset Z, of cellular constituents having a
potential biological activity for affecting biological state S from a set Z, of cellular

constituents, according to an embodiment of the invention.

[0035] FIG. 3 shows a flowchart for identifying potential biological processes of a
25 biological state modulated by a cellular constituent, according to an embodiment of the

invention.
[0036] FIG. 4 depicts the parameter set for an allergen challenge.

[0037] FIG. 5 depicts the experimental protocol for the allergen challenge.



[0041] FIG 9 is a schematic representation of a conputer systemw thin
whi ch software for performng the nmethods of the invention nmay reside or
be executed. [0042] FIG 10 depicts the nodes and links used in a conputer
nodel usedWm@O¥u9piseénent the nethods of the invention. 10PCEHAHYI6HEIG 11

shows a su I iagram of the functional gnd anatom cal aspects of a
conput er n@%ﬂy F(}?}. ggé&'F‘P)’f A quliffaﬁ’é‘p‘gf‘ea@gqrﬁ’t"sreﬁ’oﬁegt(?é‘g5895?& is a part
of the congyliesgenodel of obesity. [0045] FIG 13 shows the various

par anet ers and%hei r values, that can be nodified to evaluate the effects
of bl ocki n&l sLT with an antagoni st, 15, 004‘6|]3 Fc{_g% 4 depicts the

exper i ment BO3YKIG, § depicts therfferiptblockmeipid mediglors WHEY1o an  allergen in the
presence of a CysLT antagonist. [0047] FIG 15A and B depict a flowhart
for predi cjgoa) met 8RAkpials th relpRaies For L4 hotk paridd froin a CEinpiteAodd B54r sbegat for
affecting a biological state, according to an enbodi ment of the invention.
20 (0648] dipbticpatient spesuming 3 m§HERERY. of a method of the invention for
identifying whether a novel gene can be used a drug target. DETAILED

DESCRI PTI Qgoly P48 0 185k ﬁegﬁﬁ?ﬁfoh‘aﬁa E&thpiteSsybem Wit dhich@bfrwale 7éd fyi ng

bi ol ogi cal "activities of cellular constituents. In particular, the nethods
of the i nvperfarmingsheblethwdoofthe mvemionrmayresidgon becexeemied i on of a cel | ul ar
constituent in a particular biological state and also to prioritize the 8

VO 02/ 0956&@;@@9?%#%?& ntoEQJ a?nd?inkf&éeh% ?é%rﬁ@gfr%&dé?ﬂéea td ﬂnpﬁé’ﬂﬁ%ﬂt Ghel ar

bi ol ogi cal e rnvention a ates to rdentitying the
bi ol ogi cal methodestths invetidnat ed by drugs. Biol ogical State. Biol ogical
Processes, Cellular Constituents [00501 A "biological state" is the result

; i 00501 A *bi ¢ the resul
or ocas of HUAETER, L gftndi¥ el abPth B bl AR R momtodF R bR 0 e

mechani sm bympner maedelrof shesityner bi ol ogi cal processes in the biol ogical
state. As the biological processes change relative to each other, the

bi ol ogi call I d h . : [ h
el bt oneni IS SRR Aot o T D or BERuT ARt O her or 1o

a standard. Biological states, as referred to herein, are well 10 known in
the art. B{0B4SPFIGaN3 Shidwsthe dajonegarametess and ulseitvables gthatakn e alodified ts by whi ch

he bl of 0gL ol Bl ORESS SFhibdine AT FufRigiely, A DI ol 0 cal state can

15 [0046] FIG. 14 depicts the experimental set-up of exposing an asthmatic patient to an

allergen in the presence of a CysLT antagonist.

[0047] FIG. 15A and B depict a flowchart for predicting potential biological activity of a
cellular constituent for affecting a biological state, according to an embodiment of the

invention.

20 [0048] FIG. 16 depicts a flowchart of a method of the invention for identifying whether a

novel gene can be used a drug target.

DETAILED DESCRIPTION

[0049] The present invention relates to methods for identifying biological activities of
cellular constituents. In particular, the methods of the invention enables one to determine

25 the function of a cellular constituent in a particular biological state and also to prioritize the




I ndi vidual cell, an organ, a tissue, and a multi-cellular organism A

bi ol ogi cal state can also include the state of a nutrient or hornone
concentration in the plasma, interstitial fluid, intracellular fluid, or
cer ebr ospi NeQ 0¥Q9665d; e.g. the stat es of hypoglycerri a or hypeaUsYUIGeem a 15
are | ow bl ood su ar or | ow b ood, | These | ans osed
exper i ment2lq §f cellyar ?P&?‘ltb@t%@rﬂﬁm‘ﬁ“ Eﬂgé%aéﬂ?te? ’éﬁ}feelﬂye'ﬁ%@go IBB?[‘TE
exanpl e, t?&é?\'t h 188i&al @sseﬁﬁ[,mated:g diuggl ude the state in which the
neur on |satgt reg)%l gﬁ{?gﬁ‘?ﬁét eglior? whi ch the ngurgn is firing an action
potential, and the state in which the neuron is releasing a

neur ot r ansBiolagical State. Biological Pregessese Cellwlar Constitnents| st ates of t he
collection of plasma nutrients can include the 20 state in which the

per son a : i@l reh83 d ARt B b difes 8 bRIogRalpBbassand ¢ he
state bet eﬁﬁréaﬁmo%&agﬁﬁéoél care state can al so include a gﬁ:lgggse state,
whi ch5i s t Bichrbiclogicatpeoresstd thedyologicalstateis mﬂ:@ueqdeaﬁe@dmg te sesae biglpgisal

bi ol ogi cal _pr,ocesses. where I esses of
the atat o BPARERE Hime S fioft SodMioBbiciitetles i HELIMRUARR, AREESe

di sease stpibRgibalprocessds charteselativeco eadhl othes, tﬂe b@k@ﬂl statgaisp uadea‘gwas ed
tissue, and a diseased 25 multi-cell.ular . organi.sm . Exe d| seases
PRSP fiBr &

i ncl ude di €1388%8s Ongdnegsyremept ol pstate is thy g calieaio k“dl seased

mul ti-cell wr@ﬁmeﬁtgma%mmaﬂoﬁs 2@t Biokkadal ufeR s réTairédiotheroin, SRAGHT i C
group of human patients, or the general hunan popul ation as a whol e. A

di sedded skmaven mc;lm at.i lavolqw@l states depgrdon Yarous biglogical meghanismg by a¢hich the

gl ucose tr W rance,
dear adat i ofioreel fofestls et GRIRGURE Ok BRlogica iedan HENBE R dae Sf G2 27
several di ﬁxﬁmidml call, gmorgan, [d)ﬁstﬂclaud 4 fontsi- c@lubabr@mmeﬁblologlcgbﬂﬁéﬁ a4 also

under st ood. t th curr. f t I
constit uenmﬁldﬁﬁfﬁm@%ﬁc “ﬁ?g'g%ﬁg‘?rmohgﬂf&a attﬁmrbthgﬁia\éﬁlgq r'o]glelegdl s 9 WO
02/ 095654 [erhédiafe fiufd 6rlcerébrbdpitaniiaid; agahe statagoﬁlwpegllyaednaot hg:ouahlmmxihani sm

by one or nore other cellular constlt ents i.n the praocess. Biolo
procddses argAowblagdishear quloveblaod waylin, rﬂ@&%"(@g‘“m%‘?a& Jmpaged ﬁ?%‘é%egtag&

| ncl ude preﬁﬁ&;ﬁéc&mfonpgﬁwmmHsut@nappe 'Rt QRArAIL, avmalagfcmesmmmmm of

a cell, organ,” tissue |-ce ar orggnlsm he cel | ul ar
const i t uentam melhdmtj;eaqatean@hpzhrthcc neiren is gt wste the statminiychieh tha apuren isfiyingan| ul ar

?LC : EB;aD&g\I tfolél a{enB?lo?rgllelﬁ% S tg ,\‘} wiurcl:ﬁ tﬂ: exleklﬂmqg rel&?ggta'nteﬁk%ﬂh?snﬂ{tera Hpf 0CESS can

ot nones ans, "t ssues,
portions oOhndtkdrlegample Xhebidlogival mtgmﬁthe mllecmadd oﬂp@asmmymmtsl oas iriclude the

m tochondri a, . cleus, ol gi,co ex S0 d I and
ri bosdme, EREH (\ygquﬁe ?eéﬁ’é‘ﬁ%(?ﬁ e ¢ %‘é gﬁg{a@_}he g‘ﬁ%é?sgf?*p &%z@ﬁ ﬂ(%:%ﬁqt ric
acid, prot ghid vatwiiéntbalsC ANBibldgickifste 6dn aldd ihEladea ‘fdis&!i@e Stdte, C&Ihidhl ifitaken to
constituents. Each cellular constjtuent of the biolo ah gr ocess is

mean the result of the occurrence of a series of biological proces s, erein one or more of

the biological processes of the state plays a role in the cause or the symptoms of the disease.

A disease state can be of a diseased cell, a diseased organ, a diseased tissue, and a diseased

25 multi-cellular organism. Exemplary diseases include diabetes, asthma, obesity, and

rheumatoid arthritis. A diseased multi-cellular organism can be an individual human

patient, a specific group of human patients, or the general human population as a whole. A

diseased state could include a diseased protein (such as a defective glucose transporter) or a

diseased process, such as defects in clearance, degradation or synthesis of a system

30 constituent, which may occur in several different organs.

[0051] A “biological process” is generally understood to be the occurrence of interactions

between cellular constituents. Each cellular constituent of the biological process is
9



i nfl uenced by at | east one other cellular constituent in the biol ogical
process by sone biological nechanism which need not be specified or even
understood. A biological process, therefore, refers both to the collection
of cell ul awae®séssuents drawn from sone aspect of the biPGITd@DmaG%lstate

together wth the network of lntera tiops. be ween the 1 | tuents.
[ 00521 Conlﬁﬂé“?‘é"ea% SHopiIRg tosyoms; Biplagie éFIGCB %8'§e°raf§°rﬁr? Fg? herein, are

vel | knomcdﬂamutem@ iffhk probB&Y Bil@lsgeﬂ e¥8§ I:Mobhﬂhdl’gdlﬁﬂhca baess s by
whi ch the cel |l ul ar constltuents | uence qne anot her. Bi ol ogi cal

processes Bindogierd praskssesinolide moe@sneﬁhwpaﬁaw%etsm icpntachpyithythe FW’OES@&FI‘])I e,
nol ecul es 'y I I
provi de ceﬁ{aef én tﬂ&Y&n? %‘?“elgl'&“hﬁgc@%gé“a?ge Eﬂ@%)éa&rmlm&“ﬁw ceI I ul ar
structsure pz[rtxarlaf}gycesséamﬂ&&,lthelfextra-cmlﬂulm‘mrmtnt—mllnl‘ar oForraxmhp]epthaceltIE}arar e
synt hesi zed or, actlgat ed, or B'ﬁhbwﬁﬁiﬁé N, nucl ej ¢ aci d fecursors
are synt heSyslitients aLa process can me e egmﬁ,ne[nﬁgp?s ?ﬁ'ﬂ%ﬁ i ncl ude
enzymes angrghf€ tisshes, peftions biéeRs, TRSes] i DrgantdubdefulanbigdeNes likd mitogHohdrid, S Or
nol ecul e on a successor nolecule is by direct enzyne-nedi at ed, conversi on.

Further, t Recleus) Golgheormplex dypesane, epdoplasmiqycheyiuns @QIH%&%M@WN& ude
enzymes, kuaéﬁ\fe%&rz 1691 TP &geio&ﬁd%ﬁ ’Wf*‘ "Eft c ad@§rotei allﬁi?ﬁ ntébﬁlb'u{hftlbh@&c e of
ecu essor ec

t he produc on a suc e I's catal yzed
enzyni®- rredttmkeatypemf\cemﬂammnstttumts;gﬁa@hbelbﬂamewl@sﬂnhofstbe bmﬂgmbprgpejm ing and

trol s | I ul
g 8 Es [ |Ot ue nf uSIPcye? rl?é{gggx% gpﬁ%r ce IH &(ng{; tuF@ i th% cﬂo&%l pr&%?s solgﬁt elrJ ng(rj i ate
signal i ng Bilcdal ARchanimi®hichated hiat bBQp@IIﬂD:tdeir resaxpardtsrsmonaw hnglogmalt he si gnal

or control cascades usually charact |z|n t hways. Ln signaling
pat hwnays, BioSessnigesfors refershoth 9dhe %éelr‘g‘gé’ﬁ{‘g "t?ﬁéPW 8I“rsé’8’t

i nf | uences agaagt &M@Bgﬁ&n ot togaﬁemm ik Reiodl0ad inféacBhsHeuh R thid
indirectly I'nfluences the degree of phosphorylation (or other

nmodi fliScat i oenstiiensat hway proteins. Both of these 10 WD 02/ 095654
PCTI USO2/ 16461 effects in turn influence activities of cellular proteins

that are k@bs&&&ﬁ;&é SxaMp1Ed YT bidibgitdl ProceREL GO SRR EstdIA Hebehh, Bk WHI ketSviSingnal

for exanpl ecting the transcriptional state of the cell, Control
pat hways, thecit. ey Hmdoowam@slhmmwaimephmm byriwhicl theiceBwlarcogstituents cel |

Cerporal |y B e AR HVpkic gyl EnAR R EiccHblealpua s B ©

consi st ent whithe fyrexarfiple,méleculeslare brdken dvivartoprdvidecdetlolapameagy aé:grlematm on.
This coordinatjon _is a consequen e of fg) CltIOI’II of tp %é; vva}/ often
g s BAr gie

medi &%d byravifepsllulargnergyteres, grolesplss arehutlhip o pr BVids Felln

ph Oi p[‘ or Y| globdNorif whithiRbtel?e ot ﬁu&aé hdY are SYnHtesiz¥@bi ackingted) of anwhich pmélﬂway s
see (0]

or nucleic acid precursors are synthesized. The cellular constituents of synthetic pathways
include enzymes and the synthetic intermediates, and the influence of a precursor molecule
on a successor molecule is by direct enzyme-mediated conversion. Further, the cellular

25 constituents of biochemical pathways include enzymes, substrate precursors, intermediate
species, and the influence of the product molecule on a successor molecule is catalyzed by
an enzyme-mediated conversion. Biological processes also include signaling and control
pathways, many examples of which are also well known. Cellular constituents of these
pathways include, typically, primary or intermediate signaling molecules, as well as the

30 proteins participating in the signal or control cascades usually characterizing these
pathways. In signaling pathways, binding of a signal molecule to a receptor usually directly
influences the abundances of intermediate signaling molecules and indirectly influences the
degree of phosphorylation (or other modification) of pathway proteins. Both of these

10




mai ntain optinmal |evels of cellular netabolites in the face of a
fluctuating environnment. 10 Further exanples of biological processes
operating according to understood nechanisns wll be known to those of
skill in tNDeWs6500531 Bi ol ogi cal pr ocesses can be hi er RCTRISBA16461
non- hi erarchical, or a conbinati

hi erar hi ¢ non lhléq rchical .
In nore detffgcts mé‘“ﬁl"&ﬂ‘%ﬁf‘%@“&‘&l"eﬁ?g‘@ﬁg@ P@t%ﬁé Jtgr y eFlpEs o e@
constit Uen%r%céé@e% iRiafl 'b%%i'gdantf& ékalbR! BY &ffactin % theurReptoh ¥aleoriee t hat

cel lul ar constituentS belonging to a particu nunbered | evel can be
i nf | uencedcebly Gantrolpashwaysosnch ps hesg @nselrhaa grerrgmps a@fi preprreRagf the call

hi er ar chi C%}cleo E%&gﬁﬁasrg mgg, g%drlrt?prl% ;(,}[ﬁ’gh gﬁ%‘ﬁ'ﬁ% fcélﬂﬁartebﬁms hd\WERporRyTLer ed

cel lular consti hi erarchi cal process has one or
more feed bamkdxhaeqhsﬁeﬂwﬁmefeldalbadk dootipl, toachielvé & canyisteak oytcemesuch &s cagllsubset of

cel lul ar onstituents of the ces eac nstituent of t edback
Coop 1 ot | uERBRD il rgsonts SRR, ThissaSRiREPR s 4 SaRtanPiasied RulefFHRe

f eedback | goRe pdtiWay bitef nied ALY, mﬁthﬂﬁmuenee,s of protéifor @R othereddgre ofgi cal
process is an Interaction or series i nteracti ons between cellul ar

const i t uenphpspharglatien (o other E’Gﬂ@@?ﬂ%nﬁ@% wiell knaveecosirel pawsas érekiter ough any
bi ol ogi cal gﬁorreogt?ﬂ%l IEVRRE cOful A 1 tesngE'J% face omé fﬁrc &lihg enviradmbhet i C,

regul atory, or control networ he i nf uence of one cellul ar
25 cdfst i t Batiter exmnmestcbfebnologmlbmcessns eperaiingaccdu@matcsgndprsmdcnqchmsn%r mat i on

of the one 9 | ul ar onst |g11to the other, by a direct physical
- " onEte Kl o BRERF T ok ol rect

I nteractio ar constituent S, by an indirect interaction
of the two cellular constituents nediated through internedi ate biol ogical
events, or [dﬁﬂ3mibkrgidxbm’omisamnn bohierpscli@l, 100hictardricaly ofi ar@mhmatlha ofurrent

per tur b o BEBROUL AR IR RAL 185y AT BR o PR e i hEF L 11

WO 02/ 0956 8diuRieEondtitldhts@4® Be artdibd fito @hleméhytdf@umaéred tsveld sb ftet egliliri cal | y.
Drugs t hus include; typical small nol ecu esgar ch, or i erapeutic

|
i nt erldst :  eRNStilugnts PelgBRINg 1a FRArHGHIr UM e@ﬁi%eb‘éa“é’ﬁ nerd bygelulat i ne, or
aut ocr | ne (@i BEiohEiRk R Ghr IV AEhehektal roEab bof@ARY it et ypes:

intracel lu actors as elenents o |ntrac I'Tular signaling
pat hways; fosestonsntiessd| catluiar ¢omstituent$ en canirast, ainog-hiesanchical: proress hagione.or

herb d b
Consequenciiof edtiFE foonf A Fignalk foolif s BRISiTal fbeSS s Foupler SEpEIRY O @
transcri pt c@mnmemdegma@msmeachfcommr ofithe &edmek: rm influeRbés,and hboisat e or

extent of f{ransl Qst tr sl at processi ng of one or nore
pol yr?@ptrd@él“e'fq‘fg% r‘c')‘? BE&‘F’é‘ﬁP @‘F h gzgﬂpadation of one or nore

[0054] In summary, therefore, as used herein, a biological process is an interaction or series
of interactions between cellular constituents. The cellular constituents influence one
another through any biological mechanism, known or unknown, such as by a cell's
synthetic, regulatory, homeostatic, or control networks. The influence of one cellular

25 constituent on another can be, inter alia, by a synthetic transformation of the one cellular
constituent into the other, by a direct physical interaction of the two cellular constituents, by
an indirect interaction of the two cellular constituents mediated through intermediate

biological events, or by other mechanisms.

Drugs

30 [0055] According to the current invention, drugs are any compounds of any degree of

complexity that perturb a biological state, whether by known or unknown mechanisms and

11



proteins, the inhibition or stinmulation of the action or activity of one or
nore proteins, and 10 so forth. In fact, nost drugs exert their affects by
interacting with a protein. Drugs that increase rates or stinulate
activiti esWQO0¥WsSk#s of a cellular constituent are cal | ed PREMUSHIH16461

"activating, drugs", while drugs that decrease rat Qr .inhibit actjvifies
or levels Wbeté‘glqrﬂf”aﬁ’ey gﬁﬁﬁq'gﬂé?ﬁ“ c%’(g’eﬁ%ﬁgﬁ tgﬁs w&ﬁa‘fﬁm?ﬂﬁm‘wﬂ “i(TFB s".
AS Wi || DeroSdaft ortRerkgbtid lkdrt s hafillys urrinigfThdrs  dieh beehiabirivpdrforiiese | bed
herein in terns of identifying the biol ogi cal processes 15 npdul ated by a
"drug, " i tautecriagdactory omfaptorsarisrasting,with aell Tecenters of albtypes: dntraceliulayifagtersi cal
processes WA T =T P L0 n) LRI bl cont ai ns
a drug, bu{mﬂ%gtgﬁgﬁtgéf@gfg z?/erlllhina?lh'ltgg'«f "t“ﬁ’%@%”’%’r%’%&%ﬁ er en'E) lh@ﬁlr?rabr%lrgll tion
cont ani ngsdukees;yresticidbsylerbivides; dhd fnsecticidesdDie biologicali effgcterfiasimgsmay BO86] | n

addition to drugs, this invention..is ual .y .applicable to those changes in
the 20 as?fé‘é?%‘%{ﬁ‘fe Qfrjatey ﬂ(;as ﬁ%mquFq gﬂ’r‘?ﬁ ‘Xlﬂ?Foar?'{er?g??ﬁﬁpogorb?roq%g{fﬁ%é Tstate
i n target egr JiRAfiote spetictlo CRNA! e HRE beextént dNGamlatidN of pest-tdeslatiodslr at e

changes of tenperature (e.g., a tenperature el evatldon of .10 C) or exposure

to noder at Brogessiag ofene erdnere pekypertides the rate\or extgntth degeadationofione prmere he
nutrition AV n-lgﬂ;y : i oP fokd sroteds, ars,
am no aci %{O&%sd{hgé OFI?%ﬁ%%ﬂC%%&?ggﬁ%gﬁ?cg%ng@gﬁgI ogi_callerSysSt?r??[ 0057]
The 6t hodso fdrthc Lrofeet] ntost drirgs axant thedr affects dylingteiapting-widina protein.t Brugathabf t he

conputer nodels of biolqgical .sta | Mt ai.COMPUL €1
model s of BFBASSRERPT S‘W@%éﬁé‘“’é‘ﬂ% °§i§°§’8¢5 !Egéagllfugart% ﬁg%?%ehp%%mgﬁléﬁrﬁgfegfgnces -
Pat er son etacfibatingldnis", RetiRdrugs, that dectedde ratéodrantiibin activitids or levelSof éintant
6,051, 029; Paterson et al., US  Patent 6,069,629, Fink et.al.,.30 U S
Pat ent 5, 8eRBIsiigats pre;fRlled heggin "inhibiingygsy: Ag W ?E‘S”_?f;to : S%}@Sﬁﬁgﬁﬂ:m ., PCT
appl i cati ogpile WO iA_nBdHE YeschBELh&EN i terds of iﬁ%}%ﬂg ifeCblogidal péedsds 63793;
Wnslow et at., PCT publication W 00/65523; MAdans et al.. U S. Patent
5, 9145891 : mpHalkted ire "dmey'dt is equatly\applisablsde sisatifyag thespatentish bivlogigali U, s,
Patent 5,9 - mowtl] i1l L biik SPBAHARL Hrhb, upe

fol |l ow ng g’%%ﬁér%@#*@“&%ﬁ%ﬁ?‘%&%ﬂ?@? G,ﬁrrineggl&gbof. bi ol ogi cal gt z;lt es -
Ent el os(r) whAichmy vanymiislagéts froaysdifferent campekition contdbingithe/samedeaghudb( r)
systens and. Entel os(r). Adi pocyte CytoLabTM systens. O her conputer nodels
of bi ol ogi 8‘5%"%‘{5&3@9 REERILEn be used to 5 inplement this invention,
wll be apparent to a person of skill in the art. [0058] Suitably, the
conmput er nHSk) eddition té dMmks HENinveltioni ineqatly applicabip td thos: chamges frothe and
apparatus that all owi gritical int ﬁgr ate vall u.atli n of con&l i cting data
and %()t er n&t{pp%ofthep ysmal environment t pertur a b1ologica state 1n targete manners.

Such environmental changes can include moderate changes of temperature {e.g., a

temperature elevation of 10° C) or exposure to moderate doses of radiation. Other
environmental aspects include the nutritional environment, such as the presence of only

particular sugars, amino acids, and so forth.

25 Computer Models of a Biological System

[0057] The methods disclosed herein can be suitably implemented with any of the computer
models of biological states that are known in the art. Computer models of biological
systems are described in the following references — Paterson et al., U.S. Patent 6,078,739;
Paterson et al., U.S. Patent 6,051,029; Paterson et al., U.S. Patent 6,069,629; Fink et al.,

30 U.S. Patent 5,808,918; Fink et al., U.S. Patent 5,657,255; Paterson et al., PCT application,
WO 99/27443; Paterson et al. PCT application, WO 00/63793; Winslow et al., PCT

publication WO 00/65523; McAdams et al., U.S. Patent 5,914,891; Thalhammer-Reyero,
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hypot heses. The nodel represents processes at the | owest |evel, and the

| ar ger bi ol ogical systens inpacting on these processes, and thus provides
a multi-variable view of the 10 system The nodel al so provides

cross- di scW0 0Ms6540bser vat i ons t hrough synt hesis of i nf ®CHESPHH46 om t wo
or nore dISCI |lines into a I del, .or t | i nkin nodel s

whi ch resp8{y-Sehafent §§38d éht S‘H?albfyetg'gh’fveﬂf‘%‘b?aﬂ% @8&“[68@&’1'8‘1‘&%%&18% er
model Usecl:ohﬂnér&ml? tabl%fesmbﬁmembd&ibmaogealma@ésammlssﬁlAsuﬁﬁui reflect the
particul ar_systemand anatom factors rglevant to the dssues to be

expl or ed tiihyswéall smm@l Entgioe Ob%tv Physiolcabbisystems and BtelorAipesyis chy
rart S DS SO e BB mUE B gicl AT Gn e uspA o | 7 00! ¥

Sul-ar n use no cause cel lul ar
const §t uenhﬁaldimmﬂgneiﬂaémﬁ:hedxlrﬁetapparemeo apersart of ¢kdll sutheadt.| ul ar |1 evel, the
| ownest | evel of the hierarchy may be the subcellular |evel. The

subcel | ul vel. j.ncl udes onst s |] telns
cheni cal | ?"P%@ﬁ'ﬂ%ly Fg%"{}P E’m%‘Jng“ss?ﬂﬁ%gﬁ‘H‘{’If‘%{}% n%?"g@ﬂ% J‘I'Eeg'lol\l(lﬂra{)ecause
the i ndi vigidabparatut it s &m&mmegﬁtedbyal@étmhmﬁ'emﬁfﬁttm@ daka amd&[lemhtlvet o the
ultimte effect of the cellular constitue i ndi vi

d
present ed Bymothgsess Jhemogs! rEH"F?ﬁ“E‘aH”"GE%%PVE%Pé‘?ft gugh %‘gﬁéﬁ ‘((eb'ﬂfoé’r‘fé]st | evel

of the hi esfyeﬂéﬁlﬁxmp&c@@é% thEBE proeEEResl &d HibFdEPYmuRPYLRBRIvidy 6f tgi cal
states of patients, ani sns, cells tissues, or organs. The conputer

nodell@ carﬁybfsmex"@@tm@t@?%lﬁq prowdewpwh%cm}wwybwwms tfzsuex syAilesis o her eby
obt ai ni ng 1%fo:/;mla{"§n E&h t%vg %{ Rx'o?e! (B&'lﬁﬂ:les R ﬁn%l? Bfo%é? Pf ﬁ‘ﬂn@i lrni?lﬁﬁ twEput er

nodel . Thi's neasur enent s evél's or ~activPties of
cel lul ar caoddls tvhrehtr&peauve]iy&mwearmffemnndnsm;ﬂms vabl e and/ or neasurabl e
behavi or of the biological state which are referred to as the phenotype of

t he bi ol og ate. Wen .the val.ue is tained f

vittua stinen e oRpurtost dSed BurPeniel Bl TR Gh bt drlpng, ©
[08611(%(2/&%%5{1&5 ﬁDéi@angl‘;o/m]?d%l ﬁbegsgerémbmtmlssaestemeemasdwm@ 3 mrelal s
a da o carbo at es o protein cut e t he
fol l ﬁ\ﬁﬁ ng %‘éﬁiu?@ﬁéﬁ?‘é’ffiﬁﬁaﬂé“f 6@‘3@9‘6’9 %gyﬁi’ézf‘} @ggi"ﬁﬁ%ﬁﬁaﬂaﬁﬁ’ﬁ%{}g peri od
can be obt bﬁ?éﬂ “endd, WL%EIX%titSd’W the PhrtidhldERERdéThs@of &A)modeDSBédaﬁlse(tﬁé G
8B), free fatty acids FI G  8G, gluconeogenic ecursors &gl G 8E):

| act at e, amllnbra@isﬂglentsimldggvyéfé?@ﬁena@em@l gt thesupepblulay ﬁ* the lgespleyelesses
l'i ke hepat s G 8D)
rel ative cé)tﬁ{"?i’%&?&gl ol%% g"F’ 9%“'%?”8& Eoﬁyggeelﬁme#?%gﬁngm ﬁggl%ﬂno acid

oxi dati on ¢dnktBuertblike DN, hiRNAaypmmss ohenginallydeqdtiot mwhecoles,t arel subeatlular and
liver, gl ycogen_ storage pool are shown |G 8F). .ln addi.tion
behad0r R e Srrune e avieta 4 HER atien shiE oL el “ihafPrre 24
hour peri o@.théMeinfate elfeeOTIhd\@liuMR cétistituent, the individual (often presented in the form

of clinical observables) can be at the highest level of the hierarchy.

tl

[0060]) The computer models may represent biological states of ﬁatients, organisms, cells,
tissues, or organs. The computer models can be executed with or without using virtual

25 stimuli, thereby obtaining a value for the biological state represented by the computer
model. This value is a set of measurements of levels or activities of cellular constituents or
measurements of observable and/or measurable behavior of the biological state which are
referred to as the phenotype of the biological state. When the value is obtained following

the use of a virtual stimulus, the value can be referred to as a response value.

30 [0061] For example, a model of an obese diabetic patient consuming 3 meals a day (55%

carbohydrates, 30% fat, 15% protein) can be executed and the following measurements for a
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t hese neasurenents and/or behaviors can be the value of the biol ogical
state of an obese diabetic patient. In another exanple, the asthnma
conput er nodel can be stinulated with an 10 antigen chal |l enge every five
days. In r®4pe9sssso this virtual stinulus of an antigen PERAISPEIEE, the

foll ow ng neasurenents can be obtained - airway co C Gce, ..eqsin i
popul at | gn24 W%fiﬁg%Gmd??&bﬁaé‘%Fé!‘sc%PlaPm ]eﬁﬂﬁﬁfﬂ{‘ﬁpsﬁ&%kﬁaggaénqumﬁfﬁ- gggm ne,
br adyki ni Ngree ﬁuzbfaaup{éyég?ﬁi(ggtsmﬁgme@geﬁc%&%a&l @1l 4) OF taB8 BmbloGeis OA and

i
6B. One or a conbinati ese neasurenments can be'the value o

bi ol ogi cal amk glyeeralf asawelbasttherdynaanidsad proceBey Wedepativrelueaserpitpet (Fip $€1), can

. v . . .
ot he. pheturoyh BicqseXpBite BAEORSEFIAN SRXbLANHIRE Wible toBf batydith. o V7 T o
t han @gne said ahingacidboxidetian@IGN8H ), andthe expandion hmt depldtion ofthampisele ahdvo

Over woi ght s ERFeBHodBrmoR Are gt AP IEL B0 1 ARG DErAYER: LRGP

over wei ght m@ﬁ‘s(ﬁ?éﬁﬁclﬁaeSQPﬁétit@M daliét9 Dbt the EMRE PEFOL COFORGTbmbiALIERBP UL er

model s can represent patients such that these nodels can then be used to
predi ct t hthesd medsurementssapdios behaviersioan be hevalue ofithe hielpgis stats oftandbeseol ogi cal

processes. ;. Jhese..nmd ' LLh rant es

af f ect thedlla%és.{lﬁ %gée@' ggnr?e | gaﬁnﬂ%gﬁ &esn¥ S %ﬁ@‘eerr Gﬁj\g\eﬁéﬁg b? %@B{sﬂg{eng% enot ype
but diof f er amigetiohidlechge evgricfividdays.olngesponseav ithig) virtialf stiendustof gh entigenpes. The
different therapies can .then be used on the. conputer np of 25 di.fferent
patients tﬁhaﬁFﬁgﬂ’ ﬁlﬂf?@%%'%wgs“f%"edﬁ%ﬁa&bgﬁpta raprad FOT%@?L’%%"QB%I ogi cal
state bei nﬁoﬁtﬂ*&fcﬁﬁﬂﬂ&s}lﬁd 4;5 1éveR oemnmmmd_ oryatdlataralike mpraembraaymmnnald |
state, i.e., a state |acking any disease_processes. e _conput er. .nodel can
contain peystiyl dqukotrispess gt rogpglandin Pﬁesg‘?gﬁa& %%glg Ope gﬁ@‘ﬁ?'&ﬂ“&ﬁ’i"cal
state beinge tﬁl?éérxﬁ%‘éﬁreﬁxgnts bSBE 98k BHhO BRIYicalRaR of hn hiMgALpARNATEL €TSS, the
user can nodify the normal biological state to 30 a diseased state. 14 WO

02/ 095654 PCT/ US02/ 16461 [00651 The conputer nodels used to inplenment this
i nvertSi on {962LErrsampyierimoge! qap represepiheynderlying |26aetyRe and cpwisanmsingalt o t he

bi ol ogi cal - r]?slgﬂ ' : ' i JG Lul ar
constit uen{aég)g% ﬁa{ ga?%e:ttg é og%ty%%tﬁ %%gi%g%faeﬁeﬁﬁ llﬁiﬁﬁge%% cte |rn t he
bi ol ogi cal than oness ef gafotypeand emmonmentabidetbrs. Kor exampds, twe patiehtstrhry dppeasnt i on
relates to t he..concept .t the contributi.on.of th | ].ul I tuents
to a parti fﬂ}easr‘mﬂf“ %vﬁ‘gggﬂt&lgto ef’%u(?d F%Yelr\gf beﬁ?ugggﬁg&fehyf'%éepglggﬁ%gi cal
processes @id thBathePEauld BE ovepweight batdusebf diet dntidifeson®ctoides. nmodel accurately
depicts the biological state being studied. The responses of the conputer

irrgd:l 29, ];|O (r) b‘% l eeéon(lzp%?er l:t)neod\e/iasllciar(lj l%tpx%gen%%gtiierr]l?st sucl::)}il ﬂllap t%iegearhoc{e?sscoag ?hse%%e%ts)&? | ned
to predict the clinical responses to therapeutic modulations of the biological processes.
These models can be used to predict how different therapies affect the responses of medical
patients either having the same phenotype but different underlying conditions or having
different phenotypes. The different therapies can then be used on the computer models of

25 different patients to predict responses to different therapies.

[0064] The biological state being represented in the computer model can represent a normal
state, i.e., a state lacking any disease processes. The computer model can contain
parameters for representing the disease state of the biological state being represented. By
selecting one or more of these parameters, the user can modify the normal biological state to

30 a diseased state.
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assay system For exanple, in an adi pocyte cell culture, changes in |levels
of leptin can be 10 neasured in response to changes in levels of free fatty
acids. In a conputer nodel of adipocyte cells, when changes in |evels of
free fattyvwedd9setde accounted for in the corrput er nodel PCTASOHBM1 t he
response o dis siml r to that seern he..adi te cell culture.
The conput &02%°°WHWW elsypedie Applemen %é’ﬁ’ﬂ‘%‘f{‘ caﬁg)le %’)?zi’r?ﬂ)'baét °®¥an be
val i dat ed piHabe hduos\éhta{sqmed?ﬁiewth\ébmgi&u fateltiedir sddﬁlmlnliplah@m&al assay
systens of the biolodgical state being 15 nodel e For exa t he obesity
model  woul ihvbrtionathe deliwler aanstituensbeing evalaindidostpatdiayatol be exp utlilu depicted ine
nodel s of r

comuter Haukyobie B0 PGS EutiRb i, A IO b R RO e

" Develsopi nthe canaepy/thatrte aoriributivniod dtei cnljula qoostpumm tolagwetctutan bmlqgical sthteds on

May 17, 2001, 0661 Al't a | ve, comp ut e model s,_of bi.ologi.cal SYSte for
i npl enent | Hﬁplt"h’)sprf’sﬁ{}%ﬂttﬁ%ﬁ t?aWrP‘F S§58 © B‘Sﬁ?’@ﬁ’t‘te{ ?}ogﬂebggabi)k iﬁ'l'ﬁ Fcr%e
art, and apRdélnicaistiel depichahePiBRERAPHALE Beitg sthdied.t Tke re?ﬁﬁl@émlﬂw dw'lpﬁ{eill ns.
Q/erw ew of Methods of the Inventlon [0067] .The netho of .t he present

i nventi on Bledel for gxapaple, cap be Halidated pering bilegicl respensgLohtgiped in ad%lo lagicdl| | ul ar
constl ! Uenhesatifim RS g§£§9,§§ &ga@lpb&té 8 cu téﬂahgétuh RAeRof efin P00 cal

25 processes n-particular

i nveniiOi on mebsuredhie responsertd thanges iorhevmfs of et fittyracidenky 3 camputes modebefugs f or
further scientific.invest 0 T r as
used her ei ﬁgﬂ%%es Cellp WHER(C h%éﬁ nleh% fﬁtpf? |cgsna‘%| %&08&%9{-(1?% thg%{’h%ﬁt&y

di sease st gioflel, $uitablyihe REivNee oitAhed isisingilanes thakeewin théwdlpcr@mejell cultwent i on

are used to |dent|fy th potentlal bi ol .ogi cal CtIVI of, a
const i t uendhe qeTRPYEAGdghused 4o unplpment thejn¥rption, fo %WWHW?"S""@S B&JWEF‘é'fn to

mean a bi ol,gQimalin §64 hith bbtalnbdisiR@BioRRRAl askalasybtetns 88thabicdlogieut kialéi eingt hat
has sone |ikell h(%d of being a ?lu%cltol on |ar? a particul ar l(ﬂ‘gglV\iD 82/ 095654

PCT/ US02/ 18wddled.bFasiesgimplgl the obesity anpsel would be vatidated wgth dagacfrern adinpeyag cell
bi ol ogi cal (aehly H%rrgﬁfelssoq%e @a@ rlobbek phdnts. %Etggd%?m'tﬁﬁlaﬁ@d #fycogﬁaluf‘e\éant

I n the bi OFOQI ca I 'sease s el ng eval uate es o I cal
activi ti esmoflela arzalebaribad 1mmap¢11dtngelpphuanon entitletd i ‘Developing analmmgmﬂ | ul ar

constituents., and/ or a | W] t r ructure of other cellular
const i tuenf’é?da Bﬁa&%ﬁﬁﬂ%as% ‘ﬁ?dé ?f&olain ties of insulin include
bi nding to the insulin receptor, nDduIatlon of glucose levels, and

modul at i on[ope6] Aﬁanitﬁtetc)bn@ﬁiedrdoﬂbiebﬁblo[o@ﬁﬁl&]ystéﬁm ferimplehedtifgethisvinvention

net hods of the invention c e of one qr e ste | f.a t hod
corrpr%oz es il Pq\ép%enh%r@eg? gﬁﬁ Iafg‘smﬂd"fe W?Bgi%% CP%Bfe%F‘FﬂSd t[}T‘Ee

perforned accompanying claims.

Overview of Methods of the Invention

[0067] The methods of the present invention enable a user to identify the biological activity
of a cellular constituent. Also, the methods enable the identification of the biological
25 processes modulated by a drug. In particular, the methods of the invention help the

prioritization of cellular constituents or drugs for further scientific investigation.

[0068] The term “biological activity” as used herein means the natural or normal function in
a biological or disease state. In some embodiments, the methods of the present invention
are used to identify the potential biological activity of a cellular constituent. The term

30 “potential biological activity” is used herein to mean a biological activity that has been

identified as an activity that has some likelihood of being a function in a particular
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in the exact order described. Also, it is not necessary that all the steps
be performed 10 concurrently. [0070] FIG | shows a flowchart for

predi cting potential biological activity of a cellular constituent for
affecting WoIp9@ical state S, according to an enbodi menPCEUSPHES461

i nvention.

consti t uenPi OE}&‘L e"qu?l?g% %aﬁe 2 tat ésefh%]l;’éepggli’ ﬁ%?iﬁ aﬁté‘fls'jﬁg g‘?rg%{’(’%ﬁbg&’ ?6| e

bi ol ogi cal b&ﬁé)&%ﬁfglcﬁfly t1&ah 1ﬁ|tMISBhlcﬂtoiH%e§e stite lﬁdir@bv&ﬁaﬂeao’&xirhﬂes of
i nformati on for one function of set FO.is added t ver si on of conput er

nodel . At bislagjsahativitien ef wwareensﬁweq mﬂsdeebae@as &uotmrtqqlhelmecoaemwt@ne
function t&fg&%& at%ﬂ'ov%ﬁvﬁg chnsopa m%gﬁa%l coma&n%rr&r*aﬁmﬂé@,gﬁgce of
eal e

t he one function o set e s 110 120 can be rep or any
ot her 5f uncbiotugicabictivities Bfinswlin mclaqte mﬁdlng td the gfsulihrec@xory miodelgtidnoof gldagset i ons

of set FO are co are he So val ue i s obtained by

executi ng cl’{éls?@ Fﬁngpoﬁﬁ%ﬁttyﬁm#ﬁege Kbsence of information of the
functions of set FO At step 140, the functions in set FO having a

di f f er ence[0089] Asdetsied biov themstdbdsoftied invénvien tm &mpiseof ot n‘fdrestepsas

havi ng a hltgher potential biological activi tﬁ tht?1 EI I ul% gfn uent
for affect Hign 5?4:1°°"Eﬂ'}§F§)%ﬁt(‘f’8l°r§t°é‘E Hepsih &8 194 RSP BRGIALHNG EPSRS RTHOM

subst antlain tﬂég)ta%f&'a&ede'séhb%ﬁ WMoUR if &)t Bbde¥diry thet aPh@bteps tbeetfofr&dd as haV' ng
a | esser potential biological acfivity for affecting the biological 25

st at d0 [ 0Oardcumentlt he cel |l ul ar constituent being eval uated, the user
assigns a set of functions. The cellular constituent my be directly or

i ndirectl y& o0THPENEY sh&@?ﬁbwéﬁﬁﬂ%#r@@d@ﬁné pstential biBfogichliRfibitPsrsa cefiiRr set  of

functions Can conprise of one or functions. AS used herein, the term
"set” meansomtitieht foraffesting bivilegidahstate 8, aopording topnembpdiment of the inxention. ar e

referred t S of ..t he connon
o oper &1 s A AP 1, BB Foeh s euibitet Estenf ' e ERI Soflining Hack Rciit 6r FOTTR0
a nodi fi cakdt®pisdf madificatof anieassbnd bigiogiekl prpcescefthe biokigicabsate Ss Atisteg a
changlslnatleas onecllulrco a change.in t

t
02/ 099654 o thedptormelgsyfor gag, Pe%ﬂ“ °§r5%} ér‘{]‘iﬂdgﬁs to gyyerst "n%ﬂmpé‘&‘é%d\éf nal

envi ronments: gkp 456 thd wnﬂﬁk&%odét i8eRecutb ith TRélidded Bhé PRctictopfodaté Walie t he
execution or regul “at ory nodul ation of at |east one of the Diol O%I cal

processes 8efosthehivlagicalistatginghepriesanre of the ane fppgtionpdsetiFoahestersad Vgadyp
regul ation | e

const  t uont 25y ehdaigto it ek Turihenlt LT, ARSEE 156,38 oP eRaMFlor o,
an increas ﬁnmnonbmﬂsetasamdonmamduoan Snvalwel/ The Sotvalin smlhiamtm‘ bmbmmg_rthe
const :JS P%:?}hgt?tgrgxgﬁln?% Uk e Q%E‘Eﬁ (ﬁﬁ%ﬁﬁiﬂﬂ)ﬂ 'of %he%nctlogé otoset Fo. t%?e&;' 1\46} th@" of

t he

functions in set Fq having a difference in its associated Sy value relative to Sy are identified
as having a higher potential biological activity of the cellular constituent for affecting said
biological state. The functions in set Fo having no substantial difference in S, value relative
to Sp are identified as having a lesser potential biological activity for affecting the biological

25 state.

{0071} For the cellular constituent being evaluated, the user assigns a set of functions. The
cellular constituent may be directly or indirectly involved in each function of the set of
functions. The set of functions can comprise of one or more functions. As used herein, the
term “set” means a collection of distinct elements. The elements of a set are referred to as
30 members of the set. The elements of a set can have common properties and the set can
comprise of one or more elements. A function is a modification of at least one biological

process that results from a change in at least one cellular constituent or a change in the
16



[0072] The assigned set of functions is devel oped based on information
known to the user and/or the information known in the art regarding the
cellular constituent. The sources of 10 this information can include

exper i ment 3O @/9%54cl i ni cal data, know edge/ opi ni on of a PETABA/1646d | | ed in

the art, sinu atlon data or OE her rel evant SO @Ssb. Lq%O?F% o1rl.hexarrpl e,
for a met HeYsal RpRsatyaf thegntemel orpxtamal ﬁPV‘EﬂngPeBg? f PRI te 0! "Yene X in
asthma, thgo4fiatidcn?an e ¥ialer &é&&dﬁ%ﬁ oPleghldidey indBSlatic 6Tait 1eas dhebf el ng

information - sequence honology of gene X with other known %enes Presence
or absencebiologigalpsooesses Ustepminingshe bialogicaksiate dThg mogdiicationcan be ypepgulation

pol ynor phi fiénts And il

i ndi vi dual éﬁ?or@%%ﬁﬂﬁ&%foﬁﬁ&&?@t&%% egg\}tﬁellugggﬁf}lﬁ t‘llon rg@at{“:mr?g to steps
110 asd 124ctivation)er mecrtfvanaimof prémse@idnencréasa ot desnease Ofdm)‘llltwos and/qgrf

functions. In ,..steps 110 and 120 can af ed.for each
function f?W?‘%@F‘?gP F°’§HWE’L“§ IRTCAE %eagn%.gfﬁgv@%%f ér acgwé%ﬁmfo nction
20 of the @@lctiiyoT callia!cefistituentd. S Produced for the functions fromthe set
of functions, the process can proceed to step 130. [0075] At step 110, the

i nfornmation of one function fromthe s t Qf funct.ions (s added
conput er ntfda] e assignadisel G irciionsis deve PFH@“?FB&BGF@F“%&”WB%&’F&‘@%’ of

| ndi vi dual andithOREiatiBf REASE MARPREAAIG e llial BohslthuehtO The Sbursdsdre.  For

exanpl e, a conputer nmpri ses of | ow ng processes
- t r d0s endthishiefarmation epn andluge eapenmntaim @mycal é@a,lknowkda@(emm@n ofAgerseR ease

i nfl a | and production and rel ease
of nucusnngﬂgedépg%egggts%ﬁatﬁ% d’a&’a%{rno\%o ?/éelévthé&lpcealflcatlon of at |east one
of the processes of the conputer nodel, based on the function being added.
The conput momtitalexamp;le,d’oni mgthod of predieting e petentiel bilogieal agtivityiod gm%ﬁ@gi cal
processes 0 b|oIo 7 tion may
i nvol ve in ‘i‘ ‘fsﬁléc X?l?%hleg? %gnccle%‘%?“gﬁﬁ gg&r}gp}i nfo gtlwr%;?o at | east
one of thes LOe H15MB10gH of BeheCOWith beter kihal gendd) presarvp wk &bsenmté‘lgﬁneflﬂs
exanpl e, WO 02/ 095654 PCTI US%EZA 1q461 can haveggt east (f'me( process
t hat 1¥s rmﬂﬁoﬂ}“édn diseasebairwaydissusn apst PRlyROPRISTS iy gene dh wy astipa Ratienty, oo s of
t he nmeans {;(ﬁﬁ dr@Pid by ihdieidhect i on into the conputer nodel are provided
in the fo B\II ng - Pat'erson et al., PCT application WO 99/27433; Paterson

et al. PCT applicatiaon, WO 00/63793; Paterson e Pat ent
6, 051, 029; lqﬂaﬂﬁfﬂgtsﬂlaétheafpllowms Sescspmfémm@%?@sﬂé@a“‘bb%%e‘iag&ﬁP orgred 5,

Patent 6,0 g-)% fur fungfibnsHont h‘é%b’troef?urﬁiloﬁsh%%ﬂfe?{v@fﬁr&&%llﬁhﬁd 5y @h'be

i ncor porate erence In their entirety. her means will be readily
apparent tepeatedfor saoh foictiokiffom fha setief functions to produce a value S for each function

20 of the set. Once a value S, is produced for the functions from the set of functions, the

process can proceed to step 130.

[0075] At step 110, the information of one function from the set of functions is added to a
computer model of the biological state. The computer model comprises of individual
biological processes associated with the biological state. For example, a computer model of
25 asthma comprises of the following processes — transendothelial migration of inflammatory
cell, production and release of inflammatory mediators, airway constriction, and production
and release of mucus. The process of adding involves the modification of at least one of the
processes of the computer model, based on the function being added. The computer model

is configured to evaluate the effect of the biological processes on the biological state.

30 [0076) Adding the information may involve inputting the function of the cellular constituent

into at least one of the processes in the computer model. The computer model, for example,
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100771 The information regarding a particular function can be input into
the conmputer nodel either explicitly or inplicitly. Explicit input entails
i ncorporation of one or nore 10 biological processes that are nodified by
the functi WO ¥9865¢ he conputer nodel. Following this i ncé’ﬁﬁ&sﬁmﬁéﬂ t he

I nformation for

f ti b Licit t
model | as BLBHY BAEPsLUTAP T oB e MREH oy e s diRtine AR B fRCH |
accor di Ng E@nip)es sTeREbals foraglttinsiae filndtion impd m%ﬂhpﬂlth&nﬁdﬁl O\ﬁﬂed 1he
i nvention. For exanple, in the_commerci.al] b*)e 15 (glﬁ(r) Ast hma
Physi oLab(ty fallpstiegs Patersor e ¢ PCT @ppligatign t&h@?@t@% jterson, F‘é’m’
Entel os(r), pgﬁgmﬂcw %ﬁsat@tt@s&ygtta?n@s PABAL 6051 ozappatereanet%n{@'sl
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modi f 5ed bEatertté WGﬁGP,IRermtBhdﬂlscmmﬁﬁé9ﬁﬁ% Thy disclomuresf these W&!@@es
function nodes

to ot ner St ResisrBtpreb e oy FreBl S i iRrd FOuEheRR HARFELAY st |1 NS

i nf or mat i o d perdohaf skilliid thedrt20 node changes the activity of the nodes to
which it connects. The changing of the relevant state nodes, function

nodes, and_| be. done er-ipterface,w ndow that ts the
basel i ne VE\OH@KP’B‘F" Hgat%rggpéﬂlgggp@ﬁwﬁﬂﬁ{ @Pgt&n P OF 1P ﬁgl&’eg'e 3?1’81’ ®hks and

al | ows neWnbidl éithdrexpRigy 8Y indpicitlye ERpISE input exaallsi B orpbiakion oﬁénenﬁmet ers of
interest include rates, Initial state values, and whether the parameter is

fi xedOor cbielegicetipraeessasdhas ﬂfﬁdﬂ%ﬁ'ﬁ@f’nbﬂhé Gmstianinto ths cogpyfeimadel., Ep “&r e
I ncreased Qfs; ﬂ@&g@ﬁﬁ&p the! 19{5‘6% 10 p@é Plrchisn Slde lﬁ'?sﬁqug@xﬁﬁg {nfPthe Bofpiter

hypot hesi zed ons of ar constitue urther informtion on
mani pul at i mgdelpardesartbed belaivues can be obtained from Paterson et al., U S
Pat ent No. 6,069,629. The disclosure of this reference is herein

| ncor por at fRviesls Weiftiohioh thobd $i1FVRY ERbittingB M donfiuret bitRel@la d e comput er

model w th IS execute to pr 0 value for the
bi ol og| cal m;ﬂahent themethadsmftlerinventien. Eerexbmplexiadhe mummhllbavmlabhout a

Vi rt | uded .i h .ighe co deJ er.e oduci \mal ue
(al s ref eFPtQ{? E‘Wéﬂﬁ‘?’ OQ ﬁfte?gwnﬁﬁ cﬁs%m&%ﬂo%ggﬂgs{emfh@g r@}aﬁ?
descri bed Rﬂ@ébﬁb‘@ly‘&iabg systémy, nﬁﬁhcltﬁnM@c&?érﬁ&BﬁﬁﬁﬂEﬁﬂn@%ﬁétﬂM@ihodes
nmeasurenents of | evels or activities of cellular copstituent

measur emenfuscon radss apd bpks willhe/megditigdhy the Binstiopand thesy chapsipg eSF‘SY% i cal
state whi cfy,@r84dChffhdithddes, akd ilﬂ% A SQteHdAe Ben chiBe &irﬂE&EH Esiﬂ% ke If a

virtual stinulus s Incorporated 1nto the conputer nodel,
conput er notdiet stite n@ieeaud aldo othbiefunesioninoilesg suchthas theelpfoergétmnsmtthﬂene@ﬁgb nse of

the 500l O0h &lergndit el Bt MR wiikh Mbinech! The Vhdrihlochidibilsy [ not

i nco oratg e oo € co 'S execut ed,
t he result stag n‘qs&ésuﬁmbmf weles) tad tihles canbgdonmegn a user-mterface wmdow that lists the

baseline values of the parameters of interest of the nodes and links and allows new input to
overwrite the baseline values. Types of parameters of interest include rates, initial state
values, and whether the parameter is fixed or computed as the simulation progresses.

25 Parameter values are increased or decreased from their baseline settings depending on the
hypothesized functions of the cellular constituents. Further information on manipulating
parameter values can be obtained from Paterson et al., U.S. Patent No. 6,069,629. The

disclosure of this reference is herein incorporated by reference in its entirety.

{0079] At step 120, the computer model with the added function is executed to produce a
30 value for the biological state. The computer model can be executed with or without a
virtual stimuli included in the computer model, thereby producing a value (also referred to

herein as S,) for the biological state. This value, as described previously, is a set of
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phenot ype of the biological state. [0080] For exanple, a nodel of an obese
di abetic patient consumng 3 neals a day (55% carbohydrates, 30%fat, 15%
protein) can be executed and the follow ng nmeasurenents for a 10 24 hour
peri od canWox9seitned - circulating | evels of glucose (FIPGT/I@M/IMFInsuI in

(FIG 8B), free fatt ids (F | uconeogeni ¢ urs

(FIG SE): mpagufemepts %fry'r?‘ﬁ% S fes)oéﬁaﬁ@ma t@ﬁ"g“sa‘g mgsements RES ees of
processes Aidst eaB@hble behdARSE tRbidlogicd] slate wiich are reféfred ® ﬁlthﬂiﬂﬁ:ﬁotlypé ake
(FIG 8D), relative contributions of whole body carbohydrate, fat and

ami no aci dthesbiclesical stafer |1 vigpl stigpdpsis icerparaedi1ato theepnaputar sngdsh when thee
nuscl e and, qgggp J\{%de?k%?t?&%hf ﬁmésagﬁxg%%%ﬂﬁédﬁn@t&%amm@ ﬁo]ho%l: In
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can bé rmdstanewltlmmimametlmuidelfaeri«amummlusnlseot mmpmatedgntoﬁhet ¢omputed @lodely t hi s

case does n ncl ude a virtual nothe

Entel os(r)WY, ﬁ%hﬁﬁorﬁﬂvg ’88‘3&5(‘?3"6%@%4 g%g"c'%ugﬂpgo\éa SR feélgs)&&?q?? gmggcountl ng for
an al l er geph enﬁ@?%fﬂﬁb,dl&géﬁg@gnse to this virtual stinulus of allergen
chal l enge, the toll ow ng 20 neasur emants can be obtained - airway

duct | 1 d finfl t
rod ot or o F0Bd Farerampleck mRtela) Rt Phere bR Suine 4 s s A% O
pr ost agl anglirhshydfatés, 3(%9‘&9151% §r&¢1ﬁm}i b€ eRébURH ARG thel fauémg fnwamr@ﬁeﬁts fo‘ih

expiratory volunme in one second (FEV1) and | evels of i.d ned |ators in

respdfise t &4 houraaripdenn bernbtainadgecircplatng levels efglugosg (G 3 ipswlig (BIG- SBinpl e
of stiml ahb{ﬁmg QadEg&%Aﬂgfé )sd}sgmﬁﬁ&m r&é&%@ 18 581-@3/ e amlﬁdﬂa&&

allergen c nmet er r an ergen
chal | enge. and g}sycdﬁoldmvdl as thé éynanp@rof rpmct:ssles bkqitetpem glﬁmse pmputaﬂFﬂ@r &n

and. t ho oMt eRRRAParE (5, 8RR TH s Eoh R e iy P hiie e ; °"O°

l'ipid rregl a%mﬁmb raﬂaeﬁmﬁsxe(mg 3}3) l&n@.ﬁﬁé egieansion Aad depdgion ﬁS&e[rﬂ&BE]mAsf )
nmenti oned above, the conputer nodel that orates the un tlon of the
cel | UBar cBrerslycoash sterage pRoleare alse ghewry (I“HE‘t gf)nplﬁ s Fases t?aﬁ‘? BinstoRyi cal

state. Thi g Mgh&kﬁd%}{l or mfRE BBBE brocEREs @ BERIARifiddHBd HIRSRERS @xééfltea Nehe
bi ol ogi cal te or the on-going phenotype of the 19 WO 02/ 095654

PCTI US02/ 1exeatingxfshemodellin Stiscase doasingt ineludea vistual stiulust Ineeesberexempls, of

| evel s or gct lee | I,

obser vabl ea‘aAé ekt’ rr‘%sélgr&? g&’ Ltf)lgha\//sgeglﬁkségbBgﬁgcgfegl%}ﬂgggwuﬁgﬁé;%§ ax?%]rl]eergc\e/na | ue
i s usuall ystanslaﬁ Imfres;bﬁﬁrtuallnb eiraalcstiouiused allergén el‘taﬂhmcoﬁherﬂdlovﬁng exanpl e,
inre ponseto an antige timulus the an c rise.of. the follow ng
s Aomon s tandE opfied st ondiFtalite, Fos R BPP AR RLR RS i ol | o
anount  of ld%]'s%ﬂmiaﬁﬁﬂﬁtory mediators like histamine, bradykinin, cysteinyl leukotrienes, and

prostaglandins. FIG. 6 depicts airway conductance in the form of first expiratory volume in

one second (FEV)) and levels of lipid mediators in response to an antigen challenge.

[0081] FIGs. 4 and 5 depicts an example of stimulating the Entelos® Asthma PhysioLab®
25 systems with an allergen challenge. FIG. 4 depicts the parameter set for an allergen
challenge. FIG. 5 depicts the experimental protocol for the allergen challenge. The
parameter set is modified to define the allergen challenge and the computer model is
executed. FIG. 6 depicts FEV, and levels of lipid mediators in response to this antigen

challenge.

30 [0082] As mentioned above, the computer model that incorporates the function of the
cellular constituent can be executed to obtain a value for the biological state. This value can

represent, for example, the response of the biological state or the on-going phenotype of the
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medi ators rel eased, anount of airway constriction, and | evel of nucus
rel ease. The value can be conputed dynamcally over tinme. 100831 The
conput er nodel can be executed with all or sone of the functions of the set
of functi Ws0956¢5e cel | ul ar constituent incorporated i nPETUSE2/Hdelel . The

conmput er nodel . can 10 _be executed w t hout incorporati . nt e nodel an
fuxt i ons Yplogical state. Taws valyeds F‘Gﬂs"fé‘feaf%%merﬁ%?ﬁﬁ%isr°r@8ﬁ§{‘ﬁ?f%ﬁﬁ@?r to obt ai %

a val ue fogonkfiRedts ﬁ:‘ R8isiRmeatsf 8bdefvabltanales aiRefirbie Wohyviof of thebiofognat i ons
(also referred to herein as So). The version of the conputer nodel that
does not stateoThevalueisasyallyarset ofobservable ansyormspsurable phenomenyt Ber example,
concurrently wt ecuting,. q;m“t i e
functi ons. m‘fﬁs@oﬁ%etség ﬁ“%”?g’g%'tnglstﬂlﬁee cor?p%f é’fﬁgﬁn%(yg F&tlfgn‘?%gg Q%{)a%&@rﬁgx%t@

i ncor gor at Rveélny tratweaddthéliabinigrayont dfinflammatorytosllg amahutaf idflapvoatonyg t he
conputer nodel that incorporates the functions. ce the user.,obtains the
val ue of tWeé ‘é’t"éstrégia??dt Heouns gLARNAY PSR M@Y%%“’t“ﬁ‘l‘ssmvgfeughgé'ﬁﬁﬁe
stored forcdnlfeltompl dyld®icMB) s4@r @8, be stored in the conputer nodel being
used. [0084] At step 130, the value obtained for the biological state in
presence of each function, 20 S,,, is cqnpared to e val.ue ai ned in
the absencl0083] Thesompyter mode! cange exgopied Xt SRS ,01. Qgﬁ(f‘ﬂ’lcg?‘,‘s ?(}gﬁt"iﬁfé °$or
functions gh £l oF8e c%ﬁulhﬁc&gﬂm@r{t%omrét&ﬁnﬁpm&aio'd@l. e BbmBked Moddi@absence
of any function of the set FO. For a particular function, if the value

obt ailfed i be exeoutpd withoutdanconjorating iftorthe mede! amy functiens of fhesetafifunctions efke val ue

obtained in e _absence of .th i . : . ' ' ' ified as
having s hPTHEr CHBRERT.B oplalf s {HRE for Bk biciBeichafud 764 diRhce o St bt

bi ol ogi cal fisictdre.(alkd reféreeduahereincdstSy). rikie viersidnhaf ther cospubes mpidel that dogseti on,
S,,, is same or substantially sane as the val ue obtained in th bsence of
t he functi BYOTPEEtE 31y, ?%WB?PB%“‘?@M ‘SZ’EFWP%CQ %?EC‘HE‘K%%H& lti' ﬁxgcéuélél tl%ot enti al
bi ol ogi cal c&npiteri thodePihat MCorpErated iy fuidivnt.| Thicwer dadlexeduld the computeigodel

bi ol ogi cal state. [00851 At step 140, the functions havi ng’a difference in

i ts ddsoci thabdpesnot ipeprperateany fjnption at agy HMePrior & TR PreFUingdle FRINAUY a
hi gher pot hél%atl?ﬁc%}&%tgsatjhe "i’tﬁ;c{iélxas} ﬁ)rﬁg theReCbtdinY thE vaAROST tht Steftin fHer

af fecting e brological state. anot her way, the potential biological
activity palsshetofany Amotion) shiomalndeandhefstaredfor futiretuae cFhet vatuecan he storddnned i n
t he presen%% of tpe fgag)ti on ., 20 WD 02/095654 PCT/ USO02/ 16461 and the
val ue obt aPSEQMPHI QIR HS%t "t he function, So. The val ue obtained is
generally a set of measurenents, the set consisting of one or nore

measur enen{0084]TAestepe B30, thervahie obfairedhfortbe bimlogical state frepreseaseofgaciy funchien,

abseridh. of Seriecorie Be v CTRRANS MR ERR P Pilbrahed By g abet Gy 11E

each S, values for functions of the set Fy is compared to the Sy value obtained in the absence

of any function of the set Fo. For a particular function, if the value obtained in the presence
of the function, S,, is different from the value obtained in the absence of the function, So,
the function is identified as having a higher potential biological activity for affecting the

25 biological state. If the value obtained in the presence of the function, S,, is same or
substantially same as the value obtained in the absence of the function, So, the function is
identified as having a lesser potential biological activity of the cellular constituent for

affecting the biological state.

[0085] At step 140, the functions having a difference in its associated Sy value relative to Sg
30 are identified as having a higher potential biological activity of the cellular constituent for
affecting the biological state. Said another way, the potential biological activity predicted

depends on the difference between the value obtained in the presence of the function, Sx
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5 nmeasurenents of levels or activities of cellular constituents or

measur enents of observable and/or neasurabl e behavi or of the bi ol ogical
state. For exanple, in an obesity nodel, the values obtained can include
measur enenW0 @¥095e¥el s of leptin in the plasma. |f the fuREHIUSA2/166si gned
to a cellular_ constituent is the nodifigcatjon, of free fatty. acid |evels in
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Val ues T or A éapwable Sahaviaral e HiglpBcal stbc. Hog cample. R an apesiy plodgh tog|
activity ofahda@btdifdd dah MR Hdabiretastits dOledl§ 6QEptid iR thd PFhnDTIf Mledandidn Thi s

set of differences can conprise of one _or nore nunerical or non-nunerical
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FEV, val ue obtained when this biological  process wa? r_loai mpdi fi gg Hence,
the 5-1i pofupgiemeiamedifieation of emfatty apd levels s 3 potgntal brologigal agtivify of

af fecting Lhfaud cbiibitht RHHEATHe Rite BPORSINIRAL dscPadcRE Whal 08 difdiafoeget hod
for predicting potentia Iological activity of a cellular constituent for
af f ediSi ng betiveer thgivalaes for thedidogic4l gatel avill q spotersig! biploigica! askipsy phthet al

I nformation bi ol 0gj cal | v I . I L t.uent: t

| east one Fﬂ@‘?‘gic glkueg* %Iaga?@é% st%t%%éé’l&sessﬁﬁi ﬁhlgg‘%tg?gg%ﬁeﬁ@%?&h%cg ";lsefaogré) |n§1‘g

sai d exper bfmbiedlunietslroradn-admencabedlgesconput er nodel ; re 30 eval uating Sx
val ues for each of said functions of set Fa; and using said re-eval uated Sx

Fanct ons WBBLFGR shamplens ey ot el FO s g Py Tertfl 'Por
abi lity tofreUf egihe mthélpRbdico8f K1atkisd ot pRostdgiendimtand gRiedét attivating faceint i on can

also be used to prioritize scientific investigation an drugs. [0088] For
exanAle, afRAF) shewed %ﬁm#{;lr@mvm&?ﬂml&reddm%ﬁg%@é? twaRiplpgicgl RIpCEsseS P gene

for aff ?Ch&ﬂgoogﬁai. B RGhEAMaRiRbRverhBf WiRiiEhot B8AErebifited AN a Rifpredntedt ave a
possi bility of belng . . .
airway conductance in an asthmatic patient. However, when cysteinyl leukotrienes were

blocked, the FEV, value was different from the FEV, value obtained when this biological
process was not modified. Hence, the 5-lipoxygenase gene was confirmed as having a

25 potential for affecting the clinical outcome of an asthmatic patient.

[0087) The method for predicting potential biological activity of a cellular constituent for
affecting a biological state can further comprise: obtaining experimental information on
biological activity of said cellular constituent for at least one individual biological process
in said computer model; adding said experimental information to said computer model; re-
30 evaluating Sx values for each of said functions of set Fo; and using said re-evaluated Sx

values to re-order, if necessary, priority of scientific investigation on functions of cellular
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5 biologically relevant in the biological state being studied. Next, the
putative functions of the novel gene can be tested in vivo or in vitro to
determ ne whether the identified potential biological activities are
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model 5 of  SBe4 i Sidh vikedpuiega: piareromas yonk Do Biisal ety ¥ Ko B,

fat (fat) o% Blokbica hss sy&&ﬁs lﬂawdet&u b%QedLh%%ys ab PRFh] thedels: XEHERER-badede

| evel s of the product o novel gene can be nodulated in a swtabl e cell
cul t Ule syasseyscanhe preémed withreither agateculiwes) 1 gssurgicalhyremeyrddom humanon, ne

apRr 0aches auiffal tidsh€ Md W Sulhldlin dlalehictr Celidie Eﬁlg.géé P8 cefid RAHaTE b Pr Ot i n

nodi fi cati ons, I ons, rotern fadati on pathways. Their
| evel s cantrhﬁsfommdmamdomnilzngleganey beqmedcénﬁsma)?& frommoimyal dwmangdrgeni ¢

techni ques, or w e sing, th r|
activity. PEPHS sf‘hh % éf(%ﬁsg © % dée%f gt 'gm novgfﬁlggﬁé%qgggms’
bi ol ogi cal nfiéeptusd MrtbeFomﬁﬁtpre[Twﬂs fiofn ndrmial wonstigpdan, mdnmals bt ndmlyimad  assay
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[ 0090] Met s enbodi hent of the Invention can produce a val ue for
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ot ont i a1 FRRERT HEBREAAERETIReRR boidl AydBl tr oL fp1e b GRACERLEREY' '€

PCT/ US02/ 1614ﬁibet¢sarl¢eilmnioaygomebbasb (xrb),tmmetw (dbyyfat (fac) or thbbye(rdi) mied hexbé ng a
bi ol qgi cal state. Further, scientific investigation of the biological

acti y of psedhe cel | ul ar const I tuent can be based on this order. One form
of scientific investigation involves the identification of potential drug
targets f o[0089] For example, the levels of the product of a novel gene can be modulated in a suitable

cell culture system. The levels can be decreased using antisense or ribozyme approaches, or
treatments that affect transcription, translation, protein modifications, or translocations, or
protein degradation pathways. Their levels can be increased using gene replacement

25 techniques, epigenic techniques, or with cells expressing the appropriate gene product
activity. Using these approaches, the effect of a novel gene on a biological state can be
confirmed. If, for example, in a biological assay system, a new function for the novel gene
is identified This new information can be incorporated into the computer model and new

values for the biological state can be obtained in the presence of the novel gene.

30 {0090] Methods of this embodiment of the invention can produce a value for each function
for a biological state. Thus, each function of the set of functions can be ordered based on

this value. The order can represent the potential likelihood that a particular function for a
22



different disease states. 5 [00911 I n another enbodi nent of the invention,
the potential biological activity of polynucleotides and pol ypeptides for
affecting a biological state can be determ ned. Pol ynucl eoti des include
pol yneri c ™0 p2098654nucl eot i des of any | engt h ei ther ri boREaTE8Yi6des or

deoxyri bonucl eoti des, or analo eq refe s .to the.primry
structure W“’c"ﬁ% H@F]@'&W%‘““%&gﬁ hay: %'n"tfhﬁﬂ @8[?5?"8 Sty Bﬁﬂ?fé’l s&”&?ﬁ%nded
DNA, as welhbestigation di'%%l@l'ogﬁﬁlchcﬁh&%ﬁh§édll@md eshstiieént dah babased iofi ¢hibl Bier.

nodi fi ed polynucleotldes such as thyl at ed and/or capped pol ynucl eoti des.

The term @m@mroés@ﬂmﬁcanwspgﬁhpnuwows theddetificafianaf on CB‘Faléi“}ﬁn‘PSEﬁiﬁc,fPTeot i de
conpri si ngdl?feéggagélgeestgt}ggt encodes a protein. It is well understood in the
art that a gene al'so conpri ses non-codi ng sequences, such as 5 and 3

fl anki ng sequences (such as pronoters, enhancers, repressors, and other
regul &t or y[OIISI]SIaqu@ha@:)bodsnmbf tha énvientianothe pO%tlgl;b@ﬂomgﬂgctl\p@mfl des, and

t d t h f
Derds o antielegies ap BofpFRRERLAiroug s BidlodiCu ST be gpBmIEEL S ©F am N
post - t r ansbalimensatidss ifi€10dd petynédy forgdhof mmalebiides ©f talengthodithee

| | at | at hor yl at |
oy 2" igmiugiBp ek o deoxyHnTEIRO S e Abelpe ereof, MK R esibrs fo B0 PAD 20
potenti al éiqtughﬂabf?tﬁé nmécmé' &Mtfm&ﬁn@lfuﬁ&%hﬁl& ﬁﬂ%ﬁr@&'—&ﬁhdéﬁl@ﬂﬂ & Welpas a set

Zo of cell r constituents, according to an enbodi ment of the invention.

In tHOs endwdierend smglnetrermlRIMahtabomodudean@étﬁeépoldenql@ﬁhéps $ushas i t uent s

t hat have a (o Vi I'n w I

state. ThengByleisd apfior Plepe@BiiloiAfibis; ek coffgBhe sl o pALALGLAIEE
one or nopatiokofepaynudidotide tdmmsmgtamquenchmatmmodass padtkio. Itds \pcll oritize the

functions of, each .25 cellul ar constituent and rior ze .t cel | ul ar
const i t uentRdersign na}eia&t}lﬂ,agleaﬁalﬁgcgg@bsef BOI-HR éft? 'ﬁé‘c?ﬁ’lg}% aggrar@yB of

sci enti fi clidkifsde @b Budhas pedrhtbrs) enharivats| iepfesioss, andlother regulatoryons of
cellular constituents, [00931 Using t hi spggt hod, the USE{)%I s .able to create

a subdet o$eqeencpi)|aawe&,1@ﬁm%el?ﬂlxma@?snae es3 ANG,FPEHISiCaN V8 Bssogi cal
activity f db BearyAkngth. TRsh W aR3 VO
02/ 095654 %&%ﬁ%ﬁ%ﬁn mc%ﬁégﬁ ?ﬂgnﬁ%%?%ﬁ@b??bseta@gnn%ve .zser 0 maenber S
fromthe sir\bludabfoteinmthmrare pmso-mramﬂmwsaiiy modifiechthyougbwedctions that ingludeerber s from
the set. | S FQ of functions are assigned to the
cellular cB %‘f a&ghagetgpﬁ OSP}EQaﬁnqnunct ion is a nodification of at

| east one bi ol ogi cal process of the biological state S. 5 [0095] Note that

t he fol | owj00g21EISk Rishéwonflowthatt forseleoting 2pbs@ ) of pellubf Gonstituehts hawinger med

20 potential biological activity for affecting biological state S from a set Zo of cellular

constituents, according to an embodiment of the invention. In this embodiment, the user
starts with a set of cellular constituents that have a potential biological activity for affecting
a biological state. The set of functions and set of cellular constituents comprise of one or
more members. Using this method, the user is able to prioritize the functions of each

25 cellular constituent and also prioritize the cellular constituents. This priority can be used to
determine the priority of scientific investigation on cellular constituents and/or functions of

cellular constituents.

[0093) Using this method, the user is able to create a subset of cellular constituents having a

30 potential biological activity for affecting a biological state from the set of cellular
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for each function fromthe set of functions (e.g., a function set Fo) and
then this overall process can be repeated for each cellular constituent
fromthe set Zo. In other words, each cellular constituent fromthe set Zo
i s associ aMel2MIsés4i ts own set of functions FQ for each PEAIUSO/Ed61

constituent fromthe set Zo and for set function fr mthe f ons FO for
a given 1.0conslitpents r Thesybset cadhave Z?P@ﬂfé“bﬂ P thepsha F@"}béﬁeéil‘%é‘etsﬁ 4 gh

original vgrsl l,ﬁ{lgﬁ?ﬁng&m%ﬁlmmm to produce a value S, . Once a
value S, is produced tor each function for each cellular constituent, the

process can proceed to step 230. [0096] At step 21 I nformation for one of
t he funct i 9AR41At stept2000a ses Fo afanctions ars agsignedte the cellilar Gopsfitpents ofrsetde 70 i s
added to ag loeith Bﬁ%gﬁfd t del
represents %ﬁgg rir/l:ft‘é ‘glrsglrrgggtrlgg&q agiregéégg%@g %Sg%ﬁgﬁseg‘ﬁw %%tglsggr cal
state. At |east one of the individual biological ugrocesses IS a process
modi f 5ed bLOOQSlé\IQm that thedolloving flescaptionfrelatingo stepprd i and 329¢an be ner&mrerlg ur ed
to eval uat

fect of ..m n [ I cesses on
t he bi ol og&’ég‘fc tign froghe gﬁtr%ﬂ 0382(%@ Q‘}hnchgﬁ'é‘ét &p e:irna tl?eg’etﬁlq ?‘rﬁﬂt he added
one functigracesk catbie repeatdd fohéacbaellul%omeitdqnt ﬁomchmset Z4. uhrdtharwoedseea::hed to
PUnct | on. ofelSlr Comsiyent Rm difs o 1 g it N e GRet QI GBURPIE: S ei530, al |
of the SX yauhfEodshtuehtro lu?crsemgm%mﬂﬁﬁcm fidth tHequRdtionS ByleRk gfbeh0 a SO
val ue. The So va?ue I'S produced executing the conputer nodel in the
abser@e of celluiar corfstitugnt, Stepﬁtzlrocﬂé 2%9 argrigpegted g‘h%" W%Wﬁﬁs‘%(ﬂf&eﬁ’f’m{% 25
[ 0099] At [ e I ers of a
subsel 7 PPOTHEABIGEI RS ShekdIBRESFIsprbhiod R B 0B rBARZ S 0
her ei n, theelm&rmﬂsﬁ&iemtheqmoaemmmeckmrstﬂp2367eans a criteria devel oped by
the user. The selection characteristic represents the desired results on -
t he bi ol og el t hod
practi ced 186 ARt mBlib ki dne othe illirR'a S AR of ekl 100
conpri ses @inshituéits opdet 4) fsfaddeaoa cBﬁlpumi' model oAtmbrtﬁcrlegmi«satwaﬂnmeomantebe a

di f f bet the yal d 2/.095654
PCT U805, 101808 Tessepiad VLA e i PR DL oo Py DGR BRI A, 1 1 et

Zo to the padidge §pthemi>wa@£1 bdflo 1&&11 fnfoeéseésqeapaice@maaﬁemrme giie fahctionsetT i es
of difference val ues. }nlé or_exanp predict the role of a novel

gene Y in %Fb}n’ﬁhmﬁlﬂm(’dé Cmﬁ&“ﬁé to FYFHE‘%“F @ﬁ§ffﬁ‘§§if§}9§lfy‘t“8 tlt%édlr‘fﬁ\?éll gene
is the pro feconputer nodel 5 of asthma, w thout
nmodi fyi ng Eﬁetg%cr iéﬁérgg%sg%aoﬁgﬁé @bﬁgmh&br adyki nin, a virtual patient is exposed

to an allergen chall enge and the val ue for the stat e obt ai ned conprises of
[0097] At step 220, the computer model with the added one function of set Fo of the one

20 cellular constituent is executed to produce value S for the biological state in the presence

of the one function of set Fy of the one cellular constituent.

[0098] At step 230, all of the Sx values for cellular constituents in set Zo are compared to a
S, value. The Sp value is produced by executing the computer model in the absence of any

of the functions of any of the cellular constituents.

25 [0099] At step 240, a selection characteristic for potential members of a subset Z, from the
cellular constituent set Z, is established. As used herein, the term “selection characteristic”
means a criteria developed by the user. The selection characteristic represents the desired
results on the biological state being studied. This criteria depends on the method practiced
by the user. In one embodiment, the selection characteristic comprises of a set of difference

30 values. A difference value can be a difference between the values being compared, for
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measur enent of airway conductance. Next, the activity of bradykinin is

bl ocked in the conputer nodel, and the virtual patient is exposed to an
al l ergen chal l enge and the neasurenent of airway conductance i s obtained.
The sel ect Who295654ct eri stic devel oped by 10 the user in ?ﬁﬂ@ls@%%ﬁl e will

contai n one paraneter, rement .of air

par anet er exAmRle, Patweel 8¢ Vﬁ‘l'es{}:e qlular gonstitugatp Hbs\ggé‘? ‘r?gﬁ)%" §‘bc[§"r‘i(§8tq

ai r way Conéilffé}e?a@@eali{\éstclan@é}ﬂls%fz{"%s bi\@ fibleREdwal@s Of bradykl nin. The
differences, i.e. values for the paraneter, can be a series of percentage

I ncr eases or exanple, 50%-100% .in air ndugt ance when the_activity
of bradyki EﬂOHoQ]sF%FWWéEi to IPWGS“ th°f‘°l&|°f ﬁ/&?"eise%cﬂ MW@°W%8P%8§®8 by

75% when t fg AGl él%xiedg«g t}Qr :@:ﬁ'é i3 tﬁegprQa&%BEGf 5aopanigd I #combiRé rhétr]
activity is not unction neets the selection characteristic
of theé us eofasaunia, muhoutsmd:fymg the prdcessestrilatedtto bradykininaa visialgfatipntasiy ki ni n

br oduct | on LG B DnASLNIR. AL ARl VRO e SRR HRESNANY 0 e

di sease st SRS e user can als rmstudi es of

novel geneméaduferién®bpglivwsy coaamncayubﬁnﬁxehm\dtymﬁ‘ bradyhhmtxs bloekdedderhe fi ed 20
bradykinin activity is related to, novel as Ed{lﬁg’ the results from

the conput EYMPHEIB de, 3n¢ the Vsl Bafisakis exe S’ltos@?‘%at]g n chgfiengead e 5ssign a

hi gher pri giehdiYerhéht HPM%{' f%ﬂ@uc}/ancé R obtdifede Vitle Yelkdtion charadtefdstic@evdiapedbyug
target for asthma. At step 250, cellular constltuents havi ng the

sel eckd on Mamerdnéms Q’taiﬂtpl%twél m@rgwwewrhbe ;epsement of pigWaY her wor ds,

t he sel ect ‘ﬂ;gér;) ff the
subset . Thg(g)’{shél ec |on %%%%?rgﬁ?gﬁg%gﬁﬂéq&%amgg}gv%ﬂg? dﬁffﬁreer%g%ce bet ween
t he val uesairSay emxdu&mcfemnmtdmd vithohithe blakkisg af bredyKitins Thefliffsrances, be a set of
nmeasur enment s, of vities._.of c ul ar t 0o

measur emen?@t ?Fffof) é’ﬁ?ﬁ‘ﬁ % anﬁafaﬁer}%gga?fg e‘ﬁ"éﬁ"‘gﬁ@ éx%u%? ﬁéﬁbl ofbog/?)cal

state. ThejSatestdoRductdhoé Mhbeihe abtivit gfcﬂ‘fbrdﬂgkﬁiﬁf is bidkdy THue, ifsieway Typi cal |y,
the selection characteristic define esired

q% s re ed to a

clinilfal 3eonsiuctanseds ingraased h}’@@%ﬁ%ﬂl&?@tl‘%ﬁ § Pﬁ’dﬁ ckefifompared 19 on
characteri %gﬂeff ﬂﬁ%&lgﬁl Fﬂ d,3his Fdcti6h %E@ tRAERBESh &arac@ﬂ@'tn&ff tNhidees or
can be based on genera Srends in the values. A user's selection

char act er i and themser chepiedistihatthe modulation of Yradykinin produgiios during geasihinyes. 25
WO 02/ 09565 [ USQ2/ 1 T | of |

consti tuentatzt%cg YPRY Igtem?Gﬁ 5 Wlevé%tt:&\?/ﬂaet(?{%eﬁ?e osfruuggfdb Fugtrl%&g#ﬂe‘ﬁg@r[]cgrrl a%:sgl | ul ar
constit uenpérférn fuidiesastaosel gﬁile ¥ imbiologidal assayosysienacd cmﬂhmdhambmdbmfredf | ect ed
in certain neasurenents i.n and values. In,.this jnstance, the
L1 o2l on BRAVRBIASHER & reined [0 1ayeL AR Y. Bated o e sl BoR hE SRR L | on of
the cel | ul fodeindlor bitkipical MsaPsyRRARSHE usekitan hd@igﬁ athiget pierity donevel gene Y

i nactivation can be observed by conparing hme perti nent nmeasurenents in the
for its evaluation as a potential drug target for ast

[00101] At step 250, cellular constituents having the selection characteristic are assigned to
the subset Z;. In other words, the selection characteristic is used to determine the members

25 of the subset. The selection characteristic can be based on the difference between the values
S, and S, for the biological states. This value can be a set of measurements of levels or
activities of cellular constituents and measurements of observable and/or measurable
behavior of the biological state. The selection characteristic can be defined by the user.
Typically, the selection characteristic defined by the user is related to a desired clinical

30 outcome in the disease state being evaluated. The selection characteristic can be based on a
difference between S, and So values or can be based on general trends in the values. A

user’s selection characteristic can be based on some or all measurements in the values.
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S, and So values. In other instances, a function of a cellular constituent
can result in the increase or decrease in |levels of other cellul ar
constituents. This increase or decrease in |evels can be refl ected not
only in nedue2sesss of the cellular constituents, but al PETAB2/BHEler vi ng
and/ or measuring behavi ors nDdified1BéFthe cqllu ar constituents, In this

10 i nst ancEyPialy, aBingtion ofis ceHBlanRanghpenticn (Y} Indie 2AtvARion gripactivyt e or
decrease | fndrRUfibid: hsillehes GHbitsal. TRRALIVAHENbSinadiiAtibUsh UeEARRAIM OF
decrease can be observed by conparing the pertinent nmeasurenents in the
S,, and Socevtainuesasure@EA® i the S, enbSevalsdi Irethis instanchehe salestion gharaqteristieel | ul ar

constituents,J n.subset Z .can . . furt i.bed w. |In
Chie: enboaVilkbteitHrE pefiarotfroffer pithldidhe EYEaH RSP SEPRLARETARENAY |1
its I gtrlct i?ﬂs?twmgexvdtatigﬁiog@wbé a@eilaziea?sagbmpdringsmeapet gmémt mu{,ﬂ?ﬂs i_nelhe: ul ar
constituent of subse , being evalyated is perturbed in a biql ogjcal assa
system |9 35850 valypsIn Wé“lﬁ?aﬁ?ﬁg‘i E’QF“M"@VE"E capsttaeny °§‘§/£‘§®Hr‘t Gt is g

appr opri at gefeQsel o WEGEAsE B Evél@%fothéﬂﬂé}lﬁlﬁi WMRSRudlIe TIAS Indlease sraRErehderent and

its functions. For exanple, for novel gene Y the biological assay system

woul d be olewels bantbei reflegtesk nop plytie measussraantfeafdhe ¢ellulap ponstiigats, byt 2180 B¥t ween
novel gene_,Y an I L. 0J QR IS8R fiast hma. The
bi ol ogi cal obggrsvgl% agx%%? é%}a%ﬂgﬂg@é@a& e%jhfaﬁld[eﬂ'e)ggrﬁ ecglelﬁlce 01§ &Pﬁdetgp@rt?ﬁr bed

cel | ybar cinsahde thestlettion charactadsticavitidie etherfthmintiease ov deerease imlewels of tho f
function val ues consists qf,.one or noye functi val.ues FVx h FV,,
val ue bei n?flll“g’l" &?@H“‘FBts’aacngIﬂé‘éé'lcre@ﬁeeorf{?ﬁr@?ﬁec?ﬁ“ h? 8{’1555’ e(dlg)plcgﬁng?ﬁngﬁtﬁgst i t uent
bei ng eval #ﬁl{iﬁ‘éﬁtm-gmxém%ih(ﬁﬁb 9, 3nd S, values. nueri cal or non-nunerical val ue
that 25 quantifies the effect of the perturbation of the cellular

constituent on qQne or nore of the functjon ssignped to the | 1 ul ar
const i tugn[o.o“.ménP%E‘WWG’&I%&%&YWB&“’&&\ Pﬁf &?Igwen‘ﬁgh%ﬁ‘%c u%e ef f ect
on the bi ofe@lbCahiied s asclibed below. "Mdhi efBodineht) thefrblaidrisBip Beeleed each
gquantified. The effect on the biological process can be quantified by

measubi ng ¢dhialar eenstitneniand dtsifanctipnseare gyalyptedyysing biglogigplassay sesiems-efhet ed to

t he bi ol ogj e | kv ; ' & 8ds8v SVstem.
activiti es&egl?iaée§rﬁ§1%§t %fgﬁggtép%hent sé‘}é{“ééaé nod&m%flh{b?ohéel ar ts,_yggﬁgl of

t hese t echhimmiculaay the bindopidabassaybeyistem is Tisystén that isapproptiate $o mvestigatesheobt ai ned

in the presence of th erturbed, cel. ar. constituent.. E ; lue is
conpar eg tﬁﬁﬁbﬁﬂ??’égﬁﬁﬁlﬂ&}wo@ e“bﬂ\%dl?%wgnﬁfgior&é 5 fgr Igog‘{é}ig%g(}( %;S/l
executi ng bigfeltiaPAsesy) SalemAGKAY bS ¥isd A0 is BppirbiRiatdB@nglgate thed6laéashipy 095654
PCTI US02/ 1646f perturbation of the cellular constituent, For t,[he cel lul ar
const20t uenbetwsemaqvak gang Y and bradykinjnprgduction nthe diseasegiats of agthmag [Ihe ot 4 ned.
Thus, for %ﬁ%ﬁéﬁ%ﬁ&,} Kftefiis Bxcfilelith B phiRBtick iof MR Herturbed EMM12REnsEnfeNOtov al ue

i s obtained. e ‘conpari1son step, for each function the FVX and FVo
produce a set of function values. The set of function values consists of one or more

function values FV,, each FV, value being related to at least one function of the cellular
constituent being evaluated. The function value is a numerical or non-numerical value that

25 quantifies the effect of the perturbation of the cellular constituent on one or more of the
functions assigned to the cellular constituent. The function value can be quantified by
measuring the effect on the biological process that is modified by the function being
quantified. The effect on the biological process can be quantified by measuring the levels
or activities of a cellular constituent related to the biological process. Techniques for

30 measuring the levels or activities of cellular constituents are well known in the art, some of
these techniques are described below. The function values FV, are obtained in the presence
of the perturbed cellular constituent. Each FV, value is compared to a corresponding FVy
value. The FV,, value is obtained by executing the biological assay system in the absence of
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val ues are conpared. A selection characteristic for potential nenbers of
subset Z2 fromthe 5 subset Z, is established. Cellular constituents having
the selection characteristic are assigned to subset Z2. The sel ection

char act eri W0 @/98658hi s enbodi ment of the invention is baPEd/UsH2/16461

di fference between FVX and FVo val ues for each function of the éel | ul ar

const i t uerieriyetatign efjthie geliwdey conytiguent| Ethql%W"éHéf%ﬁi@Fmsf‘F’é]aEQﬁh% Va range of
di {1 er encesuud3® WeSPFYNNAlES iR, 1RESITBY Each kinclibiPof HEMHl R Bonkitudhe a (FVX

and FvVo) for a partlcu?ar unction I's the activi té of a cellular
const i t uenFVy arde KV edue io nbiained. alntthe camnparisomstem doreagh figetior the §Vi ped EMges i n

the activity of t 1y i . : f
the el | oty i, A RlceRE Badarifli ot Phihfatliniie Hsubist AR AOT ©
cor r ebat essiibke Z¢ i @ablisHed! (Tellulpesonstitoeits kuvirgfthé bedectioh charavteristinatei t uent

bei ng evaluated on at | east onpe, of the functions of set of the.cellular
const i t uerdssigned o subset £1.| Theselegtinnseharagteristiciadhiy ﬁ@gﬂlwegméﬁ"t Inyentiog 1s

i denti fi ed\gﬁgd Bruf ggf?elggﬂfé'e PetweBN BV, bRV, {41ds fhasack filicGibh Sthedliuflr Of

affecting ] ( state being evaluated. The cellular constituents
Wi t hout t heonstituenttbemg evtluatedt Bre soleciomeharastonisticieandis arangernfdiffesencesy

potential for affectin ' ' I ; to one
of skill i%e?WF‘?{‘e‘LEP’él“‘E%eﬁ&g’.‘%"g‘%’gﬁ"@ig @4“3?%’8*.’ “g‘é s (f&gg%& @{P ?%’%‘Mnaﬁ @%e
neceggary fuctomaik thataetivineofth deflalaecunstitnent] the seleationsharactenistic cal beatange o1, 20
[00103] FI 3 shawg a flowchart for identifyi tential .bi.ol ogi cal
processes &@f“"%‘i %\%gﬁceg Y ¢t céelngaa ﬁ?’};ﬁﬁ-‘&mbée@‘%@@ﬁ laﬁf;rd%e?—tggb%&a gﬁt(lial gt ,
accordi ng ¢{ubh cosfdhiRitg Vhlubfe@. Thé¥ddttion Bharddterfstie Pordélites the bffestlof tie i s
assigned to a cellular constituent. The functjion is anAtr(T)?di fication_of at

| east one pirgireagion of thecelwlarsopstituent being pyaluated onsat iqast ongof thedpnotipps of set

I nformatio . i 9 f7 ti kdq0gi cal
srate. Theros e telfiar LAk, hug@ulrodho ORI el Albsdz, R
assodbat edasn ¢etlutah eorstitwentthatahs a bightpetenthal off efferting the biélogical stateibaingiual

bi ol ogi cal ocesses i.S.a proces di fl.ed . i ut er
model 1 o cOMARE Qe et PORrETEap} oo fupbile fEcongiaErel e
processes mefahewtp'btbhfigifsﬁdffeleﬁ@g the b[(ﬂkigl&dlh btatdt Itst/m?d ngppaf]thcmﬁ_ skitl imodel
representing a virtua timylus In the presence o u lon 1S
execut ed t He€ ﬁﬁd@&?@g%eéeﬂ‘ g%‘éﬁﬁ%"i agsay ﬁ’@teﬁﬁ%ﬁyfbet'}?éesﬁ% I‘%&Yai‘éﬁ?e é‘? foé"r?'}‘. t he
presence Ofeif it chriRtileh@df sulsetst,eP 330, a biological stinmulus is provided to
a bi ol ogi caﬁ assay systemto produce a biological response value (al so

referred to herein as BRX). The 27 WD 02/ 095654 PCT/ US02/ 16461 _ bi ol ogi cal
sti m20us i 0103 HGoB shawsa flaverlan forddentifying pefential biplogical progesses of@d t he

bi ol ogi cal bio?o?dgk’ 13% Hicallated bé/'l%eﬁhlg} Qs Rt SAEOMARH bin BmbbdiRehd dTitiRa1 cal

state. Consequen ?y, a user can _ o
invention. At step 300, a function is assigned to a cellular constituent. The functionis a
modification of at least one biological process of the biological state. At step 310,
information for the function is added to a computer model of the biological state. The

25 computer model represents individual biological processes associated with the biological

state. At least one of the individual biological processes is a process modified by the
function. The computer model is configured to evaluate the effect of modifying the

biological processes on the biological state.

[00104] At step 320, the computer model representing a virtual stimulus in the presence of
30 the function is executed to produce a response value R, for the biological state in the
presence of the function. At step 330, a biological stimulus is provided to a biological assay

system to produce a biological response value (also referred to herein as BRy). The

27



conpare the response val ue obtained fromthe conputer nodel (also referred
to herein as Rx) to the response val ue obtai ned froma biol ogi cal assay

system (also referred to herein as 5 BR,). [00105] Many biol ogi cal assay
systens ar &WKkop06S#n the art. Biol ogi cal assay systens i REN($82/t646] - based

assays and .ani mal nodels. The cell -hased sa n bhe prefo d.with

ei t her aCLh“é‘°S’l§PltSHF"é'£{S 1 t.bé.blcgﬁﬁ‘@léﬁﬁll" e‘?‘é’ﬁﬁ\?éﬁ‘f#%ﬂ'ﬁﬂh&?&%? [”Ié?ﬂgr‘f‘é‘ tissue
and then i§ fhebidli i tHebisibgitdlsRke. CorRequefily, 3 uséraan have
been trang#%)ér)ﬁ?igrtn&éPlr%%@?%ﬁlgg?ﬁ%gﬁhldg%lﬂa%&bg fron? n%qr nal)}ht:lrrans or
humans sufdopmarethé rasponse dalve ablaingd fram the campittergnodel (Horreisrred toheremasmal s

li ke rats,pRiLC rtn. ! ORdd = n
manmal s orR%%&ﬁﬁ%gﬁn%gﬁi‘fglo‘sﬂfﬁgg °<!;1ﬁra &é&gﬁgﬁg &ﬁ#ﬁft&ﬁf}?sg éesi tytgglrerelij}%J %’Eet es
may be usBRl,). For exanple, cells from honbzygous obese (ob), diabetic (db),
fat (fat) or tubby (tub) mce may be used. Aninmal nodels can be non-human

model s of 1P Raae hicing B el stetErite Kl BT hioBUIG BT SRRy () o7

di abet es |jnkiadesIPBasedaEsayRAE anininodéls.aDied detl-Hasdd) assdya icarl beprefonmned withy
(tub) mce may be used. [00106]._ In one gnb di mrent of fhe invention, the
bi ol ogi cal cithekapptespliuees, icnpiraigally semoyed °'Bﬁ’@§’é%9r aimahtisspganddhen glgredyi c o
equi val entinof g\ il RO BlIGALs, 24, 28 thERR0SERN niimi o HfoRERAL! @ellgnde!
For exanple, for the Dbiological state of obesity, the conputer npodel can
repr d8ent may bbfem noanildwmansor hunanp suffesige diom adisease beoing siydigd epfremmope g

homozy gousy A0S Ramip BRI LA ollbl GRa boscl, 261 Skl Eells i RBIAR hifn-hithad S ot
required t At he conmput er 'nodél”  represent all fhe biological processes of
t he bi ol oginammatss agn-hyumte mamihadothatzse awmkbmbdels effnbasityr diabetgs paydon of

skill in the art, the term." bi ol ogical uival ent! .’ i s 25
not rmean e¥8§dt F OF %%P?aﬁféwém ﬁ‘%&%&‘fs.o%?ste (Pé’ ﬁlg{)et}?e@é)s g@i@”ﬁ%%&%& cal
assay syst@iBe 3 Hedistd. 2Ahinfal foBElS 6FseAfontHugfah etbdels likeenice masitaad sorfudth .  For
exanple, for the biological state of obesity, the copputer nodel can

repr d§ent The omelanedels used caiaciudempdels offliseases hewgstudigds IFQFrF’Wé‘%Pge’ animabe

acutely cu | : ] SRESE . Abbefid e HGitdRai cal

assay syst%’%ﬂgé{%gf%%ﬁﬁ%{l%%é?ggpnﬁ‘%%% can efﬁe%e(])n&??ie Brgs)ponséﬂ\!';al ues
30 bei ng s@uig)inside magbe esednpl e, for the biol ogical state of obesity, if the
response value being studied is the release of leptin from adi pocytes, the

conput er an I - adi. ggédsg, f ktiy tHehat
i ncl udes g@llg g{))@y 8"?%%@?%%86% “'he h?@’ﬁ%&giﬁggg{cggassa gte%n%gﬁg%&ﬂ
PCT/ US02/ 1fré€eht invysstionris & bivldpicabeduieaient of thk biodegical steteatprasented bytless or an
ani mazlo mdggmf)urt]ervmclmdceh lt?or}%xgme{:l%%re th%fbiological state of obesity, the computer model can

represent an obese patient and the biological assay system used can be a homozygous obese
(ob) mice which is an animal model of obesity. It is not required that the computer model
represent all the biological processes of the biological assay system. Also, as would be
apparent to a person of skill in the art, the term “biological equivalent” as used herein does
25 not mean exactly the same or identical. It is not necessary the biological assay system
contain all the processes modeled in the computer model. For example, for the biological
state of obesity, the computer model can represent an obese patient and the biological assay
system used can be acutely cultured cells from a homozygous obese (ob) mice. The
biological assay system and computer model employed can depend on the response values
30 being studied. For example, for the biological state of obesity, if the response value being
studied is the release of leptin from adipocytes, the computer mode! can be a model of

adipocytes or a model of obesity that includes adipocyte function and the biological assay
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| eptin from adi pocytes can be neasured. Also, the biological assay system
and conputer nodel enployed can depend on the cellular constituent and the
function assigned to the <cellular constituent. 5 [001071 The term
"stinmul us" vasoum®sees4her ei n means an agent or environnent al PERAISEY16461at

produces a change in_all or sone of the biologic cesses of a

bi ol ogi cal systeaxean be enmr_ratqqﬁpultlgﬁ Pg%ﬁll’.&"y“ﬁ &r @h%]‘ aléﬂg‘i - Bﬁﬂlﬁrs#ea%?&ﬁa ,

whereas a Qgﬁr} ﬂgfn%n{ﬁogitkfr&ﬂn‘b% me;as&ea).l RKBANE Biofogidal AsAoysRm ABTaMphNkst €M
a enpl t he

The bi ol ogi st oyed in the present inverition is

bi ol ogi cal medgliemplayed caf dépkmd on the gellulartconstituent andithe functiemassigned todhe)y t he
conput er mqlfxl?'é FOF. 10 exanple, for the biological state of asthma, if an
al | ergen i CPRECMIMY stinulus for the conputer nodel, then the

bi ol ogi cal stinulus used could also be an allergen. In another exanple, if
t he | gvel s[00i0T|IRte térai tsyimahisti as wsed helengeamts amagent engnvirenmensal ehange that

Changon. © HREvER = Bt SRR e e iRBYiet BoosSE of e Bplogiifyact W'y Bl °" ©
the term " Qinliee i ahpRYet iMal @fiputed fodsle Whéressad tloldgral slimuhatis employexiaat | y

the sane or identical. The biological stinmulus and the virtual stinulus can
be si mi | ar biolpgicnf assay sysleme The birlegieal stimplus gmployed gdhe presephimvention jghe

stimulus, {; | ' ' : i | t he
caneef t ecp O el ot i kel Sink R InE A eplesfit Y P KOHBUATRERLIAY, |

bi ol d@i cal exatripiey lfershebinlogival siste ofiastlahd, ¢f aperilergan isthe mirtualstimudus forthe
degranul ati on of cel or any ot her agen ha fect or
function a§°Wm’é°f2g'Pa§'s Iﬂéqndh#.’lom%%lf"‘ﬁ‘fs F ‘g§°"§‘11%‘?° ée é}g@ggﬁﬁb;@ﬁot&fr

char act er i glanfpld, of thel Rt bY fre@fattitatids afeichinped ired cqmpnter izl affan adipacyte,

bi ol ogi cal state npdul ated by the cellul ar constitueny is established. For
exanmpl e, t theninthe ,bloé%gqca@gqspy,é\etl%lsggf@etfqt{yﬁcppg? &}@Pg?q[' S!{Iq\ge_verméwgg i on

characteri gljatent & R3&M ?9kil1R thedird] fiR tERLBidIEHVA QGuivAlent” B5WRA hereidoes
obtained fr mtn e conput er lrmdel and the bilolséolgi cg‘lll 25 response val ue

obt ailfed f notmeanexastiy|thgams or adentigals Fhe biglogigl stisuwand the vigual spiggius san
characteristi.c.can I Ief . : t he

- eaponse. v HEEF ftsfbofR ficfin, Al RIGRERS deVHER Ry, ST ERal

sel ection gimulastedicat beamyestimhiusbeiseithasthesame effoct aalfinciiomsuthe stimulatiom t he
rodel and. BHE B AUTEgH civeebe bip Bl i capanetpEpnlrate o et ot R 1 e
30 bi ol 0gi g&prarl AfoRF miast BN Al bARr hfenhMYEha8 tHY stihe REEEIRE fisticti6 asié ng

nodul ated by the cellular <constituent in the biological state being

eval 12 ed. allyganD 02/ 095654 PCT/ US02/ 16461 (001091 At step 350, the
bi ol ogi cal process having the selection characteristic is identified

[00108] At step 340, a selection characteristic to identify potential biological processes of

the biological state modulated by the cellular constituent is established. For example, the
user can define the selection characteristic. The selection characteristic is based on the
difference between the response value obtained from the computer model and the biological

25 response value obtained from the biological assay system. For example, the selection
characteristic can be a range of differences between, for example, tﬁe response value Ry and
the biological response value BR,. A user’s selection characteristic can be based on some
or all measurements in the response value and biological response value. Typically, if the
computer model and the biological assay system behave in a corresponding manner, the

30 biological process is considered to have a high potential of being modulated by the cellular

constituent in the biological state being evaluated.
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as a potential biological process nodul ated by the cellular constituent.
Typically, a function of a cellular constituent can result in the
activation or inactivation of other cellular constituents or processes.
This acti vao a9sss4i nacti vati on can be reflected in certalPETAISAEE4eI enent s

in the response val ue and biol ogi cal response value. In this .instapnce, the
sel ection {0930 ALSteP5Octhgpialogigal éﬁ%ﬁé?‘a‘f‘ﬂ%&ﬁéfﬂ?@&’t“i charagiensties ydegulisdn of

the cel | ul ar, hGERSH biolRithPprBtesP FoARERABy L Al éHSthORP TYHRalN2 kL foncHDH

bi ol ogi cal response value.” Typically, the activation or inhactivation can
be obser vedf deellobnpenstitugnt: dae resalt in themetivation guinastivation ofrpthesselldarponse val ue
and bi ol ogi cal., response val ue. | . NGL of a

cel lul ar cf)%{’ﬁufﬁéﬁf pregﬁserse;iﬁlfstacﬁ\rlﬁiofqg& fdﬁgk?‘}eagggg%lrb%gégcé%&sﬁg%%ﬁﬁeveI s of

ot her 5 cel mdhsarentensinitharesonse vdhiesandrbiolegies respombe valnes kn this ihganeb ghean be

reflected not only in ,measyrenents of .the cellular. copstituents, but al so
by obser vi SICCHARF Lﬁmﬁﬂlﬁéeﬁ‘é‘?’féa}e&f’gvat’ﬁﬁﬁf magtbvagwpﬂtgek%qu?% ar -

const i t uent syetifuBntk B rok&isdsai b6th the R ssoRbECdOMdUIGIbSHEA1 espShdetalte] | be
either the Increase or decrease in l'evels of the cellular constituents in
both t he r Eypicallyethemctivation onindctiyatipnganchel obsaregsohseomparing thepepingsl |y, t he

I ncrease or_de e V. . ' e I

measur enme n{‘*e?"ﬁ“?]‘{"?%zs s g@%& ?@é‘ Qéaga[‘f%eeﬁgr?t? dm %$1§aﬁ 3@9& ?é%ﬁ@ gllr"?1 félg'p gﬁ(?feléﬂdgﬁ%ﬂ{ges’ [aO 01101
One dobodi fmetionsf 4 deflulanvanstifuent cas resultrbt the thcfease grrdedieaseiindevielsof other al
processes inyolved. in the.action of a drug im a di . Thi s
enbodi nent C‘HW*’E ﬁgnﬁ%mfgﬁt Hg'?‘? FFHRST d%?ﬁeaﬁ%@ae‘fe P cgpg)gﬁgife%ﬁﬁzﬁg%ng}' 8yi cal
processes hhaduréhéntd 6YR¢ detillar Boristithens bud Blse by absdrving andfbrmdasdingthehaviak t he

i nvention can be used to predict biglogical processes that nediate the
t her apeut i Bodiffed by shegellylageqnstigents; g‘!‘g’(ji"&%ar“c it selectian eharacteristic ‘éﬂlgbet he

si de-ef f eCEﬁhe?ftheQn&Eéé? pr g%é?eagﬁi[m;?égsg&ﬁﬂ&@e‘ilulaﬁc&ﬁfﬁdeﬁﬂd li@bot ihete fguces the

desired therapeutic e 0 produces unwanted side-effects. The

embodiSment saloé andbislogivalnaspoose value. ypicsliyl thesinpreasgior decredse cal byl dhgerved by
processes involveq,in 1h n | de- .

pr oduce ZSC?IHE”H@SW %ed‘{lré%? %‘8 sg%ﬁe%ﬁsg\r}ﬁe% ﬁi’égeﬁg?r%c gﬁl‘%?@%a? ?%g?rﬁ%'ggliﬁg. not
understood. A better understanding of the mechanismof action can help in
t he nodi fi §0160Ond erhtsvalimént 0€ therimvenfion ishenétimd forpredicting biolagicat preedssesdr ugs

wi th inproved tency or fjicacy. .. (001111 The biol.oqj cal ue
for 'a by ol Syobal mRedgRin G adifins diesar T RhRinghes nd FpR0R TS
nmeasur enent uk td Féaicsthe biokspiday plocexsesthat@fd invdlaed inahsidtion ofia drugnd/ or 30
measur enment s of neasurabl e behavi or of the biqlogical stat

. 1 . Th
trans® i pt Egbodimentsaishs ipkention gafy b usgd {9 RFF@‘F%@“B cRlProcspses ﬁ?bﬁ‘g&f“leﬁ%t s can
be measur eﬂwra%@g‘f'%%efﬁ%fs%%% SroldibBieApideds tg&ﬂﬁé@ié’t@ th el tdof Aaflg. Of

transcription o ular constituents can be perforned, for
In many instances, a particular drug produces the desired therapeutic effect, but also

produces unwanted side-effects. The embodiments of this invention can be used to predict

the biological processes involved in these unwanted side-effects. Very often, drugs produce
25 the desired effects, however, their mechanism of action is not understood. A better

understanding of the mechanism of action can help in the modification of the structure of

the initial drug to synthesis drugs with improved potency or efficacy.

[00111] The biological response value for a biological assay system can be obtained, for
example, by measurements of levels or activities of cellular constituents and/or
30 measurements of measurable behavior of the biological state. The transcription, translation,

and/or activities of cellular constituents can be measured.
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exanpl e, using any probe or probes which conprise a pol ynucl eoti de sequence
and which are immobilized to a solid support or surface. For exanple, the
probes may conprise DNA sequences, RNA sequences, or copol yner sequences
of DNA andWRNI/09F4s¢ 5 pol ynucl eoti de sequences of the proB§§ﬂﬁﬁy“%§%o
conprise DNA and/ or RNA analo%ues or n9|nat| ns.t hereof

pol ynuc| eol0P¥E2]1dg measusement of é“sﬁ’flﬁfﬁé’s"fﬁﬂ@ 3 copst %elwlﬁgqu@F ﬁ’n{‘?(":l eoti de
sequences, ?:ﬁ&eh‘sbﬁbz eﬁn%mf]ﬂ%ﬁé bﬁ&%@l Qpridea pEGRRIETe schiléndelaf ¥hihguences
|

can be syn er en matlca ly i'n vivo, enzymatically in vitro,
(e.g., by melimmebiiged tocAalid sumwamor surfacPCRr, exemphoﬁhe@rpbyﬁmay eemprseilNGi tro.

The probe or prob sed int ki on can be

i mobi | zeinP%‘cﬁs gﬁ#%ﬁﬂfﬁ% ol?%%‘gbq@%%g@ H%%to?llwﬁfn%y e e| er por ous or
non- p@r ouspolimMicledladgeqaencedief the piobes nray alkecqmprise EN!’emd/oi'eRNAqudngm, omhi ch
are attached to a nitro | ul ane.or fi

hybri di zat ?%ﬁb‘nﬁ‘r"%@?""ﬁfgﬂ B’HR‘HSW@ s?.ﬂu?“ceesgf e(pg%bgs m@y& I8 rbgaﬁrbr 51809 o

al ., Eds., nidé&ide Mubiiddh, abcHd t'l\gtic oI oh@djevtidt e¢qaendes.UThe prZ»BdseﬂdenchOl S.

1-3, Cold Spring Harbor Labora Cold Spring 15 Harbor, N.Y.)
Al t er nat i vedmybe syhtbesizadi e@thmqnpﬁmtwéﬂy mwca@ez icglly in viffaéegeby mléi@ﬂaée

surf ace. asure ar ram%ee i ion to
m croarray abqreﬁ? %@Cﬁigﬁgl s%ﬂﬁﬂﬁﬁgélglhgﬁm ﬂh se o?}érc{%ﬁgﬁésegr g%e of whi ch
ar e iygnobi émsaﬁmantpef)thbawemmmcfan bpmh;mhdﬂzexbbwobehd seppott casurfacp yihidhamaon of

PG AGTENG AT T WTHET N T

By blr i di z alt ifth afd :.Itﬁfsha‘dczb aﬂit%ﬂ:@ﬂﬁl&se(lfr nglon yneﬁfbriﬂce)r @eae sStich hyhmlminnne of the
i ol ogical state, for exa nost o S | L, of enes. ..[ 001131
The measur Biobas argivell Kapwn | n@'ﬁﬁ“&*"é‘eﬂéﬂ"ﬁ?"r@b §?1]%‘1fer}?g$]§ﬂﬁ ﬂﬁm@{”fﬂgrred
according Al t&bﬁ&%&&ﬂaﬂﬁﬁtm V. 1e3<@mi Spring/ 10ArBord B EROriITyld Springg Of
protein (i. rot eome Goffea et ‘al., supra) can be_ perfornmed by
constlfuct i Hgrbmr,HN. a'r)oaedteawwciyume sclidzepparterisuefacsi Tasbecoelpssiof BlastinBbiars- zed,
nonocl onal antlbo s encoded
by the cel M oiﬁ}e%%nggg%gargngadgw%g%é\({l%ft@{”&;ﬁlsu st %tﬁﬁgrls raction of
t he enCOdedorﬁ[sﬁthf@solﬂrphade bethetsurffave otﬂmhmh ape iniobikizedal pepalationt of t he acti on
of a drug of_ interest Met hods f or nocl onal nt| ies are wel |
known ( seePpolynygleotides, susly as apopula HOmOPR B‘BB\CE'SO Bgeﬂya’t %ry Manual ,
Col d Spri ngodiadtiRarof RNAY- A mitaRfEcoipac siface With GR bAletedranday aﬂbmmgl es are

rai sed agalnst synthetic_ peptide fra nents deS|gned based o? q 9
sequetce ofe.s. hbyb@élz{atIOthW erpredugts effnanyd °a$"1“§%/m the gRNEMSQ fl}cgﬁ’ﬁ PHEX el |
are contagfed o;gx‘lm e, MhdsBYr alRBEt AREHe Jth&di ng is assayed with assays known
in the art. Af atively, proteins can be separated by two-di nensional

gel electrophore5|s systens. 31
[00113] The measurement of translation of cellular constituents can be performed according

to several methods. For example, whole genome monitoring of protein (i.e., the
"proteome,” Goffea et al., supra) can be performed by constructing a microarray in which
25 binding sites comprise immobilized, monoclonal, antibodies specific to a plurality of protein
species encoded by the cell genome. Antibodies can be present for a substantial fraction of
the encoded proteins, or at least for those proteins relevant to the action of a drug of interest.
Methods for making monoclonal antibodies are well known (see, ¢.g., Harlow and Lane,
1988, Antibodies: A Laboratory Manual, Cold Spring Harbor, N.Y.). In one embodiment,
30 monoclonal antibodies are raised against synthetic peptide fragments designed based on
genomic sequence of the cell. With such an antibody array, proteins from the cell are
contacted to the array, and their binding is assayed with assays known in the art.
Alternatively, proteins can be separated by two-dimensional gel electrophoresis systems.
31



WO 02/ 095654 PCT/ US02/ 16461 Two-di nensi onal gel electrophoresis is well
known in the art, and typically involves iso- electric focusing along a
first dinension foll owed by SDS-PAGE el ectrophoresis along a second

di mensi on. Weee/09865¢. , Hames et al., 1990, Gel El ectrophor @6TAISH¥ 1610t ej ns:

A Practical Approach, I RL Press,. New York: .Shevchen et..,al .., 1996, Proc.
Nat |+ Ac adwesdmaensina) 5! ectugphoresi Ssois oNa R ATy S Dpjeall eS8 ¢
12:1519- 15§§6t1i@ﬁﬂu§i§€£]l§ﬁg a e GimenSioh @1ved b4 SDFOP AGE . elettiopliopesis dloripoa

ca

el ectropherograns ca e anal yzed by nuneroqus techni ques, including nmass
spect r onet secend dimiensiopucSee, ags s efiabt 199RgGelFlectionherasinplRroteinsafy si s usi ng
pol ycl onal ;and nocl gn ' | . ' I t ' 1:Cr O-
sequenci n g?ra%éﬁa pPrﬂg‘g}éfé‘Ié?%tﬁ%’%ﬁngs?éﬁkt gl:;gs#’c%égﬁs(gﬁ é ltg%lfg |P en tﬂ??n A%h' Seié.

subst gnt i aU.&f A293: i 40- 1045 p$dglibéve el 6,996, Meast 18r15d 0 63B;and Eandsr,19A6,

physi ol ogical c |11 ,~Jdnclyding in cells (e. g, | xposed to a
drug, or i ‘E‘E’F&ggﬁ%@'g$$'e'5h%5‘7§“[i§9%8?m88$%?$8wg 8?"9%6{/%\;‘&5§€6§§%T65§u98f a
specific gekfiquesGRdikdihg fifdsé dpettrdifictad teciiliduesawestan blottingeaid immuineblot ot ei ns,
can be nmeasured and enbodi ments of this ipnvention cm basecii Qn such
measur enenanalysisaisingipojycianakandanenesiongl sptibpdiessanddptepya e MiEfet i onal ,

bi ochem ca i ; BRI RLL5AP ds8ibR tb Yehlify PAbbtatid Hactichfialitkey

bei ng char%ae Pﬁcf@g@m‘?{fﬁt e‘@gﬂvikys I nvol vqsg'a chem cal transformation,
t he 10el | upmteinsrpyodiiced uader igiven physinlogich! epnditianscneluding in cells be:g.r imtees) | and
the rate of transfoymation .nea . e A Y

associ at i of*ROFE Iat‘{"r‘ﬁz oF i gel5 F’é’,ﬁﬂ{eggy’e%%réﬁ?%}ong% gg%:r?eat) %%Sﬁbrgi{fc&a%ggig% i vat ed
DNA bi ndi ngereonpl ex with DNA, the anmpbunt of associated 20 protein or
secondary consequences of the association, such as anounts of nMRNA

transcri be n be.peagured. Al s re only a.functi [ 3. i's

known, for F@ii‘ﬂpﬁ‘%‘,"‘t‘eﬁﬁ F'ﬂﬁg"é Iansi%Pt\gﬂg%ﬂrto%bqu caﬁlebref'%‘?aﬁ%r(r%@ gkdo%drﬁféﬁ]%rﬁ%ct i on
can be obsgfmadnvdnifd & bed Bhséd'éh @ik aRhsiEdtients Adi@ity meaniréments ¢dndenet hods of
the present invention are used, to jdent i}f)%/iﬁcel | ul ar constituents that can

be udéd asperfarged §y pay fungkonsb binchemisah ORhYPIE TBEINS PRIEPTIA to,jg ?%@hﬂ i sease
states. Fl %tivﬁ?&%ﬁ#'cﬁ&ﬁct@ﬁ U Rkrd BF abtflalinvorved @ chericaRfandfoRdtfdn, ieNe  can

be used as a Car get . e user uses I'nformation known in the art and/or
i nf or mat i ovellubanprateincan becordastedtwithi e natifay subsigate(s), eed theiraje efsansfarmationmy be

regul ated by the el .gene.. Based o ' | cal | denti fi ed,
t he user fH’I%FﬁYF%flre ‘B'ﬁ efuity wgﬁfsoﬁgociagﬁn?%@hﬁﬂ%e\%@lungéggf&%ﬁgge putative
functi ons adsBeihtidioflaatevhiéd DN ARG edmpladeith DINA, tiee dma@indof assdci@@l st ate in
whi ch the gene is hypothesized to Fla arsole. This testi n be

per f iftrod BRSO SREAIAEY SAAEIGRRSE P e ASePFaYSTl Sy s AMPUA OERRIER. Thi s

testing detgrddhip&as e sd fedsurRay Ao, Wigre olytaluhstionbliRa vty knodm tfoEeampld, gene
have a potential for affecting the biological state in
as in cell cycle control, performance of the function can be observed.

[00115] In one embodiment of the invention, the methods of the present invention are used
to identify cellular constituents that can be used as targets for the development of therapies
25 for various disease states. FIG. 16 depicts a method for identifying whether a novel gene
can be used as a drug target. The user uses information known in the art and/or information
known to the user to identify biological processes that may be regulated by the novel gene.
Based on the biological processes identified, the user formulates putative functions for the
novel gene. These putative functions are then tested in a computer model of the biological
30 state in which the gene is hypothesized to play a role. This testing can be performed using
the methods described in the present invention. This testing determines whether any of the

putative functions of the novel gene have a potential for affecting the biological state in
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32 WD 02/ 095654 PCT/ US02/ 16461 which the novel gene is hypothesized to
play a role. If the conputer nodel indicates that the putative functions
do not affect the biological state, the novel gene is not further eval uated
as a drug wwoaeseskf one or nore of the putative functi on®PCIMSBI646the

bi ol ogical _state, then the novel gene is fu er eval uat gd. as rug
target. Thwhighghe noxglgene isdppe eqx@dQ{gp ay gpolen, t?i%cf{?‘?‘??ré?f)‘%ﬂ?‘aicﬁéég\ﬂgnctions

to the novg dance Efiths @Y bt @R bthe DRASgidal stafe] e U6 gor¥ik nbrrthdte exi stence
of a relationship between the identified functigns and the novel gene. In

one embodi enshtatedfas aideug taxgehtIf ong onmers of theiputaing fupations affestithe hislogical ng

bi ol ogi cal _,ass systens, . i ?ﬁf r ' Lol oai cal
assay syst%t eatﬁén Ehﬁ O ﬂ%%%’lg\?nl{églggmagee%&rﬁu |(§%Hi’§?ece{]\?gﬁe§% ?ﬁ [ y&r?easuri ng
t he EfSLECt liﬁlﬂth]'? denti e mititiveduhdtiont iochsnovebgene dking @valeatedi That i, themser
perturbation of a novel gepe are known in the art.. For.exanple, the novel
gene can beeniems thesgistenge ?lg‘%ﬁ?fa&ﬂ‘w ]?q%eqnébﬁi%ﬁbéedtfﬁ%mﬁ%ffﬁo‘be 8?"# E&%ovel
gene in a flideaR{Bdintet bf the ifvehtfonS s RitificAtith ik fotfirmed asindbioltidabassyl usi ng
anti sense or ribozyne approaches, or treatnents that affect transcription,

transl at i osysteprsotTae noyebgens is aertushed ingrbiglpgipal jagiay sy andsthe effpciof this
degradati op ) b¥evdpQr €asi ng
the 15 1 ovEriibgtifiSevalfta By tices BRAINE BLCFLT he RERAE] RDRhe Bveld) o

t echrlioques teckiqws forperturbation of remvebgenwiaterknownlis thexxpr Forexample: theyebpri at e

gene product actjvity., The eff ect th rturbati t L] QNS can
be obt ai ne&ewaﬁhﬁg?ﬁr moéﬁ?tgﬁ%%lﬁv?qﬂgp t§? 8ﬁ°8§‘rq8 gﬁ{} n(ép%lcéggs{nfd;@y? @g to
the functi gd cultige SEeMC TheleveiRah botagiasal ushigumeisehse or rimgzyms appraidhgs, or

obt ai ned by neasurenents of |levels or activities gf cellular constituents

rel ated t otresiments thet affect frangeripiion, fraaslatippJHpte fadiAcAtions, 95 fARsiRgaliofefs or
activities i s vélgBne MR lalsobB P¥fturbed by icrbding tieme of

t hese techﬁﬁgedlggééééagﬁg%g%?? jészqulgté@e..g%e functi gns that)har e, rr%)di fied by
t he pidrt ur keaels ofithepraduet ofdhenovgbgane asing generreplagemenblephniques. PSSR t hat have
a high potent.ial of .heji rel ..NO, acthdi

hypot hesi z eﬁ&f’ﬂ%eét ﬁ’ro"‘r'fg1 ?f?lg eX re%%@ﬁ‘é%%%/&ﬁ?% %egé Plg’rﬁg‘gtaftlght)g HﬁIte %gfeér;fg{/f;ﬁ?e gene,
the novel gemgbitnfonnthdknctiongcambesbtaisedbydnesudig thaeffedt onitlie hiologigalct i ons
are nodified, the ngve ene is_not furt@e%. i:val at ed. '100%16#}[’,:' G 15A
depi cts a Prosesekelpted iq ES‘WSE"F'th"aefFF&% € €°%agm°8?sﬁhsgmﬁ Pl

bi ol ogi cal ;figinkd by eNurdinditd dfubwls GrapEvitiés el fla conétltats relited tbiil ogi cal
state S. Based on'the Eot ential biological activity of the cel]ular

const3® uenbiolaginal preress! Zechainss for measuriag fevsls of aptiviliss of edlilargprdlityegfs are
devel opnen efﬁm@wg i e %ﬁ,rs%ﬂ'fe'of'?ﬁesé fehhidwd g.f]e descitftled bRl The @Lﬁfcti&'ibsthbtsa]ge

assigned 30 To a ce ar constituent. "Each function of the set FO o
functi ons nmdifiedidithe pamitationfo the npeeh gene apkeonfirmedtyi befhingtiopthathaye at he

bi ol ogi cal hls %toFe:n?lal o'%ei%tg ?aat%g’%zthe 'non\];e?rgmt ilp&efoﬁ’qno?@ﬁyﬁoﬂ{égfzgcpﬂﬁctions are

modified by the perturbation of the novel gene, the novel gene is further evaluated as a drug

25 target. If no functions are modified, the novel gene is not further evaluated.

[00116] FIG. 15A depicts a flowchart illustrating a method for predicting potential
biological activity of a cellular constituent for affecting a biological state S. Based on the
potential biological activity of the cellular constituent, the cellular constituent can be further
evaluated for development as a drug target. At step 1500, a set Fo of functions is assigned

30 to a cellular constituent. Each function of the set Fy of functions is a modification of at least
one biological process of the biological state S. At step 1502, information for one functions
of the set Fy is added to a computer model of the biological state S. The computer model
represents individual biological processes associated with the biological state. At least one
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of the set Fo is added to a conputer nodel of the biological state S. The
conputer nodel represents individual biological processes associated with
t he bi ol ogical state. At |east one 33 WD 02/095654 PCT/ US02/ 16461 of the
i ndi vi dual WO ed/egiseal processes is a process nodified by ?ﬂ@ﬂfsﬂmﬁt‘ﬂon The

conputer npdel is configured to evaluate the ffectl rmdl t he
bi ol ogi cal offhe diddual biglagral PIGFESSSSdS & RIocess modifiegibyd %ﬁ"‘ Biput er

model is e@%@ﬂﬁ?&n\ﬂ’gpﬁéﬁl‘g{]&amwe eft&et Btﬂﬁsﬂ %t}fe%ldld%%éﬂl%ﬁ)cﬁﬁw&) fie, in the

presence o e one Ion of set 2 and 1504 5 can be
repeated f bwlogmﬁl satbe At §tap ¢ 5040 the computet mpdel lsﬁGxe@ﬂt@lletB@E added onerfanation

val ues for ns of et FO ar lue is
obt ai ned bSPPéﬁ‘S’éﬁt"?' eB‘EFﬁS\Sf 8Pth gapﬁmgtgoqcﬁes aﬂsgﬁgéﬂéﬁilﬂg%@sg‘?on of
botential @“ﬁ%"*@*’m? f*”’%ﬁ”’*‘#“‘i‘éﬁ"“’?‘@ e "‘ﬁ&“ﬁ‘”‘? B e
potential nenbers of subse ro e a she step
1510, f unciunstiensiofsstile aferf@“?é{eéé?Pg]hv{]}‘Fa ﬁl"‘tg |‘§: ’r“Be @é‘?xﬁﬁ‘&ﬂ‘gtﬂ& subset

F1. 10 [ 00ddnfdutéimdtieiin tﬂ@%emeeo\fluﬁuﬁﬁaxlonbhmeM&@hs SseCRAAGepr1ISe8, iz
represents the desired results on the biological state bejng studied. In

one enbodi selestion chasacteristic 1f¢rm¢t@hdrmtﬂ&rs efisubse Enfrera thesses Eq is é%taU¥Sh€ﬁ A% ence
val ues bet Vl?ge) T§ td“%ﬁg?ons‘ﬁ%wlﬁgbl A %ct?’&h ﬁanstw&e g%k@%g E&géeﬁ]bfé??r acteristic is

correl at ed® ent ogi ca Ivity ar constituent
for affecting a biological state. Thus the functions included in subset
F1 hage a {004 Ih'é]rAmermm:embrevmﬁslp,fthaﬂdiwhbm nl@pradﬁmsnc vipoesenss theslesired reswdta t he

funct t | ude th 0 f th
ront oo SEine e ke b bl SR PR P aRRLRG cp ARG T e
descri bed h@erﬁs@f&@ﬁren& ﬁluésﬁﬁh@k%ﬁlﬂiet& \aluﬁfem’ab&) vafuet Mhe seleationi on f or

t furth bset F2 of Fl1. Th I t t
Cel Tul ar  cOMEAS caBioAo U olnRca aptub o el BE EatRERet T g

bi ol ogi cal ﬁ‘ﬁﬁlﬁg a%Ycﬁ&?Eﬁi stafel el"hﬁ]b‘ ke fuRétfond inchided &t suBbkt fF, hivead highieg pbratidli f i ed
as having a I'i kel i hood of being related to the cellular constituent

are dssi gngﬁaffeytlaglﬁxg@!olcgacalmatestb@pthgthmltsn@t insluded Hythissuasel t uent bei ng
evaluated is perturbed in a biological assay system This biological assay

system cang @ql%ﬂﬁ aHbtﬂ{aPé?ﬁlfbﬁL b @lnrﬁﬁéﬁtronofhetﬂiﬁctilahé)in%bé‘eﬁh Sdn¥eSFurBRir NG

eval uat ed. articu I ol ogi cal assay systemis a system that is
appr opr i at evdluatédasatesdripad in FIGel IB. TG &iBwdepicts Aaethod oftherinvastion far gegatingind

the putativ f 0 e known in
the artfoh MWRT oty SLowaprid) 3HEreBieE BerrB b BECRLANER o B 0
cel | ul ar cmtlbﬁmmubsbsmam@e&wusﬁg biglogical psdag systara r’lﬂxecfutlmylons okt ng
or decreasin Its ty oy vel The tivit an be crea
decr &ksed Fu ahﬂ' e éf% ¥ t@?"“&ﬁﬁ'&éﬁﬁ?e@%"d ﬁ’gmlgé?/% eg S cﬁlbeuq?rﬁgp Zi%eé‘g or
decreased by ds§1 fte subet M AR steh 13115 lid dellilancanstifubitbeingtevalnated istpfturbed
pol ypepti de. hods for perturbation of a pol ynucl eoti g
ina blologlcal assay system This biological assay system can be the biological equivalent
of the biological state being evaluated. In particular, the biological assay system is a system
that is appropriate to investigate the link between the cellular constituent and the putative
25 function being evaluated. Several techniques are known in the art for perturbing a cellular
constituent. For example, if the cellular constituent is a polypeptide, it can be perturbed by
increasing or decreasing its activity or levels. The activity can be increased or decreased
using agonists or antagonists. The levels can be increased or decreased by interfering with
transcription or translation of the polypeptide. Methods for perturbation of a polynucleotide
30 are also well known in the art, some of which are described above. At step 1514, the
biological assay system is executed in the presence of the perturbed cellular constituent to

produce a set of function values. The set of function values consists of one or more
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30 are also well known in the art, sonme of which are described above. At
step 1514, the biological assay systemis executed in the presence of the
perturbed cellular constituent to produce a set of function values. The
set of funwoamnsehues consists of one or nore 34 WO 02/ 0FSBA1502/16461

PCT/ USO02/ 16461 function values F ue beling related to one
functi on ofunstigisyatues|FV,;gqgh FV&H@P&“&/@?@‘%’“& 'lcsélﬁ "6? 2 nuneri cal
val ue that ﬁﬁil:'l"i’d'ht\l'zﬁﬁefﬁ arnbﬁ’xeﬂéafl 8ftorPhunidRal \Rtﬁfettldit Eﬂtﬂi%s ee dffet dﬁi\é ul ar

consti tuent on one of functions assi gned he cellular constituent.

The functi mrtuvladtue of the cbléulefmnsntwné €n pye ofghe ﬁmph@Stah%g@ﬂﬁ@the cghulghe

bi ol ogi cal RLSSE | f d. The
ef fect on fcﬁlé BF 3‘3‘ %"5'1 ction v%{cge)%g Hggﬂa@}/ﬁeh%gr{'%d&qﬁ W%EE%%%S& 1{)%1%3' evel s
or ﬁCt5| Vi tpn?&e@fha&lls(}ﬂédlﬁé@by mlemtclnbmmng qllmhﬁédadrhemffebtaoﬂllhelbm@gnaﬂ process.
Techni ques for neasurin e level,s or activities o ul ar. constituents
are vveﬂl Kk PROGRSS CAn ?Wa&gf'e R measyring ﬁ@éeé'e{sé’é ﬁﬁfv(ﬁtéfésc’fﬁtcﬁl?‘ﬂ%‘sct?ﬁtﬁ'é@t above.

The functi %éf@tbltﬁéb@%:aﬁf & ar&ramiqhe bhmestuARe Metevels drhactivigestafr bed
cellular 10 constitue At step 151 each FvX value_ is conpared to a

cor r espondtellylargenstifients arerwell kIFJ\Wil indle ast, iseme pf thpsederhmiduesate Gﬁﬁcﬁge‘i he

bi ol ogi cal a | ul ar
const 1t uenfSOVEo g KECET e 1, AREHRGRh nREdia T o etinaends
set db FVocomtimest. axtateplit #6,rech FVnadye it compaxedtofanoriespondiog Folyslee. Fhe a FVX
and a FVo e i s, obtained rison step 1516, for
each funct hv‘i‘lﬂ%‘sm &yfgqubgg \[}‘i%b"é%g‘ng"?ésséxﬁ%si gnhifgsse{l%p f5518 a

sel ecti on péirGdtioR off Bielcelliler consitaeiti Rbr meemw ceﬁstln&nbsleﬁllaFﬂ) the Gmt he

subset F1 1s established. At step 1520, functlons havi n

char act er i ¥2lpes, apet ofEYp yalues Q’%%‘El‘ﬁ%‘%tﬂp‘? hdunctiop PB a%?&r B ‘? c in

this embodgeiofs obial.‘&?ed' Wﬁx@rcbﬂﬂaﬁs%nlgﬁﬁqqs qreptﬂs% %Iféaﬁﬁﬁﬂﬁﬁorbﬁ%m%&vx
and FVo val ues }lor each function. The seliection characteristic can be a

rangdSof dFVs ealaescescampanese rAtistay 15dB.pcsslection chagastapisiéc for poteatial mentbgrcafi on
val ues (FVX ﬁé‘tq: [f% El'le(g{l%%tﬂ Eét 4sfi'e(d fﬁ@&ktlgﬂo nclnlaﬁs ﬁﬁ%@’ aL ¥el&ftloﬁ‘

cel | ul ar € se I on ¢cha eri’s range
differ enCGShar{ﬂ:térfsﬁc aktassigried t@ﬁub‘séter The beléction chmsdterisuem thlstmihmdenem df af t er

perturbation of the eIIuIa stituent

char act er i Sejipveatpn { b"‘ “ttfﬂ"eg‘gfgfeéﬁfi b%‘?’e‘i“%evﬁ?gp? SPH 3@‘%&" S?C-Rtr}ﬁ'é‘ﬁ'é)& T’ ar
constit uenke Q@R Qhﬁxaéﬁsﬁ% @sh ba ltalﬂge bfdifitrefdes betwesh e Shlukd. . Fo ekatfigle] ifn t hat
has the selection 25 characteristic is identified as a function that has a

hi gh 2ot enthiefinasion yaluesg(Fvalapd EXo)t for 2 pasticudan fumt@n iptha aetivityer @ cllilarg
eval uat ed. Tr{lﬁﬂ.le}ftn G 9&%&%%“8‘4&&{1&? & h@ & Hn%@ 0 at e%‘ﬁt:é%rlh el a@tlﬁf)ﬁof the

consi deredccf ave a |l ow potentl a el n? to the cel
const i t uentelluldr cnnstltﬁeunbefomdalﬁer pestuirhption o thesdbd@tcorrszltuqnhbﬂngmgwéuaéﬁd t he

functions (H)e ge(?et:ctignO cﬁa@gc?er?stlg %r?e tles‘:#he efttct of the perturbation of the cellular

constituent being evaluated to the functions of subset F). A function that has the selection

25 characteristic is identified as a function that has a high potential of being related to the
cellular constituent being evaluated. The functions without the selection characteristic are
considered to have a low potential for being related to the cellular constituent. Ifno
functions are assigned to subset F;, then none of the functions of set Fo have a potential for
being related to the cellular constituent being evaluated. It would be apparent to one of skill

30 in the art that different biological assay systems may be necessary to evaluate the different

functions of subset F.
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being related to the cellular constituent being evaluated. It would be
apparent to one of skill 30 in the art that different biological assay
systens may be necessary to evaluate the different functions of subset Fi.
35 WO 02/ 098B®M9FST/ US02/ 16461 | npl enent ati on Syst ens and POEUSBHS46100119]
The et hods described in the previous sections can be inplenmented by a
conput er tatipw;Syste an exanpl e of a conputer system
suitable for inplenmentation of the above-described nethods. The conputer
system 900(00111#] tmle $nethddk QEREBET mﬁaﬁb?preﬁomml&;s oRITbE tyn;ﬂﬁﬁeméttbyaa Sdnapuiter
menory 904, which conmmunicate via bus 906. This is further
shown to isysteond&FIG. 9 illnstates @p‘?’@?lplﬁﬂ @090‘8“@553@‘3“‘ %'t“%glﬁg?'d eRentation o8 | ay
(LCD) or ( | sease
State acoqlari RSt pletife F oyl st 08 BifuBes frotersorpion "*é*é‘a“"ut er
syst em 900memery 908 ahd detmtia mealoph904) whtmhlcommmnmatede&a B@G %60 Thas Sgstem

keyboard), sor contr | C 0
init 14, s Rufh alovgeRardte e w98 o . ER Ry St RLGH %ﬂ?k
i nterface genddeeaythBe (CR ofl whichdiHidegivilistatddriiseass sua:iesccardimuheapresmad abl e

medi um 915 on which software 920 for executl&% eacp ngﬁ’l 0 descri bed
above is sinyension maybeglisplaysd.c Theoepmputessystera Q0Q Also fngludes; ¥t ely or

at ) 35t Dbkt @hlck o1 BiakebBandiPh Pk eBivol 0Ros0rY @l Whidise), 4 ik apveocessor

902. The software transmtted or received via the
net wdfk 15unit® e, aaxgealcgsmrateomemce P (@ speakensad a setwork intasfiee devieeR 18on,

the term di um
which is ci@%@tﬁ%g@f atgbagﬁléd%&gg gmé?tﬁggghabge:ﬁh@ﬁ@e@ ITS?) i Jfruct [ ongszq‘aor

per f or Im ggfjotr bﬁbaecnﬁﬁ@éu&g hiﬁulcﬂsldgg deseaibal a:’rmeelis storede nThenmﬁwamDmsthd shoavnt aken
to include ut not imted to IIC and sks dcarrler
wave si gnalodesidn cf"@Blf?gﬂ °rl\?511@5ttﬂ‘?§lanﬁ"h‘g’ﬂ% Eb%‘l dglﬂﬂ'é

i pl enent eghoelkdiovhY THE bdtware 920TREY RirthePbé u\arsmuma drlaéoeu@dﬁ vidike mwbrkn at i on
of some steps perforned through conputer software and the remai Q%‘ﬂ% st eps

per f d6med mmrfaggde\acm%lér For thepurposas;of this spseificatione theterm "campptgr-gea st eps
of conpari f. E6din

added func on o l?%to ue&\?g meﬁ%hp@%)ufﬁ?%?%mgaf-%gm‘gsﬁe vm%jéhout any
added fu ncﬁeqoas;ebﬁms&mctims e pEformEng the netieadotogies pf thepngsentdnyeptionand of t war e

obt ai ¢ el aten e fhotd o nor 83y I B P Bhq Bl © 10

above- descivapeégnapd. hods inpl enented entirely within conputer software can
i nclude, for exanple, conputer software specifically designed to include
t he

20 [00120] Note that the above-described methods can be implemented entirely within
computer software or through the combination of some steps'performed through computer
software and the remaining steps performed through a user of the computer software. For
example, the steps of comparing the values Sy for a biological state in the presence of an
added function of set Fg to the value Sy for a biological state without any added functions

25 can be performed automatically within computer software or can be performed by a user

that is executing the computer software to obtain the specific values of Sy and So.

{00121] Embodiments the above-described methods implemented entirely within computer
software can include, for example, computer software specifically designed to include the
steps of an above-described method. Alternatively, such embodiments can include, for

30 example, a second component of computer software (e.g., a computer-software macro) that
is combined with a computer model that represents individual biological processes

associated with a biological state. Such a second computer-software component can
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steps of an above-described nethod. Alternatively, such enbodi ments can

I ncl ude, for 30 exanple, a second conponent of conputer software (e.g., a
conput er-software nmacro) that is conbined with a conputer nodel that
repr esent s WeR095@hal bi ol ogi cal processes associ ated wi PSTASBVHHOYi cal

state. Such a second conputer-sqftware conponent can 02/ 095654

PCT/ US02/ 193gente thecampuier model samiiple Smesydere, #%E F’f*}"&}ﬁ% atq?ﬁﬁ\é\‘gmﬁ‘ﬁ@%ﬁf ngf a
exanpl e,  ayigdiobicaI Bt inviftk Bes&tce Sf an 4daed fishctibt OF sOF o & defdniinRd] dhok it Pr esence
of an added fdnction of Set Fo) is determ ned; once the various values of
S, are detewigusiealuestafiS. arecietermmed.ithemaergepathen corapare thepg walues Syt tet e

val ue So (for I.ologi C ] ' he second
comput or 55y Tu(Era 1B B Bk gt P aed R BT, The e XORbuele
preexikst i n@finargongonsmtdiedret(yi caa allow thecalaptati@r ofraqulesxisting compytermodd §i.e.,

I ndi vi dual biolo ic@é glrsocesses .as.sgﬁi ﬂheld w.th a biol o%gal. state) to be
used accor¥FIMPUE mads! thetrearesenisindiyidyal hiplqgigal precesyeprecigted Sutha | 1o
Exanpl e Ofbiélogé_ﬂpit'att@?]td\&‘i%hd hQBAR7 tofthé3bovd-BekfiBedlBetle@. ct portions of
Entel os(r) Obesity PhysiolLab(r) systens. The biological state of obesity
I s nodel ed through a series of userm&:gée screens that define the

bi ol ogi cal processes of the biol ogi These bi ol ogi cal processes of
t he bi ol ogi cal state have dynam c rel ationshi ps anong thensel ves. The
nodel conprises of many 15 nodul es. Axagprnpl e of a nodule is depicted on
FIG 12. Each nodul e represents several Dbiological processes. These

nodul es when grouped_ together represent the biological state. [00123] Each
nmodull® nodExamplesf a Gompiter Model,s o | yl ar constituents and the biol ogical
processes through the use of state and function nodes whose relations are

defined t hjopysy) FIGEE 1498 12depicAPrRIRBE EtehiP QbesityHIgLisLabfwystemshenat i cal
rel ati onshi ps for each biol ogical 20 process is represented i Eae nodes

and the arbiglpsical 98e ofipbesityisanedsledithrongh HIFrED AL IR AR T : ffinenhe
vari abl es {hE gyeléﬁtgalrl ?ﬁ)‘:cgﬁtsesa&ﬁhé E‘l%lorgicai Q58! TRhe bﬂ)l(%f&l Hl?ﬁé%'ses dghlii‘é bioRglcaps and

nodi fiers s relation to other nodes within e nodel. State and
functi on nstate hawd dynaminelatinnshins apong themselyes nikheaepdst sarprisehefimamye used to

conmpute the | ues_or their vari,ahl gs. | | I e
embodent mareiss n Slartlgtt L FOER @Picld OB FI P o HRETE et ot
gener at ed pigloicdi procdssest Mhesearhddules wiea gtoupeditogethét réprefimt thetbidogid sGR9 and
co- pendi ng application 09/588, 855, both of which are entitled "Method of

generatin g[0%1 gé]ﬁtﬁ‘%oﬁg{e n?od%}/sr}ﬁg}.n?erascitig}ljsl c?it cieﬁxﬂarné%%(s%t%tugr{tsi zlmldzthg giopoogﬁjc%l

processes through the use of state and function nodes whose relations are defined through

the use of diagrammatic arrow symbols. The mathematical relationships for each biological

20 process is represented in the nodes and the arrows.

[00124] State and function nodes show the names of the variables they represent and their
location in the model. Their arrows and modifiers show their relation to other nodes within
the model. State and function nodes also contain the parameters and equations that are used
to compute the values or their variables in simulated experiments. In one embodiment of
25 the computer model, the state and function nodes are generated according to the method

described in U.S. Patent 6,051,029 and co-pending application 09/588,855, both of which
are entitled “Method of generating 2 display for a dynamic simulation model utilizing node
and link representations,” and both of which are incorporated herein by reference. Further

examples of state and function nodes are further discussed below.
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and link representations,” and both of which are incorporated herein by
reference. Further exanples of state and function nodes are further

di scussed bel ow. 37 WD 02/ 095654 PCT/ US02/ 16461 [00125] State nodes,
depi ct ed | WO02B95650A, represents variables in the system PeEUSAY1fd6l of

whi ch are determined by the cunul ative effects its ts ove )
[00126] St l&?bﬁl@&éﬂ tedebcdepigied TEIG- 104 PRpreses @r@ﬁ{%g}m&a g Hﬁé’a{“f’ﬁgpe
predefi ned, gk 3% mefi‘Bktﬁéc%irﬁia@iv@@ﬂ'&téMlsqﬂ%tééﬁerhﬂietla| val ue (So) and
its status. State nodes that have a hal f-I have t he addltlonal
paranmeter of a half-life (h) and arel Q)%vmtha nbol .
[00127] Fui0136 Statoueds, Vah@E)P@tdéQ““rdrPYFql renigat eqyatigpe s ?ﬂ)?%%m?tﬁrst he

system thegval e %}onEncﬁﬂeﬁﬂ ’"Pg% 1\%@% (@25.1% itd fatbd. nﬁatc%ﬁ@esdﬁit%% Rsf-Rie | nputs

at that sare poin Finction nodes are defined by al gebraic
f unct sons igfve theeidditionglfatametdref p helfdife @ dnd wralabeted avith o half-lifelsymbeli on node
include its initial vaIue(FO) and its status. 10 [00129] Settlngthe

status of effect w.t he. f

Status of BOLPHFuRGIHeReY AGHEHD I Ch 0B dehienl S8 EeleS e S B valle®

cal cul at edofafhich, €8y pointh tiiesart deteintineddy iapetsafuhackainepkmdmtxmhe value is
hel d constant over tine, or 3) Specified Data - the value varies with tine

S 0 A R bt R R

source nOdﬁa’iarﬁ&):rsQ‘Bréﬁh&ﬁinﬂwéﬁﬁlddHts nﬁ;ﬁurvmeromasdamammcat ed at the tails
of arrows, and target nodes are |ocated at the heads of arrows. Nodes can

be Cafput P01 ) Seitinedhe Hket nogk ciiciuboy sy abiios Mool iferdpliel fpfle~ ©°"
Conput ed: gfy, ?f 9? t%lémt:tl&{ ﬁd?l\é’rcﬁﬁ B& IY"@&ﬂﬁ)ﬂedz—OthedhluaS‘-t‘)alchﬁm{Cﬁs agédultwt er ms

when h > 0 Wer e he node v is time, S(t fI@Qe node
val ue at tofrmi mpqts,azhapdmﬂesl quqbed haqhﬁvalpwheﬂ]@nﬁtﬁm@éwﬂwe °<§t3 $prsifisdd of the
equation ipdi cat t fildd 4h8 pofiiUat i on resul ting
from any epgect tﬁ?‘?a(:l)h?\;\e/rs '%g ftﬁgmlendtcg&laﬂngwg{ég‘; any cggver sion arrows that 30
| ead out of it. If his equal to O, then the half-life calculatiogn is not
per formed H083@]SKitinodes aredisfinedytbeir positon, with respectde pows and ofher@adeseas he
node 38

being either source nodes (S) or target nodes (T). Source nodes are located at the tails of

arrows, and target nodes are located at the heads of arrows. Nodes can be active or inactive.

[00131) The computational status of a state node can be Computed, Specified-Locked, or
Specified Data.

[00132] State Node Computed:

20

sumaf arrowlerms when 2 =0

ds

b 4 2’{—{5‘ (2) + sumaf arrowterms when ks >0
25

[00133] Where S is the node value, ¢ is time, S(?) is the node value at time, ¢, and A is the

half-life. The three dots at the end of the equation indicate there are additional terms in the

equation resulting from any effect arrows leading into it and by any conversion arrows that
30 lead out of it. If & is equal to 0, then the half-life calculation is not performed and dS/dt is

determined solely by the arrows attached to the node.
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WO 02/ 095654 PCT/ US02/ 16461 State Node Specified-Locked: S(t) = So or all t
[00134] State Node Specified Data S(t) is defined by specified data entered
for the state node. 5 [00135] State node values can be limted to a m ni num
val ue of z&wm®0298654 nmaxi mum val ue of one. If linmted at PETAISOBIGEE never
be |l ess than zero and the value for Sis reset to zero if it goes

negati ve. PttqNoderSpgeified-baekeds cannot be greater than one and is reset to
one if it exceeds one. (00136] Function node equations are conputed by

eval uating the specified functi og(tgist 30 values of the nodes with
arrows pointing into the function"hode rgunents), plus any object and

Ef fect D agram paraneters used in _the function e ssion.,[0Q137] Arrows
li nk sour c0A3dSate Hoda Spesifigidonta SEhg dF@}fﬁé’é’éﬂ?“‘é&%‘f%‘?’ﬁ%ﬁ%hr%éﬂStJte

rel ati onshh&hepetween t he nodes. Arrows can be | abeled with circles that
indicate the activity of the arrow If an arrowhead is solid, the effect

is positive. If the arrowhead is hollow, the 15 effect is negative.

[00138] Ef [00d35]Statonade vidyss cawbe limited ig 2 mingypum valyg okeane ard maximug; valggct i on
nodes to t et eg, I t; des
but have ngt @t JEEhBRFuGREES cabhiyBtbe BIIMNETUIRNE MARDRE ShErebd OB OY

i ndi cat e t tgoeniegutivey Ibimitedatame oficanhGtde Fodatetehanene anhisaeseblene dapi ct ed in
FIG | OD, represent the way the contents of state 20 nodes are converted
into the cBHEEHY®f the attached state nodes. They are |abeled with
circles that indicate the activity of the arrow. The activity may effect

t he sour ce[00296] Runctidttnode@g@ionard eomputbdbyevahehtiag thEtspedfied/ fandionroftn go

either way. [00140] Argupent arrows, depicted.in FE I speci fy.which
nodestOar ™ VAIBER© é‘l"b‘lfﬁ@ﬁ?’gtﬁ ArBY's POIALRS ‘BWpthf)hﬂ’&mnl’ﬁoé{?%ﬁrgmﬁ%s)cBﬁf ??ynélbjea
par anet er s ,of EREM Bid LAA pafhefirSusa@in tha Bflchéh WiprddsiodS activity circles.
[00141 ] Effect or conversion arrows can be constant, proportional, or

interactive. Arrows that are constant have a break jn the arrow shaft,

depi ct ed i 083G Arrowglinkrspuicediodes fe saestmedes and zenresent the matismagticalis  he ¢ ar get

i s indepen - f Arhv withlciteles fHAfRTicad IeMetivit
02/ 095654 Eoﬂ%g}%gfﬁ{h%?gg%ﬂ] Ars?c%lj\é&faﬁg{ééartgc rosf)orti olr?gl haV(aIVIs)(;I id,

unbr oken shfifie srawd Ifansaronddadisesolid, the offectis potitiven Hrthearavkpag ishellaw, s, or

is a 1fg.mct 'eﬂ'gct?sfﬂeggtri]\%.val ues of the source node.

[00138] Effect arrows, depicted in FIG. 10F, link source state or function nodes to target
state nodes. Effect arrows cause changes to target nodes but have no effect on source

nodes. They are labeled with circles that indicate the activity of the arrow.

{00139] Conversion arrows, depicted in FIG. 10D, represent the way the contents of state
20 nodes are converted into the contents of the attached state nodes. They are labeled with
circles that indicate the activity of the arrow. The activity may effect the source node or the

target node or both nodes. The conversion can go either way.

[00140] Argument arrows, depicted in FIG. 10C, specify which nodes are input arguments

for function nodes. They do not contain parameters or equations and are not labeled with

25 activity circles.

{00141) Effect or conversion arrows can be constant, proportional, or interactive. Arrows
that are constant have a break in the arrow shaft, depicted in FIG. 10E. They are used when

the rate of change of the target is independent of the values of the source and target nodes.
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[00143] Arrows that are interactive have a loop fromthe activity circle to
the target node, depicted in FIG | OG They indicate that the rate of
change of the target is dependent on, or 5 a function of, the value of both
t he sour cewm@09s5d t he target node. [00144] Proporti onal PETfUS83/16A¢T ow. The
rate of change of target tracks squrce . dT 9 C-S +... di

[ 00745] VEOBAZ Arsows iBakssp HOpORIGNE Mas sole, Wik Shagiipnd geused e e
node, and Q87 %hor}0s hAGKIRY. GoTaharis B (itesbieon The rate of
change of ﬁ%%%é}a gﬁsemsg}{gons(%ranatl dT df [00147] Where T is the target node
and Kis a constant. [00148] Interaction Effect Arrow. The rate of change
of the tar {6143 cAmowsihatarbinteractive have Joer framdbe agiity sirgleto he e apdees. dT =
C(S(t)a tt 1 mg ich. bhe
source nodé ‘éﬁq}maF IS’ gb% %hé gég%%éh\rié?g{egﬁlgor&ah u%itt?{')n % d‘Q:‘lglepe%dl ng
on thg opes ainction 6ietlﬁoxaméolfbomhlee sobice mbdevamidbevargeheodeoper at i ons avai | abl e
are S+T, ST, ST, T/S, and SIT. [00150] Proportional Conversion Arrow. The

cors( 1) +. (Y ProporEond S8 Al P e of i o6 el AR sERrOREG vl

[00151] Where T is the target node, S is the source node, Cs a
coefficient, R &g a yerS| on ratio, and a is an exponent. [00152]
Const ant Convers oncﬂﬁaw “The rates of change of target and source are
constant such that an increase in target corresponds to a decrease in

source. 5
{00145] Where T is the target node, C is a coefficient, § is the source node, and a is an

exponent.

10 [00146] Constant Effect Arrow: The rate of change of the target is constant.

aT K+
at

[00147] Where T is the target node and X is a constant.

[00148] Interaction Effect Arrow: The rate of change of the target depends on both the

source node and target node values.

ar _ CSE)” -T@)’y+...
at
15
[00149] Where T is the target node, S is the source node, and a and b are exponents. This
equation can vary depending on the operation selected in the Object window. The
operations available are S+7, §-T, §*T, T/S, and S/T.
[00150] Proportional Conversion Arrow: The rate of change of the target tracks the value
20 of source node.

ar CeReS()* +...
dt

ds
— ==CoS()*+...
7 ®
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[ 00153] Where T is the target node, S is the source node, Kis a constant,
and Ris a conversion ratio. [00154] Interaction Conversion Arrow. The
rates of change of the target and source depend on both source and target
node val uewalesasihat an i ncrease in target corresponds t®CA/UBOR/HEel ease in
source. dT 3 R C(S(tr -Tﬁt j6)+. .. dt dS :d-CéS(tf < .tr26 §+ di
[00155] WiHOPLSH Where Fds the tagest nadey  is e sQureqRode G JSAcostifent R 534 b are
exponent s, . A0gkiBnrsticPanE P R\ exbdent, @t i 0. This equation can vary depending
on the operation selécted in the Object w ndow. The operations avail able
are S+ T, ST, ST, TIS, and SIT. 15 (0015?! Nbd&jéi ers indicate the effects
nodes havel08k52] KongtantsvpnversiopAireaw:t Hesrates af chapsffdanget and spurss aigseastany node
can al | ow, Wy Tl oY 1 ~arrow rate. [00157]
Ef fect Ar r%l\?vh%a? gn?%%eégﬁaéﬁtg ﬁ#@ég@%ﬂkﬂaﬁll@érﬂ&g?{r %vl\fdgr m- dt N 41 WO

02/ 095654 PCT[ US02/ 16461 [00158] Were T is the target node, Mis a

mul tiplier const#mt, N_is a normalization constant, f() is a function
(either linear o'g[?ﬁ%%‘faﬁ'ed by a transformcurve), and arrowermis an
equation fragnent,fromthe attached arrow. [00159] By default, conversion
arrow nodifiers e+ hoth the source and target arrow 5 terns. However,
in soge cases, adtunilateral, nodifier is used. Such nodifier will affect
either a source arrowtermor on target arrowternm it does not affect both
arrow t er %lé%%ﬁ&k TEOMERABHIABIETS IO We sSRUE RstleKiya didiahi, afid R@g@tion: d = M
f NI arrowerm+ other attached arrow terns 10 15 [00161] Conversion
arrow, TarepverSionyatbdi fi er Equation: dT = M f 1 N1 arrowerm+ other
attached arrow terns [00162] The equation for a source and target nodifier

uses both fgaessiqHerRHsNEYnvekic ARBw: The rates of change of the target and source depend
on both source and target node values such that an increase in target corresponds to a

10 decrease in source.

%=ROC(S(;)" T )+

5 (s 1)+

[00155) Where T is the target node, § is the source node, a and b are exponents, and R is a
conversion ratio. This equation can vary depending on the operation selected in the Object

window. The operations available are §+ 7, S-T, S*T, T/S , and S/T.

15 [00156] Modifiers indicate the effects nodes have on the arrows to which they are
connected. For example, a node can atlow, block, regulate, inhibit, or stimulate an arrow

rate.

[00157] Effect Arrow, Modifier Equation:

% =M 'f[%—] 8 arrowterm +
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and the Target Only equation. [00163] Wen nultiplicative and additive
nodi fers are conbi ned, effect is given precedence. For exanple, if the
following nodifiers are on an arrow, al,a2: Additive, Source and Tar get
m, m2: Ml Wod9siStve, Source and Target Al, A2: AdditivePCTAIS§UI64¢| y

ML, M2: Multiplicative, Target Only [00164],.then the,.rates are .nodified by
20 Tar get WBE@] %fﬁg‘;ﬁﬂii%t nodg, LSM&‘LICWWL%&WE“%E?“ (al +a2) *
(m *n2) [ OfhGraht, 4)8s ARMBSEon RIthGWReardh gpacmdetﬁywmamn B6rvey)dAd krRBSrepR $¢ ! | bed
above are sone Of ° the tools used to develop the commercially avail abl e

Ent el os(r)ansuhtien feagnednd framm(thy attaghedsam®W. Ent el os(r) Obesity PhysioLab(r)

systens and Entel os(r) Adipocyte CytolLabT" systens. 42 WO 02/ 095654

PCTI US02/ 1 %y&s? CotVERMINGHY b fiEs AtBd b6 thé'sdukdéi dnMl tafet arr

5-11i poxyge@gggeg]i As%l.ﬁlﬁa l-J[‘31801661°A.\n exlelrrpl.ary_ met hod of the ?envegri on was
asses$ed utimsgy Howenein sgereaases; a wnilatexalguedifier is wsed. Syelvmiodidisr will affact gene

vai I abl o b eyfbsuraiylsfin BF bR A o AR b 3Gy o A Bt oGRS 71

Using the Entel os(r) Asthma PhysiolLab(r) systens, a nodel ed asthmatic

pati ent wap0160] [Coneeétsion arowa$durceg@nly Mddifter Ehuatieh: 5 are screen shots from
the Entel os(r) Asthma PhysiolLab(r) systens. FIG 4 depicts the various
paranmeters and their values that can be nodified to obtain the responses
of a nodel ed astgym patifgny to an allergen. FIG 5 depicts 10 the allergen
chal | enge set - upsf Glebfi awews t BHET @i4ackedarrop BOE81 | n ast hmati cs,

fol |l ow ng exposu‘gte to an"af l ergen, lung function is conprom sed by partial
cl osure of airways due to snoboth muscle contraction, tissue swelling, and

mucus pr o@dgﬁfg%véﬁilo;ﬁgﬁggﬁﬁgﬂm?deli@r%ﬁ?atﬁ,tn@ mul us, a typical biphasic

response i erve ~an’ as C pati A simlar biphasic response
depicted ingl G 6A )y observed in the 15 nodel ed asthmatic patient exposed
to an all ergem ﬁaspmwermrfﬂk@att@ﬁb@d@!srommﬁned using the

experjphent a Lset-u picted on FIG5. FIG 6A depicts airway conductance
as forced expiratory volunme in one second (FEV1). In the nodel ed patient,

concurrent with the bj asi c response an .l.ncrease,.i hree lipid .
medi at or s, [%F%t@ﬁleﬁﬁ*ﬂii°ﬁg9r ﬁﬂ°§f°€laggtaé%"tt ngtjf}ﬁ yses Bth the Source Only"2quation

and the Target Only equation.

{00163] When multiplicative and additive modifers are combined, effect is given

precedence. For example, if the following modifiers are on an arrow,

15 al,a2: Additive, Source and Target
ml,m2: Multiplicative, Source and Target
Al,A2: Additive, Target Only
M1,M2: Multiplicative, Target Only

[00164] then the rates are modified by

20 Target node: (al+a2+A1+A2) * (m1*m2) * (M1*M2)
Source node: (al+a2) * (m1*m2)

[00165] The nodes, arrows, and the accompanying equations described above are some of
the tools used to develop the commercially available Entelos® Asthma PhysioLab® systems,

Entelos® Obesity PhysioLab® systems and Entelos® Adipocyte CytoLab™ systems.
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factor (PAF), and cysteinyl |eukotrienes (CysLT), is observed. This
increase in 20 inflammatory nmediators is depicted on FIGS. 6B and 6C

[ 00169] Based on the increase in inflammtory nedi ators observed in the
Ent el os AsWne/09885ysi oLab(r) systens, three functions wer @ZASPHKEH t o
5-11 poxygenase. These functions were_ the production of one of three
different lipid nediators, i.e. pros&é@%ﬁ@i ns, PAF, and CysLT, during an
asthma attack. 25 [00170] Next, the information for each of the function

was i nput PfHd‘iktIth»fMB E£1TA lof 5-lipeRygdenhsw inutstlona was i nput by nodi fyi ng
t he activi each of the inflamuatory nediator. The activity of each
I nf | ammat or di at or S blo ysi n an ant a | St GS. 13 .and 14
depi ct hovdo?sﬁé?eﬁ"?@‘@fnp H‘e@iﬂg’él‘ﬁq’&ﬁ?‘%ﬂ o Was 3s CS?W?%}WH{OM §R%3"t he nodel
of the astjyml F&xaE)@tTrf‘e%nctQﬂs 54 s g}ée hré keSO mbertvarhismahdaamrpeffeﬁﬁedand
their val ues hat can be 30 noditied to eval uate the ect ®of bl ocki ng

f
CysLT5wi t husire thacemymarosally aepilableimodsd of esthyma, Fatelos® iistoma %195% systems.
PCTI USO2/ 16461 experinental set-up of exposing an asthmatic patient to an

al I ergen i @Ofi WikeSthe Bht g@%@%sﬂg@i’ﬂ_yﬁdﬂaﬁ@@@téﬁ& aﬁloﬂbl@éﬁstﬁhﬂﬁ&(ﬂdﬁﬁnt\/‘hz&sh

ant agoni sts was pertornmed for prostaglandins and PAF. The results of the
bl ocki ng aexposticternn alererGSIGBAG amds argrserepitshoty fom A5 Ensplpe® dsthaar vay

redi at or o. PRRIBE FHPDY ok RS Aol by pCH CPLRRR Rl

in FEV 1 caopdieato 6lﬂam\mﬂﬂs;foh§ese:f hmdbkdhﬂbmﬁphthnt msﬂle&gemeﬂﬁ Satepicts
nodi fied. But, this small gggveme |d not have resulted in an
i mpr dPenmentheialiergen challengs tak eéﬁqaé PRI patient. But bl ocking of

cysteinyl |eukotrienes brought back the airway conductance to nornal (see

FIGs 7A  [0/8168]0nastHm4tds, follewidgEkpddurd fo analla@eﬁ éniirg function is eamsprbmised by
ant agoni st are not present in the rrgdel I.nf | ammat Oﬁ%@ angl at or of

i nterest cAHtBCIOMESALSHVRYS GHSIP FMPRLY mysEle HB’HE@“%&'FW Spwe JAHYF at ed
with the i ?‘fe n% ?’egﬁq%ﬁé El‘)t&rallengQ $tidhlud P t§pie BEHasie PésF&’ﬂs@\lﬁoHs&%d faysLT

pl ays a po changes in aifway  conductance observed in an
asthmatic paastlumthmtlm;s ﬁcﬂmdattmplmlcampensgéhplcwsﬂlﬁ [§iAsis phserveddn theent

suggg ts t hat t en it

s 03" Pk AR ORARP FRdREM Abfien. e REOGNEH B1G, Bh dikSbibyiedeh ||

st ep woul dudigg the exmmflentaﬂrsétmp&lepmtedton\FéGfSU rRiGn MdemctSairwppmmjactam aith in

vitro and/ Qr in vjvo experinents 0 ti efunctloshad

resul ted i FPrepdExpipten) yolumg wane Fi‘&ﬂg (I‘}%\ES th’ ﬁglgﬁga HoG FPICUFENENIEY doned

as a pot enfledipHaSit 3xpoiRE aR strdasOMmahret uﬁiatmmm@vptoh@glmm platiet estivatifig t he
factor (PAF), and cysteinyl leukotrienes (CysLT), is observed. This increase in

20 inflammatory mediators is depicted on FIGS. 6B and 6C.

[00169] Based on the increase in inflammatory mediators observed in the Entelos Asthma
PhysioLab® systems, three functions were assigned to 5-lipoxygenase. These functions
were the production of one of three different lipid mediators, i.e. prostaglandins, PAF, and

CysLT, during an asthma attack.

25 [00170] Next, the information for each of the function was input into the computer model.
The information was input by modifying the activity of each of the inflammatory mediator.
The activity of each inflammatory mediator was blocked using an antagonist. FIGS. 13 and
14 depict how the effect of a CysLT antagonist is incorporated into the model of the
asthmatic patient. On FIG. 13 is shown the various parameters and their values, that can be

30 modified to evaluate the effects of blocking CysL'T with an antagonist. FIG. 14 depicts the
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20 process repeated. [00173] All publications and patent applications
mentioned in this specification are herein incorporated by reference to
the sane extent as if each individual publication or patent application
was speci f W02095&ad i ndi vi dual |y i ndi cat ed to be i ncor poP&TaAH0HI6461

reference. [00174] The invention now bein escr ed '

appar ent t S¥PSAEERR! 5H-Hp AEFXPOSIRE R as“?BatfchagFfétL{ eﬁ%et" 'H&l‘ﬁp Eﬁ?ﬁﬁeg%é an
modi ficati epsilcﬁi?aéaﬁlsmﬁmtahﬁb@m With Rf rﬁm)aaé dﬂﬂ)rrﬁéd)iﬁrgi'&&& gRRdink hnd)r
scope of the appended clains. 44 02/ 095654 PCT/ US02/ 16461 WHAT | S

CLAI MED | SPAF. mulmm@blo@@waretshwgl indtleRt 744 7Byiand 8@1 EF. DePiGts y of a

cellular c Sshg: 5 (a)
assi gni ng %r\géy[éog &?'Ic?llf}ltc |(B)%§E 6(}9)81%1%1 %??Peﬁfﬁg tg/%galideach function
of ses Fa Blmekmg ofiproerdgfandiag arekP AR slaiweﬁcaasmalldnnprobememgm EEM poropaektoof sai d

bi ol ogi caI I nf or mat | on for gne function of sef Fo to a
conput er 'S‘S?e ‘g'a(bagl%Faﬂle%F?a? WERe P moglg & ﬁgﬁ'rﬂ'\ﬁ %'?aﬂrMé?veP’eeBi esenti ng
a pluralit woelti roPRivé irelinfibd B 8l iRgiovementiih Qiewap eshdactanseiin b sttt patibst.

bi ol ogi cal state, at |least one of said plurality of individual 10

bi ol ogi cal Bp'r'li@@@&%f aysteinyl lgulnitenss 9‘%@%9‘%W§&PW®H@“‘F%H@PM (¥¢ set
Fo, said CRIPYY Wﬂd‘ﬁﬁl ng configured to evaluate the effect of said
bi ol ogi cal procebses on sai‘d biological state; (c) executing said conmput er
nodel with said added one function of set FOto produce value S, for said
bi ol d§i cal [09dZAt]1df pﬂmmh@rstpegmworcmta;eamet aselaRicpresant in theanedph the set FO 15

(d) repeat | #@,ﬁgg £ br 1Giks (€)
conparing é\wa%}g"gaét& '&ée%m nctlhg’g ! ooﬁéoalzcg rSo 3a | ue,
said So vmsuaatbemtgﬂpﬁmﬂmmdtobsymdmmutl ng said conputer nodel without any
of the functions of set FO being added into said conputer nodel; and (f)

i denti fyi t

erativo 1 POSEA Spefiient HodE el Gt AR stheld n‘*%f%ﬁﬁé?feéa%ﬁai%e#@%‘ Y%t said
cel lul ar cediffuttahtbséroéd infahesthimatc patiest 1nbespbﬂgltcaﬂ1 alidrgére Alsal tlmslent i fy| ng
the functions in set Fo haV| ng substanti ?/ 0 feregfg@ S\I# ..val ue

rel atldve t Bxpsement syggestighat lfégg@fygﬁ%qssmoa ulateg { Ip(S yeupn okt y tQCW 1hmay

aff ecting ﬁé‘hdalum.&){a&?&t?cﬁlthéae%l% meR o%astiﬂﬁe tHERdpyO the hest!stipvoid Besot her

conpri sing: obtalning experi rrental i nformatjon on biological activity of
sai d cel | utenfirmghisphtatise function of 5-lipoxygenase with in vitro and/or in vivo expeniments. “If

none of the putative functions had resulted in a clinically significant result, the gene might
be abandoned as a potential target or additional functions may be hypothesized and the

20 process repeated.

[00173] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

[00174] The invention now being fully described, it will be apparent to one of ordinary skill
25 in the art that many changes and modifications can be made thereto without departing from

the spirit or scope of the appended claims.




for at |east one individual biological process in said conputer nodel;

addi ng said experinental information to said conputer nodel; re-evaluating
Sx val ues for each of said functions of set Fo; and 30 using said

re-eval uat 3D @06 ues to re-order, if necessary, priorit PCEUSSYIEEY i

i nvestigat] tions of cellular constituents for ability to affect
sai d bi ol \ 02/ 095654 PCT/ US02/ 16461 3. The net hod of
claim1l, wherein functions of set Fo are ordered in a subset F, from

greatest difference in SX values relative to So to |owest difference in S,,
val ues rel bt i veAmstigg for predicting patential biplogicalcackivity of acellylas sonsentdar i s

ordered ba : i d. .. 5 4. The method according to claim1,
R0 SR R i

wherei n sal S3I unctions includes obtaining
exper snent al i nfapassighingra senFdofdhmgionsio saidtcelilayconstitaeritceack fungtien of set Fo

constituent .and a ciati sai d experi rental Lnfor.mati i Lh said
cellular ¢ ?F\?Bﬁ-{%?t‘@. Of%glfa'ﬁ\?f'ﬁg’c?ﬁ)%c@gﬁ?ﬁfa ot %a“ﬁ)lg?o lc%?“égﬁg‘ ein said
addi ng i nf or mat ibpaddifg infeHndtienfor bfe funbidn set, t6 @comphtenmbdslessadsi gni ng a
fractional contribution of said one cellular con,stig;s#l nt., (Q at. |l east one

of said pl bielegicalstase, saidrompytsamodeigpRgieating pplyrabity eldndigidughhiolggiclo
accor di ng @S;cé‘skés' aglo]ciaté{x‘f(\%tﬂ.aﬁh BiBlofic g,itity,'a@gfaﬁ ébréaﬂf@wﬁy Seh&iciaast from
pol ynucl e es. 15 7.

the group tonsisting o tTdes ‘and pol ypepti ) /. A nethod
for 96l ect biokpgxabproeassesbeingfa pradesamnadifiedby sdid omenfunctiemafiset Fa, saist compudar

bi ol ogi cal _activity for affecti bi ical .stat. r .

cel lular cBAYsPERgSoRIBUrES oY iﬂg{ﬁ%&?e %@f?&a{ég‘fjé’?}‘?%gﬁﬁé‘%ﬁ &Elbg%faﬁ B‘ég)ﬁﬂ: f(%lns to
each cel | utate; constituent of set Zo, each function 20 being a nodification
of at |east one biological, process af, said.biol ogi cal st at - (b)) .adding

i nformation for(CHEEECBinESHdcompysr Wﬁgl ‘?ﬁh ?é{)aq%aggﬂ? R'Bﬁtémb‘?f%g%"d{’ Bﬁqdf‘fﬁ ar
consti t uenyRuos, foeaid Bioldgical aaEMihe pra¥dlelof 8did added ohe lnegoaf sebFRt e, said
conput er nodel representlnaﬂa plurality of individual_biological processes

assodBat ed wi t h(d spgatisigotepg(and (efer any ogher fungtionspigetdios sai d plurality of
i ndi vi dual bi ol ggi I bel i f ¢ ¢ d one
function of set@g%agﬁé%%%%ﬁ?gi‘ 6%%8@ @é@?}ogﬁ?g%?F u?dgdsoﬁ%lu%sg uate the
ef fect of saiebéinglpretubedibylekedutigg sxd conprarssaie] withewiady bf the fgictions oftselt e;

(c) execut] .sai onput.er nodel wth gaid added one function of set Fo of
sai d one E‘ggq“ﬁﬁ aa‘%egﬂﬁngf‘i‘gﬁ‘gﬂ?mffé?%ﬁ’iaﬁior porated into the conputer nodel
to produce a vaifyResiiyin@fthe faatttbndiDéedB) BivingSd differendt ihl$e value setatbe tof, sai d
one function of set FO of said one cellu] ar ) . .
20 having a higher potential biological activity of said cellular constituent for affecting said
biological state and identifying the functions in set Fo having substantially no difference in
S, value relative to Sy as having a lesser potential biological activity for affecting said

biological state.

25 2. The method of claim 1, further comprising:
obtaining experimental information on biological activity of said cellular constituent
for at least one individual biological process in said computer model;
adding said experimental information to said computer model;
re-evaluating Sx values for each of said functions of set Fo; and
30 using said re-evaluated Sx values to re-order, if necessary, priority of scientific

investigation on functions of cellular constituents for ability to affect said biological state.
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30 constituent; (d) repeating steps (b) and (c) for any other functions of
set FO (e) repeating steps (b), (c) and (d) for any other cellul ar

constituents of set Zo; 46 WD 02/ 095654 PCT/ US02/ 16461 (f) conparing all
of said Sxw@busestor cel |l ul ar constituents in set Zo to XCIANIM6!. said

So val ue being produced by executing said c ter de], wi t hout any of
said funcdi ons’PhS’fm%(h%ﬂ Qffc %@h%{%ﬁaﬁtl%ﬁgﬁ)gmgﬁp ofreh iR @ subRekk E?f%;o t he

comput er pdke dlfferts ﬁ@@' Jahfls Melathe36 SF o IbAEst QlIRAGHE H §,Sahfes bt 8R! | 2

menbers of®sal I'd sel'ection characteri'stic belng a range
of di ffer emdqsiokiet ofacsoiehtific invkstizatiérois onderddibasad onceidgurderedbsats in set Zo to
So; and (h) assigning to said subset Z1 cellular constituents having said
selection characteristic, the difference in S, values to So val ue being

correkatedqt 0 1R mah&Nidcatdiny 8lcRith daheeinisuidtaysigiing 4 et Fgoffunetidng! ar
constituent for affecting said_ biological ,s[ ate, 8.. Thgﬁ@ft hogﬁof claim7,
further cowplufesehipining experimental sfersaiionron biolagisal aptixity g ¢elltlht s from said

subset Zi ofGbdt %@ﬁssogigﬂ%gi dald EPEImeRal iffofhAin! with daltPcclulaP Bdnshriest]

cellular constituents, I'sing: 15 (a) perturbing one of the cellular
constituents of subset Z1 in a biological assay system (b) executing said

constituert t o POaRE iRl AT Ffelh R BaRER UG R{ S

constituent' to unction val ues, tion value FV,,
of saipd sefunctidn sfyadiindludeslassignifea fractioadlzbatibutionadf shidame celhdarfconstitaent of

set FO of said perturbed cellular .. 20 const.ituent; (c) repeating steps (a)
and (b) fof %WSWPHSFS*’&SP]I“WWOﬁﬂﬁ‘é’ldi“?ﬁéﬁr’)?%'cﬂfpr%qﬁffg t zl; (d) comparing
each function value FVx to a function value FVo, the function value FVo
bei ng produced w thout perturbation of said cellular constituents in said

bi ol ogi cal 6.assajhesyethedraccosiingtp claimdpwhemingidselulpeconsighent fpselectedom i ¢ f or
Fange of dlFRaRse BT BbivAmleREndIBREbIBR ™2 8% P Sssi gni ng o sai d
subsats Z2 cellular constituents having said selection characteristic, the
e 0 SRR BN Al T RS oo
on the fungibiopital stiviigtor affecting biological state S from a set Zo of cellular constituents,
comprising:
(a) assigning a set Fy of functions to each cellular constituent of set Zy, each function
20 being a modification of at least one biological process of said biological state S;

(b) adding information for one of said functions of set Fp for one of said cellular
constituents of set Z, to a computer model of said biological state, said computer model
representing a plurality of individual biological processes associated with said biological
state, at least one of said plurality of individual biological processes being a process

25 modified by said one function of set Fy, said computer model being configured to evaluate
the effect of said individual biological processes on said biological state;

(c) executing said computer model with said added one function of set Fy of said one
cellular constituent being incorporated into the computer model to produce a value Sx for
said biological state in the presence of said one function of set Fy of said one cellular

30 constituent;
(d) repeating steps (b) and (c) for any other functions of set Fo;

(e) repeating steps (b), (c) and (d) for any other cellular constituents of set Zo;
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30 Fo. 47 WD 02/ 095654 PCT/ US02/ 16461 9. The nethod of claim7, further
conprising: obtaining experinental information on biological activity of
each cellular constituent in subset Zi for at |east one individual

bi ol ogi cal W0 02/98654i n sai d conput er nodel ; addi ng sai d exPETUHeH i1
information to said conputer nopdel; 5 re-evaluati.ng Sx values for each of
said cel lul ar cdheampagiagel °f??qggb¥élt‘°sszf°ﬁi'ﬁ§' cﬁf‘ﬁ‘g“tééﬂ Bt k@t-oeﬂ/%q \#leed Sx
values 10 ggq Qr ffifie beid &80 ¥xedfih®did dorffutéd nfddlePWithdut Gny bfRRIST | gat i on
on cel lul ar cgélst i% uén%‘gsl&%%sugsﬁ 'Zli é)f or, é@%l ity to affecty sai d bi ol ogi cal
state. 10. fubktonsefhuylofsaiddedilar donstitvents being eddeg intp thegempuigemedelset i n whi ch
set nenbers are rdered fro reat | { el ative
to So to | owest (ga %?q?éehrselﬁlég slelﬁctg);%? c\?’%ﬁ% gtggﬁ}rcetﬁgﬁt%{etﬁpgﬁ@g%s §ir(1%fl¥ds##§€ti4y of a
sci entsi f i csdiflyeledtion ahdraxdterissic deifg heshgdeas diffepsmcesctietvarn g veldessfet cellilar The

met hod according to claimy7, wherein said assigning a set Fo of functions

i ncl udes oB?'&FlH’ieWg"bﬂ)gﬂ"r%h'ﬂijl information on biological activity of said
cellular 15 congj) iy ?ﬁﬁg BREJITERET ALINRr SHsHueRPRAVIRESIBdeldchber Mation with
said cellular constituent. 12. The nethod according to claim?7, wherein

sai d addi nghdradtesisiet i on for said one function of set FO includes assigning

a fractiongl i i f. g4l Q]&gﬁl' : i t one
of said pl ﬁ%"a‘fﬂ %‘;%? HI h%il\llel(gé%% {I%Pé(;?eg“gé %Ja em[t)%(r)tg es et&nrngg&&lg.g&%h%{]%}fﬁ%d
accoridi ng t4id ctlhilancanstitdeat for affeding said bioldgcal statest i t uents are sel ected from
the group consisting of pol ynucl eoti des and pol ypeptides. 14. A nethod for
identifying potential biological processes of a biological state 25

modul ated By a gAY huihad of @RSt 7, fuhér cempiihgi Ng: (a) assigning a function to
said cellular constituent, said functiqn bei n%eg_ di ficat of at | east
i

i.0

one bi ol ogi cal predngAsubset Zapcelulr sonstituents frg set &uP5URKF or mati on for
sai d funct yaihidnd, éhttiﬂF tHEAGLet 25 o%lﬂlﬁ&ﬁs&ﬂbﬁ@,!ccﬁ?ﬂﬁﬁg: sai d conputer
model representing a plurality of 1ndividual biological processes
associfated 30 wi t(&) reetubing wlesdtheadellulapgonstituents efzsybsed Aeingt biglapigakaseayal i t y
of individuak bi ol ogi cal processes being a process nodified by said
function, g%s’ledn’corrputer nodel being configured to evaluate the effect of
sai d bi ol ogi cal prprasaingesidbivlogitdl atsagsystdm fithe presehde VR dRBRE4

PCT/ US02/ 16461 ) . .
cellular constituent to produce a set of function values, each function value FV, of said set

of function values being related to at least one function of set Fy of said perturbed cellular
20 constituent;

(c) repeating steps (a) and (b) for any other cellular constituents of subset Z;;

(d) comparing each function value FV, to a function value FVy, the function
value FV, being produced without perturbation of said cellular constituents in said
biological assay system;

25 (e) establishing a selection characteristic for potential members of subset Z,, said
selection characteristic being a range of differences between FV, and FV, values; and

(f) assigning to said subset Z; cellular constituents having said selection
characteristic, the selection characteristic for potential members of subset Z, being
correlated to the effect of the perturbation of said cellular constituent on the functions of set

30 Fo.
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(c) executing said conputer nodel so that a virtual stinmulus in the
presence of said function is presented to produce a response value R, for
said biological state in the presence of said function; (d) providing a
bi ol ogi cal W@ 02495654 t o0 a bi ol ogi cal assay systemto produd€TASE2/H46N ogi cal
response value BR, for said biological assay systemin the presence of
said bi ol ¥gi calhemethpd piclaigy ’cf‘nﬂlegf’?}@i’r&séﬂg'sti mul us bei ng the bi ol ogi cal

equi val ent of t fRaiMinglelpdrimenitd] TRbiSatidn dn Sdickidal th%?%@kaoﬁ%&&“m%hﬂﬁ&nﬁ?l ng
the biol ogi cal equivalent of the said biological state;, (f) establishing a
sel ect i on wnisabset Ze farat leastfone individual biplogisalnspesss insaidgosnutsr &del; 10 processes
of said biologiggl s t. . sal d . stituent, wherein
said selecti on&@ﬁn %g{%ﬂ;@ %aﬁgﬁﬁg%gﬁﬁg%ggﬁl%?ﬁlg@gnces bet ween t he
resposse val ue feevahdting$y vahialfogiaciabf sassqelinkeconstitentBi) subset ol and)

I denti fyi ng said, biol pgi ca]l]J ér gcesls havi nﬁ%‘sa' d sel ect i.oq cgar act. E:i stic as
a potential biBiRgFaIdTe-eYplyated Sx ypluesfoge-giust shyecsisay, PRIty 8L FATMEChy sai d
cel lul ar cREstightié¥n celiflal Sonsiients et Bkt ¢ Errabilitgtol Afetd RAidBidkgicutrenei n said
assigning a function includes obtaining experinmental information on

bi ol ogi cal activity of said cellular constituent and associating said
experi nment I n ' L : | 6 | : met hod
according tT0 cl iﬁ%@b@%%@ﬁﬁ@é?%&?égr%ﬁ.&nﬁf&nﬁ @hﬁ%?&gﬁj‘eﬁlgefgﬁ%ct i on

i ncl udes aexieredifrom grehtestdiffererwe i 8values melative tofSo traliowessdifferenicein Sy values

[ I f .said.pl . £ 1Lndi v l. - bi |,cal
o occssos. relse o A8 Ao Ao rair g oD R dhtint b PosghE sk O Bio BBl

constituent is selected from 25 the group consisting of polynucl eotides
and pol ypeptides. 18. The ngthod according tp cl.aim 14, rein said

bi ol ogi cal ?hssayh%?gtth@ﬁ?‘?@'%%g toctaig 7, p Srﬁl%t*ﬂéi 35?‘5{5‘6335?1%]%/‘\’2? Fr‘f?ﬁt"_b‘?s a

cel | - basediubSMtaRHgRRpHMERR infORRition 3R biblogidd] BRIV Gf E4d céllutdi Cting

potential biological activity of a cellular constituent for affecting a

bi ol dgi cal censtituentsindassepiating said expsrimgatal information wih sgid cellular GersfigAs t o sai d

cellular constituent, each function of set FO being a nodification of at

| east one bi ol ogical process of said biological state S; 49 WO 02/ 095654

PCT/ US02/ 16261 Thd methdd agordifigtoraidimdh whereinosaid dddingtinformationsfet sakdreo a

S ol i 1 Bingtion pesel Felneiboeh SR a Fadtohar RRIbuBONBE a5 onBeefiital RERRER" ' "
to at least one of said plurality of individual biological processes.

20

13. The method according to claim 7, wherein said cellular constituents are selected

from the group consisting of polynucleotides and polypeptides.

14. A method for identifying potential biological processes of a biological state
25 modulated by a cellular constituent comprising:
(a) assigning a function to said cellular constituent, said function being a
modification of at least one biological process of said biological state;
(b) adding information for said function to a computer model of said biological state,
said computer model representing a plurality of individual biological processes associated
30 with said biological state, at least one of said plurality of individual biological processes
being a process modified by said function, said computer model being configured to

evaluate the effect of said biological processes on said biological state;
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processes associated with said biological state, at |east one of said
plurality of individual biological processes being a process nodified by
said one function of set FO said conputer 5 nodel being configured to
eval uat e t NéO @%d98658 of sai d bi ol ogi cal processes on said BCIUSHVEA61 st at e;

ti i d t del with id ded. f ti f Fo t
br oduse.val Ue @kSTeBRERE SRR modH e 8 vifvel HetpedhEeresegar §% aed
one functi gRcin is Efesgl{%od t?%}od’u@@@?ésb&ﬁe F418OR, (d?kaidbiblégi¢al khate in e tdace

a; e

functions of set F: conparing all of said Sx values for functions
of set FO ofraukfusdional ue, said So val ue being produced by executing said

conput er nodel without any. Of . . I F j ~agor por at ed
into said conpumér%r‘f@tgleq mt’%ﬁ“’éﬁ%@%&h?%ﬁ %\é}‘féaé?%g f)gﬁenc?ﬁdaé} g((l:l%cg(rai stic for
pot ensi al  piBlEgRAbresfonse CANRSBR, fot said bokigicaFBsayasEnsialthepresencedisact eri sti ¢
being a range of djfferences betyween S. values.for functions..15.in set Fo
to So: and® {j’ﬂlcé'sﬁi“%‘i‘ﬁﬂﬁa‘&gl%%‘%y\g%‘gﬁbw %&ﬁ@iﬁ%ﬁ?@eﬂﬁ\’ﬁ‘ﬂﬁ ogg\e(yut ection
char act er i girhflus arld¥8idbb168£iLAIA8sa B dtélf beihp BleitiolbgitalRghivalentadf tiesateer s of
subset F1 being correlated to the potential biological activity of said
cel lul ar cbinlpgical®ate; for affecting said biological state. 20 20. The nethod
of claim19, fu Ll STk L [Xet Bétenfiallbigissibans of said
cel lular consti E%Eﬁ?blgir?%assgtleg%snu‘ﬁ%@?taﬁggof?r ﬁf uﬁfgf[nlgg%& 'sal d %r eating the
subsdl F2 pocéssesaifisaid bjologicad siatei megulated) byraid eetibianepnstitugnte whergingpid

constituent .in a biologi.cal. assay Sys t j b O i cal
assay syst SHFAD f%ga%?gbgﬁglgggfmégpﬁt{)@f ﬁ%ﬁ%ﬁ%ﬁ%&k%ﬁ%@%ﬁh (agiéér:]t to
produce a bglogal fespombé @dlue/BRYy@sd each function value FVx of said set of
function values being related to one function qof subset Fl: .(c) conparing
each function v@)lﬁ@n&)ﬁé‘&s&‘d&bl?lﬂﬁlﬁﬂip&‘?e aymgs ,sefeﬁté"“f‘%‘ﬁ’@f’ﬁeﬂ “’)"%fa?l ue FVo
being a vahitentpi BRoRRA Yot e oF sEbiblbpRRat dtRe nRbukRd bycsld/collair dastRbéduent in

. . B 1%
said bi ol ogl c%? assay system 30 (d)g establishing a selection
chardéteristic for potential nenbers of said subset F2, said selection

characterigtic i . ff.ar FVo
val ues; anf ‘50 @%‘8%}1 g%é%g%ﬁ?%?/c%zllg 1‘2?1% %s%{g;aﬁ\g s?%%ﬁéa{)ﬁéﬁgg?g@subset F2
functi ons bistainitg expérimaedl dnfoirmationlvabindogicadl setivity of haid sellwartdopstituent and

ZP fa regtC t g; ! gstsgglatflnogrsa%oc;[xleagrgrlnglltalrlrr?t%bme)gtlson%iﬂlss%%)ds C«eChUIEIZCObneS{ingnt?()r related to the

20 16. The method according to claim 14, wherein said adding information for said
function includes assigning a fractional contribution of said one cellular constituent to at

least one of said plurality of individual biological processes.

17. The method according to claim 14, wherein said cellular constituent is selected from

25 the group consisting of polynucleotides and polypeptides.

18.  The method according to claim 14, wherein said biological assay system is selected

from the group consisting of a cell-based system and an animal model.

30 19. A method for predicting potential biological activity of a cellular constituent for
affecting a biological state S, comprising:
(a) assigning a set Fo of functions to said cellular constituent, each function of set Fo

being a modification of at least one biological process of said biological state S;
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t he perturbation of said cellular constituent on the functions of subset
F1. 5 21. A nethod for predicting potential biological activity of a
cellular constituent for affecting a biological state S, the method using
a conput er WbeR9seShat represents a plurality of indivi duRCTRIS8¥dékal

ted with d I l t d b
Cont i gur od Lo o 1%00inG ORI orGol el 0% Rinlo BiCOPBHIE oY BEeedos on

said biol Qﬂlcfg?dal %Ea?é E‘saudt B&nﬁa&h%dslor@fdsamg a Plurhiay &6 Hidgidiag baolagi&alFo of
functions to said cellular constituent, each functlgn of set FQ. heln

modi i cat i precessesaassocsated withesaish biplogicakstatsy ddleast ope of said piirality of dndivigp te S;
(b) peffOfmo iaf! mt:%ungq&% %@Eesggﬂlgldeawgaﬁrbnferﬁmtlfop%fﬁetpoFs%d dmipwgdi ng

|nforrrat|on o to"a version o co uter nodel
wi t host ad dxadellheingromnﬁgmad fooevatuate theeffdchofspid binlogicalprocdsses eon sFid Jbiclogicaast
one 15 of said plurality of individual biological processes being a
process no &Pt ed by said added one function of set FO and (ii) executi ng

sai d conput er nRyekecHihgsaiPédpuistanbdenwith s hdded oaé fisnetiof $eOF, tB]
value S,, for said biological state in the presence of said dde one

function Wtlue8 forepid bplqgigal statein thepiesgnqe of said adedone fupctips of s5t Felunct i ons
of set Fo to an ?‘ﬂ’\égt% ?ﬁg?ﬁnﬁqc) %@;ﬂi,eoﬂgglﬁgmtlgﬁsogﬂgm by executing said
ou

conput er nodel e Tfunctions of set ei ng i ncor porat ed
into Maid corrpu(eepompﬂ'Eig,allaufdal(l@) valesfor ﬁny\pm@swﬁeetﬂ?utmm Snw?l!ens%So FO

havi ng a difference i S a ng a
i gher pot S Bing proes o FEARHL ShE Copbuey RO i Tl Pl uiofioriet | 00
affecting Fabéln irﬁb:@@tat@llmﬁ)tsaide;oﬁmdterdﬁdﬂ;fyl ng the functlons in set Fo
havi ng substantlall difference in. S, val

| esser potenti aff) B‘i‘%ﬁl’éﬁ‘%élselﬁgi grgcteristic for ?W‘lﬁﬁm %fs B %f"gﬁ?tﬁp?ﬁtat e.

= Fo, said selection characteristic being a range of differences between Sy values for functions
15 in set Fo to Sp; and
() assigning to said subset F, functions having said selection characteristic,
the selection characteristic for potential members of subset F; being correlated to the

potential biological activity of said cellular constituent for affecting said biological state.

20 20.  The method of claim 19, further comprising:
creating a subset F; of functions of said cellular constituent from said subset F, of
functions, said creating the subset F, of functions, comprising:

(a) perturbing said cellular constituent in a biological assay system;

(b) executing said biological assay system in the presence of said perturbed

25 cellular constituent to produce a set of function values, each function value FV, of said set
of function values being related to one function of subset Fy;

(c) comparing each function value FV, to a function value FVy, the function
value FV, being a value produced without perturbation of said cellular constituent in said
biological assay system;

30 (d) establishing a selection characteristic for potential members of said subset Fs,
said selection characteristic being a range of differences between FV, values and FV,

values; and
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(e) assigning to said subset F; functions having said selection characteristic, the
selection characteristic for potential members of subset F; being correlated to the effect of

the perturbation of said cellular constituent on the functions of subset F;.

21. A method for predicting potential biological activity of a cellular constituent for
affecting a biological state S, the method using a computer model that represents a plurality
of individual biological processes associated with said biological state, said computer model
being configured to evaluate an effect of said individual biological processes on said
biological state, the method comprising:

(a) assigning a set Fy of functions to said cellular constituent, each function of set Fo
being a modification of at least one biological process of said biological state S;

(b) performing the following for each function from the set Fy:

(i) adding information for one function of set Fy to a version of the computer
model without added information for the remaining functions of set Fy, at least one
of said plurality of individual biological processes being a process modified by said
added one function of set Fy; and

(ii) executing said computer model with said added one function of set Fo to
produce value S, for said biological state in the presence of said added one function
of set Fy;

(c) comparing all of said S, values for functions of set Fq to an S value, said So
value being produced by executing said computer model without any of the functions of set
Fo being incorporated into said computer model; and

(d) identifying the functions in set Fo having a difference in its associated Sy value
relative to Sy as having a higher potential biological activity of said cellular constituent for
affecting said biological state and identifying the functions in set Fo having substantially no
difference in S, value relative to Sq as having a lesser potential biological activity for

affecting said biological state.
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