WD 2004/ 031913 PCT/ US2003/ 031214 METHODS AND
COVPCSI TI ONS UTI LI ZI NG EVOLUTI ONARY COVPUTATI ON

w( BOHbb QUES AND DI FFERENTI AL DATA SETS [ 001] TPd'BUS2003/031214
application clains benefit of priority under 35 U S. C
119(e) to U.S.S. N 60/415,481, hereby expressly
i ncorporated by reference in its entirety. BACKGROUND
OF THE | NVENTI ON [ 002] The conpl etion of the hunan
genone i s expected to dramatically expand drug
di scovery horizons. It has been estimated that 5, 000
or nore new drug discovery targets will energe over
the next several years fromthe thousands of genes
t hat have been newly uncovered. A decade ago, fewer

t hanuafSesy Al EBMFERITAONGRITRINNE WYVOLWIICNARYESCERSBTATIBN

Fact. it has BECHNGASENERRHRENG B RGRyS 1 T
prescription drugs now avail able attack a nere 500

oo ! t %ig %F iaatbﬁgéﬂms' H&n%}fﬁ‘@% drfoMty an&»? b g@?%{@{f@ U8 NOB&#M 5,481,

han was
hereb)é?ﬂpfeéﬁ'kﬁé‘?%faora@@bbtﬂ?r?'&eﬁb'ts(ﬁmeaenes versus earlier
estimates of 100,000 or nore. However, this does not
inply that drug digRERMEBHY, BQ%FST,;E Nl qu,%,\pre much nore
limted than was previ ous|\jy I eve is apparent
that rmuch of the conplexity of hunman b| oI ogy | ay not
[002] | Thé bdﬁﬁﬂl@o@ Bﬂ”tﬁe RunERefenorhiells ekgdcle@ito dramat@ameexpar@tiicd discovery

horlzon? rYFréalsrl])e %s d {' 8‘“@251 {)?(}a ?r;rHc{rQ §ev9 %fl Eg %@&{65@ té‘@{tg \gﬁl %ﬁ\%rg%&ger the
next ssmah yeass)frmme droneands ol dedesibpt have kaes nawly upepvereg 56 decge ago,

fewer Q\En ﬁ'@% 8t IQJW%E' @ﬁés we% %G/hn\ﬁhlcmeéfsséﬁly yé%n‘éhl' ré@r)tted drug d|scovery
over

possiffi ot R biciean Svatehabe P AL e B cioaply Rip obe Sck

mere §00ttapéts.al set of drug di scovery targets. The total
potent| al nunmber of new drug discovery targets is not

ted to gene nunmber, but actually shoul d be sone
10031 7. e RER GEOTGh PeEn 9fAR60 S MuRATRAT (g wes el
anticipateti € 80,06 to P0,00genss Areus@agiandsi@agtes oft 100,000 ndote.aHdwever, this does

not mEﬂhta ?Lg@g&b@gg{asggﬂﬁésaabgh%uﬁb@ n@h&ﬂﬁ%d W p‘?@xﬁ.@&ﬁ%ﬁhe‘i@d Itis

appar%thpsmwoéwe@@gplﬁxlwo Pimin bisfcs by 918 SIMHSIGEES PYERE bubigiber i

gene préuudt MURBBOIOHRIgeAE, lay it tiheseut inkbd RoenaRe bidteieprbdlcdicontrary to
old bldgq%}é%lgcﬁalprﬁg a?%agoso%glggr?eskc%% Ill transIQFe ”%? 2156 gdr(]):og imSo’re cliisntinct
proteim@anm@ésh miay @Qﬂswuneylaghmgtaggwrsatb@ets & @d'gyiﬁralpirqign protein
interadBid LORMiItAE BRfhel PABhtibNRt of cfrl!gtdns%l)ve?} tbl"@éisu3 h@féﬂal b&@nnal number of

new o HSERPPY AT RIS VR RS TIPS R RgE Gultpe of ha

figure.alHisoarge Inemisey of prdenitial pooteicsidra brghbnigaw iwd coraplepeandumditatingengional
metabaﬁtaﬂbe.bhénﬁ&%amy@% difdct SBIBRYick §dag bui | ding bl ocks and

energy f he cell to survive in wdely varying
situations. These netabolic networks are constructed
[004] nBighaling k&thwedyaat ¢l oftanibdgin withiateftde@t stinfullenieat Eatisitoaayphiesotypically

descritpa{bﬁcéﬁglqge |r’||'<:,le%9§r;pﬁ1ygl? é %88414&&17%% in Wgtlngﬁ)%%gvéys play in

rs can su necessar
diseasg gathepeapsitiin rn%séﬁ%ses [hglgﬁ uqqprglogql akoxt @ ?gnagp@p?étpway other than the

initial stnrnans dm:thé 0Ifmat8 dellliRé AJ3pdris6. PMiafabola psthWaNsrd§pitald Righly BRMched
structuré’s evoRnng?o allséw ti¥e synthesis or catabolism of large numbers of metabolites needed to
supply the building blocks and energy for the cell to survive in widely varying situations. These

metabolic networks are constructed much like electric grids, such that if one pathway is blocked
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or genetics. The bi ochem cal approach dissects a
pathway in a "stepping-stone" fashion: find a
worpdogosloe3 t hat acts at, or is involved in, onePenusSwh3/031214
t he pat hway, isolate assayable quantities and then
try to determ ne the next nolecule in the pathway,
others @bri §1bly HRSick 8RB Gl 0O BEJUERDUAT addiembat] at ed one.
The genetlc approach is classically a "shot in the
dark": induce or derive nmutants in a signaling
[005] pH'tStwim}*y sranaltegpsdultion| and metabglicgethweyschave besemalgzed by biochemistry
or gen&%@#%&ﬁweﬁwl&% éESHrto%H d?é%ec\!tﬁébatﬁwm 4téﬁbﬁr@[s‘10é1e fashion: find a

ol mtations, of ,m ochem cal ﬁggr oaches i ncl

co PR SA GR a GG i TTEE O AP S8 FESEVER fgpnies and hen
try to deteonihe tihg @extlnmlecule lirethe patiswayt eithat wstieaheor dovastyeamrd the hwlated one.
The ge'ﬂ@t%ph%a&ﬂg EM?s?ééﬁ)ha &hod B d&Ht inddcd bt defve rﬂ&ﬁrﬁts m@&&gmg

Limtations o ure y genetic approaches I ncl ud
pathwa g 3B 11 1y bY BFNelCrashes DIASFIPIEEREL e MEIRIM N REDNA lbrary.

Limitatipas fwsoghdraita) mpprpdchesiaclidec relidnbe brd@mgquahtrhgnoamobf@}musm@
knowleﬁ%e?]&%ﬂﬁe ﬁ(gng%% 5%@ étb&gﬁ{i ‘% nechi 8 gﬁymslﬁ:ﬁlstuﬁfeg n@l r{ tgo post-

ave een e ucl Seq uenti
morte"aridm'tamwfw@w genetigigprroggbes Deluge tae nsﬂd te érgtsc&ar%artdu ﬂrm

charachizd tBe bABwAEEAdIO biobedamb WARIENtAiIR) A ERhiInGBR JeROWN 1N

whole or in part fromthe literature, nathematical

nodel s of these pat hways are usually unavail abl e.
[006] \Vraditianially, biderenticabsigriaiing-pathiwapwitgvp beemdRidilatedrsiomtyi, sequenridlly, and
with s@ﬁﬁltcé\'h%éttcﬁ‘erﬂﬁﬂf telsbdeh iR hﬁmﬁ’thé r¥1etbl§)l|9?¥&1\9®§§?et§oﬁ1§ﬁrﬁes known in

ol % %@ é:]opcent rat lton a g
whole ar hpaiHram e Iitpialice BRIBFBYE g}odﬁlﬁaetpgse PRiWaysare Yiypipwavailable.
With thegeeent o highltgowghedtut RN, @atedrt, eodimetabdliregprofitiig avditibdsd, ® 3alow
possibl€ W&an%ﬁcén@at Ia'n&i ﬁﬁ)@dakhg wmaﬁi Rlodels I:é?ﬁ)er?? eﬁ\gfrsg bioBgical models

é uni dent i f |ca qﬁonen S, )
canin ab@rwﬁor{@akpwéefw@éqd oﬁggﬁgh%pqu ttlgrpq} gmep@ﬂntg tp validate the model,
the needl foraagiyat i @ideytifiet! GidBgic) ke Btients (n K@ getemndtisg the bes&frfe@tﬁbt ofa

mterverﬁh%?o allbﬁgtgrgrﬁgtgmg qev%%r?s\égue%ﬁg ‘t,: {}éﬁ%% grent "om cs”

ase on a Se E' conduct ed
Lederbﬁfﬁ az@MfC(aMé%F@ftHé Mifferent "amics” tquheolagieschpsed en 4 seagch(B HIER)-INE
conduchsl ir\Puba (ssarbanet ., alhb 36t 15(8° 0@ S R§ ARdersdh and Sielhammer

h i S. : 997 d [ .al ..
(Anders(%ulel?&r ERIP P&p%é#:e% %gzsﬁégg}arhd @agtaaﬁt(a@! gﬁlf)%@dmhﬁ&mgﬂ@ have
aptly shomed mHNAI and @rateinligvelndo mbeoreslaty; dherefdrereybloatiog asinglelertichg

dimensRn$ f6bi&nmate e .§. mRQN&”&@ésBﬂ nd RicRaRE) &fiB! Egcﬁlﬁstﬂmentg%ysw
si.on i Each i nstrunent

oo oYU R ATECSE B P VIS FiAEes ey i atesponse to
diseasehir dednamyi Oalg didvavegeandateealsprmentys vdpldhy becbrhieg 8 @brabienich environment;

thereef|§§995\%?mh%asl% éﬁaﬁﬁ?@s@w%epy Drug discovery and
devel opnent 1s rapid ecomng a variable-rich
8N\GdnemIEE Mhich indiRES exi sts an ever-increasi ng anount
of "om cs" data: Genomics, which includes: - Chem cal
Genoim@emidah@eramidsytse snabbis gegeilicvaviabilitpdid iistinipazneh i t s

[ n’pactemggc @fdftéx%@ﬁzy and toxicol ogy. - Expressional
Genoni Cs, e analysis of patterns of gene expression

by ti QB@SS'MG@!%S@ 3naifsis. of PaeFs OHBFNCSXPIERRIQRIPY tissue

i ncl udes diseasEXsprteessi onal Proteom cs, the
quantification and identification of every protein in
a Cedtéorzies, whichiimcludesn of di sease state. 1120973-1 2

- Expressional Proteomics, the quantification and identification of every protein

in a cell as a function of disease state.
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WD 2004/ 031913 PCT/ US2003/ 031214 - Interactional
Proteom cs, the identification and quantification of
wevenpspidt ein protein and protein-ligand intePer/USDN3/031214

Structural Proteomcs, the determ nation (enpirically
or by ab initio nodeling) of the 3 structure of all
pr ot ei

n%racl}{gna? H‘rq‘feohﬁs htﬁe %gﬁﬁz‘.éthb@ét&e/ @aqﬂfcﬁt&oﬁhﬁl@}n ap;notglg
Adsor pprotsin af\ﬁ'@fﬁﬁ@i'@%‘ﬁ]‘"‘?ﬂ@‘fﬂ%l tion, and excretion

( ADVE) S@ucttﬂél%&eomlcdvme&ié@rﬁlmmﬁ (erﬁd‘r&alﬂjuﬁlbtl b intiatioaslingf

anabol i o and transport of netabolites
in ti ngztgé3 Sﬁraggrgquglmro '®8%1 oni cs, which includes: -

Sub%i |11H'1lsatﬁe ﬁuaﬂ italiaWetePinatioh B¢ thg ?rﬂ&ll thbie@id RReh tiddass,
subce oca |zat| on of nolecules of interest -
Oyt BAEEIPY, the determination of cell type or

proper |es i nc i.n ol Ls flow

et o abusan e, PR hetilion AT 07 o2bs.

physk owbgbclarmlcs:.rtheswn@netwb|Ob¢r@99“8rm@?é¢b9“w @n@ fiensport of

conpl exjetaboiRds in tidkGedBHIGLRs. t hensel ves and the

i nconpl eteness, breadth, and quality of all the

" oncemiddaliacH iRatideslist  be expl ai ned by the nodel .

I nconpl et eness of data often allows nore than one

nmodel Subcdliular disttisution tesdidkntificafion’d thesybceteardocaiizetiorads| e

| eads fQeddRk Bkt F1 ch and conpl ex nodel s that are

difficult to construct fromfirst rlnzz E‘ es ¥1| r)‘rg

analy&y?"m‘wtth%dﬁ?famaé%° fﬂléV‘%ﬁPélpHpg”'Sﬁ nelyring pgthology) by

" bmi csmagleg @ fiow mettfoien | ow (i.e., |arge standard

devi ations) or is over-specifi ed with nore than one

set of lowquality data bei ng avai |l abl e for paraneter

determ nation. Finally, nost "bm cs” data ist§h as .
[007] ¢ 31 GhAlpIGEE MeveIPRINGRTV SRR HCRIFEES H@nggﬁ%ﬁﬁfg, SERMeity of
the mdiﬁlslfmii'nsswé&)érw thdiBconalata® ey, yreadts,cnd igealigoof @kt the "arhicefmiata that must
be exp rﬁ)n % bg‘ityegxﬂcd@ |XCOH’IZ)?6?6$1§9$I. d%fl stQ o%va(?l%)\swmgﬂeq %ﬁ%?\%ldel tofit. The

ta are often cal
breadth ¢f Jofréos egata g\{allat{’gﬁ Igﬁqsa? paramgﬁra[h;ﬁ p@%cqm&qxa@@elslt%@@rygﬂcult to

constrG(Q @Iﬁlq firsk f)ﬂwfdlpte)é ol AGFan(dn&ifsis ofkhe [ﬁbtﬂlerh STHeQAlity of current omlcs ' data is
ent | at.e

often IP\6|(| e a&qe ﬁt?pdgsgﬁgéagtéqnn seoQ?rtng%,fs déNlt“l n%aoz?g%aé)%)*)eBég’If low éuahty
data beiag B@Ilm foopraheter deteimingiinm ﬁmalyomosjf omigg" glptaweists as ratlometnc or
relativEBh B ck i ab @bharts, Riplcwas HottsVJ\ﬂJ érﬁéc%§seﬂlalﬁﬂlﬁ{e%ﬁcentratlon data

o W N e e
display's Exafiplesangudeakotopradodedatiinity tage ICAE i dnd isotope differsatiated binding
energ*‘&%ﬁg&so([l[%)éﬁm)%rr d?(’){énﬁ %xdr&ssfon SndhJsRCt 5Hd%@4blﬁ§tﬁé;fé‘?§ﬁd rAdhods for

or the analysis of stems bio ng
the comparisefvaf BiRtHeERIabOf B ERE PR BREP vdw'e?rgnﬂqqst'c sonance

(NMRRhd @&t speatonigdais)tg of bi ochemi cal pat hways by
integrating the data produced fromthe grow ng number
of bi ol ogi cal databases (e.g. genom cs, 1 Aebersold,

[008] RHowever,geceal work gs foeysed omige 2 corgputggoqj}echgques similar to those

used toR{o08 ich&its m'—thé/ele&r‘icaﬁéngmemg @3!6 48 Qlﬁﬂu fép‘lti@ana%&s o2 6}BB)nis biology.
Systems LlologyMuﬁﬁer descn%ed belg tr1e ema |ca cIellng 0 bfa‘%mlcal pathways by
integrating the data produced from the growing number of biological databases (e.g. genomics,

1 Aebersold, R. H., et al., WO 00/11208 (Mar. 2, 2000).

2 Schneider, L.V. et al., WO 01/49951 (Aug. 29, 2002); Hall, M. P. ez al., paper presented at the Amer.
Soc. Mass Spectro. 50" Annual Meeting, Orlando, FL (June, 2002).

3 Gonzalez, B., Piotto, M., and G. Huber, WO 02/31523A1 (Apr. 18, 2002).

4 Schneider, L.V. et al., WO 00/63683 (Oct. 26, 2000).
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Soc. Mass Spectro. 50th Annual Meeting, Ol ando, FL
(June, 2002). 3 CGonzalez, B., Piotto, M, and G
woldnan3 oD 02/ 31523A1 (Apr. 18, 2002). 4 SchnecT®62003/031214
L.V. et al., WD 00/63683 (Cct. 26, 2000). 1120973-1 3
WO 2004/ 031913 PCT/ US2003/ 031214 proteom cs,
proteo%q&&rﬁ igs, %agoln?c';ndgtg %?t BferrEd frherdi rﬁés@bﬁ/ﬁ?@s to@ta'}‘%@%}en aélS

exper 1 nment al
experiperiel Jel@. thWtﬂﬂH%ﬂi@’@W'&B@ﬂﬂbOt'%e W&MW%'%@”B'F%%&H'?P?V" Gpllular
state. @ di sease or cellular state. [009] A variety of
nmet hods have been descri bed for the analysis of
di fferent types of data using evolutionary
[009] canprstwefimsthars bavelbaerdrssibed &s thenglyggy, dﬁ@’ﬁ”i@&es of data using

evoluuéma%léo ﬂa orfai t@é{lmq%@ se®U8 6387 83 B1; 6,096,896 8951,029; 6,078,739;

oo Lhera VRSN Aot S iAo s

WO 02/4%962, b piwréah dog incarpaateth bereference @i theireantitetyet y. [ 010]
However, there exists a significant need for nethods
t hat aIIowfor t he devel o e
[010] 5 et et ? HEUERY RRLPET ‘H?%q%FY%%%\%%H?VeI%E‘G”‘ and
evolutlumdfeiybtymﬁl piology rasdels vidiecciniormaibm gbdusthe nderlfing haturkitieoherpistry is
not fully & GAVY%WL Fr\%retel M Qﬁﬁioh'rﬂél?od%w&%bdd&ﬁé Hoddidudaelii InCH:JBl_;Ical

0ogl Ca settin Iy pot ent |

settingg gy PBlentalielsd e 5P BroES ﬁawn"eaé%wdavﬁaa% lonapisientsr HChyas traffic
patternsSWﬁtMatterrﬁumnaa ahd akafideCanaysdst ett.NA spavdiatabiditional need is to

devel g&o&i%&ﬁ%bprga&h?l &ata an?p dé?a’ﬁllél p%g%té{‘?o‘:r‘rﬁatset c. A

onal " nee evel op nodel i ng
approaches that can fit differential display data

o11] f QE&B?& iy, 1he bAdsedGfentdh Bﬁﬂvwes &dﬁfpoﬂf @S and miethe@lisiefdinto generate,
SI ti

elumd%F ar&4 Q?g{pg?earﬁn% :ﬁ,lﬁf ér{ogalnd (ﬁ)mr?a%al eg as?lgtgmy or' \tNﬁ) cl?ﬂgg%@gl @teps follow
mathematiqal ¢quatiopsl gyiditienatly, frerpreshintdiventiodiptdvidasih meargte cpgImogals as

differe G dYG5Rhs %at‘?ﬁdﬂ@t da%teré@é“ tel i@ Birdcliyto dtﬁ’@ﬁenﬁﬁl @88y "omics" data

I nvention provid means to Casttt ols in other
types. oF"ﬁ"éﬁ@ﬁ%ﬁe@kjﬂ‘&ﬂ¥'%‘rf§°véd&sﬁﬂ%ﬁa“%&8? rt‘r’a SF%“""&' AhmBY
mathefiaticatlddneattislteyspeed thef E@utent i al di spl ay "omi cs" data

types. Finally, the present invention provides a neans

to cast the difference eq{uat on model s in other

mat henat i cal domai PYMMAREIHEMEYENAN ut i on.  sUMVARY
OF THE I NVENTION [012] In accordance with the objects

[012] n’ﬁ{ %g%gancg gvllrtr?lhe objﬁag o&hr?e%%gem' mégfla%bﬂ r}wQﬁtB}{ P%ﬁes methods

comprisng peviding @ ptumjlty of g@t@g@qpnséhqt represgntgy) Bg@gub@pt of plf actions that can
be dordn aosrégoftspﬁém @&ﬁpon@ﬁis dﬂﬂlﬁ'n&ﬁbd@ cSrﬁbns@fprdinig%m‘rst hypothetical

matheﬁv{;@f rﬁgCEe] goénpn&%? ﬁtétﬁ,gﬁtcfcf éha?l nﬁ{g ?elloﬁsr grYd apgﬂllga% fltst gr‘ct’ ICI%I
intelligefcet (AB algorithm tytee frisi ynetheticel naghpempti q:agmgdefl to preduge p,qu:c@p al
hypotﬂemﬁ lnlafhgﬁ%gl rﬁo%e) IRbSOEhBAMEnL atifhess fhﬁo‘ﬁbn QYJQ&I B @ftdr & second

enmat | ca r od d
hypotheti¢ah BRes! I’[q:@perﬁ@cpaeasqaﬁﬁ 0 uéﬁ%gﬂ%ﬁa&}%{nn tlcfl %gg(ﬂ Eaengr%hy the
fitnesd fumtibn i©based ot eegirita dbtal Aterndtihely, steecsenehd rindebs h@'tlmat%ﬂ directly with

empiri%?ﬁ% rtrc%a efigc?@ﬁé'r@ﬁcfgf %t&ener ai:flym thel mBYR 0TI infetlods can be iterated

_ Ica the fitness function is
as degygded on enpirical data. Alternatively, the second
nodel is conpared directly with enpirical data to

fin L1 §4,80C Bkz L(le Q%aﬂ’l %q atl nﬁdé'midﬂ)iolo ical system
[013] TE nan adﬁ,g' nal g%a 18 ﬁlltoig\%@g’tee A e € c g y
comprising prowdlng a pIurallty of first order pseudogene unit operations that represent all or a subset

of all actions that can be done on a set of biochemical system components. The method comprises
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as desired. [013] In an additional aspect, the nethods

to generate a nmathemati cal nodel of a biol ogical
WaEymtesmo1zonpri sing providing a plurality of fPeBUS2003/031214

order pseudogene unit operations that represent all or

a subset of all actions that can be done on a set of

ol BT  3FRTORSP B R A A 55 s

algoritiyje with afithers fepctiqryts thesgt of fjst prdgrseysioghrpmosomes to produce a second set
of secdhARVHILO pULAsBRRMATTESES, With dptionpRaerdngenes and appl ying a
genetic algorithmwith a fitness function to the set
of first order pseudochronpsones to produce a second
[014] skota fudifer sersatntie Bretheds ermisRBRPeFFIS afiusding e algodpr; used In this

embodirSérk, Qﬁéﬂ\étﬁ&s cBrQQrstle pr%dﬁlgfatﬂldriliWofaﬁlp@ﬁtatloﬁé’tﬁatﬁaﬂé@d&ll ora

subsetto‘(t: irargactl g%lc%?ﬁ donF ﬁ%g%enh%o&rg)oe%nﬁ% ang%pp a/ gl’g fwﬁ%qmcuelnntelhgence
(A1) algukrithrmetb itteyplupélity tn ptodwa@pormmpwthetlcalm@mee%?ﬁd m&ﬁ@" EBfPe gpcond
hypoth\g_h{gﬁﬁgde@fs c%bar@&&'a@@%t%m@i sét %ﬂerpﬁr A0dH 18 'aeﬁﬁ'bésatt RELt a first

mponent s, an

AL T R IR IS ST
for the fiifsb ditierence ts generatk dygoondwitalgoethmirdhé eeratd Alaalgqthells applineto the
InSticaOARRY RilcH i céthpdr&PeS tihefirst set of
seconcfﬁylbg{ﬂgt'canx&glla?‘p(%dglééca gg;{pg t(l) defi ne %tl Icea%tr a fi rlsr? sere
data. dj fference between the first hypothetical nodel and
the data and altering the first algorithmto adjust

[01 5] n ga(g a%?hona %&%ecq Ju% %{/}%ﬂ%@p%ﬁd&%ﬁﬁpt@r @a@a%re Qnd% to dlrect a

I's app
compu@ee eofnktiby pet smeqnfiqeamann@deqmmenw emﬂp@ra&mtsmdd"e 1 Feceive and store

unit op@)ﬁﬂ@r‘s@ﬁ 'g@r@érat@ﬁ‘ld@ést Ml gbt{iet%ﬁlm’ﬂ%h&@ mobe&, dni dnalysis ebdule to
i tianal c
apply mwlcgbgtegg@(gﬁ%lg?rg?m Iarécg%l 8%?‘?”?%‘ UBFT‘O Edmpape thQtY\g&taf filkels to

at least @ fipstidetof empiricaletai on in a specifi ed rranner conpri si ng
a unit operations nodule to receive and store uni t
operations and _generate at S nﬂ'&% 8@/ ot heti cal
mat hemat i cal rR?g-é\fEEDd?g%?bgﬁséF ':)%R\év ippl y an
artificial intelligence algorithmand a conparison

[016] nPEJH e Je .c&%@ﬁé t.BXHﬁé EéﬂeFaq:ﬁilethgpéﬁllmém\yéﬁtloratUr‘llt%@&r‘étlcﬁls are used

irical data. DETAI LED DESCRI P O\IF‘(P: )
to crearereflr@mwtnesal[nmmnamaé (egel.upgr Which an /a' AQor{ORHE pXecypd i greate @
second RRMEAbticAEh bR Gb‘neﬁahﬁ aififnessfunction isldpplied ¢g)pwtath innemacases is a
direct %laoéalrlson% S%F%?ta? deﬁa té) 5%%&%’8&@ ﬁ){go&\%cam‘%tngﬂﬁgélmdel This can

m1s execute
then be fterated tca‘lnd ggr,qbgldsowmqf{glltmygttgg oq%%mere@é;ﬁ@\feggqny‘e to2 global solution
is not,fehg,,ng@;ss function is applied (a)) which in sonme cases
is a direct conparison to enpirical data, to generate
a third hypothetical mathematical nodel. This can
[017] t Rignrelfedepictsrasscieainatio of theydengral 58 mzethod of HD?FFUWW&I PRibeRgrations in

the forﬂﬁof%%t}db&%gs A8 uSidte cr%%\éﬁfrsg ﬂﬂﬁ)@heﬁ&l Malibmlrbl rﬁ&ieU(blgOfr\ this case,

d
o Pt ARUESBFEY S T 5 TIPS et b e aecons
matheftdadinbden@e.d. first denerafioramidpsepdehdogerness). a@@eweda fitrgss function is

applielg K}a%ﬁ&hﬁ%\q% g%ngeséasgy iD Qtdl?&,tt b&%arlgﬁttg @%"léaq: gita. nﬂPlg;Q;lan (r%n Be iterated to

_ . rent pseudoc rom)sones% g
find a glabat polgfiog éatibeych ag Py e RTRIT CONSTERRTE &Ry OlpR! s npt requirea)

second nmathematical nodel (e.g. first generation
[018] ¢ chu r?u?e P dse%‘é@%%%?t@?ér? Orsd chr&ﬁ&@&@lceMposfﬁorf Lid&eration of children for

Systems Biology model generation. M represents the physiological unit operation set from which the

model chromosome is built, where j is the specific unit operation element from the set and i is its
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applied (a)) which in some cases is a direct

conparison to enpirical data. This can then be
woreraswlsto find a gl obal solution (althoughr@sUus2003/031214

outlined herein, convergence to a global solution is

not required). [018] Figure 3 depicts an illustration

pos|t|dhfm6déecrﬁ$lﬁ&6ﬁ8 OfMiis 6RMOShbt M lﬂunla&%ré}@ﬁ‘@éaﬁtﬂe(?%d@ﬁly distributed in

o S 5! P4 B i 5 g v

allow d\'ﬁ?fé'ﬁ S?‘ﬁe" eaeh deditiop hsugmyasietinss ireprésgting a Beygameagpraash.t Tree overall

modeﬁé}%@'l i€ | waHkaH |§ a CHRIAL ih M RABHEHut één%%@@aﬁa%te t@%eh diffrent
hro S]bl @ WO 2004/ 0 3%91?} PCT/ USZ(t)O3/ 03121

¢ mﬁ%%?“t %Ge? "Yidp BHpSwird N R et of ull Argeationgadn ths |veraﬁm°f the

algorltbvpewwatalajlne; fitoess dbthe pangelyd ysedits $aléchwhiettprogeny edlictiedtinnl gle next
RRAT Air&Hdom@h tBH h

9T obVi ous Lo t'{]osegtL 4 maﬁ'n&?ﬁ?ggﬁ hﬁﬁ@ldgp% fcﬂvgv]a%?aken from

the sehpfupbPRERFLIBRt s i n each position, such variations

representing a Beysian approach. The overall nodel
[019] | %Q;gFehi &e?) gavégﬁérg%‘c oﬁ%gnte%ﬂy%;s%%?f trne JﬁJéﬁtloEl)ér I’e 4A egcg,the

Embd%n Mswoﬁ @vsaerh pathwaygvithdts FereRaneris) ang thh@ 48depighs ﬂm t

pseudoghednidsb@B assokitel Wits thisayyse@n of the algorithm the
relative fitness of the progeny is used to sel ect
whi ch progeny will breed in the next generation. A
random nut ation i s sEHEMILEDARSGRIYTIAGN position 1 in
child 4, which is also taken from the set of unit

rations. [019] . Fi re 4 depicts a schematic of a
o201 SRR Ber B Byatiahie reide e ooty ey sp@P A cag e gues.
InClUdltldn but nBirtidtedh todeytisfalgostimt €BA.0 Hevivg and dtiniidzesnathematical models for

a variehPSTRAAGRN. Sihe 3(entd S aﬁﬁséﬁﬁﬁc Stef\&ich as biochem l{p& % ical
seu ochr onpsone associ ated wth this system BE ﬁ_ 89
syste PPYLERTY G205 Sﬁﬁ@sp%ce%%f onCHaRER SYFaras. TrEaratisi gystems,

etc. Thehadisaussoroieledwiotuses amnghyyolegicgd sfstdmsonal t echni ques,
including but not limted to genetic algorithnms (GAs),
to derive and optimze mathematical nodels for a

[021] | Archalienaegh byiling systemsiitilogyyrqdalss the porrtexingf teeindaeyind c

biochefjsdt). el'lhe ISigeMth@biolbhicst ReWbrk thé PaRY&itied :ﬁ&ie@@'to foﬁﬁ/ﬁt@ﬁi’fe more

camp b e &bl rRER] e PE Fergoc Wi gon ngproposec
to fit the |a3@la@s deta. bﬂlmweﬂmﬂgs@s irgthe pis{esisdiiaiagy pedcess)is the frsman mind, or

rather itDablily to\trfidkadr BIEIRE BodsBlethddeeAButatopt & FesBine laQ@Yor %@@’cé
thwee the conplexity of the underlying biochemstry” The
PaiWaY¥ar ger the biol ogi cal network, the harder the nmodel is

to fornulate, the nore conplex (e.g. higher nunbers

[022] O(f:orﬁr@dsé@tr?aEJr@atmé%gﬁJaEE BibeheAlid I*e{?@? Efﬂaf %g{‘&?%%es e{rhﬁﬁntg a high

ose to fit the avai
degfeet%{wt@ﬁgl&R feRrelitfe TOFSEERRIMST AT dgieTp arotlsdn biachemisiri airah e i
built oniuaidic a0idis, pragiee fipidst hd @lrbbhiydatdso Ritdssriestind ajehslétlbﬁ’al codes are

highly %9§ch{/éﬁl v@tgpmtbd [yﬁﬁ“c.r ;Hi‘dt dé%gf g%]%ras glﬁér Iu%?ry en% §¥ %ene{atlngﬂ %rocess in
both Pfﬁ‘b?éxot%a?@f’ @%w&qq e Boton anative forse ﬁ@pswqae}u neFmpeange Nucleotide

triphosghdtdstaird ir@rsalérgloyed Bgélﬁcﬁg:ﬁf snfslﬂéciﬁd MRy sRANSEIWethi cBfabolic and
uni ver sal

anaboll-glpnetal%f)f’f%r £ ﬂlqmng\{/no%eroq %or%arwsr[]nﬁcc]o%tfate agiycal¥5|s %F@Jp%angyer%f) pathway
and trlqafb'gmljg agidhgyctea rManapatt o mekecul & thrvsgimibs celiTdernbramesdaa bk diffasional,

facmtaté@ @E&:ﬂ@é eHlsthrﬂrblrdfelﬁ R’iﬁ‘&%rsyﬁgné’\&r{dmh@ r’rf%?gfgl:i]ée/ ér?%dtaptaa?ﬁghctlon
|

proces?)ers (5@%%%”? Hlsgas Ge protein couplgd receptglr (GPCR)gsy gn%l transductlon Is ubiquitous in

most mammalian hormone and sensory processes. Further examples and sets are outlined below.
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bot h prokaryotes and eukaryotes is the proton notive
force across a cell nenbrane. Nucl eotide

wao eoopldwphat es are universally enpl oyed by al | PCT/US2003/031214
organi sns as the energy shuttle between catabolic and
anabolic netabolism Al known aerobic organisns

The coﬁ\%l@&@ iy m%d?ilnéf %B|o¥gél§y§mg%%ﬂ'ﬁ{m&ve%ﬂ QY\@éé frof Hdw individual

arboxyl1 € aci Transport of no es
oreanSr Y RRFGHP S e P NSIIAREA Al P 14 FEePRah colar tasks.
facilitated, or active. Histidine protein klnase

[023) S Iﬁ}setﬂgse%lﬁiﬁ{{? ;?atr{WaW (sg%eﬂr&% rSrbPAb hErreﬂrlﬁdMGttabé?l@ pathways” or

processes ust as G protein cou

“signaling eaiprers )(acaﬂmje l& cé Aashe Péﬂ%ﬂ%P'PBﬁ'Cﬁ"§teab1ha&af‘8ﬁ &lapgfied and
charact¥Ri2dd, SERNEBdsi cAghnlXed EaiperaM) GFob eaaMley a parOcEs patBwayFuay dveiprise 7

.exanpl es and set e [ . 7
s 4 B3 TGRSR Pt M b8 TSl
may qudjg{iuaﬂgsﬁ@ﬂﬁmmhrgg;bg&f@ﬁ%hst e ysiglegical wnﬁ)geratlons that define the
basic H@Ucﬁaht‘ﬁ fevbi ¥s o&fde@ B8lofv] PENRENHIE, MEH Mbicltal phﬁb@@lﬁél%%operatlons

may ¢ ?r%%@%%%?ﬁgtf ugeéﬁf gﬂga‘na{eﬁhl%%ntor[ %g;g]gagﬂqg gm'étiCﬁtforgrotteases kinases,
etc.), tlonsshptigh cedulapian (ewagansitetyameprassionr astieatibledete. b nembedna trarsport (e.g.
active, p%ﬁ\/%bfgélllltgte@ %ttéﬂb"\ﬁbftﬁng &iullbrlas(b gnafiritd GO&%EV\@?};@ d)ffuﬁbre linear in the

of a series di screte blggoglc ste at
case of T BUATAEIPT BLPRAR MOREFAEHER P2 BYR 6 AR, o 1 he case
of mentbrgneIprateios; bedoeadimgnsidral; aeix drgxlaee ofaryioplirsmic af extracellular
maten:ﬁ%t Q’I% FE?MIaﬁ; i a[olséﬁc &va@hﬁpédlﬂcgtlo% ey Edn@é@tn@é tréﬁ@ﬁiort (e.g.

or der, achi eve the b

intertis 7ansppﬁ@y@'°§69@wn@taé®§rcu'ﬁw pevemsat Qf|"lﬁﬁé'f3'|5;}hr9‘éqhé'&9( QUgpstive
tract, efc).OThalis| @ﬁrgeloby’balfuhlnbrte&tlbm B tan @ttiop s isalongorcatorbponent of a

system O ra‘i Ie(:)prt]1s’s & al gnqtf nr%tlgng(?e %ﬁt’ em)f%? ﬁgﬂ’l QL hlafas\ﬁg eSone
NsRdyal it cegiEtery Tepry Bt yetbpbictichiss)

as oUt
matheméfiggli mﬂd@tjh@t&an QﬁP&PFQ?B%#‘eﬁ @rb??s‘at'qm S%@ﬁ%ﬂ?@%‘sdhe physiological unit

operatlsm %Xt’f@%étﬁerﬁétﬁﬂl mddeld Eabd rﬁ&ﬁ@drloﬁth%éttdﬂﬂérscffonﬂﬂﬁkgs BDtﬁg identities of
r ot eas ki nas tra

the othFreraﬁP%Jfgs 6?}?? [hg rréemb(%% iﬁ ?’}(ﬁ‘fﬁ“\%%‘e sgB%gi z)ng rﬁ>roduc nzyr%g) and
the valggstdf thatadjobteble @aremptersiaé thigmnde! egpation frych ag tbe fate a@bM'FNﬁ@“S
constaﬂ@%ﬁénvé?lzyrﬁéc rhid Qﬁﬁﬁmcﬁgrcpa)hwa? bf@b@& rﬁ‘él‘-Ho}nlphié ahy G@mlnatlon of

finit const ant S S1 0N I ne
iese rDyRaOHEl WRIFPREITSI BPEIFAEPE D PLRTBI. P PRBLBHAR B known (o be
a five steptpiathgvapwitRNAyentditferenit passisle pmaiojogial Linit opératiopasesultiog in 7° different

posabl%&pﬁ ﬁ'{l%n? rl%vf‘évasblo&@mcaltdg{h%yﬁ HFQ%E\Q&'? @;!)erat@% 4 BrafgRline for

asmc or extrace mat eri al s)
more “@ﬁza)fﬁ*ié cwgrmoatsreehbe(fa]e g @rdranch Bjtfaln difee %aw?fﬁdb? Rftem would

have t2dePrateCamid V&€ fiokeehdn @iTposdile hedes, incluling Atndastles, for the same 5
ansport by blood or Iynphatic circul ation, novenent

Steppatu?wa%aterlals t hrough the digestive tract, etc). That

is, a physiological unit operation is an actlon t hat

[024] | ﬁwecmmnnﬁweau&ﬁmwd@a&o tﬁ% ugt of SHHPRETondl éthodd hﬁhllow the generation,
| Ca erations.r S
"a"da"g %’&44%&%@8”‘%“&# *'i“g'n%Pa' mggsls °B‘éi"f%éﬁb?ys£51$ [ %“é’l‘g Riqlogical

pathwaysiresérntially pthe iwertioy isan antomgted hyrothesis gereratiog ardytgsting gngine that

d.rectsﬁrréeevelht‘:/&ﬂ d?b,sm.fefalmdaewstpanemsrryagyg@ms 'b%lob?n%o&@ﬁ he rméferﬁeal
del . Each nenber of the set fers

embod t tional met I t faoal OttH(gf n(éeﬁ_é' d
{81 'x!i‘%?ﬂ‘f"mpék” ge! methds Gt P uma%iﬁn"@g atiqrgtme ke
further elbs. Ohis {irssiiido” @sting lrdovssUltesélimirtaioraefch nuaj@ithud possibleagpmbinations, and

thus aIIQ\?EX%}e r@ﬁ@ to foBR N@bMBiRatBhs Egteexﬁiginlé%ﬁ@él%a@% Qgﬁﬁﬁd'aﬁt degree.

quation_ (such he rate and aelis
In some 635ep. A oWtigf 'séﬁvn@ ﬁ?‘ifﬁﬁ)“”"PFﬂﬁgce AR/ S 13 EaMar i AR oo
tested Epetii&itaiy) MBsrabh@yphe pcas Yoesotbiesalt in @onvefgende) B @everal models
112097171§hy3|olog|cal uni t operatiqgs in a particul ar order.

or exanpl e, a pathway may be known to be a five step

pat hway, with seven different possible physiol ogica
unit operations, resulting in 75 different possible
combi nati ons. However, biochem cal pathways al nost
never operate in a straight line for



nore than a few conversion steps before hitting a
branch point; in three dinensions, the system would
whasa/osigenerate and test nore than 1012 posspPo/@S2003/031214
nodel s, including redundancies, for the sane 5 step
pat hway. [024] The present invention is directed to
| .
either écggl é/%‘??logefl fﬁmgpcfﬁ bgﬁ]grje tﬁ%ﬁ%@f%#‘%ﬁg ntgﬁpfot:%% can be used
'tefatlvﬁ'uqunﬁlated’&w rpasiglsifer tetingar t i cul ar systems, incl uding
bi ol ogi cal pathmays essentially, the |nvention s an
0251 PR OFBLAAA MRS NGE L5 DDA PO LS4 BGHA. e
inventiprafirds ged invaligatinggoatihematcal megsis Pft%@\'@ SYSIAMBr 8¢conglis dhe invention

may b@ﬁ@@@d fent §1ossﬁ1@§§;§‘s |ﬁ@|';BBllHTN§3F |b9ﬁﬂ:img@bb§ﬁiﬁe &fg@xgloglcal unit operations
I ona e

that W%él reﬁl\?mptrmalgc}é.t dﬁw?\?/ g2 relsgag{;ﬁ%hg(?rée]n fgwg 0{1 hose FlnaIIH %eh %\r/]ennon
may aled beused jnaréating withpmsticalbyhedelsoyiba migual movtamﬂmldlawf one or more
I'ows a researcher to focus on conbinations that
xplain enpirical data to a significant degree. In
some cases, a solution is found (there is convergence
[026] OThespredenghwentan aah iutiizk a vefatycdf attfigal ingeliipebee (Al)eonpetational
technic??ég S)lrécﬁrg\%t ibdefesutd t B Qr%%dléfe %Mtlctngﬁ/ o%hgﬁtgﬁ’&apt@&ﬁnqg@é such as

. | In converg enC sever al® nod
geneligRneP S BORYEI-RNITEI PO ON I B ategFE. SRy §19TYS et
prografir@fgelly aff bd useleF staiamplafi gehetra@jotith@madye@tuseld in a preferred

embods m%el &&s é’ré desc?b di l:le?o%/S g’ut?a S?r%l %%%ﬁ&%f{?ﬁﬁdw ?L%tl&n@ become

pathw

rate new no f or
pseudcrgeve,erwhlqb\raref aranged iote HSWQOHF@éOﬁ?meﬁ torgxgleis:the Wt% for example, a five

step p@ﬁﬁéﬁoﬂ@@e?&ﬁ?&éh@ B? a fltlé&eudo@é(@'ﬁsbﬁﬁbcﬁrbﬁld&m& @it the order and
St e rTB

|
et AP RSe TS PR B bie i PRpEN
pseudethegiosgnesdaep sotifithe dptat heanype “trgsskd'rad i ragprztined p‘@lﬁsqﬂhﬂr e

pseud&h%ﬁ’lo%nﬁ’&' a‘ﬁ@levéﬂ'fatéd f@ﬁﬁﬁ@g | FHaSis, ftabr ﬂ@hédociﬁr‘oho&dﬁﬂas are selected
I rical data and then f

a5 "DergHBY BRIy form PRy e BFR RPPRRRTBGr. SRy SIS U5, Gy rferee
to hereT &2 tirstogdempbdueoaironcasbmadif] ehdthese mriraaneinmadteralsinboerious vezhniques to

genera‘?é l&ﬁ’ld%ﬂt brOQecgiud S48~ g%hlﬂpérﬁse%kmmx&méso%ﬁ;seTaﬁdren are

I'nventi on ze variety of artificial
evalua eﬁtaewﬁt g*@r?e@'neﬂl|d)ata@6ﬁﬂmpaqqeﬁmalterat?% BrRRPdrGe Betten il PR
chrom&sl’cbﬁh‘e‘e 1igisdd otdsr cHrdSlncﬁbafnbs areluagd abeveto ugferta diimyensionality of the

chromogsoﬂi% r?t gr'th%pl:ﬁke tiu%ﬁt tﬂé’gﬁorﬁ&%mlea%ls Er%@?sts lscregiag&f dn'i %obally

optimizgg aslstiOh|pe¢ud99*r§@rmﬁ9rr\§rfeprgmém9 parfauisg st RhRygolesira! it opseations

in a paHisQg: (teﬁfbbraﬁ)éﬂﬁphsa‘ourﬂi QREALtIvEly ah emd &d@gé ﬂﬁaglggﬂhﬂd§ e@ notun to
e el o

conve S 5P B Rl SR Do P O Gpe A L garapte g cesrec.
In thesp Sases ourdipiEsexplrincdntsamay berrum nlg @ddifianglenodingots hotorrdd teakriques

may bé ﬁ’se@ép@hﬁuﬂhér'ﬂ@scﬂ@éd%eloﬁnpr exanple, a five step pathway
WO be represented by a five pseudogene

pseudochr onosone, with the order and identity of the
[027] pTleuscibig epersadtiebnaiitsiof cteadngit dbjealyoriestee lidrany wf ghySiolagidal 4t

operahhilﬁ s a.ﬂﬁnteh B&L@%nq ﬂélﬁaﬁ&ﬁbﬁﬁm%?l%p%g Q'Qémgr!arte tHﬂ?port

reco
operatigase a%@mﬂ*m@?r@sm%ﬂ% r-aligae Riysieley Pw'&%é%Onﬁﬁ?s?m? @e
pseudd¥@hésthft orRprise tacdenaiRMem mewiosiebacdord (Figares paneMt The

psuedécgreoﬁ%tgéanh(1t |Yse EQP?et rHéé\ﬁeﬁ Iafettemmpﬁ%: bgét %Fb%?\?.thr \ﬁﬁ cgﬂg strlﬁ%gue unnt

operatigrs rogqtlr@t lndh@mherpet@wa@em oSS EFRERrONOSQFHAT CPTRBAES E}b'ﬁie?rs
arrang@hént BBRINR QpatatioRs. Mawdver thelaRRiBIYsBREhrbAosomes used may have higher
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generate "children" or "second order"” (or higher)
pseudochr onbsones. These "children" are eval uated
w@gainsto1t he enpirical data and the process i SpCT/E@sBDEW1214
to produce better "fit" pseudo- chronosones. Hi gher
order chronosones are used above to refer to
orcer JIhRAHAT shdotirRhed Aonc A PEBSRRT @A, L Nan L e
HF onosone I'S process |Is repeated
unt|I a globally optimzed solution pseudochronosone,

[028] r ¢Mserﬁ%%bpreﬂchars6§é txthésslf@rcn&ﬁb diedct B @dI oo gf thé psusdodhromosome
i cul ar,

o bet PR A% WL TR e e EaBRErt IR Iyt 0 o
life/deatiptiedision baged mmmtegmamway%tarqwémmb@lae@@fmﬂ%ﬁ ispeagd part may be a

goodn§sg|o\“ﬁt't6’m§ p%&nﬁl’%rﬁ%loﬁf ic &%@é%ﬁr‘éﬁ@y g’éﬁé}’éﬁéﬁg$ﬁ@ﬁ1al §anrt56h5|sts of

KT ey e o i o
that thermpdd) ee siakie (i.easxhitst & singldhengleleealy istatecsolytidrofar a {;I@Qf\?ﬁet of inputs).
AnotheTIayacmple RS2 ?@hoﬁ%he%g %n@tton%r%@édd@&r&ﬂosomes containing

o oriented Thbrary of physi ol 0gi cal unit
th”GB@Pﬁﬁpﬁﬁgamaﬁ“%utl|ned bel ow and i ncl udi ng enzyne
ki netic operatlons nmenbrane transport operations,

[029] aB?YrQ Em%ls%gm h BE b?edrfﬁ%gl/éal gﬁ@gsesTmﬁe tH&X% fQJILPthY) converge

I ons eCO ogenes hat conp
toa s"tg!mmg@h éhei reodgl(g 6p1 P%Wﬁ@i@%%‘& shiemie deire adifioat @igpigelfgjdation
experifi¢nts thA€can REIHEEE BBIWeBMBE BEst nfodes.f Skasitivinearatydie lof the final surviving

model%ﬁlrs?hen 8&%@%?% E) dep Ff‘rfc’utne eq)%gt dllvgﬁk%qx\,gloﬁrﬁrkerg arci& 56 ﬂg o¥ tngrapeuuc

oge enat |
interveptionrs psuedochr onbsone represents a linear arrangenent
of unit operations. However, the actua

psuedochr onmo her 120 7
10301 DA Gpog TSP e e Py aaRcal AR RE Peyodietor
sets ofalioesivpidad dfdoersialceations) with telselufiaal eandtpaeydeshromosegie model
consmﬂ?ﬁ%’a nhme&aﬁﬂgé @Uﬁhn e Gme@ombihness function to direct
evol ut1on e psuedochronosone to better
nodel s. The fltness function may consist of severa
[031] P&¥dnStherldtboliimest of frerpreseainveetion tisd phiysidlogital bt abeetibns may be

converged90§ en&%%ﬁ%.oﬂ?@}’tﬁla éﬁﬁ%&%n Biaé g%@}{l%r Et@g@fktété %]tcohtﬁe model. In

OO ness t
iis embocitont qﬁrr@tlryenqoe (B CPSHERG AT ENGF EQusiiens A Redigsd directy with

differeSIRN@E M afta tydee if feftdl tHeagobdressifst s of  user-definable
l'imting assunptions. An exanple of one such limting
assunption is the requirenent that the nodel be

[032] stredmothe( émbdimenidfithsi presgnignvegiian, B peyisislogicala iy oggralfoss may be

linearif! tt%{fgbrocg ct)ﬁ\ferﬁongb Uiﬁ@reﬁ@et quétltherHyfiﬁethodé\B&Hhré@ 'Taﬂ&rﬁﬁé'ﬁése
I S

s fungct
erpan e OGS BT TIoe SHAER oA ARAEI g arffines o ove
mathepatitatdngyeins s sudh@GR $ie LEplacariareih (opetbdrsiomains, el entlitas helowg, to allow
taster EditioR RS ﬁ%d%%&?ﬁgeb\&l@ﬁ@m&hﬁbﬁ inl e psallidth@nio8omes.
converge to a singlée nodel nodel (s) can be
mani pul ated in SI|ICO to define additional enpirica
[033] \églgéa%?r%{ggee mocégreée |ioo d m thelg1 ﬁh Crr%rﬁtaﬁjg k:é nrﬁ% qugﬁqqﬂ\é@eeppestemﬁg
physiofgicali upit npprativnsl dey aje aI@ nrmwmnla Laﬂo\edg the repeprehefitpaltef he
paramB@fiand 'p%? RERt G cEaPBRIKRES Ia@&gto%afg@ m@émﬁl&@ rSAPe bt rBultiple

I ntervent] on.

modely ipERE P SR T3HS PRI GRS ERIFS SCTpepintfegRacihg one i sico

allowsciaresestchefto qgieklsiderftifydiewdysotoesee sy disigh defmitivé experiments to
dlstlngﬁgHﬁ'{e 1438 SndePihd'orly 88105104 ek Rish. BRE B pRARISIREIH OIS QAR ated, it

can then be used to select the best targets for therapeutic intervention or diagnosis, by sensitivity
1120973-1 9



consi sting of a nunerical integration in the tine
domai n. [031] In another embodi ment of the present
WO pwensiooh t he physi ol ogi cal unit operations nByT/D82003/031214

converted to difference equations by the subtraction

of a control or steady-state formof the nmodel. In
ooy BB IREBRR Bl By GO D8 S8H ) o v
discovefyf f erential display data types in testing the

goodness of fit. [032] In another enbodi nent of the
[034] p/&cc%gan ntglylr {ﬂgg%ts!an naethﬁ ?Bolxgir%tg(%scc% H!H pr f%ﬂl&gﬁy of unit

conv er erence
operateomtaat. retesent allsy syhsetrb albacioRs @t@arraw%\e ‘ag6¥sters components. By

systerﬁ'xlﬁ’ HSdofRxiThedn® thelsiigHafor WIS matHemati®bmbddl B@lesired. As will be

appre%@ﬁgﬁ%{s?%& qg%k%osg{gte%rcgu%%vﬂugﬂ{l %rgysﬁf!gtcaﬁe \gtggh dl?)(gf%&g di crete unit
operatiobsgut togetimen imsomplisatediaridi gqe@falb@oow)tmtlvetpgttqnq OSA}ltablgg)ts@ms include,
but areSr‘QJlt H’Blieg% ‘Bfolotgl?:gl YRGB, Frafib§ m @E:—Qlﬁ@ %?dt&nﬁ&éﬁ@é&}s@hﬂsoébonomlc

pseudochr Omsones. % t hese
and g SRRt TR S TP PR BT R A PR
biologita® pys&s@n butittds is pbiyrsdaot todjing tle saoretof thednvattiooirsanytnemperar e
also predi ctive tools, allomnng t he researcher to
paraneters and play "what if' scenari os.
(0351 | ABBFUYF yicRResRtions PRSI oSt die SehaleYTIEM tqompgnems By
pluralltVDd&biﬁ |sprhééhlt ﬁkeea‘?.f.]twaf Uit qpedorfst drs'physiolegiadiuhit bperationd” etzek the
systerrf %g %gcal are F %nsts%nﬁ\{? Wiﬁenééﬁﬁﬁ érp&‘f‘nrﬁ& G &Ae'rrﬁ < | er@:Ae@?ﬂ%

ses an
[McCabies Y gnangéfq ﬁrnuth \k@lt@;epreﬁma@ﬁ@geml@al as'@,eter'wgau sitierHMcBrayeHil,

NY, 19‘7’@)?j eAIlh)Shé’lth@hﬁ)fﬁde@bﬂﬂdnﬁdﬂal ﬂ?&%@ﬁ@sﬁaﬂ‘is i§yr6&, each one can be broken

cown g 3g75c S BB pP Y ARRL L O S HLPRSall i profhet SRbms
Each mdmhdual/metathnha;rcod\mg teskiigues jgpd géﬁgﬁdtqn\ﬁhq gpme]g;@()lng Rrincipges. By
deflnmg\ﬂegg Qrﬂ’(cg%% YhPinke |n erﬁa QA |Qt33a2c%ﬂwmoﬁ H?Qtdéﬁ'iaﬁcdl fépﬁdsédtél@n the

est course of & E{TE de
i PRI PGS AL OTES O of PHBRFAT P VR RLORS g puiapes or
basic té\@earedintent of thet Uné operatesit Serme/@n eiegentpryehyshesandehhoigsl laws, such
as con%%{miroh ot rngss%[h@gﬁ #Wghygllcgla% @fl\érﬁlyal chmh’ﬂﬁé ‘i(lnet‘i?:@eérﬁtcbl%ﬁ properties

resen actions t can
of matige '%Rﬁﬁf“%ﬁ?d §?@We’?ﬁ‘%‘6’ﬁ‘ﬁ6’ﬁ@ﬁf’§ys'°§§9'cal nalwagtgre F?Psidﬁfeg process
systenfs@dh&itihg Hﬁﬁﬂ\ﬁddahfbn@yﬁdnwﬂﬁfsmﬂscmwl herain thd toerpahérasidf the pathway

includ dtare nosf l|m Sc]tcr)%(a |eIA%CI [5 A %‘\IA( llnﬁkﬁdtRplx é slh A, etc.),
¢ RS 4o iR e Bedion, K QBEREA )

€ syste
proteirs o webiaiingovieis, GRS, Seidss. |%C§5Qﬂhyﬁfé§§t"ﬁgﬁ g metaboltes

In gené?@l”@lle 'd%@ds@gn 886w Beameb by predin ¢diipdhdnits/ Butias ls@bir@eant to limit the
stens include, but are not linmted to,

S
S°°peB€th86‘?"$8”¥§7§¥v%s traffic systems, weather systens,
traffic systens, economc and financial systens,

[036] Wﬁé@@ﬁ)lO@ﬁ%lya?br%f)é‘ye%to‘?%rac@éri%hcs-ghiﬁdIOIGMbJH;fb@ents can lnclude but are
di scussi ons w |

not lmieg 5. SRV FNFHE SRAEE L MERRAISBEan 5FlE RELA R MEBe
transpbrheduaons psimtirg. eqLiltBa]eqhetiohs) difLsienal lfietionietg. @ pee itiensienal diffusion
systeng&%rd,eb%%wi E‘iﬁdn?gcgkbtglﬂ%n% h;on'\%s&ﬁé a®o &Méﬁﬁcmapmgig e8lidbe a

is neant at least two "Uni
recentge 461 TAEPTERSH oA P IEAGFEa SRS BPEPSIVEY exmﬁ'&#ﬁf
diffusidraBkinetiys3 | RV ectveltiand pog iettiadr Witiein @ celiedritissned, @ bnisiest eelt and tissues

(such Tﬁ@gal‘s W@%S%a‘%@!ﬁ??%&@a&@ﬁ%@%c éerrgtggllr EHQI fluid systems),
reguialCETSChBNISTE gHHes Bl aREric 9F epvalBRMASHcRtve ef erA¥mes qr tra”&membfa"e

proteinb U Skt théM fuRcid@ett hererertBd 8fuaBdnsiintslidy, iltig&k npriiamtes ®, unimolecular

systens is great, each one can be broke
1120973% g 10 n



down into a series of steps, called operations, each
operation appearing in many process systens. Each
wo paiswsduzal operati on has common techni ques anBCT/§52003/031214
based on the sanme scientific principles. By defining
these principles and incorporating theminto a common
chemlc%P eq(l).lﬁegza glomﬁlefqur%gﬁl n%aetnlzygﬁ antr?;%teb Q%{gl%hgﬁér}a&%%@rﬁén%encs
biomolesuian engymegeastienst Mishasligrfentom przymp kinptics wih pipsterie upipgrigtion. and

Michaeh§-Meh@n Hﬁ‘i}ﬁnemﬂ&tw:tﬁ @ﬁosteﬁ@ FBpre’kion, &k @rsRdutiaéyinieySiatples. From

nese e S et Phsibo i nf Bad B e o e Bl un
operatiamgdare Grretrmthenpatlgqb equations repsésentinatthe undadyint ssientifisednciples common to
a spech€ BSérghon kabrgﬁgﬁ B &k thah Bndhry&ise Eﬁ@k‘n? ai hteﬁft Bp‘!@éﬁ%n@#’eﬂect actions

consi der ed rocess éstens consi st

Peff”’%‘%&‘rﬁﬂ‘d%’i‘éﬂ‘iaée tiHEs. gy @8 SRRERCH) SoYpTgiong. RSt g%Wﬁ/SﬁSé’mt'gn c?f%f R and
transpcpatfhnmpuxes nmlfmm‘e;al dndtmagkesingaintelxtsrantt epkratons refledt ectonapgrivrmed
on objéc@\l?g |£1I|sg ngll\eng \AHBHVéan b ¥ena QcRNéhsp%H% coRbertel to other

|nc udi n rotelns
objectsdgigt ft@@gcha@g%of)casrt ffﬁ%ﬁxd’r r%)S In th ﬁ?rﬁ@(t ofatﬁglc the objects may be
peoplefmﬁlabtﬂblr tedicles uptn @adhah@hctiohd e trelifis sigss @1l tiedopsirdirgs of storage
enter r ents, but this is not neant
(park'ntg Otﬁ) an%%? Chgmglts?ogdsg?dgpﬂg invention in any way. [ 036]
These bi ocheni cal properties or characteristics of

[037] | ndané &H@He@&ﬁmﬁ\%ﬂ\t &e%?slcbld@dau@rﬁt opbrutlonardescrll@brotelns that is,
Suc

ey eRIEAYAORT A oL PR RR T DL A IAR S Fk el of il brEHAE. o7
“proteirdpereeini io meantiat lagkt o anejud adidsrinkeddeaedter bing penﬁw bangi 4pgped herein,
protemkr'\d'l.%teé E@tér@sﬂﬁo@pﬁﬁ%@ afld PENEdsO rTﬁla pé’étuﬁﬁl 'éﬁiuﬁ ﬂway%&rﬁér%mnaturally

occurri; B8 POATARREY %?%Edsc?iﬂﬁyﬁ‘hﬂﬁ pﬁpt'dP%‘E*ée;S'{’ ¢ SeRg ¢ plogs”.suer
as peptoiisifsearSimoraetch. PNAT BSA @DER)RI6TNERD2RnEHeyemiino aoisisInahylséher be
naturalk‘%‘i:&ﬁnngoc{r ngﬁ(hét@%@ AcUurFM% ﬂéjdemj Hﬂ)“ PiRabsl 'aE‘ Etrﬁ&éaully described below.

T ve transport el n a ce or tissue
For exajpple etha e#ndidale bioaghyg (9.9 <lyg agent sqeaning ds Eherine S cete agents may

be synméw&pﬁuetsedhd\smmcﬁalme iy bE bl e@tham;e (R) ymipéa et) cenfigaration. In a
preferr? rg rdﬁnen% QIJ]ena%mg «J:JclIUs%re |Xﬂeq5%r L- coﬁ@q@#ﬁtlgﬁ ory mechani sms

as dl'losteric or co cation of
enzymes or transnenbrane proteins to affect their

ross] f Mrécdréf@rPéd enﬂio@nmeFff &E@ﬁisﬁﬂbgftﬁuﬁm lopétations Gédd:dlﬁh enhy)r’hesab@ the unit

t nol e 11
opera e et s UL gupO i Rl oLy Piagpes, As i ve
appreciztevirbylteselirethe atydidre &re imavidestargtret enayinest teal aéum\rOIVie@m rgetabolic

pathwayb, qudg%y%laéé%%ukﬂ £§eﬂrét€§ses c@ib@mlréﬁwllﬁése@ngo)ﬁ@ﬂases such as
reaCtlonS M chael i s- I\/En i netics

rocem i GO TS B LR SeE: o A s ol (B ShoRbRIZg e
Preferrkd aedymes inolutithadel tivs tamy ait gropy easieon suchs:s acy goup iranséads,
mcludn’s{%bn%g n@?ﬁﬁé})ﬁﬁsef (s&HrE, %Q@ﬁ@ &ét&%@ﬁ%&@bro%géﬁhﬁ{osgroup and

SIO uni t. oper tions are generate
glutamﬂhsagﬁfaﬁd@q'@mg &Hﬁ’?'"asébé(rgg‘fal"&h@"é?@ Ipares AR AR STRsgS: eto-
phospHRE glolP énsfery) Ireiding phitgplidteesi Heyphydidsterases adrabés, and
phosprﬁlrt}/lla%%% %Lcﬁg%ﬁ@mEyrép%osp%o@ﬁﬁa%gffehshmagﬁﬁ a'rb%Q}llgtg r‘ngc@h{)s%horyl
transferSeeﬂceelvcoazltgirqynéranﬁrﬁm feozm thath dp PRy MatE OX@ﬁqutqnééedugtt?erﬁuch as

dehydr@@en‘é%”h@%ox%éﬁys%é SoxiBses, rﬂdﬁﬂilﬁeb QB&Q%@J Etcl @fizymes that catalyze
usi on

n
siminaly. R RIZeIGHS 2o PRRRE eI e S e ek Lo PRk g
aconitgsefirmanssl enaaseodsptenass, caebog-nitrogert lgases lete.; and epaymey Shat make or
break é@tﬁoﬁfbaﬁ)@ﬁ‘ bEIRls S XCERGHIRH redcliche S BRER Gnit Sfer&tiBRYAE kRShnlfer a wide
her objects (e.g., the exchange of cash for food at

112097érls,tore) In the context oflltraffic, the objects may

be people and/or their vehicles upon which the

actions of traffic signals and the constraints of

st or age



(parking lots), and flow channel s (roads) operate.
[037] In a preferred enbodi nent, the physi ol ogi cal

W@ 200t/089eF at i ons descri be proteins; that is, PEEYS2003/031214
represent sone or all of the bi ochem cal act i ons t hat

can be done on or with proteins. prote| n" herein
variety o?th?s%gerhtzg%sdpaer?& arlgéig)teﬁggsrkgchags' s%firg%'g A |n Efll?:zﬁ{j by a

meta”C[PfQﬁaéPf’n sincluslingglyy éBtt"Mé%toatﬂ@s'BéﬁY efevesinad OB@HPP@W““C”'V
relevard s8R phIidasEHEIRN ia§ B A Wietdtthey prof@ses df lﬁéghralmibﬂgmca:esd%e cysteine

e33R R YRG5, G SULAFE) o o
metall@rateimases inglliding IPMRS tusporadVBOYp.: FQSGV'anMME)b MMﬁw% 'Vd\f‘ﬁ hand

MMP- @g?}dj?’]%g%%}ésa %}J&m@srcabﬁase—@%u@%hé Mth@rc‘débﬂarséé"@ e apoptotlc pathway and
ooy oo PRIy B BU Be ST B B TE SR Pt Sres

databasarTHedmyendsingeydieimatralle oggurridg oyariarg s otheenrymgs. i fpr example,
06 sthil€akADdicdRlist 85pEes My be synthetic peptides.
many#%e S1 dte %hal ns0 m:{y %g&l n either the (R or the (9)
configuration. In a preferred enbodi nent, the am no
[039] amiadBeféta dnibotiir@n( G paiteils-aobihdigpreteinsrand ﬂr&aﬁ}lsnblogual unit

operatlens qe%{erragfj d. 'E%r(\yequﬁ tq'% e%bé@i%hsoiu%galjﬁ%ﬂh c&f{%fahts For example,

enzymnes; op erati ons
preferrgaiodiRrolainp Cigplak frids vARGHEST ;5&96%'@@ aft@gawsrf%ﬁ PR3 4 ands and cell
suﬁac&@ﬂ@t&@(s@ﬁme\éﬁ \I/rhcre:!}é k!l@@énzyvﬁés \8udhl aslkhaseap ps@tablatighdinclude, but

are nottlhotgt? Qr %\I c?r |,ﬁor]c i0 &I port? {%r ??a%dwhgﬁ% %0315 'a%'éh’ sﬂar@%ﬁé@?@%alected

from thieyoeup |cay@gnmfcrhsuusrepﬁpmr oy, inglin. m@ma%@ quP@s@rs(@sludmg

both IGFSP{SFW 1@FES, g%%ﬁl‘i"h&ﬁloné QQWWOSQFHnBWr@&QﬁamCUIarIy GLUT 4 receptor),
oner Ses

transfeHWdﬁq?Q{Oéérggsfemﬂ, gqn%n?'\ rdg\ﬁl}{gﬁgr ref;eﬁ)g rf%%F) Iﬁ\g?gnstltﬁ oproteln
recept@arlgrydansntyIlgomotplntreca;mf taptin reseptds, @gomyecegtoo(ygtrogen) interleukin

recept$r5 ﬂ@lﬁélﬁé f1, IL'thql S0 @gL ende- iLanfl £MOPARG{, dasL - {35ﬂ_r15"8nd IL-17

t el ne, and acj d protea
feceptgﬂs lﬁ‘t’&‘ﬁ‘ﬂl BrOpHRETRIECoPIog |VE&Fﬁ§°eaﬁ°U5/§F3FH’3§€n fesﬁ% kj“%a@ﬁ%
transfokrhiad) o @bt facdarseeptoafinciiding AGSfeend IE6F;8), RO receptdrdERMOTHO receptor

(TPO), g:h grgp’nﬁ Oré@cgﬁ'\[c%&or rjedgﬁtlkf" ﬁ}oﬁgtmq}ag’ez)gﬁ Oatng rece tors. In particular,

erases ases

hormow@a@c@tarejwfeaﬁ@ ymepsdRges both Sief @ﬁf@?%es ainﬁewolﬁbnaﬁ%fus
hormofea! |hé}efd(rhgabt§i noﬂ}{rﬁul@@hﬁé;ﬂﬁ@hb{de thiyoRinG, foRytScin, @isalin; thgloidestisiyiating

hormorg«?r1 gé',$ tg};}lh gcth%racﬁnc %ﬁo%ré%m cahlgt%émd%mgln %Mﬂagt‘n% hg?f'rlloq@tdllﬂzggon

leuteinizipa boRpgeiadtosin, mlam§tnmmmgmw@ge@ren*r@arur@pa@é@hwd

hormoﬁé ﬁTyl’OI(ﬁﬂIZ{'tMréﬁl% I‘ich‘rﬂt)né:(ﬂtéﬂj VZs@pre@J:d %Kb@ﬁéliﬁ@%eratomn estradiol,
oneri zatl on

progesF Yy REIOT BT rP B B AP SRNB e diigd above. Receptor
ligandd inciededigands ¢habbing o, reeeporsoavals as ced avrfase rateptprsgerich ineledediormones,
lipids, Ert)tg'gs g%QprSt%X f?g%alttﬁﬁiduwk Arédith faPloRaktGkiHe D ARd BRERON

on .e. carbanion reactions. Specific unit

oper at i ons are known for a wide 1120973-1 11 WO
[040] 20C4r&at&lanHameblShe 8y siBihRainit vperat@ny inedlve depsbydrates. By
carbo@{/&@(ﬁgrelrﬂ@ﬁ%érﬁ yl ?Tlhl)(yugm/v% ﬁw@%?&ré%mu@%xﬁ% 5W€Monosacchandes

ases, i ncl

disacchiifles grd Pliger qrea'v%aschaﬂﬁfgﬁp%? #! m%th{;ﬁmt? iy Bei dt"rf'”"éPHc?”Bf“l‘{’éﬁ‘“se

o|ymér§1&rvaﬁtﬁidtsugaaHo}écuiéﬁlneucam glmmum 0 @nKaped. ramiRalasyerbfeasd t PA
carbohggrgtte's:e Qrﬁa ett%sg% { e;()té'ggaﬁ‘%l ofttneecairtggh%m@ X%E&neﬁtat?f%@gt%ylated
protelnpn@qlqm%'g)ng@pnﬁ@pg plmogersLof gzgactqqe rgananqing;oga g@[ﬁaosamme
(panlc%ﬁﬁé&tylglﬁ%aﬁ%@ l&béﬁnﬂr@s 616cdsB ehd!slaiRGciMPd In pdHiclagihe

, particularly MW-1, MW-2, MW-7 and MWP-9;
112097371d caspases, such as caspdde-3, -5, -8 and ot her
caspases of the apoptotic pathway, and



i nterl euki n-converting enzyne (I CE). Suitable enzynes

are listed in the Swiss-Prot enzyne database. The
wepeynew1dmy be naturally occurring or vari antP¢DUSEOD631214

the enzynes. For exanple, many di sease states are due

to variant enzynes. [039] In a preferred enbodi nent,

glycosb?l}lon %&ﬁé eﬂﬁha’ﬁl i?owtglbﬂi%nggo %Hﬁgﬁ'n ?éc@ﬁtors%ﬂﬁ‘l éShC%” surface receptors. Other

Jreal I ons genera nprise
carbohlyiraigs p@n@qa monm¢raarémparmemﬁ glprse s |'%C§Pse GHiBRORAfeictose, and
other bidigicaasgpifieant ctbéfyarate’d bi ndi ng proteins crucial in a

é% variety of signaling pathways are pairs of
Ilgands and cell surface receptors (sone of which are
[041] alnsxpreferradrambodimgot the Phisiatrgiselnit omyiptioas inkolye ipidsd s-ipid” as used
herein indftbsidsts, M oils AfaRked) Bhosphdlibiie %IyE&lpld§| térpé}fesafaftydévi‘dsl Qﬂ@ilycendes,

O AN NI R TN ot
and stérois,Lsomn of wuepdre rls¢ herswhésngych |aﬂ9mbtagiamdlﬂ$e0©¢tmhﬂ WQ@FEFO' For

exampL e&ﬁmb gﬁop(ds@CJnH Géln&athbﬂu% id &% grﬂf;c@ﬁlqﬂt&@: BNan the%@% Iaf lipids within

none receptor, glucose trans artic
cell megihepnen Wb QAT S HBHIOD P e BLb G YBs S erusveT gt et
during @galEl@ cemite tgeanih i mosclymmetriea épg.dive I(pE@I‘—'f)lp toveand e ibriuyn between
mebm;gggprotein receptor, high density |ipoprotein
P Ceptor, leptin receptor, estrogen receptor
(estrogen); interleukin receptors including IL-1,
[042] | A preferfell pRysiddgicdl, unit bpératioh ldetribdslenZymdsl arl, cotrlpridhs al Nlighaklis
Ment %ﬁf IL-13, ILA 5, and IL-17 receptors, human
enoﬁ? " hor none receptor, VEGF receptor (VEGF), PDGF
receptor (PDGF), transformng growth factor receptor
(including TGF-a and TGF-, 6 EPO [RCe t r (EPO, TPO
recept or (TPCﬁ(Sﬂgsrmgﬁn.ne receptor, ™)
prol actin receftor, and T- ceIGQJeSam$MM$ﬂ)In
particular, hornone |ligands are preferred. Hornones
i ncl ude both steroid hornones and protei nhaceous
[043] hUHigmmn@Berations brecienerallyouganized into andatabdse. 0As vl beragpiediates), by those
in the %ﬂ“}’hre%’%ré‘? Wc{f% 4o db '{}ﬁé“ Iﬁ Bne érﬁ%ﬁﬁ)ﬂ Qt’ %'pﬂw %dld%gumt operations

n, chorionic gona ot ropl
are in the farm of yystems of ¢iggrential @ugttonﬁﬂlt%&tl"wgdq'ﬂﬂ%%are §lolrd g Sreh-
Howe\)eelfﬂrelv&hely meéaemgrmﬁs ndtipfePdrie@IntBgration is time consuming as well as

compu%gp%ﬁlqmn fnse 3% otlorar}:)thngset%q %%@gﬂ ? <f” Q@cﬁjngitgg H%enc'g an
integrafidraielpl, anddheoiepdtingisystera m@ggh gan ysyally oaly ge g@iyqq nugerigalyi Bgcause of

the vaé?l?‘a%t%ﬁtqmmé ﬁ%l\%‘étuﬁﬁm ph%ﬂﬂ&dys-ﬁ)@ €candérdus tumors develop over
ucocorti col I Ste

the co %fﬂf’i‘ff wl'vl? @gﬁaglc cHr&we[m)gs maé 8?‘?8 in tSﬁ%&ngsD—-—wan){ of these models will
be stiffrdiffeesptiad equatiorsh Tas efficiemt sglutiohata syseao'equtsoff differ@tiaté¢guations requires a

predlctbtn&Jnlé &r ﬁggrggp&‘e%rgne& fopétﬁ‘%tﬁe%rnﬁ& 8 ABonsY |TME BRroBicB Sade for

ucers actors 9
severafBAY! mtﬁmms (¢4~ &Eﬁge?f@rﬁ%%sé Hﬁ\@aﬁeﬁ%ﬁ\omw'ﬂéfewewe in the
literatupe yisie Rosghb ik methiolls (RODAS) appesr tb he pértiulatig el sujteld &t tes solution of

chemxc@react%ﬁggghg%raﬂh & '%[2‘8%' ﬂls sgﬁ@Qrte arﬁe %Q@ QQWBMJ@} I\M?)%nna

nosacchar
packagh, hielLsRmes b several pr@rqa@t@locmm'% PERURCHETPl® sA differential equation
approdcﬁ‘ Howeas géhérbtleﬂ Ia?d‘é&udﬂ)éﬂs of édjtﬁt’hb&l’iﬂrmf iad@vindxabrg makisls to fit a

SpeCIflf F%t g%le Sllr'{g’lbggéj in m%ﬁo nrqeb%ywe%ﬁ {Aodab daﬁ% 9|ﬂ eg:ﬁlsécmoﬁ c‘,uantltatlve

erre
absoluterﬂxsr@setlcrmata:tbamlﬁ psreenﬂv avatbablepame 'OMIGH @a@g?%hwefta’f e data

currenfl@ﬂmngmc§fdaﬂbyéé9$s)ﬁf e /ferepfid bRrdSion ltyi}S |(|léd |G’égeCh|pTM proteomics
data, Iggf’gge?{g:%lﬁ{rﬁggolo% gjlg{a? (\’(vgncgﬂ]e?ns’@ i%vu} ra’rwﬁ rgsllke cgnc;ghc’t?atlons and

| ucosam ne, glucose and sialic acid, and in

11209%8dr tj cul ar the 1120973-1 13 WO 2004/ 031913
PCT/ US2003/ 031214 gl ycosyl ati on conponent that allows
binding to certain receptors such as cell surface
receptors. O her



car bohydrates conpri se nononers and pol yners of
gl ucose, ribose, |actose, raffinose, fructose, and
wo@rden3idl ogi cal |y significant carbohydrates.P¢DU33003/081214

a preferred enbodi nent, the physi ol ogi cal unit
operations involve lipids. "Lipid' as used herein

rate coh%}gAty%?eskngﬁkﬁ anfa%%lyte QéAsé waxes, phosphol i pi d_s’
glycol 1 pi terpenes, fatty aC|ds and gl yceri des,
particularly the triglycerides. Also i ncluded within

[044] t n&;sdlafaipréfér'ree RmBbditnk)j the preysmot_;iba ueit opEsaiin0d afs frasdfarmed thsanother

mathemgncalsoto%ra ngiengrgl an‘}fn{\éﬂ? trg %Fnecﬁﬁ*eﬁfﬁtq Ia%ff@%ﬁé eq@éfigpinﬁsa domain

SO'Vea'éR afmpaleebr@la PW%'O%@E! taﬁstisgd aftwil &p PPRIRAteH DY tARsedn the ag, there are

a wide $br§hnj cff'sﬁlﬁaﬁte t@h§f@rﬁ'@talv§ilablb Nndiddhgpsit astilinitedXb, Ldpicél §ansforms,
e as

Buschra?réttr%sfgmﬁ gﬂurlgf trrrz}%ﬁ r?(renrm ('3f \Aﬂlchhtpere a eaa earlst t#ﬂ:ﬁﬁé dl%crf]ate time (DTFT),
continuohaitime {GTETY fastilrF T gtehdrautidnptieltss Tr@"le@“ Hedmrpiagn. b Fgﬁ”SfOFm

Hadan%ymﬁsrfdrrfhﬁ‘rﬁrﬁ(@tﬂansfohﬁ I-lldnﬂa‘yd%nsifohh FHouftQW@ﬁsﬁ@rm Kor%torowchdLebedev
bet wee referre
Transi gy MeUPIGRER Lo M e BT SBE G b, RRSIoRR

MatheraatitprRasiers Tendfbrat) Stdlfest Trivisfro nWeﬁaaﬂfwrmnWadelet Transform, Z-
TranstérmuBgtrate[t]) _ k Enzyne[t] Substrate[t] (1 ) dt (Km
ranséf gtgst rate[t]) [043] The unit operations are
generally organized into a database. As will be
[045] aﬁ@x/@ei ahedtrdngfotrhing differemial dygat@mn$ intd digebeicaaperationsapriedinytation is
that th etr‘éﬁéf? Bnts?e g%et mercz‘ace b&né?ﬂ?e%ﬁpsotqémméanfed equatlofns Thus, many

grc unirt operatio are I n formo
physnolgglgqlewton?fat'ensr%ﬁmﬁq%sw aspndipeas Adferential pruationseand st e
lineariZ2B dLiAéRiz&loR c@tbedons U wide bﬁ?}éﬁl\tﬁ&/aysf 8¢ wilby apredigtedy those in the
art. In %%ﬁeﬁ Fr!ﬁ%ﬁamtbhgmﬁetsrpgrggulle St me& tbglgw ﬁ,%[,é}t g%ghgtlc{n m:éy be made
about thel diapnilode oftdarainicaeffisientditd fﬂ'%! peand IhQI“O@WQt“V ofkerpatively.egransions

may bé %e%ﬁa@re@ults@rﬂa sdnﬁlbﬁﬁéa?tpbﬂenst %@éwed@%éé‘iﬁuﬁaﬁﬁﬂﬂsbrﬂ@ of the higher-
%éhstfem nmod Ie s can usual QT?Y' é’h X sﬁol ved nunerically.

order t gs&egp'e: ?F@’%é%'FFﬁx ??%’F’ P 49"%e scal es i nvol ved
i n human physi ol ogy-i.e., cancerous tunors devel op

[046] oMearprefE#lé:t‘i é?ﬁbldalﬁl%ntof ned®Alich is Wehﬁmﬂ%&rﬁftﬁ% blSlO&@d’“é?Juﬁipm or by

may occur I n seconds- manP/ rm? R
using diffefrqnee guRtieiisdheiing] the e Pl o sariapp 4R3I {&g- éfﬁ?feéfaﬁ ltﬂ" opgyations are
converfild t@reﬁbéSérﬁ aevadtiosd frdnd a conftrbker Bretusa bf ditpnerice equeatioesthss tesadsantage
or mepfi Hofe ec e BEERCOMES Bt COBINASo8ipdSh kpinges 1
expresslem/@@raFhaéQf(ﬁFOBth'ff integrators (e.g., GEAR and RCDAS)

have been thoroughly reviewed in the literature. The
Rosenbr ock net hods (RODAS) appear to be particularly
[047] wetd equation dat MichatllseMentinkineties aaf be o$eairtd Hadtrategheskeialiernative

approa@ﬁéﬁatﬁ & erﬁ@ﬁeq%t%ﬁ?&ﬂ‘tﬁ@ls SySt ems and are integrated

I'n the Berke aé Madonna pa ich s with
several pre-c Slﬁisf?&@ 21_ u es. A (1)
di fferenti al ation approd&,+8 eft,]) gener at es

| ar ge nunbers of adj ust abl e paraneters, [m
[048] Lfﬁged;é the ferg gfithe sglutlcgb%momnclt ﬁg?tapog%ttle toﬂlrﬁgﬁyﬁe}a}(e the Lap ce transform
of this Equation) geiit Bimomigedre rueagh, ntﬂzdmissmlutd lineareg ther exyubiioghag bne of its two

| ye | L QR dit

ool SESES0 BT ) AOBR R R Q0,8 o
Laplacgtsansfesn ($he data cur rent ly in the "OM CS" dat abases

is of the dlffererﬁlal pr]jssHoEniwth(i. -

GeneChi pTM pr ot eqp Str and SIR @)

nmet abol om ¢ data), V\,hl ch nmeans that ™f ew paraneters,

li ke concentrati ons and
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constants, are known in an absol ute sense. [044] Thus,
wo pooa/oproes erred enbodi nent, the physi ol ogi cal Bei/US2003/031214

operations are transforned to another rmathenati cal
domai n. Cenerally, any |linear transformconverting a
differential equation into sol veable with
al gebrai ¢ operati apstfR a[al( Tr@@n ¢is| | be 3)
appreciated by those in the there are a w de
variety of suitable transforns avail able, including,

[049] bmﬁe mnenbé tHeh ehdir®,abbia plhatae db wasrsthe suistratBoserehmteation is not in great

abund@ncF q—‘?eire [hg%bnﬁggtuorfl dlfftere%?es éc{%%% { %_H.)W I?\I;\)e EQ‘ £G (fev@tion of the

i'scre con I nuou
substrate mﬁ[t()@?mzé'r)zymfe QAHIH)(CPREENtrationsover tirfpinem that dgicentrd etgte (c):
Transform G Tran damar d 4
Transform Hankel ﬁﬁﬁl ft)ls;t%-{é[aaﬁ@%&t nsform Hough )

Tr ansf orm Kont or QA{E[t]\: Eabwanlv] - E’mz@/nm{cr:]r m Mehl er - Fock (5)
er Transform Narain G Transform
then Wagétr“é‘? ﬁ?‘?ﬂnﬁ%ﬂ"e reﬂ%é #¥%ati cs, Radon Transf or m Stieltjest

dT,
ff?ﬂiim ot gy CTOTP i U COPRRADT g ©
f I b
S I 'a?w%ﬂ@?sﬁ%é'gw B55% he Lapi ace

h{@ n% y;gj_z(%}lhgj-,?c]g?_’_’z_g‘_'_‘ti_iﬁ?i%tﬂf%Jof k(AE[e]a* Emﬂ]e@q)(mS[tc} mSubstrate[c])

UnT T rat

thpr essed UBSITRIGY di £  er en QA%EE %b%grateg:%

If we aB3ie tR& AbjtNRARied 6fly siightieférh ?}Q‘I, b @Ubé@r@fé[d])eth&i)fhe fitsftwd terms cancel
wi de variety of ways, as will be appreciated by those

to a firstmpprivemationt If weriurthepasefiree thet:lthemm ereertdeviatinndA$[t] IAE]]) can be

neglecféldt thérpﬁﬂgQ%eQWearﬁ&y dé@/i’éﬂa?&}ugﬂ‘ onQﬁ)sa‘rHng Lase %b{sf&}% BRARich

e magni t certain coefficients

to
alows gp gOrre'@@raoch@w@ MEHFYTP tfE e ?9“%@? tnetbrifEla eyt adky apRpRRtn-
may bed 32 gﬁ])t hatk Exzgief i n um kSubisiratela] péﬁbh ons, ®)

fol | ovg e
or der terrrB %ﬂ%ﬁ@ﬁg%[afTay ggﬁl})éetrsé?ey]gan& on
may be done. [046] In a prgi{bgﬁgtg[g enbodi nent,

linearization is done usting—comron bi ol ogi cal ,
assunptions or Ryl e _equafdlons in )
either the tinme %[f]t Q(L,&pﬂlasteate[o i (e[g; where the
unit operations are r]@‘;zg,lg‘ ?o %ﬁilesent devi ati ons
froma control). The use erénce equations has

[050] t Mairgdveainteagd aplae tnamsfornn of evpation Giyiedistobiy steadystateend dynamic

solutlonquatqgate%ﬂér% WM Céhz%rﬁe Feyéf (el Jmlﬁéﬁoﬁ&fg&g o@?_romr%%lon

I essi a contro
data) te éﬁ?@ﬂ?sdﬁ thestbstriereyel (PS delermingA frempattpamic @é?ﬁtﬁ@'%%éﬁt% The
numerétbd il S§Ua86re9 SUyRss MbilupFagalkiiontof thalepsyaricdercentration will translate into a

down-% f%ﬁbes :E\tlf %;ler]cgn r ?ét%v% Ihgtt |‘(}he?‘j)ﬁlrol ?tate?«itf %ﬁ%%?%éhly constant (G)

off  Substrate[t]) [048] Unless the formof the solution is

known, it is not possible $sbsthte tIy take the Lapl ace
transform of this equa¥is ‘rﬁ_@f i s nonlinear. (10)
Al t hough, it is possible tohﬂmég i ze the equation at

one of its two extrenes. In the case where
[051] Swihen thesejstritespnckntratioreis da refatiee tb itheecearyrel dohegndratidnayery little

chang@AHBL 5 i thk sBdtflate kBncentration for large changes in enzyme concentration. An
example of this situation might be protein kinase activity. However, when the substrate concentration

is high relative to the enzyme concentration, small changes in the enzyme concentration will produce
disproportionately larger changes in the substrate concentration. Small molecule metabolism (e.g.,
1120973-1 15



Lapl ace transform (3): dt (Substrate[t]) _ - k Enz
e[t] (2) Km 1120973-1 14 WD 2004/031913

WEDANSR0D3/ 031214 Substrate[s] = - HK EnzynepPGi/u§Bp3/031214
[049] The chall enge then remai ns about what to do when
the substrate concentration is not in great

cholesénaltl E?ga&%ﬁ?n %j%[;&ﬁryé%b‘c\sl%ﬂ? it &anﬁc@ﬁw HafnbRr ?U%rrﬁ% %é on

Ine at devi ati on of

denong@@gpfregp@tloo %queftsérpﬁg th@ﬁg%ﬁf@tempjplpﬂac w,ﬂopcoﬁnltrstﬂg as a simple

expondh¥i&ldetdy@ith faltii{8 doRsihnt ¢ of2 Contr0| st ate (C) AS[t] =
Substrate[t] - Substrat 4% ﬁ = Enzyne[t] -

Enzyne[c] (5) then we_ at ive (11)
rel ati onship: d (Substrat e:[Erizm[d]i (AS[tD + d
and thé Sigiks tHeadUBdt@le) cobéehtratibh irfthe ddntral-isbﬁlblet tHé sloweraf szﬂMﬁtdoﬁ) NSnew

5 d 6 i M
vtalue. ﬁ'hizﬁgt ;Bacgye_r OfléEﬁtfg%%T ewke){/eisr is {IP{,IO\%g E%{é? r]e%tl)y\k ﬁ\ld%rentlal
displayEaterrie|far]thg mqttc])mmgm@g‘n php@/[l@,? )da(aﬁbec@{se Qty,g ipates the need for

absolué%@irﬁﬁ t%h%ﬂhé et prggr{ ]and"mé%ferc@ﬁ%%t)oné fBAR GRS ¥ BEh be

% devi at es onl rom Km +

determm%v F‘é[t’% t&q 5"fferﬁfﬁ@hd'iﬂl?é dﬁﬁar ?t w%‘ 'pAPAR e@&fﬁ‘aaeﬁ“fe"teatsaf the rate

(k) and Mitisdeli(B@y) 0risiantsi, e actlidl s\mstréta lahdh enzyae somenttdtiats ¢ande still be
second order devi ation

St

determfieg) Py SMutEnepReseIiRn ﬁjé*ﬂ“ e {dnear: Bhreqesatipagteosoue
informatighl &tacquiretl & )is @ussible teretuapdirctly té a anoss stanualdjfferential @quation based
model &l 1OWs us to relate a change in enzyne |evel to a

‘change in substrate level to a first approximtion. d

(OCS[tD + kEnzyne[c] AS[t]+ kSubstrate[c] AE[t] =0 (8)
[052] dAdc(utléﬁalJexaiiu;bést sfptebdrel physitiogital Dl sperattoas aje)shown in the Examples,

str

mcludlr§J léttnoa{m{eg} un %l%k%ar ZC)EQW@ J(?&Lﬁllbaégﬁ %'llo{cgl)are 'Ef ﬁr\1/z rrnge
mediatechpquilita, quﬁs*fsdﬂfmt%fk"@q@ablpf@ﬂe@'é\yP@#YG'Q r WS Michaelis-Menton

enzym@klﬁéﬂi}l with aifoSteRd GoreyURABA, Gnd MRhaHIib-MRAtoh BAtyme&inatics with allosteric
changes in the enzyme |evel (as determ ned from gene

repres¥in protei n expression data) to changes in the
substrate level (as determ ned from proteom c or

[053] "Bh&NRS Qithifasé Bt ;ﬁ‘aferaB_P QIQeQHgBﬁy@fo%lcblrﬂm@@b@étloﬁ@ar@ stored, a first

ests that upregul ation me.concentratl
PG RGP AREeY I % o AR RPRENCA B PpEEns. 1 oenete
algorithoo apesHches, severabadsitiohdl Aypotifetitcahmodatarhadlsshefomnufatedusing random

or sem?%ggc% EdribieYor SRRRIBRE uhibper@fons. Each oHRSde ASdRlsGd then tested
for fitness against exisiting "omics" data and any other model constraints. The best models are those
that satisfy all the constraints on the system and provide the best fit of the "omics" data. The
adjustable model parameters (see definition below) are gleaned from the available "omics" data,
literature on similar unit operations in similar systems, or intuition. The best values for the adjustable
model parameters of the model may be determined by least squares or least median squares curve
fits where the available "omics" data is overspecified. Alternatively, where the available data is just
sufficient or insufficient, some of the adjustable model parameters must be estimated using

researcher judgement.

[054] The starting set of physiological unit operations to be considered can thus be chosen in a
variety of ways. As outlined above, the entire possible set can be used, or a subset. The subset(s)
can chosen in a wide variety of ways. In some embodiments, it may be known that a particular
signaling pathway does not contain certain steps; for example, an entirely intracellular pathway may
not contain a cellular membrane transport step. Thus, the starting set of physiological unit operations
1120973-1 16



Enzynme[c] [051] When the substrate concentration is

low relative to the enzyne concentration, very little
webangesions | | be seen in the substrate concentrptT/O82008031214

| arge changes in enzyne concentration. An exanple of

this situation mght be protein kinase activity.

may remoI &sze‘ ep%m:uphphysml% Qa§ LE F‘és)%ra‘%{?&%m th@%é?&lopl §wﬂ|5§h some or part

of pathwag men by wpwgow@éhHsrtm pnyppolmlq:ql urptrqp@@g@’\s for these parameters are
specifi€Hiiy REIORY. tAlt@rrﬁaﬁ\@lyyn rlnév &ﬁdesf&‘db&ﬂ@ &ﬁ\dbrﬁlyfshlect&lsbsielt attpRysiological

rati S cul.e nmetabolism(e.qg.
unit opg RS i RSB ST B PP, USP 005, 051514
chol esterol degradati on or sugar netabolisnm m ght

[055] PTRVdedsH u’f\ﬂ oﬁéﬁﬁmﬁg Ricorbothie R EtEm Mdas! aldbefRaiEsRatd of ;Qfss:ble
equation 9 agests hat the substrate

model p?rgmﬁt@w @éﬂn e lpartafngﬁzrsdgergm és.‘ "Prfﬂn e 8?(tp9(f) H%ﬁbeﬁrep %,églgﬁonstants,
affinitywbrshangs, transport crefficants, ghage afchenfiédl ‘equilibBurb Somstandd, efc) thatlare

mvolvelﬁ #?é%rﬁ%%ﬁhs@%?m%@e@ Pr’e@f% ly. d él%s&%’%ﬁé‘iﬁraﬁ'@{é‘?@é}g Eiéﬂnb@ﬂr

roach
deducq}pefwm grapitifal "omjs” qaé%q;oll%q/gé}n ttaﬁ sylsﬁrns V\ért%? gﬁﬁ:ﬁ i m@eﬁhe model
paraméters infldt bd dstibte®Wm Winilbrbiotbériical isyssanid or thve redearchers intuition.
differential di spl ay data-by far the nost connDn form
of "OM CS" dat a-because it elimnates the need f
[056] abyostarties shtpbrtwsiplagicabrniiiperetiens gamee ccrsmeeut%forraﬁarst hypothetical

matherlﬁﬁttcalbﬁ’cldet(ﬁ tKéCH?QtGi?qt lAatNillQﬁ?apprB@&bd 6y 1865 i6 &R htethis can be done in a
cur

wide vygiy of a/?\//se leuﬁ B%Egﬁ%ré%t ir L %SOS rcf%r];l ut?honal&l |{1ﬁud?rpd {E‘thsﬁjc?b?and may
dependprdthd/bigbritehiused. Kn) constants, the actual substrate and
enzyme concentrations can be still be det erm ned by
si mul t aneous qut| equati o and. 11. Hence
19571 ol S ABH (ORBOP R en SRTAls HzeR BT THighse A i such as
genetipaigsithnlseare oiseds therpsewdiogeres bre combiaediptogseud@attamosomes, which form

the flrsgyggtﬁFt%QH'l?herﬁél?Qtrﬁoggl Q\Q%%e aﬂﬂggéted LwQI'i_’(,Z;rt %ﬁjé erb Q'Uv?de variety of

erred SIO | unj t oeratlons
ways taﬁréatg Hsfirst P?Puﬁﬁ%"@Péﬁ‘B?%én ong ‘“ﬁ%r%ltﬁn% all B‘E?F'bl’?éPmPi”ﬂ‘I‘*P%B"e
made; that isl5Veryph psdidgioal mh@m:reain i€t évityipasitidn apdt eety ader to form the
startm%ﬁoelt“ ?feF 8‘3%8{%% r”(?sl 'Tﬁ%% w%%WeLdl] fn% 'search of all possible models,

cs, bionolecul ar enzyne
howevereig @enesaly notvarefarsed he§atrve 9t fbﬁcor@ﬁlﬁtdﬁ%al e éyvelvad inpenducting such an

exhauéiil/é Qe%kﬁr |Ir§sdﬁf33r éﬁ%ﬁﬁfeht@ Nsomapdsitdns et | lrfe di(&moerﬁorﬁﬁd)mre fixedl
I epr SSi on

e I D e
membrapeeirans pahwaramaters tSomiady, Irathé ¢ass of patfywayt” tpremthmmtmmm pasitions

within @€ gfﬁg\tﬁ%@ﬁ?}& l(r‘lgwﬁ‘lol Ieé?irto ﬁlglﬁﬁﬁbrdéf pdsglﬁlllﬁé'g)(@b Cﬂoﬁ@hé}sﬁl' uni t

pseudGRMOR AR, o) S R RSP FUIEICE PRE- K] S8 AR PR s B
modeldi&e Dgpdnapdamthedirst setaiof psandboimpmostinies aitamaive§, the first

pseud&ﬁ%ﬂo%r@&'a@@b?nléwt errﬁb%W' ons. Each of these nmodel s is

en tested itness agai nst exisiting "bmcs"
data and any ot her nodel constraints. The best nodels
[058] aOfcelthefet hybdmnicsatddaﬁg/galerlateﬁmwecw notd aiifietasin@tigérae (Al)

algorit%s‘zlg S;SBnS‘J‘Q R rggéeﬁj st\pif?bg gp%‘ecfa'tetd b? hotsgﬁ"u thpgﬁ (fﬁ‘ere Qr@tazavnde variety
of suitable algorithms that can be utilized in the present invention, including both deterministic and
non-deterministic methods. In general, deterministic methods are preferred in most instances, as
some convergence on a single solution is desired. However, as will be appreciated by those in the
art, many of the techniques outlined below are non-deterministic. In these cases, a fitness function or

selection pressure may be used to drive a solution towards convergence. In addition, as further
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adj ust abl e nodel paraneters (see definition below) are

gl eaned fromthe available "om cs" data, literature
woRoogiogidhar unit operations in simlar systenmspCDUS2003/031214

intuition. The best values for the adjustable nodel

paraneters of the nodel may be determ ned by | east

. |
outllneggglllgyrv,gng%; b,ebor%hgigatsbje én@ca%gyﬁrcﬁé}g‘é lMeraneag juh&tioWRRE Fe-Lilfhe

'S overs
calculgiprse PRERr iMAES tjmesmeae@erﬁtﬁé sgtefippespiesolytiens- Simijafjythere are methods
that allgw tHel igdn@itiatidd of 1088 WifinG ] virikdh, alsd oy befuséfticrathd) tharh akingle global

¢ paraneters nust be estimted using researcher
op 'm”msﬁgé%nt [054] The starting set of physiol ogical
unit operations to be considered can thus be chosen in

[059] &In avﬁéfb@é&’enﬂfod%ws theA@ ls%Udehétl&Qﬂ eﬂﬁ!ﬁb{r%ry a1G&itemt Infgéneral, an
can

evolutlgrgﬁy @ﬁ%g’%‘h&f% IIW lgg pv}ﬁp’leét yev&u‘?%@gnd inA ngureqo P nc? on(e o} more
solutioasylpaederabiyd singlé optimal/sobdiok nNowenerdldhesa Eharely grua aq:mber of parameters.

EAs ngﬂngﬂﬂnblﬁ‘& RerAnRYC He&Snd) qiiom}éoé?tltaé s sYstifk o |§écﬁ’ﬂ§ate fe-

, an entirel i ntracel | ul ar gcﬁlt(gf’ Idaﬁg( |
determiisiE BPens B FAR MRk EIHIPR RUCP e R BiToLb S SawsS fasut. Inone
embodhenit,iMang Gelb methophgreiusédtgipoa lresultd fronoperdetarministic models. In

anotheil' &%diﬂ%rﬂ]’ tﬂe%mclggegz}%r%%%gs%ﬁlgfg% Q%P gg’lé%rq@tr‘k%etm)(e g. different

ose particu ical unit operations
quhopq— Wikpe fp@ctgﬁg@p gtffp@ﬁt TURS) (i hgrapyencg efrﬁglegfve PERSguUre §fch as a fitness
functiof,2delBMBYd B ﬂh@ bKIB@WEAS §étdrdif nBiatelz@d pla&irod pgiukddn efrbididate

solutloF%@l’her ons ' gllﬂ%ﬁ el'hf)saarllg\p;teg Silagr %Fn% d%%?%{ﬁh%%ak& and helps the

er na
EA avm@p@gmﬂny tse@p@ttat Qa'OSQj betemunolramhﬂrgn aplelal gatimuny rffAs can also include

the us©BFehakiidN whbRIn tROBA b&%%ﬁlly@ﬁbkb@ﬁaﬁd@n &%’h@ézﬁdﬂ'nﬁﬁatlons to the current

ponuah e SRyl 6 5 T el ke SRERFILRIG SLETRTBREAL iens
of existingaielutiprert@credte new s@ytion(sb Gemmefragsahese grossovhesraes Welglﬁed with more

favoralﬂ? Bhedtd'6f tﬁé%ohﬁ’ign U@rﬁdt @@n‘%ﬁlor(t? indhe ché%B\?er qib?%ia%\'ﬂleg a crossover

Inity constants ranS{) coefficients, $ se or
weightiog iyfagds hawieg Feralg Nt AREERIRET BiaPresepide:p- anhepzimetls uni operation) may
be donie NFindIly,aick EAs iacanmordte the luas ofsyy/‘s¢lentiomimd HitnesPiuadtion’ab Idiyect thie|

. i - el paraneters are defined or deduced from
evo'““@ﬁ%ﬁ*&@ﬁf'w%m cs" data collected on the system Were
data is inconplete, the nodel paraneters nust be

[060] €A$ buTRice Herbin ORer8iard 4 @irielyiop@ldRITor&a) cofpatational tochnidues that
res ar h r | [ . i . i

can be uRe a g%ne[tlctaﬁo}ithrg% gvé{?l%g%rggggﬁanﬁﬁe r?dé nd;ﬂlo§ g{ratggl?s or m

ClaSSIflar $yst|es1§ ahﬂ/@ﬂﬂﬁmwwwmmﬂﬁ@m@mqs%l Sepigeexapiple; Ggnetic

PrograﬁqumDaﬁSml% Invert¥@n er@ﬂbrﬂtsﬁﬂmgbbyt\lbmﬁﬁ KdZa kha., adrgan

bl s i Rt i Bt g g

Goldbesg, d98% Addisdn-WesleyrRublising Gbe Besel, . thgechbrigntedt hm used.

lmplen{eq{é?&n dFRuRSHER rhéiﬁéd@nQﬁ%troé&ﬁorﬁ%@i%b@aﬁéﬁﬁﬁbll&%ﬂ%?g@n
based artificial 1ntel gence al gori t hns,

Kauimgi §61 Eo2RgBr00 Bl #16h Bedreby KETBEBGh By e g rer
entiretyg dﬁ‘gerreeﬂllthm;xerqns:&ui ac Ar ggogromeinic biblbgidal functivns, tifdudingr st
reprod&‘éﬁgrﬁ) FH%EAVS e{@ E@dﬁﬁ)ﬁﬂaﬁﬂt) rﬁmgﬁ)h ar’é‘%rcﬂtég’tur@gltenn oper?tlons

r'ecl at here are_a w vari e
patter%y@er@enqﬁh@@&aéorﬂf@ 9eng dqletiga m&% T8 Kistinaiss fromiheyqetual®
b.ologlw‘@,&esnfmtnnecmére.mme RineticnoWinian 8¢ refuned & & “pstrde’, t hat

nis put at every
f“”Ct'OB%S?%P“g lr’]h)égl ﬁ%y R el Q(;u%r?% atlg'g %ho%?ﬁfs}?én he starting set
of parent pseudochronnsones This all ows an exhaustive
search of all possible nodels, however, is generally
ot preferred because of the conputatlonal tinme
112097F’ﬁvolved i n conducting sucH3an



exhaustive search. In sonme enbodi nents, some positions

W thin the pseudochronosone are "fixed as particul ar
w@bgogiosisogi cal unit operations. That is, a patP@BYSI00Y031214

be known to contain a starting menbrane transport

parameter. Simlarly, in the case of pathway "branch”

[061] p%(ﬂ%? h ggqeérratt grlr{] Iogﬁ 8\‘ %ﬂur goq’eag‘ﬁctﬁ%d?asrfnﬁﬁ? E&EBW th@&ryneg’seevaluatron

known 't e Ities .
Darwinigsrseleptiogaand t’m@@@@@h?%ﬁﬁ@%ﬁ@@? Eaginiciifiad htﬂ&webfégwﬁ%faat'ca'

model ﬁ‘r&h@;ﬁcﬁ;ﬂﬁfbrﬂ@ém&ted |t@d§&ﬁ%e&ﬁh¢r?rt 8RB tGmpaeed tethegnpirical data and
e

other cBgsgra &%CZM g% grgn%eém pr&ir Eertﬁ:%ll Isslg ted fSr?rP] ItpgrlgLﬁ%tron of models based on
their fitpessiielpartininateos thewericus genaiin epeﬂt@ds vith crsalegtion [ateysad. Whtesa more fit

model Frshea $étt@§$hah6éﬂ95£\ﬁ§ s%kedmﬁ |md|v§iu51§ REFaALtE B U0 Bre@btidhallye
i cial algorithns is applied to

a"°°at?‘h%°"heotfﬂ? in al&é]at@ﬁ"fa\t'g%% pr’.ﬂ?i? %%t ed by those in the art,

there are a wde variety of suitable algorithns that

[062] Cﬁ\%&&er@d érrb%s.ﬂrehpmgware&mﬁmtruaé},\@emamutart.e&bmtrag

determnistic and “non-determnistic nmethods.
This capehgeiong In avatiely o WayStgererav N sdoRp selsrtiop érpﬁﬁ'aU'?frParﬁsseéer
(e.g. aipBaidageneSandasndoSlytRargT\tes getiee. loper@ras itiighsexsal ut i on

pseuddn‘?’ut%ﬁﬁél ogg'?tro'ﬁpsvﬁ%ggll}/ pé}ﬁ)rﬁ%d é pr?gaﬁ(glﬂﬁ § Fo'waﬁr gm{/ n‘i Qé?:ﬁe

ues outl'i ned bel ow are

recombigiion) evest nihgiesadt w@te of utaties @“%‘% egpirigally joptifeized PRAER | on
applicad®bn, b&8S géricraMyiepy ASS L% aftyiord @ypica®dedsahaitrica’e a sol uti on

towards convergence. In addition, as further
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[063] olntd Ar¢fersedmmbediment; thady algersithfe inElpdas| aPspyHosEaROVEAE @ssaxp?!
recomtSirl'f!ﬁrBr‘ibQ)pErlaﬁ»‘on‘c ind fﬂ@%§euﬁibﬁ?§§sbﬂiﬂ @Bétuﬂ@se&wﬂ rdch@bination opr:ratrofn

set.. 0

wo pafgleliils S0 papIRH g TEA Pl 14 el e et BoS Ty
two paeehisartitinating dhepseudacoasdvermaf bel of ttwlsanme i drﬁﬁrerwt/lsrzemarwl SO
shapedT9Y ps@ﬁdd&ﬁﬁg&bvgpor r@tshgrfdol'nlﬂladﬂo@n%\ t'ﬂg lfn% r&R@hd a OPL i me

sol ution preferred iment, the Al is a
PseudegEqsEqveEPH 'Sé °rrdv C@H%ﬁ“y” Y §e7one Hrﬁe"tr ﬁswﬁ%rr’%ﬁwefaﬁqthe
predonéivank bieraiioa inygeadty @rdgtammmitd-@hd geetic algortting) wark arc ip berforodd

ture to find one or nore
W'tha'?%@%r%ébﬂ' (g%rg% lor%)??r a single optimal solution. In
general, these EAs rely on a nunber of paraneters. EAs

[064] nﬁroﬁ&lerlnh{odrrﬁéi'lt USERAIGR R ifitiles & pSadcreprotstiorHopseation, vitiich
copies gls é‘ﬁjé’ dé\P Uﬁ tmoJEAg %'rf%&aﬂ,ﬁ% et% e% bggeﬂi onq‘?h % rﬂtmhgtn ed

generation ofithel @pdamerf‘a@@thpmhqd'mqnh Ofﬁﬁrpéng @m6¢ﬁm@5°% nt e

resultrr@afohfbrég%mgrﬁarﬁi)ﬁs él’ﬁﬁﬁ'ut&t%nﬂ%% raﬁl&é‘dlébérﬁstfn’(eﬁ{(?ers of ;he parent
oadl e

popuial V] THBEY SRS AN WESTH RS 56T BTt Pete
parent pegutetidn hesulbseqelint fressover and miutatioronendsi | | be r eached on
dlfferent runs), in the absence of selectlve pressure
such as a fitness functjion, described nor y
10651 5 a0 onE R REAEATISPOAN P MeARA PR boetatons
are usqaD Whilakimpie signakngpdihdaysemayst# representedbg iisagletiheen neodel,

more cér'nrrghg tﬁeO,Law&gwgJ gunﬁ,r.@é %@g@m@eﬂ .rie@rt.aﬁﬁrmbé m.uafng

feedbatlg Ipw@;ngét?orﬁs rer@éﬁlonémtq KR SR 4 179 19 S Sg'r%far
engine@fitgi plabiBm, RAGr shaMnigtt Sitboké @l sitildy prédpecitysreadonameltbaddi on”
archrte\émrar ?rraﬂﬂtrQ%t %{A ﬁlgp(?'{)%rgrqs %%é Q’oggg{(o%s(l J alﬂ‘éj%b%'ﬁ ?ﬂﬂ?&es%rf

Frent
branchﬁ$ equelmbByofra@IUTe@iﬁ theheach §@"@ﬁ PQSERFSEs) o \RENetqREPar B MING £RrY
then b&sel td ol tHRIcRSt Sécﬁr@ﬁd’éto‘i prrrﬁifrveﬁr)ﬁrl&bérfé% if@btepd i BScH anch.
create new sol ution(s). Sorretl nes these crossovers are
1120974gdj ghted with nore



favorabl e el ements of the solution being given
priority in the crossover. For exanple, a crossover
woweioghsiony t owar ds having certain unit operatiPCEHURBOIEE1214
present (e.g. an enzymatic unit operation) may be
done Finally, the EAs incorporate the use of a
"sel ection" or "fitness functlon to direct the
evol ution of the solutlon(s2 [060] . As outlined
[066] npwgvar, semetimes decsizg apd phage ¢ the S%%Fmthtawat)'ﬁm inthis
instance OgERLticirb g admint @Cdapatigiefsnaking tall architectnesl dsvistbns syramicatly

during gte nﬁ% éf%er%t%%og{a m% %\é%tldgto Ha?rfr%n&éa‘?\gfs@%ﬁ&gﬂe altermg

evoruti-on s I er systems and genetlc
operatippsdlg raatnwamllsc@mermirte nigtheqaticp! an@@‘:‘P@r'” émﬁmf@@?{ aletsc
gene db} Ii@gt\'oﬂrﬂ"ﬂ\dﬁge 'ahd the kst dPerifion bPGRAE Hétion thaklir@ réhitecture-

e AR SV Pio R gl ngibe i g Rl oG o aco
and de(@f hranches fodnividuel rividelsi ﬁ”ese;erawhptuga alte@w qpeeation quickygreate

an arctﬁgghémlm &ﬁulg’wﬂlcbﬁghﬂ@ mbBels wBEGfdrent Quml'a‘érs of branch

Cbj ect-ori ent ed ng %5 atlg F numer eng(gs
points, Agf a0 IBRRSCEPHON: B~ 2ty 158t eesRl P EaEgE %P%eé‘h
these dicmenisaModelSaith drciaractuss that 26 0dppatible Wit fheweiriprioal geta tend to

grow aF@ﬁr@pﬁér Inrtfréjé e s&Moév%ruﬁ(gr%ﬂpp@oder WAR hoddRWilhr et y
enera eog rati ons of %gor|thmm

madeqmtopoglte@wre%'ht@tq %d'Sf%@Pﬁaﬂdﬁgtherf'@ﬁ? RREPT-oH1uS, the
architeEllR SOV RN opbRrisatlieveme Airharadsestthe tazk ol biespecifymypbrogram

ammmgﬂ%h'teCture altering operations patterned after gene
uplication and gene deletion in nature. To
di stinguish fromthe "actual" biological systens

[067] OAE is IkRdveh iR ﬂfeetnnmertetbe&@vérumﬁdr@mSrc;mtebiureaélﬂerutyeopeetuafsr ed

f.unc |ons des
They aE Eﬁ"ﬁﬁ?%ﬁ'ea anélp%{)( Eﬁrgg he i ﬁor eﬁ] plé \%It roEabTifcg begé thfn 18
10% ainare OypicoB/1less 3hﬁfﬁ$QEQ@03¢@$42uM [061] The main
generational Ioop of a run of genetlc progranntng
onsists of the fitness eval u
19681 CBIRGREP s oo SERIEIHRINES o Bhar BNSHEe R cr
i ndi vi dual hypot hetical mathenatical nodel in the
popul ation is evaluated to determne how fit it is as
[069] clorapefercec: amnboriEeatryitt Many or ghefdheNplgoptrAe? fitbessdnchprie ased to

select Mn%ltéﬁﬁtlvﬁmbﬁfs@ﬁtb isblLitfonise@xb kid the bﬁtﬁﬂitﬁdscﬂdtl@m THditness

t
Q58 W TR P9 b Bl e Sy oo

and to plesaiopaieieoninialid rosthetls td/fenvesger Ingererdl|the fltnq_s@étpnctmtgn@/ consist of

severaEﬁ% & €fn onb %ﬂt@@duﬁgnt hgé ftBess ?dn%ﬁ&n@ﬁiay nﬁﬂ’tﬁi@ al st I\fé/&@é@t &cision based
nown to be unfit are

on v R SRR A byl S o BT f s o
avoid ceitaih phiysetbgeatunt bperations driparafdeteas, godictateror preciLdedkifferent temporal

orders %?Q%% ?He%réh@%ﬁ%br@ﬂ g-‘n% bé kr?o%nfﬁe t‘éeﬁ'ﬂped' dhddhus any possible

t
R s L e L e e

enzym&titangps Ar@ist Be it GeramQdrdey: thel snz@edtie eaversichiota aubsiat@tannot come

before Rs cr%g%n etéa t +h%?<%lrulg¥ %Feag%'n&gl E?de??&r{ den’F me lll%r%ﬁé quh&ﬁtgdynamlc

pnnmp\egc &omt;@mtq me@mqelmg'pp@'ogghg@tsu@mséh@p desariaeqd HrPregdyational
Acad é@ﬁ(tﬁmes med 4108 01@@8 TBictedindl6dy Feadbss, €Rads C5B0| 0 theohBlol.j 203:229-

249, 2(%)%] caft%gﬁ/coipﬁra edﬂ? @‘F é\}'?%’ﬁ'ﬂc roewetv%rp |Jt {%%lsoﬁf)eseq e tothe?Re these
“per s¢f’ n;dﬂswde@tegsypjsre@d@gvad;@@db@put@é §or examplewhen itis not known whether a

membrafE PARbIHUhAIBA isGRBIVES, FiRing ke s@&@m RRE UEHRE FURSSR\iihg it @ the known

seudosexual reconbi nati on oper
emplrugl data can help elucidate the mode]i. In another emboglntent the fitness function may be a
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two parental nodels are probabilistically selected

fromthe popul ati on based on fitness. The two parents
w@200tiogiopat i ng i N pseudocrossover may be of t hRCHEA®03031214

di fferent sizes and shapes. A pseudocrossover point

Is randomy chosen in the first parent and a

good n@s% %Hﬂ%ags g 1o per:g' $ita, b9, tﬁ@@ é!prJ.l,%ﬁJ] gbAbrtid] %ro‘&%ﬁ@q fhd

OCr ossover is redom nant Operatlo
metab?'?fmg epfaeiready genaratedr Mg s(“%i’f’i%f'cd)%/ﬁ'é % Enegsdaichiansy bhopneidered as a
statisti@iNgoddBedR e fitohesGremantliha eurf fifo gxpernadatdl d4ty.InBather Stfddineent, the

fntness?un?on d’L O64<1Iud|erb grpa%flna 3%@? ggsum%nc?ns’%ucmag%e!s{ lﬁmnultlpllmg of

Uore ro
steadyzptatdsrag Melailmf@hma:al anﬁﬁb@wcal [sivs @b ranstsantyalt £gn %%?@@Fé*&?t
multipl® ﬁ%ﬁ‘(ﬁ' led (i.6.NRSR thdntne p&ﬁ%ler]ﬁlﬁlolo@@nﬁétaibeﬁ@ p&dsibldTer a fixed set of

growth(ciagcﬁtéoagcaﬁe iy glslﬁg% Plﬁ fg Sc&(ﬁ% anorre oruod’ nr]\a(\:uraése% selegted against in nature.
In a prefpregdadnibodisneatttie htue&atfmr@tm)mwdes marekean g r ﬁllwf thecabloes @escribed
embod@ﬁengshe parent popul ati on based on their scores in the
fitness function and replace less fit nenbers of the
parent popul ation in subsequent crossover and nutation
[070] r Thenfdieess fUDEth id genacitly 4piptad, to eacharqpoeddonenakkr ehtbe sdlutionset. For
examp%r’r? ggg Wp@he@rtg Q+Jh%§$é&5&1rﬁjnés%ﬁﬂe Hoth& 9&5@&5&9 nr'%ueé’dcﬁromosomes

e signaling
extivitg tneé@étrwa@”mscaf%'m@f% dngssi Of}]%'afé\ie X ‘hﬁé‘Fé* ensraion ) one
embodinfenit BretdniayssiedmYironEeé SdibEind P athbuseyration $cereaiettamiisan the worst

membér%?@n% ggrjentsp!oggltat%g reélaecggﬁ@%rs Qrﬁ)psuel%&\@&%semem tﬁf 8opulat|on In

ser I S r I Ng SO
anOtheEﬁ”gDWé@f?ﬁt gy peusErramaseme exhittiag Retshthag ﬁé’ﬁg@O{dd"r?FﬁiHOSF is

added RY tRS P&feiation, @w% Qﬂ.ﬁ'@%bﬂ ¢t p§de2!6iﬁ\ronﬂf56|hé§ if @elpopliation increases with the
enent

r 0
numbef P]fré Fﬁﬂ?ﬂfelj” RS e[rrﬁggglg%c?ngergqrgenthrﬁg%ol .%%J nﬁusteonc%vg ! tinfes to
eliminage gpone perorimingimesmber Obti'\ammlap@ﬁ;sesses) Genet ic
progranmm ng can then be used to evol ve the exact

equence of primtive k-perform ng.ste in ch
(0711 PR A opesb e, e BYSITS o pats B ATaT DBt
hypothpi@6hoddb Wervexampeoimiitel aasssof tGfe, the first raode! ednagpieing fhetphrent
pseudo%ﬂJonto's&Heé ate Ihlgﬁ uﬂirz&gi'n%r@A th 'aerlié?été dhwtpgélﬁgchr&ﬁ&%hb§ which

ng ng a archi t ect I
comprigR B $59RY heRptstita @PW S'a‘d?’|yn<§:}h‘trﬁ@°f“{]ﬁs grsulipadeete second
hypothpﬁo@[}h@d’élﬂ MYis seedne inlodel thgT @mpareg against tieeempirical data, and the

procesa |s |trera‘ie%ct}nyl e%P%éf‘ch{b:aL%IUt'ar 2 ofa{\& Qﬂlhsdetﬁf?eoaé& %gé &@L&lﬁlons is

mne nath ecture in a rmanner
feacheﬁaﬁsa$ metedullygutieed g™ cati on in nature and the rel ated
operatl on of gene deletion in nature. Architecture-

[072] t%sl qu%o érﬁtgtlcglnr% re Sg\érée%%qne(? usin the gﬁge%nescoglﬂlgx \gw&n%
compaladaageing emppical [ddiay Ad willlbe ﬁ!gmeq:l@ﬁed qshtég@ in the art, the empirical data that
can be@s&dh tRGIrkdeRt |ﬁ'¢etnf~?6n| daf c&ﬁ;?rfs@tn’rt@élly QH}P Slpkimé&tA Ak, TRSdata can be
architectural ly diverse BO%FJ an. cont, gl ni ng nodel s
quantitgiverang(p qualitatiye dﬁ@n‘B@\“%”go b éFnehd F6#t §29 ter ati ons,
| oops, recursions, etc., and , also, different

[073] hfnea{‘f@&g#%ac boﬂﬁr{eﬂp 91%'??3%& ofgmpﬂcgl%?a &H?)H?Jétasset m%}eﬁce data

tectures hat are co
such ag jgpisyglly S?"%?(édlt”@ﬁﬂ’af‘bm GV SY%’%?’&Sﬁ@Pt'C?HSSIUFIéurroundmg most
moder® BiBIRGitAl Uhtd @olRSRnthosvaak istthad Br@y ¥nlp pracies 8 meaklré of theditidrances

betweeVNi stapmgleL né%%%@élg %8@ 6Tﬁ%gt%ruﬁ?zﬁmejverse ﬁﬂ{%ﬁ{lﬁﬁop End quantltatlve

vore t ness
polymerase chain reaction (PCR) to provide a measure of up and down regulatton of specific mMRNAs

compared to a control array. Protein expression, such as in 2-D gel electrophoresis experiments,
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architecture-altering operations relieve the human
user of the task of prespecifying program
wareaehiotmes ure. [067] As is known in the art, tPeT/@Sa08031214
several different architecture-altering operations.
They are each applled sparingly during the run (for

prowdes 4 re all\fe mealsure%f ?EJ&; oloY eth Lo?e?r?bgsgé‘[;n thlq%%rﬂ?gﬂof%

on ea ener at |on

accumalatoﬁ ef esmoeld t'@mdeh?émem ipvegtigneat F@S%%pgequqtﬁﬁbese% “t'a'
displaydSchPlgliéd, BRH 28 @Jo@;'pé‘ coc{e@@ﬂl}tltﬂ tﬁgsﬁ(lq)!(T@f )éérl’cﬁﬁbtm’étmftérematbd binding

energyfsahtgaqngnggﬁ' M’jh allo‘yvs t oe rF a%l%(t)\r/é éon'ma 8 ro\;] Fe%%?esprotem expression
betweemswb er more kamples laskdion ﬂ)n f%letOf stapl¢ 'ﬁ?f@quh Stabjstisqiepe ratio methods are

also beidy dé%b Q)rbrovmeqtugr'\tﬁé'iﬁ§ SompaHyntdf Ferhul/&mb't&@dltetdbné’éntreﬁ‘dns b&@een two
evol uti on of

L I W S )
displayt roeto@is\vesuty i. ratiometyervemadrisosyether thaneabsolfitgigem pamomﬁet;adltlonally
avallat?é) E %hechtnstgfand %ﬁt\éﬁ&@én&%%ﬁlme& n Tﬁ’@g‘dvgﬁm@éjdf fﬂ%@é difftrRtial display

unction nay | ncl a strict L@V 4%4k -
methogdrdig that they 5@ Ealriivelys [expensivea el B 3RS (FietadRE de jglion). The
disadvhithdd, Rért b énoddiMgiprdspectigd, Gt treeg failtte pragderebpolbte dunatitative o
concerﬁrrsapon anra réte con%Yagl quoﬁ’ﬁgtliblql n phySI 0| Ogl Cal Unl t

paraneters, or dictate or preclude
dlfferent tenporal orders. For exanpl e, a nmenbrane
[074] t rnaen;&@r@rréd SnhidintERY saerdmﬂdbentt@ebef dneifichirdath, aranskdtinthe

evalua&)@; gﬁtg?rgtjaia%glall Eﬁ@gva‘%p g’at |s ug&i %8 o[]{ﬂﬁed%%%r@cﬁeré g’b% wide variety of

operatli on are e
differe@ityrie af OMICSaiata (a¢mLedet’¢25@n%uprad I8 prefegesrarapodyaents; ag Bypydifferent

types (Qrdgt%ra§ aretdﬁ%lr%ﬁlélé@é\ﬂa@afé@ @yﬁr‘& the 'ﬁy;ﬂftheﬂcaﬁ Ha8dIs. alh@eﬁ‘@ﬁlnﬂhay be
ts cr e

usen Eitgin PSR POV CHE etcariaet 8 pt fef sl Bpes of o
have differemtieydisas corteliios ta eichbiberh @e@iambd@RNﬁgxmpiﬁma@ﬁ@é’O not
alwayé%ggaég%E)ljifegtgexgl%gést&t Ig\gegsgmfh 1?15 {aggrhbﬁg@tgtdwﬁy moRCHYsiSiedically
BN ML ERE B L el GO e grfression
data n2§ bé BEMRI QY fRéfeded emtobiienehi therpg/siologina Liniboperdtionsewsed jn the models
are dtfteﬁence e%uta{?o%ézorgl rﬁatﬁ% |E§ ‘t”rgr?sformgt‘r:b'ﬁ of dtﬁ&énc%%quattdhﬁs B\);\A@]Hﬁb

t put
diforenqs asaione Ism@wpla\t@@trﬁfé'w U§P dl%%‘?'aﬁ*?@'av :da‘ﬁ%%ﬁ”t/ "t‘bﬁ&tt‘?séﬁ””"“°”

[075] l ﬁw éanhQ:loMnﬁ\@nt thal ABég Vbt litiige &y@érwematnbnserot the physislogicalndit

operat@nfJ an agsuglp{ Weofﬁ[r{eoaglsautfe r\]/algen (grP (saoltﬁg em géa?m(e?'ﬂl Qﬁéd? must be made so
that différemtielispfay detainay bregnvsgedto abSorgVEes foy gse thyidagse Snaties.
PCT/U82003/031214 goodness of fit measure to
irical data, ' :
0761 pTBtssgtAEsseara oM oS oAl FLUI JRRETARLY hoge n e
art, th@sysiemohaydel “stoppedtdt ahjneurftier pfgdaces. un @mrq_fmreg@mb[g@ament the fitness
functlo?tg Uﬁfzgoeallg\g c@rﬁle%en&t GMd ﬁoﬂapﬁlutlgpmﬁs&ne%odfel |§ evolved that matches

urement in curve fit to experl ntaI % {h? lobal
one oratm ﬁef ofmeﬁlﬁeﬁt whigtytgen F.SH??@%%?“’H PBP]“*\*FE@ PR Upeotora
solutlddStﬁJn -dlefs tna@érﬁralnomftadmgormsasq-.arrmluuomas ®itliokd batova iftnesdssary or

deswed o/(lte%’tve'y SSIL!{e%omerqeﬁ%eecﬂtdé/?ﬁ@%oﬁiﬁgﬁ@?y g&g'tbghltr%fﬂ PQ{:SI{EIJ:’(]; or
deﬂm@e argued that mul ti ple steady-states (i.e., nore

t han one possi bl e phyS|oIog|caI state bei ng possible

[077] If ﬁ{ﬁ ?re{eir%cﬁ?mbsq%}megt ft ?tgftngs r@f‘? Q)ddohve @a%):e é}f & snﬂ%e 8Ioga| solution,
which ¢heh een etesteh |Vﬁisitateﬂwt'h@p @r eomplafﬁdés QP@WQthe@H’ enbodi ment

the fitness function includes nore than one or all of

t he above descri bed enbodi nents.
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[070] The fitness function is generally applied to

each proposed nenber of the solution set. For exanple
WO R00@&Hs31913 i s applied to each psuedochr onbosoneP¢TVUSTI©3/031214

popul ati on. Psuedochronbsones exhibiting the best

nunmerical scores in the fitness function survive to

[078] t meangtﬂérten%%gnﬁ{eﬁit bgl'aplal 's&ut%ﬂ(i’s fo@r?fp% tﬁ&f‘éddﬁ’ﬁaﬂal %}'héééng models are

ochr onosome tness function sco
generaéeé&m the neghlppriiaed ofibe slpba' ﬁ@%?@r é¢ Wilhe aperegipted BbHBP%ﬂf‘ F’t?na” this
may bé EdheacLHidk ba.mf%yspaxsemﬁm@md@me onagwbe solutiér)eny number of
sampliggﬁgrlagc}élﬁon Le do tﬂrhegr ?Igba J)r?% egrlo %Q%h may be done tf) aenerate a

SO0 “ex er than a hre h
rank-ofdeted dist®f medaisinthe nemﬂ@l@ﬂoqd@ thi solpispu Starting At the efytianpy@ndom

physwf@)Hlﬁa%hlt QJeréQISHQI% &y é?érﬁﬁeé'f%ﬁd h Rew B&ution I%Uda&tilbﬁeﬁ If the new model

0 |te th
moets SRS BLPS ARG nL AL R VHIELHDl B ERBRL Rgera o
predetergredinumigertobjumes, mmam@réerﬁ)!@t 1>fyn<pielpf|s(gemar|q@drrykpb@@rl@searchlng is
a samﬁlih&teeﬁ’rﬁwe% b)Qerre Lé%mﬂ]sg%(‘é?otﬁ@ tHR glo%hlgﬁiﬁlh{uhf&(t@ﬂﬂl' n'éw local minima

preferab ose B
distantsin seafch sH OtTH%rF |aE,ea?th‘?‘r6€f8P“”g F@&meaﬂ%i)%an eﬁs?cﬁ @cﬁxg ing 8[fzman
samph@-\%ddlﬁdmel denetitalgooitienl techoiqpes amid _lsgjudtasi apaeayng In addition, for all the
samphpié c%gg Wﬂuﬁé@ﬁ%@%@c&ﬁtdé dltér@&i (é ré}ld@ﬁ JL'inst to random

chr onosones, ch
physwtoa@alsle%wt'ﬁ% BFPFé’tJP’B%ﬁ (teRs qupy fragy ﬁ‘P‘I’%F?'E}'“JPh’@@mNe) etc.)
Similary, @65" ﬁwé’IB&Hnmlﬁéjtﬁblﬁmqlﬁs ,ahd sceinee sdteandd whbterod deaipliegilmp is
Ihis second nodel is then conpared agai nst the
acceptga‘&anrbecagfredata and the process is iterated until
either a global solution is found or a defined set of

[079] pﬂ@&hé@lb@y %iélrélrtn!ayorﬁtﬁ bé Sonvér@ék&:@@éja sﬁt?@e bI8bdrmoelf Thik yhay occur in a

varletyd)ZWg)fsaF(g&Xﬂg;? & éh% %éa%%? Ac C e sé npg?cy Yvhererrm%lt CE Vglﬁiﬁlmgeﬁg|§w%pc§|p333|ble
solutioooeRiferdxargele, restet @mpiompggﬂlblmmmgssowqu nigy be desirable. In another
examp?eom(e%nﬂaﬁ%f e sBIUﬁb%%el ;H?&t aéﬁulatugrh& pgtﬁ'@béﬂr&ﬁ&soﬂ[ﬁ; & GAs) may

can be used in the inven
not chfmsﬁﬁrrr.aéla'te\n%bsa?f|99n%ﬁ39n%$&9€r o nohioeiateeRShe fBResta et
optimubreset basaiobvergedi \reyeharttrer expomle, thatbest éasdaeasyred b theditnegs function)
memberﬁgﬁ%@hé’goﬁjtlor‘? 5?1t dg%g (fdg)r rﬁ)'f‘&\%ngéjfa %pgergﬂtzg’e]tlor}jsrbf theldi gﬁ)ﬁ’l@’nm(@@ 10 to

I rical
10000 gergsationy)- Similarvrtas, e*@d?i ataa notg%?&ﬁ Conyefoenaes e w'y Slggﬁé'? %.feéaf
possnb@%blut’kﬂwsﬁﬂﬁ%eﬂﬁore @AMV pSSsibr G Ganatatenset ofdoc intnintadolutisss,i@sing one

or morﬁé%ﬁﬁreat co}nguq?tf[??]?l t?(hh'r@dg r#opéx%lnggdéé ék rr%gtbg ug&] tl)g‘e‘ﬁéﬁgig one or

rovi
more sgiufidnsr andoas or m@pwéfewnsmp@gonaﬂWn@xmn@e U@qqte@ﬁn%qu
addltlo‘S'éﬂs@t(éﬂaf dolsaﬁé sEIEN6RS. Sﬂ’hésfe%@@@é fpa&lw Rogdthdr 1@anid festhbly Set as

outllneggelé\ﬁ éﬂ%?eq?g\llﬁ?gl]e?ng% %?«%{0}1%43 o o? set %f sg nrsqg/ L4 era‘rfledrrg ag'rle{y of
additiohd steps enatoptidnaliyromy. Pr ot ei n expr essi on such as |n 2 D
gel el ectrophoresis experiments, 1120973-1 21 WO

2004/ 031913 P 2
1950] BRI B erREeE R CEP o “éeafeﬁ°t§¥*'tsg'§$%ﬁ°gé§ & i pasterably
one at@tideat t:ctnyergéncet ae nom@Etaltnohadradorabdditiosgset(s) of ¢rhgiriagedata. For
examp dah ? PSIStFoﬁ% BrYa Eﬁsb;{?ﬁhé}fm g‘c?m %Fb%gttc'éwkéﬂ bekl%%@gn data from

erenti a qgues, such as isoto ope
prostrage,efdndzernGenietcy Tﬁﬁg’ﬂovm cemamms M eniisatings of similariies and
d.ffereﬂhefs fvenie Bighah@pbtiiaydinglated Bpstays. Sid, forteagsplé, HABESHEYYe, tBat two

pathwaals lr}q\’\% dtffgr%ntdéahge% eacq;1 g%[‘ é %ﬁérﬂy%?d.ﬁé?@ﬁi ?sr\}eg\ﬂglu%%er ?h gmay gllow the

develoemerntwtadrn@&tﬁ@i vt aosﬁra%ﬂnénqnﬁthwaé%(e gsﬂragﬁ ‘genesiptis gay Faape pathway)

or to speRlfib patAwaYs §e.g alrsge th WidreltI@ 1Y dafcep bR WIlRt EfEzNbthéraitues).
conpari son of relative net abol ite concentrations
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sanpl es by nucl ear magnetic resonance (NWVR)3 and nass

spectronetry (MS).4 These differential display
woreaohosiw1y esult in rationmetric conpari sons ratPEr/usivasn31214

absol ute conparisons traditionally available in

chem stry and other scientific disciplines. The

Slmllarﬁhl\’ ﬁgil ﬁ@@er%se?d“ %Sc%mpérfefn‘?ordamd d'%llta &néﬁle@Yromr[EﬁrQ&é@addstreated cells

I nexpensi ve
or animgise ihatis t'(ezq@%@t'eéheféiﬁtﬂ’ cgaeipiat Frefﬁ)a"'m?ﬁér ogfis hailRyg g treated
with drﬁg’sﬁmdﬁlgméﬁiﬁddtd%gasmbrﬁﬁaﬂapblum_seatedSsatﬂpat Aleyelfgandrated from either a
nr o : e
treated or uxt{e%? d%gﬁ'l?lg %%ﬁ?eq%ﬁ{bgkeg%ﬁn Yr%notl‘ge?g&ﬁ rét{f)?éé agrrk ,@ng{sé&
dﬁﬂe@é@eral different types of enpirical data are used in
the evaluation, and preferably all the relevant data

oo S B L e R s L el gt i
identifigdgither) as theglplrabsatutioe or apriseiblie selntion, cam be walidgtedipy dnyrmupmper of
expenﬂ;\é/rﬁﬁ ?ecﬂtfulqt.@,@t I a%?eféfe@ eﬁ#%éiﬂn@ﬁ%h@ oﬂ*ﬁ&e QvRb Hﬁﬁ@ﬁbr%é‘br@ %Fe

{ {
aciustqegy SqRARH MOq D o Bieampeis pra preii Ao rly HREFY
outcon&s. The $anelqracanmetdrishare diilifted ipIvivotsppiess with ggaetis enbiagesing or
metab(qlb feﬁ ﬁe%m%%@%%ués Mnelfy Rr%l/vﬁttd tﬂQ aFt %tﬁ@r@}eghth@ loutchRE measured

essj| on
and adg] ORI St W“@&%‘Wé@%f*‘&*ﬂ%@%ﬂia& & Do At e new
"OMICEaddt£set e thegndaieithea iayt fitothen@iesiilodan i cledpbsd franethe salntion set.
. | | . N I
i T M S8 G581 A0 ot cd B i s
model i§dershed.-n a pr ef erred enbodi nent the physiol ogical unit
operations used | n the nodel s are difference

[082] dlﬁf%?p}é?fgrﬁeid e (ng)(g n}ep ?«mt Inft:hms of rthaer}f(?iveﬁomaaﬁ'é ﬂ@lemeﬂgtd on any
numbef ¢f differqnbistegiated otr@ﬂt@h\fﬁfé @tqfajres!@é\bd‘iﬂmﬁfé? etiiizlrlg\flel‘éjp@gl{aawable gate

arrays ﬂ@n?sfj?rrgﬁgﬁdh&/atlbﬁl Jsebﬁc fntetgfb%%scwf:ditﬁ ‘%ASIQ)"Gevnc[thB@am'aﬂdlﬁdhal
di

di f

procespig Q. DS POgl SSF NP o BEVTTIEhES Shfrse AprPRenS
units mfomphtmgabselhutoérev apwandanenzing@logatien burgénsicpdiie computing systems. In
additiol RRe3H s Wm&?po mt%@argér@ et Jsfd%ﬂlﬁéﬂ bekdw.di spl ay

data nhy be converted to absolute values for use in

the fitness function. [076] These processes are
[083] | Trerraéteslistobivalirdentian trahserrgevaiety ofspplicdtibnsh én papticuése,itise methods

0 Sy

of the |pyen cnw %ﬁ bb ﬂs#ohg Per%Hte v%lﬁgtg T gféﬁr @eaﬁ% ezﬁér?rgﬁfl%delﬁkf biological
fUﬂCt'Om"i!qwg‘g d'sf‘véﬁ?dta hwidgs-utili zed al | ow convergence on a

gl obal solution; that is, one nodel is evolved that
[084] {Tﬁ @ r{)rciaefsrre meooglmeﬂtt {hg Z %ghegrﬂvtglntr ion agzl %s%?‘oaeluéi}i?tecrnetabollc
pathwayb kel type of prokanyetic wquaxvqtlgmanlhre igelyringdissuss apd cells) or viruses.

Suitabi@8 BFbkbry&Rabd ﬁ)@tﬁ@e (@b hoOMSted fo, BabidriaREsh fed. @(‘M B’a(flllus species, and

ne o B PoHEH B 8 EPPLIce e BUIRS ey Hhte B e ot re o
limited oo &sigisueh ax yeastesd filementp @7 gi, invluding sgeces obAkpergilos i Tnehpderma,
and N&Fﬁ%ﬂ&é‘%ﬁ%ﬁ m'&HE‘ing%fHoééo&\é% gs%%@m%ba%cé 'cﬁn%l& sgiltﬁgﬁ‘lcotton

en can be tested, valid

tomato, gqt4tp. fgafaofun@@ma%twnaénm{ Gl A BBD G50, PHoE 208 Plpmpalsy Suitable
fish celdGhclide ddud 3rkRbBintied (o JBAEBIND &ikRikd of salbnda] trdul) tapid, len, carp,
floundegg%ﬂtﬂltm dflshac&l —%'B%béﬁ’ég I%h%le' b?rdfcag%iudegﬂt £rg%8t limited to, those

gener at e
of chickRap By m@dopheﬁsanﬁ@n@ruﬂ% aggpieniggle fowlg agine P'fdae Suitable
mammalmrcem;l iRdRE, hllY ateMOSIENited td, Blls &b holshd, SattieTBUffANE dd@nshebp) rabbits,

wi de variety of ways. Assum ng convergence on a
112(’97if:11lobal sol ution, any numberof



sanpling techni ques may be done. For exanple, a Mnte
Carl o search nay be done to generate a rank-ordered

wo pa@t/oafo13rodel s i n the nei ghborhood of the sol BET/U82003/031214
Starting at the solution, random physiological unit
operatlon changes are made, and a new solution is

rodents s%clq Q% cgdr’ats {arﬁsﬂﬁs g&gls%umeg?@gﬁmﬁﬁeg&ié Pﬁg 'pﬂmfafég

or nt or anot her
marsuq Qﬁrmar'm rtnérrnmals insludine e epiised Whalhb @p g a§ gAthyaes. guch as human cell

lines ofraw kssae destad céii t&jﬁe edd gidledls. Pefegen eystdnesclitilidduatacfrdGambuse and
human o] I% t%gllr?cg.:des thf; use QTITQL gagergtgg mrvltr%%%dinov {Bxﬁ)érq IE:(ﬁls (I%ﬁ“&%g tissues

ﬁaCe around new
or the wijolsi arganisdi- @pmndmglm epitieat fata pay ke fram apenugber gftdiilerent cell types,

with hufRARrihi3E én@%Héhpdé%ofttH&&blloWﬂ@ cblﬂyp&&félnglpm&rwdi f@nor cells of all

wwes ST Do R roPho P B e PR fod el bR spon
kidney girdstatd) @anseasping tegtes e cdipmynsytes, ten@otlkqhnld;gusoﬁpqhglmpgells Iymphocytes
(T-cell QAOI @8@? n%pcelﬁg eBlitPhiRdvdsBul - mth%ﬂé@ﬂénhbbﬁmeg Qedkam&ﬂhcludmg

SI O oglca uni t operations, q g
monona%lepyque@s&ghfellg gﬂcﬁtaﬁ B?qup8?tlc rﬁfpslsé%w nrgq, EI gey hver and
myocyt8isteir aelid {for ub®ih saﬂebnlmd’fer dffamgitintivg ane dérdiffeneatitiort faetors), osteoclasts,
chondrgéé/ﬁag %Eé‘gfﬁgr &E%&cﬁv | Rs¥ic g“@ Férgtﬁ-{ocﬁé ARRhbd}Rs] IHém:ell§ k|dney cells,

can tere ternative
and adﬁaﬁ)"%otsulb@'ecf@ﬂﬁ/%!?fg'@%‘td@ kpeywnyresand) 'y IngHding: r?ﬁbréat "m*ﬁeﬂﬁ% Jurkat
T cells ﬂ‘HM3TB3<QeU§ OHD, 8OSYét.i Bdeth©ATORYE!. Imanitaleg:a)Ewbgeexpirésely incorporated
qgatlons may be stopped when a certain finite size
et of possi ble solutions exist; for exanple, a set
of 3-100 possi bl e conpeting sol uti ons may be

[085] dﬁsswun Bbbsbredidled®yahdiB in thée %@ Midhdolid m“@?momﬂsvméed; B&d within

mfectetzgcbsga%lg nl,ﬁr%e %rﬁ;‘rj% %ﬁrggk%csc?rdﬁﬁ{f%% mven(tli;]na p]ndg uF% |rn thae ?hilcrl]dlaPOeH of
viral-relatedipethweys (geaire editer oitfsn yieises qr wmmnurtﬁeqe@(l@sfgféﬂﬁérsattﬁlbdm\éf)ises
mcludlrﬁguglg%ﬁat Ao Bmitdadd, @rtt%'rr@k?@llruse@RE 'gnHmeﬁﬁ vuh@)spé?é’rﬂ))é@{uﬂﬁéls (e.g

anot her exanpl e,
et GGGV TH (1R ARSI S 5D PPN EaT (TR ol auuses.
reoviru§adologadruisesh@mugeibélarnvirgs\panaliruses patvirgaes (eg. vetipa virus, vaccinia

virus), &L&QVM‘UQ&{% %ap(ﬂowru; Qo;s‘aﬁklé’v@&q Gepiiie (/lﬁkb@ﬂﬁ)udmﬁ'AnB LA by,

reach convergence, and w |
nerpesyjuees (5 0s HerPeY Simplgx Wiupy| variceiy- AN, Wm%mﬁ’ﬁe@sﬁ“ Byr virus),
rotavirU3e$ Nobdatk firQse3Chataal e, ares@irunthabosals @ gniabies siols) retonisuses

(mcludlf}%l-lw3 H‘i‘l?\‘? I ar?qr II%%VQWL%@(?Q GDSSFJH?M@% rp%%llna\tl r%g&ﬂ LogHes.

ate one of nor e
picomasiolsgt. cond §1e T @nabrestash (newdingg Wite Yl of BAHPRACAIE PR AQN-Pathogenic

prokar;to%@réﬂin%ﬁm@@d?n&&cﬂl@@lbh@ egﬁl\)/e&ﬁbteﬁae BshbddhRNal. eedrdtxigenic E.
coll, Stqu?llaf) OSSdeyt%%rﬁ?rg& éea?rg qell n I\@aobg@llggurﬁ g &j/lotggéra%s:s M.
leprae; Stastrgiuge rgeC. tuliewms lﬁb&tanop folg/@; Coerfingens; Coimyetasterium, e.g. C.
d/phtheglgé‘ @’tr@ﬁt@&:cc@ %y b&dnks, & pnedddhivé; @'ﬂﬂ:’hyl&'ﬁo@&ﬁs @QQS aureus,

i ona run In a eferre
Haemaghiuies & *bfnﬂvwéa%ﬁﬂﬁﬁf% Bi3edt g’ﬁﬁf’?f&%?’ P hise) Loroine e, .
pestis, Ppsugibaoms| §.9. R rerugitosar P.petita; Colavedigeryc 6) tra:h@nat@nmvﬁejla. e.g.
B. pertésgispﬂgg(&'émﬁper.& T‘.agg:‘ dalupP 8! 1as8haahl tt%fhkg HRY bé G@d dat a.
or exanple, a utlon to a signaling pat hway
i nvol ved in breast cancer can be used on data from
[086] PIh@kéf@ted ediboliiciant, Bametbds @idecompbiitonabfl titansventerpindiuseindarget

.dennfuc%ﬂ?rh g%td!al g%ﬂEés%Q%tﬁ%f ths id@?mtln@;;dofu o?&%gadégm teg'bét; %oﬁd?&g%ést.c

biomarkesg cafmrﬁpn@ Thﬁ‘H% kkwwgeér&éa pefigular agne. s%nemr\%y%t PrMEtRslite is
specifidally ihedlvaatin @?V&ﬂi iGloghal prédeb ) Mbkesitia ta@ed &/podntialichiiddatetor | S
very val uab This may al |l ow the devel opnent of
llﬂ”7aﬂugs that will act on comddn pat hways (e.g. drugs
‘generic" to any cancer pathway) or to specific
pat hways (e.g. drugs that will treat |ung cancer but
will not effect other tissues).

by referen
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Simlarly, it my be very useful to conpare nodels to
waoladoa/ogener at ed from untreated and treated cel PET/US2003/031214

animals. That is, there is a variety of data generated

fromani mals or ceIIs that have been treated wth

therapgi.]'tliiI %?er\pentl% l‘f%r g)%ﬂw e g&eﬁ?rﬁgm%%t b&eqﬂé)f lﬁaatneéicellent target

romeither a treated
for marumlat'eab)eaﬂ%n?iwle&awb Sintlgriy diugtisurN @ 2ptenss5taRe F'RWO'eCUIeS
can beludedbiaflter (Rithid€dse Shinbil) Beiekpressionrof thie fgbiee iBBIE.e1B.addifi@Bdje dan

envnslo\r/\ ét?er%?éet%‘rg{y%f\jufﬂgﬁ)o&al\%?yngf ’tha'i %rlotemotga t? @Fe%a@ ?fsoﬁjhg%% @lj hylace a

defectigg mbtait versiont Bemsitiyity anajysis of the adiustable nagRmeiern obtae opt|mum model can
be use¥ @ find @{eefﬂo@yesa&ié HiRR b pathwayas Bt Hﬁféta@buttceﬁlhzﬁmq LHfice be used

o confg oS B G eI Tt 108 PRSPl
silico” until conpeting nodels predict neasureably
[087] dAécfoﬁjfn%gt in aQrfGRIMESnbodi %nﬁﬁ%e%&@%ﬁﬁhﬁ&gltldﬂé 8f the |nvent|on find

P IR PRI I 1 e
modeld Mey &y directedi tohinvakien, mesastdsisrog growthed nmcarmamordeob asgeibted with:
apOptoég dc%ﬁj d% Qh tlcﬁg ofa{)ge? 'dMsE)ﬁlor Qe%]:e%se%%ll %m‘h' ﬁ’i@%du)é«noﬁ 5\% d‘ﬁregulatlon of

n1can rerun agal nst e new oM
anglogsreqs's BHltigrugregistanse; e g0y %rsindfdiw@u{aﬂ@ Hdfresting "tegi‘i’fa”e
depolaP£atioh @RP Rickafdi dﬁﬁ%djlﬁu%@éﬂséﬂthd)d’écﬁeete in afthsogenqesstia bf insult); cell

swellmghf-:%agé (I)fo nec&}lc mtragBI'urar .‘694 theQIadelJ‘fja%Bﬁ %‘q o(fsf? upa‘?iorq %'f @ﬁ E)Fatnﬁ%

con ergence I S reache
(including patagsiust m@@rIGﬁMP%dhe reQHéf'OAlanﬁF"g@BP'PWf Yot he

ponmérEé{t%H/ﬁéMnﬁern%tion @m&@amlaaﬂn}ieasepﬂgl@um @fclifl; pfotoneinp
nctyihg ey g Er LRGBS STARETE gt EO0aP 24 O ALY cppyoknes:

obesity; diabegis; caraibvasnulapiseade andiplategfoanation; @ﬁhemnp'losls (%Spﬁl)hﬂtls arthritis,
mcludnE%Pﬁb&ﬁaﬁm& Qs huRdcthidetdbses RhAEHR RIS, SPARY mullipe $8erosis,

C devices are | ncor ated as addressabl e
d'abet?,sopi‘?f'%%%§§f°|'1§s DigRptes tyRid depist gﬁé} systems to free cpu
and menory all ocation burdens on the conputi ng

[088] Sbﬁée%”@ma#h@rga&gqhéqep& a prahﬁﬁgr bROCRERES pgﬁwaplﬁcor%or?tmg disease-

or at ar ger y ens as outlined
specifi %gpetwawﬁ inaiReepfoepefated. iy fltoMs Heridantiicglion qf particular molecules
within N‘\@rdlsgés)é pafhwappli @aielae fFgetd for @rag tévelop@ent. Thes, e infetidels of the

inventi ne (I:orr1n e%t quna cls*%grge r? tg ng artlcy r|| Qlfbh?hroughput
Somp s cohey O P

e or ter ma mat I Ca
screenfngrid T$)deshniavest (el algw tesergsring i chnksAle biws\@] aglentSéP f'"d drug

canddet"e@fh%f é’ﬁ%@lt tRITBRAL MBI paréuh&er‘%)t’@ﬁrﬁﬁﬂheﬁf bdch&: Jaliég BérisRentwith

t
nesingRAPYRT (AP T YL EolP P AR T PR Bauce e
best maaslrezgle Iresportses \tp p UB@sOr pra8igietmiiess for ahespyiontatsideeffests of a given
therap{;nd ude, but are not limted to, bacteria such as E.
coli, Bacillus species, and the extrenophile bacteria
such as thernophiles, etc. Suitable eukaryotic cells
[089] | Mied dhdiee ofeuitatde rargetstagamstmhtceob dogenfisraged gue Wida ganjetyas known

factors \Mﬂm tPllé %Fﬁé& Q%pieﬁ Qﬂ}acelfuﬁ%r%glll glﬂfaé@@&h@ ﬁ'\o%t:ules (e g. cell surface

Neur ospora; plant cells
receptqbrﬁb mgﬁpcng:rqqqgg yltrbspmqjldy\qﬁecu@d)f @'ﬁ@ﬁ@fy I{b@ag% CIBtrace%pg)Iecules may be
screen‘é@}éébﬁ?ramsmanh&@me libfefE@ beptidgxdnatnacleia biiad, b, Metabblicaneymes that

are all%%er{ﬁ%lly?gg%g sm%ﬂ;n %ﬁulé I&%b&dll\ﬂ%nft érscl?h r\pllsé géfe&ogenzymes or

receptpri rmtewth@tonust %%@P'PW@W%YS@C‘?@@"VGFOQ%E qHBer, bYt"?J%Fut‘g the effective
proteirl itsbiPRY Rthelapéldic of@ind.gene therapy to correct or add a non-mutant form of the gene to
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fl ounder, halibut, swordfish, cod and zebrafi sh.
Suitable bird cells include, but are not limted to,

wo bagm319os chi ckens, ducks, quail, pheasants apdr/US2003/031214
turkeys, and other jungle fow or gane birds. Suitable
manmal i an cells include, but are not limted to, cells

r cattle, buffal o, deer, sheep, rabbits,
the ge’ti‘{fge(r)gég‘%-@ge"gi% 2004/ 031913 PCT/ US2003/ 031214 rodent s
such as mce, rats, hansters, gerbils, and guinea

[090] pA@ﬁrdlr@ynﬂﬁS pre@&&ir&entl@h gﬁludeﬂsr rhéiedde 8f screvning bglisalith candidate
bloactlxée aq? etls Ito mo n%?atg thlg %g l Rgdn?ﬁts a%’od%?e" ?‘ﬁhns @énté&? Lén include

both aganisti¢ mﬁaﬂtﬂgbnlityp{i&ctam Stt"é#'ﬁthYeP'l '@h'b"PfYéf erred syst ems
utilize data from nouse and human cel | s this

o LB P AR kB M g o
molecwe, @an ipsatein, Ametboruamg hvylecmrparbofwaﬂatea élt\dumdb@atfch@fmea)ny
polyn u@lgﬂmg fngfaé s%tﬁét%rnﬁfgcu{éﬁ bi nahh‘:ﬂ Gataboiiéd :ﬂ\d iR rivaalddTBE EGenerally

ent  cel oW n %ﬁﬂ)es bgﬂ
2 lurey f PR3 AGE B RS g Toren ARGt OpSTRI0R G qhgen
differefitial r@sponse toneelatibwd doectheatioas. Tyaicallynameads these tdneeritiahigps serves as a
negatt\ner ?ﬁ?gl . eO\é ek ESoncGRafidb or b&bH Gl%y Jeﬂff Q&E&kﬁ In%@ﬁ&? PSsitive
car di omyocyt es, othelial cel
Contm‘éﬁ?ft ‘PPeLFSPﬁI cells, | ynphocyt es (T-cell and B ceI 1),
mast cel | s, eosinophils vascul ar intiml cells,

[092] | §E aot o%?%’ag%ﬁs e?co %’ ﬁu?r’?erdug %Léﬁq&eﬂ glassg? Q%l\dﬁ 'tﬁ)@;glh/ th‘Ty are organic

molecigé, nreferawygsmak pma@ly comrpqwec#s heigg 2 mp@@w@r&%qréﬁﬁ B fthen (1p@and less
than abtt€2 5ib SMERE Wandiddte %geﬁ‘n‘téC doRipR&d flidttibridiNgraiis necessary for structural

ol Nt e T
carboriyie hsatoxmlam gareexyl gredpa peteyablyst leastiwee ofdled furctiokal dresyical glopes. The
candld%% ﬂﬁ?%ﬁﬁﬁnse@%lfe@%&%o@&l Hef%rd%k/e“h@ stritgrétighdlon Qr‘@ﬂ\atlc or

res arc ,, I ncludln ut not
polyeraaE &9 M RLMISENe G SpraGHES sbeve ReLEha HalngT Een e
agentsC¢ hisd folrel aradngIbgnoldeaiesibyludingreptides ysatehaodgsofatly agids, yroids,

i SRSE feRys t hose in

purme%’%&%&ﬁ ?s’ Pr%rivgﬁ,@% |S?§cgg\dtatwénalg (\?r\thg rﬁ?ﬁét@r?ug%}é and within

i nfected host cells, are of growing interest;
[093] aGQﬁH’ date udledits atétfbtdlriéderﬁhwi DIdé Vanely ofisirdes mt:lnelng libraries of synthetic
or natt{ml cPH\pgo%bldsro uq:se gxamlpler %l rﬂergus% aqs Fr% &bﬁ@ﬁ% f&rqgﬁi En rand 'dFr&:@Jd
synthegig iof aide varietypf exganic gem mnfiﬁgand Bigtnolgedes Biclupipgexrsessiop of
randorRizdd RHINGBIbIES ERtterdaBvely, librirds léﬁrﬁhl@al\bbﬁ\bﬁt.)nds in the form of bacterial,

ron SRR 52 s o SO Bl P o
syntheti¢slinproduced i aries@nd nervpaundsexe readlhrqutﬁg@, thsough eeryentionalegemical,

physmgleang bloéﬁéhﬁc!ai RedHs! Rﬁ%wn ;E’r%FrNébWoélHa‘i BentdAXYbd $LBRSted & directed or
ari ol VI I'uUs, vacci n

ero

randorbémqna%' madficaliefessHeR .agew}auga a'k}‘lé‘t?at ?Sﬁ‘?”@ %{ff"? &&‘é@ﬁf'cgm"% produce
structugal Bediagdi ng A, B and C), herpesviruses (e.g. Herpes

sinpl ex virus, varicella-zoster virus,

cytonmegal ovi rus, Epstein-Barr virus), rotaviruses,
[094] Ni;‘raAHFfR"QA qropagiment, hprcgdidalgbioaghva RAGS gee PrRIRIH X PRI herein is
meant(a€legst tvioafbk/ﬁéntlylaftélfm)ad amhiab BOAY, whisie Bicluddsipedteids, polypdiptiges,
olugop%&- hes and %Q&Hg% ! ‘}He 6{1‘?@9 mln%\é gé h‘%gﬁswﬁ (g’ élgturaﬂﬂgéchﬂE?%k\'bléa)is 'g\d
peptnd@a@me»rqr aynthetie pmpmmtwtr@@uw&r Thisyarmino ped" hegeantide isigue”, as
used H3RJT MEdnE B8R M irallPbEsAnY B EsynBbticl Aliky £5ds. FBICdxdfplaghomo-

Bacillus; Vibrio, e.g. V. cholerae; Escherichia, e.qg.
11209%rt erot oxi genic E.  coli, Higella, e.g. S

dysenteriae; Salnonella, e.g. S. typhi; My cobacterium

e.g. M tuberculosis, M leprae; Costridium e.g. C

botulinum C tetani, C difficile, C. perfringens;

Cor nyebacterium e.g. C



di pht heri ae; Streptococcus, S. pyogenes, S.
pneunoni ae; Staphyl ococcus, e.g. S. aureus;
wole@aopiyid us, e.g. H influenzae; Neisseria, erpgr/uBk003/031214
meningitidis, N gonorrhoeae; Yersinia, e.g. Y.
pestis, Pseudononas, e.g. P. aeruginosa, P. putida;

phenqué?lP%gru@he aﬂd%&?ﬁég ine gr%rc];gna#red'a %%r%?ots%r tl% pufporgr%ﬁ of%e invention.

Ammcawdi gheincluties imiay abié resisees SL{COBSEPFO'M agd ﬁY@‘P’%’?ﬁOW The side chains

may be,eiméﬁﬁér m%r(k orttﬁ’@(smnh@.ﬁﬁsoﬂnm tﬁ@ﬂ’@féﬁ‘b& érﬁ&ﬁitm(iﬁcnt lte2amino acids are in
fication

e (5188 Pt k- e P gt 1 SR oo s
substitdertrygabthecused fgekample th piévegim setard in \ivogtegraketions.c@reniesal blocking
groupsf Bﬁ\er &laﬁ'ﬁcal' s%bstlmﬁt@n%;%%otbg aligea, particul ar gene, gene
product, or netabolité is specifically involved in a
glven blologlcal process makes the target a potentia
[095] Cmreprefatred dntbiodimbhf B8 ¢3ndldaRbbiddOtiR0g4entd kIdRirally occurring proteins or

fragmenglgf H%&QW#Q&A@Q?}M& Qeﬁ%ggg é)%mblgtc%ﬂM%fr% coF %ﬁnmg protems or

In enco gene
randore e Eh ioesky ‘g‘@tOte"F’@FOWﬁ'i% F&fﬁcsnm@ybestrfﬁﬁ ! '”ﬁ'@i? ey fhgaries of

procarﬂﬁlU aid etﬁbﬂbtﬁo&frdtéims BayIgESmMadicbr stfeefing indiensstems desdriBbdherein.
Partlcui q,qH pbe\‘lﬁrr)ﬁ {rht&s gmgodergnqgre I%*a"ﬁ‘?%gfrbaétlarrgl thFH§§I §%§ &hd mammalian

proteingcdthttheplptter baieg Qraﬁ%rre@rwﬂ ST mrhfe\nap@@@eqpﬁ%ﬂywqﬁa redhe
delivery of that protein itself to increase its

apun nce, or { ant
1096) S EP Grogregt 6 oo el SN Ceole 3 s sl obfun ggout st
about 3themimptacidsi withifidelabad f to Swut2leaminmadidsipging heefaredtand from about 7
to aboutqg%glﬂé Sarﬁ&'ld?lgl pleferdd p‘ﬂ‘ié%ﬂdets?né?fbfe %@Est@oftrﬁﬁfréﬂ%b@dnﬁ\g proteins

tcone, hencé be used fine
as s oa@aﬁdﬁ@evmnew peptiges @ek“d'a? &gasa%\fmdaw.?ﬁ‘tde% d"ys@f‘@%werﬁ’g or
gramnfaflcfaDéd@aleh@&@ﬂem%meard thagéach nuﬂelaacpn‘ afdgreptirtd condisisi oiessentially
randorﬁ ﬂ&el&'ﬁ&{&%ﬂﬁ ﬁ ggp&ﬁbét#zggo&ﬂ% ?ralI)m{\%@trérft‘jr(’)m]C deBﬁ’des (or nucleic

a vari et

acids, G'P%a%ﬂé)eWéﬁ'@@em'ﬁ%'V 1508 J1eY Ry P RP B P uC g g amino
acid at(ahtﬂ @osnlﬁﬁdﬂfh@syﬁﬁytlchﬁodébf emtbedietignedny garieaits rantdnaisddasotains or
nuclelc a;fb tt8\§'ﬁ ow t%g rrpglc E?]I oql zogt; oq ﬁ{espo?ﬁ‘ci‘tﬁé)gdn%n%goﬁ@ otvgr the length of the
Seque@bscWesan@dngzéllhrarg pﬁmd@mlner-l @arrd@@tﬁ tiactve Pa‘ﬁ%l”aceous agents.

dlsregulatlon of anglogene3|s nultldrug reS|stance

the r d dl ulatio
w071 e e ok e o2 b g BB dup G roes o
constadﬂs%as@osmdle Inle pretears e einbodimen.tthentiberen is biagert. ekivet ial sogfe positions

within {h@ §Héi e &F bither RELdnEBAL; orla‘?t,a kA dHonsP Rl | thber of possibilities.
T ar 1ons; the ul ati on an %ﬁlsre

For exqyFblp o BRI P@mdcm?m 1RRAEGlEE asaine e tacbmized
within & ba‘mleblsés, fot bempgof hgtroptrobarathindi ide gybmphiibresduesyseically biased
eﬁherg%awgﬁgrgé arg% é?féé g&Pa%&’t [:r'eétﬂ%'o?%}/s(eﬁeg for chss linking, prolines for SH-3

Scu I sease cal ci proton pu

domanmm@mewreqws rtegtinesor Bistidines fatiplese 'a&qnéh%ﬁtc or to purines, etc.
proteases t he regulatlon and di sregul ati on of

[098] aw ok I atad er?b&lawae }ffe cgll\da{)a% l?gact|\9eaggghtg\é%Sn%UIe@raﬁqg. S@yafﬁ@clelc

acid” oat‘djlmmucle@de qugtarfuntﬁt'ﬁ@ eﬂ%‘@ﬂ'ﬁiﬁ*@fﬂﬂ‘ a}eplpﬁq\tiqagt tWaﬂt‘%?%‘ﬁQPne

covaleﬁﬁyﬁﬁﬁ&q%eﬁﬂéﬂ Cch H@dlé@adld«ﬁ?lﬂﬁa pré’Jehhﬁ\lehh@ willgdnkiay €ontain
SIS

phosptmﬁs[ﬂ laonaF Saétg%xgp stog'ne Cgf’%g%j osul&i\%d befl rvs? nn%cﬁﬁgﬁét%ﬁag?s are included
that magithyk altfmade paskibdnesiicampitningcleeeraowle, phespigegamide (Beaucage, et al,,
Tetrahb&'ﬂ@n‘? r48@0R1d28 % 9@3%@$§ere§cﬁs§@ﬂe“é|§ LB §ere]. eFg. ©hamd8s:386u(1970);

been generated, this allows the identification of
11209%8drti cul ar nol ecules withi¥ the di sease pat hway t hat

serve as targets for drug devel opnent. Thus, the

nmet hods of the invention may be conbined with any

nunber of screening techniques, particularly

hi gh-t hr oughput




screening (HTS) techniques, that allow the screening

of candi date bioactive agents to find drug candi dates
wWo bat/oafiect the target nodel paraneters to brPrPaDUsivesn3i2i4

back to val ues consistent with healthy physiol ogies.

Addi tionally, the nodel provides information on what

prlnzlcé)(gpoiﬂﬁn §|09{eg¥lag%7§rg@77)b€(§%mdge%§ rﬁl@alﬁclcfs%goﬁﬁg&ﬁ(%%)

ker s or Ot er pOt enti al
Sawal gt lo G dhet 80 164, LEHEBBSD 5L [ 08T} CTRIE Koo LL4TD (1538) anc
Pauwe&uettaﬂk(tr%nﬁcﬁrmﬁts Byai (oB6 \phodphbrothatedBing,ies alh Msieldic dnidsaRes.,

19: 143‘9")((%%1 1" ard §5YpQlnt ﬁoO%AQM J4§F%r‘?cf Phé%&ltpfogte];( fo, 80 4. AW Ghem. Soc,

extrace surface ‘bound nol ecu
11:23p5(1989)b @ netbylplopasoamidisdipiages fsee Feltai Olganugppiidesprrpnalogues:

A Pracﬁc,réﬂAﬂ)pré'ﬁéh S\ UﬁuK/er&fth’rbé%ﬂ)énh béptiaé h@feic dcitfbadkhbdrininkages

cu may .be [ a| ns t s I I e
(see E&HW A8 Che'ﬂéﬁf’? gﬁfﬁﬁ%& er'c % aC| nmEdl\Ert]éab %08
(1992)s“ﬂelye1eslamtea365 F@ﬁ@ 99B); Gertsspi, ehdll, p«atueegaascmoam%et tall sfmm'qh are
mcorpcﬁ‘gﬂe@ G}‘Jeﬁerén’c@ﬁ‘r@tﬁer IMHbE Rlicidd acsiRivat %s«gﬁﬁreﬁ‘cislw@backbones

t
eno 5 et AP R piri e EisbBeotioRharpger . Priag Moo
5,386,023e5,637 6841 5,602,240 02161 14 1;i and 81469,883; Kiedtvarsipd at. i Angew. Chem. Intl.
Ed. En%?h rfﬂ)e §nﬁ)gﬁ ﬁ@étﬁ&}lézte@alcgr;&rﬁcéh\?%{ %%821 19: 4%’(}%5)‘1@&@9( Blal,
NUC'eOF’@I&lD@Q'G@‘B’FO@ﬂﬂﬁ“QP‘f'?eC"g‘ﬁPFFéﬁ%a’&?’ RE %f“@%\ﬂﬁ"g RENgsHShy
“CarboRieate otifidayionstiantBeeseaesedret et v Shmgblitie . bet Bods  of

Mesmaeﬁ((%uﬁgi rg?%gémcsﬁ IWEJ {'na‘f éﬁ&lln q.%‘te4 35’5 ﬂp@&ﬁj Jéfts, %gﬁnt\l ZB'%nc?olecular

NMR, 341 7t (199 ). d6tighegdion (':-Qtﬁ ¥7n7éﬁlﬁb9@6) Bed PP”a@@Pﬁ gqq(fe’ongﬁdpcludmg those
describdB irAd 8 b férit Mo 5286083 4l 203406, ARkl Thatyrs 8land MASE S@mposium

Series Ezgogﬁ r%-o&?%ra I\E%imc% gn%m%\t epwlso gsteI %ﬁ' EQ% Sagéhw and P. Dan Cook.

Werern deseribes
Nucleiqasids cantaining ogg or nuretashagyclis gedars ae glamngluq!ﬁgﬂ véid (i tee definition of

nucIem%ﬁ?@%X &8 Set @F EhHedERIRBO| (15985 sMabY-drs) Several nucleic acid

ynucl eot | de nt.h atu
snctock e RRPECE Rt & S Bt gs oRL<PoRRCE: Ml PR gonietore
herebyeikpresdly ibgormfatedstyayferansd. Uthese raptbﬂqamlnsmhthp dbaskeipbbsphatebackbone
may beddo%% ?Jfgaﬁtaté%%daﬁm%@&lr cﬁ"n"af Rél&iek Quéﬁk%ts ?éb@ls Sor to mcrease the stability

erenti al response to the various Concent ra
and haifyjigiof sheh ynolegpigs B PRSI HEHEP ¢ NGV, o5 Praly
occurnﬁlgagﬂidlc\/efeldé and srzlogs tarebe, made. 2déroativelparirtuieaf differem nbedioacid

analogg gﬁg LELS&T’ @% )E&,Icgrqn Btgc%uaa%gfséh&’gnaloggﬁ'la 'b¥ﬁ1ade The nucleic

can dat e enconpass
acids nvﬁyﬁaérswelg stepnsiefl erzdouble agamgd 3 §RRAGRY LY ﬁ?réaam P%ﬂ'qfﬁé‘{/b%{'ﬂ gouble

strandédf & 816 stréﬁdla@%é]b@ﬁ:e Wﬁ@rﬁ&leﬁ;kﬂcw nSdyalel DN, B6th igenabtieTpralomiNz, RNA
ora hyprhd Wﬂ%ﬁi}mnu&leg 688 [ or]t%lnga y cegtr)llgagﬁ toF &e%)éyn%g angpgo |ngccl’esotldes and

ons.
any combination ohkedsesyy insluping nacik edening, lengtoﬁﬂ@@'ﬂ@@aﬁ”'ne mosme xathamne
hypoxa‘tﬁé"lﬁé%M@Qné’“nsb&haﬁfn@te% ns, particularly hydrogen
bondi ng, and typically i nclude at |east an am ne,
carbonyl, hydroxyl or carboxyl group, preferably at
[099] | Asdstscribed aldvelgbresrdliy fa bioteves, ndedrActidandjdatel pisactiTéiagents may be
naturalﬁ%@&]r%tng nggaéss ra‘ﬂtﬁ&ﬁﬂu&&é@&dssgr G%&d RRbont ALdRAas. For

er oc tructures and/or aromatic or .
examplg i %ﬁrsafra&op%v% PLRUKBIYRLS SSPEES PRNREYSGH 23S Sriineg abpsyfar proteins.
of the above functional groups. Candidate agents are
[100] alh%g)ﬁéf I’E@%nﬁwmgntbﬁ'@ wg%%;qg%cﬂlﬁgé&qé%go&%pk'cqﬁﬁwal moieties, a
wide vasigtyj ok WRIEh@S aV%!‘é‘P'P{PéE“? j@raturest r yct ural anal ogs or

conbi nati ons t hereof.
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[ 093] Candi date agents are obtained froma w de

variety of sources including libraries of synthetic
woroaasisnal conmpounds. For exanpl e, nunerous NPENESENE031214

avai l abl e for random and directed synthesis of a w de

varrety of organrc conpounds and bi onol ecul es,

o1] ' AG! v&w& ﬁféﬁJbQT?err& ofE r?dﬁ%te%da@% éﬁ?hr‘e%@éd

A RE veI oun
Prefergbiyy We@rraraab@técr pravide a Mrwr'y stwr:tarﬂ'v %rrmsearﬂpﬁiaronéates%r&tg effect 2

probabﬂr&tﬁ:a@’@ffﬂci@btl r8ndelof Biasitylty alfbwmﬁr@do a ﬁéfdd:dlar engdt! Xecordingly, an

morac G S e e Bl R Bk B e v
gives itcHffimity foathe targdty 8ittoagh naﬁdlf@ubtvm@mectae rqqembswrteme of an

rnterac%ﬁﬁw %tgrga' ﬁ?&\)rde@gﬂm RitBY inksuns U@p@ﬁgeeéi drt/érsrtfill of @6t @l difkérent
random chem cal |Cat|0n

antbodEyER =S R EITEUT i SO PR B Pt peionca!
antigersstféiaed by B@ brgamisth 0 §ghlisted Iyitrd selmtrcprtecﬁerqpeqjhagn‘g@d shayntthat a library
size of !)17e1 0(8 %@qffrg@ﬂt% ﬁ’r\o%‘agthr\ég wﬂgﬁ‘ﬁr‘r if§ fGHRHR tRYget €A I nﬁa?l @Vall combinations of

| east two cova

a Pept'ﬁi t7a\% ﬁ%a“'aﬁ?ﬂéﬁ 'a&qna@ 5% PROPNErALY RraRRSed PEER; S, e p°¥e”“a' to code
for 20" PRAPMBEHP | dBSs, w.tﬁ)hbr%@ QP17 e rBaitdrep LR bleclAs thelfresapt @étRbdS allow

a worlﬁrggfrﬁaégtrgg sﬁraag%tr%ejly nrgahtyﬁ {nke)(ac?on I{ rrarr%%97 %{rrrrﬁng%crgg aq? g&get of
shapesTthutse 26hiibnary adihds, in amrefepg(mm@grme@g ptleast 10 b rreferpblyct least 107,

more phﬁér%ﬂ]‘atﬁ%pﬁa RRY hro&%t'éﬂéraﬁli it 16 E40° Hiﬁ@rﬁn@é@ue‘h&féﬂ A18 kimGiltaneously
acl

anaiyzghin s ast s apeorr L ESS08Y GnSRrmeiien ey avs A ey

citrulline and norel euci ne are consi dered am no aci ds

[102] f.Qg \fvr 1 BE aRHERASESy t%set e LA VERALiPPtro or |Md"@1cﬁrgin9 botAkef Gvo (e.g.

udes 1mno acid residues such as proline and
Ce"s)qu‘r‘beEf%’F'?rP@ screepingdPeRideRGeALe YR be in either the
(R) or the (S) configuration. In the preferred

[103] Lrﬂ’%g)‘?%f&? < a bogﬁreﬁiﬂhg ?arﬁ& ngﬁacffﬂé r% |§cnateot JIH% tés@d n‘?(/rgo In a preferred

nat ur a occurrrng
embodimeat, ﬁ@tenget ietei is ispiateda AIPRRS. @@retfseq}rﬂlgrwedérﬂ‘@ iRghpiayes. and

rsolatedﬂfbﬁdse if ertﬁk’%@@seTﬁr@etFﬁrrﬂMMaWe is@dted 6 punfiediiv® variety of ways

knowngontg?ﬁ glqu Ugrket g&h%g]% éng r?aw {( r?e‘? cor% gﬂg %Lpdgsg F the sample

Standapt reﬁ@ratredmeﬂrbdﬁjnmelecvmorﬁam modmwer ol pige agg éfﬁﬁf@atographlc

technrq@E@ wféﬁ'ﬁj H[; Anlexcrfge! rhfldr&gwoﬁfz %it{}%n@kverﬁé-ﬁ% IMPE CQhromatography,
natural |y occurring

and CHEBIARIRe4FI L AP AU PAUE Y B e (o e g orer
antibodyicoieaih e ditdfilgetoh and iafitratioe leabripeasn caljundlicarwits ptateir cancentration,

are alsgﬁ eereFH'Sg%qerall didahdeSin g@%%lla bmﬁ@éﬂoﬁ%c%rquegr&%@'cbfﬁgs' R. %ern
ary otic protei ns é% for screenin

Punﬁcev@t%g%é@@q ¥ 41992k iR deg'P%\?ftH“Eft?P%ﬂ”I fg?ceﬁéfrgr”w@&r depending on
the usd dfitise tengbiquiotamnin same ilstdatarmogarifchtidnavdl By neabssafyungal |
viral, and mammalian proteins, with the latter being
referred -and human proteins being especially
[104] pﬁ\%\ﬂ"é be appr eqeByy thepedn e ar. e"r‘r"é‘ii"aé‘ﬁ'gé’ﬁl"??é’ﬁt'“ V'Y‘h%‘a’ree”'”g systems

are knéwi) qhodataﬁrpw Paedrget @ro@@edsrttrse @herd@e pyéntir o tifflisinymaino tt an

msolub%dsugmrﬁ@vrgg Irsa@te@m né’le gt?cg n aPM S Ee a{q%%r@ﬁ@r;ﬁbate tar'r %rrﬁp gtldt) The

insolubéegbrypportsSnayeiermpdp af @nyetgrnawtyn pr\e'f'@rtheepmpph'éorﬁ@eﬂ Peleaynd, is

readny@@aéré}@d ﬁérﬁ’ g&&bﬁe mEtemtamaasl dt%nrarg@etrrrdamge pliotheblsral m&hddof
| Ne apove

screeni TOAFBE T 908) P By o A RRSTIC LB =n ] ARyt shope
Exampieg of suitbide tnsolbfde slipportssnciusiemicrotivertplatesc drrays.ohemtranesiadd baads.

These Qr%ﬁ)t/dr(gﬁy rﬁQJbSdfgfa% QfasRE! nbélfgt)lré/ne) TBRSLREMNES, ﬁﬂ&rﬂ Q%ﬁrocellulose
am no aci respec i ve Si'ncé generally these

112097? éndom peptides (or nuclei&®



aci ds, discussed below) are chem cally synthesized,

they may incorporate any nucleotide or amno acid at
w@no4p8®it i on. The synthetic process can be deB¢TDOsSm03/031214

generate random zed proteins or nucleic acids, to

allow the formation of all or nost of the possible

teflon TE QDI I\ﬁ\%ht@ﬂﬁ%@é’ &ld a‘i'rla% &€ @%Hal@fcowéﬂlent%@é{ﬁse @%argd m&%er of

formn rary rmwom% q Q%Me bi gacti v |
ass2y3f129 08 Pwa&%@aé'%@%gsw BG4 ZHES Bl R RaRs sopigs. In some
cases miagretic Yedds ahdiihk yike e cholotietie 0 he partitulan nageeywebicding of the composition
is not @uc@%l &8 BH%§§lng ggmﬁagﬂr%t\nﬁlmt% r?é eﬁ@)én@&%réll'n%ihodg Bf tﬁe mventlon

erre rar bi ased.
maintais e 4586V ©f BRSOMBRSLIAY RSB ERLIRe & PSR OReindd include
the us€ 6Muatitiudles (VichadonoS stbrallyalbck either tue lligamdtbérdiing sidoeractifation

i e,
s fSRRRI HIET o TR o B BESLOUEP i sovys
chemigahereiestiniongelthe wynthasis ofthe efateineer 296 S8 thersyrfacex gifpF dlowigg binding of

the prcf%ﬁdér%@ﬂbé)&e@rﬂnﬁ&rﬁ%éi’éﬁal |§1iséd‘f00@hbyl Wa(éhlhgsﬂﬁhﬁﬁ'xple receiving areas
Sl
ey 1y ikt uckoR S5 s 5 P PYeRR) ki R onocuous

proteingar othenmeiety 0 AlsSic@dediio thifl inventianeare srseeninglpseayd M/hergm Solld supports
are not L)é@@%'xﬁ‘rﬁﬁeQ(Sf shérsdrk dédemsedibRiowphosphor yl ation sites,

etc., or to purines, etc. [098] In a preferred

embodi nment, the candi date bioactive agents are nucleic
[105] atiadsefeiyd éanInm'nt thedarpel'protein 15 bburgida thel sprartdastd agandidate
bioacti® 95{5”@& L& d &MY, eﬂfte?nzﬂll%l 'tr{(} Jéﬁél&%i% adent ﬁ@%&ndttme support and

cova y |inked toge A nucl ej c
the targel Peoleyt s RS NOYB RO PRRTLS 1O CAISPFCIg ERog P OB BRI hinding
agentsﬁéﬁhﬁﬁﬁd&ﬁkcﬁé&n@ lof Enenvtal libedribd) peigide kil @8 ec.CX persicul@Snterest are

screen{nﬁ tséa g Por %gén%v\(h tmlé% & og/ t %ﬁt)ﬁ%@%%ll?rﬁwi’dg %r“—:w assays may be

fierna rising
used f@x@wr@osepﬁ@@ty}gjp%ﬁlﬁdd@w(%a@@ﬁ@em @tndlgg assays, eIectrophoretlc mobility
shift ask@ys, AHAMoBSEayHBL grbtkin bhdiag, (fdkEchal @d@éysﬂﬁfﬁc%blﬁfﬁﬂﬁ&n assays, etc.) and
h Ikthereln Letsinger, J. Org. Chem, 35:3800 (1970);
elik120973-1 28 WD 2004/ 031913 PCT/ US2003/ 031214
Sprinzi, et al., Eur. J. Biochem, 81:579 (1977);

[106] L‘Fﬁ@dé?&%fnetx&ﬁof Qﬂe b:lndmﬁ%l‘ the @é‘dd%te%cuve%ﬁerﬁ@tﬁe (ak§8 prbtein may be

cone i R S ch o 0 Smogd 0 4h0 PR IR “OR Ugiedeo. an
bindingdetermined inextty.cEor Seamppe, ¢his 128y tleddon¢ b 8BAChing all or a portion of the target
protelrﬂgg%glgigu ?J iy élg@@ed (%Fdl&gt %%r%ké?’%ﬁ@é %r@%@ntiabel) washing
off excgﬁdgw} 6@9 qu?ralénlrg V(r'Bthie[Jthe @pel a3 presejxt onAH? S@Hé P°§o Xarlous
blockinghd R3ghing(st&8 May,be Qtilree by kpdwoym e @ani di t e | i nkages

(see Eckstein, Aigonucleotides and Anal ogues: A

Practi cal Approach, Oxford University Press), and
[107] plap preferred erntoidimeat cellulgheIeRXsrEe dasd In t%'ﬁ Lea@e@mercts*é%cand'date
bloactt@%mare]conﬂ‘ﬁed Gh&d¥ed ﬁﬂéicell oA gopubfidiof (:QIQQ&hpnsMgl tied target molecule

(WhICh Nﬁ? B? &e@%urgl@@c?%%? 913 &Ir;fogglsthon%g £ doge)nkr‘;jl{sbJ 8r r%gomblnately
added $80 :e2@Qien¢d8IG e cell) Seifablaieelttipesrfes differepberpndiments %9 outlined above.

The ca‘h@ﬁﬁé SBS&%/% ageeqttj By th%ﬁéehg 9@ cBMBhEd. CAsARil Q@adp?&ta%%yﬁﬁ&&ﬁl the art,
SITIV S

i mayasgprivighed gy TSGR g7 SURNY UGS THTHIEE A6 surce
of the ¢dils, % thPatediatcoiNaiming tHe, cBBEG o012 3 ;surfiac 87 wbBH theXelate Qu@ing or in
contacgw?hl Qdd]fn%%he aght ds“lntéﬁ%  Bfis3for &aﬁ%‘e‘%ﬁmn v@Jtor@lh-at wif\h@6dce the

lTsh, 30 Let si nger, et
agentsjpto the pelisye. wheg fhe agghts are pygleig acids qr p S"?' Let si nger, et
al . Nucl eosi de & Nucl eotide, 13:1597 (1994);
112097522:pters 2 and 3, ASC Syrrposll um Seri es 580,
rbohydrate Modificati ons’'in Antisense Research"
Ed. Y.S. Sanghui and P. Dan Cook; Mesnmaeker, et al .
Bi oorgani ¢ & Medicinal Chem Lett., 4:395 (1994);
Jeffs, et al., J. Bionolecular



NVR, 34:17 (1994); Tetrahedron Lett., 37:743 (1996))
and non-ri bose backbones, including those described
WO pooglos91Pat ent Nos. 5,235,033 and 5, 034, 506, pomUS2003/031214
Chapters 6 and 7, ASC Synposium Series 580,
"Car bohydrate Mdifications in Anti sense Research"

[108] Eﬂj\ onXe%bod%ﬁag hHé ca%gqatg blo%gog@éﬁl& are Dttt ﬁ]c%ldaéadg%r protems

I'ning one nmor e car I'i c sugars are
(proteinse F’LRJI@G‘% RGHORS PIRiSNgAIBFRPIGSH. 29¥ PORIGEDhL a%?d”‘t?&“‘t"é’é’é° the
host cell§ U&hg’l\‘ie,ctoﬁi, inalliding ¥AEVECtoR0 CThe Bedice, of (bIB&EYr, prpferabfOs virablector, will

depen% E%%\ngls,lecl Leﬁ éﬁaegclze i@'ggeapllgﬁﬁ%qggvﬁj%@{&dr?gt ﬁ%&’ ggqg"h’\%re fully
descrityegfbelown ¥éen theeellshase @fﬁyepé&q@ﬁ@ggl they aie aFestaddn et ¢fyne growth
phaseg)et;tﬁér Qindl QectoF RaELETALf ihdhdbirigasHsivied atdWiehdvit@Is@ctpldpsphat e
bone nay be done to facilitate the addition of
addl tional noieties such as |abels, or to increase the
[109] stregenérilt the canditiatecdgbnth pfecaddéd tg mfpewem pxdraceliylarly or intracellularly,
as outiPRY §bd?/leﬂ94dgrq'laa&5‘ﬁ/ bcfn@ﬂ&%rlli'na? favbrnag@F‘lQbI‘gétQﬁIeraBﬂdﬁE useserdly, this will

nat ur al occurring nucleic.aclds an

oe physgigecal ApTCioRat TARPYPTS oK P PeioTi7d B Y EPEREU NG otiaes
optlmaa@dtldlty wpiedlip getyweardlant 406 Clr psubafionzriodsare yelentasiforrdptigum activity,
but magté% 8k %%t%%e%‘cto Al aér}%l@g@h mgPSutm&nn ThSpig4lGIb8iween 0.1 and 1

e stranded I e stranded, as
hour W:*J'pi@éPﬁ'F'é’d E%ﬁ“%@ﬁ@%‘i’? i 95'6?’?“3/6‘?{%0"61‘ °b‘6§sﬂe‘&?¥(&¥| e
stranded or single stranded sequence. The nucleic acid

[110] \?\E«%ane%f ?] ot er g?g}nt&rﬁ% |Eclmgmc\t%sa @ n%é%r mélho%%@é'deqts like salts,

contal ns any I nat1 on of
neutrabigoizins, et abeni, defeesniuel i gey be Hged f0 BRitateoRBPARLqtgRProtein

blndln@gndﬂﬁmce hJRCpBEHid Y bedkafuhd m%ﬁ&f’bn@eAlsb Faagemethat otherwise improve

|

may bejasedr Eel ryixtirerof pontriogems may\breddslied inganly drdestheti raeyides for detection.

Washlpé Q'Q'fﬁglhd fie RERWifod BoXe BEwil 'B@Eb’dr@cl, dt¥d Iﬂﬂﬁé‘sfeﬁd {A@ af BEdifdrént times,
random nucl ei¢c acjd "bi ased" random

and mﬁh‘&?'%dedh%ﬁec?éf""‘?—*l?f‘ a"‘é?{%’ﬁﬁ‘l'gét'mbl gests of procaryotic or
eukaryotic genomes may be used as is outlined above

[111] f Q\E gmggtagb Ecciated L);Tﬂgge ih he@rtPhEESE Eﬁdbeeémqéd"ﬁ @tvarlétfﬂgf ways on a

t1ve agents are organil
varioty 3 e ol GoBOrahDE 615 879 BTSPnE UL SAPERESIPAR T b e
modulbtl’bﬁ ol‘ it efrget torRculd. IR0 Aitsted prhzBotyie” 80@Hdngad SHySiology” or other

gramma |Bal (%,lzlvop {391%1??1]1? me{ar‘?t%'al thega%o%ggﬁﬁé @éill nseém—:%' N?&ltne w%

er ent cand I oacti ve agent
prefermenu som@ﬁ@qécéabéeoany/or fR@surablsy wayy A N@'LHG@PB'P%‘PEI@ tge &, a strength o

the pré‘éf]tﬁﬁ&hlﬁﬂtd e Wide l‘Jﬁr‘ielﬂ} &'cbl}/tyﬁ’ds\éﬂﬂ §6te|ﬁlappﬂeaéty;ﬂ@cr®ﬁgagﬂﬂi}18nay be

S et R T
detectéd comeasucgdynaydn the hasie obtbe smerlmgm%ws éweml Yuitgale Ipa?f@élp'c
chang@@ﬂH% B aFehﬂﬁ lirfitedt& @?Jss 9W§|c9fchér¢g‘és BRARE EBandkd in cblﬂMSrpﬁology

tructure

cel arpghisl AOHY. Fiesig SBe oS s oAt s cRecH BT AR thenges i he
expresaoa of oHeeor siomeRNAS, proteirisNipais Awtmanes) dylokiaesy or otlgr umaiecules; changes
in the Q#uﬂ%h&ﬂ#%g% ZH P If- IW: toP ohd & nldiTRAES, pﬁﬁé?r%nﬁﬁds ﬁorﬁlle@sr &tdidhes, or

nt ant i bodi es Igr ovi des | east” one
other melpwasatEBIPS ‘i‘ﬁ '°§%|F?ti°6|°é?ﬁe 9% o RRIAS. PLotenst '@n‘d&c'ﬁ”v\‘/?'i%
cytokifB3Sdr offet @Bleéudds; craingdsgetns bfcactiitly dryspedific@ctlyéty bisime or more RNAs,

protem%%ldsSherq?ﬁ ?\ﬁc%rngs ?‘gcle ' &rbgﬁe?%g@litg%eawan f”essgcretlon of ions,

Picient
cytokifigsnitprigeneg carewts &clors, ﬁf @'ﬁerrmﬂ'qcy'e!f Gltergtipas t”aﬁekbléﬁf megbrane p°te”t'a'5
polaridatidH, fegrifor Parsp&re BiRingad ih tfsctiaty, suscepepilifydigtericyt 8dn26ion, and uptake
am no acids in length, such _as generally proposed
112098l ei n, has the potential t¥ code for 207 (10) to
2020 . Thus, with libraries of 107 to 108 different
nol ecul es the present nethods all ow



a "working" subset of a theoretically conplete

interaction library for 7 am no acids, and a subset of
w@ebapes1oior the 2020 |ibrary. Thus, in a preferePUS2003/031214

enbodi nent, at |east 106, preferably at |east 107,

nDre preferably at | east 108 and nost preferably at

of vnru%cleﬁ grlé E%c ﬂoahfggé eg%)tc S ql’(’:g a{%ﬁesof glqe%lg;? {h?ghér%ggglﬁalhé‘ n,is meant that

the biogetive mmte car dba@gayh%meeowmofme\ﬁeﬂ inispipe dpteeiphle ad/q manlb'eble way.
appreci ated by those in the art, either in vitro or in

[112] (E*.Yeg%l% gﬁb?ndoyg agt)é%tv%n‘r’\%d{fg S\% gty 6 ﬁwayé)ang g %gj\éllyvé)epend
and cogregnoed @rthemweeqtmﬁdhatembequhenqear Generaiiy| the maegﬁ%%phenotype is

detectécﬁgllrgt ﬁpex%ﬂlglet rﬁ@k@&pﬁcﬂanéﬂ%ﬁ &-cell l‘ﬂo@h&&gﬁf SEARF cell vuablllty assays,
| ment, roteln | 1. SO

o pte 8 BEp e SP PEA MEFrt o o ol Brar e
resistahito celisdzaihrvia virus, ibbeteriea sstary terial Dasypebtiqip:ons stasdandipbdieg assays

such ats ﬁ@ér%&ﬁc |ﬁ |cag(5+ 'sgaityﬁ ﬂ)r 'th% p?e gﬁt{e o‘? eVeI%F a B‘Q’M&Jlar K&%cﬁe‘&ule

mclud@gﬁ(b%’:}]@rmﬂser gy@t?jrm@%t@mquﬁs t%wgﬁgégﬁgp%ectw@f)fat%%pbessmn of target
compolah!dsl a‘ftbﬂatmgaﬁb oans; e sparebitosy, edptiatyretphiaphetesis; As will be appreciated

by thoie In ﬁw%n sc’reenﬂﬁ%@%&ggwltﬁ %neaoqqh C&rsg %gw Qrggr]ﬁff%n of a label in the

I on exc ange,
ScreemﬂgfsvﬁeftlyThaé\ﬁd'nPé@@?‘é@"bﬁés?@mﬂmf@%‘ﬁmt@ @gﬁaa(ﬁwem isdaRgled. By

IabeIe@hﬁé?&ﬁts‘?rﬁé&ﬁ“ﬁétrr‘ugclelb:@éldse?Sl@fﬂms%nd blli‘tkbodléH & ®e iventicd Havéraleast one
n I
clemeglop i or R4 PATReled R g Tt Ptk o Dk B grotens

and aritibodiesrof the dtvemsion wintdengrelolabélnfalt intectbree plafseeha) isotppis I%ﬂé§owh'ch may
be radB%&{\{é' br hea@®f |s<9§d'é§r tﬁlxmﬂbﬂQMWhleh ﬁlHif E@Mt@od?éérdrfahﬁg@hé @Rd c)

ques, see i on
colore@mfiuwgé?en\)@ﬁf é{ﬁm“m%{’i'é 84" =S #hBnieg @k@g“eoﬁmﬁfﬁlpﬁﬁﬁ? et 8R!
beads g exmasty beads| ete.acan aspended grhenebels ey bs éncorfpotated into the
in. In sone instances no purification wll
Cmnpmgégg%égégkg [104] As will be appreciated by those in
the art, a wide variety of known in vitro screening
[113] S yﬁdueﬁT&nplﬁUaEsd@wm asda9s thexanpisdimitédite tHeamemsurep padagieter or

outcom%eB Can 8 gg (? sé?’ge?\ﬂ}tq rﬂe%ho%g @ugﬂa;{n@hg éfloé?&sm? pelévgntq'ﬁ]odels, it is

avil ng ecelvin
possiblerte méer;(ret toe acaJalrpqzmt@f 1nteeactlcpﬂ inthe, bloahena?a* A3thwast @d)whag'n%de'
parambt@ns@,lgu Qh?yn%UQtE QBﬁs‘@aanHé@l|s|'&ﬁ3¥ar@feqairbhuﬁw6}3ﬂ§ﬂtbr &dinpefitive

equ1l|b§% gagfagad thrt |g%ﬁtt| %?oznpr?glade Brl\ IIS wag ﬁjgferences |r§1 %% mé{:hamsm of action
of compounla with bubstantiaty the eame ebsehablaetpivics! éﬂwltss@ﬁﬂé?érWSﬁq nedfhe
surface of such supports nay be solid or porous and of
any conveni ent shape. Exanples of suitable insoluble
supports include mcrotiter plates, arrays, nenbranes
[114] amth frefaded embbdisat, ane & gepwwﬂabm yitensmichbendtypglisadatectqsl, the celtis
Thid¥ha'be A6 ber of
|solate(i (?rblgl the ;ﬁ?’!al?f%@e(ﬁ?&?loé O%% erdl gﬁlﬁﬁfyg&g I/hBB ag e@bne in any number o
ways, P’O?/“EBQUOS‘P@SH‘PM‘" wépmewceétdepenﬂme Ff@tﬁ3§%/r°rﬁ?fﬁ?fé§“'tab'e
|solatlcﬁnécharqﬁétyﬁcllﬁfe€btﬁ§ml imhiteyl te; EAC SNy sBdelebimaistig cemplamere, cell
clonln% scannlng rllug'r?n?%\é tegpﬂo ‘%rﬁ eoglgeHVEIQI ﬁrg{ems ,ng}{!eh %Q[ﬁ%é%?g%f acell
surface a@@g\ qmg'\qemplgc%tg@tgsagpq renpereq flypgesggnd of tﬁg;qag@é@ phygigal isolation;

expredadh bof M@Ymémﬁﬂfhéngé% alhoRglidigscait niokeule PMrdscer ond; Svergrowth
ruc

agalnsit 8§acz<ﬂ|:[ognda ?{ 8 {/ sel?\né | neg%atﬂ dc? cglgr%%%slolgﬁos\eﬁ@hl}l otr Iaﬁﬁer cell vitality
indicatordyes.@ths the activity of the conposition and is
nondi f fusabl e. Preferred nethods of binding include
the use of antibodies (which do not sterically block
1120981t her the |igand binding site or activation sequence
when the protein is bound to the support), direct
bi nding to "sticky" or ionic supports,



chem cal crosslinking, the synthesis of the protein or
agent on the surface, etc. Follow ng binding of the
wEe@uesdr agent, excess unbound material is PENDY®A3/031214
by washing. The sanple receiving areas may then be
bl ocked through incubation with bovine serum al bum n
[115] $rlltr)31ia é%r?/ferr%s eeI br(])dlmeptOIhh glroaét%] %?elﬁplg ?SO|8P({GQIIOﬁ‘II tg? ggsgg% ggl Thlé*, may be
done inpg Bumaer gfveaye anissodwndn hgmioPres respued, Histsegurnge ofdhepipaciye agent

and/or Qlfaa&Né: RuchdiCacits aétbfiidd Dehi®Wforhdfdalcah theRbPuglder & Renber of ways.

Ina pr%fﬂbergmq)%gﬁﬁat Eue &gﬁﬁ?xa 39@% is IB?S&E}E?% @.g %reﬁ{tro?uceg '(5] Cpetae %a oget cells,
to verify the efleg.a¥his may be daeias @l kpown indhecathdi dat e agent is bound
to t he support and the target prot e| n is added. Novel
ents include S&GCIfIC an pl ? les. F
[116] n'('iﬁ’ Pr'i%f?r magAiMENt e biqgeie a9nhis T ‘P@H‘ Y 1Lt meleguiesy For
examplzha&ndutliabd hérbin af the rgepaplecuths apnarbieds, theetse. of Epitope tags or purification

sequertBe | Lgn%mhe p'ar fﬁ:%f?o%tqf gﬁrﬁaw gqe@ﬁ.elbagesaﬁé@cﬂeman REROES

have human cel
lmmungggpg@p?orbpfﬁ@gscgygmw o élteruaaig%]y ftg Papfides WB%R %%sed in bacteria
and putifitdl ¢Hhi baQisbdded grobe dyambtta eacterial cBNA-eRpredsiinmiblarydadedrom mRNA of

the targ?e% gea}}ytgje 8' %gptpgg pa%rb%tulsgd é‘%gé! Enté{therssjéégttor ﬁ§r§ﬁl¥l§an two or three

I Onal assa
hybrid €)f§lfﬂi§ph‘é)-lcyllféﬁf?®ﬁ" dgrympr@mesrawen Wfé upgfiddo 's?'ate%q\'A-bmdmg
protemIEﬁ‘d G{tﬁérq}ﬂ&’a&ﬁ\b |p%u9(fon¢pb@en|f§ ek mtl?éc(s)tcbﬁ b& edibindatvith other
lve rotel n nma

pharm%:owglﬁﬁgtfvatgfsq%t}ygy tgf ﬁp'§at5r"élgté°f‘?|ﬁ%? cgﬁjgg%l gr sﬁpgtxop Hgtﬂways in
questiopandi dat e bi oactive agent is |abelled, and binding
determ ned directly. For exanpl e, this may be done by
tachin or a porti t tein t
1 S BTt e Seol S o s Bt e s o
cell typex arijet & witlefvbristy efsomdittond. aberlejally, Waestvishaglls @k cel)ita s involved in
diseasé Stgtgﬁ ré‘hd t Pgrquétﬁf 6}‘3% dWA& QE&dlth?thE%ﬁhalfy%sﬂﬁ ffBLsirable

rIOUS ng and washi n
conseqyeRgss ow cgs. ly’(nelnuazswb&%sb'q%t'weﬁ@s\m i§ fRuridy e ypgesirabigérect may be
reduced opélﬁfr&ﬁefoe oknembmdlymnﬁany aedifable @bnsagEAYss radyebettedeed bireliminated,

with an ea/ﬁ%owa eﬁjummg dwéa etrae ?e‘ﬁulgr%qe%r?r@;n?s as@p & \bl}ﬁethggg T'ff th(e%r

or-a on o
Slgna"log)n?ﬂ"\f@ﬂ ng the target nolecule (V\:hl ch can be either
naturally occurring in the cell populatlon (e.q.

[118] t ﬂ.'d O%ggyggfﬁ;a mgtgurloﬁ gcgiqgtllhggtol otfc 'Xégm? C)ln(ae r?q?rre %?J%QI%%H(S the
deVIceeomlmjlnmn@rscoamgsqjmuld|ha|wngm\p9nentsrmludlag| doraeanents for loading and
unloadlpl A&6< ét‘é%c@gﬁmu olaﬂéi‘s & Q%tl&%l ITﬁe ﬁd’uﬁi rfaﬂmb ReemdanWdude Ridotic

preciate ose in
svstemaeefamfmgsaﬁéawﬁw afrrgwmn?a@r 'fb?ddwétgfsa"v Ph%'n%eﬁlfpﬁaﬂl g herein
may be dutonczadt] thaatfer exgreple, shet gysteime may bé agepletelf ot eetia paltenated
the nedia containing the cells, or to a surface on
which the cells are grow ngg or in contact wth;
[119] ARivikge 9%9%?@%%@'19%%“? A Thesg pre a vridg vaggty RpsaIPR et hig can
be use¥,&6dIRING, it Ast imitkd to] sk loPAhdRactidiie arnag plate handire for the positidntg of

b oS 6 948 MBS S B P o

lids for wellsonencareiase contarnination elatesiitiagearedlies foasamplecidiihuherswiy disposable

tips; washhti€lip S446hBlies fo?@érﬂ;ﬁe Astriution; 6 el Io(a@ih@bl@d:id@Scdoﬁd rdalgént racks;
InS

m'crOt'EeéB{a%qoé%e)ttePﬁsi‘fo"Z\ op [u?nﬁl oalﬁ%)eatafg(orﬁqgv%elﬁg %r %I(a_)tetc.a etfpls’s and computer
systemgsi ng vectors, including viral vectors. The choice of

the vector, preferably a viral vector, will depend on

the cell type When the cells are repllcatlng,
1120973-dt roviral vectors are used4as is nore fully



descri bed bel ow. When the cells are not replicating
(i.e. they are arrested in one of the gromh phases),
wobéan3wis al vectors may be used, including | ertTNSZ0BE/031214
and adenoviral vectors. [109] In general, the
candi dat e agents are added to the cells (either
[120] eEtll‘r);? OlIC (a' mncroﬁ/mcp rsy'(s)t%&(% %%@Jﬂ% %ﬂéﬁéét%(ciqlgtu%fs, g\%@%lle], Q&Idand organism-
handhrmgrmdm@nggémroumw@mw@ttln@weﬁmrSéﬁpF f scragnigg gpnlipatiope This

mcludelahmﬁa %&%C@h a‘ﬁ@Bﬂjaﬁllsrﬁﬁ%nlpblﬁﬁﬁdbaﬁdh%%smyorbelslS@kf@frﬁl’ﬁdg

attingg e SEEV RS oy Vet S oy el Bt ;o repetive
pipettingenf identisalarinee fop owttiple Helivergsthionamsirate sampteﬂsplrajleﬁ Thege
manip it Rs HE cRBL- béﬂta?\%ﬁatlt)ﬁ’ frgé‘lﬁq'u‘d' ;Saﬁ‘ﬁc% E@IPérQi d?éé}hﬂ:n{ tFHn@fé&hTrﬂ:Ut

screeni ng ¥ @ﬂ t E € or
st e B HLtor e LRI BB GURE P SEREPR 1o e RS =
daughteryadtes] highvalgnsity frdr3ferd) folpiateeteyialafluton @nd higa gapatity apesatitre

i ncluded in the assays. These i ncl ude reagents |ike

salts, neutral proteins, q al bum n, detergents,
[121] elne Rifpreas amRPdBEnt hemiqaly esisRipd eAribias st oartiges, tibes.
magnepcf ﬁﬁrﬁtﬂld’s Hobiee bdlid phasadhaiix vath dpedificityetd uneeasaameospemnfs ate gged.
The b|n mg; s%ntfgc%gt%hrlnl% ??%%ttet%g%r arﬁ s%ﬁd ;;h%Q(Qr%QE' §e ltkﬁ]“de%)n ?élwesglgeéces
highly pq*ﬁnsbfrfaceis gnodifigd ﬂ@@fg@cqaﬂmﬁ foiprasrote Codﬁ'?”t-brﬁdtf‘ﬂo%'it quy coating, affinity

media ﬁﬂﬁ’rﬂifﬁsuo r6tems ofpRYtides, dd&@cﬁe—fux&@@roféln&ts%s@écoﬁ{bmtﬁﬁtl’p?méls AorG,
r I etectli on
T S G e

appreci ated by those in the art at different tines,

122] 2R ﬂm&réd%%qﬁwhh Slaf‘ﬂfrr%s £k muitilviel @tale@ﬁn@ﬂdjbes holders canrldges
centrlfu?atlon

minte, ST e i BT Lo St bl s Fpsy Py S5 e
beads,\siay sthersolid-phase inetriceér phatfsaswithl varigerveluales atelagcarahddgtedop an

upgrad%GI ﬁfb@@gr OJIQ{O]U@ %%oﬁ%nﬂ IEQ;SHBKIV pﬁ\% médalaf ﬁlal?érrtﬂ%cYMdE@a {d¥@ble speed

orbital Mﬁrogtgpﬁgultl-epsmoa Nvaﬁggcr@al?s:jp{;gprgg gzgwpleso parpple,and reggent dilution, assay
plates, aApERhd RAber? Qeleadlrs Pipsttdtps Land an Sictiveavath sthtidn. t he

phenotype of the cell is altered in sonme way,

preferably in sone detectable and/or neasurabl e way
[123] Al agir¢ferrescemaiogiment, theerpcygier @Adthaimoregylaling walgms a@rusef' fre
stablllzpﬁ%@@ﬁ'lpéram%mf krférheht%xéﬁéﬂgé% gleh\a8 thritloNediocke b plétfysmo provide

accuraffgﬁrﬁgeor%tﬁrg,tcﬁpté% EP Pcuﬁ@%ﬁ aa;g&e%gog%g%&g %Bngﬁl)s/ iS drI]] 8‘?@%1 ?odor in

place af lrerstptomthecimcoifoliése obser ved, detected, or measured
nay be the basis of the screenlng met hods her ei n.

[124] | ‘nm qe}%lar% h,ﬁg,ﬁ.taég H:_\y%ia A5ig ﬁ@ﬁﬁ@?g%ﬁ'@?'gfgg%@ﬁgﬁ%t@g' )with single
or multiptd hagmetiqyirobesgafiinity pebés, gr mpstitars ret@titally mabipllate yhe liquid, particles,
cells, agg IE]@%M%S . Lélﬁ WRBET r\%ltﬁﬁb@%a&en@gep%%ltd@or R mtShadt e liquid,

es in expressi on one or nore
particlgmpgells, aﬁ?’ é'lgéﬂ‘ﬁﬁs injsingle@s mutielp ﬁﬂ?@%m”ﬁﬁ}? oki nés, or ot her
nmol ecul es; changes in the eqU|I|br|unmstate (1.
[125] Egheﬁ% in g{r r?uen %Cﬁ??lﬁlg% temrlgn F%%w op{u@%ﬁ\ oF or .J:lrh %h(gczs'se’d Isﬁlf
contairte systeyes |fqr ggt dutyie Qfow@y@déqaan@'fr@hwultlmqﬁtp@ﬁqqg tubes and for

hazardbhspcbpiéffatlorlibo ‘TF@IW&@ cellsGylf B¥grov@Sunder cotrbIRt gromkiesdatiess, with controls
for tem8?rapf|g<?,§ rﬁﬁl’&é and ?r%tn{ﬁvsleﬁ S. o?{hg?l? etﬁelllfalsscal){éC»&dté’rh%t&i(@ins%ﬂﬁatlon of

cells ammecpmmdscomw p@l(enew'" MIli@tﬁfla@lQ Scremgééeﬁlfﬁd PGH'é
secretion of ions, cytokines, hornones, growth
factors, or other nolecules; alterations in cellular
11209738 br ane potentials, polar¥zation, integrity or
transport; changes in infectivity, susceptability,
| at ency, adhesion, and uptake 1120973-1 32 WO
2004/ 031913 PCT/ US2003/ 031214



of viruses and bacterial pathogens; etc. By "capable
of altering the phenotype" herein is neant that the
whr@maosiove agent can change the phenotype of ther/vston3/o31214

in sone detectable and/or nmeasurable way. [112] The

al tered phenotype nmay be detected in a wi de variety of
[126] V\ﬁé\?‘ graﬂgry\/&‘ﬁ c%prlggp% cﬂ’%%r%gqgﬂgts C%gﬂeeér}%elrfﬁ%mw Hﬂlahgptturéeof
magne@%mrigcéhf b?ﬁs’ﬁdlaﬁﬁl@sl@“ﬁjél‘%@ﬂwmwsl ng, for e;<anpl e:

m croscopi ¢ anal ysis of cell nDrphoIogy, standard cel
[127] Vi'rrcebflexrélgégrg@sraeyanp Isovrgl FJ r%tru Oérl? ad{g)gbﬁlfysfgrq'n&ﬁrilé p?ﬁ@a‘i Qns
The soffwere pogrant meduigsaaiow creatios moctf@a&m mdauwn'ngmé, methges- ethegystem

diagnoStic Rales 5“0@) mé?rrum%b{trglrtj'rﬁﬁén@ chretct Eﬁrne&r?ﬁr’eﬂ 215 rﬁotbﬁ&ﬁrdtrﬁr& The
ndi cat or

custonfeg S BDRTe) B AP Barl LT BB A al e eren
applicatiores toitle perfoFA€s The detabase atiyve rsdtizadrand gatametenstqlaas; Robotic and
compuldk REIELE é%ﬁdw Q&ﬁrﬁ&'ﬁdaﬁ& ﬁwéen%sﬁefrﬁérﬁsss' on of target
conpounds after killing the cells; mass spectroscopy;
capillary el ectrophoresis; As will be appreci ated by
[128] t heSeeferredtdnodirrient, he rebetid arpgparamsﬁnce:qesemdnyaldmwsm unktevhich
commrpﬂ%{é wﬂtfu mﬁ\o%g 5%%{ cﬂdp%ufbfut @ev'c@@@lg 'k@ t;oﬁr% mouse monitor,

creenlng

printer ety BiaEgtt !@Hﬂs tﬂﬁ@n ﬁé}gg}mwo&ﬁmsgnqy&@érp %qprtrogﬁo or rn place of the CPU
for the mufiBrkiffidevites Gﬂtlﬁb |h6enﬂaﬁnmwebbrﬂé’ral mterhaibe bétwbélsa capiraltpeacassing

unit, a grle@ﬂghr{'lpu%glglsl dﬁvrces andha tpu\éerg fmo% ub @iX gaatl'hx{ eQ%rg%? different

procedenealsleperding od dheeaxpérisnentsfto he tinedre S@@ddsthe pPotreepasy. Agell be

apprecfiitdd ) @& i 1 art, MAtHeMBER! dn@ MatHOAd GRIGRINR| and lcagdtBlefprgtams can
into three classes: a) isotopic |abels, which may be

be usefl.y§i pacti ve or heavy isotopes; b) inmune | abels, which
may be antibodies or antigens; and c) colored or

m29 f "I'Hé@é F‘o%st%'fﬁudq')éﬁém §J/sttér'ﬁ§'k91h uliig® ‘é‘rl'rysmﬁdﬂéhofaﬁfeﬁ‘é’r‘r? ¥EEesnts, including
(al kal 1 ne hos ?ase and HRP beads (e.g. magnetic

b“ffersb'@ﬁﬁ@ts 2 e%tlaéﬁ?yk?@mﬂ%'?(i)s e | abel s may be
|ncorporated |nto the conpound at any position. [113]

(130] ! Wh?&ﬁgamhﬁéﬁébn R&d fﬁ%ﬂéd‘&n lﬂ§1§g?éé$aﬁd1@atr5r¢ss o) Butfrn%d herein, other

nmeasur e aranmeter or OutCOHE By
systen@@arpber fglusier and Bpeenples! WH@G@BF‘E"%pF%)eXWR'% in one’embodiment,

the unr%ﬁéﬁdtr@r{s@é faHid ipated| Gv@etecTitk tan bel rhodefed inphuasthislseasoo/holidays
varratrq[r)rs LRt R g%ya%)rgg%q% LUAl o % o%on?fruck %'é ﬁ'nre%%ser%e dt rAbd ge of

ma an ar ane
entertaemeymemtats@h@ ﬁBQ"tmt eveyp ereparars, /1o h@tt apRrationg mar inb"ri% ipaffic

srgnalscﬂfé%rea%hs t@rbs%TRB%F r*aHp!! Qunn@@%ridbé%r highwdys, s&@ét@cdaﬁéﬂwgk%)ructures
oactl Vv er e C
ec. TigbieRh AT tHOHEE PPt GRYBONEe A PHres Gt AR aipd Hices

trains, bibglesaat® observabl e enpirical activity can be
discerned [114] In a preferred enbodi ment, once a
with an altered g enotyFe i S detected t he
(1311 1§ anptlisibagmeRf (ive D prigmepinereRlefdRe e ondefidgraessons
temperaiuteewiedispele podcipfiation, détiaswarainglvecliiateechangeaate. Roitbgaratiohs may
rncludevmﬁnal @cﬁwe orlf AR nd Wa{ep Soldf rt:-xdrat@ﬂ Qn%éslo#trgn %%B%{)ation

tances e en € assay or scree

°°”de’13§%ﬂ”a‘9706ﬁ’1 cweﬂ'ﬁr\ Q%eﬁ%ﬁ@r rrraea"do\r&terérpemhmurqe? Af eatipg:qs cooling
(iceberG\GRcielsywicanse h@tdn auvities).ng conpl enent , Cel | cloning,

scanni ng by Fluorimager, expression of a "survival"

protein, induced expression of a cell surface protein
[132] olp apethesiembpdieeni) e Nvdels argfinansial, epptemisgormariket asa i relgted.
includidg?88aéK Rr §todk JABMG iceflal ewihi, Pilation BXPBR#SI0PPlaimentof goods and

enzyme that changes a non- f1 uorescent nolecule to a
11209744 yor oscent one; overgrowt R® agai nst a background of

no or slow growth; death of cells and isolation of DNA

or other cell vitality indicator dyes, etc.



1120973-1 33 WD 2004/ 031913 PCT/ US2003/ 031214 [ 115]
In a preferred enbodi nent, the bioactive agent is

wo sataswds from t he positive cell. This may be pdDO82005031214
a nunber of ways as is known in the art. Once rescued,
the sequence of the bioactive agent and/or bioactive

servnc%égclvgh S nqagf*egtn}eﬁeﬂ?geét@ r n?h@ %qlt op-gpétrﬁné rﬂéy%a@&e' Qéhkg %vérnﬁéht

. preferred
monet@ OB fSRRIABICRE B HETS R SGoTIET (OIS REWIRgel anc
retail sp@idilghasiiscee i nto.the target cells, to verify the
effect. This nay be done as in knomn inthe art. [116]
In a preferred enbodi nent, the bioactive agent is used
[133] t hepigliawingiexamplegearverte megafHyslesqrige theananppy] o Usingsthe above-described

mvenﬂQNtaE Warss tB 8Et3brh thé best h\@dés%ﬁt@ﬁ\plméh ff ubrﬂﬁng&fuﬁ‘v@bﬁﬁ &pB&s of the
mvenhgn ?td%\}‘"}dﬁ'é OBE B\a‘g %gséﬁexs%;s)ls? lrn 5. l\”vlr?g Isé/r&? 0 || thesteﬂ%%%é]ﬁcee& thlqu\/entlon,

but rathér@chmredeotat fardlastatijepurpdsasrunopr eci pi t at ion, affinity
columms, etc.). Alternatively, t he peptide mhen
ex @ressed in bacteria E I ed
1341 ABisrensen newdRs ks BrackouRRieel et e 5P o Brary Al
ramemﬁmﬂmew@M&aw the target cell type. O, peptides can
be used as "bait" in either yeast or nannalian two or
three hybrid systens. Such interaction clon 9
aﬁ)pr oabR#ubiag, HavB‘eb)ééG?”\P@F'SP“H@é’f hemaglpbinagd s étructu al interpretation,”
SciendeNA-42i1 ni3B)Y Pain@ILEi“Tite @gEnaighigyTiummdf Béraadidbingangrits stedotural
lnterpr%t%m%o’r}’?ont ﬁatl I\hgd ?gp@ts%?(ﬁ')w&?%u@&}f;?onb' ned with other

hacol ogi'c ac he epistatic
rélati W@§hh p'P-@nd Ej yfa Crigk: a‘h%l’&%'tei ferrAepatinoRgyyicipiq acid.” Nature,
1717gqqﬁg@)on [117] The screenlng nmet hods of the present
vent e .usef ul SC e r
81 |t el Bt e i e B0 G ey T s B oes)
SangeGenardaﬂ Tuppyt 1Tde hodb-acdiskeuengedn thelphenyiatirnineghain ofipein:d drhe

identifil;gllan di I&ﬁ@%@ptﬁiﬁ@ﬁ&ﬁ ﬁarﬁélq;tyérg@y)éte%r %l&dﬁ@ftneﬁ @r46§%¢@@6@ Sanger, F.
er conditions t

at nornm N S
and H. CTé’H%q@@ﬁE'é? a5id seprengein the phw%zﬂ éaﬁntoémnﬂ bﬁ t['@tmv\e%tlgatlon of
peptidésfent erizgmit ydrdysatds¢ Binablas.iJr, abke1-490f (¢231),18apgdrer. ane HisiRd
Thomp%n eLrhé‘l:rﬂﬂB ‘é@ld sé!u%ﬁéenﬁthka?gg}{ cthrP&f%biW Bi*&c‘ﬁb&]ap '5@ 353-374 (1953);

guence or elimnated, an
Sangeefe Et%/a?f@@pé%endd%tmﬁg ‘Tha @mdgigraypsef "PPé‘E’haﬁ’iP‘"é‘ﬁE‘ J., 59:509-518
(1955)associ ated with the di sease state or signalling
pat hway. [118] The assays of the invention can utilize
robotic systems. In a preferred enbodi nent,
dévi cedensén, Hhand Rbekvane Stediegen wsxstalling insding a%ll M@nature of the

free arﬁlﬁmgfnﬁ ﬁxsulinréﬁb i ddhtiEOERAES MmNk @hd proRfd frogh @yaliine insulin,” J.

0 ids at each station or sets of stations.
Bm'c$ﬂ8 i ﬂ?gg éndling systens can include robotic

systens conprising any nunber of conponents. In

agdi ti ABiey 3OW. Q;r A&jalr @A, Ev@i%ttslf%d%lﬁ Ini, wgm@es A. MY, J.R.
be autonag

us, for exa

Penswicsrf\ddy £ o$t“t95‘f‘i N f|b9n%lﬂ°%t éa'enc[eﬁ‘és HRET ?49%5
appreciated by those in the art, there are a wde
Vér ety §Ee&s%§§9£§ biterpBloRl P?@dﬂam?ﬁ erltstOforld ﬂﬁ:'ulé%r{@st:maate

no one or nore robotic arms; plate

http: ”WHY\@R”&‘F@W’W"YW’B%PP’F Bt Hgrilo?S. 2082 opl at es; hol ders
wWith cartridges and/or caps; automated lid or cap
handl ef.s f
nzn cor (E)Sg%rgeg 85% 'L‘é]}éeﬁcg{%ﬁ‘%ﬁ B?CPE(?)%eConte%e(*%e é?)gtnﬁel\h,& %F%n 2000).
s8npl eVetzd- et Puth WFWF'IGHV%J?@H@@ abmetemtqrqs@n injesqians ie

SacchbroRyéts 26rebibesy Nalire s@8B2E62YI (3000).but i on; 96 wel |

| oadi ng bl ocks; cool ed reaant racks;
1120973-1



mcrotitler plate pipette positions (optionally
cool ed); stacking towers for plates and tips; and
w@ooposmn3 systens. 1120973-1 34 WO 2004/ 03191BCT/US2003/031214

PCT/ US2003/ 031214 [120] Fully robotic or mcrofluidic

systens include automated |iquid-, particle-, cell-

and organi sm handl i ng including high throughput

pipetting to performall steps of screenin

abpl i c¥an oYes” LThiekal [GROPEHREESSIANGIATENT Rsas clYa@! oeome, of breast
cancerdINhtupé, 3as630153BEP0GRY| at i ons such as aspiration,

di spensing, mxing, diluting, washing, accurate

volunetric transfers; retrieving, and discarding

pihet Fielys O.4Metapaloraies: tHuluse prosrsstsEnd @aa?nqeaemeﬁ%ﬂd at the BIO

vol unmesodh@bnfBiéhéd, Pbrente edritatl Cafadh (R 80,2001)) € sanpl e

aspiration. These nani pul ati ons are

cross-contam nation-free liquid, particle, cell, and

otgani Brewt J.aPsdgdissovenhiaduistaring) pengpestive, fiaienog, 287:1960-1964 (2000).

automated replication of mcroplate sanples to

f| | ters, nmenpranes, and/or

i%h dBiRat by LRI = NRippe GPaps i o es 28 i 951904 (2000).

aRerfM#gdicnemmeatcdirypouprr ation. [121] In a preferred

enbodi nent, chemcally derivatized parti cles, plat es

cartridges, tubes, magnetic particle or other so

phhise R&SYaNg YRuRgergsle Gasdinef GED Card “a%a?ﬁ? P@B’Pﬁ%ﬁ’g‘?ﬁ"g g“’e” at
the CI—HlGendiﬁ&dOppoﬂfhﬁtldéIO@dﬂeﬁagcé@Eélﬁ meslmga)nmrewapj lattgsilscb\wb,ea

cl ude non- pol ar

h'Stor'ca[pefrs Ctsvg Sﬁ'e'p‘%ry pgﬁgﬁéé;ﬂ'??doz nodi fi ed dextran

coating to pronot e coval ent bi nd| ng, anti body coati ng,

afd.i ni LdertBRALA. bAd RiMEcErS] ‘OMmaBaleeORcsOA gpeldgiteitreasury of

ce-fi ‘g teins such as reconbi nant protein A
words, JltlheGs1 ”ﬂﬂcﬁe ?%ﬁ resins or coatings, and other

affinity matrix are useful in this invention. [122] In

a1 r ef grdeedbnaning, @%mameplE@écfr%HJﬁasfsofs 483l (ido7yel |

plates, multi-tubes, | ders, cartridges, m nitubes,

deep- vvel | plates, mcr of uge tubes cryovials, square

weg. | pG@QiﬁS,P.,fRobmomr ¥, Fahig 8, RogidR Pfeberecplg,"Cortmeabe betapeh
proteincenk @yRNOdbuddanaa meyeastt Mok B¢l Biol- p1%it7R0n1 Aid0Ai19899)-var i ous

vol unes are accommobdat ed on an upgradabl e nodul ar

phat f opsBddld, R étiahMRlapie d@atiative andiysis ofPr6teih€br protein function in

comp By %@@f&?@w’%ﬁéb@ cksFor sour ce. sanpl es.
sanpl e and reagent dilution, assay plates, sanple and

r ?@genécl{ngﬁ@rr VO £, WORGIbSS1 élnﬂﬁessf"ﬂgll M Paéfttall V%v\é@@hnass
station. referre

acdr Sopebo S A e e ARG RS B B n D SorTgon
using roe 'hassefeat labets, bfaperipeedestat attke Amag Sos Mass Bpexyo. 50th Annual
: I or platforns to provide accurate
Meetun?%ﬁJn?étFﬁgéﬁ%%?)ol of incubating sanples from4BC to
1OOBC this is in addition to or in place of the
st@t i oGotAARE®CRIGHD; B, laRd S. H{bE? 4Methtd andufeeitefor enhlyzing the
. t erc ' .
intrace cgemﬁg] statﬁ &ﬁlwr\}ﬁ {Lﬂg gfﬁgegr H%@%ﬁ%@gﬁgﬁ%& jr/\/ag%g)%%m (Apr. 18,
2002).pr obes, affinity probes, or pipetters robotically
mani pul ate the |iquid, particles, cells, and

or gani I i -tu i C . "

sé%ar algg]%g'dsr I‘M%\Nfo ?n\ﬁpe nei %ﬁfrgf'rgsﬁ F‘%ﬂiggg metabeyq REpiag. and
bioinfogredtics datatrade. O MGBINESAB3 (Qst- 36.79P)- or nul ti pl e sanpl e

formats. [125] These instruments can fit in a sterile

C%’{}”t 2, Wi T ar R 1ebee GGl cariorer veras

112097 vlansf or mation in multi-wel3® pl ates or tubes and for



hazar dous operations. The living cells will be grown
under controlled gromh conditions, with controls for
wo eorpesatizire, humdity, and gas for tine seri eBCDUS1008031214
live cell assays. Automated transformation of cells
and automated colony pickers will facilitate rapid
screening of desired cells. 1120973-1 35 WO
2004/ 031913 PCT/ US2003/ 031214 [126] Flow cytonetry or
capillary el ectrophoresis formats can be used for
| pudi Vi piedatisipBedidly fof Commgdliondl 8iotiad (vaiviBEb. frgRds,
particles, cells, and organisnms. [127] The flexible
hardware and software al | ow i nstrument adaptabllltg
f2% ruPtidepVaterhpysieiCoapars righarma BROSSHicomBally. e Hgeaime-R&D" (1999).
nodul es al |l ow creation, nodification, and running of

R ot SR BBRRE BRI S oo

operatlons The custoni zed tools, |abware, and

ﬁau' dHernﬁvt cc!, ﬁebdcsééd S8 b AL 935: '9%139% aaﬁé)emermaw qagds§Lo.s
|cat|ons to _be per or ned

ow di fferent
Générgleg dafAskionges B@taﬁeét ﬁ'@ﬂn%ﬂ‘?d Paiisr W8t er st orage. Robot iC

and conputer interfaces allow comunication between
: fbgt r “ﬁ%ﬂéeﬁ’s L[a]n%%len{en l\ﬁd_prE%cﬁérﬁeij &%@% Tﬁm%t he )
roboti ¢ apparatus i1 ncludés a cenfral processing unit

whi ch  comruni cates with a nmenory and a set of

| ;ut / patlipgliL., dEné d)‘(ﬁ;%n (aQulmarnuml@embﬁkfydﬂin am0 itS Structied intedretation,”

i : [ l'i ned
proc. 5 e STt BB R CRal T on To of 1m place of the

CPU for the multiplexing devices of the invention.
THe 9eBRA J.1 The bt P Padi@alRRives" AANRERIMIPESIE 33T NP 949).
unit, a menory, I nput/output devices, and a bus is
knomn inthe art.. Thus, a variety of different
p29 c e dMpEs!, J.onmardUngnm Jadod, &XpbBiaet88 (1¢5%e run,
are stored in the CPU nenory. As will be appreciated
b those in the art, Mithematica and Nhth d ogr.a
coﬁb%ﬁ%lBea'ﬁjr%& SledtmannPropNaf| @9 §449 A)Tﬁ %7%6 U7
StadtrrfaBkE)lR and P.LB. EhbaNBiot. Mt sAcat 631k (0BA), TH:276i1 2£972)) Btadtmdnds. R. and
r uding buffers, reagents,
P.B. C%CK erelrogrg%l @g%ggé;s? (Jclzdg% onents, etc. [130] Wi | e
the above di scussi on has focused on bi ol ogica
appl i cagrneiasr, Las M@fabélﬁ@dcdﬂuﬁll’r@ilmEscﬁéﬁbﬁra coB¥iBing PBospadte-limited
h val uat ed h |c
growthe)%gﬁ,pﬁgs’e?‘tlatrl]onoea %é} & QAQ( Kﬂ%@ét&{ Qrgvgf{ng%e?%hgl glr'é97)
traffic related. The effects t hat can be nodel ed

I el ggg‘gﬁagfersgag g.gu WOF igilay SG- Pf&léah gbamsecebton@;mm@a%d
S
soser g SR T R iERP AT Lueht eem i SR HlES 282000,

events or concerts, etc. Unit operations may include:

tgaf fi gogeP 'Dgﬂab%yect' Jﬂlgﬁéé %‘én%ﬂf%tl&{ SRENB cjéﬁmé)(ﬁocfsa'm%troductlon
tunnel s, hi g streets, parking

with Jayq ?'Eﬂ:?’[l?'@%k (M°é€ta€ Kaq*ﬁ@”’b a@Efaé‘C'&i?oﬁ‘)QAI}n ch the unit
operations act may i ncl ude, pedestrlans aut onobi | es,
trucks =Y ! Beptl RQ State U
 iboar Mg A o SR Beotldh Ehim Ehef 83h %o spto .
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where, the gain in the system is defined by: G= Keq

and the first order time constant is defined by: T= Keqk;1

Taking the inverse Laplace transform, we get the solution of the difference equation in the

time domain as,
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by: dBt = kfAt] - kbB[t] (1) dt The concentrations
of each conponent can be represented interns of a
deviation (d4[t] and BBQﬁL) ma control or 2.9)
'st eady- state condition (AS's a “Bss). A[t] = ASS + '
AA[t] (2) B[t] = BSS + A(sg[tk(S) and: dB[t] _ dBs + ;
dAB t (4) dt dt dt but, HE Kd¥ASS - kbBSS (5) dt on @10
substitution into equatlon 1 we get: dLB[t] = kfAA[t]-
kbAB[t] (6) dt Taking the=lgptace transform we get: s (211)
DB[s] = kfAA[s] - kbAB[s] (7) which, solving for
Takrngw rﬁ\}ers%n_@plg&t ﬁén@ﬁrdﬁ?@ldsth@fsélﬁtkbnw @b dﬁe 08hsih: G ) DAl s]

i s+l where, t egalnlnt esystemls defi ned by:

G = Keq (9) and 't tﬁonst ant is .
defined by: ti = k@& &1{]%%4 e inverse (2.12)

Lapl ace transform we get the sol ut| on of the
di fference equation in the tinme domain as, 1120973-1

where,

ExampAIr:fS: Enzyme-Mediated Equilibrium
i Ks
A+E—<—> ES ——= E+8B
kz Kq

The rate of production of the product B is related to the concentrations of the other
components

by:

d—igg = k,ES[t] - k,E[t]B[t] (3.1)

where the standard pseudosteady-state approximation for the formation of the enzyme complex is

applied:
dE; 5= 0= K A[UE[] + k,BIJE[] - (k, + K, JESE] (3.2)
and ES[t]= klA[t]E(E]: t4;3[t]1ﬂ£] .

But, from the material balance for the enzyme:
E[t]= E,[t]-ES[t] (3.4)
On substitution into equation 3.1,

dBlt] _ (kik,A[t]— kK, BIt)E[t] 55)
dt k, +k, +k A[t]+k, B[] '

However, the variation in the concentrations of each species can be related to a control or steady-
state

[ss] concentrations by:
Alt]=A,, + AA[t] (3.6)
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WO 2004/ 031913 PCT/ US2003/ 031214 AB[t] = G e-y (11)
AA[t] Exanple 2: Binolecular Chem cal Equilibria kf A
WO 2840319kh The rate of conversion of substrat ePCT/US2003/031214
concentrations (A and B) to product concentration (O
is given by: dCt _ kfA[t]B[t]- kb(t] (2.1) dt
However, the variation in the concentrations of each
speci es can be rel ated _a,C | or steady- state
[ ss] concentrations byzé[gﬁ Ssg%g + AA[t] (2.2) B[t] 37
= BSS + AB[t] (2.3) t],= CSS + AC[t] (2.4) and, d
dt t - dd S + dod t (% t]?ﬁuttA%[tﬁ kf ASSBss - kbCSS (3.8)
(2.5) dt Therefore, on substitution into equation
4 2.1, we get: dACt = B[t BSIRA| t §ABIAESAR] t D- (3.9)
ant KbAC[t]+kfAA[t]AB[t] (& 6) ddt buft to a first '
approxi mation, where MA[t] and 8B[t] are both small,
but, the second order term (AA[t]AB[t]) can be negl ected,

yi el ding the :ineaB_apgkkxaki,b/B JHAsT =
kf (BSSOA[ t]+ ASSABLT]F- C - Taki ng the (3.10)
Lapl ace transform ahd sngikhg ]ﬁ“ors ¢, and letting

Ke#lsubstitfitiok Rnd vevigtefor ABYGlaf redidcting¥hé Sdcortd frder ddBhtdn terms, we get
the différéndd)equater] | s+ 1120973-1 45 WD 2004/ 031913

PCT/ US2003/ 031214
dAB[t]  (kk,AA[t]-k,k,AB[t)E, . (k kA, —kk,B,)AE[t]
d  k,+k,+kA_+k,B, k, +k, +k, A, +k,B

(3.11)

4 88

Taking the Laplace transform and solving for AB[s], we get:

G G
ABJs] = —LJAA +( 2 JAE 3.12
[s] [rs+1 [S] ts+1 [S] ( )
kk
where, G = zk—i (3.13)
G, = kA, - Kok By (3.14)
k2k4Ess

_ (k, +k, +kA_ + k,B,)

3.15
k2k4Ess ( )

and T

Taking the inverse Laplace transform we get the solution to the difference equation in the time
domain:

AB[t]= (G, AA[t]+ G, AE[t])e - (3.16)
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where, G = KegBss (2.9) & = Keq ASS (2.10) = Kegkf'

(2.11) Taking the inverse Laplace transformyields

wob@4msiouti on in the time domain: ACt] _ (G ARCT/$2003/031214

@OB[tie-y (2.12) Exanple 3: Enzyne-Medi at ed
Equilibriumkl k3 A+ EES E + B k2 k4 The rate of
production of the product Bis related to the
concentrations of the other conponents by: dBt =

Examdfg’g. fdhaslissit&ltbh RBhbdcs( 3- 1) dt where the standard

pseudost eady-state approxi mation for the forrratlon of
the enzyne conpl ex K appl i ed: dE%t =0 =k, A t]Et]
"R3

+ kaB[t]1E[t] - (k2 YES[t] (3.2)% dt k, A[t]E[t]+

k4B[t] E[Q] « 3F3)—pgns—FMm] EQk——k)—m3 [Buts Prom

the material balance for the enzyne: E[t] = ET It]-

ES[t] (3.4) On substitution into equation 3.1, dB[t]

Tr(é‘denlfzﬁle\ﬂ Bf] the cl&%hmﬁaghsﬂer{t&ﬂ eqﬁgtloﬁ)can gé foKr?d it |é|3)7’b|ochem:stry text

wever, the variation in

kK, Al ]
book a&%w%'éﬁhf?éﬁt‘f’ @[rf’é,Od(HFt (BLREPAUSIRAESes can be rel at ed to a

control or steady- stat ntrations by: Alt]
= Ass + DA[t] (3.6) 1%2% 2004/ 031913

PCT/ US2003/ 031214 dt K, +S[t]

Defining the deviation of each concentration from a control or steady-state value as:

S[t]= S, + AS[t]
E[t]=E_ + AE[t]
P[t]=P_ + AP[t]

dPJt] dP_. dAP[t
:—Si-i-

and,

dt dt dt
but, -dl)ﬁ ——uLkE S
dt  K_+S,

On substitution, therefore, we can solve for the difference equation:

dAP[t] _ K(E, +AE[t])S, +AS[t) kES,
dt K, +S,+AS[] K. +S,

If we neglect small deviations from the control substrate concentration (Sss) in the
denominator,

equation 4.7 can be linearized with the approximate relationship:

dAP[t] KE _ASt]+ AE[t]S, + AE[t]AS]t]
a K, +S,

Finally, we can neglect the second order deviation (AE[t]AS[t]) and get:

dAP[t] KE_AS[t]+ AE[t]S,

dt K, +S,

Taking the Laplace transform and solving for P[s], we get:
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(4.3)

(4.4)
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(4.6)

(4.7)
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B[t] = BSS + AB[t] (3.7) ET[t]= Es +AE[t] (3.8) and,
dB[t =d + dOBt (3.9) but, d _ (k,k3Ass

WO k@4ABSHE) ET[ SS] (3.10) dt k2 + k3 + k, Ass +ke@BeES1003/031214
substitution and solving for AB [t] and neglecting the
second order deviation terns, we get the difference
equation: dOBt = (k, k3 t]-k2kAOB[t DEss + (klk3Ass -

k2k4Bss) AE[t] dt k2AP[s}k Hs|B-RRAE[stk A+ k4 B. (4.10)
(3.11) 2 3 1 ss 4 ss 2 351 ss 45ss Taking the Lapl ace
transform and solving for LB[ we get: JAA[s]+ _&X

where AB[S] =1 Gt | s + 1J Aifsl ) Cwhere, G=Kk,k3 (4.11)

'(3.13) k2k4 Gz= k, k3AsSs Wk&gss (3.14) k2k4Ess
(k2 +k3 +k, As, + k4Bss) and ti (3.15) k2k4Ess
Taki ng the i nver se Lapl age tr@gformv\e get the
and, solution to the differertée™ uaigion in the tine
domain: AB[t] = (G DA[t] + g’OEFfS])e Y (3.16)
11201 itvelse \ARadOE=hs084 Yidids RETHUBDAO Bk @Bfetthde edaatamph the time
domairdas: M chael i s- Menton ki netics Kmk S+E " ES E+P The
derivation of the cladsj-«GMS[tlaehjAE[Ment on equati on (4.13)
can be found in any biochem stry text book and yields
the rate of product (P) production as: dPt KE t t

(4.12)

Example 5: Biomolecular Enzyme Reaction
Keqy
Sy + E =~<~—— ES4
Keqy
S, + E —*‘—_'5 ES,

k
\\\
ESS;, — > E + Py + Py
kf2/

S, + ES; “ kb,

The rate of product production (either P4 or P2) is given by:

—Ht—] =kES,S, [t] (5.1)

Sy + ES,

Assuming the rate of substrate binding is not limiting then the formation of the intermediates (ES1 and
ES2) can be described by equilibrium relationships:

ES,[t]=Keq,E[t]S, [t] (5.2)
ES, [t]= Keq,E[t]S,[t] (5.3)
and the total enzyme concentration (Et[t]) can be obtained from the material balance:
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dt K + S[t] (4.1) Defining the deviation of each
concentration froma control or steady-state val ue as:
W®RG0p/0319865 + AS[t] (4.2) FE[t] = ESS + AE[t] ¥d1/8%2003/031214
P[t] = P5S + AP[t] (4.4) and, ddt t _ d + dOPt (4.5)
but, _ KESSSSS (4.6) dt K +Sss On substitution,
therefore, we can solve for the difference equation:

e e ARSI B SSE, (L D
o R GO B 5 R LR SRl Bt o

find: approxi mate rel ati onship: dAP 'tj} ESSOS[t]+ AE[t]S,, +
?Eét ;/te%%]cgt]g% gmg qut '(gng)( Ezliaﬁc P Kem¥f et (I;tt (59)
N KESSOS[ t] + ﬂtf‘?jlggffﬁd e‘kﬁyﬁ%sszﬁ 419) +k"52akli %ﬂ%ﬁﬁ
Lapl ace transform and solving for P[s], we get:

g 042097351 48 WD 2004/ 031913 PCT/ US2003/ 031214 AP[s] =
' g[%°G--1 DE[s] (4.10) s s where, G = KESS (4.11)

Km + Sss andgpr§ KSSS (4. 13)r 3¢ s Taking the

di fference eqtfati H e e et i dd%lap[ 1] = G

AS[t] + & AE[t] (4.13) Exanple 5. Bionvolecul ar
Jry

Enzyne Reaction Keg,K Sik+ kb kb)) E S 1
" Keq,kf, +Keq kf,

where, (5.7)

We can represent the variation in each variable as deviations from a control or steady-state
concentration, as:

S, [t]= ST + AS, [t] ’ (5.8)
S,[t]=S5 +AS,[t] (5.9)
E.[t]=E, +AE[t] (5.10)
P[t]=P, +AP[t] (5.11)
. P dAP[t
and, d—Pi[t-]=9--‘°‘§-+—|---] (5.12)
dt dt dt
dP kE _SFS>
where, s e e — (5.13)
dt K, (l+Keq,S} +Keq,S5)+S7S;
Solving for the rate of change in the deviation of the product concentration (AP[t]), we get:
dAP[t] k(E,, + AE[IXS? + AS, [tINSS + AS,[1])
it K, {1 + Keq, (55 + AS, [t])+ Keq, (85 + AS, [t)}+ (S5 + A8, [t])S? +4S,[1]) 614
B} KE,S;'S"
Km(l +Keq,S;* + KquS;S)+ S¢Sy
Taking the Laplace transform, neglecting the deviations from the control values in the
denominator of equation 5.14, and neglect the second order deviation terms, we get the transfer
function:
G G
pls] = St AB[s] + 22 AS [s]+ 2 AS, [5] (5.15)
S S S
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Keq2 S2+E ES2 S1 + ES2 kfl k kbl ES1 S2 E+Pl1 + P2

kf2 S2 + ES1 kb2 The rate of product production
w@eithhero1l or P2) is given by: dP t =kES, S2[ t pCT/DSAD3/031214

dt Assuming the rate of substrate binding is not

limting then the formation of the internediates (ES1

and ES2) can be described by equilibrium

rel ati onships: ES,[t]= Keq, és; , [t] (5.2) ES2 [t] =
here KEG2E[ 1] S2 [t] (Be &1 . ¥ (5.16)
M concent rati on (E‘l‘[tlﬁ,(lc@ﬁﬁemé. drﬂi%iz-ﬁze):i* $r%9m t he
mat eri al bal ance: 1120973-1 49 WO 2004/ 031913
PCT/ US2003/ 031214 ET [t]= E[tf S, [t]+E82[t]+ ES, S2[ t]
(5.4) and appl @ s y-state (5.17)
appr oxi mati on for thelconpiax ™ 2ES1T S2[t]),
we find: ES SZ[t]—ET[t] (5.5) 1+KeqS[t]+
Keg2S2[t] + (Kegkf2 + Kengf MESTt]S2 [t] 2k + kb, +
kb2 and, on su stllt(u gas+~K~ sV @Rt = KET | rr
tSlItSth] dt Kn(l ‘1‘ eqr %E]Z'Sﬁ[t])+8

IO ATRCON g et R

in each vari abl e as deviations froma control or
timedst claady state concentration, as: S, It] S; S + AS,
4™ (5.8) S2[t] = S2 +AS2[t] (5.9) ET[t]= E +AE[t]

(5-10)  PLt1= PSRl &]ad@4d)s [1]+ 68, 1] (5.19)

(5.18)

Example 6: Michaelis-Menton Enzyme with Allosteric Upregulation

Keq
E + L =—> E,
E, + S =<—= ES—» E, + P

It is assumed that the binding of the regulatory ligand (L) is quick relative to the reaction
catalyzed

by the activated enzyme, such that this can be represented by the equilibrium expression:
E,[t]= K, E;[tIL[t] (6.1)
In addition, it is noted that Ealt] in this equilibrium expression is actually the concentration of the active

enzyme plus the activated enzyme-substrate complex.

From Michaelis-Menton, we know that:

dP[t] _ kE,[t]S[t]
dt  Km+9t]

(6.2)

But, the active enzyme concentration (E[t]) can be related to the total enzyme concentration (E[tD
from

the material balance:
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and, dP dt t _d+ d dt (5.12) dP. KESSS1sS2 J where,
dt K (1 +Keq, S; S +Keg2Sr) +S; SS2 (5.13) Solving for the

WO adoa/08f91£hange in the deviation of the produckCT/US2003/031214
concentration (AP[t]), we get: _ S S +AS2 []) d/Pt
kK(ESS + AE] XS, +1xS, [t]X2 dt Km {1l + Kegl(S;S + AS,
[t])+ Keg2 (Szs + AS2 [t])}+ ~Sis + OS1[t] XS2S + AS2

[t]) (5.14) KE SSSSS r%ﬁ +Keg2S32S) +S; SS2S
Taki ng the Lapl ace trasﬁttgTl T%ﬁ gctl ng t he (63)
deviations fromthe control valu deno

at o
Therefgsp. coRRAINP SRUYOIA. 1 Ll Rty 3 e LM B gk BFan be represented

devi ation terns, we get thetransfer function: P[s]

DE[ s] + @ ASl[s] AS21 s s 1120973-1 50
WO 2004/ 031913 P SS 2 5.16 (6.4)
where, G = Kml+KedltS;s Ke@gBE K@IFS[Q) ( ) KE S55 G
=ss 2 (5.17) 2 K 1 + Keq, S, s + Keg2S2s+ S; SSZS KkE

SEhe canges & e(ash 1@ipble garkpg qem&wtes 3§4’R€©1.@82§9m§‘9582”“°' or steady-

state Taki ng the inverse Laplace transformof equation 5.15
VédRkéhgatidne: solution to the difference equation in the
time domain, AP[t] = G AEt] + QS,[t]+ GS2 [t]

(5.19) Exanple 6: M clejgd B; MaB[{dn Enzynme with (6.5)
Allosteric Upregulation Keq E + L _ Ea Kmk
S[t]= S, + AS[t] (6.6)
L[t]=L, +AL[t] (6.7)
P[t]=P, + AP[t] (6.8)
dP, dAP[t
and, dPlt] =— +—[-:| (6.9)
dt dt dt
kK. _E L _S
where, dP eq ~SS”’SSss (610)

(1 +K, L, JKm +8,)

On substitution into equation 6.4, and solving for the rate of change of the product deviation

(AP'[t]) we get:
dAP[t] KK, (E,, + AE[t]XL,, + AL[t]XS, + AS[t])
- {1+ K, (L, + AL[t])}{Km+ S, + AS[t])}
kK _E LS

"KL, (Km+S.)

(6.11)

eq’'ss

However, we can assume that the deviations from steady-state in the denominator of the first
term are negligible, to a first approximation. Furthermore, we can neglect the second order deviation
terms, such that equation 6.11 reduces to the approximation:

APL] kKeq {Lss ssAE [t] + Ess ssAL[t] + Ess ss AS[t]}

dt (+K, L) Km+S,) (6:12)

Taking the Laplace transform, we can find the transfer functions for each deviation variable:

AP[s]= % AE[s]+§sz- AL[s]+ 32 AS[s] 6.13)
S
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Ea + S -kft ES- Ea + P It is assuned that the
bi nding of the regulatory ligand (L) is quick relative

wo ooothogioneact i on catal yzed by the activated epPeyIg2003/031214
such that this can be represented by the equilibrium
expression: Ea[t]= Keg E [t]L[t] (6.1) |In addition,
it is noted that Ea[t] in tl&sLeégw ['ibrium expression

where,i s actual ly the conGeat ctive enzyne (6.14)
plus the activated enzyltKaaslKaeSehrpl ex. From

M chael i s- Menton, we know that: dPt kE tSt (62) dt Km

+ S[t] But, the active enzyke E@)centration (Ea[t])

can be related to t e#@‘gﬁi’rx_%— centration (6.15)
(E[t]) fromthe materi arance. 1120973-1 51 WO

2004/ 031913 PCT/ US2003/ 031214 E[t] = Ea[t]+Ei[t]

(6.3) Therefore, §bl ni ng l‘é%&l-rsons 6.1, 6.2, and (6.16)
6.3, the rate of pr eluc(is SCRpN be represented

as: dPt _ kKeQE[t]L[t] [t]equf (1 + KegL[t]XKm + S[t])

(6.4) The changes in each variable can be represented
%%cggxnealé\lfe?s% plgagetrrt}ﬁng%}nrés %%EF] kgr {I OJ tF @5‘?\%}4 éct lt%% %rffgrgnce equation

(6.6) L[t] = LSS + AL[t] (6 7) P[t] = Pss +

AP[t] (6.8) and s 4p
_ Eeg]EsgLss)sssa?eA]fg G AT GRLIGE dabf] D (A5 S O e

substitution into equation 6.4, and SO|VI ng for the
rate of change of the product deviation (AP [t]) we

inthe t

get:
Example 7: Michaelis-Menton Enzyme with Allosteric Repression
W .
E, + L ——> FE
K k
—_—
E, + S ———> ES—>» E, + P

It is assumed that the binding of the regulatory ligand (L) is quick relative to the reaction
catalyzed

by the activated enzyme, such that this can be represented by the equilibrium expression:
E [t]=K,, E[tL[t] (6.1)
In addition, it is noted that Ea[t] in this equilibrium expression is actually the concentration of the active

enzyme plus the activated enzyme-substrate complex.

From Michaelis-Menton, we know that:

dP[t] _ KE,[t]S[t]

= (6.2)
dt  Km+t]
But, the active enzyme concentration (E[t]) can be related to the total enzyme concentration (E[t])
from the material balance:
E[t]=E,[t]+E;[t] (6.3)
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dAP t 'eq (Es, + AE[t]XLSS + OL[tJ (Sss + OS[t]) dt

{I + Keq(Lss +AL[t])}{Km+-(Sss +AS[tJ} kK E L S (6.11)
weo003e3®s3 ss ( +KegLssXKnmt+Ss) However, we can BPSHUAB03/031214

that the deviations from steady-state in the

denom nator of the fi rst termare negligible, to a

Therefgrgc%?ﬁﬁ%g@(rﬁag%(atlgrgs{ﬁ g(t |20 ﬁn % gﬁlﬁr%ra[e df 8?#8\{% g%dgﬁlgg i&ri) thet rg&iiented

reduces to the approximation: ssos[t]} dAP t kKeg

{LssSss/ AB[t] +ESSSsSA-|t] + dt (1 +KegLssXKm +
SSS) .12) Taking theg|lpp PiB[{]we can find
the transfer fungftpns foﬂ+éﬁgll:{t gﬂiﬂg vari abl e:

OP[s]= G- AE[s] ¥ 5T+ G f’ﬂéy) I3) Ss s (6.4)
1120973 1 52 WO 2004/ 031913 003/ 031214 where,
kKegLssSss (6.14) (| +Ke, LssXKmtSss) G = kKeg

state Cﬁfgﬁp%;l éeg n e%g% éarﬁéé cﬁénggregrggsnterl‘g aﬁa G%V';tﬁqé frpﬁéﬁeﬁ%%ﬁt’fb? gr steady-

8% ransform we can then find the solution to
the difference equati o domain: AP[t] =
G AE[t]+ GIOL[t] + el ‘(Ess?ﬁé["ganpl e 7 (6.5)
M chael i s- Ment on Enzy th Al ogteric Repression Keq
"ot S el

Ea + L Ei Kmk Ea + S EStES++@ is assumed that the (€6
bi nding of the regulatory ligand (L) is quick relative
to the reaction catal ydeh by #4ldthctivated enzyne, (6.7)
such that this can be represented by the equilibrium
expression: Ea [t] = Kep[tFP[#JAH{]t] (6.1) (6.8)
dP[t] dP, dAPJt
and, —U =—= +—L:| (6.9)
dt dt dt
P kE S
where, g—* = 858 (6.10)

t (+K, L, YKm+S,)

On substitution into equation 6.4, and solving for the rate of change of the product deviation
(AP'[t]) we get:

K. (L, +ALRtD)
dAP[t] [ 1+ K. (Lss + AL[t])J (Ess + AE[t]XSSS + AS[t])

dt Km+ (S, +AS[t]) (6.11)
KE_ S
S (+K. L, Km+S,)

eq—'ss

However, we can assume that the deviations from steady-state in the denominators of the
first term are negligible, to a first approximation.

daPft] _ k(l K, AL[t](E,; + AE[t])S,, + AS[t])
dt (1 + K, L ssXKm + SSS)

(6.12)

Expanding this expression, eliminating the second and third order deviation terms, and taking
the Laplace transform, we can find the transfer functions for each deviation variable:

AP[s]= S AE[s] + AL[s] + AS[s] (6.13)

kS
(1 +K, L SSXKm+ Ss)

where, G, = (6.14)
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In addition, it is noted that Ea[t] in this

equi l ibrium expression is actually the concentration
woboolgivact i ve enzyme plus the activated PCT/US2003/031214

enzynme- substrate conpl ex. From M chael i s- Menton, we

know that: dPt kE tSt dt Km+ S[t] (6.2) But, the

active enzyme concentrationgBEg[&]) can be reI ated to
the total enzyme coGg fromthe (6.15)
materi al bal ance: E[{] +F_Iég[q1tagsx tP)6.3) 1120973-1

53 WD 2004/ 031913 PCT/ US2003/ 031214 Therefore,
conbi ni ng equatlons 6.1, 6. 2kEand 6.3, the rate of

pr oduct productlon as: k 1- (6.16)
KegL[t] E[t]L[tJIS[ 1] dF@‘iI{ X& {?%(6 4) dt
file l;ma%qu g@t?an'sf?)rrﬁ Qe bal Heh R4 fe SAMIAGo the difference equation
mthetfn?eQT gnt ed eV| ations fromtheir control or

st ead y state concentratlons E[t] = Ess + AE[t] (6.5)
S[t] =S + AS[thpg? p%cms[tut] (6.7 P (17
[t] = P. + OP[t] (6:8) and dF”dt ass + dOP t (6.09)
where, d KESSSSS (6.10) dt 1 + Keq LSS XKm+ S. On
substitution into equation 6.4, and solving for the
rate of change of the product deviation (LiP[t]) we
get: k 1- Keq (l1'ss + ALt]) (Ess + DE[t] XSss + OS[t]
dAP t 1 +Keq (Ls, + O[tD. dt Km+ (SSS + O9[t])

(6.11) _ kEssSss ( + K egLSS XKm + Ss) However, we
can assune that the deviations fromsteady-state in
the denom nators of the first termare negligible, to
a first approximation.
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dAP t k1- KegAL[t]]ESS + AE[t] XSSS + OS[tD dt (1
+KegLssXKm + Sss) (6.12) Expanding this expression,
weboogiosmtis ng the second and third order devi at POIVUS2003/031214
terms, and taking the Laplace transform we can find
the transfer functions for each deviation vari abl e:
OP[s]= GAE[s]+ &Z O[s]+ G AS[s] (6.13) s s s
where, G = kSSS (6.14) (1+KegLssXKmt+ Sss) 1120973-1
54 WD 2004/ 031913 PCT/ US2003/ 031214 G = kKeg EssSss
(6 15) 2 (1+ KeglLssXKm +8snpsG _ kEss (6.16) ' (1
We ClaiK KeQ.ssXKmtSss) Taki ng the inverse Laplace transform
we can then find the solution to the dlfference
dguat iAdRethqdeompisingi ne dommi n: AP[t] = GLOE[t] +
G2AL[ ta) grodm™ pliraltPofLifi} opelallaﬁhﬁﬁ’ﬁ-réaréiEntVQD)r?i)@Jbé@BﬂﬂhBtions that

ol bRl e U demdymbdfaniet® G atm 1. A nethod

conpri sing é) ga% plurality of unit
oper at) Eﬁ‘éd'ﬁﬁ%ﬂrﬂﬂ‘é‘iﬂ‘% aigPmalis mpde)RRSTgra sypget of said
amit bgergtiobdrat can be done on a set of system

conmpo Q: %Hp@lnlg Q)ﬁrspgﬁ%kaglh@m?&cé tP{I )Sa‘igonﬁﬂ% Qf& f’ir&%/pothetlcal

mat he said unit
Sprihemaieh@odet e PESHERA ?‘F@%ﬁ’ hype %%“caémafhﬂnetrcah model;
i nt el Id) gevyceit(edd unaibog @riitérsadisecosd hypofhieticat mdvgto gbrerate af

2 addise a second hypot heti cal
@%Eaem b@%etﬁg the(“g us?ar%g a fitness function to
filter said second hypot hetical nodel to generate at
|zast saméthodradcdnyiotb lelatvi Caheremsdicdiitedss mbtionodeprisefa A
%Bmgs &‘?F&Haé&gn fvfth ﬁllé%'strg fikst SN &'h;ﬂnc%?daga fitness
ffunction conprises a goodness of fit conparison with
at least a first set of enpirical data. 3. A nethod
& cor th mehddecedrdingito tlagmtiari 2mteredi seidsfneds funttioe samprises at
f QL t

I SHeQS Sdio BSacktlst a IbERS b WBle 9hbing@r ragik abtat O
a%ﬁluste aqﬁg{zys?t fz?o?%ta adj us?a g pagraarret elrr ofI said
dat a.

4 A method according to claim 1, 2 or 3 wherein said method further comprises

iterating steps c) and d).

5. A method according to claims 1, 2, 3 or 4 wherein said Al algorithm is a genetic
algorithm.
6. A method according to claims 1, 2, 3, 4 or 5 wherein said fitness function utilizes a

comparison to a first set of empirical data.

7. A method according to claim 6 wherein said first set comprises a set of differential display
data points.
8. A method according to claim 7 wherein said differential data points comprise differential

gene expression data points.

9. A method according to claim 8 wherein said differential gene expression data points are

generated from cancerous tissue compared to normal tissue.
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4 A nethod according to claim1l, 2 or 3 wherein said
nmet hod further conprises iterating steps c¢c) and d).
wG2004081hod according to clains 1, 2, 3 or 4 pBUSI003/031214
said Al algorithmis a genetic algorithm 6. A nethod
according to clainms 1, 2, 3, 4 or 5 wherein said
fitness function utilizes a conparison to a first set
of enpirical data. 7. A method according to claim®6
wherein said first set conprises a set of differentia
dfi0s pl aymetolat agcqudingioslaing9 witereie sdibeknegreusrtigsueds setectsk &bty group
of canc%% Rkibseansibtify drbRagNirbate, Aty orRR oliran GRAVEASS Rer, kidney, bladder
erential gene expression dat a points. 9. A nethod
and he ﬁtcordlng to claim8 wherein said differential gene
expression data points are generated from cancerous
t1|1SS UQ\ RARGHCES ik o'&@rn{mbvhérélﬁ SiEdiffekdrdiAUBray a8 pd comprise
dﬁrr%% @312&9 PCI/ 2003/031214 10. A nethod accordi ng
erenfiy Wer Ay P WAZY @i n sai d cancerous tissue is selected
fromthe group of cancerous tissues consisting of
burze as ta mgihidedeedr@ing toRGh 7 WheAéiN saiddiPsrérfial. disPRY 84S a@ms comprise
adder and heart. 11. A nethod
°m 7 wherein said differential di spl ay
data points conprise differential weather pattern

Pl Nt A mekidod aecdmﬁdleelaacmmélmg.d dHichénBhiMsplay\BRS Poifts Scthiises

dlfferentl%X S#I palfternrzjg}é aoal

rential 2y data points conprise
dmmaglp?a?@ﬁWﬂktd% %$ "Pc pattern data points. 13. A nethod

according to claim?7 wherein said differential display
dat a POohdiRcdl 16 QetratesLRathéthdiit B bed bidibdianssrh damplsiiy:

dat a ggérowc? rpﬂ ;ﬁuralA\/:&EF Fslpgrg%r é)gel.%g#glr ﬂ!\ ??P%raqgns)nﬁm&lng %lset

nodel
@fHP%P@PNﬁyﬂ%FPw?m§$morder pseudogene unit operations
that dpgenbting it setd firbl oadeh peBLERhrofgsdnRRBANSBET er S ;

%L g@e ating a first set of first order
seudochronosones from said pseudogenes; b) yi ng
a gen&t3rRlyRp §oeTatiRAONItI WD 9 fithese &8ctiop T det ?fc‘if%ﬁ’id‘ﬁ
$edudodhrdmdsbrestd Gk uceRSsRtEha GEtIoD§Ea 6 B Ger bsbupbdbebnores;

Seco”‘é} c%ﬁﬁoar% ST QJtQPJec@%%%‘ZP;? Lazh JE%U?o?nes?c)at least a

conparing eard second: set secon
peberigiPEigdeites to at |east a flrst set of
enpi r idpapltiorchay @itersting@Rbs B8 b)ito f@etats BlobAGomIM@MSOJonand

%Bm%r%ng‘éﬂgﬁﬁh‘émé&’cglln‘&%@ optimum sol ution conprising

enmat

15. A method according to claim 14 wherein said first set of empirical data comprises a set of

differential data points.

16. A method according to claim 15 wherein said differential data points comprise differential

gene expression data points.

17. A method according to claim 15 wherein said differential gene expression data points are

generated from cancerous tissue compared to normal tissue.

18. A method comprising:
a) providing a plurality of unit operations that define a set of system parameters;
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15. A nmethod according to claim14 wherein said first
set of enpirical data conprises a set of differential
woada/opoint s. 16. A nethod according to cl ai m281/US2003/031214

wherein said differential data points conprise
differential gene expression data points. 17. A
nmet hod according to claim 15 wherein said differenti al
gene expression data points are generated from
cancerous tissue conpared to normal tissue. 18. A
nmet hod) proviging & firBtGiypaitetiqal maiheihatgalancaklicompiising aglibsehoftsaid
%gé%t;%%%s that define a set of system parameters

57 WD 2004/031913 PCT/ US2003/ 031214
pr ovi & PRPVIORIfiFsS ertifiphipelience &) m'fﬁ@ﬁ%fa'%%{wa'm@r oduce 2
GeEaat ihghotgtical &thérﬁdtlcﬂfnoﬁéij d unit operations; c)
glppl y' ?%on%arnrﬁd’ s%Fd fw )g)% h@%mal rﬂ&o%| tb'aggé)s‘fgflr@@e) of emplrlcal

orithmYto sal d o_produce a
Iigiede e atdpashafih t%ne%tre%a &id firgh hve?}'iﬁs'a?‘ ."wae'@aﬁ’ gpid
saeond hypothetical nodel to at |least a first set of
enpiri t chiateance
Dot v et o B e S
FPoAPPERIPNYSai d first algorithmto adjust for said

first e@lapﬁnﬁymgeald @edood fletgerithtndo said sseomitypRhetigdl godeltdim
er),oofap% ){,;r@g)ipg %aﬁ%g,nquAl al gorl t hmto said second

etlca roduc pot het i cal
m)del ) comgatnp SE'SI‘HB’%PYH‘?@%% 'B°d[eht1°rsﬁld hﬁ?bst‘?wfé’? fcal model
to sald first set of data. 19. A conputer readable
MBITOT YA dofhplef l@5dabi nfeRIBRMb BiFect Pcdmpiiel loRihclidh ia Sfeeméd hather,
manner, conprising: a) a unit operations nodule to
comprigingeej ve and store unit operations and generate at
| east adafnit aperatignsatodale lovateivemnhstoetuinit ederatiotbednd gpy)eraiyat

%@{ yﬁ,ltsﬁymgaemtame,ﬁggyyn@g artificial intelligence
ori

hypot IRSE7 e GI081S DA e el M PSSR T of
enpi r iotakorgzarison Mati@e 87@mparg Bypothetical models to at least a first set of

empirical data.
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