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EVOLUTI ONARY COMPUTATI ON TECHNI QUES AND DI FFERENTI AL DATA SETS [001] This
appllégb gn ¢laims benefit of priority under 35 U S C 119 to U S. S N

60/ 415" 221K eby expressly incorporated by ref ereﬁ@@’qsﬁ“? Yihtirety.
BACKGROUND COF THE | NVENTI ON [ 002] The conpl etion of the human genone is
expected to dramatically expand drug di scovery horizons. It has been
estimated that 5,000 or nore new drug di scovery targets will emerge over the
next several years fromthe thousands of genes that have been newly
uncovered. A decade ago. fewer than 10% of human genes were known, which
necessarily severely restricted drug discovery possibilities. In fact, it
has been estinmated that all of the prescription drugs now avail able attack a
mere 500 targets. [003] In reality, the human genone has been reveal ed to be
much smaller than was widely anticipated: 30,000 to 40,000 genes versus
earlier estMrE@RES ND COWRIBHITIONSHHIEZINGEMOLITIONARSCAQMEYTATON i npl y t hat
drug di scovery possi biggHNIGSESRARD BIFERERTRLIOATAISE han was previously
believed. It is apparent that nmuch of the conplexity of human bi ol ogy |ay
not in sinple gene nunber, but rather in gene product nunber. One gene, as
it tledids Tbistapplmaﬁoeslamtmnemahpr@nq updantsellrs.qb.rgjds(eltp LEDStN. 80M 15,481, ol d

bi ol could well translate into 250,000 or
rmrgg%bgta%pﬁ%tg@%o @é}eﬁymrfr%rﬁ%eo'?%v\% ‘may constitute viable drug discovery
targets, In add| tion, protein-protein interactions constitute another
potential set of drug di seoKerRpUNOIaretHE INVERTION al potential nunber of new
drug discovery targets is not limted to gene nunber, but actually should be
sonme nultiple of that figure. This |arge nunber of potential proteins are
or gd2k edhe perepletionpl tha humah genbme iti expaetaddmedrematinatedyppnddragdiseivemal i ng

pat *ﬁh‘i@%ﬁstlﬁhéfﬁeﬁﬁéstuﬁa@d%a@g'oﬁ@br rBé?@hew Et@@éﬂacosb %{gété‘%ﬂ%e?ﬁé‘%ﬁ(r&thé‘ cells

of ten sti enotyplcally

or
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cas ??eéﬁidilfg%é L& a'cts it H&&% ﬁ%&%t&ﬂﬂ all 8 tﬁ+ %P?ant% dﬂ%ﬁ@é@éﬂ@{agﬁ g}téclﬂ%n the

e ultimie ce resp I C pat hways are
typi“@éﬁ?%?t?ﬁl@tﬁl y branched structures, evolving to allow the synthesis or
cat abol i smof |arge nunbers of netabolites needed to supply the building
bl o and aner for the cell to survive nvmd varying.situations.
Theilgﬁ] rgﬁ t@x}‘l’@?o\ﬂ?’f?@eg}aé bge{hrgwfeia[?gttoetbe s ?Jjéh %st“Y Y grids, such
t ha@ntidpatede 3 88the40.00Ggdtles edreus eallitP@9mated of110NI0D GONPE3 mgwe:epmrs 4482003/ 031214
ot h%ﬁmsema@am@hazmw? pOSRARSAY e RerliRRed REAWSLprbAURS RARAKY. RANS. [ 00]

Hi storica ransducti on_and netabolic path Wag have been anal yzed
by @p%%magmp the complemty of human biclogy lay not in simple gene number,

gene product number. One gene, as it turns out, makes more than one protein product, contrary to

but rather in

vld biological dogma. As such, 30,000 genes could well translate into 250,000 or more distinct
proteins, many of which may constitute viable drug discovery targets. In addition, protein-protein
interactions constitute ancther patential set of drug discovery targets. The total potential number of
new drug discovery targets is not limited to gene number, but actually should be some multiple of that
figure. This large number of potential proteins are organized into complex and multidimensional
metabolic and signaling pathways to effect a biological goal.

{004] Signaling pathways in cells often begin with an effector stimulus that leads to a phenotypically
describable change in cellular physiology. Despite the key role intracellular signaling pathways play in
disease pathogenesis, in most cases, little is understood about a signaling pathway other than the
initial stimulus and the ultimate cellular response. Metabolic pathways are typically highly branched
structures, evolving to allow the 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 biochem cal approach dissects a pathway in a
"steppi ng-stone” fashion: find a nolecule that acts at, or is involved in,
one end of the pathway, isolate assayable quantities and then try to

det er oo xt nol ecul e in the pathway, either urRsk{€RI12zdoWNst ream of
the isolated one. The genetic approach is classically a "shot in the dark":

I nduce or derive mutants in a signaling pathway and map the | ocus by

I NBhLE ool ABRF e oot IR RIRNE, MAGOTMLAT A0 ibdd. 2 CONA L1DTATY. LI tations

oche oac es 1 nc a r l'ance on a significant anmount of
pre-existing knomﬂedge about the constituents under study and the need to
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(Anderson et al., Electrophoresis 18:533 (1897)and Gygi et &l. (Mol. Cell Biol, 19:1720 (1999} have
aptly showed mRNA and protein levels do not correlate; therefore, evaluating a single “omic”
dimension is problematic (e.g., mMRNA expression in microarray data). Each instrumental analysis
technique provides just one aspect of the biochemical changes occurring within the cell in response to
disease or therapy. Drug discovery and development is rapidly becoming a variable-rich environment;
there exists an ever-increasing amount of "omics" data:

»  Genomics, which includes:

- Chemical Genomics, the analysis of genetic variability and its impact on
efficacy and toxicology.

- Expressional Genomics, the analysis of patterns of gene expression by tissue
and disease state.

* Proteomics, which includes:
- Expressional Proteomics, the quantification and identification of every protein

in a cell as a function of disease siate.

11209731 2



WO 2004/ 031913 PCT/ US20031031214 - Interactional Proteomcs, the

i dentification and quantification of every protein protein and

pr ot ei Wd% Ahfoisnt eraction - Structural Proteom cs, the determi nation
(enpirically of by ab initio modeling) of the 3 strJGRYROGO3RM proteins
Metom cs, the quantitative determ nation of the small nolecule fluxes in

ti ssues, including; - Adsorption, netabolism deposition, and excretion
(ADVE) of dr-udsateractiquit Rrbtebroies, dhe identifisatipnaemtl iqfiandifitatiomofadverg padten-i s m

cat abol i sm  anglthih 8A¢ prefein-Rhind iRlBtaaRA! i tes in tissues and cells, Cellomcs,
whi ch i ncl udes; |'ul"ar distribution, the identification of the

- Supcel
subcel | ul ar 1 d%?;l’f:tf"?g folsgmise. the dsterminatian (gmpiricals prtyiab inifg madelingly | t he
det er mi nat i on obthed@btructureef atiprgteirsper ti es (i ncl udi ng pat hol ogy) by i nmagi ng
or flow nethods. [0071 Two chal l enges in devel opi ng physi ol ogi cal or systens
bi ol ogy rfoddatemies. thetquantiating tetsrminatiafof thelsealipwiskge filvesbetisees, and t he
i nconpl et en@RBingbr eadt h, and quality of all the "om cs" data that nmust be
expl ai ned by the nodel. |nconpl eteness of data often allows nore than one
rmgel toI fit- Abeerptidal mambblis®f qipegﬁdﬁfandéaeratioa\(mhabbm]{dgead?_ to paranet elr rich
and conpl ex npde 1at par ffic t construct fromfigrst principles or
human anal ysi s o+b%l°h££ptp gﬂ e‘eﬁlc neollla{ijaézpt?ﬁmyc%Fboélﬁrpraéwttram%or?{teé.. data is often
low (i.e., |amlabstitanindiseregend ¢lls.ons) or is over-specified with nore than
one set of | ow quali t}/ data being available for paranmeter determ nation.
Finally, * OmigHWREh Inglyies exi sts as rationetric or relative abundance
nmeasur enent s,

Uypi carly nocagablr #8nRlba e Bakacalin 15 S Ratielocleald of  pos of cara are

of ten cal | ed mopduesrobintarest  di spl ay”.. Exanples include: isotope coded
af finity tagscfddey, the betefichtibn BBPGodlbr iRk gﬁa@% ? malog,gb energy shift
for , g 3 St I(!.

tags (I DBESTra) . roteli n expression anal ysi | sotope ratio
net hods for 'FRENGYHOHTLRAIS0f rel ative metabolite ratios between two

sanpl es by nucl ear magnetic resonance (NVR)3 and mass spectronmetry (MS)_°
[ 0081 However, recent work has focused on the use of conputational

t ecRid-81uU Ll lar - b Gl ' ' ctrical
engi Yo cfliBhegd'n bekepBRE fhysilififel bEeyRAS RG] fsbbF s APBAES T2,
bi ol“éﬁjV?defsgrﬂQ“ﬁ@P'eﬁ%m iheemmietensas, breadihand gaaliteefl! thedpmiesdista tha st
bi 0@@@%!?@45_@?%& Medeh ¥ lhbq[mdtl)dﬂérﬁeé @ffdbt%ﬂér’(wod@&ﬁreﬂfimb%d%lf tef. }:\T)*HSHQV OWilngt Vo
nunber | ol pgi.cal . ses _(e.q..genomcC erso . H, el at,
00, Presgh of s Shes Stsuae RAASE Rrreals i Eng Porien modeg G dfelto (aug 26,
200Zpnstrktifiom fikgt pimcipiss cahumarpaplysis pfitieesprobiled. Bhe duatity Aheirrent "omics” data is

often low (i.e., large standard deviations) or is over-specified with mare than one set of low quality

data being available for parameter determination. Finally, most "omics” data exists as ratiometric or
relative abundance measurements, which do not supply the necessary absolute concantration data
typically necessary to develop biochernical models. These types of data are often called "differential
display". Examples include: isotope coded affinity tags (ICAT™)' and isotope differentiated binding
energy shift tags (IDBEST™) for protein expression analysis, 2 and stable isotope ratio methods for
the comparison of relative metabolite ratios between two samples by nuclear magnetic resonance
(NMR)® and mass spectrometry (MS).*

[008] However, recent work has focused on the use of computational technigues, similar to those
used to model circuits in the electrical engineering field, te allow for the analysis of systems biology.
Systems biology, further described below, is the mathematical modeling of biochemical pathways by
integrating the data produced from the growing number of biological databases (e.g. genomics,

l Acbersold, 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. ef gl., paper presented at the Amer,
Soc. Mass Spectro. 50% Annnal Meeting, Qrlando, 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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2004/ 051915 US2003/ 031214 proteonics, netonics, FAYBMBOS1d4t a, etc.,
referred to herein as "OM CS" data), as well as experinental data, to
produce know edge about the underlying biochem stry of a disease or cellular
st atREcteqrujgoInelamicseliangicedatansich crfeTaday berpie en ‘QMISE! dalaldas well ashe anal ysis of

di f fexpaiviental @RS tof mai.asanméoge abambuhaéag.ag moaﬁmm,@fa BBédse be&dlaibaues, see US
6, 2%%3 527 B1; 5,914,891; 6,051, 029; 6,078,739; 6,069, 629; 5,947,899; WO
991 143 VO 00/ 63793; WD 00/ 65523; WD 01198935; VO 02/ 05205; WD 02144992,
all of which are incorporated by reference in their entirety. [010] However,

t herigoggXi Slafietd ofh&tRdds! 'hS?é‘ﬁeeH %@Q:nfa&f forg}?% %&%ns Bh&iffer?At s bdatd -%fﬁ&d evel opnent

and evolutlon of systens biolo ere in t1on t the
und EVPIYHORRTY SaPRiftaliond) feshmigssctep S &282527 BR3¢ BREANP 129 &078 {88l ete. I n
addisti60)629; B h ek W ed/21448;rwO 0DI6ETI3oWDIDES5523; 9 01/98935 08 0l02@6Z0B;  set ti ngs

may v@@bsﬂadgaunyof @L afanfr,fcs@sgted%e,%fé}sﬁceqr?ﬂphénﬁ?eﬁfd and vari abl e-rich

tens". patterns, financial and market
anal yses, et c A specific addl tional need is to devel op nodeling approaches

t hatjo1ogn Holwevedl| thédre 6a6s b algnifidanihedy ol Aetholiotharmlisw dr hbdevésgimindadaal v, the
prese

d
ol Lavdes CLiA e ey rofs weRR R ozg%mﬁ%s@@eﬁ%&ﬁﬂmmaaw@%:e; or “whi ch
i ndinei fdilyinown ersintavipladey Ineeditomneethodsl usefyliabuilding modeld usefdiirabivlygicl he present
. nV%e&.h@nn@rda@nﬁaﬁa? alfo PE a3 .ﬁ &hé}%ﬁﬁl?llwttqg L,gq \?éfiablélhérf ‘%fs‘?ﬂ-ﬁ Ha«,t s so that

éaar aneters can _be fit direct erenti a om cs" data
typé’@ltt "% WEPINGS Paigips, ﬂ?%@ﬁ""u"?ﬁ?@ﬁ?” e £V AgRecE addiipnal F'%P '§t t he

di f fdevesopoeodetngadpp@achss that anifindiffiéraetial dispidyieldsrimasl donai ns to speed their
sol ution. SUMVARY OF THE | NVENTION [012] In accordance with the objects
outlined herein, the present invention provides nethods conprising

pr o\uydl n@ceprﬁnmv-melwsﬁea&«nwnﬁlqn PERyides Earenesitionsand maiods usaful g gengipteg subset of

al | egidkeaRd et@aatherhencdnﬁ@emf aonﬁﬂ&atélfsy&kéﬁlk W@mﬂﬁﬂél%tepg_ Rtowret hods
conpr |thsee orrprl Si ng a

S oA . Aalidng, MRt e lon IRdEE FieeRElo BRTRasRIP T 91 19 2
(Al difigteger équbnnt so thabmédet pararhstprs chrebe 8 directhatoriffesantia displap duics” datpr oduce a

Secgb 5, ﬁ“ﬂ?ttﬁ@%%l i]pgqﬁl ;ST'E‘L %Imégﬂgﬂ?stltﬁb ﬁet el Qﬁlélgﬁﬁ{ode@mfoitﬁepess

function I s use e second hypot to generate at
| eadhathemakizdl gerpajtsde H@"F'ér!ﬂ’sﬁ'ﬂtt“?ﬁ‘errat i cal nodel. Generally the fitness
function is based on enpirical data. Alternatively, the second nodel is

conpared directly with e ne di fferences between the
data and t he nodel. Thesermhj%odsogghgt')%@% eégt ed

[012]) In accordance with the objects outlined herein, the present invention provides methods
comprising providing a plurality of unit operations that represent all or a subset of all actions that can
be done on a set of system components. The methods comprise providing a first hypothetical
mathematical model comprising a subset of the unit operations and applying a first artificial
intelligence (Al) algorithm to the first hypothetical mathematical model to produce a second
hypothetical mathematical model. In one embodiment, a fitness function is used to filter the second
hypothetical model to generate at least a third hypothetical mathematical model. Generally the
fitness function is based on empirical data. Alternatively, the second model is compared directly with
empirical data to define differences between the data and the model. These methods can be iterated

as desired.

[013] In an additional aspect, the methods to generate a mathematical model of a biological system
comprising providing a plurality 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
mat hemati cal nodel of a biological system conprising providing a plurality
of first order pseudogene unit operations that represent all or a subset of

al | actyiponsqdsiefs can be done on a set of biochem cal nents. The

met hod conprises 1120973-1 4 WD 2004/ 031913 PCTI Uszmqaf%gmgenerati ng a

first set of first order pseudochrom)sorres fromthe pseudogenes and appl ying
genetic r?glg% }F a fitness function to the set of first order

pseLR?B%'ﬂﬁ"‘@ Aelot gt %?eaawawwsrﬁas gy the ppeUdRQERRE) 205t ARplying a genetic

ps e wpdihmositbsaditness fumttivh taotpe sal pbfirstrosdet pseatiscbromop@iiel to prodacd aisdchrel seaspect , t he

To! 8 devof @HBEn 3 EuddBir iAot il iGheldin al 00T 1 Lhm used. | n. thi's

enbodi ment, the nethods conprise providing a plurality of unit operations
that represent all or a subset of all actions that can be done on system
congorgntis a further a3pgdt, Yhergethodsicombrisermidtiods beddjushrigahé aligamae usedAlnthial gorithmto

th | d | . Th

secdhipibfieht e bR oG RT A oIRGB op B Al Bl 8 Al B0 0¥ o

dat subget @F@'Iaﬁ‘@n&tha‘ cag $p denef grysystemgpmpenents candispplyipg A fisshartificiat @tell'ﬂ?ﬂﬁgt heti cal

(rjmg ]gbu) aagshtﬁrheb tﬁé‘bl@raﬁt?ﬂ: Gbd L5 b BEcoh ﬁypfoll'éﬁcfal ﬁxbtﬁaﬁatrcamédan afillh'dSéoFd for ! he first
| er ener at e a ori mis

S ool o S oiatee fo A REE 1o ot BRare Bhta o HRIBE ISR et oot bt bal

nndeﬁﬁevdnc@hetwsendhmﬁmmpbtmeycal hredéliang the siata a0d alteting the fifsd algbrithm teanjustidi t i onal

2 Ping GBIl BAbrl 8 Yob153 APIGEA e SoBAPhBOARH shplt pect 2

conput er unction In peci i1 ed nmanner, npri.Si ng uni.t operations
nod@P%D"f’é?mfé’@éW@OaﬂéP @?matnmwpﬁf‘é%m%ﬂs"h&h& @E}?é'ieaﬁ%‘haf sieehQft a first
hypettact i cal mat hemati cal nodel, an analysis nodule to apply an artificial
intelligence algorithmand a conparison nodul e to conpare hypot heti cal
nodels to at least a first set of enpirical data. DETAI LED DESCRI PTI ON OF
THE (O¥AWINasaqdiiiosal asniegh, the inverfiopiprovisesa cempuitps readalie memerydefieach? net hod of t he

| NV QBhb@Br to Hﬁbtbn%@Ep’ﬁ:ﬁ'éﬁ‘ﬁa%? cb'l%ﬁﬂ!nngta%nﬁ 6&?5tl%n§mf:>ﬂ1§l§fo ch‘:éWétah@BtbFea'
mat hepati cal no hmis execlz)aﬁyes reate a

o O R opacet e A Goapraigan st S Bitarelear AR e ToBa gk Bt POvSE g ca (o)
whi apliy Bn adifidal gdediigendesaigaritholi and atcomparisen nsdute tbcowpare hymdhetickiradels © generate a

t hirgd eQéi%%J??étoF?‘lw F%F tical nodel. This can then be iterated to find a
Ioba\ sol utron i ough as outlined herein, convergence to a gl obal

soI ution is not required). [017] Figure 2 depicts a schematic of the

general GA net hod of DERAILEYBESCRIFTIGINOF THRORAWINGS in  the form of
pseudogenes are used to create a first hypothetical mathenatical nodel (e.g

in this case, two parent pseudochronosones), upon which a genetic al gorlthm
i s dRta} utfagire 1 deninteaschematice tha@enerelmetes of @al"\f%'ﬁ@rl Upikorgratiphs e Ugiener at i on

chi g clRg8 WS RyRIHRAQIMR SthemSHRAGH 6], ¥ponavhichtaR ASSlgdritii tsl éxBeuitdd, to create a
second mathematical model. Generally, a fitness function is applied (a)) which in some casesis a
direct comparison to empirical data, to generate a third hypothetical mathematical model. This can
then be iterated 1o find a global solution (although as outlined herein, convergence to a global solution

is not required).

[017] Figure 2 depicts a schematic of the general GA method of the invention. Unit operations in
the form of pseudogenes are used to create a first hypothetical mathematical model (e.g. in this case,
two parent pseudochromosomes), upon which a genetic algorithm is executed, to create a second
mathematical mode! {e.g. first generation child pseudochromosomes). Generally, a fitness function is
applied (a)) which in some cases is a direct comparison to empirical data. This can then be iterated to
find a global solution (although as outlined herein, convergence to a global solution is not required).

[018] Figure 3 depicts an illustration of the chromosome composition and generation 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 setandiisits
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applied (a)) which in sone cases is a direct conparison to enpirical data.
This can then be iterated to find a global solution (although as outlined
herein, convergence to a global solution is not required). [018] Figure 3

depi ct ' tration of the chronbsone conpositio i on of

chi | dr%r?azp%JF’dSkééiést ens Biol ogy nodel generation. M re%FZ@%ﬁ@ﬂ?@

physi ol ogi cal unit operation set fromwhich the nodel chronosone is built,
wher g, L. L fic, unit nt fromthe set and i is its
11208500 MebelaBBE, Tt Sohe bR B bl 3 sBaSiore caels sk aebgtR omsoe.

Thi se%8 s1eRelPosition; althohgh adaptatigne ptihe elgerithra aretmbvinaartd thrdsy trahed in ktelsktankti N each
rmdehllomﬁfetdnmm A bh&fb&uﬂorﬂ‘d@dﬁtvaﬁdtleﬁbﬁe%sénhﬁq 9b9\grahta§ﬂq,§ghe 1?9}5\,9%[3 to those

tral al.l ow di fferent such
var i a?‘?eo'ﬁggé' Spt gé'@'ﬁislarf&"ﬂarﬁwg? SHRMRISHPY SRrhalsorbavagglle B?‘Wee"'rﬁifiﬁfe?"tl ength is n,
whi cthromosgmesbisaliawing iamull fodednciuded ie thelsat ofmamoﬁramnbanw yerdidriof Rt ween

i 1 8G6iHn, 1RNEQTATHIES ol A edtoBblheinin Bach PV By nd iy SO OF Uni
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A r athelsetofmritabém@tioiss shown occurring at position 1 in child 4, which is also
taken from the set of unit operations. [019] Figure 4 depi cts a schematic
of a ié)em fic systemof the Invention. Figure 4A depicts the Enbden-Myhoff
syst @l pdtisHing dorietna pehematinns arseerific sysierd ofthg iventidiB Figye 6A Segittethe

Ps e UEHatsdah AR 6y stempamival ®fh i dompbith, S QF&M D DESCRI PTI ON [020] The

presen vention is ted to the use of evolutionary conputational
t ecHii k&‘l?é@m“’?%%?a?ﬁ‘?g“{mﬁ‘ higsYsleMited to genetic al gorithms (GAs), to
derive and optim ze mat hemati cal nodels for a variety of systems. The

systens can be any scienti f| '?Q{Eél:?ﬂkséf&iﬁtﬂcﬁﬁ bi ochem cal / physi ol ogi cal
systens, weat her systens, I'C systems, econom c and financial systens,

mar ket anal ysi s systens, et c. The di scussion bel ow focuses on physi ol ogi cal
systjezng. T[h@%ﬂe]sed%uﬁrbﬁtioh&ﬁ’tﬂ@ctbdﬂtobh& d.sélon@mﬁmaﬁ%ntﬁu&ln&&vtemﬁt@'e§ is the

C O ot g0 Gk bt GRR Bt s B b RSl Ao o4
h i greoferiety Abwystemes T'aﬁﬁyatgtna lshrebeany aoientific sysiema agthtas diochensicalplbsiokgichlat can be
pr oR9Sieds, wedthbs §yslb||iﬁ§ t%‘?fﬁ'sbﬁtmléa sEabAic 29 ﬁt‘ld?lclaltsr}ﬁenlﬂggtérfd? %ﬁé?,fsks%yﬁ?ﬁﬁ systens

bi ol rocess | uman mnd, or rather its of all
t he eg'%)slrggﬂls%“sﬁ'ﬂﬂa?'°‘5é°r°ﬁﬁsé’ﬂP%@'%Ga'&éﬁﬁm? ‘be a set of bi oI ogi cal pat hways.

[ 0221 Conversely, nature at its nost basic biochem cal |evel is not very

di Va8, AChddbt Mg ¥y8lims BBOEF Rofdis .gm%g.e%{ylo?ﬁgggaevr tiLon. There are

rods uni ve hem 9uilt on nucleic
aC| driochespistiveTHE larger fedpiplagival r@&‘f%ﬁ?d’ﬁ&leéﬁe e dsste firmulatedthe mons | at i onal codes

ar e compigh{ep. GIYAGALMBEHs Vf ddisiabie palefielend)] dnd e kMe iHaf cABRPrdposetne Pri mary
enertg}{t tr% anv%ﬁa%} J;ga FHgaun lﬁe bot{'l leneck in the systems biology process is the human mind, or

rather its ability to think of all the possible model permutations to describe a set of biological

pathways,

[022] Conversely, nature at its most basic biochemical level is not very diverse, exhibiting a high
degree of functional conservation. There are numerous universal motifs in biochemistry, as all life is
built on nuclelc acids, proteins, lipids and carbohydrates. Ribosomes and translational codes are
highly conserved within prokaryotic and eukaryotic genera. The primary energy generating process in
both prokaryotes and eukaryotes is the proton motive force across a cell membrane. Nucleotide
triphosphates are universally employed by all organisms as the energy shuttle between catabolic and
anabolic metabolism. All known aerobic organisms contain a glycolysis {(Embden-Meyerhof) pathway
and tricarboxylic acid cycle. Transport of molecuies through the cell membrane can be diffusional,
facilitated, or active. Histidine protein kinase systems underlie many of the signal transduction
processes in bacteria just as G-protein coupled receptor (GPCR) signal transduction is ubiquitous in
most mammalian hormone and sensory processes. Further examples and sets are outlined below.
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[024] The present invention is directed to the use of computational methods to allow the generation,
validation and/or refinement of mathematical models of particular systems, including biological
pathways; essentially, the invention is an automated hypothesis generating and testing engine that
directs the evolution of optimized models, particularly systems biology models. In preferred
embodiments, these computational methods are evolutionary computational methods, described
further below. This “in silico” testing allows the elimination of a majority of possible combinations, and
thus allows a researcher to focus on combinations that explain empirical data to a significant degree.
In some cases, a solution is found (there is convergence on a single solution), which then can be
tested experimentally; alternatively, the process does not result in convergence, but several models
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nore than a few conversion steps before hitting a branch point; in three
di nensi ons, the systemwould have to generate and test nore than 1012

possi b‘la% i ncl udi ng redundancies, for the same 5 step pathway. [024]
The pr eseﬂpﬂgrﬁlgntlon is directed to the use of corrpd’tcgt'ﬁ]%f’n‘%i’i’“:’%ét‘hods to

all ow the generation, validation and/or refinenent of mathematical nodels
of particul ar systens, including biological pathways; essentially, the
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o (TR09% A oSSBTl hogert o vEedl o Fioe BHASHIAT & M1 TRar e ¢ hen

t estpethways. mi | arly, the process can be used |terat|vel y to generate new

m)del s for testing. [025] The present invention finds use in three main
d enbodi nent tlonflnds use in validating

referr
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usedemqua‘smb chient thessesully. ¥t proiuien ewliatdnyeompulafiofid rdhniguealslchiessi bl e
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artificjal |§é %enced&_u % $rTButat echni g‘léfs Ic ve t hese

r es PFFUSIO99NgS F‘I?’S (880 My PFHFEHRMy® %F e Sh?ﬁaa‘ 858 '&fch as
gensteppathivgpwoudirsrepreseitad hyarfire psqureggne pseudeshrasvasbme) with te orderegd es,

cl asghnfit, 8 théh(s%h&‘&ﬁ%né&"&éfﬁiﬁ&@%&thww (Qﬁ @Qn@@)n 113 éjgn%laldsed For exanple, a

genetic al gorit 5&'?/ ed referred ment. GAs are descri bed
bel d’\ﬁ’PUdBﬂW’F%"'@éH%ﬁ’ ot fi rtt“l'fb“%)}ﬁ"b‘i’eoéi"&%d ‘EfnfeP"'B‘EJE?daf"i'tBH@e‘becorre pseudogenes
whi gpewribehramndsamgeshd evhnatpc&:udﬁed%r That s pais of psuedduhadntosbines atatelectdddr exanpl e,

a fi \é opahe%‘ eR&LIt}%eWF h% l}ggl Jﬁfe% r%gr?dqggdat}ﬂ%fttg fi I ¢I¥ ﬁﬁtgss%% rggmfer

seudogenes defi ni ng
the thbRreINAS ‘f(ss@réermsgmhrsmama&)) andthege wﬁtarq:fmlaﬁ usmwa@ﬁ:tﬁmﬁs%'ﬁe does not
fit gfgﬁkﬁatd &dnikdren”lor ‘%@ébnb%rde?’r(é}?r%drt) pﬁudodhﬁﬁ%&héhﬁdf’ he¥d tchildednh efe
pseudochr onosones_a a
D e AT RS Lo AL itk Prackes s bR podesteler DRI it the best
f i t chesosabesn igher. gder atwomicsgmes@rd ¢sed bimye thareter togtimensiomally ofdfieerred to herein
as cﬁ:‘o%&on&r rgf%r (RSP QEdhy VTR iR Mo ome? Mlisphseass I8 Adpedted Liftil BloB&llyUSi Ng vari ous

t echni
optlrﬂ ized solutlon pseudochromosome, representing a particular set of physiological unit operations

in a particular (temporal) order, is found. Alternatively, in some cases the algorithms are not run to
convergence; either because multiple solutions can be found, or because convergence is not desired.
In these cases, multiple experiments may be run. In additional embodiments, other Al techniques
may be used, as is further described below.

[027] Thus, this approach consists of creating an object-oriented library of physiological unit
operations, as outlined below and including enzyme kinetic operations, membrane transport
operations, and binding equilibria models, etc. These physiology unit operations become the
pseudogenes that comprise the genetic algorithm pseudochromosome (Figures 3 and 4). The
psuedochromosome itself is the model, determining the best order with which to string the unit
operations together. In the schematic shown, this psuedochromasome represents a linear
arrangement of unit operations. However, the actual psuedochromosomes used may have higher
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generate "children"” or "second order" (or higher) pseudochronosones. These
"children" are evaluated against the enpirical data and the process is

I t er at gfl bd4MsQFCe better "fit' pseudo- chronosones. ki er
chronosones are used above to refer to dinensionali typg#fggﬁléy&ég fonosome
rather than the quality of the chronbsonme. This process is repeated until a
globally optimzed solution pseudochronosone, representing a particul ar set
of pPYE;dmesnsioealty o ascompipdatabranpizes in bioghemisalneerksr (t enporal) order, is
found. Alternatively, in sonme cases the algorithnms are not run to
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user-definable linmiting assunptions. An exanple of one such linmiting
assunption is the requirenent that the nodel be stable (i.e., exhibit a
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single nodel, the nodel (s) can be manipulated in silico to define additional
enpi rical valjdation experinments that cap delineate between the best
oaelofi® dorBpbet mb§iuashed B P ENED 1 RGRRAG 1 CPREUE R8s ¢ han
condeonvertdd toditfeeerer eiuationsy thesubtratition ofasionteo] bi semtyistataforn df thoinadel. lof
therfgﬁ%%b ment'3f {ﬂ&)ﬁ%&%ﬁbgﬂha& difdreiBe &JTRAMS %Ptbe%ecm]r%?l@rvﬁlﬁem I nvention,

t he physiological unit operations may consist o sets of “di nensi onl ess
di f f dffesentinldispiay dateivpRS in to§ting thei9ecdogssff flon of each pseudochronpsone nodel

[032] In another embeodiment of the present invention, the physiological unit operations may be
linearized, either by conversion to difference equations or by methods such as Taylor series
expansion of non-linear terms. The resulting linearized equations are then transformed to other
mathematical domains , such as the Laplace domain (or other domains, as outlined balow) , to allow
faster solution of the models through algebraic manipulation in the pseudochromosomes.

[033] Because these models are rooted in the fundamental differential equations representing
physiological unit operations, they are also predictive tools, allowing the researcher to alter
parameters and play "what if* scenarios. Where laboratory data is incomplete, such that multiple
models provide equally good fits, the ability to tweak protein or metabolite concentrations in sitico
altows the researcher to quickly identify new hypotheses and design definitive experiments to
distinguish the true underlying physiological mechanism. Once a physiological model is validated, it

can then be used to select the best targets for therapeutic intervention or diagnosis, by sensitivity
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proteins {including binding proteins, enzymes, peptides, etc.), carbohydratas, lipids, and metabolites.
In general, the discussion below is centered on protein components, but this is not meant to limit the
scope of the invention in any way.

[036] These biochemical properties or characteristics of individual components can include, but are
not limited to, enzyme kinetic equations such as Michaelis Menton kinetic equations, membrane
transport equations, binding equilibria equations, diffusional kinetics (e.g. a one dimensional diffusion
system could be a DNA binding protein on a chromosome; a two dimensional analysis could be a
receptor in a cell membrane; and a three dimensional analysis could be intra- or extracellular
diffusional kinetics), convective transport either within a cell or tissue, or between cells and tissues
(such as chemicals transported with the circulatory, lymphatic, or cerebral spinal fluid systems),
regulatory mechanisms (such as allosteric or covalent modification of enzymes or transmembrane
proteins to affect their function), etc. Prefarred equations include, but are not limited to, unimolscular
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down into a series of steps, called operations, each operation appearing in
many process systens. Each individual operation has common techni ques and

i's bas same scientific principles. By defining these principles
and i ncor pg‘}’%{l&ﬁg theminto a common mathematical rept @g'é?ﬂ’ bﬁ 4t he

I ndi vi dual operation becones a unit operation. A nunber of scientific
principles and techniques are basic to the treatnent of the unit
operchemiosl equilBoiabienaecalse apiibda, pnzymesnesitedoagdilimiacMichadiis IMenon kibetids, as

CoNsimocligNen2im métloﬁg' i ?ﬁ&fs%entd?@ﬁﬂnﬁﬂlmé%@gw ﬁ%t&@ up Ul'ah Phid, Kinetics,

and certaln ro erties | SCusse ereln, IOC em cal and

phy Jfighagis-i Wm&vgﬂ'&? with- JletprirspRrBssianoRsae outifediintie Exgprles FioRy of

i nd:mesduabhemmbmemétsfs msudlggcausmmbemdsrelare gdnbetwomenﬁfmcfgio@nl‘unghe p?nt? may

|nc | {e clLudlLn
RPeBang Ao 8 Rlh8hagealddubifons RpreBfing g oo SRetar R hles BT 8o ry e

peptal speeific c@p@thn commdndh ydredhansone progesssystamd Theeuritapkiatiens. reflectectienser al , t he

di S%ﬁ&h’n@& oR BhyRial e%t.tféemueﬁ séichem.cardahergbrﬁ%meeﬁ‘dmfeso wn iiffffon] SnchOt Meant to

[im ,E i nvention | 0y hese bi ocheni cal

o osepimger Bl ninareie Bre Baissine iR il oeralT AL Al T Re. but ar e

not oniohjette ¢b.¢. onateniats/ang rkanayi witichamgo &b iexohangadctrenagorfel o aedviegedbothen ki neti ¢

equ | ations,

q %B}e&?ﬁeé?.ﬂﬁé@icﬁﬁﬁgeu?&%ﬂ?&%& a?ﬂg@fr%olﬂ%e &rﬁgoﬁ' B8 el do EHS% @Y

di ffusio I net nsi on S|on could be a
DNA PBPRIZIRTEPr el vehisles¥pon “@HP Hiessinms of igaffiasiangls ﬁé%'P@ﬁ%ﬂ"a'&Hé’lf §2iege coul d be a

I eC gdrifig [b18), anEMIW chaRmEN (@d2@s) opardiea t hr ee di mensi onal anal ysis coul d be
intra- or extracellular diffusional kinetics), convective transport either

within a cell or tissue, or between cells and tissues (such as chem cals
t r ad@3or t edn wirtefertad embpdimantheplysiologing vait drerations dascrbierpsdteingsithabis, f | ui d

Sysﬁr?el??épreseﬁleé&h'ﬂe%'fr ar of tﬁ'ﬁﬁ&lﬁ&hﬁﬁf‘%cﬁoﬁb‘%t @ bRldbASEPSrvith ‘BFoté?r%Vfﬁ ent
nmodi fication of enz%/tnes or transnembrane . proteins to affect their

f unc'f"P;SW) hergif is megng é?aﬁb‘&% WS@F'S?I@’R?‘?\PP by gpertidedont t Aq ysaf berging o,
uni pedtertintiades pidl&ing) ?Sﬁgoﬂ:eﬁliﬂedlubd%ﬁlmﬁﬂBMJp%pWTdrbﬂh&ﬁﬁﬁdoﬁﬁil&lﬁhturaﬂye m cal

equ'ol:&{?rfng%we 'é&ﬁ@aﬁ@éﬁ%p%@%h% op%@etl@@éﬁﬁiﬂ&ﬁﬂs%&fi‘reg%i "lahgﬁs uchy

nton enzyne reactl ons

enz PrBeaoifeisee Simanehala PNAS USA V(AP IR0 e amino agfsMaLeinet bent on enzymne
Ki n@hiufely suchmn@bﬂ mtr@furany Bﬁﬂfriﬁé Siaﬁéhdm@%n@feﬂjs@ Wslid M@ flIy desmbsaepmn. es. From

t he e bi ocheni ca Sl 0 I cal. unit o er at S _are generat ed;
{ he PBrSPTBP AP (S Dorsis (el TG 24P SeBNTaE Hinee o ca R e 5

r epibe sgtietio gegtides. uThdetdby:hmrgpmawmnm elfhecthp(R)mcthpl(sbcooﬂgwmlnnth)a a specific
oper Al eﬁ{BHEii‘n"-Bnttﬂe fn% gﬂéé}eﬂﬂﬁet%’)gf@em ?Nréﬁo‘ﬁm The unit operations

reflect actions per physi ca tires, such as chem ca
conver si ons, adsorptlon/desorptlon di ffusion, and transport of nol ecul es.
| n fe3asfnan ﬁibre&aﬁdd BRbddrheghaphybiciudical umli dpemii@tsalesids ensfries,od. g. et indns

,P ?;];?gérgﬁq[% &an) %IP&tsgmé Sfotg? %r hl%g h‘%{ nao'a%ﬁ%’ Ewyr)wnh\gﬁwx ag " whBeeXxchanged,

onver ects ge ®of cash for
f oo@pmclde@; b)oﬁheé)e in the arlhieere@rﬁewe @)ﬁﬂetYrQiﬁfMY@es thﬁeﬂfeb]\’@tqu'n melEbplis  peopl e

andj, thwEWinElué!‘ R hychdissed BRR a¥bPiofedsdshearldrads, IPhsdst Rbhésdsisgpass and t he

Onsratlcre%lagéssegmerzge%r tagtornerases or mutases; transferases, kinases and phophatases.
Preferred enzymes include those that carry out group transfers, such as acyl group transfers,
including endo- and exopeptidases (serine, cysteine, metallo and acid proteases); amino group and
glutamyl transfers, including glutaminases, y glutamyl transpeptidases, amidotransferases, etc.,
phosphoryl group transfers, including phosphotases, phosphodiesterases, kinases, and
phosphorylases; nucleotidy! and pyrophosphotyl transfers, including carboxylate, pyrophosphoryl
transfers, etc.; glycosyl group transfers; enzymes that do enzymatic oxidation and reduction, such as
dehydrogenases, monooxygenases, oxidases, hydroxylases, reductases, etc., enzymes that catalyze
eliminations, isomerizations and rearrangements, such as eliminationfaddition of water using
aconitase, fumarase, enolase, crotonase, carbon-nitrogen lyases, etc.; and enzymes that make or
break carbon-carbon bonds, i.e. carbanion reactions. Specific unit operations are known for a wide
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(parking lots), and flow channels (roads) operate. 10371 In a preferred

enbodi nent, the physiological unit operations describe proteins; that Is,

t hey r%%@m me or all of the biochem cal actions_that can be done on or

with proteins. By "protein" herein is neant at |eastP¢UBSHRPMH24ci ds | nked

toget her by a peptide bond. As used herein, protein includes proteins,

ol i gopepti des and peptides. The peptidyl group may conprise naturally

occuvarietygf thederrpzyauesdgartnuthrp proteasks shdvassering, cssgﬂrrtehapiactylpe@t [ dom‘ metic

str UF'IEIH ﬁﬂeahese mclLﬁlﬁ‘n@l (R RotlimRstFd, tryﬁ§n Qﬁﬁﬁ@}yﬁ gsth &*I . PNAS USA
natur ?

89(20) : % % The am no _aci’d oceurri ng or
non- 3?”|" Pepteases ualy as W@ﬁ@ﬂmeﬁﬂ'ebi’fqe ?st?é@e ”H?;mP@Yt'ﬁﬁ?%’aF%PYs}e'Qfescrl bed
bel opwteades inclediaghecathepsins, tralnding edteeplin @aL,tS, vieJ,(eargt O;dind Galpdigent screening is

donemet‘éﬁb?ﬁmgtgﬁ%lﬁr%ﬂfﬁ tﬁ%h nﬁ’oﬁpﬁdgbtaﬁl Ié hﬁ)ﬁpq HIEI?’2 Wfﬁ’rerg’e chai ns may

be in el enbodi ment
t he MMPribenskGasRasas. suthasicrepass . -6r-8 podelhgr |cg§naaqa Q5 lthe a[pgmteqc Aathway.@ndf er r ed

eﬂbotdﬂeﬂﬁmhcoﬁd%ﬂmﬁbﬁw (ﬂ;ﬂ)csu.taueteﬁzyﬁﬁea@tum@ﬂlm tA@8iss-PRt BAZMEES; €.g. the
i ons descr edures that can be done on

o R bRty eedds

r wWidaheEh /PRELDYTRS MRy PP nafure %%P'E@%tv@a?n e envmess FOFexamPlfer e are a
vm demargrdisesse steftescare durpte vaitieart erymees. nvol ved i n netabolic pat hways, i ncluding
hydr ol ases such as proteases, carbohydrases, |ipases; isonerases such as
racenmses, epinerases, tautonerases, or nutases; transferases, kinases and

phoplA38] adla & prefesed eEPPUReRinhY Rroteins gee hingingiareleias. @hd the @RYSIGogisat ungr oup
E I angpeekions gsmhlyasmpﬂa,elb.r@ﬁr@uﬁumurnareadaaﬁr& and laflifiky.Ebn StEINte NFGH-exafisle, ex0pept i das es
ser eas ut

{7 arPef e R oo Bl FRE B0 iy AR B s 6 cor”

ani dwrfaeeesepiossisame eftvhich ar@ﬁmﬁmgﬂ agh 88 inaseah FHudtable ligandd inclidegbut

phosm ﬁ&téﬁﬁﬂéﬂ to mtm Emgﬂicfnéltpﬁﬁﬁﬁ 86the tggan@siﬁa bmarwa camﬁa&%wp&? gslactgaucl eot i dyf
0 nsrers r box ropno 0
AP oo eonststiol 2 DS raentof i bulr i Brpriacion R PRIt

oXi dmth |GR-1aand [GEE) gtowtrhorreerereceptor, @mbgwnnagmoaere:sparﬂmlaﬂpﬁymmmqr) oxi dases,
hyd
y rt%%’fleﬁf?%ﬁslﬁrg(ﬁgrﬁtf@ﬁ epidebnfal t m&ﬁxzfé{éi&%éagf%} qe%%t) %v{ E%ﬁltﬁ@g\ﬁ?o%t I ons,

i soneri za ng erre such a I NT ha t1on of water
usi rigeerigsdiahdgasty “ﬂ%fﬁi?"ééeéep‘@n’ﬁptw Bcepior, G5tR9a8 Ecertan (BRFRORR iPlgRRKIN yeses,
etc. rtecearwl; u@crwryas ?ﬂm@t IL:Bih.& m.r-? Inos, enak mrm@nrwﬂr RO, tncngd&nsl ang él?-galr br’ﬂl \C,’\?)
reactl o ecCl uni oper.a a W de -

s ass R oo FB5h5H VEEF s ORD, KB SehBFepbFf 0973 | T

pr ot teasfesning gréwta éactoe recaptor (ngigdieg TI@F- aaecpﬁﬁifﬂﬁl ER@deceptor (HRQPTRY ream,

i ncl W’ﬂbj’glllarph’éur&%hlb tloh fldegtéh, prBI'é%’lﬂ%d%ptoF lﬁbfcfmrcﬁly ééprtbrs o Padbdis

therapeutlca rel evant serine proteases suc and the ot her
pr otogaene ligands FI@ Rrefereaty diopmones ingweefpth sterpidiharmpaes B?%P'@@%‘é%“%cl udi ng: the

cat hﬁlﬂﬁtbriés.,lndmmbm Agk Ilﬁﬁtéthlﬁp@m&plﬁmehhyr&md‘bxylhcml\lnanld tﬁyro:d@?fnmlﬂtingﬁ/:vg 5
iy 6\-? O%ggagf't%nls%ﬁwgﬁ@gg 2 I}/g/gP %EF'C@ asulai'ggh L%%ngg ’y8 and ot her

cas pegesiziod harmenes firatrepin.i melgmﬁwatynutailng] hormone noreplnephrme parathryroid
hormone, thyroid-stimulating hormone (TSH), vasopressin, enkephalins, seratonin, estradiol,

progesterone, testosterone, cortisone, and glucocorticoids and the hormones listed above. Receptor
ligands include ligands that bind to receptors such as cell surface receptors, which include hormones,
lipids, proteins, glycoproteins, signal transducers, growth factors, cytokines, and others.

[040] In a preferred embodiment, the physiological unit operations involve carbohydrates. By
“carbohydrate” herein is meant a compound with the general formula Cx(H,O)y. Monosaccharides,
disaccharides, and aligo- or polysaccharides are all included within the definition and comprise
polymers of various sugar molecules linked via glycosidic linkages. Particularly preferred
carbohydrates are those that comprise all or part of the carbohydrate component of glycosylated
proteins, including monomers and oligomers of galactose, mannose, fucose, galactosamine,
{particularly N-acetylgiucosamine), glucosamine, glucose and sialic acid, and in particular the
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I nterl euki n-converting enzyne (ICE). Suitable enzynmes are listed in the

Swi ss-Prot enzynme database. The enzynes may be naturally occurring or

vari a f the enzynes. For exanple, many disease states are due to

var i a% ezﬁ‘gz{;/ﬂamlag’ [039] In a preferred enbodi ment, thECHBEEUPRI2L & bi ndi ng

proteins, and the physiological unit operations generally conprise binding

equilibria equations and affinity constants. For exanple, preferred binding

pr otghtesylatoruminabnentthat allbwiebinding te tertadi receptpreaducgs galltshifgoeseasptorsp Dties  of

I | gngsh such as
ﬁ&ges%rhhrfse%ﬁngﬁgﬁsaﬁﬁﬁaﬁﬁﬁg§fgﬁ) rrﬁse% o ﬁl?x:tcf‘sg;% or a

Ki nases are not limte
f unethe %IPQ'%Q'QWWaB‘fGaTbﬁBYdW%ndS that bind to a cell surface receptor
selected fromthe group consisting of insulin receptor (insulin),

o ol41T 1 R g el SR S8 8 s, T AR s 2
I ec &preirincludes frabznfgttxemlm \Maneamepipbpllp(dﬁrmeﬁpmsrtﬁm)énesetaﬂtﬁ etiﬂmbndﬂlmn(mﬁ act or

rec %@&.anar@ @ iglyck s dARS hﬁcwa&d AENR tRd GdfiRitiod SITEAS SHe thedi aiaamsstarx.ué i poprotein
rece B_i[ln rece@a estrogen rece tOI‘ estro |nter euki n

rec@ ‘% f’rg's $PEePaVAIGh B 0 hpfmopes, yich-gs pjost ﬂ‘a“‘f' ISs Sp'atPg aBd chqlesteroly Forg | | g,
| L- &2amgid, ddrihg apbptdsds ankicell deatta trare isa dignificaaiCattptatiorsin tHeupatanityaf tadsiwithior none

][22 ;E%F&érrrébryrﬁgzwa(hqﬁeeg{yﬂn@e@fﬁ?&ﬂ_ﬂbufw mfl%gﬁﬁ%@ér @E%f Pine buE%é?R}%}E%{SH ”%P%r owt h

rec émrls,heal(hypeﬂ)llfe Qqcpmasyl%ww&ﬁ'ﬂp 8- thexlinids; fip é@‘é?f%?g""'ﬁr“ﬁ? Betvesh r ecept or,
and the-tagjets)r eceptors. In particular, hornone |igands are preferred.

Hor mones i ncl ude both steroid hormones and pr ot ei naceous hor nones,

i ncluding, but not limted to, epinephrine, thyroxine, oxytocin, insulin,

t hy [@2H- diprefertediphysiplodinal unitroperationl desaribes enzyroém eicenniprigesaldisbaelipi n,

COr Wahifoh 8@iaflon; f Ol | i cl e-stinul ating hormone, glucagon, |euteinizing hornone,
| i potropi n, nelanocyte-stimnutating hornone, norepinephrine, parathryroid

hor none, thyr oi d-stimul ati ng hornmone (TSH), vasopressin, enkephalins,

seratonin, estradiol, , progesterong,test [Q cortisone, and

gl ucocorticoids and t q p=1. S ptor ligands {mcl ude

| igands that bind to dlecept ors ‘such (el‘é,.t@llbsf@tﬁ[t])ce receptors, which include
hormones, |ipids, proteins, glycoproteins, signal transducers growt h

factors, cytokines, and ot hers. [040] In a preferred enbodi nent, the
phy §148] o{healit operations per ganer@lhsorganizet! ntp adatdimkby. dhawitk be aﬁ;;recra'lexawamdr at e"

her

Mo L0 o 00 SRRty PRl BT B Bk e,
i ncRiedRedarmIef systems ofidiferantial eayatigns indomysme %‘E“a'fbél"ﬁlﬂ‘éﬁ?r‘iﬁas\?&? ‘ous sugar
nol eraué@s fdriaViégly ofi réasBhy/ @Sk Abt@raférredpigiegratidnas tirme bbriiming BE ekeds ed

h h . cal | bohyd
cor BORMRBTY oS 5l B TN i beghe BE ol DO Or NS
gal itegoation toniaanidberestilingorystemgetidale p@mmfh@n!y besalved rumesically. Because of

N-a | Bl rﬁ‘é?\ ¢ 2Bshc8lods fumorCdedel in
var e WEHG HERRAM\Spes BUUGRAR TN o IUEHS 207 RihcBiolt boRielaiodiler ycosyl ati on

confifayee physsrs arh"emta?r"rrcﬁowwsEﬁrpaquwnrse@@s%-r@"w&rrsag’ é@? r'ﬂs ur f ace

I eC ep &ttt differdntidl @guations. The efficient solution of a system of stiff differential equations requires a
predictor-corrector integrator designed for stiff differential equations. The open source code for
several such stiff integrators (e.g., GEAR and RODAS) have been thoroughly reviewed in the
literature. The Rosenbrock methods (RODAS) appear to be particularly well suited to the solution of
chemical reaction equations and biochemical systems and are integrated in the Berkeley Madonna
package, which comes with several pre-cast biochemical pathway examples. A differential equation
approach, however, generates large numbers of adjustable parameters, allowing more models to fit a
specific data set. Finally, distinguishing between models will require higher precision, quantitative,
absolute expression data than is currently available in the "OMICS" databases. Most of the data
currently in the "OMICS" databases is of the differential expression type (i.e., GeneChip™, proteomics
data, ICAT™, and SIR metabolomic data), which means that few parameters, like concentrations and
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car bohydrates conpri se nononers and pol yners of glucose, ribose, |actose,
raffinose, fructose, and other biologically significant carbohydrates.
[0411 In a preferred enbodi ment, the physiol ogical unit operations involve
| i pi dswq tdowbsivias used herein includes fats, fatty ﬂ’:l‘/ﬁszo fm
phosphol i pids, glycolipids, terpenes, fatty acids, and glyceri
particularly the triglycerides. Also included within the def|n|t|on of
I|p|d e'ﬁ% cosanoi steroids and sterols, sone of which are al so
stants. gre g

horrfﬁl °'ﬁ’?[5'§f‘§ FAHRP0Ee opi ates, and chol esterol. For exanpl e,
during apopt05|s and cell death, there is a significant alteration in the

pol apid]y RHus /i Qbrd-.ﬁarr‘% Ellﬂbtﬁjim&filtllle ;fFE’EiHI ?mt %k?ahoﬁst}ﬁe RENEPITRL foGRbther ,

di stribution of inner an out er S O bi l'ayer that exists during
heal TRHjeneatics! domaip ﬁemﬁwrﬁjwmaé"@vﬁaﬁemveﬁmg p diffgrentigh gqyation igle @domel" ¢ owar ds
equi doiveatilemittosdebesidopetdiienshayepaise). . Ad viHBd appraelaalday tiede phyic bid ltieegd aral  uni t

ti d
T o A R R SRACL A BT TR
The @ﬁpftmweﬂarmrr@n@wrérag aEtsdpl whichithgsmare acratiety. Gueh aftissraistime (RIF be

appreafirab&ctinky/(CrFes fst (FAT)L ae) Fbﬁner-El’@tfa@ TeHnSfod, \cafaaﬁsfamph Y@K Fork do this. In

one odi nent a in th m of

o B Tetonb e ool YAni Bt Fpii Bmtars Ronioth bl e

suc hTransFm/el\demqr-PbdrTransmt Meijer dfansferas Nmaln G Hiramsfosm,@gergdioedler r ed; | ntegration

| S DNARrtRES WELGOT AR SticfBst 1EAMRA. . RERFdN, WAIeRR Sanstbfhn, gddition, the use
fferentl equat1 ons requires the use I nt egrat lon tool, and the

resuTr?'i'sﬁﬁms?‘ét em nodel s can usually only be soI ved nunerical ly. Because of

the vastly different tinme scales involved in human phySI ol ogy-i .e.,

NGRS HANIR! iR O Borec SIS R o Aoel SR erall ﬁe’?ﬁwbﬁl%ﬂt c

conversions nay o

di f fteatéhese !ﬁms&qnafq gathg Lamhee @rrfaindreewtesélaﬁ yseioblinearized egwpe&nT@ﬂs nany f

d' ff AN a8bdicth urﬁl%éartah&ﬂ%rd 6@#&55&%&35@1on-ﬂ{e@ﬂdnﬁér&{tla%ﬁémﬁ QGind 'rrﬂisﬁﬁer ator desi gned

stiff &ffe@nt | al guai I on The en souyrce code %’3’ several such

stlf“ln Frized grinfiepzalion gan be dopging wi R Presistad Ry ase P08 ewed i n

t he arl i epmfweeemﬁmmmmtbpmumﬂ hﬂoi&abm) oﬁaqspaaptlohmmbyebmada cularly

wel | | n ¢bi ochemi cal
syst abﬁl'ﬂ tr‘ieerﬂ Aaﬂuéa*b? oSt iritiob EHI i ttoho‘?éPgé}nﬁlﬁéf anelﬁ’ﬁ%Jh;P Alf%%ﬂ&elf@g:aﬁa

re integrate onna I ch comes

Wi t nﬂwmoa? thﬁ*rres@wa PRI Hess eertionsefeliowgd ésbaﬁb'neetionﬂf e %fr“@fﬂlsha{ equat i on
apprdrde: formBatvensahple, GEMpHPéeriss bpatfonmeyibergenal adj ust abl e paraneters,
allowing nore nodels to fit a specific data set. Finally, disti ngui shi ng
bet ween nodels will require higher precision, quantitative, absolute
exprie48i dnacreferred lembodigend inearizatiop istaak Leingd eonrapnttiRlogiaehAsSETPNas s es.  Mbst

of t W t fifors giat i al
eXprJeggls ?g%%n%wu(éﬁdﬂg ‘nYeldé%} tﬁ%hﬁne %ecir%g]?g%&m ok 3 ﬁer@ihe o ’\ﬁ@r tlo %JIGR

met F9BYeRRY (o raRieset d%‘i‘h‘?ﬂ? f’t?E‘aPn%"“F?ihtThP i ‘Hé’fffﬁf?éf%?‘?a"‘f'\s Iz'é‘s E‘Bﬁ‘ "‘\gﬁt i ons and
11208 FapgdindBore directly to current "OMICS" data, which is typically expressed as changes in

expression from that of a control.

[047) The equation for Michaelis-Menton kinetics can be used to illustrate these alternative
approaches. in differential equation form this is:
d k Enzyme(t]Substratef t
— (Substrate[t]) = — ymelt] A1)
dt (K, + Substrate[t])
[048] Unless the form of the solution is known, it is not possible to directly take the Laplace transform
of this equation, as it is nonlinear. Although, it is possible to linearize the equation at one of its two

extremes. In the case where Substrate[t] >> Km, we get the linear differential equation (2) and its

(1)

Laplace transform (3):
k Enzyme(t] @)

:;-1; (Substrate[t]) = — X
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WO 20041031913 PCT/ US2003/ 031214 rate Constants, are known in an absolute

sense. [044] Thus, in a preferred enbodi nent, the physiological unit

oper at ransformed to another rmathenatical domm ally, any

| i nearwtsggnﬂ{’ggr% converting a differential equation PEWS&%&@N&% sol veabl e

wi th al gebraic operations nay be used. As will be appreciated by those in

the art, there are a wde variety of suitable transforns avail abl e,

i ncluding, but not limted to, pfé ransforms Buschman transforns,

Fourier transforms (of wSubsirat f ‘FE‘ y, such as discret@tine

(DTFT), continuous tinme (CTFT) fa FT) etc ), Fourier-Stieitjes

Trag?sdfg % %Jransform Tr ansf or m mard Transform Hankel Transform
i/) & 8198 handemainsrabanivrhat 'r‘hd°|’¢@ﬁ’t E‘PGU‘PSEH‘elf@'b‘éBE%“°”‘Fr'Qh§fQEﬁah

Ve h labundBamsk Hane hvesdoocapt of M gifterente aqetian igpf Jiity aif we Gefinkr z0th e tiodiation 6l at i onal

ra sform Wavel et
Tr aggém%dﬁ](i&%ﬂ%rggﬁz o?gté[]g%o enﬁéfg%Ev{%ﬁeg?mqwgg{ﬁ"%ongﬂgtaga ‘'ng differential
equations into al gebrai cﬁ&ﬁd%ub@tﬂﬂrz[t])ﬂ&xﬁsﬂ‘ﬂie[&]t ion is that these
transforns (e.g. the Lapl mai n).{e re he use of linearized
equations. Thus, nmany ph@ﬁ&f%ﬁ'@ [Lﬁg Wb@?ﬁttions are expressetPlas
nonﬂ-lehm%@ttﬁéﬁ&%m%]é}bngﬁwat ions, and must be linearized. Linearization can
be done in a wi de varjety of vvay as WIH/ be appreciated by those in the

art. In a preferred gitraeft]) = (&S[ED# gubts{d,tgmy bel ow, any nugger of

assunptions may be mdtle about t & nagni e of ceitain coefficients to

di semrudom%qmanéa rseatslatrmo M%hsarsmﬁénto\s%huauoﬁm%@wns may be done that
results in a sumof |inear portions, fo ééhe ellmnatlﬁn of sone of

the highgr, G yeﬂmﬂclsmb&tra@[a}@kwmrrﬁwme[@] AS] +Subsiratele be done.
(046] Ingl DT &1 e 1 0, eqbefatitel) 11 nearial/ s} ssapaugshng co |
bi ol ogi cal assunpttohs or by sing diffelfence equations in either the tine
of {fiwe asaphectba AS{hdeiviate enly slighthe frem (K +Subdtratgin); then dredira ives terorsmareet ed t 0
represent deviations froma control). The use of dlfference equati ons has

the%tratmpafg&matﬂn Nd&dﬁﬂgfﬁtﬂ'@emar@eﬁrw grden deviatin (ABhAEHD corbe, which i s
t yphegicted, mmpwegetenb Insarizb@0@vesdion SquaBorBEddiite Dagidcentahsradm @f, wmcﬁont rol. [047]

Theal?o% Ak 'toorjala el ch%%eﬂﬁgaiyﬁr M&QI t& g c#&n@g ‘nl s%ﬁsl&?epe\%?to%stﬁg a}rﬁmir %rt rate these

alternative 1£$ o tqepqif orm

(Substrat e[ t ] e Enzsmedelr at (kSubsgratef m rat e[t [ 048]
Unl ess the fodtr_*lr FDZ"y &_sPhutistar ¢]§E§[nt5|] r+tsub§traa.§[b])bﬁfgr ble to d@ect |y
take the Lapl ace transform of th| s equ t| on, as it is nonlinear. Although,

it is possible to linearize the t one of its two extremes. In the
case where Substrate(t] >> Km W | i near differential equation (2)

and its Laplace transhgfin= : +Substrate[c§}a_émgl - k Enzyne[t] (&)
= s+1

kEnzyme[c]
{050] Taking the inverse Laplace transformn of equation 9 yields both steady-state and dynamic

solutions that relate changes in the enzyme level (as determined from gene or protein exprassion
data) to changes in the substrate level (as determined from proteomic or metabolomic data). The
numerator in equation 9 suggests that upregulation of the enzyme concentration will translate into a
down-shift in substrate concentration over that of the control state with a proportionality constant {G)
of:

_ Substrate(c]

(10)
Enzyme([c]

[051] When the substrate concentration is low relative to the enzyme concentration, very little
change will be seen in the substrate concentration 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.,
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Enzyme[s] (3) Kms [049] The challenge then remains about what to do when

the sukedb@hBseepcentration is not in great abundanc concept of
the difrerence equation is of utility- If we define aﬁ?%@g{é@%ﬁ'ﬁﬁ%n of the

substrate (AS[t]) and enzyrre (AE[t}) concentrations over time fromthat of a
control state (cMASt = Substrate[t]- Substratek 'LD AE[t] = Enzyne[t]-
Enzy FRalesterq dgaradafionorgagsyerstabpisny avahyRpYideary expmpleo fumhemorg. thesubst rat e[ t]) = d
( AS[ ténomindtot SReqeition BaLigdests(tet the@Ubsttatealill dpplaath itsiewaddnedntraiak b@mspled, 5, and

6 | t ' 1 lelds: d (D9[t])=
kEng%/)?r?é)Ferfé%E%a[yw' Nﬁ{é]eoc%nﬁ%ti%%}f,fiz (En)zy?/r{efc] ;S<4S[t](+ [Su]b)strate[s]) (7) dt (Km

+Substrate[c]} (Km +OS[t]+Subst (i} e{Subjtrdté[c assune that AS[t] deviates
onI y slightly from (Km + Subsft?%ﬁ@t:ﬁet he first tvvodtergs é%hcel to
) n er deviation
2 b B RO Mo TR oo b S 3 0 R G e B, o
equavdlyn Thejeabpraver ofdhik aprreach, Howaves fiothal i @pws whiootork ditebthwwaithuiffetentiaiel at e a
Cha”&@piéy’]ﬂaﬁaﬂzﬁwgf tl‘\é‘MS&t cbfman oA BIOMIdE" ifdﬁilb%ééuﬁe u%Wﬁﬂnfthth@ nFéC{ t@o (8) dt (Km

apprOX| mat i on. )+ kEnzynme[c] AS[t]+ kSubstrate
MWPé’P@[m'BT*P”P ﬂe@- pristetns afdaetaoite canospipatiops tBatit F and « gaAene[ c] A9[ s]
: _m l"'dﬁbrbmeﬂ 8¢ alred fit tedferntiaisplay tidta. kEn@ydaﬁﬁd“eb?:idéﬁ%ee;Bawt tslohBe rdly er se
a st ea a nam c
soFu&?% ?]?3@5 ([km) g?"gggﬁathagguﬁﬁ ﬁé{'{sﬁ%‘e gp@g,ﬂ,%mf’ 8?/"&\9%@%"50‘:@? ﬁ%"ﬂ%d from gene

gr pﬂaérﬁ-.inademmemem sod:a&rﬁafehﬁbneﬁhamgﬁa1nn|-|arhe Sedugnioid ebsorieel (as

eter nmerator in equation 9
g BBTeREn eRiBa i et s e R AP R h oot MR hased ot i nio a
downmedidl.ft in substrate concentration over that of the control state with a
proportionality constant (G of: G _ Substrate[s] (tO0)

[052] Additional examples of preferred physiological unit operations are shown in the Examples,
including, but not limited to, unimolecular chemical equilibria, biomolecular equilibria, enzyme-
mediated equilibria, Michaelis-Menton kinetics, biomolecular enzyme reactions, Michaelis-Menton
enzyme kinetics with allosteric upregulation, and Michaelis-Menton enzyme kinetics with allosteric
repression

[053] Once the database of preferably algebraic physiological unit operations are stored, a first
hypothetical model is generated using all or a set of the physiclogical unit operations. In genetic
algorithm approaches, several additional hypothetical models may also be formulated using random
or semi-random combinations of physiological unit operations. Each of these models is 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 ina
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[s] [051] When the substrate concentration is lowrelative to the

enzynme concentration, very little change will be seen in the substrate
concen Iarge changes in enzyme concentration. exanple of this
si t uat ?‘%‘254%9@?{?% protein lIdnase activity. However, FVhEHS 3("% M:Mstrat e

concentration is high relative to the enzyne concentratlon, smal | changes
in the enzynme concentration will produce disproportionately |arger changes
i n t ey etrbed thedegactioalacshiysisibgican unithperationsilomans aperaivebSimilsty, §oenegpr part 1120973- 1

r sugar
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as aurftiofprations GX ROrBRIBEAteN infecmitiowat gatvall Ne constant (c) of; T (I1Cm +
Subst Tate[c]) k Enzyne[c] (f 1) and the higher the substrate concentration
in the control sanple, the slower it will approach its new value. The real
powel03%f Theisst of ppit enesationshipeasnasated in @ sytiere model glsp gefineae sedofmossbleli rect |y with

di f f Qednpdraheterd] BP MYl phrambidrs® Rdreit I%Qné’a'ﬁﬁtﬁe sammaﬁleg @ P frate EDAstarts
dat a- pecause it e es thﬁ?nee ol ute det erg&nahon of the gene,

pr ot ’}ﬂtyc%{ﬁ[?”ﬁe'faé'ﬁ%qq@ﬁ ICiER PR F'lﬂ%ca'%‘fﬁ”‘@ songtentscelf) &t 8 ¢iet er ni ned by
cur vigvdivet! int aopatticlibesystem rmbdetli Erpfemyly;cmllpassm\éamodeypafemeuemeaﬁdedwr measur enment s
of t&%uée%tfr%m(éﬁ) lrﬁgldorMcQ‘Q@lE c'oﬁec e!érsrm tr%%%rﬂnMBret Mhuﬁaqpéﬁ'lﬁé’éle and
enzyne concentrations can I term ne Si t'aneous sol ution
of e‘tﬁﬁ??t‘ﬁﬁg‘“it@eé’ﬁ'd“ﬁﬁd fr%ﬁ&‘éa" bipghesrieh systemg|or Fi‘lﬁ%ﬂeﬁtcée’sl'rﬁﬁ't!?ﬂrrat ion is
acquired It is possible to return directly to a nore standard differenti al
equ S di I si ol ogi cal
o 10580, T o BRES ot (bt BB B BB B ol SREI MRS o o
uni npatbeyvdtiaal modelef thalsystefni As wil be aprnecintasl hydidsain laqamthlbwrabe dengipree- nedi at ed
equl \Mhé)ﬁdr@i oMQ%alﬁélbcﬁnd\(%H&o?ﬁy lirédfeldiof SompUtAAEMIIE GhtIRIng QBANIEBIY, SRGRAONS,
chaelis nt on nzyme kinetics with allosteric upregulatlon and
M ch%?@?”@”l\pé‘h?'%‘ﬁ“r@?ﬂ?%e kinetics with allosteric repression [053] Once the
dat abase of preferably al gebraic physiological unit operations are stored, a

fi rs#)snhylf?%rﬁ@ﬂﬁtﬁﬁdes %P&Emgiﬁ wﬂ@ﬁ‘ﬁd’n@ﬁ&ﬂs&bﬁérﬁﬁfaﬂnlau@g %%I‘lthﬂg Sube

p yS ol 0gl Ca unit operat enetic roaches several
addi smawaﬁlgontymt%tﬁq@aﬁe m'é%enﬂwe §¢ralingddnte 6?91«\9P¢H¥@E|°%§1Pﬁg"hfcafﬂﬂ@m or

se (T tlhé ABCHYPRISlER ImReniCal Modh s Wil be Bpiédiated Th theGiehaiel 0818 wideaarepdf t hese
nodel s

fit t dat d
o netREetE O DT bfeHeach et BE T orBdRle0ae o sl prdPhaiBys 48, ° 1, e
consadei ivatgs, @very hieysiplogicelranit nperafion \si pubatiemery besitionfand incfveryieeder trferasthe dat a.  The
adj] ﬁs‘grafy <&t dpgieht ﬂ%@ﬁcﬁﬁ%ﬁl(y?on(e%e?hig Bilolvd ah EHALRRE QWircRé% haAfodelsoM t he

ava om cs a,
however, is generally not preferred because of the computational time involved in conducting such an

exhaustive search. In some embodiments, some positions within the pseudochromosome are “fixed(
as particular physiological unit operations. That is, a pathway may be known to contain a starting
membrane transport parameter. Similarly, in the case of pathway “branch” points, certain positions
within the pathway may be known to lead to higher order possibilities {e.g. non-linear
pseudochromosomes), and thus can be fixed as branch points. In some embodiments, existing
models are used to create the first sets of pseudochromosomes. Alternatively, the first
pseudochromosomes are generated randomly.

[058] Once the first hypothetical model is generated, one or more artificial intelligence (Al)
algorithms is applied to the model. As will be appreciated by those in the art, there are a wide 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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app rtlaﬁ:wsatoé'm'tdtqhom helsaeein thetBRepesiedically malkescandoinehanges or mutatronsntqjtbe vutrerntat y of

Wayspopulé’tféhUFAQQs& W%Yﬂy o ﬁw@%&@& ﬁ:és-g‘fy?‘gdrél k h’m usedlfo 6@%&%%&5

statlstlca I n sone
i nstehAREEiag S?'GP“%S?&fPﬁFBé‘%ﬁ? "@R&ﬂe@?@"ﬁ‘&% E'aseaqf PISPYRS &P “rerﬁh&qdrwﬂa EveR
al gasiotdpielenten v 8@ solgfheieing givel Pridrityliihe crRSSHVEIS B6k, exhﬂnﬁrepsauﬁag@nes are

ﬁg?bﬁriéemn'lg{vgrdpgﬁ?ﬁ%%u?glfso%g%%nswg B %gng[nq_ltap%nyn{a% un.@s aﬂ&%"’ 'Wi de
var ibstdgne Finalyathe EAs incpreerate tbwesequasqe!es@e eIcithess funstiond do ditent tbﬁne errbodi ment ,

al | Hegsnlk PesOn@pt i ons are made; that is, every physiological unit
operation is put at every position and in every order to formthe starting

set of parent pseudochronosones. This all ows an exhaustive search of all
pos q0éd] e Asmdiihe herdirg thewearg aivsrre;;eofemiﬁﬂoyamod;mm.ﬂa}lbealr@dmbmalua;e of the -

co VAoHaEhs b S t negg,lg gLive search I n
TT'Q\HF, B h%ﬂaéucﬁ b?&enbﬂ: Qé)oo’g-gr{s %r?gm&g%r d?QrH g e%hr onosone are "fixedO
cIassuf er systems and ganehc programming can all be used. See for example Genetic

Programming [li: Darwinian Invention and Problem Solving, by John R. Koza et al., Morgan
Kaufmann Publishers; Genaetic Algorithms: in Search, Optimization and Machine Learning,
Goldberg, 1989, Addison-Wesley Publishing Co.; Beset, D. H., Object-oriented
implementation of numerical methods: An introduction with Java and Smalitalk (Morgan
Kaufmann, San Francisco, 2001), all of which are hereby incorporated by reference in their
entirety. In general, the operations of an Al algorithm mimic biclogical functions, including
reproduction, crossover (sexual recombination), mutation, and architecture-altering operations
patterned after gene duplication and gene deletion in nature. To distinguish from the “actual”
biological systems outiined herein, these functions will all be referred to as "psuedo”
functions, despite their use in computer literature without this prefix.
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det n I rporate non-

dot B3 ninS et iffven, BOAPMGRnukf ko ReRRRRERNEr (0 b0 DO ed To i el d
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I nc)] udes om sa &rmn .St £ 9 di fferent

sol °ip8f?§'[ i:s H‘F'%&‘%@%%H%&“’Sﬁ“&‘ 'F?yetfe‘?t{ °SgmePr d'ﬁ?{gqﬁg'eﬁﬁ ence of selective
pr esepes Apeshdamssovii paind sssandomhodhpsan,in tie Sest panerd andbae ful |y bel ow. EAs
genﬁ'{eﬁbéc\‘os‘sw& bcﬁﬂt?s @%n’f?&h@&éﬁ u‘ﬂth@ sBoRY b%hloaséljdo%%\f% e solutions rather

than a S|n9 e sol ution, IS a n HﬁﬁfarCh space, and
o1 PEEA paeralo L peBRIC R 09 G 8oL PO TG Bt REFTIGR her t han a

gl ok a biph provanilityssy, 8%% teed0s4). | ncl ude the use of "nutation", wherein the EA
periodically nakes random changes or nutations to the current popul ation.
EAS also frequently rely on the use of cross-over (particularly GAs) to
cont9bfle b‘loéﬂﬁwt?@d'mﬁ’ﬁ %(K'sﬁ'@ﬁ@"b'm“iﬂe? B REeduereprodugtion pRaFANORI Withon(s) . Soneti mes

t heggi déra%ﬁ@@wmmduarrﬁodwpﬁabhmtmw Ebld&&d%asédadhqltr&bé entethemert s of the solution
bei ne%elgatlono er r':o%[xl'a%o% IIn ano %r gnr'u ods imen offsp'rzu% (p§&< adrr&rgmos%mcersossover

resulting from crossover operations and mutations) are ranked against members of the parent

population based on their scores in the fitness function and replace iess fit members of the
parent population in subsequent crossover and mutation rounds.

[065] In addition, in a preferred embodiment, one or more architecture-aitering operations
are used. While simple signaling pathways may be represented by a single linear model,
more commonly, the pathways may comprise subpathways, iterations, loops (including
feedback loops), branch points, recursions, etc. If a human user is trying to solve an
engineering prablem, he or she might choose to simply prespecify a reasonable fixed
architectural arrangement for all programs in the population (i.e., the number and types of
branches and number of arguments that each branch possesses). Genetic programming can
then be used to evolve the exact sequence of primitive work-performing steps in each branch.

1120973-1 19



wei ghting towards having certain unit operations being present (e.g. an
enzymatic unit operation) may be done Finally, the EAs incorporate the use

of a "5@()%64}0 % or "fitness function" to direct the _evolution of th
sol ution(s) ? 801 As outlined herein, there are a vaPfEUS208p0HH utlonary

conput ati onal techniques that can be used, such as genetic algorithns,
evol uti onary progranm ng, evolution strat egi es, classifier systens and
genetic progranmng can all be used. See for exanple Genetic Progranm ng

111 [ogey V\Hdiwafﬂr ktﬁlﬁﬁﬁﬁe‘s% s%%&’&ﬁﬂbb%%§%|Mloﬂﬁbthé)a{roéleﬂﬂ“ hisKoza at al ., Morgan
Kauf n?thce { shers: Geneti timzation and Machi ne

Lear hrAg I8 &grgmm Tgébcapﬂm?fgﬁ'f'"%@sréweﬁﬂfﬂ' f’%cl'ﬁ"ﬁ'a micaeset, D H.,
Chj eturing theayn Qf@enthproermmm KGenetio pragranemingeen use bitbitksturelalterimg r oducti on with

Javaowloﬁmlahtbﬁkifcaﬁ%@t n@émarﬁﬁ?&ug |@Qmaﬁﬁé?’thz1%ﬁ9rg1 pis al I of which are

her eby i ncor por at ed erence I n neral, the-

oper 88" SHRlicgion i nakyre QF‘!;’BP rei¥pd eRerAtien efigenedaletian '“f’l#ﬂf? |‘6¢Mec“ilfﬁ1:l udi ng
r e|o[1 algting op@mtuormrmmm;( ayisbaithllyrdReaytRe AMtof gmanc ﬁmgrahm% to«'aad _ |
arc r rne after gene at i on and gene
del e%ﬁdgﬁkﬁnbg?\%b ity gi%?a}{ 'r‘cl’aﬁllseg%gr?ﬁ'tg e”"@c‘ipﬁré" an Y cbej' cal systens
out | ?W@"H@FTQWW'VWBU'@W@PM@)NQQ Mptdls 'alm diffecent atrobereof btrzmcas "psuedo”
2 l{ ggﬁd%rgﬂfteraﬁﬁ?ﬁ ﬂbd&oﬁ?.ggénsu&@ brﬂ!/ 32Wm hiblafhREIHr@nddntdays this pr eI | X. |

in generationa
I oopt%‘?_)sfe °J§’"}°"}?W§?g°8 Py an |t§$5r§§ ﬁﬁﬁ@lﬁ"%ﬁ@ il '%“’BEB"PH%G'FP@IH%@@ eval uati on,
Dar vgrew amd prespecinitiencomgatitive hesugemoldiipernygracesso pbiearhodeisswithEach i ndi vi dual
hypoﬁ%ﬁuéﬁ@émﬁﬁ&lﬂ%@%lf t@ﬁ’d to b%gﬁl’orb@u&dlapthgﬁtng;s%ﬁc%h 'ﬁm \éﬁé uated to determ ne

how It 1S as co I rica a and her constraints.
Nbde?r%“"ﬁ?t@etaﬁﬁfwgﬁPﬁfB%PI“?"EYGI tE%tWW”s‘EP’éE#@&*PBW?W@'W?Q&@’Fon of nodel s
basesltctitacturehei r fitness to participate in the various genetic operations,
with reselection allowed. Wile a nore fit nodel has a better chance of
beln% sel ected, even individuals known to be unfit are optionally allocated
somelV67]i ahsds knpwa imiie lsdnthere @egl seyer diffgesnparchitectrg-altpi@2ipedations. pref err ed

enborheyBRteach &];fblléﬁ sp@htﬁﬂw duriRgnk RSH (16 Bsanibl AR BIER BB Ebiily PlRsOMREX L1 On.  This can
be dgpe_in a vari @tl 31?5 yS, generall by randomy selecting a particular
par a %'\’1 mare fygica %‘§ g%’éﬂ‘e%a hegerlMoni y changing it to another. In
general, this asexual pseudonutational operation is typically perforned

spar[bggl Yin S?ﬁretré?reﬂ e},,%&,mgmb ngélnlehct nfhnﬂgﬁgbdﬁ ngb Hé%inon event. The exact

rate must be e rlca Im ze each application, but is
generally |l ess than 10% and nore typ| caIIy less than 1 % [063] In a

Ces 91 o B BrArAPToRg B My e o Pl e Al BgBTing s BESS Mok Spdde doserual
r ec oswtectrtetveen aligpratiste mempers pfwbe pulwtsn'sexlto ﬂrmtdtaé eptianuen spiutira brHeifisiessal |y sel ect ed
f r om,idién 1B 05 18 b B 356 HioR Bf thé BES fe.g. IHeSpseudochromosome when a GA is used)

and to allow non-deterministic methods to converge. In general, the fitness function may consist of

several parts. In one embodiment, the fitness function may include a strict life/death decision based

on validated pathways taken from the literature. That is, global solutions may be known to contain or

avoid certain physiological unit operations or parameters, or dictate or preclude different temporal

orders. For example, a membrane transport step may be known to be required, and thus any possible

solutions which do not contain this physiological unit operation are eliminated. Similarly, certain

enzymatic steps must be in certain orders: the enzymatic conversion of a substrate cannot come

before its creation, etc. These “rules” are generally drawn from the literature or thermodynamic

principles. “Constraints-based” modeling approaches, such as those described by [Proc. National

Acad Sci. (USA) 95:4193-4198, 1998; Biotechnology Progress, 15:296, 1999, J. theor. Biol., 203:229-

249, 2000] can be incorporated in the fitness function. However, it is also possible to create these

“ver se” rules, run the system and evaluate the oulput. For example, when it is not known whether a

membrane transport function is involved, running the system with either rule and fitting it to the known

empirical data can help elucidate the model. in another embodiment, the fitness function may be a
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two parents participating in pseudocrossover may be of the sane or different
sizes and shapes. A pseudocrossover point is randonly chosen in the first
par ent wayhogosipeudocr ossover point is randomy chosepiihisiagond parent.
Pseudocrossover is the predom nant operation in genetic progranm ng (and
genetic algorithm work and is performed wth a high probability (say, 85%
to 900/?j ;0641 I n one enbodi nent, the Al algorithmincludes a

psedifgPesss Bl Measie 9 sapincalsiata, o tha PMICH Axaessional grneriic, rategiguand nodel

pr obadtebdicic daad dleateferatatal. Paa eithplistc fevéltesnest finttichiltan bexdnsidgeaes at i on of

t he fi&ghﬂa doBfbss biYit HAGLPEHert m;g&m%,e Jn%R al dith, %%ﬁb’tﬁ&%ﬂé&’@%ﬁt"tﬂ@s

resulting Tromcrossover o i ons an lons) are ran agal nst
menbiétess Bipction @ay incluge US%&@BWE‘PF'@H"&%&?E’BP‘@HS tsh‘é‘l 3s astestferanyltipligitief f i t ness

f uncétéaap-sare of BRLIRAS btﬁ;@ﬁaﬁaha cigRiidaREws 6. doRranfBRI 1EEEN HAGRGUed tHaON 1 N
nut at i on referred

subse nt c ver and nds. . (0 l.n additron,_ i
oo R esth A 5, PR R s B BeRaepipig pat Rieshl 5 meed el v | o
si npdrewts cenditions) grepaeffinieny, dkenfatjie bysles cand evouid haee tieen aelsdtedjagainsi inoalurenodel , nore
comp @leeferFeh%niBaélﬁl\éﬁﬂﬁe ilReks FMBIRA iR SSRGS HTAWRNE or énto@mtab%%esérfaws
(i nc udi n%F feedback | oops), branch points, recursions, etc. a human user
S t '@’ sol ve an engi neering problem he or she mght choose to sinply
prespecify a reasonabl e fixed architectural arrangenent for all prograns in
the ulati r of

BB, P ies ofto i o 35l Aok B3Rl me BT st BTP e be used
to e%nnme-rt%slblﬁaemhegéwehe@eéwhmomm W@‘Wk'ﬁﬁ!@r %@P?ﬁoﬂyo@@@wsl n each
br arﬁkhlblttngllﬂaa B8 RurherkSl 3860e2 QX ALY AActRREUMGS Qﬂﬁ&ﬁ&&a&{bmnw Godndlovever,

hi
et e B E Bl e e B Rk shg S aBY Bef ettty ot
deci ménahres ofdhenparérg abpujationl teplanes théreorsiparent payedashiomoperogindmiopglaticBeliret i ¢

Pr OQJ3igy dﬁ%oﬁiﬁ'ﬂnyﬁﬁy ﬁuﬁ&ycﬁﬁﬁbwn?e dxhibBhd Biftter AREE RrdsABE fi {ngssas'd&@rgit ically
determ ne mat hematical architecture in a manner that parallels g}ene

dupl 3968 'p 818 RepUIatian, this the umbsr of psusdashroppeamesiinihe B'Pp”dj%‘ﬁ'é'"a"éf’??ts "ghten nature.
Ar chiutnert df itérationb t Brd grefed@béntiodinient, thiedhresheldacora s, adjlistedsiveraimeto duri ng t he run

of geeple.ye%l 5@8‘% ag{]rﬁemlge?sgfqﬁle g Q (Ael ete branches to individual nodels.

These arc ng operation quickly create an architecturally
di ver se popul atlon containing nodels with different nunbers of branch

EOI o) '@r%&@ﬁ lApé]§orllHrﬁ)(H§§|n ﬂr@‘@rﬁﬁl? @AY ls cRbsen, it |§B§plled a«bﬁlﬁht thd ififst ﬁr tent t hat
i erarc enme rchitectures tha
are 98 15'f°§elvf ?f%"?’ﬂ@e é’?r@? F?sc?é"f agﬁqréerr%ﬁ'l?df’lommw%v? tﬁnﬁﬂarﬁ'ﬁos per in the
corrmsbmctochremp@erwd astbérudtiizadan y Gprtogeretate ‘ahild psendabbfamonpines, whinladequat e

ar Ch&o&?ﬁ%‘{ﬁ@&dﬂ‘ﬁd ﬁygfztﬂ%afrﬂo&%? ﬂh&}l?\b@}{eﬁﬁ SRS re%ﬂﬂﬁn bikdrResechaict i on. Thus,

tecture-alterin erati ons re leve t human user of the task of
pr e S@g@pqtﬁlﬁ@dgpo@lﬁﬁecom model is then compared agalnst the empirical data, and the

process is iterated until either a global solution is found or a defined set of possible solutions is

reached, as is more fully outlined below.

[072] Accordingly, mathematical models generated using the processes of the invention are
compared against empirical data. As will be appreciated by those in the ant, the empirical data that
can be used in the present invention can comprise virtually any experimental data. The data can be
quantitative and/or qualitative data, including “absolute™ or “difference” data.

[073] In a preferred embodiment, the first set of empirical data comprises a set of difference data
such as is usually generated during many of “OMICS" evaluations. A critical issue surrounding most
modern biological data collection methods is that they only provide a measure of the differences
between samples. For example, GeneChip™ data utilizes reverse transcription and quantitative
polymerase chain reaction {PCRY) to provide a measure of up and down regulation of specific mRNAs
compared to a contro! array. Protein expression, such as in 2-D ge! electrophoresis experiments,
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architecture. [067] As is known In the art, there are several different
architecture-altering operations. They are each applied sparingly during

the ru nple with a probability of less than 10% and nore typically
| ess tﬂ(g(zfo%ﬂ:’gil%each generation). [068] In a preferr TS, a genetic

algorithmis used, as outlined herein. [0691 Ina preferred enbodi nent, with
many or all of the Al algorithm a fitness function is used to select
bet weedles b tedtiv@inbstire @ Mizcibtnddncé Sfeactogrotein aseaiain theoquantitg of dt@n opt i mum

301 Wb ycidd 5 2ohd AEHS ool YAEI Bl s olch St {58 Hipkthicp of the model

sel
non déF@laé THaugs.istiches ipiene qodedaffinite tage (ICAT™ h @né isafope differentiatagedingdinbunct i on may

CONSingrgy &Hift taﬁem@TWraﬂlﬁﬁs thé difstEquRRRQRE BBNYarisé & rélbttve%&‘selrf éméshl&m may
strict |if eat at ed ﬂ stakenfrom

I
t he bhfeets ot spinples bSsay n it HehB Rooney e oe for - avol ¢
cer tasioheiphysaddd prgvidenduantitativecpmpatisorosfselative peitaboliie e:rrs:pnttatlorm tmtv&tee tva:r precl ude
d ff b
BB ) " o e AT oA 009, AQRRAr 1, ) b

known qui red us any 0 not contain
t hi Slispiay Sethpggypauljin @H?TG%WWHS a“@f Ben Afsaiterempafisens §aqitenallyer t ai n
enz\anslable usdhemtrmtﬁioums¢|6m|ﬂ@ﬂ|§c1pnnesondea@anwabeoﬂwrmmmmersmey sion of a

SUb\An}_]eﬂ?tngS(ﬁ?%GI% A ve? er%sfh% quu éhﬁ%g"a‘e ¢<9[|); s ||'| afd davéﬁ:)t rTEr e generally

dra romt Pedrs 7 nt s- based"
nmod gisedigniape rfremcﬂfe@ehrmmw:agwe Hothat lbl&afs‘elrto b@dldbybqomtmuanmaweonal Aced Sci .

( USAbndRRtrlin® 3ndrad@onsta? RrorBEfnechnol ogy Progress, 15296, 1999; J. theor.
Bi ol ., 203:229- 249, 2000) can be incorporated in the fitness function.

However, it is also possible to create these "per se" rules, run the system
and [eR4p| Uraa pretetred emabqairbent, Severa xifieehEypesibempitical dataare ukebmshewhet her a

”emé?élﬁ%r‘i ﬂ&‘ﬁ:@%?&bl;fdﬂ%ﬁe‘ﬂe@@adt dath BYBbd AL oy (fa ||H6H‘M?Qﬂtt|l|§k§-e§?ésatc\|ﬁgéat eu%iphf" ther rule

enpi rical a can e nodel. In

anotdﬁ@fentstmﬁw AMIGS daty(see Ledeeheed. sypRR): In Brefamey B@beﬂlmm(?@mnx #erego
2004,;;;@8&19:1;& G a&m&am«ﬂea agains Wﬁpameufsammaaias urwm praybé cal dat a,

ot I dat
o 7 st o et nead ety R o eForuleae i o pRL S PR RS o, "
consavedifaierd lovels ofspaelatﬂnlt@eﬂmgﬁ@dr@ssxaufpleﬁ mmgmwmlntels gemptcurve fit to
exp%mdag;wrr%lataafﬁted &p?daebmoes@wﬂe%rmm be.ﬂglﬁobamytnmah;swa .t:e.nen may i nclude

user i nab assunpt'ions,  such as a . test |ICI ty of
st ed@l§\a8tinmaay WF“’W'B’F"'&P i 6?F°Eﬁ'"9l¥h'§f’§|gb'éﬂg BR Bméq'f'éﬁ’ﬁtﬁtﬁ'leatf’ém n% eSBAst rant s) .
I t Cdamrh@bardgmdm éd&'raferredmﬂlbdwh@t mbem;ijomrcams ofératidns usEriethe maxdelone possi bl e

ysi 0 l ca S condi ti ons)
are aﬁ@)@?n&a 8?11?3&'073 lr}ﬁ rﬁ%‘%‘ trl(%rnﬁorfn%l]o é'l%gc%&éf %g)e%y \gqjgct ed against in
nat Mrencmecwamneﬂanoedble tﬁmwpﬂmﬁe differentiel dispiaysiata direetivamthe fiBEsrfuactioor e t han

one 197y aly a@émﬂohﬁneﬁhﬁyt%%ﬁ&hhlﬁ@é:ﬁer@ﬁé&%hé@ﬂé f&rthé%ﬁ&&olc?&t@l driitt ness function
S generally applied to each prog eb ci sol uthJ For
operations, an assumption of the absolute value or a solute empmca measurement must be ma e'so

that differential display data may be converted to absolute values for use in the fitness function.

[076] These processes are iterated towards a convergence. As will be appreciated by those in the
art, the system may be “stopped” at any number of places. In a preferred embodiment, the fitness
functions utilized aliow convergence on a global solution; that is, one model is evolved that matches
one or more sets of empirical data, which then is subsequently used as outlined below. This giobal
solution then allows the generation of additional iocal solutions as outlined below, if necessary or
desired. Alternatively, absolute convergence on a single solution may not be either possible or

desired.

[077] In a preferred embodiment, the system is run to convergence on a single global solution,
which then can be tested, validated, utilized or compared as outlined below.
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exanple in GAs it is applied to each psuedochronosone in the popul ation.
Psuedochronobsones exhibiting the best nunerical scores in the fitness
functi @y sgdhNi¥E t0 the next generation. In one enbodiment any child
psuedochronnsone exhibiting a fitness function score HeHVEOIAHIY he wor st
menber of the parent popul ation replaces the worst parent psuedochronosone
I n the population. In another enbodi nent, any psuedochronosone exhi biting
bet t @78}t HAANGher embedvprRt. 4 glohabsmiutior isfeund sand sed edditianat seenpetimurhadelsang  t hus t he
nuNbgene@led ete AAGHMLMGES SRSgIbA SilRoR0PAY il b Bodr SR 65 ot if {aetahgh nunber of
u

|terr§%}}bnd% referr Fgo i ment he threshol d 'score 1s a sted over
time to" P?Fﬁ%‘ggﬁmﬁﬁgr"f V¥ WW"Y%Q?B%‘?@ %9'0?5]‘1(%0'15‘(9{1@'%"!’@?%3’0{071] Once
an Aamglingdedhniques(rayctierdoner edr exanille; aMoGib)Carls sedicre@ay be doredo genetatesl agai nst
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node rising par en pseu rormso ina GAto
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ive cl n abs l.ute’ or
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genecedped cd.uﬁéﬂgrdaany of "OM CS" evaluations. A critical issue surrounding
nost nodern biological data collection nethods is that they only provide a
nmeasure of the differences between sanples. For exanple, CeneChipT data
ut i I978¢s Alternatively, theransg nbtpieicomeegodcetjuarsmbrb@tobmenodpoiwmmmhﬁ n reaction
( PCB.):mélyoof Wa0s/ 'Fgleexﬁmﬂﬁatﬁé‘ rteﬁatfbfw ﬁ'ﬁpgapgnghErﬁg el fﬂﬂ% QIEG sat SPAEf Jﬁ& MRNAS

conpare to a control arra eln ressi on,

el eEPIMNSR ¥ iEsTPexanpler? sREAL 100 Dpi%sam 'zulsw'@owmegml@dmmw 031214

pr o\ekatfsie, therhdratiers/sf mmwsrassvtorbﬁemabpuﬁ-aﬁlsrq:saédoe%howﬁs% 8adawpd on the
The recent. invention of

I
ﬂ;gg Btsctf)’écq% f%r fﬁ {]mbas e%f‘?’%@“aﬁ"ﬁ g\ostgg{’o&ﬂea?fa&’é'g% freggaile U?Ee glo 3@ i sot ope
codeatiran sei hascomeggged; IO ahgther gramiies Gtediest (8l Méasueattby dteciindss hattivg) ener gy
SN o) of WEBHRBN Yot doed o PR oldie R L6l AR r3hd aago BATRAY |29y
es se ontheratlo

relative ﬁro el n exgreSS|on between two or nore sa
of dPUiNgensrationg) Bimilarky QBF@"F'é‘EﬁWB@e?%@WﬁF@P%G@ wilé °Péﬂ"§6 sgdfng used to
pr oposhtblecgoaribrist anmnmmnplapom to herlepdt@s botef 168! ardha bEILKAS LEIAG bR | ons

bet \é}fﬁlgre renf%@t@ﬁqtﬁﬁe%? ugs. F gﬁ%{nﬁ | & Gﬁen?a%' 3 ls&d I\glil\e/ﬁ rg’te%ﬂg of 855

spectrone
more squtlons and one or more different computational techniques can be used to generate

additional set(s) of possible solutions. These can be “pooled” together {0 form a testable set as
outlined below. Once convergence is reached, or a set of solutions is generated, a variety of
additional steps are optionally run.

[080] |n a preferred embodiment, one or more of the hypothetical mathematical models {preferably
one at or near convergence) are compared to one or more additional set(s) of empirical data. For
example, a solution to a signaling pathway involved in breast cancer can be used on data from
prostrate or lung cancer, etc. This allows comparisons and identifications of sirnilariﬂes and
differences within signaling pathways in related systems. Thus, for exampie, the knowledge that two
pathways in two different cancers act either similarly or different is very valuable. This may allow the
deveiopment of drugs that will act on common pathways {e.g. drugs “generic” to any cancer pathway)
or to specific pathways (e.g. drugs that wili treat lung cancer but will not effect other tissues).
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di splay nethods result in rationetric conparisons rather than absolute
conparisons traditionally available in chem stry and other scientific
di sci plines. The advantage of these differential display nethods is that

they agghRl@idiye! y i nexpensive, quick, and accurate
deviation). The disadvantage, froma rmdel I ng prospgé /lju\gl'é?og&l)gﬁgﬁat t hey

fail to provide absolute quantitative concentration and rate constant
i nformati on. g074] In a preferred enbodi nent, several different types of

enpiSiTiady, it @y e xens usaid dp sompateenodels 4o data generatedfemuntealed Brd rested celfe r el evant
?at ar érﬁmalﬁ EThat i©\Shétdlts d \ﬁiﬂ@k{ Bgdaﬁd doneralR@i@mahfnaks Wcéﬁftr{a’i hb@f HeeRtreatsld f I er ent
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di f Gigendest YPes of data differently, as it is known that different types of
data have different levels of correlation to each other. For exanple, nRNA

expression levels do not always correlate to protein expression |evels,
wi t [e8theln aamrbferredamhbngmmnolimblhqdelmreeexpérméntdllpgﬁndaédl yThat 8| @maddl | N many

¢l r%ﬂén‘ﬁﬁu&é‘@&%ﬁas lﬁﬁﬁaﬁaﬁgél& ioh or ora sﬂi&ts'oﬂ Jaﬂ%g%lﬁ%t%g B%e'ﬁ{ rﬂ{nﬂurefa&t er than the

expression é erre physi ol ogi cal
uni exrspeerel; ‘Qﬁ"f@'qﬂfﬁie qmeferrﬁs! ewm@r@nt %P@f neeobihe séae pyameles e (or a
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d| f fnetabolicengioresing tealsnidues gerteesllp kyavindd tigiad atithuimg tesultgeutcoinemeaswed assunpt i on
Eﬁtﬁaaﬁg S R thid &m ﬁégﬂiﬁt&%t a@afahmyemsmlgdrm caMBRTALR stmu%wbe made so

that differentia ?c@ Z e converted to absol ute values for use
| {PCH SRIB 8 eSS R DK eSHL A0S SEoPRPRITSE BePUION S ds o
conv&iﬁ frRtEss of pradittioh landempifiqal wxidaibe danbe rbiteested il doheergaick on hlsiagiey st em may be
%ggeq% Qctthe ny nunber of places. In a preferred enbodi nent, the fitness
funCtrons utTiized all ow convergence on a global solution; that is, one
nodel |Is evolved that matches one or nore sets of enpirical data, which

t lhle[usnp m@&&aﬁmmabdmd tn@sm tergarhhrri@@# uktah@m.onTéI?e fnplEnfdpddd otnlsaﬂif u; i gnl t hen f
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o BBy o ey ot R E iR OB rtanioes g RO PR e G o
sol atraysiFRRAs) ooih appicaiotspacifip indeprddédecirouits (ABIS) devibes jolgai additiorsal pr ef er r ed
eﬂbg.%bggﬂg Spéeaeﬁeeawﬁé P ASIey Iegfaescﬁg"iﬁ%r?fm@@ Qd&esghmgb@pfg&&@ab sol ution,

can be test |ze or conpared as outlined beI OW.
11209t 3 compatingsystons Jafpe sagarseraty aipgption bordans t[rm%@"liwf'%mﬁﬁgﬁs Enbodi ment ,

a ghadxh, thedeslitans ingy bomcsiporaadlintohageragsierhs ssaltine@pgeri ng nodel s are
gener at ed in the nei ghbor hood of the global solution. . As will be
appreciated by those in the art, this may be done in a wide variety of
way §083)As Sominethodsaf therinyentios finchuse igyh variely of epplications. langrtiewlarpbe methodsanpl i ng
t eCBih&liGshiibhdande a8 gefdrhte SXRIER), SompletdBtiter athbrRatR8iFhsddIs BRYiolBgcdione to

generate a
function, including disease pathways.

[084] In a preferred embodiment, the systems of the invention are used to elucidate metabolic
pathways in any type of prokaryotic or eukaryotic organism (including tissues and cells) or viruses.
Suitable prokaryotic cells include, but are not limited to, bacteria such as E. coli, Bacillus species, and
the extremophile bacteria such as thermophiles, etc. Suitable eukaryotic cells include, but are not
limited to, fungi such as yeast and filamentous fungi, including species of Aspergillus, Trichoderma,
and Neurospora; plant cells including those of corn, sorghum, tobacco, canola, soybean, cotton,
tomato, potato, alfalfa, sunflower, etc.; and animal cells, including fish, birds and mammals. Suitable
fish cells include, but are not limited to, those from species of salmon, trout, tulapia, tuna, carp,
fiounder, halibut, swordfish, cod and zebrafish. Suitable bird cells include, but are not limited to, those
of chickens, ducks, quail, pheasants and turkeys, and other jungle fowl or game birds. Suitable
mammalian cells include, but are not limited to, cells from horses, catile, buffalo, deer, sheep, rabbits,
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rank-ordered |ist of nodels in the neighborhood of the solution. Starling at
the solution, random physiological unit operation changes are made, and a
new s calculated. If the new nodel neets riteria for
accep?gﬁtgg&rqskﬁ?s used as a starting point for anoth E%i‘f?ﬁ???’“ﬂrzﬂ‘br a
predet er mi ned nunber of junps, a rank-ordered |Iist of nodels is generated.
Monte Carlo searching is a sanpling technique to explore search space

ar otndents bush @b oticel, rats, hamsters @erbils anhd guineagpigs| iokd, goatsiipips, pritiatgsant i n search

S PagRrsud Qernearﬁsﬁa%ta%r élﬁ;@lgglpgné mnmafwea% \Jeh% c&ﬁﬂeﬁgumc’mm'aﬁ”&élpd' ng

Bol t zman enetic al or| mtec ues and simul at ed
ann g ioheny “P%Bé’aalgﬂcah‘vp? &pd %FPm%Plﬁe P"’é%ﬂﬁ9 YHY"E %‘E‘ﬁ?\‘i’%gg‘“ MOHEP Fnds of | unps
al | buvedh eebs tHieincilides thaeclisé ©f data genpmataain ﬂrmawdtimwvcandmmellspbgns:neﬁ togueal unit

le),
opeBS?\Eé% e?ngbrﬁéﬁwgﬂﬁy (ei'rﬁlrlgél dgt\ﬁ%xfbg?rg}g%k?p%%e?(a{#ér&ﬁ cell t%ngéagf| te)erl )
of WiEhuiRan, @’l%ﬂ!q ragent el of the fommﬁgﬁp@%_bplwrgpq@ é@'HOf[cghﬁglf aln[ t er nativel v,
thefyﬁemﬁrhémirlylﬂféla’hedﬁﬁﬁﬁ)@;ﬁm@kfe@naacﬁ@m& ofhe R, ﬂ?@éiﬂovar-ﬁhlrﬁloﬁﬁy occur in a

e .
i it ostEBnerpes B IeRL Sergie RN R Y on e BPB mPBEpeg °3 150"
pos 8i-teli @and B ol Bt masy calle] egsinephiis, nasgblar iotinsal callsl repatbeytasnieukusytes efledipd e, t he
”E‘”Pa%ﬁ&ma&arﬁmmﬁﬁ&s%térﬁEelﬁ%&c%h(é%rha&ﬁ&& ic, R aﬁéﬂs%' RRg, KdnB HRHGRNT OMDSoNMes i n

%ﬁv?/ not chan inite nu neratlonsé {%@ 10 to 1000
gen@V eHRE) cellg U@’g‘@%ﬂ"l seepepingfor ﬁ'ff?{P'BBH‘P" a”&ﬁﬁd rniiation faglor) s P88, In yet
anothadroexasgak @thet ConnEtisg tiss@scells keratidytsy) nmfaaoéwdsnmsdlum(ﬁhem)ls, menber (s)

of r f the

i aciRbyls. Hunaftcdig8Rq GER, “*ﬁ%@%% P © gl RN RGP
reaE HGIGOMIHéT@@H&&H%WSNPM Seq BW@I‘?G’H'HQQ@WQQ hemgmp@lysmocmr%
Furppefer@ke, it is possible to generate a set of |ocal mnima solutions,
using one or nore different conputational techniques. For exanple, a GA nmay
be used to generate one or nore solutions, and one or nore different
confgésiat Aowilbe tapprhciatedimsthesrin the an.Seatatiobc pptverys véhin sidsges,iaonwithiset (s) of
posﬁ‘e@!e hgﬁ r':&“s! Q%ﬁ]f ger&hﬁiﬁne?éf‘ alordi ﬂpihquergBHﬂﬂ&(ﬂseﬁthé ?IBHEI ioh g6t abl e set as

el ow. cé co C

I ne ence I rea utions is
gendrakiaiaied pathyays (@ggin.sitner (BIN vrsARPT Wi dafededhashralisisuitpble vituses [080J In a
pr efnema.@gd bGIHA® Aot MRRdd, tooraﬂh@ﬁyxmneeso(fe d. heudnypaiusy paramyxoviises (ed i cal nodel s

(prefer at or near er, ar e _copmar nmor e
addl etsFagﬁo&' gyggﬁte \Slru%fmu&?% wrni's(:a atvgusq dLnowruses r[{RSv r%ges ?or? glrr]L%tE% a si gnal i ng
pat remeiusestogbvrides (e.drubgha virgginRasyovisusas, tpexugw (@ﬂ \@a@lavrrusmﬁcc'p'aost rate or

! Ungru@?@ﬁt@r‘bwnﬁﬁ@(e Bbl@wﬁk'&\@@acﬁ@iﬂﬁ”ﬁe“p@ﬂ% vikds tuQ@tﬂﬁdng Bk @)s of
simlarities and dfferencesw allgﬁ t hways |nrelat?d syst ens.

ThuBerPgsyuses (i Herpes FiEPies 5Wseﬁﬂﬁe"?ﬁ&ﬁte"t" s FPYG BT YE% ent * cancer s
act rotivirlises, Norwalk aindsys, bantalirhd, ereeatirug shabdowrus'w g edbliess. vird)] retrovityseal | ow t he

dev rllc?u% My (?-ITLqu %Qf §*b§%ov¥.‘¢. u.L,esa(gg %ﬂlll&ﬂ%ﬁ?ﬂ@dﬁbﬁ%}@eé eng- drugs "generic"

nycncér % drugs that will treat
| ungcq,raameesww ﬂw like, wetba@wfaéwswwmwdﬁ wg@wg))athoaer @@‘?Bofrpaé@gemc

prokaryotes of interest including Bacillus; Vibrio, e.g. V. cholerae; Escherichia, e.g. enterotoxigenic E.

cofi, Shigella, e.g. S. dysenteriae; Salmonella, e.g. S. typhi; Mycobacterium e.g. M. tubercuiosis, M.
leprae; Clostridium, e.g. C. botulinum, C. tetani, C. difficile, C.perfringens; Cornyebacterium, e.g. C.
diphtheriae; Streptococcus, S. pyogenes, S. pneumoniae; Staphylococcus, e.g. S. aureus;
Haemophilus, e.g. H. influenzae; Neisseria, e.g. N. meningitidis, N. gonorrhoeae; Yersinia, e.g. Y.
pestis, Pseudomonas, e.g. P. aeruginosa, P. putida, Chlamydia, e.g. C. trachomatis; Bordetella, e.9.
B. pertussis; Treponema, e.g. T. palladium; G. lamblia and the like may be used.

[086] In a preferred embodiment, the methods and compositions of the invantion find use in target
identification. By modeling disease states, the identification of druggable targets and diagnostic
niomarkers can be done. That is, knowledge that a particular gene, gene product, or metabolite is
specifically involved in a given biclogical process makes the target a potential candidate for
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WO 2004/ 031913 PCT/ US2003/031214 Simlarly, it may be very useful to
conpare nodels to data generated fromuntreated and treated cells or

ani mal there is a variety of data generated _from ani rral s or cells
t hat h?yeﬂggg:ﬁb{%r eated w th drugs or drug candi dat edTU %8?%‘9 to
untreated sanples. A nodel generated fromeither a treated or untreat ed
sanpl e can be conpared with the other, to identify either simlarities or

di f ftesrepepticinterveign] Forrexample diteproleid eoerded byribiptigene may e de pxretignttatseber i nent al | y

val |f§tﬁﬁ#ﬁbulaﬂ_6iﬁ'ly shriall nﬁle@@g@h s S‘ﬁnmdyfdr@ sBéH éﬁnt@e‘?\s& BRd SIRORAHole@ELIL i ON Or a

b t al
!to giﬁ“iﬁi‘ h&és% q ?Ieeéﬂb&'@fcé?‘f* ﬁ%éﬂ'ﬂ?)ﬁ’fpﬁ?ﬁ‘gn gﬂ'ie Qﬁ"nﬁfﬁ'f ?'b?dcﬁﬁge‘é‘lﬁnﬁg"np:r aneters are
adj uswieidn fherapiesripedlvimpthadelizbry of that protéin ts@lf talintredsedts mparidancg arpepiEcs apr edi ct
”Ea%éfe‘éﬁfa'rﬁméﬁk {dr§i6:8 r&ensﬂ}ﬁk%ﬂm of H&%dﬁ?ﬂﬁ% Bf"r%ﬁ@éke&f troo %&n %hﬂ thed 1n vivo,

such as with genetic en eerin P engl neer tec gues
gendiesedtofiphiip most rF?R?"ﬁ’r Roint gy & FP?“t"Y?é tq @@EflactF?fﬁp%’ﬂ? e@wm’em be Hsec‘an d added

t 0 tthesfingpisrbestitargétiagaifn® iwhickhi dieatarlgidevéidinet ardl @avehing BN be rerun agai nst
the new "OMCS' data set, or the nodel that least fits the new result can
be dropped fromthe solution set. This process of prediction and enpirical
val i[B i dcardipglhén 2 priefeerpeh e bodimant. [thegastixsls gasheampasitionsdf thel ieventppding i s

r eagleh thd Q&?danérfbf%daésm vaeety%meééhér&%s, ifRing! btﬁh&%ﬁilt&{ﬁ‘ﬁsca‘ﬂ{:erhh@ L Event i on
are urLts W

ot o AP RN A SLACTRRAR BVENY PoRHEST Pt S PSP AR, Srcelgi Ml ( FPGAS) o
i n sppitosttelateathpess df el divitiergr dbaeased calllgraveh; (tASiegiatibe\and eisregdatipaioh
add'a%éuQ%Fs.s H{uﬂﬁﬁug%sr@an%QElﬁéjrng Qﬁﬁ%nﬁ*’ﬁérﬂ%tioﬁﬁ &a‘i‘nﬁ'ﬂétﬁﬁs ?rhﬁ’rahé‘cor porated as

addre e Co- ces&aga unfts 1n co syst ens ree cpu and nenory
al | Seeglariation (e- erérhgaréqus rASABPE ﬁhﬁge%wmﬁ; mge%mt?nt@lrpf insyRc8ll syst ens may
be lsmemﬂig@%mgedfmbnﬁc hﬁé@&ﬂar%fﬁttﬁé’f&gﬂﬂmﬁl&hh tis@gutainost.ior dhddlelsThe et hods of

th t | t t | th

ot HBALSRARE R B s Ao b Bl B ARRES o R e,  Conl ete o

al t elymatiationédepo/mhernratiel (¢.90h cardlomgulamiseasremwelpwm,ycllnnonrgtam pgndi sease

pat fyish; the Adlatidrar@ d&iréq’uﬁaﬁ&r%# pRAGEY, ﬂ%’ﬂégulah&?arﬁi%ﬁér@dﬁatu@rﬂ ofid)Riihdyent i on are

ARG At AR e o LB S, S Voo oYU ey i o

pr okediudvgireumeloldsarthritist audeimmions duﬁa&eﬂmuuungnupuesd attioitis baudtiphr sclerasisch as E. coli.
BaC|QJ bFl%s }Qﬁ,&gg hr%‘l %J}geqﬁy, £5oRbi e?c bacteria such as thernophiles, etc.
Sui tabre: ncl ude, J im

aryotic cellTs | re not limted to, fungi such as
yeast and fil anmentous fungi, includi ng speci es of Aspergillus, Trichoderna,
and phisgyr Qﬁﬁ@ma,ma@{eamucal Rloli@ of @ﬁémﬂdlaﬂ@oéhlam&:al .ﬁihwa@ rnco@eragﬂmmseat@bacco

canol a, cotton, nfl ower and

ani rFBFc‘fE‘:’é’IaYag‘E%r fhangeR hay bFF%%e”eﬁl?ﬂdd@'sgﬁ ﬁﬁ?’r‘ﬁﬁ'ﬁ'gcaqgﬁ tja%tfcglar pple UEQ(? ells
i nclwithia thexiidease mathvery that sérveses tagetstfardaig devarpmept cihgs, tod methpdamhthet r out |
t ul glettion rﬁHl)}ge coiftbiRed wnfhl é?l?'ﬂglﬁﬁer ohﬁ:lréeHHb tecﬁMﬁlfegfﬂaﬁlﬁulaﬁPﬁiglﬁmﬁbuélﬁﬂ[ af i sh.
Swtabeb s 1 nclude, but are limted to ?

screening (HTS) techmques that allow the screening o candadate bioactive agents to find drug

candidates that affect the target model parameters to bring them back to values consistent with

healthy physiclogies. Additionally, the model provides information on what compenents provide the

best measureable responses to a drug, or provide markers for other potential side effects of a given

therapy.

{089] The choice of suitable targets against which to screen is based on a wide variety of known
factors within the art. For example, extracellular or cell surface bound molecules (e.g. cell surface
receptors), may be screened with small molecule or antibody libraries. Intracellular molecules may be
screened against small molecule libraries, peptides and nucleic acids, etc. Metabolic enzymes that
are allosterically regulated with small molecule ligands. Mutant or otherwise defective enzymes or
receptor proteins that must be supplemented with effective copies either by injecting the effective
protein itself as a therapeutic or using gene therapy to correct or add a non-mutant form of the gene to
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of chickens, ducks, quail, pheasants and turkeys, and other jungle fow or
gane birds. Suitable mammalian cells include, but are not limted to, cells
from %" E:"gl"tl’tle’ buffal o, deer, sheep, rabbits, 1120973-1 24 WO

200410 BEM1) $20031031214 rodents such as m ce PCIAS2003M3 4 e s
gerbils, and guinea pigs, mnks, goats, pigs, primates, narsupials, marine
manmmal s i ncl udi ng dol phi ns and mhales, as well as cell lines, such as human
cel |the genprag ofdhe eragnism.ssue or stemcell type, and stemcells. Preferred
systens utilize data from nmouse and human cells; this includes the use of

dat ner at vitro .and. in fromcells, cell lines, tissues or the
oo B iy, e s ey iondonbioes bahodhat SRRy st WEreeRRGSmUDor of

di ffb@ﬁetwe awlsi to tnpgdate thevactivitylofiaryet compbmantse “Modbiaterdenis ceatektsadicide f ol | owi ng

Ce! ook dGet SIS RIRER Il (L0 TihubEh Pupbyly! | (yPes (particularly

mel anoma, nyel 0| ema rcino | ung, breast, ovaries, colon,

ki dney, prostate, pancreas and testes), cardionyocytes, endothelial cells,

epi [0%) i ahe twh i‘@ndlaatwbw-yé 8gont” &Tw@.@ﬁ&m@&@b Bs Géﬂd'h)areu’f%&rut@@bhys eosi nophi [s,

vas C pa udi n nononucl ear

I eu&tbllzeép s, I@%ﬁn ng']a%' orggﬂ'g 0;158'% %B'B'g@lefs '"X'H%ﬂﬁ‘ ﬁélysag‘?ﬂaﬂges? ‘ung, ki dney,

| i v@P'WGOt'WMt%m@?m@wdles of fatwralueadabolitess anddbeii degivétves, dicf Genealtyi ati on and
de- dlpfufré?lnyiﬁbésa*(h%résaéi‘E RInI par@fel ﬁ%i%?agen%&%@ﬁ%?&&tﬂﬂﬂam her connective

tiss mel an I ver cel cells, and
adi Sgreﬂ?f“éaé roSINPE &3&%"%‘8?‘% ?“ﬁ?@ﬁt'q"ﬁcfﬁﬁé'%wtﬂeég EoNceRtratigns s§"’9? %P udi ng, but
not negative @aitreld,e., dlizet@toncdntativrl & belbiv e T&rebefldbtactiotHd addition, pesitve See t he ATCC
cel kodtioR&as8d de@9, hereby expressly incorporated by reference. [085] As

wi |l be appreciated by those in the art, nmetabolic pathways w thin viruses,
and within infected host cells, are of growing interest; accordingly, the

i NV §0%2j onaﬁd.mbsageae ehéoriipaes ﬁlnhlﬁmﬂ&herﬁléhl emsseulmajgnﬁ@hoanﬁﬁeymé byayé (again,
nf ect ed | e viruses

t t
et el ofbrably & ree FopetiPes B aiRsRB e sbhere e O agc s vi r us).
par émp)abﬂut?é@!b@lt(ﬁv d-andidatpiagertotonpsseTondionsl groupsrecessaryier siructursl, neasl es
Vi rHﬁacti&d@ﬂ%‘bt&ﬂ§%niculé}!m&hbé}ﬁﬁﬁdmﬁQﬁ@ﬂrﬁlﬁélf&%ﬁ@e at 65Q%h Er'r\ﬁss togavi ruses

(e.q. ruE Vi rus@ arvoviruses (e.g. variola virus, vaccinia
vir g%rﬁ’?"y ﬁ!fdé‘?xéf'\ﬂrf:'i‘fg | graun, prefﬁgqlquoqﬂe,aggwo Efd&%f&E‘P!P%Q}FF%'?E' grePRtifei s viruses

(1 necarditiategagénts ditenrvdmplise cybiicalpadun orieeocyelic GtruchieedarRl/ob argiatxoVi 1 US,

var b&ﬁ&ﬂété%ﬁ&ﬂm V&u%%‘lﬁute&%&ﬁ’%%%%?&o"flﬁ% abﬁﬁ%@%&.&ua‘?ﬁi L V'daH&bat%I rotaviruses,

I rus, arenav es vi I’US)

r et P@Rtsare Aso fopndrmangibingalgevtes inghudiog Deamsrﬂapqhartgﬁp@ﬂhwﬁ%§@@'d€e g.
pappltnesByiihitifds, devaivaBBNuEiaPshalogdd\st combir@ioRsitefedbes, and the Iike, and
bacteria (including a wide variety of pathogenic and non-pat hogenic
prokaryotes of interest including Bacillus; Vibrio, e.g. V. cholerae;
Esc¥8] cBaadidata agente atecotirinedi frpevs widévarioty of sounﬁhlrgbuha]lbreneg of §nthetpsent er i ae;

Sal Hﬂ&ﬁ]rél%umﬁouﬂds s-‘orE:Yd?ltHIe nw&gm&% hM@vﬁtagle r&‘h::#dé nﬁlﬂ r&?éos M leprae;
Clostridium e.g num (] gerfrlngens

Cor PYWIsEE LR welwar@tvgof 0@6'“0 BP’bH’PéJH‘é‘}q“QQW"BPF'éﬁ ieeieg gxpr%,ssww genes
pne wamdriads oliférapibytldes, OAlksatively, brarfas obastlalSompounds in the form of bacterial,

fungal, plant and animal extracts are available or readily produced. Additionally, natural or

synthetically produced libraries and compounds are readily modified through conventional chemical,
physical and biochemical means. Known pharmacological agents may be subjected to directed or
random chemical modifications, such as acylation, alkylation, esterification, amidification to produce
structural analogs.

[094]) In a preferred embodiment, the candidate bioactive agents are proteins. By “protein” herein is
meant at least two covalently attached amino acids, which includes proteins, polypeptides,
oligopeptides and peptides. The protein may be made up of naturally occurring amino acids and
peptide bonds, or synthetic peptidomimetic structures. Thus “amino acid”, or “peptide residue”, as
used herein means both naturally occurring and synthetic amino acids. For example, homo-
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Haenophilus, e.g. H iniluenzae; Neisseria, e.g. N. neningitides, N_
gonorrhoeae; Yersinia, e.g. Y. pestis, Pseudononas, e.g. P. aeruginosa, P.

put i daywdHedidiza, € 9. C trachomatis; Bordetella, fussis;
Treponerna, e.g. T. palladium G fanmbfia and the |iK ep&r{%ﬁ?%&?g (086] In

a preferred enbodi ment, the nethods and conpositions of the |nvent|on find
use in target identification. By nodeling di sease states, the
i denthepyldaninepfitrgfinedind goralelcine aie gensisiergd dmitoagids for the putposeseaf lerinveation. be done.

InaL e kb atagul ke 00 el sate RENDAUNE, TR 2 1
pot APy 28" 8%&&82‘%’&”3&&) v 1'"%? o degh Sesemna 18588721031 214
t hertap &) br lc-configwatioantIf ren-natacally eocaring side thuns@arobsed moarationteatidoy t hat gone nay

be aé?;bﬁ?ﬁﬁaﬁ ol el}be LREH R exzjnﬂf o tg%%\lAﬁfloﬁ{e'laQ@ipgxo%Q%h& qig ugﬁ%in‘i:apﬂl?@ﬁ? Simlarly,

drugs such as ant] sense (inthis
casedYR§ I pihencherpical sybstiwents By aiko Phadddne itsel f. In addition, one can
envi sion therapies involving the delivery of that protein itself to increase

its anal ysi s
ot "t B2 I Ao oA g E5uEple ok BoB eBs S8 ARy oceRRG blotprr 710 T e
nostfrageepis né@eltpaiimpcurring@rmmmys tfer exgmple; cellylar xtragisegntaiping proteiseor hence be
g e . e Sl ent, the

S S i
ot HOEAH D SHIEE PIgHIS Yo oAV ARG it SRIBS Porctinsd BIale1 dat | on of
nod efasticofarhpprefrredin yhinémizhident are Shratiesof baaterialy tlingal, virblLiandyadminaliant ed t o, cancer

(f[ heprccijigﬂg%tﬁ tHeGattel F@%%r@iﬁﬁ&paﬁ@hdnﬁ\l\%%@& i ;%g%cﬂam ﬁre@frregr owt h of cancer);

di sorders assocl a apopt osi s oss of cell division or
decreased cell growth; the regulation and disregul ation of angi ogenesis;

mu In{)[bsb] udn bepsdfate&reﬁmodimh& thegaﬂdaihiecmmagnd agérfs z&g péidbOof fd ébﬁﬁﬂ sgmat i on;

ne ha ota { n ralkova. L rease in
v RGOS a5 afolt ooy 2Biatiep “CBE oY il RE e sh B SR f T v

i Nt rtaekdut 0 mmg izamsplatlmefieggulﬁleipamdasimamlbq;dm@ﬂﬂ Qinabrallbbccumlng pioteinsel s

(i nczisqéj?diﬁieQQEcﬁrﬁ thhawnmliﬂéwdi?g 613844 Rinddm Fé;hﬁesr)esg l‘raﬁdomeaﬂsi

di sre ation of rrg marization/deo¥ % eﬂ
car dE0RelcEl eqrivelprd sgr@y is eoan thel Raeh Rycleifpeid Ang srii'daa?iif'stsfqi sseiy ¢ he
I egukadorronucibtibes asd &roind adidsoresgdctivano (Shas @enerdilydhese gandernhipeptidasi(br dicksieegul at i on

of %ia@ K| 1 G8sed bABGSArk xnenﬁeaﬂggms.f%fihgi{ ﬂ&?@?&#h&&e dhe ﬁ@c‘fe%tu?an% dliRdue

forma er opor osi ritis I nc r heunmat oi d
ar t Paci%at 8ny postion. nkhersuntentis Epsess e Re Perianagto aeperate randozed ipgole"iﬁjift iple

scl edericecids, qi-.i éiiae«ttmomihﬁai bfaaﬂ bﬁmo@bfm possiblei comamation Bysrtederdjissfane, etc. )
[ 088] Once .t al node

t I th
i nco ltﬁnﬁ?lt%?ﬂrng@dﬁ@ra éﬂdgmge?)téqngﬁ%p@%%g ﬁgénaﬁ%\%%%g?ncgeng?at \g/gy this
allows the identification of particular nolecules wthin the disease

pat Inﬂﬁe éﬁﬁo‘ﬁﬁn@g tﬁe@t&ﬂﬁ} i$ fuﬁlPFanQ&n\iQedd@M?ﬁMﬁ‘éﬁce prafdiénces Be net hods of the

i nve mber of screeni ntﬂ t echni ques
par t@&ﬁ?'ﬁ? f“ya“Vi PRftioph F’cﬂ.}{jﬁﬁiﬁ?d G@W@Eﬁﬂi s lipiards bipsadn Tha s $0me RIFYORF | ow t he
SCr egithinge sdquéras Areldther Heidaaadtant cor agasalested Borhianichitetl mgnber of possibilities.

For example, in a preferred embodiment, the nucleotides or amino acid residues are randomized
within a defined class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased
{either small or large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3
domains, serines, threonines, tyrosines or histidines for phosphorylation sites, etc., or to purines, etc.

[098] ‘In a preferred embodiment, the candidate bioactive agents are nucleic acids. By “nucleic
acid” or “oligonucleotide” or grammatical equivalents herein means at least two nucleotides
covalently linked together. A nucteic acid of the present invention will generally contain
phosphodiester bonds, although in some cases, as outlined below, nucleic acid analogs are included
that may have alternate backbones, comprising, for example, phosphoramide (Beaucage, et al,,
Tetrahedron, 49(10):1925 (1993) and references therein; Letsinger, J. Org. Chem., 35:3800 (1970),
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candi dates that affect the target nodel paraneters to bring them back to
val ues consistent with healthy physiol ogies. Additi onal |y, the nodel

provi L Of tion on what conponents provide the est nmeasur eabl e
respoﬁgégb@(f)oggﬂgr ug, or provide markers for other po?@i‘i{qsé[f":"@?'&é“ effects of

a given therapy. [089] The choice of suitable targets against which to
screen is based on a wide variety of known factors within the art. For
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200420 Bdils, LA CReM @36.0BU2BAS (1002 WeiBpsral. )Ehdnt ent B &ngls B1:1§0390]
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I'0act e ac arge? conponents.
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995%&& 895 Bae; Shor RO AT adhon oo ibling i Sl AR AT

poI ﬁ@.@gh&ﬂr$0;i@§)(1991pbetylngmlaiat iJdam. Chepi. 8s¢., Upﬁﬂ?‘[ktw&&mimr ebalor nat ur al
et ﬁmédsrd@% mmféoﬁdaeis'wé?rﬁg\éaf Ch&iters Q%@sﬁ%@eéyﬁlpbmum%e%wa@l ity of assay

tures are.run Inh paral erent dgent concentrations to obtain a
d| ffcéft?é’ﬁi’qr%‘P Wé@%‘ﬁ%"e’"f‘ﬁ"sﬁﬂﬁ %P‘Frﬁ'hsE‘ba'rﬁzéﬂWh&tq'ﬂr% Daty(gpkal Iy, one of these

Conpesrhaieken, otre, medirgaﬂﬁ: & Bledicing ©parhi Latt,, 8303 (1084); Jeffe,. et algl). Biemoleeutaicent rat i on or

bl B! e Qe TUralSlRT bl OB 7ol AR ok B0 eRGo ek KShes SRALR g e Used,

the%safﬂ@dm'g%'?@emlﬂmm@@ anst B0 061 apd Shapters Gragd fi ASE SWpesivis havi ng a

mol S6ridk &80 \ﬂ@ér%ﬂydr@fe M&sRatioRam AhtSknaé HedeBR”, EBNES. @d@gm. ard BWBhnzok.ONS .
@qgate s corr%)rl seefugculona grou S, neéﬁgs @'Hﬁ‘{] ernitrgctural

i nt &Y %‘t?% 'H”‘BPB imLe cHRIYEiE SHeaTY 37 AV INGYEH W ?18 AU ypi cal Iy

I nchustdée amids (sasenkins, etal. Ehem. Seg. B@my{h995)ppl|163-3176)069walbmd9|b agd oup, preferably

at etk slefehod RRAWAIEW ©RBLs, ST Gil7, HURUBS a1 HfifescGaBRRERR, agent s of ten

e cy C I CcCa on or eteroc C tructures and/or aromatic or
pol ?QYrPéP’P&S%'t“FM%IP%V f§@fﬁ§'ﬁttheéﬂ"mﬂ'ﬁ%"%é’ft% rihesePhgsPhatedaghg0® f unct i onal
gr omppbe donedd [ailitete tRORIGkioN SfraddifdraDmébieties dummndels] W ineusetie stabilitydi ng

eSSy Rl Bl Roe PRI D oo
ageeacyrring audtstin acida @ad enaings sanbeeadea riltemytively, miiures o differentigi!eig a¢id br ar i es of
Synﬁrﬂ:ﬁigh Gand mixtures of naturally occurring nucleic acids and analogs may be made. The nucleic

acids may be single stranded or double stranded, as specified, or contain portions of both double

stranded or single stranded sequence. The nucleic acid may be DNA, both genomic and cDNA, RNA

or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides, and

any combination of bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine

hypoxathanine, isocytosine, isoguanine, etc,

[099] As described above generally for proteins, nucleic acid candidate bioactive agents may be
naturally occurring nucleic acids, random nucleic acids, or “biased” random nucleic acids. For

example, digests of procaryotic or eukaryotic genomes may be used as is outlined above for proteins.

[100] In a preferred embodiment, the candidate bioactive agents are organic chemical moieties, a

wide variety of which are available in the literature.
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or natural conpounds. For exanple, nunmerous neans are available for random
and directed synthesis of a wde variety of organic conpounds and

bi onol\ggubRRs1d1HC! udi ng expression of randon zed ol

Al ternati veﬁ) ) Fll brari es of natural conpounds in thebg‘f&#}%ﬁfﬁ% er| al ,
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t heaipgptieat7toro am.n&ﬁbuaginaaigm s@h 99 gérdfdilyi PoposeihBRinfkdsdné petdrtibias caech as
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nong @s bR RS IFUE™H pﬁgfiﬁczfz&nﬁb%ﬁ-ﬁent faﬂraamaﬂpﬂef*erébﬂ, flgyapt, or retard in

Vi vo egradations. "Chem ca [LOUps or her chem cal 'substituents
naymares%efﬁéb'aadwt1(1@95]'10%9@(6@?%9%%6& r&%@at $ASHRNCes Bfe sEuMiRNed4t® bi oacti ve
ageabdyzad i tiodubjedt rhethdde C Rrefdridg mahebiena8miae library agsand Givesitynat ural |y occurring
proteins. Thus, for exanple, cellular extracts containing proteins, or
random or directed digests of proteinaceous cellular extracts, may be used.

I n {19RE Aawilbe Bppipsiated bif thogerin the et giither imyiko erunxawg/(ﬂdt@-nprbeﬂ\@mgoﬁﬁag/ be nade

for csisy £85H Wb (bigahifiRs)SkebARPtettifbd Adehgsei N.  Particularly preferred in
this enbodi ment "are l'ibraries of bacterial, fungal, viral, and nmanmalian

proteins, with the latter being preferred, and human prot ei ns bei ng
esp¢ospl Inya efefret enabdinjed® Gle térgetangEcelt érisaatedariddeliterbin tvitrot Ined prefadéddat e

b I 0aehAdt n@@%@e@r&eﬂ%&&lgw ch\eJ Q@ﬁ&nﬁﬁ\ée?ﬂno@p@%mqgg? apgno acids, with

froma aCI erred romabout 7 to
abo!ﬁ?'atﬁg f% gfehip ipatre assaNsa TRigetnreleias maybe W@e?)erﬁwﬁﬁ%" Argriaheef dP%est s of
?at Hrﬁ&.lnlwmewméd iﬂghdJérD&dbbﬁtﬁng diSwHabotéficbinperdn@laey/resaneintensapplat i des |
I n ased: r.ando epti [ an sca
equ%&?ﬂg %’rﬁaé’f’ A fiigthogds 'Hé %e??cﬁé?h%%?%' ﬁnoll%%u rél'"(’:r%:{ac néﬁglnad' 3 chro%@gg@(ﬁ)nm sts of
es s tgbiiqies,yncluding dovexahange diyirdefwbigraffingyiang r%'eﬁsaﬁhaﬁéﬂﬂ&qhwcgﬂfapsv nce
gengﬁ@éhrdfnétaéﬁemé am%%rﬁ;ﬁ@tlﬂéj@@et(d?&elﬂ el 8k Euruﬁé& usleg a Qbﬁd‘aﬂﬁﬁﬁfﬁbhﬁy ow) are
chem cal synt hesij ze ¥ 1\4 Rcordporat {]3/ H’n r_.amno
antlbody columin. Ultrafiltration’ and d:a ltration techniques, in conjunction wi proteln concen ation,
are also useful. For general guidance in suitable purification techniques, see Scopes, R., Protein
Purification, Springer-Verlag, NY (1982). The degree of purification necessary will vary depending on
the use of the target protein. In some instances no purification will be necessary.

[104] As will be appréciated by those in the art, a wide variety of known in vitro screening systems
are known. For example, the target protein or the candidate agent is non-diffusibly bound to an
insoluble support having isolated sample receiving areas (e.g. a microtiter plate, an array, etc.). The
insoluble supports may be made of any composition to which the compositions can be bound, is
readily separated from soluble material, and is otherwise compatible with the overall method of
screening. The surface of such supports may be solid or porous and of any convenient shape.
Examples of suitable insoluble supports include microtiter plates, arrays, membranes and beads.
These are typically made of glass, plastic {e.g., polystyrena), polysaccharides, nylon or nitrocellulose,
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acid at any position. The synthetic process can be designed to generate
random zed proteins or nucleic acids, to allowthe formation of all or npst
of th conmbi nations over the length of the yence thus form ng
ali bf\gﬁ%ﬁ%{o@iﬁgdom zed candi date bi oactive protei naBSB 2‘5’&’8#9 10971 In
one enbodinent, the library is fully random zed, with no sequence
preferences or constants at any position. In a preferred enbodi nent, the
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14 Sprinzl, at al., Eur J. Biochem, 81 :579 (1977); Letsinger, at al.,

N [ Res.,  14. 3487 1986) ;  Sawai t al. Let t 805 (1984).
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al | ypfjikvhi ch are incorporated by reference)). O her anal og nucleic acids

i nclude those with positive backbones (Denpcy, at al., Proc. Nat. Acad.
Sci. USA, 92:6097 (1995)); non-ionic backbones (U S. Patent Nos. 5, 386, 023;
5, 6316p 8T he Beté&rtrihaldOof e Wridinglof fhe canditiatl bﬂmt@&@pntl{b thértargstiproteimtmanbe , Angew.

Chemgd ﬁélnﬂrzr!}%q) ?5% n ftefernd e‘l‘r?b%dr(njeﬁtgﬂ%ca &%{ive dﬂ%nﬂ% IabTIrel.d g  Chem

Soc. etsin e05| eot | de 13: 1597
( 199ipsing @tarm"@d@recﬂanaor@xafnse ki§y B 2% WS&FW@W@@ or & partignioh i dgr
ModipfdtdiiioiaQafd suppdX) bbiGiRYS RbEES CAdigdte agdntl(foréxampl&amgdrasceatsbel, w@ang Cook:

Me Kk t al. lc & I Gl { : 1994); Jeffs,
At 97 s redesfuand aetp i gt el BEser OB i sypoort il -5 TS
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[107} In a preferred embodiment, cellular assays are done. In this embodiment, the candidate
bioactive agents are combined or added to a cell or population of cells comprising the target molecule
{which can be sither naturally occurring in the cell population (e.g. endogenecus) or recombinately
added (e.g. exogeneous to the cell). Suitable csll types for different embodiments are outlined above.
The candidate bioactive agent and the cells are combined. As will be appreciated by those in the an,
this may accomplished in any number of ways, including adding the candidate agents to the surface
of the cells, to the media containing the cells, or to a surface on which the cells are growing or in
contact with; adding the agents into the cells, for example by using vectors that will introduce the
agents into the cells {i.e. when the agents are nucleic acids or proteins).
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described in U S. Patent Nos. 5,235,033 and 5, 034,506, and Chapters 6 and 7,
ASC Synposium Series 580, "Carbohydrate Modifications in Antisense

Researg o0 ‘%ﬂw}( S. Sanghui and P. Dan Cook. Nucleic acids containing one
or nore carbocyclic sugars are also included within Ehd" B4 n of

nucl eic acids (see Jenkins, at al., Chem Soc. Rev., (1995) pp. 169-176).
Several nucleic acid analogs are described in Raw s, C & E News, June 2,
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I nt r a hint wwth the i nmune response: a

di v%bgﬁag%glPéélkgE/'aiélc’fgm?#dgragﬂte&ﬂe{fh%ﬁgnod| es provides at |east one conbi nation

with sufficient affinity to interact with nost potential antigens faced by

?an{ ﬂﬁnlA%mm d%'&?bﬂe&&@d by thodd ih @ ah‘rleiheeéllsQBn besdidungd BSa Vanes ofvae oakhown t hat a
I Dra

nd st ff ty f
t he BIRLEBRSS 1 esParp) hoeelh % estren i plif hpfouen EaBR b 8 5T LY (s
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pre ent nmeth “wor k subset of a theore IC%H&{ cQ }ete
i nt ereierabivip SPmsﬂatﬁsial?'%?"déora}ﬁaﬁﬁa & 1Ve)s Astyilpeprpipgialad inthe art, a sireng

the present invention is the wide variety of cell types and potential phenotypic changes which may be
tested using the present methads. Accordingly, any phenotypic change which may be observed,
detected, or measured may be the basis of the scresning methods herein. Suitable phenotypic
changes include, but are not limited to: gross physical changes such as changes in cell morphology,
cell growth, cell viability, adhesion to substrates or other ceils, and celluiar density; changes in the
exprassion of one or more RNAs, proteins, lipids, hormones, cytokines, or other molecules; changes
in the equilibrium state (i.e. haif-life) or one or more RNAs, proteins, lipids, hormones, cytokines, or
other molecules; changes in the localization of one or more RNAs, proteins, lipids, hormones,
cytokines, or other molecules; changes in the bioactivity or specific activity of one or more RNAs,
protains, lipids, hormones, cytokines, receptors, or other molecules; changes in the secretion of ions,
cytokines, hormones, growth factors, or other molecules; alterations in cellular membrane potentials,
polarization, integrity or transport; changes in infectivity, susceptability, latency, adhesion, and uptake
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shapes for the 20%$0 |library. Thus, in a preferred enbodi ment, at |east 10,
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Spri nger - Ver degree of purification necessary will vary
depéﬂ'HP?\’Qd%ﬂte’ %W%G e ?"tﬁfm?%?épi’%%‘é‘f’ﬁ ﬁi"'ﬁ'{a& QPCt’P?P%ﬁeA? Wllibs RRRIECizigd
pur bl trwsd inQive aM, bdredningneleamstly ond g badis ofithelincomporatipn efcd Iaticerd thyy t hose in the

2" anBeqI5abr TR, B onk BB ol SoRELERI U8 U8/ G ESadT AN, FOT

e agen non- S|bly bound
to dﬁbelerdnb%rpim!ﬂ réea@mpadwﬁehavmﬁ@rqt%@ aaﬂeuhbgaﬁﬁ)@féhq iavesttion hayeatleastone. g. a
m Crefémehteirsotabaaé&hermaal%.ﬁaaum @ftdehid to BRSble 18 86tkétiah a{) @émddﬁ ﬁmaﬁnbe made of
C S C e Qo eadi |
con e paEoPe M edBiog: thaedeien oenTal e AERoRsce KR HREE TR e

oV e halrddiczetive odhezvy isstopeseb) imguwne labels which cay bé arﬂlboﬂlesprmnbmdns, andyg) be solid or
por %H@reﬁ'aP'mBF s@%ﬁé dﬁgrﬁftﬁ&lg‘ﬁ%beﬁs'&w@as en%ﬁétﬁﬁm@f)h r.gégéleﬁd WRepl ubl e supports

pl ates, array ranes and These are typically
madé‘e@cfs (8p [8agnelq Qfé@ﬁ gtc(ganyalso ?R)?W%tmeéﬂ@}s m?)’dﬁ}%"&%?q gled® ny| on or
Ni t 1c6@Béund bOH® positich20973-1 30 WO 20041031913 PCTI US2003/ 031214 teflon "' :
etc. Mcrotiter plates and arrays are especially conveni ent because a | arge
nunber of assays can be carried out simnultaneously, using small anounts of
r eagjﬁiﬁﬂs lramthsmnpcaéscreqnmgse@ms thegewd isfimifadtojtee MEREYELINIPEMIRE Ol | ke are

' nCloné {' uﬁl%tshlﬁ%lﬁémﬁmﬂé\ﬁédsq;upm) Grﬁh ﬂ@si@lﬁglbé'lﬁ rElVEROSbddisPRis | S not
cruci a as it nmet hods of

e rall
L R
nonQisfaesn d.¢, enkyred lel‘erdadsta'ﬂlMmlﬁhllsadonklamdequgbriuncd:amdmntdrluemmleveof ant i bodi es

g\émll?gﬁhbqgmq? éffe?{?sral fﬁglblo)éctmg%grﬁpo%ha hlﬁrth|§ ﬂ% diftedéHads ?'t%@&aﬁéﬁl%f ioRCt i vation

ce wh port direct binding to
" st |oékqmpomdswdh|subswp§jbﬂhe§ame@ﬁiéﬁrﬁ&9&|eﬂwt§§l “i'ko‘?fbbe qi$r&meYnt hesi s of the
protein or agent on the surface, etc. Follow ng binding of

[114] In a preferred embodiment, once a cell with an altered phenotype is detected, the cell is
isolated from the plurality which do not have altered phenotypes. This may be done in any number of
ways, as is known in the art, and will in some instances depend on the assay or screen. Suitable
isolation techniques include, but are not limited to, FACS, lysis selection using complement, cell
cioning, scanning by Fluorimager, expression of a “survival” protein, induced expression of a cell
surface protein or other molecule that can be rendered fluorescent or taggable for physical isolation;
expression of an enzyme that changes a non-fluorescent molecule to a fluoroscent one; overgrowth
against a background of no or slow growth; death of cells and isolation of DNA or other cell vitality

indicator dyes, etc.

1120973-1 33



the protein or agent, excess unbound material is renoved by washing. The
sanpl e receiving areas may then be bl ocked through incubation wth bovine
serum al bum n (BSA), casein or other innocuous protein or other nvoiety.

Al'so iyWelyaad dip this invention are screening assaysr%}éfis%iogmgﬁy d supports

are not used; exanples of such are described bel ow. referred
enbodi nment the target protein is bound to the support, and a candi date
bi oacti ve agent is added to the assay. Alternatively, the candidate agent is
bouldSt o Int sherefeueshembodiamadt, therhisactive @gent jsrisslatédfranstha ddsitive chlbVidis rhaytgi ng agent s

I NClyskéan § H@rﬁbér 'u?wé%tab l&%bﬁﬁ in RBP4}, @ﬁé&ﬁ?&ue@'tﬁ@éeﬂ%nc@%@ﬂé BiohdGdhdent €d i N

SCree braries, eptl e _anal g articular interest

are? ‘Q P@éﬁ“ﬁﬁ”%@%ﬁ%'spﬁwrﬂﬁ%’nt is fnformatipn gan P@W“?WFE|“P‘5b?"(9FW?ﬁ§nan cells. A
Wi dén avprefiesed/eratfodimes fie biaeptiveagent seasyhibesizediand paintipdeeed intothk talge gellsabel ed i n

vit (o%e%%eeér@ctp&ﬂ*sﬂ{a%%&@d},% %@@Yrﬁ eg,ltect rophoretic nobility shift

assays, ‘I nmunoassays protein I ng, functional assays (phosphoryl ation
assays, etc.) and the like. [106] The determ nation of the binding of the

can(ilhd]‘:ltmd);i:refa@éd MRbOAPRINE, tﬁemudab@etagérm&tus@d Rpail Butrmy&enowmge For a nunber of
waygxagl tIef ﬁér ed gﬁb fb & he cap(:dl dtﬁte bi Qactivye a ent. |ts | abel | ed,
and XA P e bprein ’?%E"Pe TeFIF P ¢ Usq gr g1 ‘Wﬁyﬂgﬁé’ %H%a By attaching
al | sesuencep oar Allow t'@fpmﬁ@twrmfgemawpﬂfmie\owcwl@uaglmmmlc@Upmﬁqo- addi ng a | abel ed
cangrilitosredBiRbn, bRy c%?ir?rfﬁﬁ'é?c)a»ﬁtkr%lf GRE edtlaé)‘%\]h)en eXfiresabang baé%&rfa eXCGSS
reagent, and determ nla’g whet her ngee ent on the o support.
Var PR, gRGeHFed Ate ARERPIR ST %?f?r'ﬂ'é‘@ "B’P? Ef‘"’é adegfrqmm, the art.
[ 10t target @elptyed. St rpeﬂtmabmbmad as ‘Deit" lirnudither yeastiay siamrralizhatwe or threet h| S
enb | h to a cell
RﬁrigF%tter%sltq 2 %g%&glomp %ﬂ:%acl\{tﬁehg?gﬁgeﬁ %F %lsQ@%WA ﬂgﬂrﬁ be either
nat EFP rqsym@)e@ﬁrlvtpwgtlngmrth@monergbfﬂn a@H“S?{S)(@" §e C@HH@@éﬁ

I eopHEphaicRlcYactivatiied sfuly the eﬁ.&t@ﬁtﬁ@@mmbpoftstyaawf@héchmt_mwamyﬁnce!I types for
di ffer nt enbodi nents are outlined above. The candi date bioactive agent and

t he Y&&'Y"s are conbined. As will be appreci ated by those in the art, this
may acconplished in any nunber of ways, including adding the candi date

agep19 t?né éb?eeﬁmaiﬁ%ds &fmé &}@seﬁﬁh\teﬁuomﬁa,tmsaﬁﬂbacrs&né Rigaingotiye cell's, or

toasur ace on which the cells _are grow In contact w th; addlngthe
ageRYIdYRes upder g videatarialy O?QFd'@ﬁ&nﬁP'@’%'\y" tﬁ%ﬁ“ﬁ ce\!lée'me!s thatare rqeditht r oduce t he
ageniksask Blaks 41 tienakeStebtied or scrobrgl Unber cagditng that sormEit] result iruriddsirable pr ot ei ns) .

112 égq é %e% 8}4\%8 0%954 / \B§ 931& lft‘)%rtg %%ﬁ%oaﬂ]gﬁ%f%&nd tr[ejugglswlaﬂe Qﬁ;{'cl ﬁlgggéj' ment, the

can i e™ dgent ST are (protei ns
in tqduged@onhr@mted rﬁﬂeu@@@lsfpmwellyrﬂssiw@!eucg@ﬁ@eyﬁﬁca%@av %ﬁl@d‘ﬁf‘éﬂpf eidnatadnat are

i nt tvmdsw@,@ toWtir@s dIliatifPhié citlr hedhahibias ¥RBEMESwitl tRE idedsagtavd 62l vectors. The
choi ce of ‘Fe vector, preferably a viral vector, wilt depend on the cell

t yp&9nafRARNHRY cel I's are replicating, retroviral vectors are used as is nore
fully described below. Wen the cells are not replicating (i.e. they are

arr gbPdThadiifs & thelifVeniinC%hn dtilize robotic systems. In a preferred embodiment, the
devices of the invention comprise liquid handling components, including components for loading and
unloading fluids at each station or sets of stations. The liquid handling systems can include robotic
systems comprising any number of components. In addition, any or all of the steps outlined herein
may be automated; thus, for example, the systems may be completely or partially automated.

[119] As will be appreciated by those in the art, there are a wide variety of components which can
be used, including, but not limited to, one or more robotic arms; plate handlers for the positioning of
microplates; holders with cartridges and/or caps; automated lid or cap handlers to remove and replace
lids for wells on non-cross contamination plates; tip assemblies for sample distribution with disposable
tips; washable tip assemblies for sample distribution; 96 well loading blocks; cooled reagent racks;
microtitier plate pipette positions (optionally ceoled); stacking towers for plates and tips; and computer

systems,
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phases), other viral vectors may be used, including lentiviral and
adenoviral vectors. [1091 In general, the candidate agents are added to the

cell's &Rl $di%h dsti(at racellularly or int racel | ul arty, O(g@é&ﬁ@rl%?%e)tﬁpger

reaction con Ions that favor agent-target interacti

wi || Dbe physiological conditions. Incubations may be perforned at any
tenperature which facilitates optinmal activity, typically between 4 and
40C. 1301 c fivdly fobeticpe miasefidigrsysteras ingudsdaufopratadiiniidaparticie-i cellt and ordspsmnay al so be

opt i rrahauag |fkﬁ&d|f1@ﬁ|bl|1 trtrargﬁpm agbﬁndtbgaf&mram&s mtreﬁlﬁﬁgesdu.éaaonsTgﬂsca' l'y between

0. ficlent. Excess reagent ener removed or
was H%QHJ%W'C' famq cs!' 6‘%14?fE?%P"bPa'BQLFﬂé'P“r%Qbéﬁt‘%"fﬁW Hepersica 'in the
as s aditgting Mesbing, accuratd solumeaige hirsfers; ketriesiag,ladd discarding of pigat Wanﬁ&epeﬂﬁ\g al bum n,

det ﬂ%ﬂfﬂgﬁgfﬁﬁﬁal‘oghrﬁgs mulgﬁe B’&?&leg ﬂoﬂc'l%%inbfetsgﬁ'nﬁlagg am ML) ei n-protein

bi n uce non- nteractirons. Al so reagents
t hatm%‘tﬁﬁ‘@t'%ss"@ ?fﬁiﬁ‘@o@m"tah@’féqef"ﬁ'éﬂ daiglegell tﬂﬂé ogggniaNy tragsfens. | pr ot ease

| Ehl .tmtmw peﬂdurmb eamalaa Fﬁdﬁd:dha{ & mitodlhte BArffIEED aherﬁmb;aneetawor drrayf be used.
The oD ts. ma n_any,.or.der that row es for

det e¢ pﬁt‘“&a@ﬁh "s' rar"'lsfﬁm %‘E}p'?ﬁé"eréaiﬂ’fuém\'ﬂ F'YGW%?BF\%‘VQEQF be appr eci at ed
by those in the art at different tinmes, and nmay include the use of

fil tmql %‘aP%n%ﬂBFn'bleMGﬂtthHrcal[yjdH\ﬂatlﬁ% péticles, ;isfa:@p&t rfighdal fifedy those in the
art, be screened in a vari et% S a variety of bases,

I n d%‘ﬁ@?%l particies, of gihpresolid Rhase malsin wih $ReEiciy theasw@?mtgnﬁ@g ared5pd-e| at ed with
t he Thﬁmmuhgtmrmoenﬂ nticreplites, gdbs ong eclid phasBymatides ecde phrepudr gpeiceqr " changed

phyq.I :\{N ?Lﬂ{aﬁ&t pt%Fhr eﬂeﬁ%@oh&glw ﬁr‘&-‘ﬁbﬁé%@ﬂ“&% b.ﬁ&ﬁ§ ]antl E@ﬂrﬁlﬁ g’g rrg} dt he

pheno e ce et ect abl e
and/ an‘ﬁﬁ@ﬁ fusion @raf@ine or papties. surfrse-fixRerneteing %’Gh Pﬁfﬁtcﬂ'@b'a?ftt P"%"B‘B P@fhgt h of the

Pr esRBkotidd Yeins oPEoatifgst AR el SHfiMB Maiar@hsefif Inlthis RERioANd potential phenotypic
changes which nay be tested using the present nethods. Accordingly, any

phenot ypi ¢ change whi ch maybe observed, detected, or measured may be the
basi[$22pf In hereiﬂr.neéembqt'ynnmtMsnﬁerrmlﬁlhwelamtealutuﬁl-tplbﬁnm!t;qms' cartrglbesnges i ncl ude,
but ﬁlﬁb@@heép’ ﬂ%lltp?éiest Rncl[lcgt'i ﬁegll‘)‘ﬁ)‘vﬁ?lsqﬁm ﬁﬁla&gcﬁ\eésch‘tﬁga&ﬂ@ﬁbd@ cell

nmor pho , a substrates or other
cel It@adsa Q!%ﬁrlsetldég‘a%’ﬁgtf'?%? or platigigadth "?F°Pﬁé°'“'%9¢“pﬂ’%§%‘i°61ﬁ“°8?te‘i’)%a’br nor e RNAs,
pr otuphragdabld mpdulki plalfermforemitiony Eaplititye Fhis Aod@ad piatfori® Inelogdsaniaristhasyges i n the

equ'olrﬂltg s'hg@rsr}n tnﬁlftéﬂos@on Q%&(ﬁe(l.kgo?%e s%n'l%leg,han [e% an%ﬁnt%{hﬂ%ﬁ | 8y i pi ds,

horm)nes cyto ) cul'es 0CAT7Hti on of one
or reiates, ﬁwafﬂrr%@hhsﬁseﬂwlm IdB‘%lteWB?-ﬁD%@SaG"V%W I@ltﬂﬁ'eﬁ, or other nol ecul es;
changes in the bi oactivity or specific activity of one or nore RNAs,

proteins I nes, receptors, or other Iecules
char[?e’:l |%3P%@"§58P‘BP‘% &Pemé?@}(er arwtm%wpnﬁg@aturﬁgym%gre ”@?dofrﬁrfh factors, or
ot hestabhigihgthe tersieraalre of the hem sxchangess| duch as conteotied hloeksp platiermaltsprovigeol ar i zat i on,
I nt ol | at ency,
adh:agéd(;%t)é “’Q’E{’SEM{’]E@W" of {5 EBAT g BSR K s obe SHERSPI AR i T 1)

Vi rwé@gohthestamta#fmaponﬁetﬁmgens etc. By "capable of altering the phenotype"
herein is nmeant that

[124] In a preferred embodiment, interchangeable pipet heads (single or multi-channel ) with single
or multiple magnetic probes, affinity probes, or pipetters robotically manipulate the liquid, particles,
cells, and organisms. Multi-well or multi-tube magnetic separators or platforms manipulate liquid,

partictes, cells, and organisms in single or multiple sample formats.

[125] These instruments can fitin a sterile laminar flow or fume hood, or are enclosed, self-
contained systems, for cell culture growth and transformation in multi-well plates or tubes and for
hazardous operations. The living cells will be grown under controlled growth conditions, with controls
for temperature, humidity, and gas for time series of the live cell assays. Automated transformation of
cells and automated colony pickers will facilitate rapid screening of desired cells.
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t he bi oactive agent can change the phenotype of the cell In sone detectable
and/ or neasurable way. [112] The altered phenotype nmay be detected in a

wi de variety of ways, and will generally depend and correspond to the
phenot IS bei ng changed. CGenerally, the chan S
detecte Sg?ﬁg?t%or exanpl e: m croscopic anal ysis ofqggW&Bﬁgﬁ%ﬁﬁﬁogy;
standard cell viability assays, including both Increased cell death and

i ncreased cell viability, for exanple, cells that are now resistant to cel
deat[M28); &law eripaetry acapiiiang elegropheresieforreats ean beysedhier ingividwal icapdure 8t andar d

| abehagh@icame ayier besdl; PartiSied, kalR! MaRtdahems.ndi cat or assays for the presence or

| evel of a particular cell or nolecule, including FACS or other dye

st ai ni ng techni ques; biochem cal detection of the expression of target
cony®®fhdsTha fiexible hardware gna seéiwerelallay insteugoniasieptebidty foo pwitipleapplicktions.

el ectng Q&H@Feﬁ;&b&ém%d&r&é hiloRerSHREN, FoUMEaREh, aRY rinRiRG Bf héthddie TRE SysteRCr €€NI NG i S
ne of thelncor‘r?Eloratl f | abel”_in the

fre entLg Qn t he basis n of a | abe

scrgﬂﬁqp?fﬁ EV@L{'@ﬁ o% [Rstrument abigmaitCorREl SAMNFEYANS: aé'aHPt%Gﬁffﬁ'l‘?@ﬁ't TR the assay

sy stegsipiniged talig|labsvareBpnd liguidbpdriiote, cdlleane brganism ireaafier patterhs alloeldifecntci ds,

pr ot.ehiRst: | Le | ' . ment, i sotope
or caﬁgﬁgtéoggf&c%%%gﬁrﬂ%haﬁé;% teg%?q[ %Bgﬁ%%g&%@%ﬁ%ﬁ%{sﬁ%ﬁé%s Qtﬁoltj'g ?‘Jtladlac aci ds,

pr otc@Mpider injprfpcemalioy Gamaynigatiop RetwpenBHUMSAIS. | n general , labels fall into
three classes: a) isotopic |abels, which nay be radioactive or heavy

. ; : | oh b ' bodi . _ q
B L e R I A
phospmmLicateswit aHm)ory afstenshs of inpufoutpal geniqes ¢e.pekayboarditranupe.aeaniterl so be used.

SUol Dee ) TGRS bLE PARCEEh Al DhOu! e map SRAMr cFvpcp i b oFy 157! 1
u irj ] i ng, U | easu

oo SiFTEPOSSAng FE RSt DBy aR0 T ooy BN ieB R CRORLPE SRRy ot ¢ h

phy sinib laoggnucsy, inputfaekpet devicestad b dus istknbwn inthessi. Blhes,taovariely ef diffeeént t he act ual

E)gi. g:??cgéuréﬂﬁﬁfeﬁ(ﬁﬁd. a‘ﬁhja Qx&ehﬁe%ﬁ%i@.%@ stdhed EHWCIQ@QBW% AgWHﬂJe par amet er

en rate constant, | 'S constant, equilibriumconstant or
conﬁé?rpf'?‘ﬁ?‘iby taengiin e ertuMathematics ard Meath@ad rregsamps endgompatiiorpgaMaca n t his way
di f freruedtces in the nechani smof action of conpounds with substantially the
sonme observable enpirical activity can be discerned. 1114] In a preferred
enbodi ment, once a cell wth an altered phenotype is detected, the cell is
i sol[#29%d Thesgrrehotie flyid bendling systems cén Witizerroy niraber ohilifferentdegsieetndngys®s. Thi s may

be dmgs, irhgaRtY, saMBBE walfes, 4P confbdndrts, kigOWn in the art, and will in some
I nstances &epend on the assay or screen. Suitable isolation techniques

I nclude, but are not limted to, FAGS, lysis selection using conplenent,
cel I{130¢| avhila the abownircogsidnyhab Fogosed wa dislopicaappliestiting resaiutlined eweiviothet " pr ot ei n,

| NG SRS S Mo dndIndfifnatied yo{agggeggra%.eippr HlanplelondBhE&dihéh. Nat can be

ren _ uorescent or gga sical T1solation; expression of an
enz yhfeunitivpgralions Agdeia relaed. ey batcanBe ewdeled ipgudethis srasendhalitays one;
OV eNgliavhd) timé.arial Presendrs: 16BSEALEEF cORstrlBlion thepreyengs ovdbdenddent h of cel s and
'S Ole%%el‘ta(\)lrralmggt e\PeN'lAs‘, s%tr:h 8;[ st]p%Fiing %Lelmtsvcltr E:gr%cleﬁéf etc! Lr}r(l:“ &p%Fa%Ens%gﬁncll?ute?trafﬁtlzo973_ 133
signals, intersections crosswalks or ramps, tunnels, bridges, highways, streets, parking structures,
etc. The objects upon which the unit operations act may include, pedestrians, automobiles, trucks,
trains, bicycles, elc.

[131] In another embodiment, the models are weather related, including models for seasons,
temperature wind speed, precipitation, global warming or climate change, etc. Unit operations may
include, thermal convection in air and water, solar radiation and absorption, evaporation,
condensation, forced convection (the effects of wind and water), paint sources of heating or cooling
{icebergs, glaciers, volcanos, human activities).

[132] In another embodiment, the models are financial, economic, or market analysis related,
including, models for stock pricing, capital movement, inflation, the pricing or placement of goods and
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WO 2004/ 031913 PCT/ US2003/ 031214 [115) In a preferred enbodi nent, the

bi oacti ve agent is isolated fromthe positive cell. Thi s may be done in a
nunber ywof 00p¥sge3S | S known in the art. Once rescued, g ?Hse uence of the
bi oactive agen? and/ or bioactive nucleic acid is det&:r Yy

information can then be used in a nunber of ways. 1In a preferred

enbodi ment, the bioactive agent is resynthesized and reintroduced into the

t ar gefvicen|apvertising offgativeregs. eife  he Witoperaiiang M jnclvde.dgnks. gevemmerhown i n t he
art. mtﬁnbﬂaﬁaanhmsﬁuw.a&ehfa«aakaamwp&amns thnSpoRBIRC édn¥PuCHEE WholksaldsRd to pul |
out rE% %Ed:”@w S For exanple, as outlined herein, if the target

mol ecul s ar ﬂg’ $'ns, t'he use of epi tope tags or pUI’IfI cation sequences
can allow the purl fication of primary target nol ecul es via biochem cal neans

(co- 13311%9%"6@}1@&*%&@&@&;rhél'b?dﬂy Eé%'cht({fﬂﬁe mgﬁr‘fér qusﬁlgtt A ¥ %l:&bedt he

peptl when ex pressed in bacteria an %furl can be used_as a probe
agal"PlV§Pt'°§ gl @ fojget edel ades eantamnliated for 9?'&'&?@9 Pyt yATIRHRRPPESHS Of PRe t ar get
cel linveyiue. It Sundgosipdd th shesa Bxdntplasdrenh iy sehaitd limit the eué Sedpe yiamis invertiomammal i an

two f ot Fﬁﬁ‘gf’"’g%m fg”m%%@gguwg gh i nteraction cloning approaches have been

very use 0 |so ate Ing proteins and other interacting protein
conponents. The peptide(s) can be conbined with other pharnmacol ogic

act i [mq I3l résferedes Hivciddity tedbe $i6tad below & vadllia@ RAdY HefeiPareSnc@ipdtatddibgnsduct i on
pat stl on. [117] The screening nethods of the present invention

rvﬁ%n%e'f‘ qec'] ™¥reen a | ar ge nunber of <cell types under a wi de variety
of condl tions. Cenerally, the host cells are cells that are involved in

di sease st at eﬁzaulﬁ\BdL LRy oBgén éq‘t‘rﬁlBu‘ﬁfi‘n &rhen"'uﬁél&ﬁ‘fﬂgrﬂi &%@l-@éturﬁﬂﬁ'tgip}?étéh'aﬁ t hat
nornall i n undesjr bIe COﬂSﬁ uences on the When a suitable

b1 0SS BEGEN995) Aebilfcle HTHE CORBLSMIB SR rEBeo T age Bsiidliced or
el i rinterptetation, "Prbe NatktAcae| Sej. (LSRN 188-1de61985)bl e consequences may be reduced or

el i m nat ed W?}Jt{ﬁ]aﬁgeéﬁ% F 9"‘@[&@ Sh RS &oP%&ﬂ%oQ&h%dﬁ.@éc.Wi SMS

associ at ed W t I sease S € or Sl The assays
of tRETBHWIBEYI on can utilize robotic systens. In a preferred enbodi ment, the

deVI ces of thqsahgwmt"rrmré‘ﬁmﬁd@r Jisloﬂiﬂktﬂinhaiﬂ&idnﬂg , 88DREMHIMMSE)i ncl udi ng
nent'_s [_I‘loa I, and Iat e tatll 0 r sets of

C o arBRe. oSy ToRAr TR ag e teshenfiaBtpe AN iRl LI e

c onpeengficatipnaafipwensreptives domaartjpbhyerosgated, hBiachimt. U o#9:488481d1 9 b ISaoder.che st eps

outI e may be
o EFETRLC “aar"ﬁ‘ﬁ%ﬁﬁ*féﬁé&@m““ﬁgmiﬁé v i ﬁ‘ﬁ“‘@t%g‘a?@zﬁ?*ﬁ”ﬁy those In

the P&P‘tdes %P@deva@e%aﬁ"?‘éw Of d’:‘ﬂrﬁ%@ﬁ?%} $#n9eh Feand E-BE- used,

I nclTuhdnpgbn, *bubanmbalcwmeﬁmhcé B, theOgheyl@haifof issuligbBibéhrra U Nes;: 353 mq195and| ers for

t he SPOSI t %Qr}gp?omaﬁ)sgh gﬁletﬂnia?s‘Therb%l v%&g)\é"aF lns&ﬁr'brocﬁ%?dg @@08%1 aps,
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systens. 1120973-1 34 WD 20041031913 PCTI US2003/ 031214 1120] Fully robotic
or mcrofluidic systems include automated liquid-, particle-, cell- and

or gans g including high throughput pi pettl n erformall steps
of scrg?gnil%ggﬂyé%%l ications. This includes Ilquid, S’HLTZW 003031314 and

organi sm mani pul ati ons such as aspiration, di spen5| ng, mxing. diluting,
washi ng, accurate volunetric transfers; retri evi ng, and di scardi ng of pipet
tips; and repetitive pipetting of identical volumes for nmultiple deliveries

froma siangl e varnpk&, BIPétafl"GoRb exphesien proMing BrébRd diRiBS oBieSme of breast
cr O%ﬁn&P%QWe”ﬁ@s@.H 5%(5 %ﬁgi)l quid, particle, cell, and organismtransfers.

Thi s 1 ristrunent automated replication of mcroplate sanples to
filters, nenbranes andl or daughter plates, high-density transfers,

ful | -pl ate, serFieah, @IMM&dbeiaﬁucsaF@lmtal p3p M'cﬁ%ieﬁ#@cﬁdﬁﬂe Ltk N 2

preferred enb erl vati ze at es, cartridges,
t ubes, mgne%ﬂ%&hﬁ"&? Smm”@r Oﬁ@%paggﬂa (ﬂ‘"ﬁﬂgs@ Okt rix with specificity to

the assay conponents are used. The binding surfaces of microplates, tubes
or any sqkid tha§ s ' ol ar
surfacesqll di 3 lrj‘gf?rﬁ:’%l(": r{"ﬁ%ﬁ: ]33% &P g‘%ﬁ 65‘2%516%32?‘ QB?'E%S%RE%O nti body
coating, affinity rredl ato b| nd fusion proteins or peptides, surface-fixed
prot ei Ns 13Uch Dagw, U P HisNEry R éteHcal prspbetie,” SElbHek Sty i1860-1 &I (Peopr coati ngs,
and ot her, 0+ c?ﬂ ﬁr@tcrlxoare useful in this invention. [122] In a preferred
enbodi rYEI’FIQI pl at PP L1'?{:,||"ft|-vvell pl ates, multi-tubes, hol ders,
cartridges, mnitubes, deep-well plates, m crofuge tubes cryovi aI S, square

wel | platgs, fE'rHsi ﬁ{dsﬂouﬁ@}eﬁ& @Q;HinCJefﬁ' @%%asdurpéé’ﬁél’ Pa@tﬂgrsoép &h ﬁ%h'afj phase
s are on an upgradabl e

mat r.i

rmdmeaﬁﬁﬁea?'g'ﬁ? h??%"'ﬁ??aqan%??&? ?ch?adéé?d?%)rﬂieé" H-DJI"IJ‘I‘Q&‘?'S%’%W ffor m i ncl udes a
var histvrieal pgremaitivefrSsiehed, 28htd6e19642000)ul ti - posi ti on work decks for source
sanpl es, sanple and reagent dilution, assay plates, sanple and reagent
reservoirs, pipette tips, and an active wash station. [123] In a preferred
enbodi et { hedersig di Arang AT Mo IR Puedt Kmies i asnealegiaal brsedry pbr

st akioldsZ Th@Stidraist esperaiure of the heat exchangers such as controlled bl ocks
or platforns to provide accurate tenperature control of incubating sanples
from48C to 100BC; this is in addition to or in place of the station

t her rocon®.r ol Pedesson| U.20¢ J| Sedhgmesf Eeotrephorssiso th: 5a3(1987).nt er changeabl e pi pet
heads (single or multi-channel with single or mltiple magnetic probes,
af fini ty robes, or p| petters robotl cal I mani pul ate the liquid, particles,

;FQP%&'W M%‘f‘ﬂ%’@l’%ﬁﬂ ﬂgpﬁ &g e%ghéhqq?ggﬁg&v ﬁf%o;flégﬁz%f (rjlrzl (r)uEJI e or

multiple sanple formats. [125] These instrunents can fit in a sterile
| ami nar fiT.ow éebdrsnie Rhboeét al.oRapkdguaniitativssad|ysis of proteins nt provwiedurstigtiens, f or
cel kok iﬁu&ﬁregr"%&!@%atm&r@fzﬁéd“fat' on in multi-well plates or tubes and for
hazardous operations. The living 'cells will be grown under controlled growh
conditions, with controls
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ladder sequencing {IMLS™): A method for sequencing intact proteins by in-source fragmentation
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21. Murray, J. D., An Introduction to Mathematical Biology, 3rd ed. (Springer-Verlag,
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for tenperature, humdity, and gas for tine series of the live cell assays.
Aut omated transformation of cells and automated col ony pickers wll

facili 3‘9‘%‘5" %@B% screening of desired cells. 1120973-1 35 WD 20041031913
PCT/ US200%)" 4 [126] Flow cytonetry or capillary RFEE¥8YRIEsi s formats
can be used for individual capture of magnetic and other beads, particles,
cells, and organisns. [127] The flexible hardware and software aI | ow

i nst4d@Rkent adaptability for nultiple applications. The software program
nodul es all ow creation, nodification, and running of nmethods. The system

di agnosti,g nodul es al | ow i nsté ument al j gnrrent correct connections, and

mot or opefat | dREMaKqNal Sqciely; e froruitafiongl Bidlopy(wiigcb.os@ld | i qui d, particle, cell

and organi smtransfer patterns all ow di fferent applications to be

per forne Th (Fr1oF! et [ " tic and
conput erdzlsnt e?:f'rgges aﬁ?"cs)gvbé%% ﬁ%@?&o@ggg ween 'itﬁés eq %{@‘D ﬁ%g@] In a
preferred enbodi nent, the robotic apparatus includes a central processing
unit whi cda. ccsmumAQa.tJeehéM Bb. @Trﬁﬁ%ﬂbasmdselgs@)t of input/output devices
(e.g., keyboard, nouse, nmonitor, printer, etc.) through a bus. Again, as
outlined below, this may be in addition to or in pl ace of the CPU for the
mul ti pl exdSng diapric\ésC.af hebheAcadBeh Patim 135TPE—Y O (69QR); Hentidr. 4t90B)dmisbet ween a
Centénieraltl 96 AR Bes MB&t&sesRHQF%%MPané nBgyy/ out put devices, and a bus is known
inthe art. Thus, a variety of different procedures, depend| ng on the
experinments to be run, are stored in the CPU nenory. As will be appreciated
by those 26n tmicrmeus.L.Pdam Memted,IM: &., Blochdvin iZh) @a.d3ps369(18n3). and conpati bl e
programs can be used, [129] These robotic fluid handling systens can
utilize any nunber of different reagents, including buffers, reagents,

sanpl es, Alashd@ulingska\f heeﬁpehmleﬂurevfdﬁenmlsm@ anghitsi slruetiel inletpvatation&cussi on has
focwﬁdweﬂnpbadzlse'(usanl) zagmbngﬁ{tm@g)s as outlined herein, other systens can
be eval uated and mat hemati cal nodel s generated. For exarrpl e, in one

enbodi ment, the unit operations are traffic related. The effects that can
be nodel €8- i ndflandeéthi"Ehesgrevsb of teoteiial ayigiresy dnh RévoMisrobiol. NE3WF(18@Y, presence or
absence of construction, the presence or absence of entertainnment events
such as ortin events or concerts, [ operatlons may i ncl ude:
traffic |gné*4| od.Jntmanct- RS WS%S’V\HP'k%“"orm'tBﬁl(ﬁ?é ‘tunnel s, bridges,

hi ghways, streets parking structures, etc. The objects upon which the unit

operati ong ather%f' QCJnH‘?fe S’ﬂ%?.ﬁ rF'r%nﬁatl ?Hécf%?bhvs%i’utzr?b'& Sy, Lrains,

bi cycl es, "etc anot are Q’t her rel ated,

i ncISﬁ%ﬂ‘fﬁ@‘ FoBcang BrC@b‘sﬁWFsNa“ t“é?ﬁa@ﬁ'atﬂ% fiZhen ¢ pEadStaggmen FpiRtaadi on, gl obal

war A, BOCKIck ClurtTié cell aega., 1853 ¢19ké)i t operations may include, ther mal
convection in air and water, solar radiation and absorption, evaporation,

condensation, forced convect i on (the effects of wind and vvater), poi nt
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(i cebergs, glaciers, volcanos, human activities). [132] In another

enbodi nent. the nodels are financial, economc, or market analysis related,
i ncl ud for stock pricing, capital nmovenent, inflati on t he

prici nytg?%g@g?iefmnt of goods and 1120973-1 36 WO 2 oRfZH P8 931

PCT/ TJS2003/ 031214 services, advertising effectiveness, etc. The uni t
operations may include, banks governnent nonetary and fiscal policies,
manuf act Ui ng’ HAYER & anskE. Wennen Splvng Grdinary, Diiesential Eayatians II: \itikes al e and

r et abilfersiRPAlGdBaidPRbIes (SrRgerlvbaa, Bdiie 16€1)) owi ng exanpl es serve to nore
fully describe the manner o? usi ng the above described invention, as well

as to set forth the best nobdes contenplated for carrying out various aspects
of the i¥ventSapdy, A gtals’ Bsndmammrmcmiffonstsowremammnére&hén‘mno way serve to

LI i drodidiRs it irkiShciB 60 B » Al@b hb rf?rﬂant s'il‘disﬂ:ﬁ’aﬁg’@g?f E?rﬁc% g %FLied for
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dB
_Eta = kau - kass (5)

On substitution into equation 1 we get:

dAB[t

S - kot k,a8i1) ®
Taking the Laplace transform we get:

s AB[s] = k;AA[s] - k,AB[s] ()

which, solving for AA[s] and letting Keq = ke/ky, yields

G
AB[s] = L—J AA[s) (8)
Ts+1
where, the gain in the system is defined by: G= Ke{I {9
and the first order time constant is defined by: T= Keqlc;l {(10)

Taking the inverse Laplace transform, we get the solution of the difference equation in the
time domain as,
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Alt]= A, + AA[t] (2.2)
B{t]=B, + AB[t] (2.3)
Clt]l=C,, + adt] (2.4)
1

and, 99[!;-] = igﬁi + % (2.5)

dt dt dt

but, c
Elau k AssBss k‘bc 84 (2.5)
Therefore, on substitution into equation 2.1, we get:

9ACH _ (B, AA[t]+ A AB[t]- k,AC[t])+ k, AA[t]AB]] 26)

dt

but to a first approximation, where AA[t] and AB[t] are both small, the second order term (BA[TAB[)
can

be neglected, yielding the linear approximation:

00y (B, AA[1]+ A AB[t])- k,ACIH] @)

dt
Taking the Laplace transform and solving for AC[s], and letting Kgq = kgkp, we get:

actl=| S ol | o s 28)
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1120973-1 43 WD 20041031913 PCT/t1S20031031214 EXAMPLES Exanple 1

Uni nol ecul ar Chem cal Equilibria kf A B kb The rate of change in the
conponent A concentration is given by: dBt = krA[t]-kbB[t] (1) dt The
conce f f each conponent can be represented i I f._a deviation
(DA[t]ng?gbﬁPﬁlﬁt]) froma control or steady-state cﬁ’ﬁaﬁfsﬁ%%ﬁm?%t and Bas).
Alt]= A + 6A[t] (2) B[t]=B"+4B[t] (3) and: dB[ t] _ dB" dABt dt dt + dt
(4) but, dB-a krA" -kbB. (5) dt On substitution into equation 1 we get:
dAB[t] = krAA[t]- kbAB[t] (6) dt Taking the Laplace transformwe get: s
AB[ #feme, kraAl s] - kbAB[s] (7) wHieK Bolving for AA[s] and lett{2®) Keq =
kVkb yields AB[s] _ "ts+1JAA[s] (8) where, the gain in the systemis
defined by: G=K eq (9) and the G{ﬁﬂgqg’gder tinme constant is defdy®gd by:
Kgkf' (10) Taking the inverse Laplace transform we get the solution of the

difference equation in the tinme_dogajs as, 1120973-1 44 WD 200 1913
PCT/ U52003/ 031214 =Rk @3

Taking the inverse Laplace transform yields the solution in the time domain:

AC[t]=(G,0A[t]+ G,AB[t)e : (2.12)

Example 3: Enzyme-Mediated Equilibrium

A+E —g—S ES —/— E + B
k2 ks
The rate of praduction of the product B is related to the concentrations of the other
components
by: '
dB
E_ esfe] - LB @)
where the standard pseudosteady-state approximation for the formation of the enzyme complex is
applied:
dESJt]
o =0= kA[tJE[t]+k,Bt]E[t] - (k, + k, JES[t] (3.2)
k AltE[t]+ k, B[t]E[t
(k, +k;)
But, from the material balance for the enzyme:
E[t]= E,[t]- ES[t] (3.4)
On substitution into equation 3.1,
dB[t] _ (klkSA[t]_ klkdB[t])ET [t] (35)

dt  k,+k, +kAft]+k,B[t]

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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AA[t] Exanple 2: Binolecular Chemcal Equilibria kf A+ B -nor C kb The
rate of conversion of substrate concentrati ons (A and B) to product

concen is given by: dCt krA[t]B[t]- k . dt However,
t he va%vlr(gitol o%l?fr?the concentrations of each species %ﬁ@gé@%kléd to a
control or steady- state (ss) concentrations by: 1 Alt]= Ass + AA[t] (2.2)
B[t]= Bs, + AB[t] (2.3) c[t]=Cg, + AC[t] (2.4) and, dt ddt +dt t (2.5)
dt d but, d't = kfA" B" - "bCss (2.5) dt Therefore, on substitution into
equation 2.1, we get: LACt = Bft]|8BAAf ABl] A" AB[t D- kbAC[t] +kf AA[ t3PB[ t ]
(2.6) dt but to a first approximtion, where AA[t] and 86[t] are both

smal |, the second order term (@?{é&]}g B{Lmt] can be neglected, yielglng the
;' near approximation: dAt = kr AN t]+ A AB[tD kbc[t] (2 7) dt Taki ng
t he Lapl ace transform and sol %. @g& and letting Keq = kf/kb, we
getandhC[s]=L'i tAls + 1 JaB[ 73 1 45 WO 2004103191®.9)

PCT/ US20031031214 where, = K qA" (2.10)

but,
dB, (k k;A, ~kk B”)ET[ssj
dt k+k3+kAss+kB”

On substitution and solving for AB'[t] and neglecting the second order deviation terms, we get
the difference equation:

dﬁB[t] - (klkaA'A[t]_ k2k4AB[tDEg + (klkJAﬁ_ - kzksts !ﬁE[t]
dt k,+k;+k, A, +k,B, k, +k, +kA +k,B

{3.10}

(3.11)

Taking the Laplace transform and solving for AB[s], we get:

AB[s] = ( S JA [s]+[ S JAE[S] (3.12)
s+1 s+1
kk
where, G, = Ej(t (3.13)
k.A_ -k,k,B

G1 =l{_l—3—-ﬂ__z—.ﬂ_ﬂ. (3.14)

k.k,E_

+k, +kA_ +k,B

and T= (k2 s 4 Q (3.15)

k2k4Ess

Taking the inverse Laplace transform we get the solution to the difference equation in the time
domain:

ABft]= (G,AA[t]+ G,AE[t])e (3.16)
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T = Ktgkf (2.11) Taking the inverse Laplace transformyields the solution
in the tinme domain: ACt] = (G AA[t] +&QAB[t1le' (2.12) Exanple 3:

Enzyne; ' Equilibriumkt k3 A+E ES E+B k2 k4 The rate of production
of t@@ﬁ@dﬁo@fﬂé is related to the concentrations of PERYSANBEH21¢ orponent s
by: dBt =k3ES[t]-k4E[t]B[t] (3.1) dt where the standard pseudosteady-state
approximation for the formation of the enzyne conplex is applied: dESt =0
= k,A[t]E[t]+k4B[t] E[t]-(k2 +k3)ES[t] (3.2) dt and ES[t]= k,Alt k') [t1Et]
(3.3) + But, fromthe material balance for the enzyne: E[t]= ET[t]-ES[t]

( 3. Byampp 45 MighaelisiMeoton kimeticeequat i on 3.1, dB[t] -(k, k3A[t]-k2k4B[tDET[t] dt
k2+k, +kA[ t] +k4B[t] (3.b) However, the variation in the concentrations of
each species can be relatedto a control d¢ steady state (ss]
concentrations Ry: Aﬁ] =A"+ (3 % 1120973-1 éG WO _2004/ 031913
PCT1US2003/ 031224 + B ];EF#B, [ES (37—t ]E sb+kE[t] (3.8) and, d2t
_+ dABt dt dt dt (3.9) but,

The derivation of the classic Michaelis-Menton equation can be found in any biochemistry text
book and yields the rate of praduct {P) production as:

dP[t] _ KE.[t}t]
dt K, +S[t]

(a.1)

Defining the deviation of each concentration from a control or steady-state value as:

S[t]= S, + AS[t] (4.2)
E[t]=E, + AE[t] (4.3)
P[t]=P, + AP[t] (4.4)
and. dP[t] _ dP,  dAPJt] (4.5)
dt dt dt
dP kE_S
—s s S 4.6
but d K, +S, (48

On substitution, therefore, we can solve for the difference equation:

daP[t] _ K(E, +AE[NS, +ASt) KBS,

(4.7)
dt K_ +S, + AS[t] K, +8S,
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 A§t]+ AE[t, + AE[t]A§]t] @8)
dt K, +S,
Finally, we can neglect the second order deviation (AE[t]AS[t]) and get:
dAP[t] o kE_A§[t]+ AE[t]S, (4.9)

dt K, +S,

Taking the Laplace transform and solving for P[s], we get:
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dB. _ (k, k3A" -kzk,B")ET[ss] dt k2 + k3 + k, A" +k4B" (3.10} On substitution
and solving for aB'[t] and negl ecting the second order deviation terns, we
get t i nce equation: dAB t (k, k3AA[t]-k2k4Al ot (k, k3A. . -
kzk4B. ?‘?)A%]??ﬁgtﬁ k +kI +kt A +k9B k2 +k +k A +k B (3. %T%ZSOW B uau

Taki ng the Lapl ace transform and solving for d6[s], we get:| AB[s]=AA[s]+ _
2 AE[s] (3.12) + 1) ( s +1 V\/ne'rGe, G-- k'k, (3.13) 1 k2k4 G kJk3A k2k4B"
(3.14) 3 = k2k4Ea (k2 +k3 g1 AYG+ B (3.15) k2k4E.. Taking the

i nverse Lapl ace transform v% g ot gl‘}érsj3%lt$ﬁﬁ]to the difference ‘éd%ti on in
the time domain: AB[t]= (GLAA[t]+ QRAE[t])e fT (3.18) 1120973.1 47 WO
2004%%;31913 PCT/ US2003( 031214 anplk& 4: M chaelis-Menton kinetics Kmk S
+ EBS®oN E + P The derivation“f he €T assic M chaelis-Menton @dilation can
be found in any biochem stry text Gok*and yields the rate of product (P)
production as: dPt kEt t dt KmtS[t] .1) Defining the deviation of each
conagedtration froma control orGst ate value as: S[t] = S.a%2AS[t]
(4.2) FE[t] = E. + AE[t] (4.3) P tKks 8, +AP[t] (4.4) and, gt = dPu + dAP

t (4.5) 'I%kingthe%arse Laplace transform yields the solution to the difference equation in the time

domain as;
AP[t]= G,AS[t]+ G, AE[t] (4.13)

Example 5: Biomolecular Enzyma Reaction

Keq,
Keqy

82+E _"-_-‘-—'—&ESQ

kf,
\ K

ESSy —» E + Py + P,
S, + ESy “ w,

The rate of product production {either P4 or Pp) is given by:

Sy + ES,

%[t'] =KkES S, [t] (5.1)

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[tl) can be obtained from the material balance:
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but, dPSI _ kE'Sas (4.6) dt _ KmtSss On substitution, therefore, we can
solve for the difference equation: dAP t - Kk(E,, +AE[t]XSes +AS[tbf kESss
(a.7) “%2 ‘”03+19§' + AS[t] Km+ S" If we neglect small_deviations fromthe
control substrate concentration (Sss) in the denoni nEtWPS20YPAtHon 4.7 can
be linearized with the approximte relationship: dAPt

.KE"AS[t| +AEft] S"+AE[t]aSft] (4.8) dt K +Sss Finally, we can neglect the
second order deviation (aE(t]aS[t]) and get: daP t - KkE,,sSEtl+ AE[t]s"
(4.9) dt Km+ S" Taki ng.fthe FfidpEScle] + ESj{sl+oEgB4nH sol ving for P[(s# we get:
1120973-1 48 WD 20041031913 PCT/ 1JS2003/ 031214 tP[s]=s AS[s]+ G 1 s tESs]
(4. 18 applyieg e ustial psebddShadicitate aPtodimationFforki® complek forbalah. (E2)S,[tKMes Taki ng

t he 4ngverse Lapl ace transformyields the solution to the difference equation

in the tine domain as: AP[t] = G AS[E][t}F & AE[t] (4.13) Exanple 5:
Bi onol ecul ar Eﬁzgélﬂq?eam O REU; q ) + E (55) ES2
1+XKeq,S [t]+ Keq,S,[t]+ L2 a:

2kt kb + kb, L ('

and, on substitution:

e _ KE,[{5, [ 56
dt  K,(1+Keq,S,[t]+Keq,S,[t])+ S, [t]S,[t] '
where, K = ﬂ( al kb')+ (k A kbz) {5.7)

" Keq,kf; +Keqkf,

We can represent the variation in each variable as deviations from a control or steady-state
congcentration, as:

S,[t]= Si' + AS,[t] ' (5.8)

S,[t]=55 +AS,[t] (5.9)

E.[t]=E, +AE[t] (5.10)

Plt]=P, + AP{t] (5.11)

and, ’ dl:ltt = % + dA; ! (5.12)
KE, 'Sy

where, %“ = {5.13)

K. (1 +Keq,S} +Keq,S5)+87S;

Solving for the rate of change in the deviation of the product concentration (AP[t]), we get:

dAP[t] k(E,, + AE[tIS? + AS, [tNSS + AS,[1])

it K, {1 + Keq, (57 + AS, [t])+ Keq, (55 +AS, [t])}+ (5 + A8, [EIS3 +4S,[t]) 614

KB, S!'S}
Km(l +Keq,S7* + Keq,Si’)-f- 8'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
Pls] =9lAE[s]+%ASI[s]+—SlASZ[s] (5.15)
s
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Si + ES2 kbi k ES1 S2 s E + Pl + P2 >k~f2S2 + ESQ kb2 The rate of product
production (either P1 or P2) is given by: datt =kES, S2[t] (5.1) Assum ng
t he rat‘@oggw%y%rate binding is not limting then the formation of the

i nt er nedi at es | and ES2) can be described by equi PEBUSHSPHRE: i onshi ps:
ES [t]= Keq, E[t]S, [t] (5.2) ES2 [t]= Keg2E[t]S2[t] (5.3) and the total
enzynme concentration (ETIt]) can be obtained fromthe material bal ance:
1120973-1 49 WD 20041031913 PCT/ US20031031214 ET [t]= E[t]+ ES1[t]+ ES2 [t]
+ ESYS‘%e[t] (5.4) and applying the kiS4l pseudosteady-state app{rso%; mat i on
for ‘conpl ex formati om~( s A wdsS, S2 1t] = ET 19 ikf2 +
Keg2 kf~ (5.5) 1+Keq,S,[t]I§%§§g%‘%‘] 1850, 8 S, S, [t]S2[t] and, on
substitution: dP t _ KET[t]S, [t]S2[t] (5.6) dt

Kn(1+Keq, S, [t] +Keg2S2[t§) £ kb.)+ k+kb2) where, Km = (15). 7)
Keg2kf +Keq, kf2 W can répris mstfvaqdq%g;i)qrg:fs;f each variabl e &%
deviations froma control or steady-state oncentration, as: S, [t]= S

"+AS, [t] (5.5) SZ[t]=Sz +AS21t] (5. S“ET[t]: E,, +AE[t] (5.10) P[t]= P"
+AP[t] (5.11) dPt _dP GﬁBt‘a?d-,—di—;%n—L&_(_s_Lz_) dP KE SU SZ wheye, dt
Km( 1+Keq, S7' +Keg2S 2') +5, ' &, {l¢Keags, +K°st?)+sjssszs

Taking the inverse Laplace transform of equation 5.15 yields the solution to the difference equation in
the

time domain,

AP[t) = G, AE[ ]+ G,S,[t]+ G,S,[t] (5.19)

Example 6: Michaelis-Menton Enzyme with Allosteric Upregulation
Ei + L ==—™ E,

Km 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[t]LIt] (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:

dPft] _ kE,[t]S[t]
dt ~ Km+9t]

(6.2)

But, the active snzyme concentration {(E;[t]) can be related to the total enzyme concentration (Et])
from

the material balance:
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Solving for the rate of change in the deviation of the product concentration

(AP[t]), we get: dApt k atAE[t S'I +AS,[t] Sy+AS2[t] dt Km

+Keq1( +Ke92 TSHAS2[t])}H{S; " +as, [t] XS2 +AS 5. 14
%S??fﬁ%&%b) g,S,' + Keg2S )+ S ,S2 Taking thg(tL%V&ﬁ:’é“"’ll 1énsform

negl ectl ng the deV| at| ons fromthe control values in the denom nator of

equation 5.14, and negl ect the second order deviation terns, we get the

transfer function: P[s] = G +Qd AS, [s] + S AS2[s] (5. 15) 1120973-1 50

WD 2004/ 031913 PCT/ QS2003103128H4]= S{tBZE [thhere, G = K 1+Keq, S,' +k&32S2

)+S'S2 (5.16) G KES,S" (5.17) K- (1 +Keq, S7" +Keg2SZ) +S,' S2 G3 KEE, S, "

(5. Thprefdlercdmitiaiog &juatieg 3375 25and 82, thalkate gf drétrict prvdichieh dad bb agppeskbiitednsf or m of

equatsi on 5. 15 yi el ds the solution to the difference equation in the tine

domain, AP[t] G AEt]+ G2S,[t]+ G3s2 [t] (5.19) Exanple 6:

M chael i s- Ment on Enzyne W|le Allo [((dLiisfEgul ation Keq E + L Ea Kmk Ea

+S--w'aES- E +PIt —u%@ t |nd|ng of theregt(ﬁ'%)tory

ligand (L) is qwckrelatlvetotheFtl tlon atalyzed by the activated

enzyme, Sug 'ﬂhén?@é ineBérsvaRatle B HeSBirEsRARY ssidmausmr&m.'r bdHirbkETsRYML essi on: E.

[t] statq EL[t]L[t] (6.1) In addition, it is noted that Ea[t] in this

equi libriumexpression is actually the concentration of the active enzyne

plus the Q%EMAPRY enzyne- substrate conpl ex. From M chael i s- Menton, we know

t hat : '

E[t]=E, + AE[t] (6.5)
S[t]= S, + AS{t] (6.6)
L[t]=L,+AL[t] (6.7)
P[t]=P, +AP[t] (6.8)
and, dI;tt = %ﬁ +-d%|-—t] (6.9)
where, Py K Pl (6.10)

= (+K L Km+S,)

On substitution into equation 6.4, and solving for the rate of change of the product deviation
(AP'[t]) we get:

dAp[t] kK, (B, + AE[tJYL,, + AL[t]KS, + AS[t])

{1+ K@, + AL[t])}{Km+ 6. +aqt)}

KK ELS,
(1 + KWL”XKm+ S.)

(6.11)

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:

P[] kK {L,S,AE[t]+ESAL[t]+E.L uL AS[t]}
_ﬂ L_(1 +K,L XKrn +8,)

Taking the Laplace transform, we can find the transfer functions for each deviation variable:

(6.12)

Ap[s]=98LAE[s]+% AL[s]+—(':;3- AS[s] (6.13)
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dPt kE tSt dt KmtS[t] (6.2) But, the active enzyne concentration (Ea[t])
can be related to the total enzyne concentration (E[t]) from the materi al
bal ancg, 1 51 WD 20041031913 PCT/ US2003/ 031214 E[t ]+E; [t]
(6.3) C&Re%é‘%‘%?%‘,% conbi ni ng equations 6.1, 6.2. and 6%CT Jsé{’t’b? %f pr oduct
production can be represented as: dPt _ kK ,E[t]L[t]S[t] dt
(1+K,,L[t])KmtS[t]] (B6A) The changes in each variable can be represented as

devi ations fromtheir control or skBglyS, state concentrations: E% t‘b = E.
+AEM'P®(6.5) S[t]= Su + A ltTWW 3§ + AL[t] (6.7) P&14 P
+AP[t] (6.8) and, dP t db, e APE . 9)®/dt dt dt where, dt 1 + KE"L"

Ss+ S (6.10) OQL~ .) On substltutl _ingo equation 6.4, and solving for the
rate of change of the rodlﬂc [t]) we get: aePt léﬂ SS+AE[ t
Ls+AL[t S'+as[t] dt 1+K, (L '2+A(1[+ttoRls ([<Sﬁs-SA [t]}} (6.11) kKJI~

(1+K, LXKm+-SN) However, we can assune”t hat fhe deviations from steady state
in the denom nat or of the first tﬁtmﬁaie negligible, to a first

approxi mation. FurthernoreG,we e second order devigigyon
terms, such that equation 6. 11(r*e18uée +8a¢ approxi mation: AS[t] dAP t ,
k K~ {L" S"AE[t] +E" S~, AL[ t] +E99L.

Taking the inverse Laplace transform, we can then find the solution to the difference equation
in the time domain:

AP[t] = G,AE[t]+ G,AL[t]+ G,AS[t] (6.17)

Example 7: Michaelis-Menton Enzyme with Allosteric Repression

—— . .
E, + L ——" F;
Km k
— .
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,[{IL[] 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 Michaglis-Menton, we know that:

dP[t] _ KE,[t]S]t]

= (6.2)
dt  Km+t]
But, the active enzyme concentration (Eyft]) 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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(6.12) dt (1 + K,L" )(Km+ Sa) Taking the Laplace transform we can find
the transfer functions for each deviation variable: AP[s] = -rjL AE [s] +2
AL[ s] +§lo A0 H- 13) s s s 1120973-1 52 WD 20041031913 PCT/ US2003/ 031214
where, G KKCL, (6.14) (1+K. ,L" XKmS' _ KK'E, ~S" (6. 155 VUBPORPBIN " XkmrS")
G3 (1 +KLa)~Km+S) (6.16) ro Taking the inverse Laplace transform we can
then find the solution to the difference equation in the tinme donmain: AP[t]
= G ReErefore, agmbining pquatipnedy. 1.)6.2; endiry, themhaternb predutt privtiedticre tarsbevepresemteinzy me Wi t h
Al o%feric Repression Keq Ea + L ~-- - EE Kmk Ea + SES *- Ea + P It is
assuned that the binding of the regulatory ligand (L) is quick relative to

the reaction catalyzed by theg| act [Hd |epzy. such that this can be
represented by the equilj {iu le‘x% Eﬂ@fgﬁ[‘]} = Kcqg E; [t]L[t] (6-1) In
addition, it is noted t Hhbei um expression iggpctual ly
the concentration of thedctive enzlimel-ﬂt]us the activated enzynme-substrate
conpl ex. From M chael i s-Menton, we know that: dPt kE t$t (6.2) dt Km +
5[t] But, the active enzyne concentration (Ea[t]) can be related to the

t ot al enziheghengat ivrercvarieble CH g rppre$antenhas deviatehefrora kheb abatret 6r:stdally-] =

E, [ tytatecqricpntigliord)  1120973- 1 53

E[t]=E,, + AE[t] (6.5)
S[t]=S, + AS[t] (6.6)
L[t]=L_ +AL[t] (6.7)
P[t]=P, + AP|t] (6.8)
dP[t] dP,. dAP[t
and, =—4 .
i dt ©9)
dP kE S
here, — ——gs5s .
where dt (1+K,qL“ Km +8,.) 610)
On substitution into equation 6.4, and solving for the rate of change of the product deviation
(AP'[t]) we get:
Ko (Lo + AL[t]L]
]— 2% « TAE[t]XS, + A8t
dAP[t] _k{ 1+K, (L, +AL[t]) S Q) St
a Km + (S, +AS[t]) (6.11)
kS,
(1+K.L, XKm+S,)

However, we can assume that the deviations from steady-state in the denominators of the
first term are negligible, te a first approximation.

daPft]  k{ -K AL[t]E, +AER])S,, +AS[t])
a (+K,L,)Km+S,)

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:

(6.12)

AP[s]= -% AE[s] +—%L AL[s]+gl AS[s] (6.13)
K3
kS
h = — i 6.14
where, Gl (1 + KML“I + Sss) ( )
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WO 2004/ 031913 PCTI US2003/ 031214 Therefore, conbining equations 6.1, 6.2,
and 6.3, the rate of product production can be represented as: ktl K
KL[]E[ %dP t=1 eglL[t (6.4) dt Km+S[t] The changes in each

vari ab bqgé&ﬂ%%%ér epresented as deviations fromtheir P@Jﬂﬁ’ﬁ%%’r“ét eady-
state concentrations: E[t] = E. + aE[t] (6.5) S§[t] = Ss + as[t] (6.6) L[t]
= L. + AL[t] (6.7) P[t]=P. + AP[t] (6.8) and. dPt dPa + dAP t (6.9) dt

dt dt where, dPu _ kE.,S,, (6.10) B b3:KeQ" )(KmS'} On substitytion into
equation 6.4, and solving for— K& 1 sange of the product ©%i ati on
(AP [t]) we get: |l _ Keg %[1)D 3s™+AME[1] +As[tn daft _ dt Km+ (S" +
AS[t]) (6.11) _ 1~S, (1 + KeglL" jKr:E!ES" However, we can assune that the
devi ations from steady-stat® & ' ors of the first yghgpare
negligible, to a first approxi |(h-t-th,,X]l@@+tS,,) k(1-K.,AL[t]) (Es

+0E[t] XS"+as[tb dt (i+KeQ.")Km+S") (6.12) Expanding this expression,

el i m nat iTANg the inyerse haplapadrandiormgwe candherdfind ithe sobtion orthesdifferente eadating  t he
Laplime tig der88ir m we can find the transfer functions for each deviation
vari able: AP[s]=CL. aE[s]+ L AL[s]+& AS[S] (6.13) s s s where, G = kS,,
(6.14) (1+KeQL" XKm+ s" )Aﬂ[ﬁrza@maé-[ﬂ]ﬂzmtfmé@ 81913 PCT/ US2003/(63%214
KKWE" S"
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G {1 + KcL" XKm+S (6.15) KkKE, G | + Ke L")(Km+ SS O (6.16) Taking the
inverse Laplace transform we can then find the solution to the difference
equation in the tinme domain: AP[t] G AE[t]+ GAL[t]+ G AS[t] (6.17)
1120973-1 55 CLAIMS W Caim: 1. A met hod to derive and optim ze a

mat hemati cal nodel for a system conprising: a) providing a plurality of
unit operations that represent all or a subset of all actions that can be
done on a set of system conponents of said system b) providing a first
hypot heti cal mat hermati cal nodel conﬁi sing a subset of said unit
operations; c) applying a first Scial intelli gence (Al) algorithmto
said first hypothetical nmathematical nodel to produce a second hypotheti cal
mat heMgt¢lemn : nodel ; d) using a fitness function to filter said second
hypot heti cal nodel to generate at |east a third hypothetical mathemati cal
nodel ; andle) ta&smethgd saiddrivhiand aptitivenatmatizxdmarioalemobiyl foerpsystedg t 0 one or
nore canprisgg:of enpirical data. 2. A nmethod according to claiml| wherein
said fitness fusgirb@ding QNiliiiafi6Sof Wt peFatiBRY BaOfepichént falor QWUBGt BArts: a)
goodness 0f] idtion€ MEAPHNI b2 ABn¥bA B sétlof 5RRFE coinfdnests oB&lid YfsteptiPi ri cal data

observed for th@, ﬁMﬁHﬁ@aﬁ:)st ﬁyﬁoﬁﬁﬁbglrhatﬁafnétﬁﬁltmw'caﬁl nélnggrsﬁséepa'
constrai nt s%dﬁrnetf pam c “'principles; sibrliity test against

theoretical” Con é)fﬁrﬂth%'fo%l lht@m@e,%c% A "%?gorﬂﬂmaﬁ)c%g A to claim 2
2 ust i ah@%l gl %tgﬁmﬂiﬁfﬁfg?‘ifﬁ"%P@?P%Fnaefeecfm%%Y%%?E*ca'awﬂera't“c%l method

met hod
accordi ng I im,1 or rein sa od fuyrther nprises iterating
steps c) and d)9) wsingzagfin E‘aﬁt&?r@i Eert %?"EIS%HO hypaﬁhe@%ﬁﬁw@ﬁp said Al
al gorithm gglegite at least a third hypothetlcal matheématical model; and
e) testing said third mathematical model by comparing to one or more

set(s) of empirical data.

2. A method according to claim 1 wherein said fitness function comprises
one or more of the following parts:
a) goodness of fit comparison with at least a first set of empirical data
observed for the system;
b) a feasibility test against theoretical constraints of thermodynamic
principles; and
c) a feasibility test against theoretical constraints of physical laws.

3. A method according to claim 2 wherein said fitness function comprises at
least one weighting factor to adjust at least a first adjustable parameter of said data.

4. A method according to claim 1 or 2 wherein said method further
comprises iterating steps ¢) and d).

5. A method according to claims 1 or 2 wherein said Al algorithm is a
genetic algorithm.

6. A method according to claims 1 or 2 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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genetic algorithm 6. A nethod according to clains |I or 2 wherein said
fitness function utilizes a conparison to a first set of enpirical data. 7.
A nmet hod according to claim6 wherein said first set conprises a set of
differential display data points. 8 A nethod according to claim7 wherein
said differential data points conprise differential gene expression data
points. 9. A nethod according to claim8 wherein said differential gene
expression data points are generated from cancerous tissue conpared to
normal tissue. 56 10. A nethod according to claim9 wherein said cancerous
tissue is selected fromthe group of cancerous tissues consisting of
breast, pr&&tatd methedyacogrdingto oiar P arhereim said canesrousitissue, is lseldeted/, bl adder
and héam the EIOUPﬁofnwlh@‘duanssoc&jmmglsmg of biieast,7prabtetec lungs buiath, dvirizar ent i al

di spl agnedes divepdiidney, tWadder arskheditf f er enti al weat her pattern points. 12. A
met hod according to claim7 wherein said differential display data points
conpri se dif.f er aniktabd tacedrlting teaélhial 7 WhdrainPQiid dsiferdmlial AispRiyhd@a according to
cl ai mpdinwhtertite Siffefbntlall QRN battkn pbifR] ay data points conprises
differential financial market data points. 14. A nmethod to generate a

mat hemati cg4, ”D,@le.lnef%d aacl%rﬁi %Caélﬁvsﬁﬁ&klnc&@ﬁﬁﬁér&ﬁ 1% gagoadtéj' ng a

pl uraéb&ysclgf,ng Ld GirenHS gﬁa&? L operations t fine a set of

bi ochem ca emparane eratlng a first set of flrst or der

seudochro s _f om sali seydo etic algorithm
Wth a fithe B fpd g g@gf’ta Qi a1 Worpg) s Bitirtal SR ifboones 1o
pr odu&ins CQE’(E’B‘W repjfal BM“@F@ fjaaﬁglé‘ffdochrormsorres c) conparing said
second set of second order pseudochronpsones to at least a first set of
enpi ri cal _&ht a; Adnethed; Bnaenerate & mathgimatiepl siedsd ¢f) a diielogiralt systfaher ate a
gl obakomprisisgim sol uti on conpri si ?_ said mat hemati cal nodel. 15. A nethod
according to cl @i proyilinghermunalityapfd fifst rogder spseudsigeraphit i apatatidest that conpri ses a
set of dif flefirertseadf athampai sysem parameters;
b) generating a first set of first order pseudochromosomes from said
pseudogenes;
b) applying a genetic algorithm with a fitness function to said set of first
order pseudochromosomes to produce a second set of second order
pseudochromosomes;
¢) comparing said second set of second order pseudochromosomes to at
least a first set of empirical data;
d) optionally reiterating steps b) and c) to generate a global optimum
solution comprising said mathematical model.

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 to derive and optimize a mathematical model for a system
comprising:

a) providing a plurality of unit operations that define a set of system
parameters;

b) providing a first hypothetical mathematical model comprising a subset
of said unit operations;

c) applying a first artificial intelligence (Al) algorithm to said plurality to
produce a second hypothetical mathematical model;
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16. A nethod according to claim215 wherein said differential data points
conprise differential gene expression data points. 17. A nethod according to
claim15 wherein said differential gene expression data points are
generated from cancerous tissue conpared to normal tissue. 18. A nethod to
derive and optim ze a mathematical nodel for a system conprising: a)
providing a plurality of unit operations that define a set of system
parameters; b) providing a first hypot het i caI mat hemat i cal nodel conpri sing
a subset of said unit oper ations; apply gl a first artificial
intel i gence (Aﬁ)coaw&ﬂstsm %eéoada?lup hetical mpgle © atpleadt i 8rsh sseebnd
hypot het i c8PPifigd! i define gbleast;a st é‘)ﬁe@@ﬁ%hﬂ‘ﬁgﬂ §3Hd dirg daperietitpbot het i cal
model to amofegsd saidflptast set of enpirical data to define at least a first
di fference bet wherltedng shid firss alghsithot toedjustior said fiedt diffmlersaitelgaatats d) altering
sai d firstasdcgnd Al Aligotithmadj ust for said first difference to generate a
second Al al gor¢)tapplyirg) saiiyekotid gl slgirithiaee edid séonadhgpdthdtiead hoedet & d second
hypot het i Cpﬂodmdﬁhlrﬂﬁ JierdbiGRodtaRtir d hypot hetical nodel; and f) conparing
said third hypogfas&pm{g gamﬁirdhppo%mﬂalfma@l toSld frkt @RbRdatal 9. A comput er
readabl e nmenory to direct a conputer to function in a specified manner to
deri ve and) Pt | fi g hudFelAGHR Inftor gealrefcp BofyRLCT FRRABA i 0: @) @
uni t gRE[iRl oI, : fes.faupu e Emahimaical, 0#@'f§ras§'§t(r§ﬁl il generate a
ot he

I east I .St

' |
”"d“'%“’a%? Fm% Rk ";‘Hcaé ki r?f a*e it Gherdtiny e B8 Egt?.? o snalysis

w—i

hypot 1eto coppare s flrst
hypot heti ¢ a'hﬁ ydis 9 HF OAPBY a'fti 'Ic?ﬂ ‘%t 'g?ﬁceéﬂ%ﬂrll Bdr 58 ISt wher ei n sai d

menor | Y%‘Fﬁ"r‘ﬁﬁl‘ﬁ%ﬁ%?"% th a central processing unit of said conputer. 58
¢) a comparison module to compare said first hypothetical models to at least a

first set of empirical data,
wherein said memory communicates with a central processing unit of said
computer,
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