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devel opngpt  ¢f FP%Wt“ﬂ'e Seatigainol ogies for automatically collecting and
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15 biological information from the subcellular to the cellular, tissue and organ

level.

2. Description of the Prior Art:
Cell biologists face a major challenge distilling the vast quantity

20  of new data that is being generated at heretofore unprecedented rates. At
present, hundreds of biological databases are listed in DBCAT, the
INFOBIOGEN biological database catalog accessible from the World Wide
Web  (http://www.infobiogen.fr/services/dbcat/) and available publicly
through the National Center for BioTechnology Information (http://www.ncbi

25 nlm.nih.gov). This information explosion has been driven by the continuous
‘development of information technology such as the Internet as well as the
development of powerful new technologies for automatically collecting and
storing data such as in gene sequencing and gene expression profiling. These
databases contain genomic, biochemical, chemical and molecular biology data

30 as well as structural data comprising geometric and anatomical information
from the subcellular to the whole organism level. Some of these data are
organized by data type including, for example, the International Nucleic Acid

Sequence Data Library (a.k.a. GenBank) and NAD for nucleic acid sequences;



SW SS- PROT for protein sequences; PDB for protein structures and the |iKke.
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areas of interest, such as specific databases for individual genes,
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Efforts to organize and analyze the vast amount of genomic data
have stimulated the development of a new field of computational science
known as bioinformatics; the science of using computers and software to
20  store, extract, organize, analyze, interpret and utilize gene sequence data to
identify new genes and gene function- in order to understand the genetic basis
of disease and to further gene-based drug discovery and development. This
approach typically uses a one-dimensional computational analysis to study
explicit information about the genome such as percentage of gene sequence
25 similarity across species, homology of sequence motifs across species,
expression levels in various tissue types, secondary structure correlations, etc.
Although the acquisition of genomic information is clearly essential, there is
growing recognition that conventional methods are insufficient for correlating
that information with the functional role of genes and gene products. Rather,
30 in all cells, genetic expression produces self-organizing networks controlling
cell functions, including developmental pathways, progression through cell

cycle, metabolism, intracellular signaling, cell excitability and motility, and



f eedback | oops regul ati ng gene expression. At present, bioinformatics is
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occur at any given tine are
298(1090):227-63, Chay T.R. and Rinzel J. (1985) Biophys. J. 47(3): 357-66;

Smolen P., Rinzel J., Sherman A. (1993) Biophys J. 64(6): 1668-80, Shepherd
G.M.et al (1998) Trends Neurosci 21(11): 460-8). This approach provides a
20 means to link experimental data regarding specific biological processes to cell
function. The culmination of this 40 year history can be seen in several
efforts such as the nationally funded efforts, The Human Brain Project and the
Virtual Cell Project. The Human Brain Project is a multi-agency funded
multi-site effort to organize and utilize diverse data about the brain and
25 behavior. The Virtual Cell project has developed a framework for organizing,
modeling, simulating, and visualizing cell structure and physiology.
However, these projects lack an overall ability to link to existing genetic,
protein and structural data bases. In addition, these projects have not defined
procedures for modeling biological systems using information stored in local
30 or distributed databases. As such, detailed and accurate repre;entations of the

many different simultaneous subcellular and cellular processes and the effect



presently possible. Wiat is needed therefore are new conputer based tools
to formnulate conputational nodels of subcellular and cellul ar processes,
as 5 welWwoassthe ef fect of these processes on intercel | uP@r/usyigtiesss. Such
tools will provide a neans for linking information at the | evel of the gene
to functional properties of intercellulag systens in health and di sease,
wll further the understanding of di sease processes, and aid in drug

target identifjcation and screening. 10 SUMVARY OF THE | NVENTION I|n
accor dance vviotfhthg%eb lgorcggseer?t on Fﬁ@%fﬁlf i%3 RS, REECT QO Rt 4Ry g8y en Hae @Ry 294
met hod for i pre@nhdlipkspgeetic, biochenical, biophysical and anatonical
information at the subcellular, cellular, tissue and organ |level. 15
Ceneral |y stated, the s¥hatnscoegledsdwre{oay at bheestcompatdabalmbkeools to

contai ning biological infornmation \gnlch is used to generate at |east one
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operative to generate at |east one nathenmatical equation fromat |east one
hi erarchi cal deswtanad i prepestias O8)intercelbwipntsysteorsalin elnggilthe andediatdsee will at

| east one mat henmtical eguation.to del dynam c bi ol ggi.cal. behavi or.
Advant ageousl| ??rqﬁ?fe(%@?/s‘f‘%r EDEHE &fggbgﬁ?sq R BHTSSEH Bﬁ‘g %@cé‘%s‘%uESt%{ﬁﬁt
tabul at e genejidgfifaelomid P Ea0hg ned within proprietary and '

nonpropri etary databases, conbine"this with functional information on the
bi ochem Hal and bi ophysical role of gene products and based on this

information; fornulate, solve_and anal yze conputational nodels of genetic,
bi ocheni cal and bi ophysi cal ME@&MM@MMl gher order 30
dynani'c tool for quanthiierileie i, LR PRSLE Gy ufeRRopEcdalt -
identifying pestendang inRtiged Sof ointddirefiapepddeticl Néi0ENGRIdaON biiphyBicalli &id ng
t he outcome of drug WO 01/57775 PCT/ USO1/ 01988 -5 screening. ¥h| S is
acconpl i shedangtoptiealaprformetionvaiettien gukgedluddrmaedivlary tissue and organ level.
15 Generally stated, the system comprises: (a) at least one database containing
biological information which is used to generate at least one data structure
having at least one attribute associated therewith; (b) a user interface for
interactively viewing and editing attributes the data structure to create at least
one hierarchical description of subcellular, cellular, tissue or organ function;
20 (c) an equation generation engine operative to generate at least one
mathematical equation from at least one hierarchical description; and (d) a
computational engine operative on at least one mathematical equation to
model dynamic biological behavior.
Advantageously, the system of the present invention can access
25 and tabulate genetic information contained within proprietafy and
nonproprietary databases, combine this with functional information on the
biochemical and biophysical role of gene products and based on this
information; formulate, solve and analyze computational models of genetic,
biochemical and biophysical processes within cells and higher order
30 Dbiological systems. The system of the invention therefore provides a dynamic

tool for quantitative understanding of biological processes, identifying new

drug targets for therapeutic intervention and predicting the outcome of drug



hi ghly conpl ex nonlinear dynam c interactions that occur between each gene
or gene product. In another aspect of the invention there is provided a
met hod Svod&l77hHg bi ol ogical information that accounts fBRET/wROWG1PEse ti e
frames inherent in biological processes conprising: (a) at |east one

dat abase containing biological informati.gn.which is used to generate a
plurality of data structures, each having at |east one attribute
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and (d) utilizi.ng a at | east one canputatiopak engine. to thematically
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contai ni ng bi QJrogiaGAlis ranging from that of the gene to that of the cell, tissue and organ
to provide a detailed and accurate representation of heterogeneous systems.
This integration provides a multi-dimensional analysis which simply was not
possible with the one-dimensional genomic computational analysis tools of

20 the prior art.

In yet another aspect of the present invention there is provided a
method for creating a model of biological information for use with a computer
system, comprising: (a) accessing at least one database containing biological
information; (b) generating a plurality of data structures, each having at least

25 one attribute associated therewith; (c) interactively viewing editing or linking
the plurality of data structures to generate at least one hierarchical description
of a biological system; and (d) utilizing a at least one computational engine
to mathematically generate at least one ‘model of a biological system
reflective of the multiple time frames inherent in biological processes.

30 In still another aspect of the invention there is provided a
method for linking models of subcellular and cellular processes to systems

processes comprising: (a) generating at least one hierarchical description of



information, the hierarchical description generated froma data structure
havi ng at | east one attribute associated therewith; (b) generating at |east
one hiemva@ohsad description of cellular function by |inREHgS@/q@bssral ity
of attributes 5 of subcellular function fromthe hierarchical description
of subcellular function; (c) generating.ag .one |east hierarchical
description of system function by linking a plurality of attributes of
cellular functi,on,,fromdthe. higrarchical descripti,on of cel.lular function;
and (d) utili g aan eft%%?“%‘heﬁogbnﬁht%?fton"aﬂe iz Ase, Gontainten; bioktaigal
generate at | 3Fsimatién, e hiGarchidd) RAeolRois! gctkpdied £r8hd F lda¥e Rfucure
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The invention will be nore fully_ understood and further 15 advantages w ||
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topol ogy of the 20 pyruvate dehydrogenase reaction in which pyruvate is

converted to fwetiph- bydinkifg @ mBuiadity of attkibukesgpfimellulars furtiong fidne theow
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Bi nary Dd0a Stiolegivalesymeral reflpcgiveboppphpsologicaprsgseeas; AdGantagedusls] tigilses a
Binary Data Structure representing a gene 30 regulatory network; FIG 7 is
a schematic dliyyrafarthe ¢seation ¢y highlyiqomplex medeinphhiqlegicakexstemsgener at e
structural, finite-elenent cell nodels; WO 01/57775 PCT/US01/01988 -7 FIG
8 illustrates a biochem cal reaction network; FIG 9a illustrates a naive

(qui escent) signal trans@RIFPDESCRIPTION OF THE DRAWINGS
The invention will be more fully understood and further
15 advantages will become apparent when reference is made to the following

detailed description and the accompanying drawings in which:

FIG. 1 is a schematic diagram illustrating the overall flow of
operations through the system of the present invention;

FIG. 2 is a Pathway Data Structure depicting the topology of the

20 pyruvate dehydrogenase reaction in which pyruvate is converted to acetyl-
CoA;

FIG. 3 is a block diagram illustrating the flow of information to
produce hierarchical descriptions of subcellular and cellular function in
which EDS defines an elementary structure, BDS defines a binary data

25 structure, and PDS defines a pathway data structure;

FIG. 4 depicts a Binary Data Structure;

FIG. 5 illustrates a Binary Data Structure modeling a
biophysical process;

FIG. 6 illustrates a Binary Data Structure representing a gene

30 regulatory network;
FIG. 7 is a schematic diagram illustrating the flow of

information used to generate structural, finite-element cell models;



pat hway for P 13 kinase in Tcells; FIG 9b illustrates activation of a
signal transduction pathway for P13 kinase in Tcells; FIG 9c illustrates
i nhi bi ti owoef/5A75i gnal transduction pathway for P13 ki naBeriuRoifaess s; FlI G
10 sets forth a nodel of Tcell differentiation in rheumatoid arthritis;
FIG 11 sets forth a nodel of inhibition,of Tcell differentiation in
rheumatoid arthritis as a result of TNF- Z{ therapy; FIG 12a sets forth a
nodel of Tcell differentiation fromTOto .Thl; FIG 12b sets forth a nodel
of Tcell differentiat i34 giystioteon baphemicdd reagtion B6iveRI&; an exanpl e of a

descri pt| ve report gerﬁr@tﬁjﬂ ,%Yrai%e ﬁé{ﬁzte pefscg ls{%‘é‘??ﬁabﬁ’ﬁhdt{br{ esponse to

a specific nodeling query; pI’OVI an i trative graphical
nodel out put phtiwishéordyhhkimase iaAgellsn concent rations or levels in a T-cell

that is characteri sti f the behavior of that cel is characteristic
of the signaling wi ¢ hiFIG 2P Hustiatss g gtiopeol 4?%@1%@%@&%@% b

reaction pat by 3|kglls{ e dr e(mrl ng the activation of Tcells; DESCRIPTION OF
THE PREFERRED NTS Tche present invention provides a mul ti di mensi onal
conput ati onal t ool cam.émﬂlusmam}rmhnblgoblaﬂaoaggnalltrdurs«iwbﬂdg(pa&mms al |

| evel s of ang ggranln ]gmthat of the gene to that of the cell,

ti ssue and P% h3 & st @ Conpl i shed by a system and net hod whi ch

incorporates at | eastpiper@sdiaiann atlﬁ@Helsépf@e“ll Bifedeati&@by if or mation, an
interface which displays, |inks, organizes and nodifies that i nformatl on,

and conput at irberethat REGTIhEItED SHEET (RULE 91) WD 01/57775 PCT/US01/01988 -8
ongl e Wnyeh oper at s ORI SRS ESTL BN, A, 5 pRAGR S
bi ocheni cal fgaBéiMARIE LDEHS, astd fH%hMSdfCPNFE@@K@QpﬁWB and in general
FIG. 12a sets forth a model of Tcell differentiation from TO to
Thi;
FIG. 12b sets forth a model of Tcell differentiation from TO to
Th2;
FIG. 13 provides an example of a descriptive report generated
by the system of the invention in response to a specific modeling query;
FIG. 14 provides an illustrative graphical model output for the
dynamic change in concentrations or levels in a T-cell that is characteristic
of the behavior of that cell, and is characteristic of the signaling within the
T-cell.
FIG. 15 illustrates the various reaction pathways involved

during the activation of Tcells;

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a multidimensional

computational tool capable of integrating biological knowledge across all
levels of analysis ranging from that of the gene to that of the cell, tissue and
organ. This is accomplished by a system and method which incorporates at
least one database that stores biological information, an interface which

displays, links, organizes and modifies that information, and computational

RECTIFIED SHEET (RULE 91)



dynam c processes at the subcellular, cellular, tissue, and organ level. 5
More specifically, the present invention is an interactive

conmput er wopl/gieht ed system for nmat hemati cal |y nodel i ng bPoT/©§010Ebss
information fromthe subcellular to the cellular, tissue, and organ | evel
conprising: (a) at |east one database cont@ining biological information
which is used to generate a plurality of data structures having at |east

one 10 attribute. ociated t ew t.h; a user_ interface, for
interactively 3’? l\ﬁmg%g‘%lac dOPF%EI,n(ng t 8e‘€n%_é?naatﬁ iCBBPaégeCE é f)kfeyrdzi’ﬁb[aﬁe of®
data structur e&utbﬁm@fcﬁﬂ?? fBFmulR&StsoMe hhEr asAYsCatopariionh] Omhodkls of
subcel lul ar, cellular, ftissue or organ function; (c) an equation

gener at i on engbiochepécadt reastipn getvesrkse baoplysasi meokanmamiee raatli ¢al geagualt i on
fromat |east ogne hjerarchical de;lé{i tion; and 15 (d) a conputati onal
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bi ol ogi cals behavior. Th S 0f e pre Ln ks e . .
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the topol ogi catorapatekiinglémentedORgkicnes faf hhbehaticary ansHdingPBisidptal
processes within cells, tissues and 20 organs, to provide functional
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and the effect thereof on bial pgical stens. This information s coupled
to conput at i onEIMRHTes (Pﬁaat(% Eegﬁt ORGt a%&%f‘%@al"f’ﬁ}tap&fl&u ideeicpl dpformation; |

sol ve and anal iR hP{OR&d -tcfﬁeﬂératé:Q%U?ﬁit&%lﬂéagmc&r% rgﬁ,gr% € least one

bi ochem cal and bi ophysical "processes 25 W thin biologica tens. In this

way, it il9d possiibheetassacidteddsthetdwithf Uidgtai wsealinteefaee foaymdrdryivebaetewing
nmol ecul ar/ geneti c_conmponent from which a podel is conposed, to identify
optimal poi nt s2ik lipkae peggther afiribptesniheonlurglitynph datfe sEunaey do grepte at

" i cal l . 1ds. f [
moder s, 30 Ret Sr a¢ aefrERERE WARE Rbn o Nk AREL, BRAGK R M Sgen

schemati c di agfuaBlibh] Ugd)r &t ieqgatitie gevieratidn Ehgine WpepitdFtd QREetlte tlhgegstst em
of the present invention. Ceneral I}/ stated, the systemincludes database
To

11, data WO 019E7mAshquaAiicatoequatioagirony at d¢agt vae digrarchjcabHessaiptiener and

System. dduat i Oh RWEPAEMSHEL FBPRE Sa it 5" dRpULSHY BSFerERg g atich

to model dynamic biological behavior.

The system of the present invention uses computer-implemented
tools to link genetic and molecular information to the topological and kinetic
properties of biochemical and biophysical processes within cells, tissues and

20 organs, to provide functional information on the biochemical and
physiological role of gene products, and the effect thereof on biological
systems. This information is coupled to computational engines that can
automatically formulate, interconnect, solve and analyze properties of
computational models of genetic, biochemical and biophysical processes

25 within biological systems. In this way, it is possible to address the
functional role played by each molecular/genetic component from which a
model is composed, to identify optimal points of therapeutic intervention
within these models and to "numerically screen" lead compounds for
functional effects on these models.

30 Referring now to the drawings, there is shown in Fig. 1 a

schematic diagram illustrating the overall flow of operations of the system of

the present invention. Generally stated, the system includes database 11, data



5 Dat abases Dat abase 11 enconpasses both internal and external databases.
External refers to databases designed to store and organi ze biol ogi ca

i nf or mat ivo@ 01/B1I75 whi ch were not designed explicitly to bePCDURIIEH988 t h t he
subcel lul ar, cellular, tissue and organ nodeling, sinmulation, and anal ysis
tools 10 described herein. Internal referg to databases wth a specific
structure (to be described in subsequent sections) which are desi gned

explicitly tqo,support-,th f.or,mul ati.on, . si ion, and anal ysis o

subcel | ul ar, SHIe BJEF a? _7’aﬁgap§9§?ler‘%§er ﬁ%tgglca_g.e %?fté’f ngﬁtergﬁgy%x‘ioéﬁ?ﬁcél Wdé"t dbsses
i ncl ude thosgnfRiafibRi fchedSRE By Gthe PiyRtcth N e§EAURN GRAcraboACHThE a4 aRd a

bi ophysi cal processes, descriptions of 15 cellular, tissue and organ

physi cal struwompugtienabengiren?l |y val i dated nodels -of biochenical and
physi ol ogi cal processes, or nodels previously generated by the system
Advant ageously, database 11 may contain one or any nunber of the foregoing
dat abases: Al for accessing and searching external and internal 20
dat abasessmar]y thglPessd in the present invention. Typically these would

include: commerci al datfphiabsel [ DRicomPasstst BotBGhtdHEr ARS exRRalbas@bases.
sol utions such as Perl scripts and Java-based tools for accessing renote
dat abases, a&xiginpl aefersoss- gatabssasmdseiignedr to t Yotes . angy airgaize, bfadegical

exanple, from Genam ca Cor.p., (Boul der, CO),.Pangea Systens, |lnc. . kl and.
ory 28" and RERGIANGY. PHE WHHeh SYERa desiphed RRRRRaY tn b uelet waftdee
those that haygcdIRfay, 8NEIAL B8\l 418 ofhR HEAAIRX AR N %HH“ahQﬁrsF@%%rl al
dat abases as wel|l as data added by usérs via the graphical user Intertace.

Such dat &0 nayesarieddiereitpe Interml alefetatta databtdsadiwith afspecidicastphauranéer be
descriptions of hiochem cal and physiol ogical 30 prqcesses, or it may be

data gener at 8859ed ineSSEARANtSERIARDr WAKHATE rﬁjﬁslﬁ}‘eﬁir?é_l’hﬂﬂs)t EnpupRarh the
gener 240, e M LSRR B o 3 7
PCT/ US01/ 019&fbdets. 1Antornsigend iixt&ral databasenimdudd agdse E@tRiniddRedweoshdity,
CA), Sybase, Inc. (Eneryville, CA), or Informx (Menlo Park, CA), or using
mar kup | anguagesin seaweness.Sbiechemixpl and| biophysishk Ipregessese| deserigphons 0of he
Ism lolr ﬁgt ?%;i gﬁ rl]?l:ﬁlél\é?s};ueia%ocr)xtg%rﬁtll)l}IYSiéa %triuré u%:,n g)lcpedr?r}lgr?t% ?fsva fc@tgeed models
‘of biochemical and physiological processes, or models previously generated
by the system. Advantageously, database 11 may contain one or any number
of the fbregoing databases.
Any means for accessing and searching external and internal
20 databases may be used in the present invention. Typically these would
include: commercial database front-ends with SQL queries, web-based
solutions such as Perl scripts and Java-based tools for accessing remote
databases, as well as cross-platform software tools available, for example,
from Genomica Corp. (Boulder, CO), Pangea Systems, Inc. (Oakland. CA)
25 and NetGenics Inc. (Cleveland, OH).
Internal databases include those that have been generated from
the data extracted from the external databases as well as data added by users
via the graphical user interface. Such data may include experimental data
including, for example, new descriptions of biochemical and physiological
30 processes, or it may be data generated as a result of computer modeling by the

system. Data generated and stored by the internal databases are manipulated

using commercially available object-relational or relational database



5 topol ogy; (b) kinetics; and (c) interconnectivity between various genetic
and biochem cal reaction networks (BRN'S) within cells. These are

generi caWwg@orseferred to as internal biochem cal databaseBCh&s&i/1988l n t he
context of the present invention, topology refers to the pattern of
interactions within a specific genetic orjfpLochem cal reaction 10 network;
kinetics refers to the reaction rate constants that, in conjunction with
the laws of mass. actian, determne the dynam c,behavi or. of ch reaction
networ K pr oo Sl sl E RIS PIfeiS CRP. FR AT NBH e R iR s
coupl i ng bet vggpedvii€reny, Sengbhhi@MeRiPPAXNICA), sreafhl arRkEhRA sthin
the cell which rergul ts i nt}cel | ul ar bgﬁavi or. Thus? t he i%t e? na bi%()%a em cal
15 dat abases sscbras S LntreXKdbneldtafowhiapateogyell kmewndontpet dkélleditagtisan.

constants associated therewith, for each BRN. By way of exanple, the BRN
for the pyru¥ate lafé?ﬁra%éfena%ee interpeh dirtebesaR & rpy H{QENAteR epnths t@d to

acetyl - CBA I8pbideyhMichtkildd. Eh (e indRIRLEBRD RRxLH SafEN WERGR: bRa

stored in"the n em¢c a ases | udes ‘eac

i nter medi at eibshethiead reactddh hBEvITRAGBRNS) tWighi@NgyNes THvée! a¢e denBricall
determning the rate at which the internediates are fornmed (along vvit%
lists of co-frafroadstd af iniemal hipchhmical slagatiases heeén.such as pH, tenperature,
and the like) and the reagtion path connecting these internediates.

0 s
These dat abases al S0 i e Cfart Pﬁ?ﬁ%é’ragﬁ’é inggRiiot,stopRley: gefers to the
cel | - mol ecul ey,pk el ReTRtfitidl Gvittph €4 Hﬁ‘ée%ﬁ{}lgltllc gt %@h%ﬁicraf‘tr%ﬁcti?rll_

bi ndi ng constants, concentration effects of c and nol ecules on ¢

cel |, cellD- nueewotle kiaedcsmefesutbahentationeratet enaaits ahst, amdohjudctibk evith
Advant ageously, nore than one BRN may be |inked together to provide a nore
conpl ex repr ég"eﬁﬁ‘éfﬁi & my¥ss sAghios) |dgtegming dhe (drankgdbhavi gb SHal i tspctiqme

copl ex ' epr é3etHe: _ dodystemPbenalirseetin
netvor k. dat a ba S R ORRare nage o EePERERI, Boftes . I HRIUES el R DL o

mat hemat i cal canplifg Getivaén diféreaPgeh&iohnd eSchentichVpdakSioh v Within
under | yi ng conponents. Equation generation engine 24 WO 01/ 57775 )
PCT/ US01/ 0198 celll whiehh sest tssine selhulge hethiawiognd Thinsc Heemintgtnad rhipeemicahi n

urer  cat® s (BRERTh oL s Ui PRER PG RO e HrgMATEE GhE 0 SaTeAntis es
of these enkiidcdsted thefl WithiSERtedch BRI U8 aldy b@lampls el BRAETS: the
attributes allows.the
pyruvate dehydrogenase reaction in which pyruvate is converted to acetyl-
CoA is illustrated in FIG. 2. Information on this BRN which is stored in the
internal biochemical databases includes each of the intermediates involved in
20  the reaction, the enzymes involved in determining the rate at which the
intermediates are formed (along with lists of co-factors influencing the
reaction rate such.as pH, temperature, and the like) and the reaction pathways
connecting these intermediates. These databases also include qualitative data
such as cell-cell, cell-molecule, molecule-molecule interactions, cell growth
25 rates, binding cbnstants, concentration effects of cells and molecules on cell-
cell, cell-molecule, and molecule-molecule interactions and the like.
Advantageously, more than one BRN may be linked together to provide a
more complex representation of subcellular, cellular and system behavior.
The internal biochemical databases store genetic and
30 biochemical reaction network data in a way that makes possible the

hierarchical construction of mathematical and computational models of these

networks from their underlying components. Equation generation engine 24



5 user to sinmulate and view functional behavior of this entity (based on
the genetic/biochem cal properties of interest) by way of graphical user
i nterfacavo®B8577ahd conput ati onal engine 22. In this way, PORUSYt1e8% nakes
it possible to link genetic and nolecular information to functional
information regarding subcellular, cellujar and system processes.
Preferably, each of these attributes 10 associated with the genetic and

bi ochem cal entities alsq includes ti .delays ., in process.through inplicit
Ci e const antEANSTRATS:  8a¢nCENERS AR K DiRRReRTiFak oQutityTAthR | GUR ADRHRAI t o
i ncor porate i i t u 6l s o) j .

cel l uloar andmsiéés}%egllrlﬁ%de gf’&%@%& gcg@%@ch g;g%%?l?%n&ﬁlﬁgf%r%{s&(ﬁ%{ﬁfé%an

be conpart menubdtdiatks associateds eterefitBRMaidamrbestbbed)adshateibutdyt @fdifdser ent
conpartments each of which can _have different attributes such as surface
area, internd&ntijigbunds diesireed yn amragletaihdatsr, uxsi of thesa agirduttes allows the
representations of different.cells.that ve specif.ic.reactions gnd

nol ecul esgt hat**§ ﬁ? S mulats, ang égg‘ivn%mf:ﬁgn%gh%%ﬁvtﬁ)%ﬁif tﬁbsuﬁa%{f ?bwgno%l the
reaction car rdefsti@/iOLIRGNICE] bFGIeriits b tntBre3PMPRWAESE offflidal Uslr iihdrf

out si de, 20 agnd tlhat nol ecul g (iﬁ?rtlhen takrengin%fo ﬁot e@éorrpasr{rlren{ ace :
(cell), the &8l hada@oenputationali engfined2 wih bhie aedy, ahéieystandmiakeoitep@msjidetto of a

ti ssue nodel. A nolecule can sit on one, conpartnent boundary and attach to
anot her ol edifkegenstic ang wmolestden sornption toeiinctanak mferméépwéa@@mg
cell-cell co i I | . | S_.process
can be built %h‘gg ‘{}ﬁ?ﬂcﬁezléﬁlﬁgﬁa‘r%%ﬁﬁééeég%ﬁ' a?‘&g%%%g’ri?% tg ﬁ&frtﬂ-%gﬁaar%&lglgtf Pve

nunbers a0d tabstidigd! with thorgehetie ahil Biskhemital lteti&PdBo MhEldes Rintalievay .,
the tissue conpartnents can then be used to create whole %fgans. A nunber

of dat abases iBpsogassdémeygh analirdime sonstpatscihat eme fynctbyisnef kimgticoptas, see
e.g., Popel .al .. The Mc i r.cul ati on Physi.o 3Q Project, 26 Annhals
of *Bf omedi cal MingiIfak dneAd. B 5FrgorRe RGue hime dumeL T, dreo8pbapec
and or gani zedi{ys& paygesSibhViar &1 fuds! snd My stdin b de1s USEES bRIbhkfi 8 GeRbGGR €
dat abases such as, for exanple. those available from WD 01/57775

PCT/ US01/ 01988tworks 2 (BR&s) ecatorbe. cORpditmedtalized, i@ .a Sef tofaBRNsochs ber

user i nt 891 agatbsseth i o AUTCTaR ot crisd ) PRPBUFETaTFe JUTPFRL

avail able. Tha, Qi fith SAL@RARESM ehB QohiRE, M et®N dnithg  Ginbil qffRL i On
can create representations of different cells that have specific reactions and
molecules that interact by crossing the compartment boundary. When a
reaction carries a molecule from inside a compartment (cell) to its outside,

20  and that molecule is then taken into another compartment (cell), the cells are
communicating with each other and is one aspect of a tissue model. A
molecule can sit on one compartment boundary and attach to another molecule
sitting on another compartment and this represents cell-cell contact ‘and is
another aspect of a tissue model. This process can be built up by including all

25  the cell types and their quantitative numbers and thus build a complete tiésue.

In the same hierarchical way, the tissue compartments can then be used to
create whole organs.

A number of databases are presently available or are currently
being developed, see e.g., Popel et al., The Microcirculation Physiome

30  Project, 26 Annals of Biomedical Engineering 911-913 (1998). These
databases can be created and organized by known software tools which help

users build and organize databases such as, for example. those available from



5 regardi ng bi ophysical processes within cells, tissues and organs. These

i nternal biophysical databases contain information on the physical
properti &80 008773 ol ogi cal processes required to fornul at eprBUREEDSsCal and
conput ati onal nodels of these processes; for exanple, ion channels and
currents, nmenbrane transport systens suchpas punps and exchangers,

menbr ane receptors and 10 signal transduction pathways for a given cellular

process. Oncenfor ate eac L cal oper st.ores.as attrihbutes a
group of syrrbgﬁccl,yeéc%gt E%_ﬁ%w%% Ce%%‘&ﬁp%&‘%’%ﬁr%ﬁﬁ s“@eEYEe AP WS % t h
whi ch al | ow tiigerd&@Ve loRashithl AdpgteschitstionseWaCaphli il GiskPInlePRe£D 300f (&

bi ophysi cal properties of interest) via graphical user interface 23,

equat i on genedattbases angialse wdll kndwnoarpluteatlilgraaiailableengi ne 22. As above,

these attributes may al i.nclude time delay in processes, enabling the
i ncorporation of multi pi‘get‘PW"f rdataases Nyith alap rgptesprisard §l0sy inlgrpAlies

nvernal ot r usblithe SBAAISEN BLERCDNAN RO IALONAN LG, PNV ALY

structure an 1 on et ween various organel

gi ven cel |, agtéphl bRsphyRRal dadbadéls bémain thiBehWaen onelheSphytidal HropsrtRId

organs. Typically, this information is in the form of three-dinensional

i mage data omfdbinkagicaloprogesses required tafomiwgte mathemasicat and onipataipradh

serial sections, .confopcal serial sections n ser scannin
AR 48

) t. wo- phot I
serial sect i JHGLelREiiBRTLPIEE AN ST FHUGBLE: IR SheRRAls et SEFSRES. MARATARS hy
i mges and 1t hgadshbf- sEREMINAINY as ‘?nﬁsh.ﬁﬂ@:&gicﬁgﬂ ér@,ggideéﬁxlgﬁﬂg rgg’eﬂgfsaaﬂay be

further transformmed Iinto structural ftinite-el enent descri bing cell,
ti ssue ar® orsjgmelsthapeluatidngpahways fbaeaieed coflutarganeddsesOneadémiulacdd, s
therewithin via an optional conputational nodeling engine which wll be
di scussed in e@FEé{héfﬁl%tP&PPefEﬁég&XFS b atiEibuies a ghenn of gembolic cquptions ande

three-di ”E”Sirﬂﬁxgéri gt b?&l?tiX?ElSSQSS%E&Ii%(P tﬁé}g%ﬂﬁn gz%{clﬁcgfif&\%l thga\}s%P 3 es?xp&iragg , 30

structural databases thus contain I nformti o anhat om cal "subce

cel lular, ti ssdeviend cellgfimctibhUbabéd oantheSbidphibich P pedpertiefioPSinvresth vih N
conjunction with the nol ecul ar, biochem cal and bi ophysical databases, WO
01/ 57775 PCT/2usphical 989 interfare B3.o8dudéion: grnegation apgiass24 gnd computhiinmad

W TR ot ndr davaties 2t Ae ePptie fiee 2Bl RS A, dhelie 4R 58l &R o
or it may CORb&dssed, chaBAYB/theindyrPbfatRhA YmulAfIB8RASE frames.

Internal databases also comprise internal structural databases
which contain information on the physical structure and spatial relationship
between' various organelles within a given cell, as well as the relationships

20  between cells in tissues and organs. Typically, this information is in the form
of three-dimensional image data obtained from different modalities (e.g.
electron micrograph serial sections, confocal serial sections, two-photon laser
scanning serial sections, magnetic resonance images, position emission
tomography images and the like. Optionally, the three-dimensional image

25 data may be further transformed into structural finite-element models
describing cell, tissue and organ shape and spatial placement of organelles
and/or cells therewithin via an optional computational modeling engine which
will be discussed in greater detail below. Structural models generated from
the three-dimensional data are also stored in the structural databases. The

30 structural databases thus contain information on anatomical subcellular,
cellular, tissue and organ structure and spatial relationships which, in

conjunction with the molecular, biochemical and biophysical databases,



5 By way of exanple, the precise geonetry of and the spatial relationship
bet ween cardi ac T-tubules and their associated L-type calcium ("Ca")
channel s veadi/syahodi ne- sensitive Ca rel ease channel s in tPeT/US@r@essl asm c
reti cul um menbrane provides information on the properties of

cal ciuminduced cal ciumrel ease, and therefore nechanical force generation
in 10 cardiac nuscle cells. Likewi se, infornmation about the physi cal

| ocati on of ot assi um channel s .i n.audi

Ca-.gh | d Ca- nodul at
ot o ol o BV ORE SR s e A b S o Bl RO 5 crubERlutrY | o
or know edge cefiulatheissRathal odo8f afuneoR! ASUBGE] bwW&r d@t_raggs%is% Ikﬁ%léﬂﬁﬁl fic

cell organelles, e.g. mtochondrial respiration, provides the ormation
necessary fodatbesespineyde phiblahy avgitablatoe itndgl combist lo€ aaniviel er paigrietary

Ext er nal dat gba%es used in the present invention may be accessible through
known commer 8288 hannel s or the Internet. Typically, these databases

contai n gene sequence, i NeS e d ree di nensi-onal ..structural
data on egch const i tuerﬁv S#a%}aggieg%ﬁﬁﬁl&cé éé@?? on o2 Weto\go%% \t/\l}et ﬁpﬁuﬁl

given cel | otelbfb8eHipbbativeah Catlrding STATbuRY aftE il MsYodédt Y REpe QhidahA
useful to develos nodel s of subcellular, cellular, tissue and organ
n

function is W&#H)n chasnglsopadofryahedipessasitivienv@at ireleaseEx themmals diat atirses
such as those on the Internet ar e‘%rbecom' ng{i§i ncr.easi ngl andardi zed so

That access. SHTGOBIATHNE Fjo B MR ang A AR 4SS STQ A Bp e Prapetig| o
appl | cat | on. ciefuf.ifducetledBiubP ik dsehnd thore IR IAG Rl g%_t‘%g&%%@g@%

Mol ecul ar Bi ol ogy Dat abase Systens, 2 J. nput .

Advant agEbustayrdidchensyglt eellof Likheige; daforimdtiveeabowntircphgsied leodtiohidf zes
data fromthe external databases during nodel creation. Alternatively, the
system may t Fardrapelshand neammedylated pptassivme schapaehh i ciditery hainteed

in intornal ARl tolR, Y HERER ok oFtihe 18 o Kok PR ET ot 2

structure whitehspdtidlsledatién @FnaibteBilaatprbeasts GRSPEEIfILL ST bfganelles, e.g.
PCT/ US01/ 01988 - 14 nodel of subcellular, cellular, or systenms processes.

Preferably, mitwchondriakraspoetipn, pidésthe wifotmation greoessant fdri 2 camphiéteal

Seer PN, Bla BRSG H B ror BE ARG Y51 IO 1T e
describing the physi cagxgiraaini &RiB38s 2Rt ihUGHAT Bresent invention may be
accessible through known commercial channels or the Internet. Typically,
these databases contain gene sequence, protein sequence and three
dimensional structural data on each constituent of a biochemical reaction
20  network within a given cell or larger biological system, but certainly any type
of data useful to develop models of subcellular, cellular, tissue and organ
function is within the scope of the present invention. External databases such
as those on the Internet are becoming increasingly standardized so that access
to a variety of diverse databases is possible in a single application. See e.g.,
25  Markowitz et al., Characterizing Heterogeneous Molecular Biology Database
Systems, 2 J. Comput. Biol. 547-556 (1995). Advantageously, the system of
the present invention accesses and utilizes data from the external databases
during model creation. Alternatively, the system may transfer the information
from these databases into another database (not identified) in the system for
30 later use.
The information in internal database 11 is organized into and

stored as at least one data structure which is used to construct at least one



5 of biological cells, tissues and organs. Data Structures Data structure
refers to a group of interdependent data generated frominformation

obt ai ned Woens1773 er at ure, experinents, expert i nformati onPCLOS@dIssNt er nal
information. Typically, data structures are constructed by nmeans of the
graphi cal user interface and the informatign available in the database 11.
They may al so be retrieved frompreviously defined data structures

residing in database 1 r,gener,at ed from bi ol ogi cal ingut . 0,,,

experi nent al {5’8?5? Oﬁnf%&;{eﬂé‘lagy&gl”r{ar(aoépirﬁ@&eﬂs 1P§§?es15ﬁi'er %Fé%?gghdﬂﬁafiéﬁases
15 can in tur i i ; : L1 e
from Mcros o?tr @?ﬁﬁﬁgwﬁg\sﬂfﬁg?ﬂ8%%%@&?%%&%ﬁq? SR%%%%% ﬁ%lcl%a Ir
Referring to ¢dlimiaB andatyatest fundtione 177 Abemratbesdy ethendath astyuctireacahprisésur e

16, binary data structure 19 and pathway data structure 2 with the binary
19 and pat hna3naiomdealadaie stractires desorEing rtbmrhysiqabpaganigqiepn @ad strycgure

structures. The.l el.. dat t re is the elenentary data
struct ure%( " E%gbl)o(?ef@f%t%@#’ Eﬁ%?efganr%riaélr%%%pri se either a proteini.e., an
entity coded by a gene, or a variable. As used herein, a variable refers

to anything other than a gene, which defines interdependencies in cell
processes as Data Strugthrees el enents or ions inportant to cell function such

as K+, Na', Ca+, H+, organic 25 or i.norgani c conpounds srl#h ﬁg ATP, ADP, P;
. or any abstracted quahi®td STUCBRECTSTERSHY & BrouP: of wigdependent data geprerated

bi ophysi cal WrQ@emrﬁ@ﬁoﬁmﬂﬁQir{eﬁl ﬁ#)ﬁF litét%ttﬂregé%gpfim%?’ et Yhfrmation
nol e 4 S

subcel | ul ar, cular, or genetic function. may al'so conprise
state varli0abl &gl iraesel inforpatianetBypicalhy, alntalstravturbe arecadsthugtd OBy ahednze
behavi or of the systemat a point in tine. 30 In accordance with the
present i nverftli e eaphicatmser intgefape ppddhe ipfemmatipnoayailahlo dngibe detabase

Gescribe the o gakom 1Ay WP ro REHISTCRRR #edlohRl” aeBheg Sty Repres

01/ 57775 PCT/ASinP1988 databhBe ¢¢) | of Ng¥drated hiroR Obﬁjm%iicﬁlfﬁi-ﬁﬂx@s (&g,
specific gene coding for the protein, the sequence of the gene coding for
t he gene and expefimartial Tat) antor ihsusystemdeSeanealgussadntERSearanddddtabassand

P e S ok o 9Ef R FERRR B M BB I o
Microsoft (Redmond, WA) or Oracle Corporation (Redwood City, CA).
Referring to FIG. 3, data structure 17 comprises elementary data
structure 16, binary data structure 19 and pathway data structure 2 with the
binary 19 and pathway 20 data structure formed from the lower level data
20  structures. The lowest level data structure is the elementary data structure
("EDS") 17. Each EDS 17 may comprise either a protein i.e., an entity coded
by a gene, or a variable. As used herein, a variable refers to anything other
than a gene, which defines interdependencies in cell processes as for example,
elements or ions important to cell function such as K*, Na*, Ca*, H*, organic
25  or inorganic compounds such as ATP, ADP, P, or any abstracted quantity
describing the state of a biochemical or biophysical process, and which relates
to organ, tissue, cellular, subcellular, molecular, or genetic function. EDS's .
may also comprise state variables, a set of parameters which allow the
calculation of the behavior of the system at a point in time.
30 In accordance with the present invention, each EDS is associated
with an extensive set of attributes. For example, attributes associated with a

protein might describe the organism in which the protein is found, the specific



grouping of pointers to specific portions in database 11 in which specific
informati on associated with each attribute is found. By way of exanple, the
attri but #0assUei ated with a given protein could be arranpeduasl/aepggani sm
Cell: Cene: State: Sequence: Structure: Location: Mdel. In this instance,
the 10 attribute "Organisnt is a pointer_ye_the appropriate gene database
in which a gene which codes for the protein exists. The attribute "Cel |

points to the specific cell type _wthip that database in_which the gene is
expressed. THE! g Whidhthe Pregaipis f%u'scnﬁg? ﬁP%"r‘ﬁchePﬁéogﬁ%gchrithe@’éﬂ@l’ilﬁnt he
dat abase. Th | byt g " e’ 4. i.fles a he gani.

Cell: Cene tﬁegﬁéerggéa%g ﬁn?aeyé%@é bceOdéﬁ§?¢ﬁrn{gh%t Tg{}gnglﬁl :gdhisgeﬁrg%t g)%rglgfsllﬁglnesof

the protein siegbriBigiPact0BDSEARt &tfindthamirbic@irchidadlypiresaitdebpinaanpasfttheul ar
di sease in the organism_ a particular time in the progression of a
di sease, or tgiephickkuserHatesfaseel3.the attribute "State" is a pointer

identifyipg which partigcul ar subset. o he . anism Cell.: Gene database
to search.9 The attri but Hasgeqtl}gm‘éthL gei%’ipﬁo r aééﬁ%%e%e nceBHEE i A t he
structure of 9N hidgs 10" sHebFOREEbAS i Matak¥lsk " 1 DYR Swhidly! YGddiFig” 1S
a pointer tog{rﬁ\gpl?%r ggﬁﬁ’?rrensi onsfl% stlrdj?ture cl)g thae protel n code ff)yﬁtehat
gene, if knovnforikiaioa dgsobisted Witidehéh atributeoisnforindt oBp walabfibaample) thhi ch

functional nodels of the protein coded by that gene are stored. Although
ref erence hadttsdutesageoqistegr Withi A- glvent FOtHNt ¢9Wdt ke arapged s ESANSE: on

regardi ng bi ical . .entisies is.amthin. t . S.
i ngenti og. B:aneggyeagtsga{sef $%J or gsﬁ%@%f@%ﬁ@%p rgril;id 212 %lgolr?}lg%asnicfj i otHeof
mor et hanooneitEfBate ADIERRISmSPBG bofatd 1o tHd asiroptieq sdheFd4tabske BORhich a

S

conprises separate EDS"s with arcs denoting the transitions between these
30 EDS' S. | ngehéswhichnpodes fopShe propeissexists. t Abe attribute d1Geldapaings tadhar e

corresponding ta . state 1 of .the binary.relationship, EDS 2 represents,an

el enentary ngﬁmgscr Efclf G¥Re é@%b’@s’%@ﬂ&a 2% “ét‘ﬁleléﬂztgeaﬁ?&eéﬁ§@e5§§8 ED: hg are
VO 01757775 REHpYR0 1/ @diB8is = %@irﬁé@%“ﬁﬁr ¥pélatia sideGh Whes dalabaddn nirpg the
forward and backward transitio rates, respectively, of the reaction

bet ween st at atttibane "Staa¢'eid2ntiTies shbstade pf thePresesmdi¢lbfens tabba dodonay as a

state transition diagram Thus BDS s are .the irst |evel, data structures
at whi chl? nf S fdyithimeothat ﬁégﬁbﬁgpefgﬁfx%rﬁaﬁw r?éttIl\%@r%tFlrsSlmlb%ap e eBiEd | on

networks ar epﬁpﬂﬁ&%ﬁn{lﬁdpre@%é of‘raepgﬁﬂ:%'iﬁl 8ileddeO the organism, a particular

time in the progression of a disease, or the like. Therefore, the attribute

"State" is a pointer identifying which particular subset of the

Organism:Cell:Gene database to search. The attribute "Sequence" is a pointer

20 to sequence data in the structure of the gene coding for the protein. The

attribute "Structure" is a pointer to the three-dimensional structure of the

protein coded by that gene, if known. The attribute "Model" is a pointer to a

database in which functional models of the protein coded by that gene are

stored. Although reference has been made to protein-related attributes, any

25 information regarding biological entities is within the scope of the present
invention.

Binary data structure ("BDS") 19 is formed as a composition of

more than one EDS. As more specifically illustrated in FIG. 4, BDS 19

comprises separate EDS's with arcs denoting the transitions between these

30 EDS'S. In this example, EDS 1 represents the elementary data structure

corresponding to state 1 of the binary relationship, EDS 2 represents an

elementary data structure corresponding to state 2, and EDS 3 and EDS 4 are



know edge of bi ophysical and bi ochem cal pathways within intra and

intercel lular systens. They nmay be derived frominterrogation of existing
bi ol ogi cavoduasabases, or may be generated using graphi cal POBESOVNPES f ace 23
fromproprietary experinmental data. 10 The binary relationship illustrated
in FIG 4 has many anal ogues in biologicak_systens. For exanple, the

bi nary relationship may represent transitions between two internediates

wi thin the complex, biochem. cal network. sho i.-n FIG 2. 1n this jnstance,
£05 1 coul - reaPeLiaty “IF RviRtered dgmafie e il i GRbApHA AR RS
Acetyl - CoA (araya irabpRkiveERS B oW A1iba &R efthtet han@adidleyd | TheN PRy
pyruvat e dehydrogenase (a protein), and EDS 4 could represent the

substrat e NADepeesentatain is)alsdAkbewnaisiavshie, tramatibn daagramat BhussB D8t areetheoul d
represent a Zg'ngs%e t wo- st at e cl osed-open .nodel of cardiac ion, channel,

t hus nodelin S sURCtyrescalswhich IgffRRRtIon ¢ Ehe topolqgy adskinegss Aice,
EDS 1 . sed i ) i EDS 2
Corr esoonde DobftRibAl 1l PR5 p A sOheel bR AR HD4 S, 42T p@Eleq Frodr s

and 4 woul d biendvdedgé caf amgbhggiéal 4d MBitRhamecAOpeibWads Wilhiar iiakheshd
The functional dependence of the transition rate constants K12 and K21 on

quantities suaterasllulenpestems. e, Thes, maynbe adesivedt o aiterragatiom afeerdisting
vari abl es and/.o rqteins as defined previously, on nbrane potential may
or 28 mmy notbIBOLHR AR ar A OPETISRE U5 ne SRRl S suRa  be.
As anot her ef’fé‘ﬁf%r%pri@tal?&%%E&ifd%meﬁscfa@é.ati on of a gene regulatory network
is shown in FIG" 6. Here, EDS | represents an RNA pol ynerase (protein),

EDS 2 rdfresents a cl oFke biiAy pelayiveshipeillstrateexin(RiGY. idabdsehanpagdakdgtes
represents a pronoter (protein). 30 f BDS 19 is al so associated with a
nunber of at tif Biglegicakpystems, * Fag sxpmple.: the bmary felptignshipnmaypeepresent

hput i o st Ve PRoivaoth s e D BT BiSkhbp R
attribute " Osepwbrk kBowaSad @ edInithi’ iBB&Ande, EDS Ricbuildditpeeseht phAIvats (a

associated with EDS 3 and describes the forward transition rate, and the
attribute "Brarabld)s EBS§02i eewld wnrps@bSAsetyhdCafes(er vbeablehe ERE dnenomld

iti _As with the EDS'S, hj cal i nterface 23, 5
i o1 acd ntbozP et g a8 gneumea kAR 4r it Pilob il ) BRI a: ¢

the could represent the substrate NAD (a variable). Alternatively, the binary data

structure could represent a simple two-state closed-open model of a cardiac
ion channel, thus modeling a biophysical process as shown in FIG. 5. In this
instance, EDS 1 corresponds the closed state of an ion channel (a variable),

2Q EDS 2 corresponds to the open state of the ion channel (a variable), and EDS
3 and 4 would be identical and equal to membrane potential V (variables).
The functional dependence of the transition rate constants K12 and K21 on
quantities such as temperature, pH, membrane potential, and in general
variables and/or proteins as defined previously, on membrane potential may or

25 may not be specified, but the fact that a dependence exists would be. As
another example, a binary representation of a gene regulatory network is
shown in FIG. 6. Here, EDS I represents an RNA polymerase (protein), EDS 2
represents a closed RNA polymerase complex (variable), and EDS 3
represents a promoter (protein).

30 ‘ BDS 19 is also associated with a number of attribute lists. For
example, the BDS in FIG. 4 may be represented by the list

Input:Output:Frate:Brate wherein the attribute "Input" is associated with EDS



linked attribute lists. BDS 19 retains the attributes of each EDS which it
conprises. The linked attribute lists defining BSD 19 woul d i ncorporate
mul ti pl e want/#imut es refl ective of the group of attribut eBCEES@Odi1988ed Wi t h
each EDS. 10 Therefore, a BSD may have distinct attributes of the
OrganismCel |:  Gene: State: Sequence: Styqcture: Location: Mdel attribute
| i st discussed previously, but would not contain the single "Gene",
"Sequence" or, "Structure" attribute each is associated with a si nggl e EDS.

Pat hway dat a lstthgAttite" BHEPP 26 pespceaied with DR néhg aftepite "Istet igat a
t t LS. { i f : BDS,
oxanpl o of - srEiFEHTRERCEIRC 5 4R CRPRES B R IN TddfioR Mg 68

2. As illust ragirishtd MBYaS. i93assOBatid Wigh BDS! Berngxdsfribef tie Raskwash d be
detailed information pertaining to protein expression in three phases of a

cel |'s exi st drapsitiomairgte. (i evitlerthy, ERS{S.vat gdphivadl usehiipiaréate( 23y orr han
nai ve or 20 actiyvated state). As another exa e, a S may conpri se
i nformation TEGIFEIRAY %lété%lg bmlpghqaiﬁgf%%n?gswpglcgﬁgmegﬁo Beasrate) therp g

PDS 20 repr¢5&RhSt+@i01RE fiskOMPl ex state transition di agram which retains
the attributes o? the ‘%Egé s and BDS's present in the pathway. PDS 20 is

al so associ ated with aBDSbEr rahinadt thei hittileutes 9if each 28D Bewhitheit Rigmptises.
retains the attributes of its constituents, the attribute |ist Oglani sm
Cel | : - Gene: Sthgt dinkedqatirbute distycdefining BSR i bh: weslib| ingexporatseanultipby e

b [ i ] PDS 20... Th del i | s. d i h
Tl abas ool nftbRissn refetriveeBe TBE “LiglB. bR RiMAFY aibadhfl Wit ki EDSpe
used to genemiefebhe BDBSH Jthy MARCAISINAE ahribhtdsNHIPRS €O ghNRNELRN,

any biochemi cal reaction and physiol ogi cal process can be arranged into an
EDS, BDS andGemPStatedSé¢qusnassonicaured. edationbMiodel i satiriiytei cdisty, disvmsskat a

Gener at ed by PEIRENY of PorVHomaTo SRR Mo TIRBE olCTHa) STORBER Uctt on,
o ™ oSyt S shapme S Wbl o e 0 By (i
wi t h graphi cal user i nPatifweme dath stouctate (RBS" VR2eweprederrdi the diighedt liehel 5
data associated with or generated by the data structures and their
associ at &y  of data structure and is generated as the composition of more than one BDS.
An example of a PDS is the pyruvate dehydrogenase reaction depicted in FIG.
2. As illustrated in FIGS. 9a, 9b and 9c, another example of a PDS would be
detailed information pertaining to protein expression in three phases of a
cell's existence: naive (quiescent), activated, and inhibited (for the naive or

20 activated state). As another example, a PDS may comprise information
regarding T-cell differentiation as is shown in FIG. 10. Thus, PDS 20
represents a more complex state transition diagram which retains the
attributes of the EDS's and BDS's present in the pathway.

PDS 20 is also associated with a number of attribute lists.

25 Because PDS 20 retains the attributes of its constituents, the attribute list
Organism:Cell:-Gene:State:-Sequence:Structure:Location:Model described
above may be applied to PDS 20. The modeling tools used to organize the
databases and generate the EDS'S, BDS'S and their associated data may be
used to generate the PDS'S.

30 In accordance with the present invention, any biochemical

reaction and physiological process can be arranged into an EDS, BDS and

PDS and its associated attribute list. Typically, the data associated with the



attribute lists to thereby create revised data structures and attribute
lists. The structure of the attribute lists also permt a user to analyze
mul ti pl e Vl@OHE57733 ruct ures to determ ne common and uni que PEDPSIGILES. Wt h
this information, a user can link attributes fromnore than one data
structure to 10 anal yze common i nformatiopgor create detail ed nodel s of
subcel lular and cellular processes as well as of corrpl ex bi ol ogi cal

System P Bl PR B Y R PR SO CTRS 1S it R Rbae
structure of dyngtraeiiea) orcﬁh%'soorﬁsgbﬁﬁuﬁﬁ @eﬂ%tﬁégﬁﬁsfroﬁh‘i‘fa@al%%éalIStvl'rM@BUfses
may be in the form of sets o t hree-di nensi onal inmage data from

structural datdatedsky Hse psavi Advantagehiwstyyssede!s lark eonfiguotdhsr thdditaauser can

structures, the three-di nepsional ima e data and the structural finite
el ement cel | ‘Hﬁ?ﬂ%?tswﬁgv%r@ggé’?f“isﬁr ‘aPtt Sééo retrgsiee ey, andnedit agy 19 1het es

are in thguI %&?c@ﬂem xgﬁhl %&ﬁ?&ée Pfgﬂaétlrﬁé'tul- %&F ?ﬁ&?@smg{ ﬁ

the attri gani s I scusse ove gane

i's a pointer altﬁllithathslﬁﬁtd tlw‘rebﬁer@matmw&atacw@bme aaafdteimge 3istsiciiuee,
"Modality" defines the type of anatom cal data (such as a nodel derived
from the t hr séugiurensf dhalatirdge lisis salen pehmitt Breter Wi ﬁeﬂbﬁzgrﬂaultmiag®tdat a

tself d "] F t,' def.i t he st t f the 25
data,  Opt | ondiTetEho G (qeiHTIBE EpEion WA o BN CPIRsH e nOE s

speci fical 'y jhfdrHskiodt eduidt EdnGhnK atlides Q‘i’(ﬁﬁr}ﬁbfknﬁ{an_l_bﬁ@gi%téj@frﬁctfurré’%

structural database i$ defined by attribute |ists :
t hr ee- di i@nsianabizei mmgmaiatmfmnmtlba bdurcrdme deataibsd anodals byf gelocwthuiyr and

nodel i ng engineg 42 into struct finite-elenment rmdel 43 descri bing cell,
30 tissue an&e§|u rprgﬁ%t%ssaﬁavei{)%% phsopplexdiainsieal saﬁgs'a@ﬁe 9-Bs ORGASHr cel | s

therew thin. which mayp Haéﬁl I n and
readily avail abl e geome?[%y&ﬁn%g lltel ng e giﬁﬁgggw fsréa};t leh he con M\?Hi%%il cf(;ér’]{@of
WO 01/ 57775 BElctipe140k9ffing - tht9phirsiesl stgdiitatical anddetraciure! ofddididignt

(avail able from CElI, Inc., Research Triangle Park, NC) and FI DAP
(available f ceHsFisses andcorgapeh Thepe dm) struqtugel Ry ent the derni ofesets ofial

i mge datl§1 orthrtehe 1f |en| 11;e | enent le i st or n the system for
later use’ or LYK EAGIO né@@%sar foroinhg {}H% %%?%’% ¥ ot aPShsient
nodel , a userdlmggé:h,have access to any of the thr ee-

Like the other data structures, the three-dimensional image data
and the structural finite element cell models have specific attributes.
Typically, these attributes are in the form Organsim:Cell:Organelle:

20  Modality:lmageFormat, wherein the attributes "Organism" and "Cell" are as
discussed above. "Organelle" is a pointer to that part of the anatomical
database defining structure, "Modality" defines the type of anatomical data
(such as a model derived from the three-dimensional image data or the three-
dimensional image data itself), and "ImageFormat" defines the structure of the

25 anatomical data. Optionally, the attribute "Organ" would be included.

As more specifically illustrated in FIG. 7, three-dimensional
image data from structural database is defined by attribute lists 44. This
three-dimensional image data may be further transformed by geometry
modeling engine 42 into structural finite-element model 43 describing cell,

30 tissue and organ shape and spatial placement of organelles and/or cells
therewithin. which may be used to create additional list 45. Well known and

readily available geometry modeling engines useful in the construction of



di rensi onal inmage data from structural database 15, structural
finite-element cell nodel 43, or attribute list 44 or 45. As such, the
anat om caVoduas#A75 structure nay be specifically tailored tpCBUBSIEGMRSNt nodel
use. Preferably, the EDS, BDS and PDS's nay be updated via a 10 database
interface, such as the i-Base interface prgpri etary to Physione Sciences.
Most preferably, a user can use the dat abzi e interface to pose specific
queries regardi ng biol ogical processes to the system analyze experinental

data and hypothigsgisaciyal madekn gl utpdnSigigD@vellahle ogt £EI3gnc., Research
Co i onal LEquat i i i nes. || d, i gnal
oo nee. t 1 ansTBIMEEH e alC) Ay RroRE. O RGP Aol R b e o o g 1T

bi ochem cal , phytsbPiRAHEeL-ddRensidhblihabeadats WPeRd Fal@lelemthl Hodkls hhy e
and organ processes. Advantageously, the interconnection topology
specified in gachl dmtthe stysterbufor emmuts drhger2Patedngrunatéssasl. ebgring the
automatically generate these biological nodels by applying the |aws of
mass action. @s%awﬁaoﬁgasegwtrféo ol, pitser voutld hage ase§srio gaer hithedhresrgi ne
for generatin [ [ ' esse |4 as _an_engi ne
for generati n‘g@%‘%ﬂa‘éﬁ fngggﬁda?r%g{eqrg sg#g%%g?na@ggleo?g’g?%a ug%hfgr\l}?%te Peﬁ%esrgd 25
upon the synmbglli Gnedsdehs, of hatebiutat 119N 49eBLr4d. i OAs efighNahd4aiibRi@dli &l v
transfornms each data structure into at |east one system of equations

descri bi ng astoysduief gy bieaipsgiftcapiycteddored tPhiubseguant madelagaati ons i's
referred to as a synboli el ,, T oli,c del s be . stqred in
the systemfor |ater ut?%f"%‘%ﬂ%dg}q @ihmﬁé‘dbpﬁgﬁg%ﬂbr cdpdateg, via a

al ternatijgel ygathhize "peigHEcaBYudY R (GOUPBEE Whichral aemz' k& xg@%?

gener ated by tahe sf;stemtg ’rmlélel ditferent \lgfllol gg{}(r;&g)tpzces es. bike

di scussed i n Smencadet aMbstbptaferabdyy anusebecan afe sherhhitateaseoedrfacenyo iwse
coupl ed together, to produce nodel s of .caonpl ex WO 01/57775 PCT/ US01/ 01988
-20 subcel | ulspecifiG quarigs, regatding obiodegisal Jreeessss 1o thei sysisin. asakyizex
nodel s whic i i ' . ' 1L ul .as wel |
as system p:Ec))gggggqeésn%rrl;%/dtggﬁgﬁ@%s%q%ﬁ}t@%?&gyﬁlﬁ% isgr;%%%giahgsﬁ% Ssuch as
those which are a part of commercially avail able software tools such as 5

Mat hematica and Maple are well suited to the practice of the present
i nventi odd Computational/Equation Generation Engine

Generally stated, computational engines transform the data
structures into mathematical models of biochemical, physiological and
structural subcellular, cellular, tissue and organ processes. Advantageously,
the interconnection topology specified in each data structure permits the

20  computational engine to automatically generate these biological models by
applying the laws of mass action.

Computational engine 22 includes an equation generation engine
for generating symbolic models of biological processes as well as an engine
for generating computational models of dynamic biological behavior based

25 upon the symbolic models. The equation generation engine 24 automatically
transforms each data structure into at least one system of equations describing
a specific biologic process. This system of equations is referred to as a
symbolic model. These symbolic models may be stored in the system for later
use in modeling the same biologic process, or alternatively, the models may
30 be coupled with other symbolic models generated by the system to model
different biologic processes. As discussed in more detail below, any number

of symbolic models may be coupled together to produce models of complex



Conmput ati onal engi ne 22 generates a conputational nodel reflective of the
bi ol ogi cal process defined by the synbolic nodel. A conputational nobdel
refers twaossfitware procedure for nunerical sinulation pOT/@ROHESsSbehavi or
of the synmbolic nodel. As previously ted, conputational nodels are
software procedures for numerical sidllation of the behavior of the
synbolic nodel. Typically, the tools used to generate nunerical

si mul at i omsbdetizllardeetlnbse tisswaioraiganf poeesVEo thintveanatomoplex medabmat i cal

et i B SRR AR ML TS
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Fortran aRd onventi onal ans r aval lable in the prior art.

Advant agequstly, afey PESBirt e@Batbasereigilyessedlabie 28ofrwakeuptoobngsimpesassuch as
TeX, LaTeX or HTML can be automatically derived fromthe, synbolic nodels,
t her elfy t Matberdotisd yarsi dapleyiargy whld swited eos the pragire dofc dhenpsssdn.

Mor eover, .critical conponents of conputational nodels, for exanple,

Jacobi an HEt%{®8s that are used by certain nunerical integration

al gori thits can be detiyefaditha AhRTELLdditshbona  Eoipulionle myabol i C

nodel s. As previously 1'ndicated, €quation generation engi ne 24
aut omat i cadflectigener athes byogiokl proveks| defined higy fthensyhbelbephedelsystens of
differential equations fromthe information c ntaéolged in.the. da

' daf a.
st r uct ur esompytasionshiarages seigen e Bt VRIS PIOSEALS é‘“é‘?‘?rf‘?aéﬁt“&}aé’l‘mever y
conponent t 30 d stryctuyr ed to generate the nodel. For
9ﬁ£hea{;'$x}qvb% St%e 6ym"f)oth% ﬁ%ggf 9

exanpl e, gani’'sm | . State: Location: Mdel Type woul d
contain the attributags pre@@ant shbted, Cebmputatidmill e'modeidl ‘atocsdfiware as
previously discussed, wth the WO 01/57775 PCT/US01/01988  -21 equation
that i s sprqdednreshfom nuneeragal i mallatzemed thatbebpyionr qlatheuwpmbolipaadel. once
the formgof the reduced, nodel is selected arane . Of e del
conponent %é{Ptép 7 JBE @Ol UFF tf’hge'f‘)eé'ﬁg in(‘jl?“eg’fca %}r@;a}%boﬁﬁa}ﬂ?r%%e&hé%nponent
over the Bﬁ%lgfgb&tm (ERebRi HARET Matfinildli daf OARE Sitatisticat Mibeut;

avai |l abl e oftware products such as MATLAB ( Mat hworks, Nattick, M),
I DL {ResdIGh @ysimerisal Balgathm COpreum); P\andAVMATLAR (athemetical nc.
Laboratory); and Visual Numerics and the like.

Optionally, the symbolic models may also be translated into
computer code such as Fortran and C++ by conventional means readily
available in the prior art. Advantageously, typeset equations expressed in

20 markup languages such as TeX, LaTeX or HTML can be automatically
derived from the symbolic models, thereby tremendously simplifying the
process of model documentation.  Moreover, critical components of
computational models, for example, Jacobian matrices that are used by certain
numerical integration algorithms can be derived in an automated fashion from

25 the symbolic models.

As previously indicated, equation generation engine 24
automatically generates symbolic models in the form of coupled systems of
differential equations from the information contained in the data structures.

The models so generated will retain the attributes of every component of the

30 data structures used to generate the model. For example, the attributes
Organism:Cell:State:Location:ModelType would contain the attributes

"Organism", "Cell", "State", and "Location" as previously discussed, with the
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provi di ng ev I 0 aj . PCT/ U501/ 01988 - 22
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(PDE), or coupkedmliffedr aividenlis aliffelumi tha hhe w8, theasdgindl médedOhi hjwrsd ar e

useful to solve the problens. These nmultiple-processor codes use industry
standard | i brs@lvas must contusefl. diagoekahpleancepraelation| Bunctipnangftes Btroduthese

B N O
het er ogeneous nachi nes, Sgfar §REE R RGBS Reb B 1P Ueckertindihd B5ENbriRSKS.
simplified model and regress the parameters of the model to the original may
also be used. These systems often make use of pattern recognition and
machine learning algorithms to achieve a high quality approximation with a
20  simplified model. @ An example is the HDMR (High-Dimensional Model
Representation) system of Shorter, Ip and Rabitz.

Alternatively, practical differential equation solver packages use
adaptive methods that switch automatically between explicit and implicit time
stepping methods, providing marked speed improvements particularly useful

25  for models which exhibit stiff behavior at least at one point in a simulation.
Examples of software with adaptive solvers include the ODEPACK family of
solvers from the Lawrence Livermore National Laboratory and DASSPK
family of solvers by Linda Petzold of the University of Minnesota. These
solvers have the ability to handle mixed continuous-discrete time and

30 differential-algebraic systems. They' also can take advantage of the natural

sparsely of the system of equations, providing even larger performance gains.



In this way, a heterogeneous problemcan run sinultaneously on a network
consi sting of one or nore personal conputers, workstations and 10

super conuo e1/57775Thus, i n one enbodi ment of the present i nP€nNUS@IN1PEse
synbolic and conputational nodels dekine the tinme rate of change of the
concentration of reaction internedi ates, or of other state variabl es that
ef fect subcellular, cellular or higher order processes. Consider, for

exanpl e, the biochem ca MBS i.n FI.G é\a .
represent elenmentary da%ﬂélsl?%ct ureelsg((c?iegifﬂﬁi %g % ﬁgﬁgﬁﬁ)\t{a rvt\ﬁ%rée}?%?%lgor
"j" are generéquatiopseS@MEY, i @S coupted heifYaehnuls slgabefic Sugbieass, Apakalld or
D (Kij, KABor KCAor ... ), and Kl represents the transition rate between
states i and 3lgorithmaage ys¢huhdd splve He predleross Theae enwltiolBpracsspui endsass .

lyving the | a of. ma ction will vield 20 the fol i ng system o
R T rust Ry TS nf etk b FoRit Rleohibmind ey SEeubles,
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equat i ons ar eVoramMuaehipe {BViMEdBloyh kliow ®dimglotimilbdon apphcation ty red ohhe
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since these difisfoigeneeusmachinessapd adlovw, caele paeaespdec¥ork pe diffgrntdnsksmy
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of cellular netabolismwhich originates fromthe Fevel of the gene. A
qual i t atille sBpergomegwiatsati on of the actions of genes and their activation

or inhibition would be.repr.esented, throug he standard notation for.
cheni cal reactions, as:T&\ug ig, one emRo mtSnL{)O& theypreggnt | Ipyention %&3 }‘YmLO{lC

Subsequent |y, afdhriyataBigahbnRide s MUELHRE GAR Ak bEPhERR S LtheSncentration
of reaction intermediates, or of other state variables that effect subcellular,
cellular or higher order processes. Consider, for example, the biochemical

15 pathway shown in FIG. 8. Let A, B, C, and D represent elementary data
structures defining the pathway wherein "i" or "j" are generic representations
for the various states such as A, B, C, or D (K;;, K,p or K¢, or ... ), and K
represents the transition rate between states i and j that are defined by the
various Frate and Brate pointers. Applying the laws of mass action will yield
20 the following system of ordinary differential equations describing the

dynamics of this system.

dA/dt = -A(K,p + Kuo) + BKg, + CKcy

dB/dt = AK,; - B(Kpa+KpctKpp) + CKeg + DK g
25 dC/dt = AK ¢ + BKgc - C(Kca+Kcp)

dD/dt = BK;,, - DK

Since these equations are completely defined by knowledge of
the connectivity of the network, and knowledge of the various transition rate
30 constants, and since these quantities are all stored in the databases, the

equations may be generated automatically on computer. They may also be



(A+ G)+ + Amno acids - P, 15 This representati on bypasses the process of
transcription involving nmRNA synthesis, since the product of gene

activati omoetr/si7mhi bition is finally a protein. For protePapyUstirapssare
enzynmes, an enzynmatic reaction is repgdesented as: 20 M + E, + cofactor
->M2+ E, The presence or absence. of an inhibitor of the enzynme could al so
be represented by: 25 E, + 14 (E, + 1) Were, (E, +1)-, is the

enzyne- i nhi bi imegeesdligxtimehics B@rdhaszéﬁruﬂﬁ%' fheahiverioRd eletbdds Aesatsied t o
devel op nore 30 conplex structured nodels. For exanple, the nost detail ed
BRN nodel pobsidite is a description of the tenporal variance of every

Several processes that ASoftRHEGL dlFETFIEhnEPnF e e Bor I, |
These processgialishe which"oRYiheds 2fb sth@nl&{ega&elthgt g\éﬁeh AhguGHtARlAsM

synt hesi zed or consuned 35 ina chemcal reaction an ansport’ across a
cel | menbranerepténlstsoc ofriigsadtid e géys mdcthelr SotblagitnCaNinhebitioprwseldt ed
by the follow ng mathematical relationship: WO 01/57775 PCT/US01/ 01988
-24- dm 1s, vbe regsesented;j threughhhestandaif aydation fargdemiealagactions, jas:
associated with each flux vi. Each flux vi, is some function of the

nmet abolite concentratiqns, i.e vi,.,.This material bal ance under steady
state conditions wll rgdﬁ(,cél T)o(éﬁ'ebl)al gebraic relation: Es, vi =0 i O,
for all internediates sO#ul taneously at steady state, the individual

bal ance Mhuations can bé Gewr ik tem)in matrix form Sv=0

Subsequently, the synthesis of a protein can be represented as:

(A + G))" + Amino acids > P,

15
This representation bypasses the process of transcription involving mRNA
synthesis, since the product of gene activation or inhibition is finally a
protein. For proteins, that are enzymes, an enzymatic reaction is represented
as:

20

M, + E | + cofactor > M, + E,

The presence or absence. of an inhibitor of the enzyme could also be

represented by:

25 E,+1-> (B +Iy

Where, (E, + I) is the enzyme-inhibitor complex.

This zero order qualitative model can be used to develop more
30 complex structured models. For example, the most detailed BRN model
possible is a description of the temporal variance of every species within the
cell. A quantity within a cell, M;, can be involved in several processes that
contribute to its net formation and consumption. These processes can be
transported across an organelle with the cytoplasm, synthesized or consumed

35 in achemical reaction and transport across a cell membrane.
The basic mass balance for such a system can be represented by

the following mathematical relationship:



Wiere S is the stoichionmetric matrix and v is the vector of netabolic
fluxes. This stoichionetric relationship can also be viewed as a

connect i Wwoy1/517e4 at i onshi p t hat connects the internedi at eBCT/oS@ugbsst he
fluxes that they are involved in. F-stoichionetric relationship can be
used in identifying the 5 properties of a network of netabolic reactions.
These properties include, the identification of conserved quantities, and
pat hways of fundanental g,j nportance in the connectivity of a network. These
model s of intracel | ul ar +éacPi gms, Wwhliede bes;i ris eghat stdidhiometriy starféichadel s
by the follow ng mat hema cal’ representation: 10 d~ ' = zsyvi , describes

t he change of_net.a ites iLhin a. single cell. 1f. x., is used to,.

repr esent vvho?séo%lgfel%swt?‘h%acﬁngﬁ’éé’f'ofgaﬁff}Iqﬂ‘x HO&F%T?JHECtE:%OﬁéhEdB?&l?%gH as:
dx' = r;f - r&ncedMh8ii6nd fie, S the rate of formation of the cell dt 15
species, x;, and rd , is the’rate of death of the cell species. Each rate
is a conpl exThisnotatemalofbabeatcabahidtesteatdy cedtk scondidons révily reduta;to mhp rd
=rd (x;, m) WO 01/57775 PCT/ US01/ 01988 -25 Since the concentrations of

met abol i t es, ~alpehraty eelatéenet & spr, x@noved by cells, is influenced, by the
concerted action of many cells, these netabolites are represented by e dm

e Ssvj Xx; , (gt V\ﬂer t he.i.nfluence of the t abol jte congcentration by
the overall ¢ T’Iér d&f%{‘}e?hatﬂ S%@g%rfeé)b‘sfyn?tosr{%f@ %tatfa?]i’%wcﬁ%’rsb[é'?ii plageehe
intracel | ul areq@B6hs 8% be réR¥ited ikBhhe®Rfdgal | Y conplete description of a
system of cells can be described as, 61x; =rf - rd dt
S-v=0

Where S is the stoichiometric matrix and v is the vector of metabolic fluxes.

This stoichiometric relationship can also be viewed as a connectivity

relationship that connects the intermediates through the fluxes that they are

involved in. The stoichiometric relationship can be used in identifying the

5 properties of a network of metabolic reactions. These properties include, the

identification of conserved quantities, and pathways of fundamental

importance in the connectivity of a network.

' These models of intracellular reactions would be integrated into

systems models by the following mathematical representation:
dm, . . oy
10 7=2sijvj, describes the change of metabolites, within a
J

~single cell.
If, x;, is used to represent whole cells, the change of cell

populations can be described as:

dx- f d

L=r/ —r7, where r/, is the rate of formation of the cell

E—"' i i
15 species, x,, and r”, is the rate of death of the cell species. Each rate is a
complex function of metabolites and cells, i.e.,

rif = rif(xi’mi)

d _.d
no=r(x,m)



e 10 dt S#V ] JIXi dmi S~vl JXI dt Were, m , represents external

nmet abolite concentrations, and m', internal netabolite concentrations.
Advant ageooei/§7773 he macr oscopi ¢ characteristics of a cel | poDpadIatiPgsn and a
15 single cell description are conpl-éfely described in such a mathemati cal
formalism The nodels generated by the system may be further transforned
into textual or graphical representations by use of graphical user
interface 23.SinePth®bahéhtratidas TIARLEbORLs MERP 2B @Bl VZ80rH7] vad Byeehipt ques
20 from nonlinear systens theory. For exanple, public domain tools such as
AUTO and XPP,isamflisscéd,eby ritben dodneetted exctien afamadny celds] thespeundtabohiesadrgses
of the paraneter dependence and asynptotic behaviors of biological nodels.
This permits TREFSER e@[}P%ti on of qualitative behaviors of conplex nodels as
key nodel paraneters are chapged. 25 WD 01/57775 PCT/US01/ 01988 - 26-
Graphi cal User Interfacé”aa Zg'@l_e yser interface 23 provides a user with
input to and output frodinfé fatijodl in the system More specifically,
graphical user interface 23 nmay bé used to (1) draw genetic and

bi ocheni cal pahéraathe idflagnanmf dnd metaboliter conoaitifiivn speché yovganatell
constants in these reaction pathways, for storage in database 11 or for
synbol i ¢ and Rapwatian iofastoredgaty thegequapipn; drseribbrm tha imtpsellplas reagtiomps

data structur i r onpose _hi erar.chi cal .nodel s of .bi gl ogi ca
Systens. (3 Tosf, Helmlifal TR S B SERDORCRr B Bef we bills rbabes.
(4) display ardciipd®rgct with 10 previously devel oped genetic, biochem cal,
bi ophysi cal, and structural nodels; and (5) control fornulation and

sol uti on of conputati ondt, aP? gynbolic nodels, and to view sinulation

out put. G aphical user @"c% ade 23 can be custom zed for a particul ar

dmie ¢
10 dt =»(;s,.jvj in
dm;i i
(5}
J

Where, m;, represents external metabolite concentrations, and m,, internal

metabolite concentrations.
Advantageously, the macroscopic characteristics of a cell population and a
15 single cell description are completely described in such a mathematical
formalism.
The models generated by the system may be further transformed
into textual or graphical representations by use of graphical user interface 23.
Optionally, the models may also be analyzed using techniques
20  from nonlinear systems theory. For example, public domain tools such as
AUTO and XPP, accessible from the Internet can be used to perform analyses
of the parameter dependence and asymptotic behaviors of biological models.
This permits the calculation of qualitative behaviors of complex models as
key model parameters are changed.

25



application. Typically, interface elenents such as video nonitors, 15
touchscreens, keyboards, a nouse, printers and the |ike nmay be used.
Creati onvd oaswetlel | n accordance with the present inventpPOUS@/TeR8el may
be created to study any type of sub@ekllular, cellular, tissue or organ
information 20 as, for exanple, the function of a gene, a specific

bi ol ogi cal process, the behavior of a target protein in the presence of a

particul ar draigh piicaPYSEEThtdrfdlGl | ONs in response to certain therapies.
Based on the pr()‘g{ie'm_M e sofved, the user will select the information
from the database that @idphicsriveraatdriee QBIisdrdivﬂEstH Qs&s wifh isianelPRKHAY
the nodel. For exanple, a user may wish to 25 predict the quantity of

certain int erviépNtafion jinfanmatinpy in dhe Yskgr odéorst specifdcedtyi, ographical speeei f i ¢
cell type bot.h ip health and disease. . .In.this instance, ,a_  node] would be
gener at ed ba%gtﬁr%BSn?% h&agt ﬁc‘fsﬁﬁal%o eqlén‘é‘i?t"% g5ehif el IWOC}}CGE]‘&?LEHMWH t he
bi ochem cal s RHRPIRA GAEnRAF el r ' ! r tion
t opol ogi es. S(IJlel'ﬂhesg nodel sncagﬁggégx?ss%Pg?e}ﬂﬁgnraﬁggg%t%ﬁggf %ﬁ?t%rgmﬁﬁ
general , the patievays, | forbstopages ént éstabadeh 14 palfor t gmiolic@nd tbabutaibiae

br owsed, V\/nereegach icon represents sone binary or pathway data structure,
such as a WomAdesingyd2pantansonneayt ggaS, BOS pard PN dala siruefusgshymicgder to

nechani sm pr eyj i a tored in,the , sysfem e user would
i nteract V\Ilpt ﬁxbﬁ%ﬁgéé%’gﬁﬁ%"ﬁ ldi%gop eé% 85 fﬂ’soéo%]cala ﬁ%ﬂ?é. B;necwgr‘w&aﬁn%dd
these conmponeidnspilatd Beopsiystsal Wndl sﬁﬁ@tﬁkalbﬂmdégkrﬁ@} ldp1ay Ana @Rctagt 38el N9

themto the point of insertion in the nodel. 5 € USEér nmay View
i nformat 1®n pegyaedslng develdpedc rgemietia) / bioshemisadj chiophpsibalni amdi ssexctwdl i nt o

t he nodel by _cljcking.on.the representation of that chani sm  For
exanpl e, o) BRI ot nE) (’?BHUPEr{OFﬁ‘éﬂatb‘WLﬁPéitéOL‘@Wdro gePmpEtationad | & wi | |
trigger a di §phdy1ieimdédds PatdWYiew éikﬁ{ﬁa{iaﬁt%gﬁé@b FIG 2 on the displ ay

nonitor. The user can then query the 10 sys r information associ ated
with the internedi at es Grhphivabaseechoeifans.23 CGhn bki agtanizell ofor exaapicular

pyruvat e dehydrogenase will jnitjate a pop-up display of all of the
attributes d%@&lﬂ‘?a&"d’g J}}’P&Rﬁéiye dekgdrcsye lageentpatsughy #fe  videsni meanitorse

user 0 |1 Sell O 8000 Sl PR AL BB g FARL ISR Xy L 1 nkec

attribute list w e system ate a quer n pl ay of

Creation of a Model
In accordance with the present invention, a model may be
created to study any type of subcellular, cellular, tissue or organ information
20 as, for example, the function of a gene, a specific biological process, the
behavior of a target protein in the presence of a particular drug, or system
functions in response to certain therapies. Based on the problem to be solved,
the user will select the information from the database that will serve as the
building blocks for developing the model. For example, a user may wish to
25 predict the quantity of certain intermediates in the pyruvate dehydrogenate
reaction in a specific cell type both in health and disease. In this ;mstance, a
model would be generated based upon the structural elements of the cell
together with the biochemical and biophysical processes and their associated
interconnection topologies.
30 These models can be displayed on the display monitor. In
general, the user will be presented with a palette of icons that can be browsed,

where each icon represents some binary or pathway data structure, such as a



15 information to the appropriate database, for exanple, a display of the
gene sequence of pyruvate dehydrogenase. Al of the elenents of the

attri but av0oss7778associ ated with pyruvat e dehydrogenase copCTOURB&/dpsspl ayed
in this manner. Thus, the sinple act27ef clicking on pyruvate dehydrogenase
retrieves for the wuser all information on pyruvate dehydrogenase stored in
the systemand 20 makes it available to facilitate nodeling. This
configurati Orbi%ﬁéﬂﬁc?al%ruﬁ%?h Qcall &%@ﬁﬁﬁ%m“’?fé(}ri&ﬁﬁgmeqﬂeduéﬁf sidé‘%@riﬁ g 23
to retrieve any of the info tion associated wth or generated by the
system |In tHHystemy, Theeusesewould ptessemntwith this hzrapkicapldedpday apr @sendfaki on
of specific biological processes. If desired, the user can invoke an

equati on gené?laweonTgﬁgP?F‘é gon aid GBeser SOBIPPNSYIfGP | thes strugfurgloumedal by

T

as part of a ‘docu atron o : h _ ) _ _
transl atoss that woul d TR® §deenmipt oi&@nﬁ%ﬁﬁatmmssegluféihg fhel ;Bﬁéd}ﬁnﬂeﬂ/red
a

n
progranmm ng | anguage. This source code can then be linked w
conput at i onalbieplgysiealt ompelrdisre eémsartadabingocdble frordeB0 byoddickimg t ba aakl .

Preferably, this executab code may be stored in the K systemfor future
use. WO 01/ 57‘??@?5’9@?}‘{990‘1‘} g‘f@@?‘:h-a?@’}-n Fz)l’icﬁxl‘?é’rpl%x%\lh‘i’}?lég Qmieyisep foryhai sh
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nol ecul es t o illosteatedoin FiG. 2pbashe dieplayamenitor. tTige CgtOSeh thé® duRey the
nucl eus. For exanple, in T-cell 5 signaling, the T-cell receptor binds a
| i gand ( MAC asisteantdpyaenformstippiaspegiatesd withgthe intermedistedeot these peagtiasses

hrough th | and .cul i in both tein synthesis and i
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signaling events, and in this way, define poSsible genhe(s) and 10 gene

nmodul at i on acxamingd.offhehsepwall sttect froguestiodriheddbatenbetes. whivaetageeusly,
niracel U an, g eoleaenati o ebTEhesyles, fand gl Lunt cnglydmletlee),
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associated with pyruvate dehydrogenase could be displayed in this manner.
Thus, the simple act of clicking. on pyruvate dehydrogenase retrieves for the
user all information on pyruvate dehydrogenase stored in the system and
20  makes it available to facilitate modeling. This configuration permits a user to
interact with graphical user interface 23 to retrieve any of fhe information
associated with or generated by the system. In this way, the user is presented
with a complete representation of specific biological processes.
If desired, the user can invoke an equation generation engine to
25 generate a symbolic set of coupled differential equations defining the model.
These equations could be saved as part of a documentation of the model
and/or they may be input into translators that would map them into computer
instructions in the desired programming language. This source code can then
be linked with a computational engine to produce executable code for

30 modeling the cell. Preferably, this executable code may be stored in the

system for future use.



Thus, the protein signaling systemdescri bed above nmay have broader
inplications in cellular signaling in other cells of the organism For

i nstance W@QOCZE® 75 - cel | secretes IL-4, 11-5 which are cyt oRCTvEsotags af f ect
the performance of the B-cell, which8ts another conponent of the imune
organ 20 system The T-cell also has specific nolecules, e.g. CD40 |igand
which binds to a CD-40 receptor on a macrophage. Thus there are processes
froma T-cell that afflect ot her cel I1 tﬁ_{%es within the orqqa(ge. The Cﬁllﬁ’é
model s can therefore be™ GBRUICASEABPIE HIS RFFTt MaypriEh {1 madelrinteacellyjps;
formlL-4 to : A - dhiaf f i -G b J

that form 68%?15?3% tgéﬁ%ﬁédé_zvgh %%\Eé‘éér? ? eﬂgglggg Bg {igéaﬁdégd%laﬁrgg%t fh?&??%lts or
conpex in t hewhizhr ophage. siphakliag | prokedesabal sllowomsldduldse t@ meeke ifroeh tas
organ system which is_applicable to various clinical_ and pharnmaceuti cal
pur poses. Dr IRJaHBY dnemREe, Frothgsertosel, ttaridet nurdewpec For cexeamdei omI-aeld

nol ecul es<in [l. .9 he rgan del | i+ from.several .ce|l
model 5 that et B iteldSerdpP pdiradicand (Hbcand BRNEFYSISnibale o
singl e steps sgadhil coPaMedhaY poaReiaed thidugh NRe ré?@@o_l%%d@dﬂrﬁn&t@@ igfdotgt of
a drug. So one or a few steps in synthesis of IL-4 in the T-cell can be
targeted in tieav poatein symthesis andandactive WEibit66 DT EenPGEELVEF1/ O198Bn o8

characteristics can ]t)e éh{anged. ‘]'he overall resultfs on the organ function
can be neasdiaeHyll Medgr] Hyaqaesdancewith dhe prrsent kyysntes Wi 3l Aget iton of

all the cel lfﬁl{lﬁgﬂ%x;dtéﬁxuﬁghﬂ?ﬁ% g@%_ g%?ﬁd ?x‘f Shi! %aﬁéﬁ%%}éggik%{;ge%ﬁs) and

Speci fically, fect ~“on t unction

macr ophage f weat inpsdwlatiohactivagloddhe praibin imbiudstipnt 0 respond to an
infection can also be tracked, which is a feature of organ function. In a
clinical trial, the chadgeoves mhile phodusrcediplaraneresentpioyeef moleadks at
the organ function.change. In clij.nical .diagnosis, in a  disea such. as
heunmtord arey AsiE R onal dnflelByrE 48 BASEHEs vl pREERT 7T 6-Ehe
nodel and t heRe BRPSLERHD SOMNEDANMEIRE iPeEHABR 1HAE)4 Tt&:lE[t))} aii§ is 48t t he
specific abnormalities at the cell level for that patient. Validation of
Model s The mbdsl forgomayaindtacelulae cooltankes. wAchordieglys ébenesilty ofita simglar e
val i dat e
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data exist, tihasTRe! phorehP!SighAIRt | Rt | HEIYbIA! labofe Chiay Chatd OBrdafer
implications in cellular signaling in other cells of the organism. For
instance, a CD4 T-cell secretes IL-4, I11-5 which are cytokines that affect the
performance of the B-cell, which is another component of the immune organ
20  system. The T-cell also has specific molecules, e.g. CD40 ligand which binds
to a CD-40 receptor on a macrophage. Thus there are processes from a T-cell
that affect other cell types within the organ. The cell models can therefore be
combined by linking the BRNs in the T-cell that form IL-4 to the BRNs that
IL-4 affects in the B-cells, and by the BRNs that form CD40 ligand to the
25 BRNs affected by the CD40 ligand-receptor ciompex in the macrophage.
These linked models’ constitute a model of an organ system, which is
applicable to various clinical and pharmaceutical purposes. Drug development
focuses on targeting specific reactions and molecules in a cell. Since the
organ model is built from several cell models that are built from several
30 BRNs, a single step or a number of single steps can be removed or changed in

the model to mimic the effect of a drug. So one or a few steps in synthesis of

IL-4 in the T-cell can be targeted in the model simulator and its



the nodel is created, the system conpares the solution of equations to
experi nental data, neasuring goodness-of-fit of the nodel. A user can

i nt eract iwebysad ust any of the attributes associ ated w t ACT/SOWMONES toO
create a 20 new hierarchical descript2Pen whi ch approxi mates user sel ected
properties of the experinental data. In this instance, a system
identification engine can be invoked to adjust the paraneters of the

equat fons def i 191G BAPh et RBEER" Pre 8,05 SXSKETOL SR ABHod N
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sol ution of XI s us selell e prope 0

experinent al gkendasgred Y FhefingAaBteffect aF iitceih@hpes bAGhede8ctfon bPYLII tRES
for optimally updating the paraneters of a nodel, taking into account

measur ement  aaedlsneoutietissirec typeai amdy theExearpll eorghg dundtions 3 peclifickd | athewaffect

Filters and batgh | easf-square fjlters. The systemidentification engine
can also i ncqlhg'@ él"gfy f nf%ﬁ‘l the ¢ ‘Eti‘t‘fbn"taﬁéoigli'éleif?‘?c(ifmtcﬁ@ ke traged. he

model to khe i t S f ing -
mde 0, e TIRPEATRG Akl & sEAURARLE SHSURIDE! Lol ST e
Nattick, MA) ofasigani finegoarl eth hrtlidicalSeidl athedeliznganabyisiss gﬁotﬁica@h(émé\,

France). WO 01/57775 PCT/USOL/ 01988 -30- Linking Mdels Several nodels may
be |inked togdenged tEolookxatmphe orgamdwiriion ghargef f dne¢linigabdirgnosis, ior a

bi ophysi cal chani s may be inserted.into a single structural nodel. In
Lhi s 1 nst ancaisean v Fromatmatpiil arBntie p dutient s tracterishies orp &8 Rt an
interface whiigh WRUddel RS tMAE abreli! QWimk a AHhRN TR s RESNEER bBRn
respective nodels. For exanple, the outputs or internediates In a

bi ochem d6él rtkaspéaficrabnonnklitiesat thei qedl levPDSos izl pasientdescribed in FIG 2,
may act directly or indirectly to nodulate the function of another process
such as the BDS representing an ion channel nodel of FIG 5. 10 A specific

case may be W"ﬁ?@éﬁ&?%f‘i\%b??l e of adenosine triphosphate (ATP) of

gl ycol yti c bi"oche on networks and its nodul ati ng action of ATP-

sensitive nmenbrane pot dktsd HodehngesdratedSnngdcerdsice whtehs preyerReinkBhan at ed
with organ nodels. For exanple, intracellular nodels of cell states for
normal and diaseagtdatedaagainyainformatien glasaedifsemi¢liniealedatap expérdwpdrion,

vpe 2B, Tl G0k, WA P S o 9 S .
poi nts of di gaasexist,alE ssdedNs Refrectedi it dtil @y until a correlation is found. After
the model is created, the system compares the solution of equations to
experimental data, measuring goodness-of-fit of the model. A user can
interactively adjust any of the attributes associated with the model to create a
20 new hierarchical description which approximates user selected properties of
the experimental data. In this instance, a system identification engine can be
invoked to adjust the parameters of the equations defining the model to create
a new system of equations, the solution of which approximates user selected
properties of the experimental data. The system identification engine includes
25 routines for optimally updating the parameters of a model, taking into account
measurement and model uncertainty. Example algorithms include Kalman
Filters and batch least-square filters. The system identification engine can
also include algorithms for estimating the quality of the fit of the model to the
experimental data. Complete systems for doing system identification are
30 available as add-on packages to Matlab (Mathworks, Nattick, MA), and
integrated in the Scilab data analysis system (INRIA, France).



therapeutic intervention. By way of illustration, inherent in an inmune
cell/organ 20 integrated nodel are network regul ati on dynam cs, sone of
whi ch aravooanswes sal (i.e., nass-bal ance and netabol i sm pOTDUSarEISt which
are unique to the imune system (i.-80; differentiation). Single cel
nodel s that could be generated in this instance include nmacrophages,
dendritic cells, naive T-cells (CD4, CD8), effect on and nenory T-cells,

B-cells, plas cells, mast cells 25 and basophils. These nodels coul d be
i nt egr at ed inﬂg‘—'-%ﬁg&%gﬁl—srmdel in order to provide a nore conpl ex
representation of a bio I.ca t . e anpl e, a nodel fqgr
therapeutic interventi o%a%lfr&l #ﬁ?éﬁs&?‘g}' alrlﬁigér)(% pi%etlg@érm dorb%xa(ﬁtéé}% %&élgj%oeésed

on ani mal nodst gifedrear bivdhkinScall 66 beeshywiddl MBEHGL0Ss Qﬁegi becinkéRud iageAt S
In these nodel s, disease severity 30 correlates with a dom nant Th 1-type

cel | responsesinglar sicuainiat gdodgl. a Lhithhseinstangs, sewéral Fhogels owoild4be Imerged
known t hat. Th2 cytokine thera e.g., dnfusi.o of |L- may SUPRress
S@?ﬁ;&?gﬁggﬁg”?g? @m‘;izlls%é@ Riténiaca Mlcﬂm}ﬂ%fé?fwffzge How o
=31 - . Se )V e [
arthritic joi ntfosr an1 1 ;Dhter api es str'lge{:cﬁlgg tﬁlg)%% ése%gegf(% Elreg rl%aye{‘gtéﬁts of

ef fective. | rintdtingdidies ance bicdhemiohl aertionl astworlledesofibide aTNBS" swetilad be
generated in health and in _various states of disease progression. Against
t hese singl e desptiBedriELG; 2 amay- anydizectlyr etaigdirestiidg medwatectbadunttionoder
to ascertain suiitable points f apeutic. intervention. F

11 st r at o5 RSHRRSPRER SR a5hr Ao Frorviing M i Pl mddeo Fg e
used in fpe %@?édiﬁ@ cabe tmaOBlethObutdut vahble ¢t ddcpbsinkitAiphOshHate (AEPIREOI d
arthritis. As still another exanple, consider asthma, a conplex 10

i nfl ammat or y glysdatie bibclemignl readtiont peteeorkncndyitomothdatieg tcgopaifi AGPHn
the generation .of late ase inflammuation. Prior to the present invention,

- ph
an under st a@PHE VEMERPEARC AqtasyyBLhaNBelSor t ant sources of t hese

cytokines was |imted @Hgiet Qeli REodd1@RhAY the frfedh ; e
relative contribution of gl|end‘|3 vir}g%a%] ce%* %opu?%talfe??\gv{l%l ?%Sﬁl&%g\%n For
however, thatexiimple,dapacabdanmadelslbf celbtstatbsf@ fharnailrandydieesedaphieacamucus
production and I gE synthesis are key features of asthma. [ntracell ul ar

modul at i &% ofPetgeRREAFY 1 PBtErTtacH W caltAvBes, apdimpdiatygsicdicelulaiduasiivrssi on
of cytokines bIeLrﬁéldullal'édsa@d]QnMy'zgrg ’in%kf&:iﬁg Qisease state. Such information can

be used to identify specific points of disease progression best suited for
therapeutic intervention.

By way of illustration, inherent in an immune cell/organ

20 integrated model are network regulation dynamics, some of which are
universal (i.e., mass-balance and metabolism) and some of which are unique
to the immune system (i.e., differentiation). Single cell models that could be
generated in this instance include macrophages, dendritic cells, naive T-cells
(CD4, CD8), effect on and memory T-cells, B-cells, plasma cells, mast cells

25  and basophils. These models could be integrated into an organ model in order
to provide a more complex representation of a biological system.

As another example, a model for therapeutic intervention of
rheumatoid arthritis could be developed based on animal models of arthritis
induced with antigens or infectious agents. In these models, disease severity

30 correlates with a dominant Thl-type cell response characterized by a higher
ratio of IFN-y to IL-4. It is known that Th2 thokine therapy (e.g., infusion

of IL-4) may suppress disease symptomatology. It is also known that IL-1,



secreted by Th2 cells, but not Thl cells, at various stages of disease
progression could be studied in order to devel op GATA-3 as a potential 20

t her apeutwa ot/sn7get in the treatnment of asthnma. The i nfor nRBCT/OR010LPES ned
from these nodels can be incorporat-&d-into a nmulticellular nodel of
Thl/Th2 cells to ascertain the effect of cytokine expression on skew ng
Thl / Th2 bal ance towards a Th2-type cell and the rate of GATA=3 in this
system As i illu ed in FIGS. 12a and ,12p,.a puch greater. l.evel of
cyt oki ne pr ﬁ&a‘h%ﬁ@ﬁ? F?F’és%eﬁ%?ﬂ &Y }b‘ggf ke -i”&ngrtxgmf’ﬁzl-ot”ﬁﬁea Il's
rather than tgerhBlest ¥iR€cted b heseRAU A ry iy bd /PRRANBIORB this stk SPARY OF
Mbdel Results Qutput data fromeach sinulati'on, as well as tﬁe under’l yI ng
data, may be idirsdlhledmdel bé the INF-catowldede geriedndedcia. hdalthpatd tabariswy

i ncl ude gene data Ei .€., recruitnent,.activator and expression), in

expressi on 5 stiienofidigease progreasion. apgaisgpthessisorgle qellstmdelspanti-diNbne dat a
(i.e., phosphorylation | ycosyl ation, associatian, etc...).cell turnover
ot s (i P80 Rty matens SoobERRY L pafetn SNier Gy SR bIE SRR HGTDHHER of n
accunul ati oNntef@tldin fIkIees 11 Colthsthdie] TineKinGriratish JBIIALP! HofP!thpSd
paranmeters of clinica rel evance to track pathophysiology and the IiKke.

FI G 13 provintedulatord Othax ampy ebef useddda ctheptorsaioe pft ta gesdRl abRATAN cell
response to a,sfpeci,fi_c nodeling _query. FIG 14 provides an illustrative

gr aphi cal nodéffesatigtionsiprhewmatodd geditischange in concentrations or |evels
ina T-cell that is ch C i St G, of h ehayior, of that cell, and is
characteristic of the gﬂisgngﬂlnganv%%ﬁri ne}%%@pg’ &8 fl.d_efA &gt arf n{j&?’f’ .Xt he
dat a fronp eaghlsmmsély @Reae Wahl magy CBH thped AAGIyYolded PRAIIBE N iAMHL
the data represents. The user may also custom ze the physical appearance
of the graphigesenationeaf datie-plmse ainflavenation.hePriouttputhed atesenBynwangionf an

illTustration, the user can.,doubl.e-click on a. conpartng of the. nodel, and
woul 3 ba. pr oLBHPSLTEs 58 YHIGK BUF Bt frh et iard SROrSas L Bere EVRINS TSt A
vari abl e and SRl A¥ie!fdaihe" HabRRYC1P RiRcdy APl dhaWa)d

w ndow. Opti olnall ly, fhe us?er acou d rm%:li %yyt he gﬁﬁﬁgﬁér %?ﬁ%@%‘?‘?ﬁﬁ‘gbgn"
gener at e a nevdinizhhal celllpopuimidnselly wathmowag hoeaykr] thaeTh2 respphsdsawhich
variables, that s, those state var.i abl es defi ned everévvhere within a

model an® di SPREPULR L0 G cQsiRORINR e MuSHA Production ard dglh §yathesiveare key

features of asthma. Intracellular modulation of transcription factor GATA-3,

which regulates the expression of cytokines IL-4, IL-5 and IL-13, which are
secreted by Th2 cells, but not Thl cells, at various stages of disease
progression could be studied in order to develop GATA-3 as a potehtial
20  therapeutic target in the treatment of asthma. The information obtained from
these models can be incorporated into a multicellular model of Th1/Th2 cells
to ascertain the effect of cytokine expression on skewing Th1/Th2 balance
towards a Th2-type cell and the rate of GATA=3 in this system. As is
illustrated in FIGS. 12a and 12b, a much greater level of cytokine production
25 is present in T-cell differention to Th2-tpye cells rather than to Thl-type

cells.



over the entire nodel domain. 25 Mddel Uses The nodel can be used to store

and search all existing biological information (i.e., genetic,

bi ochem oad pv/bi7ephysi cal and anatom cal) on a given biol pgi/waé/q@esscess at

t he subcellular, cellular or nulticel32ul ar | evel. As 30 such, the nodel nmay
be used to integrate know edge across all biological systens. WO 01/57775

PCT/ US01/ 01988 -33 The nodel thus provides a neans for collecting and

synt hesi zing _hiaological ipnformation into a format by which function within
a bi ol ogi cal f-Med t$7ed. For exanmple, the function of a

particular gene could b @seanieinsd fn uahias, the wiadels be dehenvine

t he sequence of the gene o nt erest and i ogous genes

BRN s in whi clafahenfprsel apsplsyeddenethragiaphicabtingr iBRER”eON GutpuBRMaSmdihe
dynam ¢ behavi or of the honol ogous genes coul d be nodel ed, providing
quantitative indudphigenatdata Kiee., posryitnentf agfttatemand regpeessiom)hén gapeession

i nterest. t he nodel .coul d rovi de not only honol ﬁg{ﬁtsear hes hased

Thus, .
on |inear %eqaéﬁcelaﬁﬁ’al geiiator, , ang o SXPESSSIORAct PHEIN sBQ Popahitd; thles
based on the sjmd Lty aQf S i: gene LLiCli :
addi ti on, theﬁrrlr%ga;&%rrﬁgmgé g&@g?ﬁr}iﬁo}f udés%%gﬂé(gﬁ\}e%)?; "e)asceggrt Mng)kg%%,s (ltl%"
anal yze the behavitmenf proliéautian, t diffieémtidtion, haepttgsepaeidf acupaiities) ar
drug. Conputational nodels of drug_/ gene action woul d be 15 generated and
i ncor por at ed fHewnwdhies, eell grafickinggrates, unigualy glefingd paremetran©f alinipak he

present invention. These | ti-di nensi,onal | s,.coul h be used to
screen candi d%etl%vaélgﬁ'pg nt(ﬁg%k ?ﬁ@l’slqél9§¥e?ﬂrggﬁﬁ'hgﬁﬁr _eggﬁitt' ?%v%‘ﬁ’tvil ¥ By be
i npl ement gyl 0@k ARy eCONP HeSErip@V € M3 cRE lodh&ratddl BYespBREd 88'hddpeeiTic Hiddelihg
multi-tiered or clustered services or a client-server paradigm Certainly,

the type of cowgut erFI§y.sténprividesd epe mnidustoativieh grapdnpdlemadel ofutphte foodieie( s)

and the choice of an appropriate systemis readily available to a skil]ed
orLi san. Ty pi QU GRBRE ShsoRer SR vels38 a BigsTh Bt & Shashyisian of

include a cenfy.ale RVGLSEE oM, tandAMhaRMEridtiCof the signaling within the T-
cel. A user can modify the data from each simulation as well as the
15 underlying information which the data represents. The user may also
customize the physical appearance of the graphics or textual appearance of the
output data. By way of illustration, the user can double-click on a
compartment of the model, and would be presented with a list of variables
used. The user could select a variable and display that variable on a graph
20 drawn in a separate window. Optionally, the user could modify the
underlying variable and generate a new model. Alternatively, the user could
select "global" variables, that is, those state variables defined everywhere
within a model and display the global variable using a color coding scheme
over the entire model domain.
25
Model Uses
The model can be used to store and search all existing biological
information (i.e., genetic, biochemical, biophysical and anatomical) on a
given biological process at the subcellular, cellular or multicellular level. As
30 such, the model may be used to integrate knowledge across all biological

systems.



Adapter, data storage space, a graphical user interface having a keyboard,
nouse and speakers attached thereto as well as an operating system and

sof t war e wapaki7es of provi ding Internet connectivity. The PoTAUSwWg8sexanpl es
are presented to provide a nore 30 -38napl ete understandi ng of the

I nvention. The specific techniques, conditions, materials, proportions and
reported data set forth to illustrate the principles WO 01/57775

PCT/ US01/ 01988 - 34 an rac i.ce of th i nventi o ar exen%% nd. shoul d
not be construed as trf‘ﬂé lt'ﬁélsé’&f)‘ CHP REES R0 ERLF ‘gﬁ%’il@eil@grhu s
is an exanpl §jQbgRal %fdrMatloﬂeﬁﬁB'é)tfbﬁﬂatof) tRRicAARIftioh! WWQ Bﬁgb' afrodel
generated in accordance wth the present ventlon (0 s a s set of
XML that is epstedmtmagdscmabezed. cdedrd exmqf;lh tire funstohed aoparticelar glmelebalc) For
pur poses of th| s nodel it is treated as _an ion current. This nodel

cont ai ns twobaiasscatained By iavekingdhs madyl o detrrming ghe sggugnge of {he gene aﬁd

dv/ dt ere, b and e ag reat nst ant s

<CEL LNODEL > A}E‘i?éﬁg&ﬁ&ﬁﬁ%fy\r/ﬁ?‘@o%ﬁ% 58 haBRNE SEfeR Iné 30 ‘ﬂ&?%“

Fi t zHUgh- Nagem® iroRatey. VEBRCRENMWEhe <NRYEST ieHUgRaMNao UbahaGRd! FENAME> 20
A <DRAW- tag I's used by the programto descri be how’t he object is

repr esent ed hoswddgopsi gertelse:ocuédl Ibermaddeled; preDdavg> quantitative insight into the

DRAWSI ZE>8000, 8000</ DRAWS| Z 5 <POSI TI O\N> 1000, 1 </ POSI T
:BACKCO_O?bGBQ%SGQlFBM 01% . g@ﬂﬁz%zyl Eiﬁco_ vﬁb goykk
ENVI RONIVENT I es,
ENVE FONVENT biihe oy Sl ket g Rt 6

PCT/ USO11®19880 functional search capabilities based on the similarity of the BRN's in
which a gene participates. |

In addition, the model may be used in drug discovery, as for

example, to analyze the behavior of molecular targets in the presence of a

particular ‘drug. Computational models of drug/gene action would be

15 generated and incorporated into models of physiological function in

accordance with the present invention. These multi-dimensional models could

then be used to screen candidate compounds.

Computer System
20 The present invention may be implemented on any computer
architecture in any configuration such as multi-tiered or clustered services or
a client-server paradigm. Certainly, the type of computer system will depend
on the complexity of the model(s) and the choice of an appropriate system is
readily available to a skilled artisan. Typically, the components of such a
25  computer system would include a central processing unit, RAM, ROM, I/O
Adapter, data storage space, a graphical user interface having a keyboard,
mouse and speakers attached thereto as well as an operating system and
software capable of providing Internet connectivity.
The following examples are presented to provide a more
30 complete understanding of the invention. The specific techniques, conditions,

materials, proportions and reported data set forth to illustrate the principles



- 35- <ENVI RONMENT> CONSTANT tags are used to contain information about the
value of 5 paraneters used in this nodel. <CONSTANT> <NAME>b<NAME>
<VALUE> WOaI/VAIRJE> 10 <CONSTANT> <C ON S TANT> <NAME>eR¢NUME#01988
<VALUE>0. 04<VALUE> 15 </ CONSTANT> -3@ONSTANT> <NAME>g</ NAVE>

<VALUE>0. 5</ VALUE> 20 </ CONSTANT> VARI ABLE tags are simlar to CONSTANT
tags except that the values can change during the execution of the nodel.

i the initi | h i able. 25
VAR ABLES VR RFLRRFEU Samtelcerp ol 5 el B 48 LDRseR wo
01/ 57775 PCT/ lSaAS UXBEcope3sr theNAVERIGINAVE> <VALUE>0. 0</ VALUE> </ VAR ABLE>
5 <VARI ABLE> <NAMESvV</ NAVE> <VALUE>0. O</ VALUE>

Example 1
5 This is an example of a “CellML” description of the basic

FitzHugh-Nagumo model generated in accordance with the present invention.
(CellML is a subset of XML that is used to describe a cell model or a series of
cell models.) For purposes of this model it is treated as an ion current. This
model contains two differential equations:
10 A
du/(dt = (u - u"3/1-v) /e and dv/dt = eu * (u + b - gv)

Where b, g, and e are treated as constants.

15 <CELLMODEL>
<VEPBOSENAME>Simple Example of a cell model with a single FitzHugh-
Nagumo element</VERBOSENAME>
<NAME>FitzHugh-Nagumo Cell</NAME>

20 A <DRAW?> tag is used by the program to describe how the object is

represented visually in the cell model.-->

<Draw> _
<DRAWSIZE>8000,8000</DRAWSIZE>
25 <POSITION>1000,1000</POSITION>
<BACKCOLOR>65280</BACKCOLOR>
<EDGECOLOR>255</EDGECOLOR>
<DRAW>

30 The ENVIRONMENT tag is used to define all of the components (chemical

species, variables, etc.) within the scope of an element.-->



</ VARI ABLE> 10 </ ENVI RONMENT> | ONCURRENT is use to contain the actual

nodel . <l ONC URRENT> 15 <NAME>| f n</ NAME> <VERBOSENAME>Fi t zHugh Naguno
Cur r ent <WERBESENAVE> <DRAWS <DRAWSI ZE> 1000, 1 000</ DRANGI/EEH/01243

<PCsI TI ON>6000, 6000</ PCSI TI ON> <BAGRSOLOR>32639</ BACKCOLOR>
<EDGECOLOR>8323199</ EDGECOLOR> <DRAWs 25 The equation for du/dt. The
<DERI VATI VE> tag is used to indicate that this needs to be processed as a
differential equation. <DERI VATIVE> <reln> 30 <eq/> <apply> WD 01/57775
PCT/ US01/ 01988 -37- <diff/> <ci>u</ci> <bvar> <ci>t</ci> 5 </bvar>

</applv> </ apgkN¥VIRONMI{P> <nfence> 10 <apply> <m nus/> <apply>
<m nus/ >
CONSTANT tags are used to contain information about the value of

5 parameters used in this model.

<CONSTANT>
<NAME>b<NAME>
<VALUE>1.0</VALUE>
10 <CONSTANT>

<CONSTANT>
<NAME>e</NAME>
<VALUE>0.04<VALUE>
15 </CONSTANT>

<CONSTANT>
. <NAME>g</NAME>
<VALUE>0.5</VALUE>

20 </CONSTANT>

VARIABLE tags are similar to CONSTANT tags except that the values can
change during the execution of the model. The values given here represent

the initial value for the variable.

25 ,
<VARIABLE>
<NAME>t</NAME>
<VALUE>0.0</VALUE>
<VARIABLE>
30

<VARIABLE>



<ci >u</ci> 15 <apply> <divide/> <apply> <power/> <ci>u</ci> 20 <cn>3
</cn> </apply> <cn>3 </cn> </apply> </apply> 25 <ci>v</ci> </apply>
</ nf encewo avfmex/ ci > </apply> 30 </rel n> </ DERI VATI VE>P&DUSAIBETSR75
PCT/ US01/ 01988 -38- The equation forédv/dt. <DERIVATIVE> 5 <reln> <eq/>
<apply> <diff/> <ci>v</ci> 10 <bvar> <ci>t</ci> </bvar> </apply>
<apply> 15 <tinmes/> <ci>e</ci>

<NAME>u<NAME>
<VALUE>0.0</VALUE>
</VARIABLE>

5 <VARIABLE>
<NAME>v</NAME>
<VALUE>0.0</VALUE>
</VARIABLE>

10 </ENVIRONMENT>

IONCURRENT is use to contain the actual model.

<IONCURRENT>
15
<NAME>Ifn</NAME>
<VERBOSENAME>FitzHugh Nagumo Current</VERBOSENAME>
<DRAW>
<DRAWSIZE>1000,1000</DRAWSIZE>
20 <POSITION>6000,6000</POSITION>
<BACKCOLOR>32639</BACKCOLOR>
<EDGECOLOR>8323199</EDGECOLOR>
<DRAW>

25  The equation for du/dt. The <DERIVATIVE> tag is used to indicate that this

needs to be processed as a differential equation.

<DERIVATIVE>
<reln>
30 <eq/>
<apply>



<nfence> <apply> <m nus/> 20 <apply> <plus/> <ci>u</ci> <ci>b<!ci>
</ applv> 25 <apply> <tines/> <ci>g<!ci> <ci>v</ci> </apply> 30

</ appl y>webmseEnte> WO 01/ 57775 PCT/ US01/ 01988 -39- </ appCyBSevaiessn>

</ DERI VATI VE> </ | ONCURRENT> 5 </ CEL-BVMODEL> Exanpl e 2 This exanple
describes the CellM. tags used by the present invention to represent a
cell nodel. 10 Cell M. uses MathM. to nodel the actual equations that it
ref erences. The c{:@g; in CellM. are designed to be hierarchical in nature;

that is a given< is generally used to describe the properties of its

parent. For exampleii® <SIZE> tag can be used to indicate the size of a 15
<CELLMODEL>. Wen the Cel 1IM. code is read by the present invention, a
series of "objetdvatr>(i.e. Cass objects in C++ or Java parlance) is created
that has close to a one-to-one correspondence with the original source
code. Cell M. t agsCigte/cht oken down into several distinct classes, based

5 </bvar>
</applv>
</apply>

<divide/>
<mfence>
10 <apply>
<minus/>
<apply>
<minus/>
<ci>u</ci>
15 <apply>
<divide/>
<apply>
<power/>
<ci>u</ci>
20 <cn>3</cn>
</apply>
<cn>3</cn>
</apply>
</apply>
25 <ci>v</ci>
</apply>
</mfence>
<ci>e</ci>
</apply>
30 </reln>

</DERIVATIVE>



on their purpose: 20 Basic Elenments are tags that are used to describe a
general property such as the nane of an object or its size. These are the
| owest | avebugi7esrent s and can be used by several differenpCT/AROIARSf t ags.
25 GCeneral Cell Model Elenents are -#8ed to represent the general
properties of a cell and the biochem cal processes that are being nodel ed.
Specific Cell Mdel Elenents are simlar to "General Cell Mbdel Elenents”
except that they are used to represent a 30 higher |evel of abstraction.
WO 01/57775 PCT/ USOL/ 01988 -40 Drawi ng El enents are used to supply

i nformation drhehepation®rldviddel is to be displayed visually, and how it
interacts with the GU. 5 The contents of each CellM. docunent will obey a
set of grammar rules defined in the CellM. Docunent Type Definition (DTD).
TYPE TAG DES%&%.@ ->TAG Basi ¢ NAME The short nanme of an object ---

El ements VERB I"6hger nane for the object -- VALUE Tag used to
store a sknglgenp> nuneric val ue CONSTANT Used to define a fixed NAME
parameter VALUE UNITS VARIABLE Used to represent a single state NAMVE
VAULE vari abl e<eghi s contains both a UNNTS value at the current point in
time, HHSTORY and at the initial condition. UNITS The units for a VALUE
(e.g., --- [rmTaPRlyPnol], etc.) EQUATION Used to contain a single RELN

<diff/>
<ci>v</ci>
10 <bvar>
<ci>t</ci>
</bvar>
</apply>
<apply>
15 <times/>
<ci>e</ci>
<mfence>
<apply>
<minus/>
20 <apply>
<plus/>
<ci>u</ci>
<ci>b</ci>
</applv>
25 <apply>
<times/>
<ci>g</ci>
: <ci>v</ci>
</apply>
30 </applv>

</mfence>



Mat hML equation (MathM. code) POSI TI ON The physical position of an object
inits parent object. Can be used to define 3D (x,y,z), 2D (x,y) or I D
(x) posi twon/sS8rZE The physical size of an object. --- CarChES®D19$8D, or
1D. DBLI NK Dat abase Linkage. Used te32-- hold a pointer to information on
an elenment in a database. CGeneral MODEL The hi ghest | evel object, CELLMODEL
Cell consisting of one or nore Mbddel CELLMODELS. Elenents CELLMODEL A
single unit in Q/ﬂ}}ﬂz£. This PATHWAY tag may contain informati on REACTI ON
about its locatio | ative to COMPONENT ot her CELLMODELS. | ONCURRENT
REFERENCE PATH¥WA¥ITag that describes a set of REACTION reactions, for
exanpl e where: Reactant F -4 Product in WO 01/57775 PCT/ USOL/ 01988 -41
TYPE TAG DESCRI FIPBRI¥UBIIVAG nultiple steps. (PDS) REACTI ON Describes a

single el ement reaction. KF Reactants 4- -4 Products with KR
Forward and Rev@@ggﬁ:@gﬁg (BDS) ENVI RONMENT Encapsul ates all of the
COVPONENT 5 coupepenhio® ¥t properties of a CONSTANT Cel | Mbdel . COVPONENT
Representation of a si ngI e VARI ABLE chem cal species. This tag can DBLI NK

Example 2
This example describes the CellML tags used by the present

invention to represent a cell model.
10 CellML use's MathML to model the actual equations that it
references.
The tags in CellML are designed to be hierarchical in nature;
that is a given tag is generally used to describe the properties of its parent.
For example, a <SIZE> tag can be used to indicate the size of a
15 <CELLMODEL>. When the CellML code is read by the present invention, a
series of "objects" (i.e. Class objects in C++ or Java parlance) is created that
has close to a one-to-one correspondence with the original source code.
CelIML tags are broken down into several distinct classes, based

on their purpose:

20
e Basic Elements are tags that are used to describe a general
property such as the name of an object or its size. These are
the lowest level elements and can be used by several different
kinds of tags.
25 e General Cell Model Elements are used to represent the

general properties of a cell and the biochemical processes that

are being modeled.

e Specific Cell Model Elements are similar to "General Cell
Model Elements" except that they are used to represent a

30 higher level of abstraction.



contain informati on on concentration, fornula, and structure. (EDS)

H STORY The val ue of a "property" (e.g., COVPONENT, VARI ABLE) as a
functionvedot/s1mes KF Forward Reaction kinetics for COVPONBMNITUSEl/G1g88e
REACTI ON. EQUATI ON KR Rever se React-i40n ki netics for COVPONENT single
REACTI ON. EQUATI ON | NTEGRATE Used to store information -- about the type
of integration to be run. Contains starting and stopping tinme, tinme step,
and type of integy PO f based
VARI ABLE  pr ot ocol 2’%5‘?’."%‘3’ R, arf RGO e AR ofl ’ﬁ’%%vrn%phuc tag
used to descri be wheCell tMbdeinizdiel be aligplhyainvistiailly, wntl howilit imREfIty contain
several sub- tags for elenents such as "<author>", "<volune>", "<date>",
etc. Specific | ONCURRE ‘to represent an ion GATE Cell current.
COMPONENT Model GATE A Hodgki ng- Huxl ey type gate EQUATION El enents

el ement. PROTEIN Descriptions of a gene product. DRUG Descri ption of

drug effest qrhee&cﬂﬂ@mtsameacplab@MLqrocaﬁielaWM%e@ SidtWElhRsRrulisot ei n or

vari abl e.

WO 01/ 57775 PCT/ USOL/ 01988 -

defined in the CellML Document Type Definition (DTD).

TYPE TAG DESCRIPTION SUB-TAG

Basic NAME The short name of an object ---

Elements | VERBOSENAME | A longer name for the object ---

"VALUE Tag used to store a single ---
numeric value
CONSTANT Used to define a fixed NAME
parameter VALUE
UNITS
VARIABLE Used to represent a single state NAME VAULE
variable. This contains both a UNITS
value at the current point in time, | HISTORY
and at the initial condition.
UNITS The units for a VALUE (e.g., -
[mm], [g/mol], etc.)
EQUATION Used to contain a single RELN
MathML equation (MathML code)
POSITION The physical position of an -
object in its parent object. Can
be used to define 3D (x,y,z),
2D (x,y) or 1D (x) position.
SIZE The physical size of an object. | ---
Can be 3D, 2D, or 1D.
DBLINK Database Linkage. Used to ---
hold a pointer to information
on an element in a database.

General MODEL The highest level object, CELLMODEL

Cell consisting of one or more

Model CELLMODELS.

Elements | CELLMODEL A single unit in a model. This | PATHWAY
tag may contain information REACTION
about its location relative to COMPONENT
other CELLMODELS. IONCURRENT

REFERENCE
PATHWAY Tag that describes a set of REACTION
reactions, for example where:
Reactant € =» Product in




TYPE TAG DESCRI PTI ON SUB- TAG Drawi ng DRAW Tag encapsul ating i nformation

SIZE El enents needed to draw an obj ect

in a PCSI TI ON wi ndow. FORECOLCOR

BACKCOLOWO BDEECGOLOR LOGCOORD Tag contai ni ng i nf or mat i onPOTVUS#1/01988

transform ng from physi cal

to

| ogi call-coordi nate system

This can al so

n
PNt

n
f
th

b| S

control the rendering of a 3D object on a 2D screen. FORECOLOR The
foreground col or of an --- object. BACKCOLOR The background col or of an ---
obj ect. EDGE The Oor O _an o —PCSITt TOSTt
ofJ an el ement—# g‘:dc)a! eawi-h Jﬁ gCRlP m\ﬁ ZE-The iy \Uﬁf i ele ﬂ
in --- logichl draw ng—s.pace,_Exa-n@Lé" t'pkr\whtm Shescri ption C ass
Li brary The €++ cl ass| BBAEdEGNt hat erléesefsb@ftﬁﬂglle@@ﬁmeraarwel COdRONENRd
simul ati on, &nd descrj be its mat hendtreagioand chem stry. Cel kM Definitip
/ A definiti¢n of the| mark-up | anguggeavses &0 P@§dIck PRith he| cRTD nodel s p
the present fnvention, This involved e¥eldoRdnte e 1$akicef fags to use W
Cel | M. and pytting together a DID td fggrsgal i ze the syntax and al | ow nodg
to be validajed by br Pat sed—to
"run-tine obfjects" of giﬁ%’%’m‘iﬁmﬁ{' l%t%tssaé 0% e?n XM | agﬂﬁ qiii‘f*ﬁTand
the system{lass |library data. components and properties ok a | CONSTANT
CellModel. .
COMPONENT Representation of a single VARIABLE
chemical species. This tag can | DBLINK
contain information on
concentration, formula, and
structure. (EDS)
HISTORY The value of a "property"” (e.g., | ---
COMPONENT, VARIABLE)
as a function of time.
KF Forward Reaction kinetics for | COMPONENT
single REACTION. EQUATION
KR Reverse Reaction kinetics for COMPONENT
single REACTION. EQUATION
INTEGRATE Used to store information ---
about the type of integration to
be run. Contains starting and
stopping time, time step, and
type of integrator to be used.
PROTOCOL Description of a time based VARIABLE
protocol applied to a Cell
Model.
REFERENCE A bibliographic tag used to ---
describe where this model
came from. This will
ultimately contain several sub-
tags for elements such as
"<author>", "<volume>",
"<date>", etc.
Specific IONCURRENT Used to represent an ion GATE
Cell current. COMPONENT
Model GATE A Hodgking-Huxley type gate | EQUATION
Elements element.
PROTEIN Descriptions of a gene product. | ---
DRUG Description of drug effect on -
elementary, binary or pathway
data structures or protein or
variable.




This consists of two conponents: (1) The raw XML parser that reads the

I nput files and generates the hierarchical tag and text nodes. (2) The
"obj ect owost/suICt or" which creates and initializes objecPeThasiedossn t he
XM. content. C ass Converter Conversi4dn of XML tags to | eaner Mat hM. cl ass
objects. Conputation Engines Systens that are used to integrate cell nodel
over time and eval uate reactlons WO 01/ 57775 PCT/US01/01988 -43
Conmponent DESTIA T T {rased
create and i set—of nm@a{ﬁ) [\%nnnnfc Wi-t
"envi r onment 'DPG‘PV"EE "QIRIAWDdeI Regckagomcmeiuiasing Anfosmptioms 26U used t b
graphi cal | y| &lementsal cheni cal readtriegfedio dravan@piecEiquat i PPOSIION Usel to

7"]

al | ow mat hegati cal efuations to be |enindp®d i nto nodes in rEaehicH ¢
format (as 1)pposed tp the native NathM. format). Database E edl to
connect thejsystemof the present ilnvention-to external dafabase system
containing {nformatipn_on cell conponents Visual Fditor PEPHREGURR jskr

to graphically edit pLOSAOOROel ugiTag cohbating édosumionam dr-ag- and- drop pnd
~in-lace actjvation. | Data Plotting |Sysitmfgioearphgsi2d) tand possi bl e 3D
plotting syytem Thipg is a full-feqtiugieal psdisare gystemg conpl ete control

over the |g@yout, scpling, and vi syathi§ edon®@to edntd] 0t . Dynam ¢ Ferm System
This systenfis used to create a di dliggddriak mffarmwjgct)g\,{l_a iinput file oraf
system nodel object.| This all ows ceI2IDS 2ls to be edl ted and nmani pul af ed
in a very flexible - SeTTaf a[IOﬂUS e and Wi te
(serialize)|object- bgg(égEgg)H nodel ﬁ’ f%regnfﬂ zfrc’%r This is requifed
to enabl e el easi Nngp+ onrioataryv C\_ qgltmlnl S
BACKCOLOR’ The background color of an ---
object.
EDGECOLOR The color of an object's edge. ---
POSITION The position of an element in ---
logical drawing space.
DRAWSIZE The size of an element in -—-
logical drawing space.

Example 3
Component Description
Class Library The C++ class objects that are used to create a cell model
and simulation, and describe its mathematics and
chemistry.
CellML Definition / A definition of the mark-up language used to describe the
DTD models of the present invention.

This involves developing the set of tags to use with
CellML and putting together a DTD to formalize the
syntax and allow models to be validated by browsers.

Parser The Parser is used to generate "run-time objects" of the
cell components based on an XML input file and the
system class library data.

This consists of two components:

(1) The raw XML parser that reads the input files and
generates the hierarchical tag and text nodes.

(2) The "object constructor" which creates and initializes
objects based on the XML content.

Class Converter Conversion of XML tags to leaner MathML class objects.

Computation Engines Systems that are used to integrate cell model over time
and evaluate reactions.




Qut put Engi nes The output engines are used to take an object based cell
nodel and generate text output in several different formats. Formats being
consi der adobngl7adle: (1) XM output file (2) Fortran and/ oPCTCUSQuUEDSSONS
defining the cell nodel behavior (3@3Sonme form of visual presentation of
the mat hematical equations (HTM./ Mat hM., TeX, rich-text). Java /Wb Model
A tool that aIIovxs Cel I ML m)dels to be viewed in a Viewer browser.

-~ W T

Java- based Mp oSy St-em—ech-~+ dcol UIICd ottt r—a—d-av-a—eR 6
Editor User dﬁc"mﬂﬂ’ﬁf’%} ion User| Besesiptiotescri bing the use and operat | on o

t he system pfomipengprtdsidtot |nveAtfoomba@dI(BIdbthlaielspxs&y$¢ erea@nidrieitiativs ition  pf
user manual fnd integration of| dehiof cheriioal dobpoayt ethid aii henviiroageAt" of a
i nvention. Ekanple 4 One of thecelinhGded. aspects of the present invention §s

the ability [REadfie EHREem {0 rﬁ%’é}%&%@s%@ B BT i éws

al  ows usersfto WO 01/57775 PQT, truct conplex nodel s| of
bi ol ogi cal spsters—wthott—rgepth—roy C {

FIG 15 repr BE&‘I‘ﬁt?“aE‘bFoéphl cal | Hirder oW mahemptical savations ite fe eE‘&fq‘i’V\!ﬁ
present when| T-cel|s acti vat e.| oesiidep 2gebrainfarmat (asamppsqddaghe atives ¢ h1e
conponents of the T-cell nodel] MathMlpformad).bel ow. I nitial Conditions for
t he Conponenf PatabadelicinRagsel | Modedd to SoAd@pthe sist@mGATAS preséntOinvdlicarl = [1. 0
Y=1.0 NrFIL6 = 1.0 X = 1.0 |ldferralddtabase system containing information on cell
components.

Visual Editor Allows the user to graphically edit a cell model using
features such as drag-and-drop and in-lace activation.
Data Plotting System A generic 2D and possible 3D plotting system. This is a
full-featured system giving complete control over the
layout, scaling, and visual format of a plot.

Dynamic Form System | This system is used to create a dialog form from an XML
input file or a system model object. This allows cell
models to be edited and manipulated in a very flexible
way.

Object Serialization Used to read and write (serialize) object-based cell
models in a binary format. This is required to enable
releasing proprietary cell models.

Output Engines The output engines are used to take an object based cell
model and generate text output in several different
formats. Formats being considered include:

(1) XML output file
(2) Fortran and/or C equations defining the cell model
behavior

(3) Some form of visual presentation of the mathematical
equations (HTML/MathML, TeX, rich-text).

Java /Web Model A tool that allows CellML models to be viewed in a

Viewer browser.

Java-based Model A system editor designed to run in a Java environment.

Editor

User Documentation User manual describing the use and operation of the
system of the present invention.

Online Help System Online version of user manual and integration of this into

the system of the present invention.

Example 4

One of the unique aspects of the present invention is the ability

of the system to build models with hidden mathematics. This allows users to



15 1L5 = 0.0 IL13 =0.0 IL6R = 0.0 STAT6 = 3.0 NFATcP = 5.0 20 NFATc =
1.0 IL4AR=0.0 Jak3 = 3.0 NFkb = 1.0 ras 1.0 25 raf = 1.0 rac = 1.0
p38Jun =WO01/5TehFos = 1.0 TCR= 1.0 30 LATp 1.0 PIP2 ECIVUSO1/01PEE = 1.0
DAG=1.0 PLCg = 1.0 35 PIBK = 1.0-4€fs = 1.0 SLPvav = 1.0 Cat 2.0 PKC
1.0 40 Calcineurin =1.0 PI =5.0CD28 =0.0 IKK=1.0 Z = 5.0 45 Fos
1.0 WO 01/57775 PCT/ US01/01988 -45- STAT4 = 3.0

construct complex models of biological systems without in-depth knowledge

of mathematical modeling.
FIG. 15 represents a graphical model of the various reaction
pathways present when T-cells activate. Consider the initial conditions for

5 the components of the T-cell model set for the below:
Initial Conditions for the Components of the T-Cell Model

STAT6p =1.0
GATA3=1.0

10 cmaf=1.0
Y=1.0
NFIL6 = 1.0
X=1.0
IL4=0.0

15 IL5=10.0
IL13=0.0
IL6R = 0.0
STAT6 = 3.0
NFATcP =5.0

20 NFATc=1.0
IL4R = 0.0
Jak3 = 3.0
NFkb=1.0
ras=1.0

25 raf=1.0
rac = 1.0
p38Jun = 1.0
JunFos = 1.0
TCR=1.0

30 LATp=1.0
PIP2=1.0
IP3=1.0
DAG=1.0
PLCg=1.0

35 PI3K = 1.0
Gefs = 1.0
SLPvav=1.0
Ca2=2.0
PKC=1.0

40 Calcineurin = 1.0
PI=5.0
CD28=10.0
IKK =1.0
Z=5.0

45 Fos=1.0



STAT4p = 1.0 IFNg = 0.0 5 The follow ng system of equations represent
T-cell activation for the initial conponent conditions |isted above:
Equat i ongvd ot/517e¢pr esent i ng Conponents dSTAT6p/ dt = k7 * BIHUS0H019480 *
STAT6p 10 dGATA3/dt = kO * STAT6p +-K26 * Z + -k3 * GATA3 dcmaf/dt = kO *
STAT6p + -k5 * cmaf dY/dt = kO * STAT6p + -k2 * Y dNFIL6/dt = kO * STAT6p +
ké * IL6R + k19 * LATp + -k4 * NFIL6 dX/dt = k3 * GATA3 + -kl * X 15

dl L4/ dt kKI STAM L&ZN) Y + k4 * NFIL6 + k5 * cmaf + k9 * NFATc + k16
JunFos dI L5/ dg ﬁ-jm?p GHTA3 + kI | * NFkb + k12 * NFkb + k16 * JunFos dIL
13/dt = k3 * %ﬁ IMJ'T' 12 * NFkb + k 16 * JunFos dIL6R/ dt = -k6 * |IL6R 20
dSTAT6/ dt = 6 dNFATcP/dt = -k8 * NFATcP dNFATc/ dt = k8 * NFATcP
+ k28 * raf + -k9 * NFATc dIL4R/dt = -k10 * |L4R dJak3/dt k10 * |1L4R 25

dNFkb/ dt -k 11 * NFk k f *DAG +
5« as draisdr o RIge ASlb%ing Mkhm TG BoRskEBres fegg:(}s ) vy,
SLPvav + - k14fo’f thamitipB8dmpbadEntTdnlididny Asted abdBe > raf + -k15 * p38Jun 30
dJunFos/ dt k15 * p38Jun + k29 * Fos + - k16 * JunFos dTCR/dt = -k17 * TCR
dLATp/ dt - K Equatiems 5 Com k22 * Pl + -k18 * PI P2
dl P3/dt = k18 * PI P2 + -k21 * | P3 35 dDAG’ dt k18 * PIP2 + -k30 * DAG
dPLCg/ dt = kIBTATégRItePkBR/SITAT6k1 K0 * ISAROr6p k23 * CD28
10 dGATA3/dt=k0 * STAT6p + k26 * Z + -k3 * GATA3
demaf/dt = k0 * STAT6p + -k5 * cmaf
dY/dt=kO0 * STAT6p + -k2 * Y
dNFIL6/dt = k0 * STAT6p + k6 * IL6R + k19 * LATp + -k4 * NFIL6
dX/dt=k3 * GATA3 +-k1 * X
15 dIL4/dt=kl1 * X +k2 * Y + k4 * NFIL6 + k5 * cmaf + k9 * NFATc + k16 *
JunFos
dIL5/dt = k3 * GATA3 + k11 * NFkb + k12 * NFkb + k16 * JunFos
dIL13/dt = k3 * GATA3 + k12 * NFkb + k16 * JunFos
dIL6R/dt = -k6 * IL6R
20 dSTAT6/dt=-k7 * STAT6
dNFATcP/dt = -k8 * NFATcP
dNFATc/dt = k8 * NFATcP + k28 * raf + -k9 * NFATc
dIL4R/dt = -k10 * IL4R
dJak3/dt = k10 * IL4R
25  dNFkb/dt = -k11 * NFkb + -k12 * NFkb
dras/dt = k25 * Gefs + k30 * DAG + -k13 * ras
draf/dt = k13 * ras + k27 * PKC + -k28 * raf
drac/dt = k24 * SLPvav + -k14 * rac
dp38Jun/dt = k14 * rac + k28 * raf + -k15 * p38Jun
30 dJunFos/dt =kl15 * p38Jun + k29 * Fos + -k16 * JunFos
dTCR/dt =-k17 * TCR
dLATp/dt =k17 * TCR + -k19 * LATp
dPIP2/dt = k22 * PI + -k18 * PIP2
dIP3/dt = k18 * PIP2 + -k21 * IP3
35 dDAG/dt =kl18 * PIP2 +-k30 * DAG
dPLCg/dt = k19 * LATp
dPI3K/dt = k19 * LATp + k23 * CD28
dGefs/dt = k19 * LATp + -k25 * Gefs
dSLPvav/dt = k19 * LATp + -k24 * SLPvav
40 dCa2/dt= k21 * IP3 + -k20 * Ca2
dPKC/dt = k20 * Ca2 + k30 * DAG + -k27 * PKC
dCalcineurin/dt = k20 * Ca2
dPI/dt = -k22 * PI
dCD28/dt = -k23 * CD28
45 dIKK/dt = k23 * CD28
dZ/dt = -k26 * Z
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dGefs/dt = k19 * LATp + -k25 * Gefs dSLPvav/dt = k 19 * LATp + -k24 *
SLPvav 40 dCa2/dt = k21 * IP3 + -k20 * Ca2 dPKC/dt = k20 * Ca2 + k30 * DAG
+ -k27 * VRX@/5Y@&Il ci neurin/dt = k20 * Ca2 dPI/dt = -k22 *Per/usaCi2® dt =
-k23 * CD28 45 dIKK/dt = k23 * CD284dZ/dt = -k26 * Z WD 01/57775

PCT/ US01/ 01988 -46- dFos/dt = k28 * raf + -k29 * Fos dSTAT4/dt = -k31 *
STAT4 dSTAT4p/dt = k31 * STAT4 + -k32 * STAT4p dIFNg/dt = k32 * STAT4p 5

Referring baCci‘FJs?thlﬁzslﬁra tilfﬁ)r Id click on the "." linking each of
ariathg

t he nodel co E‘f ri ous kinetic paraneters (accessible
fromthe dat %ﬁg’ég chﬁr alt the system of equations representing
the nodel . I} = khk " o4 nﬂ@@po%gﬁeg“PQual itative 10 sinmulators
wi th quantit adlFNeg/det k3ds® STIt%lTs4deeI can be integrated into a system
nodel , suéh as T-cell differentiation in rheumatoid arthritis illustrated
in FIG 10. This allows the user to sinulate the heterogeneous time- scal es

found in the system nodRefegiing b&&bltPtFa[ﬁ Ve, a’t‘n@ﬁ%&é’ﬁid cliekK va thgal.ydinking 5
Havi ng t hus qeeé

ribeg th nve t he |1 _det ai Wi

under st ood 't hafs"ﬁsuili;hgha‘a‘etIgllofj‘ﬂ\rlleée1 ﬁo‘%e“ﬁ c{r1| {CXI[SFSL} V&ﬁlé’%dlk{ t‘ﬁutpﬁrﬁ%&rs

vari ous char{@@@esame nedhd ithat a&asas@ytt@y&gesgnetrmﬁé V8StdR ON&qiatibhed in

the art, falling within the scope of the present invention as defined

by subj oi ned replteaemsng V@OMOEW?SIIPGMSUS@M Oth@8sodelt 7inGhrhohBes \Whatlitat ve

cl ai med iB: . . o

1 simulators with quantitative methods.

This model can be integrated into a system model, such as T-cell
differentiation in rheumatoid arthritis illustrated in FIG. 10. This allows the
user to simulate the heterogeneous time scales found in the system model via
qualitative and quantitative analysis.

15 Having thus described the invention in rather full detail, it will
be understood that such detail need not be strictly adhered to but that various
changes and modifications may suggest themselves to one skilled in the art,
all falling within the scope of the present invention as defined by subjoined

claims.



1. An interactive systemfor mathematically nodeling biological 5
information fromthe subcellular to the cellular, tissue, and organ |evel,
conpri si MO 0837723 | east one dat abase cont ai ni ng bi ol ogi cabPCT/uR@reTedsi on
which is used to generate at |east or@-data structure having at |east one
attribute associated therewth; 10 b) a user interface for interactively
viewing and editing attributes the data structure to create at |east one
hi erarchi cal description of subcell ul %EAP]\%E' ular, tissue or organ
function; c) an equation generation engine operative to generate at | east
one mat hemati cal equation fromat |east one hierarchical description; 15
and d) a conputational engine operative on at |east one mathematical
equation to nWdat islaunedini ol ogi cal behavior. 2. An interactive

conput er-i npl enented systemas recited in clai 20 wherejn the user
interface all ows. for t el 'PHERAYYE ﬁé’éﬁeﬂb:}oéﬁqtpﬁ‘ﬁﬁggglw M‘gﬁmﬁ ﬁ?i%lpgf%mof
data strugt urigormitiotn £ ct al nt:ed .sy. rnecited
inclaim 1, 1Wherreitlr?r(]f\t hié&%:{hg g%e/%é%ﬁ% gtlhgef%{g?gg #‘g%r%’ t%gedeg]rr%%p lg%l’
consi sti ng ofconfifrishgnentary, binary or pathway data structures or a

conbi nation thereof. 4.. An interactive conputer-jnplenmented system as
recited in claim 3, werei ratt lkashongrdatabrsepeatiaimjng drialogical cinfomsatior
arranged as . b it ,agr.ams. .30 5, An interactive

conput er - i mﬁ%@%ﬁtlgd{lgﬁgé e&s?%rtgciatt g%slt g datd, Sti‘,mt%ee?‘@?”ﬁ’gt AL lgestaphge
conpri ses at akigithite as ceMt@INAEwekRt abase. WO 01/ 57775 PCT/ US01/01988 -48
6. An interactive conputer-inplenented systemas recited in claim 1,
wherein 1fe mat hemati cdl) equatusen iotarfaces o antetasdively wiewinmtandngditing. An

interactive c ut er-i npl enented systemas rtecited . in claim 6, wherein the
equati ons r eﬁftgg’é‘% S megg%tﬁrgif‘lcﬁrﬁu 0 ET4EG AL &S PR hisRRrhigalafiescyiption aft a
structures. §ub@élldl§1t,%%ﬂﬁlajr}/ﬁsﬁférm%&rahifﬁﬂét%?ﬁm ed systemas recited in

claim
c) an equation generation engine operative to generate at

least one’ mathematical equation from at least one hierarchical description;
15 and
d) a computational engine operative on at least one

mathematical equation to model dyﬁamic biological behavior.

2. An interactive computer-implemented system as recited in claim
20 1, wherein the user interface allows for the linking together attributes from a

plurality of data structures.

3. An interactive computer-implemented system as recited in claim
1, wherein the data structure is selected from the group consisting of

25 elementary, binary or pathway data structures or a combination thereof.

4. . An interactive computer-implemented system as recited in claim
3, wherein the binary and pathway data structures are arranged as state
transition diagrams.
30
5. An interactive computer-implemented system as recited in claim

1, wherein the database comprises at least one external database.



10 6, further conprising a correlation engine for solving the equations
generated by the system 9. An interactive conputer-inplenented system as
recited woel/si7ms 1, wherein the data structure conpri sesPa@VusdiTesst ary
data structure having at 15 | east od@-of a variable or protein. 10. An
interactive conputer-inplenmented systemas recited in claim 1, wherein the
data structure conprises a binary data structure which is a conposition of
at least two elenentary data structures having at |east one 20 transition
t herebetween. 11. An interactive conputer-inplenmented systemas recited in
claim 1, wherein dhe dahanfRtidifleléSmpHTR]i ém@m*au%ggaénﬂa& @eé%erd%tﬁaﬁn
which is a conposition of at |east two elenentary data structures having
at | east one Iatleerebtheansthantatinak equaticdcdpriess dtheadtZwoleyuatioasact i ve
conput er-i'npl enented systemas recited in claim 1, wherein the data
structure conprises a pathway data structure which is a conposition of
nore thancone binayy daja. r / 75 PCT/USO01/01988 ,-49 13.
An intera(S:ti ve coﬁfﬁuteré?ﬁ%ﬁteg%g}ﬁ{ée%n%g&eﬁn]%?ég%ﬁ?ﬁg%m %%fefc)5tle I&eﬁl?%

bi ol ogi cal i rf,ariettirOthef équatibRe repleesht hiddd h@ribhiRs desived! fAémttBe tperadiyst €M
| evel conprising: a) at |east one database contai ning biol ogical

i nformation o deitd struétaressed to generate a plurality of data structures,
each having at |least one attribute associated therewith; b) a user
interface for viewing, editing or linking the plurality of data structures
to generate at |egst ong,@FALSRI GithpHeR ShbRihAte st@nphéjlfé%gq&alh cﬁ%ﬁﬁem
10 c) an equation generation engi ne o%eratl eto gengrate a plurality of
mat hemat il6al Gdushénosmprisingad cbmakitiomnengdinerfar shlivived titesquativnis Genefited

bi ol ogi cal sybfytem and d) a computational engine operative on the plurality
of mat henat {tYahesys®M-ons to nodel dynanic biol ogi cal behavior. 15

9. An interactive computer-implemented system as recited in claim
1, wherein the data structure comprises an elementary data structure having at

15 least one of a variable or protein.

10.  An interactive computer-implemented system as recited in claim
1, wherein the data structure comprises a binary data structure which is a
composition of at least two elementary data structures having at least one

20  transition therebetween.

11.  An interactive computer-implemented system as recited in claim
1, wherein the data structure comprises a binary data structure which is a
composition of at least two elementary data structures having at least one rate

25  constant associated therewith.

12. An interactive computer-implemented system as recited in claim
1, wherein the data structure comprises a pathway data structure which is a
composition of more than one binary data structure.

30



14. An interactive conputer-inplenented systemas recited in claim 13,
wherein the mat hemati cal equation conprises at | east two equations. 15. An
i nt er act weovsITput er -1 npl enment ed system as recited in cl aParT/U8@Q/@388 wher ei n
t he equations represent |linked attri-Botes derived fromthe plurality of
data structures. 16. An interactive conputer-inplenented systemas recited
inclaim 13, wherein the plurality of mathematical equations approxi mate a

sinplified 25 sysjgm ohna spaghédek fungdh Pﬂteﬁ)fin%léd‘lgzﬂ%q mog %ren{- ﬁn
interactive conputer-inplenmented systemas tecited in claim , turther
conpri si ng a matheeldidatly modeheg dieladicaleinforman@r &t ahsi subkeliulad tosthet em
of equations. 30 WO 01/57775 PCT/US01/01988 -50 18. An interactive

conput er - i rrpl“e?ﬂrlé’lll%re@ %Wsst}’éﬁnh;@vreéépfn@dlslm‘g claim 13, further conprising

explicit and inplicit ans nerl soIv th Iur l. i of.

mat hemat i cal equati ons. easliJ ergaak%% Hpaﬁ]?‘&g 81{%5 ﬁt“?e%%wg‘f’gm as
recited i3 clwhigh 1%3usewh@r geﬁbraﬂ&ea bRty tof @Jta FRtuRares,| &t Wﬁé'a@ﬂéaﬁre
sol ved by parallel algori An interactive conputer-inplénented
system for rrmimlaithgbutt(hsbomhtw@thatewuuhi,or mat i on t hat account s for multiple

time franmes inherent an bi ol ogl cal, prpcesses conprising: a) aLl | east one
dat abase cont ai ni ng bi oPbgi cl Ui&kf &R BnlonwtileHings et or REME dhy

et 1 1 O RS S SERAAED «f PR B LL | RO b GBI Q{g&@n $RGirat ed

t herew t h; a’user 1nter I Vi ew ng,

plurality of gdbfofogicilgistéres to generate at |east one hierarchi caI

descri pt| on of a biolo ical system c) a correlation engine operative on
at | east 18ne hierarchi d@smugtlpengmerauwoqnggneza:pesweemgﬁr@ewerate a

o Sl ve t hZy3%*%3%t?¥9fe1§9th§§f&?%'ﬁf8fi%t2€fiﬁ FromEf BB bt 54t GRedbiham o
bi ol ogi cal prg¥GesiBlogical system; and
d) a computational engine operative on the plurality of
mathematical equations to model dynamic biological behavior.
15
14.  An interactive computer-implemented system as recited in claim

13, wherein the mathematical equation comprises at least two equations.

15.  An interactive computer-implemented system as recited in claim
20 13, wherein the equations represent linked attributes derived from the

plurality of data structures.

16. An interactive computer-implemented system as recited in claim
13, wherein the plurality of mathematical equations approximate a simplified

25 system of a specified function or a lumped model.

17.  An interactive computer-implemented system as recited in claim
13, further comprising a correlation engine operative to generate a simplified
system of equations.

30



21. A nethod for creating a nodel of biological information for use 25

W th a conputer system conprising: a) accessing at |east one database
cont ai ni mObi/ei7egi cal information; b) generating a pl urabPCTAS@io10sst a
structures, each having at |east onébattri bute associated therewith; 30 c)
interactively viewing editing or linking the plurality of data structures
to generate at |east one hierarchical description of a biological system
and WO 01/ 57775 PCyg Usoqélxpﬁﬁﬁ!%ctivé%oﬁpu%r' inh AL A@niddy st&A Sk 188%ed in claim
conput ati onal engine to mati cal I'y generate at gast one nodel “6F Ta

bi ol ogi cal sy#3}efurthetlceatprising ekplitie anulitripbicet means foraiiRseridiIBr §lvidgthe

bi ol ogi cal processes. 5 22. A nethod for creating a nodel of biologi-cal

i nformation BRIy Omme&l@m@b@ﬂbﬁtl%ﬁﬁst emas recited in claim21, wherein
t he database containing biological information described data obtained
fromat |east one |aboratory experinment. 10 23. A nethod for creating a
nodel of by ol ogi cajgi nf errﬁattél‘aetlfl@thh%ﬁter%ﬁﬂ]eﬁeﬁ@ﬂ%?erm ¥ $EER A LRGNt ed
in claim?2l, further conprising interactively view ng heterogeneous

out put s gener hi,ewhbyeinhthec piyaligt bbmatthemagicale eqdBidd. ark selvhddby graralilelki ng
nodel s of subcell | ar and cellular processes to systens processes

conpri si ng: a'8QEHYR%t i ng at | east one hierarchical description of .

subcel lular function from at | east one database contai ni ng bi ol ogi cal
information, the hierarchical description generated fromat | east one data
20 structure havingo.at heashten@iv tddrpiiter-aaphumeaiied syee@Wibh; nfddeling

generatin | east one hierarchical description of cellular function by
|'i nki ng al%pl thalqglyaloin@rmﬂtlsnt that gfccgupise farummltiplen time drémesminherent in

hi er ar chi cal fCI‘I ion subcel Lul ar function; c) generating at |east
one hi erar chi 8 @c‘?roﬁﬁ%ﬂ CPPLPN&m 25 function by linking a plurality

of attributes of cellulgy fupcldn JeOfhtaBEse RbRafliAR! KidlodERIC AN oRf
cel lular function; and
which is used to generate a plurality of data structures each having at least
one attribute associated therewith;
15 b) a user interface for viewing, editing or linking the
plurality of data structures to generate at least one hierarchical description of
a biological system;
c) a correlation engine operative on at least one hierarchical
description of a biological system to generate a simplified system of
20 equations; and

d) a computational engine operative to solve the simplified

system of equations to create a model of a dynamic biological process.

21. A method for creating a model of biological information for use
25  with a computer system, comprising:
a) accessing at least one database containing biological
information;
b) generating a plurality of data structures, each having at
least one attribute associated therewith;
30 c) interactively viewing editing or linking the plurality of
data structures to generate at least one hierarchical description of a biological

system; and



d) utilizing at |east one conputational engine to mnmathematically generate
at | east one nodel of a biological systemreflective of a biological
system 300865772 met hod for |inking nodels of subcell ul ar ranvgseialibss ar
processes to systens processes as redilted by claim?24, further conprising
the WO 01/57775 PCT/ US01/ 01988 -52 step of utilizing at |east one

conput ational engine to mathematically generate a nodel of a biol ogical

ft t he st f j I t ' j.cal i pti
process after e stepy9 gggﬁfzzﬁ%g?hg%} Ras CQ{#@’E{E‘{@HS aeng cription

of subcellular function: 5 for |inking subcel | ul ar
and cel | ul ar mapliematiedly penaysd etrbegst onesnedelast 4 diologicddysyslea Fefldctive
further conprising the step of utilizing at |east one conputational engine
to mat hemat i htheymybiple dirae Tramerdiahersmt an Bialpsigat arogssersess after the step
of generating at |east one hierarchical description of cellular function.
10 27. A nethod for use in drug devel opnment conprising a) accessing at

| east ones dat abasg) contaaj il RhotReHifRla mb&dIW MBI AN calthhfISRAT G Fo0ud
plurality of data structures, each having at 15 |east one attribute

associ at ed t wéthewi tcompiten reysteact as/ edeyited eini ndaiedi 2 1,ngviereini nké ndatabese

plurality of data structures to generate at |east one hierarchical
description 69ntama%|bcsakocsa¢5 igfarraaHon, dgsqybed: data,pbigingd fregsat deast one

conput at i ona i . thematically generate at | east one nodel of a
ab%ﬁgbﬂﬁ?)% nfT®

bi ol ogi cal systemre ectvVe" of the multiple tinme frame inherent in

bi ol ogi cal processes. 28. A nethod for use in clinical trials conprising:

a) accessing at |east one database contai ni ngi bi ol ogi cal 25 information;

b) generting a pPral Atmedioddfaracrsating runedel efdvinldgivalnigfermatienir wsee

attribute assgciated therewith: c) interactively.view ng editing or. ]inkin

the plural i tvﬁgf a computer system )as remtec‘f In claim eﬂl, gl’urtger coqnprlsmg g
interactively viewing heterogeneous outputs generated by the computational

engine.

15 24. A method for linking models of subcellular and cellular
processes to systems processes comprising:

a) generating at least one hierarchical description of
subcellular function from at least one database containing biological
information, the hierarchical description generated from at least one data

20  structure having at least one attribute associated therewith;

b) generating at least one hierarchical description of cellular
function by linking a plurality of attributes of subcellular function from the
hierarchical description of subcellular function;

c) generating at least one hierarchical description of system

25 function by linking a plurality of attributes of cellular function from the
hierarchical description of cellular function; and

d) utilizing at least one computational engine to
mathematically generate at least one model of a biological system reflective
of a biological system.

30
25. A method for linking models of subcellular and cellular

processes to systems processes as recited by claim 24, further comprising the



data structures to generate at | east one hierarchical description of a

bi ol ogical 30 system and WD 01/57775 PCT/US01/01988 -53 d) utilizing a
at | east vomel/somput ati onal engine to nathematically genepar/@satoibssast one
nodel of a biological systemreflectis®e of the multiple time frane

I nherent in biological processes. 5 29. A nethod for use in effectuating
clinical diagnoses conprising a) accessing at |east one database
cont ai ni ng bi f I,QB; t

Struct ur oo, cagh R SRlizing 1L oRe soRlp AR it S PR el Pl
i nteractivel ya \thedelngf edibiological prookdsngftehahpl dtepl dft gepdratidat & SdaktiGlner €s
to generate at. | east one hierarchical descrlptlon of a biological system
and d) utili Ztigeprehigel desesiptinfeccthsatintarduactiemgi ne to mat hematical Iy
generate at |east one nodel of a biological systemreflective 15 of the
multiple tinme frame inherent in biological processes.

5 26. A method for linking models of subcellular and cellular
processes to systems processes as recited by claim 24, further comprising the
step of utilizing at least one computational engine to mathematically generate
a model of a biological process after the step of generating at least one

hierarchical description of cellular function.

10
27. A method for use in drug development comprising
a) accessing at least one database containing biological
information;
b) generating a plurality of data structures, each having at

15 least one attribute associated therewith;

c) interactively viewing editing or linking the plurality of
data structures to generate at least one hierarchical description of a biological
system; and

d) utilizing at least one computational engine to

20 mathematically generate at least one model of a biological system reflective

of the multiple time frame inherent in biological processes.

28. A method for use in clinical trials comprising:
a) accessing at least one database containing biological
25 information;
b) generating a plurality of data structures, each having at
least one attribute associated therewith;
c) interactively viewing editing or linking the plurality of
data structures to generate at least one hierarchical description of a biological

30 system; and
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d) utilizing a at least one computational engine to
mathematically generate at least one model of a biological system reflective

of the multiple time frame inherent in biological processes.

29. A method for use in effectuating clinical diagnoses comprising:

a) accessing at least one database containing biological
information;

b) generating a plurality of data structures, each having at
least one attribute associated therewith;

c) interactively viewing editing or linking the plurality of
data structures to generate at least one hierarchical description of a biological
system; and

d) utilizing a at least one computational engine to
mathematically generate at least one model of a biological system reflective

of the multiple time frame inherent in biological processes.



